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Title of the Invention

ISONIPECOTAMIDES FOR THE TREATMENT OF INTEGRIN-MEDIATED

- DISORDERS

Field of the Invention

This invention relates to certain novel compounds, their synthesis and
methods for their use in treating integrin-mediated disorders. More particularly,
this invention relates to isonipecotamide compdunds that are avB3, avfd,
GPHb/IHa, dual avp3/GPIib/lila or dual avp3/avB5 integrin antagonists and
methods for their use in treating a variety of integrin-mediatéd disorders.

Backaround of the Invention -

Integrins are a widely expressed fér_nily of calcium- or magnesium-
dependent o héterodiméric cell surface receptors which bind to extracellular
matrix adhesive proteins such as fibrinogen, fibronectin, vitronectin, and
osteopontin. These transmembrane glycoprot’eiris (GP’s), known for their large
extraceliular domains, are classified by at least 8 known p subunits and 14 o
subunits (S. A. Moﬁsa. et al., Emerging Theraupeutic Targets, 2000, 4, (2),
143-153). For example, the Bl 'subfa'mily, also known as the very late antigen
(VLA) subfamily, has the largest nurhber of integrins (S. A. Mousa, et al.,
Emerging Theraupeutic Targets, 2000, 4, (2), 144). The avpl subfamily further
associates with various B subunits: B3, p5, p6, p8 and allbp3 (also referred to
as GPIIb/llla) (S. A. Mousa, et al., Emerging Theraupeutic Targets, 2000, 4,
(2), 144, 147). Some of the disease siates that_héve a strong p3, B5 and
GPlIb/llla integrin component in their etiologies are unstable angina,
thromboembolic disorders or atherosclerosis (GPIIb/liia); thrombosis or
restenosis (GPllIb/lila or'av_B3);'restenosis (dual avB3/GPIilb/llla); rheumatoid
arthritis, vascular disorders or osteoporosis (avB3); tumor angiogenesis,

multiple sclerosis, neurological disorders, asthma, vascular injury or diabetic
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retinopathy (avB3 or avp5); and, angiogenesis-(dual avp3/avp5) (S. A. Mousa,
et:al., Emerging Theraupeutic Targets, 2000, 4, (2), 148-149; W. H. Miller, et
al., Drug Discovery Today 2000, 5 (9), 397-407; and, S. A. Mousa, et al., Exp.
Opin. Ther. Patents, 1999, 9 (9), 1237-1248). The B3 subunit has received
significant attention in recent drug discovery efforts. (W. J. Hoekstra, Current

* Medicinal Chemistry 1998, 5, 195) and antibodies and/or low-molecular weight

compound antagonists of avp3 have shown efficacy in animal models (J.
Samanen, Current Pharmaceutical Design 1997, 3, 545).

" Furthermore, GPlIb/llla and avp3 antagonists have typically been
designed after the bioactive arginine-glycine-aspartate (RGD) conformations of
peptides derived from their primary ligands, fibrinogen and vitronectin,
respectively. The RGD motif is the general cell attachment sequence of many

" extracellular matrix, blood, and cell surface proteins; as half of the ca. 20

known integrins bind the RGD-containing adhesion ligands. To discover RGD
peptides with integrin selectivity, peptides with both restricted conformations

- and alterations of flanking residues ‘have been studied. In particular, the

20

25

structural requirements for interaction of the RGD sequence with GPlIb/llla and
the inhibitory potential of a series of nonpeptidic mimetics on platelet
aggregation and interactions with the extracellular matrix have been described
(D. Varon, et al., Thromb. Haemostasis, 1993, 70(6), 1030-1036). Iterative
synthesis of cyclic and alicyclic peptides and computer modelling have
provided potent, selective agents as a platform for nonpeptide av integrin

antagonist design.

" For example, PCT Application W098/25892 to Fisher, et al., describes a
series of a-sulfonamido and a-sulfinamido carboxylic acid compounds of the

formula:
NR1R2
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wherein
Y is selected from the group consisting of -COOH, -POaHz, -SOaH -and
-COOR* where R4 is selected from the group consnstmg of C,,calkyl,

C, salkylaryl, arylC,_salkyl, C14aIkyl_oxycarbonyloxyC,_,-aIkyI,

aryloxycarbonyloxyC,éalkyl, C, salkyloxycarbonyloxyaryl,
C,.j0alkylcarbonyloxyC, salkyl-and C, salkylcarbonyloxyaryl; A is selected from
the group consisting of C,_,,alkyl, C, salkyl-NR®-CO-Cg salkyl,
Co.salkyl-CO-NR®-C, calkyl, C, salkyl-O-C, salkyl,

Co.salkyl-NR®-CO-C, salkyl-NR3-CO-C,_,alkyl,

Cosalkyl-NR°-CO-C, salkyl-CO-NR5-C, zalkyl,

Cyalkyl-CO-NR®-C, salkyl-NR®-CO-C, alkyl,

C,salkyl-CO-NR®-C, ;alkyl-CO- NR5 -Cogalkyl, - - :
CMalkyl -CO-C, salkyl-CO-NR®-C, salkyl, C, salkyl-CO- Cm,alkyl—NRs—CO -C,.qalkyl,
Cosalkyl-O-C, 4alkyl-NR®>-CO-C, ;alkyl, C, 4alkyl-O-C, salkyl-CO-NR®-C, alkyl,
C,.salkyl-O-C, salkyl-O-C, zalkyl-CO-NR®-C, salkyl, Co.salkyl-S-C, 4alkyl,
Co_aalkyi-S(_O,,)-C-o%alllkyl,- Co,salkyl-S4Cmalkyl-NRs-_CO-_CMalkyI.

. ,_C_Malkyl—S(_O,,)—Cz_BalkyléN Rs-_CO-CMalky_I,_ Cosalkyl-S-C, salkyl-CO-NR®-C, salkyl,

CualkyI-S(O,,)-Cmalkyl-CO-NRs-Co,,alkyI, C,__,,aalky!-NR5-CO-C°.,aIkyI_-...S-CMaIkyl,

: Cualkyl -CO- NR5-Cz4,aIkyI -S(0,)-C ,aalkyl CMalkyl NR5-CMalkyl COZ-CMaIkyl

CMalkyI -NR®- -Cosalkyl-CS-O-Cy salkyl, C,qalkyl- NR5-C°4,aIkyl CO-NR3-C,qalkyl,
Co.salkyl-NR®-C, salkyl-CS- NR5-CMal_kyl._Co_aalkyl -0-C,salkyl-CO,-C, salkyl,
Co,,aIkyI-O-CMalkyl-CS-O-CMaIkyl C,salkyl-SiR'R®-C zalkyl,

Coalkyl- ScR’R‘-Co,,alkyl-NRs-CO C,ealkyl and

C,salkyl-SiR'R®-C, salkyl-CO-NR®-C, salkyl; where R®, R®, R and R8 are
independently selected from the group consnstmg._of H and Cmalkyl, and where

n=1o0r2; Zis selected from the group consisting of -NH-C(NR°*R')=R"",

-NH-C(R%=R", -C(NR9R5°)=R“ and piperidinyl; where R®, R'" and R are
independently selected from the group consisting of H, C, salkyl, aryIC, ;alkyl
and aryl; or where two of the R?, R™ or R" substituents form a cyclic ring
containing (CH,),, where p=2-5; R, is H and R, is selected from the group
consisting of -SO,-aryl-, -SO,-C, ,,alkyl-, -SO,,-heteroaryl-, where m=1-2; R*is
selected from the group consisting of H, C, salkyl, aryl, C, ;alkylaryl and
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heteroaryl as inhib_itérs of RGD-dependent integrins for the treatment of

thrombotic or restenotic disorders.

- Accordingly, it is an object of the present invention to provide
compounds that are antagonists of integrins. It is another object to provide

~ isonipecotamide compounds. that are avp3, avp5, GPlib/lila,
- dual avp3/GPlib/lila or dual avp3/avp5 integrin antagonists. Itis a further

object to provide methods for treating a variety of integrin-mediated disorders
including, but not limited to, unstable angina, thromboembolic disorders,
atherosclerosis, arterial and/or venous thrombosis, restenosis, rheumatoid
arthritis, vaso-occlusive disorders, osteoporosis, tumor angiogenesis, multiple
sclerosis, neurological disorders, asthma, vascular injury, macular
degeneration or diabetic complications including diabetic retinopathy.

Summary of the Invention

* The present invention is directed to compounds represented by the

following general Formula (l):

| N ¢ 0

X
/ R; w
M R, '
0

wherein

M is selected from C,-C, alkylene (optionally substituted within the carbon
chain with one substituent selected from C,-C, alkyl, C,-C, alkenyl,
cycloalkyl (wherein a ring carbon atom forms the point of attachment to the
carbon chain) or aryl (optionally substituted with halogen) and substituted
on the terminal carbon with one substituent selected from A), C,-C,
alkenylene (substituted with one substituent selected from A),
heterocyclylene (optionally substituted with one substituent selected from

A), heterocyclenylene (substituted with one substituent selected from A),

arylene (substituted with one substituent selected from A), (C,-C,
4
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alkylene)aryl (substituted on C,-C, alkylene with one 'substituent selected
from A) or arylene(C,-C,)alky! (substltuted on arylene with one substituent
selected from A) '

A is optionally present and is selected from heteroaryl, heterocyclyl, R;HN-, -

(heteroaryl)amino, (heterocyclyl)amino, R,HNC(=NH)-, R HNC(-—NH)NH-
R3HNC(—O)NH— R,C(=NH)NH-, (heterocyclyl)aminooxy, '

- (heteroaryl)aminooxy, R;HNC(=NH)NHO-, Rsc(_-NH)NH.O-,

RsHNC(=NH)NHC(=0)- or R,C(=NH)NHC(=0)-; wherein heteroaryl and
heterocyclyl are optionally substituted with one io five substituents
independently selected from C,-C, alkyl, C,-C, alkoxy, heteroaryl -(6ptionally
substituted with C,-C, alkyl), halogen, hydroxy, nitro, cyano,
trihalo(C,-C,)alkyl, C,-C, alkylcarbonyl, C,-C, alkoxycarbonyl, -
aryl(C,-C,)alkoxycarbonyl, R;HN-, amino(C,-CJaIkyl, C,-C,

' a'Iky[amino(C,-C,,)aIkyl or di(C',-C4 a!kyl)amino(C,-C4)aIkyI;

_?' with the proviso that n‘ Ais HZNC(-NH)NH- then, dependently, W is not

hydrogen when Q is -CH,-;

L ie selected from -C(=0)-, -SO,-, -OC(=0)- or -HNC(=0)-;
R, is selected from hydrogen, C,-C, alkyl or cycloalkyi;
'R, is selected from hydrogen or C,-C, alkyl;

R, is selected from hydrogen, C,-C, alkyl, aryl, aryl(C,-C,)alkyl, cycloalkyl,

hydroxy, cyano or nitro;

Q is selected from -CH,-, -CH(C,-Caa_lkyl)-, -CH(C-Csalkenyl)-,

-CH(C,-Cqalkynyi)-, -CH(aryl)- (wherein aryl is optionally substituted with

one to five substituents independently selected from C,-C, alkyl, C,-C,

alkoxy, -O-(C,-C; alkyl)-O-, halogen, hydroxy, trihalo(C,-C,)alkyl or

trinalo(C,-C,)alkoxy), -CH(heteroaryl)- (wherein he_teroaryl is optionally
5
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substituted with a éubstituent selected from Haibgen, hydroxy, C,-C, aikyl, -
C,-C, alkoxy, -O-(C,-C, alkyt)-O-, amino, C,-C, alkylamino or
di(C,-C,)alkylamino) or -CH(aryl(C,-Cs)alkyl)-;

W is selected from hydrogen or N(R,)T;

. ris an integer selected from 0 or 1;

R, is selected from hydrogen, C,-C;alkyl or C,-C, acyl;

T is selected from R,C(=0)-, R,OC(=0}- or R;C(=N-CN)-;

- R is selected from C,-C, alkyl, aryl, aryl(C,-C,)alkyl or amino (wherein amino is

optionally substituted with one to two substituents independently selected
from C,-C, alkyl);

R, is selected from hydrogen, C,-C, alkyl, aryl(C,-Cs)alkyl, (R;)N(C,-Cg)alkyl,
(Re)(R7)N(C,-Cp)alkyl or (Re)(R,INC(=O)C,-Cy)alkyl; and, |

R;and R, are independently'selected from hydrogen, C,-C, alkyl or cycloalkyl;

and pharmaceutically acceptable salts thereof.

- lustrative of the invention is a pharmaceutical composition comprising a

pharmaceutically acceptable carrier and any of the compounds described

‘above. lllustrating the invention is a pharmaceutical composition made by

mixing any of the compounds described above and a pharmaceutically
acceptable carrier. An illustration of the invention is a process for making a
pharmaceutical composition comprising mixing any of the compounds

described above and a pharmaceutically accepfable carrier.

An example of the invention is a method of treating integrin-mediated
disorders in a subject in need thereof comprising administering to the subject a
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therapeutically effective amount of any of the compounds or pharmaceutical

‘compositions described above. Examples of integrin-mediated disorders
‘include, but are not limited to, unstable angina, thromboembolic disorders,
atherosclerosis, arterial and/or venous thrombosié? restenosis, rheumatoid

arthritis, vaso—occluswe disorders, osteoporosis, tumor angnogenesns muitiple
sclerosis, neurologlcal disorders, asthma, vascu!ar injury, macular-.
degeneration or dlabetlc complications, mcludmg dlabetlc retinopathy.

Further exemplifying the invention is the rh_‘eihbd' of treating integrin-

“mediated disorders, wherein the therapeutically effective amount of the

compound is from about 0.01 mg/kg/day to about'SOO mg/kg/day. -

Also included in the invention is the use of 'é' compound of Formula (1)

‘for the preparation of a medicament for treating an mtegnn-medlated disorder

in a subject in need thereof,

The isonipecotamide compounds of the present invention are integrin

antagonistS' pérticularly, avf3, o&BS' GPlib/lla, dual avB3/GPIIb’7IIf§ and dual
- och3/avB5 integrin antagomsts The instant compounds are useful in treating
thrombotic dlsorders such as restenosvs arterial and venous thrombosis, acute -
“myocardial infarction, re-occlusion following thrompolyttc therapy and

angioplasty, inflammation, unstable angiha, 'ather¢§CIerosis, angiogenesis and
a variety of vaso-occlusive disorders. These compounds are also useful as
antithrombotics used in conjunction with fi brinolytic therapy (e.g., t-PA or -
streptoklnase) Additionally, the compounds are useful in treating and
preventmg osteoporOS|s rheumatoid arthritis, bone resorptvon cancer, macular
degeneration, and diabetic complications mcludlng diabetic retmopathy..

Detailed Description of the Invention
Relative to the above generic description, certain compounds of

Formula (1) are preferred.

The preferred embodiments of the present ihvention are those
7
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compounds wherein, independently, _
Mis selected from ethylene (optionally substituted within the carbon chain with

methyl and su.bstt_tuted on the terminal carbdhi with one substituent selected
from A), propylene (optionally substituted within the carbon chain with
methyl, ethenyl, cyclohexylidene (wherein a ring carbon atom forms the
point of attachment to the carbon chain) or 4-Cl-phenyl and substituted on
the terminal carbon with one substituent selected from A), allylene
(substituted with one substituent selected from A); piperidin-4-ylene

- (optionally substituted with one substituent selected from A), 1,4,5-dihydro-

10

2-cyclopenten-1-ylene (substituted with one substituent selected from A) or
4-methylenephenyl (substituted on methylene with one substituent selected
from A);

A is optionally present and is selected from 1H-imidazol-1-yl, 1H-imidazol-2-yl,

15
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30

4,5-dihydro-1H-imidazol-2-yl (optionally substituted with .a substituent
selected from C,-C, alkoxycarbonyl or aryl(C,-C,)alkoxycarbonyt), pyridin-2-
yl (optionally substituted with a substituent selected from.C,-C, alkyl,
heteroaryl (op_tionally substituted with C,-C, alkyl), halogen, hydroxy, nitro,
cyano, amiho, amino(C,-C,)alkyl, C,-C, alkylamino(C,-C,)alky! or di(C,-C,
alkyl)amino(C,-C,)alkyl), pyrimidin-2-yl, 1,4,5,6-tetrahydro-pyrimidin-2-yl
(optionally substituted with one to two substituents independently selected
from C,-C, alkyl, hydroxy or amino), piperidin-4-yl, benzimidazol-2-yl,
1,2,3,4-tetrahydro-1,8-naphthyridin-7-yl, 3H-imidazo{4,5-b]pyridin-2-yl,
amino, (C,-C, alkyl)amino, (1H-imidazol-1-yl)amino, (1H-imidazol-2-
yl)amino, (4,5-dihydro-1H-imidazol-2-yl)amino (optionally substituted on
4,5-dihydro-1H-imidazol-2-yl with a substituent selected from C,-C
alkoxycarbonyl or aryl(C,-C;)alkoxycarbonyl), (pyridin-2-yl)amino (optionally
substituted on pyridin-2-yl with a substituent selected from C,-C, alkyl,
heteroaryl [optionally substituted with C,-C, alkyl], halogen, hydroxy, nitro,
cyano, amino, amino(C,-C,)alkyl, C,-C, alkylamino(C,-C,)alkyl or di(C,-C,
alkyl)amino(C,-C,)alky!), (pyrimidin-2-yl)amino, (1,4,5,6-tetrahydro-
pyrimidin-2-yl)amino (optionally substituted on 1,4,5,6-tetrahydro-pyrimidin-
2-yl with one to two substituents independently selected from C,-C, alkyl,

8
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hydroxy or amino), (4,5,6,7-tetrahydro-1H-1,3-diazepin-2-yt)amino, (thiazol-
2-yl)amino, (benziini_dazol-2-yl)amino, (3H-imidazo[4,5-b]pyridin-2-yl)amino,
RsH.NC(=NH)NH-, RyHNC(=O)NH-, (4,5;6,7—tetrahydro-1 H-1 ,3-diézepin-2-

yl)aminooxy, (4,5'-'di'hydro—1 H-imidazol-2'—yl)ém'i‘nooxy'or R;HNC(=NH)NHO-;

- more preferably, A is o'ptionally present and is selected from 1H-imidazol-1-yl,
4,5-dihydro-1-Héimidazol-z-yl, pyridin-2-yl (opfiorially substituted with a
substituent selected from C,-C, alkyl or heteroary! [optionally substituted
with C,-C, alkyl]), piperidin-4-yl, benzimidazol-2-yl, 1,2,3,4-tetrahydro-1,8-
naphthyridin-7-yl, 3H¥imida"zo[4,5-b]pyridin-24yl, amino, (4,5-qihydro-1H~.
imidazol-2-yl)amino (optionally substituted on 4,5-dihydro-1 H-imidazol-2-yl
with C,-C; alkoxycarbonyl), (pyridin-2-yl)amino.(optionally substituted on
pyridinyl with a subs_tituent selected from C,-C, alkyl or heteroary! [optionally
substituted with C,-C, alkyl]), (1,4,5,6-tetrahydro-5-hydroxypyrimidin-2-

- yl)amino, (1 ,4,5,6—tetrahydro-5?methylpyrimidin—2—yl)amino,.(1 4,5,6- . :
tetrahydro-5,5-dimethylpyrimidin-2-yl)amino, (thiazol-2-yl)amino, _

* (3H-imidazol[4,5-b]pyridin-2-yl)amino, RHNC(=NH)NH-, R;HNC(=O)NH-,
(4,5-dihydro-1H-imidazol-2-yl)aminooxy or R;HNC(=NH)NHO-;. ..

most preferably, A is optionally present and is selected from 4,5-dihydro-1H-
imidazol-2-yl, 1,2,3,4-tetrahydro-1,8-naphthyridin-7-yl, 3H-imidazo[4,5- -
b]pyridin-2-yl, amino, (4,5-dihydro-1 H-imidazol-2¥yl)ami-no, (pyridin-2-
yl)amino, (3-methyipyridin-2-yl)amino, (thiazol-z-yl)amino. (3H-imidazo[4,5-
b]pyridin'-2-yl)am_ino, NH,C(=NH)NH-, R;HNC(=0)NH-, (4,5-dihydro-1H-
imidazol-2-yl)aminoxy or NH,C(=NH)NHO-,

with the proviso that if A is H,NC(=NH)NH-, then, dependently, W is not
hydrogen when Q is -CH,-; .

L is selected from -C(=0)-, -OC(=0}- or -HNC(=0)-;

R, is selected from hydrogen or C,-C, alkyl;
more preferably, R, is hydrogen;
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R, is hydrogen;

R, is selected from hydrogen, C,-C; alkyl, aryl(C,-Cg)alkyl or hydroxy;
more preferably, R, is selected from hydrogen, butyl, benzyl or hydroxy;

Q is selected from -CH,-, -CH(C,-C,alkyl)-, -CH(aryl)- (wherein aryl is optionally
substituted with one to five substituents independently selected from C,-C,
alkyl, C,-C, alkoxy, -O-(C,-C, alkyl)-O-, halogen, hydroxy or
trihalo(C,-C,)alkyl), -CH(heteroaryl)- (wherein heteroaryl is optionally
substituted with a substituent selected from halogen) or
-CH(aryl(C,-C,)alkyl)-;

more preferably, Q is selected from -CH,-, -CH(methyl)-, -CH(ethyl)-, -

~-CH(phenyl)- (wherein phenyl is optionally substituted with one to five
substituents independentiy selected from methyl, ethyl, propyl, methoxy,
ethoxy, propoxy, bromin'e, chlorine, fluorine, iodine, hydroxy or
trifluoromethyl), -CH(naphthalen-1-yl)-, -C'H(naphthalen-z-yl)-,
-CH[(3,4-dioxymethylene)phenyl]-, -CH[(3,4-dioxyethylene)phenyi}-, -CH{(3-
'bromo-5-chloro-2-hydroxy)phenyi]-, -CH(thien-3-yl)-, -CH(quinolin-3-yl)-,
-CH(pyridin-3-yl)- (wherein pyridinyl is optionally substituted with chiorine)
or -CH(benzyl)-; '

most preferably, Q is selected from -CH,-, -CH(methyl)-, -CH(phenyl)- (wherein
pheny! is optionally substituted with one to five substituents independently
selected from methyl, methoxy, bromine, chlorine, fluorine, hydroxy or
triflucromethyl), -CH(naphthalen-1-yl)-, -CH(naphthalen-2-yl)-,
-CHI(3,4-dioxymethylene)phenyi]-, -CH[(3,4-dioxyethylene)phenyi}-, -CH[(3-
bromo-5-chloro-2-hydroxy)phenyi]-, -CH(thien-3-yl)-, -CH(quinolin-3-yl)-,
-CH(pyridin-3-y1)- (wherein pyridinyl is optionally substituted with chlorine)
or -CH(benzyl)-;

ris 1;
10



WO 01/23376 PCT/US00/26163

10

15

20

R, is selected from hydrogen or C,-C, alkyl;
more preferably, R, is hydrogen;

T is selected from R,C(=0)- or R,OC(=0)-;
more preferably, T is selected from R;OC(=0)-;

R, is selected from aryl or aryl(C,-C,)alkyl;
more preferably, R; is selected from aryl(C,-C,)alkyl;

most preferably, R; is benzyl;

R, is selected from hydrogen, methyl or (R;)(R;)NC(=O)CH,;
more preferably, R, is hydrogen;

R, and R, are independently selected from hydrogen, methyl or ethyl; and,

-more preferably, R; and R, are independently ethyl;

and pharmaceutically acceptable salts thereof. -

Exemplifying the invention is a compound of Formula (1) selected from:

ol
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and pharmaceutically acceptable salts thereof.

Particularly preferred compounds of Formula (1) are selected from:

Cpd Name

1 B-[[[1-[4-[(4,5-dihydro-1H-imidazol-2-yl)amino]-1-oxobutyl}-4-
, . piperidinyljcarbonyllamino]-, (B°S)- 3-quinolinepropanoic acid;
-2 3-[[1-[4-[(4,5-dihydro-1H-imidazol-2-yl)Jamino]-1-oxobutyl]-4-
plpendmyl]carbonyl]amlno] N—[(phenylmethoxy)carbonyl]— L-alanine;
6 B-[1-01 -oxo—4-(2 pynd|nylamlno)butyl]—4-p|pendmyl]carbonyl]ammo]- :
(B*S)- 3-quinolinepropanoic acid;

11 3-[[[1-[[1-(4,5-dihydro-1H-imidazol-2-yl)-4-piperidinyljcarbonyl}-4-
plperldmyl]carbonyl]ammo]-N-[(phenylmethoxy)carbonyl]- L-alanine;

14  3-[[[1-[[(1S.4R)-4-[(4,5-dihydro-1H-imidazol-2-yl)amino]- 2-cyc|openten-

1-yl]carbonyl}-4-piperidinyl}carbonyljamino}-N-
_ [(phenyimethoxy)carbonyl]- L-alanine;
16  3-[[[1-{3-[(4. 5-d|hydroo1H—lmldazol-2-yl)ammo]-2-methyl 1-oxopropyl]—4-
' piperidinyl]carbonyllamino]-N-[(phenyimethoxy)carbonyl]- L-alanine;

17 3-[[[1-[[(1R.4S)-4-((4,5-dihydro-1H-imidazol-2-yl)Jamino]-2-cyclopenten-
1-yljcarbonyl]-4-piperidinyl]carbonyllamino}-N-
[(phenylmethoxy)carbonyl]- L-alanine;

28  4-[[(2S)-2-carboxy-2-
[[(phenylmethoxy)carbonyl]am|no]ethyl]ammo]carbonyl]- 2-{(4,5-
dihydro-1H-imidazol-2-yl)amino)ethyl ester 1-p1per|dmecarboxyllc acid;

39  B-[[[1-{[2-[(4,5-dihydro-1 H-imidazol-2-yl)amino]ethoxy]carbonyl]-4-
piperidinyljcarbonyflamino]-, ($*S)- 3-quinolinepropanoic acid;

47  3-[[1-[4-[(4.5-dihydro-1H-imidazol-2-yl)amino]-2-methyl-1-oxobutyl]-4-
piperidinyl]carbonyllamino}-N-[(phenyimethoxy)carbonyl]- L-alanine;
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50 3-[[[1-(4-amino- 1-oxo-5 hexenyl)-4- plperldmyl]carbonyl]ammo] -N-
[(phenylmethoxy)carbonyl]- L-alanine; :

53  3-[[[1-[4-[(4. 5-d|hydro-1H—|m1dazol-2-yl)amlno]methyl]benzoyl]-4-
pxpendlnyl]carbonyl]ammo]-N-[(phenyImethoxy)carbonyl]- L-alanine; - .

61 B[l -[3-[[(4,5-d|hydro-1H-|m|dazol-2-yl)am_|no]oxy] 1-oxopropyl]-4-
piperidinyl]carbonyl]amino]- 1,3-benzodioxole-5-propanoic acid;

or,

62 B-f[[1 -[1 -ox0-4-(2-p yndmyIammo)butyl]-4-p|pendmyl]carbonyl]amlno]
1,3-benzodioxole-5-propanoic acid; .

and pharmaceutically acceptable salts thereof.

Repre'séntative Chemical Abstracts Service (CAS) Index-like names for
the compounds of the present invention were deriv_ed using the ACD/LABS
SOFTWARE™ Index Name Pro Version 4.0 nomendature software program
provided by Advanced Chemistry Develbpment_, inc., Toronto, Ontario,

Canada.

" The compounds of the present invention may also be present in the
form of ph.arma'ceutica!ly:acéép‘table_ salts. For use in medicine, the salts of the

- compounds of this invention refer to non-toxic “pharmaceutically accéptable -

salts.” Other salts may, however, be useful in the preparation of compounds
according to this invention or of the_ir_pharmaceUtically acceptable salts. The

“pharmaceutically accepfable_ salts generally take a form in which a basic

nitrogen or nitrogéns on the compound of the Formula (1) are protonated with

an inorganic or organic acid. Representative inorganic or organic acids.

.include, but are not limited to, hydrochloric, hydrobfdmic, hydriodic, perchloric,

sulfuric, nitric, phosphoric, acetic, propionic, glycolic, lactic, succinic, maleic,
fumaric, malic, tartaric, citric, benzoic, mandelic, methanesulfomc
hydroxyethanesulfonic, benezenesulfonic, oxallc pam0|c 2-
naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfamic, salicylic,
saccharinid or triﬂu.oroacefi:c acid. Similarly, phar’ma_cemjtic_ally acceptable salts
also include coh_'lpounds 'w.herein a carboxylic_acid':.grou'p of the compound of
the Formula (1) combines with a organic or inorganic base. Representative
inorganic or organic bases include, but are not limited to lithium, sodium,
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potassium, magnesium, caicium, aluminum, zinc, benzathine, chloroprocaine,

. choline, diethanolaminé, ethylenediamine, meglumine (N-methyl glucamine),

_tromét_hamin_e (2-amino-2-(hydroxymethyl)-1,3-propanediol) or procaine (4-
amino-{2-(diethylamino)ethyl ester] benzoic acid).

As used herein, uniess otherwise noted alkyl and alkoxy when used alone

- include straight and branched chains having 1 to 8 carbon atoms, or any number

within this range. Similarly, alkenyl and alkynyl groups include straight and

- branched chain alkenes and alkynes having 2 to 8 carbon atoms, or any number

within this range. The term alkylene, alkenylene and alkynylene refers to alkyl,
alkenyl and alkynyl chains, respectively, that are further substituted and act as
linking groups. Alkoxy radicals are oxygen ethers formed from the previously

. described straight or branched chain alkyl groups. Cycloalkyl groups contain 3 to

8 ring carbons; preferably, 5 to 8 ring carbons; and, more preferably, 5 to 7 ring
carbons.

The term "heterocyclyl” as used herein refers to an optionally

- substituted, stable; saturated 3.to 10 (preferably 4 to 8) membered monocyclic

or bicyclic ring system which consists of .carbon atoms and from one to three
heteroatoms selected from N, O or S. The term "heterocyclenyl” as used’
herein refers to an optionally substituted, stable, unsaturated 3 to 10
(preferably 4 to 8) membered monocyclic or bicyclic ring system which consists
of carbon atoms and from one to three heteroatoms selected from N, O or S.
The heterocyclyl or heterocyclenyl group may be attached at any heteroatom
or carbon atom which results in the creation of a stable structure and,
accordingly, may be further attached to, for example, alkyl or alkoxy chains.
The term hetercyclylene and heterocyclenylene refers to hetercyclyl and
heterocyclenyl groups, respectively, that are further substituted and act as
linking groups; wherein, one or both rings may be optionally substituted with -

one to five substituents attached at any heteroatom or carbon atom which

results in the creation of a stable structure.

The term “aryl”, as used herein, refers to optionally substituted aromatic
28
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groups such as phenyl and naphthyl. The term arylene refers to aryl groups
that are further substituted and act as linking groups; wherein, one or both

rings may be optionally substituted with one to five substituents attached atany -
* carbon atom which results in the creation of a stable structure.

The tei'm"'heteroaryl" as used herein réprese’nt_s a stable five or six
membered monocyclic aromatic ring system or a nine or ten membered benzo-
fused heteroaromatic ring system which consists of carbon atoms and from one
to three heteroatoms selected from N, O or S. The heteroaryl group may be
attached or optioriéliy substituted at any heteroatom or carbon atom which -

" results in the creation of a stable structure.

The term “arylalkyl” means an alkyl group substituted with an aryl group

(e.g., benzyl, phenethyl). Similarly, the term “arylalkoxy” indicates an alkoxy
group substituted with an aryl group (e.g., benzyloxy).

The term “acyl” as used herein means an organic radical having 2 to 6

“carbon atoms (branched or straight chain) derived from an organinc acid by

removal of the hydroxy group.

Whenever the term “alkyl” or “aryl” or either of their prefix roots appear in .

a name of a substituent (e.g., aralkyl, alkylamino) it shall be interpreted as
inclu'ding those limitations given above for “alkyl” and “aryl.” Wheﬁ present, -
designated numbers of carbon atoms (e.g., C,-Cj) shall refer independently to
the number of carbon atoms in a moiety or to the alky! portion of a larger
substituent in which alkyl appears as its prefix root:

Any of the foregoing cycloalkyl, heterocyclyl, heterocyclenyl, aryl and .
heteroaryl substituent groups and their correSpond_ing heterocyclylene,

" heterocyclenylene, arylene and heteroarylene linking groups, as a monocyclic

or bicyclic ring system may be further bridged at any heteroatom or-carbon
atom which results in the creation of a stable ring structure; wherein the
monocyclic bridged ring system consists of 6 to 8 members and the bicyclic

29




WO 01/23376 CEE PCT/US00/26163

10

15

20

- 25

30

bridged ring system '-consists of 10 to 12 members.

It is intended that the definition of any substituent or variable at a

- particular location in a molecule be independent of its definitions elsewhere in
‘that molecule. Itis understood that substituents and substitution patterns on
- the compounds of this invention can be selected by one of ordinary skill in the

art to provide compounds that are chemically stable and that can be readily
synthesized by techniques know in the art as well as those methods set forth

herein.

-Under standard nomenclature used throughout this disclosure, the
terminal portion of the designated side chain is described first, followed by the
adjacent functionality toward the point of attachment. Thus, for example, a
“phenylC,-C; alkylamidoC,-C,alkyl” substituent refers to a group of the formula:

| | /ﬁ Cy-Cq alk I—O
$— C4-Cg alkyl H/ e alY |

The present invention includes within its sbopé prodrugs of the

-compounds of this invention. In general, such prodrugs will be functional

derivatives of the compounds which are readily convertible in vivo into the
required compound Examples of prodrugs include but are not limited to
various esters, hydroxyamidines and hydroxyguamdlnes of compounds of the
present invention. Thus, in the methods of treatment of the present invention,
the term “administering” shall encqmpass the treatment of the various
disorders described with the compound specifically disclosed or with a
compound which may not be specifically discl_osed, but which converts to the
specified compound in vivo after administration to the patient. Conventional
proced'ures_ for the selection and preparation of suitable prodrug derivatives are
described, for example, in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier,
1985.
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Where the compounds according to this invention have at least one

~ chiral center, they m?yfac'c’:ordingly exist as 'e'na"ntigfnersﬁ Where the

compounds possess two or more chiral centers, they may additionally exist as
diastereomers. It is to be understood that all such'isomers and mixtures
thereof are encompassed within the scope of the pk6sent- invention.

" Furthermore, some (jf the crystalline forms for the ébnipdunds'fnay'exist as

polymorphs and as sth' are intended to be i'nclud:é:d in the present invention.
In addition, some of the compounds may form sol\faftes with water (i.e.,
hydrates) or common organic solvents, and such solvates are also intended to-
be encompassed within the scope of this inventiori.

The term “subject” as used herein, refers to an animal, preferably a

mammal, most preferaBIy a human, who has been the object of treatment,

observation or experiment.

The term “therapeutically effective amount” as used herein, means that

amount of active compound or pharmaceutical agent that elicits the biologicalor -~ -
medicinal response in a tissue system, animal or human, that is being:sought by - |
a researcher, veterinarian, medical doctor, or other.?l_inician_, which includes S 1
alleviation of the _syrhpt_oms of the disease or disord_éir being treated. | |

The term “bone resorption,” as used herein, refers to the process by

which osteoclasts degrade bone.

The present in_veﬁtibn provides isohip_e_cotam_ide compounds that are
useful as avfB3, avpd énd_ GPIlIb/llla integrin antag_oriists._ Compounds of -
Formula (I). that are particularly. p_refé_rred as avBS ibtegrin antagonists are
selected from Compouhd 1,2,3,5,6,12, 14, 16, 18, _21, 24, 25, 28, 29, 31,
33, 34, 39, 40, 44, 47, 49, 54, 55, 58 or 60. Compéhnds of Fofm_ula (l') that are
particularly preferred és GPIib/III_a integrin antagohi_'_sts are selected from'
Compound 1, 2, 5, 11, 12, 14, .1 6,17, 18, 19, 39, 47, 49, 50, 53, 54, 55 or 56.
Compounds of Formula (1) that are particularly preferred as avp5 integrin

antagonists are selected from Compound 1, 2, 16, 45, 58 or 60. Compounds
| 31
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of Formula (1) that 478 particularly preferred as diial avB3/GPIIb/lila integrin

~ antagonists are selected from Compound 2, 5, 12, 14, 16, 18, 39, 47,49, 54 or

55. Compounds of Formula (1) that are particularly preferred as dual

avp3/avp5 integrin-antagonists are selected from Compound 1, 2, 16, 58 or 60.

Compounds of Formula (1) that are more particularly preferred as ovp3
integrin antagonists are selected from Compound 1, 2, 6, 28, 39 or 47.
Compounds of Formula (1) that are more particularly preferred as GPlibl/llia
integrin antagonists are selected from Compound 2,11, 14, 17,50 or 53.
Compounds of Formula (1) that are more particularly preferred as ovp5 integrin
antagonists are selected from Compound 1, 2 or 16. Compounds of Formula
(1) that are more particularly preferred as dual avB3/GPlib/llla integrin
antagonists are Compound 2. Compounds of Formula (1) that are more -
particularly preferred as dual avp3/avp5 integrin antagonists are selected from

Compound 1 or2.

- The compouhds of Formula (1) inhibit the binding of adhesive proteins -
such as fibrinogen, vitronectin, and osteopontin to the integrin class of
receptors. As dernonstrated by the results of the biological studies described
hereinafter, the compounds block vitronectin binding to isolated avp3 (ICs,'s of
ca. 1-300 nM), and inhibit fibrinogen binding to isolated GPlIb/llla as well.

' Because the compounds of this invention inhibit integrin-mediated cell-cell or

cell-matrix adhesion, they may be useful against restenosis, thrombosis,
inflammation, atherosclerosis, arthritis, angiogenesis, osteroporosis, bone
resorption, tumor cell metastasis, tumor growth, macular degeneration, diabetic

_retinopathy, diseases of lung/airway resistance, etc. (D. Cox, Drug News &

Perspectives 1995, 8, 197).

The compounds of Formula (1) aré also useful as antithrombotics in
combination with fibrinolytic therapy (e.g., t-PA or streptokinase). Additionally,
the compounds of Formula (I) are uséful in combination with one or more
agents useful in the prevention or treatment of osteoporosis and arthritis. For
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- treatments of an integrin antagonist of the present -i_hvention- and alendronate.

- componerits of the combination can be administered separately at different

example, the compounds of the instant invention may be effectively -
administered in combination with other agents used in the treatment of -

. osteoporosis such as Bispho‘sphonate bone re'sorption inhibitors; preferably,

the bisphosphonate bone resorption inhibitor is a'léndronate, sold as
FOSAMAX®. Preferred combinations are simultaneous or alternating

In accordance with the methods of the present invention, the individual
times during the course of therapy or concurrently in divided or single

combination forms. The.instant invention is therefore to be understood as
embracing all such regimes of simultaneous or alternating treatment and the

term “administering” is to be interpreted accordingly.

As used herein, the term “composition” is intended to encompass.a .
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the . R ;_-;,5
specified ingredients in the specified amounts. | AR

The utility of the compounds to treat integrin-mediated disorders canbe =~
determined according to the procedures herein. The present invention
therefore provides a method of treatin_g ih_tegrin-mediated disordérs_ in a subject
in need thereof which comprises administering _an'y 'bf the compounds as
defihe_d herein in a quantity effective to treat thrombotic disorders, .

- osteoporosis, cancer, and diabetic complications. The compound may be

administered to a patient by any conventional route of administration, including,
but not limited to, intravenous, oral, subcutaneous, intramuscular, intradermal

and parenteral.
The present invention also provides pharmaceutical compositions

comprising one or more compounds of this invention in association with a

pharmaceutically acceptable carrier.
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To preparetffé pharmaceutical composiﬁ ns of this invention, one or
more compounds of Formula (1) or salt thereof of the invention as the active
ingredient, is intimately admixed with.a pharmaceutical carrier according to.
conventional pharmaceutical compounding techniques, which carrier may take

a wide variety of forms depending of the form of preparation desired for

- administration, e.g., oral or parenteral such as intramuscular. In preparing the

compositions in oral dosage form, any of the usual pharmaceutical media may |
be employed. Thus, for liquid oral preparations, such as for example,

. suspensions, elixirs and solutions, suitable carriers and additives inciude water,

glycols, oils, alcohols, flavoring agents, preservatives, coloring agents and the
like; for solid oral preparations such as, for example, powders, capsules,

- caplets, gelcaps and tablets, suitable carriers and additives include starches,

sugars, diluents, granulating agents, lubricants, binders, disintegrating agents
and the like. Because of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If desired, tablets may be

“sugar coated or enteric coated by standard techniques. For parenterals, the

carrier will usually comprise sterile water, through other ingredients, for

~ example, for purposes such as aiding solubility or for preservation, may be

included. Injectable suspensions may also be prepared, in which case
appropriate liquid carriers, suspending agents and the like may be employed.
The pharmaceutical compositions herein will contain, per dosage unit, e.g.,
tablet, capsule, powder, injection, teaspoonful and the like, an amount of the
active ingredient necessary to deliver an effective dose as described above.
The pharmaceutical compositions herein will contain, per unit dosage unit, e.g.,

- tablet, capsule, powder, injection, suppository, teaspoonful and the like, of from
- about 0.01 mg/kg to 100 mg/kg (preferably, from about 0.1 mg/kg to about 30

mg/kg) and may be given at a dosage of from about 0.01 mg/kg/day to about
300 mg/kg/day (preferably, from about 1 mg/kg/day to about 50 mg/kg/day).
The dosages, however, may be varied depending upon the requirement of the

- patients, the severity of the condition being treated and the compound being

employed. The use of either daily administration or post-periodic dosing may

be employed.
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" Preferably these compositions are in‘unit dosage forms from such as

“tablets, pills, capsules, powders, granules, sterile parenteral solutions or
- suspensions, metered aerosol or liquid sprays, drops, ampoules, autoinjector
* devices or suppositories; for oral parenteral, intranasal, sublingual or rectal - .

administration, or for administration by inhalation or insufflation. Alternatively,
the EOmposition may be presented in a form suitable for once-weekly or once-
monthly ad'minist_ration'; for example, an insoluble: salt of the active compound,
such as the decanoate salt, méy'- be adapted to provide a depot preparation for
intramuscular injection. For preparing solid compositions such as tablets, the
principal active ingredient is mixed with a 'pharmaCeuficaI carrier, e:g.

- conventional tableting ingredients such as corn starch, lactose, sucrose, |
- sorbitol, talc, stearic acid, magnesium stearate, dicaicium phosphate or gums,

and other pharmaceutical diluents, e.g. water, to form a solid preformulation.

' composiﬁon containing a'homogeneous mixture of a compound of the present

invention, or a pharmaceutically acceptable salt thereof. When referring to
these preformulation compositions as hom'og'eneops, it is meant that the active
ingredient is dispersed evenly throughout the composition so that tH&"

composition may be readily'SUbdiVided into equally effective dosag&forms

such as tablets, p'i!ls..énd capsules. This solid preformulation composition is -
then subdivided into unit dosage forms of the tybe-described above containing

" from 0.1 to about 500-mg of the active ingredient of the present invention. The
tablets or pills of the novel composition can be coated or otherwise

compounded to provide a dosage form affording thé advantage of prolonged
action. For example, the tablet or pill can comprise an inner dosage and an
outer dosage component, the latter being in the form of an envelope over the
former. The two components can be separated by an enteric layer which
serves to resist disintegration in the stomach and permits the inner component

to pass intact into the duodenum or to be delayed in release. A variety of

material can be used for such enteric layers or coatings, such materials.
including a number of polymeric acids with such materials as shellac, cetyl

alcohol and cellulose acetate.
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The liquid fofﬁis in which the novel compbsitions of the present
invention may be incorporated for administration orally or by injection inciude,
aqueous solutions, suitably flavoured syrups, aqueous or oil suspensions, and
flavoured emulsions with edible oils such as cottonseed oil, sesame oil,

_ coconut oil or peanut oil, as well as elixirs and similar pharmaceutical vehicles.

Suitable dispersing or suspending agents for aqueous suspensions, include
synthetic and natural gums such as tragacanth, acacia, alginate, dextran,

- sodium carboxymethylceliulose, methylcellulose, polyvinyl-pyrrolidone or

gelatin.

Where the processes for the preparation of the compounds éccording to
the invention give rise to mixture of stereocisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers

may be prepared either by enantiospecific synthesis-or by resolution. The

- compounds may, for example, be resolved into their components enantiomers

by standard technigues, such as the formation of diastereomeric pairs by salt

' formation with. an optically active acid, such:as (-)-di-p-toluoyi-d-tartaric acid

and/or (+)-di-p-toluoyl-Il-tartaric.acid followed by fractional crystallization and
regeneration of the free base. The compounds may also be resolved by .

formation of diastereomeric esters or amides, followed by chromatographic

- separation and removal of the chiral auxiliary. Alternatively, the compounds

may be resolved using a chiral HPLC column.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in
Protective Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press,
1973; and T.W. Greene & P.G.M. Wuts, Protective Groups in Organic

- Synthesis; Third Edition, John Wiley & Sons, 1999. The protecting groups may

be removed at a convenient subsequent stage using methods known from.the
art.
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The method of treating integrin-mediated disorders described in the

‘present invention may also be carried out using a pharmaceutical composition -

comprising any of the compounds as deﬁned herein and a pharmaceutically

acceptable carrier. The pharmaceuticalcbmbosiﬁon may contain between about
0.01 mg and 100 mg, preferably about 5 to 50 mg,“of the compound, and: may be -
~constituted into any form suitable for the mode 'qf admihistration'selected; .
- Carrieks include necessary and inert pharmaceutica'l excipients, including, but not

limited to, binders, suspending agents, lubricants, flavorings, sweeteners,
preservatives, dyes, and coatings. Compositions suitable for oral administration
include solid forms, such as pills, tablets, caplets, capsules (each including

immediate release, timed release and sustained release formulations), granules,
and powders, and liquid forms, such as solutions, syrups, elixirs, emulsions, and -

suspensions. Forms useful for parenteral administration include sterile solutions,

emulsions and suspensions.

Advantag‘e‘ousl.y,_ compounds of the present invention may be:

administered in a single daily dose, or the total daily dosage may be.

administered in divided doses of two, three or four times daily. Furthermore,

compounds for the present invention can be administered in intranasal formvia =~

topical use of suitable intranasal vehicleé. or via transdermal skin patches well
known to those of ordinary skill in that art. To be administered in the form-of a
transdermal delivery system, the dosage administration will, of course, be
continuous rather than intermittent throughout the dosage regimen.

For instance, for oral administraﬁ'on in the form of a tablet or capsule, the

active drug component can be combined with an oral, non-toxic pharmaceutically

acceptable inert carrier such as ethanol, glycerol, water and the like. Moreover,
when desired or necessary, suitable binders; lubricants, disintegrating agents
and coloring agents can also be incorporated into the mixture. Suitable binders
include, without limitation, starch, gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia.
tragacanth or sodium oleate, sodium stearate, magnesium stearate, sodium
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' benzoate, sodium : _c%tate, sodium chloride and the like. Disintegrators include,
“without limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and the

like.

The liquid forms in suitably flavored suspending or dispersing agents such
as the synthetic and natural gums, for example, tragacanth, acacia, methyl-

~ cellulose and the like. For parenteral administration, sterile suspensions and
- solutions are desired. Isotonic preparations which generally contain suitable

preservatives are employed when intravenous administration is desired.

The compound of the present invention can also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles, and multiilamellar vesicles. Liposomes can be formed from

a variety of phospholipids, such as cholesterol, stearylamine or

. phophatidyicholines. -

Compounds of the present invention may also be delivered by the use of
monoclonal antibodies as individual carriers: to:which the compound molecules

- are coupled. The: compounds:of the present invention. may also be coupled with

soluble polymers as targeted drug carriers. Such polymers caninclude
polyvinyipyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxy-ethylaspartamidephenol, or polyethyl eneoxidepolylysine substituted
with palmitoyl residue. Furthermore, the compounds of the present invention:
may be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid, polyepsiion
caprolactone, polyhydroxy butyeric a_cid, polyorthoesters, polyacetals,
polydihydropyrans, polycyanoacrylates and cross-linked or amphipathic block
copolymers of hydrogels.

Compounds of this invention may be administered in any of the foregoing

compositions and according to dosage regimens established in the art whenever
treatment of thrombotic disorders is required.
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The daily dosage of the products may be varied over a wide range from.
about 0.01 mg to about 21,000 mg per adult human per day. Fororal
administration, the compositions are preferably provided in the form of tablets
containing, 0.01,0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150,
200, 250 and 500 milligrams of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be treated. A therapeutically effective
amount of the drug is ordinarily supplied at a do‘sagé level of from about 0.01
mg/kg to about 300 mg/kg of body weight per day. | Preferably, the range is from
about 0.01 mg/kg to about 100 mg/kg of body weight per day; and more
preferably, the range is from about 0.01 mg/kg to about 50 mg/kg of body weight
perday. The compounds may be administered on a regimen of 1 to 4 times per -

day.

Optimal dosageés to be administered may be readily determined by those .
skilled in the art, and wiil vary with the particular compound used, the mode of .
administration, the strength of the preparation, the mode of administration, and
the advancement of the disease"cohdition. in additjbn, factors associated with

‘the particular patient being treated, including patient age, weight, diet@nd time of .

administration, will result in the need to adjust dosages.

Abbreviations used in the instant specification, particularly the Schemes

and Examples, are as follows:

Aq. = aqueous

Bn or Bzl =  benzyl

Boc =  tert-butoxycarbonyi
Boc,O di-tert-butyl dicarbonate
BSA =  bovine serum albumin
nBu = n-butyl '

Cbz - = benzyloxycarbonyl
CPorCpd = Compound

DCM =  dichloromethane

DIC = diisopropylcarbodiimide
DIPEA =  diisopropylethylamine
‘DMAP =  4-dimethylaminopyridine
DMF = N, N-dimethyiformamide
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- DMSO = . dlmethylsuifoxlde
EDC ethyl dmethylammopropyl-carbodumlde
- EDTA ethylenediaminetetraacetic acid
ES = electrospray
Et ethyl '
Et20 =  diethyl ether
EtOH = ethanol
'H NMR proton nuclear magnetic resonance spectrum
HBTU =  2-(1H-benzotriazole-1-yl)-1,1,3,3- tetramethyluronlum
hexafluorophosphate '
HEPES =  4-(2-hydroxyethyl)-1- piperazine-ethanesulfonic acid
HOBT hydroxybenzotriazole
HBTU =  2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyl-uronium
hexafluorophosphate
IPA =  2-propanol
Me methyl
MeOH methanol
MH* =  observed molecular ion
- MPK =  milligrams per kilogram
MS mass spectrum
‘NMM = . N-methylmorpholine -
NT =... not tested
Ph phenyl.
PPT precipitate
Pyr. pyridine .
RP-HPLC =  preparative reversed-phase high pressure liquid
chromatography . .
RT = room temperature
~ Sch =  Scheme
TEA =  triethylamine
THF =  tetrahydrofuran
TFA trifluoroacetic acid
T™MS trimethylsilane
V4 =  benzyloxycarbonyl

General Synthetic Methods

Although the following Schemes depict synthetic routes to specific

compounds of Formula (1), they are intended to also represent general

synthetic routes to other compounds of the present invention to those skilled in

the art of synthetic organic chemistry. By way of example, the synthetic route
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shown in Scheme AA used to prepare Compo_und 1 is also illustrative of a'
general method for the preparation of other instant compounds whereby other
starting materials a‘nd apbrdpriate reagents and solvents are used. Most of the
reaction unless otherwise indicated were perfo‘r'rﬁed at room temperature.

SCHEME AA

Compounds of the invention wherein A is (4,5-dihydro-1H-
imidazol-2-yl)amino and its homologs may be pré_'pared as shown below. The
B-Aminoacid derivative AA5 was prepared as detailed in PCT International -
Application WO 97/41102 and as published (J. RiCo, J. Org. Chem. 1993, 58,
7948). Such ﬁ-aminoaci.d derivatives can also be prepared by the methods
described in WO 97/08145 and in U.S. Patent 6,100,423. The reagent AA3
was purchased from Maybridge Chemical Company.

For the preparation of compounds exemplified by final target Compound
1, secondary amine AA1 was coupled with 4-N-Boc-aminobutyric acid in the -
presence, and the Boc group subsequently removed with trifluoroacetic acid to
give primary amine AA2 as the TFA sait. This salt was acylatedb\ii}"l‘;tf‘ﬁ' reagent
AA3, the 2-amincimidazoline product was protected with di-tert-butyi
dicarbonate, and the methyl ester was sapohiﬁed_ with lithium hydroxide to
afford AA4. Intermediate AA4 was coupled with amino ester AAS in the
presence of HBTU, and the product was then de-protected with aqueous

"hydrochloric acid to give the target Compound 1. Similarly, the Boc group of

coupling product from AA4 and AA5 can be removed with a mixture of
trifluoroacetic acid in dichloromethane (1:1) and the ester moiety subsequently
saponified with aqueous LiOH in tetrahydrofuran to afford the lithium salt of
Compound 1. If the ester derivative is désir_ed, then the saponification step is

eliminated.

For the preparation of a-diaminoalkanoic acid derivative compounds of -
Formula (1), such as those exemplified by the Compound 11, the secondary
amine AA1 was reacted with (N-t-butyloxycarbonyl)isonipecotic acid

(purchased from BaChem) instead of 4-N-Boc-aminobutyric acid and the
41
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product was carriedﬁfbwvard to replace AA2 in S'c.:he_me AA, wherein_'ABZ was
used to replace AAS to produce the target Compound 11.

‘Similarly, for the preparation of compounds of Formula (1), such as those

" exemplified by Compound 16, the secondafy amine AA1 was reacted with

commercially available N-Boc—(3-amino-2-methyl)proprionic acid instead of 4-
N-Boc-aminobutyric acid and carried forward to replace AA2 in Scheme AA,
wherein AB2 was used to replace AAS to produce the target Compound 16.

For the preparation of compounds of Formula (l) exemplified by
Compound 53, the secondary amine AA1 was reacted with the commercially

available N-Boc-(4-aminomethyl)benzoic acid instead of 4-N-Boc-aminobuityric
“acid and carried forward to replace AA2 in Scheme AA to produce the target

Compound 53.

For the preparation of compounds of Formula (1), such as those
exemplified by Compound 14 and Compound 17, the secondary amine AA1
was reacted with.commercially available (-)-(1R,4S)-N-Boc-1-aminocyclopent-
2-éne—4-carboxyl_ic acid (for Compound:-14) or (+)-(7S,4R)-N-Boc-1- |
aminocyclopent-2-ene-4-carboxylic acid (for Compound 17) instead of 4-N-

. Bdc—aminobutyric acid. The resulting product replaced AA2 in Scheme AA and

was carried forward, with AB2 replacing AAS5, to produce Compound 14 and
Compound 17, respectively. '
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«CO,Me 1)BOCNH(CH,);COH O/COgMe
Wl YT CEDGINMM T N |
0

AA1- - 2) TFA, CH,Cl;

AA2
' Me o
Me‘[;N"

P\
1) NTNH-HBr

) et
- AA3 NBoc 'O’ COZL'
NMM, 1_,_4-d|oxane> | N N’\/\n’

2) Boc,0, Na,CO4
3) LiOH (aq.)THF N M4

_coMe
”HzNL(O CO.,R
v oﬂ L(\O

HBTU, NMM, DCM

2) 4 MHCI (aq.) for R=H R = H (Compound 1)
2) TFA?rCH Cl ' R=U

2w12 -3
3) LiOH (aq. )/THF} forR=Li

SCHEMEAB oo
The a-dlammoalkanonc acid derivatives of Formula (I) such as
5 Compound 2, can be prepared from ester mtermedlates such as the free base
of ABZ (methyl N-a-(benzyloxycarbonyl)—L-Z 3-d|am|noprop|onate) to replace
AAS in Scheme AA. In this example, Cbz-protected acid AB1 (purchased from
BaChem) was dissolved in methanol and treated with 4N 'HCl in 1,4-dioxane in
the presence of 1,2-dimethoxypropane to afford the intermediate amino ester
10 AB2. Using the method described in Scheme AA, the free base of AB2 was-
used to replace AA5 to produce Compound 2. '

N HO_ OH NH; * HCI
Q MeXMe i
5 )LN OH - o u ._OMe
H 5 4 M HCl in 1,4-dioxane o
MeOH
AB1 AB2 |
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| £ SCHEME AC
Compounds of Formula (1) wherein A is heteroaryl, heterocyclyl,
- (heteroaryl)amino or (heterocyclyl)amino, such as Compound 6, can be
prepared by reacting the heteroaryl, heterocyclyl, (heteroaryl)amino or
5 (heterocyclyl)amino starting material with the appropriate alkyl halide. For
example, Compound AC1 was acylated with 4-bromobutyryl chloride. The
resulting alkyl bromide product was reacted with (pyridin-2-yl)amino at reflux to
provide AC2. The ester AC2 was saponified with lithium hydroxide and carried
forward to replace AA4 in Scheme AA to give Compound 6. Other compounds
10 of Formula (1), such as Compounds 30, 41 and 62, can be prepared using
Scheme AC by varying the starting material used.

1) Br(CH,)3COCI

O,COzMe NMM v l . ) O/COZU
. : N . N
HN 2) 2-aminopyridine N W :

N
AC1 " Na,COs ' H o
3) LiOH « H,0
THF/H,0 (3:1) AC2
15 Another method used to prepare heterocyclyl compounds, such as

benzimidazol-z-yl. was the N-'acylation of starting materials using methodology
analogous to that shown in Scheme AA. For example, the N-acylation of AC3
with AD2 followed by saponification and deprotection by removal of the Boc

group afforded Compounds 8, 13 and 15.

1) AD2, HBTU, HOBT, N
.NMM, MeCN '
eC _ —\—N

P .
-
(:[‘)—\_ 2) LOH*H,0 = . | o
2N COH  THFM,O (1:1)
Boc '
N

3) TFA/DCM (1:1)
anisole

ac3 @E“»_/"\‘o
N

20 Compound 8
Certain other (heterocyclyl)amino compounds may be prepared by
reacting a 2-fluoroheterocyclyl compound with the appropriate aminoaikanoate
44 '
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(e.g., AA2) as reported by C. Senanayake in Tetrahedron Lett. 1999, 40, 6875.

'For compounds where A is (tetrahydro—pyrimidine21yl)amino or
(pyrimidin-2-yl)amino, 2-bromopyrimidine may bé reacted with the:appropriate . . -

aminoalkanoate (e.g., AA2) as reported by G. 'Harftman-in WO 95/32710. For
compounds where A is 1H-imidazo[4,5b]pyridin-2-yl, an appropriate alkyi
dicarboxylic acid (e.g., succinic acid) may be reacted with 2,3-diaminopyridine
as reported by R. Keenan in Bioorg. Med. Chem. Létt. 1998, 8, 3171.

SCHEME AD

‘Scheme AD provides an alternate method of synthesis for the
a-diaminoalkanoic acid derivatives of Formula (1), such as Compound 2, by
changing the order of the coupling steps depicted in Scheme AA. -For
example, thé isonipecotamide intermediate AD2 'used to further synthesize
other a-diamihoalkanoib acid derivative compounds of the invention was
prepared by the HBTU- mediated coupllng of AD1 (purchased from Advanced
Chemtech) and AB2. . AR

1) HBTU, HOBT

CO.H CO,Me NMM MeCN
O -
Boc” HoN  NHCbz ) 4 M HCI/1,4-dioxane e
| « HCI or * HClor TFA NHCbz
AD1 . AB2 TFA/DCM (1:1) - - AD2

The acid AD3 was prepared (as described by J. V. Greenhill, Chem.
Soc., Perkin Trans. 2 1985, (8), 1255-1264) and was reacted with di-tert-butyl
dicarbonate in the presence of NaOH. The intermediate sodium salt was
coupled with AD2 using HBTU to afford AD4. Deprotection of AD4 with 4 M

HCIl (aq.) yielded Compound 2.
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1) NaOH, Boc,0 | 0

(\NH H,O/THF (3:1) ( O)LNH
OH >
/\/\[r 2) AD2, HBTU, )\N/\/\er '\‘/COZMS
" HOBT, NMM NHCbz
~ AD3 MeCN AD.4_
_ 0

4 M HCI (2.) N (:('LNH

z N CO,H

NN K(

H o] NHCbz
Compound 2
SCHEME AE

. Compounds of Formula (l) wherein A includes an aminooxy moiety can
5 be prepared by the methods represented below. Boc-protected aminooxy
intermediate AES (used to prepare Compound 58) and amindoxy intermediate
AES8 (used to prepare Compounds 60 and 61) were synthesized according to
the methods described by C. Gilon, et. al. in Tetrahedron 1967, 23, 441-4447
and B. J. Ludwig in J. Med..Chem. 1970, 13, 60-63. Commercially available
10. B-propriolactone AE1 and N-hydroxysuccinimide AE2 were reacted to afford
the correspond'ing oXyamino.ester,-:wh'ic'h;was hydrolyzed in a refluxing mixture
of 6 M HCI (aq.) and glacial éce’tié acid. The resulting HCI salt was converted
to the free base AE3 by treatment with NaOMe in 2-propanol. Guanylation of
AE3 with commercially available AE4 followed by reaction with di-tert-butyl
15 dicarbonate furnished the protected oxyguanidine intermediate AE5. To
produce the target Compound 53, the secondary amine AA1 in Scheme AA
was reacted with the protected oxyguanidine intermediate AES5 instead of 4-N-
B'oc-aminobutyrid acid and carried forward as AA2.
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P 1) INNaOH
go + QN_OH . 5 C— RT . - HZN\O/_\/COZH
o' 2) 6 M HCI (aq.), AcOH '

reflux AE3
3) NaOMe, IPA '
iM *H,SO,
1) |[HN® NH 24 H
’ 2
Ba(OH), * 8H,0, H,0, A BN o oe
2) Boc,0, N82C03

H,0, 1,4-dioxane AES

_ Similarly, Boc-protectlon of AES (purchased from Aldrich) produced -
_ | AE7 followed by reaction of AE7 with AES3 to afford the protected (4,5-

5 dlhydro-1H-|m|dazol-2-yl)am|nooxy intermediate AE8 To produce the target
'Compounds 60 and 61, the secondary amine AA1 in Scheme AA was reacted
with the protected (4,5- dlhydro-‘!H-lmldazol-2-yl)am|nooxy intermediate AEB
‘instead of 4-N-Boc-aminobutyric acid and carried forward as AA2. . 7

C N ' ' Hy g
E \)—s o _ 00220 , l: D—sMe - AE3 <i§r N‘o/.\/_cozH
N .

*Hl  TEA, DCM N pyr., DIEPA X
Boc 80°C Boc
10 AE6 AE7 . AE8
SCHEME AF

Compounds of Formula (l) whereln A mcludes a urea mmety, such as
Compound 59, may be prepared as depicted below. HBTU-mediated coupling
15 of commercially available starting materials AF1 and AF2 and sebsequent
saponification of the intermediate ester furnished AF3, which was coupled with
AB2 to give AF4. Deprotection of AF4 with TFA/DCM followed by reaction with
phenyl isocyanate and hydrolysis of the resulting ester with 4 M HCI (aq.)
yielded Compound 59.
20
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CO,Me 1) HBTU, HOBT )/\:r?LOH

+ BocHN._~_ CO.H NMM. MeCNiC BocHNWN
N> HCI - 2) LiOH * H,0
HAH ARz H,O/THF (5:4) AF3

| o)

1) HBTU, HOBT ©)ka

AF3 e TFA-HNT~Y |\rcone
MeCN, 5 °C o] NHCbz
2) TF%?;I:Q (1:1). | AF4

0

1) PhCH,NCO NH
- CO,H

DIEPA, THF W K(
AF4 - ©/\ NHCbz

2) 4 MHC! (aq)

Compound 59

. SCHEME AG
CompoUnds of the Formula (I) wherein A is (heterocyclyl)amino, may be
5 prepared by reacting certain activated methylthio derivatives with the:
appropriate amine. For exé’mple :Compound 57 can be prepared by reacting
AG1 (purchased from Aldrich) with amine AF4 followed by acid hydrolysxs of

the resulting ester.

o
S ' NH
s 1) AF4, DIEPA, pyr. S O)L
<r:”‘\ i g)\N/\/\",N K‘/cozH
SMe 2) 4 M HCl (aq.) H o NHCbz
AG1 '
Compound 57
10 Similarly, thiourea AG2, prepared as described in WO/0034255, is

activated with methyl iodide followed by reaction with AG3 as described in
WO/9708145 to provide AG4.
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1) LOH +H,0 -
" H.OTHF (3:1) -
2) HBTU, HOBT : o
- . NMMaB2, |
i e MeCN, 5 °C )\ O)LNH-
HN"N CO,Me —— WN '\rcozH
o .

3) Mel, EtOH, A
NHCbz

- OH
AG2 4) HoNACNH; AG4
AG3

5) 4 M HC! (aq.)

| SCHEME AH

Compounds of Formula (l) wherein L is -OC(=0)- or -HNC(=0)- can be
prepared as outlined beiow. The protected aminoaicohol AH1 can be
converted to a corresponding p-nitrophenylcarbonate intermediate by reaction
with AH2. Reaction of the p-mtrophenylcarbonate intermediate product with
AF1, followed by removal of the Boc group furnished an amine intermediate.
The amine intermediate was subsequently reacted with reagent AA3 togivea =
corresponding (imidazolin-2-yl)amino intermediate. Boc protection of the

(imidazolin-2-yl)amino intermediate followed by saponfication yielded AH3,

which was used to replace intermediate AA4 in Scheme AA to produce

' Compounds 28, 29, 31, 35, 39 and 40.

15

|
o
ON °

AH2
1) NMM, DCM -

- | Co,Li
2) AF1, NMM, DMAP, DCM N
. o
HO™ > o _N
3) TFA/DCM (1:1), anisole N)\N/\/ A

AH1 4) AA3, NMM, 1,4-dioxane Bod
5) Boc,0, NaOH, _THF/Hzo . . AH3
6) LiOH * H,0, THF/H,O (1:1) |

Similarly, AD2 was converted to AH4 by reaction with AH2 to produce
AH4. Reaction of AH4 with AH5 and saponification provided Compound 10.

49



PCT/US00/26163

‘WO 01/23376 |
9 o r NH
O/‘LNH |  AH2 O\",N K‘/COZMe
HCI = HN Krcone NMM,DCM /©/ o ~ NHCbz
| O.N” |
NHCbz
AD2 : : AH4
1) N\/:rl\l NH, ' S o -
AH5 N/§‘ " H O/lk NH
> .
DMAP, 1,4-dioxane \\/N\/\/N\n/N H/cozu
2) LiOH * H,0 - I 1

. THF/H,0 (1:1) _
Compound 10

SCHEME Al
Compounds of the Formula (1) wherein A is amino or RyH,N- can be
| 5 prepared by coupling AA1 with the appropriate Boc-protected.amino acid, such
. as Al1, followed by sa;;oniﬁcation to give Al2 as an intermediate. The

intermediate Al2 was coupl'éd with ABZ,'__’th_en treated with aqueous HCI to yield -
Compound50:‘:-‘-Simiia'rly, -:C'ompound 56 'wésf:i"prepared by sdbstituting 4-N-Boc-

~ aminobutyric acid for AI1. - |

10
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HO, '

X
_ : Al NHBoc ) .
1) BocNH(CH,}COH -~ © AL COuLi
H,OCO Me " Enc, NMM . ‘O’ ol
o BocHN ] '
Al2
HO. O

| o
1) AB2, HBTU, NMM, CH,Cl, O Ny )LO
Ll QS AR

2) 4M HCI (aq.)

NH, » HCI

Compound 50

Sgeclf c Synthetrc Methogg

The following Examples are set forth to aid in the understandlng of the .
5 invention, and are not intended and should not be construed to hmlfi.m any way

the invention set forth in the claims which follow thereafter.

Protected amino acids were purchased from Bachem Bioscience.Inc.

N-a-Cbz-L-2,3-diaminopropionic acid was purchased from Fluka. Aromatic

10 aldehydes wefe purchased from Aldrich Chemical Company, as were all other
chemicals. High field TH NMR spectra were recorded on a Bruker AC-360 -
spectrometér at 360 MHz, and coupling constants are given in Hertz. Melting:
points were determined on a Mel-Temp Il melting point apparatus and are
uncorrected. Microanalyses were performed at Robertson Microlit

15 Laboratories, Inc., Madison, New Jersey and are expressed in percentage by
weight of each element per total molecular weight. In those cases where the -
product is obtained as a salt, the free base is obtained by methods known to
those skilled in the art, e.g. by basic ion exchange purification. Nuclear:
magnetic resonance (NMR) spectra for hydrogen atoms were measured in the
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indicated solvent w'itl"'l. tetramethylsilane (TMS) as. the internal standard on a
Bruker AM-360 (360 MHz) spectrometer. The values are expressed in parts
per million down field from TMS. The mass spectra (MS) were determined on
a Micromass Platform LC single quadrupole mass analyser fitted with an
electrospray ionisation source coupled to a Hewlett Packard 1050 HPLC and a
Jones Chromatography diverter valve in the loop injection mode. Positive
mode electrospray was used eluting with acetonitrile/water/acetic acid

(50:50:1) flowing at 0.3 mL/min with a sprayer temperature of 120 °C and an

inlet desolvation cone set to 40 kV.

Uniess otherwise noted, the materials used in the examples were
obtained from readily available commercial suppliers or synthesized by
standard methods known to anyone skilled in the art of chemical synthesis.
The substituent groups, which vary between examples, are hydrogen uniess

otherwise noted.

... EXAMPLE1
s B-[ll1-[4+[(4;5-dihydro-1 H-imidazol-2-yl)amino)-
- 1-oxobutyl]-4-piperidinyl]carbonyljamino]-,
(B*S)-3-quinolinepropanoic acid (Cpd 1)

A mixture of AA1 (2.0 g, HCl sait, 0.011 mol), CH,Cl, (100 mL), 4-N-
Boc-aminobutyric acid (2.3 g, 1 eq), NMM (2.4 mL, 2 eq), HOBT: (10 mg), and
EDC-HCI (3.2 g, 1.5 eq) was stirred at 5 °C for 1 h, the ice bath was removed,
and stirred for 2 h. The reaction was diluted with saturated aqueous NH,CI (50

‘mL) and the layers were separated. The organic layer was washed with NaOH

(0.5 N, 15 mL), dried (Na,S0O,), and evaporated to give a glass (3.6 g, 0.011
mol). This glass was dissolved in CH,Cl, (15 mL) and anisole (1 mL), treated
with TFA (15 mL), and stirred for 2 h. The solution was evaporated to give an
oil (AA2, 3.8 g). AA2 was dissolved in dioxane (40 mL), treated with NMM (2.4
mL., 2 eq) and 2-(3,5-dimethylpyrazolyl)-4,5-dihydroimidazole-HBr AA3 (2.7 g,
1 eq) and heated at reflux for 2 h. This mixture was cooled to RT and filtered.
The filtrate was treated with MeOH (80 mL), NMM (2.4 mL, 2 eq), di-tert-butyl

dicarbonate (4.8 g, 2 eq), and sodium carbonate (2.4 g, 2 eq), and stirred for 3
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days. The solvents were evaporated, and the residue was partitioned between
CH,CI, (100 mL) and water (10 mL). The Or'ga'nic?:f{jayer'Wé\s dried (Na,SO,),
evaporated, and the oil purified by silica gel t:hrorﬁétog'raphy (1% NH,OH/10%
MeOH/CH,Cl,) to give atan glass (1.8 g). The tan glass (0. 09 g, 0.0023 mol)
was dissolved in THF (5 mL), cooled to 5°C, treated with aqueous LiOH (0.11g -
in15 mL water), and stirred for 2 h. The solvents were evaporated to give AA4
as a pale yellow solid (1.0 g). 'Thi_s solid was slurried with MeCN (100 mL),

- AAS (0.82 g, 1 eq, prepared starting from quinoline-3-carboxaldehyde as

reported in M. Costanzo, et. al., WO 97/41102), HOBT (0.19 g, 0.5 eq), NMM
(0.87 mL, 3 eq), and HBTU (1.2 g, 1.2 eq) at 5 °C, stirred for 6 h, diluted with
saturated aqueous NH,CI (12 mL), and the MeCN evaporated. ‘The residue

was partitioned between CHCl, (1 00 mL) and water (15 mL) and filtered. The

filtrate layers were separated, and the organic iayer was dried (Na,SO,),

evaporated, and purified by silica gel chromatography (1% NH,OH/4% -
MeOH/7% EtOH/CH,CL,) to give a clear glass (0.60 g). The glass was treated

. with water (12 mL) and HCI (conc., 10 mL), and stirred for 18 h. The aqueous

_' HCI was evaporated, the resultant oil treated with MeCN (20 mL), and the-
| ~ precipitate collected and dried to afford Compound 1 as a white foam: 'H NMR

" (DMSO-d,) 5 1.3 (m, 2H), 1.6 (m, 4 H), 2.3 (, 2 H), 2.6 (m, 1 H), 2.8 (m, 1 H),
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3.1(m, 6 H), 3.4 (m,'1 H), 3.7 (m, 3 H), 3.8 (m, 1 H)'. 40(m,2H),42(m,1H), -
53(m,1H), 7.7t J=4Hz,1H),79(t J=4Hz 1 H) 8.2(m,2H),83(m,1
H), 8.6 (m, 2 H), 9.2 (s, 1'H), 10.9 (m, 1 H); MS m/e4814(MH‘) [a]? 4421"

- (c 0.114, MeOH)

EXAMPLE 2
. 3-[[[1-[4-[(4,5-dihydro-1 H-imidazol-2-yl)amino]-
1-oxobutyl]-4-piperidinyl]JcarbonylJamino]-

- N-{(phenylmethoxy)carbonyl]- L-alanine (Cpd 2) _
. Compound 2 was prepared as described for Compound 1 in Scheme AA
using AA4 (0.10 g) and methyl N-a-Cbz-L-2,3-diaminopropionate-HCI AB2 to

replace AAS (0.09 g), and isolated as a tan glass: '"H NMR (DMSO-d,) 6 1.3
(m,1H), 1.4 (m,1H),1.7(m, 4 H), 2.4 (m, 3H), 2.6 (m, 2 H),2.8(t J=4Hz,

1H),3.0(m, 1H),3.1(m,1H),3.3(m,2H),34(m,1H),3.8(m,2H),4.1(¢,J
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=4 Hz, 1 H), 4.3 (M1 H),5.0 (t,J =7 Hz, 2 H), 7.3 (m, 5 H), 7.6 (m, 3 H), 8.0
© (m, 3 H), 8.2 (m, 1 H); MS m/e 503.4 (MH"). -

| : EXAMPLE3 )
5 6-chloro-B-[[[1 -[4-[(4,5-dihydro-1H-imidazol-2-yl)amino]-
1-oxobutyl]-4-piperidinyl]carbonyl)amino]-,
(B*S)-3-pyridinepropanoic acid (Cpd 3)
Compound 3 was prepared as described for Compound 1 in Scheme AA
using AA4 (0.15 g) and methyl (3S)-amino-3-(6-chloro-3-
10 pyridyl)propionate*2HCI (0.11 g; prepared starting from 6-chloropyridine-3-

: carboxaldéhyde as reported by M. Costanzo, et al. in WO 97/41102) for AAS,
and isolated as a clear glass: 'H NMR (DMSO-dg) 8 1.2 (m, 4 H), 1.5 (m, 2 H),
22(m,3H),2.5(m,2H),2.7 (m,2H),2.8 (m, 1H),3.1 (m, 1H),3.5(m, 3H),
38(m 1H),41(mM,3H),43(mM,1H),51(m,1H),74(d,J=5Hz,1H),7.7

15- (d,J=5Hz 1 H)', 8.1 (m, 3 H), 8.3 (s, 1 H), 8.5 (m, 1 H); MS m/e 464.9 (MH").

.. .. . EXAMPLE4 |
cyoee - oo 3{[[1-{4-[(4,5-dihydro-1 H-imidazol-2-yl)amino]-
- 1-oxobutyi]-4-piperidinyljcarbonyljamino]-,
. 20 | ~ (3R)- butanoic acid (Cpd 4)
Compound 4 was prepared as described for Compound 1 in Scheme AA
“using AA4 (0.90 g) and tert-butyl (3R)-aminobutyrate (0.37 g, purchased from
- Oxford Asymmetry) for AAS, and isolated as a clear glass: 'H NMR (DMSO-d;)
$1.0(d,J=5Hz,3H),1.3(mM,2H), 1.7 (m, 4 H), 2.3 (M, 6 H), 2.6 (m, 1 H),
25 3.0(m,1H),3.2(m,2H),3.6(s,4H),3.8(m,1H),4.0(m,1H),44(m, 1H),
7.8(d,J =7 Hz, 2 H), 8.2(m, 2 H); MS m/e 368.4 (MH").

. EXAMPLE 5
B-Il[1-[3-[(4,5-dihydro-1H-i mid_azol-z-yl )yamino]-2-methyi-
- 30 1-oxopropyl]-4-piperidinyljcarbonyljamino]-,
(B%S)-3-quinolinepropanoic acid (Cpd 5)
Compound 5 was prepared as described for Compound 1 in Scheme AA

using N-Boc-imidazolin-2-yl-(3-aminoisobutyryl)-isonipecotic acid (0.10 g) for
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AA4 and AA5 (0.12 g) and isolated as glass H NMR (DMSO-dg) 1.1 (d, J =
- 6Hz,3H),1.3(m, 1H) 14(m 1H) 17(m 4H) 23(m 2 H), 2.6:(m, 2 H),

2.8 (m, 1 H), 3.0 (m, 2 H), 3.1 (m, 1H),33(m 2H) 3.4 (m, 1H),3.8(m, 1H), -
41(m1H)43(m1H)50(tJ 7H22H)73(m 5H)76(m 2H)80
(m, 3 H); MS m/e 5034(MH’) L : -

EXAMPLE 6
B-{l[1 -[1-oxo-4-(2-pynd|nylammo)butyl]-4-p|pendlnyl]carbonyl]ammo]- -(B%S)- 3-
_ qumohnepropanouc acid (de 6)

A mlxture of AC1 (2.0 g, 0.011 mol), CH, Cl (70 mL), and NMM (24 mL,
2eq)ath °C was treated with 4-bromobutyryl chlqnde (1.3 mL, 1 eq), stirred © -
for 6 h, and diluted 'w.ith saturated aqueous NH..,CI ;(”"15'mL). The organic layer - -
was dried (Na,SO,), evaporated, and the resu'ltan_tfoil purified by silicagel
chromatography (4% MeOH/ CH,CI,) to give an oil (1 .8 g). The oil was
dissolved in MeOH (10 mL)-and isopropanol (15 mL) and then treated with 2-
aminopyridine (0.70 g, 1.2 eq) and sodium carbona,fe (2 mg). This mixture was.
heated at reflux in a sealed flask forf2 h, _Cboled to RT, and evaporated to an -
oil. The oil Was 'p'uriﬁed' by silica geli-chromatograbh'y'(z% MeOH‘/3% '
EtOH/CHéCiz) to give AC2 as a glass (0.3 g) inter_t_ﬁé_diate. The intermediate
AC2 was then saponiﬂéd with lithium hydroxide and carried forward to replace -
AA4 as exemplified in Scheme AA to produce Com_bound 6 as clear flakes: 'H -
NMR (DMSO-d6) § 1.0-1.2 (m, 2 H), 1.7 (m, 4 H), 2.2(m, 2 H), 3.0 (m, 3 H),
3.3(m,3 H), 3.5(t J=4Hz, 1H),3.9(m 2H),5.5 (t J=4Hz,1H),69(m, 1
H), 7.1 (m, 1 H), 7.9 (m; 4 H), 8.0'(t, J=4Hz 1),8.2(m, 2H),88(m, 3H)9.2"
(s, 1 H), 10.9 (m, 1 H), 13.5 (m, 1 H); mp 87-90°C; MS m/e 490 (MH+). '

EXAMPLES 7-62
Using the procedures described in Examples 1-6 or outlined in Schemes
AA-AH and the appropriate reagents and starting faterials known to those
skilled in the art, other compounds of the present invention may be prepared

including, but not limited to:
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[Cpd Sch M) [Cpd Sch sait MH'] [Cpd Sch Sait MH
7 AC TFA 500| | 27 AA HCl 498 | | 47 AA TFA 517
8 AC TFA 522| [ 28 AH HCl 505| |48 AA TFA 458
9 AA Li 439| |20 AH HCl 476| | 49 AA TFA 529
10 AH Li 501]| |30 AC HCi 440| | 50 AA TFA 461
11 AA TFA 529| [ 31 AH HCl 433| | 51 AA HCl 517
12 AA TFA 489| | 32 AA HCl 448| | 52 AA HCl 431
13 AC Li 507 | 33 AA HCl 431 53 AA TFA 551
14 AA TFA 527| | 34 “AA HCl 490| | 54 AA TFA 517
15 AC TFA 499| | 35- AH HCl 468 | 55 AA HCl 501
16 AA TFA 503| | 36 AA HCl 480| | 56 AA HCl 435
17 AA TFA 527| | 37 AA HCl 480| | 57 AG HCl 520
18 AA TFA 614| | 38 AA HCl 466| | 58 AE HCl 479
19 AA TFA 534 39 AH HCl 483 59 AF HCl 568
20 AA HCl 436| | 40 '‘AH HCl 433]| | 60 AE HCl 505
21 AA HCl 474| | 41 _AC HCl '526| | 61 AE HCl 476
22 AA HCl 444| | 42 AA HCl 517| | 62 AC HCi 483
23 AA HCl 472 | 43 AA HCl 466
24 AA HCl 490| | 44 AA HCI 495
'25. AA HCl 431| | 45 AA — 694
26 AA HCl 499 | 46 AA HCl 594
EXAMPLE 63

10

As a specific embodiment of an oral composition, 100 mg of the

Compound 1 of Example 1 is formulated with sufficient finely divided lactose to

provide a total amount of 580 to 59_0 mg to fill a size O hard gel capsule.

IN VITRO SOLID PHASE PURI

EXAMPLE 64
FIED av/ BINDING ASSAY

The vitronectin/avp3 binding assay methods were derived from Mehta et al.

- (Biochem J. 1998, 330, 861). Human avB3 (Chemicon International Inc.,

Temecula, CA), at a concentration of 1 pg/mi dissolved in Tris buffer (20 mM
Tris, 1 mM CaCl,, 1 mM MgCl,, 10 uM MnCl,, 150 mM NaCl), was immobilized
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on lmmulon 96 well plates (Dynex Technologles Chantrlly, VA) overmght at4

- °C. Plates were washed and treated with blockmg buffer (3 % BSA i in Tris
' buffer) for 2 h at 37 °C Plates were

2n rinsed 2 _tl_mes with Tris buffer
containing 0.3% BSA and 0.2% Twe_e:n__,_.b (polydxjethylenesorbitan
monolaurate) Five rninutes' prior to the addition'df"S nM vitronectin (Sigma, St.
Louis, MO), synthes:zed compounds were added to wells in. duphcate Each
plate included c-RGDfV as an internal control. Followmg a 3 hour incubation at
37 °C, plates were washed 5 times in assay buffer An anti-human vitronectin
IgG rabbit polyclonal antlbody (Calbiochem, San Diego, CA) was added
(1:2000) and plates were incubated for 1 hour at room temperature

VectaStain ABC peroxidase kit reagents (Vector Laboratones Burlingame, CA)

“employing a biotin labeled anti-rabbit IgG, were utltrzed for detection of bound -

antibody. Plates were read at 490 nmon a Molecular Devices (Sunnyvale, CA)

--microplate reader. Table 1 shows the results of the in vitro solid phase purified

fav[_SS binding assay for representative compounds of the present invention.

_ EXAMPLE 65
IN VITRO SOLID PHASE PURIFIED GP lIB/IIIA BINDING ASSAY
A 96 well Immulon-2 microtiter plate (Dynatech-Immulon) was coated with 50 - .
plfwell of RGD-affinity puriﬁed. GPIlib/llla (effective range 0.5-10 pg/mL) in 10 .
rnM HEPES, 150 mM NaCl, 1 mM MgCl, at pH 7.4. The plate was covered
and incubated overnight at 4 °C. The GPIIb/lia solution was discarded and
150 pl of 5% BSA was added and incubated at RT:for 1-3 h. The plate was
washed extensively with modified Tyrodes buffer. Biotinylated fibrinogen (25

ul/well) at 2 x final concentration was added to the wells that contain the test

~ compounds (25 ul/well). The plate was covered and incubated at RT for 2-4 h.

Twenty minutes prior to incubation completion, one drop of Reagent A
(VectaStain ABC Horse Radish Peroxidase kit, Vector Laboratories, inc.) and
one drop Reagent B were added with mixing to 5 mL modified Tyrodes buffer
mix and let stand. The ligand solution was discarded and the plate washed (5
x 200 pliwell) with modified Tyrodes buffer. Vecta Stain HRP-Biotin-Avidin

reagent (50 pl/well, as prepared above) was added and incubated at RT for 15
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min. The Vecta Stilh solution was discarded afid the wells washed (5 x 200
ul/well) with modified Tyrodes buffer. Developing buffer (10 mL of 50 mM
citrate/phosphate buffer @ pH 5.3, 6 mg o-phenylenediamine, 6 ul 30% H,0,;
50 pliwell) was added and incubated at RT for 3-5 min, and then 2 N H,SO,
(50 pl/well) was added. The absorbance was read at 490 nM. Table 1 shows
the results of the in vitro solid phase purified GPIIb/llla binding assay for
representative compounds of the present invention.

_ - EXAMPLE 66
IN VITRO SOLID PHASE PURIFIED avf5BINDING ASSAY
The vitronectin/a,, 5 binding ass.a:ly method was performed in the same manner
as the vitronectin/a, B, binding a?Say'(EXAMPLE 64) immobilizing with 1 ug/mi
of human purified o5 (Chemicdn_ .l'nternational, Inc.) on to Immuion 96 well
plates (Dynex Technologies) instead of o, B,. All other aspects of the assay
including buffers, reagents, and incubation times remain unchanged.
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o]

“Tibiiiia ICy,

o,Bs 1Cs

. avﬂs IC, (UM?

ol e | um)
1| 0.0037 0.030 | & 0.025
2 | 0.0058 0.0089 |  0.021
3 0.028 0.13 NT
] 0.15 1.70 NT
5 0.015 0023 |  NT
8 | 0.0040 046 | _ NT
7 0.49 79 NT
8 055 11 NT
9 30 0.30 NT
10| >50 0.95 NT
11 13 0.0026 NT
12 0.020 0.014 NT
13 10 29 NT
14 0.050 0.0002 NT
15 >5 17 NT
16 0.019 0018 | 0.038
17 0.38 0.0054 NT
18 0.050 0.015 NT
9] 03z 0071 | NT
20 0.53 29 NT
21 0.023 0.41 NT
22 >0.5 38 NT
23 >0.5 73 NT
24 0.064 2.2 NT
25 0.032 290 NT
26 012 18 NT
27 >05 13 NT
28 | 0.0082 15 NT
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0.21

26 [*  0.034 NT
30 0.14 56 NT
31 0.029 42 NT
32 0.12 36 NT
33 | 0019 18 NT
34 0029 | 15 >5.0
35| o014 | 16 NT
6| 038 | 12 NT
37 028 | 17 NT
38 >03 - | 3.3 NT
39| 00023 | 0.036 NT
20| 0012 | 11 NT
41 >03 | 041 NT
42 047 | o014 NT
a3 023 13 NT
44| 0028 0.36 29
45 37 14 40%"
46 0.15 1.6 >5
47 | 0.0040 0.028 NT
48 0.51 1A NT
49| 0039 0.012 0.21
50 3.9 0.0074 38%"
51 0.27 0.29 2

52 0.25 2.7 0.76
53 057 0.0015 NT
54 0.072 0.013 NT
55| 0012 0.026 0

56 >5 0.049 NT
57 0.35 0.13 NT
58 | 0.040 0.26 0.071
59 0.16 0.51 NT
60 0.027 0.9 0.086
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61 0.18 27 | - NT
62| >050 038 i - NT

"Percent inhibition at5uM |

While the fbregoing specification teaches the brinciples of the present
invention, with exampl_es prdvided for the purpose'of-illustration, it will be
5 understood that the practice of the invention encom_pésses all of the usual
variations, adé_ptationé and/or modifications as come'within the scope of the

following claims and their equivalents.
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-

R

1. A compound of the Formula (I):

wherein

M is selected from the group constﬁing of C,-C, alkylene (optionally substituted
within the carbon chain withéihc—.f:s__-ubstituent selected from the group
consisting of C,-C, alkyl, C,-C, alkenyl, cycloalkyl (wherein a ring carbon
atom forms the point of attachment to the carbon chain) and ary! (optionally
substituted with halogen) and substituted on the terminal carbon with one
substituent selected from A),' C,-C, alkenylene (substituted with one
substituent selected from A); heterocyclylene (optionally substituted with
one substituent selected from A), heterocyclenylene (substituted with one
substituent selected from A), arylene (substituted with ‘one substituent -

- selected from A), (C,-C, alkylené)aryl (substituted on C,-C, alkylene with
one substituent selected from A) and arylene(C,-C,)alkyl (substituted on
arylene with one substituent selected from A); -

A is optionally present and is selected from the group consisting of heteroaryt,
heterocyclyl, R;HN-, (heteroaryl)amino, (heterocyclyl)amino, R;HNC(=NH)-,
R,HNC(=NH)NH-, R;HNC(=0)NH-, R,C(=NH)NH-, (heterocyclyl)aminooxy,
(heteroaryl)aminooxy, RsHNC(=NH)NHO-, R,C(=NH)NHO-,
R,;HNC(=NH)NHC(=0)- and R,C(=NH)NHC(=0)-; wherein heteroaryl and
heterocycly! are optionally substituted with one to five substituents
independently selected from the group consisting of C,-C, alkyl, C,-C,
alkoxy, heteroaryl (optionally substituted with C,-C, alkyl), halogen, hydroxy,
nitro, cyano, trihalo(C,-C,)alkyl, C,-C, alkylcarbonyl, C,-C, alkoxycarbonyil,
aryl(C,-C,)alkoxycarbonyl, R;HN-, amino(C.-C,)alkyl, C,-C,
alkylamino(C,-C,)alkyl and di(C,-C, atkyl)amino(C,-C,)alkyl;
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~with the proviso that lf A is H,NC(=NH)NH-, then, dependently, W is not
hydrogen when Q is -CH,-; -

L is selected from the group consustmg of -C( =0)-, -S0,-, -OC(=0)- and
-HNC(=0)-;

R, is selected from the group consisting of hydrogen, C,-C, alkyl and
cycloalkyl; o |

R, is selected from the group consisting of hydrogen and C,-C, alkyl;

R, is selected from the group consisting of hydrogen, C,-C, alkyl, aryl, aryl(C,-
Cy)alkyl, cycloalkyl, hydroxy, cyano and nitro;

Qs selected from the group consisting of -CH,-, -CH(C,-C,alkyl)-,
-CH(C,-C,alkenyl)-, -CH(Cz-Caalkynyl)-, -CH(aryl)- (wherein aryl is optionally
substituted with one to five substituents independently selected from the
group consisting of C,-C4_.alkyl, C,-C, alkoxy, -O-(C,-C; alkyl)-O-, halogen,
hydroxy, trihalo(C,-C,)alky! and trihalo(C,-C;)alkoxy), -CH(heteroaryl)- -
(wherein heteroaryl! is optionally substituted with a substituent selected from
the group consisting of halogen, hydroxy, C,-C, alkyl, C,-C, alkoxy,
-0-(C,-C, alkyl)-O-, amino, C,-C, alkylamino and di(C,-C,)alkylamino) and

- -CH(aryl(C,-Cs)alkyl)-;

W is selected from the group consisting of hydrogen and N(R,)T;
ris an integer selected from 0 or 1;

R, is selected from the group consisting of hydrogen, C,-C, alkyl and CZ-Cs

. acyl;

T is selected from the group consisting of R,C(=0)-, R,0C(=0)- and R,C(=N-
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R, is selected fror the group consisting of :C,-Ca'::él;kyl..aryl, aryl(C,-Cy)alkyl and
amino (wherein amino is optionally substituted with one to two substituents
independently selected from C,-C, alkyl);

R; is selected from the group consisting of hydrogen, C,-C, alkyl,
aryl(C,-Cy)alkyl, (R;)N(C;-Celalkyl, (Re)(R,IN(C,-Cg)alkyl and
(Re)(R,)NC(=0)(C,-Cy)alkyl; and,

R, and R, are independently selected from the group consisting of hydrogen,

C,-C, alkyl and cycloalkyl,
and pharmaceutically acceptable salts thereof..

2. The compound of Claim 1, wherein
M is selected from the group consisting of ethylene (optionally substituted
~ within the carbon chain with methy! and substituted on the terminal carbon
with one substituent selected from A), propylene (optionally substituted
within the carbon chain with a substituent selected from the group
consisting of methyl, ethenyl, cyclohexylidene (wherein a ring carbon atom
forms the point of attachment to the carbon chain) and 4-Cl-phenyi and
substituted on the terminal carbon with one substituent selected from A),
allylene (substituted with one substituent selected from A); piperidin-4-ylene
(optionally substituted with one sub.étituent selected from A), 1,4,5-dihydro-
. 2-cyclopenten-1-yl (substituted with one substituent selected from A) and 4-
methylphenylene (subsﬁtuted on methylene with one substituent selected
from A);

A is optionally present and is selected from the group consisting of
1H-imidazol-1-yl, 1H-imidazol-2-yl, 4,5-dihydro-1H-imidazol-2-yl (optionally
substituted with a substituent selected from the group consisting of C,-C,
alkoxycarbonyl and aryl(C,-C4)alkoxycarbonyl), pyridin-2-yl (optionally
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substituted with a sUbstituent selected from the group consisting of C,-C,
alkyl, heteroaryl [optlonally substltuted W|th C1-C4 alkyl], halogen, hydroxy, -
nitro, cyano, amino, ammo(C -C.,)alkyl C -C4 alky!ammo(C -C4)alkyl and
di(C,-C, alkyl)amino(C; -C4)alkyl) pynmldln-Z-y! 1,4,5,6-tetrahydro-
pyrimidin-2-yl (optionally substltuted with one'to two substituents
independently selected from the group conmstmg of C,-C, alkyl, hydroxy
and amino), piperidin-4-yl, -benz:mnda;o_l-Z-yl, 1,2,3,4-tetrahydro-1,8-
naphthyridin-7-yl, 3H-imidézo[4,5—b]pyridin-2-yl, amino, (C,-C, alkyl)amino, .
(1H-imidazol-1-yl)amino, (1 H-imidazol-Z—yl)amino (4,5-dihydro-1H-imidazol-
2-yl)amino (optionally substltuted on 4, 5 dihydro-1H-imidazol-2-yi with a
substituent selected from the. group conslstlng of (C,-C¢)alkoxycarbonyl and-
aryl(C,-Cs)alkoxycarbonyl), (pyridin-2-yl)amino (optionally substituted on
pyridin-2-yl with a substituent selected from the group consisting of C,-C,
alkyl, heteroaryl [optionélly substituted with C,-C, alkyl], halogen, hydroxy,
nitro, cyal_io, amino, amino(C,-C,)alkyl, C,-C, alkylamino(C,-C,)alkyl and
di(C,-C, alkyl)amino(C,-C,)alkyl), (pyrimidin-2-yl)amino, (1,4,5,6-
tetrahydrdpyrimidin-z-yi)a'mino (optionally substituted on 1,4,5,6-
tetrahydropyrimidin-2—yl with one to two' substituents independently selected
from the group consisting of C,-C, alkyl, hydroxy and amino), (4,5,6,7-
tetrahydro-1H-1,3-diazepin-2-yl)amino, (thiazol-2-yl)amino, (benzimidazol-2--
yl)amino, (3H-imidazo[4,5-b]pyridin-2-yl)amino, R;HNC(=NH)NH-,
R,;HNC(=O)NH-, (4,5,6,7-tetrahydro-1H-1,3-diazepin-2-yl)aminooxy,

- (4,5-dihydro-1H-imidazo'l-2-yl)a.minooxyﬁ.and R;HNC(=NH)NHO-;

with the proviso that if A is H,NC(=NH)NH-, then, dependently, W is not
- hydrogen when Q is -CH,-;

L is selected from the group consisting of -C(=0)-, -OC(=0)- and -HNC(=0)-;
R, is selected from the group consisting of hydrogen and C,-C, alkyl;
R, is hydrogen;
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R, is selected from the group consisting of hydrogen, .C,-C; alkyl,
aryI(C,--Cs)aIkyl_ ind hydroxy;

Q is selected from the group consisting of -CH,-, -CH(C,-C,alkyl)-, -CH(aryl)-
(wherein aryl is optionally substituted with one to five substituents
indepehdently selected from the group consisting of C,-C, alkyl, C,-C,

. alkoxy, -O-(C,-C; alkyl)-O-, halogen, hydroxy and frihalo(C,-Cs)alkyI),

- -CH(heteroaryl)- (wherein heterdaryl is optionally substituted with a
substituent selected from halogen) and -CH(aryl(C,-C,)alkyi)-;

ris1;

R, is selected from the group cdnsiéting of hydrogen and C,-C,, alkyl;

| T is selected from the group consi_sting of RSC(#O)- and R;0C(=0)-;

R; is selected from the group consisting of aryl and aryl(C,-C,)alkyl;

R; is se!ecied from the gro.'up consistirig of Hydrogen. methyl and
(Ra)(R;)NC(=0)CH,; and,

R; and R; are independently selected from the group consisting of hydrogen,
methyl and ethyl; '

and pharmaceutically acceptable saits thereof.

3. The compound of Claim 2, wherein

A is optionally present and is selected from the group consisting of
1H-imidazol-1-yl, 4,5-dihydro-1H-imidazol-2-yl, pyridin-2-yl (optionally
substituted with a substituent selected from the group consisting of C,-C,
alkyl and heteroary! [optionally substituted with C,-C, alkyl]), piperidin-4-yl,
benzimidazol-2-yl, 1,2,3,4-tetrahydro-1,8-naphthyridin-7-yl, 3H-imidazo[4,5-
b]pyridin-2-yl, amino, (4,5-dihydro-1H-imidazol-z-yl)amino (optionally
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substituted on 4 '5-'dihydro-1 H-imidazol-2-yl with C,-C, alkoxycarbonyl),
(pyridin-2-yl)amino (optlonally substituted on pyndmyl with a substituent
selected from the group consustlng of C,-C, alkyl and heteroaryl (optlonally
substituted with C,-C, alkyl)), (1 4 5: 6-tetrahydro-5-hydroxypynmtd|n-2- :
yl)amino, (1 ,4,5,6-tetrahydro-5-methylpynm|dm—2—yl)amlno, (1,4,5,6-
tetrahydro-5,5- dimethylpyrimidin-z-yl)amino (thiaZoI-Z’—yI)amino
(3H-imidazo[4, 5-b]pynd|n-2-yl)am|no R3HNC(—NH)NH R,HNC(=O)NH-,..
(4, 5-d|hydro-1 H—lmldazol-z-yl)amlnooxy and RaHNC( NH)NHO-

with the proviso that if A is HZNC( =NH)NH-,.then, dependently, W is not

hydrogen when Qis -CH,-;

- R, is hydrogen;

R, is selected from the group consisting of hydrog'en_.- butyl, benzyl and
hydroxy;

. Qs selected from the group consisting of -CH,-, -CH(methyl)-, -CH(ethyl)-,

-CH(phenyl)- (wherein phenyl is optionally SUbSt_ituted with one to five
-substituents independently selected from the -gfd_up consisting of methyl,. -
ethyl, propyl, methoxy, ethoxy, propoxy, bromine, chlorine, fluorine, iodine,
hydroxy and trifluoromethyl), -CH(nap’hthaIen-1-:yli)-, -CH(naphthalen-2-yl)-,
-CH((3,4-dioxymethyiene)phenyl)—. -CH((3.4-dioxyethylene)phenyl)-,
-CH((3-bromo-5-chloro-2-hydroxy)phenyl)-, -CH(thien-3-yl)-,
-CH(quinolin-3-yl)-, -CH(pyridin-3-yl)— (wherein pyridinyl is optionally
substituted with chlorine) and -CH(benzyl)-; -

R, is hydrogen;

T is selected from R,OC(=0)-;

. R is selected from aryl(C,-C,)alkyl;
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R, is hydrogen; and,
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R, and R; are indépéndently ethyl;
and. pharmaceutically acceptable salts thereof.

4. . The compound of Claim 3, wherein

A is optionally preserit and is séléctéd from the group consisting of 4,5-dihydro-
1H-imidazol-2-yl, 1,2,3,4-tetrahydro-1,8-naphthyridin-7-yl, 3H-imidazo[4,5-
b]pyridin-2-yi, amino, .(4,5-dihyd__ro-1 H-imidazol-2-yl)amino, (pyridin-2-
yl)amino, (3-niethylpyridin-2_—yj)amino, (thiazol-2-yl)amino, (3H-imidazo[4,5-
b)pyridin-2-yl)amino, NH,C(=NH)NH-, R,HNC(=0)NH-, (4,5-dihydro-1H-
imidazol-2-yl)aminoxy and NH,C(=NH)NHO-,

with the prdviso that if A is,HzN.C(=N-H.)NH-, then, dependently, W is not
hydrogen when Q is -CH,-; '

Q is selected from the group consisting of -CH,-, -CH(methyl)-, -CH(phenyl)-
(wherein phenyl is optionally substituted with one to five substituents
_independ_ently selected from the gfoup consisting of methyi, methoxy,
bromine, chlorine,' fluorine, hydroxy and trifluoromethyt),
-CH(naphthalen-1-yl)-, -CH(naphthalen-2-yl)-,
-CH((3,4-dioxymethylene)phenyl)-, -CH((3,4-dioxyethylene)phenyl)-,
-CH((3-bromo-5-chloro-2-hydroxy)phenyl)-, -CH(thien-3-yl)-,

- -CH(quinolin-3-yl)-, -CH(pyridin-3-yl)- (wherein pyridinyl is optionally
substituted with chlorine) and -CH(benzyl)-; and,

R; is benzyl;
and pharmaceutically acceptable salts thereof. .
5. The compound of Claim 1 selected from the group consisting of:

B-{[[1-[4-[(4,5-dihydro-1H-imidazol-2-yl)amino]-1-oxobutyl]-4-
68
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~ piperidinyljcarbonyljJamino]-, (B:‘S)- 3-qumohnepropan0|c ac:d

3-{[[1-[4-[(4,5-dihydro-1H-imidazol-2-yl)amino]-1-oxobutyl]-4-
piperidinyljcarbonyl]lamino}-N=[(phenylmethoxy)carbonyl]- L-alanine;
B-[[1-[1 -oxo-4-(2-pyr|d|nyIammo)butyl]-4-p|pertdmyl]carbonyl]ammo] ([538)- 3-
quinolinepropanoic acid;

3-[[[1-[1-(4, 5-d|hydro-1H-|mxdazol-Z-yl)-4-plpend|nyl]carbony|]-4-
p|perldanyl]carbonyI]amlno] N-[(phenylmethoxy)carbonyl]- L-alanine;
3-[[[1-[[(1S,4R)-4-[(4,5-dihydro-1H-imidazol-2-yl)amino}-2-cyclopenten-1--
yl]carbony!]-4-p|pendlnyl]carbonyl]ammo] N-[(phenylmethoxy)carbonyl]— L-
alamne

3-[[[1- [3 [(4, 5—d|hydro-1H—rmldazol-2-yl)amnno]-2-methyl-1-oxopropyl]—4- .
piperidinyl]carbonylJamino]-N-{(phenylmethoxy)carbonyl]- L-alanine; '
3-{[[1-[[(1R.4S)-4-[(4,5-dihydro-1 H-lmtdazol-z-yl)amlno]-2-cyclopenten-1 -
yl]carbonyl]-4—p|pendmyl]carbonyl]amlno]-N-[(phenylmethoxy)carbonyl]- L-
alanine;

4-[[[(2S)—2-carboxy-2-[[(phenylmethoxy)carbonyl]ammo]ethyl]amlno]carbonyl]-
2-[(4,5-dihydro-1H-imidazol-2-yl)amino]ethyl ester 1-piperidinecarboxylic acid;

- B-[l[1-[[2-[(4,5-dihydro-1H-imidazol-2-yl)amino}ethoxy]carbonyl}-4-

piperidinyllcarbonyllamino}-, (B*S)- 3-quinolinepropanoic acid;
3-[[[1-{4-[(4,5-dihydro-1H-imidazol-2-yl)amino]-2-methyl-1-oxobutyl]-4- -
piperidinyl]carbonyl]amino]-N-[(phenylmethoxy)carbonyl]— L-alanine;
3-[[[1-(4-amino-1-0x0-5- hexenyl)-4-pxpendlnyl]carbonyl]amlno]-N-
[(phenylmethoxy)carbonyl]- L-alanine;
3-[{[1-[4-{[(4,5-dihydro-1H-imidazol-2-yl)amino]jmethyl]benzoyl]-4-
piperidinyl]carbonyl}amino]- N-[(phenylmethoxy)carbonyl]— L-alanine; -
B-[[[1-[3-[[(4,5-dihydro-1 H—lmndazol-2-yl)ammo]oxy] 1-oxopropyl]-4- a
plperndmyl]carbonyl]amlno] 1,3-benzodioxole-5-propanoic amd

and, -

B-[[[1-{1-ox0-4- (2-pyr|dmylammo)butyl]—4-p|pendmyl]carbonyl]ammo] 1 3—
benzodaoxole-s -propanoic acid; -

- and pharmaceutically acceptable salts thereof.

6. The compound of Claim 1 which are effective integrin antagonists.

7. The compound of Claim 6 which are effective avp3, avBS, GPIlIb/llia,
dual avB3/GPIlIb/illa or dual avB3/avp5 integrin antagonists.

8. The compound of Claim 7 which are effective avp3 integrin antagonists
selected from the group consisting of Compound 1, 2, 3, 5, 6, 12, 14,
69
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4, 25, 28, 29, 31, 33, 34, 39, 40, 44, 47, 49, 54, 55, 58 and

16, 18, 21
60.

The compound of claim 8 wherein the compound is selected from the

group consisting of Compound 1, 2, 6, 28, 39 and 47.

The compound of Claim 7 which are effective GPIlb/llla integrin
antagonists selected fromf—-th'e group consisting of Compound 1, 2, 5, 11,
12, 14, 16, 17, 18, 19, 3_9... 47 49, 50, 53, 54, 55 and 56.

The compound of claim 10 wherein the compound is selected from the
group consisting of Compound 2, 11, 14, 17, 50 and 53.

The compound of Claim 7 which are effective avp5 integrin antagonists
selected from the group consisting of Compound 1, 2, 16, 45, 58 and
60. ’ . ’

' The compound of claim 12 wherein the compound is selected from the

group consistirig of Compound 1, 2 and 16.

The compound of Claim 7 which are effective dual avp3/GPlIb/llla
integrin antagonists selected from the group consisting of Compound 2,
5,12, 14, 16, 18, 39, 47, 49, 54 and 55.

The cbmpound of claim 14 wherein the compound is Compound 2.
The compound of Claim 7 which are effective dual avp3/avB5 integrin
antagonists selected from the group consisting of Compound 1, 2, 16,

58 and 60.

The compound of claim 16 wherein the compound is selected from the
group consisting of Compound 1 and 2.
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18.

19.

20.

21.

22.

23.

~integrin antagonlst

The compound of’ Clalm 1 whlch are effectlve agents for the treatment of

- an mtegrm-medxated dlsorder amehorated by administration of an - .

The compound of Claim 18 wherein the inteérinamediated disorder is
selected from the group conS|stlng of restenOS|s unstable angina,
thromboembohc disorders, vascular i mjury, atherosclerosus arterial
thrombosis, venous thromb05|s vaso-occlus:ve dlsorders acute

myocardial mfarctlon re-occlusion followmg thrombolytlc therapy, re-
occlusion followmg angloplasty, mﬂammatlon rheumatoid arthritis, -
osteoporosis, bone resorptlon d!sorders cancer tumor growth,
angiogenesis, multiple sclerosis, neurologncal disorders, asthma,
macular degeneratlon diabetic comphcatlons and diabetic retinopathy.

' The compound of Claim 1 which are :effec'ti_f\,l_c prodrugs selected from

the group cchsisting of esters, hydroxyamidiries and hydroxyguanidines

. of compounds of Claim 1.

The compound of Claim 20 which are effective agents for the treatment

~ of an integrin- -mediated disorder amehorated ‘by administration of an .

integrin antagonlst

The compound of Claim 21 wherein the infegrin mediated disorder is
selected from the group consisting of restenosrs unstable angina,

- thromboembolic dlsorders vascular injury, atherosclerosus arterial

thrombosis, venous thrombosns, vaso—occl_us_nve disorders, acute
myocardial inf_arctiori, re-occlusion following:_fbrombolytic therapy, re-
occlusion fol!oWing ahgioplasty, inﬂammaticrr. rheumatoid arthritis,
ost_eopordéis,'bone resorption disorders, car_icer, tumor growth,
angiogenesis, multiple sclerosis, neurologica_l' disorders, asthma,
macular de_ga'heration. diabetic com'plicatio_na and diabetic retinopathy.

A pharmaceutical composition comprising a compound of Claim 1 and a
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27.

28.

29.

30.
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pharmaceutically acceptable carrier.
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A pharm_agéﬁiical composition made by riXing a compound of Claim 1

‘and a pharmaceutically acceptable carrier.

A process for making a pharmaceutical composition comprising mixing a
. compound of Claim 1 and a pharmaceutically acceptable carrier.

A method of treating an integrin-mediated disorder in a subject in need

thereof comprising admi_nistér_ing to the subject a therapeutically
effective amount of a compound of Claim 1.

The method of Claim 26 wherein the integrin-mediated disorder is
selected from the group consisting of restenosis, unstable angina,
thromboembolic disorders, véscular injury, atherosclerosis, arterial
thrombosis, venous thrombosis, vaso-occlusive disorders, acute

“myocardial infarction, re-occlusion following thrombolytic therapy, re-

occlusion following angioplasty, inflammation, rheumatoid arthritis,
ostedporosis, bone resorption disorders, cancer, tumor growth,
angiogenesis, multiple sclerosis, neurological disorders, asthma,
macular degeneration, diabetic complications and diabetic retinopathy.

The method of Claim 26 wherein the therapeutically effective amount of
the compound of Claim 1 is between about 0.01 mg/kg/day and about
300 mg/kg/day. '

A method of treating an integrin-mediated disorder in a subject in need
thereof comprising administering to the subject a therapeutically
effective amount of a prodrug of Claim 20.

The method of Claim 29 wherein the integrin-mediated disorder is
selected from the group consisting of restenosis, unstable angina,
thromboembolic disorders, vascular injury, atherosclerosis, arterial
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thrombosis, venous thrombosis, vaso—occiusive disorders, acute
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myocardial infarction, re-occlusion followmg thrombolytlc therapy, re- -
occlusion following angloplasty, mﬂammatlon rheumatoid arthntls :
osteoporosis, bone resorptlon dlsorders cancer, tumor growth,
angiogenesis, multiple sclerosis, neurological disorders, asthma,

~ macular degeneration, diabetic complications and diabetic retinopathy.

The method of Claim 29, wherein the therapeutically effective amount of -
the prodrug of Claim 20 is between about 0 01 mg/kglday and about .
300 mg/kg/day. ' '

A method of treating an integrin-mediated disorder in a subject in ﬁeed o
thereof comprising administering to the subject a therapeutically
effective amount of a pharmaceutical composition of Claim 23.

The method of Claim 32 wherein the mtegnn-medlated disorder is
selected from the group consisting of restenosis, unstable angina,
thromboembolic disorders, vascular injury, atherosclerosis, arterial -
thrombosis, venous thrombosis, vaso-occlusive disorders, acute
myocardial infarction, re-occlusion following thrombolytic therapy, re- -
occlusion following angioplasty, inflammation, theumatoid arthritis, -
osteoporosis, bone resorption disorders, cancer, tumor growth,

- angiogenesis, multiple sclerosis, neurological disorders, asthma,

macular degeneration, diabetic complications and diabetic retinopathy.

The method of Claim 32, wherein the therapeutically effective amount of -

the pharmaceutical composition of Claim 23 is between about 0.01
mg/kg/day and about 300 mg/kg/day.
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