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(57) ABSTRACT 

The present invention relates to small molecules according 
to the formula [I]: 

Which are potent inhibitors of (x461 mediated adhesion to 
either VCAM or CS-1 and Which can be used for treating or 
preventing (x461 adhesion mediated conditions in a mammal 
such as a human. 
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INHIBITORS OF ALPHA 4BETA1 MEDIATED 
CELL ADHESION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to small molecules 
that are potent inhibitors of [3461 mediated adhesion to either 
VCAM or CS-1 and Which could be useful for the treatment 
of in?ammatory diseases. 

[0003] 2. Description of Related Art 

[0004] The extracellular matrix (ECM) is the major com 
ponent of connective tissue Which provides structural integ 
rity, and promotes cell migration and differentiation. As part 
of these functions, extracellular matrix molecules such as 
?bronectin, collagen, laminin, von Willebrand factor, throm 
bospondin, ?brinogen, and tenascin have been shoWn to 
support adhesion of cells in vitro. This adhesive interaction 
is critical for a number of biological processes including 
hemostasis, thrombosis, Wound healing, tumor metastasis, 
immunity and in?ammation. 

[0005] Fibronectin (FN) is the prototype ECM molecule. 
The major cell attachment site in the ?bronectin molecule 
has been reproduced synthetically With the amino acid 
sequence arginine-glycine-aspartic acid, or RGD using 
single letter nomenclature. Peptides containing the RGD 
sequence Which either inhibit or promote cell adhesion have 
been described (US. Pat. Nos. 4,589,881; 4,661,111; 4,517, 
686; 4,683,291; 4,578,079; 4,614,517; and 4,792,525) 
Changes in the peptide as small as the exchange of alanine 
for glycine or glutamic acid for aspartic acid, Which consti 
tute the addition of a single methyl or methylene group to the 
tripeptide, eliminates these activities (Pierschbacher et al., 
Proc. Natl. Acad. Sci. USA 81:5985 (1984)). Recently, a 
second FN cell binding domain has been identi?ed Within 
the alternatively spliced region of the A chain of the mol 
ecule, knoWn as the connecting segment 1 (CS-1). The most 
active cell-binding site Within this alternatively spliced 
region is composed of 25 amino acids Where the carboxy 
terminus contains the sequence EILDVPST The amino acid 
sequence EILDVPST forms a recognition motif on FN for 
cell surface receptors. (Wayner et al.,J. Cell Biol. 109:1321 
(1989); Guan et al., Cell 60:53 (1990)). 

[0006] The receptors Which recogniZe these sites on FN 
belong to a gene superfamily called integrins Which consist 
of heterodimeric complexes of non-covalently associated 
alpha and beta subunits. Acommon [3 subunit combines With 
unique a subunits to form an adhesion receptor of de?ned 
speci?city. To date, 8 [3 subunits have been identi?ed Which 
can dimeriZe With 16 distinct 0t subunits forming 22 distinct 
integrins. The [31 subfamily, also knoWn as the VLA family 
(Very Late Activation Antigens), binds to ECM molecules 
such as FN, collagen and laminin. For revieWs, see, Hynes, 
Cell 48:549 (1987); Hemler, Annu. Rev. Immunol. 8:365 
(1990). Leukocyte interaction With FN at the tWo spatially 
separate binding domains is mediated by tWo distinct inte 
grins. The RGD site is recogniZed by the Integrin (x561, 
While, EILDV is recogniZed by (x461 (Pytela et al., Cell 
40:191 (1985); Wayner et al.,J. Cell Biol. 109:1321 (1989); 
Guan et al, Cell 60:53 (1990)). 

[0007] Vascular endothelial cells form the interface 
betWeen blood and tissues and control the passage of leu 
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kocytes as Well as plasma ?uid into tissues. A variety of 
signals generated at the site of in?ammation can activate 
both endothelial cells as Well as circulating leukocytes so 
that they become more adhesive to one another. FolloWing 
this initial adhesion the leukocytes migrate into the tissues to 
perform host defense functions. Several adhesion molecules 
have been identi?ed Which are involved in leukocyte-endot 
helial interactions. 

[0008] In the [31 subfamily, in addition to binding to 
?bronectin, (x461 interacts With a cytokine inducible protein 
on endothelial cells termed vascular cell adhesion molecule 
(VCAM). Further involved in the leukocyte-endothelial 
adhesion process is the [32 integrin subfamily. [32 integrins 
include CD11a/CD18, CD11b/CD18, and CD11c/CD18. In 
addition, the [37 subunit associates With (x4 to form a unique 
(x467 heterodimer Which binds to FN, to VCAM, and to 
Mucosal Addressin Cell Adhesion Molecule-1 (MAdCAM) 
(Ruegg et al, J. Cell.Bi0l. 117:179 (1992); AndreW et al., J. 
Immunol. 153:3847 (1994); Briskin et al., Nature 363:461 
(1993); Shyjan et al, J. Immunol. 156:2851 (1996)). (x4 
integrins are Widely expressed on different cell types includ 
ing hematopoietic progenitors, lymphocytes, natural killer 
cells, monocytes, eosinophils, basophils, and mast cells 
(Helmer, M. E., Annu. Rev. Immunol. 8:365 (1990)). Other 
molecules on endothelial cells Which bind to the leukocytes 
include ICAM-1, ICAM-2, E-selectin and P-selectin (Carlos 
and Harlan, Immunol. Rev. 114:1 (1990); Osborn, L., Cell 
62:3 (1990); Springer T., Nature 346:425 (1990); Geng et 
al., Nature 347:757 (1990); Stoolman, Cell 56:907 (1989)). 
[0009] A number of in vitro and in vivo studies indicate 
that (x461 plays a critical role in the pathogenesis of a variety 
of diseases. Monoclonal antibodies directed against (x4 have 
been tested in a variety of disease models. Anti-0t4 antibod 
ies block adhesion of lymphocytes to synovial endothelial 
cells; this adhesion plays a potential role in rheumatoid 
arthritis (van Dinther-Janssen et al, J. Immunol. 147:4207 
(1991). (x4 has also been implicated With respect to rheu 
matoid arthritis in separate studies (Laffon et al, J. Clin. 
Invest. 88:546 (1991); Morales-Ducret et al, J. Immunol. 
149:1424 (1992)). A signi?cant number of studies have 
evaluated the role of (x4 in allergy and asthma. For example, 
monoclonal antibodies to (x4 block adhesion of basophils 
and eosinophils to cytokine activated endothelial cells 
(Walsh et al, J. Immunol. 146:3419 (1991); Bochner et al, J. 
Exp. Med. 173:1553 (1991)) Monoclonal antibodies to (x4 
Were also effective in several lung antigen challenge models 
(Abraham et al, J. Clin. Invest. 93:776 (1994), Weg et al, J. 
Exp. Med. 177:561 (1993)). The cotton-top tamarin, Which 
experiences spontaneous chronic colitis, shoWed a signi? 
cant attenuation of their colitis When anti-0t4 antibody Was 
administered (Podolsky et al, J. Clin. Invest. 92:372 (1993); 
Bell et al, J. Immunol. 151:4790 (1993)). In a rat and mouse 
model, autoimmune encephalomyelitis Was blocked by anti 
(X4 antibody (Yednock et al, Nature 356:63 (1992); Baron et 
al, J. Exp. Med. 177:57 (1993)) Anti-0t4 monoclonal anti 
bodies also inhibit insulitis and delay the onset of diabetes 
in the non-obese diabetic mouse (Baron et al, J. Clin. Invest. 
93:1700 (1994); Yang et al, Proc. Natl. Acad. Sci. USA 
90:10494 (1993); Burkly et al, Diabetes 43:529 (1994)). (x4 
is also implicated in atherosclerosis due to its endothelial 
expression during atherogenesis (Cybuisky et al, Science 
251:788 (1991)). The migration of leukocytes to an in?am 
matory site can also be blocked by anti-0t4 antibodies. In 
addition to the blocking of migration, inhibitors of leukocyte 
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endothelial adhesion may block the costimulatory signals 
mediated by integrins and thus inhibit overproduction of 
in?ammatory cytokines. In a separate set of experiments not 
using anti-0t4 antibodies, the peptides GRDGSP or EILDV 
Were tested against contact hypersensitivity response. The 
contact hypersensitivity response Was found to be blocked 
by GRDGSP or EILDV suggesting that both (x461, and (x561 
are involved in this in?ammatory response. 

[0010] Other ailments Which may involve (x4[31-mediated 
conditions include the in?ammatory disorders rheumatoid 
arthritis, allergic disorders, asthma, spontaneous chronic 
colitis, insulitis, contact hypersensitivity response, athero 
sclerosis and autoimmune encephalomyelitis., These studies 
illustrate that small molecules that are potent inhibitors of 
(x461 mediated adhesion to either VCAM-l or CS-l may be 
used as a form of treatment in numerous in?ammatory 
diseases. HoWever, these in?ammatory conditions could be 
expanded to include adult respiratory distress syndrome, 
AIDS, cardiovascular diseases, thrombosis or harmful plate 
let aggregation, reocclusion folloWing thrombolys’s, 
allograft rejection, reperfusion injury, psoriasis, ecZema, 
contact dermatitis and other skin in?ammatory diseases, 
osteoporosis, osteoarthritis, atherosclerosis, neoplastic dis 
eases including metastasis of neoplastic or cancerous 
groWth, Wound healing enhancement, treatment of certain 
eye diseases such as detaching retina, Type I diabetes, 
multiple sclerosis, systemic lupus erythematosus (SLE), 
in?ammatory and immunoin?ammatory conditions includ 
ing ophthalmic in?ammatory conditions and in?ammatory 
boWel diseases, ulcerative colitis, regional enteritis and other 
autoimmune diseases. Accordingly, a compound Which 
could inhibit these conditions is desirable. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to a compound of 
the formula [I]: 

E. 
R4 

R1 R3 | 
5 

R2 X/N R 

H3C CH3 ( 
n R5 

[0012] In the above formula [I], n is an integer of 0 or 1, 
R1 is a hydrogen atom or a methyl group, and R2 can be 
selected from the folloWing: a —CN group; a —COOH 
group; a —(C1_6alkylene)OH group, preferably a —(C1_ 
3alkylene)OH group; a CH2O(C1_6 alkyl) group, preferably 
a —CH2O(C1_3 alkyl) group; a —(C1_3 alkylene)COOH 
group, preferably a —(C1_13 alkylene)COOH group; a 
—CH2O(C1_6 alkylene)O(C1_6 alkyl) group, preferably a 
—CH2O(C1_3 alkylene)O(C6 alkyl) group or a —CH2O(C1_6 
alkylene)O(C1_3 alkyl) group, more preferably a 
—CH2O(C1_3 alkylene)O(C1_3 alkyl) group; a —CH2O(C1_6 
alkylene)COOH group, preferably a —CH2O(C1_3 alkyle 
ne)COOH group; a —(C2_7 alkenylene)COOH group, pref 
erably a —(C2_4 alkenylene)COOH group; a —CO(C1_6 
alkylene)COOH group, preferably a —CO(C1_3 alkyle 
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ne)COOH group; a —CO(C2_7 alkenylene)COOH group, 
preferably a —CO(C2_4 alkenylene)COOH group; a 
—CO(C1V6 alkylene)O(C6 alkyl) group, preferably a 
—CO(C1V3 alkylene)O(C1_6 alkyl) group or a —CO(C1_6 
alkylene)O(C1_3 alkyl) group, more preferably a —CO(C1_3 
alkylene)O(C1_3 alkyl) group; a —CO(C1_6 alkyle 
ne)CO(C1_6 alkyl) group, preferably a —CO(C1_3 alkyle 
ne)CO(C1_6 alkyl) group or a —CO(C1_6 alkylene)CO(C1_3 
alkyl) group, more preferably a —CO(C1_3 alkyle 
ne)CO(C1_3 alkyl) group; a —CONH(C1_6 alkyl) group, 
preferably a —CONH(C1_3 alkyl) group; a —CONHO(C1_6 
alkyl) group, preferably a —CONHO(C1_3 alkyl) group; a 
—CONH(C1V6 alkylene) COOH group, preferably a 
—CONH(C1V3 alkylene)COOH group, a —CONH2 group; a 
—CONH(C3_7 cycloalkyl) group, preferably a —CON (C3_6 
cycloalkyl) group; a group as folloWs: 

(C14 alkyl) 

—CON > 

(C14 alkyl) 

[0013] a —CONHOCHZPh group; a —CONH(C1_6 alky 
lene)CN group, preferably a —CONH(C1_3 alkylene)CN 
group; a —COO(C1_6 alkyl) group, preferably a —COO(C1V3 
alkyl) group; a —CH2O(C1_6 alkylene)CONH2 group, pref 
erably a —CH2O(C1_3 alkylene)CONH2 group; a 
—CONH(C1V6 alkylene)CONH2 group, preferably a 
—CONH(C1V3 alkylene)CONH2 group; a —CONHOH 
group; a —NHCOOCHZPh group; or a group selected from 
the folloWing formula: 

0 0 

AN AN 
HZN HO 

O O 

O O 

)hN AN 
(ciis?lkyll NH(C14¢111<Y1), 

O O 

O 

i. 

\\ 
— CONH (C15 alkylene)NH2, —( / N, 

N Y H 
COOH 
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-continued 
0 O 

A ’ \ OH or N O; 

\_/ 

[0014] In the above Formula (I), in R2, the C1_6 alkylene 
is preferably CL3 aklylene, the C2_7 alkenylene is preferably 
C2_4 alkenylene, the C1_6 alkyl is preferably C1_3 alkyl and 
the C3_7 cycloalkyl is preferably C3_6 cycloalkyl. 

[0015] In the above formula [I], R3 can be a hydrogen 
atom or a methyl group, X can be a methylene group or a 
—CO— group, and R4 can selected from the folloWing: a 
hydrogen atom; or a C1_6 alkyl group, preferably a C1_3 alkyl 
group. 

[0016] In the above formula [I], R5 can be a group selected 
from the folloWing: a —COOH group or an ester or an 

amide thereof; a —(C1_6 alkylene)COOH group, preferably 
a —(C1_3 alkylene)COOH group, or an ester or an amide 
thereof; a —(C1_7 alkylene)O(C1_6 alkyl) group, preferably a 
—(C1_4 alkylene)O(C1_6 alkyl) group or a —(C1_7 alkyle 
ne)O(C1_3 alkyl) group, more preferably a —(C1_4 alkyle 
ne)O(C1_3 alkyl) group; a —(C1_7 alkylene)OH group, pref 
erably a —(C1_4 alkylene)OH group; a —COO(C1_6 alkyl) 
group, preferably a —COO(C1_3 alkyl) group; a 
—CONH(C1V6 alkyl) group, preferably a —CONH(C1_3 
alkyl) group; or a —CONH2 group. 

[0017] In the above formula [I], R6 can be a substituted or 
unsubstituted monocyclic or bicyclic aryl group, a substi 
tuted or unsubstituted monocyclic or bicyclic heteroaryl 
group, a substituted or unsubstituted monocyclic or bicyclic 
arylcarbonylamino-C1_6 alkyl group, a substituted or unsub 
stituted monocyclic or bicyclic aliphatic heterocyclic carbo 
nyl group, a 9- ?uorenylmethyloxycarbonylamino —C1_6 
alkyl group, a 3-tosylguanidino-C1_6 alkyl group; 

[0018] provided that R1 and R3 must be different and When 
R2 or R6 is a —COOH group or contains a —COOH group, 
then a pharmaceutically acceptable ester or a pharmaceuti 
cally acceptable amide thereof are included and also With the 
proviso that [IS-[1, (R*) 3ot]]-ot-[[(3-Carboxy-2,2,3-trim 
ethylcyclopentyl)carbonyl]amino]-4-(2,6-dichlorobenZoyl) 
y-oxo-l-pyrazinebutanoic acid methyl ester or [IS-[1a, 
(R*),3ot]]-[3-[[(3—Carboxy-2,2,3-trimethylcyclopentyl) car 
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bonyl]amino]—4-(2,6-dichlorobenZoyl)—y-oxo-l-pyraZinebu 
tanoic acid methyl ester are excluded. 

[0019] In the above formula [I], in R6, an aryl group or 
aryl moiety in the arylcabonylamino group is a 5- or 
6-membered aromatic hydrocarbon ring; and including any 
bicyclic group in Which any of the above ring is fused to 
another above ring; and substituted by Zero (0) to three (3) 
substituents. 

[0020] Examples of aryl can include phenyl, a CL6 alkox 
yphenyl group and naphthyl group. Each of these moieties 
may be substituted as appropriate. 

[0021] In R6, a heteroaryl is a 5- or 6-membered partially 
saturated or unsaturated ring containing from one (1) to four 
(4) heteroatoms selected from the group consisting of nitro 
gen, oxygen and sulfur; and including any bicyclic group in 
Which any of the above heterocyclic rings is fused to a 
benZene ring, C3-C8 cycloalkyl, or another heterocycle; and 
if chemically feasible, the nitrogen and sulfur atoms may be 
in the oxidiZed forms; and substituted by Zero (0) to three (3) 
substituents. 

[0022] Examples of heteroaryl can include 2-pyridyl, 
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, S-pyri 
midinyl, 3-pyridaZinyl, 4-pyridaZinyl, 3-pyraZinyl, 
2-quinolyl, 3-quinolyl, l-isoquinolyl, 3-isoquinolyl, 4-iso 
quinolyl, 2-quinaZolinyl, 4-quinaZolinyl, 2-quinoxalinyl, 
1-phthalaZinyl, 2-imidaZolyl, 4-imidaZolyl, 3-isoxaZolyl, 
4-isoxaZolyl, 5-isoxaZolyl, 3-pyraZolyl, 4-pyraZolyl, S-pyra 
Zolyl, 2-oxaZolyl, 4-oxaZolyl, S-oxazolyl, 2-thiaZolyl, 
4-thiaZolyl, 5-thiaZolyl, 2-indolinyl, 3-indolyl, 3-indaZolyl, 
2-benZoaZolyl, 2-benZothiaZolyl, 2-benZimidaZolyl, 2-ben 
Zofuryl, 3-benZofuryl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 
2-pyrrolyl, 3-pyrrolyl, 1,2,4-oxadiaZolyl-3-yl, 1,2,4-oxadia 
Zol-5-yl, 1,2,4-thiadiaZol-3-yl, 1,2,4-thiadiaZol-5-yl, 1,2,4 
triaZol-3-yl, 1,2,4-triaZol-5-yl, 1,2,3,4-tetraZol-5-yl, S-ox 
aZolyl, 1-pyrrolyl, 1-pyraZolyl, 1,2,3-triaZol-1-yl, 1,2,4 
triaZol-1-yl, 1-tetraZolyl, 1-indolinyl, 1-indaZolyl, 
2-isoindolyl, 1-purinyl, 3-isothiaZolyl, 4-isothiaZolyl and 
5-isothiaZolyl. Each of these moieties may be substituted as 
appropriate. 

[0023] In R6, an aliphatic heterocyclic moiety in aliphatic 
heterocyclic carbonyl group is a 5- or 6-membered saturated 
ring containing from one (1) to four (4) heteroatoms selected 
from the group consisting of nitrogen, oxygen and sulfur; 
and including any bicyclic group in Which any of the above 
heterocyclic rings is fused to a benZene ring, C3-C8 
cycloalkyl, or another heterocycle; and if chemically fea 
sible, the nitrogen and sulfur atoms may be in the oxidiZed 
forms; and substituted by Zero (0) to three (3) substituents. 

[0024] Examples of aliphatic heterocyclic can include 
piperaZinyl group, pyrrolidinyl group, piperidyl group, 
homopiperidyl group, thiomorpholino group, and mor 
pholino group. Each of these moieties may be substituted as 
appropriate. 

[0025] According to the present invention, the term “C1_6 
alkyl” represents an alkyl group having 1 to 6 carbon atoms. 
This group may be straight or branched. Illustrative but 
non-limiting examples of a C1_6 alkyl group are methyl, 
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, tert-butyl, sec 
butyl, n-pentyl, isopentyl and n-hexyl. It is understood that 
this type of nomenclature extends to terms such as “C1_6 
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methoXy” and therefore encompasses both straight and 
branced methoXy groups having 1 to 6 carbon atoms. 

[0026] Also, in the above formula [I] With all substituents 
as described above, a pharmaceutically acceptable salt 
thereof is included. 

[0027] The desired compounds of the present invention 
have preferred steric con?gurations. Accordingly, a pre 
ferred steric con?guration is represented by compounds of 
the formula [1-1]: 

[1-1] 

[0028] Wherein n, R1 through R6 and X are as de?ned 
above. 

[0029] A more preferred steric con?guration is repre 
sented by compounds according to the formula [1-2]: 

[1-2] 

[0030] Wherein n, R1 through R4, R6 and X are as de?ned 
above and R5 can be selected from the folloWing: a —COOH 

group; a —(C1_6 alkylene)COOH group, preferably a —(Clr3 
alkylene)COOH group; a —(C1_7 all<ylene)O(C1_6 alkyl) 
group, preferably a —(C1_4 all<ylene)O(C1_6 alkyl) group or 
a —(C1_7 all<ylene)O(C1_3 alkyl) group, more preferably a 
—(Clr4 alkylene)O(C1_3 alkyl) group; a —(C1_7 alkylene)OH 
group, preferably a —(C1_4 alkylene)OH group; a 
—COO(C1V6 alkyl) group, preferably a —COO(C1_3 alkyl) 
group; a —CONH(C1_6 alkyl) group, preferably a 
—CONH(C1V3 alkyl) group or a —CONH2 group. 

[0031] In a preferred embodiment of the present invention, 
R6 can be selected from the folloWing formula: 

\S \O O m... X], xiv], 
/ 
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-continued 

N\ XAN —NHCO 
a, a J a / :_R7 or 

\R11 \ \R7 \ 

/ 
N 

[0032] In the above, R7, Which occurs one or more times 
and Which may be the same or different in each occurrence, 

may be selected from the folloWing: a —H group; a —OH 

group; a —NO2 group; a —NH2 group; a —C1_5 alkyl group, 
preferably a —C1_3 alkyl group; a —F group; a —Cl group; 
a —Br group; a —I group; a —COOH group; a —COO(C1_6 

alkyl) group, preferably a —COO(C1_3 alkyl) group; a 
—O(C1-C8 alkyl) group, preferably a —O(C1_4 alkyl) group; 
a CONH(C1_6 alkylene)COOH group, preferably a 
—CONH(C1V3 alkylene)COOH group; a —OCH2(C3_7 
cycloalkyl) group, preferably a —OCH2(C3_6 cycloalkyl) 
group; or a substituent selected from the folloWing formula: 

0 O 

)kcm. . )kmyl. 
OH 

Aryl, —RS, 

0 

—NH / I L _Rs, R9, 
I \ NH O/ 
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-continued 
0 

o 

\NHLR, JKQiRS, 
o\s%o 

_ / / ‘\g/o 

NH Ow, —NH/ \Aryl or \ 
/ NH NH / 

O \ 

[0033] In the above, R8, Which occurs one or more times 
and Which may be the same or different in each occurrence, 
may be selected from the following: a —H group; an —OH 

group; a —NH2 group; a —NO2 group; a —C1_7 alkyl group, 
preferably a —C1_4 alkyl group; a —F group; a —Cl group; 
a —Br group; a —I group; a —CF3 group; a phenyl group, 

or a —O(C1_6 alkyl) group, preferably a —O(C1_3 alkyl) 
group. 

[0034] In the above, R9 may be selected from the folloW 
ing: a —H group; a —Cl alkyl group, preferably a —C1_3 
alkyl group; a —C3_7 cycloalkyl group, preferably a —C3_6 
cycloalkyl group; a —(C1_6alkylene)aryl group, preferably a 
—(C1_3 alkylene)aryl group; an aryl group; or a group 
selected from the folloWing formula: 

@ \ > > 

N 

Me 

R10, 

OT no 
w; 

[0035] In the above, R10, Which occurs one or more times 
and Which may be the same or different in each occurrence, 
may be selected from the folloWing: a —H group; a —F 
group; a —Cl group; a —Br group; an —I group; a —NO2 
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group; a —C1_6 alkyl group, preferably a —C1_3 alkyl group; 
or a —O(C1_6 alkyl) group, preferably a —O(C1_3 alkyl) 
group. 

[0036] In the above, R11 may be selected from the folloW 

N02 
Ph \0 

or Ph ; 

Ph 

[0037] In the above, R12, Which occurs one or more times 
and Which may be the same or different in each occurrence, 

may be selected from the following: a —H group; a —CF3 
group; a —OCH3 group; a —F group; a —Br group; a —Cl 

group; or an —I group; 

[0038] The above embodiments carrying the proviso that 
When R7 is the formula: 

0 

i R9 \N / O 
H 

[0039] then R9 is other than hydrogen. 

[0040] In a more preferred embodiment of the present 
invention, R6 is selected from the folloWing: 

U 0 C1 NHJ‘:@\ O I 

Cl Y 

I: I l 
O 

C 

Cl Y 
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[0041] In the above, Y is selected from either a hydrogen 
atom or a chlorine atom. 

[0042] In a more preferred embodiment of the present 
invention, R2 is selected from the following: a —COOH 
group or an ester or an amide thereof; a 

—CONHCHZCOOH group; a —CONHOCHZPh group; or a 
—CONHCHZCONH2 group. 

[0043] In another preferred embodiment of the present 
invention, R1 is a —CH3 group, and R2 is a —COOH group; 
a —CONHCHZCOOH group; a CONHOCHZPh group or a 
—CONHCHZCONH2 group, and R3 and R4 are hydrogen 
atoms. Also, X is —CO—, R5 is —COOH, n is 1, and 

[0044] R6 is represented by the folloWing formula 

[0045] Wherein R7 is 

[0046] and R8 occurs 2 or 3 times and is a chlorine atom. 

[0047] Other compounds Within the scope of the present 
invention are compounds of the formula [1-3]: 

[1-3] 

[0048] In the above formula [I-3], R1 may be a hydrogen 
atom or a methyl group. Also in the above formula [I-3], R2 
may be selected from the folloWing: a —CN group; a 
—COOH group; a —CONH2 group; a —CONHOH group; 

a —CON(CH3)2 group; a —CHZOCHZCOOH group; a 
—CH=CHCOOH group; a —CONHCHZCOOH group; a 

—CONH(CH2)2COOH group; a CONHCHZCONH2 group; 
a —CONH(CH2)2CN group; a group selected from the 
folloWing: 

COOH 

o 
\ / , \CONH CONH (CHz)4NH2, 
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-continued 
CH3 

\CONH COOH, Y N o, 

O NH; 

Y N O, 
O NH 

/ 
H3C 
O 

O 

i OH or O; \ NH NH f 

Y N 
O 

[0049] In the above formula [I-3], R3 may be a hydrogen 
atom or a methyl group and R5 may be a —COOH group or 

a COOMe group. 

[0050] In the above formula [I-3], R6 may be selected from 
the folloWing: 

N (:1 

U Cl 0/16) (:1 

Z1—R13 or N N R16; \/ V 
R15 

[0051] In the above, Z1 may be selected from the folloW 
ing: a —O— group; a —NHCO— group; a —NHCH2— 

group, a —OCH2— group; a —CONH-group; a 

—NHSO2— group; a —NHCOCH2— group; or a 

—N(CH3)CH2— group. 

[0052] In the above, R13 may be selected from the folloW 
ing: a —H group; a -iBuO group; a —CH3 group; a i-Bu 
group; or a group selected from the folloWing: 
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-continued 

CH3 8 

[ : : I I : : ] a m Or 
O 

[0053] In the above, R14, which occurs one or more times 
and which may be the same or different in each occurence, 
may be selected from the following: a —H group; a —F 
group; a —Cl group; a —Br group; an —I group; a —CH3 
group; a —OCH3 group; a —CF3 group; a —NO, group; a 
—NH2 group; or a -n-C7H15 group. 

[0054] In the above, R15 may be selected from the follow 
ing: a —H group; a —OH group; a —NO2 group; or a group 
selected from the following: 

NHCO 

[0055] 
ing 

In the above, R16 may be selected from the follow 

[0056] In the above, R17, which occurs one or more times 
and which may be the same of different in each occurrence, 
may be selected from the following: a —H group; a —Cl 
group; a —OCH3 group; or a —CF3 group, provided that R1 
and R3 must be different. 

[0057] In a another embodiment of the compounds accord 
ing to formula [I-3], R1 is a hydrogen atom or a methyl 
group, and R2 is selected from the following: a —CN group; 
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a —COOH group; a —COOMe group; a —CONH2 group; 

a —CONHOH group; a —CON(CH3)2 group; a 

—CHZOCHZCOOH group; a —CH=CHCOOH group; a 

—CONHCHZCOOH group; a —CONH(CH2)2COOH 
group; a —CONHCHZCONH2 group; a —CONH(CH2)2CN 
group; or a group selected from the following: 

0 , 

CONH/ \ 
o 

o 

i OH, \NH NH 

CH3 

\CONH 

[0058] and R3 is a hydrogen atom or a methyl group. 

[0059] In the another embodiment of formula [I-3], R5 is 
a —COOH group or a —COOMe group and R6 is selected 
from the following: 

N c1 

0 C1 0% (:1 

r N\/ N\/ 
O 

R15 

[0060] In the above embodiment of formula [I-3], Z1 may 
be selected from the following: a —O— group; a 
—NHCO— group; a —NHCH2— group; a —OCH2— 
group; a —CONH— group; a —NHSO2— group; or a 

—NHCOCH2— group. 

[0061] In the above embodiment of formula [I-3], R13 may 
be selected from the following: a —H group; a -iBuO group; 
a -i-Bu group; or a group selected from the following: 
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I) 

O 

N 

[ % or 

[0062] In the above embodiment of formula [I-3], R14, 
Which occurs one or more times and Which may be the same 

or different in each occurence, may be selected from the 
following: a —H group; a —F group; a —Cl group; a —Br 

group; an —I group; a —CH3 group; a —OCH3 group; a 
—CF3 group; a —NO2 group; a —NH, group; or a -n-C7H15 
group. 

[0063] In the above embodiment of formula [I-3], R15 may 
be selected from the folloWing: a —H group; a —OH group; 
a —NO2 group; or a group selected from the folloWing: 

T9 

83% 
O 

NHCO 

C1 

[0064] In the above embodiment of formula [I-3], R16 may 
be selected from the folloWing: 

[0065] In the above embodiment of formula [I-3] R17, 
Which occurs one or more times and Which may be the same 

of different in each occurrence, is a chlorine atom, provided 
that R1 and R3 must be different. 
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[0066] In another embodiment of formula [I-3], R1 is 
methyl group and R2 may be selected from the folloWing: a 
—CN group; a —COOH group; a —CONH2 group; a 
—CONHOH group; a —CHZOCHZCOOH group; a 
—CH=CHCOOH group; a —CONHCHZCOOH group; a 

—CONH(CH2)2COOH group; a —CONHCHZCONH2 
group; a —CONH(CH2)2CN group; or a group selected 
from the following: 

0 
O 

W0 
N Nd 

O, Y 
O HN O 

\ 
CH3 

CH3 

\ \ /0 
CONH COOH or CONH ; 

[0067] In the above, R3 is a hydrogen atom, R5 is a 
—COOH group or a —COOMe group and R6 may be 
selected from the folloWing: 

R15 

[0068] In the above embodiment of formula [I-3], Z1 may 
be selected from the folloWing: a —NHCO— group; a 
—OCH2-group; a —NHCH2— group; a —CONH— group; 
or a —NHSO2-group. 

[0069] In the above embodiment of formula [I-3], R13 may 
be selected from the folloWing: 

or ; 

CH3 

[0070] In another embodiment of formula [I-3], R14, 
Which occurs one or more times and Which may be the same 
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or different in each occurence, may be selected from the 
following: a —F group; a —Cl group; a —Br group; an —I 

group; a —CH3 group; a —OCH3 group; a —CF3 group; or 
a —NO2 group. 

[0071] In another embodiment of formula [I-3], R15 may 
be a —H group or a —OH group. 

[0072] In a another embodiment of formula [I-3], R1 is a 
hydrogen atom or a methyl group and R2 may be selected 
from the folloWing: a —CN group; a —COOH group; a 

—CONH2 group; a —CONHOH group; a —CONHOCH3 
group; a —CHZOCHZCOOH group; a —CH=CHCOOH 
group; a —CONHCHZCOOH group; a 
—CONH(CH2)2COOH group; a —CONHCHZCONH2 
group; a —CONH(CH2)2CN group; or a group selected 
from the folloWing: 

COOH 

o \ 
\CONH/ > CONH (CH2)4NH2, 

CH3 

\CONH Acoon, Y N o, 
o NH2 

YN O, 
0 NH 

/ 
H3C 
o 

o 

i OH or O; 
\NH NH Q 

[0073] In another embodiment of formula [I-3], R3 is a 
hydrogen atom or a methyl group, R5 is a —COOH group or 
a —COOMe group, and R6 may be selected from the 
folloWing: 

N c1 

9 C1 
0 , 

c1 

Z1—R13 or N N R16 
\/ V 

R15 
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[0074] In another embodiment of formula [I-3], Z1 may be 
selected from the folloWing: a —O— group; a —NHCO— 

group; a —NHCH2— group; a —OCH2— group; a 
—CONH— group; or a —NHSO2— group. 

[0075] In another embodiment of formula [I-3], R13, may 
be selected from the folloWing: a —H group; a -iBuO group; 
or a group selected from the folloWing: 

o 

8%’ 

“New 
worm; 

[0076] In another embodiment of formula [I-3], R14, 
Which occurs one or more times and Which may be the same 

or different in each occurence, may be selected from the 
folloWing: a —H group; a —OH; a —F group; a —Cl group; 

a —Br group; an —I group; a —CH3 group; a —OCH3 

group; a —CF3 group; a —NO2 group; or a —NH2 group. 

[0077] In another embodiment of formula [I-3], R15 may 
be selected from the folloWing: a —H group; a —OH group; 

a —NO2 group; or a group selected from the folloWing: 

NHCO 

Cl 
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[0078] In another embodiment of formula [I-3], R16 may 
be selected from the following: 

[0079] In another embodiment of formula [I-3], R17, 
Which occurs one or more times and Which may be the same 

or different in each occurrence, may be a —Cl group or a 

—CF3 group, provided that R1 and R3 must be different. 

[0080] In another embodiment of formula [I-3], R1 may be 
a hydrogen atom or methyl group, R2 may be selected from 
the folloWing: a —CN group; a —COOH group; a 

—CONH2 group; a —CONHOH group; a 
—CHZOCHZCOOH group; a —CH=CHCOOH group; a 

—CONHCHZCOOH group; a —CONH(CH21)2COOH 
group; a —CONHCHZCONH2 group; a —CONH(CH2)2CN 
group; or a group selected from the folloWing: 

COOH 

\CONH/O \CONH (CH2)4NH2 

CH3 

)\ , N O , \CONH COOH Y 
O NH; 

Y N O , 
O NH 

H3C/ 

o (\o O 

i or N > OH \NH NH Y 
O 

[0081] and R3 may be a hydrogen atom or a methyl group. 

[0082] In another embodiment of formula [I-3], R1 is 
—COOH group or a —COOMe group and R6 may be 
selected from the folloWing: 

Cl 

(61% 
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Zl_Rl3 Or R16. 

R15 

[0083] In another embodiment of formula [I-3], Z1 may be 
selected from the folloWing: a —O— group; a —NHCO— 

group; a —NHCH2— group; a —OCH2— group; a 
—CONH— group; or a —NHSO2— group. 

[0084] In another embodiment of formula [I-3], R13 may 
be a —H group or a group selected from the folloWing: 

N 

0% J , O y N 

R14 

CH3 % 
N 

0 (SC) 
\©)OK© 

[0085] In another embodiment of formula [I-3], R14, 
Which occurs one or more times and Which may be the same 

or different in each occurence, may be selected from the 
folloWing: a —H group; a —F group; a —Cl group; a —Br 

group; an —I group; a —CH3 group; a —OCH3 group; a 

—CF3 group; a —NO2 group; or a —NH2 group. 

/ 

[0086] In another embodiment of formula [I-3], R15 may 
be selected from the folloWing: a —H group; a —OH group, 

a —NO2 group; or a group selected from the folloWing: 
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[0087] In another embodiment of formula [1-3], R16 may 
be selected from the following: 

[0088] In another embodiment of formula [1-3], R17, 
Which occurs one or more times and Which may be the same 

or different in each occurrence, may be a —H group or a 

—Cl group, provided that R1 and R3 must be different. 

[0089] In another embodiment of formula [1-3], R1 is 
methyl group, and R2 may be selected from the folloWing: 
—CN group; a —COOH group; a —CONH2 group; 

—CONHOH group; a —CHZOCHZCOOH group; 
—CH=CHCOOH group; a —CONHCHZCOOH group; 

—CONH(CH2)2COOH group; a —CONH(CH2)2CN 
group; a —CONHCHZCONH2 group; or a group selected 
from the folloWing: 

NNNNN 
CH3 

CONH COOH, 

W0 
)\ or N\) ; (CH2)4COOH Y 

O 

CONH 

COOH 

CONH 

[0090] In another embodiment of formula [1-3], R3 is a 
hydrogen atom, R5 is a —COOH group or a —COOMe 
group, and R6 may be selected from the folloWing: 

R15 

[0091] In another embodiment of formula [1-3], Z1 may be 
selected from the folloWing: a —NHCO— group; a 

—NHCH2— group; a —NAcCH2— group; a —OCH2— 
group; or a —CONH-group. 

[0092] In another embodiment of formula [1-3], R13 may 
be selected from the folloWing: 
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01 

CH3 

[0093] In another embodiment of formula [1-3], R14, 
Which occurs one or more times and Which may be the same 

or different in each occurence, may be selected from the 
folloWing: a —F group; a —Cl group; a —Br group; an —1 

group; a —OCH3 group; a —CF3 group; or a —NO2 group. 

[0094] In another embodiment of formula [1-3], R1 is a 
—H group or a —NO2 group. 

[0095] Preferred compounds according to formula [I] may 
be selected from the group consisting of (1S-cis)-N-[(3 
CarboXy-2,2,3-trimethylcyclopentyl)-carbonyl]—1-[(3,4 
dichlorophenyl)methyl]-L-histidine, (1S-cis)-N-[(3-Car 
boxy-2,2,3-trimethylcyclopentyl)carbonyl]-O-[(2,6 
dichlorophenyl)methyl]-L-tyrosine, (1S-cis)-N-[(3 
CarboXy-2,2,3-trimethylcyclopentyl)carbonyl]-4-[(2,6 
dichlorobenZoyl)amino]-L-phenylalanine, (1S-cis)-N-[(3 
CarboXy-2,2,3-trimethylcyclopentyl)carbonyl]-O-[(2,6 
dichlorophenyl)methyl]-3-nitro-L-tyrosine, (1S-cis)-N-[(3 
CarboXy-2,2,3-trimethylcyclopentyl)carbonyl]-4-[[(2,4,6 
trichlorophenyl)carbonyl]-amino]-L-phenylalanine, (1S 
cis)-N-[[3-[[(2-Amino-2-oxoethyl)amino]carbonyl]-2,2,3 
trimethylcyclopentyl]carbonyl]-4-[(2,6 
dichlorobenZoyl)amino]-L-phenylalanine, 

[0096] (1S-cis)-N-[[3-[[(CarboXymethyl)amino]carbo 
nyl]-2,2,3-trimethylcyclopentyl]carbonyl]-4-[(2,6 
dichlorobenZoyl)amino]-L-phenylalanine, and (1S 
cis)-N-[(3-Cyano-2,2,3 
trimethylcyclopentyl)carbonyl]-4-[(2,6 
dichlorobenZoyl)amino]-L-phenylalanine. 

[0097] The desired compounds of the present invention 
may eXist in the form of optical isomers based on asym 
metric carbon atoms thereof, and the present invention also 
includes these optical isomers and miXtures thereof. 

[0098] In an embodiment of the present invention, the 
steric con?guration of a bond need not be ?xed. Abond may 
be of any acceptable con?guration. Further, a compound 
may be a mixture With several different con?gurations of the 
same bond. 

[0099] The desired compounds of the present invention 
may be used in the form of an ester or amide thereof. As the 
ester thereof, there may be mentioned a C1_6 alkyl ester, a 
C27 alkenyl ester, a C2_7 alkynyl ester, a C2_7 alkanoyloXy 
C1_6 alkyl ester, an aryl-CL6 alkyl ester or an aryl ester. As 
the amide thereof, there may be mentioned an, amide 
(—CONHZ), a mono or di N—C1_6 alkyl amide, an N—C3_8 
cycloalkyl amide, an N-aryl amide or an N-aryl-C1_6 alkyl 
amide. 

[0100] The desired compound of the present invention 
may be clinically used either in a free form or in the form of 
pharmaceutically acceptable salts thereof. Pharmaceutically 
acceptable salts include acid-addition salts With inorganic 
acid or organic acid (e.g., hydrochloride, sulfate, nitrate, 
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hydrobromide, methanesulfonate, p-toluenesulfonate, 
acetate), salt With inorganic base, organic base or amino acid 
(e.g., triethylamine salt, a salt With lysine, an alkali metal 
salt, an alkali earth metal salt and the like). 

[0101] The compound may also be formulated into a 
pharmaceutical composition comprising a therapeutically 
effective amount of the compound as de?ned above and a 
pharmaceutically acceptable carrier or diluent. 

[0102] The compound can also be used for treating or 
preventing (x461 adhesion mediated conditions in a mammal 
such as a human. This method may comprise administering 
to a mammal or a human patient an effective amount of the 
compound or composition as explained above. 

[0103] This method can be used to treat such in?ammatory 
conditions as rheumatoid arthritis, asthma, allergy condi 
tions, adult respiratory distress syndrome, AIDS, cardiovas 
cular diseases, thrombosis or harmful platelet aggregation, 
reocclusion folloWing thrombolysis, allograft rejection, rep 
erfusion injury, psoriasis, ecZema, contact dermatitis and 
other skin in?ammatory diseases, osteoporosis, osteoarthri 
tis, atherosclerosis, neoplastic diseases including metastasis 
of neoplastic or cancerous groWth, Wound healing enhance 
ment, treatment of certain eye diseases such as detaching 
retina, Type I diabetes, multiple sclerosis, systemic lupus 
erythematosus (SLE), in?ammatory and immunoin?amma 
tory conditions including ophthalmic in?ammatory condi 
tions and in?ammatory boWel diseases, ulcerative colitis, 
atherosclerosis, regional enteritis and other autoimmune 
diseases. 

[0104] The desired compound of the present invention or 
pharmaceutically acceptable salts thereof may be adminis 
tered either orally or parenterally, and it may be used as a 
suitable pharmaceutical preparation, for example, a tablet, a 
granule, a capsule, a poWder, an injection, and an inhalation 
by a conventional process. 

[0105] The dose of the desired compound of the present 
invention or a pharmaceutically acceptable salt thereof var 
ies depending on an administration method, age, body 
Weight, and state of a patient, but, in general, the daily dose 
is preferably about 0.1 to 100 mg/kg/day, particularly pref 
erably 1 to 100 mg/kg/day. 

[0106] Preferred Routes of Administration for Asthma: 

[0107] It is preferred that the compound of the present 
invention be administered in the form of an Aerosol. HoW 
ever, other routes of administration include intravenous, 
oral, intramuscular, and subcutaneous. 

[0108] In the case of aerosol administration, compositions 
containing the compounds of the present invention can be 
prepared to provide for an excellent means for administering 
in aerosol form for inhalation therapy. Accordingly, the 
present invention Will provide for self-propelling composi 
tions containing the compounds of the present invention. 

[0109] Propellants employed should be non-toxic and 
have a vapor pressure suitable for the conditions under 
Which administration occurs. These propellants can be ?u 
orinated or ?uorochlorinated loWer saturated aliphatic 
hydrocarbons. The preferred propellants of this type are the 
halogenated alkanes containing not more than tWo carbon 
atoms and at least one ?uorine atom. Illustrative of these are 

trichloromono?uoromethane, dichlorodi?uoromethane, 
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monochlorotri?uoromethane, dichloromono?uoromethane 
and 1,2-dichloro-1,1,2,2-tetra?uoroethane. These com 
pounds are available from E. I. duPont de Nemours and 
Company under the trade name “Freon”. These propellants 
may be employed singularly or in admixture. 

[0110] In addition to the propellant, an organic solvent 
may also be employed. The organic solvent must be non 
toxic and Without undesirable effects on inhalation in the 
amount present in the aerosol produced. In addition, the 
solvent should be substantially anhydrous, completely mis 
cible With the propellant or mixture of propellants employed 
and have a suitable boiling point. Examples of such solvents 
included non-toxic aliphatic alcohols such as ethanol; ethers 
such as ethyl ether and vinyl ether; ketones such as acetone; 
and suitable halogenated loWer alkanes. 

[0111] In addition to the organic solvent, the composition 
may also optionally contain a non-toxic hygroscopic glycol. 
The glycol must be substantially miscible With the organic 
solvent and the propellant employed. Satisfactory glycols 
include propylene glycol, triethylene glycol, glycerol, buty 
lene glycol and hexylene glycol. 

[0112] The above indicated methods of admistration and 
formulation of aerosol compositions should not be vieWed as 
limiting. The compounds of the present invention can be 
formulated in anyWay deemed suitable to one of ordinary 
skill in the art so as to obtain the desired effects. 

[0113] Pharmaceutical Compositions 

[0114] As indicated previously, the compounds of formula 
(I) can be formulated into pharmaceutical compositions. In 
determining When a compound of formula (I) is indicated for 
the treatment of a given disease, the particular disease in 
question, its severity, as Well as the age, sex, Weight, and 
condition of the subject to be treated, must be taken into 
consideration and this perusal is to be determined by the skill 
of the attendant physician. 

[0115] For medical use, the amount of a compound of 
Formula (I) required to achieve a therapeutic effect Will, of 
course, vary both With the particular compound, the route of 
administration, the patient under treatment, and the particu 
lar disorder or disease being treated. Asuitable daily dose of 
a compound of Formula (I), or a pharmaceutically accept 
able salt thereof, for a mammalian subject suffering from, or 
likely to suffer from, any condition as described hereinbe 
fore is 0.1 mg to 100 mg of the compound of formula I, per 
kilogram body Weight of the mammalian subject. In the case 
of systematic administration, the dose may be in the range 
of 0.5 to 500 mg of the compound per kilogram body Weight, 
the most preferred dosage being 0.5 to 50 mg/kg of mammal 
body Weight administered tWo to three times daily. In the 
case of topical administration, e.g., to the skin or eye, a 
suitable dose may be in the range of 0.1 pg to 100 pg of the 
compound per kilogram, typically about 0.1 pig/kg. 

[0116] In the case of oral dosing, a suitable dose of a 
compound of Formula (I), or a physiologically acceptable 
salt thereof, may be as speci?ed in the preceding paragraph, 
but most preferably is from 1 mg to 10 mg of the compound 
per kilogram, the most preferred dosage being from 1 mg to 
5 mg/kg of mammal body Weight, for example, from 1 to 2 
mg/kg. Most preferably, a unit dosage of an orally admin 
istrable composition encompassed by the present invention 
contains less than about 1.0 g of a formula (I) compound. 
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[0117] It is understood that formulation, both for human 
and veterinary use, of the present invention may be pre 
sented to the mammal by inhalation. To achieve therapeutic 
effect, the dose may be in the range of 0.5 to 500 mg of the 
compound, per kg body Weight. The most preferred dosage 
being 0.5 to 50 mg/kg of mammal body Weight administered 
tWo to three times daily. 

[0118] It is understood that the ordinarily skilled physician 
or veterinarian Will readily determine and prescribe the 
effective amount of a compound of Formula I to prevent or 
arrest the progress of the condition for Which treatment is 
administered. In so proceeding, the physician or veterinarian 
could employ relatively loW doses at ?rst, subsequently 
increasing the dose until a maXimum response is obtained. 

[0119] The compounds and compositions of the present 
invention can be administered to patients suffering from a 
condition listed herein in an amount Which is effective to 
fully or partially alleviate undesired symptoms of the con 
dition. The symptoms may be caused by inappropriate cell 
adhesion mediated by 0401 integrins. Such inappropriate 
cell adhesion Would typically be eXpected to occur as a result 
of increased VCAM-l and/or CS-l eXpression on the sur 
face of endothelial cells. Increased VCAM-l and/or CS-l 
expression can be due to a normal in?ammation response or 
due to abnormal in?ammatory states. In either case, an 
effective dose of a compound of the invention may reduce 
the increased cell adhesion due to increased VCAM-1 
expression by endothelial cells. Reducing the adhesion 
observed in the disease state by 50% can be considered an 
effective reduction in adhesion. More preferably, a reduction 
in adhesion by 90%, is achieved. Most preferably adhesion 
mediated by VCAM-1/U40, and/or CS-l interaction is abol 
ished by an effective dose. Clinically, in some instances, 
effect of the compound can be observed or a decrease in 
White cell in?ltration into tissues or a site of injury. To 
achieve a therapeutic effect, then, the compounds or com 
positions of the present invention are administered to pro 
vide a dose effective to reduce or eliminate inappropriate cell 
adhesion or to alleviate undesired symptoms. 

[0120] While it is possible for an active ingredient to be 
administered alone, it is preferable to present it as a phar 
maceutical formulation comprising a compound of Formula 
(I) and a pharmaceutically acceptable carrier thereof. Such 
formulations constitute a further feature of the present 
invention. 

[0121] The formulations, both for human and veterinary 
medical use, of the present invention comprise an active 
ingredient of Formula (I), in association With a pharmaceu 
tically acceptable carrier thereof and optionally other thera 
peutic ingredient (s), Which are generally knoWn to be 
effective in treating the disease or condition encountered. 
The carrier(s) must be “acceptable” in the sense of being 
compatible With the other ingredients of the formulations 
and not deleterious to the recipient thereof. 

[0122] The formulations include those in a form suitable 
for oral, pulmonary, ophthalmic, rectal, parenteral (includ 
ing subcutaneous, intramuscular, and intravenous), intra 
articular, topical, nasal inhalation (e.g., With an aerosol) or 
buccal administration. Such formulation are understood to 
include long-acting formulations knoWn in the art. 

[0123] The formulations may conveniently be presented in 
unit dosage form and may be prepared by any of the methods 
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Well knoWn in the art of pharmacy. All methods may include 
the step of bringing the active ingredient into association 
With the carrier Which constitutes one or more accessory 
ingredients. In general, the formulations are prepared by 
uniformly and intimately bringing the active ingredient into 
association With a liquid carrier or a ?nely divided solid 
carrier or both, and then, if necessary, shaping the product 
into the desired form. 

[0124] Formulations of the present invention suitable for 
oral administration may be in the form of discrete units such 
as capsules, cachets, tablets, or loZenges, each containing a 
predetermined amount of the active ingredient in the form of 
a poWder or granules; in the form of a solution or suspension 
in an aqueous liquid. Formulations for other uses could 
involve a nonaqueous liquid; in the form of an oil-in-Water 
emulsion or a Water-in-oil emulsion; in the form of an 
aerosol; or in the form of a cream or ointment or impreg 
nated into a transdermal patch for use in administering the 
active ingredient transdermally, to a patient in need thereof. 
The active ingredient of the present inventive compositions 
may also be administered to a patient in need thereof in the 
form of a bolus, electuary, or paste. 

[0125] The practitioner is referred to “Remington: The 
Science and Practice of Pharmacy,” 19th Edition, c. 1995 by 
the Philadelphia College of Pharmacy and Science, as a 
comprehensive tome on pharmaceutical preparations. 

Abbreviations 

Ac2O: Acetic anhydride 
AcOEt: Ethyl acetate 
BCECF-AM: 2',7'—bis—(2—carboxyethyl)—5—(and 6-) 

carboxy?uorescein acetoXymethyl ester 
BOP-Cl: Bis (2—oXo—3—oXaZolidinyl) phosphinic 

chloride 
BenZotriaZol-l—yloXy—tris 
(dimethylamino)—phosphonium 

BOP Reagent: 

hexa?uorophosphate 
DMEM: Dulbecco’s Minimal Eagle’s Media 
DMF: Dimethyl formamide 
DIEA: Diisopropylethylamine 
EDC: 1—(3-Dimethylaminopropyl)—3— 

ethylcarbodiimide hydrochloride 
Et: Ethyl 
EtOH: Ethanol 
HATU: N—[(Dimethylamino)—1H—1,2,3—triazolo[4,5— 

b]—pyridin—1—ylmethylene]-N— 
methylmethanaminium hexa?uorophosphate 
N-oXide 

HBSS: Hank’s Balanced Salt Solution 
HBTU: O-Benzotriazol-1-yl-N,N,N',N'— 

tetramethyluronium hexa?uorophosphate 
HOBT l-Hydroxybenzotriazole 
HSA: Human serum albumin 

LDA: Lithium diisopropylamide 
Me: Methyl 
meq: milliequivalent 
MeOH Methanol 
n-Bu: n-Butyl 
NMP: 1-Methyl-2-pyrrolidinone 
PBS: Phosphate buffered saline 
Pd-C: Palladium on charcoal 

Ph: Phenyl 
SPDP: 3-(2-pyridyldithio) propionic acid N 

hydroxysuccinimide ester 
t-Bu: t-butyl 
THF: Tetrahydrofuran 
TFA: Tri?uoroacetic acid 
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[0126] According to the present invention, the desired 
compound [I] can be prepared by the following methods: 

Scheme 1 (Method A): 

R1 R3 

o o + 

0 

[11] 
R4 

HN R53 

\E ( n R6 

[III-a] 
R4 

R1 R3 | 
HO N R53 Deprotection 

—> 

n R5 

[I-b] 
R4 

R1 R3 | 
HO N R5 

H [I-a] 

[0127] wherein R58 is a group of the formula: 
—COOR22, —(C1_6 alkylene)COOR22, C1_7 alkyle 
ne)O(C1_6 alkyl), —(C1_7alkylene) OH, —COO(C1_6 
alkyl)-CONH(C1_6 alkyl) or —CONH2, 

[0128] R22 is a protecting group for the carboxyl 
group, and the other symbols are the same as de?ned 
above. 

[0129] Method A: 

[0130] The compound of the formula [I] Wherein R2 is a 
group of the formula: —COOH and X is a group of the 
formula: —CO—, an ester thereof, an amide thereof or a 
pharmaceutically acceptable salt thereof, i.e., the compound 
of the formula [I-a]: 

HO N R5 

[0131] Wherein the symbols are the same as de?ned above, 
an ester thereof, an amide thereof or a pharmaceutically 
acceptable salt thereof may be prepared by 
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[0132] (1) reacting a compound of the formula [II]: 

R1 R3 

[0133] Wherein the symbols are the same as de?ned 
above, With a compound of the formula [III-a]: 

[0134] Wherein the symbols are the same as de?ned 
above, or a salt thereof, 

[0135] (2) removing the protecting group for the car 
boxyl group, if desired, and 

[0136] (3) converting the resulting compound into an 
ester thereof, an amide thereof or a pharmaceutically 
acceptable salt thereof by a conventional method, if 
further desired. 

[0137] R22 can be selected from a conventional protecting 
group for a carboxyl group, for example, a C1_6 alkyl group, 
a C2_7 alkenyl group, a C2_7 alkynyl group, a C2_7 alkanoy 
loxy-C1_6 alkyl group, an aryl-C1_6 alkyl group (e.g., benZyl 
group) or an aryl group (e.g., phenyl group) and the like. 

[0138] A salt of the compound [III-a] includes, for 
example, salt With an inorganic acid (e.g., hydrochloride, 
sulfate) and salt With an inorganic base (e.g., an alkali metal 
salt such as sodium salt or potassium salt, an alkali earth 
metal salt such as magnesium salt or calcium salt). 

[0139] The reaction of the compound [II] and the com 
pound [III-a] or a salt thereof is carried out in the presence 
of a base in a suitable solvent or Without a solvent. The base 

can be selected from an organic base (e.g., DIEA, DMAP, 
Et3N, DBU), an alkali metal hydride (e.g., NaH, LiH), an 
alkali metal carbonate (e.g., Na2CO3, Na2KO3) an alkali 
metal hydrogen carbonate (e.g., NaHCO3, KHCO3), an 
alkali metal amide (e.g., NaNHZ), an alkali metal alkoxide 
(e.g., NaOMe, KOMe), an alkyl-alkali metal (n-BuLi, 
t-BuLi), an alkali metal hydroxide (e.g., NaOH, KOH), an 
alkali earth metal hydroxide (e.g., Ba(OH)2), and the like. 
The solvent can be selected from any one Which does not 

disturb the reaction, for example, DMF, THF, benZene, 
toluene, DMSO, CH3CN or a mixture thereof. The reaction 
is preferably carried out at a temperature from 0° C. to 100° 
C., more preferably at a temperature from 400% to 80° C. 

[0140] The removal of said protecting group from the 
products can be carried out by a conventional method, Which 
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[0148] X is a group of the formula: —CO—, i.e., the 
compound of the formula-[I-c]: 

R1 R3 | 

RZa \K O ( 
6 

[0149] Wherein 

[0150] the symbols are the same as de?ned above, 
may be prepared by 

[0151] (1) condensing a compound of the formula [IV]: 

[IV] 
R1 R3 

OH 
R2b 

[0152] Wherein the symbols are the same as de?ned 
above, or a salt thereof, With a compound of the 
formula [III-a]: 

[0153] Wherein the symbols are the same as de?ned 
above, or a salt thereof, 

[0154] (2) removing the protecting group for the car 
boXyl group and hydroXyl group, if desired, and 

[0155] (3) converting the resulting compound into an 
ester thereof, an amide thereof or a pharmaceutically 
acceptable salt thereof by a conventional method, if 
further desired. 

[0156] R22 and R23 are the same or different conventional 
protecting group for a carboXyl group, for eXample, a CL6 
alkyl group, a C2_7 alkenyl group, a C2_7 alkynyl group, a 
C27 alkanoyloXy-C1_6 alkyl group, an aryl-C1_6 alkyl group 
(e. g., benZyl group) or an aryl group (e.g., phenyl group) and 
the like. 

[0157] Asalt of the compound [III-a] and/or [IV] includes, 
for eXample, salt With an inorganic acid (e.g., hydrochloride, 
sulfate) and salt With an inorganic base (e.g., an alkali metal 
salt such as sodium, potassium and calcium, an alkali earth 
metal salt such as barium). 

[0158] The condensation reaction of the compound [IV] or 
a salt thereof With the compound [III-a] or a salt thereof is 
carried out in the presence of a condensing reagent in a 
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suitable solvent or Without a solvent. The condensing 
reagent can be selected from any one Which can be used for 

a conventional peptide synthesis, for eXample, BOP-Cl, 
BOP reagent, DCC and WSCI. 

[0159] The solvent can be selected from any one Which 
does not disturb the condensation reaction, for eXample, 
CHZCIZ, DMF or a mixture thereof. The reaction is prefer 
ably carried out at a room temperature. 

[0160] The removal of said protecting group from the 
products can be carried out by a conventional method, Which 
is selected according to the types of the protecting groups to 
be removed, for eXample, hydrolysis, acid treatment, cata 
lytic reduction, and the like. 

Scheme 3 (Method C): 

R1 R3 
+ 

HOZC CHO 

[V] 

HZN R53 
1. Reducing agent 
4> 

( 2. Deprotection 
n R5 

[III-b 

[0161] Wherein the symbols are the same as de?ned 
above. 

[0162] Method C: 

[0163] The compound of the formula [I] Wherein X is a 
methylene group, an ester thereof, an amide thereof or a 

pharmaceutically acceptable salt thereof, i.e., the compound 
of the formula [I-e]: 

[1-6] 

R1 R3 | 

R2 

( 
6 

[0164] Wherein 

[0165] the symbols are the same as de?ned above, an 
ester thereof, an amide thereof or a pharmaceutically 

acceptable salt thereof, may be prepared by 
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[0166] (1) reacting a compound of the formula [V]: 

[V] 
R1 R3 

Ho2c CHO 

[0167] wherein the symbols are the same as de?ned 
above, or a salt thereof in the presence of a reducing 
agent With a compound of the formula [III-b]: 

[0168] Wherein the symbols are the same as de?ned 
above, 

[0169] (2) removing the protecting group for the car 
boXyl group, if desired, and 

[0170] (3) converting the resulting compound into an 
ester thereof, an amide thereof or a pharmaceutically 
acceptable salt thereof by a conventional method, if 
further desired. 

[0171] Asalt of the compound [V] and/or [III-b] includes, 
for eXample, salt With an inorganic acid (e.g., hydrochloride, 
sulfate) and salt With an inorganic base (e.g., an alkali metal 
salt, an alkali earth metal salt). 

[0172] The reductive alkylation of the compound [V] or a 
salt thereof With the compound [III-b] or a salt thereof is 
carried out by a conventional method in the presence of a 
reducing agent in a suitable solvent or Without a solvent. The 
reducing agent is preferably sodium borohydride, sodium 
cyanoborohydride, and the like. The solvent can be selected 
from any one Which does not disturb the reaction, for 
eXample, alkanol such as methanol, alkanoic acid such as 
AcOH, THF or a mixture thereof. The reaction is preferably 
carried out at a temperature from 0° C. to a room tempera 
ture. 

[0173] The reaction of the compound [I-f] or a salt thereof 
and the compound [VII] is carried out in the presence of an 
acid acceptor in a suitable solvent or Without a solvent. The 
acid acceptor and the solvent can be selected from the base 
or the solvent used in Method A. The reaction is preferably 
carried out at room temperature. 

[0174] The removal of said protecting group from the 
products can be carried out by a conventional method, Which 
is selected according to the types of the protecting groups to 
be removed, for eXample, hydrolysis, acid treatment, cata 
lytic reduction, and the like. 

[0175] The desired compound [I] of the present invention 
can be converted to each other. Such conversion of the 
present compound [I] into the other compound [I] may be 
carried out by selecting one of the folloWing procedures 
from (a) to (e) according to the type of substituent thereof, 
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and if desired, folloWed by removing the protecting group 
for the carboXyl group by a conventional method. 

[0176] Procedure (a): 

[0177] The compound [I] Wherein R6 is an amino-substi 
tuted aryl group can be prepared by the reduction of the 
compound [I] Wherein the corresponding R6 is an aralkly 
oXycarbonyl amino group- or nitro-substituted aryl group. 
The reduction can be, for eXample, a, catalytic reduction 
using a palladium catalyst such as palladium on an activated 
carbon, a platinum catalyst such as platinum oxide, and the 
like. The catalytic reduction is preferably carried out at a 
room temperature. 

[0178] Procedure (b): 

[0179] The compound [I] Wherein R2 is a group of the 
formula: —CONH2, —CONH(C1_6 alkyl), —CONHO(C1_6 
alkyl), —CONH(C1_6 alkylene)COOR23, —CONH(C3_7 
cycloalkyl), —CONH(C1_6 alkylene) CONH2, 
—CONHOCHZPh, —CONH(C1_6 alkylene)CN, CONHOH, 

o o 

HZN R230 

0 o 

0 

IN (C14 alkyl) 
or — CON , 

(C14 alkyl) 

[0180] can be prepared by reacting the compound [I] 
Wherein the corresponding R2 is a group of the formula: 
—COOH With a substituted or unsubstituted amine selected 

from a group of the formula: NH3, NH2(C1_6 alkyl), 
NH2O(C1_6 alkyl), NH2(C1_6 alkylene)COOR23, NH2(C3_7 
cycloalkyl), NH2(C1_6 alkylene)CONH2, NHZOH, 
NHZOCHZPh, NH2 (CL6 alkylene)CN, 

HN , HN , 

HZN R230 

0 0 

(C14 alkyl) 
HN or —CON ; 

(C14 alkyl) 

0 NH(C1*6 alkyl) 



US 2003/0130349 A1 

[0181] wherein R23 is de?ned as above, in the presence of 
a condensing reagent (e.g., BOP reagent) Which can be used 
for a conventional peptide synthesis, and removing the 
protecting group for the carboXyl group, if desired. The 
reaction is preferably carried out at a temperature from 0° C. 
to a room temperature. 

[0182] Procedure (c): 
[0183] The compound [I] Wherein R4 is a CL6 alkyl group 
can be prepared by reacting the compound [I] Wherein the 
corresponding R4 is a hydrogen atom With a CL6 alkyl halide 
(e.g., methyl iodide, butyl iodide) in the presence of metal 
hydride (e.g., NaH). The reaction is preferably carried out at 
a temperature from 0° C. to room temperature. 

[0184] Procedure (d) 

[0185] The compound [I] Wherein R6 is a C2_6 alkanoy 
larnino-, C3_7 cycloalkylcarbonylarnino-, aryl C2_7 alkanoy 
larnino-, arylcarbonylarnino-, CL5 alkyloXycarbonylarnino-, 
C3_7 cycloalkyloXycarbonylarnino-, aryl C1_6 alkyloXycarbo 
nylarnino-, arylureido, or arylsulfonylarnino-substituted aryl 
group can be prepared by reacting the compound [I] Wherein 
the corresponding R6 is an amino aryl group or a (CL6 
alkyl)-arnino-substituted aryl group With a C2_16 alkanoic 
acid, an anhydride of C2_6 alkanoic acid, C2_6alkanoyl 
halide, C3_7 cycloalkcanecarboXylic acid, anhydride of C3_7 
cycloalkane-carboXylic acid, C3_7 cycloalkanoyl halide, aryl 
C2_7 alkanoic acid, anhydride of aryl C2_7 alkanoic acid, aryl 
C2_7 alkanoyl halide, arylcarboXylic acid, anhydride of aryl 
carboXylic acid, arylcarbonyl halide, CL5 alkyl halogeno 
forrnate, arylisocyanate, or arylsulfonyl halide in the pres 
ence or absence of an acid acceptor (e.g., DIEA) and in the 
presence or absence of a condensing reagent (e.g., BOP-Cl) 
Which can be used for a conventional peptide synthesis. The 
reaction is preferably carried out at a temperature from one 
to a room temperature. 

[0186] Procedure (e): 
[0187] P=a resin Which is used in a conventional 

solid phase peptide synthesis 

1. HZN 
HO N 
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[0188] Wherein R24 is a protecting group for the 
amino group, and the other symbols are the same as 
de?ned above. 

[0189] The compound of the formula [I-1]: 

COOH O 

[0190] can be prepared by condensing the compound [I] 
Wherein the corresponding R2 is a group of the formula: 
—COOH With a group of the formula [VIII]: 

coo —R22 

[0191] Wherein the symbols are the same as de?ned above, 
by a conventional solid phase peptide synthesis method also 
knoWn as Merri?eld rnethod (Journal of American Chemical 
Society 85, 2149-2154 (1963)), folloWed by the deprotection 
of amino group and carboXyl group by a conventional 
method. 

[0192] R24 can be selected from a conventional protecting 
group for an amino group, for example, tert-butoXy-carbonyl 
grop (BOC), benZyloXycarbonyl group (CbZ) and the like. 

[0193] The solvent used for the Procedures (a) to (e) may 
be selected from any one Which does not disturb the proce 
dures, for example, THF, rnethanol, DMF, CHZCI, or a 
mixture thereof. 

[VIII] 

2. Deprotection 

R4 
R1 R3 | 

H2N(C1£ alkylene NH / N COOH 
X 

COOH O ( 
Re 

In] 
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[0194] General Description for Synthesis of Intermediates 
-continued 

[0195] The compound [II] may be prepared by reacting a (C) 
compound of the formula [VI]: 4 

R 

| 
HN R5a 

[VI] Reducing Agent 
R1 R3 + R—CHO —> 

HO OH / I 

I NH2 

0 o \ 

R4 

5:: 

[0196] Wherein the symbols are the same as de?ned above, HN R 

in the presence of CL6 alkanoyl halide (e.g., AcCl) and/or 
C176 alkanoic anhydride (e.g., AcZO). / 

|—NHCH2—R [0197] The compound [III-a] may be prepared by a con- \ | 
ventional method, Which is selected according to the types 
of the substituents, for example, by the following schemes: 4 (d) 

R 

| 
HN R5“ NH4NO3 

4 (a) HNO3 
R —> 

HN R5a 

Base 
+ R—CH2—Hal —> OH 

R4 

OH HN R53 

R4 

HN R53 / I 

|—NO2 
OH 

(6) 
R4 

O—CH2—R HN R53 

Reducing Agent 

/ I 
—NO 

(b) | 2 
R4 \ 

HN R53 R4 

Base HN R53 
+ R—CO—Hal —> 

/ I 

\ TNHZ / | 
|—NH2 

\ 

(f) 
R4 R4 

HN R5a HN R53 

1) Base 

2) RNCO 
/ / 

|—NHCO—R -|—Hal 


































































































































































































































