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TITLE
Vitronectin Receptor Antagontsts

FIELD OF THE INVENTION
Tins mvention relates to pharmaceutically active compounds which mhibat the
vitropectin receptor and are useful for the treatment of mflammation cancer and
cardiovascular disorders such as atheroscleros:s and restenosis and diseases wherein bone
resorption 1s a factor such as osteoporosis

BACKGROUND OF THE INVENTION

Integrins are a superfamuly of cell adhesion receptors which are transmembrane
glycoproteins expressed on a vanety of cells These cell surface adhesion receptors include
gplIb /Ml (the fibnnogen receptor) and @, By (the vitronecthin receptor) The fibnnogen
receptor gpllb /IIIa 15 expressed on the platelet swrface, and mediates platelet aggregation
and the formation of a hemostatic clot at the site of a bleeding wound. Philipz etal,
Blood. 1988, 71 831 The vitronectin receptor G833 18 expressed on a nurober of cells
including endothelial smooth nuscle, osteoclast, and tumor cellg, and thus 1t has a vanety
of funcuons The & 8, receptor expressed on the membrane of osteoclast cells mediates the
adhesion of osteoclasts to the bone matrix 2 key step in the bone resorption process. Ross
etal, J Biol Chem. 1987 262 7703 A discase charactenzed by excessive bone
resorption 1s osteoporosis  The o B3 receptor expressed on human aortic smooth muscle
cells mediates thesr migration into negantima, a process which can lead to restenosis after
percutaneous coronary angioplasty Brown, etal Cardiovascular Res. 1994, 28, 1815
Additionally Brooks, etal Cell 1994 79 1157 has shown that an 0.8, antagomst 1s able
to promots tumor regression by mducmg apoptosie of angrogemc blood vessels Thus,
ageats that block the vitranectin receptor would be usefal 1n treating diseases, such as
osteoporosis restenosis and cancer

The witronectin receptor 1s now known to refer to three different mtegrms
designated o B; @83 and x, 85 Horton,etal Int. J Fxp Pathol 1990 71 741 By
binds fibronectin and vitronectm (B4 binds a large variety of hgands, inclodmg fibrm
fibnnogen lammun, thrombospondin, vitronectin, von Willebrand s factor osteopontm and
bone maloprotem I @y 8 binds vitronectin. The vatronectin receptor o, 85 has been shown
to be involved m cell adhesion of s vanety of cell types, mcludmg microvascular
endothebhal cells, (Davis ctal J Cell. Biol 1993 51 206) and sts role 1n angiogenesss
has been confirmed. Brooks, et al. Science 1994, 264 569 This integrm 15 expreased on
blood vessels in human wound granulation tissus, but not m normal skin
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The vitronectin receptor 15 known to bind to bone matrix proteins which contain the
trt peptide Arg-Gly Asp (or RGD) motf Thus, Horton, etal Exp Celf Res 1991 195
368 disclose that RGD-containing peptides and an anls Vitronectin receptor antibody
(23C6) inhubit dentine resorption and cell spreading by osteoclasts  In additson, Sato et al
J Cell Biol 1990 111! 1713 discloses that eclustahn a snake venom peptide which
coniams the RGD sequence, 1s a potent inhibitor of bone resorption 1n tissue culture and
mhibats attachment of osteoclasts to bone

It has now been discovered that certain compounds are potent inhibitors of the
B3 and o Bs receptors  In particular 1t has been discovered that sach compounds are
wore potent inhibitors of the vitronectn receptor than the fibnnogen receptor

SUMMARY OF THE INVENTION

Ths invention comprises compounds of the formula (T) as descnbed heremafter
which have pharmacological activaty for the mhibition of the vitronection receptor and are
useful 1n the treatment of inflammation cancer and cardiovascular disonders, such as
stherosclerosis and restenosis and discases wherein bone resorption 15 a factor such as
osienporosis

This nvention is also a pharmaceutical componbon compnsing a compound
according to fornmula (T) and a pharmaceutically carner

This invention 15 also a method of treating diseases which are mediated by the
vitronectin receptor In a particular aspect, the compounds of this mvention are useful for
treating atherosclerosis restenosis mflammation, cancer and dissases wherein bone
resorption 1s a factor such as osteoporosis

DETAILED DESCRIFPTION

Ths invention compnses novel compounds which are mare potent snhibitors of the
vrtronectin receptor than the fibnnogen receptor  Thus mventian compnaes compounds of

formula (T)
R0 o
\©\/k/wlﬂ
4y
wherein
RlisHet or Ar
R2 15
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H H
CHg/ N IN\ (CH)— N ‘N\ (CH));
/ /
or

or a pharmaceutically acceptable salt thereof

Also mcluded 1 this invention are pharmaceuncally scceptable additron saits and
complexes of the compounds of this iavention In cases wherein the compounds of this
mvention may have one or more chural centers unless specified, thus invention includes
each unique nonraceric compound which may be synthesized and resolved by
conventional techmiques Accordmg to the present mvention the (S) configuration of the
formula (I) compounds 1s preferred.

In cases m which compounds have unsaturated carbon carbon double bonds both
the c1s (Z) and trans (E) 1somers are within the scope of this inveation Incaseswhgem

compounds may exigt m tautomenc forms, such as keto-enol tautomers suchn’n\
OR'

and/g and each tautomenc form 15 contemplated as being included within this
mvenhon whether existing tn equilibrium or locked 1 one form by appropriate substitutton
with R

The compounds of formmla (I) mhebit the binding of vitronectin and other RGD-
containg peptides to the vitronectin receptor Inhibition of the vitronectin receptor on
osteoclasts mhibits osteoclastic bone resorption and 13 useful 1n the treatment of diseases
wheretn bone resorption 15 associated wath pathology such as osteoporosis and
osteoarthntis

In another aspect, this invention 15 & method for sumulating bone formaton which
comprises adminmstenng a compoand which causes an increase in osteocalein release.
Increased bone production 15 a clear benefit in discase states wherein there 15 a deficiency
of munerahized bone mass or remodelng of bone 13 desired, such as fracture heshng and the
prevention of bone fractures  Duscases and metabolic disorders which resnlt in loss of bone
structure would also benefit from such treatment. For mstance, hyperperathyroadism,
Paget's disease, hypercalcenua of mahgnancy osteolytic lesions produced by bane
metastasis bons loss due to immobihzation or sex hormane deficiency Bebget's disease,
osteomalacia, byperostosis and osteopetrosis, could benefit from admumstenng a compound
of this invention.

Additionally since the compounds of the mstant mnvention wmhibrt vitronectm
receptors on a number of dufferent types of cells, saxd compounds would be useful m the
treatment of mflammatory disorders, such as rheumatond arthnts and psorasis and
cardiovascular diseases, such as atheroscleros:s and restenonis  The compounds of Forumla

3
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() of the present ;mvention may be useful for the treatment or prevention of other caseases
ncludimg but not hnuted to thromboembolic disorders, asthma, allergies, adult respiratory
distress syndrome, graft versus host disease, organ transplant rejection zephic shock,
eczema contact dermantis mnflammatory bowel discase and other autoimmune diseases
The compounds of the present invention may also be useful for wound healing

The compounds of the present iuvention are also useful for the treatment, including
prevention of angiogemc disorders The term angiogemc disorders as used berean mcludes
condrtions involving abnormal neovasculanzation Where the growth of new blood vessels
1s the cause of or contnbutes to the pathology associated with a disease, mhibrtion of
angiogem  will reduce the deletenions effects of the disease  An example of such a
disease target 15 diabetic retmopathy  Where the growth of new blood vessels 1s requured to
support growth of a deletenous tissue, iInhibition of angiogenisis will reduce the blood
supply to the tissue and thereby contnbate to reduction 1n tissue mass based on blood
supply requirements Examples wnclnde growth of tumors whers neovasculanzation 1s a
continual requirement 1n order that the tumor grow and the establishment of solid tumor
metastases Thus, the compounds of the present mvention mhibit tumor tissue
angiogenesis thereby preventing tumor metastasis and tumor growth

Thus accordmg to the methods of the present nvention, the inhibition of
angiogenesis usmg the compounds of the present mvention can ameliorate the symptoms of
the disease, and, 1n some cases, can cure the disease.

Another therapentic target for the compounds of the instant mnvention are eye
diseases chacterized by neovasculanization Such eye diseases include comeal neovascular
disorders such as comeal transplantatton herpetic keratitis luetic keratitis, pterygum and
neovascular pannus associated with contact lens use  Additional eye diseases also include
age-related macular degeneration, presumed ocular instoplasmosis, retmopathy of
prematunity and neovascular glaucoma.

Thas invention further provides a method of inhibiting tumor growth which
compnses administening stepwise or 1 physical combination & compound of formula (T)
and an antineoplastic agent, such as topotecan and cisplatn.

With respect to formnla (T) smtably R1 15

cleg-Yog
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IN\ SN l\N l\u Nl/\‘n
Y Y EPH

Q A
N/

in which R 15 Cj_4alkyl and R 1s phenyl, benzyl or -CH3CF3 orR andR are joined to
form a morpbohinyl ning
Suitably R? 15

H
cry” N i Ny
Z

Representative of the novel compounds of this invention are the following

(£)4-[4-[2-[6-(methylamno)pyndin 2-y1] 1-ethoxylphenyl] 3-(4-
(tnfluoromethyDphenyl]butanoic acad

(E-H42-[6H(methylammo)pynidin-2-yl] 1-ethoxylpheayl}-3-[4-{(N methyl N
phenylammo)carbonyl] 1 3-oxazol-2-ylJbutanoic acid,

(£)4-{4-[2-{6-amethylsmmo)pyndin-2-y1] 1-ethaxy)phenyl) 3-{4-[(morpholm-4-
yDcarbonyl] 1,3-oxazol 2-ylJbutanoic acad,

()4-[4-[2-[6(methylammo)pyridin-2-y1] 1-ethoxylpheayl] 3 (4-{[N-methyl N
(2,2.2-tnfluoroethyl)ammno]carbonyl] 1,3-0xazol 2-yl]butanoic acid,

(-4-14-[2-[6-(methylanuno)pyndin-2-y1}-1-ethoxyJpheayl] 3-[4-
(tnfluoromethyl)thuazol 2-ylJbutanoic acid, and

()-4-{4-[2-[6-(methylammo)pyridin 2-yI] 1-ethoxylphenyl] 3-(3-methylthiazo! 2-
yhbutanorc acad
or a pharmaceutically acceptable salt thereof

In cases wherean the compounds of this mvention may have one or more chiral
centers, unless specified, this invention includes each untqus ronracemic compound which
may be synthesized and resolved by conventional techmques.

3
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In cases 1n which compounds have unsaturated carbon-carbon double bonds both
the c1s (Z) and trans (E) 1som=rs are within the scope of this mnvention The meaung of any
substituent at any one occurrence 1s independent of its meaning, or any other substituent’s
meapng at any other occurrence,

Also included 1n this invention are prodrugs of the compounds of this invention
Prodrugs are considered to be any covalently bonded carners which release the active
parent drug according to formula (I) ix vive Thus, 1n anotber espect of this invention are
novel prodrugs which are also mtsrmediates i the preparation of formula (Ia) compounds
of formula (I)

Abbreviations and symbols commorly used in the peptide and chemucal arts _re
used herein to describe the compounds of this invention In general, the ammo acid
abbreviations follow the IUPAC IUB Jomnt Commssion on Biochemical Nomenclature as
descnibed in Eur J Biochem. 158 9 (1984)

C;4alkyl as apphied herein means an optionally substtuted alkyl group of 1 to 4
carbon atoms, and includes methyl ethyl, n-propyl, 1sopropyl, n-butyl, 1sobatyl and t-butyl.
Any Cy_4alkyl may be optionally subsututed with the group RX which may be on any
carbon atom that results m a stable structure and 15 available by conventional synthetic
techmiques. Surtable groups for RX are Cy_4alkyl OR* SR* C;_4alkylsulfonyl,
Ci4ekylsulfoxyl, -CN N(R*)y, CH;N(R®), NOy -CF3 -CO,R*-CONR"), -COR*
SO;N(R");, NR*C(O)R* F C\, Br 1, or CF;$(0),- whereinr1s 0 1or2, and R* 15 H,
Cj4alkyl, pbenyl or benzyl

Halogen or halo means F C] Br and I

Ar or aryl, as apphied herein mmeans phenyl or naphthyl or phenyl or naphthyl
substituted by one to three substitnents, such as those defined above for alkyl, especially
Cj4alkyl, C;_4alkoxy C;_4tlkyltiuio CF3 NH; OH,F Cl,BrorL

Het, or heterucycle, indicates an optionally substituted five or six membered
monocyclic nng, or a nine or ten-membered bicyclic nng contaming one to three
heteroatoms chosen from the group of mtrogen oxygen and sulfur which are stable and
available by conventional chemmeal synthesis Tllustrative heterocycles are benzofuren
benzmmmdazole, benzopyran, benzothuophene benzothiazole, furan, imidazole, indohne,
motphohine, pripenidine, pyperazine, pyrrole, pyrrolidine, tetrahydropyndme, pyndme,
thiazole, oxazole thiophene, qunohine, 1soqunolme, and tetra and perhrydro- quinoline
and 1soquuncline. Any aceessible combination of up to three substrtuents on the Het ring,
such as those defined above for alkyl, that are avanlable by chesmcal synthesis and are
stable are withmn the scope of thigs mvention

Certain radical groups are abbreviated herein  t Bu refers to the tertiary butyl
radical, Boc refers to the t-butyloxycarbonyl radical Fmoc refers to the

6
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fluorenylmethoxycarbonyl radical, Ph refers to the pheny] radical Cbz refers to the
benzyloxycarbonyl mdical, Bn refers to the benzyl radical, Me refers to methyl Et refers to
ethyl Ac refers to acetyl Alk refers to Cy_4alkyl Nph refersto 1 or 2-naphthyl and cHex
refers to cyclohexyl Tet refers to 5 tetrazolyl

Certain reagents are ashbreviated herein  DCC refers to dicyclohexylcarbodumide,
DMAP refers to dimethylaminopyndine, DIEA refers to dusopropylethyl amune, EDC
refers to 1-(3-dimethylammnopropyl)-3-ethylcarbodumide hydrochlonde. HOBt refers to
1 hydroxybenzotnazole, THF refers to tetrahydrofuran DIEA refers to
dusopropylethylarnine, DEAD refers to diethyl azodicarboxylate, PPhy refers to
tnphenylphosphine, DIAD refers to dusopropyl azodicarboxylate DME refers to
dimethoxyethane, DMF refers to dimethylformamide NBS refers to N bromosuccimmude,
Pd/C refers to a palladram on carbon catalyst, PPA refers to polyphosphonc acid, DPPA
refers to diphenylphosphoryl azide, BOP refers to benzotnazol 1 yloxy tns(dimethyl
amino)phosphomum hexaflucrophosphate, HF refers to hydrofluonic acid, TEA refers to
tnethylamine, TFA refers to tnfluoroacetic acid, PCC refers to pyridmrum chlorochromate

Compounds of this mvention are prepared by the general methods described
Schemes I IV
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CH,0

HO ' Hac,H Ny, o
CO,El UN CO,Et

— Y

(a) CH3NH(OCH3) HCL, EDC, HOBt H20 EtsN DMF (b) 4-bromobenzotnfluonde,
sec-BuLs, THF (c) (EXO),P(0)CEoCO,EL, NaH, talnene; (d) Ha, 10% PA/C, EtOH, ()
BBr3y CHaCly (f) 6-(methylamno)-2-pyndylethanol, DIAD (Ph)sP THF (g) (g) 1.0N
NaOH, MeOH, then acudificahan.

An appropnate alkoxyphenylacetic actd, for mstance 4-methoxyphenylacetic acid
(1 1) 1s converted to the deaxybenzom derivative 1-3 by reachion of the comresponding N
methoxy N methylamsde (I 2) with a metalated aromatic denivative, according to the
general method of Weinreb (Yesrahedron Lets. 1981 22, 3815) Compound I-3 18
converted to the o,f-unsaturated ester I-4 through the well-known Withg reaction
Optimally the reaction 15 conducted using triethyl phosphonoacetate m the presence of &
suitable base, generally sodrom hydride or Ithim bis(tnmethylsilyl)anude, m an aprotic
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solvent, such as toluene THF or mixtures thereof Reduction of the olefin group of I-4 15
optimally accomplished by hydrogenation in the presence of a palladmum catalyst, for
instance palladium on activated charcoal 1n a suitable solvent, such as EfOAc, MeOH,
BtOH 1 PrOH, or mixtures thereof The methyl ether of I 5 can be cleaved with boren
tnbronude (BBrs) o an wnert solvent, preferably CH7Clg, or with ethanethiol (BtSH) and
aluminum tnchloride (ALCI3) 1n an 1nert solvent, such as CHCly Other useful methods
for removal of methyl ether protecting groups are descnbed in Greene "Protective Groups
1 Organic Synthesis (pubhshed by Wiley Interscience) The resulung phenol I 615
reacted with 6-(methylamno) 2-pynidylethanol m a Mstsunocbu type coupling reaction
(Organic Reactions 1992 42 335-656 Synthesis 1981, 1 28) to afford I 7 The reaction 1s
mediated by the complex formed between an azodicarboxylate diester such as diethyl
azodicarboxylate or dusopropyl azodicarboxylate, and tniphenylphosphine and 1s
canducted 1n an aprotic solvent, for mstance THF CHyClp, or DMF The ethyl ester of I 7
18 hydrolyzed using aqueous base, for example, L1OH m aqueous THF or NaOH 1n aqueous
methanol or ethanol and the intermediate carboxylate salt 15 acidified with a sutable acid,
for mnstance TFA or HCl to afford the carboxylic acsd I-8  Altematively the intermedzate
carboxylate salt can be isolated, »f desired, or a carboxylate salt of the free carboxylic acid
can be prepared by methods well kmown to those of skill i the art.

Scheme JT
HO TIPSO b TIPSO,

—2 —— Bn

Br OO,CH,
2 ]
H ot\rCO,Bn

NPSO. TIPSO 0 H

COCH, CO,CH,
4 5

e TIPSO OI_(N ' TIPSO OF‘L
—— e e
e UV L o
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oN
g HO OpN h Boc”® L
— CO,CH, ? CO,CH,
8 9

10 1

HO o, N !

12 13

5  (a) Tmsopropylsilyl chlonde, inmidazole, DMF (b) methyl 3-(benzyloxycarbonyl)-3-
butenoate, Pd(OAc);, P(tol)3, (i Pr)sNEt, promomtnle (c) Hy 10% Pd/C, EtOAc (d)
senne benzyl ester hydrochlonde, EDC, HOBt Hz0 EtsN DME (e) Burgess reapent,
THF (f) ClsCBr DBU CH;Cly (g) TBAF THF (h) (Boc)yO pyndimne, THF (i) Hy,
10% Pd/C, EtOH, (7) N methylamiline, EDC, BPFFH, (1 Pr);NEt, pyndine, DMF (k) 4 N

10 HCUdoxane (1) 6~(methylamuno)-2-pyndylethanol, DIAD (Ph)aP THF (m) LiOH, THF
H,0 then acydification

A halophenol denvative, for mstance 4-bromophenol (I 1), 1s converted to a
smtably protected denvative, for instance 4-bromo-1-(trusopropylsilyloxy)benzene (11 2)
15  The protectmg group for the phenocl must be compatible with subsequent chermstry and
also mmst be abls to be removed selectively when desired  Methods for the protection of
phenols are deseribed m standand reference volumes, soch as Greene, “Protective Groups 1n
Orgamc Synthesis” (published by Wiley-Interscience) Compound II 2 reacts with methyl
10
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3-(benzyloxycarbonyl}-3-butenoate m a Heck type reaction (see Heck, Org Reactions
1982, 27 345) to afford II-3 'The reaction 1s medhated by a palladium(0) species and
generally 15 conducted 1n an mert solvent, such as CH.CN propionitnile or toluene m the
presence of an appropnate actd scavenger such as tnethylamne (Et3N) or
dusopropylethylamine ((+Pr);NEt) Typical sources of the palladium(0) species mclude
palladium (II) acetate (Pd(OAc))) and palladrum(II) chlonde (PdCly) and oftentimes
phosphine hgands for mstance triphenylphosphine (PPh3) or tri-ortho-tolylphesphine
(P(tol)3) are included. The o, B-unsaturated ester IT-3 1s reduced to the saturated
compound II-4 by reaction with hydrogen gas in the presence of a suitable catalyst,
preferably palladium metal on activated ¢__bon (Pd/C) 0 an inert solvent, penexally
MeOH, BtOH, FtOAc or muxtures thereof The carboxylic acid of I1-4 18 comverted to an
actrvated form using for example, EDC and HOBt, SOCl; or 1 1 -carbonyldumidazole
(CDD) and the activated form 1s subsequently reacted wath an appropnate amne, for
mstance senne benzyl ester m a smtable solveat, such as DMF to afford II-5 Dependmg
on whether acid nzutrahization 15 requured, an added basz, such as tnethylamne (BtaN)
duscpropylethylamme ((-Pr);NEt) or pyndine, may be used Many addiional methods
for converting a carboxylic acid to an anmde are known and can be found 1n standard
reference books, such as "Compendmm of Organic Synthetic Methods Vol.1 VI
(published by Wiley Interscience), or Bodansky “The Practice of Peptide Synthesis
(published by Springer Verlag) II-5 1s then converted to the oxazole denvative I 7
Several methods are known for the conversion of amidoalcohols to oxazoles (Meyers
Tetrahedron 1994 50 22972360 Wipf J Org Chem. 1993 58 3604-3606) For
example, the amidoalcohol II-5 can be converted first to the oxazohine I1 6 This
transforraation 18 generally accomplished under dehydrahing conditions such as reachion
with Burgess reageat m THF  Oxazohne JI-6 13 then oxidized to oxazole H 7 using, for
mstapce, bromtrichloromsthans and DBU m CHyCly (Wiliams Tetrahedron Lesters 1997
38 331 334) or CuBry and DBU 1 an appropnate solvent, such as BtOAc/CHCl3 ot
CH;Cly (Barnsh, J Org Chem. 1993, 58, 4494-4496) Removal of the silyl proteching
group under standard fluande conditrons (see Groene above) affords phenol II-8, whach 15
converted to the tert-butyloxy carbonate denvative I 9 using ch tert butyl dicarbonate 1n
the presence of a base, geacrally pyndme, 1n a polar neutral solvent, such as THF This
new proteching group 1s selocted as descnibed above. Compound I 9 1s converted to the
carboxyhc acid denvative I 18 by hydrogenation as descnbed above, and X 10 1z
converted to amide I 11 according to the general procedure of Carpino and Aymen (J Am.
Chem. Soc 1995 117 5401-5402). Under these conditions carboxylic acid IT 10 15
reacted with a smtable anune, for instance N-methylamline, 1n the presence of
bis(tetramethylene)finoroformamdmiunm hexafinorophosphate (BPFFH) and an approprate

11
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base, generally EtaN (1 Pr)y;NEt, pyndine, or mixtures thereof 1n a polar neutral solvent,
such as DMF The tert butyloxy carbamate protecting group 1s removed under standard
acidic condstions (see Greene above) and the resulting phenol IT 12 1s converted to II 14
by the methods described m Scheme 1

o L2, o
M‘” - mmii“' -

7

L e,

CF,
N H =~
L) Hy c’ 8.zN
o Lo, O Lo
10

(2) BtOH, reflux, (b) 4-(benzylaxy)benzaldehyds, NaOEt, BOH, (c) Alz03 NaOCI,
CH3CN (d) BeyStH, BFy OBty CHaCly, (<) a-BugNF THF (0
(Ex0)(=0)CH7CO,Et, NaH, THF reflux, (g) Mg, MeOH, (h) BFy OBty EtSH, (i) 6-
(methylamino)-2-pynidylethanol, DIAD (Ph)3P THF (§) LiOH, THF H70 then
acidification

Thazole denvatve II-3 18 prepared by condensation of 2-cyanoscetarmde (YII 1)

and 3-bromo-1 1 1-tnfluoroacetone (I 2) m refluxing ethanol, by approprate
modification of the procedure of Schaefer and Gewald (J Prake. Chem. 1974, 316 684-

692) for the preparation of 4-phenyl 2-(cysnomethyD)thiazole. Aldol condensation of III-3
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with an appropneicly substitated benzaldehyde denvative, for example 4-
(benzyloxy)benzaldehyde, gives III-4 The reaction is catalyzed by a surtable base,
preferably sodium ethoxide, and 15 conducted m a polar solvent generally ethanol
Epoxidation of 111-4 to afford ITI-5 15 accomphished with sodium hypochlonte in the
presence of nevtral alumina according to the general method of Foucand (Synthes:s 1987 9
854-856) Other well known epoxidahion conditions, such as mCPBA, basic hydrogen
peroxide, or basic tert butyl hydroperoxide might also be used, as Iong as the conditions
are compatible with the functionahty m the substrate On exposure to tnethylsilane in the
presence of a smitable Lewss acid such as BF3 OBty ora sustable protic acid for mstance
TFA or HC], the epoxide ning of ITX 5 18 rediictively opened n & hughly regioselective
manner to afford ketone III-6 together with the corresponding trimethylnlyl cyanohydnn
of the INI-6 This cyanchydrin 15 convemently converted to ketone III-6 on exposure to
tetrabutylammonrum fluoride 1n an appropnate solvent, generally THF Thus ketone reacts
in a Wittig type reaction wath tnethyl phosphonoacetate 1n the presence of a smtable base
for anstance LIN(TMS); or NaH, in a polar aprotic solveat, preferably THF to afford the
o, B-unsaturated ester INT 7 as a rmixture of olefinc 1somers  On reaction with magnesium
motal n MeOH, the olefin of IIT 7 18 selectively reduced to afford the saturated denvative
III-8 The ethyl ester 1s converted to a methyl ester under these conditions. Removal of
the benzyl group 15 accomplished with ethanethiol and BF3 OBEt, to afford the phenol III
9 which 1s converted to III 10 according to the methods descnibed m Schems L
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Scheme IV
H,C,
HO a Bn0\©\ b BnO \Q\XN
—_— —.

CO,0H, COLCH, o

1 2 3

H,C, HC
BnO N HO S. 2N
c de
» CO.Et > ,CH,
4 5
H,C,

(a) BnCl, K5CO3 acetone (b) S methylthwazole, n-Bula THF (c)
(BtORP(=0)CH,CO4Et, NaH, THF (d) Mg, MeOH, (c) BF3 OEty EtSH (f) 6-
(methylamino)-2-pyndylethanol, DIAD (Ph)sP THF (g) LaOH, THF H3O then
acidification

The phenol group of commercially available methyl 4-hydroxyphenylacetate (V 1)
18 protected with a smtables protecting group for instance a methyl ether, a benzyl ether or
a trusopropylmlyl ether Protection of phenols 1s well known to those of skill m the art, and
representative protectng groups are descnibed 1n standard reference volumes such as
Greene "Protective Groups 1n Organic Synthesis* (pablished by Wiley Interscience) The
resulting compound (IV 2) reacts with surtable Gnignard or organohthmm reagents to
afford ketones For example, 2-lithio-5 methyltnazole, prepared from 5-methylthuazole
and n-butylhthrum, reacts with IV 2 1n an ethereal solvent, such as THF or DMR, to afford
the ketone denivative IV-3  Thus ketons 1s then converted to IV-§ according to the methods
described m Scheme IIL

Amude coupling reagents as used herein denote reagents which may be used to
form peptide bonds, Typical couplmg methods employ carbodumdes, actrvated
anhydnides and csters and acyl halides Reagents such as EDC, DCC, DFPA, BOP reagent,
HOBt, N thﬂMyleqpm
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Coupling methods to form peptide bonds are generally well known to the art. The
methods of peptide synthesis genecally set forth by Bodansky etal THE PRACTICE OF
PEPTIDE SYNTHESIS Springer Verlag Berlm 1984 Alietal mJ Med Chem. 29 984
(1986) and J Med. Chem. 30 2291 (1987) arc generally iliustrative of the techmgque and
are incorporated herem by reference

Typically the amine or anthne 1s coupled via 1ts frec ammmo group to an appropriate
carboxyhc acad substrate using a suntsble carbodurmde couphing agent, such as NN
dicyclohexyl carbodumde (DCC) optionally 1n the presence of catalysts such as 1
hydroxybenzotnazole (HOBt) and dimethylarmino pyndine (DMAP) Other methods such
as the formation of activated esters anhydnides or acid hahdes, of the free carboxyl of a
surtably protected acid substrate, and subsequent reaction with the free amne of a switably
protected amins, optionally in the presence of a base, are also suitable For example a
protected Boc-amuino acid or Cbz-ammdino beazoic acid 13 treated in an anhydrous solvent,
such as methylene chlonde or tetrahydrofuran(THF), in the presence of a base, guch as N
methy] morpholme, DMAP or a trialkylamine, with isobuty) chioroformate to form the

activated anhydnde which 1s subsequently reacted with the free amine of a second
protected ammo acid or anihne.

Useful mtermechates for prepanng farmnla (T) compounds 1n which R21s a
benzinudazole are disclosed 1 Nestor et al J Med. Chem. 1984 27 320 Representative
methods for prepanng benzimidazole compounds useful as intermediates m the present
mvention are also common to the art and may be found, for mstance, m EP A 0 381 033

Acd addition salts of the compounds are prepared n a starclard manner in a
swtable solvent from ths parent compound and an excess of an acid, such as hydrochlonc,
hydrobromic hydrofluonc, sulfuonc phosphone acetic, tnfluoroacenic maleic succime or
methanesulfonic Certan of the compounds form mner salts or zwittenions winch may be
acceptable. Catranuc salts are prepared by treatmg the parent compound with an excess of
an alkaline reagent, such as a hydroxide, carbanate or alkoxide, contaming the appropnate
cabon of wath an appropnate organic amine. Cations such as Lit Nat K+ Catd Mgt
and NH4* are specific examples of cations present i pharmaceutically acceptable salts

"This mveation alse provides a phanmaceutical composihon which compnses a
compound according to formula (I) and a pharmaceuntically acceptable carner
Accordmgly the compounds of formula (I) may be used m the manufacture of a
medicament. Pharmaceutscal compositions of the compounds of formula (T) prepared as
herembefare described may be formulated as solutions or lyophhized powders for
parenteral administration. Powders may be reconstituted by addition of a smtable diluent
or other pharmaceutically acceptable camer prior to use. The hiqmd formulanon may be a
buffered, 1sotonic, agueous solution Examples of suitable dilueats are normat 1sotome
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saline solution standard 5% dextrosc 1n water or buffered sodium or ammonarum acetate
soluton Such formulation 1 especially suitable for parenteral administratron, but may also
be used for oral admmistration or contawned 1n a metered dose inhaler or nebulizer for
wsufflaon It may be desirable to add excipients such as polyvinylpyrrohdone, gelatin,
hydroxy cellnlose, acacia, polyethylene glycol manmtol, sodium chlonde or sodium
citrate

Alternately thesc compounds may be encapsulated, tableted or propared in a
emulsion or syrup for oral admimistration. Pharmaceutically acceptable sohd or hqud
carriers may be added to enhance or stabilize the composition, or to facihtate preparation of
the composition. Solid carmmers mnclude starch, lactose, calcium snlfate dibydrate terra alba,
magnesiom stearate or stearic acid, talc, pectm acacia, agar or gelatin  Liquad camers
melude syrup peanut oal olive o1l salie and water The carmier may also include a
sustained release matenal such as glyceryl monostearate or glyceryl distearate, alone or
with a wax The amount of solid carrier vanes but, preferably will be between about 20
mg to sbout 1 g per dosage nmit The pharmaceutical preparstions are made following the

convenhonal techmques of pharmacy involving mulling mixing, grannlating, and
compressing, when necessary for tablet forms or milling muxng and filling for hard

gelatin capsule forms When & liquid carmner 15 used, the preparahon will be in the form of
a syrup, elxir emulsion or an aqueous aor non-aqueous suspension  Such a iquid
formulation may be admumistered directly p o or filled 1nto a soft gelatn capsule

For rectal admimstration, the compounds of this invention may also be combined
with excapients such as cocoa butter glycenn, gelatm or polyethylene glycols and molded
1nto a supposItory

The compounds descnbed herein are antagonists of the vitronectin receptor and are
useful for treatmg diseases wherean the underlying pathology 18 attibutable to higand or cell
which uteracts with the vitronectin receptor  For mstance, these compounds are useful for
the treatment of diseases wherein loss of the bone matnix creates pathology Thus, the
mstant compounds are uscful for the treatment of ostoeporosis, hyperparathyromdism,
Paget's cascase, hypercalcemnia of malignancy osteolytic lesions produced by bone
metastans, bone loss due to immobilization or sex bormone deficiency The compounds of
tlus invention are also beheved to have utility as aatitumor anb-angiogenic,
antunflammatory and anti metastatic agents, and be useful in the treatment of
atherosclerosis and restenosis

The compound 18 administered esther orally or parentexally to the patient, 1n a
manner such that the concentration of drug 1s snfficient to ujubit bone resorption, or other
such indrcatton The pharmaceutical composition containng the compound 18 admnustered
at an oral dosa of between about 0 1 to about 50 mg/kg 1 a manner consistent with the
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condition of the patient. Preferably the oral dose would be about 0 5 to about 20 mg/kg
For acute therapy parenteral admunsstration 1s preferred  An mtravenous infusion of the
peptide 1n 5% dextrose m water or normal saline, or a symilar formulation with sntable
exctpieats, 15 most effective, although en intranuscular bolus mjectuion 15 also usefol
Typically the parenteral dose will be about 0 01 to about 100 mg/kg preferably between
01 and 20 mg/kg The compounds are administered one to four imes datly at a level to
achieve a total dagly dose of about 0 4 to about 400 mg/kg/day The precise level and
method by which the compounds are adminsiered 18 readily deterrmined by one routinely
sklled in the art by companng the blood level of the agent to the concentration required to
have a th~rapeutic cffect.

Ths invention further provides a method for treating osteoporosis or whibiking
bone loss which comprnises admnistenng stepwise ot in physical combination a compound
of formula (I) and other inhibitors of bone resorption such as bisphosphonates (L.,
allendronate) hormone replacement therapy anti-estrogens, or calertomin  In addition, this
inventon provides a method of treatment using 2 compound of this invention and an
anabolic agsnt, such as the bone morphogenic protem, rproflavone, useful m the prevention
of bone loss and/or to mcrease bone mass

Additionslly this invention provides a method of inbibitmg tumor growth which
compnises admimstenng stepwise or in physical combination a compound of formmala ()
and an antincoplastic agent Compounds of the camptothecin analog class, such as
topotecan, innotecan and 9-anunocamptothecin, and platmum coordination complexes,
such as cisplatin, ormaplatin and tetraplatm are well known groups of antineoplastic
agents Compounds of the camptothecin analog class are described 1n US Patent Nos
5004 758 4 604 463 4 473 692, 4,545 880 4 342,776 4,513 138, 4,399,276, EP Patent
Apphication Publication Nos. 0 418 099 and 088 642, Wany, etal J Med. Chem. 1986,
29 2358, Wam ctal,J Med Chem 1980 23 554 Wany, etal. J Med Chem. 1987 30
1774, and Nitta, ct al., Proc 14th International Congr Chemotherapy 1985 Anticancer
Section 1 28, the entre disclosure of each which 13 hereby mcorporated by reference. The
platinum coondmation complex, cisplatin, 18 available under the name Platinol® fram
Bristol Myers-Squibb Corparation  Useful formmulations for c1splatin are described in U.S
Patent Nos 5,562,925 and 4 310,515 the entire disclosure of each which 18 hereby
incorporated by reference

In the method of inhubiting tumor growth which comsprises admmistermg stepwise
or 10 physical combmation 2 compound of formula (I) and an antineoplastic agent, the
Platenum coordination compound, for example cisplatin, can be admnistered using slow
intravenous wfusion. The prefesred carrier 18 a dextrose/saline solution contaming
mannito]  The dose schedule of the plahnum coordination compound may be on the basts
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of from about 1 to ahout 500 mg per square meter (mg/m?) of bady surface area per course
of treatment  Infusions of the platinum coordiation compound may be given one to two
tmes weekly and the weekly treatments may be repeated several imes Using a
compound of the camptothecin analog class 1n a parcateral admimstranon the course of
therapy generally employed 15 from about 0 1 to about 300 0 mg/m2 of body surface area
per day for about five consecutive days Most preferably the course of therapy empioyed
for topotscan 15 from about 1 0 to about 2,0 mg/m2 of body surface area per day for about
five consecutive days Preferably the course of therapy is repeated at least once at about a
scven day to about a twenty-eight day interval

The pharmacentical comp~ stion may be formulsted with both the compound of
formula (I) and the antinsoplastic agent in the same contaner but formualtion mn different
contuners 1s preferred 'When both agents are provided in solutton form, they can be
contawned 1n an mfusion/injection system for simultaneous admimstration or 1n a tandem
arrangement.

For conventent admmistration of the compound of formula () and the
antincoplastic agent at the same or different umes a Jat 18 prepared compnising, 1 & single
contamer such as a box, carton or other contamner indsvidual bottles, bags, vials or other
contaners cach having an effective amount of the compound of formula (T) for parenteral
admunistrabon, as described above, and an effective amount of the anhneoplastic agent for
parenteral admmmstration as descnibed above. Such knt can comprise, for example, both
pharmaceutical agents 1n separate containers or the same contaner optionally as
lyophhized plugs, and containers of solutions for reconstitution A vanation of this s to
nclude the solution for reconstitution and the lyophilized plug 1n two chambers of a single
contaner which can be cansed to adoux prior to use. With such an arangement, the
antncoplastic agent and the compound of this mvention may be packuged separutely as i
two containers, or lyophihized together as a powder and provided 1n a single contuner

‘Whean both ageats are provided 1n solution form, they can be contained 1n an
mfuson/injection system for simulitaneous adnunistration or 1n a tandem arrangement. For
example, the componnd of formula (I) may be m an 1 v 1njectable form, or infusmion bag
hinked 10 senes, via tubing 1o the antineoplastic agent 1n a second infoson bag  Using such
a system, a patient can recetve an mmtial bolus-type injection or infusion of the compound
of formula (I) followed by an mfosion of the antineoplashc agent.

The compounds may be tested m one of several trological assays to determune the
concentration of compound which 1s required to have a given pharmacological effect.
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Inhibition of vitronectin bmding
Solid Phase [JH]-SK&F 107260 Binding to &%,fi3 Hursan placenta or human platelet
oyp3 (0 1-0 3 mg/mL) 1n buffer T (containing 2 mM CaClz and 1% octylglucoside) was
diluted with buffer T contaming 1 mM CaCl2 1 mM MnCly 1 mM MgCl3 (buffer A) and
005% NaN3 and then tmmediately added to 96-well ELISA plates (Corning, New York,
NY)atOlmL perwell. 01 02 pg of ayfly was added per well The plates were
mcubated overmght at 4 C. At the time of the experiment, the wells were washed once
with buffer A and were incubated with 0 1 mL of 3.5% bovine serum albumin 1n the same
buffer for 1 hr at room temperature Following mcubation the wells were aspirated
completely and washed twice with 0.2 mL biffer A.

Compounds were chssolved m 100% DMSO to give a 2 mM stock solution, which
was diluted with binding buffer (15 mM Tns-HCl (pH 7 4) 100 mM NaCl, 1 mM CaClp, 1
mM MnCl2, 1 mM MgCl2) to a final compound concentration of 100 pM  Thus solution 18
then diluted to the requured final compound concentration. Vanous concentrattons of
uniabeled antagomists (0 001 100 pM) were added to the wells in tnplicates, followed by
the addition of 5 0 nM of [3H}-SK&F 107260 (65 86 Cy/mmol)

The plates were mcubated for 1 hr at room temperature, Following mcubation the
wells were aspirated completely and washed once with 0.2 mL of ice cold buffer Amn a
well to-well fasmon, The receptors were solubihized with 0 1 mL of 1% SDS and the
bound [H)-SK&F-107260 was determned by liquid scintillation counting with the
addition of 3 mL Ready Safe 1n a Beckman LS Liqmd Scimntillation Counter with 40%
efficiency Nonspecific binding of [3H]-SK&F-107260 was determmed 1n the presence of
2 uM SK&F 107260 and was consistently less than 1% of total mdiohgand mput. The
ICs0 (concentration of the antagomst to it 50% bindmg of [3H)-SKAF-107260) was
determined by a nonlinear least squares curve-fitting routine, which was modified from the
LUNDON 2 program. The K; (dissociation constant of the antagonist) was calculated
according to the equation K, =IC50/(1 + L/Kq) where L and K4 were the concentratton
and the dissociation constant of [3H)-SK&F-107260, respectively

Compounds of the present invention inhibit vitronechn binding to SK&F 107260 1n
the concentration range of about 0.060 to about 0.003 micomolar

Compounds of this invention are also tested for ir vitro and in vive bone resarption
m assays standard m the art for evaluatmg inbibition of bone formation, such as the pat
formation assay disclosed 1n EP 528 587 which may also be pexformed using human
osteoclasts 1n place of rat osteoclasts, and the ovarectonuzad rat model, dascribed by
Wronski et al. Cells and Matenals 1991, Sup 1 69-74
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Vascular smooth muscle cell mgration assay

Rat or human aortic smooth muscle cells were used. The cell migration was
momtored m a Transwell cell calture chamber by using a polycarbonate membrane with
pores of 8 um (Costar) The lower surface of the filter was coated with vitronectin  Ceils
were suspended 1n DMEM supplemented wath 0 2% bovine serum albunun at &
concentrahon of 2.5 5 0 x 106 cells/mL., and were pretreated wath test compound at
vanous concentrations for 20 man at 20°C  The solvent slone was used as control. 02 mL
of the cell suspension was placed m the upper compartment of the chamber The lower
compartment contamed 0 6 mL of DMEM supplemented with 0 2% bovine serum albumin
Incubation was carned out at 37°C m an atmiosphere of 95% aur/5% CO7 for 24 hr  After
ancubation the non mugrated cells on the upper surface of the filter were removed by gentle
scraping. The filter was then fixed 1n methanol and stmned with 10% Giemsa stain
Migration was measured either by a) counting the mamber of cells that had mgrated to the
lower surface of the filter or by b) extracting the stamed cells wath 10% acetc acid
followed by determumng the ahsorbance at 600 nM.

Thyroparathyroidectomized rat model

Each expernmental group consists of 5-6 adult male Sprague-Dawley rats (250-400g body
weight) The rats are thyroparathyroidectormzed (by the vendar Taconic Farms) 7 days prior to
use All rats recerve a replacement dose of thyroxine every 3 days On receapt of the mats,
circulating 1omzed calcrum levels are measured 1n whole blood immediately after it has been
withdrawn by tail vempunctare into heparimzed tubes  Rats are included of the 1onized Ca level
{measured with a Cibe-Cormng model 634 calcom pH analyzer) 18 <12 mM/L. Each rat 1s Sitted
with an indwelling venous and artenal catheter for the delivery of test matenal and for blood
sampling respectively The rats are then put on a diet of calcium-free chow and deiomzed water
Basaline Ca levels are measured and each rat 15 admmistered esther control vehicle or human
parathyroid hormone 1 34 peptide (hPTH1 34, dose 1.25 ug/kg/h m saline/0 1% bovme serum
albupnn Bachem, Ca) or 8 mixture of hPTH1 34 and test material, by confinuous intravenous
nfusion via the venous catheter using an external synnge pump Ths calcenmc response of each
mt 1s measured at two-hourly intervals duning the mfusion peniod of 6-8 hours

Human osteoclast resorption and adhesion assays

Pit resorption and adhesion assays have been developed and standardized usmg
normal human osteoclasts derrved from osteoclastoma tissué. Assay 1 was developed for
the measurement of osteaclast prt volumes by laser confocal mucroscopy Assay 2 was
developed as a ugher throughput screen m which collagen fragments (released during
resorption) are measured by competitve ELISA,
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Assay 1 (using laser confocal microscopy)

Aliquots of human osteoclastoma-denived cell suspensions are removed from hqud
nitrogen strorage, warmed mpidly at 37°C and washed x1 1n RPMI 1640 medium by
centnfugation (1000rpm, 5 mins at 49C)

The medium 15 aspirated and replaced with munine anth HLA DR antibody then
diluted 1 3 11 RPMI 1640 medium. The suspension 1s mcubated for 30 mins on ice and
mxed frequently

The cells are washed x2 wath cold RPMI 1640 followed by centnfugation (1000
rpm, 5 mins at 49C) and the cells are thentransferred to a stenle 15 ml centnfuge tube.
The number of mononuclear cells are enumerated m an 1mproved Neubaner counting
chamber

Sufficient magnetic beads (5 / mononuclear cell) coated with goat antt mouse IgG
(Dynal, Great Neck, NY) are removed from their stock botile and plsced mto 5 ml of
fresh medium (this washes away the toxic azide preservative) The medmum 1s removed
by immobilizing the beads on a magnet and 18 replaced with fresh medum.

The beads are mixed with the cells and the suspenston 1s mcubated for 30 mms on
ice The suspension 15 mixed frequently

The bead-coated cells are immobilized on & magnet and the remaimng cells
(osteoclast rich fraction) are decanted into a sterile 50 ml centnfuge tube,

Fresh medium 18 added to the bead-coated cells to dislodge any trapped osteoclasts
This wash process 13 repeated x10 The bead-coated cells are discarded

Ths viable osteoclasts are enumerated 1n a counting chamber using flnorescem
chacetate to label Itve cells A large-bore disposable plastic pasteur prpet 1s used to add
the sample to the chamber

The osteoclasts are pelleted by centrifugation and the denmty adjusted to the
appropnate number in EMEM medmum (the number of osteoclasts 1s vanable from
tumor to tumor), supplemented with 109% fetal calf seyum and 1 7g/hter of sodom
bicarbonate.

3ml aliquots of the cell suspension (per compound treatment) are decanted mito
15ml centnfage tubes. The cells are pelleted by centrifugation.

To each tube, 3m] of the appropnate compound treatraent are added (diluted to 50
uM 10 the EMEM medmm) Also mcluded are appropriate velucle controls a posttive
control (ant1 vitronectin receptor murine monoclonal antibody [S7TMEM1] chluted to
100 ug/ml) and an 1sotype control (IgG,, diluted to 100 ug/ml) The samples are
icubated at 379°C for 30 mns
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. 0 Sml aliquoats of the cells are seeded onto sterile dentine slices m a 48 well plate
and incubated at 379C for 2 hours Each treatment 13 screened in quadruplicate

. The thees are wathed 1n six changes of warm PBS (10 mi / well in a 6-well plate)
and then placed into fresh medrum contaning the compound treatment or Control
samplet The samples are mcubated at 37°C for 48 hours

Tartrate resistant actd phosphatase (TRAP) procedure (selechve stan for cells of the
osteoclast lineage)

. The bone slices contamnng the attached osteoclasts are washed 1 phosphate
buffered salime and fixed 1n 2% gluteraldehyde (m 0 2M sodium cacodylate) for 5 muns.

. They are then washed m water and are mcubated for 4 minutes m TRAP buffer at
379C (0.5 mg/ml naphthol AS-BI phosphate dissolved 1o N,N-dimethyHformamde and
muxed with 0.25 M citrate buffer (pH 4.5) contmining 10 mM sodium tartrate

. Fallowing a wash 1n cold water the slices are ummersed 1n cold acetate buffer (0 1
M pH 6 2) contaming | me/m! fast red gamet and meubated at 40C for 4 memutes.

. Exceas buffer 18 aspirated, and the shces are mr died following & wash m water

v The TRAP positive osteoclasts (brick red/ purple precipriate) are coumerated by
bright field microscopy and are then removed from e surface of the dentine by
sOnICANION

. Pit volumes are determined using the Nikon/Lasertec ILM21W confocal -

microscope.

Assay 2 (using an ELISA readout)

The human osteoclasts are enniched and prepared for compound screemng as
described m the imtial 9 steps of Assay 1 Forclanty these steps are repeated hereinbelow
. Alhquots of human osteoclastoma-denived cell suspensions are removed from liqud

mitrogen strarage, warmed rapidly at 37°C and washed x1 1n RPMI 1640 medium by
ceptnfogation (1000rpm, S muns st 4°C)

. The medmm 1 aspirated and replaced with munne anh HLA DR antibody then
diluted 1 3 1n RPMI 1640 medium. The suspension 13 incubated for 30 mms on ice and
muxed frequently

) The cells are washed x2 with cold RPMI 1640 followed by centrifugation (1000
rpm, S nuns at 49C) and the cells are then transfarred to a stenile 15 mi centrifuge tbe.
The number of mononuciear cellz are enumerated in an 1mproved Neubauer counting
chamber

. Sufficaent magnetic beads (5 / mononuclear celf), coated with goat anti mouse IgG
(Dynal, Great Neck, NY) mramwedfrg‘mthmumckhotﬂemdpheedmtoSmlof

2
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fresh medium (this washes away the toxic azide preservative) The medium 15 removed
by immobilizing the beads on a magnet and 15 replaced with fresh medium

The beads are mixed with the cells and the suspenston 15 mcubated for 30 mins on
ice The suspension 13 mixed frequently

The bead-coated cells are immobilized on a magnet and the remaining cells
(osteoclast nch fraction) are decantad into a stenle 50 mi ceninfuge tube

Fresh medium 1s added to the bead-coated cells to dislodge any trapped osteoclasts
Thus wash process 18 repeatad x10 The bead-conted cells are discarded

The visble osteoclasts are epumerated in a counting chamber usmg fluorescem
dincetate to label ive cells A large-bore disposahle plastic pasteur pipet 15 used to add
the sample to the chamber

The osteoclasts are pelleted by centnfugation and the density adyusted to the
appropnate number in EMEM medm (the number of osteoclasts 1s vanable from
tumor to tumor) supplemnented with 10% fetal calf seram and 1 7g/liter of sodum
bicarbonate

In contrast to the method desnibed above m Assay 1 the compounds are screened at

4 doses to obtan an IC,, as onthned below

The osteoclast preparations are premcubated for 30 munutes at 37°C with test
compound (4 doses) or controls

They are then seeded onto bovme cortical bone shices 1n wells of 1 48-well tissue
culture plate and are incubated for a further 2 hours at 37°C

The bone shees are washed m six changes of warm phosphate buffered saline
(PBS) to remove non-adherent cells, and are then returned to wells of a 48 well plate
coutaming fresh compound or controls

The assue culture plate 1s then incubated for 48 hours at 37°C.

The supematants from cach well are aspirared into individual tabes and are
screened 1n a competitive ELISA that detects the c-telopeptide of type I collagen which
15 released dunng the resorption process  Thus 13 a commercaally available ELISA
(Ostecometer Denmark) that contmins a rabbit antibody that specifically reacts with an 8
amno acud sequence (Glu Lys-Ala-His- Asp-Gly-Gly Arg) that 1s present in the
carboxy-termunal telopeptide of the al-chan of type I collagen The results are
expressed as % mhibition of resorption compared to a vehicle control

Humanp osteoclast adhesion assay

The human osteoclasts are enniched and prepared for compound screening as

described above 1n the inital 9 steps of Assay 1 For clanty these stsps are repeated
bereinbelow
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Ahquots of human osteoclastoma-derived cell suspensioas are removed from hiqud
nitrogen strorage, warmed rapidly at 37°C and washed x1 1n RPMI 1640 medium by
centnfugatron (1000rpm, S mins at 4°C)

The medium 15 aspirated and replaced with munne antt HLA DR antibody then
diluted 1 3 1n RPMI 1640 medium. The suspension 1s incubated for 3 muns on sce and
muxed frequently

The cells are washed x2 with cold RPMI 1640 followed by centnfugation (1000
rpm, 5 muns at 4°C) and the cells are then transferred to a stenle 15 ml centnfuge tube
The number of mononuclear cells are enumerated 1n an improved Neubauer counting
chamber -

Sufficient magnetic beads (S / mononuclear cell) coated with goat antt mouse IgG
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of
fresh medmum (this washes away the toxic azide preservative) The medium 1s removed
by immobilizang the beads on a magnet and 1s replaced with fresh medum.

The beads are mixed with the cells and the suspension 1s incubated for 30 muns on
ice. The suspension 13 mixed frequently

The bead-coated cells are immobnlized on a magnet and the remarming celis
(osteoclast nich fraction) are decanted into a stenle 50 ml centrifuge tube.

Presh medrum 15 added to the bead-coated cells to dislodge any trapped osteoclasts
Thus wash process 1s repeated x10 The bead-coated cells are discarded

The viable osteoclasts are enumerated in a counting chamber using flucrescein
diacetate to label live cells. A large-bare disposable plastic pasteur pipet 1s used to add
the sample to the chamber

The osteoclasts are pelleted by centnfugahon and the density adjusted to the
appropriaie number 1n EMEM medmm (the number of osteoclasts s vanable from
tumor to tumor), supplemented with 10% fetal calf serum and 1 7g/liter of sodiom
brcarbonate

Osteoclastoma-derived osteoclasts are premeubated wath compound (4 doses) or
controls at 37°C for 30 mumutes.

The cells are then seeded onto osteopontm-coated slides (human or rat osteopontin
2.5ug/ml) and 1ncabated for 2 hours at 37°C.

Non adherent cells are removed by washing the slides vigorously 1n phosphate
buffered saline and the cells remaming on the slides are fixed 10 acetone.

‘The osteoclasts aro stained for tartrate-resistant acid phosphatase (TRAP) a
sclective marker for cells of thas phenotype (see steps 15 17), and are enunerated by
hght mucroscopy The results are expressed as % miubition of adhesion compared to a
veheele controt
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Cell Adhesion Assay
Cells and Cell Culnure

Human embryonic kidnoy cells ( HEK293 cells) were obtamed from ATCC
(Catalog No CRL 1573) Cells werc grown in Earl s minimal essential medsom (EMEM)
medium containing Earl’s salts, 10% fetal bovine serum 1% glutamune and 1% Pearcilin
Steptomy<in

Constructs and Transfections

A 3.2 kb EcoRI Kpnl fragment of the @, subumt and a 2 4 kb Xbal Xhol fragment
of the B3 subunit were inserted mnto the EcoRI EcoRYV clonmg sites of the pCDN vector
(Aryarctal 1994 ) which contains a CMV promoter and 2 G418 sclectable marker by
blunt end ligation  For stable expression, 80 x 10 6 HEK 293 cells were clectrotransformed
with a,+B3 constructs (20 g DNA of each subunit) using a Gene Pulser (Hensley et al
1994 ) and plated m 100 mm plates (5x10° cells/plate) After 48 br the growth medmm
was supplemented with 450 pg/ml Geneticin (G418 Sulfate, GIBCO-BRL, Bethesda, MD)
The calls were maintained 1n selection mednnp unt} the colomes were large enoogh to be
assayed.

Immunocytochenucal analysis of transfected cells

To determine whether the HEK 293 trapsfectants expressed the vitronectin
receptor the cells were ymmobhized on glass microscope shdes by centnfugation, fixed n
acetone for 2 nun at room temperature and air dried  Specific reactivity with 23C6,
monoclonal antibody specific far the ayfi4 complex was demonstrated using a standard
indzrect imnumofluorescence method.

Cell Adhesion Studies

Corming 96-well ELISA plates were precoated overmght at 4°C with 0 1 ml of
human vitronectin {0 2 pg/mL. m RPMI medium) At the time of the experument, the plates
were washed once with RPMI medium and blocked with 3.5% BSA in RPMI medmam for 1
hr at room temperature. Transfected 293 cells were resuspended 1n RPMI medium,
suppiemented with 20 mM Hepes, pH 7 4 and 0 1% BSA at a dennity of 0.5 x 106 cells/mL..
0 1 mL of cell suspension was added to each well and incubated for 1 hr at 37°C, m the
presence ar absence of vanous ayfs antagonists Followang mcubatiop, 0 025 mL. of a
10% formaldehyde solution, pH 7.4 was added and the cells were fixed at room
temperature for 10 mun. The plates were washed 3 times wath 0.2 mL of RPMT mediom
and the adberent cells were stamed with 0 1 mL of 0.5% toluidine blue for 20 mm at room
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temperature  Excess stun was removed by extenzive washing with detonized water The
tolwdine blue mcorporated 1nta cells was sluted by the addition of O 1 mL. of 50% ethanol
contaming 50 mM HC1 Cell adhesion was quantitated at an optical density of 600 nm on a
microtiter plate reader (Titertek Multiskan MC, Sterling, VA)

Solid Phase o, Binding Assay

The witronectin receptor ayfis was punfied from human placenta Receptor
preparation was diluted with 50 mM Tns-HCL pH7 5 100 mM NaCl 1 mM CaClz, 1 mM
MnCl; 1 mM MgCl; (buffer A) and was immechately added to 96-well ELISA plates at 0 1
ml per well 0 1-0 2 pg of a3 was added per well. The plates were incubated overmght at
4°C At the ume of the expeniment, the wells were washed once with buffer A and were
mcubated with 0 1 ml of 3 5% bovine serum albumun 1n the same buffer for 1 hr at room
temperature  Following incubation the wells were aspirated completely and washed twice
with 0 2 mnl buffer A,

In a (3H]-SKAF-107260 competition assay vanous concentrations of unlabeled
antagomsts (0 001 100 pM) were added to the wells followed by the addinon of 5.0 oM of
[*H]-SK&F 107260 The plates were meubated for 1 hr at room temperature  Following
incubation the wells were aspirated completely and washed once with 0 2 ml of ice cold
buffer A in a well to-well fashion. The receptors were solubilized wrth 0 1 ml of 1% SDS
and the bound [*H}-SK&F-107260 was determuned by hiquid scinhliation counting wath the
addition of 3 ml Ready Safe in a Beckman LS 6800 Liquid Scintillation Counter with 40%
efficiency Nonspecific binding of [PH]-SK&F 107260 was determined n the presence of 2
MM SK&F-107260 and was consistently less than 1% of total radiohgand mnput. The ICsg
(concentration of the antagonist to mhubit 50% binding of [PH}-SK&F-107260) was
determuned by a nonlinear least squares curve-fitting routine, which was modified from the
LUNDON 2 program. The K {(dissociation constant of the antagonist) was calculated
accarding to Cheng and Prusoff equation. K, = ICso/ (1 + L/K4) where L and K4 were the
concentration and the dissociation constant of (PH}-SK&R-107260 respectively

Inhibition of RGD-mediated GPIIb-IIIa bmding

Punification of GPIIb-1lIa

Ten onits of outdated washed human platelets (obtamed from Red Cross) were
lyzed by gentle shrnng 1n 3% octylghucoside, 20 mM Tns-HCL pH 7 4 140 mM NaCl 2
mM CaCl; at 4°C for 2 h. The Iysate was centrifuged at 100 000g for 1h The supernatant
obtamed was applied to a 5 ml. lentil lectin sepharose 4B colummn (E.Y Labs)
preequilibrated with 20 mM Tris-HCL pH 7.4 100 mM NaClL 2 mM CaClp, 1%
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octylglucosde (buffec A) After 2 h mmcubation the column was washed with 50 mL cold
buffer A The lecun-retained GPIIb-IIIa was eluted with buffer A cantaining 10% dextrose
All procedures were performed at 4°C The GPIb IIla obtamned was >95% pure as shown
by SDS polyacrylamude gel electrophoresis

Incorporation of GPIib Ila in Liposomes

A mixture of phosphandylserine (70%) and phosphatidylcholine (30%) (Avants
Polar Lipids) were dnied to the walls ofaglmmheunden;tmmofmtmgm. Punfied
GPIIb-II1a was diluted to a final concentration of 0.5 mg/ml. and mixed with the
phospholiprds m a protemn phospholipd ratio of 1 3 (w w) The mixture was resuspended
and sonicated 1n a bath sonicator for 5 min  ‘The muxtuze was then dialyzed overmght using
12,000-14 000 molecular weight cutoff dialysis tubing agamst s 1000-fold excess of 50
mM Tns-HCl pH 7 4 100 mM NaCl, 2 mM CaCI2 (with 2 changes) The GPIIb-1lIa
contaming liposomes wee centnfuged at 12,000g for 15 nun and resuspended 1n the dialysms
buffer at a final protesn concentration of approximately 1 mg/ml. The liposomes were
stored at 70C until neaded

Competitive Bindmg to GPIIb-IIIa

The binding to the fibnnogen receptor (GPIIb-IIIa) was assayed by an indirect
competinve binding method unng [3H]-SK&F-107260 as an RGD-type igand The
binding assay was performed mn a 96-well filtrahon plate assembly (Millipore Corporation,
Bedford MA) using 0 22 um bydrophilic durapors membranes The wells were precoated
with 0.2 mL of 10 ug/mi, polylysine (Sigma Chemscal Co. St. Loms MO ) at room
temperature for 1 h to block nonspecific binding. Vanous cancentrations of uniabeled
benzazepines were added to the wells m quadraplicate. [SHISK&F-107260 was spphied to
each well at a final concentration of 4.5 nM, followed by the addrion of 1 pg of the purified
platelet GPIIb-ITa-contaning liposomes  The muxtures were imncubated for 1 h at room
temperature  The GPHIb-1lla-bound [3H}-SK&F-107260 was scperated from the nnbound
by filtration using a Milhpore filtration manifold, followed by washing with ice-cold buffer
(2 tnes, each 0.2 ml) Bound radicactivity remaming on the filters was counted 1n 1.5 mL
Ready Solve (Beckman Instruments, Fullerton, CA) 1o a Beckman Liquid Scmtillanon
Counter (Model LS6800) with 40% effictency Nonspecific binding was deterrmuned 1 the
presence of 2 pM unlabeled SK&R-107260 and was consistently less than 0 14% of the
total radioactivity added to the samples All data points are the mean of quadruplicate
deternmunations

Compention bindmg data were analyzed by a nonlinear least-squares curve fitting
procedure. This method provides the ICSO0 of the antagonusts (concentration of the
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antagonist which mnhibits specific binding of [3H)-SK&R-107260 by 50% at equihbnium)
The IC50 15 related to the equihbnum dissociation constant (K1) of the antagomst based on
the Cheng and Prusoff equstion Ki = IC50/(1+L/Kd) where L 15 the concentration of (3H]-
SK&F-107260 used 1n the competitive binding assay (4.5 nM) and Kd 1s the dissociation
constant of [3H)}-SK&F 107260 whrch 1s 4 5 nM as deterrmined by Scatchard analysis
Preferred compounds of this mmvention have an affimity for the vitronectin receptor

relative to the fibninogen receptor of greater than 10 1 Most preferred compounds have a
rato of activity of greater than 100-1

The efficacy of the compounds of formula (I) alone or m combmation wath an
antineoplastic agent may be determined using several transplantable mouse tumor models
Sec U S Patent Nos 5 004 758 and 5 633 016 for details of these models

The examples which follow are mtended 10 no way to limit ths scope of this
invention, but are provided to illustrate how to make and use the compounds of ths
mvention Many other embodiments will be readily apparent to those sklled in the art.

Genera]

Proton muclear magnetic resonance (LH NMR) spectra were recorded at esther 250
300, or 400 MHz. Chemcal shifts are reported in parts per nnlhion (5) downfield from the
mternal standard tetramethylsilane (TMS) Abbreviations for NMR data are as follows s =
smglet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, dt =
doublet of triplets, app = apparent, br = broad. J indicates the NMR coupling constant
measured 1n Hertz. CDCl3 1s deutenochloroform, DMSO-dg 15
hexadeuteriodimethylsulfoxide, and CD30D 13 tetradeutenomethanol. Infrared (IR)
spectre were recorded 1n transmission mode and band positions are reported in inverse
wavenumbers (cm 1) Mass spectra were obtamed using clectrospray (ES) or FAB
1omzation techmiques Hlemental analyses were performed either 1n-hounse or by
Quantitative Technologies Inc  Whitehouse, NJ Melting pomts were taken on a Thomas-
Hoover melting pornt apparatus and are uncomrected All temperatures are reposted 1n
degrees Celsius. Analtech Sihca Gel GF and B. Merck Silica Gel 60 F-254 thun Iayer plates
were used for thm layer chromatography Both flash and gravity chromatography were
camed out on B. Merck Kieselgel 60 (230-400 mesh) silica gel. Analytical and preparative
HPLC were camed out on Raunm or Beckman chromatographs  ODS refers to an %
octadecylislyl denvatized silica gel chmomatographic support. 5 p Apex-ODS mdicaics an
omde:yhﬂﬁdmvaundnhmgddmmnhmhcmpponhwmgnmmmﬂmehu% ¢

28



beLO060" OBAISTOY

10

15

a0

35

P51017P

of S u, made by Jones Chromatography Littleton Colorado YMC ODS-AQ® 15 an ODS
chromatographc support and 18 a registered trademark of YMC Co Ltd Kyoto, Japan
PRP 1® 1s a polymenc (styrene~divinylbenzene) chromatographic sopport, and 1s &
registered trademark of Hamilton Co Reno Nevada. Celite® 1s a filter aud composed of
acid washed diatomaceous silica, and 15 a registered trademark of Manwille Corp. Denver
Colorado

a) 2-{tert Butoxycarbonylamino)-6-picohne

A solution of 2-amno-6-picohme (21.63 g, 200 mmole) and dr-terz-butyl
dicarbonate (52.38 g, 240 mmole) m CH7Cl; (200 mL) was concentrated on the rotavap at
50 °C, and the resulting residue was allowed to rotate on the rotavap at 50 °C under
vacuum. After 21 5hr the reaction was dihuted with hexsnes (400 mL) and filtered
through silica gel (haxanes followed by 20% EtOAc/hexanes) Concentration left the titie
compound (41 84 g, quanttative) as & hight yellow a1l which gradually sohdsfied on
standing 1H NMR (250 MHz, CDCl3) 5771 (4, J=83Hz, 1 H) 740 7.65(m, 2H)
680(d,J=75Hz, 1H) 243(s 3H) 1.50(s 9H) MS (ES)m/e IS3(M+H C4Hgt

b) 2-{(tert Butoxycarbonyl)methylamuno]-6~-pacoline

NaH (60% m mneral oil, 3 60 g, 90 mmole) was added 1 portions over several
mun to a solution of 2-(sers-butoxycarbonylamino)-6-picoline (15 62 g, 75 mmole) and
1odomethane (9.3 mL, 150 mmole) 1n anhydrous DMSO (75 mL) at 15 *C (cool water
bath) The intemal temperature rose to 35 °C. When gas evolution had subsided, the coal
water bath was removed and the reachon was allowed to stir at RT Aftes 0.5 br the dark
yellow muxture was poured onto 1ce/H>O (300 mL) and extracted with BtyO (3 x 300 mL)
The combined organic layers were washed sequentially with H2O (2 x 75 mlL) and brine
(75 mL) Drymg (MgSO4) and concentration left a yellow o1l which was chromatographed
on silica gel (7% EtOAc/hexanes) The title compound (13.01 g, 78%) was obtmned asa
fantly yellow ail  1H NMR (250 MHz, CDCl3) §7.51 (appt, 1K) 7370, J=82Hz, 1
H) 686(d,J=72Hz, 1 H) 3.38(s,3H) 249(s,3H) 1.50(s, 9H) MS (ES) m/e 223 (M
+ Bt
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c) Ethyl-6-[(tert butoxycarbonyl)methylanuno] 2-pyndylacetate

LDA was prepared at 0 °C under argon from dusopropylamne (19 5 mL, 139 14
mmole) and 2 5 M n BuLi 10 hexanes (46 4 mL, 115 95 mmole) m dry THF (350 mL)
This solution was cooled to 78 °C and a solutton of 2-[(tert
butoxycarbonyl)methylamino}-6-pscoline (10 31 g 46 38 mmole) 1n dry THF (46 mL) was
added dropwise over 10 mun  Additional dry THF (2 mL) was used 1n transfer The orange
solution was stured at 78 °C for 15 man, then diethyl carbonate (6 2 L, 51 02 mmole)
was added rapidly The red solution was stured at 78 °C for 15 mun then was quenched
with half saturated NH4Cl1 (175 mL) The muxture was warmed to +5 °C and extracted
with EtOAc (175 mL) then with CH7Clp (2 X 100 mL) The combined orgamcs were
washed with brine (100 mL) dned (MgSO4) and concentrated The cloudy yellow o1l was
chromatographed on sihica gel (15% EtOAc/hexanes) to afford the title compound (10 72 g,
79%) as a light yellow ol 1H NMR (250 MHz, CDCl3) §7.51 763 (m,2H) 691 703
(m,1H) 419(q J=71Hz,2H) 377(s 2H),338(s 3H) 127(,J=71Hz, 3 H)
151 (5, 9 H) MS (ES) m/e 295 M + )+

d) 6-[(tert Butoxycarbonyl)methylamino} 2-pyndylethanol

A solution of 2 N LiBH4 1n THF (7 mL, 14 mmole) was added via syringe to a
stured solution of ethyl-6-[(tert butoxycarbonyl)methylamino] 2-pyndylacetate (6 97 g,
23 7 mmole) i anhydrous THF (30 mL) under argon. The reaction was then slowly heated
to reflux (1utial exotherm) After 16 h at reflux, the reaction was cooled to Q °C and
carefully quenched wath water (50 mL) The mixture was extracted with EtOAc (150 mL)
and the organic layer was washed with brine, dned (Na3S04) and concentrated.
Punficabon by flash chromatography on silica gel (35% EtOAc/hexane) gave the title
compound (5 26 g, 88%) as a clear ail 1H NMR (400 MHz, CDCl3) 8 7.57 (m, 2 H) 688
(d,J=72Hz,1H),401(,2H) 3.39(s.3H) 300(t,2H) 153 (s. 9 H) MS (ES) m/e
2532 M+ Byt

¢) 6-(Methylamino)-2-pyridylethanol

To 6-[(ters-butoxycarbonyl)methylamuno)-2-pyndylethanol (17 9 g, 71 mmole) was
added a solution of 4N HCl mn dioxame (200 mL) The reaction was stirred at room
temperature for 1 h (gentle gas evolution was cbsexved) then was concentrated 10 dryness
The product as the hydrochlonde salt sohdified under vacuum. The solid was dussolved 1n
NaCl-saturated 1 0 N NaOH solution (75 mL) and the solution was extracted with BtyO (2
x200mlL) The combined orgamic layers were washed with bnoe, dned (NapSO4) and
concentrated to afford the title compound (9 12 g, 85%) as a waxy solid 1H NMR (400
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MHz, CDC13) 5737(t, 1 H) 642(d,J=73Hz,1H) 627(d J=83Hz, 1 H) 4.62(brs
1H) 396(t,2H) 290(d,J=52Hz, 3H) 284 (t,2H) MS (ES) m/e 153 M+ H)*

Preparation 2

a) 2 (Pivaloylammo)pynidine

To a solution of 2-aminopynidine (94 12 g, 1 mole) and Et3N (167 3 mL, 1.2 mole)
m CH)Cl3 (1 L) was added prvaloyl chlondé(135.5 mL, 1 1 mole) dropwise at0 C The
mxture was allowed to warm to RT as the bath warmed After 18 hr the muxture was
filtered The filtrate was washed sequentially with HoO (1.5 L) and saturated NaHCO3 (2
x 1.5 L) then was dned (MgSOy4)and concentrated under reduced pressure to grve the title
compound (183 g 103%) as an off white solid. 1H NMR (300 MHz, CDCl3) 5 8 28 (m, 2
H) B0O0O(brs,1H) 770(m,1H) 703 (m,1H) 131(s 9H) MS (ES) m/e 179 (M +
H)+

Note lHNMR showed the presence of a small amount of tert butyl containing mmpunties,
but the matenal 15 pure enough for use in the next step

b) 2-(Pivaloylamino)-3 pyndinecarboxaldehyde

To a solution of 2-(prvaloylammo)pyndine (17 8 g, 100 mmole) n dry THF (250
mL) at 20 °C was added n-BuLi (2.5 M solution 1n hexanes, 100 mL, 250 mmoles)
dropwise over 30 mun  After 2 hr DMF (21 mL, 275 mmoles) was added dropwise over 30
mm The muxture was allowed to warm to RT as the bath warmed. After 18 br the mixture
was quenched with saturated NH4Cl (300 mL), and the resulting mixture was extracted
with EtOAc (3 x 400 mL) The combined argemc layers were dned (MgSOy4) and
concentrated to give the title compound as a 2.1 mixture with 2-(prvaloylammo)pyndine
(22g) 1H NMR (300 MHz, CDCl3) 51095 (brs 1 H) 995 (s, 1 H) 8.69 (m, 1 H) 8 2
(m,2H) 720(m, 1 H) 1.38(s 9 H) MS (ES) m/e 207 (M + H)*

Note The above procedure was repeated using 1 formylpiperidine (30 5 mL, 275 mmoles)
1n place of DMF to give the title compound as a 4 1 mixture wath 2-

(pivaloylammo)pyndine (21 g)

¢) 2~Ammo-3-pyndinecarbaxaldehyde
Crude 2-(pivaloylamino)-3 pyndmecarboxaldehyde (from step b 43 g) was '
31
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dussolved 1n 3 M HCI (500 mL) and the solution was heated to reflux  After 18 hr the
muxture was cooled to RT and the pH was carefully adjusted to 7 using sohd K9CO3 The
aqueous solution was extracted with EtOAc (3 x 500 mL) The combined organc layers
were dnied (MgSO4)and concentrated to give the title compound (24.57 g, 101%) as a
reddish brown solrd  1H NMR (300 MHz, CDC13) 59 85 (s, 1 H) 824 (m, 1 H) 7 80 (m,
1H) 690(brs,2H) 674 (m 2 H) MS (ES) m/e 123 M + H)*

d) 2-Methyl 1 8 naphthyndine

To a solution of 2-armino-3 pyndinecarboxaldchyde (from step ¢ 24 57 g) 1n
2z one (750 mL) was added proline (2 3 g, Z0 mmole) then the mixture was heated to
reflux After 48 hr the maxture was cooled to RT filtered, and concentrated Flash column
chromatography on silica gel (35% acctone/hexanes) gave the title cohpound (18 5 g 64%
over 3 steps) as an orangish-yellow sohd  1H NMR. (300 MHz, CDCl3) §9 07 (m, 1H)
810(m,2H) 740(m,2H) 280(s 3 H) MS (ES) m/e 145 (M + H)*

e) 2-Methyl 5 6 7 8-tetrahydro-1 8-naphthyridine

A mixture of 2-msthyl 1 8 naphthyndime (18.5 g, 128 mmole) 10% Pd/C (5 g)
and absolute BtOH (150 mL) was shaken under hydrogen (15 ps1) on a Parr apparatus
After 24 hr the mxture was filtered through celite® and the filter pad was washed
sequentially with absolute EtOH and BtOAc The filtrato was concentrated to dryness to
leave the title compound (18 85 g, 99%) as an off white sohid. 1H NMR (300 MHz,
CDCl3)5702(d J=75Hz,1H) 634(d,J=75Hz, 1 H) 480(brs, 1 H) 338(m,2H)
274(m,2H) 2.30(s 3H) 188 (m, 2 H) MS (ES) nv/e 149 (M + H)*

) 2-Methyl 8~(tert-butoxycarbonyl)-5,6 7 8-tetrahydro-1 8-naphthyndine

To & solutian of 2-methy] 5 6 7 8-tetrahydro-1 8-naphthyndine (2332 g, 157
mmole) and di rerr-buty] dicarbonate (44 74 g 205 mmole) 1 dry THF (750 mL) at 0 °C
was added LiHMDS (1 0 M solotion 1n THF 205 ml, 205 mmolc) dropwise. 30 nun after
the addstion was complete, the mixture was quenched wath saturated NH4Cl (500 mL) and
extracted with BtOAc (3 x 500 mL) The combmed crgamc layers were dnad (MgS04)
and concentrated under reduced pressure  Flash column chromatography on silica gel (40%
BtOAc/hexanes) gave the title compound (32 3 g, 83%) as a hght yellow sl  1H NMR
(300 MHz, CDCl3) 87.27(d J=76Hz,1H) 681(d,J=76Hz, 1 H),369 379 (m,2
H) 265 275(m,2H) 248(s 3H),183 198(m,2H) 1.52(s 9 H) MS (BES) m/e 249
™ +H*
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g) Ethyl [8-(tert butoxycarbonyl)-5 6,7 8-tetrahydro-1 8-naphthynidin 2 yljacetate
To a solution of dusopropylamine (47 7 mL 364 mmole) in dry THF (250 mL) at 0

C was added p-BuLi (2.5 M 1 hexanes 145 6 mL, 364 mmole) dropwise After 15 mun
this sohution was added dropwise to a soluhon of 2-methyl 8-(terr butoxycarbonyl)-5 6 7 8
tetrahydro-1 8-naphthynidine (32.3 g, 130 mmole) and diethyl carbonate (56 8 mL., 481
mmole) 10 dry THF (400-mL) at 78 *C. After 30 min the mixture wes quenched with
saturated NH4Cl (500 ml)) warmed to RT and extracted with BtOAc (3 x 500 mL) The
combined organic extracts were dned (MgSQy) filtered and concentrated under reduced
pressure  Drying under hugh vacoum overmight gave the title compound (42.52 g, 102%) as
a hight yellow o1l 1H NMR (300 MHz, CDCl3) §735(d,J=75Hz, 1 H) 696(d,J =5
Hz 1H) 418(,2H) 375(m,4H) 272(,2H) 191 (m,2H) 1.52(s 9H),124 (m,
3H) MS (ES) m/e 321 M + )t

Note 1H NMR showed a small amount of diethyl carbonate preseat sn the product, but the
matenal 1s pure enough for use i the next step

h) 2-(5 6 7 8-Tetrahydro-1,8-naphthynicin-2-y1)-1-ethanol

To a solution of ethyl [8-(terz butoxycarbonyl)-5 6,7 8-tetrahydro-1 8-naphthynidin
2-yl)acetate (4252 g 130 mmole) m dry THF (650 mL) at RT was added LiBH4 (20 M 1n
THF 65 mL 130 mmole) and the resulting mixture was beated to reflux After 18 hr the
muxture was cooled to 0 °C and carefully quenched with HyO (300 mL) Aftex 10 mem, the
nmuxture was extracted with EtOAc (3 x 500 mL) The combemed organic extracts were
dned (MgS0y4) filtered, and concentrated under reduced pressare.

The above residue was dissolved m CHyClp (300 mL) To thus solution was added
4 N HCl mn daoxane (300 mL) slowly at RT After 4 br the mnxture was concentrated under
reduced pressure. The residue was taken upin a 1 1 mixture of 1 0 N NaOH and saturated
NaCl (300 mL) and extracted with CH2Cl3 (3 x 300 mL) The combmed arganic extracts
were dried (MgSOy4) filtered, and concentrated under reduced pressure. The residue was
taken op 1n Et90 (250 mL) and 96% formuc acid (130 mmoles) was added dropwise The
resulting solid was collected by filtration and washed with E19O (2 x SOml) The sohd
was dissolved ina 1 1 muxtare of 1 0 N NaOH and saturated NaCl (300 mL) and the
solution was extracted with CHyCly (3 x 300 mL) The combmed organic extracts were
dned (MgSOy), filtered, and concentrated under reduced pressure to give the atle
compound (11 1 g, 43% over 4 sieps) as a yellow solid. 1H NMR (300 MHz, CDCly) §
705(4,7=76Hz, 1 H) 633(d4,IJ =7.6Hz, 1 H) 390 (1, 2H),339 (m,2H) 275(,.2H)
270(t,2H) 190(m, 2 H) MS (BS)m/e 179 (M + H)*
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2) N Methoxy N methyl 2-(4-methoxyphenyl)acetamide

To a solutron of 4-methoxyphenylacetic acud (3 3 g, 20 mmole) i dry DMEF (75
mL) was added N methoxy N methylamune hydrochlonde (1 95 g, 20 mmole) EtgN (3 1
mL, 22 mmole) HOBt Hy0 (195 g, 22 mmole) and EDC (27 g 22 mmole) The
solution was stirred at RT overnight, then was concentrated tn vacuum The residue was
taken up 1n 5% NayCOj soluuon (10 mL) and extracted with CH;Clp 3 x 20 mL) The —
combined organic layers were dned over MgSOy, filtered and concentrated. The residue
was chromatographed on sihica gel (3% MeOH/CH,Cly) to give the title compound (1 54 g
37%) as whate sobhd MS (ES) m/e 210 M + H)*

b) 2«(4-Methoxyphenyl)-1 [4-{tnfluoromethyl)phenyllethanone

To a solution of sec-Bula (1 3 M 1n THF 22.6 mL, 29.5 mmoie) in dry THF (50
mL) was added 4-bromobenzotriflucnide (3 3 g,14 7 mmole) m dry THF (20 mL) dropwise
at 78 °C. After 20 mm N-methoxy-N-methyl-2<4-methoxyphenyl)acetamide (1.5 ¢, 7.4
mmole) 1n dry THF (20 mL) was added dropwise. After 1 hr the mxture was quenched
with saturated NH4Cl (10 ml) wanned to RT and extracted with Et90 (3 x20mL) The
combined organic layers were dned over MgSOy filtered, and concentrated. The residue
was chromatographed on sihica gel (15% EtOAc/hexanes) to gave the title compound (2.2 g,
100%) as a shightly yellow solid TLC (1 5% EtOAc/hexanes) Ry 0 81 1H NMR (300
MHz,CDCl3) 6810(d I1=82Hz, 2H) 772(d J=82Hz,2H) 718(d,J=8 7Hy,2
H), 688(d,J=87Hz 2H) 425 (s,2H),3 79 (s, 3H)

c) Bthyl (£)-4(4-methoxyphenyl)-3-{4-(influoromethyl)phenyl jcrotonate

To a suspenmion of 60% NaH (350 mg, 8 84 mmole) 1n dry toluene (30 mL) was
added tethyl phosphonoacetate (2.0 g, 8.84 mmole)in dry tolnene (20 mL) dropwise at
RT After 15 mun, a solution of 2-(4-methoxyphenyl)-1 [4-
(tmfiuoromethyl)phenyljethanone (1.3 g 4 42 mmole) 1 dry toluene (15 mL) was added
dropwise, and the solutson was heated to reflux  After 16 hr tho reaction was quenched
with saturated NH4Cl (10 mL) and the mixture was extracted with EtOAc (3 x 20 mL)
The combined organic layers were dnied over MgSOy4 filtered, and concentrated The title
corpound (2.2 g, 56% a mixture of two components) was obtamed as & hght yellow o1l
TLC (5% BtOAc/hexanes) R 042, 0.44 This matenal was used without further
punfication
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d) Ethyl (£)-4-(4-methoxyphenyl)-3-{4-(triflucromethyl)phenyl]butanoate

To a suspension of 10% Pd/C (600 mg) 1n absolate EtOH (50 mL) was added ethyl
(1)-4-(4-methoxyphenyl)-3-[4-(tnfluoromethyl)phenyl)crotonate (2 2 g 6 mmole) and the
muxtare was shaken on a Parr apparatus at RT under Hy (50 ps1) After 4 hr the mrxture
was filtered through a pad of celite® and the filtrate was concentrated. This reaction
sequence was repeated three imes  The residus was chromatographed on silica gel (35%
EtOAc/hexanes) to afford the utle compound (900 mg, S6%) asanoil TLC (5%
BtOAc/hexanes) Ry 0 46 IHMGOOW{LCDC@&T.SI (dJ=82Hz,2H) 724 (d
J=82Hz,2H) 694(d J=87Hz2H) 676(d,J=87Hz2H) 399(q J=71Hz 2
H) 376(s,3H) 335 350(m,1H) 2.75 293(m,2H) 269(dd,J=156,64Hz, 1 H)
2.60(dd J=156,89H2z.1H) 111(t,J=71Hz,3H)

¢) EBthyl (3)-4-(4-hydroxyphenyl)-3-[{4-(triflucromethyl)phenyl]butanoate

To & solution of ethyl (£)-4-(4 methoxyphenyl)-3-[4-
(tnflucromethyl)phenyljbutancate (450 mg, 1 23 mmole) 12 CH3Cl> (5 mL) was added
BBr3 (1.3 mL, 1 48 mmole) at 10 °C After 3 hr the muxture was carefully quenched with
EtOH (10 mL) and the solution was allowed to warm to RT The mixture was
concentrated and the residue was chromatographed on silica gel (209% EtOAc/hexanes) to
give the title compound (270 mg, 63%) as a yellow ool TLC (20% EtOAc/hexanes) Re
02

2) 4-Bromo-1-{trusopropylsilyloxy)benzene

To a solution of 4-bromophenol (17 3 g, 100 mmole) 1 dry DMF (100 mL) at RT
was added imudazole (13 62 g, 200 mmole) followed by trusopropylsilyl chlonde (22.5
mL, 105 mmole) After4 hr the mixtare was diluted with HyO (50 mL) and extracted with
bexanes (3 x 75 mL) The combined organic layers were dnied over MgSOy, filtered, and
concentrated to give the title compound (32 23 g, 100%) as a clear oil which was used
without punficanon 1H NMR (300 MHz, CDCl3) 37.29 (4,7 =6 Hz,2H) 671 (4,1 =6
Hz,2H) 1.22(m, 3 H) 109 (m, 18 H)
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b) Methyl 3-(benzyloxycarbonyl)-3 butenoate

Dusopropyl azodicarboxylate (32.8 mL. 166 mmole) was added to a solution of
methyl 3-carboxy 3-butenoate (20 g 139 mmole) benzyl alcohol (17.2 mg, 166 mmole)
and triphenylphosphine (43 7 g 166 mmole) i anhydrous THF (S00mL)at 0 C The
muxture waz allowed to warm as the bath warmed to RT After 3 hr the mixture was
concentrated and the residoe was chromatographed on silica gel (10% EtOAc/hexanes)
The title compound (29.46 g, 91%) was obtained as a colorless ol  1H NMR (300 MHz,
CDCl3)8735(m,5H) 648(s 1H) 57t (s, 1 H) 520(s,2H) 363(s,3H) 337(s,2
H)

¢) Methyl (£)-4-(4-trusopropyisilyloxyphenyl) 3-carboxybutanoate

A solution of 4-bromo-1-(tmsopropylsilyloxy)benzene (33 23 g 100 mmole)
methyl 3-(benzyloxycarbonyl)-3-butenoate (28 11 g, 120 mmole) Pd(OAc)) (2.24 g, 10
mmole) P(o-tolyl)s (6 09 g, 20 mmole) and (1 Pr)aNEt (34 8 mL, 200 mmole) 1n
propiomtnile (350 mL) was deaxygenated (3 x evacuation/N7 purge cycles) then was heated
toreflux After 18 hr the mixture was concentrated and the residue was chromatographed
on slica gel (10% BrOAc/hexanes) to give a yellow oil. The cal was taken op 1 5%
EtOAc/hexanes (100 mL), and the solution was allowed to stand at RT After 72 hr the
mixture was filtered and the filtrate was concentrated to give crude methyl (1)-4-(4-
trusopropylnilyloxypheayl)-3-(benzyloxycarbonyl)-3 butenoate as a mixture of olefin
1somers This was used immediately 1n the next step

The above olefin mixture was divided mto two parts Each part was reacted m the
following manner then combined after filtration To a suspension of 10% Pd/C (7 4 g) n
EtOAc (100 mL) was added the above olefin mixture The mixture was deoxygenated (3 x
evacuation/N purge cycles) then was charged with Hy (50 pm) After 4 hr the Hy was
removed and the mrxture was filtered throngh a pad of celite® The filtrate was
concentrated to afford the title compound (24 64 g, 89% from 4-bramo-1
(trusopropylsilyloxy)benzens) as a clear o1l  1H NMR (300 MHz, CDCl4) 8 701 (4,5 =6
Hz,2H) 680(d,1=6Hz 2H),362(s,3H) 305 (m,2H) 2.65 (m, 1 H) 240 (m, 2 H)
121 (m 3H) 109 (m, 18H)

d) @)-N [2-[4(Trmsopropylsilyloxy)benzyl] 3-(carbomethoxy)propionyljsenine benzyl
ester

To a solution of methyl (£)-3-carboxy-4-[4-(tmsopropylsilyloxy)phenylJbutancate
(500g 1267 mmole) m dry DMF (60 mL) at RT was added senne benzyl ester
hydrochlonde (3.52 g, 15.21 mmols) HOBt (2.06 g, 15.21 mmale) EtaN (5 3 mL, 38 01
mmole) and EDC (2.92 g 1521 mmole) After 18 hr the rmxtare was concentrated. The
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residue was chromatographed on silica gel (80% EtOAc/hexanes) to give the tile
compound (5 76 mg, 79%) as a pale yellow o1l MS (ES) mve 572 (M + H)*

¢) Methyl (1)-3 [4-(benzyloxycarbonyl) 1 3-oxazohn 2-yI}-4-[4-
(tmsopropylsilyloxy)phenyljbatanoate

To a solution of (1) N [2-[4(tnisoprapylsilyloxy)benzyl] 3-
(carbomethoxy)propionyl]serine benzyl ester (5 76 g, 10 07 mmole) i dry THF (50 mL)
was added Burgess reagent (2.88 g, 12 08 mmole) then the mixture was heated to reflux
Afier 2 hr the muxture was cooled to RT and concentrated The residue was
chromatographed on silica gel (35% EtOAc/Tlicxanes) to gave the til~ compound (4.45 g,
80%) as a clear o1l MS (ES) m/e 554 (M + H)*

f) Methyl (1)-3-{4-(benzyloxycarbonyl)-1 3-oxazol 2-yl}-4-[4-
(tmsopropylsilyloxy)phenyljbutanoate

To a solution of methyl (+)-3-[4-(benzyloxycarbonyl)-1,3-oxazoln 2-yl}4-[4-
(trusopropylsilyloxy)phenylJbutancate (4 45 g, 8 03 mmole) in CH2Cly (40 ml) at0 C
was added DBU (1 4 mL. 9 64 mmole) followed by bromotnicbloromethane (0 95 mL, 9 64
mmole) The mixture was allowed to warm to RT as the bath warmed After 18 br the
muxture was concentrated The residue was chromatographed on silica gel (20%
EtOAc/hexanes) to give the title compound (2.23 g, 50%) as aclearoil MS (ES) m/e 552
M+

g) Methyl (+)-3-[4-(benzyloxycarbonyl) 1,3-oxazol 2-yl]-4-(4-hydroxyphenyl)butanoate
To a sohmon of methyl (£)-3-[4-(benzyloxycarbonyl)-1,3-oxazol 2-yI]-4-{4-
(trusopropylsilyloxy)phenyl]butanoate (2.23 g, 4 04 mmole) 1n dry THF (20 mL) at 0 °C
was added a solution of TBAF 1n THF (1 0 M, 6 06 mL, 6 06 mmole) After 2 hr the
mixture was dilated wrth saturated NH4Cl (10 mL) and extracted with CH2Cly (3 x 15
mL) The combined organic layers were dned over MgSOj4, filtered, and concentratsd
‘The residue was chromatographed on sihca gel (40% EtOAc/hexanes) to mve the itle
compound (1.4 g, 88%) as an off white foam. MS (ES) m/e 396 (M + H)*

h) Methyl (1)-3-{4-(benzyloxycarbonyl)-1,3-oxazol 2-yl]-4-{4-{(rers
butyloxycarbonyl)oxylphenylJbutancate

To a solution of methyl (1)-3-[4-(benzylaxycarbonyl)-1,3-0xazol 2-yl}-4-(4-
hydroxyphenyl)butanoate (700 mg, 1 77 mmole) and di ferr-butyl dicarbonate (463 mg,
2.12mmole)mdry'l‘HF(leL)maddndpyndm$(0 17 mL, 2.12 mmolc) at RT After

3?7 4



e A T WP el

10

15

30

35

e+
pPs1017P M

18 br the mixture was concentrated The residue was tnthrated with hexanes, filtered, and
dnied wr vacuo ta give the title compound (765 mg 87%) as a white solid  MS (ES) m/e
496 (M + H)*

1) Methyl () 3 [4 carboxy 1 3-oxazal 2-yl}4-[4-[(tert
butyloxycarbonyl)oxylphenyl]butanoate

A mixture of methyl (1)-3-[4-(benzyloxycarbonyl)-1,3-0xazol 2 yl1}-4-[4-[(tert
butyloxycarbonyl)oxylphenylJbutanoate (765 mg, 1.54 mmole) and 10% Pd/C (164 mg) 1n
EtOH (20 mL) was deoxygenated (3 x evacuation/N; purge cycles) then was charged wath
Hp (50 pst) After 4 hr the Hy was removed and the mixture was filtered through 2 pad .
cehte® The filtrate was concentrated to afford the title compound (659 mg 100%) as a
white sohid MS (ES) nve 811 (2M + H)t

Preparation 5
Preparation of methy] (1)-3 [4-{tgfluoromethyltiazo] 2-y]}-4-{4-

hydroxyphenyl)butanoate

a) 2-Cyanomethyl-4-(trifilucromethyl)thiazole

2-Cyanothtoacetamude (1 00 g 9 99 mmole) and 3-bromo-1 tnfluoropropan-2-one
{1 04 mL, 9 99 mmole) were combined 1n absolute EtOH (50 mL.) and heated to reflux
After 18 hr the mixture was cooled to RT and concentrated. The reaidue was
chromatographed on silica gel (15% EtOAc/hexancs) to give the title compound (1 24 g) as
a 2.1 mixture with ethyl 2-cyanoacetate. MS (ES) m/e 385 (2M + H)*

b) 3-(4-Benzyloxyphenyl)-2-[(4-tnfinoromethy[)thiazol-2-yljacrylomtnie

NaH (516 mg, 60% dispersion mn mmezal o1l, 12.9 mmole) was reacted with
absolute EtOH (10 mL) at 0 °C. After gas evolution had ceased the muxture was wanmed to
RT 4-Benzyloxybenzaldehyde (2.05 g, 9 68 mmole) was added all at once as a sobd. To
this mzxture was added dropwise a solution of 2-cyanomethyl-4-(inflooromethyl)thiazole
(1 24 g) 1n absolute BtOH (20 mL) The reaction was starred for 4 hr then the solid was
collected by filtration and washed with hexanes to gave the title compound (1 64 g 42%
over 2 steps) a3 a yellow sohd. 1H NMR (300 MHz, CDCl3) $8.25 (s 1 H) 800(d,J=6
Hz,2H) 779(s,1H) 740(m,5H) 710(d,J=6Hz,2H),518 (3, 2K)
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¢) 3-(4-Benzyloxyphenyl)-2-cyano-2-{(4-tnfluoromethyljthiazo] 2-yljoxirane

To a solution of 3-(4-benzyloxyphenyl)-2-[(4-triflnoromethyl)thiazo} 2-
yllacrylonatrile (500 mg ? 29 mmole) m CH3CN (5 mL) was added neutral alumuna (1 3
g) Clorox bleach (5 mL) was added dropwase at RT  After | hr the muxture was filtered
The filtrate was diluted with HyO (20 mL) and extracted with CHyCly (3 x 20mL) The
combined organic layers were dned over MgSOy, filtered, and concentrated to give the title
compound (425 mg, 82%) as a yellow o1l which was sufficiently pure for use 1n the next
step 'H NMR (300 MHz, CDCl3) § 790 (s, 1 H) 740(m, 7 H) 706(d J=6Hz, 2H)
510(s 2H) 459(s, 1 H)

d) 2-(4-Benzyloxyphenyl)-1 {4-(tnfluoromethyl)thiazol 2-yl]ethanone

To a solution of 3-(4-benzyloxyphenyl)-2-cyano-2-{(4-trifluoromethyl)thiazol 2-
yljoxirane (425 mg, 1 06 mmole) 1n CHCl (7 mL.) was added Bt3S:H (085mL, 53
mmole) then BRy OBt (039 mL, 3 17 mmole) dropwise at 0 C  After 2 br the nmuxture
was poured mto HyO (20 mL) and extracted with CH2C)2 (3 x 20 mL) The combmed
organic layers were dried over MgSOj4 filtered, and concentrated.

To the above residue 1 dry THF (7 mL) was added a solution of TBAF 1n THF(1 0
M, 1 6 mL, 1 6 mmole) at 0 °C After 1 hr the muxture was poured into saturated NH4Cl
(20 mL) and extracted wath EtOAc (3 x 20 mL) The combined orgamic layers were dned
over MgSQy4 filtered, and concentrated The residue was chromatographed on silica gel
(5% EtOAc/hexanes) to give the title compound (167 mg, 40%) as a white sohd. 1H NMR
(300 MHz, CDCl3) 8805(5, L H) 735(m, 7H) 692(d,J=6Hz,2H) 505(s 2H)
440(s 1 H)

e) Methyl (1)-3 [4-(tnfluoromethyl)thazol-2-yi}-4-(4-hydroxyphenyl)butanoats

To a suspension of NaH (35 mg, 0 88 rnmols) in dry THF (2 mL) was added
tnethyl phosphonoacetate (0 17 ml., O 88 mrole) dropwise at RT After 15 mum, a solution
of 2-(4-benzyloxyphenyl)-1 [4-(tnfluoromethyl)thiazol-2-yljothanone (167 mg, 0. 44
mmole) m dry THF (2 mL) was added dropwise, and the mrxture was heated to reflux
After 18 hr the mixture was cooled to RT quenched with saturated NH4Cl (10 mL) and
extracted with EtOAc (3 x 20 mL) The combined organic layers were dried over MgSO4
filtered, and concentrated to afford crude ethy] (4)-3-[4-(tnflucromethyl)thiazo) 2-yl)-4-(4-
benzyloxyphenyl)crotonate as an ail. This was used without punfication

Ethy} (1)-3-[4-(trifluoromethyl)thiazo] 2-y1}-4-(4-benzyloxyphenyl)crotonate (0 44
mmole crude) was dissclved m MeOH (4 mL) and magnesmmn turnings (53 mg, 2.20
mmole) were added at RT  After 72 hr the muixture was poured mto 10% HCl (75 mL) and
extracted with CHCly (3 x S0mL) The combuned organic layers were dned over
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MpSO4 filtered and conceatrated to afford crude methyl (1) 3[4-(tnfluoromethyl)thiazol
2-y1)-4{(4-benzyloxyphenyl)butanoate. This was used without punfication

To a solution of methyl (1)-3{4~(tnfluoromethyl)thiazol 2-yi}-4-(4-
benzyloxyphenyl)butanoate (0.44 mmole, crude) in EtSH (5 mL) at RT was added BF3
OEty (03 mL) After 18 br addiional BF3 OEt; (0 3 mL) was added. After another 18
br the mixture was cooled 10 0 °C and carefully quenched with saturated NaHCO3  The
resulting rmxture was extracted with CH,Cly (3 x 25 mL) The combined arganic layers
were dnied over MgSOj4 filtered and concentvated, The residue was chromatographed on
silica gel (30% EtOAc/hexanes) to give the title compound (123 mg 81% over 3 steps) as a
yellowoll MS(BS)me346 M+ H)* -

Prcparation 6

a) Methyl 4-(benzyloxy)phenylacetate

To a suspension of K9C0O3 (20 7 g, 150 mmole) m acetone (50 ml.) was added
methyl 4-hydroxyphenyl acetate (5 0 g 30 mmole) and benzyl chlonde (10 4 mL, 90
mmole) and the mixture was heated to reflux  After 24 br the muxture was cooled to RT
filtered and concentrated The restdue was chromatographed on silica gel (10%
EtOAc/hexanes) to afford the title compound (7 7 g, 100%) as a white sohd 1H NMR (300
Mz, CDCl3) 5740 (m, 5H) 721(d,J=66Hz,2H) 695(d, J=66Hz,2H) 505(s,2
H) 370(s,3H),359(s,2 H)

b) 2-(4-Benzyloxyphenyl)-1<{5-methylthiazol 2-yl)ethanonse

To a solution of 5 methylthuazole (0 21 mL., 234 mmole) 10 dry THF (10 mL) was
added n Bula (0 94 mL, 2.5 M solution 1n hexanes, 2 34 mmole) dropwise at-78 C  After
15 mm methyl 4-benzyloxyphenyl acetate (0.5 g 1 95 mmole) in dry THF (5 mL) was
added dropwise  After 30 mun the mixture wes quenched with satarated NH4Cl (10 mL)
warmed to RT and extracted with BtOAc (3 x 20 mL) The combined organic layers were
drnied over MgSOy4 filtered, and concentrated. The residue was chromatographed on silica
gel (15% EiOAc/haxanes) to give the title compound as a whate solid (532 mg, 51%) MS
(ES) m/e 324 M + )t

¢) Bthyl (1)-4-(4-benzyloxyphemyl)-3-(5 mathylthiazol 2-yl)crotonate
TonwspmmoanH(;IBmg. 1.98 mmole) 1 dry THF (2 mL) was added
tnethyl pholphmonog;no (0.39 mL, 1.98 mmole) dropwise ot RT After 15 mm a solution
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of 2-(4-benzyloxyphenayl)-1-(5 methylthuazol 2-yl)ethanone (320 mg, 0 99 mmole) in dry
THF (3 mL) was added dropwise, and the muxture was heated to reflux  After 18 hr the
muxture was cooled to RT quenched with saturated NH4Cl (10 mL) and extracted with
EtOAc(3 x20mL) The combined organic layers were dnied over MgSOy4 filtered, and
concentrated The resulting yellow 01l was used in the next step without punificaion MS
(ES) m/e 394 M + H)*

d) Methyl (1) 3-(5-methylthiazol 2-yI)-4-(4-benzyloxyphenyl)butancate

Ethyl (3)-3(5-methylthuazol 2-yl)-4-(4-benzyloxyphenyDcrotonate (0 99 mmole,
crude) was dissolved in MeOH (5 L) and magnesium turnings (120 mg 4 95 mmole)
were added at RT After 72 hr the mxture was poured into 10% HCL (75 mL) and
extracted with CH7Cl; (3 x 50 mL) The combined orgamc layers were dned over
MgSOy, filtered and concentrated to afford the crude ntle compound This was used
without punfication MS (ES) m/e 382 (M + H)*

€) Methyl (+)-3«(5 methylthiazol 2 yl)-4-(4-hydroxyphenyl)butancate

To a solution of methyl (1)-3-(5-methylthiazol 2-yl)-4-(4-
benzyloxyphenyl)butanoate (0.99 mmole crude) in EtSH (5 mlL) at RT was added BF3
OEt; (06 mL) After 18 hr additional BF3 OEt (0 6 mL) was added After another 18
hr the mxture was cooled to 0 °C and carefully quenched with saturated NaHCO3 The
resuling nuxture was extracted with CHyCly (3 x 25 mL) The combined orgamc layers
were dned over MgS0y, filtered and concentrated The residue was chromatographed on
sthica gel (50% EtOAc/hexanes) to give the title compound (249 mg 86% over 3 steps) asa
yellow sohd MS (BS) m/z 292 (M + H)t

a) Ethyl (£)4-[4-[2-{6-(methylammo)pyridin-2-yl] 1-ethoxy]phenyl] 3-[4-
(tnfluoromethyl)phenyl)butancate

Dusopropyl azodicarboxylate (0 1S mL, 0 767 mmole) was added over 2mmnto a
solution of ethyl (1)-4-(4-hydroxyphenyl)-3-[4-(triflzoromethyl)phenylJbutanoste (270 mg,
0767 mmole) 6-(methylammno)-2-pyndylethanol (130 mg 0 92 mmole), and
tnphenylphosphine (200 mg, 0 767 mmole) 1n snhydrous THF (5 mL) at 0 °C under Np s
The yellow solution was kept at 0 °C for 10 mup, then was warmed to RT Afier 24 br the
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reaction was concentrated and the residue was chromatogiaphed on sihica gel (20
BtOAc/hexanes) The titie compound (200 mg, 54%) was obtained as a colorless o1l MS
(ES) m/e 487 (M + H)*

b) (£)-4-[4-[2-(6-(Methylamino)pyndin-2-yl}-1-cthoxy]phenyl}-3-[4-
(tnfluoromethyl)phenyl]butancic acid

1 0 N NaCH (8.2 mL, 0 823 mmole) was added dropwise to a cooled (15 °C)
solution of ethyl (+)-4-[4-[2-[6-(methylamno)pyridin 2-yl] 1-ethoxy]pbenylj 3 (4-
(trifluoromethyl)phenylJbutanoate (200 mg, 0 41 mmcle) in MeOH (3 mL) and the mxture
was stirred at RT for 24 hr_The resultng solution was concentrated 1n vacuum and the
residue was dissolved in HoO (Sml.) The pH was adjusted to 5 with 1 0N HC] and the
precipitate was coliected washed with smail amount of water and dried 1n vacuum at 60
°C The title compound (120 mg 64%) was obtained as a white, foamy sohd MS (ES)
m/e 459 (M + H)* Anal Caled for Co5HogFN9O3 085H70 C,6338 H 568 N
591 Found C 6323 H,541 N 573

a) Methyl ()-3 [4-[(N methyl N phenylammno)carbonyl] 1,3-oxazol 2-yl]-4-(4-
hydroxyphenyl)butanoate

To a solution of methyl (+)-3 [4-carboxy 1,3-oxazol 2-yI}-4-[4-[(sert
butyloxycarbonyl)axy]phenyljbutanoate (150 mg, 037 mmole) (1 Pr),NEt (0 1 mL, 0.56
mmole) pyridine (009 mL, 1 11 mmole), and N metiylantline (0 06 mL, 0.56 mmole) 1n
dry DMF (2 mL) was added BPFFH (382 mg, 1 11 mmole) at RT After 18 hr the mixtore
was concentrated. The residue was taken up 1 10% HCI (20 mL) and extracted with
CHaClp 3x20mL) The combined organic layers were dned over MgSOy, filtered, and
concentrated.

The above residue was dissolved 1» 4 N HCl 1o dioaane (10 mL) at RT After 18 br
the muxture was concentrated The residue was chromatographed on silica gel (73%
EtOAc/hexanes) to give the title compound (146 mg) as an orange foam coatammated with
bis(pentamethylene)urea. MS (BS) m/e 417 (M + H)*
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b) Methyl (1)4-[4-[2-(6-methylarmnopynidin 2-y1)-1-etlioxy]phenyl}-3 [4-[(N-methyl N
phenylammo)carbonyl) 1,3-oxazol 2-yl)]butanoate

Dusopropy] azodicarboxylate (0 15 mL., 0 74 mmole) was added to a solution of
methy} (£)-3-{4-[(N methyl N-phenylamno)carbonyl}-1 3-oxazol 2-yl]-4-(4-
hydroxyphenyl)butanoate (146 mg, 0.37 mmole) 6-(methylamno)-2-pyndylethanol (113
mg 074 mmole) and tnphenylphosphine (194 mg O 74 mmole) 1o CHyCly (2 mL) at 0
°C The nuxture was allowed to warm to RT as the bath warmed. After 18 hr the mixture
was concentrated and the residue was chromatographed on sihica gel (50% THF/hexanes)
Fractions containing the product were concentrated to give the title compound (322 mg)
contarmnated with tnphenylphosphine oxide:” MS (ES) mve 529 (M + H)F

) (1)-4-[4-[2-{6-(Mcthylamino)pyndin 2 yl] i-cthoxylphenyl) 3-[4-[(N phenyl N
methylamino)carbonyl] 1 3-oxazol 2-yl] butanoic acid

To a solution of methyl (1)-4-[4-[2-(6-methylamunopyndm-2-yl)-1
ethoxy]phenyl] 3 [4-[(N methyl N phenylammno)carbonyl] 1,3-oxazol-2-yl)Jbutanocate
(322 mg) 1n 1 1| THF/H0 (2 mL) at RT was added 1 0 N L1OH (0.35 mL, 035 mmole)
After 18 hr the muxture was acidified to pH 6 using 10% HCI then was concentrated to
dryness The residue was punfied by reverse-phase HPLC (gradient: 10-80% CH3CN/H,0
contamnung 0 1% TFA) The fractions contamung the product were combined and
concentrated to remove CHyCN The resulting aqueons solution was lyophulized to give
the title compound (33 mg, 29% over 3 steps) as a whate solid. MS (ES) ave 515 (M +
Hy* Anal Calcd for CogH3gN4Os 185TFA C, 5413 H,442,N 772 Found. C,
5417 H 450 N 752

2) Methyl (1)-3 [4-(morpholin-4-yl)carbonyl] 1,3-oxazol-2-yl}-4-(4-
hydroxyphenyl)butanoate

To a solution of methyl (+)-3-[4-carboxy-1,3-0xazol 2-y1}-4-[4-[(ter
butyloxycarbonyl)oxylphenylJbutancate (150 mg, 037 mmole), G-Pr)oNEt (0 1 mL, 0.56
mmole) pyndine (009 mL, 1 11 mmole) and morphohne (0.05 mL, 0.56 mmole) m dry
DMF (2 mlL) was added BPFFH (382 mg, 1 11 mmole) at RT After 18 hr the mixture was
concentrated. The residue was taken up i 10% HCl (20 mL) and extracted wath CHyClp
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(3x20mlL) The combmed orgame Iayers were dned over MgSOy filtered and
concentrated

The above residue was dissolved 1n 4 N HCl 1n dioxane (10 mL) at RT After 18 hr
the mixture was concentrated The residue was chromatographed on sthca gel (100%
EtOAc) to give the title compound (122 mg, 88%) as a clearod  1H NMR (300 MHz,
CDCl3)8805(s 1H) 788(d,J=66Hz,2H) 670(d,J=66Hz,2H) 59(s 1 H)
373(bs 8H) 362(s 3H) 285(m,5H)

b) Methyl (+)-4-[4-[2-(6-methylanunopyridin 2-yl) 1-ethoxylphenyl] 3 [4-(morpholin4

yl)carbonyl}-1,3 oxazol 2-yl)]butanoate - —
Dusopropyl azodicarboxylate (0 13 mL 0 66 mmole) was added to a solntion of

methyl (1)-3 [4-(morphohn-4-yl)carbonyl}-1 3-oxazol 2-yl]-4-(4-hydroxyphenyl)butanoate

(122 mg 037 mmole) 6-(methylamino)-2-pyridylethanol (100 mg 0 66 mmole) and

trnphenylphosphine (173 mg, 0.66 mmole) m CH;Cl (2 mL) at 0 °C. The mixture was

allowed to warm to RT as the bath warmed. After 18 hr the mixture was concentrated and

the residue was chromatographed on silica gel (100% EtOAc) Fractions contauung the

product were concentrated to grve the title compound (94 mg) contammated with

tnphenylphosphine oxyde MS (BS) m/e 509 (M + H)*

©) (E)4-{4-[2-[6-(Methylamno)pyndin 2-yl] 1-ethoxy]phenyl] 3 [4-(morpholn-4-
yDcarbonyl] 1,3-oxazol 2-yl]-butanoic acid

To a solution of methtyl (+)4-[4-[2-(6-methylamunopynidin 2-yl)-1
ethoxylphenyl} 3-{4-(morphohn-4-yl)carbonyl] 1 3-oxazok-2-yl)}butanocate (94 mg, 0 18
mmole) 1n 1 1 THE/H7O (2 mL) at RT was added 1 O N LiOH (0 25 mL, 0.25 mmole)
After 18 hr the ouxture was acidified to pH 6 using 10% HCI then was concentrated to
dryness The remdus was punfied by reverse-phase HPLC (gradient. 15 35% CH3CN/H70
contmning 0 1% TFA) The fractions contmming the product were combined and
concentrated to remove CH3CN  The resulting aqueous solution was lyophnlized to give
the title compound (23 mg, 26% over 2 steps) as a white sohd  MS (BS) m/e 495 (M +
H)* Anal, Caled for CpgH3gN4O0g 17STFA. C,4976 H,478 N 7.87 Found C,
4993 H, 497 N 784
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a) Methyl (£) 3 [4-[[N methyl N (2,2,2-taifluoroethyl)ammo]carbonyl]-1 3-oxazol 2-yl]
4-(4-hydroxypheayl)butanoate

To a solutton of methyl (+)-3 [4-carboxy 1,3-0xazol 2-yl]-4-[4-((zerz
butyloxycarbonyloxyJphenylJbutanoate (150 mg, 0 37 mmole) (1 Pr)oNEt (0 1 mL, 056
mmole) pyndins (009 mL, 1 11 mmole) and N methyl N-(2,2,2 tnflucrocthyljanune
hydrochlonde (84 mg, 0 56 mmole) 10 dry DMF (2 mL) was added BPFFFH (382 mg 111
mmole) at RT After 18 hr the mixture was concentrated The residue was taken up 1n 10%
HC1 (20 mL) and extracted with CH2Cl; (3x 20 ml) The comtuned organtic layers were
dned over MgSQy, filtared, and concentrated

The abave resudue was digsolved in 4 N HCL in dioxane (10 mL) at RT After (8 br
the mixture was concentrated  The residue was chromatographed on milica gel (60%
EtOAc/hexanes) to give the title compound (298 mg) as a clear oMl comaminated with
bis(pentamethylene)urea. The o1l was used 1n the next step without further punification

b) Methyl (1)-4-[4-[2-(6-methylammmopyndin 2-yl) 1-ethoxy]phenyl] 3-{4-[IN methyl N
(2,2,2-tnfluoroethyl)aminojcarbonyl] 1 3-oxazol 2-yl)Jbutanoate
Dnsopropyl azodicarboxylate (0 15 mL, 0 74 mmole) was added to a solution of

methyl (£) 3-[4-[[N methyl N<(2,2,2-tnflucroethyl)amino]carboanyl] 1 3-oxazol 2-yl]-4-(4-
hydroxyphenyl)butanoate (298 mg, 037 mmole), 6-(methylamuna)-2-pyridylethanol (113
mg 074 mmole) and tnphenylphosphme (194 mg, 0 74 mmole) m CH5Cly (2 mL) at 0

C The muxture was allowed to warm to RT as the bath warmed. After 18 br the mixture
was concentrated and the residue was chromatographed on silica gel (40%
EtOAc/hexanes) Fractions contaming the product were concesitrated ta gave the aitle
compound (115 mg) contamunated with tnphenylphosphine axide MS (ES) av/e 535 (M +
mt

¢) (X)4-(4-[2-[6(Methylammo)pyridin 2-yl] 1-ethoxy]pheny]}-3-[4-[[N methy] N (2,2,2-
tnfluoroethyl)ammo]casbonyl]-1,3-0xazol 2-yl}-butancac acid

To a solution of metiryl (+)-4-{4-[2-(6-methylammopyndin 2-yl)-1
ethoxy]pbenyl} 3-[4-[[N methyl-N«(2,2,2-nflucroetiryDammno}carbonyl}-1,3-oxazol 2-
yhlbutanoate (115 mg, 0.22 mmole) in 1 1 THR/H70 (2 mL) at RT was added 1 0 N L.OH
{032 ml,, 0.32 mmole) After 18 hr the muxture was acadified to pH 6 using 10% HC] then
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was concentrated to dryncss  The residue was punfied by reverse-phase HPLC (gradieat
10-80% CH3CN/H,0 contaiming 0 1% TFA) The fractions contmmng the product were
combined and concentrated to remave CH3CN  The resulting agqueous solution was
lyophilized to gave the title compound (42 mg, 37% over 3 steps) as & white sohd  MS (ES)
m/e 522 (M + H)* Anal Caled for CosHy7FaN4O5 14TFA C 4909 H 421 N

824 Found C,4918 H,418 N 822

reparajon of d-[4- b-~{methylan

azol 2-yllbutanoic acid

a) Methyl (1)4-[4-[2-(6-methylammopyndin-2-yl}-1-ethoxy)phenyl}-3 [4-
(tnfluoromethyl)thiazol 2-ylJbutanoate

Dusopropyl azodicarboxylate (0 14 mL.,, 0 71 mmole) was added to a solution of
roethyl (1)-3-[4-(tnfluoromethyl)thiazol 2-y1]-4-hydroxyphenyl)butanoate (123 mg 0 37
mmole) 6-(methylamno)-2-pynidylethanol (108 mg, 0 71 mmole) and tnphenylphosphine
(186 mg 071 mmole) in CHCla (2 mL) st 0 C. The muxture was allowed to warm to RT
as the bath warmed. After 18 br the mixture was concentrated and the residue was
chromstographed on silica gel (40% EtOAc 1n 1 1 toluene/hexanes) Fractions containing
the product were concentrated to give the title compound (114 mg, contaminated with
reduced DIAD) MS (ES) m/e 480 M + H)*

b) ()H4-[4-(2-(6-(Methylammo)pyndin-2-yl] 1-ethoxylphenyi]-3-{4-
(tnfluoromethyl)thiazol 2-yl] butanosc acad

To a solution of methyl (£)-4-[4-[2<(6-methylamunopyridin 2-yl)-1
ethoxy)phenyl} 3-[4-(tnfluoromethyDthuazol 2-y)jbutanoate (114 mg 0.24 mmole) n 1 1
THF/H70 (2 mL) at RT was added 1 0 N LiOH (036 mL, 0.36 mmole) After 18 hr the
mixture was acidified to pH 6 nang 10% HCL The resnlting solid was collected by
filtration and dned = vacuo at 50 °C to give the title compound (43 mg 42 %) &s a winte
solid MS (ES) m/e 466 M + H)* Anal. Calcd for CpoHy9F3N303S 02H.0- C 5633
H,481 N 896 Found. C,5634 H, 469 N 888
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Example 6

lapun din 2-yl) 1 1

th: 1c acad

a) Methyl (+)-4-[4-[2-(6-Methylaminopyndin-2-yl)-1-ethoxy)phenyl] 3-(5-methylthiazol
2-yD)butanoate

Dusopropyl azodicarboxylate (0 25 mL, 1.28 mmole) was added to a suspension of
methyl (£)4-(4-hydroxyphenyl)-3<(5 methylthiazol 2-yD)butanoate (249 mg, 0 85 mmole)
6-(methylamino)-2-pyndylethanol (194 mg, 1 28 mmole) and tnphe~ 'phasphuine (336 mg
1.28 mmole) m TBME (5 mL) at 0 °C The mixture was allowed to warm to RT as the bath
warmed After 72 hr the muxture was concentrated and the residue was chromatographed
on slica gel (30% EtOAc/CHCl3) Fractions containg the product were concentrated to
give the title compound (385 mg, contamnated with tnphenylphosphine oxide) MS (BS)
m/e 426 (M + H)t

b) (F)4-[4-[2(6-Methylammopyndm 2-yl)-1-ethoxy]phenyl] 3-(5-methylthiazol 2-
yl)butanotc actd

To a solution of methyl (£)-4-[4-[2-(6-methylamunopyndm-2-yI)-1
cthoxy)phenyl}-3-(S-methylthiazol 2-yDbutancate (0 85 mmole) m 1 1 THF/HO (S mL)
was added 1 0N NaOH (1 28 mL, 1 28 mmole) After 18 hr the mixture was acichfied to
pH 6 using 10% HCI then concentrated to dryness The residne was chromatographed an
sthica gel (EtOH) to give the title compound as a yellow solid (217 mg, 62% over 2 steps)
MS (BS) m/e 412 (M + H)* Anal Caled for CyoHosN3O3S 1.2 H20 C,6101 H, 638
N 970 Found C,6125 H,606 N 932

Examples 7 38

The following compounds are prepared using the procedures described mn the
previous exampies

Example 7 (1)4-[4-[2-[6-(Methylamino)pyndin-2-yl]-1-ethoxy]pbenyl] 3-
(pyndin-4-yDbutanorc acad

Example 8. (£)-4-{4-{2-(6-(Methylamino)pyndin-2-y1] l-ethoxy]pbeayl}-3-
(pyndin-3-yl)batanoic acid,

Example 9 (1)-4-{4-[2-[6-(Methylammo)pyndm-2-yl}-1-ethoxy]phenyi}-3-
(qunolin 3-ylbutanoic acsd,
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Example 10° (£)-4-14-{2-{6-(Methylaming)pyricn 2 yl}-1-ethoxylphenyl] 3 (6-
methoxypyndin-3-yl)butanoic acid,

Bxample 11 ()-4-[4-[2-[6-(Methylarmno)pyndin-2 yl) 1-ethoxy]phenyl]-3
{(pynmidin-5-yl)butanoic acid,

Example 12 (1)-4-[4-[2-{6-(Methylamino)pyndin 2-y1] 1 ethoxylphenyl}-3-3
fluorophenyl)outanoic acid

Example 13 (£)-4-4-{2-{6-(Methylammo)pynidm 2 y1}-1-ethoxy]phenyl}-3-
(thiazol-4-yl)butanoic acid

Example 14 (£)-4-{4-[2-[6Methylammo)pyndin 2 yl] 1-ethoxy]phenyl] 3
(thiazol-5-yl)butanaic acid —

Example 15 (S)-4-[4-{2-{6-(Methylamino)pyndin 2 yl}-1-cthoxylphenyl}-3-
(pyndin-4-yl)butanoic acad,

Exampla 16 (S)-4-{4-[2-{6-(Methylamino)pyndm 2-yl}-1-ethoxylphenyl] 3
(pyndin 3-yl)butanoic acid

Example 17 (S)-4-[4-[2-{6-(Methylamno)pyndin 2-yl] 1-ethoxy]phenyl] 3
(qunohn 3 yl)butanorwc acd

Example 18 (S)-4-[4-[2-[6-(Methylamino)pyndin 2-yl] 1-ethoxy]Jphenyl]l 3-(6-
methoxypynidin-3-yl)butanmc acid,

Examplo 19 (S)-4-[4-[2{6-(Methylamino)pynidin 2-yl}-1-ethoxylphenyl] 3-
(pynumdin-S-yDbutanoic acid

Example 20- (S)-4-f4-[2-{6-(Methylammo)pyndin-2-yI}-1-ethoxylphenyl}-3-(3
flucrophenyl)batanoic acad

Example 21 (S)-4-[4-[2-[6~(Methylamuno)pyndin-2 yl}-1-ethoxy)phenyl] 3-
(thiazol-4-yl)butanoic acad,

Example 22 (S)4-[4-{2-{6-(Methylammo)pyridin 2-yl] 1-ethoxy]phenyi} 3
(thiazol 5 yDbutanoic acid

Bxample 23 (1)-3-(Pyndin-4-yI)4-{4-[2(5 6 7 8-tetrabydro-1,8-naphthyndin-2-
yl)-1-ethoxy)phenyl]butancac acid

Example 24 (1)-3-(Pyndm 3-yl)-4-[4-{2-(S 6 7 8-teirahydro-1 8-naphthyndin-2-
yl)-1-cthoxylphenylfoutancic acad

Bxample 25 (1)-3-{Qumolm-3-y1)-4-{4-{2-(5 6,7 8-tetrahydro-1,8-naphthyridin-2-
yi)-1-ethoxy]phenylJbutanoc acid,

Example 26 (£)-3-(6-Methoxypyndm-3-yl)-4-(4-(25 6,7,8-tctrahydro-1,8-
nsphthynidin-2-yl)- 1-ethoxylphenyljbutanorc actd

Example 27 (1)-3-(Pynmdm-5-yD)-4-{4-{2-(5 6 7 8-tetrahydro-1,8-naphthyndin
2-yl)-1-ethoxyjpheaylbutanoc acsd
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Example 28 (+)-3-(3-Fluorophenyl)4-[4-{2(5 6 7 8-tctrahydro-1 8-naphthyndin
2-y1)-1 ethoxy]phenyl}butanoic acid

Example 29 (1)-3-(Thuazol-4-yl)-4-[4-[2(5 6,7 8-tetrahydro-1 8 naphthyndin 2-
yl)-1-ethoxy]pbenyllbutanoic acid

Exampie 30 (+)-3-(Thiazol 5-yI}-4-[4-[2(5 6,7 8 tetrahydro-1 8 naphthyndin-2-
yl)-1-cthoxylphenyl]butanoic acid,

Example 31 (S)-3-(Pyndm-4-yl)}-4-{4-[2(5 6 7 8-tetrahydro-1 8 naphthyndin-2
yl)-1 ethoxy]phenyl]butanoic acid

Example 32 (S)3 (Pyndin 3-yl)-4-[4-[2-(5 6 7 8 tetrahydro-1 8 naphthyndmn 2
yl)-1-ethoxy]phenylJbutanoic acad

Example 33 (S)-3-(Quinolin-3 yl)-4-[4-[2-(5 6 7 8-tetrahydro-1 8 naphthynidin 2~
yl)-1 ethoxy]phenyllbutanorc acid

Example 34 (S)-3-(6-Methoxypyndmn-3-y[)-4-[4-[2(5 6,7 8-tetrahydro-1 8
naphthyndin 2-yl)-1-ethoxylphenyl]butanoic acad

Example 35 (S)-3-(Pyrundin 5 yI)-4-[4-[2<(5 6 7 8-tetrahydro-1 § naphthyndin
2-yI)-1-ethony)phenyli)butanoc acid

Example 36 (S)-3-(3 Fluorophenyl)-4-[4-[2(5 6 7 8-tetrahydro-1 8 naphthyndin
2-yI)-1-ethoxy)phenylJbutanoic acd

Example 37 (S)-3 (Thuazol-4-yI)-4-[4-[2-(5 6 7 8-tetrahydro-1 8§ naphthyndin-2-
‘yl)-1-ethoxylphenyllbutanoic acid and

Example 38 (S)-3-(Thiazol 5 yI)-4-[4-[2-(5 6 7 8 tetrahydro-1 8 naphthyndmn-2-
yl)-1-ethoxylphenylJbutanoic acid

Example 39
Parenteral Dosage Unit Compogtion

A prepantion which contuins 20 mg of the compound of Example 1 as a stenls dry
powder 18 prepared as follows 20 mg of the compound i5 dissolved 1n 15 ml of distrlled
watez The solution 15 filtered under stenle conditions mto a 25 mL multi-dose ampoule
and lyophaized The powder 15 reconstunted by addition of 20 mL of 5% dextrose m water
(D5SW) for intravenous or intramnscular injection The dosage 18 thereby determmed by the
injection volume. Subsequent dihution may be made by addition of a metered volume of
this dosage unit to another volume of DSW for injection, or a metered dose may be added

to another mechanigm for dispensiag the drag as m a bottle or bag for IV dnp infusion or
other injection infusion system Fug o
Pi
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Oral Dosage Unit Compogition

A capsule for oral administration 1s prepared by mixing and mmlling 50 mg of the
compound of Example 1 with 75 mg of lactose and 5 mg of magnesram stearate. The
resulting powder 15 screcned and filled mto a hard gelatin capsule

ample 4

Do mt C 1zon

A tablet for oral administration 1s prepared by mixing and granulating 20 mg of
sucrose, 150 mg of calcium sulfats dihydrate and S0 mg of the compound of Example 1
with a 10% gelatin solution The wet granules are screened, dned, mixed with 10 mg
starch, 5 mg tale and 3 mg steanc acid, and compressed into a tablet.

The above description fully discloses how to meke and nse the present invention
However the present mvention 1s not hmuted to the particular embodiments described
hereinabove, but inchudes all modifications thereof within the scope of the following
claims The vanous references to journals, patents and other publications which are cited
heren compnises the state of the art and are incorporsated herein by reference as though
fully get forth

YT
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‘What 15 claymed 1s

1 A compound according to formula ()

R—0 o
o
wherein

R11s Het or Ar
R2;5

H H
CH,/ NWCHQ: w( e

10  or a pharmaceutically acceptable salt thereof

2. A compound according to claim 1 1 which Rl 15

Fy
CF.

> GG PP

<
05 O

o 2N

T

15
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in which R 15 Cy_4alkyl and R 15 phenyl, benzyl or -CHyCF;3 orR and R arc jomed to
form a morpholinyl nng.

3 A compound accarding to clmm 1 1 which RZ)s

H
o I Ny Ot
7

4 A compound which 1s.

(£)4-[4-{2 [6-(methylammo)pyndin 2-y]] 1-ethoxy)phenyl] 3-[4-
(tnfluoromethyl)phenyljbutanoic acid,

(D)-4-14-{2-[6(methylamino)pyndin 2-yl} 1-ethoxy]phenyl] 3 {4-{(N methyl N
phenylamino)carbonyl] 1,3-oxazol 2-yiJbutanoic acid,

(£)-4-[4-[2-[6-(methylamino)pyridm-2-yl]} 1-ethoxy]phenyl] 3 [4-[(morpboln-4-
yl)carbonyl] 1,3-oxazol 2-yllbutanoiwc acid

()-4-[4-[2-[6<(methylamuno)pyndin-2-yI] 1-ethoxy]phenyl] 3-[4-[[N methyl N
(2 2,2-tmfluoroethyl)amino]carbonyl}-1 3-0xazol 2-yl]butanoic acid

(1)-4-[4-[2-[6(methylammo)pyndin-2-yl] 1-ethoxy]phenyl] 3-[4-
{tnfluoromethyl)thiazol 2-yllbutanoic acid or

(£)-4-[4-[2-[6-(methylamno)pyndin 2 yl] 1-ethoxy]phenyl}-3-(3-methylthiazol 2-
yDbutanoic acid
or A pharmaceuncally accepiable salt thereof

5 A phanmaceutical compoution which compnses a compound according to
clam 1 and a pharmacentically acceptable carrier

6 A pharmaceutical composition which compnises a compound according to
claum 1 an antineoplastic agent and a pharmaceutically acceptable camer

7 The pharmaceutical composition accordmg to claum 6 wherein the
entincoplastic agent 18 topotecan or casplatm.

8 A pharmaceutical compostion which comprises a compound according to
clum 1 an whibitor of bone resorption and a pharmaceutically acceptable camer
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9 A method of treating a disease state ;n which gntagonism of the ayli;
receptor 18 indicated which compnises admunisterutg to 3 subject 1n need thereaf a
compound according 10 clam 1

10 A method of treating a disease state in which sntagomsm of the o B
teceptor 1s indicated which compnises admmistening to » subject 1o need thereof a
compound according to claum 1

11 A method of treating osteoporosis which compnises administenng to a
subject wn need thereof a compound according to claim 1

12 A method for inhibiting angiogenesis tumor growth or tumor metastasis
whuch comprises admunistenng to a subject m need thereof 4 compound according to claim
1

13 A method of treating atheroscleross, restenoms or wflammanon which
compnses admmittenng to a subject in need thereof a compoond according to claim 1

14 A method of mibiting tumor growth which compnses admimstening
stepwise of 10 phystcal combination a compound according to clam 1 and an antineoplastic

agent

15 The method according to claim 14 wherem the antineoplastic agent 1s
topotecan ar csplatin

16 A method of treating osteoporosus ar wtubitmg bone loss which comprises
admunistening stepwise ar in physical combunation a compound according to claim 1 and an
mhubitar of bone resorphion. -

53



- e e ol W G

Wl el Fan Wl Wl NP

A
P51017P \‘} E}ﬁ/

ABSTRACT OF THE DISCLOSURE

nectin sts

Compounds of the formula (T) are disclosed which are vitronectin receptor
antagonusts and are uscful in the treatment of osteoporosis

R—0 .
R

@

wherem

R!1sHet or Ar

R2s

H H
c P N N\ (CH,),— N N\ CH,),—
S |
- ~
or

or a pharmaceutically acceptable salt thereof
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A TODOS A QUIENES LLEGUE EL. PRESENTE

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Marcas y Patentes

01 de septiembre del 2000

LA PRESENTE CERTIFICA QUE LA ADJUNTA ES UNA COPIA TOMADA DE LOS
REGISTROS DE LA OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS
DE LOS DOCUMENTOS DE LA SOLICITUD DE PATENTE ABAJO IDENTIFICADA Y
LA CUAL CUMPLE CON LOS REQUISITOS PARA QUE LE SEA CONFERIDA UNA
FECHA DE RADICACION SEGUN 35 USC 111

NUMERO DE SOLICITUD  60/152 780
FECHA DE RADICACION 07 de septiembre de 1999

Por Autondad del
COMISIONADO DE MARCAS Y PATENTES

(FIRMA) T WALLACE

Oficial de Certificactones

(SELLO DORADO DE OBLEA)
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ANTAGONISTAS DEL RECEPTOR DE VITRONECTINA

REIVINDICACIONES

1 Un compuesto segun la formula (I)

R—o0 .
O GP™
en donde ®

R' es Het o Ar
Rles

0 una sal farmaceuticamente aceptable de lo mismo

2 Un compuesto segun la reivindicacion 1, en el cual R! es

Fy

S e

60/152 780 -~ dic 00
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en el cual R’ es alquil C; 4 y R es fenil, bencil 0 -CH>CF3, o R’y R”
se unen para formar un anillo de morfolirnulo

3 Un compuesto segun la reivindicacion 1 en el cual R? es

H
N CH,),—
o \(hj/
-

4 Un compuesto que es

(1)-4-[4-[2-[6-(metilamino)pindin-2-11]-1-etoxi]ferl]-3-[4-
(tnfluorometil)fenil]Jacido butanoico,

(£)-4-[4-[2-[6-(metilamino)pindin-2-11]-1-etoxi]fenil]-3-[4-[(N
metil-N-fenilamino)carboni]-1,3-oxazol-2-1lJacido butanoico,

(+)-4-[4-[2-[6-(metilamino) pinidin-2-1l]-1-etoxi]fenil]-3-[4-
[(morfolin-4-il)carbonil]-1,3-0xazol-2-iI]Jacido butanoico,

(1)-4-[4-[2-[6-(metilamino)piridin-2-11]-1-etoxi]femi]-3-[4-[[N-
metil-N-(2,2,2-tnfluoroetil)amino]carbonil]-1,3-oxazol-2-1l]acido
butanoico,

(1)-4-[4-[2-[6-(metilamino)pindin-2-11]-1-etoxi]fenil]-3-[4-
(tnflurometil)tiazol-2-1l]Jacido butanoico, o

(+)-4-[4-[2-[6-(metilamino)piridin-2-11]-1-etoxi)fenil]}-3-(3-
metiltiazol-2-1l) acido butanoico,

0 una sal farmaceuticamente aceptable de lo mismo

5 Una composicion farmaceutica que comprende un compuesto
segun la reivindicacion 1 y un vehiculo farmaceuticamente aceptable
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6 Una composicion farmaceutica que comprende un compuesto
segun la rewvindicacion 1, un agente antineoplastico y un vehiculo
farmaceuticamente aceptable

7 La composicion farmaceutica segun [a reivindicacion 6, ep la
cual el agente antieoplastico es topotecan o cisplatin

8 Una composicion farmaceutica que comprende un compuesto
segun la reivindicacion 1, un inhibidor de resorcion osea y un vehiculo
farmaceuticamente aceptable

9 Un metodo para el tratamiento de un estado de enfermedad
en el cual se indica el antagonismo del receptor a.p3, que consiste en
administrar a un sujeto que lo requiera, un compuesto segun la

reivindicacion 1

10 Un metodo para el tratamiento de un estado de enfermedad
en el cual se indica el antagonismo del receptor a.fs, que consiste en
administrar @ un sujeto que lo requiera, un compuesto segun la

reivindicacion 1

11 Un metodo para el tratamiento de osteoporosis que consiste
en administrar a un sujeto que lo requiera, un compuesto segun la
reivindicacion 1

12  Un metodo para inhibir angiogenests, crecaimiento tumoral o
metastasis tumoral que consiste en administrar a un sujeto que lo
requiera, un compuesto segun la reivindicacion 1

13 Un metodo para el tratamiento de aterosclerosis, restenosis
o Iinflamacion que consiste en administrar a un sujeto que lo requiera,
un compuesto segun la reivindicacion 1
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14  Un metodo para inhibir crecmiento tumoral que consiste en
admunistrar por paso o en combinacion fisica, un compuesto segun la
reivindicacion 1 y un agente antineoplastico

15 El metodo segun la rewvindicacion 14, en donde el agente
antineolastico es topotecan o cisplatin

16 Un metodo para el tratamiento de osteoporosis o para inhibir
perdida osea, que consiste en administrar pro pasos o en combinacian
fisica, un compuesto segun la revindicacion 1 y un inhibidor de
resorcion osea
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SUT RINTEWNDCeNLUIA
2do EXAMEN DE FORMA PATENTE DE INVENCION
Folio _ﬂ_
Radicacibn no 00-631S8
AGUL 31 /435
Conceoto Técnico no _93_6 Clasfficacion Internacional de Patentes__ 3\ / 29 §
Practicado el examen de acuerdo a lo establecido en el Art 38 de fa Decision 486 se determind que
esta solicitud de Patente de Invencidn
. SIlxJ NO[] Contiene un resumen de la invencton (Art.26-e)

SIH{x] NO[] Contiene el titulo o nombre de la invencion (Art 27 d)

Sl[x] NO[] Conbene ladescnpcion de la invencién (Art.26-b)

SI[x] NO[] NOESAPLICABLE [ ] Contene los dibujos necesanos para comprender la mvencion
(Art26 d)

SI[x] NO[ ] Conteneunaomas rewvindicaciones (Art26-c)

SIf ] NO[] NO ES APLICABLE [)(] Han sido desamollados los productos y/o procedimientos a partr
de recursos genébcos o de sus producios denvados de los que cualquiera de los Paises
Miembros es pais de ongen (Art 26- h)

Sif] NO[] NO ES APLICABLE | ){ JLos productos y/o procedimientos han sido obtemdos o
desarroflados a partr de los conocimientos fradicionales de las comumdades indigenas
afroamencanas o locales de los paises miembros de acuerdo a lo establecido en la
Decision 391 y sus modificaciones y reglamentaciones vigentes {Art.26)

SI[ ] NO[X] Lamvencidn se refiere a un producto relativo a un matenal biologico (Art26-J)

St [7(1 NOI ] La pnondad coincide con la matena reivindicada

SI[X] NO[] CUMPLELOSREQUISITOS TECNICOS

OBSERVACIONES Y OTROS SI[ ] NO [ ) ver hoja(s) anexa(s)

EXAMINADOR TECNICO
20W34

Bogots D C _LS Aosd f2emo

Carrera 13 No 2700 Piso 5y 10
Conmutador 334 12 21-2-34
Fax. 281 31 25 e-mail mfo@uc.gov co
Santa Fe de Bogota D C. Colombia
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Industria y Comercio

SUPERINTENDENCIA

Foho.l-&(

2020

Bogotd DC

Doctor(a)

GERMAN CASTILLO GRAU

Apoderado(a)

REFERENCIA Radicacion No 00-67158
Trémite 002
Evento 001
Actuacién 416
Oficio No 811
Folios 001

Teniendo en cuenia que la solictud de pnvilegio de patente que se tramia bajo el expediente
indicado en la referencia reune los requisitos de forma establecidos en los articulos 26 y 27 de la
Decisidn 486 de la Comisién de la comunidad andina y en las demas disposiciones vigentes sobre
la matena, se envia el extracto de la solictud a la Oficina de comunicaciones para efecto de su
publicacion en la Gaceta de Propiedad Industnal conforme lo establece el articulo 40 de la misma
Decision

Cimplase

Dado en Bogotd DC alos ¢ § JUN 2002

ALIX CESPEDES'DE VERGEL

Jefe de Ja'Dmision de Nuevas Creaciones

Bogot4, D C El extracto de esta solictud fue publicado en el numero S20 de la
Gaceta de Propiedad Industnal de fecha Ei térmuno hébil sefalado por la ley
expird el ySI___NO___se presentaron oposiciones por parte de terceros
202039

Carrera 13 No 27 00 Pisos5 7y 10
Conmutador 382 0840
Fax 382 2695
E mail info@sic gov co
WWW sic gov co
Bogotd D C Colombia
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Industria y Comercio

SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No 00-67158

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO EN
LA GACETA DE PROPIEDAD INDUSTRIAL No 520 DE FECHA 27 DE SEPTIEMBRE DE 2002 EL

TERMINO HABIL SENALADO POR LA LEY EXPIRA EL 26 DE DICIEMBRE DE 2002

NOTA Dentro del plazc de los seis (6) meses siguientes a partir de la fecha de publicacién
en la gaceta de Propiedad Industnal debera solicitar y cancelar el examen de patentabilidad
$0 pena de que la solicitud caiga en abandono de acuerdo con lo establecido en el Articulo
44 de la Decision

486/2000

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS

S NO EQ

Carrera 13No 2700Piso5y 10
Conmutador 3341221234
Fax 281 31 25 e marl info@sic gqov co



