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SUBSTITUTED ANILIDES 

This invention is directed to substituted anilides, their (lreparation, pharmaceutical compositions 

containing these compounds, and their pharmaceutical use in the treatment of disease states 

5 capable of being modulated by the inhibition of cell adhesion. 

Cell adhesion is? process by which cells associate with each other, migrate towards a specific 

target or localise within the extra-cellular matrix. Many of the cell-cell and cell-extracellular 

matrix interactions are mediated by protein ligands (e.g. fibronectin, vitronectin and VCAM-1) 

10 and their integrin receptors (e.g. VLA-4 (a4~1H- Recent studies have shown these interactions to 

play an important part in many physiological (e.g. embryonic development and wound healing) 

and pathological conditions (e.g. tumour-cell invasion and metastasis, inflammation, 

atherosclerosis and autoimmune disease). 

15 A wide variety of proteins serve as ligands for intcgrin receptors. In general, the proteins 

recognised by integrins fall into one of three classes: extracellular matrix proteins, plasma 

proteins and cell surface proteins. Extracellular matrix proteins such as collagen fibronectin, 

fibrinogen, laminin, thrombospondi~ and vitronectin bind to a number of integrins. Many of the 

adhesive proteins also circulate in plasma and bind to activated blood cells. Additional 

20 components in plasma that are ligands for integrins include fibrinogen and factor X. Cell bound 

complement C3bi and several transmembrane proteins, such as lg-like cell adhesion molecule 

(ICAM-1,2,3) and vascular cell adhesion molecule (VCAM-1), which are members of the lg 

superfamily, also serve as cell-surface ligands for some integrins. 

2 5 lntegrins are heterodimeric cell surface receptors consisting of two subunits called a and p. 
There arc at least twelve different a-subunits (a.t-a.6, a.-L, a.-M, o:-X, a-Uh, a-V and a.-E) and at 

least nine different p (p l-P9) subunits. The integrin family can be subdivided into classes based 

on the p subunits, which can be associated with one or more a-subunits. The most widely 

distributed integrins be!ong to the Pl class, also known as the very la~ antigens (VLA). The 

J 0 :;ccond c!ass of intcgrins arc leukocyte specific r·eccptors and consist of one of three a-subunits 

(a-L, cx.-M or a-X) complexed with the P2 protein. The cytoadhesins a-llbP3 and o.-VP3, 

constitute the third class of integrins. 

The present invention principally relates to agents which modulate the interaction of the ligand 

35 VCAM-1 with its intcgrin receptor a.tPl (VLA-4), which is expressed on numerous 
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hcmatopoietic cells and established cell lines, including hcmatopoietic precursors, peripheral and 

cytotoxic T lymp.hocytes, B lymphocytes, monocytes, thymocytes and eosinophils. 

The integrin a.4P I mediates both cell-cell and cell-matrix interactions. Cells expressing a.4P I 

5 bind to the carboxy-terminal cell binding domain of the extracellular matrix protein fibronectin, 

to the cytokine-inducible endothelial cell surface protein VCAM-1, and to each other to promote 

homotypic aggregation. The expression of VCAM-1 by endothelial cells is upregulated by 

proinflammatory cytokines such as lNF-y, TNF-a and LI-lf3. 

10 Regulation of a4J31 mediated cell adhesion is important in numerous physiological processes, 

including T-cell proliferation, B-cell localisation to germinal centres, and adhesion of activated 

T-cells and eosinophils to endothelial cells. Evidence for the involvement of VLA-4NCAM-l 

interaction in various disease processes such as melanoma cell division in metastasis, T-cell 

infiltration of synovial membranes io rheumatoid arthritis, autoimmune diabetes, collitis and 

15 leukocyte penetration of the blood-brain barrier in experimental autoimmune encephalomyelitis, 

atherosclerosis, peripheral vascular disease, cardiovascular disease and multiple sclerosis, has 

been accumulated by investigating the role of the peptide CS-1 (the variable region of fibronectin 

to which o:4JH binds via the sequence Leu-Asp-Val) and antibodies specific for VLA-4 or 

VCAM- l i:t various in vitro and in vivo experimental models of inflammation. For example, in a 

2 O Streptococcal cell wall-induced experimental model of arthritis in rats, intravenous 

administration of CS-l at the initiation of arthritis suppresses both acute and chronic 

inflammation (S.M.Wahl et al., J.Clin.lnvest., 1994, 94, pages 655-662). [n the oxazalone­

sensitised model of inflammation (contact hypersensitivity response) in mice, intravenous 

administration of anti-o:4 specific monoclonal antibodies significantly inhibited (50-60% 

25 reduction in the ear swelling response) the efferent response (P.L.Chisholm et al. J.lmmunol., 

1993, 23, pages 682-688). 

We have now found a novel group of substituted anilidcs which have valuable pharmaceutical 

rrorerties, in particular the ability to regulate the interaction ofVCAM-1 and fibronectin with 

JO the intcgrin VLA-<! (a.4Pl). 

Thus, in one aspect, the present in\'ention is directed to compounds of general formula([):-
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Rl is hydrogen, halogen, hydroxy, lower alkyl or lower alkoxy; 

xl, x2 and x6 independently represent Nor CRIO; and 
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one of X 3, x4 and xS represents CR 11 and the others independently represents Nor 

CRIO 

(where RIO is hydrogen, amino, halogen, hydroxy, lower alkyl, lower alkoxy, lower alkylthio, 

lower alkylsulphinyl, lower alkylsulphonyl, nitro or trifluoromethyl; and R l l represents a group 

10 -L1-Arl-L2_y in which: 

Ll represents a -R2-R3- linkage, where R2 is a straight or branched C1-6alkylene chain, a 

straight or branched C2-6alkenylene chain or a straight or branched C2-6alkynylene chain, and 

R3 is a direct bond, cyc!oalkylene, heterocycloalkylenc, arylene, heteroaryldiyl, -C(=Z)-NR4-, 

-NR4-C(=Z)-, _zl_, -C(=-0)-, -C(=NOR4)-, -NR4-C(=Z)-NR4-, -S02-NR4-, -NR4-so2-. 

15 -0-C(=O)-, -C(=0)-0-, -NR4-C(=O)-O- or -O-C(=O)-NR4- (where R4 is a hydrogen atom or a 

lower alkyl group; Z is 0 or S; zl is 0, S(0)0 or NR4 and n is zero or an integer l or 2); but 

excluding compounds where an oxygen, nitrogen or sulphur atom in R3 is attached. directly to a 

carbon carbon multiple bond in R2; 

Arl is arylene or heteroaryldiyl; 

20 L2 represents: (i) a direct bond; 

25 

(ii) an alkylenc, alkenylene, alkynylene, cycloalkenylenc, cycloalkylene, 

heteroaryldiyl, beterocycloalkylenc or arylene linkage each optionally 

s'!lb!i!~~uted by (a) :!!1 ·addic fUnction~I group (or co;:-resjlonding protected 

derivative), RS, -ZH, -zR5, -C(=O)-R5, -N(Rl2)-C(=O)-Rl3, 

-N(Rl2)-C(=O)-OR13, -N(Rl2)-S02-Rl3, -NYly2, or 

-(C(=O)-N(R6)-C(R4)(R 7)1p-C(=O)-NYI y2, or by (b) alkyl substituted by 

an acidic functional group (or corresponding protected derivative), or by 

-ZH,-zRS, -C(=O)-Nvly2 or-Nvly2; 
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(iii) a -(C(=O)-N(R6)-C(R4)(R 7)Jp- linkage; 

(iv) a _z2-R9- linkage; 

(v) a -C(=O)-CH2-C(=O)- linkage; 

(vi) a -R9-z2-R9- linkage; or 

(vii) a-C(R4)(R8)-(C(=O)-N(R6)-C(R4)(R7)1p- linkagc; 

23 APRIL 2002 

PCT/GB98/03294 

RS is alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, cycloalkyl, cycloalkylalkyl, 

cycloalkenyl, cycloalkenylalkyl, heteroaryl, heteroarylalkyl, beteroarylalkenyl, 

heteroarylalkynyl, heterocycloalkyl, or heterocycloalkylalkyl; 

10 R6 is hydrogen, RS or alkyl substituted with alkoxy, cycloalkyl, hydroxy, mercapto, alkylthio or 

-Nvly2; 

R7 and RS are each independently selected from hydrogen or a group consisting amino acid side 

chains and corresponding protected derivatives, an acidic functional group (or corresponding 

protected derivative), RS, -zRS, -C(=O)-RS, or -C(=O)-NYl y2, or alkyl substituted by an acidic 

15 functional group (or corresponding protected derivative) or by RS, -zRS, -NYl y2, 

-NH-C(=O)-R5, -C(=O)-R2-NH2, -C(=O)-ArLN"""tI2, -C(=O)-R2-co2H, or -C(=O)-NYl y2; 

or R6 and R 7 O!"' R6 and RS together with the atoms to which they attached form a 3- to 

6-rnembered heterocycloalkyl ring; 

R9 is C 1-6alkylene, optionally substituted by RS; 

20 Rl2 is hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, 

heterocycloalkyl or heterocycloalkylalkyl; 

R 13 is alkyl, aryl, cycloalkyl, heteroaryl or heterocycloalkyl, or alkyl substituted by aryl, an 

acidic functional group (or corresponding protected derivative), cycloalkyl, heteroaryl, 

heterocydoalkyl, -ZH, -zR5, -C(=O)-Nyly2 or -Nvlv2; 

25 yl and y2 are independently hydrogen, alkenyl, alkyl, alkynyl, aryl, cycloalkenyl, cydoalkyl, 

hetf!roa1·yl, heterncycloalkyl, or alkyl suost:tuted by alkoxy, ~ryl, cyano, cycloalkyl, heteroaryl, 

hctcrocycloalkyl, hydroxy, oxo, -NYI y2, or on~ or nrnrc -C02Rl2 or -C(==O)-NY I y2 groups; or 

the group -NYl y2 may form a 5- to 7-membercd cyclic amine which (i) mar be optionally 

substituted with one or more substituents selected from alkoxy, carboxamido, carboxy, hydroxy, 

30 oxo (or a 5-, 6- or· 7-mcmbered cyclic acetal derivative thereof), Rl3; (ii) ma~ also contain a 

further heteroatom selected from 0, S, S02, or NY3 !where y3 is hydrogen, alkyl, aryl, 
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arylalkyl, -C(=0)-Rl4, -C(=O)-OR14 or -S02Rl4 (in which Rl4 is alkyl, aryl, arylalkyl, 

cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl or 

heterocycloalkylalkyl)I; and (iii) may also be fused to additional aryl, heteroaryl, 

heterocycloalkyl or cycloalkyl rings to form a bicyclic or tricyclic ring system; 

5 z2 is 0, S(O)n, NR4, SONR4, C(=O)NR4 or C(=O); and 

p is zero or an in!eger I to 4}; and 

Y is carboxy (or an acid bioisostere) or-C(=O)-NYly2); 

and the corresponding N-oxides, and their prodrugs; and pharmaceutically acceptable salts and 

solvates (e.g. hydrates) of such compounds and their N-oxides and prodrugs; 

10 excluding the compounds (2-{2-(4-(3-(2-methylphenyl)ureido)-phenyl)-acetylamino}-thiazol-4-

yl)-acetic acid, 2-phenylacetylamino-3-{4-{4-(3-(2-methylphenyl)ureido)-benzyloxyf-phenyl}­

propionic acid, 2-phenylacetylamino-3-(4{2-[4-(3-(2-methylphenyl)ureido)-phenyl)-ethoxy}­

phenyl)-propion ic acid, 2-benzylsulphonylam ino-3-{ 4-( 4-(3-(2-methylpbenyl)u reido )-benzyloxy J­

phenyl}-pro pionic acid, (butane-l-sulphonylamino)-{2-(4-(3-(2-methylphenyl)-ureido)-benzylJ-

15 benzof uran-6-yl}-acetic acid, 3-(benzylaminocarbon yl)-( 4 {2-(4-(3-(2-methylphenyl)ureido )­

phenyl )-ethoxy }-benzyl)-propionic acid and 2-benzyloxycarbonylamino-3-(5-{3-f 4-(3-(2-

methylphenyl)ureido)-phenylJ-propyl}-thiophene-2-yl)-propionic acid; and with the proviso that 

Ll cannot t'epresent C1-6alkylene-C(=O)-NH- or C1-6alkylene when Arl represents optionally 

substituted phenylene, Y represents -C02H1 -S03H, -P04H2 or tetrazole, and L2 represents (i) 

20 a direct bond, (ii) an alkylene or alkenylene linkage each optionally substituted by (a) alkyl, 

alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl or 

heterocycloalkyl, or by (b) alkyl substituted by alkoxy, hydroxy, arylalkyoxy, heteroarylalkyloxy, -

alkylthio, carboxy, alkoxycarbonyl, or -C(===O)-NH2, (iii) a -[C(=O)-N(R6)-C(R4)(R 7)lp- linkage 

in which R4 is hydrogen or lower alkyl, R6 is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, 

2 5 cycloalkylalkyl, cycloalkcnyl, cycloalkenylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, 

hctcrocycloalkyl, heterocycloalkylalkyl or alkyl substituted by alkoxy, hydroxy or alkylthio, R 7 is 

hydrogen, alkyl, liH~enyi, alkynyl, cycloalkyl, cycloalkyialkyl, cycloalkenyi, cycloalkenylalkyl, 

aryl, aryia!kyl, heteroaryl, heteroarylalkyl, hctcrocycloalkyl, hetcrocycloalkylalkyl or alkyl 

substituted by alkenyl, alkynyl, alkoxy, hydroxy, arylalkyloxy, hcteroarylalkyloxy, alkylthio, 

30 carbo:\y, alkoxycarbonyl or carboxamide, and r is one, (iv) a _z2-R9- linkage in which z2 is 0, S, 

NR4, S02NR4 or C(=O)NR4 and R9 is C1_4alkylenc, optionally substituted by alkyl, alkenyl, 

alkynyl, C)'cloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, heteroaryl, 
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heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl, or (v) a -CH2-z2-R9- linkage in 

which z2 is 0, NR4 or C(==O)NR4 and R9 is C14alkylene, optionally substituted by alkyl, 

alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, 

heteroaryl, heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl. 

In the present specification, the term "compounds of the invention", and equivalent expressions, 

are meant to embrace compounds of general formula (I) as herein before described, which 

expression includes the prod rugs, the pharmaceutically acceptable salts, and the solvates, e.g. 

hydrates, where the context so permits. Similarly, reference to intermediates, whether or not 

10 they themselves are claimed, is meant to embrace their salts, and solvates, where the context so 

permits. For the sake of clarity, particular instances when the context so permits are sometimes 

indicated in the text, but these instances are purely illustrative and it is not intended to exclude 

other instances when the context so permits. 

15 As used above, and throughout the description of the invention, the following terms, unless 

otherwise indicated, shall be understood to have the following meanings:-

"Patient" includes both human and other mammals. 

20 "Acid bioisostere" means a group which has chemical and physical similarities producing 

broadly similar biological properties to a carboxy group (see Lipinski, Annual Reports in 

Medicinal Chemistry, 1986,21,p283 "Bioisosterism In Drug Design"; Yun, Hwahak Sekye, 

l993,33,p576-579 "Application Of Bioisosterism To New Drug Design"; Zhao, Huaxue Tongbao, 

I 995,p34-38 "Bioisosteric Replacement And Development Of Lead Compounds In Drug 

25 Design"; Graham, Theochem, 1995,343,plOS-109 "Theoretical Studies Applied To Drug 

Design:ab initio Electronic Distributions In Bioisosteres"). Examples of suitable acid 

bioisosteres include: -C(==O)-NHOH, -C(=O)-CH20H, -C(==O)-CH2SH, -C(=O)-NH-CN, sulpho, 

phosphono, alkylsulphonylcarbamoyl, tctrazolyl, arylsulphonylcarbamoyl, 

hetcraarylsulphonylcarbamoyl, N-ruethoxycarbamoyl, 3-hydroxy-3-cyc!obutene-l,2-dione, 

30 3.,5-ctioxo-l,1,1-~~ad~2zoldir.y! :>r het~•o.:ydk tJhcnols such as 3-hydroxyisox~zolyl and 

3-hydoxy- l-methyl pyrazolyl. 

"Acidic functional group" means a group with an acidic hydrogen within it. The 

"corresponding protected derivatives" are those where the acidic hydrogen atom has been 

3 5 replaced with a suitable protecting group. For suitable protecting groups sec T. W. Greene and 
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P.G.M.Wuts in "Protective Groups in Organic Chemistry" John Wiley and Sons. 1991. 

Exemplary acidic functional groups include carboxyl (and acid bioisosteres), hydroxy, mercapto 

and imidazole. Exemplary protected derivatives include esters of carboxy groups, ethers of 

hydroxy groups, thioethers of mercapto groups and N-benzyl derivatives of imidazoles. 

"Acyl" means an H-CO- or alkyl-CO- group in which the alkyl group is as described herein. 

"Acylamino" is an acyl-NH- group wherein acyl is as defined herein. 

10 "Alkenyl" means an aliphatic hydrocarbon group containing a carbon-carbon double bond and 

which may be straight or branched having about 2 to about lS carbon atoms in the chain. 

Preferred alkenyl groups have 2 to about 12 carbon atoms in the chain; and more preferably 

about 2 to about 4 carbon atoms in the chain. "Branched", as used herein and throughout the 

text, means that one or more lower alkyl groups such as methyl, ethyl or propyl are attached to a 

15 linear chain; here a linear alkenyl chain. "Lower alkenyl" means about 2 to about 4 carbon 

atoms in the chain which may be straight or branched. Exemplary alkenyl groups include 

ethenyl, propenyl, n-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl, heptenyl, octenyl, 

cyclohexylbutenyl and decenyl. 

2 O "Alkenylcne" means an aliphatic bivalent radical derived from a straight or branched alkenyl 

group, in which the alkenyl group is as described herein. Exemplary alkenylene radicals include 

vinylcne and propylene. 

"Alkoxy" means an alkyl-0- group in which the alkyl group is as described herein. Exemplary 

25 alkoxy groups include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy and heptoxy . 

30 

.. Alkoxyalkoxy" means an alkyl-O-alkyl-0- group wherein the alkyl groups independently are as 

defined above. Examples of alkoxyalkoxyl include methoxymethoxy, methoxyethoxy, 

cthoxycthoxy and the like. 

"Alkoxycarb'lnyl" means an alkyl-0-CO- group in which the alkyl group is as descaibed herein. 

Exemplary alkoxycarbonyl groups include mcthoxy- and cthoxycarbonyl. 

"Alkyl" means, unless othenvise specified, an aliphatic hydrocarbon group which may be 

3 5 straight or branched having about l to about 15 carbon atoms in the chain optionally 

substituted by alko:\y or by one or more halogen atoms. Particular alkyl groups have from I to 
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about 6 carbon atoms. "Lower alkyl" as a group or part of a lower alkoxy, lower alkylthio, 

lower alkylsulphinyl or lower alkylsulphonyl group means unless otherwise specified, an 

aliphatic hydrocarbon group which may be straight or branched having about l to about 4 

carbon atoms in the chain. Exemplary alkyl groups include methyl, ethyl, n-propyl, i-propyl, 

5 n-butyl, s-butyl, t-butyl, n-pentyl, 3-pentyl, heptyl, octyl, nonyl, decyl and dodecyl. 

10 

"Alkylene" means an aliphatic bivalent radical derived from a straight or branched alkyl group, 

in which the alkyl group is as described herein. Exemplary alkylene radicals include methylene, 

ethylene and trimethylene. 

"Alkylenedioxy" means an -0-alkylene-O- group in which alkylene is as defined above. 

Exemplary alkylcnedioxy groups include methylenedioxy and ethylenedioxy. 

"Alkylsulphinyl" means an alkyl-SO- group in which the alkyl group is as previously described. 

15 Preferred alkylsulphinyl groups are those in which the alkyl group is C1_4alkyl. 

"Alkylsulphonyl" means an alkyl-S02- group in which the alkyl group is as previously 

d~scriberl. Preferred alkylsulphonyl groups are those in which the alkyl group is C 1_4alkyl. 

2 0 "Alkylsulphonylcarbamoyl" means an alkyl-S02-NH-C(=O)- group in which the alkyl group is 

as previously described. Preferred alkylsulphonylcarbarnoyl groups are those in which the alkyl 

group is C1_4alkyl. 

"Alkylthio" means an alkyl-S- group in which the alkyl group is as previously described. 

2 5 Exemplary alkylthio groups include methylthio, ethylthio, isopropylthio and heptylthio. 

"Alkynyl" means an aliphatic hydrocarbon group containing a carbon-carbon triple bond and 

which may be straight or branched having about 2 to about 15 carbon atoms in the chain. 

'Preferred al~yuyl groups h!\ve 2 to abor\t l2 carbon ~toms in the cbain; and more prefentbly 

3 O about 2 to .tboul 4 c:arbon arnms ir. the chain. Exemrlary alkyr.yl groups inc:ude ethynyl, 

propynyl, n-butynyl, i-butynyl, 3-mcthylbut-2-ynyl, and n-pentynyl. 

"Alkynylene" means an aliphatic bivalent radical derived from a straight or branched alkynyl 

group, in which the alkynyl group is as described herein. Exemplary alkynylene radicals 

3 5 include ethynylene and propynylene. 
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"Amino acid side chains" means the substituent found on the carbon between the amino and 

carboxy groups in a-amino acids. For examples of "corresponding protected derivatives" of 

amino acid side chains, see T.W. Greene and P.G.M.Wuts in "Protective Groups in Organic 

5 Chemistry" John Wiley and Sons, 1991. 

"Aroyl" means ~n aryl-CO- group in which the aryl group is as described herein. Exemplary 

aroyl groups include benzoyl and 1- and 2-naphthoyl. 

10 "Aroylamino" is an aroyl-NH- group wherein aroyl is as previously defined. 

"Aryl" as a group or part of a group denotes: (i) an optionally substituted monocyclic or 

multicyclic aromatic carbocyclic moiety of about 6 to about 14 carbon atoms, such as phenyl or 

naphthyl; or (ii) an optionally substituted partially saturated multicyclic aromatic carbocyclic 

l.5 moiety in which an aryl and a cycloalkyl or cycloalkenyl group are fused together to form a 

cyclic structure, such as a tetrabydronaphthyl, indenyl or indanyl ring. Aryl groups may be 

substituted with one or more aryl group substituents which may be the same or different, where 

"aryl group substituent" includes, for example, acyl, acylamino, alkoxy, alkoxycarbonyl, 

alkylenedioxy, alkylsulphinyl, alkylsulphooyl, alkylthio, aroyl, aroylamino, aryl, arylalk'Yloxy, 

2 O arylalkyloxycarbonyl, arylalkylthio, aryloxy, aryloxycarbonyl, arylsulphinyl, arylsulphonyl, 

arylthio, carboxy, cyano, halo, heteroaroyl, heteroaryl, heteroarylalkyloxy, heteroaroylamino, 

heteroaryloxy, hydroxy, nitro, trifluoromethyl, y4y5N-, y4y5NCO-, y4y5NS02-(where y4 and 

y5 are independently hydrogen, alkyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl), 

y4y5N-C2-6alkylene-z3_ {where z3 is 0, NR6 or S(O)n}, alkylC(::;:;O)-Y4N-, alkylSOz-Y4N- or 

25 alkyl optionally substituted with aryl, heteroaryl, hydroxy, or y4y5N-. When L2 c,pntains an 

optionally substituted aryl group, this may particularly represent optionally substituted phenyl. 

"Arylalkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl arc as previously 

describ'!<l. P.-efel"rcd ar';lalkeriyls corotain a b\O'cr alkenyl moiety. Exemplary arylalkenyl 

3 O graups include sryryl and phenylallyl. 

"Arylalkyl" means an aryl-alkyl- group in which lite aryl and alkyl moieties arc as previously 

described. Preferred arylalkyl groups contain a C1_4alkyl moiety. Exemplary arylalkyl groups 

include bcnzyl, 2-phcncthyl and naphthlcnemethyl. 
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"Arylalkyloxy" means an arylalkyl-0- group in which the arylalkyl groups is as previously 

described. Exemplary arylalkyloxy groups include benzyloxy and l- or 2-naphthalenemethoxy. 

5 "Arylalkyloxycarbonyl" means an arylalkyl-0-CO- group in which the arylalkyl groups is as 

previously described. An exemplary arylalkyloxycarbonyl group is benzyloxycarbonyl. 

10 

"Arylalkylthio" means an arylalkyl-S- group in which the arylalkyl group is as previously 

described. An exemplary arylalkylthio group is benzylthio. 

"Arylalkynyl" means an aryl-alkynyl- group in which the aryl and alkynyl are as previously 

described. Exemplary arylalkynyl groups include phenylethynyl and 3-phenylbut-2-ynyl. 

"Arylene" means an optionally substituted bivalent radical derived from an aryl group. 

15 Exemplary arylene groups include optionally substituted phenylene, naphthylenc and 

indanylcne. When Arl is arylene this may particularly represent an optionally substituted 

phenylenc. Suitable substituents include one or more "aryl group substituents" as defined 

above, particularly halogen, methyl or metboxy. 

20 "Aryloxy" means an aryl-0- group in which the aryl group is as previously described. 

Exemplary aryloxy groups include optionally substituted phenoxy and naphthoxy. 

"Aryloxycarbonyl" means an aryl-0-C(=O)- group in which the aryl group is as previously 

described. Exemplary aryloxycarbonyl groups include phenoxycarbonyl and 

25 naphthoxycarbonyl. 

30 

"Arylsulphinyl" means an aryl-SO- group in which the aryl group is as previously described. 

"Arylsulphonyl" means an aryl-S02- group in which the aryl group is as previously described. 

"Arylsulphonylcarbamoyl" means an aryl-SOz-NH-C(=O)- group in which the aryl group is as 

previously described. 

"Aryllhio" means an aryl-S- group in which the aryl group is as previously described. 

3 5 Exemplary arylthio groups include phcnylthio and naphthylthio. 



W099/23063 

II 

23 APRIL 2002 

PCT/GB98/03294 

"Azaheteroaryl" means an aromatic carbocyclic moiety of about 5 to about 10 ring members in 

which one of the ring members is nitrogen and the other ring members are chosen from carbon, 

oxygen, sulphur, or nitrogen. Examples of azaheteroaryl groups include pyridyl, pyrimidinyl, 

5 quinolinyl, isoquinolinyl, quinazolinyl, imidazolyl, and benzimidazolyl. 

10 

"Cycloalkenyl" means a non-aromatic monocyclic or multicyclic ring system containing at least 

one carbon-carbon double bond and having about 3 to about 10 carbon atoms. Exemplary 

monocyclic cycloalkenyl rings include cyclopentenyl, cyclohexenyl or cycloheptenyl. 

"Cydoalkenylalkyl" means a cycloalkenyl-alkyl- group in which the cydoalkenyl and alkyl 

moieties arc as previously described. Exemplary cycloalkenylalkyl groups include 

cyclopentenylmethyl, cyclohexenylmethyl or cycloheptenylmethyl. 

15 "Cycloalkcnylene" means a bivalent radical derived from an unsaturated monocyclic 

hydrocarbon of about 3 to about 10 carbon atoms by removing a hydrogen atom from each of 

two different carbon atoms of the ring. Exemplary cycloalkenylene radicals include 

cyclopentenylene and cyclohexenylene. 

2 0 "Cycloalkyf" means a saturated mouocyclic or bicyclic ring system of about 3 to about 10 carbon 

atoms optionally substituted by oxo. Exemplary monocyclic cycloalkyl rings include 

C3_gcycloalkyl rings such as cyclopropyl, cyclopentyl, cyclohexyl and cycloheptyl. 

"Cycloalkylalkyl" means a cycloalkyl-alkyl- group in which the cycloalkyl and alkyl moieties are _ 

2 5 as previously described. Exemplary monocyclic cycloalkylalkyl groups include 

cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl and cycloheptylmcthyl. 

"Cycloalkylenc" means a bivalent radical derived from a saturated monocyclic hydrocarbon of 

about 3 to about 10 carbon atoms by removing a hydrogen atom from each of two different 

3 0 carbon atoms of ~he riug. Exemriary cycloalkcnilene ntdicals include cyclopcntylene and 

cyciol.cxyh:ne. 

"Halo" or "halogen" means nuoro, chloro, uromo, or iodo. Preferred arc nuoro or chloro. 
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"Hetcroaroyl" means a hctcroaryl-C(=O)- group in which the heteroaryl group is as described 

herein. Exemplary groups incl_ude pyridylcarbonyl. 

"Heteroaroylamino" means a heteroaroyl-NH- group in which the heteroaryl moiety are as 

5 previously described. 

"Heteroaryl" as a group or part of a group denotes: (i) an optionally substituted aromatic 

monocyclic or multicyclic organic moiety of about 5 to about 10 ring members in which one or 

more of the ring members is/are element(s) other than carbon, for example nitrogen, oxygen or 

10 sulphur (examples of such groups include benzimidazolyl, benzthiazolyl, furyl, imidazolyl, 

indolyl, indolizinyl, isoxazolyl, isoquinolinyl, isothiazolyl, oxadiazolyl, pyrazinyl, pyridazinyl, 

pyrazolyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl, quinolinyl, 1,3,4-tbiadiazolyl, thiazolyl, 

thienyl and triazolyl groups, optionally substituted by one or more aryl group substituents as 

defined abo•;e); (ii) an optionally substituted partially saturated multicyclic heterocarbocyclic 

15 moiety in which a heteroaryl and a cycloalkyl or cycloalkenyl group are fused together to form a 

cyclic structure (examples of such groups include pyrindanyl groups). Optional substituents 

20 

include one or more "aryl group substituents" as defined above. When L2 contains an 

optionally substituted heteroaryl group this may particularly represent au optionally substituted 

"azaheteroaryl" group. 

"Heteroarylalkenyl" means a heteroaryl-alkenyl- group in which the heteroaryl and alkenyl 

moieties are as previously described. Preferred heteroarylalkenyl groups contain a lower 

alkenyl moiety. Exemplary heteroarylalkenyl groups include pyridylethenyl and pyridylallyl. 

25 "Heteroarylalkyl" means a heteroaryl-alkyl- group in which the heteroaryl and alkyl moieties 

are as previously described. Preferred heteroarylalkyl groups contain a C1_4alkyl moiety. 

Exemplary heteroarylalkyl groups include pyridylmethyl. 

"Heteroarylalkyloxy" means an heteroarylalkyl-0- group in which the hetcroarylalk~·I group is 

3 0 as pr·c•, iously described. Exem11laD' hcteroarylox:y groups include optionally substituted 

pyridylmcthoxy. 

"Hcteroarylalkynyl" means a hctcroaryl-alkynyl- group in which the hcteroaryl and alkynyl 

moieties arc as previously described. Excmrlary hetcroarylalkcnyl groups include 

3 5 pyridylcthynyl and 3-pyrid)•lbut-2-yn~·L 
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"Heteroaryldiyl" means a bivalent radical derived from an aromatic monocyclic or multicyclic 

organic moiety of about S to about lO ring members in which one or more of the ring members 

is/are element(s) other than carbon, for example nitrogen, oxygen or sulphur, and optionally 

5 substituted by one or more "aryl group substituents" as defined above. When Arl is a 

heteroaryldiyl radical this may particularly represent an optionally substituted pyridindiyl. 

10 

"Heteroaryloxy" means an heteroaryl-0- group in which the heteroaryl group is as previously 

described. Exemplary heteroaryloxy groups include optionally substituted pyridyloxy. 

"Hetcroarylsulphonylcarbamoyl" means a heteroaryl-S02-NH-C(=O)- group in which the 

heteroaryl group is as previously described. 

"Hcterocycloalkyl" means: (i) a cycloalkyl group of about 3 to 7 ring members which contains 

15 one or more heteroatoms selected from 0, Sor NY6 (where y6 is hydrogen, alkyl, arylalkyl, and 

aryl); (ii) an optionally substituted partially saturated multicyclic heterocarbocyclic moiety in 

which an aryl (or heteroaryl ring) and a heterocycloalkyl group are fused together to form a 

cyclic structure (examples of such grvups include chromanyl, dihydrobenzofuranyl, indolinyl 

and pyrindolinyl groups, 

20 

"Heterocycloalkylalkyl" means a heterocycloalkyl-alkyl- group in which the heterocycloalkyl 

and alkyl moieties are as previously described. 

"Heterocycloalkylene" means a bivalent radical derived from a saturated monocyclic 

2 5 hydrocarbon of about 5 to about 7 atoms, which contains one or more hetcroatoms selected from 

0, Sor NY6 <where y6 is hydrogen, alkyl, arylalkyl, and aryl) and is optionally substituted by 

oxo, by removing a hydrogen atom from each of two different carbon atoms of the ring, or when 

NY6 is NH by removing a hydrogen atom from one carbon atom of the ring and a hydrogen 

atom from lite N!.J, Qr when foe ring contaius twn NY6 h~tcrn~!oms and N~6 is NH by removing 

3 0 a hydrogen aww from both nitrogen atoms. 

"y4y5N-" means a substituted or unsubstituted amino group, wherein y4 and yS arc as 

previously described. Exemplary groups include amino (H2N-), methylamino, 

ethylmethylamino, dimethylamino and diethylamino. 
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"y4y5NCO-" means a substituted or unsubstituted carbamoyl group, wherein y4 and yS are as 

previously described. Exemplary groups are carbarnoyl (H2NC.O-) and dimethylcarbamoyl 

(Mc2NCO-). 

"y4y5NS02-" means a substituted or unsubstituted sulphamoyl group, wherein y4 and yS arc 

as previously described. Exemplary groups are sulphamoyl (H2NS02-) and 

dimethylsulphamoyl (Me2NS02-)· 

10 "Prodrug" means a compound which is convertible in vivo by metabolic means (e.g. by 

hydrolysis) to a compound of formula (D, including N-oxidcs thereof. For example an ester of a 

compound of formula (I} containing a hydroxy group may be convertible by hydrolysis in vivo to 

the parent molecule. Alternatively an ester of a compound of formula <n containing a carboxy 

group may be convertible by hydrolysis in vivo to the parent molecule. 

15 

Suitable esters of compounds of formula (I} containing a hydroxy group, are for example 

acetates, citrates, lactates, tartrates, malonates, oxalates, salicylates, propionates, succinates, 

fumarates, maleates, raethylene-bis-~-hydroxynaphthoates, gentisates, isethionates, 

di-p-toluoyltartrates, rnethanesulphonates, ethanesulphonates, benzenesulphonates, 

2 0 r'-toluenesulphonatcs, cyclohexylsulphamates and quinates. 

An especially useful class of esters of compounds of formula (I) containing a hydroxy group, may 

be formed from acid moieties selected from those described by Bundgaard et. al., J. Med. Chem.,_ 

1989, 32, page 2503-2507, and include substituted (aminomethyl)-benzoates, for example 

2 5 dialkylamino-methylbenzoates in which the two alkyl groups may be joined together and/or 

interrupted by an oxygen atom or by an optionally substituted nitrogen atom, e.g. an alkylated 

nitrogen atom, more especially (rnorpholino-methyl)benzoates, e.g. 3- or 

4-(morpholinomethyl)-bcnzoates, and (4-alkylpiperazin-1-yl)benzoates, e.g. J. or 

30 

4-( 4-alkylpiperazin- l-yi)bcnzoates. 

\\'here the compound of the invention contains a carboxy group, or a sufficiently acidic 

bioisosterc, base addition sails may be fonncd and arc simply a more convenient form for use; 

and in practice, use of the salt form inherently amounts to use of the free acid form. The bases 

which can be used to prepare the base addition salts include preferably those which produce, 
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when combined with the free acid, pharmaceutically acceptable salts, that is, salts whose cations 

are non-toxic to the patient in pharmaceutical doses of the salts, so that the beneficial inhibitory 

effects inherent in the free base arc not vitiated by side effects ascribable to the cations. 

Pharmaceutically acceptable salts, including those derived from al~li and alkaline earth metal 

5 salts, within the scope of the invention include those derived from the following bases: sodium 

hydride, sodium hydroxide, potassium hydroxide, calcium hydroxide, aluminium hydroxide, 

lithium hydroxide, magnesium hydroxide, zinc hydroxide, ammonia, ethylenediamine, N-methyl­

glucamine, lysine, arginine, ornithine, choline, 

N,N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, 

10 N-benzylphenethylaminc, diethylamine, piperazine, tris(hydroxymethyl)aminomethanc, 

tetramethylammonium hydroxide, and the like. 

15 

Some of the compounds of the present invention are basic, and such compounds are useful in the 

form of the free base or in the form of a pharmaceutically acceptable acid addition salt thereof. 

Acid addition salts are a more convenient form for use; and in practice, use of the salt form 

inherently amounts to use of the free base form. The acids which can be used to prepare the acid 

addition salts include preferably those which produce, when combined with the free base, 

pharmaceutically ~cceptable salts, thai ~s, salts whose anions are non-toxic to the patient in 

2 0 pharm:it:euiical doses of the salts, so that the beneficial inhibitory effects inherent in the free 

base are not vitiated by side effects ascribable to the anions. Although pharmaceutically 

acceptable salts of said basic compounds are preferred, all acid addition salts are useful as 

sources of the free base form even if the particular salt, per se, is desired only as an intermediate 

product as, for example, when the sail is formed only for purposes of purification, and 

2 5 identification, or when it is used as intermediate in preparing a pharmaceutically acceptable salt 

by ion exchange procedures. Pharmaceutically acceptable salts within the scope of the invention 

include those derived from mineral acids and organic acids, and include hydrohalides, e.g. 

hydrochlorides and hydrobromides, sulphates, phosphates, nitrates, sulphamates, acetates, 

citrates, lactates, tartrates, malonates, oxalates, salicylates, propionates, succinates, fumarates, 

3 0 maleates, me~hylei:1c-bis-lJ-hydro>..yna~1ht11oatcs, gentisatcs, isethionatcs, di-p-toluoyltartra tcs, 

mc~b':lne-sulphoraatcs, cthanesulphonates, benzcnesulphonates, p-toluenesulphonates, 

cyclohexylsulphamates and quinates. 

As well as being useful in themselves as active compounds, salts of compounds of the invention 

3 5 arc useful for the purposes of purification of the compounds, for examrlc by exploitation of the 
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solubility differences between the salts and the parent compounds, side products and/or starting 

materials by techniques well known to those skilled in the art. 

With reference to formula (I) above, the following are particular and preferred groupings: 

Rl may particularly represent hydrogen, especially when xl represents C-RlO where RIO is 

lower alkyl, lower alkoxy, lower alkylthio, lower alkylsulphinyl or lower alkylsulphonyl. 

R 1 may also particularly represent halogen, especially fluoro and chloro. 

Rl may also particularly represent lower alkyl (e.g. methyl), especially when xi represents N. 

RI may also particularly represent lower alkoxy (e.g. methoxy), especially when xI represents N. 

15 xl may particularly represent CRIO, especially where RlO is lower alkyl or lower alkoxy (e.g. 

methyl or methoxy). 

xI may also particularly represent N. 

20 x2 may particularly represent CR 10, especially where RlO is lower alkyl (e.g. methyl), lower 

alkoxy (e.g. methoxy), lower alkylthio (e.g. methylthio), lower alkylsulphinyl (e.g. 

methylsulphinyl) or lower alkylsulphonyl (e.g. metbylsulphonyl). 

xJ may particularly rcrircsent CH. 

25 

x3 may also particularly represent N. 

x6 may particul:.:\rly represent CR'° and is prcferahly CH. 
' 

3 O One of x4 and xS may particularly represent CR 11 and the other represents CR 10, especially 

CH. 
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Within R 11 the moiety Ll may particularly represent a -R2-RJ- linkage where R2 represents a 

straight or branched C1-6alkylene chain, especially a straight or branched C1-4alkylene chain, 

and R3 represents (a) -C(=Z)-NR4-, preferably -C(=O)-NH-, or (b) _zl_, preferably -0-. 

5 Within R 11 the moiety Arl may particularly represent (a) an optionally substituted arylene, such 

as optionally substituted m- or p-phenylene, preferably optionally substituted p-phenylene or (b) 

an optionally substituted heteroaryldiyl, such as optionally substituted pyridindiyl, preferably a 

p-pyridindiyl, more preferably a pyridin-2,5-diyl. Preferred optional substituents include 

C1_4alkyl, especially methyl, and C1_4alkoxy, especially methoxy. 

10 

Within Rll the moiety L2 may particularly represent (a) a direct bond (b) an optionally 

substituted alkylene linkage, especially optionally substituted ethylene (c) an unsubstituted 

alkenylene linkage, especially vinylenc or (d) a _z2-R9- linkage, such as -0-CHz-, 

-S(O)n-CH2-. -S(O)n-CH2-CHz-, or especially -NH-CHz-. Preferred optional substituents 

15 within (b) include lower alkyl (e.g. methyl), aryl, heteroaryl, -N(Rl2)-C(=O)-Rl3, 

-N(R 12)-C(=O)-OR 13, -N(Rl2)-S02-Rl3, -NY 1 y2 and 

R' 
I 

-C-CH- , where 
115 2 
R 

R4 is hydrogen or lower alkyl (e.g. methyl) and RlS represents lower alkyl (e.g. methyl), or 

where R4 is hydrogen and RlS represents aryl, heteroaryl, -N(Rl2)-C(=O)-Rl3, 

20 -N(Rl2)-C(=0)-0Rl3, -N(R12)-S02-Rl3, -Nyly2 or 

-[C(=O)-N(R6)-C(R4)(R7)1p-C(=O)-NY1 y2. L2 is more preferably a group -_-,H-CH2 , 

Ris 

particularly -1H-CH2 , where RlS represents -N(Rl2)-C(=O)-Rl3, 

RlS 

2 5 Within R 11 the moiety Y may parricularly represent carboxy or an acid bioisosterc. 
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It is to be understood that this invention covers all appropriate combinations of the particular 

and preferred groupings referred to herein. 

A particular group of compounds of the invention are compounds of formula (la):-

in which Rl, R2, L2, Xl, x2, x3 and Y arc as hereinbefore defined, Ari is arylene and 

-R2-C(=O)-NH-ArLL2_ y is attached at the ring 3 or 4 position, and their prod rugs and 

{la) 

10 pharmaceutically acceptable salts, and solvates (e.g. hydrates) of compounds of formula (la) and 

their prodrugs. 

Compounds of formula (Ia) in which R 1 represents hydrogen are preferred. 

15 Compounds of formula (Ia) in which R2 represents a straight or branched C1-6alkylene chain, 

especialfy a straight or branched C1_4alkylene chain, more especially methylene, are preferred. 

Compounds of formula (la) in which Arl represents an optionally substituted arylene, especially 

optionally substituted m- or p-phenylene, more especially optionally s Jbstituted p-phenylene, arc 

20 preferred. Preferred substitucnts for Arl include C1_4alkyl and C1_4alkoxy, especially methyl 

and methoxy. 

Compounds of formula (la) in which L2 represents an optionally substituted alkylcne linkage, 

especially ethylene or substituted ethylene, arc preferred. Preferred optional substituents 

2 5 includ~ lower alkyl (e.g. methyl), aryl, hetcroaryl, -N(R 12)-C(=O)-R l3, -N(R 12)-C(=O}-ORIJ, 

-N(R 12)-S02-Rl3, -NYl y2 or -{C(=O)-N(R6)-C(R4)(R7)1fl-C(=O)-NYl v2. Compounds of 

R' 
I 

-C-CH- linkage, where R4 is hydrogen or lower alkyl (e.g. 
115 2 
R 

formula (Ia) in which L2 is a 
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methyl) and R 15 represents lower alkyl (e.g. methyl), or where R4 is hydrogen and R 15 

represents aryl, heteroaryl, -N(R 12)-C(=O)-R 13, -N(R 12)-C(=O)-OR 13, -N(R 12)-SOz-R 13, 

-Nvty2 and -(C(=O)-N(R6)-C(R4)(R7)1p-C(=O)-NYly2 are particularly preferred. 

Compounds of formula (la) in which L2 represents a -CH-CH:z- linkage, particularly 
115 
R 

-1H-CH2 , where Rl5 represents -N(R12)-C(=O)-Rl3, -N(Rl2)-C(=O)-OR13, 

RlS 

-N(R l2)-S02-R 13 or -NYl y2 are especially preferred. 

Compounds of formula (Ia) in which xi represents CR to, especially where R 10 is lower alkyl or 

lower alkoxy(e.g. methyl or methoxy), are preferred. 

Compounds of formula (la) in which x2 represents CRIO, especially where RlO is lower alkyl 

(e.g. methyl), lower alkoxy (e.g. methoxy), lower alkylthio (e.g. methylthio), lower alkylsulphinyl 

(e.g. methylsulphinyl) or lower alkylsulphonyl (e.g. methylsulphonyl), are also preferred. 

15 Compounds of formula (la) in which xJ represents CH arc also preferred. 

20 

Compounds of formula (la) in which Y represents carboxy are preferred. 

The group -R2-C(=O)-NH-ArLL2_ y may preferably be attached at the ring 4 position. 

A preferred group of compounds of the invention are compounds of formula (la) in which:- R l is 

hydrogen; R2 is a straight or branched C1_4alkylene chain, (especially methylene), Ari is an 

optionally substituted arylene (especially p-phenylene, and methyl(or methoxy) substituted 

p-phenylcnel; L2 is a substituted alkylene linkage (especially -CH-CH2 , where R 15 

115 
R 

x2 represent CRlO (especially where RlO is methyl, methoxy, methylthio, mcthylsulphinyl or 

methylsuphonyl); xJ represents CH; Y represents carboxy; and the group 

-1~2-C(=O)-NH-Arl-L2_y is attached at the ring 4 position; and the corresponding N-oxides, and 
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their prod rugs; and pharmaceutically acceptable salts and solvates (e.g. hydrates) of such 

compounds and their N-oxides and prodrugs. 

Compounds of formula (la) in which RlS represents -N(Rl2)-C(=O)-Rl3, especially where R12 

5 is hydrogen or lower alkyl (e.g. methyl) and Rl3 is lower alkyl (e.g. methyl), aryl (e.g. optionally 

substituted phenyl), heteroaryl (e.g. optionally substituted pyridyl, optionally substituted thienyl, 

optionally substituted isoxazolyl, optionally substituted pyridazyl), heterocycloalkyl (e.g. 

tetrahydropyran-4-yl), alkyl substituted by carboxy (e.g. -CHz-CHz-COzH and 

-CH2-CHz-CHz-COzH), alkyl substituted by-Nyly2 (e.g. aminomethyl and 

10 morpholin-1-ylmethyl) or alkyl substituted by alkoxyalkoxy (e.g. -CHz-O-CHz-CHz-O-CH3) are 

preferred. 

Compounds of formula (la) in which R 15 represents -N(R 12)-C(=O)-OR 13, especially where R 12 

is hydrogen or lower alkyl (e.g. methyl) and Rl3 is lower alkyl (e.g. ethyl) or alkyl substituted by 

15 aryl {e.g. benzyl), are also preferred. 

Compounds of formula (la) in which R 15 represents -N{R 12)-SOz-R 13, especially where R 12 is 

hydrogen or lower alkyl (e.g. methyl) and R13 is lower alkyl (e.g. methyl), aryl [e.g. optionally 

substituted phenyl or optionally substituted napbthyl (especially dimethylaminonaphth-1-yl)I), 

20 heteroaryl (e.g. optionally substituted pyridyl or optionally substituted imidazolyl), are also 

preferred. 

25 

Compounds of formula (Ia) in which RlS represents -NYl y2, especially where yl and y2 

represent hydrogen are also preferred. 

Compounds of formula (la) in which R 15 represents -NYI y2, especially where yl is hydrogen 

and y2 is or lower alkyl (e.g. propyl), or alkyl substituted by aryl (e.g. -CH2-Ph, -CH(CH3)-Ph 

er -CH2-CHz-Ph), are also preferred. 
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Particularly preferred compounds of formula (la) are those in which R 15 is -NU
2 , 

-NH-CH-0 • 

ft -NH-OCll-0~ '-NH-~-oN~ ' 
-N(CH

3 )-C-CH
3 • 

-NH-so-0· 

0 
II -NH-C-CH-CH-CO H 2 2 2 ' 

o 
II 

11 
0-c 0 s 

II 
-NH-C 0 -NH-C I 

-NH-c-cH2 0-cn
2cn

2ocn,, 
, -0 , ?i ~0-H ft-(/N-._? -NH-C~\\ • -NH-C ~ -NH-g n , \ J .or 

N==N 
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A further particular group of compounds of the invention are compounds of formula (lb):-

~ l1 1 
2 

0 
'f< n 3 II Ar!_L

2
-Y II I R2~N/ 

0 x, ,,,,.. ' H 
"xJ 

(lb) 

5 in which RI, R2, L2, xl, x2, xJ and Y are as hereinbefore defined, Arl is heteroaryldiyl and 

-R2-C(=O)-NH-Arl.L2_y is attached at the ring 3 or 4 position, and their prodrugs and 

pharmaceutically acceptable salts, and solvates (e.g. hydrates) of compounds of formula (lb) and 

their prod rugs. 

10 Compounds of formula (lb) in which RI represents hydrogen are preferred. 

Compounds of formula (lb) in which R2 represents a straight or branched C1-6alkylene chain, 

especially a straight or branched C1_4alkylene chain, more especially methylene, are preferred. 

15 Compou11ds of formula (lb) in which Arl represents an optionally substituted heteroaryldiyl, 

especially optionally substituted pyridindiyl, more especially optionally substituted p-pyridindiyl, 

preferably pyridin-2,5-diyl, are also preferred. Preferred substituents include C1_4alkyl and 

C1_4alkoxy, especially methyl and methoxy. 

2 O Compounds of formula (lb) in which L2 represents an optionally substituted alkylenc linkage, 

especially ethylene or substituted ethylene, are preferred. Preferred optional substituents 

include lower alkyl (e.g. methyl), aryl, hete.roaryl, -N(Rl2)-C(=O)-Rl3, -N(Rl2)-C(::::O)-OR13, 

-N(Rl2)-SOz-R13, -Nyly2 or -(C(=O)-N(R6)-C(R4)(R7)1p-C(=O)-NY1v2. Compounds of 

R' 
I 

--C-CH2 linkage, where R4 is hydrogen or lower alkyl (e.g. 
115 
R 

formub {lb) in w~ich L2 is ~ 

2 5 methyl) and R 15 represents lower alkyl (e.g. methyl), or where R4 is ltydrogcn and R 15 

represents aryl, hetcroaryl, -N(R 12)-C(""O)-R 13, -N(R 12)-C(=O)-OR 13, -N(R 12)-SOz-R 13, 

-NYI y2 and -(C(=O)-N(R6)-C(R4)(R 7Hp-C(=O)-NY1 y2 arc particularly preferred. 
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Compounds of formula (lb) in which L2 represents a -CH-CH2 linkage, particularly 
115 
R 

-1H-CH;- , where RlS represents -N(Rl2)-C(=O)-Rl3, -N(R12)-C(=O)-OR13, 

Rl.S 

-N(Rl2)-S02-Rl3 or -Nvly2 are especially preferred. 

5 Compounds of formula (lb) in which X 1 represents CR 10, especially where R 10 is lower alkyl or 

lower alkoxy(e.g. methyl or methoxy), are preferred. 

Compounds of formula (lb) in which x2 represents CRlO, especially where RIO is lower alkyl 

(e.g. methyl), lower alkoxy (e.g. methoxy), lower alkylthio (e.g. methylthio), lower alkylsulphinyl 

10 (e.g. methylsulphinyl) or lower alkylsulphonyl (e.g. methylsulphonyl), are also preferred. 

15 

Compounds of formula (lb) in which x3 represents CH are also preferred. 

Compounds of formula (lb) in which Y represents carboxy are preferred. 

Th.: group -R2-C(=O)-NH-Ar1-L2_y may preferably be attached at the ring 4 position. 

A preferred group of compounds of the invention are compounds of formula (lb) in which:- R l is 

hydrogen; R2 is a straight or branched C1-4alkylene chain, (especially methylene), Ari is an 

20 optionally substituted heteroaryldiyl, (especially pyridin-2,5-diyl); L2 is an optionally substituted 

alkylene linkage (especially an ethylene, or a -CH-CH2 linkage, particularly 
115 
R 

-CH-CH2 , where RlS represents methyl, aryl, hcteroaryl, -N(R12)-C(=O)-Rl3, 

115 
R 

-N(Rl2)-C(=0)-0Rl3, -N(Rii.)-SOz-Rl3, ~NVl y2 and 

-[ C(=O)-N(R6)-C(R4)(R 7)1p-C(=O)-NY 1 yl (especially -N(R 12)-C(=O)-R 13, 

25 -N(R12)-C(=0)-0Rt3,-N(Rl2)-S0z-R13 or -Nvly21; xt and x2 represent CRiO (especially 

where R 10 is methyl, methoxy, methylthio, methylsulphinyl or methylsuphonyl); X 3 represents 

CH; Y represents carboxy; and lhe group -R2-C(=O)-NH-ArLL2_ y is attached at the ring 4 
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position; and the corresponding N-oxides, and their prodrugs; and pharmaceutically acceptable 

salts and solvates (e.g. hydrates) of such compounds and their N-oxides and prod rugs. 

Compounds of formula (lb) in which R 15 represents -N(R 12)-C(=O)-R 13, especially where R 12 

5 is hydrogen or lower alkyl (e.g. methyl) and Rl3 is lower alkyl (e.g. methyl), aryl (e.g. optionally 

substituted phenyl), heteroaryl (e.g. optionally substituted pyridyl, optionally substituted thienyl, 

optionally substituted isoxazolyl, optionally substituted pyridazyl), heterocycloalkyl (e.g. 

tetrahydropyran-4-yl), alkyl substituted by carboxy (e.g. -CH2-CHz-COzH and 

-CHi-CH2-CH2-C02H), alkyl substituted by-Nyly2 (e.g. aminomethyl and 

10 morpholin-1-ylmethyl) or alkyl substituted by alkoxyalkoxy (e.g. -CH2-0-CH2-CH2-0-CH3) are 

preferred. 

Compounds of formula (lb) in which R 15 represents -N(R 12)-C(=O)-OR 13, especially where R l2 

is hydrogen or lower alkyl (e.g. methyl) and Rl3 is lower alkyl (e.g. ethyl) or alkyl substituted by 

15 aryl (e.g. benzyl), are also preferred. 

Compounds nf formula (lb) in which RlS represents -N(Rl2)-S0i-R13, especially where Rl2 is 

hydrogen or lower alkyl (e.g. methyl) and Rl3 is lower alkyl (e.g. methyl), aryl (e.g. optionally 

substituted phenyl or optionally substituted naphthyl (especially dimethylamioonaphth-1-yl)J), 

2 0 heteroaryl (e.g. optionally substituted pyridyl or optionally substituted imidazolyl), are also 

preferred. 

25 

Compounds of formula (lb) in which RlS rerresents -NYl y2, especially where yl and y2 

represent hydrogen are also preferred. 

Compounds of formula (lb) in which RlS represents -NYl y2, especially where yl is hydrogen 

and y2 is or lower alkyl (e.g. propyl), or alkyl substituted by aryl (e.g. -CH2-Ph or 

-Cl~2-CH1-Ph), are also preferred. 

30 Compounds of formula (lb) in which Rl5 represents -Nvly2, especially where both yl and y2 

represent alkyl substituted by aryl (e.g. -CH2-Ph or -CH(CH3)-Ph), arc also preferred. 
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25 

Particularly preferred compounds of formula (lb) are those in which R 15 is -NH
2

, 

-NH-CH-0• 

ft -NH-Cfi-o~ , -NH-g-oN~ ' 
-N(CH 3

)-C-CH3 
• 

, -NH-Lo-ca,-Q , 

0-0-iO-H 
II 

-NH-C ~ /; 
0 ' 

ft N-.0 

-NH-C~ -NH-g n , ~ J ,or 

N=::N 
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Particular compounds of the invention are selected from the following: 

(5-{4-(3-(2-methylphenyl)ureidol-phenylacetylamino}pyrid-2-yl)-thioacetic acid; 

3-(5-{3-methoxy-4-(3-(2-methylphenyl)ureidol-phenylacetylamino}pyrid-2-yl)-propanoic acid; 

3-{5-{3-methoxy-4-(3-(2-methylphcnyl)ureidol-phenylacetylamino)pyrid-2-yl)-2-methyl-

5 propanoic acid; 

3-(6-{3-methoxy-4-(3-(2-methylphenyl)ureidol-phenylacetylamino)pyrid-3-yl)-propanoic acid; 

3-acetylamino-3-(6-{2-(J-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-

yl)-propionic acid; 

3-(3,4-dimethoxy-benzoylamino)-3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-

10 acetylamino}-pyridin-3-yl)-propionic acid; 

N-(2-ca rboxy-1-( 6-{2-( 3-methoxy-4-(3-(2-meth yl phenyl) u reido) phenyl 1-acetylam ino }-pyrid in-3-

yl )-ethyl J-terep h thalam ic acid; 

3-benzoylamino-3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-acetylamioo}-pyridin-

3-yl)-propionic acid; 

15 3-( 6-{2-{3-methoxy-4-(3-{2-methylphenyl)u reido) phenyl l-acetylamino}-pyridin-3-yl)-3-

( ( tetrahyd ro-pyran-4-ca rbonyl)-am ino )-propion ic acid; 

3-( 6-{2-(3-methoxy-4-(3-(2-methyl phenyl )u reido )phenyl J-acetylamino}-pyridin-3-yl)-3-

{ (pyridazine-3-carbonyl)-amino J-propion ic acid; 

3-(6-{2-(3-methoxy-4-(3-(2-metbylphenyl)ureido)phenyl)-acetyfamino}-pyridin-3-yl)-3-

2 O [(thiophene-2-carbonyl)-aminoj-propionic acid; 

N-[2-carboxy-1-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-

yl)-ethyl)-succinamic acid; 

4-(2-carboxy-l-(6-{2-[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-

yl)-ethylcarbamoyl)-butyric acid; 

2 5 3-(2-a mino-acetylamino )-3-(6-(2-( 3-met hoxy-4-(3-(2-methylphcnyl)urcido )phenyl J-acetylamino }­

pyridin-3-yl)-propionic acid; 

3-(6-{2-(3-methoxy-4-{3-(2-methylphenyl)urcido)phenyl)-acetylamino}-pyridin-3-yl)-3-(2-

morpholin-4-yl-acctylamino)-propionic acid; 

3-(2-(2-methoxy-ethoxy)-acetylaminol-3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-

3 G &i:etyh!minJ}-pyr~din-3-yl)-propionic acid; 

3-methanesulfonylaminu-3-(6-{2-{3-methoxy-4-(3-(2-methyiphenyl)ureido)phenyl)-acetylamino}­

pyridin-3-yl)-propionic acid; 

J-( 6-{2-f 3-metlwxy-4-( 3-(2-mediyl phenyl )u reido) phenyl 1-acetylamino 1-p yridin-3-yl )-3-(pyridinc-

3-s u lfo nylam ino )-propion ic acid; 

3 5 3-( 6-(2-13-methoxy-4-(3-(2-methylphenyl)u rcido )phenyl l-acetylamino}-ryridin-3-yl)-3-( I-methyl­

SH-imidazole-4-sulfonylam ino )-propionic acid; 

• 
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3-acetylamino-3-f6-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)-acetyl}-methyl-amino)­

pyridin-3-yll-propionic acid; 

3-(3,4-dimethoxy-benzoylamino)-3-(6-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acctyl}­

methyl-amino)-pyridin-3-yll-propionic acid; 

5 N-{2-carboxy- l-(6-( {[3-methoxy-4-(3-(2-mcthylphenyl )ureido )phenyl 1-acetyl }-methyl-amino)­

pyridin-3-yll-ethyl }-terephthalamic acid; 

3-benzoy la mi no-3-( 6-( { ( 3-methoxy-4-(3-(2-mcthylp hen yl) u reido) phenyl 1-acetyl }-methyl-amino)­

pyrid i n-3-yl l-p ro pion ic acid; 

3-( 6-( {[3-methoxy-4-(3-(2-methylp henyl)u reido )phenyl 1-acetyl }-methyl-amino )-pyrid in-3-yl 1-3-

10 ((tetrahydro-pyran-4-carbonyl)-aminol-propionic acid; 

3-( 6-( {[3-methoxy-4-(3-(2-methylphenyl)ureido) phenyl 1-acetyl }-methyl-amino )-pyrid in-3-yl l-3-
( (pyridazine-3-carbonyl)-amino )-prop ionic acid; 

3-(6-({(3-methoxy-4-(3-(2-metbylphenyl)ureido)phenyl]-acetyl}-methyl-amino)-pyridin-3-ylJ-3-

((thiophene-2-carbonyl)-amino)-propionic acid; 

15 N-{2-carboxy-l-[6-({[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetyl}-methyl-amino)-

pyridin-3-yl)-ethyl}-succinamic acid; 

4-{2-carboxy-l-( 6-{ {(3-methoxy-4-(3-(2-methylphenyl )u reido )phenyl 1-acetyl }-methyl-a mi no)­

pyrid in-3-yl 1-ethylcarbamoyl}-butyric acid; 

3-(2-a m ino-acetyla mioo )-3-{h-( { { .3-methoxy-4-(3-(2-rn. ethyl phenyl )u reido) phenyl 1-acetyl }-methyl-

20 arnino)-pyridin-3-yll-propionic acid; 

3-(6-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetyl}-methyl-amino)-pyridin-3-yll-3-

(2-morpholin-4-yl-acetylamino)-propionic acid; 

3-(2-(2-methoxy-ethoxy)-acetylamino)-3-(6-({[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll­

acetyl }-methyl-amino )-pyridin-3-yl I-prop ionic acid; 

2 5 3-methanesulfonylam ino-3-( 6-( {(3-methoxy-4-(3-(2-m et hylphenyl)ureido )phenyl 1-acetyl }-methyl­

amino )-pyridin-3-yl!-propionic acid; 

3-( 6-( { ( 3-mcthoxy-4-(3-(2-methyl phenyl)u reido )phenyl ]-acetyl }-methyl-amino )-pyrid in-3-yl 1-3-

( pyrid inc-J-sul fonyla m ino )-pro pionic acid; 

3-( 6-( { (3-mcthoxy-4-(3-(2-methylphenyl)u reido )phenyl 1-acctyl }-methyl-amino )-pyrid i n-3-yl l-3-

3 0 { ~ -metl-iyl-SH-!mirla:wl«!-4-sulfonylami!lo)-propionic acid; 

3-(acctyi-methyl-amino)-3-(6-{2-13-methoxy-4-(3-(2-methylphcnyl)urcido)phenyll-acctylamino}­

pyridin-3-yl)-propionic acid; 

3-i ( 3,4-d i mcthoxy-benzoy i)-mct h yl-a m ino l-3-( 6-(2-13-methoxy-4-(3-(2-m ethyl phenyl )u rcido)­

phenyl 1-acetylamino }-pyridin-3-yl)-propionic acid; 

3 5 N-l 2-carboxy- l-(6-(2-( 3-mctllOxy-4-(3-(2-methylphenyl)u reido )phenylj-acctylamino}-pyridin-3-

yl )-ethyl!-N-methyl-tcrephthalamic acid; 
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3-(bcnzoyl-methyl-amino)-3-(6-{2-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll­

acetylamino}-pyridin-J-yl)-propionic acid; 

3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-acetylamino}-pyridin-3-yl)-3-(methyl­

(tetrahydro-pyran-4-carbonyl)-amino)-propionic acid; 

5 3-( 6-{2-( 3-methoxy-4-(J-(2-methylphenyl)u reido )phenyl 1-acetylamino}-pyrid in-J-yl )-3-( methyl­

(pyridazine-3-carbon yl )-amino )-pa·opionic acid; 

3-( 6-{2-f 3-m ethoxy-4-(3-(2-methyl phenyl )u reid o) phenyl )-acetylam ino }-py rid i n-3-yl)-3-1 methyl­

( thio p hene-2-carbo oyl)-amino J-propionic acid; 

N-[2-carboxy-l-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-

10 yl)-ethyl)-N-methyl-succinamic acid; 

4-{(2-carboxy-l-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl(-acetylamino}-pyridin-3-

yl)-ethyll-methyl-carbamoyl}-hutyric acid; 

3-(aminoacetyl-methyl-amino)-3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)­

acetylamino}-pyridin-3-yl)-propionic acid; 

15 3-(6-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)pbenylf-acetylamino}-pyridin-3-yl)-3-( 

methyl-(morpholin-4-yl-acetyl)-aminoj-propionic acid; 

3-{((2-methoxy-ethoxy)-acetyl)-metbyl-amino}-3-(6-{2-[3-metboxy-4-(3-(2-

methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-yl)-propionic acid; 

3-(methanesuffonyl-methyl-amino)-3-(6-{2-[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)-

20 .acecylamino}-pyridin-3-yl)-propionic acid; 

3-( 6-{2-[ 3-methoxy-4-(3-(2-metb ylpbenyl) u re id o) phenyl J-acetylamino }-py rid in-3-yl)-3-( methyl­

(pyrid i ne-3-s u l fon yl)-am ino )-pro pion ic acid; 

3-( 6-{2-( 3-methoxy-4-(3-(2-methyl phen yl)u reido )phenyl )-acetylam i no }-p yrid i o-3-yl)-3-( met hy I­

( l-m eth yl-S H-imidazole-4-sulfo .1yl)-a m ino l-p ropionic acid; 

2 5 3-acetylamino-3-( 6-{2-{ 4-(3-(2-methylphenyl)urcido )phenyl 1-acetylamino }-pyrid in-3-yl)­

propion ic acid; 

3-(3,4-dimethoxy-benzoylamino)-3-(6-{2-[4-(3-(2-mctbylphenyl)ureido)phenyl)-acetylamino}­

pyridin-3-yl)-propionic acid; 

N-(2-ca rboxy-1-( 6-{2-( 4-(3-(2-mcthyl phenyl) urcido )phenyl 1-acetylam ino }-py rid in-3-yl )-ethyl J-

30 terephthalami:: add; 

J-benwylamino-3-(6-{2-(4-(3-(2-methylphenyl)u•ei1o)phcny1J-acctylamino}-pyridin-3-yl)­

propionic acid; 

J-[{tetrahydro-11yran-4-carbonyl)-aminol-3-(6-{2-(4-(3-(2-mcthylphcnyl)ureido)pheny1J­

acetylamino}-pyridin-3-yl)-propionic acid; 

3 5 3-I (pyridazine-3-carbonyl)-amino J-3-( 6-{2-( 4-(3-(2-meth ylphenyl)u reido )phenyl J-acetylami no}­

pyridin-3-yl )-propionic acid; 
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3-l(thiophene-2-carbonyl)-aminol-3-(6-{2-(4-(3-(2-methylphenyl)ureido)phenyll-acetylamino~­

pyridin-3-yl)-propionic acid; 

N-(2-carboxy-l-(6-{2-(4-(3-(2-methylphenyl)ureido)phenyll-acctylaminol-pyridin-3-yl)-ethyll-

succinamic acid; 

5 4-(2-carboxy-l-(6-{2-14-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-3-yl)-

ethylcarbamoyl)-butyric acid; 

3-(2-amino-acety~amino)-3-(6-{2-14-(3-(2-methylphenyl)ureido)phenylf-acetylamino}-pyridin-3-

yl)-propionic acid; 

3-(2-morpholin-4-yl-acetylamino)-3-(6-{2-(4-(3-(2-methylphenyl)ureido)phenylJ-acetylamino}-

10 pyridin-3-yl)-propionic acid; 

3-[2-(2-methoxy-ethoxy)-acetylamino)-3-(6-{2-(4-(3-(2-methylphenyl)ureido)phenyll­

acetylamino}-pyridin-3-yl)-propionic acid; 

3-methanesulfonylamino-3-(6-{2-14-(3-(2-methylphenyl)ureido)pbeoyll-acetylamino}-pyridin-3-

yl)-propionic' acid; 

15 3-(pyridine-3-sulfonylamino)-3-(6-{2-14-(3-(2-metbylphenyl)ureido)phenylj-acetylamino}-

pyridin-3-yl)-propionic acid; 

3-(l-methyl-SH-imidazole-4-sulfonylamino)-3-(6-{2-14-(3-(2-methylphenyl)ureido)phenyl)­

acetylamino}-pyridin-3-yl)-propionic acid; 

3··( acety!-rn etb yl-amino }-3-{ 6-( \P-methoxy-4-(3-(2-meth yl phenyi)ureido) p b enyl 1-acetyl }-methyl-

2 n aminc)-pyridin-3-yl)-propionic acid; 

3-((3,4-dimethoxy-benzoyl)-methyl-amiooJ-3-{6-({{3-methoxy-4-(3-(2-methylphenyl)ureido)­

phenyl )-acetyl }-methyl-amino )-pyridin-3-yl 1-propionic acid; 

N-(2-carboxy-l-{6-({[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)-acetyl)-methyl-amino)­

pyridin-3-yll-ethyl)-N-methyl-terepbthalamic acid; 

2 5 3-(benzoyl-methyl-am ino )-3-( 6-( { (3-methoxy-4-(3-(2-methyl phenyl)ureido) phenyl )-acetyl }­

methyl-amino )-pyridin-3-ylj-propionic acid; 

3-( 6-( {( 3-methoxy-4-(3-(2-meth ylphenyl)ureido )phenyl 1-acetyl }-methyl-amino )-pyrid i n-3-yl l-3-

( methyl-( tetrahydro-pyran-4-carbonyl)-amino )-propionic acid; 

3-( 6-( { ( 3-methoxy-4-(3-(2-methyl phenyl)urcido) phenyl 1-acetyl }-methyl-a mi no )-pyrid in-3-yl l-3-

3 O [methyHpyridazin~-3-cad1or.yi)-aminoj-propionic acid; 

3-i 6-( {~ 3-methoxy-4-(3-(2-methyl p henyl)ureido )phenyl 1-acctyl }-methyl-am iao )-pyrid in-.J-yl f-3-

1 methyl-( thiophene-2-ca rbonyl)-amino )-propionic acid; 

N-{2-ca.-boxy-1-( 6-( { ( 3-mctho x y-4-( 3-(2-meth yiphenyl) u reido )phenyl 1-acctyl )-methyl-amino)­

pyrid in-3-yl j-ethyl)-N-methyl-succinamic acid; 

3 5 4-( {2-carboxy-1-( 6-( {( 3-methoxy-4-(3-(2-methylphenyl)u reido )phenyll-acet)'I }-methyl-amino)­

(lyridin-3-yl J-cthyl}-mcthyl-carbamoyl)-butyric acid; 
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J-(aminoacctyl-methyl-amino)-3-(6-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acctyl}­

methyl-amino)-pyridin-3-yll-propionic acid; 

3-16-({(3-mcthoxy-4-(3-(2-methylphenyl)ureido)phenyl)-acetyl}-methyl-amino)-pyridin-3-ylJ-3-

I methyl-( morpholin-4-yl-acetyl)-amino)-propionic acid; 

5 3-{((2-methoxy-ethoxy)-acetylJ-methyl-amino}-3-[6-({{3-methoxy-4-(3-(2-methylphenyl)ureido)-

phenylJ-acetyl}-methyl-amino)-pyridin-3-yll-propionic acid; 

3-(methanesulfonyl-methyl-amino)-3-(6-({[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)­

acetyl }-methyl-amino )-pyridin-3-ylj-propionic acid; 

3-( 6-( { (3-methoxy-4-(3-(2-meth ylphen yl) ureido )phenyl 1-acetyl }-methyl-amino )-pyrid in-3-yll-3-

10 [methyl-(pyridine-3-sulfonyl)-aminoJ-propionic acid; 

3-[ 6-( { [ 3-methoxy-4-(3-(2-m ethylpheu yl) u reido) phenyl J-acetyl }-methyl-amino )-pyrid in-3-yl )-3-

1 methyl-( l-methyl-SH-imidazole-4-sulfonyl)-aminoj-propionic acid; 

3-acetylamino-3-(5-{2-[3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-2-

yl)-propionic acid; 

15 3-(3,4-dimethoxy-benzoylamino)-3-(5-{2-13-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-

acetylamino}-pyridin-2-yl)-propionic acid; 

N-{2-carboxy-1-( 5-{2-{3-m~tho xy-4-(3-(2-m ethyl phenyl )u reido) phenyl 1-acetylam i no }-pyrid in-2-

yl)-ethyl )-terephthalam ic acid; 

3-benzoylamino-3-(5-{2-[3-methoxy-4-(3-(2-methyiphenyl)ureido)phenyl)-acetylamino}-pyridin-

2 0 2-yl)·propionic acid; 

3-( 5-{2-( 3-m ethoxy-4-(3-(2-methyl phenyl )u reido) phenyl 1-acetylam ioo }-pyrid i n-2-yl)-3-

{ (tetra h yd ro-pyran-4·ca rbonyl)-am ino l-p ropio nic acid; 

3-( 5-{2-[ 3-m et ho xy-4-(3-(2-m ethyl phenyl)u reido) phenyl 1-acetylam ino }-pyrid i n-2-yl)-3-

( (p yrid azine-3-carbonyl)-a mi no )-p ropio n ic acid; 

2 5 3-(5-{2-( 3-methoxy-4-(3-(2-methylphenyl)u reido )phenyl 1-acetylamino}-pyrid in-2-yl)-3-

! ( thio p hene-2-carbon yl)-amino )-propionic acid; 

N-(2-carboxy- l -(5-{2-[3-methoxy·4-(3-(2-methyl phenyl) u reido )phenyl 1-acetylam ino }-pyridin-2-

yl)-eth yl J-succinamic acid; 

4-( 2-ca rboxy-1-(5- {2-( 3-methoxy-4-( 3-(2-methyl phcnyl)u re id o) phenyl 1-acetylamino }-pyrid in-2-

3 0 y•)-cthykarbam~yll-butyric acid; 

J-(2-anuno-acetylamiM)-J-(5-l2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylj-acetylamino}­

pyridin-2-yl)-propionic acid; 

2-{ 5-{ 2-13-me:ho;.:y-4-(J-(2-m ethyl phenyl)u rcido )phenyl 1-acetyla m ino }-pyrid in-2-yl)-3-(2-

morp holi n-4-yl-acetylamino )-propionic acid; 

3 5 3-{ 2-(2-methoxy-ethoxy)-acetylam ino 1-3-( 5-{ 2-( 3-mctho xy-4-(3-(2-meth yl p hcnyl )u reido )phenyl J­
acctyla m ino~-pyridin-2-yl)-propionic acid; 
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3-methanesulfonylamino-3-(5-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylf-acetylamino}­

(lYridin-2-yl)-propionic acid; 

3-(5-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylj-acetylamino}-pyridin-2-yl)-3-(pyridine-

3-sulfonylamino)-propionic acid; 

5 3-( 5-{2-( 3-methoxy-4-(3-(2-methyl p henyl)u reido )phenyl )-acetylami no }-pyrid in-2-yl)-3-( 1-meth yl-

5 H-im idazole-4-sul fonylamino )-propionic acid; 

3-acetylam ino-3-( 5-( {(3-methoxy-4-(3-(2-methylphenyl)ureido )phenyl J-acetyl}-methyl-amioo )­

pyridi n-2-yl J-propionic acid; 

3-(3,4-dimethoxy-benzoylamino)-3-(S-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetyl}-

10 methyl-amino)-pyridin-2-ylf-propionic acid; 

N-{2-ca rboxy-1-( 5-( {[3-methoxy-4-(3-(2-methylphenyl)ureido )pbenylJ-acetyl}-metbyl-amino )­

pyridin-2-yl J-etbyl}-terephtbalamic acid; 

3-benzoylami no-3-( 5-( { (3-m ethoxy-4-(3-(2-m ethyl phen yl)u re id o )phenyl J-acetyl }-methyl-amino)­

pyrid i n-2-yl I-pro pionic acid; 

15 3-( 5-( {[3-methoxy-4-(3-(2-methylphenyl)u reido )phenyl 1-acetyl}-methyl-amino )-pyridin-2-ylJ-3-

[ ( tetrahyd ro-pyran-4-carbonyl)-amino J-propionic acid; 

3-(5-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-acetyl}-methyl-amioo)-pyridin-2-ylJ-3-

[(pyridazine-3-carbonyl)-amino)-propiooic acid; 

3-[5-({(3-methoxy-4-(3-(2-m~d1y!pheoyl)ureido)phenylJ-acetyl}-methyl-amino)-pyridin-2-yl)-3-

2 0 f (thiophene-2-ca;bonyl)-aminol-propionic acid; 

N-{2-ca rboxy-1-( 5-( {( 3-methoxy-4-(3-(2-methylphen yl) u reido )phenyl 1-acetyl }-rneth yl-a mi no)­

pyrid i n-2-yl J-ethyl}-succinamic acid; 

4-{2-carboxy- l -[ 5-( {(3-methoxy-4-(3-(2-meth ylphenyl)u reido )phenyl 1-acetyl}-methyl-amino )­

pyridin-2-yl ]-ethylcarbamoyl }-butyric acid; 

2 5 3-(2-am ino-acetylamino )-3-{ 5-( {(3-methoxy-4-(3-(2-methylphenyl)u rcido )phenyl 1-acetyl}-methyl­

amino )-pyridin-2-yl I-prop ionic acid; 

3-15-( { ( 3-methoxy-4-(3-(2-methylphenyl)ureido )phenyl )-acetyl }-methyl-amino )-pyrid in-2-yl 1-3-

(2-morpholin-4-yl-acetylamino )-propio nic acid; 

3-(2-(2-methoxy-ethoxy)-acetylamino l-3-( 5-( {(3-mcthoxy-4-(3-(2-mcthyl phenyl)ureido )phenyl 1-
3 0 2~ety!}-mc!hyl-amino}-ryri<iin-2-ylJ-propionic acid; 

3-methan~sulfonylamino-3-(5-({(3-methoxy-4-(3-(2-methylphenyl)ureid<')phenyll-acetyl}-methyl­

amino)-pyridin-2-ylj-propionic acid; 

3-i 5-( ( ( 3-methoxy-4-(3-(2-met hyi phenyl)u re id o) phenyl J-acetyl }-methyl-amino )-pyrid in-2-yl J-3-

( pyridi ne-3-s ul fonyla mino )-propionic acid; 

3 5 3-15-( {13-methoxy-4-(3-(2-methylphenyl)ureido)rltenylJ-acetyl}-methyl-amino)-pyridin-2-ylJ-3-

( l-methyl-SH-imidazolc-4-sulfonylamino )-propionic acid; 
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3-(acetyl-methyl-amino)-3-(5-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-acetylaminoJ­

pyridin-2-yl)-propionic acid; 

3-((3,4-dimcthoxy-benzoyl)-methyl-aminoJ-3-(5-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)­

flhCnylJ-acetylamino}-pyridin-2-yl)-propionic acid; 

5 N-(2-carboxy-1-(S-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-2-

yl)-ethyl)-N-methyl-terephthalamic acid; 

3-(benzoyl-methyl-amino)-3-(S-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)­

acetylamino}-pyridin-2-yl)-propionic acid; 

3-( 5-{2-( 3-methoxy-4-(3-(2-methylp hen yl) u re id o )phenyl 1-acetyla mi no }-pyrid in-2-yl)-3-( methyl-

10 ( tetrahyd ro-pyran-4-carbonyl)-aminol-propionic acid; 

3-(5-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acctylamino}-pyridin-2-yl)-3-(methyl­

(pyrid azine-3-carbonyl)-amino 1-propionic acid; 

3-( 5-{2-( 3-m ethoxy-4-(3-(2-meth yip hen yl) u reido) phenyl 1-acetyla m ino }-pyrid in-2-yl )-3-( methyl­

( thiophene-2-carbonyl )-amino 1-propionic acid; 

15 N-(2-carboxy- l-(S-{2-(3-methoxy-4-(3-(2-methylphenyl)u reido )phenyl J-acetylamino }-pyridio-2-

yl)-ethyl J-N-methyl-succinamic acid; 

4-{[2-ca rboxy-1-( 5-{2-[ 3-methoxy-4-(3-(2-met hyl phenyl) u reido) phenyl 1-acetylami no }-pyrid in-2-

yl)-eth yl )-meth yl-carbamoyl }-bu tyric acid; 

3-(amiiloacetyl-methyl-amino)-3-(S-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl)-

2 O acerylamino}-pyridin-2-yl)-propionic acid; 

3-(S-{2-(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-2-yl}-3-[methyl­

(morpholin-4-yl-acetyl)-amino)-propionic acid; 

3-{ [ (2-m ethoxy-eth oxy )-acetyl )-methyl-amino }-3-( 5-{2-{ 3-m ethoxy-4-(3-(2-

m ethyl phenyl) u reid o) phenyl j-acetyla m ino }-p yrid i n-2-yl)-p ro pio nic acid; 

25 3-(methanesulfonyl-methyl-amino)-3-(5-{2-[3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-

acetylamino}-pyridin-2-yl)-propionic acid; 

3-( 5-{2-( 3-mcthoxy-4-( 3-(2-mcth yip hen yl )u reido )phenyl J-acetylamino }-pyrid in-2-yl)-3-( methyl­

(py ridinc-3-sulfonyl)-amino l-propionic acid; 

3-(S-{ 2-( 3-m eth o xy-4-(3-(2-m ethyl phenyl) u reido )p hen y I J-acetyla mi no }-py rid in -2-y I )-3-[ m ct h yl-

3 O ( l-metl,yl-SH-imi<lazole-4-sulfonyl)-aminoj-propionic acid; 

3-acctylamino-3-(S-{2-(4-(3-(2-methylphcnyl)ureido}phenyll-acctylamino}-pyridin-2-yl)­

propionic acid; 

3-(3,4-dirncthoxy-bcnzoyla m ino }-3-( 5-{ 2-{ 4-(3-(2-mcthylphcn yl) u rcido) phcn yl 1-acctylamino }­

pyrid i n-2-yl )-propion ic acid; 

3 5 N-(2-carlJoxy- l-(S-{2-{ 4-(3-(2-methylphcnyl)ureido )phenyl l-acctylamino}-pyridin-2-yl)-cthyl l­
tcrcph thalam1c acid; 
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3-benzoylamino-3-(S-{2-14-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-2-yl)-

propionic acid; 

3-( (tetra h yd ro-pyran-4-ca rbon yl )-am inoj-3-(5-{2-f 4-(3-(l-methylphenyl)u reido )phenyl l­

acetyla min o }-pyridi n-2-yl )-p ropionic acid; 

5 3-((pyridazinc-3-carbonyl)-aminoJ-3-(S-{2-(4-(3-(2-methylphenyl)ureido)phenyll-acctylamino}-

pyridin-2-yl)-propionic acid; 

3-[(thiophcne-2.-:.carbonyl)-aminoJ-3-(5-{2-(4-(3-(2-methylphenyl)ureido)phenylJ-acetylamino)­

JlYridin-2-yl)-propionic acid; 

N-f 2-ca rboxy-1-(5-{2-( 4-(3-(2-methylphenyl)ureido )phenyl)-acetylam ino }-pyridin-2-yl)-ethyl f-

10 succinamic acid; 

4-(2-carboxy- l-( 5-{2-( 4-(3-(2-methylphenyl)u reido )pbenylf-acetylamino }-pyridin-2-yl)-

eth ylca rbamoyl J-bu tyric acid; 

3-(2-amino-acetylamino)-3-(5-{2-{4-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-pyridin-2-

yl)-propionic acid; 

15 3-(2-morpholin-4-yl-acetylamino)-3-(5-(2-14-(3-(2-methylphenyl)ureido)phenyll-acetylamino}-

pyridin-2-yl)-propionic acid; 

3-(2-(2-methoxy-ethoxy)-acetylaminol-3-(5-{2-14-(3-(2-methylpheoyl)ureido)phenyll­

acctylamino}-pyridin-2-yl)-propionic acid; 

3-methanesulfonylamino-3-{S-{2-(4-(3-(2-methylphecyl)ureido)phenylJ-acetylamino}-pyridin-2-

20 yl)-propionic acid; 

3-(pyridine-3-sulfonylamino)-3-(S-{2-(4-(3-(2-methylphenyl)ureido)phenyl)-acetylamino}­

pyridin-2-yl)-propionic acid; 

3-(1-methyl-SH-imidazole-4-sulfonylamino)-3-(5-{2-(4-(3-(2-mcthylphenyl)ureido)phenyll­

acetylamino}-pyridin-2-yl)-propionic acid; 

2 5 3-( acctyl-meth yl-amino )-3-( 5-( { (3-metho xy-4-(3-(2-methylphen yl) urcido )phenyl )-acetyl }-methyl­

amino )-pyrid i n-2-yl l-propionic acid; 

3-((3,4-dimethoxy-benzoyl)-methyl-aminol-3-{S-({(3-mcthoxy-4-(3-(2-methylphenyl)ureido)­

phcnyl 1-acetyl }-methyl-a mi no )-pyrid i n-2-yl 1-propionic acid; 

N-{ 2-ca rbo xy-1-15-( {( 3-methoxy-4-(3-(2-methylphen yl )u reido )phenyl 1-acctyl}-methyl-amino )-

3 O pyt·idin-Z-yl l-~!hy!}-N-r-.1cthyl-tcrephthllamic acid; · -. 

J-{bcnzo yl-mcthyl-amino )-3-( S-( {( 3-methoxy-4-(3-(2-methylphenyl)u reido )phenyl J-acetyl)­

methyl-arnino )-pyridin-2-yl 1-propionic acid; 

3-( 5-( {( 3-mct ho xy-4-(3-(2-methylphenyl)ureido )phenyl 1-acetyl )-methyl-amino )-pyrid i n-2-yl 1-3-

1 methyl-( tetra hyd ro-pyran-4-carbonyl)-amino l-p ropionic acid; 

3 5 3-( 5-( {(3-mcthoxy-4-(3-(2-methylphcnyl)urcido )phen ylj-acetyl)-methyl-arnino )-pyridin-2 
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3-( 5-( ( ( 3-m ethoxy-4-(3-(2-methylphenyl)u reido )phenyl 1-acetyl }-methyl-amino )-pyrid i n-2-yl l-3-

( methyl-( thio phene-2-carbonyl)-amino )-pro pionic acid; 

N-{2-ca rboxy-1-15-( {I 3-methoxy-4-(3-(2-methyl phenyl)u reido )phenyl 1-acetyl }-methyl-amino)-

5 pyridin-2-yll-ethyl}-N-methyl-succinamic acid; 

4-( {2-carboxy-1-( 5-( {( 3-methoxy-4-(3-(2-methylphenyl)ureido )phenyl 1-acetyl }-methyl-amino)­

pyrid in-2-yl I-ethyl }-methyl-carbamoyl)-bu tyric acid; 

3-(aminoacetyl-methyl-amino)-3-(5-({[3-methoxy-4-(3-(2-methylphenyl)ureido)phenylJ-acetyl}­

methyl-amino)-pyridin-2-ylJ-propionic acid; 

10 3-( 5-( {[ 3-methoxy-4-(3-(2-methylphenyl)u reido )phenyl 1-acetyl }-methyl-amino )-pyrid i n-2-yl l-3-

( methyl-( morpholin-4-yl-acetyl)-amino I-prop ionic acid; 

3-{1(2-methoxy-ethoxy)-acetyl)-methyl-amino}-3-(5-({(3-methoxy-4-(3-(2-methylpbenyl)ureido)­

phenyll-acetyl}-methyl-amino)-pyridin-2-yll-propionic acid; 

3-( methanesulfonyl-methyl-amino )-3-( 5-( {(3-methoxy-4-(3-(2-methylphenyl)ureido )phenyl 1-

15 acetyl }-methyl-amino )-pyridin-2-ylJ-propionic acid; 

3-{ 5-( {I 3-methoxy-4-(3-(2-methylphenyl)ureido )phenyl 1-acetyl }-methyl-amino )-pyridin-2-yl )-3-

1 methyl-(pyridine-3-sulfonyl)-aminoj-propionic acid; 

3-(5-({(3-methoxy-4-(3-(2-methylphenyl)ureido)phenyll-acetyl}-methyl-amino)-pyridin-2-yll-3-

( methyl-( l-mdhyl-SH-imidazoie-4-su lfonyl)-amioo 1-propionic :.1.cid; 

2 0 3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureido I phenylacetylamino} phenyl)-3-

(methanesulphonylamino )-propanoic acid; 

3-( acetylamino )-3-( 4-{3-methoxy-4-( 3-(2-m ethylphenyl)ureido IP henylacetylamino} phenyl)­

propanoic acid; 

3-(benzoylamino )-3-( 4-{3-methoxy-4-[ 3-(2-mdhylphenyl)u reido) phenylacetylamino} phenyl)-

25 propanoic acid; 

3-(4-{3-methoxy-4-[3-(2-methylphenyl)urcidolphenylacetylamino}phenyl)-3-(3-

pyridylacetylamino)-propanoic acid; 

3-a mi no-3-( 4-{ 3-m ethoxy-4-( 3-(2-mct h yl ph eny I) u reido Ip hen ylacetyl amino} p h eny 1)-p ro pan oic 

acid; 

3 0 3-( n-lrn tyla mi~'l )-3-( 4-{J-methoxy-4· ( 3-(2-methylphcnyl)ureido jphcnylacctyfamino} phenyi)­

propanoic acid; 

3-bcnzylamino-3-(4-{3-methoxy-4-(3-(2-mcthylphcnyl)ureidojphenylacctylarnino}phcnyl)-

propar.oic adrl ; 

3-( 4-{3-methoxy-4-13-(2-met hylphenyl)u reid o I phenylacctylam ino} phenyl )-3-(2-

3 5 phenylethylamino)-propanoic acid; 
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3-( 4-{ 3-m ethoxy-4-13-(2-meth yl phenyl)u reid o) phen ylacetylam ino) phen yl)-3-( morpholin-4-yl)­

propa noic acid; 

3-( 4-{3-methoxy-4-(3-(2-methylphenyl)u reido I phenylacetylamino} phenyl)-3-( 4-methylpiperazin­

l-yl)-propanoic acid; 

5 3-(N-acetyl-N-methylamino )-3-( 4-{ 4-[ 3-(2-meth ylphenyl)ureido I phenylacetyl-N-methylamino }­

phenyl)-propionic acid; 

3-benzyloxycarbooylamino-3-(4-{3-metboxy-4-13-(2-methylphenyl)ureido)phenylacetylamino}­

phenyl)-propanoic acid; 

3-phenyls ulp honylam ino-3-( 4-{ 3-m ethoxy-4-(3-(2-m ethyl phenyl)u reido Ip hen ylacetylam i no}-

10 phenyl)-propanoic acid; 

3-(pyridioe-3-carbonylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetyt­

amino}phenyl)-propaooic acid; 

3-(pyridine-3-sulphonylamino)-3-(4-{3-methoxy-4-13-(2-methylphenyl)ureido)phenylacetyl­

amino}phenyl)-propaooic acid; 

15 3-(5-dimethylamino-l-naphthalenesulp honylamino )-3-( 4-{3-methoxy-4-(3-(2-methylp henyl)­

ureido I phenylacetylamino} phenyl)-propanoic acid; 

3-(4-carboxybutanoylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidoJphenylacetylamino}­

phenyl)-propanoic acid; 

3-(3-~a rboxypro panoyla;n in o )-3-( 4-{3-metho xy-4-( 3-( 2-m eth yip hen yl) u reido J phenyl-

20 acetylamino}phenyl)-propaneiic acid; 

3-( l-methylimidazol-4-ylsul phonylam i no )-3-( 4-{3-methoxy-4-13-(2-methylphenyl) u reido I phenyl­

acetylami no} phenyl)-propaooic acid; 

3-(N-acetyl-methylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidofphcnylacetylamino}­

phenyl)-pr.opanoic acid; 

2 5 3-(N-methanesulphonyl-methylamino )-3-( 4-(3-methoxy-4-( 3-(2-methylphcnyl)u rcido I phcnyl­

acetylam ino} phenyl)-propa noic acid; 

3-( mo rpholin-1-ylacetylam ino )-3-( 4-{3-methoxy-4-13-(2-mcthyl phenyl) u reido I phcn yl­

acetylamino} phenyl)-propanoic acid; 

3-acetylam ino-3-( 4-(3-mcth ylt hio-4-13-(2-mcthylp hen yl )u reido l phen ylacctylam ino) phcn yl)-

30 p:-opar.aic acid; 

J-acetylamino-3-(4-{3-rncthylsulphinyl-4-13-(2-methylphenyl)ureidoJphcnylacetylamino}phenyl)­

(lrOpanoiC acid; 

3-acetylamino-3-( 4-{3-methyisulphon yl-4-(3-(2-rnethylphenyl)u reido I phcnylacctyla mino}­

phcnyl)-propanoic acid; 

3 5 3-12-(2-mcthoxyetho:\.y)acctylamino 1-3-( 4-(3-mcthoxy-4-13-(2-mcthylphcn yl)ureidol phcnyl­

acctylarnino}phenyl)-propanoic acid; 
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J-{(tetrahydropyran-4-carbonyl)aminol-3-(4-{3-mcthoxy-4-(3-(2-methylphenyl)ureidolphenyl­

acetylamino}phenyl)-propanoic acid; 

3-((5-methyl-isoxazole-3-carbonyl)-aminoj-3-(4-{3-methoxy-4-13-(2-methylphenyl)ureidojphenyl­

acetylamino} phenyl)-propanoic acid; 

5 3-f ( thiop hene-2-carbon yl )-amino 1-3-( 4-{ 3-metho xy-4-13-(2-meth yip hen yl) u rcido I phenyl­

acetylam i no} phenyl)-pro panoic acid; 

3-{ ( 4-carboxybenzoyl)-amino 1-3-( 4-{3-methoxy-4-( J-(2-methylphenyl)ureidol phenyl­

acetylamino} phenyl)-propanoic acid; 

3-( (pyridazi n-3-ca rbonyl)-am ino 1-3-( 4-{3-methoxy-4-13-(2-methyl phenyl )u reido I phenyl-

10 acetylamino}phenyl)-propanoic acid; 

3-[(3,4-dimethoxybenzoyl)-aminoj-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl­

acetylamino}pltenyl)-propanoic acid; 

3-((pyridazin-3-carbonyl)-amino)-3-(4-{4-(3-(2-methylphenyl)ureido)phenylacetylamino}phenyl)­

propanoic acid; 

15 3-(4-carboxy-J,3-dimethyl-butanoylamino)-3-(4-{3-methoxy-4-13-(2-methylphenyl)ureido]-

phenylacetylamino }-phenyl)-propaooic acid; 

3-(benzoylamino)-3-(4-{4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid; 

3-(4-carboxybutanoylamino)-3-(4-{4-(3-(2-methylphenyl)ureidolphenylacetylamino}-phenyl)­

propanoic acid; 

2 O 3-( 4-( {3-methoxy-4-( 3-(2-methyl ph enyl)u reido 1-phenylacetyi }-N-methylam i no )-phenyl 1-butanoic 

acid; 

3-( ( 4-ca rboxypyrid ine-3-ca rbo n yl)-am ino 1-3-( 4-{3-m ethoxy-4-( 3-(2-meth yl phenyl )u reido Ip hen yl­

ace tylamino} phenyl)-propanoic acid; 

3-(2,2-di-(hydroxymethyl)pro(lanoyt-aminoJ-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol-

25 phenylacetylamino}phenyl)-propanoic acid; 

3-(2-( carboxymethyloxy)-acctylam ino J-3-( 4-{3-metho xy-4-( 3-(2-methylp henyl)u reido J p hcnyl­

acetylamino} phenyl)-propanoic acid; 

3-((l-carboxymethyl-pipcridin-4-carbonyl)-aminol-3-(4-{3-methoxy-4-(3-(2-

methylphenyl)ureidol phenylacetylamino} phenyl)-prorianoic acid; 

3 0 3-(2-( 4-mcthyl-pipcrazir.-1-yl)-accrylaminol-3-( 4-{3-meihoxy ... 4-(3-(2-ructh yl rhcnyl)u rcidol­

phcnylacetylamino j phcnyl)_-propanoic acid; 

3-(pyrrolidin-1-yl)-3-(4-({4-[3-(2-methylphcnyl)urcidolphcnylacetyl}-mcthylamino)-phcnyll­

jirDpanoic acid; 

3-(N-acctyl-methylamino )-3-( 4-( {4-( 3-(2-methylphenyl)urcido I phenylacetyl 1-methylamino )-

3 5 phenyl!-propanoic acid; 
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3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino} phenyl)-5-( 4-methylpiperazin­

l-yl)-5-oxo-pen tanoic acid; 

3-( 4-{3-metho xy-4-( 3-(l-meth yip hen yl )ureido I phen ylace tylam ino) p hen yl)-5-( morpholi n-4-yl)-5-

o xo-pen tanoic acid; 

5 and the corresponding N-oxides, and their prod rugs; and pharmaceutically acceptable salts and 

solvates (e.g. hydrates) of such compounds and their N-oxides and prod rugs. 

Preferred compounds of the invention include: 

3-(5-{3-methoxy-4-(3-(l-methylphenyl)ureidol-phenylacetylamino}pyrid-2-yl)-propanoic acid; 

10 3-(6-{3-methoxy-4-13-(l-methylphenyl)ureido)-phenylacetylamino}pyrid-3-yl)-propanoic acid; 

3-(4-{3-methoxy-4-13-(2-methylpbenyl)ureidolphenylacetylamino)phenyl)-3-

(methancsulphonylamino)-propanoic acid; 

3-(acetylamino )-3-( 4-{3-methoxy-4-(3-(2-methylp bcnyl)u reido I phenylacetylamino} phenyl)­

propanoic ac.id; 

15 3-(benzoylamino)-3-(4-{3-metboxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino)phenyl)-

propanoic acid; 

3-( 4-{3-methoxy-4-( 3-(2-m ethyl phenyl)u reido J p hen ylacetyla m ino) p henyl)-3-(3-

pyrid ylacetyla m ino )-p ropanoic acid; 

3-ami no-3-( 4-{3-m ethoxy-~ -i 3-(2-meth ylphen yl) u re id o J p henylacetylam ino} pb en y 1)-propa n oic 

20 acid; 

3-( n-bu tylamino )-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureido I pbenylacetylam ino} phenyl)­

propanoic acid; 

3-benzylamino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido\phenylacetylamino}phenyl)­

propanoic acid ; 

2 5 3-( 4-{3-methoxy-4-(3-(2-methylphenyl)u reido I phenylacctylamino} phenyl)-3-(2-

phenylethylamino )-propanoic acid; 

3-( 4-{3-methoxy-4-( 3-(2-methylphenyl)u reidol phcnylacctylam ino} phenyl )-3-( morpholin-4-yl )­

p ropanoic acid; 

3-( 4-{3-mcthoxy-4-( 3-(2-methylphcnyl)u reido I phcnylacetylami no} phen yl)-3-( 4-mcthyl pi perazi n-

30 . 1-yl)-prop11noic acid; 

3-(N-acetyl-N-mcth ylamino )-3-( 4-{ 4-{ 3-(2-mcthylphen yl) urcido I phcn ylac~tyl­

N-methyla mino I phenyl)-p ropionic acid; 

3-benzyioxyca rho nylam i no-3-( 4-{ 3-m ethoxy-4-( 3-(2-meth yl (l henyl )u reido Ip hen ylacctyla mi no f­

phcnyl )-propa noic acid; 

3 S 3-phct'\ylsulphonylamino-3-( 4-{3-metboxy-4-(3-(2-methyl phenyl)urcido I phen ylacetylamino }­

phenyl)-propanoic acid; 
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3-(pyridine-3-carbonylamino)-3-(4-{3-methoxy-4-f3-(2-methylphenyl)ureidolphenyl­

acctylamino}phenyl)-propanoic acid; 

3-(pyridine-3-sulphonylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidoJphenyl­

acetylamino} phcnyl)-propanoic acid; 

5 3-(S-dimethylamino-l-naphthalenesulphonylamino)-3-(4-{3-meC.hoxy-4-13-(2-

methylphenyl)ureidolphenylacetylamino) phenyl)-propanoic acid; 

3-( 4-carboxybutanoylamino )-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)u reido I phenylacetylamino}­

phenyl)-p ropanoic acid; 

3-(3-carboxypropanoylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenyl-

10 acetylamino}phenyl)-propanoic acid; 

3-( l -mcthylimidazol-4-ylsulphon ylamino )-3-( 4-{3-methoxy-4-( 3-(2-methylphenyl) u reido J phenyl­

acetylamino} phenyl)-propanoic acid; 

3-(N-acetyl-methylamino)-3-(4-{3-methoxy-4-(3-(2-methylpbenyl)ureidoJphenylacetylamino}­

phenyl)-propanoic acid; 

15 3-(N-mcthanesulphonyl-methylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl-

acctylamino} phenyl)-propanoic acid; 

3-( morpholin-1-ylacetylamino )-3-( 4-{3-metboxy-4-( 3-(2-methylphenyl)ureido I phenyl­

acetylamino} phenyl)-propanoic acid; 

3-acetyia mino-3-( 4-{3-methylthio-4-( 3-(2-methylphen yl)u reido) phenylacetylamino} phenyl)-

2 0 propanoic acid 

3-acetylamino-3-(4-{3-methylsulphinyl-4-(3-(2-methylphenyl)ureidoJphenylacetylamino}phenyl)­

propanoic acid; 

3-acetylamino-3-( 4-{3-methylsulphonyl-4-(3-(2-methylphenyl )ureido I phenylacetylamino }­

P~Jenyl)-propanoic acid; 

2 5 3-f 2-(2-methoxyethoxy)acctylamino 1-3-( 4-{3-methoxy-4-(3-(2-methylphenyl) u reido I phenyl­

acetyla m ino} phenyl)-p ropanoic acid; 

3-( ( tct rah yd ropyran-4-ca rbon yl)amino J-3-( 4-(3-mct hoxy-4-( 3-(2-meth yl phenyl)u reid o I phenyl­

acetylam i no} phenyl)-p ropanoic acid; 

3-[ (5-methyl-isoxazole-3-carbonyl)-amino 1-3-( 4-{ 3-m et hoxy-4-( 3-(2-mcthyl phcnyl)u rcid o Ip henyl-

30 acetylami.na}phc~yi)-propanok acid; 

J-( ( thiophene-2-carbon yl)-amino 1-3-( 4-{3-metho xy-4-{ 3-(2-metlt yip henyl)u reido J phcn yl­

acctyla mino} phcnyl )-propanoic acid; 

J-1 ( 4-ca rboA:ybcnzoyl)-am i no l-3-( 4- { 3-methoxy-4-( 3-(2-meth yl phenyl) u rcido I phcn yl­

acetylam i no) phenyl)-propanoic acid; 

3 5 3-I (pyridazin-3-carlJonyl)-am ino 1-3-( 4-{3-methoxy-4-( 3-(2-mcthylphcn yl)u reidoj phcnyl­

acetylamino} phcnyl)-propanoic acid; 
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3-((3,4-dimethoxybenzoyl)-aminoj-3-(4-{3-methoxy-4-(3-(2-mcthylphcnyl)urcidojphcnyl­

acetylamino)phenyl)-propanoic acid; 

3-((pyridazin-3-carbonyl)-aminoj-3-(4-{4-(3-(2-methylphenyl)ureidojphenylacetylamino)phenyl)­

propanoic acid; 

5 3-( 4-carboxy-3,3-dimethyl-butanoylami no )-3-( 4-{3-methoxy-4-( 3-(2-methyl phenyl)u reido 1-
phenylacetylamino)-phenyl)-propanoic acid; 

3-(bcnzoylamino )-3-( 4-{4-(3-(2-methylphen yl )u reido I phenylacetylamino) phenyl)-propanoic acid; 

3-(4-carboxybutanoylamino)-3-(4-{4-(3-(2-methylphcnyl)ureidolphenylacetylamino)-phenyl)­

(lrOpanoic acid; 

1 O 3-( 4-( { 3-met hoxy-4-( 3-(2-methylphen yl)ureido 1-phenylacetyl}-N-methylam ino )-phenyl f-bu tanoic 

acid; 

3-( 4-{ 3-met hoxy-4-(3-(2-methylphenyl)u reido I phenylacetylamino) phenyl)-5-( 4-methylpiperazin-

1-yl )-S-oxo-pentanoic acid; 

3-( 4-{3-methoxy-4-{3-(2-methylphenyl)u reido I phenylacetylamino) phen yl)-5-( morpholin-4-yl)-5-

15 oxo-pcntanoic acid; 

and the corresponding N-oxides, and their prodrugs; and pharmaceutically acceptable salts and 

solvatcs (e.g. hydrates) of such compounds and their N-oxides and prodrugs. 

Especially preferred ::ompounds of the invention include: 

2 G ( R)-3-acetylamino-3- ( 4-{3-meth'lxy"4-( 3-(2-meth ylphenyl)ureido I phenyl-acetylam ino} phenyl)­

ri ropanoic acid; 

( R)-3-( 4-ca rboxybutanoyla mi no )-3-( 4-{3-methoxy-4-( 3-(2-methylphenyl)u reido Jphenyl­

acctyla mi no} phenyl)-propanoic acid; 

( R)-3-(3-ca rboxyp ropanoylam ino )-3-( 4-{3-methoxy-4-( 3-(2-methylphenyl) u reido l phenyl-

2 5 acetylamino)phenyl)-propanoic acid; 

( R)-3-(pyrid ine-3-carbon ylam ino )-3-( 4-{ 3-methoxy-4-( 3-(2-methylphen yl)ureido Ip henyl­

acetyla mino I phenyl)-propanoic acid; 

( R)-3-benzoylam ino-3-( 4-{3-mctho xy-4-( 3-(2-met h yl phenyl)u reido) p henylacetylam ino} phenyl)­

propa nok acid; 

3 O (R) 3-(7.- (2-meti:oxyel~oxy)acetylamino l-3-( 4-{3-aTiCt~wxy-4-(~-(2-mcthyiphe:.yOu reido !phenyl· 

ac~tylamino}phenyl)-propanoic acid; 

( R)-3-( ( tctrahyd ropyra n-4-ca rbon yl )amino )-3-( 4-{3-methoxy-4-( 3-(2-meth yip hen yl)ureido 1-
p henylacctylam i no} phenyl)-propanoic acid; 

(R)-3-((5-mcthyl-isoxazolc-3-carbonyl)-aminol-J-(4-{J-mcthoxy-4-[3-(2-mcthylphcnyl)urcidol-

3 5 rihenylacctylamino} phenyl)-prorianoic acid; 
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(R)-3-((thiophene-2-carbonyl)-aminoJ-3-(4-{3-methoxy-4-13-(2-methylphenyl)ureidof phenyl­

acetylamino}phenyl)-propanoic acid; 

(R)-3-{(4-carboxybenzoyl)-aminoJ-3-(4-{3-methoxy-4-{3-(l-methylphenyl)ureido)phenyl­

acetylamino}phenyl)-propanoic acid; 

5 (R)-3-( (pyridazin-3-carbonyl)-amino l-3-( 4-{3-methoxy-4-13-(2-methylphenyl)ureido I phenyl­

acetylamino} phenyl)-propanoic acid; 

(R)-3-((3,4-dimethoxybenzoyl)-aminol-3-(4-{3-methoxy-4-(3-(2-methylphenyl)urcidojphenyl­

acetylamino}phenyl)-propanoic acid; 

(R)-3-((pyridazin-3-carbonyl)-aminoJ-3-(4-{4-(3-(l-mcthylphenyl)ureido)phenylacetylamino}-

10 phenyl)-propanoic acid; 

( R)-3-( 4-carboxy-3 ,3-d im ethyl-bu tanoyla mi no )-3-( 4-{ 3-methoxy-4-( 3-(l-m et h ylpbenyl) u reido )­

p hen y lacetylam ino }-p h enyl)-pro panoic acid; 

(R)-3-(benzoylamino )-3-( 4-{ 4-(3-(2-methylphenyl )u reido I phenylacetylamino} phenyl)-p ropanoic 

acid; 

15 (R)-3-( 4-carboxybu tanoylam ino )-3-( 4-{4-( 3-(2-methyl phenyl)ureidol phenylacetylamioo }-phenyl)­

propanoic acid; 

and the corresponding N-oxides, and their prod rugs; and pharmaceutically acceptable salts and 

solvates (e.g. hydrates) of such compounds and their N-oxides and prod rugs. 

20 The compounds of the invention exhibit useful pharmacological activity and accordingly are 

incorporated into pharmaceutical compositions and used in the treatment of patients suffering 

from certain medical disorders. The present invention thus provides, according to a further 

aspect, compounds of the invention and compositions containing compounds of the invention for 

use in therapy. 

25 

Compounds within the scope of the present invention block the interaction of the ligand 

VCAM-1 to its integrin receptor VLA-4 (a4P1) according to tests described in the literature and 

described in vitro and in vivo procedures hereinafter, and which tests results arc believed to 

correlate to pharmacological activity in humans and other mammals. Thus, in a further 

J.O <'mbodiment, :he present invention provides compounds of the invention and composition:, 

containing compounds of the invention for m.e in the treatment of a patient suffering from, or 

subject to, conditions which can be ameliorated by the administration of an inhibitor of a4~ 1 

mediated cell adhesion. For ex.ample, compounds of the present invention are useful in the 

treatment of inflammatory diseases, for example joint inflammation, including arthritis, 

35 rheumatoid arthritis and other arthritic conditions such as rheumatoid spondylitis, gouty 

arthrilis, traumatic arthritis, rubella arthritis, psoriatic arthritis and osteoarthritis. 
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Additionally, the compounds are useful in the treatment of acute synovitis, autoimmune diabetes, 

autoimmune encephalomyelitis, collitis, atherosclerosis, peripheral vascular disease, 

cardiovascular disease, multiple sclerosis, asthma, psoriasis restenosis, myocarditis, 

inflammatory bowel disease and melanoma cell division in metastasis. 

A special embodiment of the therapeutic methods of the present invention is the treating of 

asthma. 

Another special embodiment of the therapeutic methods of the present invention is the treating 

10 of joint inflammation. 

Another special embodiment of the therapeutic methods of the present invention is the treating 

of inflammatory bowel disease. 

15 According to a further feature of the invention there is provided a method for the treatment of a 

human or animal patient suffering from, or subject to, conditions which can be ameliorated by 

the administration of an inhibitor of the interaction of the ligand VCAM-1 to its integrin 

receptor VLA-4 (a.4~1), for example conditions as hereinbefore described, which comprises the 

administration to the patient of an effective amount of compound of the invention or a 

2 O composition containing a compound of the invention. "Effective amount" is meant to describe 

an amount of compound of the present invention effective in inhibiting the interaction of the 

ligand VCAM-1 to its integrin receptor VLA-4 (a.4JH), and thus producing the desired 

therapeutic effect. 

25 References herein to treatment should be understood to include prophylactic therapy as well as 

treatment of established conditions. 

The present invention also includes within its scope pharmaceutical compositions comprising al 

least one of the compounds of the invention in association with a pharmaceutically acceptable 

3 0 carrier or excipien t. 

35 

Compounds of the invention may be administered by any suitable means. In practice 

compounds of the present invention may generally be administered parcnterally, topically, 

rectally, orally or by inhalation, especially by the oral route. 
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Compositions according to the invention may be prepared according to the customary methods, 

using one or more pharmaceutically acceptable adjuvants or excipients. The adjuvants 

comprise, inter alia, diluents, sterile aqueous media and the various non-toxic organic solvents. 

The compositions may be presented in the form of tablets, pills, granules, powders, aqueous 

5 solutions or suspensions, injectable solutions, elixirs or syrups, and can contain one or more 

agents chosen from the group comprising sweeteners, flavourings, colourings, or stabilisers in 

order to obtain pharmaceutically acceptable preparations. The choice of vehicle and the content 

or active substance in the vehicle are generally determined in accordance with the solubility and 

chemical vroperties of the active compound, the particular mode of administration and the 

10 provisions to be observed in pharmaceutical practice. For example, excipients such as lactose, 

sodium citrate, calcium carbonate, dicalcium phosphate and disintegrating agents such as starch, 

alginic acids and certain complex silicates combined with lubricants such as magnesium stearate, 

sodium lauryl sulphate and talc may be used for preparing tablets. To prepare a capsule, it is 

advantageous to use lactose and high molecular weight polyethylene glycols. When aqueous 

15 suspensions are used they can contain emulsifying agents or agents which facilitate suspension. 

Diluents such as sucrose, ethanol, polyethylene glycol, propylene glycol, glycerol and chloroform 

or mixtures thereof may also be used. 

Foi· parenteral administration, ~mulsions, suspensions or solutions of the products according to 

2 O the invention in vegetable oil, for example sesame oil, groundnut oil or olive oil, or 

aqueous-organic solutions such as water and propylene glycol, injectable organic esters such as 

ethyl olcatc, as well as sterile aqueous solutions or the pharmaceutically acceptable salts, are 

used. The solutions of the salts of the products according to the invention are especially useful 

for administration by intramuscular or subcutaneous injection. The aqueous solutions, also 

2 5 comprising solutions of the salts in pure distilled water, may be used for intravenous 

administration with the proviso that their pH is suitably adjusted, that they are judiciously 

buffered and rendered isotonic with a suffident quantity of glucose or sodium chloride and that 

they are sterilised by heating, irradiation or microfiltration. 

3 O For topical administration, gels (water· or alcoho§ based), i'.reams or ointments containing 

compounds of the invention may be used. Compounds of the invention may also be incorporated 

in a gel or matrix base for application in a patch, which would allow a controlled release of 

compound through the transdermal barrier. 
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For administration by inhalation compounds of the invention may be dissolved or suspended in a 

suitable carrier for use in a nebuliser or a suspension or solution aerosol, or may be absorbed or 

adsorbed onto a suitable solid carrier for use in a dry powder inhaler. 

5 Solid compositions for rectal administration include suppositories formulated in accordance with 

known methods and containing at least one compound of the invention. 

The percentage of active ingredient in the compositions of the invention may be varied, it being 

necessary that it should constitute a proportion such that a suitable dosage shall be obtained. 

10 Obviously, several unit dosage forms may be administered at about the same time. The dose 

employed will be determined by the physician, and depends upon the desired therapeutic effect, 

the route of administration and the duration of the treatment, and the condition of the patienL 

In the adult, the doses are generally from about 0.001 to about 50, preferably about 0.001 to 

about 5, mg/kg body weight per day by inhalation, from about 0.01 to about lOO, preferably 0.1 

15 to 70, more especially 0.5 to 10, mg/kg body weight per day by oral administration, and from 

about 0.001 to about 10, preferably 0.01 to 1, mg/kg body weight per day by intravenous 

administration. In each particular case, the doses will be determined in accordance with the 

factors distinctive to the subject to be treated, such as age, weight, general state of health and 

other charncteristks which can influence the efficacy of the medicinal product. 

20 

The compounds according to the invention may be administered as frequently as necessary in 

order to obtain the desired therapeutic effect. Some patients may respond rapidly to a higher or 

lower dose and may find much weaker maintenance doses adequate. For other patients, it may 

be necessary to have long-term treatments at the rate of l to 4 doses per day, in accordance with 

25 the physiological requirements of each particular patient. Generally, the active product may be 

administered orally I to 4 times per day. Of course, for some patients, it will be necessary to 

prescribe not more than one or two doses per day. 

Compounds of the invention may be prepared by the application or adaptation of known 

3 0 111cthods, by which ii;; meant wcthods used heretofore or described in the liternture, for example 

chose described by R.C.Larock in Comprehensive Organic Transformations, VCH publishers, 

1989. 

In the reactions described hereinafter it may he necessary to protect reactive functional groups, 

3 5 for example hydroxy, amino, imino, thio or carhoxy groups, where these are desired in the final 

rro<luct, to avoid their unwanted participation in the reactions. Conventional protecting groups 
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may be used in accordance with standard practice, for examples see T. W. Greene and 

P.G.M.Wuts in "Protective Groups in Organic Chemistry" John Wiley and Sons, 1991. 

Compounds of formula (l), wherein RI, XI, x2, xJ, x4, xS and x6 are as herein before defined, 

5 and where the Y moiety within one of x3, x4 and xS is carboxy, may be prepared by hydrolysis 

of esters of formula (I}, wherein RI, xi, x2, x3, x4, xS and x6 are as hereinbefore defined, and 

where the Y moiety within one of x3, x4 and xS is a -C02Rl6 group (in which Rl6 is alkyl, 

alkenyl or arylalkyl). The hydrolysis may conveniently be carried out by alkaline hydrolysis 

using a base, such as an alkali metal hydroxide, e.g. lithium hydroxide, or an alkali metal 

10 carbonate, e.g. potassium carbonate, in the presence of an aqueous/organic solvent mixture, 

using organic solvents such as dioxan, tetrahydrofuran or methanol, at a temperature from 

about ambient to about reflux. The hydrolysis of the esters may also be carried out by acid 

hydrolysis using an inorganic acid, such as hydrochloric acid, in the presence of an aqueous/inert 

organic solvent mixture, using organic solvents such as dioxan or tetrahydrofuran, at a 

1.5 temperature from about 50°C to about 80°C. 

As another example compounds of formula (I), wherein Rl, xl, x2, x3, x4, xS and x6 are as 

hereinbeforc defined, and where they moiety within one of x3, x4 and xs is carboxy, may be 

prepared by acid catalysed removal of the ter<-butyl group of tert-butyl esters of formula (I), 

20 wherein Rl, xi, x2, x3, x4, xS and x6 are as hereinhefore defined, and where the Y moiety 

within one of x3, x4 and xS is a -C02Rl6 group (in which Rl6 is tert-butyl), using standard 

reaction conditions, for example reaction with trifluoroacctic acid at a temperature at about 

room temperature. 

25 As another example compounds of formula (I), wherein RI, xi, x2, x3, x4, xS and x6 arc as 

herein before defined, and where the y moiety within one of x3' x4 and xs is carboxy, may be 

prepared by hydrogenation of compounds of formula (l) wherein Rl, xt, x2, xJ, x4, x5 and x6 

are as •iereinbefore defined, and w~erc the Y r.1oiety wiHun one of xJ, x4 and xS is a -COzkl6 

group (in which R 16 is benzyl). The reaction may be carried out in the presence of ammonium 

3 0 formate and a suitable metal catalyst, e.g. palladium, supported on an inert carrier such as 

carbon, preferably in a solvent such as methanol or ethanol and at a temperature at about reflux 

tempe_raturc. The reaction may alternatively be carried out in the presence of a suitable metal 

catalyst, e.g. platinum or palladium optionally supported on an inert carrier such as carbon, 
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preferably in a solvent such as methanol or ethanol. This reaction is most suitable for 

compounds of formula (I) where LI and L2 do not contain carbon-carbon multiple bonds. 

As another example compounds of formula (la) or (lb), wherein Rl, R2,Arl, L2, XI and x2 are 

5 as hereinbefore defined, x3 is CRIO (where RIO is as hereinbefore defined), and Y is carboxy, 

represented by formula (II), may be prepared by using resin technology as shown in scheme 1. 
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For example Wang resin may be treated, iR Step I, with acids of formula (lll):-

(lll) 

5 wherein Arl and L2 are as herein before defined, with diisopropyl carbodiimide in 

dimethylformamide, in the presence of dimethylaminopyridine, at room temperature. The 

resulting esters (Resin 2), wherein Ari and L2 are as hereinbefore defined, may then. treated, in 

Step 2, with tin chloride in dimethylformamide at room temperature to give Resin 3, wherein 

Arl and L2 are as hereinbefore defined. Resin 3 may then be coupled, in Step 3, with an acid of 

10 general formula (CV):-

(IV) 

\\'herein Rl, 1"{2, xl and x2 are llS hereinbefore, and x3 is CRlO (where RIO is as hereinbefore 

15 defined), in ~he presence of 0-(7-azabenzotriazol-l-yl)-l,l,3,3-tetramethyluronium 

hexafluoropbosphate and diisopropylethylamine in dimethylformamide, at room temperature. 

The resulting Resin 4, wherein RI, R2, Arl, L2, xl and x2 are as hereinbefore defined, and x3 
is CRlO (where RIO is as hereinbeforc defined), may then be treated, in Step 4, with 

trifluoroacetic acid in an inert solvent such as dichloromethane, at room temperature, to liberate 

20 the acids of general formula (IO, wherein Rl, Rl, Arl, Ll, xl and x2 are as herein before 

defined, and x3 is CRIO (where RIO is as hereinbefore defined). 

As another example compounds of formula (lb), wherein RI, R2, Arl, xl and x2 arc as 

hcreinbefore defined, L2 is a _z2-R9- linkage {in which R9 is as hcrcinbeforc defined and z2 is 

2 5 0, Sor NR4 ~where· RA is as defined hc1·cinbcfore)I, x3 is CR !O (where RIO is as herein before 

defined), and Vis carboxy, represented by formula (V), may be prepared by using resin 

technology as shown in scheme 2. 

30 
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For example Wang resin in scheme 2 may be treated, in Step I, with acids of formula (VI):-

Rl7_COzH (VI) 

5 wherein R17 is Br-R9- (in which R9 is as hereinbcfore defined), with diisopropyl carbodiimide in 

dimcthylformamide or a mixture of dimcthylformamide and tetrahydrofuran, in the presence of 

10 

dimethylaminopyridine, at room temperature. The resulting esters (Resin 5, in which Rl7 is 

Br-R9-) may be reacted, in Step 2, with compounds of formula (VII):-

(VII) 

wherein Arl is heteroaryldiyl and z2 is 0, Sor NR4 (where R4 is as defined hereinbefore), in the 

presence of a base, such as a tertiary organic base, for example diisopropylethylamine, in 

dimethylsulphoxide and at a temperature at about room temperature, to give Resin 6, in which 

15 R9 and Arl is heteroaryldiyl and z2 is 0, Sor NR4 (where R4 is as defined hereinbefore). Resin 

6 may then be coupled, in Step 3, with an acid of general formula (IV), wherein Rl, R2, xi and 

x2 are as hereinbefore defined, and x3 is CRlO (where RIO is as hereinbefore defined), in the 

presence of 0-(7-azabenzo~riazol-l-yl)-l, 1,3,3-tetramethyluronium bexafluorophnsphate and 

diisopropylethylamine in dimethylformamide, at room temperature. The resulting Resin 7 (in 

20 which Rl, R2, R9, xl and x2 are as hereinbefore defined, Arl is heteroaryldiyl, x3 is CRlO 

(where R 10 is as herein before defined), and z2 is 0, S or NR4 (where R4 is as defined 

hereinbefore)j, may then be treated, in Step 4, with trifluoroacetic acid in an inert solvent such 

as dichloromethane and at a temperature at about room temperature, to liberate the acids of 

general formula (V), wherein Rl, R2, R9, xl and x2 are as hereinbefore defined, Arl is 

2 5 heteroaryldiyl, x3 is CRlO (where RIO is as herein before defined), and z2 is 0, Sor NR4 (where 

R4 is as defined hereinbefore). This methodology is particularly suited to the preparation of 

compouncis of formula (V) where L2 is a -S-CH2- linkage. 

As another example, Wang resin in scheme 2 may be treated, in Step l, with acid chlorides of 

30 formula (VI!n:-

R l 7_C(=O)-CI (VIII) 
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wherein Rl7 is a vinyl moiety optionally substituted by RS, in the presence ofa tertiary amine, 

such as diisopropylethylamine, in an inert solvent, such as dichloromethane, at a temperature at 

about room temperature. The resulting optionally substituted vinyl ester (Resin 5, in which R l 7 

5 is a vinyl moiety optionally substituted by RS), may then be reacted with compounds of formula 

(VII), wherein Arl is heteroaryldiyl and z2 is S, in the presence of a base, such as a tertiary 

organic base, for example diisopropylethylamine, in dimethylsulphoxide and at a temperature at 

about room temperature, to give Resin 6 (in which Arl is heteroaryldiyl, R9 is ethylene 

(optionally substituted by RS) and z2 is SJ. Resin 6 may then be coupled with an acid of general 

10 formula (IV), wherein R 1, R2, xt and x2 are as hereinbefore defined, and x3 is CRlO (where 

R 10 is as herein before defined), in the presence of 0-(7-azabenzotriazol-l-yl)-1,l,3,3-

tetramethyluronium hexafluorophosphate and diisopropylethylamine in dimethylformamide, at 

room temperature. The resulting Resin 7 lin which Rl, R2, xt and x2 are as defined 

hereinbefore, Ari is heteroaryldiyl, R9 is ethylene (optionally substituted by RS), x3 is CRlO 

15 (where RIO is as hcreinbefore defined), and z2 is SJ, may then be treated with tritluoroacetic 

acid in an inert solvent such as dichloromethane and at a temperature at about room 

20 

temperature, to Hbernte the acids of general formula (V}, wherein RI, R2, xl and x2 are as 

defined hereinbefore, Arl is heteroaryldiyl, R9 is ethylene (optionally substituted by RS), X3 is 

CR lO (where R 10 is as hereinbefore defined), and z2 is S. 

As another example compounds of formula (la) or (lb), wherein Rl, R2, L2, Arl, xt and x2 are 

as hercinbeforc defined, and xJ is CRIO (where RIO is as hereinbefore defined), and Y is 

carboxy, may be prepared by coupling acids of formula (IV), wherein R l, R2, X 1 and x2 are as 

hereinbcforc, and x3 is CR 10 (where R lO is as herein before defined), with amines of formula 

25 (IX):-

(lX) 

wherein Arland L2 are as hereinbcfore defined, using standard coupling conditions, fnr 

3 0 example those herein before described. 
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As another example compounds of formula (l), wherein RI, xi, x2, xJ, X4, xS and x6 are as 

herein before defined and where the L2 and Y moieties within one of xJ, x4 and xs are an 

alkylene linkage substituted by-CONvly2 and carboxy respectively, may be prepared by 

reaction of compounds of formula (I), wherein R 1, xi, x2, x3, x4, xS and x6 arc as 

5 hereinbefore defined and where the L2 and Y moieties within one of x3, x4 and xS are an 

alkylcne linkage substituted by -COzH and carboxy respectively, with an anhydride, such as 

trinuoroacetic anhydride, in an inert solvent e.g. tetrahydrofuran, followed by treatment with an 

amine HNYlv2. 

10 According to a further feature of the present invention, compounds of the invention may be 

prepared by interconversion of other compounds of the invention. 

For example compounds of formula (I) wherein R 1, xl, x2, xJ, x4, xS and x6 are as 

hereinbefore defined, and where the Y moiety within one of xJ, x4 and xs is -C(=O)-NHOH, 

15 may be prepared by reaction of compounds of formula (I), wherein Rl, xl, x2, x3, x4, xS and 

x6 are as herein before defined, and where they moiety within one of xJ. x4 and xs is carboxy, 

with hydroxylamine using standard peptide coupling procedures such as treatment with a 

-::arbodiimide, for example rticyclohexylcarbodiimide, in the presence of triethylamine, in an inert 

solvent such as dichloromethane or tetrahydrofuran and at a temperature at about room 

2 0 temperature. The coupling may also be carried out using 

25 

1-hyd roxybenzotriazole and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide in dichloromethane 

at room temperature. The preparation may also be carried out using an 

0-protcctcd hydroxylamine such as 0-(trimcthylsilyl)hydroxylamine, 0-(t-butyldimethylsilyl)­

hydrox:ylamine, or 0-(tetrahydropyranyl)hydroxylaminc followed by treatment with acid. 

As another example of the interconversion process, compounds of formula (I) containing 

sulphoxide linkages may be prepared by the oxidation of corresponding compounds containing 

-S- linkages. Fur ex.ample, !lie uxidation may o::onveniently be carried out by means of rcactinr. 

with a percxy:tcid, e.g. 3 -c!:1or~r.erben:::nk acid, pn:ferab!y in an ir:ert solvent, e.g. 

30 dichloromethane, preferably at or near room temperature, or alternatively by means of 

potassium hydrogen peroxomonosulphate in a medium such as aqueous methanol, buffered to 

about pHS, at temperatures between about 0°C and room temperature. This latter method is 

prefcn-ed for compounds containing an acid-labile group. 
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As another example of the interconversion process, compounds of formula (I) containing 

sulphone linkages may be prepared by the oxidation of corresponding compounds containing -S­

or sulphoxidc linkages. For example, the oxidation may conveniently be carried out by means of 

reaction with a peroxyacid, e.g. 3-ehloroperbenzoic acid, preferably in an inert solvent, e.g. 

5 dichloromethane, preferably at or near room temperature. 

As another example of the interconversion process, compounds of formula (I), wherein RI, XI, 

x2, x3, x4, xS and x6 are as hereinbefore described and the L2 moiety within one of xJ, x4 

and xS is an optionally substituted alkylene linkage, may be prepared by hydrogenation of the 

10 corresponding compounds of formula <n in which the L2 moiety within one of x3, x4 and xS is 

the corresponding optionally substituted alkenylene linkage. The hydrogenation may be carried 

out using hydrogen (optionally under pressure) in the presence of a suitable metal catalyst, e.g. 

platinum or palladium optionally supported on an inert carrier such as carbon, preferably in a 

solvent such as methanol or ethanol, and at a temperature at about room temperature. 

15 

As another example of the interconversion process, compounds of formula (n, wherein Rl, xl, 

x2, x3, X4, xS and x6 are as hereinbefore described and the Ll moiety within one of x3, x4 

and xS is a -R2-R3- linkage where R2 is a straight or branched chain C2-6alkylene chain and R3 

is a direct bond, may be similarly prepared by hydrogenation of the corresponding compounds 

20 of formula (I) in which the Ll moiety within one of x3, x4 and xS is a -R2-R3 linkage where 

R2 is a straight or branched chain Cz-6alkcnylcne chain and R3 is a direct bond. 

As another example of the interconversion process, compounds of formula (I), wherein Rl, xt, 

X2, X3, X4, XS and x6 are as hereinbefore described, and where the L2 moiety within one of 

25 X3, x4 and xS contains an amino group, may be prepared by treatment of compounds of 

formula (l), wherein Rl, xl, x2, x3, x4, xS and x6 are as hereinbefore described, and the L2 

moiety within one of xJ, x4 and xS contains an acetam1do group, with a base, such as an 

aqueous alkali metal hydroxide, for example sodium hydroxide. 

3 0 As another nample of the interconversion process, compounds of the invention containinj?. a 

heterocyclic group wherein the hetcro atom is a nitrogen atom may be oxidised to their 

corresponding N-oxides. The oA.idation may conveniently be carried out hy means of reaction 

with a mo.ture of hydrogen pcroA.ide and an organic acid, e.g. acetic acid, preferably at or above 
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room temperature, for example at a temperature of about 60-90°C. Alternatively, the oxidation 

may be carried out by reaction with a peracid, for example peracetic acid or 

m-chloroperoxybenzoic acid, in an inert solvent such as chloroform or dichloromethanc, at a 

temperature from about room temperature to reflux, preferably at elevated temperature. The 

5 oxidation may alternatively be carried out by reaction with hydrogen peroxide in the presence of 

sodium tungstate at temperatures between room temperature and about 60°C. 

It will be appreciated that compounds of the present invention may contain asymmetric centres. 

These asymmetric centres may independently be in either the R or S configuration. lt will be 

10 apparent to those skilled in the art that certain compounds of the invention may also exhibit 

geometrical isomerism. It is to be understood that the present invention includes individual 

geometrical isomers and stereoisomers and mixtures thereof, including racemic mixtures, of 

compounds of formula (I) hereinabove. Such isomers can be separated from their mixtures, by 

the application or adaptation of known methods, for example chromatographic techniques and 

15 recrystallisation techniques, or they are separately prepared from the appropriate isomers of 

their intermediates. 

According to a further feature of the invention, acid addition salts of the compounds of this 

invention may be prepared by reaction of the free base with the appropriate acid, by the 

2 O application or adaptation of known methods. For example, the acid addition salts of the 

compounds of this invention may be prepared either by dissolving the free base in water or 

aqueous alcohol solution or other suitable solvents containing the appropriate acid and isolating 

the salt by evaporating the solution, or by reacting the free base and acid in an organic solvent, 

in which case the salt separates directly or can be obtained by concentration of the solution. 

25 

3C 

The acid addition salts of the compounds of this invention can be regenerated from the salts by 

the application or adaptation of known methods. For ex.ample, parent compounds of the 

invention can be regenerated from their acid addition salts by treatment with an alkali, e.g. 

aqueous sodium bicarbonate solution or aqueous ammonia solution. 

Compounds of this invention can be regenerntcci from their base addition sails by the application 

or adaptation of known methods. For example, parent compounds of the invention can be 

regenerated from iheir base addition salts by treatment with an acid, e.g. h)•drochloric acid. 

3 5 Compounds of the present invention may he conveniently prepared, or formed during the 

process of the invention, as solvates (e.g. hydrates). Hydrates of compounds of the present 
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invention may be conveniently prepared by recrystallisation from an aqueous/organic solvent 

mixture, using organic solvents such as dioxan, tetrahydrofuran or methanol. 

According to a further feature of the invention, base addition salts of the compounds of this 

5 invention may be prepared by reaction of the free acid with the appropriate base, by the 

application or adaptation of known methods. For example, the base addition salts of the 

compounds of this invention may be prepared either by dissolving the free acid in water or 

aqueous alcohol solution or other suitable solvents containing the appropriate base and isolating 

the salt by evaporating the solution, or by reacting the free acid and base in an organic solvent, 

10 in which case the salt separates directly or can be obtained by concentration of the sorution. 

15 

20 

The starting materials and intermediates may be prepared by the application or adaptation of 

known methods, for example methods as described in the Reference Examples or their obvious 

chemical equivalents. 

Esters of formula (I), wherein RI, X l, x2, X 3, x4, xS and x6 are as herein before defined and 

where the Ll and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage (in which R2 is 

as hereinbefore defined and R3 is -C(=O)-NH-) and a -COzR16 group (en which R16 is as 

herein before defined ) respectively, may be prepared by reaction of compounds of formula (1):-

H H 6 

-O
Nl(N'-.../~ 9 

i 11 xi 
R 2 e 

O X'-...._ 7 ,,X 
x 

(1) 

wherein RI, xi, xz and x6 are as hercinbeforc defined, one of x7, xS and x9 represents 

C-Rl8 lin which R 18 is -R2-C(=O)X10 (where R2 is as hereinbefore defined and xtO is a 

2 5 hydroxy group, or a halogen, preferably chlorine, atom)! and the others independent!)-' represent 

Nor CR 10 (where RlO is as hercinbefore defined), with amines ~f focnuh (2):-

(2) 

30 wherein R4, Rl6, Ari and L2 are as hcrcinbefore defined. When xlO is a hydroxy group the 

reaction may be carried out using standard peptide coupling procedures as dcscrilicd 
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herein before. When xIO is a halogen atom the reaction may be carried out with the aid of a 

base, such pyridine, preferably in a solvent such as tetrahydrofuran and at a temperature at 

about room temperature. 

5 Esters of formula (I), wherein RI, xl, x2, x3, x4, xS and x6 are as herein before defined and 

where the LI and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage (in which R2 is 

as hereinbefore defined and R3 is -NR4-C('=O)- (where R4 is as hereinbefore defined )) and a 

-C02R 16 group (in which R 16 is as herein before defined) respectively, may be prepared by 

reaction of compounds of formula (l), wherein Rl, xi, x2 and x6 are as hcreinbefore defined, 

10 one of x7, xB and x9 represents C-Rl8 !in which R18 is -R2-NHR4 (where R2 and R4 are as 

herein before defined )j and the others independently represent Nor CR 10 (where R lO is as 

hereinbefore defined), with compounds of formula (3):-

15 

(3) 

wherein R 16, Arl, L2 and xlO are as herein before defined, using procedures described 

herein before for coupling acids or acid halides with amines. 

Esters of formula (l), wherein R l, xi, x2, x3, X4, xS and x6 are as hereinbefore defined and 

2 O where the Ll and Y moieties within one of x3, x4 and xS groups arc a -R2-R3- linkage (in 

which R2 is as hereinbefore defined and R3 is -0-1 and a -C02Rl6 group (in which Rl6 is as 

herein before defined) respectively, may be prepared by reaction of compounds of formula (1), 

wherein Rl, xi, x2 and x6 arc as hercinbefore defined, one of x7, xB and x9 represents C-Rl8 

(in which Rl8 is -R2-0H) and the others independently represent Nor CRlO (where R10 is as 

25 hereinbcfore defined), with compounds of formula (4):-

' (4) 

wherein R 16, Arl and L2 arc ~is herein before defined, in the presence of a dialkyl 

3 O az:odicarboxylatc, such as diethyl azodicarboxylatc, and triphenylphosphine, preferably in a dry 

ethereal solvent, e.g. diethyl ether or tetrahydrofuran, preferably at or near room tcmrerature. 
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Alternatively esters of formula (I), wherein Rl, xl, x2, x3, X4, xS and x6 are as hcreinbefore 

defined and where the LI and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage fin 

which R2 is as hereinbefore defined and RJ is -0-1 and a -C02Rl6 group (in which R16 is as 

herein before defined) respectively, may also be prepared by alkylation of compounds of formula 

5 (4), wherein Rl6, Arland L2 are as hereinbefore defined. The reaction may be carried using 

standard alkylation conditions for example reaction with the appropriate alkyl bromides of 

10 

15 

formula (1), wherein Rl, xl, xl and x6 are as hereinbefore defined, one of x7, x8 and x9 

represents C-R18 (in which R18 is -Rl-Br (where Rl is as hereinbefore defined)), and the others 

independently represent Nor CR 10(whereR10 is as herein before defined). 

Esters of formula (I), wherein Rl, xt, x2, x3, x4, xS and x6 arc as hereinbeforc defined and 

where the LI and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage (in which Rl is 

as hereinbefore defined and R3 is -S-1 and a -C02Rl6 group (in which Rl6 is as hereinbefore 

defined) respectively, may be similarly prepared by alkylation of compounds of formula (5):-

(5) 

wherein R 16, Arl and L2 are as hereinbefore defined. 

20 Esters of formula (I), wherein Rl, xl, x2, x3, x4, xS and x6 are as hereinbefore defined and 

where the Ll and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage (in which R2 is 

as hereinbefore defined and R3 is -NR4- (where R4 is as hercinbefore defined)! and a -C02Rl6 

group (in which Rl6 is as hereinbefore defined) respectively, may be similarly prepared by 

alkylation or compounds of formula (2), wherein R4, R 16, Arl and L2 are as herein before 

25 defined. 

Esters or rormul1l (I), wt.ctcin RI·, X 1, X2, X 3, X4, xS and x6 are as herein before defined and 

where the L1 and Y moieties within one of xJ, x4 and xS are a -R2-R3- linkage fin which R2 is 

as hercinbefore defined and R3 is -C(=0)-1 and a -C02Rl6 group (where Rl6 is as hereinbcfore 

30 defined) respectively, may be prepared by reaction of compounds or formula (l), wherein Rl, 

x l, x2 and x6 arc as herein before defined, one of x7, x8 and x9 represents 
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C-Rl8 (in which Rl8 is-R2-C02Rl6 (where R2 and Rl6 are as hereinbefore defined)!, and the 

others independently represent Nor CRIO (where RIO is as hereinbefore defined), with 

Grignard reagents derived from reaction of compounds of formula (6):-

(6) 

wherein Rl6, Art and L2 are as hereinbeforc defined, with magnesium using standard reaction 

conditions. 

10 Esters of formula (I), wherein Rl, xt, x2, x3, x4, xS and x6 are as hereinbefore defined and 

where the Ll and Y moieties within one of xJ, x4 and xS are a -R2-R3- linkage {in which R2 is 

as hercinbefore defined and R3 is -NR4-C(==O)-NH- (where R4 is as hereinbefore defined)! and a 

-C02Rl6 group (where Rl6 is as hereinbefore defined) respectively, may be prepared by 

reaction of compounds of formula (l), wherein R l, xl, x2 and x6 are as herein before defined, 

15 one of x7, x8 and x9 represents C-R18 (in which Rl8 is -R2-NHR.4 (where R2 and R4 are as 

herein before defined)!,), and the others independently represent Nor CR 10 (where R 10 is as 

hereinbefore defined), with isocyanates of formula (7):-

20 

(7) 

wherein Rl6, Arland L2 arc as hereinbefore defined. The reaction is preferably carried out 

with the aid of a base, such as a tertiary amine, for example triethylamine, preferably in a 

solvent such as dichloromethane, and at a temperature at about room temperature. 

25 Esters of formula (I), wherein Rl, xl, x2, x3, x4, xS and x6 are as hereinbefore defined and 

where the 0 and Y moieties within one of xJ, x4 and xS arc a -R2-R3- linkage (in which R2 is 

~s hcrcinbdorc dczmcd and RJ is -NH-C(:=:O)-Nf<4. (where R4 is as herC:alJefore defined)! and a 

-C02Rl6 group (where Rl6 is as hercinbcfore defined) respectively, may be similarly prepared 

!Jy reaction of amines cf formula (2), wherein R4, R 16, Arl and L2 are as herein before defined, 

30 with compounds of formula (1), wherein RI, xl, x2 and x6 are as hcreinbeforc defined, one of 

x7, xS and x9 rcrresents C-Rl8 {in which Rl8 is -R2-N=C=O (where R2 is as hercinbeforc 
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defined)!, and the others independently represent Nor CRlO (where RIO is as hereinbeforc 

defined). 

Esters of formula (l), wherein Rl, X 1, x2, x3, x4, xS and x6 are as hereinbefore defined and 

5 where the LI and Y moieties within one of xJ, x4 and xS are a -R2-R3- linkage (in which R2 is 

as herein before defined and RJ is -SOz-NR4- (where R4 is as hereinbefore defined)) and a 

-C02Rl6 group (where Rl6 is as hereinbefore defined) respectively, may be prepared by 

reaction of compounds of formula (l), wherein R l, X l, x2 and x6 are as hereinbefore defined, 

one of x7, x8 and x9 represents C-R l8 (in which R 18 is -R2-SOzCI {where R2 is as 

10 herein before defined), and the others independently represent Nor CR 10 (where RIO is as 

herein before defined), with amines of formula (2) wherein R4, R 16, Ari and L2 are as 

15 

herein before defined. The reaction is preferably carried out with the aid of a base, such as a 

tertiary amine, for example triethylamine, preferably in a solvent such as tetrahydrofuran and at 

a temperature at about room temperature. 

Esters of formula (I), wherein Rl, xl, x2, x3, x4, xS and x6 are as hereinbefore defined and 

where the Ll and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage (in which R2 is 

as hereinbefore defined and R3 is -NR4-S02- (where R4 is as hercinbefore defined)J and a 

-C02Rl6 group (where Rl6 is as hereinbefore defined) respectively, may be similarly prepared 

20 by reaction of compounds of formula (1), wherein Rl, xl, x2 and x6 are as hereinbefore 

defined, one of x7, xS and x9 represents C-R18 (in which R18 is -R2-NHR4 (where R2 and R4 

arc as hereinbefore defined)!, and the others independently represent Nor CRlO (where RIO is 

as hereinbcfore defined), with sulphonyl chlorides of formula (8):-

25 (8) 

wherein R 16. Ar! ~lnd L2 ~re as herein before defined. 

Esters of formula (I), wherein Rl, Xl, x2, x3, X4, xS and x6 arc as hereinbeforc defined and 

30 where the Ll and Y moieties within one of x3, X4 and xS arc a -R2-R3- linkagc (in which R2 is 

as hcrcinbeforc defined and RJ is -O-C(==0)-1 and a -C02Rl6 grnup (where Rl6 is as 
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hereinbefore defined) respectively, may be prepared by 0-acylation of compounds of formula 

(1), wherein Rl, xi, x2 and x6 are as hereinbefore defined, one of x7, xB and x9 represents 

C-R 18 (in which R 18 is -R2-0H (where R2 is as hereinbefore defined)!, and the others 

independently represent Nor CRIO (where RIO is as hercinbefore defined), with compounds of 

5 formula (3), wherein R16, Ari and L2 arc as hereinbefore defined and xtO is a halogen atom. 

The reaction may be carried using standard 0-acylation conditions for example reaction with 

acid chlorides of formula (3) where XI 0 is a chlorine atom. 

Esters of formula (I), wherein RI, xi, x2, x3, x4, xS and x6 are as hereinbefore defined and 

10 where the LI and Y moieties within one of x3, x4 and xS are a -R2-R3- linkage [in which R2 is 

as hereinbefore defined and R3 is -C(=0)-0-1 and a -C02Rl6 group (where Rl6 is as 

hereinbefore defined) respectively, may be similarly prepared by 0-acylation of compounds of 

formula (4), wherein Rl6, Arland L2 are as hereinbefore defined with compounds of formula 

(1), wherein Rl, xt, x2 and x6 are as hereinbefore defined, one of x7, x8 and x9 represents 

15 C-Rl8 (in which Rl8 is -R2-C(=O)-Xl0 (where R2 is as hereinbefore defined and xlO is a 

halogen atom)), and the others independently represent Nor CRlO (where RIO is as 

hereinbefore defined). 

Esters of formula (I), wherein RI, XL, X2, xJ, X4, xS and X6 are as hercinbefore defined and 

20 where the Ll and Y moieties within one of xJ, x4 and xS are a -R2-R3- linkage {in which R2 is 

as hercinbefore defined and R3 is -0-C(=O)-NH-1 and a-C02Rl6group (where Rl6 is as 

herein before defined) respectively, may be prepared by reaction of compounds of formula (1), 

wherein Rl, xI, X2 and x6 are as herein before defined, one of x7, xB and x9 represents 

C-R18 (in which Rl8 is -R2-0H (where R2 is as hereinbefore defined)!, and the others 

25 independently represent Nor CRIO (where RlO is as hereinbeforc defined), with isocyanates of 

formula (7), wherein Rl6, Ari and L2 ar!! as hereinbeforc defined. The reaction is preferably 

ca,-ried ont with tht> aid of a base, sud1 as a tertiary amine, fnr example trieH1yiamine, preferaMy 

in a solvent such as dichloromcthane, and at a temperntm·c at about room temperature. 

30 Esters of formula (I), wherein R l, xt, x2, xJ, x4, xS and x6 are as herein before defined and 

where the Ll and Y moieties within one of X3, x4 and x5 are a -R2-R3- linkage fin which R2 is 

as hcrembeforc defined and R3 1s -NH-C(=0)-0-1 and a -C02Rl6 group (where RL6 is as 
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hereinbefore defined) respectively, may be similarly prepared by reaction of compounds of 

formula (I), wherein RI, xi, x2 and x6 are as hereinbefore defined, one of x7, x8 and x9 

represents C-R18 [in which R18 is -R2-N=C=O (where R2 is as hereinbefore defined)I, and the 

others independently represent Nor CRlO (where R10 is as hereinbefore defined), with 

5 compounds of formula (4), wherein R 16, Arl and L2 are as herein before defined. 

Esters of formula (I), wherein RI, xt, x2, xJ, X4, xS and x6 are as hereinbefore defined and 

where one of xJ, x4 and xS is C-R2-R3-Ar1-L2-C02Rl6 in which R3 is a direct bond, R2 is a 

straight or branched chain C2-6alkenylene chain where the carbon-carbon double bond is 

1 10 directly attached to Arl, and Rl6 is as hereinbefore defined, may be prepared from compounds 

of formula (9):-

15 

(9) 

wherein R16, Arland L2 are as hereinbefore defined, using standard Wittig coupling 

procedures with an appropriate phospborane, derived from reaction of the appropriate 

compounds of formula (1) wherein Rl, xI, x2 and x6 are as hereinbefore defined, one ofX7, x8 

and x9 represents C-R 18 (in which R 18 is -R2-Br (where R2 is a straight or branched chain 

C1_5alkylene chain)), and the others independently represent Nor CRIO (where RIO is as 

20 hereinbefore defined), with triphenylphosphine and subsequent treatment with a base using 

standard procedures. 

Esters of formula (I), wherein RI, xJ, x2, xJ, X4, xS and x6 are as herein before defined, Y is 

-C02Rl6 and the L2 moiety within one of x3, x4 and xs is an alkylene linkage substituted by-

2 5 NYl y2 (in which one of Y 1 and y2 is hydrogen and the other is alkyl, or alkyl substituted by 

alkoxy, aryl, cyano, cycloalkyl, hcteroaryl, heterocycloalkyl, hydroxy, oxo, -NYly2, or one or 

more -C02R12 or -C(=O}-NYl yl groups), may be preraret! by reaction of esters of formula (l), 

wherein Rl, xI, x2, x3, x4, xs and x6 are as hereinbcfore defined, Y is -COzRl6 and the L2 

moiety within one of x3, x4 and xS is an alkylene linkage substituted by -NH2, with aldehydcs 

30 of formula (10):-

... -
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(10) 

wherein R 19 is hydrogen or alkyl, or alkyl substituted by alkoxy, aryl, cyano, cycloalkyl, 

heteroaryl, heterocycloalkyl, hydroxy, oxo, -NYIY2, or one or more-C02Rl2 or -C(=O)-Nylyl 

5 groups in the presence or sodium cyanoborohydride. The reaction may be conveniently carried 

out in methanol, optionally in the presence of sodium acetate and 4A molecular sieves, and at a 

temperature at ·about room temperature. 

Esters of formula (I), wherein RI, xi, x2, xJ, x4, x5 and x6 are as hereinbefore defined, Y is 

10 -C02R 16 and the L2 moiety within one of x3, x4 and xS contains a -N(R4)-C(=O)-R13 group, 

15 

may be prepared by reaction of amines of formula (I), wherein RI, xI, x2, xJ, x4, xS and x6 

are as hereinbefore defined, Y is -COzR16 and the L2 moiety within one of xJ, x4 and xS 

contains a -NH(R4) group, with compounds of formula (11):-

Rl3_q=O)Xl0 (11) 

wherein Rl3 and xlO are as hereinbe.fore defined. When xto is a hydroxy group the reaction 

may be carried out using standard peptide coupling procedures as described hereinbefore. 

When xlO is a halogen atom the reaction may be carried out with the aid of a base, such 

20 pyridine, preferably in a solvent such as tetrahydrofuran and .at a temperature at about room 

temperature. 

Esters of formula (I), wherein RI, xl, x2, x3, x4, xS and x6 are as hereinbefore defined Y is 

-C02Rl6 and the L2 moiety within one of x3, x4 and xS contains a -N(R4)-C(=O)-OR13 group, 

25 may be prepared by reaction of amines of formula (I), wherein Rl, xl, x2, x3, x4, xS and x6 

are as hereinbefore defined, Y is -C02Rl6 and the L2 moiety within one of x3, x4 and xS 

c.ontains a -NH(R4) group, with the appro11riate chloroforrnate, e.g. ethyl (or benzyl) 

chloroformate compounds, according to standard reaction conditiuns.. 

30 Esters of formula (l), wherein Rl, Xl, x2, x3, x4, xs and x6 are as hereinbeforc defined Y is 

-C02RI6 and the Ll moiety within one of x3, x4 and xS contains a-N(R4)-S02-Rl3 group, 

may be prepared by reaction of amines of formula (I), wherein Rl, xi, x2, x3, x4, xS and x6 

.... 
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are as hcreinbefore defined, Y is -C02Rl6 and the Ll moiety within one of x3, x4 and xS 

contains a -NH(R4) group,, with the appropriate sulphonyl chloride, e.g. phenyl (or pyrdiyl) 

sulphonyl chloride, according to standard reaction conditions. 

5 Esters of formula (I), wherein Rl, xi, xl, x3, x4, xS and x6 are as hereinbeforedefined y is 

-C02Rl6 and the L2 moiety within one of x3, x4 and xs is a -CH-CH
2

- linkage, may be 
I 
NH2 

prepared by hydrogenation of esters of formula <n, wherein R l, xl, x2, x3, X4, xS and x6 are 

as hereinbefore defined, Y is -C02Rl6 and the L2 moiety within one of x3, x4 and xS is a 

-CH-CH - linkage. The reaction may be carried out in the presence of formic acid and a 
I 2 

N(CH
2
Ph) 2 

10 suitable metal catalyst, e.g. palladium, supported on an inert carrier such as carbon, at a 

temperature at about 60°C. The reaction may conveniently be carried out in the presence of a 

suitable metal catalyst, e.g. platinum or palladium optionally supported on an inert carrier such 

as carbon, preferably in a solvent such as methanol or ethanol. 

15 Esters of formula (I), wherein Rl, XI, x2, X3, x4, xS and x6 are as hereinbefore defined Y is 

-C02Rl6 and the L2 moiety within one of x3, x4 and xS is a -cH-CH- linkage, may be I 2 

NH2 

similarly prepared by hydrogenation of esters of formula (l), wherein RI, xl, x2, x3, X4, xS 

and x6 are as hereinbcfore defined, Y is -C02Rl6 and the L2 moiety within one of X3, x4 and 

xS is a linkage. 

Esters of form ul~ (I), wherein RI, X l, X 2, X 3, x4, xS and x6 are as herein before defined Y is 

-C02Rl6 and the L2 moiety within one of x3, x_4 and xS is a -cH-CH- (or I 2 

NH2 

:. .. .,(;, 1 
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-ca-cH- ) linkage, may also be obtained following standard recrystallisation of salts of . 2 

the racemic mixture, for example recrystallisation of the tartrate salt. 

Esters of formula (I), wherein Rl, xi, x2, x3, x4, xS and x6 are as hereinbefore defined Y is 

-co2Rl6 and the L2 moiety within one of x3, x4 and xs is a -cH-cH- (or I 2 

NH2 

-CH-CH- ) linkage, may also be obtained by the application of standard enzymatic . 2 

resolution procedures for example those described by Soloshonok, V. A., et.al., Tetrahedron: 

Asymmetry 6 (1995) 7, 1601-1610. 

10 Esters of formula (l), wherein Rl, xl, x2, x3, X4, xS and x6 are as hereinbefore defined Y is 

-COzR16 and the L2 moiety within one of xJ, x4 and xS is a -CH-CH
2

- or 
I 
N(CH

2
Ph) 

2 

-ca-ca- linkage, may be prepared by reaction of esters of formula (I), 

' 2 CH3•,,.. /N'--._ 

IH ya2 
Ph Ph 

wherein Rl, xt, x2, X3, X4, xS and x6 are as hereinbeforedefined, Y is-COzR16 and the L2 

moiety within one of x3, x4 and xS is a -CH=CH- linkage, with an alkali metal hydride, such as -

15 sodium hydride, in an inert solvent, e.g. tetrahydrofuran, and at a temperature at about room 

temperature, and subsequent reaction with the anion derived from treating dibenzylaminc, or 

(S)-N-benzyl-a:-methylbenzylamine, with butyllithium, at a temperature at about -78°C. 

£sters of formula (!), whc;-cin Pl, XI, x2, xJ, X4, xS and X6 are as herein before rlefincd Y is 

20 -COzRi6 and the LZ moiety within one of xJ, x4 and xs is a -CH=CH- linkage, may be 

prepared by reaction of compounds of formula (1), wherein RI, xl, x2 and x6 are as 

hercinbefore defined, one of x7, x8 and x9 represents C-Rl8 (in which RIB is -R2-R3-ArLI 

(wbere R2, R2 and Ari arc as ltereinbefore defined) and the others independently represent N or 

CR 10(whereR10 is as hcreinbefore defined), with an acrylic acid ester, such as tert-butyl 
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acrylate, in the presence of palladium acetate, a triarylphosphine, such as 

tri(2-methylphenyl)phosphine, and a tertiary amine, such as tributylamine, in an inert solvent, 

such as dimethylformamide and at a temperature up to about I00°C. 

5 Compounds of formula (l), wherein Rl, xt, X2 and x6 arc as hereinbefore defined, one of x7, 

xS and x9 represents C-R 18 (in which R 18 is as described hereinabove, or a suitably protected 

derivative thereol) and the others independently represent Nor CRlO (where R 10 is as 

bereinbefore defined), may be prepared by the application or adaptation of methods described in 

prepared as described in the specification of International Patent Application Publication No. 

10 WO 96/22966. 

Compounds of formula (2), wherein Rl6, Ari and L2 are as hereinbefore defined and R4 is 

hydrogen may be prepared by reduction of the corresponding nitro compounds. The reduction 

may be carried out using iron powder and ammonium chloride, in aqueous ethanol at a 

15 temperature at about reflux. The reduction may also be carried out by hydrogenation using 

standard conditions, for example those described hereinbefore. 

Intermediates of formulae (resin 3), (resin 4), (resin 6) and (resin 7) are novel compounds and, as 

such, they and their processes described herein for their preparation constitute further features 

2 0 of the present invention. 

The present invention is further Exemplified but not limited by the following illustrative 

Examples and Reference Examples. 

25 Mass spectra were recorded on a Micromass Platform II mass spectrometer fitted with an 

Electrospray source and an HPI 100 liquid chromatograph; using a mixture of acetonitrile and 

water (1:1, v/v) as the mobile phase, a flow rate of0.3 ml/minute, an injection volume of20µ1, a 

run time of 2.0 minutes, a scan range of 150 - 850 Daltons Positive/Negative, a scan time of 2.0 

secor.ds, an ESI voltage of 3.SKv, an ESI pressure of 20n/m2 Nitrogen. 

3 0 The ions rccorde<i are posith•e ions. 

EXAMrLE l 

(S-{4-f 3-(2-Methylphenyl)ureidol-rhenvlacetylamino}pyrid-2-yl)-thioacetic acid 

A mixture of 5-amino-(pyrid-2-yl}-thioacetic acid methyl ester (930 mg, Reference Example 

35 l(a)I, 4-13-(2-mcthylphenyl)ureidojpbcnylacetic acid (l.26g, prepared as described in Example 

... 
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21 of International Patent Application Publication No. WO 96n2966), 0-(7-azabenzotriazol-1-

yl)-1,1,3,3-tetramethyluronium hexanuorophosphate (1.69g) and diisopropylethylamine (I.lg) in 

dimethylformamide (SOml) was stirred at ambient temperature for l hour. The mixture was 

evaporated then poured into water (SOOml). The resultant solid was washed with water (SOml) 

5 and then washed twice with diethyl ether (50ml). The solid was suspended in methanol (lOOml), 

then treated with sodium hydroxide solution (lOml, IM). The mixture was heated at reflux for 5 

hours, then cool~d, then evaporated. The residue was treated with hydrochloric acid (200ml, 

l M). Tbe resultant solid was filtered, washed with water (20ml), then washed twice with diethyl 

ether (20ml), then recrystallised from ethanol to give the title compound (220mg) as a yellow 

10 solid, m.p. >235°C (with decomposition). MS: MH+ 451. 

EXAMPLE2 

(a) 3-( 5-{3-Methoxy-4-13=(2-methylphenyl)u reido 1-phenvlacetvlam ino} pyrid-2-vl)-p ropanoic 

acid 

15 A stirred mixture of 3-(S-{3-methoxy-4-(3-(2-methylphenyl)ureidoj-phenylacetylamino}pyrid-2-

yl)-propanoic acid ethyl ester [0.62g, Reference Example 3(a)I and ethanol (40ml) was treated 

with 4% aqueous sodium hydroxide solution (3.2ml) and then heated to 50°C. After stirring at 

50°C for 7 hours, the reaction mixture was cooled and then left to stand at room temperature 

over night. The reaction mixture was partially concentrated in vacuo, washed with diethyl ether 

20 and then acidified to pH 1.0 by addition of hydrochloric acid (IM). The resultant white solid 

was collected, washed with water and then dried in vacuo. Recrystallisation from aqueous 

acetonitrilc gave the title compound (0.32g) as a white crystalline solid, m.p. 19l-192°C (with 

decomposition). MS: MH+ 463. 

2 5 (b) By proceeding in a manner similar to Example 2(a) above but using 3-(5-{3-methoxy-4-

(3-(2-methylphenyl)ureido)-phenylacetylamino)pyrid-2-yl)-2-methylpropanok acid ethyl ester 

[Reference Example 3(b)), there was prepared 3-(5-{3-mcthoxv-4-13-(2-mcthylphcnyl)ureidol­

flhcnvlacetvlamino}pyrid-2-vl)-2-methvlpropanoic acid, m.p. l 96-l 97°C (with decomposition). 

MS: MH+ 477. [Elemental analysis:- C, 65.2; H, 6.1; N, 11.6~/o. Calculated for C26H2gN405:-

3 o C, 65.~: H, 5.9; N. 11.8%!. 

(c) lly proc~eding in a manner similar to Example 2(a) above but using 3-(6-{3-mcthoxy-4-

(3-(2-methylphenyl)ureido}-phenylacetylamino)pyrid-3-yl)-propanoic acid ethyl ester (Reference 

Examrle 3(c)I, there was prerarcd 3-(6-{3-methoxv-4-(3-(2-methvlohenvt)urcidol-

35 phenvlacctvlamino}pvrid-3-vl)-ororanoic acid, m.p. l75-l76°C (with decomposition). MS: MH+ 

.... 
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463. (Elemental analysis:-C, 64.9; H, 5.7; N, 12.1%. Calculated for Cz5Hz6N405:- C, 64.9; H, 

5.7; N, 12.0%1. 

(a) 

EXAMPLE3 

( R)-3-( 4-{3-Metho xy-4-f 3-(2-m ethylphen yl)ureido I phenylacetvlam ino l phenyl )-3-

( methanesulphonyla mino )-p ropanoic acid 

( R)-3-( 4-{3-methoxy-4-( 3-(2-methylphenyl)u reido I phen ylacetylam ino} phcn yl)-3-

{methanesulphonylamino)-propanoic acid tert-butyl ester (SSmg, Reference Example 6(a)f was 

dissolved in anhydrous trifiuoroacetic acid {2ml) and allowed to stand at ambient temperature 

10 for 30 minutes. The reaction mixture was evaporated and the residue was triturated with diethyl 

ether to yield the title compound (42mg) as an amorphous white solid. MS: MH+ 555. 

(Elemental analysis:- C, 55.3; H, 5.1; N, 9.2%. Calculated for C27H30N407S:- C, 58.S; H, 5.45; 

N, 10.1%). 

15 (b) By proceeding in a manner similar to Example 3(a) but using J-{acetylamino)-3-(4-{3-

20 

methoxy-4-[3-(2-methylphenyl)ureidoJphenylacetylamino}phenyl)-propanoic acid tert-butyl ester ... 

(Reference Example 6(b)I there was prepared 3-{acetylamino)-3-{4-{3-methoxy-4-(3-{2-

methvlphenvl)ureidoJ-phenvlacety!amino}phenyl)-propanok acid. MS: MH+ 519. (Elemental 

analysis:- C, 61.9; H, 5.05; N, 10.1% . ..Calculated for C2sH30N406:- C, 6~.8; H, 5.8; N, 10.8%). 

(c) By proceeding in a manner similar to Example 3(a) but using 3-(4-{3-methoxy-4-{3-(2-

rnethylphenyl)ureidolphenylacetylamino}phenyl)-3-(benzoylamino)-propanoic acid tert-butyl 

ester (Reference Example 6(c)) there was prepared 3-(benzoylamino}-3-(4-{3-methoxv-4-{3:(2-

rnethvlphenvl)-ureidolphenvlacctylamino}phcnvl)-propanoic acid. MS: MNa+ 603. (Elemental 

25 analysis:- C, 66.65; H, 5.05; N, 9.35%. Calculated for C33H32N406:- C, 68.3; H, 5.55; N, 

9.65%). 

(d) By proceeding in a manner similar to Example J(a) but using 3-(4-{3-methoxy-4-13-(2-

metbylphcn yl)u reido I phcnylacctyb.mir.o} l'hcnyl)-3-(pyridine-3-carbonylam ino )-p ropanoic acid 

3 Q cert-irncyl csccr[Refercncc Example 6(d)I there was prepared 3-(4-{3-methoxv-4-(3-{2-

methvlphen vl)u rcido I phcn vlacetvlam ino} phenyl}-3-(pvridine-3-carbon vlam i no )-p ropanoic acid 

trifluoroacetate salt. MS: MH+ 582. (Elemental analysis:- C, 56.85; H, 4.4; N, 9.65%. 

Calculated for C32H31Ns06•CF3COzH:- C, 58.7; H, 4.6; N, I0.05%J. 
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(e) fly proceeding in a manner similar to Example J(a) but using (R)-J-amino-J-(4-{3-

methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid tert-butyl ester 

(Reference Example 7(a)) there was prepared (R)-3-amino-3-(4-{3-methoxy-4-13-(2-

methylphenyl)u reidof phcnylacetylamino) phenyl)-propanoic acid trifluoroacetate salt. 

5 MS: MH+ 477. (Elemental analysis:- C, 55.55; H, 5.15; N, 9.3%. Calculated for 

C26H28N405•CF3COzH:- c. 56.9; H, 4.95; N, 9.5%J. 

(f) By proceeding in a manner similar to Example 3(a) but using 3-amino-3-(4-{3-methoxy-4-

(3-(2-methylphenyl)ureidolpheoylacetylamino}phenyl)-propanoic acid tert-butyl ester (Reference 

10 Example 7(b)I there was prepared 3-amino-3={4-{3-methoxv-4-(3-{2-methylphenyl)ureido)-

15 

20 

ohenvlacetvlamino}phenyl)-propanoic acid di-trifluoroacetate salt. MS: Mff+ 477. [Elemental 

analysis:- C, 51.95; H, 4.3; N, 8.4%. Calculated for C26H2gN405•2CF3C02H :- C, 51.1; H, 4.5; 

N, 7.95%). 

(g) By proceeding in a manner similar to Example 3(a) but using 3-(n-butylamino)-3-(4-{3-

methoxy-4-[3-(2-methylphenyl)u reido) phenylacetylamino} pbenyl)-propanoic acid tert-butyl ester 

[Reference Example lO(a)Jthere was prepared 3-{n-butylamino)-3-(4-{3-methoxy-4-[3-{2-

methylphenvl)ureidolphenylacetylamino}phenyl}-propanoic acid trifluoroacetate salt, m.p. 110-

130 °C (amorphous). MS: ~ 533. 

(h) By proceeding in a manner similar to Example J(a) but using 3-benzylamino-3-(4-{3-

methoxy-4-(3-(2-methylphenyl)ureido)pbenylacetylamino}phenyl)-propanoic acid tert-butyl ester 

[Reference Example lO(b)I there was prepared 3-benzvtamino-3 (4-{3-methoxy-4-{3-(2-

methvlphenyl)ureido)phcnvlacetvlamino}phenyl)-propanoic acid trifluoroacctate salt. MS: 

25 MH+ 566. {Elemental analysis:- C, 61.05; H, 5.05; N, 8.0%. Calculated for 

C33H34N405•CF3C02H:- C, 61.75; H, 5.2; N, 8.2%). 

(i) By proceeding in a manner similar to Example 3(a) but using 3-(4-{3-methoxy-4-(3-(2-

met.hylphe!l y~)u rci<lo I r1tenyiacctylaminol phenyl}-3-C2-pbenylethylamino )-propanoic acid tert-

3 o bu.tyl ester (Reference Example lO(c)I there was prepared 3-(4-{3-methoxv-4-13-(2-

methvl rhcn vi )u reido I phenvlacetvlam ino} phenvl )-3-{2-phen vlethylamino )-pro pa noic acid 

triOuoroacetate salt, m.p. 105-140 °C (amorphous). MS: Mn+ 580. 

(j) Dy p.-oceeding in a manner similar to Example 3(a) but using (R)-3-((l-tert-

.... 
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butoxycarbonylmethyl-piperidin-4-carbonyl)-aminol-3-(4-{3-methoxy-4-13-(2-

methylpbenyl)ureidolphenylacetylaminoJphenyl).f1ropanoic acid methyl ester [Reference 

Example 37(b)I there was prepared (R)-3-[(l-carboxymethvl-piperidin-4-carbonyl)-aminof-3-(4-

{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid 

5 trifluoroacetate salt, MS: Mii+ 660. 

EXAMPLE4 

(a) 3-(4-{3-Methoxy-4-fJ-(2-methylphenyl)ureidolphenvlacetylamino}11henyl)-J-

(morpholin-4-yl)-propanoic acid hydrochloride salt 

1.0 A mixture of 3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol phenylacetylamino}phenyl)-3-

(morpholin-4-yl)-propanoic acid tert-butyl ester ( lOOmg, Reference Example 1 l(a)) anhydrous 

trifluoroacetic acid (3ml) and dichloromethane (Sml) allowed to stand at ambient temperature 

for 1 hour. The reaction mixture was evaporated and the residue was partitioned between ethyl 

acetate and l.OM hydrochloric acid. The aqueous layer was evaporated and the residue was 

15 triturated with a mixture of methanol and diethyl ether to yield the title compound (46mg) as a 

white solid, m.p. 164-l71°C (amorphous). MS: MH+ 547. 

(b) By proceeding in a manner similar to Example 4(a) but using 3-(4-{3-methoxy-4-{3-(2-

methylphenyl)ureido I phenylacetylamino} phenyl)-3-( 4-methylpiperazin- l-yl)-propanoic acid tert-

20 butyl ester [Reference Example ll(b)I there was prepared 3=(4-{3-methoxv-4-(3-(2-

methvlphenvl)ureido)phenvlacetvlamino}phenvll-3-(4-methylpiperazin-l-yl)-propanoic acid 

hvdrochloride salt, m.p. 174-184°C (amorphous). MS: Mff+ 560. 

(c) By proceeding in a manner similar to Example 4(a) but using (R)-3-(N-Acetyl-N-

2 5 methylamino )-3-( 4-{4-(3-(2-methylphen yl)ureido I phcnylacetyl-N-mcthylamino} phenyl)-

30 

p ropionic add tert-butyl ester (0.65g, Reference Example 21) there was prepared (R)-3-(N-acetvl­

N-methylamino)-3-(4-{4-13-(2-meth\'lOhenvl)ureido)11henvlacetvl-N-methylamino}C1henvl)-

propionic acid as a white foam. HPLC retention time= 11.9 minutes. M- = 515 (ES-) 

EXAMPLES 

(a) (R)-3-Benzovlamino-3-( 4-f 3-methoxv-4-13-{2-methvl phen vl)ureido) rhenvl-

acetYlamino} phenyl)-propanoic acid 

A m i>.'.tu re of (R)-3-benzoylamino-3-( 4-{J-methoxy-4-( 3-(2-medaylphen yl) ureido I phenyl­

acetyla mino} phenyl )-propanoic acid methyl ester (4.08g, Reference Examrile 12(a)f, and 

3 5 methanol (40ml) was heated to 40°C and then treated with 10% aqueous sodium hydroxide 

..-
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solution (J4ml). After stirring at 40°C for 2.5 hours, the reaction mixture was cooled and then 

acidified to pH 1.0 by addition of hydrochloric acid (lM). The resultant white solid was 

collected, washed with water and then dried in vacuo. Recrystallisation from acetic acid gave the 

title compound as a white crystalline solid (3.2g), m.p. 220-222°C. MS: MH+ 581. {Elemental 

5 analysis:- C, 68.0; H, 5.4; N, 9.5%. Calculated for C33H32N406:- C, 68.3; H, 5.6; N, 9.65%f. 

99% ee by HPLC analysis on a CHIRALP AK AD F294 column eluting with heptane: 

isopropanol: ethanol: trifluoroacetic acid (200:25:25:1) at a rate of0.7 mUmin. 

(b) (R)-3-acetylamino-3-{4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenyl-

l.O acetylamino)phenvl)-propanoic acid hemihydrate 

By proceeding in a manner similar to Example S(a) but using (R)-3-acetylamino-3-(4-{3-

methoxy-4-(3-(2-methylphenyl)ureido}phenylacetylamino}phenyl)-propanoic acid methyl ester 

(Reference Example 12(b)J and 'lithium hydroxide instead of sodium hydroxide, there was 

prep a red ( R)-3-acetyla m ino-3-( 4-{ 3-m et ho xv-4-[3-{2-m ethylp hen yl) u reido I phenyl-

15 acetvlamino}phenyl}-propanoic acid hemihydrate, m.p. 244 °C (with decomposition). MS: MJI+ 

519. (Elemental analysis:- C, 63.8; H, 5.5; N, 10.5%. Calculated for C2sH30N406•0.SH20:- C, 

20 

63.75; H, 5.9; N, 10.6%1. 99% ee by HPLC analysis on a CHIRALPAK AD F294 column eluting 

with a mixture of heptane, isopropanol, ethanol and triOuoroacetic acid (200:25:25:1, viv/v/v) at 

a rate of 0.7 ml/min. (RT of R- isomer= 36.5 minutes; RT of enantiomer = 47.4 minutes). 

(c) By proceeding in a manner similar to Example S(a) but using (R)-3-benzyloxycarbonyl-

amino-3-( 4-(3-methoxy-4-(3-(2-methylphenyl)ureidol phenylacetylamino}phenyl)-propanoic acid 

methyl ester (Reference Example l2(c)I, there was prepared (R)-3-benzyloxycarbonylamino-3-{4-

{3-methoxy-4-(3-(2-methvlphenvl)ureidolphcnylacetvlamino} phenyl}-propanoic acid m.p. 170-

25 173°C (with decomposition). MS: MH+ 61 l. (Elemental analysis:- C, 65.7; H, 5.4; N, 8.9%. 

Calculated for C34H34N407 •0.5H20:- C, 65.9; H, 5.7; N, 9.0°/oj. 

(d) By proceeding in a manner similar to Example S(a) but using 

( R)-3-ph en yls ulph~n ylaroino-3-( 4-f 3-meth~ xy-4-(3-(2-methyl phenyl) ureido] phel!ylacctylam ino }-

30 pheuyl)-propan(;ic aci<l methyl es~er (R<:for~ucc Example 12(d)I, there was p~epared 

(R)-3-rhenvlsulphonvlamino-3-{4-{3-methoxv-4-(3-(2-methvlphenyl)ureidolphenvlacetvlamino}-

r>henvl)-prnpanoic acid m.p. 181-184°C (with decomposition). MS: MH+ 617. [Elemental 

analysis:- C, 61.6; H, 5.1; N, 9.0%. Calculated for C32H3zN407S•0.25H20:- C, 61.9; H, 5.3; N, 

9.0%j. 

.... 
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(e) By proceeding in a manner similar to Example S{a) but using {R)-3-(pyridine-3-

ca rbonylamino )-J-{ 4-{J-methoxy-4-(3-(2-methylphenyJ)ureidoJ phenylacetylamino} phenyl)­

propanoic acid methyl ester (Reference Example ll{e)J, there was prepared {R)-3-(pyridine-J-

5 ca rbonylamino )-J-( 4-{3-methoxy-4-l 3-(2-methylphenyl)u reido! phenylacetylamino} phenyll-

propanoic acid m.p. 218-220°C. MS: MH+ 582. {Elemental analysis:- C, 62.3; H, 5.1; N, 11.1 %. 

Calculated for C3zH31Ns06.2H20:- C, 62.l; H, 5.8; N, 11.4%1. 

(() By 11roceeding in a manner similar to Example S(a) but using (R)-3-(pyridine-3-

10 sul11honylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-

15 

propanoic acid methyl ester (Reference Example 12(()1, there was prepared (R)-3-(pyridine-3-

sulphonvlamino )-3-( 4-{3-methoxv-4-( 3-(l-methvlphenvl)u reidol nhenvlacetylamino) phenvl)-

propanoic acid m.p. 19l-193°C. MS: MW 618. (Elemental analysis:- C, 58.5; H, S.1; N, 11.0%. 

Calculated for C31 R31Ns07S•H20:- C, 58.6; H, 5.0; N, 11.0% I· 

{g) By proceeding in a manner similar to Example S(a) but using (R)-3-(5-dimethylamino-1-

naphthalenesulphonylamioo)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)pheoylacetyl­

amino}phenyl)-propanoic acid methyl ester (Reference Example 29(a)j, there was prepared 

(R)-3-(5-d imethvlami no- l-naphthalenesu I phonylami no )-3-{ 4-{3-methoxy-4-(3-(2-methvlphenyl)-

20 ureidoltlhenvlacetylamino}phenvl)-propanoic acid m.f1. l60°C (with decomposition). MS: Mii+ 
710. (Elemental analysis:- C, 62.8; H, 6.2; N, 9.3°/o. Calculated for 

C3sH39N507S•H20•C3HsO:- C, 62.5; H, 6.3; N, 8.9%). 

(h) By proceeding in a manner similar to Example S(a) but using (R)-3-(4-carboxybutanoyl-

2 5 a mi no )-3-( 4-{3-rnethoxy-4-( 3-(2-m ethyl phenyl )u reido Ip henylacetylam i no }-phenyl )-p ropano ic 

acid methyl ester [Reference Example 28(a)}, there was prepared {R)-3-(4-carboxvbutanovl­

amino )-3-( 4-f 3-mcthoxv-4-13-(2-meth vi p henyl)u reido I phenvlacetvlam ino }-phenyl)-propanoic 

30 

acid m.p. 217-2 l9°C. MS: MH+ 591. (Elemental analysis:- C, 62.3; H, 5.4; N, 9.45%. Calculated 

for C:;1H34N40g•O.SH20:- C, 62.l; H, 5.9; N, 9.3%J. 

(i) By proceeding in a manner similar to Example S(a) but using (R)-3-(3-carbox.ypropanoyl-

amino)-3-(4-{3-methoxy-4-(3-(2-rnethylphenyl)ureidolphenylacetylamino)-phenyl)-propanoic 

acid methyl ester {Reference Example 28(b)J, there was flrepared {B)-3-(3-carboxyrropanovl-
' 

amino)-J-(4-{J~methoxv-4-13-(l-meth"lphenyl)ureidolphenylacetvlamino}-pltenvl)-propanoic 
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acid m.p. 177-180°C. MS: MW 577. (Elemental analysis:- C, 60.6; H, 5.3; N, 9.2%. Calculated 

for C30H32N40g•H20:- C, 60.6; H. S.75; N, 9.4%1. 

(j) By proceeding in a manner similar to Example S(a) but using (R)-3-(I-methylimidazol-4-

5 ylsulphonylamino )-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino) phenyl)­

propanoic acid methyl ester (Reference Example 29(b)I, there was prepared 

10 

15 

CR)-3-( 1-methylimidazol-4-vlsul phonylam ino )-3-( 4-{3-methoxy-4-f 3-(2-methylphenyl)u reidol-

phenvlacetvlam ino}phenyl)-propanoic acid m.p. 194-195°C. MS: MH+ 621. 

(k) By proceeding in a manner similar to Example S(a) but using (R)-3-(N-acetyl-N-

methylamino)-3-(4-{3-methoxy-4-[3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)­

propanoic acid methyl ester [Reference Example l2(g)J, there was prepared (R)-3-(N-acetvl­

methvlamino)-3-(4-{3-methoxv-4-13-(2-methylphenvl)ureidolphenvlacetvlamino}phenvll-

propanoic acid, m.p. 227-229°C. MS: MH+ 533. 

(I) By proceeding in a manner similar to Example S(a) but using 

(R)-3-(N-mcthanesulphonyl-methylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol- •:< ' 

phenylacetyl-amino}pbenyl)-propanoic acid methyl ester [Reference Example 12(h)I there was 

prepared (R)-3-{N-methanesulnhonvl-methylamino)-3:(4-{3-methoxv-4-13-(2-methylphenyl}-

20 ureidoJ-phenvlacetylamino}phenyl)-propanoic acid, m.p. 201-203°C. MS: MH+ 569. 

(m) By proceeding in a manner similar to Example S(a) but using (R)-3-((morpholin-lyl)-

acetylamino 1-3-( 4-{3-metho~y-4-( 3-(2-methylphenyl)ureidol phenylacetylamino} phenyl)­

propanoic acid methyl ester (Reference Ex.ample 37(a)I, there was prepared (R)-3-(morpholin-1-

2 S vlacetylami no )-3-( 4-{3-methoxv-4-13-(2-methylphenvl)u reido) phenvlacetylamino} phenvl)-

propanoic acid m.p. l83-184°C. MS: MH+ 604. 

(n) By proceeding in a manner similar to Example 5(a) but using (R)-3-acetylamino-3-(4-{3-

mcth ylthio-4-{ 3-(2-methylphenyl)tt reido I pheny'a~etylam ino} phcnyl)-propanoic acid n1cthyl ester 

3 0 (Reference Example 12(m)j, there was pre.pared {l.0-3-acetvlamiuo-3-(4-f3-methylthio-4-[3-(2-

mcthvlphenvl)ureidoh1hcnvlacctvlaminol phcnyl)-prooanoic acid, m.p. 205-207°C. MS: MH+ 

535. [Elemental analysis:- C, 61.4; H, 5.6; N, I0.0%. Calculated for C28H30N405S:- C, 62.9; H, 

5.6; N, l0.5%1. 
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(o) By proceeding in a manner similar to Example S(a) but using (R)-3-acetylamino-J-(4-{3-

methylsulphinyl-4-{3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid methyl 

ester (Reference Example ll(n)I, there was prepared (R)-3-acetylamino-3=(4-{3-methylsulnhinyl-

4-[3-{2-mcthylphenyl)ureidolphenylacetylaminolphenyl)-propanoic acid, m.p. 202-295°C. MS: 

5 MH+ SSl. (Elemental analysis:- C, 56.3; H, 5.2; N, 9.4%. Calculated for 

C2sH30N406S•O.lSH20:- c, 56.5; H, 5.9; N, 9.4%1 .. 

(p) By proceeding in a manner similar to Example S(a) but using (R)-3-acetylamino-3-(4-{3-

methylsulphonyl-4-(3-(2-methylphenyl)ureidol phenylacetylamino} phenyl)-propanoic acid 

10 methyl ester (Reference Example 12(0)1, there was prepared (R)-3-acetylamino-3-(4-{3-

methvlsulphonyl-4-[3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid, m.p. 

220-223°C. MS: MIJ+ 567. 

(q) By proceeding in a manner similar to Example S(a) but using (R)-3-(2-(2-methoxy-

15 ethoxy)acetylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetylamino}phenyl)-

20 

propanoic acid methyl ester {Reference Example 12(p)J, there was prepared (R)-3-(2-(2-methoxv- ... 

ethoxv)acetvla mi no 1-3-( 4-{3-methoxv-4-(3-(2-methylphenyl)u reido I phenylacetylam ino} phenyl)- •:c • 

rropanoic ~cid, m.I?. 193-195°C. MS:.MH+ 593. (Elemental analysis:- C, 62.5; H, 6.5; N, 9.4%. 

Calculated for C31H36N40g:- C, 62.8; H, 6.1; N, 9.45%). 

(r) By proceeding in a manner similar to Example S(a) but using (R)-3-{(tetrahydropyran-4-

carbonyl)amino)-3-(4-{3-methoxy-4-[3-(2-methylphenyl)ureidoJphenylacetylamino}phenyl)­

propanoic acid methyl ester (Reference Example 12(q)J, there was prepared 

(R)-3-f(tctrahvdroryran-4-carbonyl)amino)-3-(4-{3-methoxv-4-(3-(2-methylphenyl)ureidoJ-

25 phenvlacetvlamino}phenyll-propanoic acid, m.p. 227-230 °C (dee). MS: MR+ 589. {Elemental 

analysis:- C, 64.9; H, 6.5; N, 9.4%. Calculated for C32H36N407:- C, 65.3; H, 6.2; N, 9.5%). 

(s) By proceeding in a manner similar to Example S(a) but using (R)-3-[(5-methyl-isoxazole-

3-{:arbony5)-aminol-J-(4-{3-mcthoxy-4-!3-(2-methylphenyl)ureido)phenylacetylamino}phenyl)-

30 prop~noic acid methyl ester (Reference Example ll(i)I, there was prepared (R)-3-[(5-methvl­

isoxazole-3-carbonvl)-aminol-3-(4-{3-methoxv-4-13-(2-methylrhenvl)ureidol-

phenvlacctYlamino}phenvl)-propanoic acid, m.p. 200 °C. MS: MH+ 586. (Elemental analysis:- C, 

63.6; H, 5.15; N, 12.0%. Calculated for C31H31N507:- C, 63.6; H, 5.3; N, 12.0%1. 
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(t) By proceeding in a manner similar to Example 5(a) but using (R)-3-((thiophene-2-

carbonyl)-amino 1-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)urcido J phenylacetylamino} phenyl)­

propanoic acid methyl ester (Reference Example ll(j)I, there was prepared (R)-3-((thiophene-2-

ca rhonyl)-amino 1-3-( 4-{3-methoxy-4-f 3-{2-methylphenyl)ureidol phenylacetylamino}phenyl)-

5 propanoic acid, m.p. 222-224 °C (dee). MS: MH+ 587. (Elemental analysis:-C, 63.l; H, 5.3; N, 

9.5%. Calculated for C31H31N406S:- C, 63.5; H, 5.15; N, 9.SS'Yo). 

(u) By proceeding in a manner similar to Example 5(a) but using (R)-3-((4-methoxycarbonyl-

benzoyl)-aminol-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-

10 propanoic acid methyl ester (Reference Example l2(k)J, there was prepared 

(R)-3-(( 4-carboxybenzoyl)-aminol-3-{ 4-{3-methoxy-4-( 3-(2-methvlphenyl)ureido luhenylacetvl-

amino} phenvll-uropanoic acid, m.p. 178-180 °C (dee). MS: MH+ 625. [Elemental analysis:- C, 

62.0; H, 5.1; N, 8.6%. Calculated for C34H32N403.2 HzO:- C, 62.0; H, 5.5; N, 8.5%). 

15 (v) By proceeding in a manner similar to Example 5(a) but using (R)-3-[(pyridazin-3-

carbonyl)-amino 1-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureido I phenylacetylamino} ph~nyl)­

propanoic acid methyl ester (Reference Example 12(r)J, there was prepared fR)-3-J(pyridazin-3-

carbonvl)-aminof-3-{4-{3-methoxy-4-(J-{2-methylphenvl)ureidolphenylacetylamino}phenyl)-

propanoic acid, m.p. 190 °C (dee). MS: Mff+ 583. [Elemental analysis:- C, 61.l; H, 5.1; N, 

20 13.5%. Calculated for C31H30N606.l.5 H20:- C, 61.l; H, 5.5; N, 13.8%). 

(w) By proceeding in a manner similar to Example S(a) but using (R)..:3-[(3,4-dimethoxy­

~enzoyl)-aminol-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}-plAenyl)­

. propanoic acid methyl ester (Reference Example 12(1)1, there was prepared (R)-3-{(J,4-

2 5 di met ho xybenzoyl)-aminol-3-{ 4-{3-methoxv-4-(3-(2-meth yl phenyl)ureido I phenvlacetvl-

amino} p henvl)-propa noic acid, m.p. 184-186. MS: MH+ 641. (Elemental analysis:- C, 62.6; H, 

5.45; N, 8.3%. Calculat<t_d for C35H36N4\>8·1.75 H20:- C, 62.S~ H, 5.9; N, 8.3%1. 

(x) By proceedi~g in a manner similar to Exam.pie S(a) but using (R)-J-((pyridazitt-3-

3 O ca rbonyl)-a mi no )-3-( 4-{4-(3-(2-methylphenyl)u reido I pheny!acetylamino) phenyl)-p ropanoic acid 

methyl ester (Reference Example l2(s)J, there was prepared (R)-3-J<oyridaz:in-3-carbonvl)­

aminol-3-( 4-{4-13-(2-methylphcnvl)u reidolphenylacctylamino}tlhenyl)-propanoic acid, m.p. 231-

214 °C (dee). MS: MH+ 553. 

.. 
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(y) By proceeding in a manner similar to Example S(a) but using (R)-3-[(4-carboxy-3,3-

dimethyl-butanoyl)aminol-3-(4-(3-methoxy-4-(3-(2-methylphenyl)urcidoJphenylacetylamino}­

phenyl)-propanoic acid methyl ester {Reference Example 28(c)j, there was prepared (Rl-3-f{4-

carboxy-3,3-dimcthyl-butanoyl)aminol-3-(4-{3-methoxy-4-f3-(2-methylphenyl)ureidoJ-

5 phenylacctylamino}-phenvl)-propanoic acid, m.p. 164°C. MS: MW 619. (Elemental analysis:­

C, 62.0; H, 5.7; N, 8.9%. Calculated for C33H3sN40s.l.25H20:- C, 61.8; H, 6.3; N, 8.7%1. 

(z) By proceeding in a manner similar to Example S(a) but using (R)-3-(benzoylamino)-3-(4-

(4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic acid methyl ester 

10 (Reference Example 12(t)J, there was prepared (R)-J-(benzoylamino)-3-(4-{4-JJ-(2-

methylphenyl)ureido)phenvlacetylamino)phenyl)-orooanoic acid, m.p. 203-204 °C (dee). MS: 

MH+ 551. {Elemental analysis:- C, 66.9; H, S.S; N, 9.7%. Calculated for C32H30N405 

•l.2Hz0:- C, 67.2; H, 5.5; N, 9.8%). 

15 (aa) By proceeding in a manner similar to Example S(a) but using 

(R)-3-{4-methoxycarbonylbutanoyl)aminol-3-(4-{4-(3-(2-methylpbenyl)ureidolphenylacetyl­

amino}phenyl)-propanoic acid methyl ester (Reference Example 12(u)J, there was prepared 

(R)-3-(4-carboxvbutanovlamino)-3-(4-{4-(3-(2-methylphenyl}ureidolphenylacetylamino}-phenvl)-

(lropanoic acid, m.p. 233-235°C. MS: MH+ 561. [Elemental analysis:- C, 63.7; H, 5.95; N, 

20 9.85%. Calculated for C30H32N407 •0.35H20:- C, 63.6; H, 5.8; N, 9.9%1. 

(ab) By proceeding in a manner similar to Example S(a) but using 3-(4-({3-methoxy-4-(3-(2-

methylphenyl)ureidojphenylacetyl}-N-methylamino)phenyll-butanoic acid ethyl ester [Reference 

Example ll(w)I, there was prepared 3-(4-({3-methoxv-4-(3-(2-methylohenyl)ureidol-

25 phenvlacetvU-N-methvlamino)-phenvll-hutanoic acid. MS: MH+ 490. HPLC RT=l4.46 minutes 

(gradient elution using a mixture of acetonitrile and water (1:4 to 4: I, v/v)I. 

(ac) By proceeding in a manner similar to Example S(a) but using (R)- 3-((4-carbox:ypyridine-

3-carbonyl)-aminoj-J-(4-{3-methoxy-4-(J-(2-methylphenyl)ureido)phenyl-acctylamino)phenyl)-

30 propanoic acid di-methyl ester {Reference Example l2(y)j, there was prepared (R)-3-[(4-

ca rboxypvridinc-3-ca rhonvl)-a mi no 1-3-( 4-f J-m ethon-4-( 3-{2-methvlphen vl)ureido I rhenvl-

acctvlam ino} rhen vl)-propa noic acid, m.p. 29J-295°C. MS: MH+ 626. (Elemental analysis:- C, 

56.5; H, 5.3; N, 9.8%. Calculated for C33H31N50g •4H20:- C, 56.8; H, 5.6; N, 10.0%). 

... 
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(ad) By proceeding in a manner similar to Example S(a) but using (R)- 3-(2,2-di­

(hydroxymethyl)propanoyl-aminol-J-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol­

phcnylacetylamino}phenyl)-propanoic acid methyl ester (Reference Example 12(z)j, there was 

prepared ( R)-3-(2,2-di-(hyd roxvmethyl)propanoyl-aminol-3-( 4-{3-methoxy-4-(3-(2-

5 methylphcnyl)ureidol-uhenvlacetylamino}phenyl)-propanoic acid, m.p. 194°C. MS: MH+ 593. 

(ae) By proceeding in a manner similar to Example S(a) but using (R)-3-(2-(4-methyl-

piperazin-l-yl)-acetylaminoj-3-( 4-{3-methoxy-4-(3-(2-methylphenyl) u reido J­
phenylacctylamino} phenyl)-propanoic acid methyl ester (Reference Example 12(aa)I, there was 

10 prepared (R)- 3-[2-(4-methyl-piperazin-l-yl)-acetylaminol-3-(4-{3-methoxy-4-(3-(2-

methvlrhenyl)ureidol-rhenylacetvlamino}phenvl)-propanoic acid, MS: MH+ 617. 

(at) By proceeding in a manner similar to Example S(a) but using (R)-3-{(l-carboxymethyl-

piperidin-4-carbonyl}-aminoJ-3-(4-{3-methoxv-4-{3-(2-methvlphenyl)ureidolphenylacetvl-

15 amino}phenvl)-proranoic acid methvl ester (Example 3(k)), there was prepared (R)-3-[(1-

carboxymethyl-piperidin-4-carbonvl)-amino)-3-{4-{3-methoxy-4-(3-(2-methylphenyl)-

ureido)phenylacetylamino}phenyl)-propanoic acid, MS: Mir+ 646. 

(ae) By proceeding in a manner similar to Example S(a) but using (R)- 3-(2-

2 0 ( carboxymethyloxy)-acetylaminoj-3-( 4-(3-methoxy-4-(3-(2-methylphenyl)ureido )pheoyl­

acetylamino} phenyl)-propanoic acid di-methyl ester (Reference Example 12(ab)), there was 

prepared (R)- 3-[2-(carboxvmethvloxv)-acetylamino)-3-{4-{3-methoxy-4-(3-(2-methylphenyl}-

25 

ureidoJphenvl-acetvlamino}phenyl)-propanoic acid, m.p. 181-183 °C. MS: MH+ 593. (Elemental 

analysis:- C, 59.5; H, 5.6~ N, 9.2%. Calculated for C30H32N409 :- C, 59.S; H, 5.6; N, 9.3%]. 

EXAMPLE6 

( R)-3-Acetvlam ino-3-{ 4-{3-methoxv-4-( 3-(2-mcth vi phenyl)u reido Ip henyl-acetvlamino} phen vl}­

propanoic acid sodium salt hvdrate. 

A susrension of (R)-3-acetylamiuo-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidoj-

30 phenylacetyl;::nino)pl.~uy!}··prnpano;c z.dd (260mg, Examp!c S(b)I in water (Sml) was trt'.ated 

with aqueous sodium hydroxide (0.6ml, IM), After stirring at ambient temperature for 4 hours 

the reaction mixture was e\'aporated. Tbe residue was recrystallised from 5% aqueous 

isopropanol to give the title compound (200mg) as a white crystalline solid, m.p. 214-217°C (with 

decomposition). f Elemental analysis:- C, 60.0; H, 5.8; N, 9.8%. Calculated for 

35 C2sHz9N406Na•Hz.0•0.25C3HsO:- c, 60.2; H, 5.6; N, 9.8%). 
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EXAMPLE? 

(a) 3-(4-{3-Methoxy-4-(3-(2-methylphenyl)ureidolphenylacetvlamino}phenyl)-5-(4-

methylpiperazin-1-yl}-5-oxo-pentanoic acid 

A mixture of 3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureido I phenylacctylamino} phenyl)-

5 pentanedioic acid f740mg, Reference Example 341, dichloromethane (50ml) and tetrahydrofuran 

(lOml) was treated with trifluoroacetic anhydride (84mg). After stirring at ambient temperature 

for 3 hours the reaction mixture was evaporated. The residue was treated with dichloromethane 

(20ml) then with N-methylpiperazioe (80mg). The mixture was stirred at ambient temperature 

for 2 hours then evaporated. The residue was triturated with diethyl ether to give the title 

10 compound (35mg) as a light brown amorphous solid. MS: MJI+ 602. 

15 

(b) By proceeding in a manner similar to Example 7(a) hut using morpholine instead of 

N-methylpiperazine, there was prepared 3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido!-

phenvlacetvlaminol phenyl}-5-(morpholin-4-vl)-5-oxo-pentanoic acid. MS: MH+ 589. 

EXAMPLES 

(R)-3-Benzoylamino-3-(4-{3-methoxy-4-13-(2-methylphenyl)ureidolphenylacetylamino}phenyl)­

Propanoic acid triethanolamine salt 

A mixture of (R)-3-benzoylamino-3-( 4-{3-methoxy-4-(3-(2- rnethylphenyl)ureido)phenylacetyl-

20 amino}phenyl)-propanoic acid ( l.Og, Example 5(a)I, tris(hydroxymethyl)aminomethane (0.208g), 

tetrahydrofuran (80ml) and water (15ml) was stirred at 50°C for l.5 hours, then cooled to room 

temperature and then evaporated. The residue was recrystallised from ethanol to give the title 

compound as a white crystalline solid (l.lg), m.p 135-140°C (with decomposition). (Elemental 

analysis:- C, 61.6; H, 6.1; N, 9.5%. Calculated for C33H32N406•C4H11N03•H20:- C, 61.75; 

25 H, 6.3; N, 9.7%1. 

EXAMPLE9 

(a) (R)-3-l(S)-N-benzyl-o.-meth"\11benzvlaminol-3-(4-{3-methoxv-4-13-(2-

methvlphenvl)urcidolphenylacetvlaminolphenvl)-propanoic ac:id triflate salt 

3 O A S(irred suspension of 3-( 4-{3-mcthoxy-4-(3-(2-methylphcnyl)ureido)phenylacctylamino}­

(lhenyl)-prorenoic acid ter/-butyl ester (l.Og, Reference Example 8) in anhydrous 

tctrahydrofuran (SOml) was treated with sodium hydride (0.23g, 60% dispersion in mineral oil) 

under an atmosphere of nitrogen. After stirring for 30 minutes the resulting yellow solution was 

added dropwise to a solution of (S)-N-l>enzyl-o.-methylbenzylamine (0.82g) in anhydrous 

tr1-..,...,t,,.,,,."r .. -···· re"- '' 

... 
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with a solution of n-butyl lithium ·in hexanes (1.SSml, 2.SM). This mixture was stirred for a 

further 15 minutes at -78°C then poured into a mixture of ethyl acetate (200ml) and saturated 

aqueous ammonium chloride solution (200ml). The organic layer was separated, then dried over 

magnesium sulphate and then evaporated. The residue was subjected to flash chromatography 

S on silica gel eluting with a mixture of ethyl acetate and dichloromethane (1 :4, v/v) to give a 

yellow foam (840mg). A portion of this material (lOOmg) was treated with trifluoroacetic acid 

(2ml) and allowed to stand at ambient temperature for 30 minutes. The reaction mixture was 

evaporated and the residue was triturated with diethyl ether to yield the title compound as a pale 

10 

15 

yellow solid (20mg). MS: MH+ 671. 

(b) By proceeding in a manner similar to Example 9(a) but using dibenzylamine in place of 

(S)-N-benzyl-a-methylbenzylamine. there was prepared 3-{N.N-dibenzvlamino)-3-(4-(3-methoxv-

4-[3-(2-methvlohen vl)u reido I phenvlacetvlam ino) nhenvl}-pronanoic acid trifiuoroacetate salt. 

MS: MH..-657. 

EXAMPLE 10 

(R}-3-((2-amino-acetvl)aminoJ-3-(4-{3-methoxv-4-[3-(2-methylphenvl)ureidoJphenyl­

acetvlamino)phenvl)-propanoic acid 

A mixtur~ of (R)-3-amino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetylamino}-

20 (lhenyl)-propanoic acid methyl ester (l.Og, Reference Example 30), N-(tert­

butoxycarbonyl)glycine (0.36g), 0-(7-azabenzotriazol-l-yl)-l,l,3,3-tetramethyluronium 

hexaOuororhosphate (0.8lg) and diisopropylethylamine (0.7Sml) in dry dimethylformamidc 

(20ml) was stirred at ambient temperature for 30 minutes. The reaction mixture was poured 

into hydrochloric acid (25ml, O.lM) and (hen extracted twice with ethyl acetate (SOml). The 

25 combined organic extracts were washed with saturated aqueous sodium bicarbonate solution 

(2Sml), then with water (25ml), then dried over magnesium sulphate and then evaporated. The 

residue was subjected to flash chromatography on silica gel eluting with ethyl acetate to gh•e a 

yellow oil (300mg). This material was dissolved in tetrahydrofuran (lOml), then treated with 

aqueous sodium hydroxide solution (l.Sml, I.OM). The reaction mixture was heated at 40°C for 

30 ·4 hours then '!Vaporated. The residue was treated with water (30ml) and foe mixture was 

acidified to pH 1 by addition of concentrated hydrochloric acid. The resultant solid was filtered, 

then dried in vacuo, then treated with a cooled (0°C) solution of trifiuoroacetic acid (4ml) in 

dicbloromethane (9ml). The mixture was warmed to ambient temperature, then stirred for 4.5 

hours, then evaporated. The residue was triturated with diethyl ether to give the title comnound 

35 as a white solid (lSOmg), m.p. 105-108°C (with dccomrosition). MS: MH+ 534. 

... 
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{ R)-3-J{ l -oxido-pvridine-3-ca rbonyllam ino 1-3-{ 4-{ 3-methoxv-4-J 3-(2-m ethylphen yl )ureido J­

phen vlacetvlami no} phenyl)-nropanoic acid 

5 A mixture of (R)-3-((pyridine-3-carbonyl)aminof-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidol­

phenylacetylamino}phenyl)-propanoic acid (0.4g, Example S(e)I, acetic acid (2.Sml) and 

hydrogen peroxide (O.Sml) was stirred at 80°C for 6 hours. The reaction mixture was evaporated 

and the residue was triturated with water. The resulting solid was subjected to flash 

chromatography on silica gel eluting with a mixture of dichloromethane, methanol and acetic 

10 acid (9: 1:0.5, v/v/v) to give the title compound as a light brown solid (50mg), m.p. 190°C (with 

15 

decomposition). MS: l'vUP" 598. 

EXAMPLE 12 

(R)-3-(4-carboxvbutanovl-amino)-3-(4-{3-methoxv-4-[3-(2-methvlphenvl)ureidolphenvlacetvl-

amino}-phenyl)-propanoic acid 

A mixture of (R)-3-amino-3-(4-(tert-butoxycarbonylamino)phenyl{-propanoic acid methyl ester 

[1.Sg, Reference Example 7(c)), mono-methyl glutarate (0.7ml), 0-(7-azabenzotriazol-1-yl)-

1,1,3,3-tetramethyluronium hexafluorophosphate (2.0Sg), diisopropylethylamine (l.8ml) and 

dimethylformamide (40ml) was stirred at ambient temperature for 18 hour-s. The reaction 

2\i mixture was evaporated to dryness and diluted with water (75ml) and the resultant mixture 

acidified to pHl.O by addition of concentrated hydrochloric acid. The mixture was extracted 

twice with ethyl acetate (75ml). The combined extracts were washed with water (7Sml) then 

dried over magnesium sulphate and then evaporated. The resulting waxy fawn solid (3.Sg) was 

dissolved in dichloromethane \20ml), cooled to 0°C, and the solution treated with trifluoracetic 

25 acid (4ml). After stirring at ambient temperature for 2 hours the reaction mixture was 

evaporated and the residue taken up in ethyl acetate (SOml). The resultant solution was treated 

with ice cold saturated aqueous potassium carbonate solution (20ml) with stirring at ambient 

temperature for 5 minutes. The organic layer was separated, washed with water (30ml), dried 

over magnesium sulphate, and then evaporated to give (R)-3-(4-carboxybutanoyl-amino)-3-(4-

3 0 arniravphenyl}-propanoic add methyl ester (1.32 g) as a yellow oil. 

A sohition of 3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetic acid (l.28g, prepared 

as described in Reference Ex.ample 31) in anhydrous dimethylformamide (50ml), under an 

atmosphere of argon, was treated sequentially with 0-(7-azabenzotriazol-l-yl)-l,l,3,3-

tetramethyluronium hcxafluorophosphate (l.55g), diisorropylethylamine (l.35ml) and a 

3 5 solution of (R)-3-(4-carbox~·butanoyl-amino)-J-(4-aminophenyl)-propanoic acid methyl ester 
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(1.2Sg, prepared as described immediately hereinabove) in dimethylformamide (Sml). After 

stirring for 2 hours at ambient temperature the reaction mixture was evaporated. The residue 

was treated with hydrochloric acid (SOml, lM) and extracted with ethyl acetate (100ml). The 

combined organic extracts were washed with water (SOml) and saturated aqueous potassium 

S carbonate solution (SOml) before being dried over magnesium sulphate and concentrated to 

dryness. The residue was subjected to flash chromatography on silica gel eluting with a mixture 

or methanol and dichlorometbane (1:29, v/v) to give (R)-3-(4-carbo:xybutanoyl-amino)-J-(4-{3-

methoxy-4-(3-(2-methylphenyl)ureido)phenyl-acetylamino}phenyl)-propanoic acid methyl ester a 

fawn solid (l.32g). A solution of this material in tetrahydroforan (40ml) was heated to renux 

1 o and then treated with aqueous sodium hydroxide solution (34ml, 2M). After stirring at ret1u:x for 

a further 2.5 hours, the reaction mixture was cooled and then evaporated. The residue was 

diluted with water and the mixture acidified to pH 1.0 by addition of concentrated hydrochloric 

acid. The resultant white solid was washed with water, then dried in vacuo, then recrystallised 

from a mixture of ethanol and water (9: I v/v) gave the title compound as a white crystalline solid 

15 (3.lg), m.p. 220-222°C. MS: l\ffi+ 591. I Elemental analysis:- C, 63.1; H, 5.3; N, 9.3%. 

20 

Calculated for C31H34N40g:- C, 63.0; H, 5.8; N, 9.5%1. >99% ee by HPLC analysis on a 

CHm.ALPAK AD F294 column eluting with heptane: isopropanol: ethanol: trifluoroacetic acid 

(200:25:25:1) at a rate of0.7 ml/min. 

REFERENCE EXAMPLE I 

Methvl 5-amino-{pvrid-2-vl)-thioacetate 

A mixture of methyl 5-nitro-(pyrid-2-yl)-thioacetate (6.3g, Reference Example 2) iron powder 

(12g), ammonium chloride (lg), ethanol (150ml) and water (l50ml) was heated at reflux. for 2 

hours. The reaction mixture was cooled and then filtered through a pad of diatomaceous earth. 

25 The filtrate was evaporated and the residue was subjected to flash chromatography on silica gel 

eluting with a mixture of ethyl acetate and pentane ( l: 1, v/v) to give the title compound as a 

yellow oil (3.0g). 

REFERENCEEXAMPLEl 

3 0 Mcihvl S-nitto-(pvrid-2-vl)-thioacetate 

35 

A mixture of methyl tbioacetate (3g), diisopropylethylamine (8.14g), 2-chloro-5-nitropyridine 

(Sg) and dimethylformamidc (50ml) was heated at 80"C for 18 hours. The reaction mixture was 

cooled and then poured into water (SOOml). After stirring for I hour at ambient temperature the 

mixture was filtered to give the title compound (2.03g) as a brown solid. 

... 
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REFERENCEEXAMPLE3 

(a) 3-(5-{3-Methoxy-4-13-(2-methylphenyl)ureidol-phenylacetylaminolpyrid-2-yl)-propanoic 

acid ethvl ester 

A solution of3-methoxy-4-(3-(2-methylphenyl)ureidojphenylacetic acid (0.7g1 Reference 

5 Example J 1) in anhydrous dimethylformamide (2Sml) was treated sequentially with 

0-(7-azabenzotriazol-l-yl)-1,1,3,3-tetramethyluronium bexaRuorophosphate (0.85g), 

diisopropylethyla_mine (0.54g) and a solution of 3-(5-amino-pyrid-2-yl)propanoic acid ethyl ester 

(0.42g, Reference Example 4(a)I in dimethylformamide (Sml). After stirring at room 

temperature for 5 hours and standing over night the reaction mixture was evaporated. The 

10 residue was treated with ethyl acetate and the resulting solution was washed three times with 

water, then with brine and then evaporated. The residue was subjected to flash chromatography 

on silica gel eluting with a mixture of dichloromethane and methanol (97:3, vlv) to give the title 

compound (0.68g) as a white foam. 

15 (b) By proceeding in a manner similar to Reference Ex.ample 3(a) above but using 

3-(5-amino-pyrid-2-yl)-2-methylpropanoic acid ethyl ester !Reference Example 4(b)) there was 

prepared 3-(5-{3-methoxy-4-(3-(2-methylphenyl)ureido)-phenvlacetvlamino}pvrid-2-vl}-2-

methvlpropanoic acid ethvl ester. 

20 (c) By proceeding in a manner similar to Reference Example 3(a) above but using 

3-(6-amino-pyrid-3-yl)propanoic add ethyl ester (Reference Example 4(c)lthere was prepared 

J-(6-{3-methoxv-4-(3-(2-methvlnhenvl)ureidol-J!henvlacetvlaminolpyrid-3-yl)oronanoic acid 

ethvl ester. 

REFERENCEEXAMPLE4 

2 5 (a) 3-(5-Amino-nvrid-2-vllnro11anoic acid ethvl ester 

A mixture of 3-(5-nitro-pyrid-2-yl)propenoic acid ethyl ester f0.8g Reference Example S(a)I, 

ethanol (30ml) and 5% palladium on charcoal (0.13g) was stirred at ambient temperature under 

an atmosphere of hydrogen for 7 hours, left to stand over night and then stirred for a further 24 

hours. The reaction mixture was filtered through a short pad of diatomaceous earth. The 

3 O liltrate was c•'aporated to giv«! the title compound (0.7g) as a green oil. 

35 

(b) By proceeding in a manner similar to Reference Ex.ample 4(a) above but using 3-(5-nitro-

!1Yrid-7-yl)-2-methylpropenoic acid ethyl ester !Reference Example S(b)I there was prepared 

3-(5-amino-pvrid-2-vl}-2-methvlpropanic acid ethvl ester. 

.. 
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(c) By proceeding in a manner similar to Reference Example 4(a) above but using 

J..(6-amino-pyrid-3-yl)propenoic acid ethyl ester (Reference Example 5(c)I there was prepared 

3-{6-amino-pyrid-3-vl)propanoic acid ethyl ester. 

REFERENCE EXAMPLES 

(a) 3-(5-Nitro-pyrid-2-yl)propenoic acid ethyl ester 

A mixture of 5-nitro-2-pyridinecarbaldehyde (2.85g prepared according the procedure described 

in J. Med. Chem. 1992, 35, 3675) and (carbethoxymethylene)triphenylphospborane (6.0g) in dry 

toluene (l20ml) under nitrogen was stirred and heated at reflux for 6 hours. After standing at 

10 room temperature overnight the reaction mixture was evaporated. The residue was subjected to 

Oash chromatography on silica gel eluting with dichloromethane to give the title compound 

(0.8g) as a yellow solid. 

(b) By proceeding in a manner similar to Reference Example S(a) above but using 

15 (carbethoxyetbylidene)triphenylpbosphorane there was prepared 3-(5-nitro-pyrid-2-vll-2-

methvlpropenoic acid ethvl ester. 

(c) By proceeding in a manner similar to Reference Example S(a) above but using 6-amino-

3-pyridinecarbaldehyde (prepared in a similar manner to that described in Dolk. Akad. Nauk. 

20 SSSR. 1949, 65, 843) there was pre!Jared 3-(6-amino-ryrid-3-vl)propenoic acid ethvl ester. 

REFERENCE EXAMPLE 6 

(a) (Rl-3-(4-{3-methoxv-4-13-(2-methylphenvl)ureidolphenvlacetvlaminolphenvl)-3-

(methanesulphonylamino}-propanoic acid tert-butvl ester 

25 A mi~ture of (R)-3-amino-J-(4-{3-methoxy-4-{3-(2-methylphenyl)ureidolphenylacetylamino}­

phenyl)-propanoic acid tert-butyl ester (lOOmg, Reference Example 7(a)J, dichloromethane 

(lOml) and triethylamine (38mg) was stirred at ambient temperature and then treated with 

methanesulphonyl chloride (22mg). After stirring for l hour, the reaction mixture was diluted 

with dichloromethane (20ml) and then washed with hydrochloric acid (20ml, IM), then with 

30 saturated aqueous sod;um bicarbonate solution (20ml). The organi~ layer was dried over 

magnesium sulphate and then ev.!pOr:!!ed t~ g!ve the !.it!~ compound {SSmg) as a white solid. 

{b) By proce_eding in a manner si~i~ar to_.Refere.nce Example 6(a) but using J-amino-J-( 4-{3-

metltoxy-4-[J-(2-methylphenyt)ureidolphenylacctylamino) phenyl)-propanoic acid tert~butyl ester 

35 (Reference Example 7(b)I and acc~·l chloride instead of mcthanesulpbonylchloride there was 

prepared 3-(acctvlamino)-J-(4-{J-methon-4-13-(2-methvlphenvl)ureidoJphenvlacetvlamino}-

... . 
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Qhenyl)-propanoic acid tert-butyl ester. 

(c) By proceeding in a manner similar to Reference Example 6(a) but using 3-amino-3-(4-{3-

methoxy-4-{3-(2-methylphenyl)ureidolphenylacetylaminoJphenyl)-propanoic acid tert-butyl ester 

5 (Reference Example 7(b)I and benzoyl chloride instead of methanesulphonylchloride there was 

prepared 3-(benzovlaminol-3-(4-{3-methoxv-4-fJ-(2-methylphenyl)ureidolphenylacetvlaminol­

phenvl)-propanoic acid ter/-butvl ester. 

(d) By proceeding in a manner similar to Reference Example 6(a) but using 3-amino-3-(4-{3-

1 O methoxy-4-{3-(2-methylphenyl)ureido I phenylacetylamino} phenyl)-propanoic acid terl-bu tyl ester 

(Reference Example 7(b)I and pyridioe-3-carbonyl chloride instead of methaoesulphonylchloride 

there was prepared 3-{ 4-{3-methoxy-4-13-(2-methyl phenvl)ureido I phenvlacetvlamino} phenvl}-3-

{pyrid ine-3-carbonvlamino)-propanoic acid tert-butvl ester. 

15 REFERENCEEXAMPLE7 

(a) ( Rl-3-Am ino-3-( 4-{3-methoxv-4-f 3-(2- methyl oh en yl )u reido I phenvlacetvlamino} phenyl)-

propanoic acid tert-butvl ester 

A suspension of 3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolpheoylacetylamino}-phenyl)­

propenoic acid tert-butyl ester (l.Og, Reference Example 8) in anhydrous tetrahydrofuran (SOml) 

20 was treated with sodium hydride (0.2Jg. 60% dispersion in mineral oil) and then stirred under 

an atmosphere of nitrogen for 30 minutes to produce a yellow solution. This solution was added 

dropwise to a solution of (S)-N-benzyl-a.-methylbenzylamine (0.82g) in anhydrous 

tetrahydrofuran (SOml) was cooled to -78°C, under an atmosphere of nitrogen, treated with a 

solution of n-butyl lithium in hexanes (1.55ml, 2.SM). After stirring a further 15 minutes at 

25 -78°C the reaction mixture was poured into a mixture of ethyl acetate (200ml) and saturated 

aqueous ammonium chloride solution (200ml). The organic layer was separated, then dried over 

magnesium sulphate and then evaporated. The residue was subjected to flash chromatography 

on silica gel eluting with a mixture of ethyl acetate and dichloromethane (l :4, v/v) to give a 

yellow foam (840mg). This material was dissolved in ethanol (SOml), then treated with formic 

30 acid (3ml) w!th wa~ming to 60°C, then treated with 10% palladium <>n carbon-(0.Sg). The 

mixmre was stirred at 6occ for 15 minutes then filtereu through a short pad of diatomaceous 

earth. The filtrate was evaporated to low volume and the residue was partitioned between 

dichl{)rom::than~ (SOml) and saturated aqueous sodium bicarbonate solution (50ml). The organic 

phase was dried over magnesium sulphate and then evariorated to give the title compound 

3 5 (360mg) as a white solid. 

.. 
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(b) By proceeding in a manner similar to Reference Example 7(a) but using 

N,N-dibenzylamine instead of (S)-N-benzyl-a-methylbenzylamine there was prepared 3-amino-J­

(4-{3-methoxy-4-13-(2-methylphenvl)ureido)phenylacetylamino}phenyl)-propanoic acid terr-butyl 

5 ~ 

(c) By proc~eding in a manner similar to Reference Example 7(a) but using 3-(4-(tert-butoxy-

carbonylamino)phenyll-propenoic acid methyl ester (Reference Example 35) instead of3-(4-{3-

methoxy-4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propenoic acid tert-butyl ester 

10 there was prepared (R)-3-amino-3-(4-(tert-butoxycarbonylamino)phenyll-propanoic acid methyl 

~-

(d) By proceeding in a manner similar to Reference Example 7(a) but using 3-(4-(ter/-

butoxycarbonylamino)phenyl)-propenoic acid methyl ester (Reference Example 35) instead of 

15 3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidoJphenylacetylamino}phenyl)-propeooic acid tert­

butyl ester and (S)-N, a-dimetbylbeozylamine instead of (S)-N-benzyl-a-methylbenzylamioe 

there was prepared {R)-3-methvlamino-3-(4-(tert-butoxvcarbonvlamino)phenylJ-propanoic acid 

methvl ester. 

20 REFERENCEEXAMPLE8 

3-(4-{3-Methoxv-4-(3-(2-meth\'lphenvl)ureido)phenvlacetvlamino}phenvl)-propenoic acid tert­

butvl ester 

A mixture of 4-{3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetylamino}-iodobenzene (4.0g, 

Reference Example 9(a)), palladium acetate (50mg), tri-(o-tolyl)rhosphine (125mg) and 

25 tributylamine (1.8Sg) in anhydrous dimethylformamide (lOml) was treated with tert-butyl 

acrylate (l.Og). The reaction mixture was stirred at 100°C under an atmosphere of nitrogen for 

4 hours then cooled to room temperature and then poured into a mixture of ethyl acetate (50ml) 

and hydrochloric acid (50ml, lM). The resultant solid was filtered and washed sequentially with 

SOml portions of saturated aqueous sodium bicarbonate solution, water and diethyl ether. The 

3 O resid11e was ~ried •mdr.!" vacuum to give the !Hie compoc.n<! (3.6g) as~ white solid. 

REFERENCEEXAMPLE9 

(a) 4-{3-Meth<wv-4-!-.3-f2-meth~·!pheny!):lreido)phenvlacetvlamino}-iodobenzene 

A mixture of 3-methoxy-4-(3-(2-methylphenyl)ureidolphenylacctic acid (2.9g. Reference 

3 5 Example 31 ), 1-hydroxybenzotriazole (2.13g), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

.. 
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(2.67g) and diisopropylethylamine (3.6g) in anhydrous dimethylformamide (30ml) was treated 

with 4-iodoaniline (2.43g). After stirring at ambient temperature for 18 ~ours the reaction 

mixture was poured into a mixture of ethyl acetate (50ml) and hydrochloric acid (SOml, IM). 

The resultant solid was filtered and then washed sequentially with 50ml portions or saturated 

5 aqueous sodium bicarbonate solution, water and diethyl ether. The residue was dried under 

vacuum to give the title compound (4.0Sg) as a light brown solid, m.p. > 200°C. 

(b) By proceeding in a manner similar to Reference Example 9(a) but using 

4-(3-(2-methylphenyl)ureido}phenylacetic acid (2.9g, prepared as described in Example 21 of 

10 International Patent Application Publication No. WO 96122966) instead of 3-methoxy-4-(3-(2-

methylphenyl)ureidolphenylacetic acid, there was prepared 4-(4-(3-(2-methylphenyl)ureido)­

phenvlacetvlamino}-iodobenzene. 

15 (a) 

REFERENCE EXAMPLE 10 

3-( n-Butvlamino )-3-( 4-{3-methoxv-4-( 3-(2-methvlphenvl)u reido I phenylacetvlamino }­

phenvl)-p ropanoic acid tert-butvl ester 

A mixture of 3-amino-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureido I phenylacetylamino} phenyl)-

propanoic acid tert-butyl ester (53mg, Reference Example 7(b)I, butyraldehyde (14mg), sodium 

acetate (16mg) a!ld 4.!. molecular sieves (0.2g) in methanol (Sml) was stirred at ambient 

20 temperature under an atmosphere of nitrogen and then treated with sodium cyanoborohydride 

(13mg). After stirring for 1 hour the reaction mixture was treated dropwise with hydrochloric 

acid (0.Sml, lM) then poured into 10% aqueous potassium carbonate solution (lOml). The 

mixture was extracted with ethyl acetate (JOml). The organic phase was dried over magnesium 

sulphate and then evaporated. The residu '!was subjected to flash chromatography on silica gel 

25 eluting with ethyl acetate to give the title compound (44mg) as a yellow foam. 

30 

35 

(b) By proceeding in a manner similar to Reference Example lO(a) but using benzaldehyde 

instead or butyraldehyde there was prepared 3-benzvlamino-3-(4-{3-methoxv-4-13-(2-

methvlphenvl)ureido) phenvlacetvlamino} phenvl)-nronanoic acid tert-butvl ester. 

(cj ily 1-·• ut.:ec<liug in a manner similar to Referen=e Example lO(a) but using 

(lhenylacctaldehydc instead or butyraldehyde there was prepared 3-( 4-{3-methoxv-4-(3-(2-

methvl phenv!}u reido I fl hen vlacctvlamino} phenvl}-3-{2-plrcn vie th \•lam ino )-pro panoic acid tert­

butvl ester. 

.. 
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REFERENCE EXAMPLE 11 

(a) 3-( 4-{3-M ethoxy-4-13-(2-methyl rhenyl)ureid<t) phenylacetvlam ino} phenyl)-3-

( morpholi n-4-yl )-propanoic acid tert-butyl ester 

A solution of morpholine (87mg) in anhydrous tetrahydrofuran (lOml), cooled to -78°C and 

5 under an atmosphere of nitrogen, was treated with a solution of n-butyl lithium in hexanes 

(0.4ml, 2.SM). After stirring at-78°C for 15 minutes the mixture was treated dropwise with a 

solution produced from treating a stirred suspension of 3-(4-{3-methoxy-4-{3-(2-

methylpbenyl)ureidol-phenylacetylamino}pheoyl)-propenoic acid tert-butyl ester (0.25g, 

Reference Example 8) in anhydrous tetrahydrofuran (10ml) with sodium hydride (58mg of a 

10 60% dispersion in mineral oil), under an atmosphere of nitrogen. The resulting mixture was 

stirred a further 30 minutes at -78°C then poured into a mixture of ethyl acetate (SOml) and 

saturated aqueous sodium chloride solution (50ml). The organic layer was separated, then dried 

over magnesium sulphate and then evaporated. The residue was triturated with diethyl ether to 

give the title compound (165mg) as a white solid. 

15 

20 

(b) By proceeding in a manner similar to Reference Example l l(a) but using 

N-methylpiperazine instead of morpholioe there was prepared 3-(4-{3-methoxy-4-(3-(2-

methvlphenvl)u reid o I phenvlacetvlamino} phenyl}-3-( 4-methvl piperazi n-1-yll-propanoic acid /er/­

butyl ester. 

REFERENCE EXAMPLE 12 

(a) ( R)-3-be nzovlam ino-3-( 4-{3-met ho xv-4-13-{2-m ethyl phenvl )u reid o )-[! henvlacetvl­

am ino}-phenvl)-propa noic acid methvl ester 

A solution of 3-methoxy-4-(3-(2-methylphenyl)ureido)phenylacetic acid (1.Slg, prepared as 

25 described in Reference Example 31) in anhydrous dimethylformamide (40ml), under an 

atmosphere of argon, was treated sequentially with 0-(7-azabenzotriazol-l-yl)-l,l,3,3-

tctramethyluronium hexatluorophosphate (1.84g), diisopropylethylamine (J.4ml) and a solution 

of (R)-3-benzoylamino-3-(4-aminophenyl)-propanoic acid methyl ester {2.0g, Reference Example 

lJ(a)) in dimcthylformamide (lOml). After stirring for 45 minutes at ambient temperature the 

3.0 reaction mixtu!'e w:as eYaporated. TJ1e res!due was t;·e2ted with to1ater (lSOml) and hy<lrochlodc 

acid (lOml, lM) was added to dte aqueous-slurry.' The fiux'ture was filtered ar.J the insoluble 

material was washed three times with water (SOml) then dried in vacuo to give the title 

compound as whit~ solid (2.53g). 

35 (b) By proceeding in a manner similar to Reference Example 12(a) but using 

.. 
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(R)-3-acetylamino-3-(4-amioopheoyl)-propanoic acid methyl ester [Reference Example 13(b)I 

there was prepared (R)-3-acetylamino-3-{4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenyl­

acetvlaminolohenvl).propanoic acid methvl ester. 

S (c) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-benzyloxycarbonylamino-3·(4-aminophenyl)-propanoic acid methyl ester [Reference 

Example 13(c)) there was prepared {R)-3-benzvloxycarbonvlamino-3-(4-{3-methoxy-4-(3-(2-

methvlphenvl)ureidol-Phenvlacetvlamino}phenyl):propanoic acid methyl ester. 

10 (d) By proceeding in a manner similar to Reference Example l2(a) but using 

(R)-3-phenylsulphonylamino-3-(4-amioophenyl)-propanoic acid methyl ester (Reference 

Example 13(d)) there was prepared {R)-3-phenylsulphonvlamino-3-(4-{3-methoxy-4-(3-(1-

methylohenvl)-ureidol-phenvlacetvlamino}phenvl)-propanoic acid methyl ester. 

15 (e) By proceeding in a manner similar to Reference Example 12(a) but using (R)-3-(pyridine-

3-carbonylamino)-3-(4-aminophenyl)-propanoic acid methyl ester (Reference Example 13{e)) 

there was prepared (R)-3-{pyridine-3-carbonvlamino)-3-(4-{3-methoxv-4-(3-(2-methvlphenyl)­

ureido)phenvlacetvlamino}phenyl)-propanoic acid rnethvl ester. 

20 (t) By proceeding in a manner similar to Reference Example ll(a) but using (R)-3-lpyridine-

3-sulphonylamino)-3-(4-aminophenyl)-propanoic acid methyl ester (Reference Example 13(01 

there was prepared (R)-3-(pvridine-3-sulphonvlamino )-3-( 4-{3-methoxv-4-13-(2-meth vlphenvll­

ureido I nhenvlacetvlamino }phenvl)-propanoic acid methvl ester. 

2 5 (g) By proceeding in a manner similar to Reference Example ll(a) but using (R)-3-(N-acetyl­

methylamino )-3-( 4-aminophenyl)-propanoic acid methyl ester [Reference Example 13(g)I there 

was prepared (R)-3-(N-acetvl-methvlamino)-3=(4-{3-methoxv-4-13-(2-methvlphenvl)ureidol­

phenvlacetvlamino}phenvl)-propanoic acid methyl ester. 

30 

35 

(h) By proceeding in ~ manntr similar to Rcferem:e Example 12(a) but using 

(R)-3-\N-r:;.:::urn~.;uJpiH;rayl-mctbyiamino)-3-(4-aminophenyl)-propanoic acid methyl ester 

(Reference Example 13(b)I there was prepared (R)-3-{N-methanesulphnnvl-methvlamino)-3=(4-

ll:mctho ,.-v-4-( 3-(2-m ethvlphen vl)u reido I phcnvlacetvla m ino} phenvl)-propa noic acid meth vi 

£ili:!:. 

... 
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(i) By proceeding in a manner similar to Refe.-ence Example ll(a) but using 

(R)-3-(( 5-methyl-isoxazole-3-carbonyl)-aminof-3-( 4-aminophenyl)-propanoic acid methyl ester 

(Reference Example l3(i)I there was prepared (R)-3-((5-methvl-isoxazole-3-carbonyll-aminol-3-

( 4-{3-methoxv-4-13-(l-methylphenvl)-ureidolphenylacetvlamino} nhenyl)-propanoic acid methyl 

5 ~-

(j) By proce~ding in a manner similar to Reference Example 12(a) but using 

( R)-3-l ( thiophene-2-carbonyl)-amino 1-3-( 4-aminophenyl)-propanoic acid methyl ester (Reference 

Example 130)1 there was prepared {R)-3-f(thiophene-2-carbonyl)-aminol-3-(4-{3-methoxy-4-[3-

l.O (2-methvlohenvl)=ureidolphenvlacetvlamino} phenvl}-propanoic acid methyl ester. 

(k) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-( ( 4-methoxycarbonylbeozoyl)-amino 1-3-( 4-aminophenyl)-propanoic acid methyl ester 

(Reference Example 13(k)) there was prepared {R)-3-1<4-methoxycarbonylbenzoyl)-aminoJ-3-( 4-

l.5 {3-methoxv-4-{3-(2-methylphenyl)-ureidolphenvlacetvlamino}phenyl)-propanoic acid methyl 

~-

(I) By proceeding in a manner similar to Reference Example ll(a) but using 

(R)-3-( (3,4-dimethoxybenzoyl)-amino )-3-( 4-aminophenyl)-propanoic acid methyl ester 

20 [Reference Example 13(1)1 there was prepared (R)-3-1(3,4-dimethoxybenzoyl)-aminoJ-3-(4-{3-

methoxv-4-13-(2-methvll!henvl)-u reido I phenvlacetvlamino l phenvll-11ropanoic acid methvl ester. 

(m) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-acctylamino-l-(4-aminophenyl)-propanoic acid methyl ester (Reference Example lJ(b)l 

2 S and 3-methylthio-4-(3-(2-methylphenyl)ureidojphenylacetic acid (Reference Example 15) there 

was prepared !fil-3-acetylamino-3-(4-{3-methvlthio-4-13-(2-methylphenyl)ureido)phenvl­

acen•lamino}phenvl}-proranoic acid methyl ester. 

(n) Ily proceeding in a manner similar to Reference Ex.ample l2(a) but using 

3 0 {R)-3-acetytamino-J-{4-aminophenyl)-propagoic :<cid methyl ester {Reference Example !3(b)! 

and 3-methylsul 1~:...inyl-4-{3-\:-mcchylpii.en.rl}ureit~Ojphet1yiacetic acid [Reference Example l6(a)I 

there was prepared (R)-3-acetvlamino-3-(4-{3-methvlsulphinvl-4-(3-(2-methvlphenvl)ureidol­

rhenvlacetvlamijno}phenyl)-pronam>ic acid mcthvl ester. 

35 (o) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-J-acetylamino-J-(4-aminophcnyl)-propanoic acid methyl ester !Reference Example 13(b)I 

.. 
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and J-methylsulphonyl-4-(J-(2-methylphenyl)ureidolphenylacetic acid {Reference Example 

16(b)I there was prepared (R)-3-acetylamino-3-(4-{3-methylsulphonyl-4-(3={2-

methylphenvl)ureido)-phenvlacetvlaminolphenyl)-propanoic acid methyl ester. 

S (p) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-(2-(2-methoxyethoxy)acetylamino l-3-( 4-aminophenyl)-propanoic acid methyl ester 

(Reference Exam_ple 17 (a)I there was prepared (R)-3-(2-(2-methoxyethoxy)acetvlaminol-3-{4-{3-

methoxv-4-[3-{2-methylphenyl)-ureidolphenvlacetvlaminolnhenvl)-f!ropanoic acid methvl ester. 

10 (q) By proceeding in a manner similar to Reference Example 12(a) but using 

15 

20 

(R)-3-((tetrahydropyran-4-carbonyl)amino)-3-(4-aminophenyl)-propanoic acid methyl ester 

(Reference Example l 7(b)I there was prepared (R)-3-({tetrahvdropvran-4-carbonvl)aminol-3-(4-

{3-methoxv-4-(3-(2-methylphenvl)-u reido I phenvlacetvlamino} phenvll-propanoic acid methvl 

(r) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-((pyridazio-3-carbonyl)-aminol-3-( 4-amin.ophenyl)-propanoic acid methyl ester (Reference 

Example 17(c)) there was prepared (R)-3-((pvridazin-3-carbonvl)-aminoJ-3-{4-{3-methoxv-4-f3-

(2-methvlphenvl)-ureido)phenvlacetvlaminolphenvl)-propanoic acid methvl ester. 

(s) By proceeding in a manner similar to Reference Example l2(a) but using 

(R)-3-( (pyridazin-3-carbonyl)-aminoJ-3-( 4-aminophenyl)-propanoic acid methyl ester [Reference 

Example 17(c)J and 4-(3-(2-methylphenylureido)l-phenyl acetic acid (prepared as described in 

Example 21 of International Patent Application Publication No. WO 96/22966) there was 

2 S prepared ( R)-3-J(pyridazin-3-carbonvl)-a mi no 1-3-( 4-{ 4-( 3-(2-methyl phenvl)u reido) phenvlacetvl­

amino}phenvl)-proranoic acid methvl ester. 

(t) By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-(benzoylamino)-3-(4-aminophenyl)-propanoic acid methyl ester [Reference Example 13(a)I 

3n 2nd 4-(3-(2-methylphenyiureido)l-phenyl acetic acis;! (prepared 2.s described in Eumple 21'of 

lnternac;onai Patent Application Publication No. WO 96/22966) there was prepared 

( Rl-3-(benzovla mi no )-3-( 4-{4-( 3-(2-m ethvlrhenvl) u reido I phenvlacetvlam ino} phenvl}-propanoic 

add methvl ester. -

3 5 (u) ' By proceeding in a manner similar to Reference Example 12(a) but using 

(R)-3-1( 4-methoxycarbonylbutanoyl)amino)-J-( 4-aminophenyl)-propanoic acid methyl ester 

... 
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(Reference Example 181and4-(3-(2-methylphenylureido)l-phenyl acetic acid (prepared as 

described in Example 21 of International Patent Application Publication No. WO 96122966) 

there was prepared {R)-3-1{4-methoxycarbonylbutanoyl)aminol-3-(4-{4-13-(2-

methylphenyl)ureidolr>henvlacetyl-amino}-phenyl)-propanoic acid methvl ester. 

(v) By proceeding in a manner similar to Reference Example 12(a) but using 

4-(4-aminophenyl)-tetrahydropyran-2-one (Reference Example 20) there was prepared 

4=(4~{3-methoxy-4-(3-(2-methylphenvl)ureidoJphenvlacetvlamino}nhenyl)-tetrahvdropvran-2-

(w) By proceeding in a manner similar to Reference Example 12(a) but using ethyl 

3-{4-(N-methylamino)phenylj-butanoate (Reference Example 33) there was prepared 

3-14-({3-methoxv-4-f 3-(2-methylpbenyl)ureido)phenvlacetvl}-N-methvlamino)phenyl!-butanoic 

acid ethvl ester. 

(x) By proceeding in a manner similar to Reference Example 12(a) but using 

3-(4-aminophenyl)-pentanedioic acid di-ethyl ester (Reference Example 36) there was prepared 

3-( 4-{3-methoxv-4-(3-{2-methylp henyl)u reido) ph envlacetvlamino} phenyl)-pentanedioic acid di­

ethvl ester. 

(y) By proceeding in a manner similar to Reference Example 12(a) but using (R)-3-((4-

carboxypyridine-3-carbonyl)-aminoJ-3-( 4-aminophenyl)-propanoic acid di-methyl ester 

(Reference Example 17(d)) there was prepared (R)- 3-1<4-carboxvpyridine-3-carbonyl}-aminoJ-3-

( 4-{3-methoxv-4-13-(2-methvlphenvl)ureidol rthenvl-acetylamino) phenyl) propanoic acid di-

2 5 methvl ester. 

(z) By proceeding in a manner similar to Reference Example ll(a) but using (R)- 3-(212-di­

(hydroxymcthyl)propanoyl-aminoj-3-( 4-aminophenyl)-propanoic acid methyl ester (Reference 

Example 17(e)J there was prepared (R)- 3-{2,2-di-(hvdroxvmethvl)propanovl-amino)-3-(4-{3-

3 O_ methoxv-4-(J-(2-methvlphenyl)ureidol-pben\'lacetYlaminolphenvl)-propanoic acid methvl e:;ter 

(aa) By proceeding in a manner similar to Reference Example 12(a) but using (R)-3-(2-(4-

methyl-piperazin-l..,yl)-acetylamiuo l-3-{ 4-aminophenyl)-propanoic acid methyl ester (Reierence 

Example 17(1)) there was prepared (R)-3-12-( 4-methvl-piperazin-1-vl)-acetvlamino)-3-(4-13-

3 5 methoxv-4-JJ-(2-methvlphcnvllureido)-phenvlacetvlaminolnhenvl)-prooanoic acid methvl ester. 



W099/2J063 

23 APRIL 2002 

PCTIGB98/0J294 

90 

(ab) By proceeding in a manner similar to Reference Example 12(a) but using (R)- 3-fl-

(carboxymethyloxy)-acetylaminol-3-(4-aminophenyl)-propanoic acid methyl ester (Reference 

Example 17(g)I there was prepared {Rl- 3-(2-(carboxymethyloxy)-acetylaminol-3-{4-{3-methoxv-

5 4-f3-(2-methvlphenvl)ureidolphenyl-acetvlamino)phenyl}-propanoic acid di-methvl ester. 

REFERENCEEXAMPLE13 

(a) {Rl-3-benzoylamino-3=(4-aminonhenyll-nropanoic acid methvl ester 

A solution of (R)-3-amino-3-[4-(tert-butoxycarbonylamino)phenylj-propanoic acid methyl ester 

10 (3.0g, Reference Example 7(c)I in dimethylformamide (SOml), was treated with benzoyl chloride 

(l.24ml) and triethylaminc (l.56ml). After stirring at ambient temperature for 2.25 hours, the 

mixture was evaporated to dryness and the resultant solid washed with water before being fried 

in vacuo. The resulting white solid (3.8g) was dissolved in dichloromethane (70ml) and the 

solution was treated with triftuoracetic acid (20ml). After stirring at ambient temperature for 45 

15 minutes, the reaction mixture was evaporated. The residue was treated with toluene (70ml), 

concentrated to dryness and the resultant material treated with dichloromethane (200ml). The 

resultant suspension was treated with saturated aqueous potassium carbonate solution (20ml) 

with stirring at ambient temperature for 5 minutes. The organic layer was separated, dried over 

magnesium sulphate, and then evaporated to give the title compound as a white foam (2.0g). 

20 

(b) (R}-3-acetvlamino-3-(4-aminophenvl}-propanoic acid methvl ester 

A solution of (R)-3-amino-3-14-(tert-butoxycarbonylamino)phenyll-propanoic acid methyl ester 

(7.2g, Reference Example 7(c)J in dimethylformamide (30ml), was treated with acetic anhydride 

(2.4ml) and diisopropylethylamine (4.6ml). After rtirring at ambient temperature for lO minutes 

25 the mixture was poured into water (SOOml) and then extracted twice with ethyl acetate (200ml). 

The combined organic extracts were washed with brine (200ml) then dried over magnesium 

sulphate and then evaporated. The resulting white foam (8.Sg) was dissolved in dichloromethane 

(75ml) and the solution was treated with trifluoracetic acid (17ml). After stirring af ambient 

temperature for 3 hours the reaction mixture was evaporated. The residue was treated with 

3 0 toluene (Wml), concentrated to dryness and !he re.•rnltant material treated with dichioromethane 

(2.COml) T=•.: 1aiJltar1t sus11ension was treated wi~h saturated aqueous potassium carbonate 

solution (20ml) with stirring at ambient temperature for 5 minutes. The organic layer was 

separated. dried over magnesium sulphate. and then evaporated to give the title compound (4.ig) 

as a white foam. 

35 

... 
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(c) By proceeding in a manner similar to Reference Example l3(b) but using 

N-(benzyloxycarbonyloxy)succinimide instead of acetic anhydride there was prepared 

(R)-3-benzvloxvcarbonvlamino-3-(4-aminophenvl)-propanoic acid methvl ester. 

5 (d) By proceeding in a manner similar to Reference Example 13(a) but using 

phenylsulphonylchloride instead of benzoyl chloride there was prepared 

{R}-3-rhenvlsulphonylamino-3-(4-aminophenvl)-propanoic acid methvl ester. 

(e) By proceeding in a manner similar to Reference Example 13(a) but using pyridine-3-

10 carbonyl chloride instead of benzoyl chloride there was prepared (R)-3-{pyridine-3-

carbonvlamino)-3-(4-aminophenyl)-propanoic acid methyl ester. 

(f) By proceeding in a manner similar to Reference Example 13(a) but using pyridine-3-

sulphonyl chloride (Reference Example 14) instead of benzoyl chloride there was prepared 

15 ' {R)-3-(pvridine-3-sulphonvlamino)-3-(4-aminoohenvl)- propanoic acid methvl ester. 

(g) By proceeding in a manner similar to Reference Example 13(b) but using 

(R)-3-methylamino-3-[4-(tert-butoxycarbonylamino)phenyl)-propanoic acid methyl ester 

(Reference Example 7(d)J instead of 3-amino-3-(4-(/ert-butoxycarb~nylamioo)phenyl)-_propanoic 

20 acid methyl e~ter there was prepared (R)-3-(N-acetvl-methvlamino)-3-(4-aminophenyl}­

propanoic acid methvl ester. 

(h) By proceeding in a manner similar to Reference Example 13(a) but using 

(R)-3-methylamino-3-{ 4-(ter/-butoxyca rbonylamino )phenylJ-propanoic acid methyl ester 

25 [Reference Example 7(d)J instead of 3-amino-3-14-(tert-butoxycarbonylamino)phenyll-propanoic 

acid methyl ester and methanesulphonyl chloride instead of acetic anhydride there was prepared 

(R)-3-(N-methanesulphonvl-methvlamino)-3-(4-aminophenvl}- propanoic acid methvl ester 

(i) lly proceeding in a manner similar to Reference Example 13(a) but using 

3 0 S-methylisoxazole-3-carbonyl chloride instead of bcnzoyl chlorid~ there was prepa:-ed 

{R)-3-(5-methvfanxazole-3-i:a•honvl)amino-J-(4-"tminophenvl)- oropanoic acid methvl ester. 

(j) By proceedine in a manner similar to Reference-Example 13(a) but using 2-thiophene-

carbonyl chloride instead of bcnzoyl chloride there was prepared (R)-3-(thiophene-2-

35 carbonvl)amino-3-(4-aminonhenvl)- propanoic acid mcthvl ester. 

....... , 
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(k) By proceeding in a manner similar to Reference Example IJ(a) but using 

4-chlorocarbonyl-benzoic acid methyl ester instead of benzoyl chloride there was prepared 

(R)-3-(4-methoxycarbonylbenzoyl)amino-3-{4-aminonhenyl)-propanoic acid methyl ester. 

(I) By 11roceeding in a manner similar to Reference Example IJ(a) but using 

3,4-dimethoxybenzoyl chloride instead of benzoyl chloride there was prepared 

(Rl-3-1(3.4-dimethoxvbenzovl)-aminoJ-3-(4-aminophenyl)- nropanoic acid methvl ester. 

REFERENCE EXAMPLE 14 

Pyridine-3-sulphonvl chloride 

A mixture of pyridine-3-sulphonic acid (S.Og), phosphorous pentachloride (8.0g), phosphorous 

oxychloride (30ml) and chloroform (30ml) was stirred at 120°C for 18 hours. The reaction 

mixture was cooled to room temperature then diluted with chloroform (30ml) and then filtered. 

l.5 ' Hydrogen chloride gas was bubbled through the filtrate for 15 minutes and the resultant 

precipitate collected. This material was dried in vacuo to give the title compound as a white 

solid. 

REFERENCE EXAMPLE 15 

2 O 3-Methvlthio-4-(3-(2-meth,•lphenvl)ureido)pbenylacetic acid 

A stirred suspension of potassium tert-butoxide (16g) in dry dimethylformamide (SOml) was 

cooled to 0°C and treated dropwise over 2 hours with a solution of methyl dichloroacetate (12ml) 

and 2-methylthio-nitrobenzene (10.Sg, prepared according to the procedure described in J. Org. 

Chem. 1993, 21, 5628) in dintethylformamide (SOml). After stirring for a further l hour, the 

25 mixture was warmed to ambient temperature and then quenched by the addition of water (lOml) 

and hydrochloric acid (10 ml, lM). The mixture was partitioned between ethyl acetate (600ml) 

and hydrochloric acid (lOOml, 1M). The ~rganic phase was separated then dried over 

magnesium sulphate and then evaporated. The residue was subjected to flash chromatography 

on silica gel eluting with a mixture of pentane and ether (7:3, v/v) to give a yellow solid (7.55g). 

3Q This material was dissolved ia acetic acid (IOOml) antl the solution was treated portionwise with 

zillc 1;ow·~el (i6g) I.hen heated at refh!x for 90 minl!tes. After cooling the mixture was filtered 

through a pad of diatomaceous earth. The filtrate was evaporated and the residue was dissolved 

tn ethyl acetate (500 !nl). The·solution was washed three times with saturated sodium 

bicarbonate solution (lOOml) then three times with hydrochloric acid (lOOml, IM). The pH of 

3 5 the combined hydrochloric acid washings was adjusted to 10 by addition of sodium hydroxide 

(3M ). The solution was extracted three times with ethyl acetate (200ml). The combined organic 



23 APRIL ~002 

W099/23063 PCT/GB98/03294 

93 

extracts were washed with brine (200ml) then dried over magnesium sulphate and then 

evaporated. The residue was subjected to flash chromatography on silica gel eluting with a 

mixture of pentane and ether (80:20 v/v) to give a yellow oil (l.3Sg). This material was treated 

with a solution of 2-methylphenyl isocyanate (0.8ml) in ethyl acetate (JOmJ) and the mixture was 

5 heated at reflux for 2 hours. After cooling the resultant precipitate was filtered and then 

dissolved in dichloromethane (lOOml). This solution was washed with hydrochloric acid (20ml, 

lM) then with brine (20ml), then dried over magnesium sulphate and then evaporated to give 

the title compound (l.2g) as a white solid. 

10 REFERENCE EXAMPLE 16 

(a) 3-Methylsulphinvl-4-(3-(2-methylphenyl}ureidolphenylacetic acid 

A mixture of 3-methylthio-4-(3-(2-methylphenyl)ureidolphenylacetic acid (0.2g, Reference 

Example 15), meta-chloroperbenzoic acid (61mg) and methanol (2Sml) was stirred at ambient 

temperature for I hour and then evaporated. The residue was triturated with ethyl acetate to 

' l.5 give the title compound (O.l 7g) as a white solid. 

20 

(b) By proceeding in a manner similar to Reference Example 16(a) but using 3-

methylsulphinyl-4-[3-(2-methylphenyl)ureidolphenylacetic acid (Reference Example 16(a)I there 

·was prepared 3-methylsulphonvl-4-(3-(2-methylphenyl)ureidoJphenvlacetic acid. 
' 

REFERENCE EXAMPLE 17 

(a) (R}-3-(2-methoxvethoxy)acetvlamino-3-(4-aminophenvl}- nropanoic acid methvl ester 

A mixture of (R)-3-amino-3-(4-(terl-butoxycarbonylamino)phenylj-propanoic acid .methyl ester 

(0.75g, Reference Example 7(c~J, 2-(2-methoxyethoxy)acetic acid (O.Jml), 0-(7-azabenzotriazol-1-

25 yl}-1,1,3,3-tetramethyluronium hexafluorophosphate (l.02g), diisopropylethylamine (0.9ml) and 

dimethylformamide (25ml) was stirred at ambient temperature 2 hours. The reaction mixture 

was poured into water (150ml) and the resultant solid collected. The resulting fawn solid (1.5g) 

was dissolved in dichloromethane (15ml) and the solution was treated with trifluoracetic acid 

(3ml). After stirring at ambient temperature for 2 hours the reaction mixture was evaporated. 

30 The res~due was treated with toluene (50ml), concentrated to dryness and the resultant material 

treated with eti1yl acetate (SOml). The resultant :mspension was treated with saturated aqueous 

potassium carbonate solution (20ml) with stirring at ambient temperature for 5 minutes. The 

~rganic layer was separated, rlried over magnesium sulphate, and then evaporated to give the 

tide compound (0.5 g) as a yellow oil. 

35 

...-
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(b) By proceeding in a manner similar to Reference Example 17(a) but using 

tetrahydropyran-4-carboxylic acid (prepared according to the procedure described in J. Med. 

Chem. 1994, Vol. 37(26), 4538-4553) instead of 2-(2-methoxyethoxy)acetic acid there was 

prepared (R)-3-((tetrahydropyran-4--carbonyl)aminol-3-(4-aminophenyl)- propanoic acid methyl 

5 ~· 

(c) By proceeding in a manner similar to Reference Example 17(a) but using pyridazine-J-

carboxylic acid (prepared according to the procedure described in J. Het. Chem. 1975, Vol. 

ll(S), 957-961) instead of 2-(2-metboxyethoxy)acetic acid there was prepared (R)-3-l<pvridazin-

10 3--carbonyl)-aminol-3-(4-aminophenvl)- propanoic acid methyl ester. 

' 

(d) By proceeding in a manner similar to Reference Example 17(a) but using 2-

methoxycarbonylpyridine-S-carboxylic acid (Reference Example 38) instead of 2-(2-

methoxyethoxy)acetic acid there was prepared (R)-3-1<4-carboxyrvridine-3-carbonvl)-aminol-3-

15 (4-aminophenvl)-uropanoic add di-methyl ester. 

20 

25 

30 

(e) By proceeding in a manner similar to Reference Example 17(a) but using 2,2-

bis(hydroxymethyl)propionic acid instead of2-(2-methoxyethoxy)acetic acid there was prepared 

(R)- 3-(2.2-di-(hvdroxvmethyl)pro11anovl-aminol-3-(4-aminophenyl)-propanoic acid methvl ester. 

(f) By proceeding in a manner similar to Reference Example 17(a) but using 2-(4-mcthyl-

piperazin-l-yl)-acetic acid (Reference Example 39) instead of 2-(2-methoxyethoxy)acetic acid 

there was prepared-(R)-3-Jl-( 4-methvl-piperazin-l-vl)-acetvlaminol-3-( 4-aminophenvl)­

nropanor-: acid methvl ester. 

(g) Dy proceeding in a manner similar to Reference Example 17(a) but using diglycolic acid 

mono-methyl ester (prepared by refluxing diglycolic anhydride in methanol) instead of 2-(2-

methoxyethoxy)acetic acid there was prepared (R}- 3-(2-(carboxvmethvloxv)-acetvlaminoJ-3-(4-

amino[!henvll-nropanoic acid methvl ester. 

REFERENCE EXAMPLE 18 

(R)-3-[{ 4-Methoxvca rbonvlbutanovl)aminol-3-( 4-am inorhenyl)-propanoic acid meth \•I ester 

Concentrated nitric acid (SOml) was cooled to -30°C and treated portionwise with 

(R)-3-(4-carboxybutanoylamino)-3-phenyl-propanoic acid (27g, Reference Example 19). The 

35 resultant mixture was stirred at -30°C for 30 minutes and then poured onto excess ice. The 

resultant solid was filtered and dried to yield a. white solid (13g). A portion of this material (lSg) 
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was dissolved in methanol {375ml) and the solution was treated with concentrated sulphuric acid 

(7.Sml) then heated at reflux for 90 minutes. After cooling to room temperature the mixture was 

evaporated. The residue was dissolved in ethyl acetate (250ml) and the solution was washed with 

water (200ml), saturated aqueous sodium bicarbonate (200ml) and brine (200ml). The organic 

5 layer was dried over magnesium sulphate and then evaporated to give a white solid {16g). A 

solution of this material in ethyl acetate (450ml) was treated with 10% palladium on charcoal 

(2.Sg) and then ~tirred at ambient temperature for 3 hours under an atmosphere of hydrogen. 

The reaction mixture was filtered through a short pad of diatomaceous earth and the filtrate 

evaporated to give the title compound (15g) as a pale yellow oil. 

10 REFERENCE EXAMPLE 19 

(R)-3-(4-Carboxvbutanoylamino)-3-phenvl-propanoic acid 

A solution of methyl (R)-3-amino-3-pbenylpropanoic acid (lOg, prepared in a similar manner to 

the procedure described in Tetrahedron Letters 1972, 27, 2789-92) in dichloromethane {lSOml) 

was treated with methyl 4-(chloroformyl)butyrate (7.9ml) followed by triethylamine (8.6ml). 

15 ' The reaction was stirred at ambient temperature for 90 minutes and quenched by the addition of 

water (SOml). The organic layer was washed with hydrochloric acid (lM}, dried over magnesium 

sulphate, and evaporated to leave a white solid (l 7g). A solution of this material in methanol 

(SOml) was treated with sodium hydro,xide {90ml, lM) and heated at 40°C for 1 hour. After this 

time, the reaction was cooled, concentrated to low volume and acidified to pH 1.0 with 

2 O concentrated hydrochloric acid. The resultant solid was collected, washed with water and dried 

to afford the title compound (6g) as a white solid 

REFERENCEEXAMPLElO 

4=(4-Aminorhenvl)-tetrahvdronnan-2-one 

2 5 3-phenylglutaric acid (23.3g) was added to concentrated sulphuric acid (90ml), at 10°C, and then 

the stirred mixture was treated dropwise with fuming nitric acid (4.7ml) over 20 minutes 

ensuring the temperature of the reaction di'd not exceed 10°C. The resultant solution was stirred 

at ambient temperature for l hour and then poured onto excess ice. The resultant solid was 

collected and recrystallised from a mixture. of toluene and cyclohexane to yield a light brown 

3 O solid (27. lg). A portion of this matedal (n.Og) was sUSlJended in acetic anhydride (70ml) and the • 

mixture was warmed to 85°C . After stirring at 85°C for 150 minutes the mixture was coolt:d to 

room temperature and then evaporated. The residue was treated with toluene (100ml) and the 

mixture was evaporated to give 3-(4-nitrophenyl)glutaric acid anhydride as a light brown solid 

(l4.2g). A (lOrtion of this material (lOg) was dissolved in tetrahydrofuran (SOml) and the 

3 5 solution was added dropwise lo a stirred, cooled {0°C) suspension of sodium borohydride (l.77g) 
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in tetrahydrofuran (SOml). The reaction mixture was then stirred at 0°C for 4 hours then 

quenched by the dropwise addition of hydrochloric acid (70ml, (;M). The mixture was extracted 

three times with ethyl acetate (200ml). The combined extracts were dried over magnesium 

sulphate and then evaporated. The residue was treated with toluene (SOOml), then with 

5 p-toluenesulphonic acid (600mg). The mixture was heated at reflux for 18 hours, then cooled to 

room temperature, then washed with saturated aqueous sodium bicarbonate solution (200ml), 

and then evapo~ted. The residue was subjected to flash chromatography on silica gel eluting 

with a mixture of cyclohexane and ethyl acetate (2:3, v/v) to give a white solid (3.0g). This 

material was dissolved in ethyl acetate (200ml) and the solution was treated with 10% palladium 

l.O on charcoal (0.35g) and stirred at ambient temperature under an atmosphere of hydrogen for 18 

hours. The reaction mixture was filtered through a short pad of diatomaceous earth and the 

filtrate was evaporated to give the title compound (2.Sg) as a white solid. 

REFERENCE EXAMPLE 21 

15 ' {R)-3-f{N-Acetvl-N-methyl)aminoJ-3-(4-{4-(3-{2-methylphenvl)ureidoJphenvlacetyl-N­

methvlamino}phenvll-rropionic acid tert-butyl ester 

(R)-3-[4-(N-benzyloxycarbonyl-N-methyl)aminophenyl)-3-[(N-acetyl-N-metbyl)amioo}propionic -

acid tert-butyl ester (lg, Reference Example 22) was dissolved in a mixture of trifluoroacetic acid 

in dichloromethane (40ml, 5%) at room temperature. After 2 hours the mixture was partitioned 

20 between dichloromethane and aqueous sodium bicarbonate solution. The organic layer was 

separated, then dried over magnesium sulphate and then evaporated. The residue was dissolved 

in dimethylformamide (5ml) and added to a previously prepared mixture of 

4-(3-(2-m ethylphenyl) u reido }-phenylacetic acid (7 4 mg), 0-(7-azabenzotriazol-1-yJ)-l,1,3,3-

tetramethyluronium hexatluorophosphate (1.0 g), and diisopropyle.hylamioe (670 mg) in 

25 dimethylformamide (15ml). After stirring for 4 hours, the mixture was partitioned between 

ethyl acetate and aqueous hydrochloric acid (lM). The organic phase was washed with aqueous 

sodium bicarbonate solution, then dried over magnesium sulphate, and then evaporated. The 

residue was purified by flash chromatography on silica eluting with ethyl acetate to give the title 

compound (65-0mg) as a colourless oil. 

30 

REFERENCE EXAMPLE 22 

{ R)-3-14-(N-benzvlo xv carbon vl-N-m et h vl)am inorhenvl J-3-f{N-acetvl-N-methvl)am i no l pro pion ic 

acid tert-butvl ester 

(R)-3-( 4-(N-benzyloxycarbonyl-N-rnethyl)aminophenyll-3-(N-methylamino )propionic acid tert-

3 5 butyl ester (6g, Reference Ex.ample 23) dissolved in a mixture of tetrahydrofuran (lOOml) and 

trietbylamine (5.4g) was treated dropwise with acetyl chloride (2.llg), (lroducing an immediate 

.... 

~·...-
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precipitate. The mixture was stirred for 30 minutes. then partitioned between ethyl acetate and 

aqueous hydrochloric acid (lM). The organic- phase was separated, then washed with aqueous 

sodium bicarbonate solution, then dried over magnesium sulphate and then evaporated to give 

the title compound (6g) as a light yellow oil. 

REFERENCE EXAMPLE 23 

(R)-(3-14-(N-benzvloxvcarbonyl-N-methyl)aminophenyll-3-N-methvlamino)propionic acid tert­

butvl ester 

A solution of (R)-3-f 4-(N-benzyloxycarbonyl-N-methyl)aminophenyll-3-(N-((S)-a/pha-

10 methylbenzyl)methylaminof-propionic acid tert-butyl ester (6.Sg, Reference Example 24) in 

ethanol (SOml), was heated to 60°C, then treated successively with formic acid ( 4ml) and 10% 

palladium on charcoal (lg). The mixture was stirred at 60°C for l hour then cooled to room 

temperature, then filtered through filter-aid to remove the spent catalyst, and then evaporated. 

The residue was partitioned between ethyl acetate and aqueous sodium bicarbonate solution. 

15 The organicphase was dried over magnesium sulphate and then evaporated to give the filk 
compound (6g) as a colourless oil. 

REFERENCE EXAMPLE 24 

(R)-3-14-(N-Benzvloxycarbonvl-N-methyl)aminophenvll-3-IN-C(S)-a/p/ia-

20 methvlbenzvl)methvlaminolpropionic acid tert-butyl ester 

A solution of (S)-N-(alp/1a-mctbylbenzyl)methylamine (3.8g) in tetrahydrofuran (60ml) was 

cooled to less than -70°C under a blanket of nitrogen, then treated with a solution of butyllithium 

in hexanes (11.Jmt, 2.5 M), keeping the temperature at or below -60°C. Ten minutes after the 

addition was complete a solution of 3-(4-(N-benzyloxycarbonyl-N-methyl)aminophenyl)acrylic 

25 acid tert-butyl ester ( 4. 7g, Reference Example 25) in tetrahydrofuran (40ml) was added slowly 

over 20 minutes. After a further 20 minutes at below -70°C the cold reaction mixture was 

poured directly into a mixture of ethyl acetate and brine, then the layers were separated and the 

organic phase was dried over magnesium sulphate and then evaporated. The residue was 

subjected to flash chromatography on silica· eluting with a mixture of ethyl acetate and 

30 cyclohexane mhture (3:7, v/vj to give the title c.omoound (5.Sg) as a colourless oil. 

REFERENCE EXAMPLE 25 

J-14-(N-Benzvloxvcarbonvl-N-methv))aminophenyilacrvlic acid tert-butvl ester 

N-llenzyloxycarbonyl-N-methyl-4-iodoaniline (1 lg, Reference Example 26), terr-butyl acrylate 

3 5 (8.4g), tris-((2-tolyl)phosphine1 (0.Sg) and ralladium acetate (O.lSg) were dissolved in a mixture 

.... 
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of dimethylformamide (20ml) and triethylamine (7.lg) and stirred at 90°C under nitrogen 

overnight. The reaction mixture was partitioned between ethyl-acetate and aqueous 

hydrochloric acid (IM). The organic phase was washed with aqueous sodium bicarbonate 

solution (5°/o), then dried over magnesium sulphate, and then evaporated. The residue was 

5 recrystallised from cyclohexane to give the title compound (7.4 g) as an off-white solid. 

REFERENCE EXAMPLE 26 

N-Benzvloxycarbonyl-N-methvl-4-iodoaniline 

A stirred solution of N-beneyloxycarbonyl-4-iodoaniline (11.Sg, Reference Example 27) in 

10 dimethylformamide (70ml) was treated portionwise with sodium hydride (116 g ora 60% 

dispersion in oil), under nitrogen and at room temperature. When effervescence had ceased 

methyl iodide (6.3g) was added and the mixture was stirred at room temperature for 2 hours, 

after which it was partitioned between ethyl acetate and water. The organic phase was 

separated, then dried over magnesium sulphate and then evaporated to give the title compound 

15 ' (11.Sg) as a pink oil. 

REFERENCE EXAMPLE 27 

N-Benzvloxvcarbonvl-4-iodoaniline 

A solution of 4-iodoaniline (lOg) in tetrahydrofuran (lOOml) was treated with 

20 benzyloxycarbonyl-anhydride (l2g) in one portion. The mixture was stirred at reflux overnight, 

then evaporated to low bulk. The residue was partitioned between ethyl acetate and aqueous 

hydrochloric acid (lM). The organic phase was washed with aqueous sodium bicarbonate 

solution (5%), then dried over magnesium sulphate, and then evaporated. The residue was 

recrystallised from cyclohexane to give the title compound (12.4 g) as light purple crystals. 

25 

REFERENCE EXAMPLE.28 

(a) (Rl-3-(4-Carboxybutanovlamino)-3-(4-{3-methoxv-4-f3-(2-

methylphenyl)ureidoh1henvlacctvlamino}phenvl}-propanoic acid methvl ester 

A stirred suspension or (R)-3-amino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol-

30 rh~nylacetylamino}pheny:l)-prap20oic acid methyl ester (0.7Sg, Reference Example 30) in 

~qlcydrou~ ·~~!"2hydrnfurnn (25ml), under an atmosphere of argon, was treated with glutaric 

anhydride (0.18g). After stirring at ambient temperature for 4 hours the reaction mixture was 

evaporated to give the title compound (l.Og) as a white solid. 

35 (b) By proceeding in a manner similar to Reference Example 28(a) but using succinic 

anhydride instead or glutaric anhydride, there was prepared (R)-3-(3-carbouoropanovlamino\-

.... 
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3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenylace.tylamino)phenyl)-nropanoic acid methyl 

~· 

(c) By proceeding in a manner similar to Reference Example 28(a) but using 

S 3,3-dimethylglutaric anhydride instead of glutaric anhydride, there was prepared 

(R)-3-((4-carboxy-3,3-dimethyl-hutanoyl)aminol- 3-{4-{3-methoxy-4-13-(2-methylphenvl)ureidol­

phenvlacetvlaminolphenyll-pronanoic acid methvl ester. 

10 (a) 

REFERENCE EXAMPLE 29 

(R)-3-(5-Dimethvlamino-l-naphthalenesulnhonvlamino)-3-(4-{3-methoxv-4-13-(2-

methvlphenvl)ureidolphenvlacetvlaminolphenvl)-propanoic acid methyl ester 

A mixture of (R)-3-amino-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidoJphenylacetylamino}­

phenyl)-propanoic acid methyl ester (0.75g, Reference Example 30), anhydrous tetrahydrof uran 

(25ml), dansyl chloride (0.62g) and triethylamine {l.Oml) was placed under an atmosphere of 

l.S argon and stirred at ambient temperature for 4 hours then heated to reflux for 2 hours. The 

reaction mixture was cooled then filtered. The filtrate was evaporated and the residue was 

subjected to flash chromatography on silica gel eluting with a mixture of dichlorometbane and 

methanol (49:1, v/v to give the title compound (0.89g) as a yellow solid. 

20 (b) By proceeding in a manner similar to Reference Example 29(a) but using 

l-methylimidazole-4-sulphonyl chloride instead of dansyl chloride, there was prepared 

25 

( Rl-3-( 1-methvlim idazol-4-vlsu I ph onvlam ino )-3-( 4-{3-methoxy-4-(3-(2-methvlphen vl)u reido 1-

phcnvlacetvlamino l phenvl)-propanoic-acid methyl ester. 

REFERENCEEXAMPLE30 

(R)-3-Amino-3-(4-{3-methoxv-4-13-(2-methylphenvl)ureidolphenvlacetvlamino}phenvl)­

propanoic acid methvl ester 

A mixture of(R)-3-benzyloxycarbonylamino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido)­

phenylacetylamino}phenyl)-propanoic acid methyl ester (18.SSg), ethanol (750ml) and formic 

3 0 acid (18ml), under an atmosphere of hydr<>gen, was heated at reflux. The reaction was treated 

po..-tionwise with lO°lo palladium on charcoal (3.Gg) over a period of I hour and then heated at 

reflux for a further l hour. The reaction mixture was filtered through a short pad of 

diatomaceous earth and the filter pad was washed three times with ethanol (75ml) and water 

(75ml). The combined filtrate and washings were evaporated. The residue was treated carefully 

3 5 with aqueous solution of sodium bicarbonate (600ml, 0.6M) followed by stirring for 15 minutes. 

The resultant white solid was collected, washed twice with water (lOOml), then boiled in 

... 
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acetonitrile in the presence of activated charcoal (lSOmg). The mixtur~ was filtered through a 

short pad of diatomaceous earth while hot and the filtrate cooled in ice to yield the title 

compound (7.6g) as a white solid m.p. 189-19l°C. 

REFERENCE EXAMPLE 31 

3-Methoxy-4-(3-(2-methvlphenyl)ureidolnhenylacetic acid 

A suspension of ~-methoxy-4-(3-(2-methylphenyl)ureidolphenylacetic acid methyl ester (l 9.43g, 

Reference Example 32) in methanol (195ml) was treated with sodium hydroxide solution (65ml, 

lN) and the mixture was heated at reflux for 1 hour giving a clear solution. The reaction 

10 mixture was cooled to room temperature and filtered. The filtrate was diluted to 390ml with 

water, then heated to 50°C and then acidified to pH 1 by the addition of hydrochloric acid (80ml, 

lN) over l hour. The resulting suspension was stirred for a further 30 minutes at 50°C, then 

allowed to cool to room temperature and then filtered. The solid was washed with twice with 

water (200ml) then dried to give the title compound (15.72g) as a white solid, m. p. 179-l81°C 

15 (with decomposition). 

REFERENCEEXAMPLE32 

3-methoxv-4-13-(2-methylrhenyl)ureidolphenylacetic acid methyl ester 

A suspension of potassium t-butoxide (1.44kg) in dimethylformamide(6.61) cooled to -5°C to 

20 -t0°C, was treated with a mixture of 2-nitroanisole (690g) and methyl dichloroacetate (915g) 

over 4 hours, whilst maintaining the temperature below -5°C. The reaction mixture was then 

treated with acetic acid (770ml) and then with water (6.61) and _then e extracted- three times with 

tot-butyl methyl ether {5.51). The combined extracts were washed with water (5.Sl), then· with 

saturated sodium bicar'.:Jonate solution (5.51), then with saturated brine (5.51) and then dried over _ 

25 magnesium sulphate to give a solution of methyl a.-chloro-3-methoxy-4-nitrophenylacetate. 

This solution was concentrated to half volume under reduced pressure and then treated with 

tetrahydrofuran (21), followed by triethylaminc (75lml), followed by 10% palladium on charcoal 

(58.4g) and the mixture was hydrogenated under a pressure of 50psi hydrogen at 50°C for 8 

hours. The mixture was cooled to room temperature and filtered. The filtrate was dried over 

3 0 magnesium sulphate to give a solution of methyi 4-amino-3-methoxyphenylacetate which was 

heated to • eflux then treated with o-toiyl isocyanate {598.Sg) over 30 minutes. After heating at 

reflux temperature for a further 3 hours, during which time a solid was deposited, the mix.tu re 

was cooled to room temperature. The solid was collected, washed twice with tert-butyl methyl 

ether (41), then dried in a vacuum o\•en at 60°C to give the title compound (764.8g) as a white 

3 S solid, m.p. 167-168°C. 
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A mixture of (E)-ethyl 3-methyl-3-(4-nitrophenyl)-propenoate (11.Sg, prepared in a similar 

manner to that described in J. Med Chem. 1968, !!, 672), ethanol (200ml), acetic acid {200ml) 

S and 10% palladium on charcoal (lg) was stirred at ambient temperature under an atmosphere of 

hydrogen (2 bar) for 6 hours. The reaction mixture was filtered through a short pad of 

diatomaceous earth. The filtrate was evaporated and the residue was subjected to Oash 

chromatography on silica gel eluting with a mixture of pentane and ethyl acetate (4: 1, v/v) to 

leave a yellow oil (6.Sg). A portion of this material (3.0g) was dissolved in tetrahydrofuran 

10 (lOml) and the solution was added dropwise to methanoic ethanoic anhydride (previously 

prepared by mixing 90% formic acid (2.4g) and acetic anhydride (J.8g) before heating the 

mixture to 55°C and then cooling to ambient temperature). The mixture was stirred at ambient 

temperature for 18 hours and then evaporated to give an oil {3.Sg). A stirred solution of this oil 

in tetrahydrofuran (20ml), under an atmosphere of nitrogen. was treated dropwise with a 

15 solution of borane dimethyl sulphide complex in tetrahydrofuran (J.7ml, lM) and then the 

mixture was heated at reflux for 90 minutes. The reaction mixture was cooled, treated with 

methanol (2ml) and then stirred at ambient temperature for 30 minutes. The pH of the mixture 

was adjusted to 2.0 by addition of concentrated hydrochloric acid, then the mixture was heated 

at reflux for l h(lur. The reaction mixture was poured into 10% aqueous potassium carbonate 

20 solution (100ml) and then extracted three times with ethyl acetate (lOOml). The combined 

extracts were dried over magnesium sulphate and then evaporated. The residue was subjected to 

flash chromatography on silica gel eluting with a mixture of pentane and ethyl acetate (4: 1, v/v) 

to give the title compound as a white solid (O.ISg). 

25 REFERENCE EXAMPLE 34 

3-(4-{3-Methoxy-4-(3-(2-methvlphenvl)ureidolphenvlacetylamino}phenvl)-pentanedioic acid 

A mixture of3-(4-{3-methoxy-4-(J-(2-methylphenyl)ureidojphenylacetylamino}phenyl)­

pentanedioic acid di-ethyl ester (8.40g~ Reference Example 12(x)I and methanol (400ml) was 

heated to 40°C and then treated with 10% aqueous sodium hydroxide solution (I IOml). After 

3 O stirring at 40°C for ! hour, the i'eacdon mixture was cool~d and then acidified to pH LO by 

addition of hydrochloric acid (IM). The resultant white solid was collected, washed with water 

and then dried in vacuo. Recrystallisation from ethanol gave the title compound as a white 

crystalline solid (4.7g), m.p. 218-220°C. {Elemental analysis:- C, 64.5; H, 5.6; N, 7.9%. 

Calculated for C2sH29N307:- C, 6~.7~ H, 5.6; N, 8.1%1. 

35 
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REFERENCE EXAMPLE JS 

{3)-14-(tert-Butoxycarbonylamino)nhenyll-propenoic acid methyl ester 

A solution of 4-amino-cinnamic acid hydrochloride (SOg) in water (800ml) was treated with 

sodium carbonate (33.2g) followed by a solution of di-(tert-butoxy)carbonate (77.Sml) in 

5 tetrahydrofuran (300ml). The reaction mixture was stirred at ambient temperature for 18 hours 

and concentrated to low volume (500ml). This mixture was acidified to pH 2.0 by addition of 

concentrated hydrochloric acid and then extracted twice with ethyl acetate (SOOml). The 

combined organic extracts were washed twice with water (SOOml), then with brine (SOOml), then 

dried over magnesium sulphate and then evaporated. The residual white solid (47g) was 

10 dissolved in ditnethylformamide (240ml) and the solution stirred then treated sequentially with 

potassium carbonate (24.8g) and methyl iodide (l l.2ml). After stirring at ambient temperature 

for a furtehr 2 hours the reaction mixture was evaporated. The residue was treated with water 

(SOOml) then filtered. The resultant solid was washed with water (200ml), then with 10% 

aqueous potassium carbonate (200ml), then with water (200ml) and then dried in vacuo to give 

15 the title compound as a white solid (46.Sg). 

REFERENCE EXAMPLE 36 

3=(4-Aminophenvl)-pentanedioic acid di-methvl ester. 

Concentrated sulphuric add (lOOml) was cooled to 10°C and then treated with 3-phenylglutaric 

2 O acid (24g). The stirred mixture was then treated dropwise with fuming nitric acid (51111) over 20 

minutes ensuring the temperature of the reaction did not exceed l0°C. The resultant solution 

was stirred at ambient temperature for 1.5 hours and then poured onto excess ice. The resultant 

solid w~ collected and washed with 'Water. The residue was triturated with acetonitrile (lOOml) 

and dreid in vacuo to leave a white solid (26.Sg). This material was dissolved in methanol 

25 (900ml) and the solution was treated with concentrated sulphuric acid (1.0ml) and then heated 

at reflux for 4 hours. After cooling to room temperature the mixture was evaporated to dryness. 

The residue was treated with saturated aqueous sodium bicarbonate (IOOml) and the resultant 

solid collected and washed with water. This was recrystallised from diisopropyl ether to leave a 

colourless solid (l4g). A solution of this material in ethyl acetate (SSOml) was treated with 10% 

30 palhdium on charcoal (l.4g) and then stirred at ambi~nt temperature for 4 h·ours under ~n 

35 

- . 
acmospherc oi hydrogen. The reaction mixture was filtered through a short pad or diatomaceous 

earth and the filtrate evaporated to give the tide comoound as a colourless solid (2.33g). 

(a) 

REFERENCE EXAMPLE 37 

(R)-3-((morpholin-lvl)-acetvlaminol-3-{4-(3-methoxv-4-[3-(2-methvlphenyl)ureidol­

rhenvl-acetylaminoh1henvll-orooanoic acid methvl ester 

.... 
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A mixture of (R)-3-amino-3-(4-{3-methoxy-4-(3-(2-methylpbenyl)ureidoJ­

phenylacetylaminoJphenyl)-propanoic acid methyl ester (1.0g, Reference Example 30); 

(morpholin-1-yl)acetic acid (0.33g, prepared according to the procedure described in Zh. 

Obshch. Khim 1953, 23, 794); 0-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium 

5 hexafluorophosphate (0.76g); diisopropylethylamine (1.lml) and dimethylformamide (6ml) was 

stirred at ambient temperature for 2 hours. The reaction mixture was then poured into water 

(lSOml). The resulting solid was dried in vacuo to give the title compound as a green ~olid 

(1.Jlg}. 

10 (b) By proceeding in a manner similar to Reference Example 37(a) but using N-(tert-

butoxycarbonylmethyl)isooipecotic acid (prepared by sodium hydroxide hydrolysis of N-(tert­

butoxycarbonylmethyl)isonipecotic acid ethyl ester (J. Med. Chem. 1982, Vol 25(3), 256)1 instead 

of (morpholin-1-yl)acetic acid, there was prepared (R}-3-((l-tert-butoxycarbonvlmethvl-

piperid i n-4-ca rho nv1)-a mi no 1-3-( 4-{3-methoxv-4-( 3-(2-m ethyl phenvl) u reido I phen vlacetv 1-

15 amino}phenyl)-propanoic acid methvl ester. 

REFERENCE EXAMPLE 38 

2-Methoxvcarbonvlpyridine-5-carboxvlic acid 

A mixture of pyridioe-2,5-dicarboxylic acid (8.4g), methanol (lOOml) and concentrated sulphuric 

2 0 acid (l.7ml) was heated at reflux for 2 hours, cooled and poured into water (11). The resultant 

precipitate was collected and recrystallised from ethanol to give the title compound as a white 

solid~ m.p. 222-223°C. 

REFERENCEEXAMPLE39 

2 5 -2-(4-Methvl-piperazin-1-yl)-acetic acid 

A mixture of 1-methylpiperaz.ine (10.7g), benzylbromoacetate (24g), triethylamine (28ml) and 

dichloromethane (lOOml) was stirred at ambient temperature for 4 hours. The reaction was 

concentrated to dryness, taken up in tetrahydrofuran (100ml), filtered, and the filtrate 

evaporated to dryness. The residue was taken up in methanol (IOOml), treated with aqueous 

30 ~odium hyd'.·oxidesol!!tion (lOOml, IM) and stirred at reflux for 24 hours. The reaction was 

concentrated to dryness, diluted with watet (lO&ml) :ind then acidified to pH6.0 by adaition- of 

concentrated hydrochloric acid. The mixture was evaporated •. A portion of the resulting brown 

oil (2.0g) was taken cp in water (lOOm!), treated with Dowex 50WX8 resin (80g) and stirred al 

ambient temperature for 10 minutes. The mixture was filtered and the resin washed with water 

3 5 until the washings were neutral. The resin was then stirred with 2.0M aqueous ammonia 

.. 
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(JxlOOml) for 5 minutes and filtered. The combined ammonia washings were concentrated to 

leave the title compound as a white waxy solid (0.8g). 

IN VITRO AND IN VIVO TEST PROCEDURES 

!.: Inhibitory effects of compounds on VLA4 dependent cell adhesion to Fibronectin and 

VCAM. 

1.1 Metabolic labelling of RAMOS cells. 

10 RAMOS cells (a pre-B cell line from ECACC, Porton Down, UK) are cultured in RPMI culture 

medium (Gibco, UK) supplemented with 5% foetal calf serum (FCS, Gibco, UK). Prior to assay 

15 

the cells are suspended at a concentration of 0.5 X 106 cells/ml RPMI and labelled with 

400µCi/l00mls of f3HJ-methionine (Amersbam, UK) for 18 hours at 37°C. 

1.2 96 well plate preparation for adhesion assay. 

Cytostar plates (Amersham, UK) were coated with 50µ1/well of either Jµg/ml human soluble 

VCAM-1 (R&D Systems Ltd, UK) or 28.Sµg/ml human tissue Fibronectin (Sigma, UK). In 

control non-specific binding wells SOµl phosphate buffered saline was added. The plates were 

then left to dry in an incubator at 25°C, overnight. The next day the plates were blocked with 

2 0 200µ1/well of Pucks buffer (Gibco, UK) supplemented with l % BSA (Sigma, UK). The plates 

were left at room temperature in the dark for 2 hours. The blocking buffer was then disposed of 

and the plates dried by inverting the plate and gently tapping it on a paper tissue. 50µ1/well of 

3.6% dimethyl sulphoxide in Pucks buffer supplemented with SmM manganese chloride (to 

activate the integrin receptor Sigma, UK) and 0.2% BSA (Sigma, UK), was added to the 

25 appropriate control test binding and non-specific binding assay wells in the plate. SOµVwell of 

the test compounds at the appropriate concentrations diluted in 3.6% dimethyl sulphoxide in 

Pucks buffer supplemented with SmM manganese chloride and 0.2% BSA, was added to the test 

wells. 

Metabolically labelled cells were sus11endcd at 4 x 106 cells/ml in Pucks buffer that was 

3 0 sup!Jlcmentcd with maqganese ~hlorid.e and BSA as !lbove. 50µ1/well of cells :n 3.6% dimethyl 

sulpboxide in Pucks buffer and supplements was added to all plate wells. 

The same procedure exists for plates coated with either VCAM-1 or fibronectin and data is 

determined for compound inhibition of cell binding to both substrates. 

.... 
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The plates containing cells in control or compound test wells are incubated in the-dark at room 

temperature for 1 hour. 

The plates are then counted on a Wallac Microbeta scintillation counter (Wallac, UK) and the 

s captured data processed in Microsoft Excel (Microsoft, US). The data was expressed as an 

ICSO, namely the concentration of inhibitor at which 50% of control binding occurs. The 

percentage bind~ng is determined from the equation: 

10 

15 

where CTB are the counts bound to fibronectin (or VCAM-1) coated wells without inhibitor 

present, CNS are the counts present in wells without substrate, and CJ are the counts present in 

wells containing a cell adhesion inhibitor. 

Compound data of this invention is expressed for IC5os for inhibition of cell adhesion to 

both fibronectin and VCAM-1. Particular compounds of the invention inhibit cell adhesion to 

fibronectin and VCAM-1 with ICSOs in the range 100 micromolar to 0.01 nanomolar. Preferred 

compounds of the invention inhibit cell adhesion to fibronectin and VCAM-1 with ICSOs in the 

range 1.0 micromolar to 0.(\1 nanomol:lr. Especial!y preferred compounds of the invention 

inhibit cell adhesion to fibronectin and VCAM-l with ICSOs in the range 10 nanomolar to 0.01 

20 nanomolar. 

2. Inhibition of antigen-induced airwav inflammation in the mouse and rat. 

2.1 Sensitization of the animals. 

25 Rats (Brown Norway, Harland Olac, UK) are sensitized on days 0, 12 and 21 with ovalbumin 

(100 µg, intraperitoncally [i.pJ, Sigma, UK) administered with aluminium hydroxide adjuvant 

(100mg, i.p., Sigma, UK) in saline (lml, i.p.). 

30 

In addition mice (C57) are sensitized on days 0 and 12 with ovalbumin {lOµg, i.p.) administered 

with aluminium hydroxide adjuvant (20mg, i.p.) in saline (0.2ml, i.p.). 

2.2 Antigen challenge. 

Rats are challenged on any one day between days 28-38, while mice are challenged on any one 

day between days 20-30. 
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The animals are challenged by exposure for 30 minutes (rats) or l hour (mice) to an aerosol of 

ovalbumin (IOg /I) generated by an ultrasonic nebulizer (deVilbiss Ultraneb, US) and passed into 

an exposure chamber. 

5 2.3 Treatment protocols. 

Animals are treated as required before or after antigen challenge. The aqueous-soluble 

compounds of this invention can be prepared in water (for oral, p.o. dosing) or saline (for 

intratracbeal, i.t. dosing). Non-soluble compounds are prepared as suspensions by grinding and 

sonicating the solid in 0.5 % methyl cellulose I 0.2 % polysorbate 80 in water (for p.o. dosing, 

10 both Merck UK Ltd., UK) or saline (for i.t. dosing). Dose volumes are: for rats lml I kg, p.o. or 

O.Smg I kg, i.t.; for mice 10ml I kg, p.o. or lml I kg, i.t. 

2.4 Assessment of airway inflammation. 

The cell accumulation in the lung is assessed 24 hours after challenge (rats) or 48-72 hours after 

l.S challenge (mice). The animals are euthanized with sodium pentobarbitone (200mg/kg, i.p., 

Pasteur Merieux, France) and the trachea is immediately cannulated. Cells are recovered from 

the airway lumen by bronchoalveolar lavage (BAL) and from the lung tissue by enzymatic 

(collagenase, Sigma, UK) disaggregation as follows. 

BAL is performed by flushing the ainvays with 2 aliquots (each lO ml/kg) RPMI 1640 medium 

2 0 (Gibco, UK) containing 10 % fetal calf serum (FCS, Serotec Ltd., UK). The recovered BAL 

aliquots are pooled and cell counts made as described below. 

Immediately after BAL, the lung vasculature is flushed with RPMI 1640 I FCS to remove the 

blood pool of cells. The lung lobes are removed and cut into 0.-5 mm pieces. Samples (rats: 

400mg; mice: 150mg) of homogenous lurg tissue are incubated in RPMI 1640 I FCS with 

25 collagenase (20 Ulml for 2 hours, then 60 U/ml for l hour, 37°C) to disaggregate cells from the 

tissue. Recovered cells are washed in RPMI 1640 I FCS. 

Counts of total leukocytes recovered from the ainvay lumen and the lung tissue are made with 

an automated cell counter (Cobas Argos, US). Differential counts of eosinophils, neutrophils and 

mononuclear cells are made by light microscopy of cytocentrifuge preparations stained with 

30 Wright-Giemu ~tain (Sigma, UK). T cells are counted by flow cytometry (EPlCS XL. Coulter 

Elec~ror.k:;, U~) asi~g fhmplwrc-l:sbelled antibodies aga!nst CD2 (a pan-T cell marker used to 

quantify total T cells), CD4, CD8 and CD25 (a marker of activated T cells). All antibodies were 

supplied by Serotec Ltd., UK) 

35 

.... 
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The cell data was expressed as mean cell numbers in unchaUenged,.challenged .and vehicle 

treated, and challenged and compound treated groups, including the standard error of the 

means. Statistical analysis of the difference among treatment groups was evaluated using one-

s way analysis of variance via the Mann-Whitney test. Where p < 0.05 no statistical significance 

existed. 

10 

The inhibitors of the invention caused a statistically significant reduction in eosinophil and 

lymphocyte numbers in the BAL and airway tissue at doses within the range 100 mg/kg to 0.01 

mg/kg. 

3. Inhibition of Antieen Induced Airwav Sensitivitv in Allergic Sheep 

The experiment was performed essentially as described in W. M. Abraham et al, J. Clin. Invest., 

(1994) Vol 93, 776-787. The experiment used allergic sheep which had been previously shown to 

15 develop early and late phase responses to inhaled challenge with Ascaris suum antigen. The 

inhibitors of the invention were delivered as an aerosol to the sheep and caused a statistically 

significant reduction of Ascaris suum induced airway responses. 
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CLAIMS 

1. A compound of general formula (I):-

wherein:-

RI is hydrogen, halogen, hydroxy, lower alkyl or lower alkoxy; 

Xl. x2 and x6 independently represent Nor CRlO; and 

(0 
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one of X3, x4 and xS represents CRll and the others independently represents Nor 

(where RIO is hydrogen, amino, halogen, hydroxy, lower alkyl, lower alkoxy, lower alkylthio, 

lower alkylsulphinyl, lower alkylsulphonyl, nitro or trifluoromethyl; and R 11 represents a group ~:< ... 

-L1-Ar1-L2_y in which: 

1.5 Ll reJW"'esents a -R2-R3- linkage, where R2 is a straight or branched C1-6alkylene chain, a 

straight or branched Cz-6alkenylene chain or a straight or branched C2-6alkynylene chain, and 

R3 is a direct bond, cycloalkylene, heterocycloalkylene, arylene, heteroaryldi)•l, -C(=Z)-NR4-, 

-NR4-c(=Z)-, _zl_, -C(=O)-, -C(=NOR4)-, -NR4-C(=Z)-NR4-, -SOz-NR4-, -NR4-soz-, 

-0-C(=O)-, -C(=0)-0-, -NR4-C(=O)-O- or -O-C(=O)-NR4- (where R4 is a hydrogen atom or a 

20 lower alkyl group; Z is 0 or S; zl is 0, S(0)0 or NR4 and n is zero or an integer 1 or 2); but 

25 

excluding compounds where an oxygen, nitrogen or sulphur atom in R3 is attached directly to a 

carbon carbon multiple bond in R2; 

Arl is arylene or heteroaryldiyl; 

Ll represents: (i) a direct bond; 

(ii) an alkylenc, alkenylene. alkynylenc, cycloalkenylcnc, cycloalkylene, 

heteroaryldiyl, heterocycloalkytene or arylene linkage each optionally 

substituted by (a) an acidic functional group (or corresponding protected 

derivative), RS. -ZH. -zR5. -C(=O)-R5, -N(R l 2)-C(=::O)-R 13, 
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-N(R 12)-C(=O)-OR 13, -N(R 12)-S02-R 13, -NV l y2, or 

-[C(=O)-N(R6)-C(R4)(R7)1p-C(==O)-NY1Y2, or by (b) alkyl substituted by 

an acidic functional group (or corresponding protected derivative), or by 

-ZR, -zRS, -C(=O)-NY1y2 or-NYI y2; 

(iii) a -(C(=O)-N(R6)-C(R4)(R7)Jp· linkage; 

{iv) a .z2-R9- linkage; 

(v) a -C(=O)-CH2-C(=O)- linkage; 

(vi) a -R9-z2-R9- linkage; or 

(vii) a -C(R4)(R8)-(C(=O)-N(R6)-C(R4)(R 7>1p- linkage; 

10 {in which 

15 

RS is alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, cycloalkyl, cycloalkylalkyl, 

cycloalkenyl, cycloalkenylalkyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, 

beteroarylalkynyl, heterocycloalkyl, or heterocycloalkylalkyl; 

R6 is hydrogen, RS or alkyl substituted with alkoxy, cycloalkyl, hydroxy, mercapto, alkylthio or .... 

-NYiY2; 

R7 and R8 are each ~ndependently selected from hydrogen or~ group consisting amino acid side 

chains and corresponding protected derivatives, an acidic functional group (or corresponding 

protected derivative), RS, -zRS, -C(=O)-RS, or -C(=O)-NYly2, or alkyl substituted by an acidic 

functional group (or corresponding protected derivative) or by RS, -zRS, -NYl y2, 

20 -NH-C(=O)-RS, -C(==O)-R2-NH2, -C(=O)-Arl-NH2, -C(=O)-R2-C02H, or -C(==O)-NYIY2; 

or R6 and R7 or R6 and R8 together with the atoms to which they attached form a 3- to 

6-membered heterocycloalkyl ring; 

R9 is C1-6alkylene, optionally substituted by RS; 

R 12 is hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, 

2 5 heterocycloalkyl or heterocycloalkylalkyl; 

f{ 13 is alkyl, aryl, cycloalkyl, heteroaryl or heterocyclo:dkyl, or alk<yl substituted by aryl, an 

acidic functional group (or corresponding protected derivative), cycloalkyl, hcteroaryl, 

lteterocycloalkyl, -ZH, -zR5, -C(=O)-Nvly2 or -NYl y2; 

yl and y2 are independently hydrogen, alkenyl, alkyl, alkynyl, aryl, cycloalkenyl, cycloalkyl, 

3 0 heteroaryl, heterocycloalkyl, or alkyl substituted by alkoxy, aryl, cyano, cycloalkyl, heleroaryl, 
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heterocycloalkyl, hydroxy, oxo, -NY l y2, or one or more -C02R 12 or -C(=O)-NY l y2 groups; or 

the group-NY1y2 may form a 5- to 7-membered cyclic amine which (i) may be optionally 

substituted with one or more substituents selected from alkoxy, carboxamido, carboxy, hydroxy, 

oxo (or a 5-, 6- or 7-membered cyclic acetal derivative thereof), R 13; (ii) may also contain a 

5 further heteroatom selected from 0, S, SOz, or NY3 fwhere yJ is hydrogen, alkyl, aryl, 

arylalkyl,-C(=O)-Rl4,-c(=O)-OR14 or -S02Rl4 (in which Rl4 is alkyl, aryl, arylalkyl, 

cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl or 

heterocycloalkylalkyl)I; and (iii) may also be fused to additional aryl, heteroaryl, 

heterocycloalkyl or cycloalkyl rings to form a bicyclic or tricyclic ring system; 

l 10 z2 is 0, S(0)0 , NR4, SONR4, C(=O)NR4 or C(=O); and 

pis zero or an integer 1 to 4}; and 

Y is carboxy (or an acid bioisostere) or-C(=O)-NY 1 y2); 

and the corresponding N-oxides, and their prod rugs; and pharmaceutically acceptable salts and 

solvates of such compounds and their N-oxides and prod rugs; but excluding the compounds (2-

15 {2-( 4-(3-(2-methylphenyl)ureido )-phenyl )-acetylamino }-thiazol-4-yl)-acetic acid, 2-

phenylacetylamino-3-{ 4-( 4-(3-(2-methylphenyl)ureido )-benzyloxy)-phenyl}-propionic acid, 2-
• 

phenylacetylamino-3-(4(2-(4-(3-(2-methylphenyl)ureido)-phenyll-elhoxy}-phenyl)-propionic 

acid, 2-benzylsulphonylamino-3-(4-(4-(3-(2-methylphcnyl)ureido)-benzyloxyJ-phenyl}-propionic 

acid, (butane-l-sulphonylamino)-{2-(4-(3-(2-methylphenyl)-ureido)-benzyl(-benzofuran-6-yl}-

2 O acetic acid, 3-(benzylaminocarbonyl)-( 4 {2-( 4-(3-(2-methylphenyl)ureido )-phenyl)-etboxy}-

benzyl )-11roriionic acid and 2-benzyloxycarbonylamino-3·(5-{3-(4-(3-(2-methylphenyl)ureido)-

phenylj-propyl}-thiopbene-2-yl)-propionic acid; and with the proviso that Ll cannot represent 

C1-6alkylene-C(=O)-NH- or C1-6alkylene when Arl represents optionally substituted phenylenc, 

Y represents -COzH, -S03H, -P04H2 or tctrazolc. and L2 represents (i) a direct bond, (ii) an 

25 alkylcne or alkenylene linkage each optionally substituted by (a) alkyl, alkenyl, alkynyl, 

cycloalkyl, cycloalkenyl, aryl, arylalkyl, heteroaryl, hcteroarylalkyl or hetuocycloalkyl, or by (b) 

al!<yl substituted by alkoxy, hydroxy, arylalkyoxy, hetcroarylalkyloxy, alkylthio. carh'lxy, 

alkoxycarbonyl, or-C(=O)-NH2, (iii) a -(C(=O)-N(R6}-C(R4)(R7)lp- linkage in which R4 is 

hy<lrogen 'Jr lower alkyl, R6 is hydrogen, alkyl, alkenyl, alkynyl, cydoalkyl, cycloalkylalkyl, 

3 0 cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, 

heterocycloalkylalkyl or alkyl substituted by alkoxy, hydroxy or alkylthio, R 7 is hyd rogcn, alkyl, 
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alkenyl, alkyoyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, 

heteroaryl, heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl or alkyl substituted by 

alkenyl, alkynyl, alkoxy, hydroxy, arylalkyloxy, heteroarylalkyloxy, alkylthio, carboxy, 

alkoxycarbonyl or carboxamide, and pis one, (iv) a -z2-R9- linkage in which z2 is 0, S, NR4, 

S SOzNR4 or C(=O)NR4 and R9 is C14alkylene, optionally substituted by alkyl, alkenyl, alkynyl, 

cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, heteroaryl, 

heteroarylalkyl, heterocycloalkyl or beterocycloalkylalkyl, or (v) a -CH2-z2-R9- liRk.age in 

which z2 is 0, NR4 or C(=O)NR4 and R9 is C1_4alkylene, optionally substituted by alkyl, 

alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, arylalkyl, 

10 heteroaryl, heleroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl. 

2. A compound according to claim 1 in which R 1 represents hydrogen. halogen, lower alkyl 

or lower alkoxy. 

15 3. A compound according to claim 2 in which R l represents hydrogen. 

20 

25 

30 

4. A compound according to any preceding claim.in which xI represents C-RlO where RlO 

is lower alkyl, lower alkoxy, lower alkylthio, lower 11.lkylsulphinyl or lower alkylsulphonyl. 

5. A compound according to claim 4 in which xt represents CRlO where RIO is lower alkyl 

or lower alkoxy. 

6. A compound according to claim 4 in which xl represents CR10 where RIO is methyl. 

7. A compound according to any preceding claim in which x2 represents CRIO where R 10 

is hydrogen, lower alkyl, lower alkoxy, lower alkylthio, lower alkylsulphinyl or lower 

alkylsulphonyl. 

8. A compound according to claim 7 in which R HJ is lower alkoxy. 

9. A compound according to any preceding claim in which xJ and x6 represent CH. 

... 
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10. A compound according to any preceding claim in which one or x4 and xS represents 

CR 11 and the other represents CH. 

11. A compound according to claim 10 in which within Rll the moiety Ll represents a 

S -R2-R3- linkage wherein R2 represents a straight or branched C1-6alkylene chain and R3 

represents -C(=O_>-NR4- where R4 is hydrogen or C1_4alkyl. 

12. A compound according to claim 10 in which within R 11 the moiety L1 represents 

-CH2-C(=O)-NR4- where R4 is hydrogen or methyl. 

I 10 

13. A compound according to any one or claims 10-12 in which within R 11 the moiety Arl 

represents optionally substituted p-phenylene or optionally substituted p-pyridindiyl. 

14. A compound according to claim 13 in which Ari represents unsubstituted p-phenylene. 

15 

15. A .compound according to claim 13 in which Ari represents unsubstituted p-pyridindiyl. 

16. A compound according to any one of claims 10-15 in which within R 11 the moiety L2 

represents (a) a direct bond (b) an optionally substituted straight or branched alkylene linkage 

20 (c) an unsubstituted straight or branched alkenylene linkage or (d) a _z2-R9-1inkage. 

25 

30 

17. A compound according to claim 16 in which L2 represents a substituted straight or 

branched C 1-4alkylene linkage. 

18. A compound according to claim 17 in which L2 represents a substituted ethylene linkage. 

19. A compound according to claim 17 or claim !8 in which the alkyfone substituent is 

sck~tcrl f rnru !:;we:- a~kyl, a1yl, heteroaryl, -N(R 12)-C(=O)-R 13, -N(R !2)-C(=O)-OR 13, 

-N(Rl2)-S02-Rl3, -NYl y2 and -[C(=O)-N(R6)-C(R4)(R 7)1p-C(:::O)-NYly2. 

.... 
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R' 

20. A compound according to claim 16 in which L2 represents a group 
I 

-C-CH-1 2 , 

RlS 

where R4 is hydrogen or lower alkyl and R IS represents lower alkyl, or where R4 is hydrogen 

and R 15 represents aryl, heteroaryl, -N(R 12)-C(=O)-R 13, -N(R 12)-C(=O)-OR 13, 

-N(Rl2)-S02-R~3, -Nvly2 or-(C(=O)-N(R6)-C(R4)(R7)lp-C(=O)-NY1Y2. 

21. A compound according to claim 16 in which L2 represents a group -CH-CH2 
115 
R 

where RlS represents-N(Rl2)-C(=0)-R13, -N(R12)-C(=O)-ORl3, -N(Rl2)-S02-R13 or 

-NY1Y2. 

1.0 22. A compound according to claim 16 in which L2 represents a group -yH-CH2 

RlS 

or-NY1Y2. 

23. A compound according to any one of claims 10-22 in which within Rll the moiety\' 

1.5 represents carbox:y or an acid bioisosterc. 

24. A compound according to claim 23 in which Y represents carboxy. 

25. Compounds according to claim l having the formula (Ia):-

20 

(la) 

in which RI, R2, Ll, XI, Xl, X3 and Y arc as defined in claim 1, Arl is arylene and 

... 
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-R2-C(=O)-NH-Ar1-L2_ y is attached at the ring 3 or 4 position, and their prodrugs and 

pharmaceutically acceptable salts, and solvates (e.g. hydrates) of compounds of formula (Ia) and 

their prodrugs. 

26. Compounds according to claim l having the formula (lb):-

H D 1 
2 o I( ~> R2Jl _,,,ArLL2-y 

o xtd. D 
'x3 

(lb) 

in which Rl, Rl, L2, xI, x2, x3 and Y are as defined in claim l, Arl is heteroaryldiyl and 

10 -R2-C(=O)-NH-ArLL2_y is attached at the ring 3 or 4 position, and their prodrugs and 

pharmaceutically acceptable salts, and solvates (e.g. hydrates) of compounds of formula (lb) and 

their prodrugs. 

27. A compound according to claim 25 or claim 26 in which RI represents hydrogen. 

15 

28. A compound according to any one of claims 25-27 in which R2 represents a straight or 

branched C1-6alkylene chain. 

29. A compound according to claim 28 in which R2 represents methylene. 

20 

30. A compound according to any one of claims 25, 27, 28 or 29 in which Arl represents 

optionally substituted p-phenylene. 

31. A compound according to claim 30 in which Arl represents unsubstituted p-phenylene. 

25 

32. A compound according to any one of claims 26-29 in which Ari represents optionally 

substituted p-ryridindiyl. 

33. A com(lound according to claim 32 in which Ari rerrcsents unsubstituted p-pyridindiyl. 

30 

.. 
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34. A compound according to any one of claims 25-33 in which L2 represents a substituted 

straight or branched C1-4alkylene linkage. 

35. A compound according to claim 34 in which L2 represents a substituted ethylene linkage. 

36. A compound according to claim 34 or claim 35 in which the alkylene substituent is 

selected from lower alkyl, aryl, heteroaryl, -N(R 12)-C(=O)-R 13, -N(R 12)-C(=O)-OR 13, 

-N(Rl2)-S02-R13, -NYl y2 or -(C(=O)-N(R6)-C(R4)(R7)1p-C(=O)-NY1 y2. 

10 37. A compound according to any one or claims 25-33 in which L2 represents is a 

15 

R' 
I 

-C-CH- linkage, where R4 is hydrogen or lower alkyl (e.g. methyl) and Rl5 represents 
115 2 
R 

lower alkyl (e.g. methyl), or where R4 is hydrogen and RlS represents aryl, heteroaryl, 

-N(Rl2)-C(=O)-R13,-N(R12)-C(=O)-OR13, -N(R12)-S02-R13, -Nvly2 or 

-(C(=O)-N(R6)-C(R4)(R 7)lp-C(=O)-NY1 y2. 

38. A compound according to claim 37 in which L2 represents a -cn-cn2 linkage, 
115 
R 

where R 15 represents -N(R 12)-C(=O)-R 13, -N(R 12)-C(=O)-OR 13, -N(R 12)-S02-R 13 or 

-NYly2. 

20 39. A compound according to claim 37 in which L2 represents a -CH-CH2 linkage, 

l 15 
R 

where RlS represents -N(Rl2)-C(=O)-Rl3, -N(Rl2)-C(=O)-OR13, -N(Rl2)-S02-Rl3 or 

-Nv•v2. 

40. A compound according to any one of claims 24-38 in which X l represents CR I 0 where 

25 RIO is lower alkyl or lower alkoxy. 

4 l. A compound according lo claim 40 in which R 10 is methyl. 
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42. A compound according to any one of claims 25-41 in which X2 represents CRlO where 

R 10 is lower alkyl, lower alkoxy, lower alkylthio, lower alkylsulphinyl or lower alkylsulphonyl. 

43. A compound according to claim 42 in which R 10 is lower alkoxy. 

44. A compou-nd according to any one of claims 25-43 in xJ represents CH. 

45. A compound according to any one of claims 25-44 in which Y represents carboxy. 

46. A compound according to any one of claims 25-45 in which the group 

-R2-C(=O)-NH-Ar1-L2_ y is attached at the ring 4 position. 

47. A compound selected from the following: 

15 (R)-3-acetylamino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureido}phenyl-acetylamino}phenyl)-

propanoic acid; 

(R)-3-(4-carboxyhutanoylamino)-3-(4-{3-methoxy-4-{3-(2-methylphenyl)ureidofphenyl­

acetylamino}phenyl)-propanoic acid; 

(R)-3-(3-carboxypropanoylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidolphenyl-

20 acetylamino}phenyl)-propanoic acid; 

(R)-3-(pyridine-3-carbonylamioo}-3-(4-{3-methoxy-4-{3-(2-methylpbenyl)ureido}phenyl­

acetylamino}phenyl)-propanoic acid; 

(R)-3-benzoylamino-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidoJphenylacetylamino}phenyl)-

propanoic acid; . 
2 5 (R)-3-{ 2-(2-methoxycthoxy)acctylamino 1-3-( 4-{3-m ethoxy-4-{3-(2-methylphenyl)ureido I phenyl-

acetylam ino) phenyl)-propanoic acid; 

(R)-3-f(tetrahydropyran-4-carbonyl)aminol-3-(4-(3-methoxy-4-(3-(2-methylphenyl)ureidol­

phcnylacctylamino} phenyl)-propanoic acid; 

( R )-3-1 ( 5-m eth yl-iso xazol e-3-ca rbo nyl )-a mi no l-3-( 4-( 3~m cth ox y-4-13-(2-m ethyl phenyl) u rei do 1-

30 phen~·lacetylamino}phc.nyl)-rrnpanoic acid; 

(R}-3-((thiopbene-2-carbonyl)-aminol-3-(4-{3-methoxy-4-{3-(2-mcthylphenyl)ureidolphenyl­

acetylamino}phenyl)-propanoic acid~ 

(R)-3-( ( 4-ca rho xybenzoyl )-aminoj-3-( 4-( J-methoxy-4-(3-(2-mcthyl phenyl)ureido I phenyl­

acetylam ino} phenyl)-propanoic acid; 
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(R)-3-{(pyridazin-3-carbonyl)-aminol-3-(4-{3-metho:x:y-4-13-(2-methylphenyl)ureido)phenyl­

acetylamino}phenyl)-propanoic acid; 

(R)-3-{(3,4-dimetho:x:yhenzoyl)-amino1-3-( 4-{3-metho:x:y-4-(3-(2-methylphenyl)ureido I phenyl­

acetylamino} phenyl)-propanoic acid; 

5 (R)-3-((pyridazin-3-carbonyl)-aminof-3-(4-{4-(3-(2-methylphenyl)ureidof phenylacetylamino}­

phenyl)-propanoic acid; 

(R)-3-(4-carboxy-~,3-dimethyl-butanoylamino)-3-(4-{3-methoxy-4-(3-(2-methylphenyl)ureidol­

phenylacetylamino }-phenyl)-p ropanoic acid; 

(R)-3-(benzoylamino)-3-(4-{4-(3-(2-methylphenyl)ureidolphenylacetylamino}phenyl)-propanoic 

10 acid; 

15 

20 

(R)-3-( 4-ca rboxybutanoylamino )-3-( 4-{4-( 3-(2-methylphenyl) ureido I phenylacetylamino}-phenyl)­

propanoic acid; 

and the corresponding N-oxides, and their prod rugs; and pharmaceutically acceptable salts and 

sol'Vates or such compounds and their N-oxides and prod rugs. 

48. (R)-3-( 4-Carboxybutanoylamino )-3-( 4-{3-methoxy-4-(3-(2-methylphenyl)ureidol phenyl-

acetylamino} pbenyl)-propanoic acid, and the corresponding N-oxide, and its prodrugs; and 

pharmaceutically acceptable salts and solvates of this compound and its N-oxide and prodrugs. 

49. (R)-3-Benzoyl2mino-3-(4-{3-methoxy-4-f3-(2-methylphenyl)ureidoJphenylacetylamino}-

phenyl)propanoic acid, and the corresponding N-oxide, and its prod rugs; and pharmaceutically 

acceptable salts and solvates or this compound and its N-ox:ide and prodrugs. 

50. A compound according to claim l 

25 wherein:-

CRIO 

R l is hydrogen, halogen, lower alkyl orlower alkox:y; 

xl, x2 and x6 independently represent Nor CRlO; and 

one of x3, x4 and xS represents CR 11 and the others independently represents Nor 

3 (l [where R 10 is hydrogen, halogen, iower alky1 or i:>wcr aikoxy; and R i 1 represt"nts a group 

-LLArLLl.y in which: 

Ll represents a -R2-R3- linkage, where R2 is a straight or branched c1_6alkylenc chain, a 

straight or branched C2-6alkcnylene chain or a straight or branched Cz-6alkynylene chain, and 

RJ is a direct IJond, cycloalkylenc, heterocycloalkylenc, arylene, heteroaryldiyl, -C(==Z)-NR4-, 

.. 
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-NR4-C(=Z)-, -Z'-. -C(=O)-, -C(=NOR4h -NR4-C(=Z)-NR4-, -SOz-NR4-, -NR4-so2-. 

-0-C(=O)-, -C(=0)-0-, -NR4-C(=O)-O- or -0-C(=O)-NR4- (where R4 is a hydrogen atom or a 

lower alkyl group; Z is 0 or S; zl is 0, S(0)0 or NR4 and n is zero or an integer 1 or 2); but 

excluding compounds where an oxygen, nitrogen or sulphur atom in RJ is attached directly to a 

5 carbon carbon multiple bond in R2; 

Ari is arylene or heteroaryldiyl; 

10 

l.5 

L2 represents: (i) a direc:t bond; 

(ii) an alkylene, alkenylene, alkynylene, cycloalkenylene, cycloalkylene, 

beteroaryldiyl, heterocycloalkylene or arylene linkage each optionally 

substituted by (a) an acidic functional group (or corresponding protected 

derivative), RS, -ZH. -zRS, -C(=O)-RS, -NH-C(=O)-RS, -NYl y2, or 

-(C(==O)-N(R6)-C(R4)(R7)1p-C(=O)-NYly2, or by (b) alkyl substituted by 

an acidic functional group (or corresponding protected derivative), or by 

-ZH, -zRS or -NY1Y2; 

(iii) a -{C(=O)-N(R6)-C(R4)(R7)1p- linkage; 

(iv) a _z2-R9- linkage; 

(v) a -C(=O)-CH2-C(=O)- linkage; 

(vi) a -R9-z2-R9- linkage; or 

(vii) a -C(R4)(R8)-(C(=O)-N(R6)-C(R4)(R 7)) 11- linkage; 

20 {in which 

RS is alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, cycloalkyl, cycloalkylalkyl, 

cycloalkenyl, cycloalkenylalkyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, 

heteroarylalkynyl, heterocycloalkyl, or heterocycloalkylalkyl; 

R6 is hydrogen, RS or alkyl substituted with alkoxy, cycloalkyl, hydroxy, mercapto, alkylthio or 

R7 and R8 arc each independ<!ntly selected from hydrogen or a group cansisting amino acid side 

chains and corresrondiog protected duivatives, an acidic functional grou(l (or corresponding 

protr.ctcd derivative), RS, -zRS, -C(::=:O)-RS, or -C(=O)-NY l y2, or alkyl substituted by an acidic 

functional group (or corresponding protected derivative) or by RS, -zR5, -Nvly2, 

.... 
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or R6 and R 1 or R6 and R8 together with the atoms to which they attached form a 3- to 

6-membered heterocycloalkyl ring; 

R9 is C1-6alkylene, optionally substituted by RS; 

yl and y2 are independently hydrogen, alkyl (optionally substituted with hydrox.y, 

S heterocycloalkyl, or one or more carboxy or -C(=O)-NHR4 groups), aryl, heteroaryl or 

heterocycloalkyl; or the group -NYI y2 may form a 5- to 7-mcmbered cyclic amine which (i) may 

be optionally substituted with one or more substituents selected from carboxamido, carboxy, 

hydroxy, oxo, or alkyl optionally substituted by carboxy or carboxamido; (ii) may also contain a 

further heteroatom selected from 0, S, S02, or NH; and (iii) may also be fused to additional 

I 10 

15 

-aryl, hetcroaryl, heterocycloalkyl or cycloalkyl rings to form a bicyclic or tricyclic ring system; 

zl is o. S(O)n, NR4, SONR4, C(=O)NR4 or C(=O); and 

p is zero or an integer l to 4}; and 

Y is carboxy (or an acid bioisostere) or -C(=O)-NY l y2); 

and their prodrugs; and pharmaceutically acceptable salts and solvates of such compounds and 

their prodrugs. 

51. A pharmaceutical composition comprising an effective amount of a compound according 

to claim l or a corresponding N-oxide, or a prod rug thereof; or a pharmaceutically acceptable 

salt or solvate of such a compound or its N-oxide or a prod rug thereof, in association with a 

2 0 pharmaceutically acceptable carrier or excipient. 

25 

30 

52. A compound according to claim 1 or a corresponding N-oxide, or a prod rug thereof; or a -

pharmaceutically acceptable salt or solvate of such a compound or its N-oxide or a prod rug 

thereof for use in therapy. 

53. A compound according to claim 1 or a corresponding N-oxidc, or a prodrug thereof; or a 

pharmaccl..!tically acceptable salt or solvacc of such a compound or its N-oxide or a prod rug 

ther1.:of for use in the treatment of a patient sufferin~ from, or subject to, conditions which can 

be ameliorated by the administration of an inhibitor of a4(3 I mediated cell adhesion. 

54. A composition according to claim 51 for use in the treatment of a patient suffering from, 

or subject to, conditions which can be ameliorated by the administration of an inhibitor of a4~ I 

mediated cell adhesion. 
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55. A compound or composition according to claim l or SI respectively for use in the 

treatment of inRammatory-diseases. 

56. A compound or composition according to claim I or 51 respectively for use in the 

treatment of asthma. 

S7. Use or a compound according to claim 1 or a cor~pondiog N~xide, or a prodrug 

thereof; or a pharmaceutically acceptable salt or solvate of such~ compound or its N~xide or a 

prod rug thereof in the manufacture of a medicament for the treatment of a patient suffering 

from, or subject to, conditions which can be ameliorated by the, administration of an inhibitor of 

a.4P l mediated cell adhesion. 

58. Use of a compound according to claim l or a corresponding N-oxide, or a prod rug 

thereof; or a pharmaceutically acceptable salt or solvate of such a compound or its N-oude or a 

prod rug thereof in the manufacture of a medicament for the treatment of asthma. 

59. A cani;nund as substantially hereinbefore described with references to 

the Examples. 


