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BACKGROUND OF THE INVENTION

5 This invention relates to materials which modulate the action of thrombin on
cells of the vascular and circulating blood system. It is well known that thrombin has
multiple activities. Perhaps the most well known activity of this serine protease is to
convert fibrinogen to fibrin which clots blood. Additional functions of thrombin are
widespread and diverse and appear to involve cellular activations which are mediated

10  through cellular thrombin receptor(s). For example, thrombin is the most potent activator
of platelets; it is chemotactic for monocytes; it is mitogenic for lymphocytes and -
mesenchymal cells including vascular smooth muscle cells and; it promotes numerous
respanses within the vascular endothelium. See, Coughlin, ct al., J. Clin. Invest. 89:351-
355 (1992). Because these cell activating functions of thrombin occur within the range of

15 concentrations normally required for the clotting of blood, thrombin has been proposed to
play impottant physiclogical roles not only in hemostasis and thrombosis but may also
have principle roles in mediating responses to vascular injury such as leukocyte chemotaxis
to mediate inflammation, cellular proliferation to mediate restenosis, glomerolonepbritis,
and wound repair such as occurs in bone remodeling.

20 The role of thrombin in acute thrombosis has been clearly established. For
a review, see, Chesbro et al., Thromb. Haemosias., 66:1-5 (1991). However, thrombin’s
role in thrombosis is not limited to its blood clotting activity but also extends to platelet
aggregation as thrombin appears to be the principle physiological mediator of platelet
aggregate formation at sites of vascular injury resulting from the activation of the platelet

25  thrombin receptor. Recent antithrombotic approaches inhibit or modulate the enzymatic
activity of thrombin and include compounds such as heparin, low molecular weight
heparins, PPACK, hirudins, argatroban, and the hirulogs. All of these agents inhibit the
catalytic activity of the enzyme. Therefore, these agents not only inhibit the pro- and
anticoagulant actions of thrombin but also the cell activating functions of thrombin as well.

30  Accordingly, none of these agents are useful for specifically inhibiting the cellular actions
of thrombin. No agent which specifically targets the thrombin receptor has been clinically
developed. Previous attempts to identify a thrombin receptor inhibitor have been thwarted
by the inability of researchers, until very recently, to identify the physiologically relevant
and functional thrombin receptor.

35 Thrombin has numerous effects on a variety of cells outside of platelets.
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(1999 receptor and sugzest that thrombin may also play a central role in initiating inflammatory
and cellular proliferative responses to vascular injury linking it with the coagulation and
hemostasis cascades. While most of these responses to thrombin suggest such a linkage
between hemostasis and vazcular repair, this hypothesis remains to be tested. Agents
which specifically effect the activation of thrombin receptor(s) within cells are ideally
15  suited fo this purpose.

Restenosis, the vascular hyperproliferative response to blood vessel wall
injury induced by interventional procedures such as coronary angioplasty, may be
stimulated by thrombin-induced cellular events as sites of injury either directly or
indirectly. Cellular proliferation may be simulated indirectly by the release of potent

20  growth factors from locally adherent platelets or by the action of thrombin on endothelial
cells which could release PDGF upon stimulation. Smooth muscle cell proliferation within
diseased vessels may also be stimulated directly by thrombin due to the high local
concenfration of thrombin generated at the vascular injury sites created by the active
platelet-rich thrombus. Indeed, recent studies with the potent thrombin inhibitor hirudin

25  suggest that thrombin plays such a role in the restenosis process, but it is not known for
these studies whether thrombin’s effect is direct or indirect. See, Sarembock, et al.,
Circulation, 84:232-243, (1992).

Although the cellular actions of thrombin have the potential for causing
various pathological conditions, there are no known therapeutic agents which specifically

30  Dblock the cellular actions of thrombin, Recently, however, a functional thrombin receptor
¢DNA has been cloned and expressed from megakaryoblastic cells lines, and the presence
of mRNA encoding this receptor has been demoanstrated in human platelets and vascular
endothelial cells. See, Vu, et al., Cell, 64:1057-1068 (1951). This development has
created significant opportunities to develop highly specific agents which target the cellular

35 thrombin receptor,

Close inspection of the predicted amino acid sequence of the thrombin
receptor revealed a potential recognition and thrombin cleavage sequence within the 100-
residue amino terminal domain of the receptor. Subsequent mutagenesis studies of the
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10 receptor proteolysis may directly interact with a “ligand binding site” within the body of
the receptor ieading to receptor activation. While both of these potential mechanisms are
quite similar, if not semantic, it appears that the tethered ligand® hypothesis is the more
likely explanation for receptor signaling. Synthetic peptides which mimic the new amino
acid sequence revealed upon receptor proteolysis function as full agonists of the platelet

15  receptor even in the absence of proteolytic cleavage of the receptor. This suggests that the
new amino acid sequence at the amino terminus of the receptor revealed npon cleavage of
the receptor functions as a “tethered ligand™ and interacts at a distal "binding site”. These
effects have been confirmed with the hamster receptor activated with the hamster "tethered
ligand™ peptide. See, Vouret-Craviari, et al., Mol. Biol. Cell. 3:95-102, (1992).

20  Additional studies with agonist peptides have confirmed the similarity of putative thrombin
receptors present in platelets, endothelial cellg, fibroblasts and smooth muscle cells. See,
Hung et al., J. Cell. Biol. 116:827-832, (1992) and Ngaiza and Jaffe, Biochen. Biophys.
Res. Commun. 179:1656-1661 (1991).

Most research conducted to date on modulating the actions of thrombin have

25  been directed toward non-specific inhibition of the catalytic activity of thrombin. These
efforts have resulted in thrombin inhibitors which effect both the pro- and anti-coagulant
actions of thrombin. For a review, see, Chesbro and Fuster, Circulation, 83:1815-1817
(1991). Certain investigators have also attempted to inhibit the cellular activities of
thrombin by using polypeptides prepared from the sequence of thrombin. See, Camey and

30 Glenn, International Patent Application Under the PCT, No. WO 88/03151, 5 May 1988.
Another report has focused on the preparation of certain dipeptides and analogs which
appear to inhibit thrombin-cellular activities without effecting the catalytic activity of
thrombin. See, Ruda, et al., Biochem. Pharmacol. 39:373-381 (1990). Both of these
approaches display a certain degree of specificity but are limited due to their lack of potent

35 effects.

Structure-activity studies using the thrombin receptor agonist peptide
sequences have also been reported. A pentapeptide sequence, Phe-Leu-Leu-Arg-Asa-OH,
based on a portion of the agonist peptide minimum structure has been shown to be a weak
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A different approach to receptor antagonism has been investigated by others
who have raised antibodies against a peptide sequence within the amino-terminal domain of
5  the thrombin receptor which appears to be a binding/recognition site for thrombin. Thee
antibodies effectively and specifically block thrombin-induced responses in platelets,
thereby acting as antagonists of the thrombin receptor. See, Hung et al,, J, Clin. Invess.
89:1350-1353 (1992).
The lack of potency and/or specificity of the above described approaches to
10 thrombin receptor antagonism limits their utility as thrombin receptor antagonists, Thus,
highly potent and specific inhibitors of the thrombin receptor are the focus of this
invention,

SUMMARY OF THE INVENTION

Peptide derivatives which act as potent and highly specific thrombin receptor
15 antagonists have now been discovered, These antagonists exhibit specificity for the
celiular thrombin receptor, which allows them to modulate cellular responses such as
platelet aggregation without interfering with certain desired catalytic activities of thrombin,
such as the conversion of fibrinogen to fibrin. These peptide derivatives include peptides
and modified peptides which contain functional groups that enhance in vivo stability and
20  therapeutic potential.

The peptide derivatives of the present invention bind to cellular thrombin
receptors and inhibit the activation of the receptor induced by thrombin. Included among
the thrombin receptor antagonists of the invention are smalil peptide derivatives and peptide
analogs containing isosteric replacements for labile amide linkages. This preferted class of

25  peptide derivatives offers an even greater improvement in therapeutic potential since the
structure of peptide derivatives of this type renders them less susceptible to proteolytic

The invention also resides in pharmaceutical compositions containing the
peptide derivatives described above, These compositions are useful as anti-thrombotics

30  and are also useful in clinical applications including treatment of abrupt closure during
angioplasty, treatment of restenosis in the context of angioplasty, and the treatment of
unstable angina, myocardial infarction and certain forms of thrombotic or
thromboembolytic stroke. The peptide derivatives of the invention may be used alone or
in combination with other therapeutic agents such as urokinase and tPA. These
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As used herein, the term “alkyl* refers to a saturated hydrocarbon radical

5  which may be straight-chain or branched-chain (for example, ethyl, isopropyl, -amyl, or
2,5-dimethythexyl). This definition applies both when the term is used alone and when it
is used as part of a compound term, such as “aralkyl” and similar terms. Preferred atkyl
groups are those containing 1 to 10 carbon atoms. All numerical ranges in this
specification and claims are intended to be inclusive of their upper and lower limits.

10 The term "cycloalkyl” refers to a saturated hydrocarbon ring. Preferred
cycloalkyl moities are those having 3 to 8 carbon atoms in the ring, Additionally, the term
*(cycloalkylalkyl* refers to a group having a cycloalkyl moiety attached to an alkyi
moiety. Examples are cyclohexylmethyl, cyclohexylethyl and cyclopentylpropyl.

The term “alkenyl™ as used herein refers 1o an alkyl group as described

15 above which contains one or more sites of unsaturation.

. The term "alkoxy" refers to an alkyl radical as described above which also
bears an oxygen substituent which is capable of covalent attachment to another
hydrocatbon radical (such as, for example, methoxy, ethoxy, phenoxy and s-butoxy).

The term "aryl® refers to an aromatic substituent which may be a single ring

20 or multiple rings which are fused together, linked covalently or linked to a common group
such as an ethylene or methylene moiety. The aromatic rings may each contain
heteroatoms, for example, phenyl, naphthyl, biphenyl, dipheayimethyl,
2,2-diphenyl-1-ethyl, thienyl, pyridyl and quinoxalyl. The aryl moieties may also be
optionally substituted with halogen atoms, or other groups such as nitro, carboxyl, alkoxy,

25 phenoxy and the like. Additionally, the aryl radicals may be attached to other moieties at
any position on the aryl radical which would otherwise be occupied by a hydrogen atom
(such as, for exampile, 2-pyridyl, 3-pyridyl and 4-pyridyl).

‘The terms “arylalkyl”, “arylalkenyl" and "aryloxyalkyl" refer to an aryl
radical attached directly to an alkyl group, an alkenyl group, or an oxygen which is

30 atiached to an alkyl group, respectively.

The term "basic moiety” refers to a group which is capable of accepting a
proton, or donating 2 pair of electrons in hydrogen bonding. Examples of basic moieties
are amines, guanidines, imidates, and nitrogen-containing heterocycles such as pyridine,
imidazole, triazole and pyrimidine.

35 The term “hydracarbon radical” refers to alkyl, alkenyl, alkoxy or aryl
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5 The terms “isostere” and “isosteric replacement” are used interchangeably to
refer to groups which bave similar electronic or spatial properties. In the context of the
present invention, for example, —CONH-— may be replaced by —CH,NH—-,
—NHCO—, —~SO,NB—, —CH,0—, —CH,CHy—, —CH,S—, —CH;SO—,
—CB==CH— (cis or trans), —COCH;—, —CH(OH)CH,— and 1,5-disubstituted tetrazole

10  such that the radicals linked by these isosteres would be held in similar orientations to
radicals linked by CONH. For a general review of these and other isosteres see, Spatola,
AF., in Chemistry and Biochemistry of Amino Acids, Peptides and Proteins, B. Weinstein,
eds., Marcel Dekker, New York, p. 267 (1983).

The term "neutral amino acid side chain™ refers to that portion of an amino

15  acid which is attached to the carbon adjacent to the carbonyl and which has no formal
charge at physiological pH, Examples of neutral amino acid side chains are
hydroxymethyl (from serine) and mercaptomethyl (from cysteine).

For the compounds of the invention which contain amino acid or peptide
fragments, the amino acid residues are denoted by single-letter or three-letter designations

20 following conventional practices. The designations for gene-encoded amino acids are as

follows:
One-Letter Three-Letter

Alanine A Ala

25 Arginine R Arg
Asparagine N Asn
Aspartic acid D Asp
Cysteine C Cys
Glutamine Q Gln

30 Glutamic acid E Glu
Glycine G Gly
Histidine H His
Isoleucine I He
Leucine L Leu

35 Lysine K Lys
Methionine M Met
Phenylatanine F Phe
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omithine (Orn); #-butylglycine (s-BuG); phenylglycine (PhG); cyclobexylalanine (Cha);

10 norleucine (Nie); 2-naphthylalanine (2-Nal); 1-naphthylalanine (1-Nal); 2-thienylalanine (2-
Thi); 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic); N-methylisoleucine (N-
Melle), homoarginine (Har), Ne-methylarginine (N-MeArg) and sarcosine (Sar).

All of the amino acids used in the present invention may be either the D- or

L-isomer. The L-isomers are preferred.

15 The compounds of the present invention bind to the thrombin receptor but
will not activate it. These antagonists are represented by the formula:

o o
x—-—n"l\n’)\n"‘— (Z) Y |

The groups R! and R? in this formula are the same or different, each being
either an amide linkage, an N-alkylamide linkage, or an isosteric replacement of these
20  linkages.

The groups R? and R* are likewise the same or different, and each is a
hydrophobic radical. Examples of hydrophobic radicals for these groups are phenyl, t-
butyl, isopropyl, isobutyl, cyclohexylmethy!, 1-adamantyimethyl, cyclopentylmethyl,
cycloheptylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl, 1-naphihylmethyl, 2-
25  thienylmethyl, methylthioethyl, indolylmethyl, and substituted benzyl. In preferred
structures, either R® or R is cyclohexylmethyl, or both are cyclohexylmethyl. In addition,
R, is any amino acid side chain which does not cacry 2 formal charge at physiological pH.
Examples of neutral amino acid side chains are hydroxymethyl and mercaptomethyl.
The group R is either CO, CH, or SO.
30 The symbol X represents a variety of structures. Some of these structures
are represented by the formula:
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in which R” and R’ are the same or different, each being either H, alkyl, (cycloalkyDalkyl,
alkoxyalkyl, alkyithioalkyl or arylalkyl; and R® is a hydrophobic radical. Preferred groups
for R? and R are H, C,-Cy, alkyl, (C,-C, cycloalkyl)-(C,~C, alkyl), (C;-Cyo alkoxy)-(C;-Cyo
alkyl), (C-C,o alkylthio)-(C,.Cy alkyl), aryl-(C(-Cs alkyl), with the proviso that at least
one of R and R7 is other than H. Preferred groups for R® are those which are at least as
hydrophobic as an isopropyl group. Particularly preferred are benzyl and phenethyl,
Other structures for X are hydrophobic residues which contain aryl moieties. Preferred
among these are arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-tetrahydronaphthyl,
indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl, 1,2,3,4-
tetrahydroquinolinyl, N-alkyl and N~(cycloalkyl)alkyl 1,2,3,4-tetrahydroisoquinolinyl, and
N-alkyl 1,2,3,4-tetrahydroquinolinyl. Specific examples of X groups which are
hydrophobic residues containing aryl moieties are 1-phenyloct-1-en-2-yl, 1-phenoxy-1-
propyl, 1-(2-naphthyloxy)-1-heptyl, 1-phenoxy-1-pentyl, 1-(1-naphthyloxy)-1-pentyl,
biphenyl, 1-naphthyl, 2-naphthyl, 1,2,3,4-tetrahydronaphth-2-yl, indolylmethyl, 2~quinolyl,
3-quinolinyl, N-pentyl-1,2,3,4-tetrahydroisoquinolinyl, and N-cyclohexylmethyl-1,2,3.4-
tetrahydroisoguinolinyl. '

Of the remaining groups, Y is an alkoxy, hydroxy, amino, alkylamino,
diatkylamino, or a substituted alkoxy or alkylamino group. Preferred groups for Y are
those having the formulas OR® or NRIRM wherein R?, R' and R™ are the same or
different, each being either H, C,-C,, alkyl, or a hydrocarbon radical substituted with a
basic moiety. Further preferred among these are NRR" where R and R" are H or C;-
C, alkyl. The letter m denotes an integer which is zero or one, and the group Z, when
present, is an amino acid or peptide residue, preferred peptide residues being those
containing 2 to 20 amino acids.

In certain preferred embodiments, X is of Formula IT where R® is H and R?
is Cy-Cyq alkyl, (C,-Cy cycloalkyl)-(C-C, alkyl), (C,-Cyo alkylthio)(C,-Cy, alkyl), or aryl-
(Cy-C; alkyl). In further preferred embodiments, RS and R” are both C,-Cy, alkyl.

In further preferred embodiments, X is of Formula II where R® is H, R” is
alkyl and R® is arylalkyl, In further preferred embodiments, R! and R* are both CONH,
R? and R* are hydrophobic radicals of at least three carbons each, R* is CO, Z is a peptide
of between two and ten amino acids, and Y is an amine.
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at any othu posmon AA! is preferably Arg, Har, Omn, Lys, Ne,Ne-Dimethyl-Lys, Ne-
Acetimidyl-Lys, Ne-Phenylimidyl-Lys, Gln or Asn; AA? is preferably Asn, Gin, Arg, Lys,
Har, Om, Ne,Ne-Dimethyl-Lys or Ne-Methyl-Lys; AA? when present is Pro, Sar, Gly,
Asp or Glu, with n being 3 to 10 and preferably 3 to 6; AAY, whennis4 to 10 or4 to 6,
10  is preferably Asn, Gin, Gly or Ala; AA*, whennis 5 to 10 or 5 to 6, is Asp or Glu; and
AA®, when n is 6 to 10, is preferably Lys, Arg, Om and Har; and Y is NH,,
The most preferved embodiments are those in which X is represented by
Formula TI, wherein R® is H, R’ is pentyl and R® is benzyl. Additionally, R! and R? are
both CONH, R? and R* are both cyclohexylmethyl, R® is CO, Z is a peptide of the formula
15  (AAY, where n is between 2 and 6 and AA® is Arg and AA? is Lys, Arg or Har, and Y is
NH,.

In another group of preferred embodiments, X is a hydrophobic radicat
containing at least one aromatic ring. Additionally, R* and R? are independently either
CONH or CH,NH, R* and R* are hydrophobic radicals of at least four carbons each, R is

20 CO, Zis a peptide of between two and six amino acids and Y is an amine.

Further preferred embodiments within this group are those in which X is
aryloxyalkyl, R and R? are independently either CONH or CH,NH, R? and R* arc
independently either isobutyl, benzyl or cyclobexylmethyl, RS is CO, Z is a peptide of
between two and six amino acids and Y is an amine.

25 In the most preferred embodiments of this group, X is aryloxyalkyl, R' and
R® are independently either CONH or CH,NH, R* and R* are independently either
isobutyl, benzyl or cyclohexylmethyl, R® is CO, Z is a peptide of the formula (AA’),
where n is between 2 and 6 and AA! is Arg and AA? is Lys, Arg or Har, and Y is NH,.

The compounds of the present invention further include those compounds in

30 which any or all amide groups (CONH) which would otherwise be present have been
alkylated (for example, CON(Me)) or replaced by suitable isosteres. Examples of isosteres
of CONH are —CH,NH—, —CH,CH,—, —CH,S—, —CH,80—, —COCH,—,
~—CH(OH)CHy— and —CH=CH-—, —NHCO—, —SO,NH—, —CH,0— and 1,5-
disubstituted tetrazole.

35 The compounds of the present invention which terminate with a carboxylic
acid further include any pharmaceutically acceptable salts or esters of the acid.

The thrombin receptor antagonists of the present invention may be prepared
by solid phase peptide synthesis which is extensively described and used in the art to
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The term val kenyl w as_used herein refers to an al kyl group as descri bed
above wHITEPRTE pePHdass Thrcompounds mayialo by premaned ising lignid synthetic

. ;f;e teﬁdgsudahksms v&lﬂf:lggfeil&)w&namb% égaﬁesal Ste, NESBédaRSLkybAY, f Cogawhl ch
attachnmmngiﬁﬁmmy&%aﬁﬁg}’%ﬁ’ QR% Qf ﬁ‘%ﬂ#‘! W&ﬁpl e,
met hoxy, me ?nmmt%ﬁ).and 1- but oxy). The term
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s perers HQSWME?@&#&&W%W% b,
o Paneh comA conmwmmeﬁ g oo ©

e Sk BReh e e 48 LB T g Gy

subst i t uixanhpie, tih the treageent o mypcardiabinfanction, aunstabln anging abnmt@lom boxyl ,

al KGY: restenosis following angioplasty, inflammation and wound healing. The antagonists of the
invention may be administered in conventional formulations. One common formulation
might include & saline solution buffered to pH 7.4, and suitable for administration by
injection. Formulations for bolus administration are also useful, and comprise the selected
antagonist with pharmacentically acceptable excipients such as starch or gum arabic as

15  binding agents. Other typical formulations may be found in Remington’s Pharmaceutical

Sciences, Mack Publishing Co., Easton, PA, latest edition.

Systemic administration of the compounds is typically carried out by
injection, preferably by intravenous injection. Alternatively, intramuscular, intrapetitoneal
or subcutaneous injection may be used, Other forms of systemic administration of the

20 compounds such as transdermal or transmucosal administration are also possible. Oral
administration may also be used with properly formulated enteric or encapsulated
formulations.

The dosage used will depend on such factors as the choice of antagonist, the
route of administration, the nature of the formulation, the nature of the patient’s illness and

25  the judgment of the attending physician, Typically, the dosage will be in the range of 0.1-
100 ug/kg of subject. More preferably, the dosage will be in the range of 1-50 ug/kg of
subject.

The following experimental results are offered by way of exampie and not
by way of limitation.



phenoxy and the |ike. Additionally, the atyl radi cxﬁis§h Ben@efiaeded to

ot her noieties at ~— any position on the ary | woul d

ot herwi se be occupi ed by a hydrogen atom (Hlm“‘[ﬂﬁaxanpl e,
2-jyxidyl, 3-pyridyl and 4-pyridyl). 11 : er ns
"arylal kyl", "arysl kenyl" and "aryl oxyal kyl h refer to an axyl

radi cal attached directly to an al kﬁﬁm,l an al kenyl grorp, or an oxygen
which is _ aByRGBaS of ONaN-dinkpentyd FH Chi-CHaCATg-V.0s-NH, _

The term "basic noletyv refers to a group ich is capable of accepting a

proton, or donating a pair of electrons in hydrogen bondi ng. Exanpl es of
basic noieties  Starting veitle 05 minwl of pomethiylbenzirydrylamites ] reshel (from
00 A AT B i i A efopisyt o o BGAE
" adi 8al Witk Ner5BOE-Nei(Z chlaa (BB AysincosjozN, Mrdjeyclohexylcarbodiimide (DCC)
and 1-hydroxybenzotriazole (HOBt) in N-methylpyrrolidinone (NMP) as solvent followed
by deprotection with trifluoroacetic acid (TFA) in dichloromethane, Successive couplings
and deprotections were performed with Boc-Arg(Tos), Boc-Cha, Boc-Cha and Boc-Phe.
Following removal of the Boc group from the Phe residue with the aid of TFA, the resin
10  was washed to afford the peptide resin trifluoroacetate. To this resin, which was
saspended in DMF, 2.5 equivalents of n-valeraldehyde in dimethylformamide (DMF)
(containing 1% acetic acid) was added followed by treatment with 2.5 equivalents of
NaBH,CN for 60 min at room temperature. Aliquots of resin were removed periodically
to check for completeness of alkylation by ninhydrin reaction. When the alkylation was
15  determined to be complete, the resin was washed with DMF, CH,Cl,, and methanol and
dried in vacuo. The peptide was cleaved from the resin and the protecting groups were
removed by treatment with anhydrous HF containing 10% anisole and 2% methyl ethyl
sulfide. The resin/peptide mixture was extracted with 25% acetic acid solution and
lyophilized to afford the crude peptide as 2 white powder. Subsequent purification of the
20 peptide on a C,, reversed phase column employing a gradient elution (10-60% CH,CN in
water containing 0.1% TFA) provided the desired peptide. FAB mass spectrum, caled.
mass 895, observed M+-1 896.

EXAMPLE 2
Synthesis of 2-Phenoxybutyryl-Cha-Cha-Arg-Lys-NH,

25 Synthesis of the peptide resin up to Cha-Cha-Arxg-Lys-MBHA resin was
performed as described in Example 1. Acylation of the peptide resin with (+)2-phenoxy-
butyric acid was carried out using DCC in NMP with HOBt. The resulting resin was
washed and the peptide was cleaved, deprotected  and putified using the conditions in
Example 1. FAB mass spectrum, calcd. mass 770, observed M+1 771.



6 radi cal or any conbination thereof. ThigSheet fad Reapirhabi
| equl e.
n at ons.
I

radical' refers to a groug”which |owers the water :sol
Preferre hydrophobi c radicals ar groups containing at
The terns isostrew and 'isosteric replat2nent” are used Interchangbly to
refer to groups which have simlar electronic or spatial properties. In the
contt of the present invention, for EXAMPBLE3-CONH nay be replaced by
- CH2NR- - Synthesis of (N-n-pentyl-Tic)-Cha-Cha-Arg-Lys-NH,
Synthesis of the peptide resin to Tic-Cha-Cha-Arg-Lys-MBHA resin was
performed as in Example 1, substituting Boc-Tic for Boc-Phe. After removal of the Boc -
3 group from the Tic residue, the resin was reductively alkylated with n-valeraldehyde under
the conditions of Example I, The resin was washed and the peptide was cleaved,
deprotected and purified using the conditions above, FAB mass spectrum, calcd. mass
837, observed M+1 838, '

EXAMPLE 4
10 Synthesis of Phenyl—CH=C((CH,)-CH;)-CH,-Cha-Cha-Arg-Lys-NH,

Synthesis of the peptide resin up to TFANH,-Cha-Cha-Arg-Lys-MBHA
was performed as described in Example 1. The amino group was reductively alkylated
using 2.5 equivalents of phenyl-CH=C((CH,);-CH,)-CHO in DMF with NaBH,CN for 2 h
at room temperature. The resin was washed and dried and the peptide was cleaved,

15  deprotected and purified using the above conditions. FAB mass spectrum, calcd. mass
803, observed M+1 804,

EXAMPLE 5
Assay for Thrombin Receptor Antagonist Activity

The compounds of the present invention may be testexd for thrombin receptor

20 antagonist activity by using a platelet aggregation assay. In this assay, washed human
platelets are prepared from blood drawn from healthy volunteers who have not ingested
any medications for two weeks prior to donation. Blood is drawn into 12.5% (vol/vol)
ACD (85 mM sodivm citrate, 111 mM dextrose, 71 mM citric acid) containing 0.1%
(vol/vol) PGL, (0.05 mg/mL PGI,, 100 mM Tris, pH 12). Platelet-rich plasma was

25  obtained by centrifugation at 160Xg for 20 minutes. The platelets were pelleted by
centrifugation at 760Xg for 10 minutes and resuspended in CGS (13 mM trisodium
citrate, 120 mM sodium chloride, 30 mM dextrose, pH 7.0) containing 0.1% (vol/vol)
PGI,, repelieted and resuspended in Tyrodes buffer (10 mM Hepes, 12 mM sodivm
bicarbonate, 138 mM sodium chloride, 5.5 mM glucose, 2.9 mM potassium chloride, 1.0

30 mM calcium chloride, pH 7.4) and stored at 37°C. Approximately 0.4-10 oM «-thrombin
is used to stimulate platclet aggregation in control reactions which are monitored by
aggregometry using an aggregometer, Candidate antagonists are added to the platelet
mixture followed by the addition of thrombin in order to assess their ability to prevent
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V Compoun val TEST RESOD M"ﬁ untered am no ads
whi ch are MS{'% ncoded nay al so be used iat teu%'ﬁgsent i nvention. These
am no aci ds an eir abbreviations i nc rnithine (On); I-butylglycine
(t BuG); phenyl glycine (PhG; cycl ohexy a e (Cha); norleucine (e,
2- napht hyl al ani ne (2-Nal); 1-naphthyla~anine (1-Nal); 2-thienylal ani -
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rhi); 1,2,3,4-tLal hydi rosoqui nol i ne-3-carboxylic acid (Tic); een Replaced
N-net hyl i sol euci ne (N- Metl ey, booargine ar), Nct-nethyl B . g)
and sarcosine (Sar). Al'l of the am no acids L‘ \ ent
invention nay be either the D0 or L-isoner 7The L-1soners .
The conpounds of the present invention bind to the thronmbin receptor but
wll not acgtivate it. These anta } represented by the formul a;
R2R4 Tpound @Wﬁ'@( i (1 The
groups V2 g%l—R.Li_n this fornula ar the_sane or different, cach being

ei ther an am de |inkage, an N-al kyl am d@%ge, or an isosteric

repl acenment of these |inacages. The groups R and R4 areIQio_ﬁiMl
| i kewi se the same or differ and each is a

18

19
Ha c\ 124

20 ’!
]

Q=
&

15
O/’ 4]
21 .
\/\,/\ . 10
AN~
) Q
\/\/‘NH/E\ c " 25



"hy_dr’ophobi c radical. Exaanples of hydrophobic raiicals for.these groups are

phenyl, t- butyl, isopropyl>” isobutyl, cyclohexylnetiyl, |-adamantyl nethyl,
cycl opentyi net hyl, cycl oheptyl netbyl, bezyl, 4-hydroxyb etHaSBeenR la"'ed
2-napht hyl rnet hyl , | -naphthyl nethyl, 2- tigenyl methyl, u“ 'l

i ndol yl net hyl, and substituted benriyl. In prefep-ed str

or R4 is c cIohex | met hyl, or meEsgLWhyl. In addition; R |s
any ani no W@%e chai n which does not carYy a mal charge at

physi ol ogiEﬂJ__P_L.X. Exanpl es of neutral m acid side chains are
hydr oxynetliyl and i nercaptonethyl. The group RS is eilChe(uNed
CH2 or SO The synbol X represents a variety of structures.

Sonme of these structure@@\present ed by the formul a:
23 0
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inwhich R and IV ar the same or different, each bei ngﬂther H, al kyl,
(cycl oayl kai | kyl , al koxyakkyl, al kylthioayl or aryl al\k‘yl m’?iﬁb

hydr ophobi ¢ radical. Preferred groups for Rl and R? are
(G- Cg cycloalkl)-(CA alkyl), (C-d O akpmxy)-(C-C afIyI)

alkylthio)-(CL.G O alkyl), aryl-(CGC alkyl), with the proviso that at |east
one of R and R7 is other ta H TESTRESELTS Cosiimeld) R are those which are
at | east Comy ophobi c as an isopropyl group. Particulaxly preferred am
benzyl a phenet hyl . OQther structure X are hydrophobi c.resigye i ch
contain %I_‘rr‘ol_et ies. Prefered amng% are arylallyl, axylal w

aryl oxyal kyl , bi phenyl, 1,2, 3, 4-tetrahydronaphthyl,
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indol'yl'met hyl , quinolinyl, isoquinolinyl, 1,2,3,4- tet ahydr oi sogul 'ﬁ lchcV'

1, 2, 3,4- tetrahydroquinolinyt, N-alkyl and N-(cycl oai AHiF

1,2,3,-tetraiydxrisoquinoinyl, and N-alkyl 1,2,3, -tetr mﬂl‘ .
axyl

Speci fic exanples of X groups which are h rophob| C re
noi eties are |-p enyloct-1-en-2-yl, 1-phenoxy-1- propyl,

| - (2- napht hyl oxy) - - heptyl, 1-ph Y, 1-(1 napht hyI oxy) -1 - pentyl ,
bi phenyl , ﬁlmapnn@yl 2- napht hylm%%qfﬁt@ﬁm@ﬁbhth 2-yl,

i ndol yl met Mgk 2- qui nol yl, 3-quinolinyl

N-pentyl -1, 2, 3,4-tet rahydr oi soqui nol i nym Ng- ycl ohexyl met hyl - ﬁ;g‘rém
t et rahydr0| soqui nol i nyl . -~ O the remaining groups, Y iS

al koxy, hydroxy, am no, afl | kylani no, or a substituted al koxy
or al kyl ammo group. Prefer] e those having the fornmnul as

OR. or NR11Rl1l,,wherein RP, ary e sane or different, each
bei ng either i‘—? Cl- CO al kyI h hy@dr ogar boryradi cal subsitted with a
basi c noiety. Furthe™N\prede 5 ] tRese ake NWR' wh¢re R' and RAZ.Gre
Hor Cl- C4 akl. The letter shan ﬁ*rﬂgeq-n&i-@tné zero or one, and
the group Z, when Q 6
’ \
=
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pr_esent, Is an am no acid or peptide residue, preferred peptide resi dues
bei ng those containing 2 to~20 ani no aci ds. ertar n
preferred enbodi nents, X is of Formula :1 where Ris H a

alkyl, (C-CS cycloalyl)-(Cl-C4 alkyl), (2-C30 aIkyIthr l yI)
or aryl- (CI-C6 alkyl). In further preferred enbodi nents!

both C -CLQ al kyl TEST RES embodi ments, X is of
Formul a Sg"\M“ﬁdRG is H R7 is alkyl atn%R' &g@?al kyl. In furt her
preferred ~aents, Rl and 3 are bo , R? and ' are hydrophobic

radi cal s of at | east three carbons eac s CO Zis a peptide e (uM)
between two and ten am no acids, and Y |s an am ne.

47
2.5
C—NH E—NH c
0

Har-K—NHz
48 "
R—Orn—-NHz 10
49 o
KK—-NHz 75
50 "
0rn~K-NH2 100
51 "
RR-NH, 2,5
52 .
R‘(D"IWB)-NHZ 15
5 3 "
(N-Medrg)-Lys—m, 2.0
54 "
(N~MeArg)~arg-NH, 0.5
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9 th still further preferred e
the fornmul a above wherein R is H R7 is pentyl zyI
Additionally, R and 113 are both CONa, 43ad Rn _

cycl oal kyl al kyl of at |east three carbons each, W is CO and Z |s a
pepti de of the for milEESPRES is an amno acid and 1
i an mteg@?@ﬁmdng its position Unﬁ%ﬂ'éﬁemfrom% An AAl at
any positil@a._oay be the same or dlfferes}é Erom an M at any

ot her position. AA" is preferably Arg, n n, Lys, Nee3-)inethyl

Nc- Aceti m dyl -Lys, Ne-Phenylimdyl-Lys, Gn or Asn; AAl isS
preferably Asn, Gn, Arg, lfys, Bar, O Ne, Ne- Di met hyl - Lys or
Ne- Met hyl - Lys§§ AA3 when prgsent is Pro, Sar, 4y, Asp or Qdu,
with n being 3 to 10 and pieferably 3 to 6; AA4, &ap_hg_zkﬁo 10 orygto
6, 2

. O
6.0

Le)
C—NH c—na-mz
8

57
2.0

C—NH ™“C—Har-Arg—NH
ll &
O o 3 2

w
{\Aﬁiﬁ?} ey 100

59 ; [~ N(CH,)gNE,

NE(CH,),~N._J 90

NH ~"N(ca, ) 25



I's preferably Asn, An, Gy or Ala; AV, when n is Sto 10 or { Qe sced S ASP

.or du; and AA—~ when nis 6 to 10, is préﬁ g, On
and Har; and Y is NH2. 7he o ‘
enbodi nents are those in which X is reppgsented by a Ul

wherein Rl is H R7 is pentyl and Ris benzyl. Additionallyl WB and WB awe
bot h CONH, RU and R4 are both pyer IO T (Gitin is COZis a peptide of
t he forn@b (AAN where n is between 2 and 6 and AA' is Arg and

AA? is L Arg or Har, and Y is NR2.

In anothgﬁ'ﬁTﬁ‘b of preferred enbodi&gﬁp§ggx I's a hydrophobic radgéﬂéhkg
containing at | east t »,.q;a

P 0 o i o i T Pt
radi cal s d?%d?“c )

Is a peptide
of between wo and sixamino acids and Y is an ami ne.
Further preferred enbodinents within Nhis group are those in which Xis
aryl oxyal kyl, Rl and R3,-are i ndependently either CONH or CHINH, R2 and R4

are i ndependent |y either ispbutyl, benzyl or cycl ohexyl net hyl,
R- is CO Z6is a peptide of *» NH S
62 " NSy
e/

& { " ‘}’m‘"‘a)s“"“’“z)a‘mz

The foregoing is offered primarily for purposes of illustration. It will be
readily apparent to those skilled in the art that the structures, methods, composition
components, synthesis and use conditions, and other parameters of the system described
herein may be further modified or substituted in various ways without departing from the

5  spirit and scope of the invention.



between two and six amno acids and Y is an am ne.
Ln the nost preferred enbedi nents of this group; T‘\arylexyal kl, Rl and

Rl are independently either CONH or CH2NH, R2 Qn edently ei t her
i sobutyl, benzyl or cycl ohexyl net hyl, Rszss CO,;- ﬁﬁgmy e fornul a
(AV), where n is between 2 and andLAA*ls‘: |s Lys,
Arg or HWHARIS CLATBMED, IS: The corrpounds of the
present invention further include those conpounds in whi ch any

or al am de groups (CONl X which woul d ot herwi se be present have been

al kyl ated (for exanpl el. GONbrambin geceptas] antagonist of thet fopmulat sost er es.

Exanpl es of isosteres of E gye -OCH2ZWNH-, --CCR 2-, -CH2S-,
- CR2SO-, - COCHz- -, - CH( 7- Bihd --CR==CH-, -NHCO, -SOZNH-,
H CR20- and 1, 5- di subst it ut efcj! tetrazol e.
The conpounds of the preset ve w th a carboxylic
acid farther include any phar#a gﬂtlc |y aggep‘% salts or esters of the
aci d. The thronbin receptor antagonists of the
present iwheetht on nay be prepared
R' and R? are members independently selected from the group consisting of
b CONH and isosteres thereof;
R? is a member selected from the group consisting of hydrophobic radicals
and neutral amino acid side chains;
R is a hydrophobic radical;
R® is a2 member selected from the group consisting of CH,, CO and SO;
10 X is a member selected from the group consisting of:
radicals of the formyla
RB
6
L
{
R‘?
wherein:
R® and R are members independently selected from the group
15 congisting of H, C,-C,, alkyl, (C,-C; cycloalkyD)-(C,-

C, alkyl), (Cr-Cy alkoxy)~(C;-Cyp alkyl), (Ci-Cyo
alkylthio)(C,.Cy, alkyl), aryl~(C,-C; alkyl), with the
proviso that at least one of R® and R? is otber than H,
and
20 R i5 a hydrophobic radical,
arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-
tetrahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydrotsoquinolinyl, 1,2,3,4-tetrahydroquinolinyl, N-alky!
1,2,3,4-tetrahydroisoquinolinyl, N-alkyl 1,2,3,4-tetrahydroquinolinyl
25 and N-(cycloalkyl)alkyl-1,2,3,4-tetrahydroisoquinolinyl;
Y is 2 member selected from the group consisting of OR® and NR'R"
wherein R®, R* and R are members independently selected from the



by solid phase peptide synthesis which is ext ensi vel|nldescr| bed

in
the art to - “w “m 0 prepare
peptides. 'The conpounds may al so be prepared usi synt hetc
pepti de net hods which ae also well knovwgg§in the art. See I\/l Bodanszky and
A. Bodanszky, The Prcicce of Peptide Sntheis. (1984) and M Bodanszky,

Pri npl ks of group consisting of H, C-Cy, alkyl and a hydrocarbon radical
substituted with a basic moicty;
30 ' Z is a2 member selected from the group counsisting of amino acids and

peptides comprizing from 2 to 20 amino acids; and
m is zero or one,

2. A thrombin receptor antagonist of claim 1 wherein X is 1-
phenyloct-1-en-2-yl, 1-phenoxy-1-propyl, 1-(2-naphthyloxy)-1-heptyl, 1-phenoxy-1-pentyl,
1-(1-naphthyloxy)-1-pentyl, biphenyl, 1,2,3,4-tetrahydronaphth-2-yl, indolylmethyl, 2- or
3-quinolinyl, or N-pentyl-1,2,3,4-tetrahydroisoquinolinyl.

3. A thrombin receptor antagonist of claim 1 wherein X is a radical of
the formula

wherein;
5 R® and R? are members independently selected from the group consisting of
H, C,-C,y alkyl, (C;-C; cycloalkyD)~(C,-C, alkyD), (CyCyo alkoxy)~
(C1-Cyp alkyl), (C;-C,, alkylthio)-(C,.Cyo alkyl), aryl-(Cy-Cs alkyl),
with the proviso that at least one of R? and R’ is other than H; and

R® is benzyl or phenethyl.

4. A thrombin receptor antagonist of claim 1 wherein X is a radical of

AP

7

the formula

wherein:
5 R® is H and R” is a member sclected from the group consisting of C,-C,o



Peptide Synhsis (1984). Synt hesi s of pept,l anal ogs

cdntai ning isostem c replacenents, follow ng chem cal Z}"ﬂﬁﬁmﬂﬂﬁﬂmlm are
ymown to those of skill in the art, are outlined bel ow. "¢ ™"

Addi ti onal aspects of the invention are2direcd to phar maceutical ° *
conpositions containing the conpounds of the invention. These conpounds a=

useful for exanple, in &lEL{ re¥eloallyDrifioSaradid), (GG sikosy)-(Girispabl e
angi na, abrupt closure, I : ule STREATAT T TN ] ?ﬂm Rind Siyt-(C, 2t Al and
wound heal i ng. The @gt awgogg: ’sgas!l ok tfie | nvention may b?%lcfnqnnit'sterje’dﬁian
conventi onal f or mARABRE PREPREA-f or il at i on ni ght include a saline
solution buffered to pH 7.4, and suitable for adm nistration by injection.
Formul ati ons for bol usg aqnj,nistsafion ar | feul nd.c rise.lt

sel ect ed ant agoni st vvis%h WMW&?Z%@ ‘e%%%&@%?
starch othedormulaabi ¢ as bi nding agents. Qther typical fornulations may be
found in Rem ngton's Pharmaceudcal Scienceg, Mack Publishing Co., Easton,

PA, | atest edition. SystemiR®adm ni stration of the conpounds
is typically carried out by Rs
Y
|
R7
wherein:
5 R® and R’ are both Ci-C,o alkyl; and
R® is benzyl or phenethyl.

6. A thrombin receptor antagonist of claim 1 wherein R? is
cyclohexylmethyl and R* is a member selected from the group consisting of phenyl,
r-butyl, isopropyl, isobutyl, cyclohexylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl,
1-naphthylmethyl, 2-thienylmethyl, methyithioethyl, indolylmethyl, and substituted benzyl.

7. A thrombin receptor antagonist of claim 1 wherein R? is a member
selected from the group consisting of phenyl, #-butyl, isopropyl, isobutyl,
cyclohexylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl, 1-naphthylmethyl, 2-
thienylmethyl, methylthioethyl, indolylmethyl, and substituted beazyl and R® is

5  cyclohexylmethyl,

8. A thrombin receptor antagonist of claim 1 wherein Z is a peptide of
the formuja (AAY), wherein AA represents an amino acid residue; i is an integer denoting
the position downstream from R5; and n is an integer of from 2 to 20; such that amino acid
residues at any said position may be the same as or different from amino acid residues at

5  any other said position.

9, A thromhin receptor antagonist of claim 1 wherein Y is NRRY, in
which R'® and R are members independently selected from the group consisting of H and
C-C, alkyl,
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fnjection, preferably by intravenous injection. Altefﬂi i vely,

dntramuscul ar, intapeitoneal or subcutaneous injecti @Mﬂﬂﬂﬂ . her
or

forms of system c adm nistration of the compounds s 4
transnucosal administration are also poggible. Oal admnistrati dn fay al so
be used with properly fornulated enteric or encapsul ated fornul ati ons.

The dosage used wil| S@panshetbdstoareat dgidiichsafiediied HRA drsaskani st

t he routgm% el [ nature of. the fornufation, the nature of
the patient @%ﬁi@ﬁ%dﬂ%@%ﬁ% tHng 49 8,5 Jﬁ‘é“ﬂtfﬁf‘&%efﬁ?

Typi cal y treatmentian effectiveiamoubt of a compounofforfula: 1- 100 pg/ kg of subj ect.
More preferably, the dosage will be_jn the range of 1-50 , ggtkg of subject.
The foll owi ng experinment al resul ts R e ater ed by way of exanple and not by
way of limtation.

x—r R%- (2)s Y

5 wherein:

R' and R? are members independently selected from the group consisting of
CONH and isosteres thereof:

R? is a member selected from the group consisting of hydrophobic radicals
and neutral amino acid side chains;

10 R* is a hydrophobic radical;

R’ is 2 member selected from the group consisting of CH,, CO and SO;

X is a member selected from the group consisting of:
radicals of the formnla

RB

RG\N*

|
Y

15 wherein:
R® and R7 are members independently selected from the group
consisting of H, C,-C,, alkyl, (C,-C; cycloalky)~(C,-
C. alkyl), (C,-Cyq alkoxy)-(C,-Cyy alkyl), (C;-C,
alkylthio)-(C,.Cy, alkyl), aryl-(C,-C; alkyl), with the
20 proviso that at least one of R® and R is other than H,
and
R® is a hydrophobic radical,
arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-
tetrahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-
25 tetrahydroisoquinolinyl, 1,2,3,4-tetrahydroquinolinyl, N-alkyl
1,2,3,4-tetrahydroisoquinolinyl, N-(cycloalkyDalky! 1,2,3,4~
tetrahydroisoquinolinyl, and N-alkyl 1,2,3,4-tetrahydroquinolinyl;
Y iz a member selected from the group consisting of OR® and NRI*RM
wherein R?, R and R* are members independently selected from the



EXAWE 1 Synt.hesi s of (NN--n- pentyl-Phe)-Mwm - NH2
Starting with 0.5 mol of p-nethyl benzhydryl am neHCl resinm (T¢ h I7//I/
. v
30 29
BTOup consisting of H, C,
. substituted with 4 basic Mmoiety-
leamembﬁ‘selected&omﬂ, ' '
Peptides comprising | 5D CORISHI of amino acids ang
&omZtozoam;mm_md

>

35 .
Or 3 pharmaceytica) composition thereof -



Appl I ed Biosystns), the resin was neutralized wi diisopropylethyl am ne and
coupled wi th Na-r-tOC New(2-o0hl oro-CB2)-L-1ysine using .

NXi cycl ohexyl car bodi ri ni de (DCC) and 1-hydroxybenzotriazole (HI OBt) in

N- et hyl pyxrol i di none (NWP) as sol vent3@ ol | oned by deprotection with
tifluoroacetic acid (MA)_in _dichloronet bane successi ve couplings and
deprot ections were perf i IMBINRBEEPIOR ANJAGONMISISh, Boc- Cha and

Boo- Phe. Fol | owi ng renoval of the Boc group fromthe Phe residue with the

aid of TFA, the resin was f de resin
trifluoroacetate. Tothiswmgtf%&ém in DVF, 2.5
equi val ents of n- a(:eQiMdbsadng 1 %

acetic |

racrootEg belh Hﬁ%ﬁ@%@”ﬁ%ﬁ%@%ved

per Sodi catdlytic mmﬁﬁm&nplmw penemylly hiaen theyformwlay dri n react i on.
When the alylation was determ ned [,o be conplete, the resin was washed with
DWP, CH2C12, and net hanol and dri in uo. The peptide was cl eaved from

the resin and the protecting groups werfe renpved by tratnent with anh@drous
BF contai ning 10% ani sol e ag‘d____%2 hBX'(Z)m-Y

in which R! and R?® are amide linkages, N-alkylamide linkages, or isosteric replacements of
such linkages; R? is either a neutral amino acid side chain or a hydrophobic radical; R* is
hydrophobic radical; R* is CO, CH, or SO; X is either of the formula:

10 r8

in which R® and R” are H, alkyl, cycloalkylalkyl, alkoxyalkyl, alkylthioalkyl or arylaikyl,
and R® is a hydrophobic radical, or a hydrophobic residue; Y is alkoxy, hydroxy, amino,
alkylamino, dialkylamino, in which any of the alkyl groups may be substituted with a basic
moiety; Z is an amino acid or peptide residue; and m is zero or one.



EE 1S
. sulfide. The resin/peptide m xture was extract fﬁ‘: oiENriéﬁ%q@i
solution and |yophilized to afford the crude p g‘“& aaﬁrf o
Subsequent purification-of the peptide on a G Syl ﬁ“ '
enpl oying a gradient ely svlso §5( 10- 60% CH. CN i n ywalddr:atsi Ql S
provi ded the desired pep§5| aei;. FAB nass spectru chlpsiiget mats;%al
M1 896. EXAMPLE 2
Synt hesi s of 2-Phenoxybutyryl - Cha- Cha- Arg- Lys- NRBATE OF RECEIPT ..Synt-hesi:s
of the peptide resin up to Cha-Cha-Arg-Lys-9%M ATESTIT Was pertornmed as
described in Exanple 1. Acylation of the peptide resin with (i)2-pheaoxy-
butyric acid was carried out usi ng DCC I n NM with -FOBt. Ile resulting

resin was washed and the peps ‘ ﬁgj@sed and purified
nass spectru cal cd. mass 770,

w1

observed M+l 771. .
BACKGROUND OF TEE INVENTION

This invention relales to materials which modulate the action of thrombin on
cells of the vascular and circulating blood system. It is well known that thrombin bas
multiple activities, Perbaps the most well known activity of this serine protease is to
convert fibrinogen to fibrin which clots blood. Additional functions of thrombin are
widespread and diverse and appear to involve celtular activations which are mediated
through cellular thrombin receptor(s). For example, thrombin is the most potent activator
of platelets; it is chemotactic for monocytes; it is mitogenic for lymphocytes and
meseachymal cells including vascular smooth muscle cells and; it promotes numerous
responses within the vascular endothelium. See, Coughlin, et al., J. Clin. Inves:. 89:351-
355 (1992). Because these ccll activating functions of thrombin occur within the range of
concentrations normally required for the clotting of blood, thrombin has been proposad to
play important physiological roles not only in hemostasis and thrombosis but may also
have principle roles in mediating responses to vascular injury such as leukocyts chemotaxis
to mediate inflammation, cellular proliferation to mediate restenosis, glomcrulonephnt:s,

and wound repaic such as occurs in bone remodeling.

The role of thrombin in acute thrombosis has been clearly established. For
2 review, see, Chesbro et al., Thromb. Hoemosias., 66:1-5 (1991). However, thrombin’s
role in thrombosis is not limited to its blood clohing activity but also extends to platelet
aggregation as thrombin appears to be the principle physiological mediator of platelet
aggregate formation at sites of vascular injury resulting from the activation of the platelet
throrbin receptor. Recent antithrombotic approaches inhibit or modulate the enzymatic
activity of thrombin and include compounds such as heparin, low molecular weight
heperins, PPACK, hirudins, argatroban, and the hirulogs. All of these agents jnhibit the
czxal)'ﬁc activity of the enzyme. Thercfore, these 2gents not only inhibit the pro- and
anticoagulant actions of thrombin but also the ccll activating functions of thrombin as well.
Accordingly, none of these agents ace useful for specifically”inhibiting the cellular actions
of thrombia. No agent which specifically targets the thrombin receptor has been clinically
developed. Previous attempts 1o identify a thrombin receptor inhibitor bave been thwarted
by the inability of researchers, until very recently, to identify the physiologically relevant
and functional thrombin receptor. .

Thrombin has numerous effects on z variety of cells outside of platelets.
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12 EXAPWE 3 - —————— . ..
Synt hesis of N-n-pentyl-Tic)-Cha-Cha-Arg-Lys-N, _—

2

For example, thrombin is mitogenic for smooth muscle and endothelial eells. Thrombir is
also known to increass vascular permeability and to induce vasoconstriction, See, Malik,
Semin. Thromb, Hemostosis. 12:184-196 (1986). Thrombin can also induce the producton
and release of several constituents from endothelial cells including platelet-dedved growth
factor (PDGEF), prostacyclin, platclet-activating factor (PAE), tissue plasminogea activator
and plasminogen activator inhibitor. Finally, thrombin is capzdle of promoting the
adherence of platelets, neutrophils, monocytes and T cells. For review, see, Shuman,
Ann. NY Acad. Scl. 485:228-239, (1986). All of these actioas of thrombin are likely to be
mediated by cellular thrombin receptors identical or nearly jdentical to the cloned thrombin
receptor and suggest that thrombin may also play a ceatral role ia initiating inflammatory
and cellutar proliferative responses to vascular injury linking it with the coegulation and
hemostasis cascades, While most of these responses to thrombin suggest such a linkage
between hemostasis and vascular repair, this hypothesis remzins 1o be tested, Agents
which specifically effect the activation of thrombin receptor(s) witkin cells are jdeally
suited to this purpose. '

Restznosis, the vascular hyperproliferative response to blood vessel wall
injury induced by interventional procedures such as coronary engioplasty, may be
simulated by thrombin-induced celluler events s sites of injury either directly or
indirecfly, Cellular proliferation may be simulzied indirectly by the release of potent
growih factors from locally zdherent platelets or by the actioa of thrombin oz eadothelial
celis which could releass PDGF upon stimulation, Smooth muscle cell proliferztion within
diseased vessels may 2lso be stimulated directly by thrombin due to the high local
concentration of thrombin generated at the vasculer injury sites created by the acdive
platelet-rich thrombus. Indesd, recent studies with the potent thrombin inhibitor hirudin
suggest that thrombin plays such 2 role in the restenosis process, but it is ot known for
these studies whether thrombin's effect is direct or indirect. See, Sarembock, et al,,
Circularion, 84:232-243, (1592). |

Although the cellular actons of thrombis have the potential for czusing
various pathological cornditions, there are no known therapeutic agents which specificelly
block the cellular actions of thrombin, Recently, however, 2 functionzl thrombin receptor .
¢DNA has besn cloned and expressed from megakaryoblastic cells lines, and the presence
of mRNA encoding this receptor has besn demoastrated in human platelets and vasculer
endotheljal cells. See, Vu, et al., Cell, 64:1057-1068 (1991). This development has
created significant opportunities to develop highly specific 2gents which target the cellular
thrombin recepior.

Close inspection of the predicted amino acid sequeace of the thrombin
reccplor revealed a potential-recognitdon and thrombin cleavage sequence within the 100-
residue 2mino terminal domain of the receptor, Subseguent mutagenesis studics of the
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Synthesis of the peptide resin to 7ic-Cha-Cha-Arg- Lys--NMEA resi-n.-was. .
performed as in Exanple 1, substituting Boo-Tic for Be%Phe. -After__renpval
of the Boc group fromthe Tic residue, the resin was reductively alkyted
with n-val eridehy& under the conditions of Exanple 1. The resin was washed
and the peptide was cleaved, deprotected,and puifed using the conditions
above. PAB nass spectrum caled ns 837, observed M+l 838.

EXébI\/PL(E:h 4 receptor has &gmbd:&sne& tiguk ::-l?haewag&k!&% & uir)aa E&B&m&g-medm
o e M s ey LR Sk s e i,
group was ré \T@st %PR‘?’F‘S&‘& G"’lﬁﬂﬂﬂ% prEvipUS q&ﬂgvsﬁoanmwwolysxs of a putative
phenyl - CR—C(tIuGh-M:&eEép&)rﬁg@t be re$pivdisibi. fo tioRbI2 r 2:ti0atih B RR

t enper at ur e ., JTh& L8 HoW m%yﬁﬁt}g&%%w% f e peptide was cl eaved,

Two potential explanations for thrombm-mduced signaling bave been
postulated. The first is that proteolytic removal of the 15-residue segment at the amino
terminus of the receptor induces a conformational change in the receptor leading to
yeceptor activation. Altematively a specific "tethered ligand” sequence unmasked upon
receplar proteolysis may directly interact with a “ligand binding site” within the body of
the receptor leading to receptor activation. While both of these potential mechanisms are
quite similar, if not semantic, it appears that the "tethered ligand” hypothesis is the more
likely explanation for receptor signaling, Synthetic peptides which mimic the new amino
acid sequence revealed upon receptor proteolysis function as full agonists of the platelet
receptor even in the absence of proteolytic cleavage of the receptor. This suggests that the
new amino acid sequence at the amino terminus of the receptor revealed upon cleavage of
the receptor functions as & "tethered ligand” and interacts at a distal "binding site”. These
effects have been confirmed with the hamster receptor activated with the hamster "tethered
ligand” peptide. See, Vouret-Craviari, et al., Mol. Biol. Cell. 3:95-102, (1952).
Additional studies with agonist peptides have confirmed the similarity of putative thrombin
receptors present in platelets, endothelial cells, fibroblasts and smooth muscle cells. See,
Hung et al., J. Cell. Biol. 116:827-832, (1992} and Ngaiza and Jaffe, Biochem. Biopkys.
Res. Commun. 179:1656-1661 (1991). .

Most research conducted to date on modulating the actions of thrombin have
been directed toward non-specific inhibition of the catalytic activity of thrombin. These
efforts have resulted in thrombin inhibitors which effect both the pro- and anti-coagulant
actions of thrombin. For a review, see, Chesbro and Fuster, Circularion, 83:1815-1817
(1991). Certain investigators have also attempted to inhibit the cellular activities of
thrombin by using polypeptides prepared from the sequence of thrombin. See, Carsey and
Glean, International Patent Application Undex the PCT, No. WO 88/03151, 5 May 1988,
Another report has focused on the preparation of certain dipe;itidcs and analogs which
appear to inhibit thrombin-cellular activites without effecting the catalytic activity of
thrombin. See, Ruda, et al., Biochem. Pharmacol. 39:373-381 (1990). Both of these
approaches display a certain degree of specificity but are limited due to their lack of potent
effects.

Structure-activity studies using the thrombin receptor agonist peptide
sequences have also been reported. A pentapeptide sequence, Phe-Leu-Leu-Arg-Asn-OH,
based on 2 portion of the agouist peptide minimum structure has been shown to be a weak

———
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deprotrcted and purified using the above conditions. FAWSS Spectrum

cal cd. mass 803, observed Mt 84.
EXAMPLE 5 Assay for Thronbin Receptor Antagonlst
Activity The conpounds of thke present i nvention may be tested

for thronbin receptor ant agoni st activity by using a platel et aggregation
assay. |n tizstagenigof platelee &w@mmm@&.@dm& qithep thremibifiop thrbinbind dr awn

from heal t hyesedion &ﬁﬁtspepﬁ&shw vaklohaes!t ¢d i"* weeks

prior to don?fe?on ¢ %ﬂ* fr awn |p:i[o %2 S%Bﬁp ZEZ gg%! s di um

citrate, 111 nM dextr SRt 280rRrh “é%’ﬁi%

PG 2 (0.05 rwhorhave radsed axrﬁbodmminm mbﬂﬂ@uw%“ﬂhmtﬂw aminq&mmadoﬁﬁm of

obt ai ned by ﬁ@ﬂﬂl’dﬂiﬂ‘xﬂ &@ﬁﬁm@é&; aJmL%ﬁ&Eé&&E; YREE

(p??,l rentwe?rfns/ c?eint?rl e?yan%t E:%ck%h?-om gg!t‘&wémd rﬂggsugp d' in CGS
thereby acting as antagonists of the thrombin receptor, See, Hung et al,, J, Clin, Invest.

89:1350-1353 (1992).

The lzck of potency and/or specificity of the above described approaches 1o
thrombin receptor antagonism limits their utility as thrombin receptor aatagonists, Thus,
highly potent and specific inhibitors of the thrombin receptor are the focus of this
invention,

SUMMARY OF THE INVENTION

Peptide derivatives which act &s potent and highly specific thrombin receptor
antagonists have now been discoversd, ‘Thess antagonists exhibit specificity for the
celiuler thrombin receptor, which allows them to modulats cellular responses such 2s
platzlet 2geregation without interfering with certain desired catalytic activities of thrombin,
such 2s the conversion of fibrinogen to fibrin. These peptids derivatives include peptides
and modified peptides which contain functionzl groups that enhance in vivo stability and
therapeutic potentizl.

The peplide derivatives of the present inveation dind to cellular thrombin
recepiors and inhibit the ectivation of the receptor induced by thrombin. Included among
the thrombin receptor antzgonists of the inveation are smell peptide derivatives and peptide
analogs conteining isosieric replacements for lzbile amids linkages. This preferred class of
peptide derivatives offers an even greater improvement in therapeutic potential since the

* structure of pcpbde derivatives of this type renders them Jess susceptible 10 proteolytic
inactivation. '

The invention also resides in pharmaceutical compositions containing the
peptide derivatives described zbove, These compositions are useful as anti-thrombotics
and are 2lso useful in clinical applications including treatment of zbrupt closure during
angioplasty, treatment of restenosis in the context of angioplasty, znd the treatment of
unstable angina, myocardial infarction and cert2in forms of thrombotic or
thromboembolytic stroke.  The pzptide derivatives of the invention mey be usad alone or
in combination with other therapeutic 2gents such as urokinase and :Pu&

- g,




WS Wﬁ um chl oride, 30 nM dextrose, pH 7.0) containing 0.1 %
y S ed and resuspended in Tyrodes buffer (10 nM Hepes, 12
mM spdi um bi car bonlatie, 138 mM sodi um chloride, 5.5 mM gl ucose, 2.9 nmM

pof apsiguoelt! @egda, (1.0 mM cal ciumchloride, pH 7.4) and-stored at 37C
Apprpxi mately 0.4-}11G nMcc-tronbin is used to stimulate pl el et aggregation
I nj conmtrot—reactt+dng which are nonitored by aggregometry using an
aggregonet er, Candi date antagoni sts am added to the platelet m xture

foll owed by the addition of thromnbin i n2order to assess their ability to

prevent  compositions are also useful as anti-inflammatory, anti-restenosis agents and may be used
to treat and/or prevent glomerulonephrotic syndromes.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term "alkyl” refers to a saturated hydrocarbon radical
which may be straight-chain or branched-chain (for example, ethyl, isopropyl, tamyl, or
2,5-dimethyihexyl). This definition applies both when the term is used alone and when it
is used as part of 2 compound term, such as “aralkyl” and similar terms. Preferred alkyl
groups are those containing 1 to 10 cartbon atoms. All numerical ranges in this
specification and claims are intended to be inclusive of their upper and lower limits,

The term “cycloalkyl" refers to a saturated hydrocarbon ring. Preferred
cycloaliyl moities are those having 3 to 8 carbon atoms in the xing. Additionally, the term
"(cycloalkyDalkyl" refers to a group having a’cycloalkyl moiety attached to an alkyl
moiety. Examples are cyclohexylmethyl, cyclohexylethyl and cyclopeatylpropyl.

The term “alkenyl” as used herein refers to an alkyl group as described
above which contains one or more sites of unsaturation.

. The term "alkoxy” refers to an alky! radical as described above which zlso
bears an oxygen substituent which is capable of covalent attachment to another
hydrocarbon radical (such as, for example, methoxy, ethoxy, phenoxy and z-butoxy).

The term "aryl” refers to an aromatic substituent which may be a single ring
or multiple rings which are fused together, linked covaleatly or linked to a common group
such as an ethylene or methylene moiety. The aromatic rings may each contain
heteroatoms, for example, phenyl, naphthyl, biphenyl, dipheaylmethyl,
2,2-diphenyl-1-ethyl, thienyl, pyridyl and quinoxalyl. The aryl moieties may also be
optionally substituted with halogen atoms, or other groups such as nitro, carboxy}, alkoxy,
phenoxy and the like. Additionally, the aryl radicals may be attached 10 other moieties at
any position on the aryl radical which would otherwise be occupied by a hydrogen atom
(such as, for example, 2-pyridyl, 3-pyridyl and 4-pyridyl).

The terms “arylalkyl”, "arylalkenyl" and "aryloxyalkyl" refer to an aryl
radical attached directly to an alkyl group, an alkenyl group, or an oxygen which is
attached to an alkyl group, respectively.

The term "basic moiety” refers to a group which is capable of accepting 2
proton, or donating a pair of electrons in hydrogen bonding. Examples of basic moieties
are amines, guanidines, imijdates, and nitrogen-containing heterocycles such as pyridine,
imidazole, triazole and pyrimidine.

The term "hydrocarbon radical” refers to alkyl, alkenyl, alkoxy or aryl



13 t hronbi n- nmedi at ed aggregati on. Pl at el-et-_aggr egati on can

al so be neasured ith washed platelets in 96-well Inicrotiter plates as

descibed in Frtantoni, Y.C. et a., Am | CH . PfthoL 94:613-617 ('1990)...7he
abjlity. of the anagonists to block the thronbin receptor was assesed in

this assay using vaxi ous concentrations gf antagonists. The oncel traon at
whi ch 50% i nhi bition of platelet aggregation is achieved is defined as IC

The fol | owirlgeat 8PhSy bémitiRaddmmnd@bgies for representative conpounds of the

' nvention, The term “hydrophobic radical” refers to a group which lowers the water
solubility of a2 molecule. Preferred hydrophobic radicals are groups containing at least 3
carbon atoms. ’

The terms “isostere” and “isosteric replacement™ are used interchangeably to
refer to groups which have similar electronic or spatial properties. In the context of the
present invention, for example, —CONHE-— may be replaced by —CH,NH—,
—NHCO—, —SO;NB—, —CH,0—, —CH,CH,—, —CH,S—, —CH,SO—,
—CH==CB— (cis or trans), —COCH,—, —CH(OH)CH,— and 1,5~disubstituted totrazole
such that the radicals linked by these isosteres would be held in similar orientations to
radicals linked by CONH. For a general review of these and other isosteres see, Spatola,
A.F., in Chemistry and Biochemisiry of Amino Acids, Peprides and Proteins, B, Weinstein,
eds., Marcel Dekker, New York, p. 267 (1983).

The term “neutral amino acid side chain™ refers to that portion of an amino
acid which is attached to the carbon adjacent to the carbonyl and which has no formal
charge at physiological pH. Examples of neutral amino acid side chains are
hydroxymethyl (from serine) and mercaptomethyl (from cysteine).

For the compounds of the invention which contain amino acid or peptide
fragments, the amino acid residues are denoted by single-letter or three-letter designations
following conventional practices. The designations for gene-encoded amino acids are as

follows:
One-Letter Three-Letter
mino Aci Symbol Symbal

Alanine A Ala
Arginine R Axg
Asparagine N Asn
Aspartic acid D Asp
Cysteine C Cys
Glutamine Q Gln
Glutamic acid E Ghy
Glycine G Gly
Histidine H His
Isoleucine X Ie

Leucine L Yeu
Lysine K Lys
Methionine M Met
Phenylalanine F Phe
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[err]

[err] [err]

~
Proline P Pro
Serine S Ser
Threonine T Thr
Tryptophan w Top
Tyrosine Y Tyr
Valine v Val

Commonly encountered amino acids which are not gene-encoded may also
be used in the present invention. These amino acids and their abbreviations include
omithine (Orn); #-butylglycine (-BuG); phenylglycine (PhG); cyclohexylalanine (Cha);
norlencine (Nle); 2-naphthylalanine (2-Nal); 1-naphthylalanine (1-Nal); 2-thienylalanine (2-
Thi); 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic); N-methylisoleucine (N-
MelXle), homoarginine (Har), Ne-methylarginine (N-MeArg) and sarcosine (Saz).

All of the amino acids used in the present invention may be either the D- or
1-isomer. The L-isomers are preferred.

The compounds of the present invention bind to the thrombin receptor but
will not activate it. These antagonists ate represeanted by the formula;

2 gt

x—nl’l\na/l\n5-(2)m—y ®

The groups R! and R? in this formula are the same or different, cach being
either an amide linkage, an N-alkylamide linkage, or an isosteric replacement of these
Yinkages.

The groups R? and R* are likewise the same or different, and each isa
hydrophobic radical. Examples of hydrophobic radicals for these groups are phenyl, t-
butyl, isopropyl, isobutyl, cyclohexylmethyl, 1-adamantylmethy}, cyclopentylmethyl,
cycloheptylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl, 1-naphthylmethyl, 2~
thienylmethyl, methylthioethyl, indolylmethyl, and substituted benzyl. In preferred
structures, either R? or R* is cyclohexylmethyl, or both are cyclohexylmethyl. In addition,
R, is any amino acid side chain which does not carry & formal charge at physiological pH.
Examples of neutral amino acid side chains are hydroxymethyl and mercaptomethyl.

The group R? is either CO, CH, or S0.

The symbol X represeats a variety of structures. Some of these structres
are represenied by the formula:
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in which R® and R” are the same or different, each being either H, alkyl, (cycloalkyl)alkyl,
alkoxyalkyl, alkylthioalkyl or arylalkyl; and R® is a hydrophobic radical. Preferred groups
for R® and R? are H, C,-Cy, atkyl, (C;-Cy cycloalkyl)-(C,-C; alkyl), (C;-Cyo alkoxy)H(CyCio
alkyl), (C,-Cyo alkylthio)-(C,.Cyo alkyl), aryl(C;-C alkyl), with the proviso that at least
one of R® and R7 is other than H. Preferred groups for R® are those which are at least as
hydrophobic as an isopropy! group. Particularly preferred are benzyl and phenethyl.
Other structures for X are hydrophobic residues which contain aryl moieties, Preferred
among these are arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-tetrahydronaphthyl,
indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl, 1,2,3,4-
tetrahydroquinolinyl, N-alkyl and N-(cycloalkyl)alkyl 1,2,3,4-tetrahydroisoquinolinyl, and
N-alkyl 1,2,3,4-tetrahydroquinolinyl. Specific examples of X groups which are
hydrophobic residues containing aryl moieties are 1-phenyloct-1-en-2-yl, 1-phenoxy-1-
propyl, 1-(2-naphthyloxy)-1-heptyl, 1-phenoxy-1-pentyl, 1-(1-naphthyloxy)-1-pentyl,
biphenyl, 1-naphthyl, 2-naphthyl, 1,2,3,4-tetrahydronaphth-2-y1, indolylmethyl, 2~quinolyl,
3-quinolinyl, N-pentyl-1,2,3,4-tetrahydroisoquinolinyl, and N-cyclohexylmethyl-1,2,3,4~
tetrahydroisoquinolinyl.

Of the remaining groups, Y is an alkoxy, hydroxy, amino, alkylamino,
dialkylamino, or a substituted alkoxy or alkylamino group. Preferred groups for Y are
those having the formulas OR® or NRI¥RM wherein R®, R!® and R* are the same or
different, each being either H, C;-Cy, alkyl, or a hydrocarbon radical substituted with 2
basic moiety. Further preferred among these are NRR' where R'® and R™ are H or Cy-
C, alkyl. The letter m denotes an integer which is zero or one, and the group Z, when
present, is an amino acid or peptide residue, preferred peptide residues being those
containing 2 to 20 amino acids. -

In certain preferred embodiments, X is of Formula I where R® is H and R’
is C;-Cyp alkyl, (C;~C; cycloalkyD)-(Cy-C, alkyl), (C,-C), alkylthio)-(C,-C;, alkyl), or aryl-
(C-Cs alkyl). In further preferred embodimeats, RS and R7 are both C,-C;, alkyl.

In further preferred embodiments, X is of Formula XX where R® is H, R is
alkyl and R® is arylalkyl. In further preferred embodiments, R and R? are both CONH,
R? and R* are hydrophobic radicals of at least three carbons each, R® is CO, Z is a peptide
of between two and ten amino acids, and Y is an amine.
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In stil] further preferred embodiments, X has the formula above wherein R*
is H, R’ is pentyl and R? is benzyl. Additionally, R and R® are both CONH, R? and R*
are alkyl or cycloalkylalkyl of at least three carbons each, R is CO, and Z is a peptide of
the formula (AAY, in which AA is an amino acid and i is an integer denoting its posifion
downstream from R°. An AA! at any position may be the same or different from an AA!
at any other position. AA! is preferably Arg, Har, Om, Lys, Ne,Ne-Dimethyl-Lys, Ne-
Acetimidyl-Lys, Ne-Phenylimidyl-Lys, Gln or Asn; AA? is preferably Asn, Gln, Azg, Lys,
Har, Om, Ne,Ne-Dimethyl-Lys or Ne-Methyl-Lys; AA? when present is Pro, Sar, Gly,
Asp or Glu, with n being 3 to 10 and preferably 3 to 6; AAY, wheanis4 to 10 or4 to 6,
is preferably Asn, Gln, Gly or Ala; AAS, when n is 5 t0 10 or 5 to 6, is Asp or Glu; and
AAS, when n is 6 to 10, is preferably Lys, Arg, Om and Har; and Y is NH,.

The most preferred embodiments are those in which X is zepresented by
Formula II, wherein R® is H, R is pentyl and R® is benzyl. Additionally, R" and R® are
both CONH, R* and R* are both cyclohexylmethyl, R® is CO, Z is a peptide of the formula
(AAY, where n is between 2 and 6 and AA! is Arg and AA? is Lys, Arg or Har, and Y is
NEH,.

In another group of preferred smbodiments, X is a hydrophobic radical
containing at least one aromatic ring. Additionally, R! and R? are independently eithex
CONH or CH,NH, R? and R? are hydrophobic radicals of at least four carbons each, R' is
CO, Z is a peptide of between two and six amino acids and Y is an amine.

Further preferred embodiments within this group are those in which X is
aryloxyalkyl, R! and R? are independently either CONH or CH,NH, R? and R* arc
independently either isobutyl, benzyl or cyclohexylmethyl, R® is CO, Z is a peptide of
between two and six amino acids and Y is an amine.

In the most preferred embodiments of this group, X is aryloxyalkyl, R* and
R? are independently either CONH or CH,NH, R? and R* are independently either
isobutyl, benzyl or cyclohexylmethyl, R® is CO, Z is a peptide of the formula (AAY),
where n is between 2 and 6 and AA! is Arg and AA% is Lys, Arg or Har, and Y is NH,.

The compounds of the present invention further include those compounds in
which any or all amide groups (CONH) which would otherwise be present have been
alkylated (for example, CON(Me)) or replaced by suitable isosteres. Examples of isosteres
of CONH are —CH,NH—, -——CH,CH,—, —CH;S—, —CH,SO~, —COCH,—,
—CH(OE)CH,— and —CH=CH~—, —NHCO—, —SO,NH—, —CH,0— and 1,5-
disubstituted tetrazole.

The compounds of the present invention which terminate with a cacboxylic
acid further include any pharmaceutically acceptable salts or esters of the acid.

The thrombin receptor antagonists of the present invention may be prepared
by solid phase peptide synthesis which is extensively described and used in the art to
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prepare peptides. The compounds may also be prepared using liquid phase synthetic
peptide methods which are also well known in the art. See, M. Bodanszky and A.
Bodanszky, The Practice of Peptide Synthesis (1984) and M. Bodanszky, Principles of
Pepride Synthesis (1984).

Synthesis of peptide analogs containing jsosteric replacements, following
chemical procedures which are known to those of skill in the art, are outlined below,

Additional aspects of the invention are directed to pharmaceutical
compositions containing the compounds of the invention. These compounds are useful for
example, in the treatment of myocardiat infarction, unstable angina, abrupt closure,
restenosis following angioplasty, inflammation and wound healing. The antagonists of the
inveation may be administered in conventional formulations. One common formulation
might include a saline solution buffered to pH 7.4, and suitable for administration by
injection. Formulations for bolus administration are also useful, and comprise the selected
antagonist with pharmaceutically acceptable excipients such as starch or gum arabic as
binding agents, Other typical formulations may be found in Remingion’s Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA, latest edition.

Systemic administration of the compounds is typically carried out by
injection, preferably by intravenous injection. Altematively, intramuscular, intrapetitoneal
or subcutaneous injection may be used. Other forms of systemic administration of the
compounds such as transdermal or transmucosal administration are also possible. Oral
administration may also be vsed with properly formulated enteric or encapsulated
formulations. _

The dosage used will depend on such factors as the choice of antagonist, the
route of administration, the nature of the formulation, the nature of the patient’s illness and
the judgment of the attending physician. Typically, the dosage will be in the range of 0.1~
100 pglkg of subject. More preferably, the dosage will be in the range of 1-50 xg/kg of
subject.

The following experimental results are offered by way of example and not
by way of limitation.
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EXAMPLE 1
Synthesis of (N,N-di-n-pentyl-Phe)-Cha-Cha-Arg-Lys-NH,

Starting with 0.5 mmol of p-methylbenzhydrylaminesHCl resin (from
Applied Biosystems), the resin was neutralized with diisopropylethy! amine and coupled
with Na-r-BOC-Ne-(2-chloro-CBZ)-L-lysine using N,N-dicyclohexylcarbodiimide (DCC)
and 1-hydroxybenzofriazole (HOBt) in N-methylpyrrolidinone (NMP) as solvent followed
by deprotection with trifluoroacetic acid (TFA) in dichloromethane. Successive couplings
and deprotections were performed with Boc-Arg(Tos), Boc-Cba, Boc-Cha and Boc-Phe.
Following removal of the Boc group from the Phe xesidue with the aid of TFA, the resin
was washed 1o afford the peptide resin trifluoroacetate, To this resin, which was
suspended in DMF, 2.5 equivalents of n-valeraldehyde in dimethylformamide (DMF)
(containing 1% acetic acid) was added followed by treatment with 2.5 equivalents of
NaBH,CN for 60 min at room temperature. Aliquots of resin were removed periodically
to check for completeness of alkylation by ninhydrin reaction. When the alkylation was
determined to be complete, the resin was washed with DMF, CH,Cl,, and methanol and
dried in vacuo. The peptide was cleaved from the resin and the protecting groups were
removed by treatment with anhydrous HF containing 10% anisole and 2% methyl ethyl
sulfide, The resin/peptide mixture was extracted with 25% acetic acid solution and
lyophilized to afford the crude peptide as 2 white powder. Subsequent purification of the
peptide on a Cjq reversed phase column employing a gradient elution (10-60% CH,CN in
water containing 0.1% TFA) provided the desired peptide. FAB mass spectrum, caled.
mass 895, observed M+1 896.

EXAMPLE 2
Synthesis of 2-Phenoxybutyryl-Cha-Cha-Arg-Lys-NH,

Synthesis of the peptide resin up to Cha-Cha-Arg-Lys-MBHA resin was
performed as described in Example 1. Acylation of the peptide resin with (1)2-phenoxy-
butyric acid was carried out using DCC in NMP with HOBt. The resulting resin was
washed and the peptide was cleaved, deprotected and purified using the conditions in
Example 1. FAB mass spectrum, calcd. mass 770, observed M+1 771.
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EXAMPLE 3
Synthesis of (N-n-peatyl-Tic)-Cha-Cha-Arg-Lys-NH,

Synthesis of the peptide resin to Tic~-Cha-Cha-Arg-Lys-MBHA resin was
performed as in Example 1, substituting Boc-Tic for Boc-Phe. Afier zemoval of the Boc
group from the Tic residue, the resin was reductively alkylated with n-valeraldehyde under
the conditions of Example 1. The resin was washed and the peptide was cleaved,
deprotected and purified using the conditions above, FAB mass spectrum, calcd. mass
837, observed M-+1 838.

EXAMPLE 4
Synthesis of Phenyl—CH=C((CH,)-CH,)-CH,~Cha-Cha-Arg-Lys-NH,

Synthesis of the peptide resin up to TFANH,~Cha-Cha-Arg-Lys-MBHA
was performed as described in Example 1. The amino group was reductively alkylated
using 2.5 equivalents of phenyl-CH=C({(CH,)s-CH,;)}-CHO in DMF with NaBH,CN for 2 h
at room temperatuce. The resin was washed and dried and the peptide was cleaved,
deprotected and purified using the above conditions. FAB mass spectrum, caled. mass
803, observed M-+1 804,

EXAMPLE 5
Assay for Thrombin Receptor Antagonist Activity

The compounds of the present invention may be tested for thrombin receptor
antagonist activity by using a platelet aggregation assay. In this assay, washed human
platelets are prepared from blood drawn from healthy volunteers who have not ingested
any medications for two wecks prior to donation. Blood is drawn into 12.5% (vol/vol)
ACD (85 mM sodium citrate, 111 mM dextrose, 71 mM citric acid) containing 0.1%
(volfvol) PGL, (0.05 mg/mL PG, 100 mM Tris, pH 12). Platelet-rich plasma was
obtained by centrifugation at 160Xg for 20 minutes. The platelets were pelleted by
centrifugation at 760Xg for 10 minutes and resuspended in CGS (13 mM trisodium
citrate, 120 mM sodium chloride, 30 mM dextrose, pH 7.0) containing 0.1% (vol/vol)
PGI,, repelleted and resuspended in Tyrodes buffer (10 mM Hepes, 12 mM sodivm
bicarbonate, 138 mM sodium chloride, 5.5 mM glucose, 2.9 mM potassium chloride, 1.0
mM calcium chloride, pH 7.4) and stored at 37°C. Approximately 0.4-10 nM o-thrombin
is used to stimulate platelet aggregation in control reactions which are monitored by
aggregometry using an aggregometer, Candidate antagonists are added to the platelet
mixture followed by the addition of thrombin in order to assess their ability to prevent
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thrombin-mediated aggregation. ’ |

Platelet aggregation can also be measured with washed platelets in 96-well
microtiter plates as described in Fratantoni, 1.C. et al., Am. J. Clin. Pathol. 94:613-617
(1950). The ability of the antagonists to block the thrombin receptor was assessed in thig
assay using various concentrations of antagonists, The concentration at which 50%
inhibition of platelet aggregation is achieved is defined as ICso.

The following table lists IC,, values for representative compounds of the
invention,
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WHAT IS CLAIMED IS:

1. A thrombin receptor antagonist of the formula:
B g

x—-R‘J\RV'\RS- (DY

wherein:

R! and R? are members independently selected from the group consisting of
CONH and isosteres theteof;

R? is 2 member selected from the group consisting of hydrophobic radicals
and neutral amino acid side chains;

R* is a hydrophobic radical;

R® is a2 member selected from the group consisting of CH,, CO and SO;

X is 2 member selected from the group consisting of:
radicals of the formula

RG

RS /'\
N

&

wherein:
R® and R” are members independently selected from the group
consisting of H, Cy-Cyq alkyl, (C-Cy cycloalkyD)-(C,-
C, alkyl), (C;-Cyp dlkoxy)~(Cy-Cyo alkyl), (Ci-Cyp
alkylthio)~(C,.Cyo 2lkyl), aryl-(C;-Cs alkyl), with the
proviso that at Jeast one of R® and R’ is other than H,
and
R? is a hydrophobic radical,
axylalk-yl, arylatkenyl, aryloxyalk}l, biphenyl, 1,2,3,4-
tetrahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4~
tetrahydroisoquinolinyl, 1,2,3 4-tetrahydroquinolinyl, N-atkyl
' 1,2,3,4-tetrahydroisoquinolinyl, N-alkyl 1,2,3,4-tetrahydroquinolinyl
o and N-(cycloalkylalkyl-1,2,3,4-tetrahydroisoquinolinyl;
] Y is a member selected from the group consisting of OR® and NR"RY
\ wherein R, R® and R arc members ing‘e.g_"e{ndlcnﬂy selected from the
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X- R P 9R (Z=-Y wherein: RI and 3 are
i ndepdently sel ected fromthe group consisting of nﬁ“ﬂl“ﬂl““'““lml‘
~and i'sosteres thereof; RWis a nmenber sel ected*from4 hd gPou
-consi sting of hydrophobi c radicals and neutral am no
aci d side chains; R4 is a hygrophobl c radical; RW

i's a menber sel ected fromgrbup gmeistingoafi¥s, GC,p glkyl add2 hydiScabon fadical
X is a nmenber selected fr%ﬁﬁﬁaﬂﬁﬁh@bﬁﬂ@ﬁb&?j ng of:
-.,radl cal s of the form&
1s 2 member selected from the group consisting of amino acids and
peptides comprising from 2 to 20 amino acids; and
m is zero or ons,

2. A thrombin receptor antagonist of claim 1 wherein X is 1-
phenyloct-I-en-2-yl, 1-phenoxy-1-propyl, 1-(2-paphthyloxy)-1-heptyl, 1-phenoxy-1-peatyl,
1-(1-paphthyloxy)-1-pentyl, biphenyl, 1,2,3,4-tetrahydronaphth-2-yl, indolylmethyl, 2-or
3-quinolinyl, or N-pentyl-1,2,3,4-tetrabydroisoquinolinyl.

3. A thrombin receptor antagonist of claim 1 wherein X is g radical of
the formula

g8

RS N/k

iy

wherein:
R® and R” are members independently selected from the group consisting of
H, C,-Cy aliyl, (Cy-C; cyeloalky)-(Cy-C, alkyD), (Cy-C,, alkoxy)-
(Cy~Cyp alkyD), (Cy-Cyo alkylihio}-(C,.C,o alkyl), aryl-(C,-Cs alkyl),
with the proviso that at least one of R® and R” is other than H; and
R® is benzy! or phenethyl.

4, A thrombin receptor antagonist of claim 1 wherein X is a radical of
the formula

wherein:
R® is H and R” is a member sclected from the group consisting of C-Cjy
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propvisa.that at | ¢ one of R6 and R? is other than-R L -
. an Rs is a h%/_’drophobi c radical,

alkyl, (C,-C, cycloalkyl)-(C,-C, alkyl), (C,-Cyp alkoxy)~(C;-Cyy
alkyD), (Ci-Cyo alkylthio)~(C,.Cyo alky)) and aryl-(C;-Cq alkyl); and
R? is benzyl or phenethyl.

5. A thrombin receptor antagonist of claim 1 wherein X is a radical of

the formula
RB
R N/‘\
Y
wherein:

R® and R? are both C,-C,, alkyl; and
R' is benzyl or phenethyl.

6. A thrombin receptor antagonist of claim 1 wherein R? is
cyclohexylmethyl and R* is 2 member selected from the group coasisting of phenyl,
t-butyl, isopropyl, isobutyl, cyclohexylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl,
1-naphthylmethyl, 2-thienylmethyl, methylthioethyl, indolylmethyl, and substituted beazyl.

7. A thrombin receptor antagonist of claim 1 wherein R? is a member
selected from the group consisting of phenyl, r-butyl, isopropyl, isobutyl,
cyclohexylmethyl, benzyl, 4-hydroxybenzyl, 2-naphthylmethyl, 1-naphthylmethyl, 2-
thienylmethyl, methylthioethy], indolylmethyl, and substituted benzyl and R* is
cyclobexylmethyl.

8. A thrombin receptor zntagonist of claim 1 wherein Z is a peptide of
the formula (AAY), wherein AA represents an zmino acid residue; i is an integer denoting
the position downstream from R%; and n is an integer of from 2 to 20; such that amino acid
residues at 20y sa2id position may be the same s or different from amino acid residues at
any other said position.

5. A thrombin receptor antagonist of claim 1 wherein Y is NR'RY, in
which R'® 2nd R are members independently selected from the group consisting of X and

C-Cy 2lkyl.
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10. A method to treat conditions mediated by unwanted thrombin

receptor activity which method comprises administering to a subject in need of such
treatment an effective amount of a compound of formula:

® gt

X— R‘J\R“J\Rﬁ- (2)Y

R! and R? are members independently selected from the group consisting of
CONH and isosteres thereof;,

R? is a member selected from the group consisting of hydrophobic radicals
and neutral amino acid side chains;

R is a hydrophobic radical;

R is 2 member selected from the group consisting of CH,, CO and SO;

X is a member selected from the group consisting of:
radicals of the formula

.

wherein:

RB

RG\N)\

ke

wherein:
RS and R” are members independently selected from the group
consisting of H, C,-C,q alkyl, (C;-C; cycloalkyl)-(C;-
C, alkyl), (C;-Cyo alkoxy)~(Ci-Cyo alkyd), (C-Cyo
alkylthio)-(C,.Cys alky)), axyl(C;~C alkyD), with the
proviso that at least one of R® and R is other than H,
and
R? is a hydrophobic radical,
arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-
tetrahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, 1,2,3,4-tetrahydroquinolinyl, N-alkyl
1,2,3,4-tetrahydroisoquinolinyl, N-(cycloalkyDalkyl 1,2,3,4-
tetrahydroisoquinolinyl, and N-alkyl 1,2,3,4-tetrahydroquinolinyl;
Y is a member selected from the group consisting of OR? and NRR!
wherein R?, R!® and R" are members independently selected from the -



group consisting of H Clo alyl, d a hydo Dg

substituted with a basic mal O ety; Z is a nenber selected
from.the group consisting of am no acds ad ©  pepides
conprising from2 to 20 am no acids; and

a Phannaceutical coMoPdtin thereof. " ZTmﬂlﬂﬂlﬂii!’”’iii!”!,’
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gl'OUP OOnSisﬁng Of H, Cr'clo aMI
- substituted with a basic moiety;
Z is a member selected from the group consisting of amino acids and

Peptides Oomprising from 2 to 20 . .
. amin .
m is zero or one; ° agds, and

or a pharmacenticat composition thereof,

» and a hydrocarbon radieal




ABSTRACT OF THE DISCLOSURE
Peptide derivatives serving as thrombin receptor antagonists are disclosed,
which bear specificity for the cellular thrombin receptor without interfering with the
catalytic activities of thrombin. The derivatives generally have the formula

B g

x—nl"\na’l\zzs- (@)Y ?

in which R! and R? are amide linkages, N-alkylamide linkages, or isosteric replacements of
such linkages; R? is either a neutral amino acid side chain or a hydrophobic radical; R* is
hydrophobic radical; R?® is CO, CH; or SO; X is either of the formula:

BB

RS\N/k

r

in which R® and R are H, alkyl, cycloalkylalkyl, alkoxyatkyl, alkylthicalkyl or arylalkyl,
and R? is & hydrophobic radical, or a hydrophobic residue; Y is alkoxy, hydroxy, amino,
alkylamino, dialkylamino, in which any of the alkyl groups may be substituted with a basic
moiety; Z is an amino acid or peptide residue; and m is zero or one,

_\19""“"’:;



