
receptor has demonstrated that this cleavage site is required for
thrombin-mediated receptor signaling through proteolytic cleavage at this
site. See, Vu, et al., Namre, 353:674-677 (1991). These experiments
confirmed previous suggestions that proteolysis of a putalive thrombin
receptor might be responsible for thrombin receptor activation but left
unanswered how proteolysis mediates receptor signading. 



Two potential explanations for thrombin-iaduced signaling have beea
postilated. 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  receptor activation. Alternatively a specific
'tethered ligand' sequeace unmasked upon  receptor proteolysis may directly
interact with a kigand binding sitew within the body of  the receptor
leading to receptor activation. While both of these potential mechanisms
arm  quite similar, if not semantic, it appears that the ttethered llgaudl
hypothesis is the more  likely explanation for receptor signaling.
Synthetic peptides which imic 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 a 'tethered ligand'
and interacts at a distal 'binding site'. These  effects have been
confirmed writh the hamster receptor activated with the hamster wtethered
ligand' peptide. See, Vouret-Craviari, et al., Mol BioZ. CeL. 3:95-102,
(1992). 



Additional studies wNith 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. RioL
116:827-832, (1992) and Ngaiza and Taffe, Blochem. Biophys.  Ra. Commn.
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 pzo- and
anti-coagulant actions of thrombin. For a review, see, Chesbro and Fuster,
Circulaion, 83:1815-1817 (1991). Certain investigators have also attenpted
to inhibit the cellular activities of thrombin by using polypeptides
prepared from the sequence of thrombin. See, Carney and Glenn,
International Patent Application Under the PCI, No. WO 88103151, 5 May
1988. Another report has focused on the preparation of certain dipejitdes
and analogs which appear to inhibit thrombin-cellular activities without
effecting the catalytic actiNity of thrombin. See, Ruda, et al., Biochem,
PharnncoL. 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, PheLcu-LCu-Arg-Asn-OH, based on a
portion of the agonist peptide minimum structre has been shown to be a weak
RBLACEMEN1T SH EE1
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4  antagonist of platelet thrombin receptors activated d4tb either thrombin
or thrombin  receptor agonist peptides. See, Vassallo, et i., J. BZlo. bm.
267:6081-608$ (1992).                A different approach to receptor
antagonism has been irvestigaed by others  who have raised antibodies
against a pptdde SeAuenCewith in the amin-tesmina domain of  the thrombi
recetor which appears to be a bindingrecoption site for thrombin. Thee
antibodies effectively and specifically block thrombin-induced responses in
pWatees,  thereby acting as antagonists of the thrombin recptor. See, Hung
et al., J. Cun& 1mesr.  89:1350-1353 (1992).                Te lack of
potency and/or specificity of tlhe above described approacbes to  thrombin
receptor antagonism limits thir ult as thrombin receptor antagonists. Thus,
hily potent and specific inhibitors of the thromnbin receptor are the focus
of this 



invention.                                 SUMMARY OF 7M MINM0ON'
Peptide derivadves which ant as potent. aad hihly specic thrombin rptor
antagonists bave now been disvered. The  aznagonists ex'hibit specificiy
fto the cellular thromnbin receptor, whIch allows teem to modulae celila-
responses such as platelet algregation  ithout interfering v-ith certain
deskred ca ytic activities of thrwmbin, such as the conversion of
fibrinogen to fibzin. 7bese peptide derivatives include peptides and
modified peptides which contain functional groups that enhance In Wvo
stability and therapeutic potential. 



The peptide derivatives of the present invention bind to cellular thrombin
receptors and inhibit the acti~vaon of the receptor induced by tlirombin.
Included among the thr.obin receptor antagonists of the inventdon are small
peptide deivadves and peptide analogs containing isosteric replacements for
labile andd linbages. This preferred class of peptide derivatives offers an
even greater improvement in therapeutic potential s&nca the structire of
peptide derivatives of this type renders them less susceptible to
protolytic inactivation.               The inveadon aWso resides in
pharmaceutical compositions containing the peptide derivatives described
above. These compositions are useful as ani-thrombotics and are also useful
in clinical applications including treatment of abrupt closurc during
angiopla~s, treatment of restenosis in the context of angioplas, and rhe
teenat of unstable angina, myocardial infacdon and cerdaIn forms of
thfrombotic o: thromboemnbolytic stroke. The peptide derivatives of the
invention may be used alone or in combbnation with other therapeutic agents
such as uro'4nase and .tP.A& ese 
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compositions are also useful as and-inflammato'y, anti-restenosis agents
and may be used          to treat and/or prevent glomerulonephrotic
syndromes.                                DETAILE DESCRPON OF THE INVENIION
As used herein, the term "aalky refers to a saturated hydrocarbon radical
which may be straight-chain or branched-chain (for example, efthyl,
isopropyl, t-amyl, or          2,5-dimethyihexyl). This definition applies
both when the term is used alone and when it          is used as part of a
compound term, such as "aralkyil and similar terms. Prefenred alkyl
groups are those containing I to 10 carbon atonis. All numerical ranges in
this          specificatioa and claims am intended to be inclusive of their
upper and lower limits.                        The term vcycloalkyll refers
to a satuated hydrocaxbon ring. Prefecred 



cycloalkyl Ynoities are those having 3 to 8 carbon atoms in the ring.
Additionally, the term          "(cycloalkyl)alcyl" refers to a group
having a cycloalkyl moiety attached to an alkyl          moiety. Examples
ame cyclohexylmethyl, tyclohexylethyl and yclopentylpropyl.
The term valkenylw 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 alkyl radical as described above which
also          bears an oxygen substituent which is capable of covalent
attachment to another          hydrocarbon radical (such as, for example,
methoxy, ethoxy, phenoxy and 1-butoxy).                        The term
'aryl" refers to an aromatic substituent which may be a single ring
or multiple rings which are fused together, linked covlently 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, diphenylmethyl,          2,2-diphenyl-l-ethyl, thienyl, pyridyl
and quinoxalyl. The aryI moietIes may also be          optionally
substituted with halogen atoms, or other groups such as nitro, carboxyl,
alkoxy, 



phenoxy and the like. Additionally, the atyl radicals may be attached to
other moieties at          any position on the aryI radical which would
otherwise be occupied by a hydrogen atom          (such as, for example,
2-jyxidyl, 3-pyridyl and 4-pyridyl).                        The terms
"arylalkyl", "aryslkenyl" and "aryloxyalkylh refer to an axyl
radical attached directly to an alkyl group, an alkenyl grorp, or an oxygen
which is          attached to an alkyl group, respectively.
The term "basic moletyv refers to a group which is capable of accepting a
proton, or donating a pair of electrons in hydrogen bonding. Examples of
basic moieties          are amrines, guanidines, imidates, and
nitrogen-containing heterocycles such as pymidine,          imidazole,
triazole and pyrimidine.                       The term "hydrocarbon
radical' refers to alkyl, alkenyl, alkoxy or aryl    



6 radical or any combination thereof.              The tem 'hydrophobic
radical' refers to a group which lowers the water solubility of a molecule.
Preferre hydrophobic radicals ar groups containing at least 3 carbon atoms.
The terms isostrew and 'isosteric replacement" are used interchangbly to
refer to groups which have similar electronic or spatial properties. In the
contt of the present invention, for example, -CONH- may be replaced by
-CH2NR-- 



-NHCO-, --SO2NR-. --20t--- ;2i -CZCik.-. -(s-CH.     --*2; - --CH-C- (cis
or trns), -COCHf--, -CH(OER)CH- and 1,5-disubstitited tetrzole such that
the radicals linjwd by these isosteres would be held in similar
oficntations to radicals linked by CONH. For a general review of these and
other isosteres see, Spatola, A.F., in Chemstyy and Biochenistry of Amino
Ackis, Pepddes and Preins, B. Weinstein, eds., Mharcel Dekker, New York, p.
267 (1983).             The term *neutral amino acid side chain" refes 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 singelett=r or three-letter designations following
conventional practices. The designations for gene-encoded amino acids are
as follows: 



One-Letter           Three-Letter             Amino Adyd SymhQl
Symbol             Alanine                         A                   Ala
Arginine                        R                   Arg
Asparagine                      N                   Asn
Aspartic acid                   D                   Asp
Cysteine                        C                   Cys
Glutamine                       Q                   Gin
Glutamic acid                                       Glu             Glycine
G                   Gly             Histidine                       H
His             Isoleucine                      I                    Me
Leucine                         L                   Leu 



Lysinc                          K                   Lys
Methionine                      M                   Met
Phenylalanine .                                     Phe
RPLCEMENT SKEET
2 5 OCT 199        



7               Proline                           P                    We
Serine                            S                   Ser
Threonine                        T                    Thr
Tryptophan                       W                    TIp
Tyrosine                          YTy               VaIv
V                    Val                Commonly encountered amino ads
which are not gene-ncoded may also be used ia the present invention. These
amino acids and their abbreviations include ornithine (Orn); I-butylglycine
(t-BuG); phenylglycine (PhG); cyclohexylalanine (Cha); norleucine (NIe);
2-naphthylalanine (2-Nal); I-naphthyla~anine (1-Nal); 2-thienylalanine (2- 



rhi); 1,2,3,4-tLalhydirosoquinoline-3-carboxylic acid (Tic);
N-methylisoleucine (N- Metle), booargine ar), Nct-methylarginine (N-MeArg)
and sarcosine (Sar).              All of the amino acids used in the pesent
invention nay be either the D- or L-isomer. The L-Isomers arm preerred.
The compounds of the present invention bind to the thrombin receptor but
will not activate it. These antagonists are represented by the formula;
R2R4                             X- Rl-Rs- O- (Z)M- Y(1               The
groups V2 and R? in this formula ar the same or different, cach being
either an amide linkage, an N-alkylamide linkage, or an isosteric
replacement of these linacages.              The groups R and R4 are
likewise the same or different, and each is a 



hydrophobic radical. Exaamples of hydrophobic raiicals for these groups are
phenyl, t- butyl, isopropyl, isobutyl, cyclohexylmetiyl, I-adamantylmethyl,
cyclopentyinethyl, cycloheptylmetbyl, bezyl, 4-hydroxybenzyl,
2-naphthylrnethyl, l-naphthylmethyl, 2- thienylmethyl, methylthioethyl,
indolylmethyl, and substituted benriyl. In prefep-ed structures, either W
or R4 is cyclohexylmethyl, or both are cyclobexylmethyl. In addition; R is
any amino acid side chain which does not carry a formal charge at
physiological PIX. Examples of neutral amino acid side chains are
hydroxymetliyl and inercaptomethyl.              The group R5 is either CO,
CH2 or SO.              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 IV ar the same or different, each being either H, alkyl,
(cycloaylkailkyl, alkoxyalkyl, alkylthioayl or arylalkyl; and P5 is a
hydrophobic radical. Preferred groups for RI and R? are H, C1-C1, alkyl,
(C-Cg cyc1oalk1)-(CC4 alkyl), (CI-ClO allmxy)-(C-C aflyl), (CrClo
alkylthio)-(C1.Cj0 alkyl), aryl-(C-C alkyl), with the proviso that at least
one of R and R7 is other ta H. Preferre groups for R' are those which are
at least as hydrophobic as an isopropyl group. Particulaxly preferred am
benzyl and phenethyl. Other structures for X are hydrophobic residues which
contain atyl moieties. Prefered among these are arylallyl, axylalkenyl,
aryloxyalkyl, biphenyl, 1,2,3,4-tetrahydronaphthyl, 



indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-tetahydroisoquinolinyl,
1,2,3,4- tetrahydroquinolinyl, N-alkyl and N-(cycloaikyl)akcyl
1,2,3,-tetraiydxrisoquinoinyl, and N-alkyl 1,2,3,-tetrahydroquinolinyl.
Specific examples of X groups which are hydrophobic residues conining axyl
moieties are I-p enyloct-l-en-2-yl, 1-phenoxy-1- propyl,
l-(2-naphthyloxy)-l-heptyl, 1-phenoxy-4-pentyl, 1-(1-naphthyloxy)-l-pentyl,
biphenyl, 1-naphthyl, 2-naphthyl, 1,2,3,4-tetahydronphth-2-yl,
indolylmethyl, 2-quinolyl, 3-quinolinyl,
N-pentyl-1,2,3,4-tetrahydroisoquinolinyl, and Nq-yclohexylmethyl-1,2,3,4-
tetrahydroisoquinolinyl.               Of the remaining groups, Y is an
alkoxy, hydroxy, amino, aflylamino, dialkylanino, or a substituted alkoxy
or alkylamno group. Preferred groups for Y are those having the formulas
OR' or NR11R1' wherein RP, RIO and RI' are the same or different, each
being either H, C1-CO alkyl, or a hydrocarbon radical subsitted with a
basic moiety. Further preferred among these are NW"R" where R" and RW  are
H or C1- C4 akl. 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 R7 is CI-CI0
alkyl, (CI-CS cycloalyl)-(CI-C4 alkyl), (C,-C30 alkylthio)-(C1-C,, alcyl),
or aryl- (CI-C6 alkyl). In further preferred embodiments, H' and R7 are
both C.-CI0 alkyl.               In further prefered embodiments, X is of
Formula 3a where R6 is H, R7 is alkyl and R' is arylalkyl. In further
preferred embodiments, RI and 3 are both CONH, R? and ' are hydrophobic
radicals of at least three carbons each, H? is CO, Z is a peptide of
between two and ten amino acids, and Y is an amine.      
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9                          In still further preferred embodiments, X has
the formula above wherein R            is H, R7 is pentyl and R' is benzyl.
Additionally, RI and 113 are both CONa,    ad Rn            are alkyl or
cycloalkylalkyl of at least three carbons each, Ws is CO, and Z is a
peptide of            the formula (AA5,, in which AA is an amino acid and 1
i an integerdenoting its position            downstrem from R5. An AA! at
any position may be the same or different from an M'            at any
other position. AA' is preferably Arg, Har, Orn, Lys, Nee3-)imethyl-Lys,
Nc-            Acetimidyl-Lys, Ne-Phenylimidyl-Lys, GIn or Asn; AA1 is
preferably Asn, Gin, Arg, Lys,            Bar, Orn, Ne,Ne-Dimethyl-Lys or
Ne-Methyl-Lys; AA3 when present is Pro, Sar, Gly,            Asp or GIu,
with n being 3 to 10 and preferably 3 to 6; AA4, when n is 4 to 10 or 4 to
6, 



is preferably Asn, Gln, Gly or Ala; AV, when n is S to 10 or 5 to 6, is Asp
or Glu; and            AA', when n is 6 to 10, is preferably Lys, Arg, Orn
and Har; and Y is NH2.                          7he most preferred
embodiments are those in which X is represented by            Formula UI,
wherein RI is H, R7 is pentyl and R is benzyl. Additionally1 W3 and W3 awe
both CONH, RU and R4 are both cyclohexyImethyl, RS 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 HIar, and Y is            NR2.
In another group of preferred embodiments, X is a hydrophobic radical
containing at least one aromatic ring. Additionally, R and R3 are
independently either            CONE or CHRN, R2 and RI are hydrophobic
radicals of at least four carbons each, RI is            CO, Z is a peptide
of between wo and sixamino acids and Y is an amine.
Further preferred embodiments within Nhis group are those in which X is
aryloxyalkyl, R1 and R3 are independently either CONH or CHINH, R2 and R4
are            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 aryloxyalkl, RI and
RI are independently either CONH or CH2NH, R2 and 4 are indepedently either
isobutyl, benzyl or cyclohexylmethyl, Rs is CO, Z is a pepd& of the formula
(AV),           where n is between 2 and 6 and AA is Arg and AA'2 is Lys,
Arg or HIar, and Y is NH,.                         The compounds of the
present invention further include those compounds in            which any
or al amide groups (CONIX which would otherwise be present have been
alkylated (for example, CON(Me)) or replaced by suitable isosteres.
Examples of isosteres            of CONE are -0CH2WNH-, --CCR;2-, -CH2S-,
-CR2SO-, -COCH2--,            -CH(OHCH7- and --CR==CH-, -NHCO-, -SO2NH-,
H-CR20- and 1,5-            disubstituted tetrazole.
The compounds of the preset invention which terminate with a carboxylic
acid farther 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                                                      10 prepare
peptides. 'The compounds may also be prepared using liquid phase synthetc
peptide methods which ae also well known in the art. See, M. Bodanszky and
A. Bodanszky, The Prcicce of Peptide Sntheis. (1984) and M. Bodanszky,
Prinplks of 



Peptide Synhsis (1984).               Synthesis of peptide analogs
containing isostemic replacements, following chemical procedures which are
)mown to those of skill in the art, are outlined below.
Additional aspects of the invention are direcd to pharmaceutical
compositions containing the compounds of the invention. These compounds a=
useful for example, in the treatment of myocardial infarction, unstable
angina, abrupt closure, restenosis following angioplasty, intammatioa and
wound healing. The antagonists of the invention may be administered in
conventional formulAons. One common formulation might include a saline
solution buffered to pH 7.4, and suitable for administration by injection.
Formulations for bolus administrafion are also useful, and comprise t
selected antagonist with pharmaceutically acceptable excipients such as
starch or gum arabic as binding agents. Other typical formulations may be
found in Remington's Pharmaceudcal 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, intapeitoneal 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 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 the judgment of the attending physician.
Typicaly, the dosacge will be in the range of 0.1- 100 pg/kg of subject.
More preferably, the dosage will be in the range of 1-50 ,ggtkg of subject.
The following experimental results are offered by way of example and not by
way of limitation.  



EXAWLE 1                 Synthesis of (NN--n-pentyl-Phe)-CIa-Ca-Arg-Lys-NH2
Starting with 0.5 mmol of p-methylbenzhydrylamineHCI resin (from 



Applied Biosystms), the resin was neutralized wi diisopropylethyl amine and
coupled with Na-r-tOC-Ne-(2-ohloro-CB2)-L-lysine using
NXicyclohexylcarbodirinide (DCC) and 1-hydroxybenzotriazole (HIOBt) in
N-methylpyxrolidinone (NMP) as solvent followed by deprotection with
tifluoroacetic acid (MA) in dichlorometbane. Successive couplings and
deprotections were performed with Boc-Arg(Tros), Boc-Cha, Boc-Cha and
Boo-Phe. Following removal of the Boc group from the Phe residue with the
aid of TFA, the resin was washed to afford the peptide resin
trifluoroacetate. To this resin, which was suspended in DMF, 2.5
equivalents of n-valeraldehyde in di methylfonmamide (DMP) (containing 1 %
acetic acid) was added followed by treatment with 2.5 equivalents of
NaBH3CNJ for 60 mn at room temperature. Aliquots of resin wee removed
periodicaly to check for completeness of alkylation by ninhydrin reaction.
When the alylation was determined to be complete, the resin was washed with
DMP, CH2C12, and methanol and dried in vauo. The peptide was cleaved from
the resin and the protecting groups were removed by tratment with anhydrous
BF containing 10% anisole and 2% methyl ethyl 



sulfide. The resin/peptide mixture was extracted with 25% acetic acid
solution and Iyophilized to afford the crude peptide as a white powder.
Subsequent purification of the peptide on a Cj, reversed phase column
employing a gradient elution (10-60% CH.CN in water containing 0. 1% T'A)
provided the desired peptide. FAB mass spectrum, caled. mass 895, observed
M+1 896.                                       EXAMPLE 2
Synthesis of 2-Phenoxybutyryl-Cha-Cha-Arg-Lys-NR2               Synthesis
of the peptide resin up to Cha-Cha-Arg-Lys-%MIA resin was performed as
described in Example 1. Acylation of the peptide resin with (i)2-pheaoxy-
butyric acid was carried out using DCC in NMI with -FOBt. Ile 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. 



12                                        EXAPWLE 3
Synthesis of N-n-pentyl-Tic)-Cha-Cha-Arg-Lys-NI,  



Synthesis of the peptide resin to 7ic-Cha-Cba-Arg-Lys-NMEA resin was
performed as in Exanple 1, substituting Boo-Tic for Bo%-Phe. After removal
of the Boc  group from the Tic residue, the resin was reductively alkyted
with n-valeridehy& under  the conditions of Example 1. The resin was washed
and the peptide was cleaved,  deprotected and puifed using the conditions
above. PAB mass spectrum, caled. ns  837, observed M+1 838.
EXAMPLE 4           Synthesis of Phenyl-CH{C((CII)r-CH33)-C
2-Cba-Cha-Arg-Lys-NH2                Synthesis of the peptide resin up to
ThA*N-Cha--ArS-Lys-MBHA was performed as described in Example 1. The amino
group was reductively alkylated using 2.5 equivalents of
phenyl-CR=C((CHf)5-C13)-CKO in X)MF with NaBH3CX for 2 h at room
temperature. The resin was washed and dried and fte peptide was cleaved, 



deprotrcted and purified using the above conditions. FAD  mass spectrum,
calcd. mass 803, observed M+l 84.
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 tis 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 sodium
citrate, 111 mM dextrose, 71 mM citric acid) containing 0.15% (vol/vol)
PGI2 (0.05 mg/rrL PG1,, 100 mM Tris, pH 12). Patelet-rich plasma was
obtained by centrifugation at 16OXg 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 %
(vo]vol) PGI2, reeeted and resuspended in Tyrodes buffer (10 mM Hepes, 12
mM sodium 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 37C.
Approximately 0.4-10 nM cc-trombin is used to stimulate plelet aggregation
in control reactions which are monitored by aggregomnetry using an
aggregometer, Candidate antagonists am added to the platelet mixture
followed by the addition of thrombin in order to assess their ability to
prevent        



13 thrombin-mediated aggregation.               Platelet aggregation can
also be measured ith washed platelets in 96-well Inicrotiter plates as
descibed in Frtantoni, Y.C. et a., Am. I CHl. PfthoL 94:613-617 (1990). 7he
ability of the anagonists to block the thrombin receptor was assesed in
this assay using vaxious concentrations of antagonists. The onceltraon at
which 50% inhibition of platelet aggregation is achieved is defined as ICt
The following table lists IC5 values for representative compounds of the
invention,    
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25 WHAT IS CXAIM IS:                     1. A thrombin zeceptor antagonist
of the formula:                                X-RI                  (Zk Y
wherein:              P.' and W are membera independently selected from the
gup consistng of 



CONH and iosteres heeof;              R2 is a member selected from the
group consisting of hydwphobic radicals                     and neutral
an-ino acid side chains;              R4 is a hydrophobic radical;
Rs is a member selected fom.the group consisting of CH,- CO and SO;
X is a member selected from the group consisting of:
radicals of the formula        



wherein:                            W and W are members independently
selecd from the goup                                   consisting of ,
C1-C{Q akyl, (C1-C$ cycloakyl)-(C1-                                   CA
alkyl), (C1-C1o alkoxy)-(CrCIO alkyl), (Cs-CIO
al.kylio)-{C,_C1  alkyl), aryl-(C1-C4 alkyl), w'th the
proviso that at least ona of V and I' is other than HI,
and                            R! is a hydrophobic madical,
arylalkyl, arylalkenyl, axyloxyalkyl, biphenyl, 1,2,3,4-
tetrahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tety hydroisoquinolinyl, 1,2, 3,4-tetrahydroquinolinyl, N-alkyl
1,2,3,4-erahydroisoquiooinyl, N-alkyl 1,2,3,4-tetrhydroquinoliny
and N-(cyclolkyl)alkyl-1,2,3,-tetmahydrwisoquiinolinyl; 



Y is a member selected from the group consisting of OR9 and  ORR1'
wherein R9, RI' and R' amr members independently selected from the
REPACEENTSHEET
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group consisting of H, Cr-Ca alkyl and a hydrocabn radical
substituted with a basic moiety;                Z is a memnber selected
froW the group consisting of amino a8ds and                       pepfxdes
compnising from 2 to 20 amino acids; snd                mn is zero or one.
2. A thrombin receptor antagooist of claim I wherein X is 1-
phenyloct-l-en-2-yl, I-phenoxy-1-prcopyl, 1-P-nathyloxy)-I-heptyl,
I-phenoxy-1-pentyl,  1-(1-naPhthyloxy)-1-penatY, biphenyl,
1,2,3,4-tetrahydronxapth-2-yl, indolylmethyI, 2- or  3-quinolinyl, or
N-pentyl-1,2,3,4-tetahydaoisoquinolinyL                     3. A thrombin
receptor antagonist of 4laim 1 wherein X is a radical of 



the formula                                                17   wherein:
RI$ and P.7 are mcmbers independently sdected from the group consisting of
H, C1-Clo alIyl, (C1-C9 CYcloaflcY)-(C1-C4 alkyl), (CI-Clo alkoxy)-
(Cs-Cjo a~sql3, (CI-ClQ alylthriqo3(Cj.Cj0 alkyl), aryl-(Ct-IC4 alyl),
with the proviso that at least one of R5 and RI is other than B; and
RI is benzl or phenethyl. 



4. A thrombin receptor antagonist of claim 1 wherein X is a radical of. the
formula                                                R8
17   wherein:              W is H and W is a menber selected *om the group
consisting of CI-Cl0   
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27                       &lkyl. (C1-C, cycloakIk1)-(CI-C4 alyl), (C-C9o
alkoxy)-(C1-Cjo                       alkyl), (Cr-C,* allkyIthiod)-(C.Cta
alkyl) and arYI-(C-C4 alkyl); and               ".I is byl or penethyl.
5. A thrombin receptor antagonist of claim 1 wherein X is a radical of the
formula                                                17  



wherein:               P' and le ae both CI-Cia alky]; and               W.
is benzyl or phenethyl.                     6. A thrombin recpctor
antagonist of claim 1 wherein R2 is cyclohexylmefthyl and R4 is a member
salected from the group consisting of phenyl, r-butyl, i-soppy, isoburyl,
cyclohexylnmethyl, benzyl, 4-bydroxybenzyl, 2-naphthylmethyl,
1-naphthylmethyl, 2-thienylmethyl, methyliboethyl, indolylrethyl, and
substituted benzyI.                     7. A throbitn rector antagonist of
claim 1 wherein R2 is a member selected from the group consisting of
phenyl, t-butyl, isopropyl, isobutyl, cyclohexylmethyl, benzyl,
4-hydroxybenzyl, 2-naphthylrnethyl, 1-naphthylmekvl, 2- thienylmethyl,
methylthicethyl, indolylmethyl, and substitbted benzyl and V4 is 



cyclohexylmethyl.                     8. A thrombin recptor antagonist of
caim 1 wherein Z is a peptide of the formula (A). wherein AA reprsets an
amino acid residue; I is an integer denoting the position downstream from
P.; and n is an snteger 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 any other said position.                    9. A thrombin receptor
antagonir of cairti I Whertln Y is MOOR', in which RI" and RI' are members
independently selected fron  the group consisting of H and CI-CA gk8l-    



28                   10. A method to treat conditions mediated by unwanted
thrombin receptor activity which method compriscs administering to a
subject in need of such treatment an effective amount of a compound of
formula;  



X- RI  P   9R- (Z=-Y  wherein:              RI and 3 are members
indepdently selected from the group consisting of                     CONH
and isosteres thereof;              RW is a member selected from the group
consisting of hydrophobic radicals                     and neutral amino
acid side chains;              R4 is a hydrophobic radical;              RW
is a member selected from the group consisting of CH2, CO and SO;
X is a member selected from the group consisting of:
radicals of the formula  



17                              wherein:                            and Rz
am members independently selected from the group
consisting of H, CI-Cl, aliyl, (1-C1 cycloallcyl)-(C1-
Cj ally1, (CI-Cla allwxy)-(C-Cj0 alkyl, (C,-Clo
althyltio)-(C1 C10 alkyl), aryl-{CI-C6 allyl), with the
proviso that at least one of R6 and R? is other than R,
and                            Rs is a hydrophobic radical, 



arylalkyl, arylalkenyl, aryloxyalkyl, biphenyl, 1,2,3,4-
terahydronaphthyl, indolylmethyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, 1,2,3,4-tetrahydroquinolnyl, N-alkyl
1,2,3,4-tetzhydroisoquinolinyl, N-(cycloakl)alkyl 1,2,3,4-
tetrahydroisoquinoUnyl, and N-alkyl 1,2,3,4-tetrahydroquinolinyl;
Y is a member selected from the group consisting of OR' and NWOR1'
wherein R% IZ3I and R1 are membr independently selected from the        



group consisting of Hj C-lo alyl,  d a hydo          Dig
substituted with a basic malOiety;               Z is a member selected
from the group consisting of amino acds ad                      pepides
comprising from 2 to 20 amino acids; and              m is zero or one; or
a Phannaceutical coMoPdtin thereof.    




