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Description

Field of the Invention

{0001} The present invention relates to pharmaceutical agents {compounds) which are useful as o B}, integrin an-
tagonists and as such are useful in pharmaceutical compositions and in methods for treating conditions mediated by
o, By by inhibiting or antagonizing o, py integrins.

It is a divisional of EP 97 916 852.3.

Background of the Invention

[0002) Integrins are a group of cell surface glycoproteins which mediate cell adhesion and therefore are usefu) me-
diators of cell adhesion interactions which occur during various biological processes. Integrins are heterodimers com-
posed of noncovalently linked o and P polypeptide subunits. Currently eleven different « subunits have been identified
and six different § subunits have been identified. The various o. subunits can combine with varicus 3 subunits to form
distinct integrins.

[0003] Theintegrin identified as o, 3, {also known as the vitronectin receptor) has been identified as an integrin which
plays a role in various conditions or disease states including tumor metastasis, solid tumor growth (neoplasia), oste-
oporosis, Paget's disease, humoral hypercalcemis of malignancy, angiogenesis, including tumor angiogenesis, retin-
opathy, arthritis, including rheuraatoid arthritis, periodantal disease, psoriasis and smoath muscle cell migration (e.g.
restenosis). Additionally, it has beenfound that such agents would be useful as antivirals, antifungals and antimicrobials.
Thus, compounds which sefectively inhibit or antagonize o, 3; would be beneficial for treating such conditions.
[0004] it has been shown that the o B, integrin and other o, containing integrins bind to a number of Arg-Gly-Asp
(RGD) containing matrix macromolecules. Compounds containing the RGD sequence mimic extracelluiar matrix lig-
ands so as to bind to cell surface receptors. Howeaver, it is also known that RGD peptides in general are non-selective
for RGD dependent integrins. For example, most RGD peptides which bind to 35 also bind to o, 85, o, 3¢ and o8-
Antagonism of platelet oy, b5 (also known as the fibrinogen receptor) is known to block platelet aggregation in humans.
in order to avoid bleeding side-effects when treating the conditions or disease states associated with the integrin o, 5,
it would be beneficial to develop compounds which are selective antagenists of o, 35 as opposed to oy,35.

[0005] Tumor cell invasion accurs by a three step process: 1) tumor cell attachment to extracellular matrix; 2) pro-
teolytic dissclution of the matrix; and 3) movement of the cells through the dissolved barrier. This process can cecur
repeatedly and can result in metastases at sites distant from the criginal tumor.

[0006] Seftor et al. (Proc. Natl. Acad. Sci. USA, Vol. 89 {1992) 1557-1561) have shown that the «, 3, integrin has a
biologicat function in melanoma cell invasion. Montgomery et al., (Proc. Natl. Acad. Sci. USA, Vol. 91 (1994) 8856-60)
have demonstrated that the integrin o, iy expressed an human melanoma cells promotes a survival signal, protecting
the cells from apoptosis. Mediation of the tumor cell metastatic pathway by interference with the «,fi, integrin cell
adhesion receptor to impede tumor metastasis would be beneficial.

[0007] Brooksetal {Cell, Vol. 79(1994) 1157-1164) have demonstrated that antagonists of ¢, 3 provide a therapeutic
approach for the treatment of neaplasia (inhibition of solid tumor growth) since systemic adninistration of o, 3, antag-
onists causes dramatic regression of varicus histologically distinct human tumors.

{0008] The adhesion receptor integrin o, 5 was identified as a marker of angiogenic blood vessels in chick and man
and therefore such receptor plays a critical role in angiogenesis or neovascularization. Angiogenesis is characterized
by the invasion, migration and prolfiferation of smooth muscle and endothelial cells. Antagonists of « B, inhibit this
process by selectively promoting apoptosis of cells in neovasculature. The growth of new blood vessels, or angiogen-
esis, also contributes fo pathological conditions such as diabetic retinopathy (Adonis ef al.. Amer. J. Ophthal., Vol. 118,
{1994) 445-450) and rheumatoid arthritis (Peacock et al., J. Exp. Med., Vel. 175, {1892), 1135-1138). Therefors, &2 B,
antagonists would be useful therapeutic targets for treating such conditions associated with necvascularization (Brooks
et al., Science, Vol. 264, (1994}, 569-571).

[0009] It has been reporied that the cell surface receptor o, 3, is the major integrin on osteoclasts responsible for
attactwment to bone. Osteoclasts cause bone resorption and when such bone resorbing activity exceeds bohe forming
activity it results in osteoporosis (a loss of bone), which leads to an increased number of bone fractures, incapacitation
and increased mortality. Antagonists of o3, have been shown to be potent inhibitors of osteoclastic activity both in
vitro [Sato et al., J. Cell. Biol., Vol. 111 (1980) 1713-1723] and in vivo [Fisher et al., Endocrinology, Vol. 132 (1893)
1411-1413]. Antagonism of o, 34 ieads to decreased boene resorption and therefore restores a normal balance of bone
forming and resorbing activity. Thus it would be beneficial to provide antagonists of osteoclast e, 3, which are effective
inhibitors of bone resorption and therefore are useful in the treatment or prevention of osteoporosis.

[001D] The role of the o, B4 integrin in smooth muscle cell migration alsc makes it a therapeutic target for prevention
or inhibition of necintimal hyperplasia which is a leading cause of restenosis after vascular procedures (Choi et al., J.
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Vasc. Surg. Vob. 19(1) (1984} 125-34). Prevention or inhibition of neointimal hyperplasia by pharmaceutical agents to
prevent or inhibit restenosis would be beneficial.

[0011] White (Current Biology, Vol. 3(9)(19983) 596-599) has reported that adenovirus uses o, 3, for entering host
cells. The integrin appears to be required for endocytosis of the virus particle and may be required for penetration of
the viral genome into the host cell cytoplasm. Thus compounds which inhibit o, B, would find usefulness as antiviral
agents.

Summary of the Invention

[0012] The present invention relates to a class of compounds represented by the Formula |

or a phamaceutically acceptable salt thereof, wherein

Ais

wherein Y1 is selected from the group consisting of N-R2, Q, and 3;

R? is selected from the group consisting of H; atkyl; aryh, hydroxy; alkoxy; cyano; nitro; amino; aminocarbony);
alkenyl; alkynytl: alkyl optionally substituted with one or more substituent selected from lower alkyl, halogen, hy-
droxyl, haloalkyl, cyano, nitro, carboxyl, amino, alkaxy, aryl or aryl optionally substituted with one or mere halogen,
hatoalkyl, lower alkyl, alkoxy, cyano, alkylsulfonyl, alkylthio, nitra, carboxyl, amino, hydroxyl, sulfonic acid, sulfon-
amide, aryl, fused aryl, monocyclic heterocycles, or fused monocyclic heterocycles; aryl optionalty substituted with
one or more substituent selected from halogen, haloalkyl, hydroxy, lower alkyl, alkoxy, methylenedioxy, ethylene-
dioxy. cyano, nitro, atkylthio, altkylsuffonyl, sulfonic acid, sulfonamide, carboxyt derivatives, aming, aryt, fused aryl,
monocyciic heterocycles and fused monocyclic heterocycle; monocyclic heterocycles; and monocyclic heterocy-
cles optionally substituted with one or more substituent selected from halogen, haloalkyl, lower alkyl, alkoxy, amino,
nitro, hydroxy. carbaxyl derivatives, cyano, alkylthio, alkytsulfonyl, suifonic acid, sulfonamide, aryl or fused aryl; or

R2 taken together with R? forms a 4-12 membered dinitrogen containing heterocycle optionally substituted with
one or more substituent selected from the group consisting of lower alkyl, hydroxy and phenyl and wherein said
ring optionally contains a heteroatom selected from the group consisting of O and S:

or R? taken together with R7 forms a 5 membered heteroaromatic ring optionally substituted with amino;

or R2 taken together with R forms a 5 membered heteroaromatic ring fused with a phenyi group:

R7 {when not taken together with R2) and R?® are independently selected from the group consisting of H; alkyl;
alkenyl: alkynyl; aralky!; cycloalkyl; bicycloalkyl; aryl; acyl; benzoyl; alkyl optionally substituted with one or more
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substituent selected fram lower alkyl, halogen, hydroxy, haloalkyl, cyano, nitro, carboxyt derivatives, amino, alkoxy,
thio, alkylthio, sulfonyl, aryl, aralkyl, aryl optionally substituted with one or more substituent selected from halogen,
haloalkyt, lower alkyl, alkoxy, mathylenedioxy, ethylenedioxy, alkylthio, haloalkyithio, thio, hydroxy, cyano, nitro,
carboxyl derivatives, aryloxy, amido, acylamino, amino, alkylamine, dialkylamino, triflucroalkoxy, triflucromethyl,
sulfonyl, alkylsulforyl, haloaikyfsulfonyl, sulfonic acid, sulfonamide, aryl, fused aryl, monocyclic heterocycles, fused
monocyclic heterocycles; aryl optionally substituted with one or more substituent selected from halogen, haloalkyl,
lower alkyl, alkoxy, methylenedioxy, ethylenedioxy, alkylthio, haloalkylthio, thio, hydroxy, cyano, nitro, carboxyl
derivatives, aryloxy, amido, acylamine, amino, alkylamino, dialkylamino, triflucroalkoxy, trifluoromethyisulfonyi,
atkylsuifonyl, sulfonic acid, sulfonamide, aryl, fused aryl, monocyciic heterocycles, or fused monocyclic heterocy-
cles; monocyclic heterocycles; monocyclic heterocycles optionally substituted with one or mare substituent select-
ed from halogen, haloalkyl, lower alkyl, alkoxy, aryloxy, amino, nitro, hydroxy, carboxyl derivatives, cyano, alkylthio,
alkylsulfonyl, aryl, fused aryl; monecyclic and bicyclic heterocyclicalkyls; -50,R'? wherein R1? is selected from
the group consisting of alkyl. aryl and monocyclic heterocycles, all optionally substituted with one or more substit-
uent selected from the group consisting of halogen, haloalkyl, alkyl, alkoxy, cyane, nitro, amino, acylaming, trif-
luoroalkyl, amido, alkylaminosuifonyl, alkylsutfonyl, alkylsuifonylamino, alkylaming, dialkylamino, triflucromethyi-
thio, trifluoroalkoxy, trifluoromethylsulfonyl, aryl, aryloxy, thio. alkylthio, and monocyclic heterocycles; and

whaerein R0 is defined above;

or NR7 and R8 taken together form a 4-12 membered manonitrogen containing monocyclic or bieyclic ring optionalty
substituted with one or more substituent selected from lawer alkyl, carboxyl derivatives, aryl or hydroxy and wherein
said ring optionally contains a heteroatom selected from the group consisting of O, N and S;

RS is selected from the group consisting of H. alkyl, alkenyl, alkynyl, benzyl, and phenethyi;
or

Als

wherein ¥? is selected from the group consisting of H, alkyl; cycloalky!; bicycloalkyl; aryl: monocyclic heterocycles:
alkyl optionally substituted with aryl which can also be optionally substituted with one or more substituent selected
from halo, haloalkyl, alkyl, nitro, hydroxy. alkoxy, aryloxy, aryl, or fused any; aryl optionally substituted with one or
more substituent selected from halo, haloalkyl, hydroxy, alkoxy, aryloxy, aryl, fused aryl, nitro, methylenedioxy,
ethylenedioxy, or alkyl; alkynyl; alkenyt: -S-R and -0-R? wherein RY is selected from the group consisting of H:
alkyl; aralkyt: aryl: alkenyl; and alkynyl; or R® taken together with R7 forms a 4-12 membered mononifrogen con-
taining sulfur or axygen cortaining heterocyclic ring; and

R3 and R7 are as defined above;

or Y2 (when YZ is carbon) taken together with R7 forms a 4-12 membered mononitrogen containing ring optionally
substituted with alkyl, aryl or hydroxy:

orAis
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NH ‘ N’OH

i)kNHz > é)J\NHz ;

Z1, 22 74 and Z5 are independently selected from the group consisting of H; alkyl; hydroxy; alkoxy: aryloxy; ar-
alkoxy; halogen:; haloalkyl; haloalkoxy; nitro; amino; aminoalkyl; alkylaming; dialkylamino; cyane; alkylthio; alkyl-
sulfonyl; carboxyl derivatives; carboxyalkyl; alkoxycarbonylalkyl; acetamide; aryl; fused aryh; cycloalkyt; thio; mono-
cyclic heterocycles; fused manocyclic heterocycles; and A, wherein A is defined above;

B is selected from the group consisting of

—CH,CONH—, — CONR¥— (CH,),—, —C(0)0—,

—80,NH—, — CH,0—, and — OCH,,—;

wherein p is an integer selected from the group consisting of 0, 1 and 2;

wherein R%0 is selected from the group consisting of H, alkyl, aryl, carboxyl detivatives and-CONHCH,CO,R33
wherein R%3 is H or lower alkyl;

R52 is selected from the group consisting of H or alkyl;

R31is selected from the group consisting of H, alkyl, carboxyl derivatives,

—NCO;Rs4, —NHSO;R%* —NHCONHRS4,
H .

—NHCORs4, —NHCORSs and amino,

wherein R54 is selected from the group consisting of H, alkyl, cycloalkyl, aryl, aralkyf, aralkenyl, and aryi substituted
by one or more alkyl or halo; wherein R35 is selected from the group consisting of N-substituted pyrrolidiny!, pip-
eridinyl and morphalinyl;

tis aninteger 0, 1or 2;
R is X-R® wherein X is selected from the group consisting of O, 5 and NR#, wherein R? and R4 are independently
selected from the group consisting of hydrogen; alkyl; alkenyl; alkyny?, haloalkyl; aryl; arylalkyl, sugars; steroids

and in the case of the free acid, all pharmaceutically acceptable saits thereof; and

Y3 and Z9 are independently selected from the group consisting of H, alkyl, aryl, cycloalkyl and aralkyt or Y? and
23 taken together with the C form a carbonyl.

[0013] This invention also relates 1o a class of compounds represented by the Formula It
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- .
A 8@\ RS0
t P
78 s COR

0

or a pharmaceutically acceptable salt thereof, wherein

Y is selected from the group consisting of -O-, -3- and -80,-; whergain

Als

wherein Y! is selected from the group consisting of N-R2, O, and S;

R? is selected from the group consisting of H; alkyt, aryt; hydroxy; alkoxy; cyano; nitro: amino; aminocarbonyl;
alkenyl: alkynyl: alkyl optionally substituted with one or more substituent selected from lower alkyl, halogen, hy-
droxyl, haloalkyl, cyano, nitro, carboxyl, amino, alkoxy, aryl or aryl optionally substituted with one or more halogen,
haloalkyl, lower alkyl, alkoxy, cyano, alkylsulfonyl. alkylthio, nitro, carboxyl, amine, hydroxyl, sulfonic acid, sulfon-
amide, aryl, fused aryl, monocyclic heterccycles, or fused monocyclic heterocyeles; aryl optionally substituted with
one or more substituent selected from halogen, haloalkyl, hydroxy, lower alkyl, alkoxy, methylenadioxy, ethylene-
diaxy, cyana, nitra, alkylthio, alkylsulfonyl, sulfonic acid, sulfonamide, carboxy! derivatives, amino, aryl, fused aryl,
monacyclic heterocycles and fused monocyclic heterocycle; monocydlic haterocycles; and monocyclic heterocy-
cles optionally substituted with one or more substituent selected from halogen, haloalkyl, lower alkyl, alkoxy, amino,
nitre, hydroxy, carboxyl derivatives, cyano, alkylthio, atkylsulfonyl, sulfonic acid, sulfonamide, aryl or fused aryl; or

R2 taken together with R7 forms a 4-12 membered dinitrogen containing heterocycle optionally substituted with
one or more substituent selacted from the group consisting of lower alkyl, hydroxy and phenyl;

or R2 taken together with R7 forms a 5 membered heteroaromatic ring optionally substituted with amino;

or RZ taken together with R7 forms a § mempered heteroaromatic ring optionaily substituted with amino fused with
a phenyl group;

R7 (when not taken together with R2) and R® are independently selected from the group consisting of H; alkyl;
alkenyl; alkynyl: araikyl; cycloalkyl; bicycloalkyl; aryl: acyl; benzoyl: alkyl optionally substituted with one or more
substituent selected from lower alkyl, halogen, hydroxy, haloalkyl, cyano, nitro, carboxy! derivatives, amino, alkoxy,
thio, alkylthio, sulfonyi. aryl, aralkyl, any! optionally substituted with one or more substituent selected from halogen,
haloalkyl. lower alkyl. alkoxy, methylenedioxy, ethylenedioxy, alkylthio, halealkyithio, thio, hydroxy. cyano, nitro,
carboxyl derivatives, aryloxy, amide, acylamino, amino, alkylamino, dialkylamino, trifluoroalkoxy, frifluoromethyl,
sulfonyl, alkylsulfonyl, haloalkylsulfony!, sulfonic acid, sulfonamide, aryl, fused aryl, monocyclic heterocycles, fused
menocyclic heteracycles: aryl optionally substituted with one or more substituent selected from halogen, haloalkyl,
lower alkyl, alkoxy, methylenedioxy, ethylenedioxy, alkylthio, haloalkyithio, thio, hydroxy, cyano, nitro, carboxyl
derivatives, anfloxy, amido, acylamino, amino, alkylamine, dialkylamino, triflucroalkoxy, triffuoromethyl suifonyl,
alkylsuifonyi, sulfonic acid. sufonamide, aryl, fused aryl, monocyclic heterocycles, or fused monocyclic heterocy-
cles; monocyclic heterocycies; monocyclic heterocycles optionally substituted with ane or more substituent select-
ed from halogen, haloalkyl, lower alkyl, alkoxy, aryloxy, amino, nitro, hydroxy, carboxyl derivatives, cyano, alkylthio,
atkylsulfonyl, aryl, fused aryl; monocyclic and bicyclic heterocyclicalkyls; -S0, R10 wherein R0 is selected fram
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the group consisting of alkyl, aryl and monocyclic heteraocycles, all optionally substituted with one or more substit-
uent selected from the group consisting of halogen, haloalkyl, alkyl, alkoxy, cyano, nitro, amino, acylamino, trif-
luoroalkyt, amido, alkylaminosulfonyl, atkylsulfonyl, alkylsulfonylamine, alkylamino, dialkylamino, triflucromethyl-
thio, trifluoroalkoxy, trifluoromethylsuifonyl, aryl, aryloxy, thio, alkylthic, and monocyclic heterocycles; and

0]
I
—C —R10
wherein R10 is defined above;
or NR7 and R® taken together form a 4-12 membered monenitrogen containing monocyclic or bicyctic ring optionally
substituted with one or more substituent selected from lower alkyl, carboxyl derivatives, aryl or hydroxy and wherein

said ring optionally contains a heteroatom selected from the group consisting of O, N and S;

R%is selected from the group consisting of M, alkyt, alkenyl, alkynyl, benzyl, and phenethyl;
or

Ais

0
R

NR7

A

wherein Y2 is selected from the group consisting of alkyl; cycloalkyl; bicycloalkyl: aryl; monocyclic heterocycles;
alkyl optionally substituted with aryl which can also be opticnally substituted with one or more substituent selected
from halo, haloatkyl, alkyl, nitro, hydroxy, alkoxy, aryloxy, aryl, or fused aryl; aryl optionally substituted with one or
more substituent selected from halo, haloalkyl, hydroxy, alkoxy, aryloxy, aryl, fused aryl, nitro, methylenedioxy,
ethylenedioxy, or alkyl; alkynyl; alkenyl; -S5-R® and -O-R9 wherein R? is selected from the group consisting of H;
alkyl; aralkyl; aryl; alkenyl; and alkynyl; or RS taken together with R7 forms a 4-12 membered mononitrogen con-
taining sulfur or oxygen containing heterccyclic ring; and

R® and R7 are as defined abave;

or Y2 (when Y2 is carbon) taken together with R7 forms a 4-12 membered mononitrogen containing ring optionally
substituted with atkyl, aryl or hydroxy:

orAis

NH N/OH

%J\NHE or E)LNHz ;

Z', 72, Z4 and Z5 are independently selected from the group consisting of H; alkyl; hydroxy; alkoxy; aryloxy: ar-
alkoxy; halogen; haloalkyl, haloalkoxy: nitro; amino; amincalkyl; alkylamine; dialkylamino; cyano; alkylthio; alkyl-
sulfonyl: carboxyl derivatives; carboxyaikyl; alkoxycarbonylalkyl: acetamide; aryl; fused aryl; cycloalky!: thio: mono-
cyclic heterocycles; fused monocyclic heterocycles; and A, wherein A is defined above;

B is selected from the group consisting of
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—CH,CONH—, —CONR™—(CH,),—, -C(0)O-,

—S0,NH—, —CH,0—, and ~— OCH,—;

wherein p is an integer selected from the group consisting of 0, 1 and 2;

wherein R0 is selected from the group consisting of H, atkyi, aryl and carboxyl derivatives;

RS2 is selected from the group consisting of H or alkyi;

tis aninteger 0, 1 0r 2;

R is X-R? whereln X is selected from the group consisting of 0, S and NR#, wherein R3 and R4 are independentty
selected from the group consisting of hydrogen; aikyl; aikenyl; alkynyl; haloalkyl; aryl; arytaikyt, sugars; steroids

and in the case of the free acid, al pharmaceutically acceptable saits thereof; and

Y2 and Z3 are independently selected from the group consisting of H, alkyl, aryl. cycloalkyl and aralkyl or Y3 and
Z3 taken together with C form a carbonyl.

[0014] It is another object of the invention to provide pharmaceutical compositions comprising compounds of the
Formulas 1 and 1. Such compounds and compositions are useful in selectively inhibiting or antagonizing the o, B3 and
therefore in another embodiment the present invention relates to a method of selectively inhibiting or antagonizing the
o, B3 integrin. The invention further involves treating or inhibiting pathological conditions associated therewith such as
osteoporosis, humoral hypercalcemia of malignancy, Paget's disease, tumor metastasis, solid tumor growth {(neopla-
sia}, angiogenesis, including tumor angiogenesis, retinopathy including diabetic retinopathy, arthritis, including rheu-
matoid arthritis. periodontal disease, pscriasis. smooth muscle cell migration and restenosis in a mammal in need of
such treatment. Additicnally, such pharmaceutical agents are useful as antiviral agents, and antimicrobials.

Detailed Description

[0015] The presentinvention relates to a class of compounds represented by the Formulas | and Il, described above.
[0016] A preferred embodiment of the present invention is a compound of the Formula Il

A B
'z W » COR
RsC

[0017] Another preferred embodiment of the present invention is a compound of the Formuta IV

A CONRS2
RS
l
ya 72 74 75 COR
Rs0

[0018] Another preferred embodiment of the present invention is a compound of the Formula V
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A CONRS2
\@ \@j
71 e 24 75 COR

[0019] Ancther preferred embodiment of the present invention is a compound of the Formula V
A\@/BQ\
T
o] COR
2l 22 zd D 0

[0020] Another preferred embediment of the present invention is a compound of the Formula Vi

A B
@ @ R Ny
Z 22 74 Zs s COR

[0021] Anocther preferred embodiment of the present invention is a compound of the Formula VI

A 8
?
;@ ;2 S TN
Z! 22 74 Z5 ]S] COR
0

[0022] When the compound of the invention is of the formula

COoH
21 22 74 Z5

the compounds can be racemic or R or S stereochemistry. However, the S stereochemisty (derived from the natural
amino acid, i.e. L-form} is the most preferred, followed by the racemic and followed by the R-sterecisomer.

[0023] The invention further relates to pharmaceutical compositions containing therapeutically effective amounts of
the compounds of Formulas -V

[0024] The invention also refates to a method of selectively inhibiting or antagonizing the o, 5 integrin and more
specifically relates to a method of inhibiting bone resorption, pericdantal disease, osteoporosis, humaoral hypercalcemia
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of malignancy, Paget's disease, tumor metastasis, solid tumor growth {neoplasia), angiogenesls, including tumor an-
giogenesis, retinopathy including diabetic retincpathy, arthritis, including rheumatoid arthritis, smooth muscle cell mi-
gration and restenosis by administering a therapeutically effective amount of a compound of the Formula |-VIII to
achieve such inhibition together with a pharmaceutically acceptable carrier.

[0025] The following is a list of definitions of various terms used herein:

[0026] As used herein, the terms "alkyl” or "lower alkyl" refer to a straight chain or branched chain hydrocarbon
radicals having from about 1 to about 10 carbon atoms, and more preferably 1 to about 6 carbon atoms. Examples of
such alkyl radicals are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyt, sec-butyl, t-butyl, pentyl, neopentyl, hexyl,
isohexyl, and the like.

[0027] As used herein the terms "alkenyl” or "lower atkenyl" refer to unsaturated acyclic hydrocarbon radicals con-
taining at least one double bond and 2 to about 6 carbon atoms, which carbon-carbon double bond may have either
cis or trans geometry within the alkenyl moiety, relative to groups substituted on the double bond carbons. Examples
of such groups are ethenyl, propenyl, butenyl, isobutenyl, penteryl, hexenyl and the like.

[0028] As used herein the terms "alkynyt” or "lower alkynyl” refer to acyclic hydrocarbon radicals containing one or
maore triple bonds and 2 to about 6 carbon atoms, Examiples of such groups are ethynyl, propynyl, butynyl, pentynyl,
hexynyl and the like.

{6029] The term "cycloalkyl” as used herain means saturated or partially unsaturated cyclic carbon radicals containing
3 to about 8 carbon atoms and more preferably 4 to about 6 carbon atoms. Examples of such cycloalkyl radicals include
cyclapropyl, cyclopropenyt, cyclobutyl, cyclopentyt, cyclohexyl. 2-cyclohexen-1-yi. and the like.

[0030] The term "aryl” as used herein denotes aromatic ring systems composed of one or more aromatic rings.
Preferred aryl groups are those consisting of one, two ar three aromatic rings. The term embraces aromatic radicals
such as phenyl, pyridyl, naphthyl, thiophene, furan, biphenyt and the like.

[0031] As used herein, the term "cyano” is represented by a radical of the formuta

F—CN .

[0032) The terms "hydroxy” and "hydroxyl” as used herein are synonymous and are represented by a radical of the
formuta

Fow .

[0033] The term "lower alkylene” or "alkylene” as used herein refers to divalent linear or branched saturated hydro-
carhon radicals of 1 to about 6 carbon atoms.

[0034] As used herein the term "alkoxy” refers to straight or branched chain oxy containing radicals of the formula
-OR20, wherein R20 is an alkyl group as defined above. Examples of alkoxy groups encompassed inciude methoxy,
ethoxy, n-propoxy, n-butoxy, isopropoxy, isobutoxy, sec-butoxy, t-butoxy and the like.

[0035] As used herein the terms "arylalkyl” or "aralkyl" refer to a radicat of the formuta

§—-R22-—R21

wherein

R21 is aryl as defined ahove and R22 is an alkylene as defined above. Examples of aralkyl groups include benzyl,
pyridylmethyl, naphthylpropyl, phenethyl and the like.

[0036] Asused herein the term "aralkenyl” is represented by a radical of the formula

1 -RoR

where R21 is aryl as defined above and R23 is alkylene of 2-6 carbon atoms with one or more C-C double bonds.
[0037] As used herein the term "araikoxy” or "arylalkoxy” refers to a radical of the formula
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§—ORsc

wherein R80 is aralkyt as defined above.
[0038] As used herein the term "nitro” is represented by a radical of the formula

o,

[0039] As used herein the term "halo” or "halogen” refers to bromo, chloro, fluoro or iodo.,

[0040] As used herein the term "haloalkyl” refers to alkyt groups as defined abave substituted with one or more of
the same or different halo groups at one or mote carbon atom. Examples of haloalkyl groups include tAfluoromethyl,
dichloroethyl, fluoropropyl and the like.

[0041] As used herein the term "N-substituted pyrrolidiny, piperidinyl, and morpholinyl” refer respectively to radicals
of the formula

i-N\/j ; %—N and %‘NCO.

[0042]) As used herein the term “"carboxyl” or "carboxy” refers to a radical of the formula -COOH.
[0043] As used herein the term "carboxyl derivative” refers to a radical of the formuia

T
—C—Y'R=%
wherein
Y& and Y7 are independently selected from the group consisting of O, N or 5 and R23 is selected fram the group
consisting of H, alkyl, aralkyl or aryl as defined above.

[0044] As used herein the term "amino” is represented by a radical of the formula -NH,.
[0045] As used herein the term aminoalkyl” refers to a radical of the formula

HoN-—Rs—

wherein R1 is alkylene as defined above.
[0046] As used herein the term "alkylsulfonyl” or "alkylsulfone" refers to a radical of the formula

i
s —Ru

i

o

wherein R24 is alkyl as defined above.
[0047] Asusedhereinthe term "alkylthic” refers to a radical of the formula -SR24 wherein R24 is alkyl as defined above.
[0048] As used herein the term "sulfonic acid” refers to a radical of the formula
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i
§—§-—0st
0

whefein R25 js H,
alkyl or aryl as defined above.
[0049) As used herein the term "sulfonamide™ refers to a radical of the formula

wherein R7 and R are as defined above.

[0050] As used herein the term "fused aryl" refers to an aromatic ring such as the aryl groups defined above fused
ta one or more phenyl rings. Embraced by the term "fused aryl” is the radical naphthyl.

[0051] As used herein the terms "monocyclic heteroeycle™ or "monocyclic heterocyclic” refer to a monocyclic ring
containing from 4 to about 12 atoms, and more preferably from 5 to about 10 atoms, wherein 1 tc 3 of the atoms are
heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur with the understanding that if two or
more different hetercatoms are present at least one of the heteroatoms must be nitrogen. Representative of such
monocyclic heterocycles are imidazole, furan, pyridine, oxazole, pyran, triazole, thiophene, pyrazole, thiazole, thiadi-
azole, and the like.

[0052] As used herein the term "fused monocyclic heterocycle” refers to a monocyclic heterocycle as defined above
with a benzene fused thereto. Examples of such fused monocyclic heterocycles include benzofuran, benzopyran, ben-
zodioxole, benzothiazole, benzothiophena, benzimidazole and the like.

[0053] As used herein the term "methylenedioxy” refers to the radical

o
-’

and the term "ethylenedioxy” refers to the radical
%—‘Oj
%——O

[0054] As used herein the term “4-12 membered dinitrogen containing heterocycle refers to a radical of the formula

N—
( Hm)1 ]

c
v,
s

wherein m is 1 or 2 and R1% is H, atkyl, aryl, or aralkyl and more preferably refers to 4-9 membered ring and includes
rings such as imidazoline.
[0055] As used herein the term "5-membered heteroaromatic ring” includes for example a radical of the formula
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N

Ky

H

and "5-membered hetercaromatic ring fused with a phenyl" refers to such a "5-membered heteroaromatic ring” with a
phenyl fused thereto. Representative of such 5-membered heteroaromatic rings fused with a phenyl is benzimidazole.
[0056] As used herein the term "bicycloalkyl” refers to a bicyclic hydrocarbon radical containing 6 to about 12 carbon
atoms which is saturated or partially unsaturated.

[0057] As used herein the term "acyl” refers to a radical of the formula

@]
|

’-{C\Ris

wherein R26 is alkyl, alkenyl, alkynyl, aryl or aralkyl as defined above. Encompassed by such radical are the groups
acetyl, benzoyl and the like.
[0058] As used herein the term "thio” refers to a radical of the formula

F—SH .

{0059} As used herein the term "sulfonyl” refers to a radical of the formula

S—R27
il
o

wherein R27 is alkyl, aryl or aralkyt as defined above.

[0060] As used herein the term "haloalkylthio” refers to a radical of the formuta -3-R?% wherein R22 is haloalkyl as
defined above.

[0061] As used herein the term "aryloxy” refers to a radical of the formula

%_—-OR‘JQ

wherein R29 is aryl as defined above.
[0082] As used herein the term “acylamino” refers to a radical of the formula

.
Rw«—é—NH—§

wherein R30 Is alkyl, aralkyl or aryl as defined above.
[0063] As used herein the term "amido” refers to a radical of the formula
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fl
e B30 —NH,

wherein R31 is a bond or alkylene as defined above.

[0064] As used herein the term "alkylamino” refers to a radical of the formula -NHR32 wherein R32 is alkyl as defined
above,

[DDE5]  As used hersin the term "dialkylamino” refers to a radical of the formula -NR32R34 wharein R and R34 are
the same or different alky! groups as defined above.

[0066) As used herein the term "trifluoromethyl” refers to a radical of the formula

}—CFs -

[0067] As used herein the terr “trifluoroatkoxy™ refers to a radical of the formuta

F3C—R3%—0-3

wherein R3S is a bond or an alkylene as defined above.
[0068] As used herein the term "alkylaminosulfonyl” refers to a radical of the formula

7

RIs—N—3
H

o

wherein R3€ is alkyl as defined above.
[D0B9] As used herein the term "alkytsulfonylamino” refers to a radical of the formula

0

i
R36-—5—NH

i —

wherein R3¢ is alkyl as defined above.
[0073] As used herein the term "trifiucromethyithio” refers to a radical of the formula

FiC—5—F .

[0071] As used herein the term "trifluoromethylsulfonyl™ refers to a radical of the formula
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[0072] As used herein the term "4-12 membered mononitragen containing manacyclic ar bicyclic ring” refers to a
saturated or partially unsaturated monocyclic or bicyclic ring of 4-12 atoms and more preferably a ring of 4-9 atoms
wherein one atom is nitrogen. Such rings may opticnally contain additional hetercatoms selected from nitrogen, oxygen
or sulfur. Included within this group are morpholine, piperidine, piperazine, thiomorpholine, pyrroliding, proline, azacy-
cloheptene and the like.

[0073] As used herein the term "benzyl” refers to the radical

f—CHIO .

{0074] As used herein the term "phenethyl” refers to the radical

I——cmcm—@ .

[0075) As used herein the term "4-12 membered mononitrogen containing sulfur or oxygen containing heterocyclic
ring” refers to a ring consisting of 4 to 12 atoms and more preferably 4 to 9 atoms wherein at least one atom is a
nitrogen and at least one atom is oxygen or sulfur. Encompassed within this definition are rings such as thiazoline and
the like.

[0076] As used herein the term "arylsulfonyl” or "arytsulfone” refers to a radical of the formula

wherein R37 is aryl as defined above.
[0077] As used herein the terms “alkylsulfoxide™ or "arylsulfoxide" refer to radicats of the formula

q
R¥—S—}

wherein R38 is, respectively, alky! or aryl as defined above.
{0078] As used herein the term "phosphonic acid derivative” refers to a radical of the formula

It
P—DRw
1

CRw

wherein R3% and R40 are the same or different H, alkyl, aryl or aralkyl.
[@079] As used herein the term "phosphinic acid derivatives” refars to a radical of the formula

i
—P—ORs!

wherein R41 is H, alkyl, aryl or aralkyl as defined above.
[008D] As used herein the term "arylthio” refers to a radical of the formula
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g—SR-fz

wherein R4? is aryl as defined above.
{0081] As used herein the term "monocyclic heterocycle thio” refers to a radical of the formula

}—SRe

wherein R43 is a monocyclic heterocycle radical as defined above.
[0082] As used herein the terms "monocyclic heterocycle sulfoxide™ and "monocyclic heterocycle sulfone” refer, re-
spectively, to radicals of the formula

o
%—g—ads

and

wherein R43 is a monocyclic heterocycle radical as defined above.

[0083] The term "composition” as used herein means a product which results from the mixing or combining of more
than one element or ingredient.

[0084] The term “pharmaceutically acceptable carrier”, as used herein means a pharmaceutically-acceptable mate-
rial, composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or encapsulating material, invoived
in carrying or transporting a chemical agent.

[0085] The term "therapeutically effective amount” shall mean that amount of drug or pharmaceutical agent that will
elicit the biclogical or medical response of a tissue, system or animal that is being sought by a researcher or clinician.
{0086} The following is a list of abbreviations and the corresponding meanings as used interchangeably herein:

H-NMR = proton nuclear magnetic resonance

AcOH = acetic acid

BH3-THF = borane-tetrahydrofuran complex

BOC = tert-butoxycarbony)

Cat. = catalytic amount

CH,Cl, = dichloromethane

CHLCN = acetonitrile

CH,l = iodomethane

CHN analysis = carbon/hydrogen/nitrogen elemental analysis

CHNCI analysis = carbon/hydrogen/nitrogen/chlorine elemental analysis
CHNS analysis = carbon/hydrogen/nitrogen/sulfur elemental analysis
BCC = 1, 3-dicyclohaxytcarbadiimide

DIEA = diisopropylethytamine

DMA = N N-dimethylacetamide

DMAP = 4-(N.N-dimethylamino)pyridine

DMF = N.N-dimethylformamide

DSC = disuccinyl carbonate

EDCI = 1-(3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
Et,0 = diethyl ether

Et;N = triethylamine
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EtOAc = ethyl acetate

EtOH = ethanof

FAB MS = fast atom bombardment mass spectroscopy g = gram{s)
GIHA HCI = meta-guaniding-hippuric acid hydrochioride
GIHA = meta-guanidinc-hippuric acid

HPLC = high performance liquid chromatography

IBCF = isobutylchloroformate

K,CO; = potassium carbonate

KOH = potassium hydroxide

LiOH = lithium hydroxide

MCPBA = m-chioroperoxybenzoic acid or m-chloroperbenzoic acid
MeOH = methanol

MesCl = methanesulfonylchloride

mg = milligram

MgSO,4 = magnesium sulfate

mi = milliliter

mL = milliliter

MS = mass spectroscopy

N5 = nitrogen

NaCNBH, = sodiurmn cyanoborohydride

Na,PQO, = sodium phosphate

Na;S0,4 = sodium sulfate

NaHCO, = sodium bicarbonate

NaOH = sodium hydroxide

NH4HCO4 = ammonium bicarbonate

NH4*HCO,- = ammonium formate

NMM = N-methyl morpholine

NMR = nuclear magnetic resonance

RPHPLC = reverse phase high performance liguid chromategraphy
RT = room temperature

KSCN = potassium thiocyanate

Pd/C = palladium on carbon

Bn = benzyl
Et = ethyl

Me = methyl
Ph = phenyl

NELt, = triethylamine

t-BOC = tert-butoxycarbonyl
TFA = triflucroacetic acid

THF = tetrahydrofuran

A = heating the reaction mixture

[0087) As used herein HPLC-Method 1 refers to reverse phase C-18 functicnalized silica gel column {50 x 300 mm)
using a linear gradient of 95% 0.6% TFA/water:5% CH,CN to 60% 0.6% TFAMwater: 40% CH,CN with a flow rate of
80 mil/minute.

[0088] The compounds as shown in Formulas 1-VIII can exist in various iscmeric forms and all such isomeric forms
are meant to be included. Tautomeric forms are also included as well as pharmaceutically acceptable saits of such
iscmers and tautomers.

[0089] In the structures and formulas herein, a bond drawn across a bend of a ring can be to any available atom on
the ring.

[0090]) The term "pharmaceutically acceptable salt” refers to a salt prepared by contacting a compound of Formula
| or i with an acid whase anion is generally considered suitable for human consumption. Examples of pharmacologically
acceptable saitsinclude the hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate, acetate, propionate, lactate,
maleate, malate, succinate, tartrate salts and the like. All of the pharmacologically acceptable salts may be prepared
by conventional means. (See Berge etal., J Pharm. Sci., 66(1), 1-19(1977) for additicnal examples of pharmaceutically
acceptable salts.)

[0091] For the selective inhibition or antagonism of o, 35 Integrins, compounds of the present invention may be ad-
ministered orally, parenterally, or by inhalation spray, or topically in unit dosage formutations containing conventional
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pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein includes, for exatn-
ple, subcutaneous, intravenous, intramuscular, intrasternal, infusion techniques or intraperitonally.

[0092] The compounds cf the presentinvention are administered by any suitable route in the form of a pharmaceutical
composition adapted to such a route, and in a dose effective for the treatmentintended. Therapeutically effective doses
of the compounds required te prevent or arrest the progress of or to treat the medical condition are readily ascertained
by one of ordinary skiil in the art using preclinical and clinical approaches familiar to the medicinal aris.

[0093] Accordingly, the present invention provides a method of treating conditions mediated by selectively inhibiting
or antagonizing the o, B cell surface receptor which method comprises administering a therapeutically effective amount
of a compound selected from the class of compounds depicted in Formulas I-VIII, wherein one or more compounds of
the Formulas |-VIll is administered in association with ene or more non-toxic, pharmaceutically acceptable carriers
and/or diluents and/or adjuvants (collectively referred to herein as "carrier” maternials) and if desired other active ingre-
dients. Morg specifically, the present invention provides a method for inhibition of the o, 35 cell surface receptor. Most
preferably the present invention provides a method for inhibiting bone resorption. treating osteoporosis, inhibiting hu-
moral hypercalcemia of malignancy, treating Paget's disease, inhibiting fumor metastasis, inhibiting neoplasia (solid
tumor growth), inhibiting angiogenesis including tumor angiogenesis, treating diabetic retinopathy. inhibiting arthritis,
psoriasis and periodontal disease, and inhibiting smooth muscle cell migration including restenosis.

[0094]) Based upen standard laboratory experimental techniques and procedures well known and appreciated by
those skilled in the art, as well as comparisons with compounds of known usefulness, the compounds of Formula | can
be usedin the treatment of patients suffering from the above pathoiogical conditions. One skilfed in the art will recognize
that selection of the most appropriate compound of the invention is within the ability of one with ordinary skill in the art
and will depend on a varniety of factors including assessment of results obtained in standard assay and animal models.

[0095] Treatment of a patient afflicted with one of the pathological conditicns comprises administering to such a
patient an amount of compound of the Formula | or Il which is therapeutically effective in controlling the condition or
in prolonging the survivability of the patient beyond that expected in the absence of such treatment. As used herein,
the term "inhibition” of the condition refers to slowing, interrupting, arresting or stopping the condition and does not
necessarily indicate a total elimination of the condition. 1t is believed that prolonging the survivability of a patient, beyond
being a significant advantageous effect in and of itself, also indicates that the condition is beneficially controlled to
some extent.

[0096] As stated previously, the compounds of the invention can be used in a variety of biological, prophylactic or
therapeutic areas. It is contemplated that these compounds are useful in prevention or treatment of any disease state
or candition wherein the «, 35 integrin plays a role.

[0097] The dosage regimen for the compounds and/or compositions containing the compounds is based on a variety
of factors, including the type, age, weight, sex and medical condition of the patient; the severity of the condition; the
route of administration; and the activity of the particular compound employed. Thus the dosage regimen may vary
widely. Dosage ievels of the arder from about 0.01 mg to about 1000 mg per kilogram of body weight per day are useful
in the treatment of the above-indicated conditions and more preferably of the order from about 0.01 mg to about 100
mg per kilogram.

[0098] The active ingredient administered by injection is formulated as a composition wherein, for example, saline,
dextrose or water may be used as a suitable carrier. A suitable daily dose would typicalty be about 0.01 to 100 mg/kg
body weight injected per day in multiple doses depending on the factors listed above and more preferably of the order
from about 0.01 to about 10 mg/kyg.

[0089] For administration to & mammal in need of such treatment, the compounds in a therapeutically effective
amount are ordinarily combined with one or more adjuvants appropriate to the indicated route of administration. The
compounds may be admixed with lactose, sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alky)
esters, talc. stearic acid, magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and sulphuric
acids, gelatin, acacia, sodium alginate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and tableted or encapsulated for
convenient administration. Alternatively, the compounds may be dissolved in water, polyethylene glycol, propylene
glycol, ethanol. com oil. cottonseed cil, peanut oil, sesame oil, benzy! alecho!, sodium chloride, andfor various buffers.
Other adjuvants and modes of administration are well and widely known in the pharmaceutical art.

[0100] The pharmaceutical compositions useful in the present invention may be subiected to conventional pharma-
ceutical operations such as sterilization and/or may contain conventional pharmaceutical adjuvants such as preserv-
atives, stabilizers, wetting agents, emulsifiers, buffers, etc.

[0101] The general synthetic sequences far preparing the compounds useful in the present invention are outlined in
Schemes I-1V. Both an explanation of, and the actual procedures for, the various aspects of the present invention are
described where appropriate. The following Schemes and Examples are intended to be merely illustrative of the present
invention, and not limiting thereof in either scope or spirit. Those of skill in the art will readily understand that known
variations of the conditions and processes described in the Schemes and Examples can be used to perform the process
of the present invention.
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{0102] Unless otherwise indicated all starting materials and equipment employed were commercially available.
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SCHEME I (Cont’d)
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SCHEME I (cont’d)

b CoH PhOYOF'h PhOYN COH
NCN NCN (a17)
= 7 z z
' HXNH, XN
(A17) oo H:»N\QN)\NH o
(A18)
b4 2

[0103] Schemes I, Il and Ill are illustrative of methodology useful for preparing various compounds of the present
invention. Such methodolegy is more specifically defined in the examples which follow. Such methodology can be
modified by one skilled in the art, substituting known reagents and conditions from conventional methodology to produce
the desired compounds.

Specifically, in Scheme [:

[0104] In the synthesis of intermediate benzoic acids (A1) through {A186}. the starting amino benzoic acids

HN CO.H
Y

Z Z

are either commercially available or can be converted to such amino benzoic acids via reduction of the corresponding
nitro benzoic acid, which can be obtained commercially or synthesized by nitration of the appropriate benzoic acid,
foltowed by reduction to the desired amino benzoic acid. These are all when R® is H. If RS is ather than H, alkylation
of the amino functionality can be achieved by conventional methodology.

{0105] Furthermore, synthesis of intermediate (A2} can also be accomplished as disclosed generally in US
3,202,660, starting with the appropriate amino benzoic acid. Furthermore, intermediate (A2) and (A15) as well as
further analogues of (A2} and (A15) such as substitutions on the heterocyclic ring, oxazolidines, thiazolidines, benz-
imidazoles and the like can also be accomplished as disclosed in

1) Chem. Pharm. Bull. 41(1) 117-125 (1993)

2) Chem. Pharm. Bull. 33{10) 4409-4421 {1985)
3) J. Med. Chem. 18 (1). 90-99 (1975).
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used in the synthesis of intermediates (A3), can be synthesized fram

m = -4
NH
9
and {Me);0BF, in dichloromethane.
NH
Y2
CMe

‘HCI used in the synthesis of intermediate (A4), can be synthesized from Y2-CN and MeOH (1 equivalent) and HCI
gas (1 equivalent) in heptane.

[0106] All other reagents in Scheme | are either commercially available or readily synthesized by methodologies
known by those skilled in the art.
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[01071 In Scheme 1I{A), phenylpropicnic acid analogs D4 are readily prepared from 4-nitrophenyl alanine methyl
asters B4 using the following procedure.

[0108] Nitrophenyl alanine B4 condenses with a variety of electrophiles such as R'COCI, R10COCI, R'S0,CI,
RIN=C=0, RIN=C=8, R1SCOC! under standard conditions (NEt,, THF) known in the art. The resulting intermediate
E4 is reduced by either catalytic hydrogenation (H,, Pd/C, MeOH), or tin Il chloride (SnCt,, H,0, HCI, EtOH 100°) o
afford the desired phenylpropionic acid analog D4,

[0109] In Scheme II{B) phenylpropionic acid analog D1 is readily prepared from aldehyde/or ketone B1 in the fol-
lowing manner.

[0110] Aldehyde or ketone B1 is condensed with (Et0},P(O)CH,COR under standard conditions (NaH/THF 0° to
room temperature). The resuiting cinnamic acid derivative €1 is reduced (4% Pd/C, EtOH, 5 psi) to afford the desired
phenylpropionic acid analogs D1.

[0111] When substituents Z4 and Z° are sensitive to the catalytic hydrogenation conditions described above, the
following synthetic procedure depicted in Scheme W(C) may be utilized.

[0112] Nitrophenylcinnamic acid derivative C1 is partially reduced with magnesium in MeOH to afford nitrophenyl-
propionic acid analog E1, further reduction of the nitro maiety (SnCl/H,O/HCVEtOH) affords the desired phenylpropi-
onic acid derivative D1.

[0113] In Scheme I|{D) phenylpropionic acid derivative D2 can be readily prepared from aldehyde B2 as described
below.

[0114] Aidehyde B2 is condensed with N-benzoyl glycine {Ac,0/100°) and the resulting azalactone is hydrolysed
(MeOH/K,CQ3) to afford the corresponding dehydroamine acid analog C2. Hydrogenation of C2 (Pd/C, H,, MeOH, 60
psi} followed by derivatisation with the electrophilic reagents W-Cl (as described in Scheme [I{A) affords phenylpropionhic
acid derivative D2.

{0115] In Scheme II{E), phenylpropionic acid analog D3 may be prepared from bromide B3,

[0116] Bromide B3 is readily coupled to acrylate E2 using standard Heck coupling procedures such as (Pd{OAG),,
P(Tol);, DMF, 130°) to afford the corresponding dehydroamino acid derivative C3. Hydrogenation of C3 (Pd/C, Hs,
EtOH, 80 psi) affords the desired phenylpropionic acid analog B3.

[0117] Furthermore acrylates E2 are readily prepared from condensation of pyruvic acid derivatives with H,N-W
using standard dehydrating conditions such as (Tol, POCI;).

[0118] Coupling of the intarmediates from Schame t [(A1} through (A16)] with the intermediates (D1-D4) (from
Scheme Il) can he accomplished using other coupling reagents known to those in the art in addition to the mixed
anhydride method described in Scheme Iil, to give the final desired products.
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In Scheme Ili - Method B

[0119] An alternative method to prepare compounds of the present invention is described befow.

[0120] In this procedure, intermediates D1-D4 ffrom Scheme |l (A-F)] are coupled to 3-nitrobenzoylchloride F1
{CH,Cl,, NEt; 0°). The resulting coupled product F2 is reduced (SnCly/EtOH, H,0, 100°) to the corresponding aniline,
The resulting aniline can be converted into compounds of the present invention using the reactions described in Scheme
| (A1-AB) or reacted with protected cyclic or acyclic thioureos, followed by deprotection (TFA/CH,Cl,/0%).

[0121] This procedure is exemplified by converting the above aniline to its correspondence guanidine analog {BOC-
NHCSNHBOC, HgClL, DMF} followed by deprotection (TFA, CH,Cly).

[0122]) When R is not H, the appropriate nitrogen can be alkylated in an appropriate step by methodology known
to those skilled in the art. Alternate actd derivatives R are synthesized by methodologies known to those skilled in the art.
[0123] To synthesize compounds wherein

Y3
— é — wheret=1and Y3 and Z2are
| both hydrogen:
3
&y : NH,
NC COqH
? PAIC COH
—

which is then treated in the same manner of further derivatization as exemplified in the previous schemes for:

H,oN COsH
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SCHEME IV
STEP?
O3N CG2R

X . K41COQ4, acetore, A
H NHBOC

X =€), 8r, CSO4R

STEP 2
N .
©2 o N
TFA
NHBOC —
RO,C NH;
RO,C
(6A)
a. C|SO;R1Q, py?'idif! af
b. CIC{OIR, pyridire or /
c. OCN-R,, pyridire or . d. SCN-R,, pyridire
STEP 3
0N
o] SnCly* Hz0, EtOAc, &
NHW
{8) RO,C
STEP 4
HzN H NH,
DOy Y e
+ N ‘HCl  —————m
NHW SN Cioxane/H;C
{6C) RC;C \
STEPS
HN
-
HaN
2 @_/O LIOHK, H;0 or esterase
NHW
R
{6D-1} 0:¢ HN
>—NH
HaN 0
NHW

HO,C
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SCHEME IV (Cont’d)

STEP 4 (Contd
HzN SCHs
EtsN
p o=
NHW + N™ “NH DioxaneH; 0
(5€) RO,C m= 1.3
/ tQm=1.3
HNYN
HN
NHW
6b-2) &%C
m=13
OCH, N
\ EtyN o
/ ——
8c) + { Z Dioxane/H,0
;m=1.3 NHW
gDy &C
HN Y2
OCH; £t \i/
——" N
(6C) + H:\)\‘ﬂ Dioxane/H,0
NHW

60y  ROC

[0124] Scheme IV outlines methodologies for preparing tyrosine derivatives of the present invention. Thus, Scheme
1V, Step 1 outlines the fermation of the nitrobenzyl ether tyrosine derivative by reaction of nitrobenzy! halide or sulfonate
ester with a properly protected tyrosine derivative (e.g. BOC protected) using a base such as potassium carbonate
and solvent such as acetone. The BOC protecting group can be removed using standard procedures (TFA. or HCI/
EtOAc, or HCl/dioxane) to give the primary amine, BA. The amine can be functionalized with various electrophiles {e.
g. Scheme II{A)) giving the secondary amine, 6B. The nitro group may be reduced by, among other reagents, tin (Ii)
chloride dihydrate in EtOAc {60 C) giving after work-up the aniline, 6C. The aniline may be functionalized to the gua-
nidino group by reaction with amidino pyrazine. to give 6D-1, cr otherwise functionalized in similar fashion to Scheme
I, to give 6D-2 to 6D-4. Hydrolysis either under standard basic conditions (e.g. LiOH or NaOH/H,O/dioxane or THF)
or by using an appropriate enzyme (e.g. porcine liver esterase in pH 8 buffer) gives the carboxylic acid derivative
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[0125] Scheme V outlines methodologies for preparing further phenylpropionic acid derivatives. Palladium catalyzed
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Heck-type coupling of aryt halides 7A or 8A provided cinnamic acid derivatives 7B and 88, Reduction (H,, cat. Pd/C)
provided phenylpropionic acid derivatives 7C, which were elaborated as shown in Scheme il to furnish 7D-1. Using
the analogous sulfonyl chloride in place of the acid chloride provided 7E-1. Alternately, benzaldehydes 9A could be
condensed in an aldol-type reaction to give cinnamic acid derivatives 9B, which could be reduced and further elaborated
as in Scheme Il to give phenylpropionic acid derivatives 7D-2 and 7E-2.

[0126] Scheme Vioutlines methodologies for preparing phenyoxyacetic acid and thiophenoxyacetic acid derivatives.
4-Nitrophenols or thiophenols 10A were deprotonated (NaH) and alkylated with «-haloacetic acid derivatives to give
phenoxyacetic acid derivatives 10B. Reduction of the nitro group (SnCl, or H,, Pd/C) provided aniline 10C. Alternately,
4-aminophenol or thiophenol 11A could be deprotonated {NaH) and alkylated with a-haloacetic acid derivatives to give
phenoxyacetic acid derivatives 10C. Elaboration as shown in Scheme ill gave phenoxyacetic acid derivatives 10D and
10E.

Example A

{3-Guanidinobenzoic acid hydrochloride)

[0127]

NH
I

_C
HzN \E COOH

HC)

[0128] To 3,5-dimethylpyrazole-1-carboxamidine nitrate (6 g, 0.03 mole) (Aldrich) and diiscpropylamine (3.8 g, 0.03
moie} in dioxane (20 mi) and H,O (10 mi) was added 3-amincbenzoic acid (2.7 g, 0.02 mole). The reaction was stirred
at reflux for 2.5 hours then overnight at room temperature. The resulting precipitate was filtered, washed with dioxane/
H,O and dried. The precipitate was then slurried in H,O and acidified with concentrated HCI until a solution formed.
The solvent was remaoved under vacuum and the residue was slurried twice in ether (ether decanted off). The product
was dried under vacuum to yield 3-guanidinobenzoic acid hydrochloride (1.77 g} as a white solid. MS and NMR were
consistent with the desired structure.

Example B
3-(1-Aza-2-amino-1-cycloheptenyl)benzoic acid hydrochloride

[0129]

N. N COOH
H

[0130] To 1-aza-Z-methoxy-1-cycloheptene (3.67 g, 0.0288 mole}(Aldrich) in absolute ethanol {20 ml} was added
3-aminobenzoic acid hydrochloride (5 g. 0.0288 mole). A solution quickly formed. The reaction mixture was stirred
overnight at room temperature. The resulting precipitate was filtered, washed with ether and dried under vacuum to
yield 3-(1-aza-2-amino-1-cycloheptene)-benzoic acid (4.9 g).
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Example C

3-(1-aza-2-amino-1-cycloheptenyl)-5trifluoromethylbenzoic acid hydrochtoride

[0131}

N N CCOH
H

HCH
CF3

[0132] The title compound was synthesized according to the methodology of Exampte B, substituting an equivalent
amount of 3-amino-5-triflucromethyl benzoic acid [which was synthesized by reduction of 3-nitra-5-trifluoromethyl ben-
zoic acid (Lancaster) in ethanol with 10% Pd/C under 50 psi H, for 4 hours] for 3-aminobenzoic acid.

Example D

3-guanidino-5-trifluoromethylbenzoic acid, hydrochloride

[0133]
NH
HaN""™ COOH
H
HC

CF;

[0134] The title compound was synthesized according to the methodology of Example A, substituting an equivalent
amount of 3-amino-5-triflucromethylbenzoic acid (see Example C) for 3-aminobenzoic acid.
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Example 1

Synthesis of 4-[{[3-[{aminoiminomethyl)amino}-5-(triflucromethyl)phenyljcarbonyljamino}-N-[{2-methylpropoxy}
carbonylphenylalanine, methylester, trifluoroacetate salt

[0135]
NH
’é
HN™ " “NH,
i
H C. :
. A o~ TFA
? ] ‘ HN_ ,O\/[\
° i
0
Step A

[0136] To p-nitrophenylalanine methyl ester hydrochloride (5 g, 0.019 mole){Lancaster) in THF (80 mL) and triethyl-
amine (3.88 g, 0.038 mole) was added isobutylchloroformate (2.62 g, 0.419 mole) (Sigma} dropwise at ice bath tem-
perature. The reaction was stirred at room temperature for 3.5 hours. The resulting precipitate was filtered and washed
with THF. The solvent from the filtrate was removed under vacuum. The residue was taken up in ethyl acetate. The
ethyl acetate portion was worked up with saturated NaHCO, (1X}, HoO (1X), 1N HCI (2X), H,0 (2X). dried over MgSOy
and removed under vacuum to yield 5.08 g of p-nitrophenylalanine methyf ester, N-isobutylcarbamate as a yellow sotid.

Step B

[0137] To the product from Step A {5.08 g) in MeOH (75 mL) was added 10% Pd/C (900 mg) in a Parr bottle. This
was then shaken on a Parr shaker under 50 psi H, at room temperature for 4.5 hours. The catalyst was filtered through
celite, the solvent removed under vacuum and the crude product purified by reverse phase preparatory HPLC to yield
4.5 g of p-amino-phenylalanine methyl ester, N-isobutyl carbamate. trifluoroacetate as a hygroscopic yellow solid.

Step C

[0138] To the compound of Example D {0.43 g, 0.0015 mole) in anhydrous DMF (8 mL) and NMM (0.15 ¢, 0.0015
mole) was added isobutylchloroformate (0.2 g, 0.0015 mole) at ice bath temperature. After stirring 5 minutes. the
product from Step B (0.61 g. 0.0015 mcle) in anhydrous DMF (8 mL) and NMM (0.15 g, 0.0015 mole) was added to
the reaction mixture at ice bath temperature. The reaction was then stirred overnight at room temperature. The sclvent
was removed under vacuum on a 78”C water bath and the product was isolated by reverse phase preparatory HPLC
to yield (after lyophilization) 230 mg of the title compound as a white solid.

[0139] MS and NMR were consistent with the desired structure.
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Example 2

Synthesis of 4-[[[3-[{(aminoiminomethyl)amino]-5-(triflucromethyl)phenyljcarbonyl]lamino]-N-[{2-methylpropoxy)
carbonyl]phenylatanine, triflucroacetate salt

[0140]
NH
C
HN™ “NH,
0
| - H & T
~ A
N OH
CF NF ¢
I HN_ O
© i
o}

{0141] To the compound of Example 1 (200 mg. 0.0003 mole) in H,O (10 ml) and CH3CN (10 ml} was added LiOH
(53 mg, 0.0013 mole). The reaction was stirred at rcom temperature for 1.5 hours. The pH was lowered to 2.5 with
TFA and the product was isolated by reverse phase preparatory HPLC to yield {(after lyophilization) 180 mg of the title
compound as a white solid.

[0142] MS and NMR were consistent with the desired structure.

Example 3

Synthesis of N-[(2-methylpropoxy)carbenyl]-4-[[[3-[{3.4,5,6-tetrahydro-2H-azepin-7-yl)amino]-5-(triffuoromethyl)
phenyl]carbonyl]laminoi-phenylalanine. methyl ester, trifluoroacetate salt

[0143]

O

ZT
o=
T
0=
/

\

CF;

[0144] The above compound was prepared according o the methodology of Example 1, substituting an equivalent
amount of the compound of Example C for the compound of Example D in Step C.
[0145] NMR and MS were consistent with the desired structure.
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Example 4

Synthesis of N-[{2-methylpropoxy)carbonyl]-4-[[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl) aminc]-5-(triflucromethyl)
phenyl]carbonyl] amino]phenylalanine, triflucroacetate salt

[0146]
0 0
H i T
N N c.H C.
x N OH
TFA
HN__
c=0
O/

CF;

[0147] To the product from Example 3 (400 mg, 0.00058 male) in H,O (10 ml) and CH4CN (10 ml) was added LiOH
{97 mg, 0.0023 mole). The reaction was stirred at room temperature for 1 hour. The pH was lowered to 2.5 with TFA
and the product was isolated by reverse phase preparatory HPLC to vield (after lyophilization) 350 mg of the title
compound as a white solid.

[0148] MS and NMR were consistent with the desired structure.

Example 5

Synthesis of N-(butylsulfonyl}-4-[[[3-[(3,4.5,6-tetrahydro-2H-azepin-7-yl)amino]-5-{trifluoromethyi)phenyl]carbonyl]
aminoj-phenylalanine, methyt ester, triflucroacetate salt

[0149]

0

O O
H [l g
N\ N c\;;f ~
H TFA
N\Séo
?]

CFi4

[0150) The above compound was prepared according to the methodology of Example 1, substituting an equivalent
amount of butanesulfonylchloride for isobutyl chioroformate in Step A and an equivalent amount of the product of
Example C for the product of Example D in Step C.

[0151] NMR and MS were consistent with the desired structure.
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Example 6

Synthesis of N-{butylsulfonyl)-4-[[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl)-amino]-5-{friflucromethyl)phenyllcarbonyl]-
aminojphenylalanine, triflucroacetate salt

[0152]

0 0
H I g
AN = C‘Q ~OH
TFA
% HN\S¢O
O-//

[0153] To the product of Example 5 (630 mg, 0.00089 mole) in H,O (10 mt} CH;CN {10 ml) was added LiOH (149
mg, 0.0035 mols}. The reaction was stirred at room temperature for 3.5 hours. The pH was lowerad to 3.5 with TFA
and the product was isolated by reverse phase preparatory HPLC to yield (after Iycphilization) 560 mg of the title
compound as a white solid.

[0154] MS and NMR were consistent with the desired structure.

Example 7

Synthesis of 4-[[[3-[(aminciminomethyl)aminc]-5-{triflucromethyphenyllcarbenyl]-amino]- N-(butylsulfonyl)
phenylalanine, methyl ester. triflucroacetate salt

[0155]
NH
C
HNT NH,
v
H C\ -
F3C e N O A
g ' \S¢O
O&

[0156] The above compound was prepared according to the methodology of Example 1, substituting an equivalent
amount of butanesulfonyl chloride for isobutylchloroformate in Step A
[0157] NMR and MS were consistent with the desired structure.
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Example 8

Synthesis of 4-[[[3-[(aminoiminomethyl)amino]-5-(triflucromethy!)phenyl]carbonyl}-amino]-N- (butylsutforyl)
phenylalanine, trifluorcacetate salt

[0158)

NH
C
HNT 7 NH,
0
H &
N ~OH
FaC {'%, HN TFA
o \S’//O
O&

[0159] To the product of Example 7 (680 mg, 0.001 mole) in H,O (10 ml) and CH3CN (10 ml) was added LiCH (174
mg, 0.004 mole). The reaction was stirred at roocm termperature for 3 hours. The pH was lowered to 2.5 with TFA and
the product was isolated by reverse phase preparatory HPLC to yield (after lyophilization) 580 mg of the title compound
as a white solid.

[0160] MS and NMR were consistent with the desired structure.

Example 9

Synthesis of N-(butylsulfony)-4-1[{3-[(3,4 5,6-tetranydro-2H-azepin-7 -yhamino]-pheryljcarbonyljamine}
phenylalanine, methyl ester, triflucroacetate salt

[0161]

0 0]
LA !
NVN N “O/
TFA
HN\ //,o
o

[0162] The above compound was prepared according to the methodology of Example 1, substsituting an equivalent
amount of butanesulfonyl chloride for isobutylchloroformate in Step A and an equivalent amount of the product of
Example B for the product of Example D in Step C.

[0163] NMR and MS were consistent with the desired structure.
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Example 10

Synthesis of N-{butylsulfony)-4-[[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl)-amino]phenyljcarbonyljamino]
phenylalanine, triflucroacetate salt

[0164}

0 o]
A !
N H -
= N OH  1¢p
Hpi\\s¢5ﬁ)
0%

[0165] To the product of Example 9 (730 mg, 0.0011 mole) in H,O (10 ml) and CH3CN {10 ml) was added LIOH (181
mg. 0.0045 mole). The reaction was stirred at room temperature for 2.5 hours, The pH was lowered to 2.5 with TFA
and the product was isolated by reverse phase preparatory HPLC to yield {after lyophilization) 430 mg of the titte
compound as a white solid.

[0166] MS and NMR were consistent with the proposed structure.

Example 11

Synthesis of O-[[3-[(aminoiminomethyl)aminol-phenyllmethyl]-N-{butylsulfonyl)tyrosine, triflucrcacetate salt
monohydrate

[0167]
H Q
HO-C N\g,;o
& JFBU
|
N 4
N O \
*—n TFA
HoN H _ ‘
Step A

[0168] N-t-Boc-tyrosine ethyl ester (6.0 g, 0.0194 mole) was dissolved in DMF {about 70 mL). To this solution was
added, porfionwise, potassium hydride (0.86 g, 0.021 mole, hexane washed mineral cit suspension). The reaction
mixture was stirred until a solution formed. m-Nitrobenzyt bromide (4.54 g, 0.021 mole) was added and the reaction
allowed to proceed over the weekend. Volatiles were removed to give a viscous oil that was taken up in EtOAc/dilute
aqueous HCI. The agqueous layer was extracted a second time with EtOAc and the combined organic layers washed
with saturated aqueous NaMCQO,, dried (Na,30,). and volatiles removed to give a golden oit whose NMR and MS were
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consistent with the desired product.

Step B

[0169] The unpurified product from Step A was dissolved in methylene chloride (about 50 ml) and trifluoroacetic
acid (20 mL) was added. Stirring was commenced and continued until no further gas evolution was noted (about 0.5
hour). Volatiles were removed until a dark oil was obtained. The cil was treated with EtOAc and dilute aqueous HCI
and separated. The organic layer was washed several times with dilute aqueous HCl and the acid layers were combined.
The aqueous layer was made basic by addition of solid NaHCO; and extracted (3X) with EtOAc. The pH was adjusted
to about 10 by addition of 2.5 N NaOH and the aqueous layer washed with EtOAc (2X). The combined organic layers
from all base washes were combined, dried (Na,S0,), HCI gas bubbled through (until the solution was saturated) and
stripped to give a tan solid (2.16 g) whose NMR and MS were consistent with the desired amino ester hydrochloride salt.

Step C

[0170] To the product obtained in Step B (2.16 g, 0.0462 mole), dissolved in THF (100 mL) was added triethylamine
{(1.38 g, 1.92 mL, 0.00136 mole) and the reaction mixture cooled to 0-5°C (ice-water/sait bath}. N-butanesulfonyl chlo-
ride (1.07 g, 0.0068 mole)} was added in dropwise fashion. After three hours the volatiles were removed to obtain a
dark oil that was worked up in similar fashion to Step A to obtain a product (2. 14 g) whose NMR and MS were consistent
with the desired sulfonamide ester.

Step D

[0171] The product from Step C (2.14 g, 0.0046 mole) was dissolved in absolute EtOH (70 mL) and reduced to the
aniline using the procedure of F.D. Bellamy and K. Qu-[Tett. Let., 25, 839-842 (1984)]. Tin (I1) chloride dihydrate {5.2
g, 0.023 mele) was added and the mixture heated for one hour at 60°C. The volatiles were removed to obtain a brown
foam and EtOAc (100 mL) was added along with saturated aqueous NaHCO, (200 mL) to produce a fine precipitate.
The solution was clarified by passing through a celite pad. The organic Jayer was separated and the aqueous layer
extracted with EtOAc (2X).

[0172] The organic layers were combined, dried (Na,S0,) and stripped to give a dark oil (1.75 g) that consisted
mostly of desired aniline as confirmed by NMR and mass spectra.

Step E

[0173] The crude aniline obtained in Step D was converted to the guanidine - acid in the following manner. Aniline
(1.7 g, 6.0042 mole) from Step D was dissolved in dioxane (40 ml). To this was added triethylamine {0.47 mL, ¢.0047
mole), pyrazole carboxamidine (Aldrich, 0.68 g, 0.0047 mole) and water (5 mL.) and the reaction mixture heated to
reflux. Partial conversion to product was noted after refluxing overnight. More carboxamidine was added (0.4 g) and
refluxing continued. After several hours the reaction mixture was ceoled and the pH adjusted to 11 by addition of dilute
aqueous LiOH. The reaction was maintained at pH 11 for several hours until most of the ester had hydrolyzed. The
reaction mixture was made acidic by addition of TFA and the desired guanidino acid isolated by preparatory rphplc
The appropriate fractions were combined and lyophilized to obtain a hydroscopic powder (0.25 g) that was determined
to be the desired compound by NMR and MS.

Example E

[0174]

COREt HCI

HaN

[0175] 4-Aminophenylacetic acid (3 g, 19.8 mmoi} was dissolved in dry ethanot (60 mL) at 0°C and a stream of
hydrogen chloride gas was bubbled into the solution for 15 minttes. The solvent was removed under reduced pressure
to give desired product.
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Example F

[0176)

CO,Et .HCI

@

[0177] The above compound was prepared under conditions simitar to Example E, replacing 4-aminophenylacetic
acid with p-aminohydrocinnamic acid.

HalN

Example BF

{0178}

\/C OzH

O

{0179] A mixture of p-cyanabenzaldehyde (5.025 g, 38 mmol), malonic acid (4.407 g, 42 mmol), and pyridine (0.50
mL, 6.5 mmol) in absolute ethanol {10 mL) was heated to 100°C (bath) under argon. Upon heating, the mixture became
a solution; and after 20-30 minutes. a yellow precipitate crashed out of solution. The reaction was menitored by TLC
(10% MeOH/CH,CL,). After 21.5 hours, the reaction mixture was allowed to cool to room temperature and the yellow
precipitate collected by vacuum filtration. The solid was slurried with hot EtOH and collected by filtration to give the
desired product as a yellow solid (4.77 g, 73% vield). NMR was consistent with proposed structure.

NC

Example BG

[0180]

COzH

HaN
HCI

[0181] The compound of Exampte BF (2.038 g, 11.7 mmol} was dissolved in a MeCH (15 mL)/NH,OH (7.5 mL)
mixture and hydrogenated with W-2 Raney Ni in a Pair Shaker (60 psi, 25°C) for 2.5 hours. The catalyst was filtered
off and the purple filtrate concentrated in vacuo. The green solid residue was dissolved in 1 M HCI and concentrated
in vacuo to give a white/green solid. The solid was purified by slurrying with 9:1 CH,CN/MeOH mixture. The white solid
was collected by vacuum filtration to give the desired product (0.824 g, 33% yield). NMR was consistent with proposed
structure.
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Example BH

[0182]

CO,Et

HoN

HCI

[0183]} A mixture of the compound in Example BG (0.824 g) in absolute EtOH (50 mL) was cooled to 0°C and HCI
(g) was bubbled into it for 20 minutes. The resulting green/blue solution was allowed to stir for 2 hours. An aliquot was
removed and concentrated in vacuo. TH NMR showed the reaction to be complete. The reaction was concentrated in
vacuo to give a slightly green-tinted white solid (0.841 g). NMR was consistent with proposed structure.

Examnple 12

Synthesis of ethyl 4-[[[[3-(cyano)phenyl]-carbonyllamino]methyllbenzenepropanoate

[0184]

NC _CONH

COEt

[0185] A solution of 3-cyanobenzoic acid (0.447 g, 3.0 mmol) and 1-methyl piperidine (0.37 mL, 3.0 mmol) in CH,Cl,
{15 mL) was cooled to 0°C. Isobutylchloroformate (0.39 mL, 3.0 mmol) was added slowly under argon and the reaction
stirred for another 5 minutes. A solution of the compound of Example BH (0.705 g, 2.9 mmol) and 1-methyl piperidine
{0.37 mL,, 3.0 mmol} in CH,Cl,, (3 mL) was then added and the ice bath immediately remaved. The reaction was allowed
to stir at room temperature for 2 hours. The reaction was concentrated in vacuo to give a green solid residue. The
residue was partitioned between EtOAc (25 mL) and water (25 mbL). The organic layer was collected, washed with 1M
HCI {1X25 mL), saturated NaHC O, (1X25 mL), and brine {1X25 mL), and then dried over Mg30,. Concentration ir
vacuo gave the crude product as a pale yellow oil {1.17 g). The product was purified by column chromatcgraphy (50
g silica gel, 2% MeOH/CH,Cl,) to give a yellowiwhite solid (0.476 g, 44% yield). NMR was consistent with the proposed
structure.

Exampte G

[0186]

CO,E!

[0187} The above compound was synthesized under conditions similar to Example 12, replacing the compound of
Example BH with the compound of Example F.
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| Analysis Calculated for CgHgN,O3 :

LFound:

C,70.79;
C, 70.49;

H, 5,63;
H, 5.85;

N, 8.69.
N, 8.62.

Example 13

Ethyl 4-[{[[3-[amino(hydroxyimino)methyl]-phenyi]carbonyi)amino]methyl|benzenepropanoate

[0188]

e
2
@) o

[0189] A solution of the compound of Example 12 (0.476 g, 1.3 mmol}, hydroxylamine hydrochloride {0.089 g, 1.3
mmol}, and triethylamine (0.18 mL, 1.3 mmol} in absolute EtOH {10 mL) was heated to reflux {86-80°C). After 5 hours,
TLC [1:1 EtOAc/hexane {10 mL} + 5 drops of AcOH] showed that starting material was stiil present. Additional hydrox-
ylamine hydrochioride (0.04 g, 0.6 equivalent) and triethylamine (0.09 mL) was added. After 40 minutes, the TLC
showed no change. The reaction was concentrated in vacuo and the residue was dissolved in H,0 (30 mL). The
aquecus layer was extracted with EtOAc (40 mL). The organic layer was collected, dried over MgS0Oy, and concentrated

30

35

40

45

50

55

in vacuo to give a white solid (0.49 g). NMR was consistent with the proposed structure.

Example 14

Ethyl 4-[[[3-[amino(hydroxyimino)methyl]phenyl]-carbonyl]lamincjbenzenepropanoate

[0190)

10

[0191] The above compound was synthesized under conditions similar to Example 13, replacing the compound of

Example 12 with the compound of Exampie G.

CONH

47

COyEt



10

15

20

25

30

35

40

45

50

55

EP 1 157 985 A1

Example 15

Ethyl 4-[[[[3-(aminoiminomethy!)phenyl]-carbonyljamino]methyl]benzenepropanocate

NH
HQNJ\©,CONH/\©>

[0192]

COLE!

[0193] The compound of Exampie 13 {0.48 g, 1.3 mmol) was dissolved in AcOH and hydrogenated with 4% Pd/C
(53% wet, 0.050 g) in a Parr Shaker (60 psi, 60C). The catalyst was filtered off and the filtrate concentrated in vacuo
{o give a white solid. The solid was slurried with acetonitrite and the resulting white solid was collected by vacuum

filtration (0.423 g).

Analysis Calculated for CpgH52N404+1.6 AcOH:

Example 17

Ethyt 4-[[[3-(aminciminomethyl)phenyl]-carbonyllamincjbenzenepropancate

[0194]

TJH
H;N*‘@(C ONH\@\/\
CO,E

[0195] The compound of Example 14 was reduced under conditions similar to the condiiions described in Example
15, replacing the compound of Example 13 with the compound of Example 14.

Analysis Calculated for CygH3yN3O51.7 AcOH: —i

H, 6.35;
H, 6.38,

48

N, 9.52.
N, 9.12.
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Example 18
Synthesis of 4-{[[[3-(aminciminomethyl)pheny!]carbonyl] amino)methyl]benzenepropanoic acid, friflucroacetate saft

[0196]

HN CONH
COH

[0197] To a mixture of the compound of Example 15 (0.200 g, 0.57 mmol) in 1 M phosphate buffer (8 mL) was added
esterase from porcine liver (Sigma, 0.5 mL) at room temperature. The reaction was stirred for 18 hours and then
concentrated in vacuo. A solution of 1 M HCI (3 mL)/CH,CN (3 mL) was added to the resulting residue and the undis-
solved solid filtered off. The filtrate was collected, concentrated in vacuo, and purified by HPLC-Methed 1 te give the
desired product as a white solid (0.17 g).

Analysis Calculated for CygHgN3Q4'1.0 TFA+0.1 H,0:

C,54.45;, | H,4861, | N,9.52
Found: | C,5447; | H,453; | N,9.52

MH+=326.

Example 20
4-[[[3-(Aminoiminomethyl)phenyljcarbonyl}-aminc]benzenepropanoic acid
[0148]
NH
|
HoN CONH
COoH

[0199] The above compound was synthesized under conditions similar to the conditions described in Examgle 19
replacing the compound of Example 15 with the compound of Example 17,

Analysis Calculated for Cy7H7N;O5-1TFA:

C, 53.65; H,427; N, 9.88.
Found: | C, 53.41; H, 4.17; N, 9.56.

Example GA

[0200]

02N C ONH:

CO,Et

49
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[0201] A solution of 3-nitrobenzoic acid (0.5 g, 3 mmol) and 1-methyl piperidine (0.37 mL, 3 mmaol) in CH,Cl, (15
mL} was coaled to 0°C and iscbutyl chloroformate (0.4 mL, 3 mmol} was added under argon. The reaction was allowed
to stir for 5 minutes before adding a mixture of the compound of Example F (0.687 g, 3 mmol) and 1-methyl piperidine
(0.37 mL, 3mmol)in CH,Cl, (3 mL}. The ice bath was removed and the reaction was allowed to stir at room temperature
over 24 hours. The reaction was concentraied in vacuo and the residue was purified by column chromatography (300
g silica gel, 1% MeOH/CH,Cl,) to give the desired product as a yellow solid.

( Analysis Calculated for CigHgN20O5:

C.63.15; | H,5.30; | N, 8.18.
Found: | C,863.14: | H,5.41; | N, 8.13.

Example H

[0202]

HzN CONH/©/\/

[0203] The compound of Example GA (1 g, 2.9 mmol} was hydrogenated (4% Pd/C, EtQOH-THF, 5 psi, room temper-
ature, 1.5 hours) and the filtrate concentrated in vacuo to give a yellow oil {0.8 g, 88% yieid). NMR was consistent with
the proposed structure.

Example 22

Eithwyi 4-[[[3-]{aminocarbonyl)aminc]phenyl}-carbonytlaminc)benzenepropanocate

[0204]

0

HzN)J\N CONH
CO,EL

[0205] A mixture of the compound of Example H (480 mg, 1.54 mmaol) and acetic acid {1 mL) in water (2 mL) was
heated to 38°C (bath). A solution of potassium cyanate (250 mg, 3.08 mmol) in water (2 mi.) was then added slowly.
The reaction became cloudy and a white precipitate resulted. The reaction was allowed to coot to foom temperature
and stirred for 1.5 hours. The reactioh was monitored by TLC (10% MeQH/CH,C,). The white solid was collected by
vacuum filtration and washed with water {0.469 g, 58% yield}. The product was purified by column chromatography
(10% MeOH/CH,Cl,) to give 150 mg desired compound.

Analysis Calculated for CygHp N304 + 0.1 HO:

C, 63.89; H, 5.98; N, 11.76.
C, 63.66; H, 5.62; N, 11.56.
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Example 24
Synthesis of 4-[[[3-[(aminocarbonyhamino]phenyl] carbonyllamino]benzenepropanoic acid

[0206]

rbm’ﬂ\

N CONH
H

COzH

[0207] The Compound of Example 22 (0,12 g, 0.34 mmol) was dissolved in MeOH (2 mL} and 1 M LiOH (1 mL) was
added. The reaction was stirred at room temperature over 16 hours. The reaction was concentrated in vacuo to give
a white solid. The solid was dissolved in a small amount of H,O and acidified with 1 drop of TFA. The mixture was
concentrated in vacuo and the residue was purified by HPLC - Method 1 to give a white solid (0.06 g,).

Analysis Calculated for Cy;H7N5O:

C, 6238, | H, 524, | N, 12.84.
Found: | C, 62.00; | H, 5.53; | N, 12.75.

Example 26

Synthesis of ethyt 4-[[[3-{{[(phenyimethyl)amino] carbonyl]lamino]phenyljcarbonyl]amino]benzenepropanocate

[0208]

N7 N CONH
I
L\v/” CO,EL

[0209] To asolution of benzylisocyanate (0.146 g, 1.1 mmol} in CH, Cl, (6 mL) was added a solution of the compound
of Example H {0.36 g, 1.15 mmol) in CH,Cl, {2 mL) under argon, The flask containing the compound of Example H
was rinsed with CH,Cl; (1 mL) and added to the reaction. The reaction was stirred at room temperature for 72 hours.
The reaction was concentrated in vacue and ether added to the yellow oil. Upon addition, the oil solidified. The resulting
white solid was collected by vacuum filtration and washed with a small amount of ether (0.3 g).

Anatysis Calculated for CogHarNaOy

C,7010; | H.6.11; | N, 9.43.
Found: | C,70.12: | H, 6.35; | N, 9.45,
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Example 28

Synthesis of 4-[[[3-[[[{phenylmethyl)amino]carbonyl] amino]phenyl]carbonylfamino]benzenepropanoic acid

{0210}

PN

CCNH

ITZ
Tz

CO5H

[0211] Thecompound of Example 26 was hydrolyzed under conditions similar to the conditions described in Example
24 1o provide the title compound.

Analysis Caiculated for C,yH23N30,4-0.6 H,O:

C, 67.31; H, 5.70; N, 9.81.
Found: C,67.24; H, 5.35; N, 9.80.

Example 29

4-[[[[3-{{aminoirminamethyl)amino]phenyllcarbonyljamine] methyllbenzenepropanoic acid. tifluorcacetate salt

TFA
NH @) COgH

[0213] A solution of the compound of Exarmple A (0.216 ¢, 1.0 mmol) and 1-methyl piperidine (0.12 mL, 1.0 mmaol)
in DMF (5 mL) was cooled to 0°C and isobutyl chlorofermate (0.13 mL, 1.0 mmol) was added under argon. The reaction
was allowed to stir for 5 minutes before adding a mixture of the compound of Example BG (3.216 g, 1.0 mmol) and
1-methyl piperidine (0.12 mL, 1.0 mmol) in DMF (2 mL). The flask containing the compound of Example BG was rinsed
with DMF (1 mL) and the rinse added fo the reaction. The ice bath was removed after addition and the reaction was
allowed to stir at room termperature over 24 hours. The reaction was concenfrated in vacuo and the residue purified
by HPLC-Method 1 to give the desired product as a white solid {0.051 g).

Analysis Calculated for CygH,oN4040.3 H,O:

C,5224; | H. 473 | H 12.18.
Found: | C, 5235, | H, 464 | N, 1221,

[0212]

MH+=341,

52



10

i5

20

25

3¢

35

40

45

50

55

EP 1 157 985 A1

Example J

[0214]

0N

Z “CO,+-8u

[0215] A suspensionof 60% NaH in mineral oil {washed with hexane before use, 0.54 g, 13.5 mmaol) in distilled THF
{15 mL) was cooled to 0*C and t-butyl P,P-dimethylphospononacetate (2.7 mL, 13.5 mmol) was added very slowly
under argon. Vigorous bubbling was observed and the reaction became a white slurry. The reaction was allowed to
stir at 0°C for 1.5 hours before adding a solution of 4-nitrobenzophenone (3.073 g, 13.2 mmol) in THF (15 mL}. The
flask containing 4-nitrobenzophenone was rinsed with THF {5 mL) and the solution added to the reaction. The reaction
was allowed to warm to room temperature. After 2 hours, the reaction was quenched with water (25 mL) and extracted
with EtOAc (2X25 mL}. The organic layers were collected, dried over MgS0O,, and concentrated in vacuo to give a pale
yellow solid (4.87 g). The crude material was purified by column chromatography (150 g silica gel, 5% EtQAc/hexane)
and one isomer was isolated as a white sofid (1.97 ¢). NMR was consistent with proposed structure.

Example K

[0216]
CQO,-t-Bu
H,N
[0217} The compound of Example J (1.97 g, 6.15 mmol) was hydrogenated (EtOH/THF, 4% Pd/C. 5 psi, room tem-

perature, 24 hours) and the filtrate concentrated in vacuo. The residue was purified by column chromatography (70 g
silica. 1:1 hexane/EtOAC) to give the desired product as a white solid (1.51 g, 83% yield). NMR was consistent with

the proposed structure.
OLN
@COz-t-BU

CHs,

Example L

[9218]
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[0219] 4-Nitroacetophenane {(1.45 g, 8.8 mmol) was treated with t-butyl P P-dimethyiphosphonoacetate (2 g, 9 mmol)
under similar conditions to the conditions described in Example J. The crude compound was chromatographed on
silica gel using 10% EtOAc/Hex as eluant to give 700 mg of pure desired compound.

(Analysis Calculated for Cy4H;NOy,:

C,63.87; | H,651; | N,532
Found: | C,83.79; | H,6.21; | N, 5.16
Example M
[0220]
HoN
COz-t-BU
CHj

[0221] The compound of Example L was hydrogenated (EtOH/THF, 4% Pd/C, 5 psi, room temperature, 1 hour) and
the filtrate concentrated in vacuo to afford 600 myg of the desired compound as brown oil.

Example 30

Synthesis of 1,1-dimethylethyl 4-[[[3-[(aminociminomethyllamincjphenylicarbonyllamino]-B-

methylbenzenepropanscate, trifluoroacetate salt

[0222}
NH

H

HaN™™ N

CONH

CQOz-t-Bu
CHs

[0223] The compound of Example M was coupled with the compound of Example A under similar reaction conditions

as described in Example 34.

Analysis Caleulated for CoHopN 04 1.5 TFA1 1 H,O

C,51.12;
Found: C,51.12;

H, 5.44;
H, 5.05;

N, 9.54.
N, 9.59.
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Example 31

Synthesis of 4-[[[3-[(aminciminomethyl)aminc]phenyl]. carbonylJamino]-B-methylbenzenepropanocic acid,
triflucroacetate salt

[0224]

NH
H
HoN" N CONH
CO4H
CH,

[0225] The compound of Example 30 was hydrolyzed with TFA under conditions simitar to those describedin Example
33.

Analysis Calculated for CygHygN4Ca'1.2 TFA+ 0.8 H,O:

C, 49.84,; H, 4.67; N, 11.40.
Found: C, 49.99; H, 4.33; N, 11.44.

Example 32

1,1-Dimethylethyl 4-[[[3-[{aminoiminomethyl}-amino]phenyl]carbonyl]Jamino] -phenyl benzenepropanoate

[0228)

C 02 t-Bu

I
HoN~ SNH NH
0

[0227] The compound of Example K (0.511 g, 1.7 mmeol) was coupled with the compound of Example A under the
same reaction conditions as described in Example 34, The crude material was purified by HPLC-Method 1 to give the
desired product as a pale yellow oil (0.270 g, 35% yield}.

Analysis Calculated for C27H30N403' 1.1 TFA+1.0 HEO:

©,58.26; | H, 554 | N,9.31.
Found: | C,58.00 | H,5.19: | N, 9.67.

M+=458.
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Example 33

Synthasis of 4-[[[3-[(aminoiminomethyljamino}phenyl] carbenyl]amino]-B-phenylbenzenepropanoic acid,

@
COH
HoN O NH N
0

[0229] A solution of the compound of Example 32 (0.23 g) in CH,Cl, (4 mL) was cooled to 0°C and TFA (3 mL) was
added under argon. The ice bath was removed and the reaction allowed to warm to room temperature. The reaction
was stirred for 4.5 hours, then concentrated under a strear of H,. The residue was purified by HPLC-Method 1 to give

trifluoroacetate salt

[0228]

EP 1 157 985 A1

the desired product as a white solid (0.085 g).

Example N

10230}

[0231] 4-Nitro-DL-phenylalanine (5 g. 23.8 mmol} was suspended in dry ethancl (80 mL) at 0°C and a stream of
hydrogen chloride gas was bubbled into the solution for 10 minutes. The mixture was then refluxed overnight, The
reaction was cooled to room temperature and the soivent removed under reduced pressure to give 6.3 g of the desired

compound as white solid.

Analysis Calculated for Co3HN,045 1.0 TFA+ 0.5 H,00

C,57.14;
C, 57.27;

Mi+=403.

Found:

QN

HCH

H, 460,
H. 4.65;

N, 1066.
N, 10.69.

HoN COyEt
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Example O

[0232]

0

N J\
2 HN

CO,Et

[0233] 4-Nitro-DL-phenylalanine hydrochloride ethyl ester as prepared in Example N (1.5 g. 5.5 mmol) was dissolved
in methylene chloride (30 mL) and cooled to 0°C. To this was added acetyl chloride (475 mg, 6 mmol) and trimethylamine
{1.7 mt, 12 mmol}. The reaction mixture was warmed to room temperature and stired overnight. The solvent was
removed under reduced pressure. Water was added and the solution was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over Na,S0,, filtered and concentrated in vacue to give 1.5 g of the
desired compound as white solid.

Example P
[0234)
)
0N HN
CO,EL

[0235] The above compound was prepared in the same manner as described in Example O, replacing acetyl chloride
with benzoyl chloride. The residue was chromatographed on sitica gel using EtOAc/Heptane (20/80) as eluant to give
1.7 g of the desired compound as yellow sotid.

Example G
[0238]
9
OzN -3—CH
AN
O
CO,Et

[0237} The above compound was prepared in the same manner as described in Example O, replacing acetyl chloride
with methane sulfonylchloride. The residue was chromatographed on silica gel using EtOAc/Heptane (50/50) as eluant
to give 1.2 g of the desired compound as a white solid.
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Example R
[0238]
O
OaN HIN/“\O/\
CO,Et

[0238] The above compound was prepared in the same manner as described in Example O replacing acetyl chloride
with ethyl chioroformate. The residue was chromatographed on silica gel using EtOAc/Heptane (50/50) as eluant to
give 600 mg of the desired compound as yeliow oil.

Example 8
10240}
0
O2N HNJ\O<
COEt

[0241] The above compound was prepared in the same manner as described in Example O, replacing acetyl chioride
with isopropy! chloroformate. The residue was chromatographed on silica gel using EtOAc/Heptane (50/50) as eluant
to give 600 mg of the desired compound.

Example T

[0242]

OzN HNS

COzEt

[0243]) The above compound was prepared in the same manner as described in Example O, replacing acetyl chloride
with benzenasulfonylchloride. The residue was chromatographed on silica ge! using EtOAc/Hexane (50/50) as eluant
to give 1.3 g of the desired compound as white solid.
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Example U
[0244}
9
Q2N HNIS(/\/\
O
COzE!

[0245] The above compound was prepared in the same manner as described in Example O, repiacing acetyl chioride
with 1-butanesulfonyl chloride. The residue was chromatographed on silica gel using EtOAc/Heptane (50/50) as eluant
to give 900 mg of the desired compound.

Example V

[0248)

%N ‘ O HNJLO—)—‘

[0247] The above compound was prepared in the same manner as described in Example O. replacing acetyl chloride
with isobutyl chloroformate. The residue was chromatographed on silica gel using EtOAc/Heptane (50/50) as eluant
to give 1.1 g of the desired compound.

GOkt

Example W

[0248)

0
OoN A

HN O

CO,Et

[02489] The above compound was prepared in the same manner as desctibed in Example O, replacing acetyl chloride
with phenyl chloroformate. The residue was chromatographed on silica gel using EtOAc/Heptane (50/5) as eluant to
give 1.1 g of the desired compound.

59



i5

20

25

30

35

40

45

50

55

EP 1 157 985 A1

Example X
[0250)
o
Oa: HN’U\O-t-Bu
CO-Et

[0251] A mixture of the compound of Example N (1.5 g 5.5 mmol), di-fert-butyl dicarbonate (1.32 g, 6 mmol) and
potassium carbonate (2.3 g, 16.5 mmol) in THF/H,O (1:1, 20 mL) was stirred at room temperature ovemight. The
solution was concentrated and the residue was dissolved in ethyl acetate. The solution was treated with water, and
extracted with ethyl ether. The combined organic phases were washed with brine, dried over Na,50, and evaporated
to afford 1.8 g yellow salid.

Example Y
{0252]
I
QLN
‘ HN™ NO-t-Bu

COQME

[0253} A mixture of (S)-4-nitrophenylalanine methyl ester hydrochloride (1.43 g, 5.5 mmol), di-tert-butyl dicarbonate
(1.3 9. 8 mmol) and potassium carbonate (2.3 g, 18.5 mmot) in THF/H,0 (131, 20 mL) was stired at room temperature
avernight. The solution was concentrated and the residue was dissolved in ethyl acetate. The solution was treated with
water, and extracted with ethyl ether. The combined organic phases were washed with brine, dried over Na,50, and
evaporated to afford 1.8 g yellow solid.

Example Z

[0254]

Q

ON
2 O H‘NJLO-E—BU

COsMa

[0255] N-Boc-p-nitro-D-phenylalanine (1 g, 3.2 mmol, Bachem) was treated with ethereal CH,N, solution (15 mL),
{prepared from 1.65 g N-nitroso-N-methyl urea} at 0°C. The reaction mixture was warmed to room temperature and
stirred for 3 hours. The sclvent was removed under reduced pressure to give 1.1 ¢ title compound as white solid.
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Example AA

[0256]

O

" i
2 HN

CO,Et

[0257] The product of Example O (1.5 g, 5.3 mmol) was dissolved in EtOH/THF and transferred to a Pamr Shaker
containing a catalytic amount of 4% Pd/C. The reaction was shaken for 16 hours at room temperature under 5 psi
pressure of H,. The reaction mixture was filtered and concentrated to afford 1.2 g of a brown solid.

[0258]) The following compounds were prepared in the same manner as described in Example AA.

Example AB
[0259)
0
H-N H
2 N
COLEt
Exampie AC
[0260]
HoN H
NSO,—
CO,EL
Example AD
[0261]
Q
H-N H
o
COsEt
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Example AE

[0262]

Example AF
[0263]

Example AG

[0264]

Example AH

[0265]

EP 1 157 985 A1

0

HyN H
geSen
CO.Et

HzN\©\/;?\SOZ/\/\
COzEt
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Example At

[0266]

Example AJ

[0267]

Example AK

[0268]

Example AL

[0269]

EP 1157 985 A1

peSen

CO4Et

0]

HaN H
2 mLO—t—Bu
COyEt
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Example 34

Synthesis of N-acetyl-4-[[[3-[(aminciminomethyt}amino] phenyljcarbonyl]amino]phenylalanine ethyl ester,
trifluoroacetate salt

{0270}

NH
0

HzN/LﬁUC ONH@/[?\/U\
COEt

[0271] To a stirred solution of the compound of Example A (517 mg. 2.4 mmel) in dirmethyl formamide (10 mL) at
0°C was added 1-methylpiperidine {238 mg, 2.4 mmol} followed by the addition of iscbutyl chlorcformate (328 mg, 2.4
mmal). After 5 minutes the compeound of Example AA (800 myg, 2.4 mmal) in dimethyl formamide {1 mL) was introduced.
The reaction mixture was warmad to room lemperature and stirred overnight. The solvent was removed under reduced
pressure, and the residue was purified by reverse phase HPLC-Method 1 to give 600 mg white solid.

Analysis Calculated for CoyHpsNz04 1.6 TFA-0.8 HyO:
C.47.78; M, 467; N, 11.51.
Found: C, 47.54; H. 4.67; N, 11.86.

Example 35

Synthesis of N-acetyl-4-[[[3-[(aminciminomethyl}amino]-phenyljcarbonyl]amina]phenylalanine. triflucroacetate salt

[0272}

NH
0
H
HaNT N CONH *N*/Lk

[0273] The product of Example 34 (420 mg, 1 mmol) was dissclved in methanol (4 mL) at room temperature. Lithium
hydroxide (1M, 2 mL) was added and the reaction mixture was stirred cvernight. The solution was concentrated and
purified by reverse phase HPLC-Method 1 to give 120 mg white solid.

COzH

| Analysis Calculated for CygHy NsO, 1. 6TFA0.6 H,0:

C. 46,24, H, 4.16; N,12.14.
Found: C,46.41; H, 4.15; N 11.83
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Example 36

Synthesis of 4-[[[3-f{(aminciminomethyl}amino]phenyl]-carbonyllamino]-N-{phenylearbonyl)phenylalanine ethyl ester,
monchydrate trifluorcacetate salt

[0274]

NH
H
HoNT~ N CONH

Z T

COsEL

[0275] The titte compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example AB.

Analysis Calculated for CogHo7N504-1.1 TFA1 H;0:

C, 54.90; H, 4.92; N, 11.35,
Found: C, 54.82; H. 4.60; N, 11.51.

Example 37

Synthesis of 4-[[[3-[(aminciminomethyl)aminojphenyl] carbonyllamine]-N-(methylsulfonyl)phenylalanine ethyl ester,
monchydrate triffuoroacetate salt

[0276]

NH

HoN CONH

ITZ

H
NSQ—
TFA

COLE!

[0277] The title compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example AC,

Analysis Calculated for CagHpsNsO,S-1TFA1 HyO: ’

C, 45.59; H, 4.87: N, 12.08.
Found: C, 4538; H, 4.79; N, 11 89.

65



15

20

25

30

35

40

45

50

85

EP 1157 985 A1

Exampie 38

Synthesis of 4-[[[3-[(aminoimincmethyl)aminc]phenyl]-carbonyljamine]-N-{ethoxycarbonyl)phenylalanine ethyl ester,

triflucroacetate salt

[0278]

NH

PN
HaN N CONH H/lL PN
H : :l < : N 0
mcngt

[0279] The fitle compound was prepared in the same manner as described in Example 34, replacing the compound

of Example AA with the compound of Example AD.

O

Analysis Calculated for CooHy7NsOg- 1.4 TFA0.8 H,O:
- —

Example 39

Synthesis of 4-[[[3-[(aminciminomethylyamino]phenyl}-carbonyljamino]-N-[( 1-methylethoxy)carbonyl]phenylalanine

ethyl ester, monchydrate triflucroacetate salt

[0280]

N+

H, 4.91;
H, 4.98;

N, 11.38.
N, 11.45.

jopneUan

[0Z81] The title compound was prepared in the same manner as described in Example 34, replacing the compound

of Example AA with the compound of Example AE.

’ Analysis Calculated for CogHagNsOg 1 TEA-1 Hy0:

C, 51.11;
Found: C, 50.91;

H. 5.49;
H, 5.26;

N. 11.92.
N, 11.92.
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Example 40

Synthesis of 4-[[[3-[(aminoiminomethyl)aminc]phenyl]-carbonyllamino]-N-{phenylsulfonyl}phenylalanine ethyl ester,
monohydrate {riflucroacetate salt

[0282]

0
H_S
N

COyEt

[0283] The title compound was prepared in the same manner as described in Example 34 replacing the compound
of Example AA with the compound of Example AF.

Analysis Calcutated for CigHp7Ns053:1.1 TFA1 HoO:

C, 50.03; H, 4.65; N, 10.72.
Found: C. 50.02; H, 4.33; N, 10.77.

Example 41

Synthesis of 4-[[[3-[{aminciminomethyl)amino]phenyi]-carbonylJamino]-N- (butylsulfonyllphenylalanine ethyl ester,
triflucroacetate salt

[0284]

CONH
Nso2

TFA
COsEt

[0285} The title compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example AG.

Analysis Calculated for CygH51N;O58-1TFAQ.2H,0:

C, 49.45: H, 5.38: N, 11.53.
LFound: C. 49.25: H, 5.04; N, 11.92.
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Example 42

Synthesis of 4-[[[3-[{aminoiminomethyl)amino]phenyl]-carboryi]lamino]-N-I{ 2-methyipropoxy)carbonyl]phenyl-alanine,
ethyt ester, trifluoroacetate salt

[0286)

NH
0
HQNJ\H CONH O H)j\o—)_-

[0287] The above compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA, with the compound of Example AH.

CQOaEt

Analysis Calcutated for CoyHgyNsO5-1.4TFA0.3 H,0:
C, 50.73; H, 5.24; N. 11.30.
Found: C, 50.33; H, 8.01; N. 11.53.

Example 43

4-[[[3-f{Aminoiminomethyl}amino]phenyllcarbonyl]-amino)-N-[{(phenoxy)carbonyl]phenylalanine, ethyl ester

[0288]
NH
PY jL
HoN CONH H
? H N O
CO,Et

[¢289] The above compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example Al

Analysis Calculated for CyzHy,NcO 1.1 TFA- 1 H,On

N, 11.35.
N.11.51.
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Example 44

Synthesis of 4-[[[3-[{aminoiminocmethyl)amino] phenyllcarbonylJamino]-N-[{1, 1-dimethylethoxy}carbonyi]
phenylalanine ethyt ester, trifluoroacetate salt

[0290]

X
HaN CONH H
2 H N-BOC

CO,Et

[0291] The title compound was prepared in the same manner as described in Example 34, repltacing the compound
of Example AA with the compound of Example AJ.

Analysis Calculated for CogHa7NsOg 1.2 TFA: 1 Ho0O:

C, 52.94; H, 4.73; N, 10.87.
Found: C, 53.04; H, 4.71; N, 10.81.

Example 45

Synthesis of 4-[[[3-[(aminciminomethyl}amino]phenyl]-carbonyllamino]-N-[{1,1-dimethytethoxy)carbonyl]-L-
phenylalanine, methy! ester, trifluoroacetate salt

[0292]

[0293] The above compound was preparedin the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example AK.

Analysis Calculated for Co3HpgN5O51 TFA-0.8 H,0:

C, 51.28; M, 547; N, 11.986.
Found: C, 51.26; H, 5.26; N, 11.85.
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Example 46

Synthesis of 4-[[[3-[(aminciminomethyl)aminao]-phenyl]carbonyllamina]-N-[(1, 1-dimethylethoxy)carbonyt]-D-
pnenylatanine, methyl ester

[0294]

NH
| o
H;,N)L CONH S)[\

H O—t-Bu

C02M8

[0295] The above compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example AL.

[0296] The above compounds of Examples 36 through 46 were hydrolyzed in the same manner as described in
Exampie 35 to produce the compounds of the following Examples:

Example 47

[0297] Synthesis of 4-[[[3-[{aminoiminomethyl)aminc]phenyl] carbonyl]amino]-N-{phenylcarbonyl)phenylalanine, tri-
fluorcacetate salt

HaN C ONH

ZI

COzH

Analysis Calculated for Co4Ho3N50,4 1.4 TFA-0.9 H,0:

Example 48

Synthesis of 4-[[[3-[(aminciminomethylyamino]phenyl} carbonyflamino]-N-(methylsulfonyt)phenylalanine,
triftucroacetate salt

[0298]

HaN CONH

H Q O) SSOQ‘_‘

COoH
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Example 49

Synthesis of 4-[[[3-[(aminoiminomethyl)amino]phenyl] carbonyl]Jamino}-N-(ethoxycarbony!)phenylalanine,
trifluoroacetate salt

[0299]

Example 50

Synthesis of 4-[[{3-[(aminciminomethyl)amino]phenyt] carbonyl]amina)-N-[( 1-methylethoxy)carbonyl)-phenylatanine,
trifluoroacetate salt

[0300]

EP 1 157 985 A1

Analysis Calculated for CigH,4N5O58:1.1 TFA-0.2 H,0:

Found:

C, 44.73;
C, 44.66;

H, 4.20;
H, 4.02;

N, 13.04.
N, 13.11.

NH

/U\ i
H
COLH

Analysis Calculated for CogHpaNsOg 1.4 TFA'Q.5 H,0:

Found:

C, 46.89;
C. 46.96;

H, 4.38;
H, 4.33;

N, 11.99.
N, 11.75.

NH

HZN/[L CONH H 1
oot

Analysis Calculated for Co1HasNgO51.1 TFA-0.9 H,0:

Found:

C. 48.96;
C. 48.93;

H, 4.97;
H, 4.80;

N, 12.31.
N, 12.48.
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Example 51

Synthesis of 4-{[[3-[{(aminciminomethyl)amino]phenyl] carbonyllamincj-N-(phenyisulfonyl}phenylalanine,
triflucroacetate salt

[0301]
)NC
HaN CONH H
\©\/‘T\802
COyH TFA

Analysis Calcutated for Cp3H,3Ns055+1 TFA-0.5 HoO:
C, 49.67; H, 4.17; N, 11.58.
Found: C.4874; H,422; N, 11.68.

Exampie 52

Synthesis of 4-{[[3-[{aminoiminomethy!) amino]phenyl] carbonyliamino]-N-(butylsulfony)phenylalanine,
triflucroacetate salt

[0302]

Analysis Calculated for Cy (H,yN;O5S-1TFA-0.1 H,O:

C, 47.58; H, 4.92;
Found: C, 47.79; H, 4.84;
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Example 53

Synthesis of 4-[[[3-[ (aminciminomethyl)amino)pheny!}-carbonyllamino]-N-[{2-methylpropoxy)carbonyi]-phenylalanine,
trifluoroacetate salt

[0303]
NH
M ]
H N O
COzH
Anatysis Calculated for CooHM,/N;O5-1.1TFA-1 H,0:
C, 54.90; H, 4.92; N, 11.35.
Found: C, 54.82; H, 4.60; N, 11.51.
Example 54

Synthesis of 4-[[[3-[(aminviminomethylamino]phenyl} carbonyljamino]-N-(methoxycarbonyt)phenylalanine,
trifluoroacetate salt

[0304]

NH

BN

H

CONH

O

0

I

N

CO,H

Analysis Calculated for CygHp1NgO5: 1.3 TFA-0.4 H,0:

Found:

C, 46.76;
C. 46.76;

H, 4.20;
H, 3.95;

N, 12.62.
N. 12.65.
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Example 55

Synthesis of 4-{[3-{(aminciminomethyl)aminolphenyl] carbonyllamino}-N-{(1,1-dimethylethoxy)carbonyll-
phenylalanine, monohydrate trifluoroacetate sait

{0305)
/TE
HaN" N CONH H
H N-BCC
COzH
Analysis Calculated for CosHorNsO5 1.1TFA1 HyO:
C, 49.69; H,5.19; N, 11.99.
Found: C, 49.65; H, 4.95; N, 11.95.
Example 56

Synthesis of 4-[[[3-[(aminciminomethyhamino]phenyt} carbonyljamino}-N-[{1, 1-dimethyletnoxy)carbonyl]-1.-
phenylalanine, triflucroacetate salt

{0306}

CO,H

Analysis Calculated for CopHpyN5Os5:1 TFA-1.1 H,0:

C, 50.10; H, 5.29; N, 12.17.
Found: | C,49.86: H, 527 N, 1220,
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Example 57

Synthesis of 4-[[[3-[{aminoiminomethyl)amino]phenyl] carbonyllamino]-N-[(1,1-dimethylethoxy)carbonyl]-D-

phenylalanine, monchydrate triflucroacetats salt

{0307]
J:i
HaN"T N CONH H
H N-80C
[ TFA
CO,H

Analysis Calculated for CopHz7N505-1 TFA-1 H,O:

C, 50.26; H, 5.27; N, 12.21.

Found: C, 50.20; H, 4.95; N, 12.25.
Example 58

[0308] 1,1-dimethylethyl-4-[2-[[[3-[{aminciminomethyl)aminc]-phenyllcarbonyl]amino]ethyllbenzenepropanoate,

monchydrate trifluoroacetate salt

N N N
Ha Y H TFA
0
NH

Step A

[0308]

NC

COz—t—B u

[0310] A mixture of p-bromophenylacetonitrile (5.03 g, 25.6 mmol), t-butyl acryiate {6.0 mL, 40.8 mmol), palladium
acetate {0.060 g, 0.26 mmel)}, and tri-o-tolylphosphine {0.326 g, 1.0 mmol) in triethylamine {12 mL) was heated to reflux
under argon for 6 hours. The resulting orange mixture was poured into ice and acidified to pH 1 {pH paper) with 1 M
HCI. The mixture was extracted with EtOAc (150 mL). The organic layer was collected, dried over MgSQ,, and con-
centrated in vacuo to give an orange/yellow solid. The solid was recrystallized from aether/hexane to give yellow crystals
(1.91 g). NMR was consistent with the preposed structure.

75



10

i5

20

25

30

35

40

45

50

55

EP 1157985 Al

Step B

[0311]

CO-t-Bu

O

NH;

[0312] The compound of Step A (1.8 g, 7.8 mmol) was dissolved in i-PrOH/HCI and hydrogenated with 10% Pd/C
in a Parr Shaker (60 psi) for 10 hours at room temperature. The catalyst was removed and the filtrate was concentrated
in vacuo, The residue was partitioned between saturated NaHCO, and ether, The aquecus layer was back-extracted
with ether. The organic layers were combined, dried over K,CO;, and concentrated in vacuo to give a pale yellow oil
{1.93 g, 898% vield). NMR was consistent with proposed structure.

Step C

[0313]

NH
HoN NH/©(
hid o
NH

[0314] The compound of Step B (0.504 g, 2.0 mmol) was coupled with the compound of Example A according to
procedures described in Example 29. The crude material was purified by HPLC-Meathod 1 to give a sticky white solid
(0.50 g).

Analysis Caloulated for CyqHqyNgGy- 1.0 TRA+ 1.0 H,O

C.55.34: | H.613; | N, 10.33.
Found: | C,5534: | H.577. [ N, 10.16. | M+=410.

Exampie 59

4-[2-[[[3-Kaminoiminomethy)amino|phenyl] catbenyllaminelethylibenzenepropancic acid, trifluoroacetate salt

{0315}

O
HaN NH/@rNH TFA
Y o

NH
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[0316] A solution of the compound of Example 58 in CH,Cl, {4 mL) was cooled to 0°C and TFA (3 mL) was added
under argon. The ice bath was removed and the reaction aliowed to warm to room temperature. The reaction was
stirred for 4.5 hours, then concentrated under a stream of Ny, The crude material was siurried with acetonitrile and the
resulting white solid was coliected by vacuum filtration {0.235 g).

Analysis Calculated for CgH;oN4O4-1.0 TRA:

C,53.85 | H,4.85; | N, 11.96.
Found: | C, 53.59; | H,4.93; | N, 11.98. | MH+=355.

Example AM
[0317]
/ h\
N’N

HaN™" TNH, HCI

[0318] The above compound was prepared according to (Bernatowicz, JOC, Vol. 57, No. 8, (1892), p. 2497-2502.
NMR was consistent with the proposed structure.

Example AN

[0319]

CO,E!

[0320] Toa stirred solution of benzaldehyde (763 mg, 7.2 mmol}, and the compound of Example F (1.5 g, 6.5 mmol)
in ethanol (10 mL) was added borane-pyridine complex (.2 mL), and the mixture was stirred at room temperature for
30 minutes. The reaction mixture was then concentrated and the residue was dissolved in ethyl acetate, washed with
saturated sodium bicarbonate and brine, dried over Na,S0,, and evaporated. The crude product was chromatographed
on silica gel using EtOAc/Hexane (1:8} as eluant ta give 1.3 g of the desired compound as yellow oil.

Example AO

[0321]

O L0

CO,Et

[0322] To a stirred solution of formaldehyde (37%, 0.28 mL. 3.5 mmal), the compound of Example AN (0.9 g, 3.2
mmal) in ethanol (5 mL} was added borane-pyridine complex (BPC) (0.32 mL 3.5 mmoal). and the mixture was stirred
at room temperature for 1 hour. One additional equivalent of formaldehyde and BPC were added to the reaction and
stirred overnight. The reacticn mixture was concentrated and the residue was dissolved in ethyt acetate, washed with
saturated sodium bicarbonate and brine, dried over Na,S0, and evaporated. The crude product was chrematographed
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on silica gel using EtOAc/Hexane (1:8) as eluant to give 900 mg of the desired compound as colorless oil.

Example AP
[0323]
HIN
CHs

COzEt

[0324] The compound of Example AQ (1.3 g, 4.5 mmol) was dissolved in a mixture of EtOH (20 mL) and acetyl
chicride {353 mg, 4.5 mmol) was added. This mixture was transferred to a pressure bottle with a cataiylic amount of
10% Pd/C wetted with ethanol. The reaction was stirred for 3 hours at room temperature under a H, pressure of 5 psi.
The reaction mixture was filtered and concentrated to afferd 750 mg of an oil.

Example AQ
[0325]
CH3

CO,Et

{0326] To a stirred solution of the product of Example AP {710 mg, 2.9 mmot} in mathylene chleride (15 mL} at 0°C
was added 3-nitrobenzoyl chloride (557 mg, 3 mmel), foltowed by triethylamine (0.85 mL, 6 mmol). The reaction mixture
was stirred at room temperature overnight. The reaction mixture was then concentrated and the residue was dissolved
in ethy acetate, washed with water and brine, dried over Na,50, and svaporated. The residue was chromatographed
on silica gel using EtOAc/Heptane (60/40) as eluant to give 1 g of the pure desired compound.

Example AR

[0327)

CHs
HoN |
2 \/O\,CON

CO,E

[0328] The compound of Example AQ was reduced in a similar manner as described in Example AA.

78



10

15

20

25

30

35

40

45

50

55

EP 1 157 985 A1

Exampie AS

[0329]

N-BOC

X cr

BOC-N” N CoN

O

[0330] To a stirred mixture of the compound of Example AR (610 mg, 1.87 mmol), the compound of Example AZ
(530 mg, 1.92 mmol) and triethylamine (0.86 mL, 6.1 mmoel) in dimethyl formamide (7 mL) at 0°C under argon was
added mercury dichtoride and the mixture was stimed at 0°C for 3 hours. The mixture was diluted with ethyl acetate
and filtered through celite. The filtrate was concentrated and the residue was treated with water and, extracted with
ethyl acetate. The combined organic phases were washed with brine, dried over Na,S0, and evaporated. The residue
was chromatographed on silica gel using EtOAc/Heptane {50/560) as eluant to give 730 mg of the pure desired com-
pound as a white solid,

COQE[

Example 60

Synthesis of ethyl 4-[[[3-[{aminciminomethyl)amino] phenyl]carbonyl)methylamino]benzenepropanoate,
trifluoroacetate salt

[0331]

NH

S
HoN N !

CON
CO,EL

[0332] The compound of Example AS {720 mg, 1.27 mmol) was dissclved in methylene chloride (6 mL) and cooled
to 0°C. To the solution was added triflucroacetic acid (2 mi). After 15 minutes the ice bath was removed and the
reaction stired for 4 hours. The reaction mixture was then concentrated and the residue was purified by reverse phase
HPLC-Method 1 to give 610 mg of a colorless oil.

Analysis Catculated for CogHpgN4O5-1 TFA1.2 H,O:

C, 5242 H, 5.48: N, 11.11.
Found: C. 52.25: H, 5.39; N, 11.08.
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Example 61

Synthesis of 4-[[{3-[(aminciminomethyl)arnino]phenyl] carbonylimethylaminolbenzenepropancic acid, monchydrate
triflucroacetate salt

[0333]

/‘L CHs

i
CONee X
@

E\/l\/'\cozﬂ

[0334] The compound of Example 60 was hydrolyzed in the same manner as described in Example 35.

HaN

Ir=z

Analysis calculated for CqHygN;O5:1.6 TFA-1 H,O:

C, 47.08; N, 10.36.
Found: N, 10.34.
- 1
Example AT
[0335])

02N SO,NH

CO,Et

(0336] To a stirred solution of the compound of Example F (1.07 g, 4.7 mmal) in methylene chloride {15 mL) at 0°C
was added 3-nitrobenzenesulphonyl chioride (1.03 g. 4.7 mmol) followed by tristhytamine (1.25 mL, 9@ mmol). The
mixture was stirred at room temperature overnight under argon. The reaction mixture was then concentrated and the
residue was treated with water and extracted with chloroform. The combined organic phases were washed with brine,
dried over Na,50, and evaporated. The residue was chromategraphed on silica gel using 1% MeOH/CH,CI, as efuant
to give 1.2 g of the pure desired compound as a yellow oil.

Exampte AU

[0337]

HaN SO,NH

CO,Et

[0338) The compound of Exampte AT was reduced in the same manner as described in Example AA.
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Example AV

[0339]

N-BOC

A~

BOC-N SO;NH

@

CO5Et

[0340] The above compound was synthesized under conditions similar to those described in Example AS.

Example 62

Synthesis of 4-[[[3-[(aminoimincmethyl)aminolphenyl] sutfonyllamina]benzenepropanoic acid, trifluorcacetate salt

[0341]

HoN SO,NH
COzH

[0342] The compound of Example AV (130 mg. 0.22 mmol) was dissolved in dioxane (10 mL), and treated with 6 N
HCI {10 mL). The reaction mixture was stirred at room temperature overnight, concentrated and purified by reverse
phase HPLC - Method 1.

Analysis Calculated for C;gHgN,045-1.4 TFA0.3 H,0:

C, 42.81; H, 3.82; N, 10.61.
Found: C, 43.15; H, 3.62; N, 10.07.
Example AW
[0343]
COyH

N3

[0344] To a stirred solution of 4-(bromomethyl}-phenylacetic acid {1.18 g, 5.15 mmol} in dimethyt formamide {10 mL)
was added sodium azide (402 mg, 6.18 mmol), and mixture was heated at 60°C for 4 hours. The reaction mixture was
cooled to room temperature, poured into water, and extracted with ethyl acetate. The combined organic phases were
washed with water and brine, dried over Mg80, and evaporated to afford 0.92 g of the desired compound.
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Example AX

[0345]

C OQME
N3
[0346] The compound of Example AW {0.92 g, 4.8 mmol) was dissolved in methanol (100 mL) at 0°C and a stream

of hydrogen chioride gas was bubbled into the solution for 10 minutes. The mixture was then stirred for 2 hours at 0°C.
The solvent was removed under reduced pressure to give 1 g of the desired compound as a colorless oil.

Analysis Calcutated for CygH1N;O4:

C,58.53; | H,5.40; | N, 20.48.
Found: | C, 58,27, | H, 535, [ N, 20.13.

Example AY

[0347]

COQME
HaN HCI

[0348] The compound of Example AX (800 mg, 3.9 mmol) was dissoived in EtOH (30 mL) and transferred to a Parr
Shaker with 4% Pd/C (200 mg). The reaction was shaken for 24 hours at room temperature under 60 psi pressure of
H,. The reaction mixture was filtered and concentrated and the residue was dissolved in 4 N HCI dioxane solution (4
mL}. The solvent was removed and the residue was recrystalized from ether to give 550 mg of pure title compound as
white solid.

Example 63

Synthesis of ethyl 4-[[[3-{{(aminciminomethylyamino] phenyllcarbonyl]laminolbenzenepropanoate, monohydrate
trifluoroacetate salt

[0349)

Jl]li

HoN CONH

" 1O

CO,Et

[0350] The title corpound was prepared in the same manner as described in Example 34, replacing the compound
of Examiple AA with the compound of Example F.
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Example 64

Synthesis of 4-[[[3-[(aminciminomethyljaminc]phenyl] carbonyllamino]benzenepropanoic acid, hydrochloride

[0351]

[0352]

Example 65

Synthesis of 4-[[[3-[(aminciminomethyl)aminclphenyl] carbonylfamino]phenylalanine, trifluoroacetate salt

[0353]

Step A

[0354]

[0355]

compound.

EP 1 157 985 A1

| Analysis Calculated for CygH2oN4O3°1.1 TFA-1 H,0:

Found:

C, 51.15;
C,51.17;

H, 5.08;
H, 4.54;

N, 11.25.
N, 11.40.

NH

P

HzN

N
H

CONH

HClI

COzH

The compound of Exampte 63 was hydrolyzed in the same manner as described in Example 62,

Analysis Calcutated for Cy;HgN,O4-0.4 H,0-1 HCI:

NH

Found:

C, 55.18;
C, 55.25;

H, 5.39;
H, 5.35;

N, 15.14.
N, 15.00.

HEN\C _CONH

83

N
z L’\@,CONH\©\/L\JHE
- COH

H
N-BOC

COuH

The compound of Example AJ was coupled to 3-nitrobenzoyl chioride as described in Example AQ. The
resulting nitro compound was hydrogenated in the same manner as described in Example AA to produce the above
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Step B
[03586)
jtaoc 3
BOC-N" ™N CONH H

O N-BOC

COzH

[0357] The above compound was synthesized under conditions similar to those described in Example AS using the
product of Step A.

Step C

[0358] To a salution of the product of Step B {220 mg, 0.34 mmol) in CH,Cl, (6 mL) was added trifluoroacetic acid
{1 mL). The reaction was stirred for 4 hours, concentrated and purified by reverse phase HPLC to afford the title
compound.

Analysis Calculated for C;H gN;05-2.1 TFA-0.2 H,O:

C, 43.57; H, 3.71; N, 11.98.
Found: C. 43 .2¢; H, 3.49; N, 11.75.
Example AZ
[0359]
0] = Q

PP NP

t-Bu-O NH  NH O-1-Bu

[0360] An oven-dried flask equipped with a stirring bar was charged with NaH (60% ins minerat cil, 3.36 g. 140 mmol).
The NaH was triturated with hexane foliowed by THF (distilled) under argon. The NaH was then suspended in THF
(250 mL} and the mixture was cooled to 0°C. Thiourea (1.426 g, 1B.7 mmgl) was added in one portion. After 5 minutes,
the reaction was allowed to stir at room temperature for 10 minutes. The reaction was cooled to 0°C and di-t-butyl
dicarbonate (9.001 g, 41.2 mmol) was added. Within 15 minutes of addition, the reaction became a tan slurry. The
reaction was allowed to warm slowly to reom temperature over 2 hours and then stirred at room temperature for an
additional 1 hour. The reaction was guenched with saturated NaHCO; (50 mL) and poured into water {600 mL). The
mixture was extracted with EtOAc (3X150 mL} and the organic layers were combined and dried over Na,50,. Con-
centration i vacuo gave the product as a yellow solid (4.23 g, 82% vield). NMR was consistent with the proposed
structure.
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Example 63

Synthesis of N-acetyl-4-[[[3-[{(aminciminomethyl)amino] phenyllaminc]carbenyllamino)phenylalanine, trifluoroacetate
salt

[0361]
NH NH,
HN NN
\rf NHAC
e}
COoH
Step A
[0262]
K H
NQO- N N
\ﬂ/ rluHAc
0

CO,Et

[0363] To a stirred solution of 3-nitrophenylisocyanate (0.082 g, 0.5 mmol, Aldrich) in methylene chloride (5 mL) was
added to the product fromn Example AA (0.1 g, 0.4 mmol) in small portions over 5 minutes. The mixture was stirred 18
hours at room temperature. The mixture was then poured into 10% aqueous sodium hydroxide (50 mL} and washed
with ethyl acetate (2 x 25 mL). The basic solution was acidified with 10% HCI and the resulting precipitate was filtered
and dried. This produced 0.18 g {97%) of the title compound.

HRMS (MH+) for CygH3N4Og | Calculated: | 415.1618

Found: 415.1654
Step B
[0364]
H H
NH» N N
\N/ NHAC
0
COnEt

[0365] A stirred solution of the product of Example 68A (0.16 g, 0.39 mmol) in ethyt alcohol {25 mL} and THF (50
mL} was hydrogenated over 4% palladium en carbon under an atmosphere of hydrogen at 5 psi. The solvent was
removed at reduced pressure. This praduced 0.14 g (93%) of the title compound,

HRMS (M=) for CogHyyN,Oy Caleulated: | 384.1797
Found: 384.1837
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StepC
[0366]
NBOC
NHBOC
H W
HN NN
\©/ Y NHAG
0
CO,Et

[0367] The product from Example 68B (0.14 g, 0.36 mmol) was subjected to the reaction conditions described for
the preparation of Example AS. The crude product was chromatographed on silica gel efuting with ethyf acetate which

produced 0.21 g (93%) of the titte compound.

APCI M8 (MH-+} for CyqH,3NgOs

Calculated: | 627

Found: 627
Step D
[0368]
NH
/U‘“NH2 H H TFA
HN N N
\W/ NHAZ

0
CO,EL

[0368] The product from Example 88C (0.21 g, 0.34 mmol) was subjected to the reaction conditions described for
the preparation of Example 60. This produced 0.17 g {(83%) of the title compound.

APCI MS (free base MH+) for Cp1H,7NgQ4 | Calculated: | 427
Found: 427

StepE

[0370)

NH
P 0
" n(:)z ﬁ\n/ﬁ NH’H‘\
0

[0371] The product of Example 68D (0.17 g. .31 mmotl} in methy! alcohol (1 mL) was cooled (0°C) and treated with
1 N lithium hydroxide sclution (0.7 mL, 0.7 mmol}. The solution was warmed to room temperature and stirred 18 hours.

TFA
COH
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The volatile components were removed at reduced pressure on a rotary evaporator. The crude product was chroma-
tographed (reverse phase HPLC, gradient elution with water/acetonitrile/trifluorcacetic acid). This produced 100 mg
(63%) of the title compound.

ESI MS (free base MH+) for Cy9H23NgO,4 | Calculated: | 399
Found: 399

Example 69

Synthesis of [4-[[[3-[(aminciminomethyl)amino]-phenyl]carbonyljamino]phenyl|butanedicic acid, trifluorcacetate salt

[0372]
CO.H
H NH
NY 2 o AN"coM
NH N
N
H
Step A
[0373]

COgH

CO,H
H-N

[0374] 4-Nitrophenylsuccinic acid {Lancaster) {5 g, 2.0 mmal) was added to absolfute ethanol (70 mL) in a Parr jar.
Palladium on carbon 5% (700 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for
a period of 2.5 hours. After complete reaction the palladium catalyst was removed under reduced pressure and the
sample dried in vacuo to give a white colored solid (5 g, 99% yield). NMR and M3 were consistent with the propesed
structure.

Step B

[0375]

/COQH

/\”/J\COQH

o)
N/\/
H
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[0376] The 4-anilinophenylsuccinic acid (2 g) from Step A was placed in a flask followed by water (50 mL} and KOH
(1 g). To this solution 3-nitrobenzoyl chioride (Aldrich) dissolved in acetonitrile (10 mL) was added dropwise. The re-
action was monitored by HPLC. After the reaction was complete (1 hour), 10% HC) was added and the solution was
extracted with ethyl acetate and dried over Na,SO,. After evaporation of the solvent a white solid remained (1.5 g).
NMR and MS were consistent with the proposed structure.

Steg C
[0377]
CO,H
? COxH
NH, N N
| H
P

[0378] The white solid from Step B {1.5 g) was added to absolute ethanol (50 mL} and acetic acid (2 mL) in a Parr
jar. Palladium on carbon 5% (500 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus
for a period of 1.5 hours. After complete reaction the palladium catalyst was removed by filtration through a plug of
celite. The solvent was removed under reduced pressure and the sample dried in vacuo to give a white colored solid
(1.5 g, 99% yield). NMR and MS were consistent with the proposed structure.

Step D

[0379] A portion of the white solid from Step C above (400 mg) was added to acetonitrile (20 mL} followed by pyrazole
carpboxamidine HCI (Aldrich) (1 g} and DIEA. The mixture was heated to reflux for 4 hours. After the reaction was
complete water was added and TFA was added to bring the pH=2. The product was purified by reverse phase chro-
matography (water/acetonitrile) to result in the title compound as a white solid (320 mg). NMR and MS were consistent
with the proposed structure.

Example 70

Synthesis of 4-(1,1-dimethylethyl) 1-ethyl[4-[[[3-{(aminociminomethyl}amino]phenyl]carbonyllamino]phenyl]-
butanedioate, triftucroacetate salt

[0380]

COQY-BU

i NH2 = COLEL

NH

Tz
4
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Step A

[0381)

COyEt

OaN

[0382] 4-Nitrophenylacetic acid {Aldrich) (10 g) was added to a flask containing ethanot (200 mL) and acetyl chloride
{20 mL). The solution was heated to reflux for 1 hour then left to stir overnight at room temperature. The solvent was
removed under reduced pressure to result in a solid which was dissolved in hexane {150 mL} and washed with water
{100 mL}). The hexane solution was dried over Na,S0, and the solvent removed under reduced pressure to give the
ethyl ester (12 g) as a white solid. NMR and MS were consistent with the proposed structure.

Step B
[0383]
CO;—t-Bu
= CO5Et

/

O,N

[0384] Ethyl 4-nitrophenylacetate (5 g) from Step A was dissolved in THF {100 mL). Potassium tert-butoxide (45 mL)
was added at 0°C. The solution turned a deep purple indicating the anion was formed. After 15 minutes at 0°C tert-
butyl bromacetate (5.2 g) was added. After the reaction was complete 10% HCI was added and the product extracted
with ethyl acetate, and dried over Na, S0, to give a dark yellow oil (7 g). NMR and MS were consistent with the proposed
structure.

Step C

[0385]
CO;—tBu
COzEt

HoN

[0386] The compound frem Step B (5 g) was added to absolute ethancl (70 mL) and acetic acid (2 mL) in a Parr jar.
Palladium on carben 5% (700 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for
a period of 2.5 hours. After complete reaction the palladium catalyst was removed by filtration through a plug of celite.
The sclvent was removed under reduced pressure and the sample dried in vacuo to give a white colored solid (5 g,
99% yield). NMR and MS were consistent with the proposed structurs.
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Step D

[0387]

CO;—t-Bu
0 = | COzEt
NO; X N ™
| H
P

[0388] The 4-anilinophenylsuccinic diester (2 g) from Step C was placed in a flask followed by water (50 mL) and
K,CO; (1 g). To this solution 3-nitrobenzoyl chloride (Aldrich) dissolved in acetonitrile (10 mL) was added dropwise.
The reaction was monitored by HPLC. After the reaction was complete {1 hour), 10% HCl was added and a white solid
was separated (1.5 g). NMR and MS were consistent with the proposed structure.

Step E
[0389]
CO;—t-Bu
8] CO;Et

NH,

T

[0390] The compound from Step D (1 g) was added fo absolute ethanol (70 mL) and acetic acid (2 mL) in a Parr jar.
Palladium on carbon 5% {700 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for
a pericd of 2.5 hours. After complete reaction the palladium catalyst was removed by filtration through a plug of celite.
The solvent was removed under reduced pressure and the sample dried in vacuo to give a white colored salid (1 g,
99% yield). NMR and MS were consistent with the proposed structure.

Step F

[0391] A portion of the white solid from Step E (1 g} was added to acetonitrile (20 mL) followed by pyrazole carbox-
amidine HCY (Aldrich) (2 g) and DIEA (2 g). The mixture was heated to reflux for 6 hours. After the reaction was complete
water was added and TFA was added to bring the pH=2. The product was purified by reverse phase chromatography
(water/acetonitrite) to result in the title compound as a white solid (820 mg). NMR and MS were consistent with the
proposed structure,
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Example 71

Synthesis of 1-ethyl hydrogen[4-[[[3-[(aminoiminomethyl}amino]phenyl]carbonyljamino]-phenyl]butanedioate,
trifluoroacetate salt

[0392]
CO5H
H NH,
o) CO,EL
NH
N
H
Step A

[0393] The compound from Step D in Example 70 (500 mg) was added to methylene chloride (5 mL) followed by
TFA {2 mL). The reaction was monitored by HPLC. After the reaction was complete the product was purified by reverse
phase chromatography (water/acetonitrile) to result in a white solid (310 mg). NMR and MS were consistent with the
proposed structure.

Example 72

Synthesis of 1,1-dimethylethyl 4-[[[3-[(aminciminomethyl)amino]phenyl]carbonyfl-amino]-B-[[{(ethoxycarbonylimethyl]
amino]-carbonyl]benzenepropanoate, triflucroacetate salt

[0394]
CO —t-Bu
1
NH2 m \/C O4Et

Step A

[0395]

CO,—tBu
= COLH

/

O,N
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[0396]) The product from Step B (2 g} of Example 70 was added to water/acetonitrile 1:1 (50 mL)}, followed by the
addition of lithium hydroxide (100 mg, 0.4 mmaol). The reaction was stirred at 25°C, and monitored by HPLC. After
complete hydrolysis the product was extracted with ethyl acetate dried over Nay,SO,4 to give a yellow oil (1.7 g). NMR
and MS were consistent with the proposed structure.

Step B

[0397]

>—1t-Bu

@/Qf o

[0398] N.N'-Disuccinimidy! carbonate (1.7 g) was added to the 4-nitro-phenyl adduct from Step A {1.5 g} in dry dimeth-
ylformamide (20 mL} followed by dimethylaminopyridine (200 mg). After a period of 1 hour glycine ethyl ester hydro-
chloride (1 g) in DMF (10 mL) and NMM (2 mL) was added in one portion. After compiete reaction, the product was
extracted into ethyl acetate and worked up to give the desired product {1.5 g). NMR and MS were consistent with
proposed structure.

Step C

[0399]

Or,—t-Bu

o

{0400} The compound from Step B (1 g} was added ta absolute ethanol {73 mL} in a Pair jar. Palladium on carbon
5% (500 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for a period of 2.5 hours.
After complete reaction the paltadium catalyst was removed by filtration through a plug of celite. The solvent was
removed under reduced pressure and the sample dried in vacuo to give a white colored solid (1 g, 99% yield). NMR
and MS were consistent with the proposed structure.
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Step D

[0401]

»—t-Bu
Ugf o

[0402] The product from Step C (1 g) was placed in a flask, followed by addition of water (50 mL) and K,CO4 (1 g).
To this solution 3-nitrobenzoyt chioride (Aldrich) dissolved in acetonitrile (10 mL) was added dropwise. The reaction
was monitored by HPLC. After the reaction was complete (1 hour), 10% HCI was added and the solution was extracted
with ethyl acetate and dried over Na,80,. After evaporation of the solvent a white solid remained {1.56 g). NMR and
MS were consistent with the structure.

Step E

[0403]

Op—t-Bu
@j* -

[0404] The compound from Step D (1.2 g} was added to absolute ethanol (70 mL) and acetic acid (2 mL) in a Parr
jar. Palladium on carbon 5% (700 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus
for a period of 2.5 hours. After complete reaction the palladium catalyst was removed by filtration through a piug of
celite. The solvent was removed under reduced pressure and the sample dried in vacuo to give a white colored solid
(1.1 g, 99% yield). NMR and M3 were consistent with the proposed structure.

Step F

[0405] A portion of the white solid from Step E {1 g) was added to acetonitrile (20 mL) followed by pyrazole carbox-
amidine HCI (Aldrich) (2 g) and DIEA. The mixture was heated to reflux for 6 hours. After the reaction was complete
water was added and TFA was added to bring the pH=2. The product was purified by reverse phase chromatography
(waterfacetonitrile) to result in the tile compound as a white solid (700 mg). NMR and MS were consistent with the
structure,
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Example 73

Synthesis of 4-[[{3-[(aminciminomethyl)aminc]phenyl]-carbonyl]Jamino]-beta-[[{carboxymethylaminc]carbonyl]-
benzenepropanoic acid, triflucroacetate salt

[0406]
CO,H
H
Hwﬁ/r\m2 o N.__COzH
NH 0

N

H
Step A

[0407] The compound of Example 72 (500 mg) was added to methylene chloride (5 mL) followed by the addition of
TFA (2 mL). The reaction was monitored by HPLC. After the reaction was complete the product was freeze dried. The
product was added to water/aceonitrile 1:1 (50 mL). followed by the addition of lithium hydroxide (100 mg, 0.4 mmol).
The reaction was stirred at 25°C, and monitered by HPLC. After complete hydrolysis the product was extracted with
ethyl acetate and dried over Na,5Q, to give a yellow oil (450 mg). NMR and MS were consistent with the proposed
structure.

Example 74

Synthesis of 1,1-dimethylethyl 4-[{[[3-[(aminciminomethyl}amino]phenyl]carbonylJamino}-
3-hydroxybenzenepropanoate, trifluoroacetate salt

[0408]

C 02_t-BU

Hhﬁ’/NHg o

NH

Iz

OH
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Step A
[0409]
CO,—t-Bu
HO I
NOy

[0410] To 4-nitro-3-hydroxy benzaldehyde (Aldrich) (5 g) in acetonitrile (40 mL) was added (tert-butoxycarbonylmeth-
ylene)triphenylphosphorane (Aldrich) (11 g} and DBU {1 mL). The reaction was stirred for 1 hour. The solvent was
concentrated to 20 mL and the product crystallized from the solution (4 g). NMR and MS were consistent with the
proposed structure.

Step B
[0411]
CO;—t-Bu
HO
NH-

[0412] The compound from Step A (3 g) was added to absolute ethanot {70 mL) in a Parr jar. Palladium on carbon
5% (700 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for a period of 2.5 hours.
After complete reaction the palladium catalyst was removed by filtration through a plug of celite. The solvent was
removed under reduced pressure and the sample dried in vacuo to give a white colored solid (3 g, 99% yield). NMR
and MS were consistent with the proposed structure.

Step C

[0413]

COz_t~BU

O,N
2 N
Ho on

[0414] The product from Step B (1.5 g} was placed in a flask followed by the addition of methylenechloride (50 mL}
and NMM (2 g). To this solution 3-nitrobenzoylchioride (Aldrich) was added. The reaction was monitored by HPLC.
After the reaction was complete {1 hour) 10% HCI was added and the solution was extracted with ethyl acetate and
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dried over Na,S0O,. After evaporation of the solvent a white solid remained {3 g). NMR and MS were consistent with
the proposed structure.

Step D

[0415}

COz"'_t‘BU

HoN
2 N
A on

[0418] The compound fram Step C (1 g} was added to absolute ethano! (70 mL) and acetic acid (2 mL} in a Parr jar.
Palladium on carbon 5% (500 mg) was added and the mixture was hydrogenated under 50 psi in a Parr apparatus for
a period of 2.5 hours. After complete reaction the palladiurn catalyst was removed by filtration through a plug of celite,
The solvent was removed under reduced pressure and the sample dried in vacuo to give a white colored solid (1 g,
99% yield). NMR and MS were consistent with the proposed structure.

Step E

[0417] The preduct from Step D (1 g) was added to acetonitrile (20 mL) followed by pyrazole carboxamidine HCI
{Aldrich) (23 g) and DIEA. The mixture was heated to reflux for 6 hours. After the reaction was complete, water and
TFA were added to bring the pH=2. The product was purified by reverse phase chromatrography (water/acefonitrife)
to result in the title compound as a white solid (700 mg}. NMR and MS were consistent with the proposed structure.

Example 75

Synthesis of 4-[[3-[{(aminoiminomethyl)aminc]phenyl}-carbonyl]aminol-3-hydroxybenzenepropanocic acid,
trifluoroacetate salt

[0418]
_COH
HNﬁ/NHz
NH
N
H OH
Step A

[0419] The compound of Example 74 (300 mg) was added to methylene chloride {5 mL) followed by the addition of
TFA (2 mL}. The reaction was monitored by HPLC. After the reaction was complete (2 hours) the product was purified
by reverse phase chromatorgraphy (water/acetonitrile) to result in a white solid (110 mg). NMR and MS were consistent
with the proposed structure.
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Example 76

4-[[[3-[{ Aminoiminomethyl)amino]phenyl]carbonyl]-amino]-N-{{ 1, 1-dimethylethoxy)carbonyl]-
2-methoxyphenylalanine, ethyl ester

[0420}
O
0 OEt
H-N r‘j HN 0
2
Y N OMe )/ \'<
H 0
NH
TFA
Step A
[0421]
O
OMe
HN )

[0422) To a solution of methyl pyruvate (2.042 g, 20 mmol) in benzene (70 mL) was added tert-butyl carbamate
(9.372 g, 80 mmol} and the resulting suspension was heated to obtain full dissolution. The mixture was heated to 70°C
and phosphorus oxychioride (7.3 mL, 80 mmol) was added dropwise over 1 minute. After 2 minutes a heavy white
precipitate appeared and the reaction mixture was stirred at 70°C for an additional 15 minutes, The mixture was rapidly
cooled, poured into an agueous solution of sodium dihydrogenphosphate (pH 4) and the aqueous layer extracted three
times with dichloromethane. The organic layer was washed with water, dried and evaporated under reduced pressure.
Chromatography of the resulting oil on silica gel eluting with dichloromethane afforded 1.6 g of the product.

Step B

[0423]

R R ~OMe

|
< HN_ O
O:N OMe 7// 7<
O

[0424] To 5 mi of dimethylformamide was added the compound of Step A {600 mg, 2.98 mmol), 2-bromo-5-ni-
troanisole (494 mg, 2.13 mmol}, tetrabutylammonium chloride (591 mg, 2.13 mmol), sodium bicarbonate (447 mg. 5.3
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mmol) and 2 mg of palladium{ll) acetate. The slurry was degassed with argon, sealed and heated at 85°C overnight.
The reaction mixture was diluted with water and extracted with dichloromethane. The combined extracts were washed
once with water, dried (MgS0Q,) and concentrated to give the crude product. Chromatography on silica gel using 20/80
ethyl acetate/hexane as eluent gave 600 mg of product.

Analysis Calcutated for CygHgN,O7:

C,54.70; | H,5.45; | N, 7.97.
Found: | C,54.43; | H,5.64; [ N, 8.09.

Step C

[0425]

OMe
HIN 0
HaN oMe ) j<
)

[0426] The compound of Step B was shakenina Parr apparatus in ethanol with 5% Pd on carbon atroom temperature
under 5 psi H, for 16 hours. The solution was filtered and concentrated to give the product.

QO
.0 W oM TFA
HaNo_ N HN O
Y ﬁ OMe?/ w<
NH

0

Step D

[0427]

[0428] To 10 mL of dimethylformamide was added 3-guanidinobenzoic acid HCI (Example A) {289 mg, 1.387 mmol)
and N-methylpiperidine {138 mg, 1.387 mmaol)}. The reaction mixture was coocled to 0°C and isobutylchloroformate (189
mg. 1.387 mmol) was added. After 5 minutes the compound of Step C (450 mg, 1.387 mmol) was added and the
reaction mixture was stirred at room temperature overnight. The reaction mixture was concentrated and purified by
HPLC on a €18 column using a MeCN/H,QO gradient as eluant to give a white solid (495 mg}.

Analysis Calculated for CoyH4{NsOg+TFA+0.3 Hy0O:

C, 51.62; H, 543 N, 11.58.
Found: C, 51.27; H, 5.27; N, 11.48.

Step E
[0429] To the compound of Step D in 3 ml of methanol was added 1.0 mL of 1M LIOH. The reaction mixture was

stirred at room temperature overnight. The solvent was removed under vacuum and 10 mL of water was added. The
aqueous layer was acidified with trifluoroacetic acid and purified by HPLC on a C18 column using a MeCN/H,O gradient
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as eluant to give a white solid {89 mg).

Analysis Calculated for CoqHagNsOg+TFA+0.6 H,0:

C, 50.35; H, 5.27; N, 11.74.
Found: C, 50.23; H, 5.13; N, 11.71.

Example 77

4-[[[3-[(45-dihydro-4-oxa-IH-imidazol-2-yl)amino] phenyl]carbenyllamino]-N-[(1-methylethoxy)-carbonyl]
phenylalanine

[0430]

o ] N CO,H

o. _N_ H | HN O

[N N Z

h N T

N o)
Step A
[0431]

Q N
\}/SMQ
XN Hi
H

[0432] To a mixture of 2-thichydantoin (5.5 g. 47.4 mmol} in absolute ethanol {60 mL} was added methyl iodide (3.5
mL, 56.6 mmol). The mixture was heated at reflux for 5 hours. The mixture was coocled to room temperature and
concentrated in vacuo and the crude product used directly in the next step.

Step B

[0433]

OY_NYQ CO.Et
N
H

[0434] To a mixture of the thiomethyl compound from Step A{1.0 g, 3.8 mmal) in absolute ethanol (20 mL) was added
ethyl 3-aminobenzoate (2.5 g, 15.3 mmol). The mixture was stirred at room temperature for 16 hours. The mixture was
concentrated in vacuo and the residue chromatographed (85:14:1 CH,Cly:MeOH:NH,OH) ta give the desired product
(414 mg, 44%).

29



16

15

20

25

30

a5

40

45

50

55

EP 1157 985 A1

Step C

[0435]
N
H

[0436] To a mixture of the ester (250 mg, 1.0 mmol) in THF {2 mL) and methanol (2 mL) was added 1.0 N NaOH
solution (2 mL}. The reaction solution was stirred at room temperature for 2 hours and concentrated jn vacuo. The
residue was suspended in water and carefully acidified to pH 4 with 1 N HCI. The solid was collected by filtration and
washed with water and ether to give the desired product (190 mg, 87%).

Step D

[0437]

COsE!

[0438] To a solution of the acid from Step C (150 mg, 0.7 mmol) in DMF (4 mL) at 0°C was added t-methylpiperidine
{(t5 mL, 1.4 mmol) and isobutylchlorcformate (0.088 mL, 0.7 mmol). The solution was stirred for 5 minutes and the
amine from Example AE {186 mg, 0.7 mmal} was added. The mixture was stirred for 20 hours and then concentrated
in vacuo. The residue was chromatographed (85:14:1 CH,Cl,:MeOH:NH,OH) to give the desired product {73 mg, 22%).

Analysis Calculated for CysHogN;Og+0.25 H,0:

C, 60.05; H, 5.94; N, 14 00.
Found: C, 60.10; H, 6.1%; N, 14.11.

Step E

[0439]) To a mixture of the ester from Step D (40 mg, 0.08 mmol) in THF (0.5 mL) and methanao! (0.5 mL) was added
1.0 N NaOH solution (0.4 mL). The solution was stirred at room temperature for 3 hours and concentrated in vacuo.
The residue was dissolved in water and carefully acidified to pH 4 with 1 N HCI. The white sclid was collected by
filtration to give the desired compound (27 mg. 71%}. H NMR (CD50D) § 7.18-7.90 (m, 8H). 4.75 (m, 1H); 4.34 (m,
TH): 3.95 (s, 2H); 313 (m, 1H); 2.91 {m, 1H) ; 1.18 {d. 3H, J = 7.2 Hz): 1.12 (d, 3H, J= 7.2 Hz).

Example BJ

[0440]

/”\ COH

HCI
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[0441]) A solution of 3-aminophenylacetic acid (2.712 g, 17.9 mmol}, Example AM (3.023 g, 20.6 mmol), and Hunig's
base (3.6 mL, 20.6 mmol) in dioxane (30 mL)/water (15 mL) was refluxed for 16 hours under argon. With heating, a
white precipitate was observed. The reaction was coocled to room temperature and the white solid filtered off. The solid
was washed with 1:1 dioxane/water (3 X 5 mL). The solid was suspended in 15 mL of water and acidified with con-
centrated HC! until the solid dissolved. The solution was concentrated in vacuo and the resulting yellow residue slurried
with ether. The yellow solid was collected by vacuum filtration {3.025 g, 74% yield). NMR was consistent with proposed
structure.

Example 78

Synthesis of 4-[[2-[4-[(aminciminomethyllamino]phenyl]-acetyl]lamino]benzenepropanoic acid, monohydrate
triflucroacetate salt

[0442]

NH
PN

H,N™ N
CONH

CO,H

[0443] The compound of Example F (487 mg, 1.66 mmol) was coupled with the compound of Example BJ {380 mg,
1.66 mmol) according to the procedure described in Example 34. The crude product was purified by HPLC-Method 1
to give the desired product. The product was hydrolyzed under the conditions described in Example 35 and purified
by HPLC-Method 1 to give a white solid,

Analysis Calculated for C gHyoN404-1.5 TFA+1 H,O:

C.47.64: H, 4.47; N, 10.58.
Found: C. 47 .56; H, 4.49; N, 10.77.

Example 79

Synthesis of 4-[[[3-[[{cyanciminc)[(phenylmethyl}-amino]methyl]Jamino]phenyl]carbonyl]amino]-benzenepropanocic
acid

[0444]

CQOOH

pd
\
)
=
=0

Iz
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Step A
[0445]
H
NC /NYN COzMe
SMe

[0446] A stirred mixture of 3-amino methyl benzoate (6.04 g, 40 mmaol) and dimethyl N-cyanodithioiminocarbonate
(11.96 g, 80 mmaol) in pyridine (70 ml} was heated at reflux under a nitrogen atmosphere for 2.5 hours. The reaction
mixture was cooled to rcom temperature. On standing overnight at room temperature the title compound crystallized
from the reaction mixture affording 6.2 g {two crops).

[0447] NMR was consistent with the proposed structure.

Step B
[0448]
H
NG /NYN C OgME
NH

[0449]) A stirred mixture of the compound from Step A (1.0 g) and benzylamine (440 mg) in ethanol (15 ml) was
heated at reflux under a nitrogen atmosphere for 3 hours. The reaction mixture was cooled to room temperature, On
standing ovemight at room temperature a white solid was obtained and isolated by filtration (720 mg). The crude filtrate
was further purified by chromatography on silica (eluant; ethyl acetate/hexane, 1:1) to afford the above compaound (550
mg) as a white solid.

[0450] NMR was consistent with the proposed structure.

Step C

[0451]

CO,H

[
NC’NYN
NH

[0452] To a stirred solution of the compound from Step B (250 mg) in THF (2 ml) and MeOH (2 ml), 1N-NaOH (2 ml)
was added. The reaction mixture was stirred at room temperature for 2 hours and concentrated in vacuo to afford a
white solid. The residue was acidified by suspension in water followed by addition of 1N-HCI. The rasultant solid was
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filtered, washed with diethyl ether and dried to afford the above compound (140 mg) which was used in the next step
without further purification,
[0453] NMR was consistent with the proposed structure.

Step D

[0454] To a stirred solution of the product of Step C (440 mg, 1.5 mmol}, in methylene chloride (20 mL} at 0°C,
triethylamine (0.8 mL). DMAP (20 mg), EDCI {288 mg, 1.5 mmol) and the compound of Example F (448 mg, 1.5 mmol)
were added. The reaction mixture was stirred at 0°C for 15 minutes, allowed fo attain room temperature and then
stirred for another 16 hours. The reaction mixture was concentrated and the residue was dissolved in EtOAc. Washed
with water, saturated aqueous NaHCO; and brine, dried over Na,SQ, and evaporated. The residue was chromato-
graphed on silica gel using 2:1 Hexane/EtOAc as eluant to give 400 mg of pure ester as white solid. The white solid
was dissolved in MeOH (4 mL) and lithium hydroxide (1 M, 2 mL) was added. The reaction mixture was stirred at room
temperature overnight, and then concentrated. The residue was dissclved in water and acidified with TFA. White pre-
cipitate rasulted was filtered, and washed with water and ether to give the title compound as white solid (300 mg).

Analysis Calculated for Cy5H,5N504-0.1 HoO:

C,67.74; H, 5.27; N. 15.80.
:ound: C, 67.58; H, 5.09; N, 15.95.

Example BA

[0455]

: .OVCC)zEt
HaN

[0456] A solution of 4-aminophenclin THF (50 mL) was cooled to -30°C. Sodium hydride was added and the reaction
mixture was warmed to 0°C and kept at this temperature for 0.5 hour. The reaction mixture was cooled to -30°C and
ethyl bromoacetate was added. The reaction mixture was warmed to room temperature and stirred overnight. The
solution was concentrated and partitioned between ethyl ether and water. The organic layer was washed two times
with 10% NaCH solution and brine, dried over Na,S0,4 and evaporated. The crude product was chromatographed on
sitica ge! using CHCI3/EtOH/NH,OH (95:5:1) as eluant to give 550 mg of the desired compound as a brown solid.

Example BB

[0457}

@S\/COzEt
HzN

[0458] The above compound was synthesized in the same manner as described in Example BA, replacing 4-ami-
nophenol with 4-amincthiophenol.
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Example BC

[0459]

s._COqE
BOC-N” :

[0460] The compound of Example BB was protected with t-BOC in the same manner as described in Example X,

Example BD
{0461}
7
S -COaE!
8]
BOC-N
H

[0462] The compound of Example BC (0.9 g, 2.3 mmol) was dissolved in methanol (15 mL) and cooled to 0°C. Oxone
(potassium peroxomonosulfate) (2.85 g, 4.6 mmol} in water (17 mL) was added and the solution was stirred at room
temperature overnight. The solution was diluted with water, extracted with methylene chloride, dried over Na,SO, and
concentrated. Crystallization from EtOAc/Hexane resulted in 1.3 g of a white solid.

Example BE

[0463]

O

il

S COoEt
HaN 2
0]

HoN
[0464] The compound of Example BD (0.8 g, 2.3 mmol) was dissolved in methylene chloride {4 mL) and cooled to
0°C. To the reaction mixture was added trifluoroacetic acid (2 mL). After 15 minutes ice bath was removed and the

reaction cortinugusly stirred for 3 hours. The reaction mixture was then concentrated to give 860 mg of desired com-
pound.
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Example 80

Synthesis of ethyl [[4-[[[3-[(aminoiminomethyljamino] phenyl]carbonyl]lamino]phenyl]sulfonyl]acetate, monohydrate
trifluoroacatate salt

[0465)

H
HoNo_ N CONH
\ﬂ/ o TFA
I
NH S7 T CO,E

Il
O

[0466] The title compound was prepared in the same manner as described in Example 34, replacing the compound
of Example AA with the compound of Example BE.

Analysis Calculated for CygHzoN,O58- 1 TFA-1 H,O:

C, 44.78; H, 4.32; N, 10.44.
Found: C,44.72; H, 4.03; N, 10.32.

[0467) The compounds of the following Examples were prepared by hydrolyzing the compounds of Examples 89,
90 and 80 in the same manner as described in Example 35:

Example 81

Synthesis of [4-[[[3-[{aminciminomethyl)amino]phenyl]-carbonyl]lamino)phenoxylacetic acid, triffuoroacetate salt

[0468}

NH

HN)J\ CONH
RGO
| 07 > COH

Analysis Calculated for CygHgN4 Oy 1 TFA-0.9 H,O:

C, 47.15; H, 4.13; N, 12.22.
Found: C. 47.16; H, 3.85; N, 12.16.
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Example 82

Synthesis of [[4-[[[3-[{aminociminomethyl)aminc]phenyl] carbonyl]aminojphenyljthio]acetic acid, triflucroacetate

[0469]

Example 83

Synthesis of [[4-[[[3-[(aminoiminomethyl}amino]phenyt] carbonyl]aminc]phenyi]sulfonyl]acetic acid

[0470)

Example 84

Synthesis of [4-[2-[[3-[{aminciminomethy!)amino]phenyl] amino]-2-ocxoethyllphenoxylacetic acid, trifluoroacetate salt

[0471]

NH

EP 1157 985 A1

I
57 NCOLH

Analysis Calculated for CigHgN4035 1 TFA:

Found:

C, 47.186;
C, 47.05;

H, 3.34;
H, 3.67;

N, 12.22.
N,1230.J

CONH

Q)

£

CO,H

O=

Analysis Calculated for Cy5H5N,0:5-0.6 TFA:

Found:

C. 46.44;
C, 46.27:

H, 3.77;
H, 3.69;

N, 12.60.
N, 12.95

ZT
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Step A

[0472]

O
4
tEu—O/L\/O-

CO,Me

[0473] Methy! 4-hydroxyphenytacetate (2.0 g, 12.0 mmol, Aldrich) in THF (100 mL) was coocled (-30°C) and treated
with sedium hydride (50% dispersion in mineral oil, 0.6 g, 12.2 mmai} in smal porttons over 15 minutes. The solution
was then warmed (0°C) and stirred 30 minutes and then recooled to -30°C. To this solution was added neat t-butyl
bromoacetate (2.6 g, 13.2 mmol, Aldrich) and the mixture was stired 1 hour at -30°C and then warmed to room tem-
perature and stirred 1 hour. The volatile components were removed at reduced pressure on a rotary evaporator and
the residue was taken up in ether {50 mL). The ether was washed with water (25 mL}, 10% NaOH (25 mL) and brine
{25 mL}. This produced 3.4 g (100%) of the title compound.

HRMS (M+) for CisH,,05 | Calculated: | 280.1311

Found: 280.1297
Step B
[0474]
Q
/u\/o
t-8u—0Q
COzH

[0475] The product of Step A{0.5 g, 1.78 mmol} in THF (5 mL) was cooled (0°C) and treated with 1N lithium hydroxide
solution (1.9 mk, 1.9 mmol). The solution was warmed to room temperature and stirred for 18 hours. The volatile
components were removed at reduced pressure on a rotary evaporator. The crude product was chromatographed on
silica gel gradient eluting with ethyl acetate:hexane (1:19 to 1:9 containing 1% acetic acid) and produced 0.186 g {25%)
of the above compound.

HRMS (M+) f()r C15Ht505 Calculated: 266.1154

Found; 266,1163
Step C
[0476)

NQO, ;:j
|
©/ \g/\©\o/\_coz___[_8u
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[0477} The productfrom Step B {0.16 g, 0.6 mmol) and 3-nitroaniline (0.2 g, 1.4 mmol, Aidrich) in methylene chloride
{5 mL) was cooled (0°C) and treated with 1-{3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.2 g, 1.04
mmol, Aldrich) and N-methylmorphaline {0.15 mL, 1.4 mmot, Aldrich}. The solution was warmed to room temperature
and stired 18 hours. The mixture was poured into water and extracted with ethy! acetate {2 x 25 mL}. The combined
extracts were washed with water (2 x 10 mL) and saturated brine (10 mL}, and dried over Mg3S0,. The volatile com-
ponents were removed at reduced pressure on a rotary evaporator to produce 0.19 g (82%) of the above compound,

HRMS (M+) for CogHaoN2Og | Calculated: | 386.1478
Found: 386.1492

Step D

[0478]

NO2 ;\_}
\@ \(@/\@\
0~ N COH

[0479] The product of Example 84C (0.19 g. 0.48 mmal} in methylene chloride (5 mkL) was cooled (0°C) and treated
with triffucroacetic acid (0.5 mL). The solution was warmed to room temperature and stirred 3 hours. The volatile
components were removed at reduced pressure on a rotary evaporator. This produced 0.14 g (86%) of the title com-
pound.

HRMS (M+) for C gH14N2Og | Calculated: ! 330.0851
Found: 330.0832

Step E

[0480]

N, H
[:] O

[0481] The product from Example 84D (0.14 g, 0.42 mmol) was subjected to the reaction conditions described for
the preparation of Example 68B. This produced 0.11 g {88%} of the title compound.

HRMS (M+) for Ci4HgN204 | Calculated: | 300.1110
Found:
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Step F
(0482}
NH
NH)L NH,
TFA
o
0~ “COgH

[0483] A stirred solution of the product of Example 84E (0.11 g, 0.37 mmol), diisopropylethylamine {0.09 mL) and
pyrazole-1-carboxamidine hydrochloride (73 mg, 0.5 mmol) in dioxane (3 mL) and water (0.5 mL) was heated at reflux
for 3 hours. After cooling to room temperature, the solvents were removed at reduced pressure and the residue was
chromatographed (reverse phase HPLC, gradient elution with water/acetonitrile/triflucroacetic acid). This produced
0.028 g (16%) of the title compound.

ESI MS {free base MH+) for Cy;H,gN,O,
Calculated: | 343
Found: 343

Example 85

Synthesis of 2-[4-[[[3-[(aminciminomethyhamino]phenyi]. carbonyl]laminojphenoxy]propanoic acid, trifluoroacetate salt

[0484]
NH NH,
> g
HN TFA
N
H CHs
C COzH
Step A
[0485]
NO-2
CH;y
O COzMe

[0486] To a stirred and cooled (0°C) solution of 4-nitrophencl (0.56 g, 4 mmol, Aldrich), methyl DL-lactate (0.37 g,
3.6 mmol} and diethyl azodicarboxylate (0.64 mL, 4 mmol) in THF (50 mL) was added portionwise triphenylphosphine
(1.05 g, 4 mmol}. After 1 hour, the mixture was warmed to room temperature and stirred for 18 hours. The volatile
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components were removed at reduced pressure and the residue taken up in ethyl acetate (100 mL), The solution was
washed with 5% aqueous sodium carbonate (4 x 25 mL), water {25 mL), brine (25 mL} and dried over magnesium
sulfate. The volatile components were removed at reduced pressure on a rotary evaporator and the crude product was
chromatographed on silica gel eluting with ether which produced 1.06 g of a 3:1 mixture of the above compound
contaminated with 1,2-dicarbethoxyhydrazine.

HRMS (M+} for CqH{{NOg | Calculated: | 225.0637

Found: 225.0636
Step B
[0487]
N HGI
CHs
|
07 > COzMe

[0488] The crude product from Example 85A {1.06 g} was subjected to the reaction conditions described for the
preparation of Example 68B. The crude product was treated with methanclic HCI (5 mL) and then the volatile compo-
nents were removed at reduced pressure. The residue was ftriturated with ether which produced 0.34 g of the title
compound.

HRMS (free base M+) for C4oH13NQO5 | Calculated: | 195.0895

Found: 195.0899
Step C
{0489]
NH>/NH2
™ Q CF3COuH
N
H CHs
O COQMQ

[0490] To a stirred and cooled (3°C) solution of 3-guanidinobenzoic acid hydrochleride {0.093 g, 0.43 mmol} and N-
methylmorpholine {0.05 g, 0.43 mmol) in DMF (3 mi) was added isobutyl chloroformate (0.06 mL, .43 mmol). The
mixture was stirred for 30 minutes. To this solution was added a solution of the product from Step B (0.1 g, 0.43 mmol}
and N-methytmorpholine (0.05 g. 0.43 mmol) in DMF (2 mL). The reaction mixture was then allowed to warm to room
temperature and stirred for 18 hours. The volatile components were removed at reduced pressure and the residue was
chromatographed {reverse phase HPLC, gradient elution with water/acetonitrile/triflucroacetic acid). This produced
120 my (59%) of the above compound.

APCI MS (free base MH~+} for CigHy N4O, | Calculated: | 357
Found: 357
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Step D

[0491] The product of Step C {0.05 g, 0.11 mmol) in methyl alcohol (1 mL} was cocled (0°C) and treated with 1N
lithium hydroxide solution (0.22 mL, 0.22 mmol}. The solution was warmed to rcom temperature and stirred for 18
hours, The volatile components were removed at reduced pressure on a rotary evaporator. The crude product was
chromatographed (reverse phase HPLC, gradient elution with water/acetenitrile/ triftucroacetic acid). This produced
50 mg (100%) of the above compound.

APCI MS (free base MH+) for Cy;HgN,O, | Calculated: | 343
Found: 343

Example 86

Synthesis of a-[4-[[[3-[(aminciminomethyl}amino]phenyl] carbenyllamino]phenoxy]benzeneacetic acid,
trifluoroacetate salt

[0492]
NH NH,
o
HN |
COoH
Step A
[0493]

NO,

© Ph
PN

COqEt

[0494] Ethyl DL-mandelate (0.85 g, 0.36 mmol) was subjected to the reaction conditions described in Exampie 85,
Step A to produce 1.2 g of a mixture of the above compound contaminated with 1.2-dicarbethoxyhydrazine.

HRMS (M-+) for C5H5NOs Calculated: | 301 0950
Found: 301.0977
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Step B
[0495]
Ph
o)\cogsn

[0496] The crude product from Step A (1.2 g) in absolute ethanol (10 mL) was treated with tin {Il) chloride (2.4 g,
12.7 mmol} and then heated at 70°C for 1 hour. The mixture was then cooled to room temperature and treated with
saturated sodium bicarbonate solution (25 mL) and then poured into water (100 mL). The aqueous sclution was then
extracted with ethyl acetate (2 x 25 mL) and then poured into water (100 mL). The aqueous solution was then extracted
with ethyl acetate (2 x 25 mL} and the combined extracts were washed with water (2 x 10 mL), brine (10 mL) and then
dried over magnesium sulfate. The volatile components were removed at reduced pressure on a rotary evapoerator.
The residue was treated with methanclic HCI (5 mL) and the volatile components were removed at reduced pressure.
The residue was triturated with ether which produced 0.565 g of the above compound.

HRMS (free base M+) for C44H;NO; | Calculated: | 271.1208
Found: 2711223

Step C

ethyl o-[4-{{[3-[(aminciminomethyl)amino]phenyl]-carbonyllamino]phenoxy]benzeneacetate, trifluoroacetate salt

[0497]

NH

yNHQ

HN
N

O | prn TFA

| O/LCCbEt

[0498) The product from Step B {0.13 g, 0.43 mrmol) was subjected to the reaction conditions described in Example
85, Step C to produce 0.11 g (47%) of the above compound.

APCI MS {free base MH+) for C,4H,5N,O, 433

433

Calcutated:
Found:

Step D

[0499] The product from Step C {0.05 g, 6.09 mmol) was subjected to the reaction conditions described in Example
85, Step D to produce 0.03 g {64%) of the above compound.

APCI MS (free base MH~+) for C,,H,4N4O, | Calculated: | 405
Found: 405
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Example 87

4[[[3-[(aminoiminomethyl)amino]-4-chicrophenyt]-carbonyllamino]-N-{{ 1-methylethoxy)-carbonyl]phenylalanine

[0500)
H i /L
HQNYN CONH HN)LO
NH O
Ci COoH
Step AA

[0501} Preparation of

HQN 7 COzME

HCI
Ct

[0502] To a stirred suspension of 3-amino-4-chtorobenzoic acid (25.0 g, 157 mmol} in MeOH (300 ml) at 0°C, hy-
drogen chloride gas was added until the methanalic sclution was saturated. The reaction mixture was stirred at 0-5°C
for 30 minutes, allowed to attain room temperature, and then stirred for a further 4 days. The reaction mixture was
concentrated in vacuo and the resulting white solid triturated with diethyl ether to afford the above compound; 26.2 g
as a white solid.

[0503] NMR was consistent with the assigned structure.

Step AAA

[0504] Preparation of

BOC
i H
HNYN COzME‘
N
Cl

-

BOC

[0505] To a solution of Example AZ and (24 8 g, 90 mmaol) methyl-3-amino-4-chlorobenzoate (20 g, 80 mmol) in
dimethylformamide (120 ml} and triethylamine (45 ml) at 0°C mercury N chioride (30.1 g, 111 mmol) was added. The
reaction mixture was stirred for 15 minutes at 0°C, allowed to attain room temperature and stirred for a further 2 hours.
The reaction mixture was diluted with ethyl acetate (600 ml) and the resulting slurry filtered under reduced pressure.
The filtrate was concentrated, to afford an oily gum which was purified by chromatography on silica (eluent. ethyt
acetate/heptane 20:80) to afford the above compound (8.6 g) as a white solid.

[0506]) NMR was consistent with the assigned structure.
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Step A
[0507]
~B0C
s
BOC—-H N COsH
Cl

[0508] The product of Step AAA was dissolved in MeOH (3 mL} and 1 M NaOH (14 ml.) was added at room temper-
ature. The reaction was stitred at room temperature for 2 hours. The reaction was concentrated in vacuo and the
residue dissolved in water, washed with ether. The aqueous layer was acidified to pH=3 with iN HCI. A white precipitate
formed, was filtered and washed with water and ether and dried to give 1.2 g white solid. NMR was consistent with the
proposed structure.

Step B
[0509]
NH
H
HN" N CO,H
HECH
Ci

[0510] To a solution of the product of Step A {550 mg, 1.33 mmol) in CH,Cl, (4 mL} was added TFA {1 mL} at 0°C.
The ice bath was removed after the addition and the reaction was stirred at room temperature for 2 hours. The reaction
was concentrated in vacuo to give a colorless oil. To this was added 4N HCI solution in dioxane (2 mL) and white
precipitate formed. The solution was concentrated in vacuo to afford 280 g of the desired product as a white solid.
NMR was consistent with the proposed structure.

Step C

[0511]

NH
H
HNT N

0
CONH H J\o~<

cl CO5Et

[0512] A solution of the product of Step B (280 mg. 1.1 mmol) and 1-methy! piperidine (0.14 mL, 1.1 mmol) in DMF
(5 mL) was cooled to 0°C and isobutyl chloroformate (0.14 mL, 1.1 mmol) was added under argon. The reaction was
allowed to stir for 5 minutes before adding a solution of Example AE (328 mg, 1.1 mmol) in DMF (2 mL). The reaction
was allowed to warm slowly to room temperature over 18 hours. The solution was concentrated in vacuo and the
residue purified by HPLC to give the desired product as a yellow gummy oil (190 mg).
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Analysis Calculated for C,3Ho5NgO5CI-1.5 TFA:

G 47.24; | H,4.50; | N, 10.60.
Found: | C, 47.23; | H, 4.49; | N, 10.97.

M+ = 489,

Step D

[0513} The compound of Step C (170 mg, 0.34 mmol) was dissolved in MeOH (2 mL) and 1 M LiOH (1 mL) was
added at room temperature. The reaction was stirred for 23 hours, The solution was concentrated in vacuo and the
residue purified by HPLC to give the desired product as a white solid (130 mg).

Analysis Calculated for C,1HyyNgO5CI-1.4 TRA:

C,4599 { H, 412, | N, 11.27.
Found: | C, 45.95; | H, 4.25; | N, 11.29,

M+ = 461,

Example 89

Synthesis of ethyl [4-[[[3-[(aminciminomethyl)amino] phenyl]carbonyllamino]phenoxylacetate, trifluoroacetate salt

[0514]

HaN CONH

0~ COlEt

[0515] The title compound was prepared under similar conditions as described in Example 34, replacing the com-
pound of Example AA with the compound of Example BA.

Analysis Calculated for CgHogN4O4 1.1 TFA-0.7 H,0:

C, 49.07; H, 4.59; N, 11.33.
Found: C, 49.26; H, 4.23: N, 11.09.
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Example 90

Synthesis of ethyl[f4-[[[3-[(aminciminomethylyamino]-phenyllcarbonyllamino]phenyl]thio]acetic acid, trifluoroacetate

[0516]

NH

EP 1157 985 A1

HzN/lLa CONH\@\
\©/ s7 CO,E

[0517] The title compound was prepared in a simitar manner as described in Example 34, replacing the compound

of Example AA with the compound of Example BB.

Analysis Calculated for C1gHygN,4045:

Found:

C, 48.84;
C, 48.85;

H, 4.43;
H, 4.12;

N, 11.39.
N, 11.50.

Example 91

Preparation of. 4-[[3-[(aminciminomethyl}aminc]-phenylimethoxy]-N-{(1, t-dimethylethoxy)-carbonylJphenylalanine

S

[0518]
HN
>—NH
Step A
[0519]

HoN

The n-t-BOC ethy! ester product of Example 11, Step A can be dissolved in absolute EtOH and reduced using sub-
stantially the quantities and procedure of Example 11, Step D to obtain the N-t-BOC anitine ethyl ester that can be

HO,C

3

N
H

Oy 3

isolated in substantially pure form by prep rphplc.
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Step B

[0520]

HN

W O 3

HOLC

The N-t-BOC aniline ethyl ester of Step A can be converted to the guanidino - ethyl ester derivative using substantially
the quantities, proportions and procedure of Example 11. Step E and subsequently hydrolyzed to the guanidino - acid
derivative using the hydrolysis procedure of Example 11, Step E.

Example 82A
Preparation of: 4-[[3-[{aminoiminomethylyamino]-phenyl]methoxyl-N-{(1, 1-dimethylethoxy)-carbonyl]phenylalanine

[0521]

HN

o OO_*Q&O/\{/

HO,C

[0522] The title compound can be prepared using the methodology of Example 11, substituting an equivalent amount
of isobutylchloroformate (Aldrich) for n-butanesulfonyl chloride in Step C.

Example 92B
Preparation of: 4-[[3-[(aminoiminomethyl)aminc}phenyl]-methoxy]-N-(butylamino}carbonyl]phenylalanine

[0523]

HN
>—NH Q
H
HzN 0 ,EL""PJ\\x,/’”*~\,//’

Ir=

HOLC

[0524] The above compound can be prepared using the methodology of Example 11, substituting an equivalent
amount of n-butyt isocyanate (Aldrich} for n-butanesulfonyt chloride in Step C.

117



1G

15

20

28

kg

35

44

45

561

55

EP 1 157 985 A1

Example 93

Preparation of: 4-[[3-[(aminciminomethyt)aminol-phenytimethoxy}-N-[{(1, 1-dimethylethyl)amino}-carbonyl]
phenylalanine

[0525]

HN

HO,C

[0526] The above compound can be prepared using the methodology of Example 11, substituting an equivalent
amount of t-buty! isocyanate (Aldrich} for n-butanesulfonyt chioride in Step C.

Example 94
Preparation of: 4-[[3-[(aminciminomethyl}Jamino]pheny!]-methoxy]-N-(phenylaming)carbonyllphenylalanine

[0527)

HN

N+ 0
HeN O’@Wﬁj)\m&
H

HO-C

[0528] The above compound can be prepared using the methodology of Example 11, substituting an equivalent
amount of phenyl isocyanate (Aldrich} for n-butanesulfonyl chioride in Step C.

Example 95
Preparation of: 4-[[3-[{aminciminomethyl)amina]phenyl]-methoxy]-N-(3, 3-dimethyl- 1-oxobutyl)phenylalanine

[0529)

HN

>—NH 0

HoN O
N
o,

[0530] The above compound can be prepared using the methodology of Example 11, substituting an equivalent
amount of isovaleryl chloride (Aldrich) for n-butanesulfonyl chicride in Step C.
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Example 96

Praparation of: N-acetyl-4-[[3-[(aminoiminomethyl}-amino]phenyl]methoxylphenylalanine

[0531]

>—NH 0
HoN 0 p—

N
Ho,o 1

[0532] The above compound can be prepared using the methodology of Example 11, substituting an equivalent
amount of acety! chloride (Aldrich) for n-butanesulfonyl chloride in Step C.

Example §7

Preparation of. N-[{3-methylpropoxy)carbonyl]-4-[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl)amino)-phenyl]methoxy]
phenylalanine

[0533]
N
N NH o
C 0 So
N
Ho,c M
StegA.
[0534]

EtO,C

The above compound can be prepared using the procedure of Example 11 and substituting an equivalent amount of
isobutyl chlaraformate for butane sulfonyichiaride in Example 11, Step C.
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HsN O
@1%
H

EtOsC

Step B.

[0535]

[0536) The nitro-tyrosine derivative of Step A can be reduced to the aniline using substantially equivalent amounts
and the procedure of Example 11, Step D and substituting the product of Step A for the product of Example 11, Step C.

Step C.

[0537]

EtQ-C

[0538] The above compound can be prepared by reacting essentially equivalent amounts of 1-aza-2-methoxy-1-cy-
cloheptene with the anilino-tyrosine derivative prepared in Step B in a suitable solvent (EtOH, dimethylacetamide or
dimathytformamide) until essentially complete reaction is obtained. The volatiles can be removed under reduced pres-
sure and the desired product may be obtained by preparative RPHPLC.

Step D.

[0539}

N
\V-NH 0
. 0 >\\
o)
H
HO.C
The ethyl ester obtained in Step C can be converted to the acid derivative using substantially the hydrolysis conditions
of Example 11. Step E. The ethyl ester obtained in Step C can be dissolved in water:dioxane and agqueous lithium

hydroxide added to pH 11. The reaction can be monitored by analytical RPHPLC until complete. The product can then
be isolated by preparative RPHPLC.

120



o

15

20

25

30

35

40

45

50

55

EP 1 157 985 A1

Example 98

Preparation of: N-{butylsulfonyl}-4-[[3-{(3.4.5,6-tetrahydro-2H-azepin- 7-yi}Jamino]-phenyljmethoxy]phenylatanine

N—NH 0
0 N\ /O
H

HO,C

(0540}

[0541] The above compound can be prepared using the procedures of Example 97 and using the procedure of
Example 11, Step C to prepare the starting material (m-nitrobenzyl-N-n-butanesulfonyl tyrosine derivative). The product
can be isolated using preparative RPHFLC.

Example 99

Preparation of. N-(butylamino)carbonyl}-4-[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yi)amino}-phenyl]jmethoxy]
phenylalanine

[0542)

N
z:::: O S H
N
H ~TTSN

[0543] The above compound can be prepared using the procedures of Example 97 and substituting n-butyl isocy-
anate for n-butanesuifonyl chioride in Example 11, Step C. The product can be isolated using preparative RPHPLC.

Example 100
4-[[[3-[(aminciminomethyl)amino]phenyl]-carbonyl)aming]benzene-1, 2-dipropanoic acid, triflucroacetate salt

[0544]
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Step A
[0545]
0
\).LOC Hy

OoN Cl

[0546] To 2-chloro-5-nitro cinnamic acid (912 mg, 4 mmol) in DMF (4 ml} was added NaHCO, (1.2 g) and Mel (1.1
g. 8 mmol} and the mixture stirred at room temperature overnight. The solvent was removed and the residue dissolved
in CHCI,. The sofution was washed with water, dried and concentrated to provide the ester (800 mg). 1H NMR was
consistent with the proposed structure.

Step B
[0547]
O
X OMe
OuN o OMe
0

[0548] Methyl 2-chioro-5-nitrocinnamate acid (0.8 g, 3.2 mmol}, methyl acrylate (450 mg, 5.2 mmol), tetra-n-buty-
lammonium chloride (920 mg, 3.3 mmol), NaHCO, (880 mg) and cat. Pd{OAc); (40 mg) were stirred in DMF (16 mL)
at B0“C overnight. The mixture was cooled and the solvent removed. Flash chroematography (totuene/EtOAC) provided
of the desired product (620 mg). '"H NMR was consistent with the proposed structure.

Step C

[0549]

OMe

P OMe
HoN

o
[0550]) The product from Step B (620 mg, 2.1 mmol) and tin{l1} chloride dihydrate (675 mg, 3 mmol) were stirred in
2:1 MeOH/concentrated HCI (19 ml} at 80°C for 1 hour. The mixture was cocled and filtered. The filtrate was concen-

trated and purified by flash chromatography (EtOAc/toluene/NH,OH) to provide the desired compound {310 mg). ™H
NMR was consistent with the proposed structure.
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Step D
[0551]
@]
y 0 NN0CH,
NH i = A O

[0552] To the compound of Example A {3-guanidinobenzoic acid hydrochloride, 300 mg, 1.4 mmol) in DMF (2 ml) at
0°C was added 1-hydroxybenzotriazole hydrate (HOBT, 200 mg, 1.5 mmol) and 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (EDCI, 300 mg, 1.6 mmol) and the mixture stirred at 0°C for 3 hours. The compound from
Step C {308 mg, 1.2 mmol) was added and the mixture was stirred at room temperature for 48 hours. Purification by
flash chromatography (MeOH/CHCI;} and reverse phase HPLC (CH,CN/H,OfTFA) provided the desired compound. 1H
NMR and MS were consistent with the proposed structure.

Analysis calculated for CopHpyN4Og1.5 TFA:

C, 50.60; H, 3.99; N, 9.44,

Found:C, 5G.50; H, 4.18; N, 9.35.

Step E

{0553]

O OMe
HaN N OMe

[0554] The product of Step D (300 mg) was hydrogenated at 5 psi H, in EtOH/MeOH/THF using 130 mg of 5% Pdy
C as catalyst. Filtration, concentration, and purification by reverse phase HPLC (CH;CN/H,O/TFA) provided of the
desired compound (260 mg}. TH NMR and MS were consistent with the proposed structure.

123



10

15

20

25

30

35

40

45

50

55

Step F

[0555]

HoN

[0556]

structure.

Analysis calculated for CogH,oN,4051.5 TFA:

H
N

T

NH

C,4851 H, 416 N, 9.84.
Found:C, 48.99; H, 4.20; N, 10.00.

Example 101

Al

4-[[[3-[(aminciminomethyl}amino)phenyl]carbonyl}-amino]-2-carboxybenzenepropanoic acid, bis(trifluoroacetate) salt

o O OH
HMoN N OH
2 \ﬂ/ \ N i
E H l
NH L 0

4-[[[3-[(aminoiminomethyl)amina)phenyljcarbonyl]-amino]-2-methoxycarbonyl)benzenepropanoic acid, bis

[0557]

B:

{trifluoroacetate) salt

[0558]

EP 1157 985 A1

Iz

TZ

124

OH
OH

OCH;

The product of Step E (200 mg, 0.47 mmol) was saponified as described in Example 35 to provide, after
reverse phase HPLC (CH,CN/H,O/TFA), the desired compound. 'H NMR and MS were consistent with the proposed

CH
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Step A/B
{0559}
9]
A OMe
N OMe
2
O

[0560f The desired compound was synthesized from methyl 2-bromo-5-nitrobenzoate using the procedure described
in Example 100, Steps B and C. 'H NMR was consistent with the proposed structure,

Step C
[0561]

0

~ OMe
H |
HzNYN N OMe
! H
NH 0]

[0562] The compound of Step A/B and 3-guanidinobenzoic acid hydrochloride were coupled under the conditions
described in Example 76, Step D to provide, after reverse phase HPLC (CH3CN/M,Q/TFA), the desired compound. H
NMR was consistent with the proposed structure.

Analysis caiculated for CogHgN4Og 1.5 TFA:

C, 48.77; H, 3.85; N, 9.89.

Found:C, 48.43; H, 3.88; N, 9.80.

Step D

[0563]

) OMe
HzN N OMe

NH - 0

[0564] The product of Step C (80 mg) was hydrogehated using the conditions described in Example 100 Step E.
Purification by reverse phase HPLC {CH,CN/H,O/TFA) provided the desired compound (75 mg). 1H NMR and MS
were consistent with the proposed structure. Analysis calculated for C,gHo4N40g#2.0 TFA:

C,48.77; H, 3.65; N, 9.89.
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Found:C, 48.43; H,

Step E

[0565]

[0566] The product of Step D (75 my) was sapenified as described in Example 35. Purification by reverse phase
HPLC (CH,CN/H,O/TFA) provided 32 mg of A and 36 mg of B. 'H NMR was consistent with the proposed structures

Example 102

2-catboxy-4-{[[3-{{(1
trifluoroacetate salt

[0567]

EP 1157 985 A1

3.88; N, 9.80.

. O)@;\*

Nt

A: Analysis calculated for CgHgN4O52.2 TFA:

C, 43.31; H, 3.28; N, 8.02.
Found: C, 4322 H, 3.56; N, 8.03.

B: Analy5|s calculated for CygHogN4O52.0 TFA:

C,45.11; H, 3.62: N, 9.15. ﬁ
Found: C, 45.38; H, 3.18; N, 9.43.

4.5 8-tetrahydropyrimidin-2-yl)-aminolphenylicarbonyljaminojbenzenepraopanoic acid,

o) CH
H H
N _N /@:‘L
N
g H
N 0
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Step A

{0568]

QOCHa

Iz

3
hahth
\/N = 0

[0569) The desired compound was prepared from the compound of Example 101 Step A/B {270 mg, 1.1 mmol) and
the compound of Example 130 (280 mg, 1.1 mmol) using the conditions described in Example 100, Step D. Purification
by flash chromatography (MeOH/CHCI,) provided the desired {270 mg). 'H NMR and MS were consistent with the
proposed structure.

Analysis calculated for CoqMHo4N4C5-1.2 TFA:

C, 53.22; H, 4.43; N, 9.77.
Found: C, 53.02; H, 4.20; N, 9.69.

StegB
{0570]
O
O oM
g ove
N Me
~ N
l{ H
N QO

[0571] The product of Step A (160 mg) was hydrogenated using the conditions described in Exampie 100 Step E,
using MeGH. THF. TEA and NH,OH to solubilize the starting material. Purification by flash chromatography (CHCly/
MeOH]) provided the desired compound. 'H NMR was consistent with the proposed structure.

Analysis calculated for CagHogNg0501.0 TFA:
c 54.35;l H, 493 | N, 10.14.

Found: C, 54.05; H, 5.21; N, 10.10.
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O
0 OR
H H
N N ‘ OH
N
e N
N O

[0573] The product of Step B (600 mg) was saponified as described in Example 35. Purification by reverse phase
HPLC {CH3CN/H,O/TFA) provided the diacid {50 mg). TH NMR and MS were consistent with the proposed structure.

Step C

[0572)

Analysis calculated for CpyHpoN,Og41.3 TFA:
C.50.74; | H. 420, | N, 10.03.
Uound:

C, 50.72; H, 4.14, N, 9.93.

Example 103

(%} 4-[[[3-[3-amino-1H-1,2.4-triazol-5-yl)amino]-phenyl]carbonyl)amino]-N-[{ 1-methylethoxy) carbonyllphenylalanine,
trifluoroacetate salt

[0574]
0
N NH_ O
Y ¥ T
HQN—QN,N 0
H
Step A
[0575}
0
H
PRO_ _N
OH
NCN

[0576] A solution of 3-aminobenzoic acid {2.0 g, 14.6 mmol) and diphenyl cyanocarbonimidate (3.48 g, 14.6 mmof)
in isopropanol (25 mL) was stirred at room temperature for 18 hours. The resulting precipitate was filtered and washed
with cold isopropanol and recrystallized from acetonitrife to produce 1.7 g (41.4%) of the desired compound. 'H NMR
was consistent with the proposed structure.
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found: 281.0815

N 0
; |
N OH
wd % @A
H

[0578] The product from Step A (0.66 g, 2.35 mmolj and hydrazine hydrate (55% hydrazine)} (0.15 g, 2.5 mmaol} in
methanol (20 mL) was stirred at room temperature for 18 hours. The resulting precipitate was filtered and washed with
cald isopropanol to produce 0.6 g (77.4%) of the desired compound. TH NMR was consistent with the proposed struc-
ture.

HMﬁWﬂM@@MM%Jcmmm:mem

Step B

[05771

HRMS (M+} for C4HgNsO, | calculated: | 219.0758
found: 219.0749

Step C

[0579]

0

O
N . NH 0
N ‘)\N Y
! H
—(H,N -

[0580] The preduct from Step B (0.1 g, 0.6 mmol) and the product from Example AE (0.1 g, 0.45 mmol) in DMF (2,55
ml) were coocled to 0°C and treated with 1-(3-dimethylaminopropy\}-3-ethylcarbodiimide hydrochloride (0.0 g, 0.45
mmeo!) and N-methylmorpholine (0.05 mL, 0.45 mmol}). The solution was warmed to room temperature and stirred 18
hours. The mixture was poured into water and extracted with ethyl acetate (2 x 25 mL}. The combined extracts were
washed with water (2 x 10 mL) and saturated brine {10 mL), and dried over MgSO,. The volatile components were
removed at reduced pressure on a rotary evaporator. The residue was purified by reverse phase HPLC {CH;CN/H,0/
TFAY} affording 70 mg {31.1 %) of the desired compound. *H NMR was consistent with the proposed structure.

HRMS (M+, free base) for C,,HogN,O¢

calculated: 495.2230
found: 4495 2244
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Step D

{0581]
O
N NH
shos T
N . 8]
N/
H

[0582] The product of Step C (0.05 g, 0.08 mmol) was saponified as described in Example 35 to provide, after reverse
phase HPLC (CH,CN/H,O/TFA), 40 mg (87.5 %) of the title compound. 'H NMR was consistent with the proposed
structure.

APCI-MS (MH+, free base) for CyoH6N;05

calculated: 468
found: 468

Example 104

(%) 4-[[[3-{{5-amino-1,2,4-oxadiazol- 3-yt}aminoj-phenyl]carbonyljlamino]-N-[( 1-methylethoxy) carbonyl]phenylalanine,
trifluoroacetate salt

[0583]
O
O O
y /@/Y”\ OH
HN
N = N
Nt *@* Y
2 _N = O
O
Step A
[0584]
Q
H
PR N
OMe
NCN

[0585] Methyl 3-aminobenzoate (2.2 g. 14.6 mmol, Lancaster) was subjected to the reaction conditions described
in Example 103, Step A to produce 2.2 g (51%) of the desired compound. TH NMR was consistent with the proposed
structure,
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HRMS (M+) for CysM2005s | calculated: | 295.0957
found: 295.0857
5
Step B
[0586]
10

Y 0
N-—( OMe
\
HN—L /NN\O)k
15 O

{05871 The product from Step A (1.0 g, 3.38 mmol} in methanol (25 mL} was treated with a solution of hydroxylamine
hydrochloride (0.24 g, 3.4 mmol), 50% sodium hydroxide (0.28 g, 3.4 mmaol) and water (2 mL) and the mixture stirred

@ at room temperature for 18 hours. The mixture was concentrated and the resulting precipitate suspended in water,
filtered and washed with cold water and cold isopropanol to produce 0.78 g (88%) of a mixture containing the desired
compound atong with an isomeric oxadiazole. 'H NMR was consistent with the proposed structures.

25 HRMS (M+) for CiMgN4O3 | calculated: | 234.0753

found: 234.0752
Step C
30 [0588]

y o
35 N oM
ww—i;\gng

45 [0589] The product from Step B (0.71 g, 3.03 mmol) was saponified as described in Example 35, except that the
mixture was heated at reflux for 4 hours, to produce 0.5 g (75%) of a mixture containing the desired compound along
with an isomeric oxadiazole. *H NMR was consistent with the propased structure.

HRMS (M+) for CygHgN4O; | calculated: | 220.0586
45 found: 220.0605
50
55
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[0530]

EP 1 157 985 A1

H
N

HzN—Qof\N

Ir=

[0591} The product from Step C (0.1 g, 0.45 mmol) was coupled with the compound of Example AE as described in
Example 103 Step C. The crude product was flash chromatographed {methanol/chloroform/ammonium hydroxide) to
produced 0.04 g (17.8%) of the desired compound (slower retention) and 0.02 g (8.9%) of the isomeatic oxadiazole
(faster retention). TH NMR was consistent with the proposed structures.

Step E

[0592]

HRMS (M+) for CyyHoN,O3 | calculated: | 496.2070
found: 496.2069

0
US40 e:
N HN_ O
HzN—QO/\N Uﬂ\“ I}r Y

[0S93}] The product from Step D (0.04 g, 0.08 mmol) was saponified as described in Example 35 to provide, after
reverse phase HPLC (CHyCN/H, O/TFA), 30 mg (75%) of the titte compound. TH NMR was consistent with the proposed

structure.

APCI-MS (MH+) for CyyHysNgOs

calculated: | 469
found: 469
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Exampte 105

4-{[[3-[[amino[(aminocarbonyl)iminolmethyl]-amino]phenyl]carbonyl)amino]-N-[{ 1-methylethoxylcarbonyl)
phenylalanine, bis(trifiuoroacetate) salt

[0594)
CO-H
o 07
H
HoN N HN_ O
\[[/ N \ﬂ/ \r
Hzr\(m O
C
Step A

Preparation of methy! 3-[[{cyancimino}{methylthic}-methyllamino}benzoate

[0595)

H
NC,NYN COMe

SMe

[0596] A stirred mixture of methyl 3-aminabenzoate (6.04 g, 40 mmal} and dimethy! N-cyanodithioiminocarbonate
(11.96 g, BO mmaol) in pyridine (70 mL) was heated at reflux for 2.5 hours. The reaction mixture was cooled to room
temperature and upon standing overnight at room temperature the above compound (6.2 g) crystallized from the re-
action mixture. The compound was used without further purification. TH NMR was consistent with the proposed struc-
ture.

Step B
Preparation of methyl 3-[famino{cyancimino)methyl]-aminolbenzoate

[0597)

H
NC~ N COoMe

NH=

[0588] A mixture of the product from Step A (1.0 g} and ammonium hydroxide {2 mL} in ethanol (20 mL) was heated
at 70°C in a sealed tube for 3.5 hours. The reaction mixture was cooled to room temperature and reduced to half its
volume, After standing cvernight at room temperature a solid was obtained, which was filtered and washed with meth-
anol to afford the above compound {389 mg) as a white solid. TH NMR was consistent with the proposed structure.
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Step C

[0599)

H
NC’N*T/N COH

NH»

[0600}] To a stirred soluticn of the product from Step B (2.9 g, 13.3 mmot} in THF {15 mL) and methanot {15 mL), was
added 1N NaOH (14 mL). The reaction mixture was stirred at room temperature for 2 hours and concentrated in vacuo
to afford a white solid. The residue was acidified by suspension in water followed by addition of iIN HCI. The resuitant
solid was filtered, washed with diethyl ether and dried to afford 2.4 g of the desired compound. TH NMR was consistent
with the proposed structure.

Step D

[0601]

CO,ET

o
A

Hp § . ‘ HN. O
g 7Y

NC’N

r=z

[0602]) To a solution of the product from Step C {200 mg, 0.83 mmal) in DMF (1 mL) at -15°C was added N-methyl-
morpholing (0.10 mL. 0.83 mmol} and i-butylchloroformate (0.11 mL, 4.83 mmol). The product of Example AE (245
mg, 0.83 mmol) in DMF (0.5 mL} was added and the reaction mixture stirred at -15°C for 30 minutes and at rocom
temperature for 18 hours. The reaction mixture was concentrated in vacuo and the residue purified by flash chroma-
tography {90:9:1 CH,Cl,/MeOH/NH,OH) to give 398 mg of the desired compound. TH NMR was consistent with the
proposed structure.

Step E

[0603]

CO,Et

HN O

;:4<
9
o~
/<
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[0604] A solution of the product from Step D (95 mg, 0.20 mmol) in 1:1 CH,CL/TFA (1 mL) was stirred at room
temperature for 2 hours. The solution was concentrated in vacuo and the residue purified by flash chromatography

{80:9:1 CH,Cl,/MeOH/NH,OH}) to yield 65 mg of the desired compound. TH NMR was consistent with the proposed
structure.

Step F

[0605)
COuH

g k T

N °

O

HoN

[0606] To a solution of the product from Step E {65 mg, 0.13 mmol) in 1:1 MeOH/THF {1 mL) was added 1N NaOH
(0.5mL). The mixture was stirred at room temperature for 2 hours and concentrated in vacuo. The residue was dissolved
in water (1 mL) and the solution neutralized with 1N HCI1. The white precipitate was collected and purified by reverse
phase HPLC (water/acetonitrile) to afford 15 mg of the above compound. 'H NMR was consistent with the proposed
structure.

Example 106

4-{{[3-[(aminoimincmethyljamina]phenyl]-carbonyllamino]-N-[(3-methyl- 1-oxobutyl)-phenylalanine, bis
(triflucroacetate) salt

{o607]
. COH
H
H2~Y HN 24 TFA
H W
NH O

Step A
[0608)

CO,Et

“HC

NH;

C2

[0609] HMCI gas was bubbled through a solution of 4-nitro-DL-phenylalanine hydrate (5.00 g, 23.8 mmol) in absclute
ethanol (80 m1) at 6“C for 5 minutes and the mixture refluxed overnight. The mixture was concentrated under reduced
pressure and dried /n vacuo to give a pale yellow solid (6,48 g, 98%). TH NMR was consistent with the proposed
structure.
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Step B
[0610]

N CO,EtL

HN
T Y
)

[0611] The product from Step A {2.00 g, 7.28 mmol) was dissolved in dichloromethane {50 ml) and cooled to 0°C.
Isovaleryl chloride (1.23 g, 10.2 mmol) was added dropwise, followed by triethylamine (2.21 g, 21.8 mmol} and the
mixture stirred overnight at room temperature. The mixture was concentrated and the residue dissolved in ethyl acetate,
washed with water and brine and dried over MgSQ,. The solution was concentrated and dried in vacuo to give a pale
yellow solid (2.30 g, 98%). 'H NMR was consistent with the proposed structure.

Step C

[0612]

COzEt

HN
HoN T]/Y
(@]

[0613] The product from Step B (2.30 g, 7.13 mmol) was dissolved in ethanol (30 ml) in a Parr vessel. 4% Pd/C
(500 mg) was added and the mixture was hydrogenated at 5 psi for 4.5 hours. The solution was filtered through a plug
of celite and the solution concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel (60440 ethyl acetate/heptane) to give a yellow solid (1.47 g, 70%). TH NMR was consistent with the proposed
structure.

Step D

[0614]

Ha

/
Irz
T
A
j

NH

[0615] The product from Step C {439 mg, 1.5 mmol) and 3-guanidinobenzoic acid hydrochloride (323 mg, 1.5 mmol}
were coupled under the conditions desctibed in Example 76 Step D to provide, after purification by reverse-phase
HPLC (water/acetonitrile), a white solid (190 mg, 28%). TH NMR was consistent with the proposed structure.
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[0616]

Hz

NH

EP 1 157 985 A1

H

CO,H

[0617] The product from Step D (190 mg, 0.42 mmot) was saponified as described in Example 35 to provide, after
purification by reverse-phase HPLC {water/acetonitrile), the above compound as a white solid (140 mg, 79%). TH NMR
and MS were consistent with the proposed structure.

Analysis calculated for CypHo7NsO422.4 TFA:

Found:

C, 46.04;
C, 46.03;

H, 4.24,
H, 4.31,

N. 10.02.
N, 9.85.

Example 107

N-(3-methyl-1-oxobutyl}-4-[[[3-[{1.4,5,6-tetrahydro-pyrimidin-2-yljamino]-5-(trifucromethyljpheniyl]-carbonyljamino]

phenylatanine, trifluoroacetate salt

[0618]

O
- H !
g N Y
N O
CF,

Step A

[0619)

O O/\/
Qs HN
2 \‘QKN o | \”/\I/
H
O
CFs

137
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[0620] 3-Nitro-B-triflucromethylbenzoic acid (2.00 g, 8.51 mmol) was dissolved in toluene (20 ml) and cooled to 8°C.
Oxalyl chloride {(1.35 g, 10.63 mmol) was added to the solution, followed by 1 drop of DMF. The mixture was warmed
to room temperature and stirred for 2 hours. The mixture was concentrated under reduced pressure to give the crude
acid chloride as a clear yellow oil. A solution of the crude acid chloride (2.19 g, 8.64 mmol) in dichloromethane (20 ml)
was added to a suspension of the product of Example 106 Step C (2.53 g, 8.64 mmol) in dichloromethane (20 ml).
DMF (8 mL) was added to the suspension until homogeneous, followed by triethylamine {2.01 g, 19.8 mmol) and the
mixture stirred at room temperature overnight. The mixture was concentrated and puritied by flash chromatography
on silica gel (70/30 ethyl acetate/hexane) to give a yellow solid (3.79 g, 89%). 'H NMR was consistent with the proposed
structure.

Step B

[0621]

CO-Et

Hs HN
A T(\[/
o)

CF3

[0622] The product of Step A was reduced as described in Example 106 Step C to provide the desired aniline. 1H
NMR was consistent with the proposed structure.

Step C

[0623}

o N CO2zt
Boc ‘
H
NBoc O

CFi

[0624] The above compound was synthesized from the product of Step B (1.00 g, 2.09 mmol) and the product of
Example 131 (661 mg, 2.09 mmol) using the conditions described in Example AS. Purification by flash chromatography
on silica gel (40/60 ethyl acetate/hexane) gave a yellow solid (320 mg, 20%). *H NMR was consistent with the proposed
structure.
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[0626] The product of Step C (320 mg, 0.42 mmol) was treated with TFA as described in Example 60 to provide,
after purification by reverse-phase HPLC (water/acetonitrile) a white solid {140 mg, 59%). TH NMR was consistent with

the proposed structure,

Step E

[0627}

, o ™ COxH
H
N\,/N X P HN 1.5 TFA
J j_’/\‘/
S : !
CF;

[0628] Tre product of Step D {140 mg, 0.25 mmol) was saponified as described in Example 35 to provide, after
purification by reverse-phase HPLC (water/acetonitrile) the above compound as a white solid (128 mg, 96%). TH NMR
and MS were consistent with the proposed structure.

Analysis calculated for CogHygNgO4F421.5 TFA:

Found:

C, 49.44;
C. 49.64:

H, 4.51;
H, 4.21;

N. 8.94.
N, 9.87.
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Example 108

4-[[[3-[{aminoiminomethyl)amino}-5-(trifluoromethyl)-phenyl]carbonyllamine]-N-(3-methyl- T-oxobutyl) phenylalanine,
triflucroacetate salt

[0629]
COH
’ O
HaN_ N HN 14 TFA
N O
CF4

Step A
[0630]

c

CQO,Et
O » ©2
BocHN\H/N ] X N \f(\[/
H
NBc o Q
ks

[0631] The compound from Example 107 Step B (2.016 g, 4.20 mmol) was treated with the product of Example AZ
as described in Example AS to fumnish, after purification by flash chromatography (30/70 ethyl acetate/exane) an off-
white solid (960 mg, 32%). 'H NMR was consistent with the proposed structure.

Steps B/C

[0632]

CO-H
y _

HZW
H

NH 0

1.4 TFA

HN

CFj

[0633] The above compound was prepared from the product of Step A using the conditions described in Example
60 and Example 35. *H NMR and MS were consistent with the proposed structure.
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Analysis calcutated for CoaHogNsO4F3+1.4 TFA:

C, 47.45;
Found: C, 47.43;

H, 4.23;
H, 3.96;

N, 10.72.
N, 10.76.

Example 109

A-[[[3-[{aminoiminomethyl}amino]phenyljcarbonyl]-amino]-N-(3,3-dimethyl-1-oxobutyl)phenylalanine, triflucroacetate

salt

[0634]

COsH
H 9 >
HzN\”/N HNNS TFA
H
NH @)

[0635] The above compound was prepared in the same manner as described for the preparation of the compound
of Example 106, substituting t-butylacetyl chioride for isovaleryl chloride. TH NMR and MS were consistent with the

proposed structure.

Analysis caloulated for CoyH,qNs04#1.25 TFA: J

G, 52.62;

Found: C, 52.48;

H, 5.24;
H, 5.49;

N, 12.03.
N, 12.03.

Example 110

4-[[3-I{aminoiminomethylyamino]-5-{triflucromethyl)-phenyljcarbonyljamino]-N-{3, 3-dimethyl-1-oxobutyl)-

phenylalanine, trifluoroacetate salt

[0636]

H o Ry
HZNYN . | /J HN\N A
NH 3 o
CFy

C Ok

[0637] The above compound was prepared in the same manner as described for the preparation of the compound
of Example 108, substituting t-butylacetyl chlotide for isovaleryl chloride. 'TH NMR and MS were consistent with the

proposed structure.

Analysis calculated for CoyHagNsO4F5+1.3 TFA:
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Example 111

N-{phenylsulfonyl)-4-[[[3-[(1,4.5.6-tetrahydro-pyrimidin-2-yl)arnino]phenyl]carboenyllamino}-phenylalanine,
trifiucroacetate salt

[0638]

- X COLH

H\/H =z N 11TFA
N
Steps A/B
[0638])
CO,Et
' HN
HzN \
2 SO.Ph

[0640] The above compaound was prepared from the product of Example 106 Step A using the procedures described
in Example 106 Steps B and C, substituting benzenesulfonyl chloride for isovaleryl chioride. 'TH NMR was consistent
with the proposed structure.

o CO-Et
H .
HN_
N 50.Ph
l H
N
[0642} The desired compeound was prepared from the product of Step A/B and the product of Example 130, using
the procedure described in Example 106 Step D. TH NMR was consistent with the proposed structure.

Step C

[0641]
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CO5H
e)
H H 1.1 TFA
' i o
N

[0644] The product of Step C was saponified using the procedure described in Example 35 to provide the above
compaund. TH NMR and MS were consistent with the proposed strycture.

Step D

[0643]

[ Analysis calculated for CagHzyNeDsS*1.1 TFA
C.52.35 | H, 4.38; LN, 10.82.

Found: C, 52.42; H. 4.08, N, 10.91.
| I—
Example 112
4-{[[3-[(4.5-dihydro-1H-imidazol-2-yl})amino]phenyl}-carbonyllamino-N-(phenylsulfonyl}phenylalanine, trifiucroacetate
salt
[0645)
COLH
O
H H
N HN 1.4 TFA
N ~S0,Ph
) H
N
Steps A/B
[0646]

COEL

HaN HN_
SO2Ph

[0647] The desired compound was prepared from the product of Example 111 Step A/B and 3-nitrobenzoyi chloride
using the procedure described in Example 107 Steps A and B. '"H NMR was consistent with the proposed structure.
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Steps C/DIE

[0648]

COH
o)
H H 1.1 TFA
CY SN N so,ph
/ 2
ki H

[0649] The above compound was prepared from the product of Step A/B and the product of Example 132 using the
procedures described in Example 107 Steps C, D and E. 1H NMR and MS were consistent with the proposed structure.

Analysis calculated for CogHysNgO-S+1.4 TFA:

C. 50.05; H, 3.88; N, 10.50.
Found: C, 49.88; H, 3.88; N, 10.62.

Exampie 113

4-[[[3-l{aminoiminomethyl}amino)phenyl]carbenyl]amino]-2-methoxy-N-[{ 1-methylethoxy) carbonyllphenylalanine,
trifluoroacetate salt, monohydrate

[0650]
OMe O
HoN N HIN @]
2! Y X N T \(
| H

NH o o
Steps AVBIC
[0651]

Ho \ﬂ/\\/

[0652] The above compound was prepared from methyl pyruvate, isopropylcarbamate and 2-bromo-5-nitro anisole
using the procedures descrihed in Example 76 Steps A, Band C.
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Step D
[0653]
OMe O
H O OMe
HaN N HN O
N
v T <
NH Q

[0654] The compound of Step A/B/C (370 mg, 1.19 mmol), was coupled with 3-guanidinabenzoic acid hydrochioride
under the conditions deseribed in Example 76 Step D 1o give 450 mg of desired product. 1H NMR was consistent with
the proposed structure.

Analysis calculated for CogHagNgOgt1.0 TFA-Q.8 H,0:

C, 50.05; H, 5.31; N, 11.67.
Found: C, 50.00; H, 4.91; N, 11.49.

Step E

[0855]

OMe a
HaN N X . HN_ O
LYY Y
NH = O

[0656] The product of Step D (350 myg. 0.6 mmol) was saponified as described in Exampie 35 to give 230 mg of the
above compound. TH NMR was consistent with the proposed structure.

Analysis calculated for C,,H,-NOg°1.0 TFA=1.0 H,0:
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Example 114

2-methoxy-N-[{1-methylethoxy)carbonyl]-4-[[[3-[(1,4,5.6-tetrahydropyrimidin-2-yl)amino}-phenyl]-carbonyllamino]
phenylatanine, trifluoroacetate salt

[0657]

Step A

[0658]

[0659]

OMe O

N\I‘/N\O/lLN M/OY

The above compound was prepared from the compound of Example 113 Step A/B/C (485 mg, 1.56 mmol)

and the product of Example 130 (400 mg, 1.56 mmol) using the conditions described in Example 76 Step D to give
710 mg of desired product. TH NMR was consistent with the proposed structure.

Step B

[0660]

[0661]

Analysis calcutated for CogH13NsQg*1.0 TFA:

C, 53.76; H, 5.48; N, 11.18.
Found: C, 53.54; H, 5.65; N, 1111

OMe O

\
Y H O OH
N N e HN O

g

N O

:<
A

The product of Step A was saponified as described in Example 35 to give the above compound. TH NMR was
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4-{[f3-{aminaiminomethyl) aminolphenyl]-carbonyllaminc]-2-methoxybenzenepropanoic acid, trifluoroacetate salt

EP 1157 985 A1

Analysis calculated for Cy5Hq4N5Og+1.0 TFA:0.5 H,O:

p———

Found:

C, 52.26;
C, 51.97;

H, 5.36;
H, 5.08;

N, 11.28.
N, 11.16.

[0662]
OMe Q
O OH
Mot Q
2 l ﬁ
N
Step A
[0663]
OMe O
A Oft
02

[0664] 2-bromo-5-nitroanisole (1 g, 4.3 mmol) and ethyl acrylate were coupled using the procedure described in
Example 100 Step B to give 1.10 g of the desired compound. TH NMR was consistent with the proposed structure.

Step B

[0665]

CMe O
OEt

H;

[0666] The compound of Step A (2 g, 0.85 mmol) was reduced under the conditions described in Example 106 Step
C to give, after flash chromatography {30/70 ethyi acetate/hexane), 1.6 g of desired product. TH NMR was consistent
with the proposed structure.
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Steps C/D

[0667]

OMe O

H

HaoN N

I

T

[0668] The compound from Step B was coupled with 3-guanidinobenzoic acid hydrochloride under the conditions
described in Example 76 Step D and saponified as described in Example 35 to give the above compound. *H NMR
was consistent with the proposed structure,

Analysis calculated for CigHagN4O4*1.4 TFA-1.4 H,O:

C, 46.16: H, 4.51; N, 10.35.
Found: C, 46.38; H, 4.38: N, 10.20.

Example 116

2-methoxy-4-[[[3-[(1.4.5,6-tetrahydropyrimidin-2-yl)amino]phenyllcarbonyllamino]benzenepropanoic acid,
triflucroacetate salt

[0669]
OMe 0
H H O QH
N\”/ N
N
Step A
[0670]

OMe Q
HoH Q CEt
N\[/N \

SACA

N "

{0671 The product from Example 115 Step B (350 mg, 1.56 rmol) and the product of Example 130 (400 mg, 1.56

148



15

20

25

30

35

40

45

50

55

mmol) were coupled using the procedure of Example 76 Step D to give the desired compound. TH NMR was consistent

EP 1 157 985 A1

wilh the proposed structure.

Step B

[0672)

[0673] The product of Step A was saponified using the conditions of Example 35 to give the above compound. H

NMR was consistent

Example 117

4-[{[3-[(aminciminemethyl)amino]phenyljcarbony(]-amino]-2- (dimethylamino}benzenepropancic acid, bis

(triflucroacetate) salt

[0674]

1 Analysis calculated for C;3HagN; 0yt 1.0 TRFA1.5 H,O l

C, 53.09;
Found: C, 52.94;

H, 570, N, 9.91.
H, 5.52; N, 9.63.

OMe O
CH
H H Q
N y
N

with the proposed structure.

Analysis calculated for CyyHogN,041.0 TFAQ.5 H,O

C, 53.18;
Found: C, 53.46;

H, 5.04; N, 10.79.
H, 5.04; N, 10.74.

Z T

HaN

Z:<
e
L

NMex 0

OH
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Step A

[0675]
NH» O
OMe

ON

[0676] 2-bromo-5-nitroaniline (2 g, 9.22 mmol) and methyl acrylate were coupled using the procedure described in
Example 100 Step B to give, after purification by flash chromatography (20/80 ethyl acetate/hexane), 1.05 g of
product. TH NMR was consistent with the proposed structure.

Step B

[0677)

NMEZ O
OMe

O,N

[0678] The compound of Step A (500 mg, 2.25 mmal} and potassium carbonate {622 mg, 4.50 mmol) were stirred
in of DMF (5 ml) for 1 hour and methyl iodide (5 mL} was added. The mixture was stirred at 50°C overnight, cooled,
diluted with water and exiracted with ethyl acetate. The solution was dried over MgS0, and concentrated to give, after
flash chromatography (20/80 ethyl acetate/hexane), 380 mg of product. TH NMR was consistent with the proposed
structure.

Steps C/D/E

[0679]
NMe, 0
ol OH

g )

ZT

HoN

[0680] The compound from Step B was reduced, coupled and saponified using the conditions described in Example
115 Steps B and C/D to provide the above compound. TH NMR was consistent with the proposed structure.

Analysis calculated for CygH,3N5O3+2.8 TFA:

C, 42.90; H, 3.78; N, 10.17.
Found: C, 42.78; H, 3.65; N, 10.03.
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Example 113

{4-{[[3-[(aminoiminomethyl)amino]phenyljcarbonyl]-amino]-2-methoxyphenoxylacetic acid, trifluorcacetate salt

{0681]
OMe O
o
" O OH
i—-lz(\\rr
H

NH
Step A
[0682]

OMe O

O\)'l\
CEt

O,N

[0683] A sclution of 4-nitroguaiacol (2 g, 11.83 mmol) and potassium carbonate (1.96 g, 14.19 mmal} in OMF (20
ml) was stirred at room temperature for 1 hour and ethyl bromoacetate {1.98 g, 11.83 mmol) was added. After stirring
at room temperature overnight the reaction mixture was diluted with water and the solid filtered, washed with water
and dried to give the product. TH NMR was consistent with the proposed structure.

Step B

[0684)

OMe 0O

o
Okt

HoN

[0685] To the compound of Step A (2.9 g, 11.36 mmol) in ethanol (80 ml) was added tin{ll} chioride dihydrate (7.69
g, 34.09 mmol} and the reaction mixture stirred at 8G°C for 4 hours. The mixture was cooled, neutalized with 10%
NaOH and extracted with ethyl acetate. The extract was dried over MgS0, and concentrated to give, after flash chro-
matography (10/90 ethy! acetate/hexane), 660 mg of product. 'H NMR was consistent with the proposed structure.
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Steps C/D

[0686]

OMe 0

0 AN

[0687) The product of Step B was coupled with 3-guanidinobenzoic acid hydrachloride as described in Example 76
Step D and saponified as described in Example 35 to fumish the above compound. TH NMR was consistent with the
proposed structure.

OH

Analysis calculated for C;HgN4Oc+1.0 TFA:

C. 48.371; H, 4.05; N. 11.86.
Ijound'. C, 48.08; H, 3.94; N, 11.69.

Example 119

[2-methoxy-4-{[[3-[{1,4,5.6-tetrahydropyrimidin-2-yl]-amincjphenyl]carbonyl]amino]phenoxylacetic acid,
trifluoroacetate satt

[0688)

OMe ?3
$¢ B
H Ff |
SASE:
N

[0689] The above compound was prepared as desctibed for Example 118, using the product of Example 130 in place
of 3-guanidinobenzoic acid hydrochloride. TH NMR was consistent with the proposed structure.

Analysis calculated for Ci7H,NyOg-1.2 TFA-1.0 H,0:

C, 48.63; H, 4.59; N, 10.13.
Found: C.,48.23; H, 4.31; N, 6.89.
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Example 120

[[4-[[[3-I(aminciminomethyijaminojphenyljcarbonylj-aminojphenyijmethyij-1,3-propanoic acid, triflucroacetic salt

[0690]

Step A

[0691]

[0692]

HaN

The above compound was prepared using the procedure described in Synthesis-Stuttgart 12, 1028-1027

EP 1 157 985 A1

Oz

(1986). 1H NMR was consistent with the proposed structure.

Step B

[0693]

{0694 The compound of Step A was reduced using the procedure described in Example 106 Step C to provide the
desired aniline. TH NMR was consistent with the proposed structure.

Step C

[0695]

HaN

NH

HalN

153

COzH

=

COH

CO,Et

CO,Et

COEt

CO,E

COH

COLH
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[0696] The above compound was prepared using the procedures described in Example 127 Step B to Step D/E/
F. 1H NMR was consistent with the proposed structure.

Analysis calculated for CygHgN4O51.8 TFA*0.7 H,0:

C, 44.26; H, 3.30; N, 9.56.
Found: C, 4417, H, 2.99; N, 9.75.

Example 121

4-[[{3-[(aminciminomethyl}amino]phenyi]carbonyl]-aminc]-N-[{2.4,8-trimethylphenyl) sulfonyl]-phenylalanine,
triftucroacetate salt

NH
e N O“s”o
HaN N HN™

O
CO.H

[0697]

Z

[0698] The above compound was prepared in the same manner as described in Example 108, replacing isovaleryl
chloride with 2,4 8-trimethylbenzenesulfonyl chloride. TH NMR was consistent with the proposed structure.

Analysis calculated for CogHyoNgOg* 1.5 TFA=0.2 H,O:

C, 49.88; H, 4.46; N, 10.03.
Found: C, 4971, H, 4.51; N, 10.05.

Example 122

{4-[[[3-[(aminociminomethyl)amino]phenyl]carbonyl]-amino]-N-[(3, 5-dichlorophenyl)sulfonytjphenyl-alanine,
trifluoroacetate salt

c
NH ., o, 0
as ety
O . co,

C
H

[0699]

!
|

{0700] The above compound was prepared in the same manner as described in Example 108, replacing isovaleryl
chloride with 3 5-dichlobenzenesulfonyl chioride. 1M NMR was consistent with the proposed structure,

Analysis calculated for Cy;H,,N5O5SCl,»1.4 TFA: |
C,5185 | H 485 | N, 1061. ‘

Found: C, 51.57; H, 4.98; N, 11.01.
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Example 123

4-[{{3-[{amingiminamethyl)amina]phenylicarbanyl]-amino]-N-[{2-phenylethenyl)sulfonyljphenyl-alanine,
trifluoroacetate salt

[0701]

NH H O . @&
N)K pioc Ph
QO
COzH

[0702] The above compound was prepared in the same manner as described in Example 106, replacing isovaleryl
chloride with trans-P-styrenesulfonyt chloride. TH NMR was consistent with the proposed structure.

Example 124

4-[[{3-[(aminciminomethyl)amine]phenyl]carbanyl]-aminol-N-{[{1, 1-dimethylethyl}aminojcatbonyl[-phenylalanine,
trifluoroacetate salt

[0703]
NH o)
| t J_ s
=¥
Hs HNT N7
H
o)
COsH
Step A
[0704]
e}
+-8u
2 HN’u\N/
H
COH

[07051 The product of Example 106 Step A was dissolved in CH,Cl, (8 mL) and cooled to 0-C. t-Butyi isocyanate
{138 mg, 1.4 mmol} was added followed by tiethylamine (151 mg, 1.5 mmol) and the mixture stired overnight. The
mixture was concentrated in vacuo, the residue dissolved in EtOAc and the solution washed with water and brine, dried
over Na,S0, and concentrated to give 0.5 g of a ysllow solid. TH NMR was consistent with the proposed structure.
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NH & l N o]
| B
HZN/U\N A N HNJKN/ ke
W i | H

CO-H

Steps B/C/D

[0706]

[0707] The title compound was prepared from the product of Step A using the procedures described in Example 106
Steps C, D and E. 'H NMR was consistent with the proposed structure.

Analysis calculated for CyaHoaNgO401.5 TFA

C, 49.14; H. 4.78; N, 13.75.
Found: C, 48.99; H, 4.77; N, 14.11.

Example 125

4-[[[3-[{aminciminomethyhamino]phenyllcarbonyl]-amino}-N-[{4-marpholinyl)carbonyllphenylatanine, bis
(trifluoroacetate) salt, monohydrate

[0708]

N O

NH H /u_N — )

Ha ti HN N/
O
CO2H

Step A
[0709]

o
0 /N
2 : HN’LN o)
\n__/
CO4Et

[0710] The compound of Example 106 Step A was dissolved in benzene {15 mL) and cooled to 0°C. Triphosgene
(216 myg, 0.73 mmol) was added followed by friethylamine (441 mg, 4.36 mmol) and the mixture refluxed for 2 hours.
The mixture was cooled and concentrated in vacuo and the residue dissolved in CH,CL,. Morpholine {190 mg, 2.18
mmeol} was added and the mixture stired at room temperature ovemight. The mixture was concentrated in vacuo and
the residue dissolved in EtCAc, washed with water and brine and dried over Na,S0,. Concentration and purification
by flash chromatography (40/6¢ acetonitrile/toluene) furnished 590 mg of a white solid. TH NMR was consistent with
the proposed structure.
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Steps 8/C/0D

[0711]

10712] The title compound was prepared from the product of Step A using the procedures described in Example 106
Steps C, D and E. TH NMR was consistent with the proposed structure.

Analysis calculated for Cy;HogNg05+2.0 TFA- 0.1 H,0:

C, 4563, H, 4.15; N, 12.28.
Found: C, 45.79; H, 4.52; N, 1212,

Example 126

4-[[[3-{(aminoiminomethyl)amino]phenyllcarbonyl]-aminoj-N-{(1 -pipridinyljcarbonyljphenyl-alanine, triffucroacetate
salt

[0713)

[0714] The title compound was prepared in the same manner as described in Example 125, replacing morpholine
with piperidine. TH NMR was consistent with the proposed structure.

Analyms calculated for CoqHagNg04+1.4 TFA- 0.1 H,O

C, 50.47; H, 4.86; N, 13.68.
Found: C, 50.26; H, 4.67, N, 13.85.
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Example 127

4-{[[3-[(aminciminomethyl}amino]phenyi]carbonyl]-amino]-3-chloro-N-{( 1-methylethoxy)carbonyl]-phenylatanine,
trifluoroacetate satt

[0745]
NH Ci O
By s SN
Ha N HNT O
H
O
CO=H
Step A
[0716]

Cl 0
COEt

[0717] The compound of Example AE (588 mg, 2.0 mmol) and N-chlorosuccinimide (268 mg, 2.0 mmol) were stirred
in acetonitrile (8 mL) at room temperature avernight. The mixture was concentrated in vacuo and the residue suspended
in 10% NaHS80, and stirred for 2 hours. The mixture was extracted with ethyl acetate {3X) and the organic layers
collected, washed with brine, dried over Na,50, and concentratad. The residue was purified by flash chromatography
(99:1 MeOH/CH,Cl,) to give 360 mg of the desired compound. TH NMR was consistent with the proposed structure.

Cl 0
- H N/]—L
OaN H o
O
COC,Et
[0719] The desired compound was prepared from the product of Step A using the procedure described in Example
AQ, 'H NMR was consistent with the proposed structure.

Step B

[0718]
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Cl C
ﬁ hJ)J\
Ha ‘ H Q
O
CO,Et
[0721] The desired compound was prepared from the product of Step B using the procedure described in Example
106 Step C. 1H NMR was consistent with the proposed structure.

NH Cl Q
\/L N
N
Hyl N HNT O
H
o
COLH
{0723] The titie compound was prepared from the product of Step C using the procedures described in Example 108
Steps A and B/C. TH NMR was consistent with the proposed structure.

Step C

[0720]

Steps D/E/F

[0722]

Analysis calcUlated for CyyH5yN5Og+1.5 TFA

C, 45.54; H, 4.08; N, 11.06.
Found: C, 45.486; H, 4.11;

N, 10.79.
4-{[[3-[[(aminoiminomethyl}amino]carbonyl]phenyl}-carbonyllamino]-N-[(1-methylethoxy)carbonyl]-phenylalanine,
trifluoroacetate salt

Example 128

[0724]

3 |
sz‘(ﬁ g HNJ\OJ\

NH O
CO,H

159



10

15

20

25

30

35

40

45

50

55

EP 1157 985 A1

Step A

[0725]

NH

o
N/K COH
H, .
H

Flask A: A suspension of 60% NaH in mineral oil (1.2 g, 24 mmol washed with hexane before use) in DMF {20
mL} was cooled to 0°C and guanidine hydrochloride (2.4 g, 25 mmol) was added very slowly. The reaction was
allowed to stir at room temperature for 2 hours.

Flask B: To a solution of isophthalic acid (0.83 g, 5 mmol) in DMF {5 mL) at 0°C was added 1-methylpiperidine
{496 mg, 5 mmol}, followed by isobutyl chloroformate (205 mg, 1.5 mmol). The mixture was stirred for 5 minutes
and the solution of Flask A was added. The mixture was stirred overnight and concentrated. The residue was
purified by reverse-phase HPLC {water/acetonitrile) to afford 300 mg of a white solid. TH NMR was consistent with
the proposed structure.

Steps B/C

[0726]

H Z H o
i AN RS
o
CO,H

[0727] The titte compound was prepared from the product of Step A and the compound of Example AE using the
procedures descriped in Example 106 Steps D and E. *H NMR was consistent with the proposed stracture.

J Analysis calculated for C.,5H,:N-041.3 TFA:

C, 48.93; H, 4.39; N, 11.60.
Found: C, 48.74; H. 4.63; N, 11.44.

Example 129

4-f[[3-[(aminoiminomethyl)amino]phenyl]carbonyl}-amino]-a-ethylbenzenepropancic acid, triflucroacetate salt

[0728]

>.:

CO,H
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Step A

[0729]

= CQ4Et

[0730] A suspension of 60% NaH in mineral ofl {2 g, 51 mmol, washed with haxane before use) in THF (75 mL) was
coofed to 0°C and triethyl Z-phosphonobutyrate (7.75 mL, 33 mmol) was added slowly. The white siurry was stirred at
0°C for 1.5 hours and a solution of 4-nitrobenzaldehyde (4.5 g, 30 mmol} in THF (10 mL} was addad. The mixture was
stirred at room temperature for 4 hours and quenched with water and extracted with EfOAc (3X). The organic layers
were coliected, washed with brine, dried over Na,50, and concentrated. The residue was purified by flash chroma-
tography on {4:1 hexane/ethyl acetate) to give 4 g of a yellow solid. TH NMR was consistent with the proposed structure,

Steps B/C/D

[0731]

NH

Ha

O
COuH

[0732] The titte compound was prepared from the product of Step A using the procedures described in Example 106
Steps C, D and E. 'H NMR was consistent with the proposed structure.

Analysis calculated for C1gHyoNO3+1.2 TFA* 05 HO' |

C, 51.38; H, 4.88: N. 11.20.
Found: C, 51.35; H, 4.72; N, 11.36.

Example 130

3-[(1.4,5 6-tetrahydropyrimidin-2-yl)-aminolbenzoic acid

[0733]

H H
N

N COOH

js o

N
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Step A
[0734]
H
MeS COOH
NH A

[0735] 1-(3-Carboxyphenyl)-2-thicurea (5 g, 0.025 mol) ) and iocdomethane {3.62 g, ¢.025 mole) in THF (75 mL) were
stirred at reflux for 2 hours. The solvent was removed and the residue washed with ether (3X} to yield, after drying
under vacuum, the desired salt (7.8 g) as a yellow solid.

Step B

[0736]

H H
N\[/N COOCH
|
‘HCI
(/N HC
[0737] To the product of Step A (10.1 g, 0.03 mol) in DMF (15 mL) was added 1,3-diaminopropane (2.22 ¢, 0.03
mol), triethylamine (3.9 g. 0.03 mol}, and DMAP (420 mg). The reaction mixture was heated at 140-150°C far 4.5 hours
and cooled to room temperature. H,O (30 mL) was added and, after stirring for 15 minutes. the precipitate filtered and
washed with H,0O. The precipitate was slurried in H,0 and made acidic with concentrated HCI. The solution was lyophi-

lized and the residue washed 2X with isopropyl ether and dried, furnishing the above compound (4.0 9) as a white
solid. TH NMR and MS were consistent with the desired structure.

Example 131
N.N'"-bis-(Boc)-2-(1H)-tetrahydropyrimidinethione

[0738]

BocN NZBoc

[0739] The abhove compound was prepared from 2-(1H)-tetrahydropyrimidinethione using the procedure described
in Example AZ. 'TH NMR was consistent with the desired structure.
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Example 132
N,N’ -bis-(Boc)-2-imidazolidinethione

[0740]

BocN NBoc

[0741] The above compound was prepared from 2-imidazolidinethione using the procedure described in Example
AZ. TH NMR was consistent with the desired structure.

[0742] The activity of the compounds of the present invention was tested in the following assays. The results of
testing in the assays are tabulated in Table 1.

VITRONECTIN ADHESION ASSAY

MATERIALS

[0743] Human vitronectin receptor (o, B) was purified from human placenta as previously described [Pytela et al.,
Methods in Enzymology, 144:475-489 (1987)]. Human vitronectin was purified from fresh frozen plasma as previcusly
described [Yatohgo et al., Cell Structure and Function, 13:281-292 (1988)). Biotinylated human vitronectin was prepared
by coupling NHS-biotin from Pierce Chemical Company {Rockford, IL) to purified vitronectin as previously described
[Chargetal., J. Biol. Chem., 266{3):1415-1421 [1591)]. Assay huffer, OPD substrate tablets, and RIA grade BSA were
obtained from Sigma {St. Louis, MO). Anti-biotin antibody was obtained from Calbiochem (La Jolla, CA). Linbro micro-
titer plates were obtained from Flow Lahs (McLean, VA). ADP reagent was obtained from Sigma (St. Louis, MO},

METHODS

Solid Phase Receptor Assays

[0744] This assay was essentially the same as previously reported [Niiya et al., Blood, 70:475-483 (1987)]. The
purified human vitronectin receptor (¢, 35} was diluted from stock solutions to 1.0 pg/mlL in Tris-buffered saline con-
taining 1.0 mM Ca**, Mg**, and Mn**, pH 7.4 (TBS***). The diluted receptor was immediately transferred to Linbro
microtiter plates at 100 pL/well (100 ng receptor/well}). The plates were sealed and incubated overnight at 4°C to allow
the receptor 1o bind to the wells. All remaining steps were at rcom temperature. The assay plates were emptied and
200 uL of 1% RIA grade BSA in TBS** (TBS***/BSA) were added to block exposed plastic surfaces. Following a 2
hour incubation, the assay plates were washed with TBS*** using a 96 well plate washer. Logarithmic serial dilution
of the test compound and controls weare made starting at a stock concentration of 2 mM and using 2 nM bictinyiated
vitronectin in TBS***/BSA as the diluent. This premixing of labeled ligand with test (or control) ligand, and subsequent
transfer of 50 pL aliquots to the assay plate was carried out with a CETUS Propette robot; the final concentration of
the 1abeled ligand was 1 nM and the highest concentration of test compound was 1.0 x 104 M. The competition occurred
for two hours after which ail wells were washed with a plate washer as before. Affinity purified horseradish peroxidase
labeled goat anti-biotin antibody was diluted 1:3000 in TBS*/BSA and 125 uL were added to each well. After 30
minutes, the plates were washed and incubated with OPD/H,0, substrate in 100 mM/L Citrate buffer, pH 5.0. The
plate was read with a microtiter piate reader at a wavelength of 450 nm and when the maximum-binding control wells
reached an absorbance of about 1.0, the final A5 were recerded for analysis. The data were analyzed using a macro
written for use with the EXCEL™ spreadsheet pragram. The mean, standard deviation, and %CV were determined for
duplicate concentrations. The mean A, values were hormalized to the mean of four maximum-binding controls {no
competitor added){B-MAX). The normalized values were subjected to a four parameter curve fit algorithm [Rodbard
etal., int. Atomic Energy Agency, Vienna, pp 469 (1977)), plotted on a semi-log scale, and the computed concentration
corresponding to inhibition of 50% of the maximum binding of biatinylated vitronectin (IC54) and corresponding R? was
reported for those compounds exhibiting greater than 50% inhibition at the highest concentration tested; otherwise the
1G5 s reported as being greater than the highest concentration tested. B-{[2-[{5-[{aminoiminomethyijamine]-1-oxo-
pentyljamino]-1-oxoethyllamino)-3-pyridinepropanoic acid [JUSSN 08/375,338, Example 1) which is a potent o, B, an-
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tagenist (ICgq in the range 3-10 nM) was included on each plate as a positive control.

PURIFIED lIb/llla RECEPTOR ASSAY

MATERIALS

[0745] Human fibrinogen receptor (oy,,B3) was purified from outdated platelets, (Pytela, R., Pierschbacher, M.D.,
Argraves, S., Suzuki, S., and Rousiahti, E. "Arginine-Glycine-Aspartic acid adhesion receptors”, Methods in Enzymol-
ogy 144(1987):475-489.} Human vitronectin was purified from fresh frozen plasma as described in Yatohgo, T., Izumi,
M., Kashiwagi, H., and Hayashi, M., "Novel purification of vitronectin from human plasma by heparin affinity chroma-
tography,” Cell Structure and Function 13(1988):281-282. Biotinylated human vitronectin was prepared by coupling
NHS-biotin from Pierce Chemical Company {Rackiord, IL) to purified vitronectin as previously described. {Charo, LF.,
Nannizzi, L., Phillips, D.R., Hsu, M.A., Scarborough, R.M., "Inhibition of fibrinogen binding to GP lib/llla by a GP Illa
peptide”, J. Biol. Chem. 266(3){(1991): 1415-1421.) Assay buffer, OPD substrate tablets, and RIA grade BSA were
obtained from Sigma (St. Louis, MO). Anti-bictin antibody was obtained from Calbiochem {La Jolta, CA). Linbro micro-
titer plates were obtained from Flow Labs (McLean, VA). ADP reagent was obtained from Sigma (St. Louis, MO).

METHODS

Solid Phase Receptor Assays

[0746] This assay is essentially the same reported in Niiya, K., Hodson, E., Bader, R., Byers-Ward, V. Koziol, J.A,,
Plow, E.F. and Ruggen, Z.M., "Increased surface expression of the membrane glycoprotein Itb/llla complex induced
by platelet activation: Relationships to the binding of fibrinogen and platelet aggregation”, Blood 70(1987):475-483.
The purified human fibrinogen receptor {cy,Bs) was diluted from stock solutions to 1.0 pg/mL in Tris-buffered saline
containing 1.0 mM Ca**, Mg**, and Mn**, pH 7.4 (TBS***). The diluted receptor was immediately transferred to Linbro
microtitet plates at 100 pLiwell {100 ng racaptar/well). The plates were sealed and incubated ovemnight at 4°C to allow
the receptor to bind to the wells. All remaining steps were at room temperature. The assay plates were emptied and
200 pL of 1% RIA grade BSA in TBS*+ (TBS***/B5SA) were added to block exposed plastic surfaces. Following a 2
hour incubation, the assay plates were washed with TBS*** using a 96 well plate washer. Logarithmic serial dilution
of the test compound and confrols were made starting at a stock concentration of 2 mM and using 2 nM biotinylated
vitronectin in TBS***/BSA as the diluent. This premixing of Iabeled ligand with test (or control} ligand, and subsequent
transfer of 50 uL aliquots to the assay plate was carried out with a CETUS Propette robot; the final concentration of
the labeled ligand was 1 nM and the highest concentration of test compound was 1.0 x 104 M. The competition oceurred
for two hours after which all wells were washed with a plate washer as before. Affinity purified horseradish peroxidase
labeled goat anti-biotin antibody was dituted 1:3000 in TBS***/B5A and 125 pL were added to each well. After 30
minutes, the plates were washed and incubated with ODD/H, 0, substrate in 100 mM/L citrate buffer, pH 5.0. The plate
was read with a microtiter plate reader at a wavelength of 450 nm and when the maximum-binding control wells reached
an absorbance of about 1.0, the final A5, were recorded for analysis. The data were analyzed using a macro written
for use with the EXCEL™ spreadsheet program. The mean, standard deviation, and %CV were determined for duplicate
concentrations. The mean Aygq values were normalized to the mean of four maximum-binding controls {no competitor
added)(B-MAX}. The normalized values wers subjected to a four parameter curve fit algorithm, [Robard et ab.. Int.
Atomic Energy Agency, Vienna, pp 469 (1977)], plotted on a semi-log scale, and the computed concentration corre-
sponding to inhibition of 50% of the maximum binding of biotinylated vitronectin (IC5,) and corresponding RZ was
reported for those compounds exhibiting greater than 50% inhibition at the highest concentration tested; othenwise the
ICsq is reported as being greater than the highest concentration tested. B-[[2-[[5-{{aminociminomethyl)amino}-1-oxo-
pentyllamine]-1-oxoethylJamine]-3-pyridinepropanoic acid [USSN 08/375,338, Example 1] which is a potent o, 55 an-
tagonist (IC5; in the range 3-10 nM) was included on each plate as a positive control,

TABLE 1
Example | AvB3 IC53 (nM) | [Ib/lila IC50 (nM)
2 0.18 8.08
8 09.51 49.5
T 10 1.17 26.9
11 22 4
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TABLE | (confinued)

Example | AvB3 IC50 (nM) | JIb/lia IC50 (M) |
12 >100000 69200
19 >100000 1780
20 >100000 39900
24 1220 4530
28 555 10100
29 4000 1280
30 6370 3260
31 114 86.5
33 73.6 7.37 ]
34 452 2200 J
35 2.69 148
36 1010 10500
37 97.8 2380
" s 106 3360
40 557 748
41 1080 5700 J
44 120 4310
a5 9.4 603
I
47 5.89 51.1 !
48 0.63 15.6 ]
49 1.1 314 !
| 50| 0.8 217
51 0.63 0.71 l’
52 0.33 188
53 0.56 'ﬁ
54 l 0.77 365
55 J 0.51 14.3
56 0.43 6.35
57 | a5 | 8
58 48400 57200
59 4480 1 478
60 3are | 3810
61 470 566
62 28100 14800
64 21.2 93.1
65 4760 21900
68 782 103
69 94 37
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TABLE | {continued)

Example ; AvB3 IC50 (nM) [ Ifb/llla 1C50 {nM})
71 387 8.3
73 141 40
75 145 330
77 16 1260
78 5980 397
79 2290 10200
T 44200 19800
81 19.1 129
82 264 332
83 1900 474
84 16300 486
8 827 12600
85C 39600 686000
86 307 3140
86C 56800 >100000
87 0.44 85.3
89 2070 16000
90 23700 34500
100 6 44
101A 9 57
101B 35 286
102 6 4710
103 269 3660
104 506 1600
105 2 267
106 5 77
107 05 1570
108 4 109
109 5 |
110 4 326
111 0.1 6
112 03 13
113 1 253
14 0.2 1000
15 24 173
[ 116 6 3180
17 129 452
118 3 54

166




10

15

20

25

30

35

44

45

50

55

EP 1 157 985 At

TABLE | (continued)

Example | AvB3 IC50 (nM) | 11b/lila 1C50 {(nM)
119 0.4 772
120 14 384
121 1 2
122 7 50
123 0.5 15
124 3 285
r 125 7 260
128 2 36
127 0.6 22
128 216 20
| 129 265 | 5260 |
Claims
1. A compound of the formula
3
¢ 8
A I , RS5
z,
Zt 22 Z4 Z5 | CoRr
50

or a pharmaceutically acceptable salt thereof, wherein

Alis

‘II".
“’f/u\f?"'?’
RS RE

wherein Y1 is selected from the group consisting of N-R2, O, and §;

R? is selected from the group consisting of H; alkyl, aryl; hydroxy; alkoxy; cyano; nitro; amino; aminocarbonyl;
alkenyl; alkynyi; alkyl optionally substituted with one or more substiluent selected from lower alky!, halogen,
hydroxyt, haloalkyl, cyano, nitro, carboxyl, amina, alkoxy, aryl or aryt aptionally substituted with one or more
halogen, haloalky!, lower alkyl, alkoxy, cyano, alkylsulfony!, alkylthio, nitro, carboxyl, amine, hydroxyl, sufonic
acid, sulfonamide, ary), fused aryl, monocyclic heteroeycles, or fused monocyclic heterocycles; aryl optionally
substituted with one or more substituent salected from halogen, haloalkyl, hydroxy, lower alkyl, alkoxy, meth-
vienedioxy, ethylenedioxy, cyano, nitro, alkylthio, alkylsulfonyl, sulfonic acid, sulfonamide, carboxyl derivatives,
amino, aryl, fused aryl, monocyclic heterocycles and fused monocyclic heterocycle; monocyclic heterocycles;
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and monocyclic heterocycies optionaily substituted with one or more substituent selected from halogen,
haloalkyl, lower alkyl, atkoxy, amino, nitro, hydroxy, carboxyl derivatives, cyano, alkylthio, alkylsulfonyl, sulfonic
acid, sulfonamide, aryl or fused aryl; or

R2 taken together with R7 forms a 4-12 membered dinitrogen containing heterocycle optionally substituted
with one or more substituent selected from the group consisting of lower alkyl, hydroxy and phenyl and wherein
satd ring optionaily contains a heteroatom selected from the group consisting of O and S;

R? taken together with R7 forms a 5 membered heteroaromatic ring optionally substituted with amino;
R2 taken together with R7 forms a 5 membered heteroaromatic ring fused with a pheny! group;
R7 (when nat taken tagether with R?) and R8 are independently selected from the group consisting of

alkyl optionally substituted with one or more substituents selected from aryl substituted with one or more
selected from fused aryl, monocyclic heterocycles, or fused monocyclic heterocycles;aryl optiohally sub-
stituted with one or more substituents selected from fused aryl, monocyclic heterocycles or fused hetero-
cycles; monocyclic heterocycles;

monocyclic heterocycles opticnally substituted with one or more substituent selected from halogen,
haloatkyl, lower alkyl, alkoxy, aryloxy, amino, nitro, hydroxy, carbaxyl derivatives, cyano, alkylthio, alkyl-
sulfonyl, aryl, fused aryl;

monocyclic and bicyclic heterocyclicalkyls; -SO,R1% wherein R10 is selected from the group consisting of
alkyi, aryl and monocyclic heterocycles, all optionally substituted with one or more substituent selected
from the group consisting of halogen, haloalkyl, alkyl, alkoxy, cyano, nitro, amine, acylamino, trifluoroalkyl.
amido, alkylaminosulfonyl, alkylsufonyl, alkylsulfanylamino, alkylaming, dialkytamina, trifiuoromethylthic,
trifluoroalkoxy, triffucromethylsulfonyl, aryl, aryloxy, thio, alkylthio, and monocyclic heterocycles; and

C
l
~—C~R1

wherein R0 is defined above;

or NR7 and R8 taken together form a 4-12 membered monenitrogen containing monocyclic or bicyclic ring
optionally substituted with one or more substituent selected from lower alkyl, carboxyl derivatives, aryl or
hydroxy and wherein said ring optionalty contains a heteroatom selected from the group consisting of O, N
and 5;

R% is selected from the group consisting of H, alkyl, alkenyl, alkynyl, benzyl, and phenethyl;
or

Alis

wherein Y2 is selected from the group consisting of H, alkyl; cycloalkyl; bicycloalkyl: aryl; monocyclic hetero-
cycles; alkyl optionally substituted with aryl which can also be optionally substituted with one or more substit-
uent selected from halo, haloalkyl, alkyl, nitro, hydroxy, alkoxy, aryloxy, aryl, or fused aryl; ary! optionally sub-
stituted with one or more substituent selected from halo, haloalkyl, hydroxy, alkoxy, aryloxy, aryi, fused aryl,
nitre, methylenedioxy, ethylenedioxy, or alkyl; alkynyl; atkenyl; -S-R? and -O-RY wherein R? is selected from

168



10

15

20

25

3¢

35

40

45

50

55

EP 1 157 985 A1

the group consisting of H; alky!; aralkyl; aryi; alkenyl; and alkynyl; or R? taken together with R forms a 4-12
membered monanitrogen containing sulfur or oxygen containing heterocyclic ring; and

RS and R? are as defined above;

or Y2 {when Y2 js carbon) taken together with R7 forms a 4-12 membered mononitrogen containing ring op-
tionally substituted with alkyl, aryl or hydroxy;

or Ais

NH N’OH

Z//M‘NHZ > 2//K“NH2' ;

Z1, 72 2% and Z5 are independently selected from the group consisting of H: alkyl: hydroxy: alkoxy; aryloxy:
aralkoxy; halagen; haloalkyl, haloalkoxy; nitro; amino; aminoalkyl; alkyiamino; dialkylamino; cyano; alkylthio;
atkylsulfony!; carboxyl derivatives; carboxyalkyl; alkoxycarbonyiaikyl; acetamide; aryl; fused aryl; cycloalkyl,
thio; monocyclic heterocycles; fused monocyclic heterocycles: and A, wherein A is defined above;

B is selected from the group consisting of

—— CH,CONH——, — CONR™—(CH,) . ~— G(O)O—,

—SO,NH—, —CH,0—, and —OCH,—:

whaerein p is an integer selected from the group consisting of 0, 1 and 2;

wherein R0 is salected from the group consisting of H, alkyl, aryl, carboxyf derivative and-CONHCH,CO,R>3
wherein R53 is H or lower alkyl;

R i selected from the group consisting of H or afky!;

R51 s selected from the group consisting of H, alkyl, carboxyl derivatives,

—NCQ,Rss | —NHSO,R54 —NHCONHRS?,
H
—NHCQORs: ~NHCORSS and amiro,

wherein R34 is selected from the group consisting of H, alkyl, cycloalkyi, aryl, aralkyl, aralkkenyl and ary sub-
stituted by one or more alkyl or halo; wherein R59 is selected from the group consisting of N-substituted pyr-
rolidinyl, piperidinyl and morpholinyl;

tis aninteger 0, 1 or 2;
Ris X-R3 wherein X is selected from the group consisting of O, S and NR4, wherein R? and R? are independently
selected from the group consisting of hydrogen; alkyl; alkenyl; alkynyl; haloatkyl; aryl; arylalkyh: sugars; steroids

and in the case of the free acid, all pharmaceutically acceptable salts thereof; and

Y3 and 23 are independently selected from the group consisting of H, alkyl, aryl, cycloalkyl and aralkyl or Y3
and 23 taken together with C farm a carbonyl.
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2. A compound according to Claim 1 wherein tis O.
3. A compound according to Claim 2 wherein B is -CONR52-,

4. A compound according to Claim 3 selected from the group consisting of
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4-{[[3-[(aminoiminomethyl)amina]-5-(triflucromethyl)-phenylicarbonytlamino]-N-[(2-methylpropoxy)-carbon-
yl]-L-phenylalanine, methy! ester;

4[13-[{aminoiminomethyl)amino]-5-(triflucromethyi)phenyl) carbenyljaminc}-N-[ (2-methylpropoxy)carboryt)
phenylalanine, methyl ester;

N-{(2-methylpropoxy)carbonyl}-4-[{{3-[(3,4,5 8-tetrahydro-2H-azepin-7 -iyamino}-5-(trifluoromethyl iphenyl}
carbonyllamine]-phenylalanine, methyl ester;

N-[(2-methylpropoxy)carbonyl]-4-[[[3-[(3 4,5,6-tetrahydro-2H-azepin- 7-yl}aminol-5-(trifluoromethyl)-phenyl]
carbonyl]laminc]phenylalanine;

N-(butylsulfonyl)-4-[[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl)aminoj-5-(trifluoromethyl )phenyt]-carbonyllami-
no]phenylalanine, methyl ester;

N-(butylsulforiyl)-4-[[[3-[{3.4,5.6-tetrahydro-2H-azepin-7-yl)amino]-5-(trifuoromethyljphenyl-carbonyllami-
nojphenylatanine;

4-[[[3-{(aminciminomethyl}amino]-5-(trifluoromethyl)phenyl]carbonyl]-amino]-N-{butylsulfonyl)-phenyla-
lanine, methy! ester;

4-{[[3-[(aminciminomethyl)amino]-5-(trifluoromethyl)phenyl]carbonyl}-amino]-N-{butylsulfonyl)phenylalanine;

N-(butylsulfonyt}-4-[[[3-[(3,4.5,6-tetrahydro-2H-azepin-7-ylJamino]-phenyljcarbonyllamino]  -phenylalanine,
methyl ester;

N-(butylsulfonyt)-4-{[[3-[(3,4,5,6-tetrahydro-2H-azepin-7-yl)amino]phenyl]-carbonyllamino]phenylatanine;
ethyl 4-[[[3-[amino{hydroxyimino)methyl]-phenyljcarbonyllamino]benzenepropanocate;

ethyl 3-[[[[3-(aminoiminomethyljphenyl]-carbonyllamino]methyllbenzenepropanoate;

ethyl 3-[[[3-(amincimincmethyl)phenyl]-carbonyljamino]benzenepropanoate;
4-[[[3-(aminciminomethyl}phenyi]carbonyl]-aminc]benzenepropanoic acid;

ethyl 4-[[[3-{(aminocarbonyl}amino]phenyl]-carbonytjamino]benzenepropanocate;
4-[[13-{{aminocarbanyl)aminalphenyl]-carbonyijaminolbenzenepropanoic acid;

ethyl 4-[[[3-[[[(phenylmethyl)amino}carbonyl]-amino]phenyllcarbanyl]aminolbenzenepropanoate;
4-[[[3-[[[{(phenylmethyl)amino]carbonyl]amino]-phenyllcarbonyllaminolbenzenapropanoic acid;

1, 1-dimethylathyl 4-[[[3-[{aminoiminomethyl)-amino]phenyl]carbonyllamino]-3-methylbenzenepropanoate;
4-[[[3-[(aminoimincmethyl)aminc]phenyl]carbonyl]-amino]-B-methytbenzenepropanoic acid,
1,1-dimethylethwl 4-[[[3-[{aminciminomethy!)-amino]phenyl]carbonyt]amino]--phenyt benzenepropancate;

4-{[[3-f(aminoiminomethyl)amino]phenyllcarbonyl]-amino]-3-phenylbenzenepropancic acid;
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N-acetyl-4-[[{3-{{aminciminomethyliamino}- phenyljcarbonyl)amino]lphenylalanine ethyt ester;
N-acetyi-4-[[[3-[(aminoiminomethyliaminoj-phenyljcarbonyljaminojphenyiatanine;
4-[[[3-[(aminciminomethyl}aminojphenylicarbonyl-amina)-N-(phenylcarbonyl)phenylalanine ethyl ester,
4-[[13-[{aminviminomethyl)aminajphenyllcarbonyt]-amino)-N-(methylsulfonyl)phenylalanine ethyl ester;
4-[[[3-[{aminaiminomethyl}amino]phenyl]carbonyl]-aminc]-N-(ethoxycarbonyliphenylalanine ethyl ester;

4{[[3-[{aminoiminomethyl)amino]phenyllcarbonyl]-amino]-N-{(1-methylethoxy}earbonyll-phenylaianine  ethyl
ester;

4[[3-I{aminoiminomethyl)amino]phenyljcarbonyl]-amina)-N-(phenylsulfonyl)phenylalanine ethyl ester;
4-[{[3-[{aminoiminomethylarminclphenyljcarbonyl]-amino)-N-{butyisufonyliphenylalanine ethy! ester;

4-{{[3-{{aminaiminomeathyllaminalphenyl]carbonyl]-amino]-N-[(2-methylpropaxy)carbonyl]-phenylalanine,
athyl ester;

4-[{{3-{{Aminoiminomethyl)aminojphenyllcarbonyl]-amino]-N-[{phenoxy)carbzonyi]phenyialanine, sthyi ester;

4-[[[3-[(aminoiminomethyl}aminc]phenyl]carbonyl]-amina]-N-[{1, 1-dimethylethoxy)carbonyl]-phenylalanine
ethy! ester,

4-[[{3-[(aminciminomethyt)aminojphenyl]carbonyll-aminc]-N-{{ 1, 1-dimethylethoxyjcarbonyi}-phenylaianine,
methyl ester;

4-{[[3-[(aminoiminomethyljaminolphenyl]-carbonyllamina]-N-{( 1, 1-dimethylethoxy)-carbonyl]-L-phenyla-
lanine, ethyl ester;

4-{[[3-[(aminciminomethyljaminolphenyljcarbenyl]-aminal-N-(phenylcarbomyliphenylalanine;
4-f[[3-[{aminciminomethyl)aminolphenyllcarbonyl]-amina)-N-{methylsulfonyl)phenylalanine;
4-[{[3-[(aminciminomethyl)aminolphenyllcarbonyl]-amino]-N-{ethoxycarbonyl)phenylalanine;
4-[{[3-{{aminciminomethyljaminc]phenylicarbonyl]-aminol-N-[{ 1-methylethoxy)carhonyl]phenytatanine;
4-[[[3-[{aminoiminomethyl)aminojphenyljcarbonyl]-amino]-N-(phenylsulfonyl)phenylalanine;
4-f[[3-[{aminciminomethyl}aminojphenyllcarbonyl]l-amino]-N-{butylsulfonyl) phenylalanine;
4-[{[3-{{(aminciminomethyllaminclphenylicarbony!]-amino]-N-[{2-methylpropoxy)carbonyllphenylalanine;
4-f{[3-{aminoiminomethyljaminojphenyljcarbonyl}-amino]-N-(methoxycarbonyljphenylalanine;
44{[3-[{aminaiminomethyl}aminojphenyl|-carbonyljamino]-N-[{1,1-dimethyiethoxy)-carbonyl]-phenylatanine;

4-{{[3-[{aminciminomethyl}amino]phenyllcarbonyll-amino]-N-[(1,1-dimethylethoxy)carbonyl}-L-phenyla-
lanine;

4-{[[3-[{aminciminomethyl}aminolphenyljcarbonylj-amina)-N-[{1, 1-dimethylethoxy)carbonyl}-phenylal anine;
ethy! 4-[[[3-[(aminciminomethylamincjphenyl]-carbonylimethylaminolbenzenepropanocate;

4-{[[3-[{aminciminomethyl)amino]phenyl]-carbonyljmethylamino)benzenepropancic acid;

171



10

20

25

30

35

40

45

50

55

EP 1 157 985 A1
ethyl 4-[[13-{(aminaiminomethyljaminal-phenyl]carbonyllaminolbenzeneprapanoate;
4-[[[3-[(aminciminomethyl)aminclphenyl] carbonyllamino]benzenepropanoic acid;
4-[[[3-[(aminoiminomethyl)amino]phenyl]-carbonyllamino]phenylalanine;
[4-[[[3-[{aminciminomethyl)aminc]phenyl]-carbonyllaminclphenyl]butanedicic acid;
4-(1,1-dimethylethyl) 1-ethyi[4-[[[3-[(aminciminomethyl}amino]phenyllcarbonyll-amino]phenyl]butanedioate;
1-ethyt hydrogen[4-[[[3-[(aminciminomethylJamino)-phenyljcarbonyllamino]-phenyl]butanedioate;

1,1-dimethylethyl  4-[[[3-[(aminoiminomethyljamino]-phenytjcaronyl]-amino]-B-[[[(ethoxycarbonyl}-methyl]
amino]-carbonyl]lbenzenepropanoate;

4-[[[3-[(aminoiminomethylJamino]phenyl]carbonyl]-amino]-beta-[[(carboxymethyl)aminc]-carbonyl]-benzene-
propanoic acid;

1, 1-dimethylethyt 4-[[[3-[(aminciminomethyl}amino]-phenyl]carbonyl]lamine]-3-hydroxybenzenepropanoate;
4-{[[3-[(aminciminomethyl}amino]phenyl]carbonyl]-amino]-3-hydroxybenzenepropanoic acid;

4-[[[3-[{aminoiminomethyl)aminolphenyl]carbonyll-amino]-N-{{1, 1-dimethylethoxy)carbonyi)-2-methoxyphe-
nylalanine, ethyl ester;

4-[[[3-[(4,5-dihydro-4-oxo-1H-imidazol-2-yljJamino]-phenyl]carbonyi]lamino]-N-[{1-methylethoxy)-carbony!]
phenylalanine; i

4-[[[3-[[(cyancimino}[{ phenylmethyl)-aminc] methyl]amino]phenyljcarbonyl]amino]-benzenepropanocic acid:
[4-[2-[[3-{(aminoiminomethyl}amina]phenyi]-amina]-2-oxoethyllphenoxylacetic acid;
4-[[[3-[{aminoiminomethyl amino]phenyljcarbonyll-carbonyl]aminc]benzene-1,2-dipropanoic acid;
4-[[[3-[{(aminbiminomethyl)amino]phenyl]carbonyl]-amino]-2-carboxybenzenepropanoic acid;
4-[[[3-[(aminoiminomethyl)amino]phenyljcarbenyl]-amino]-2-methoxycarbonyl)benzenepropanoic acid;
2-carboxy-4-[[[3-[(1.4,5.6-tetrahydropyrimidin-2-yl)amino]phenyl]carbonyljamino}-benzenepropanoic acid;

(1) 4-f[[3-[3-aminc-1H-1,2,4-triazol-5-yl)amino]-phenyl]carbonyllamino]-N-[{ 1-methylethoxy} carbonyl]pheny-
lalanine;

(£} 4-[[[3-[(5-amino-1,2,4-axadiazol-3-yl)amino]-phenyllcarbonyl]amino]-N-[(1-methylethoxy) carbonyl]phe-
nylalanine;

4-[[[3-[[aminof(aminccarbonyl}iminc]methyl]-amino]phenyl]carboenyl]lamina]-N-[{1-methylethoxy]-carbonyl]
phenylalanine;

4-[[[3-[(aminoiminomethyllaminc]phenylcarbenyl]-amino}-N-{(3-methyl-1-oxobutyl)phenytalanine;

N-(3-methyl-1-oxobutyl)-4-[[[3-[(1,4,5,6-tetrahydro-pyrimidin-2-yl) aming]-5-(trif uoromethyl) phenyl]-carbonyt]
aminolphenylalanine;

4-[{[3-[{aminoiminomethyl}amino]-5-(triflsoromethyl)phenyljcarbonyl]amino]-N-{3-methyl-1-oxobutyl)pheny-
lalanine;

4-[[[3-[{(aminoiminomethyl)amino)phenyl}carbonyl}-amino]-N-{3.3-dimethyl- 1-oxobutyl)phenylalanine;
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4-[[[3-[(amin0iminomethyl)amino]—5-(triﬂuoromethyl)-phenyl]carbonyl]amino]-N-(3,3-dimethyi—1-oxobutyi)
phenylalanine;

N-{phenylsulfonyl)-4-[[[3-[{1 4,5 6-tetrahydro-pyrimidin-2-yl}aminojphenyl]carbonyli-aminojphenylalanine;
4-{{[3-{(4.5-dihydro-1 H-imidazol-2-yl)aminclphenyll-carbonyljamino-N-(phenylsulfonyljphenylalanine;

4-[[[3-[(aminoimfnomethyi)amino]phenyi}carbonyf]amfno]-2-methoxy~N-[{ 1-methylethoxy)carbonyllphenyla-
lanine;

2-methoxy-N-[(1-methylethoxy}carbonyi]-4-{I{3-[(1 4.5,6-tetrahydropyrimidin-2-yl)aminoc]-phenyljcarbonyl]
aminc]phenylalanine;

4-f[[3-(aminciminomethyl)aminolphenyl]carbonyl]-amino]-2-methoxybenzenepropanoic acid;
2-methoxy-4-[[[3-{(1 4,5 B-tetrahydropyrimidin-2-yl}-amino]phenyl]carbonyljamino]benzenepropanoic acid;
4-{[[3-{{amincimihomethyl)aminajphenyljcarbonyi]-amino]-2-(dimethylaminajbenzenepropancic acid;
[4-[fI3-[{aminoiminemethylJamino)phenyllcarbonyl]-amino}-2-methoxyphencxylacetic acid:
[2-methoxy-4-[[[3-[(1 4,5 B-tetrahydropyrimidin-2-yl]-amino]phenyljcarbonylJaminc]phenoxylacetic acid,
f[4-[[[3-[(aminoiminomethyl}aminojphenyl]carbonyl]-aminc}phenyljmethyl)-1.3-propanoic acid;
4-[i{3-{(aminciminomethyl}aminolphenylicarbonyi]-arino}-N-{(2,4, 6-tdmethylphenyl)-sufonyljphenytalanine;
{4-[(3-{{amingiminomethylJamino]phenyllcarbonyllamino]-N-{( 3, 5-dichlorophenylysulfonyliphenylatanine,
4-[[{3-{(aminciminemethyl)aminojphenyllcarbonyljamino]-N-[(2-phenylethenysulfonyl]phenylalanine:

4-[([3-[taminciminomethyl)aminojphenyllcarbonyi]-aminol-N-{{(1, 1-dimethylethyl)amino]-carbonyliphenyla-
fanine;

4-[{[3-[{aminaiminomethyl)amino]phenyljcarbonyl]-amino]-N-{{4-marpholinylicarbonyllphenylalanine;
4-{[(3-[(amineiminomethyl)aminojphenyllcarbonyl]-aminol-N-[{ 1-pipridinyl}carbonyl]phenytalanine:

4-J[[3-{ aminciminomathyhaminoc]phenyllcarbonyl]-amine]-3-chloro-N-[{ 1-methylethoxy)-carbonyi]phenyla-
lanine;

4-{[[3-[[{aminoiminomethyl)Jamino[carbonyiiphenylj-carbonylJamino}-N-{{ T-methylethoxy)-carbonyijphenyla-
lanine; and

4-[[[3-[{aminoiminomethyt)amino]phenyl]carbonyl)-amino]-o-ethylbenzenepropanoic acid.

5. A compound according to Claim 2 wherein B is selected from the group consisting of -CH,O-,

and -SO,NH-.

6. A compound according to Claim 5 wherein the compound is selected from the group consisting of
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4-[[3-[(aminciminomethyl}amino]phenyl)-methoxy]-N-{butyisulfonyl)phenylatanine;
4-[[[3-[{aminoiminomethyl}amino]phenyl]-sulfonyl]aminol}benzenepropanoic acid; and
N-acetyl-4-[[[[3-[{aminoiminomethyt}amino}-phenyllamino]carbenytlamine]phenylatanine.,

7. A compound according to Claim 2 wherein B is selected from the group consisting of -CONRP2(CH,), - and

-CH,CONR™..

8. A compound according to Claim 7 wherein the compound is selected from the group consisting of
ethyl 4-[[[[3-(aminoiminomethyl}phenyl}-carbonyl]amino]methyt]benzenepropanoate;
ethyl 4-[[[[3-[amino{hydroxyiminc)methyl]-phenyl]carbonyl)amino]methyljbenzenepropanocate;
4-{[[[3-(aminoiminomethyi)phenyl]carbonyl]-aminojmethyl]benzenepropanoic acid;
3-[[[[3-{(aminccarbonyl)aminc]phenyt]-carbonyl]Jamino]methyl)benzenepropanoic acid;
4-[[[[3-f(aminoiminomethyljamino]phenyljcarbonyl}-aminc]methyl]benzenepropanoic acid:
1, 1-dimethylethyl-4-[2-[[[3-{{aminciminomethyl)-amino]phenyl]carbonyl]aminojethyl lbenzenepropanoate:;
4-{2-[[[3-[(aminciminomethyl)aminc]phenyl}-carbonyl]amino]ethyllbenzenepropanoic acid; and
4-[[2-[4-[{aminoiminomethyl)amino]phenyi]-acetyllamino]henzenepropanoic acid.

9. A pharmaceutical composition comprising a therapeutically effective amount of a compound according to any of
claims 1- 8 or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

10. Use of a compound according to any of claims 1- 8 or a pharmaceutically acceptable salt thereof for preparing a
medicament for treating conditions mediated by the o, 3, integrin in a mammal.

11. Use according to Claim 10 wherein the condition treated is tumor metatstasis,

12. Use according to Claim 10 wherein the condition treated is solid tumor growth.

13. Use according to Claim 10 wherein the condition treated is angiogenesis.

14. Use according to Claim 10 wherein the condition treated is osteoporosis,

15. Use according to Claim 10 wherein the condition treated is humoral hypercalcemia of malignancy.
16. Use according to Claim 10 wherein the condition treated is smooth muscle cell migration.

17. Use according to Claim 10 wherein restenosis is inhibited.

18. A compound of the formula
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or a pharmaceutically acceptable salt thereof, wherein

Y is selected from the group consisting of -O-; -8-;, and -S0,;

Alis

wherein Y1 is selected from the group consisting of N-R2, O, and S;

R? is selected from the group consisting of H; alkyl; aryl; hydroxy; alkoxy; cyano; nitro; amino; aminocarbonyl;
alkenhyl; alkynyl; alkyl opticnally substituted with one or more substituent selected from lower alkyl, halogen,
hydroxyl, haloalkyl. cyano, nitro. carboxyl, amino, alkoxy, aryl or aryl optionally substituted with one or more
halogen, haloalkyl, lower alkyl. alkoxy, cyano, alkylsulfonyl, alkylthio, nitro, carboxyl, amino, hydroxyl, sulfonic
acid, sulfonamide, aryl, fused aryl, monocyclic heterccycles, or fused monocyclic heterocycles; ary! optionally
substituted with one or more substituent selected from halogen, haloalkyl, hydroxy, iower alkyi, aikoxy, meth-
yienedioxy, ethylenedioxy, cyano, nitro, atkylthio, alkylsuifonyl. suifonic acid, sulfonamide, carboxyl derivatives,
amino, aryl, fused aryt, monacyclic heterocycles and fused monocyclic heteracycle; monocyclic heterocycles:
and manoeyclic heteracycles optionally substituted with one or more substituent selected from halogen,
haloalkyt, lower alkyl, alkoxy, amino. nitro, hydroxy, carboxy! derivatives, cyano, alkylthio, alkylsulfonyl, sulfonic
acid, sulfonamide, aryl or fused aryl; or

R2 taken together with R7 forms a 4-12 membered dinitrogen containing heterocycle optionally substituted
with one or more substituent selected from the group consisting of lower alkyl, hydroxy and phenyl and wherein
said ring optionally contains a heteroatom selected from the group consisting of O and S,

R? taken together with R7 forms a 5 membered heteroaromatic ring optionally substituted by amino;
RZ taken together with R7 forms a 5 membered hetercaromatic ring fused with a pheny! group;

R? {when not taken together with R2) and R? are alkyl optionally substittited with one or more substituents
selected from ary! substituted with one ar maorea substituents selected from fused aryl, monocyclic heterocycles,
or fused menecyclic hetercoycles; monocyclic heterocycles; ary! optichally substituted with one or more sub-
stituents selected from fused aryl, monocyclic heterocycles or fused monooyclic heterotycles, monocyclic
heterocycles optionally substituted with one or more substituent selected from halogen, haloalkyl, lower alkyl.
alkoxy, aryloxy, amino, nitro, hydroxy, carboxyl derivatives, cyano, alkylthio, alkylsulfonyl, aryl, fused aryi;
mohocyclic and bicyclic heterocyclicalkyls; -S0O,R Y wherein R10 s selected from the group consisting of alky!,
ary! and monocyclic heterocycles, all optionally substituted with one or more substituent selected fram the
group consisting of halogen, haloalkyl, alkyl, alkoxy, cyanc, nitro, amino, acylamino, trifiuoroalkyl, amido,
alkytaminosulfonyl, alkytsulfonyt, alkylsulfonylamino, alkylamino, dialkylamino, triflucromethylthio, trifluaro-
alkoxy, triflucramethylsulfonyl, ary, aryloxy, thio, alkylthio, and monocyclic heterocycles; and
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i
—C—R0

wherein R19 is defined above;

NR’ and R® taken together form a 4-12 membered mononitrogen containing monocyclic or bicyclic ring op-
tionally substituted with one or more substituent selected from lower atkyl. carboxyl derivatives, aryl or hydroxy
and wherein said ring optionally contains a heteroatom selected from the group consisting of O, Nand S:

R5 is selected from the group consisting of H, alkyl, alkenyl, alkynyl, benzyl, and phenethyl;
or

Alis

=N ey
25

wherein Y2 is selected from the group consisting of alkyl; cycloalkyl; bicycloatkyl: aryl: monoeydic heterocycles;
alkyl optionally substituted with aryl which can also be optionally substituted with one or more substituent
selected from halo, haloalkyl, alkyl, nitro, hydroxy, alkoxy, aryloxy, aryl, or fused aryl; aryl optionally substituted
with one or more substituent selected from halo, haloalkyl, hydroxy, alkoxy, aryloxy, aryl, fused aryl, nitro,
methylenedioxy, ethylenedioxy, or alkyl; alkynyl; alkenyl; -5-R% and -0-R? wherein R? is selected from the
group consisting of H; alkyl: aralkyl; aryl; alkenyl, and alkynyl; or R? taken together with R7 forms a 4-12
membered mononitrogen containing sulfur or oxygen containing heterocyclic ring; and

RS and R7 are as defined above;

or Y2 (when Y2 is carbon) taken together with R7 forms a 4-12 membered mononitrogen cantaining ring op-
tionally substituted with alkyl, aryl or hydroxy:

or Ais

NH N/OH

i/J\NH~ org/JLNHz ;

Z1, 22, Z4 and Z5 are independently selected from the group consisting of H; alkyl; hydroxy; alkoxy; aryloxy;
aralkoxy; halogen; haloalkyl; haloalkoxy; nitro; amino; aminoalkyl; alkylamino; dialkylamino; cyano; alkylthio;
alkylsulfonyl; carboxyl derivatives; carboxyalkyl; alkoxycarbonylalkyl; acetamide: aryl; fused aryl; cycloalkyl;
thio; monocyclic heterocycles; fused monocyclic heterocycles; and A, wherein A is defined above;

B is selected from the group consisting of

— CH,CONH-—, —-CONR®—(CH,),—, —C(0)O—,
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— §0,NH—, —CH,0—, and — OCH,~—;

wherein p is an integer selected from the group consisting of 0, 1 and 2,

wherein R50 is selected from the group consisting of H, alkyl, aryl and carboxyl derivative;

R%2 is selected from the group consisting of 1 or alkyl;

tis aninteger 0, 1 or 2;

Ris X-RIwherein X is setacted from the group consisting of 0, 8 and NR4, wherein R?and R4 are independently
selacted from the group consisting of hydrogen: alky!; alkenyl; alkynyl, haloalkyl; aryl; arylatkyl; sugars; stercids

and in the case of the free acid, ail pharmaceutically acceptable salts thereof, and

¥3 and 22 are independentty selected from the group consisting of H, alkyl, aryl, cycloalky! and aralkyl or Y2
and 73 taken togather with C form a carbonyl.

A compound according to Claim 18 wherein the compound is selected from the group consisting of
athyl {[4-{{[3-{(aminociminomethyl)aminolphenyl]-carbonyilamino]phenyl]sulfonyllacetate;
{4-{[[3-[(aminoiminomethyl}amino]phenyi]-carbonyl]laminalphenoxylacetic acid;
[[4-[[]3-[(Bmincimincmethyl)aminolphenyl]-carbonyllamino)phenyllthioacetic acid;
[[4-[[I3-[(aminoimincmethyl)amino]phenyl]-carbonyllamino)phenyl)sulfonyljacetic acid;
[4-[24]3-[{aminoiminomethyliamino)phenyl]-amino]-2-oxoethyl]phenoxy)acetic acid;
2-[4-[f[3-{{faminoiminomethyl)amino]phenyl}-carbonyllaminc)phenoxy]propancic acid;
o-[4-][[3-[{aminciminomethyl)amino]phenyl}-carbonyljaminc)phenoxy]benzeneacetic acid;
ethyl [4-[[[3-](aminciminomethyi}aminc]-phenyljcarbonyllaminojphenoxylacetate; and
[[4-[[[3-[{aminoiminomethyl)amina)phenyl]-carbonyllamino]phenyl]thio)acetic acid.

A pharmaceutical composition comprising a therapeutically effective amount of a compound according to any of
claims 18 or 19 or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

Use of a compound according to any of claims 18 or 19 for preparing a medicament for treating conditions mediated
by the o, iIntegrin in a mammal in need of such treatment.

Use according to Claim 21 wherein the condition treated is tumor metastasis.

Use according to Claim 21 wherein the condition treated is solid tumor growth.

Use according to Claim 21 wherein the condition treated is angiogenesis.

Use according to Claim 21 wherein the condition treated is osteoporosis.

Use according to Claim 21 wherein the condition treated is humoral hypercalcemia of malignancy.
Use according to Claim 21 wherein the condition treated is smooth muscle cell migration.

Use according to Claim 21 wherein the restenosis is inhibited.
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