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This invention relates to compounds having antithrombotic activity.
re particularly, the invention relates to azacycloalkylalkanoyi peptides and

-/ pseudopeptides that inhibit platelet aggregation and thrombus formation in
mammals and which are useful in the prevention and treatment of thrombosis
associated with disease states such as myocardial infarction, stroke, peripheral
arterial disease and disseminated intravascular coagulation.

)

15 Haemostasis, the biochemistry of blood coagulation, is an extremely .~
complex phenomena whereby normal whole blood and body tissue
- spontaneously arrest bleeding from injured blood vessels. Effective
haemostasis requires the combined activity of vascular, platelet and plasma
factors as well as a controlling mechanism to prevent excessive clotting.
20 Defects, deficiencies, or excesses of any of these components can lead to
hemorrhagic or thrombotic consequences.

Platelet adhesion, spreading and aggregation on extracellular matrices
are central events in thrombus _fom'iation. These events are mediated by a
25 family of adhesive glycoproteins, i.e., fibrinogen, fibronectin, and von
Willebrand factor. Fibrinogen is a co-factor for platelet aggregation, while
. fibronectin supports platelet attachments and spreading reactions, and von
Willebrand factor is important in platelet attachment to and spreading on
subendothelial matrices. The binding sites for fibrinogen, fibronectin and von
30 Willebrand factor have been located on the platelet membrane protein complex
known as glycoprotein lib/lla.

Adhesive glycoproteins, like fibrinogen, do not bind with normal resting
platelets. However, when a platelet is activated with an agonist such as
35 thrombin or adenosine diphospliate, the platelet changes its shape, perhaps
making the GPlib/lla binding site accessible to fibrinogen. Compounds within
the scope of the present mventlon block the ﬂbrmogen receptor thus inhibiting
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haenpbstasis requires the conbined activity of vascul ar, 7pl atel et and pl asma
factors. as well as a controlling nmechanismto prevent excessive clotting.

Def eats, deficiencies, or excesses of any of these conpogents, can,| 0
30 henorrhagic or thronbotic consequences.2Pl at el et adh@@?%i?ociﬁﬁ'em
and aggregation on extracellular matrices are central events in thronbus
formation. These events are nediated by a fanm |y of adhesive gl ycoproteins,

2 colfactor T Otelpt AbBRRaYER: Bl BGRuty eilom RRaS dit whbd T o0el e,
att aIC ggrglng ts Zadminismw iry thee form oﬁpthmW¢mpmlum bamlngssmti;hgg ; t ant
The by ndi ng <2PRPORRAS g uSBHLI8K F&pidlefiflon and (BMNABACH! trerbog8hic! Ces-
diseases, such as myocardia m?arctlon, stror]ce, peripheral arterial disease and

5 disseminated intravascular coagulation.
2. Reported Developments

it has been observed that the presence of Arg-Gly-Asp (RGD) is

10 necessary in fibrinogen, fibronectin and von Willebrand factor for their
interaction with the cell surface receptor (Ruoslahti E., Pierschbacher, Cell
1986, 44, 517-18). Two other amino acid sequences also seem to take part in
the platelet attachment function of fibrinogen, namely, the Gly-Pro-Arg
sequence, and the dodecapeptide, His-His-Leu-Gly-Gly-Ala-Lys-GIn-Ala-Gly-

15 Asp-Val sequence. Small synthetic peptides containing the RGD or
dodecapeptide have been shown to bind to the platelet GPIlib/llia receptor and
competitively inhibit binding of fibrinogen, fibronectin and von Willebrand factor
as well as inhibit aggregation of activated platelets (Plow, et al., Proc. Natl.
Acad. Sci. USA 1985, 82, 8057-61; Ruggeri, et al., Proc. Natl. Acad. Sci. USA

20 1986, 5708-12; Ginsberg, et al., J. Biol. Chem. 1985, 260, 3931-36; and
Gartner, et al., J. Biol. Chem. 1987, 260, 11,891-94).

ﬂﬁ"

Indolyl compounds containing guanidinoatkanoyl- and
guandinoalkenoyl- aspartyl moieties are reported to be platelet-aggregation
25 inhibitors by Tjoeng, et al., U.S. Patent Nos. 5,037,808 and 4,879,313.

U.S. Patent No. 4,992,463 (Tjoeng, et al.), issued February 12, 1991,
discloses generically that a series of aryl and aralkyl guanidinoalkyl peptide
mimetic compounds exhibit platelet aggregation inhibiting activity and

30 discloses specifically a series of mono- and dimethoxy phenyl peptide mimetic
compounds and a biphenylalkyl peptide mimetic compound.

U.S. Patent No. 4,857,508 (Adams, et al.), issued August 15, 1989,
discloses generically that a series of guandinoalkyl peptide derivatives
35 containing terminal aralkyl substituents exhibit platelet aggregation inhibiting
activity and discloses specifically a series of O-methyl tyrosine, biphenyl, and
naphthyl derivatives containing a terminal amide functionality.
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compl ex- known as gl ycoprotein 11/1l1a. 5 Adhesi ve gl ycoproteins, |ike

fijbrinogen, do not bind with nornmal resting,platelets. Hoyg¥9hHockdtc Af158
platelet is activated wth an agoni st such 8s thronbin or adenosi ne

di phosphate, the platelet changes its shape, perhaps meking the GP1lb/11la
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Devel opnerfds It has been observed that the presence of Arg-Ay-Asp (RA) is
Plow, E.F., et al., in Proc. Natl. Acad. Sci. USA 79, 3711-3715 (1982),

disclose that the tetrapeptide glycyl-L-prolyl-L-arginyl-L-proline inhibits
fibrinogen binding to human platelets.

10 French Application No. 86/17507, filed December 15, 1986, discloses that
tetra-, penta- and hexapeptide derivatives containing the -arg-gly-asp-
sequence are useful as antithrombotics.

U.S. Patent No. 4,683,291 (Zimmerman, et al.), issued July 28, 1987,
15 discloses that a series of peptides, comprised of from six to forty amino acids, .~
which contain the sequence -arg-gly-asp- are platelet binding inhibitors.

European Application Publication No. 0 319 506, published June 7, 1989,
discloses that a series of tetra-, penta-, and hexapeptide derivatives containing
20 the -arg-gly-asp- sequence are platelet aggregation inhibitors.

Cyclic peptide analogues containing the moiety Gly-Asp are reported to
be fibrinogen receptor antagonists in U.S. Patent No. 5,023,233.

25 Peptides and pseudopeptides containing amino-, guanidino-, imidizaloyl,
and/or amidinoalkanoyl, and alkenoyl moieties are reported to be
antithrombotic agents in pending United States applications serial nos.
07/677,006, 07/634,385, and 07/460,777 filed on March 28, 1991, June 7,
1990, and January 4, 1990, respectively, as well as in U.S. Patent No.

30 4,952,562, and in International Application No. PCT/US90/05448, filed
September 25, 1990, all assigned to the same assignee as the present
invention. |

Peptides and pseudopeptides containing amino- and guanidino- alkyl-
35 and alkenyl- benzoyl, phenylalkanoyl, and phenylalkenoyl moieties are
reported to be antithrombotic agents in pending United States application
serial no. 07/475,043, filed February 5, 1990, and in International Application
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necessary in fibrinogen, fibronectin and von Wl ebrand”factor for their 20
interactton with the cell surface receptor (Ruoslahti E., Pierschbacher,

Cel 1-11986, 44, 517-18). Two other amino acigd sequences gbase Doeket:0 A58
part in the platelet attachnment function of™fibrinogen, nanely, the

G y-Pro- Arg sequence, and the dodecapepti de,

H s-"Hi s-Leu-3@ y-d y- Al a- Lys- Gln Al a-d y- Asp-Val sequence. Small synthetic
pepti des contNoniPQTUSOHOR4Z1, filed Aprilcida 1991 | published debﬂeaianmato b| nd to

{1 br | nogen, fS@'ﬁ‘i%‘é@ﬁ'ﬁ%ﬁ@@q%%"aﬁ‘?‘f&%&@%‘@aﬁ?yab&%ﬁ o e Eae

aggr egat i on okssignes asdheprasentdnventidrow, et al., Proc. Natl. Acad SCI. USA
1985, 82, 8057-61; Ruggei, et al., Proc. Natl Aced. Sci. USA 1986

5708-12; G nsberg et a em 931- 36; d 3
Gartner, & a h érmhstwcﬂmil @9@&%‘ ormylaska unds
cont ai ni ng gmwatmslafmpbneand beuplatsietaidregation inhibiors i UE&I Pat. do.ar e

repor ted {0 0 LAl GhedBU-SHIld 3 1988 Bhi Yslighta T Hh8Lanfd alligned'and

having the same inventorship as the present invention.

10 N-subsituted azacycloalkylcarbony! cyclic aminoacylaspartic acid
derivatives are reported to be antithrombotics in U.S. Pat. No. 5,064,814, filed
April 5, 1990 by the same inventors and assigned to the same assignee as the
present invention. Azacycloalkylformylglycy! aspartic acid derivatives are
reported to be antithrombotics in U.S. Pat. No. 5,051,405, filed October 10,

156 1989, and assigned to the same assignee as the present invention. e

European Patent Application 0479,481, published April 8, 1992,
discloses azacycloalkyalkanoyt glycyl aspartyl amino acids as fibrinogen
receptor antagonists.

20

European Patent Application 0478,362, published April 1, 1992,
discloses azacycloalkyalkanoyl peptidyl B-alanines as fibrinogen receptor
antagonists.

25 The present invention relates to azacycloalkylalkanoy! peptides and
pseudopeptides which inhibit platelet aggregation and thrombus formation.

SUMMARY OF THE INVENTION
30 Compounds of the present invention are described by Formula |
C(R)e)m 0 o
R ——-{cHZ)—c—-N-(CHz)—c NH—CH- -2
Az’ CH,COOH
Formula |

-—
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35 U.S. Patent No. 4, 992,463'¥(Tj oeng, et al.), issued February 12, 1991.
di sckoses' generically that a series of aryl and aral kyl guani di noal kyl
pepti de REPLACEMENT SHEET 2 4 JAN 1997 3 minetic conp LI

pl atel et aggregation inhibiting activity and di scl oses s%@gﬁa@ g\1158
series of nono- and di met hoxy phenyl peptide m netic conpounds and a

bi phenyl al kyl pept i de mnetic conmpound. 5 U. S. Patent No. 4,857,508
(Adams, et al.), issued August 15, 1989, discloses generically that a
series of guand noal kyl peptide derivatives containing term nal aralkyl
substituents e‘NhF’Eﬁft‘ pl atel et aggregation inhibiting

A is -H, amidino, or substituted amidino;

5
B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl
aryl, aralkyl, alkylaryl, or alkylaralkyl;
@
—I}I—QH C+-G
Zis E F f , where
10

E is -H or, in combination with F, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring, PR
F is the a-carbon side chain of the D- or L-isomer of a naturally occuring -
15 o-amino acid, -H, alkyl, cycloalkyl, cycloalkylalkyl, alkylcycioalkyl,
alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substitued aralky},
heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted
heterocyclylalkyl, or, in combination with E, forms a 4-, -, 6-, or 7-membered
azacycloalkane ring,
20
G is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkyicycloalkylalkyl,
aryl, substituted aryl, aralkyl, substituted aralkyl, heterocyelyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylalkyl, OR1, or NR1R2,
where R1 and R2 are independently -H, alkyl, cycloalkyl, cycloatkylalkyl,
25 alkyleycloalkyl, alkylcycloalkylalkyl, aryl, aralkyl, alkylaryl, or alkylaralkyl, and

risOor1;
R is H-, alkyl, aryl, or aralky};
30

mis 1t05;

nis 0 to 6; and

AN

35 pis 1to4; This Sheet Has Been Re ,il



™

activity and discl oses specffically a series of o-nmethyl tyrosine,
bi phenyl®, , and napht hyl derivatives containing a termnal am de

functionality. 10 Haverstick, D.M, et al., in Blood 66 5
(1985), disclose that a number of synt heti o6 pepti des, ré?%ﬁjg%g’ﬁe? %\1158

arg-gly-asp-ser and gly-arg-gly-asp- ser, are capable of I nhibiting

t hronbi n-i nduced pl at el et aggregati on. 15 Plow, E.F., et al., in
Proc. Natl. Acad. Sci. USA 79, 3711-3715 (1982), disclose that the
tetrapeptide glycyl-L-prolyl-L-arginyl-L-proline inhibits fibrinogen

bi ndi ng to human potag@harmacsutically aqeeptable isalt thereoBe/ 17507, fil ed Decenber
15, 1986, discloses that 20 tetra-, penta- and hexapepti de derivatives

containing the -ar - se ence, ar e, usef ul ntlthrorrlbotlcs u. S
arent No_ 4 633 DRUOHBNANG, the ProSeTLINvRRtR Witles 0 APeRBACRINSE! g sci oses

that a se escorhppsitions eamprismg sachicofmpbunds,sand toomiethidds ehpreventionor 25
whi ch- cont ai Nyl dinei Bt tHiombEsie P andmal 1 fieBl BF SLEH tRrABY BmigHiinY Y S-

administration of such compounds and pharmaceutical compositions.

The present invention is characterized by the marked and prolonged
10  antithrombotic activity of the compounds of Formula I, above, observed after
oral administration thereof.

DETAILED DESCRIPTION OF INVENTION
15 As used above, and throughout the description of this invention, the =~
following terms, unless otherwise indicated, shall be understood to have the
following meanings:

NH
]

*Amidino® meansan  C 2 group.
20
*Substituted amidino® means an amidino group N-substituted on one or
both nitrogens by one or more alkyl, cycloalkyl, cycloalkylalkyl, alkycycloalkyl,

alkylcycloalkylalkyl, aryl or aralkyl groups.

25 *Alkyl" means a saturated aliphatic hydrocarbon group which may be
straight or branched and having about 1 to about 20 carbon atoms in the chain.
Branched means that a lower alkyl group such as methyl, ethyl or propyl is
attached to a linear alkyl chain. Preferred straight or branched alkyl groups are
the "lower alkyl" groups which are those alkyt groups having from 1 to about 10

30 carbon atoms. Most preferred lower alkyl groups have from 1 to about 6 carbon
atoms.

*Cycloalkyl® means a saturated carbocyclic group having one or more
rings and having about 3 to about 10 carbon atoms. Preferred cycloalkyl
35 groups include cyclopropyi, cyclobutyl, cyclopentyl cyclohexyl cycloheptyl,
and decahydronaphthyl. e
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Eur opean, Appl I cation Publ |;§t|on No. 0 319 506, publi sh;ed June 7, 1989,

di scl oses .that a series of tetra-, penta-, and hexapepti de deri vat I ves
cdnt-di hi ng the -arg-gly-asp- sequence are phatel et aggr égGaseddocketi At1Hs.
30 Cyclic peptide anal ogues containing the noiety Ay-Asp are reported to
be fibrinogen receptor antagonists in U S. Patent No. 5,023,233. Peptides
and"pseudopepti des containing am no-, guanidino-, imdizaloyl, 35 and/or
am di noal kanoyl, and al kenoyl noieties are reported to be antithronbotic
agents in pending mg%@gﬁamfﬁnm aﬁalkwgﬁowsuaémmwﬁ%%wﬁyl

gL/Egll 4385 and 07/ referred cycloélkﬁalk%groups |hcl%l%e dycl] un%ty?methyl REPLACEMENT

cyclohexylmethyl, cyclohexylethyl,decahydronaphth-1-yimethyl and
5 decahydronaphth-2-yimethyl.

*Alkylcycloalkyl® means an cycloalkyl group substituted with an alkyl
group. Exemplary alkylcycloalkyl groups include 1-, 2-, 3-, or 4- methyl or ethyl

cyclohexyl.
10 .

"Alkylcycloalkylalkyl" means an alkyl group substituted by an
alkylcycloalkyl group. Exemplary alkylcycloalkyl groups include 1-, 2-, 3-, or 4-
methyl or ethyl cyclohexylmethyl or 1-, 2-, 3-, or 4- methyl or ethyl
cyclohexylethyl.

15

_ R
*Azacycloalkane” means a saturated aliphatic ring containing a nitrogen
atom. Preferred azacycloalkanes inciude pyrollidine and piperidine.

*Naturally oceuring a-amino acid” means glycine, alanine, valine,
20 leucine, isoleucine, serine, threonine, phenylalanine, tyrosine, tryptophan,
cysteine, methionine, proline, hydroxyproline, aspartic acid, asparagine,
glutamine, glutamic acid, histidine, arginine, ornithine, and lysine.

*a-carbon side chain of a naturally occuring a-amino acid® means the
25 moiety which substitutes the a-carbon of a naturally occuring a-amino acid.
Exemplary o-carbon side chains of naturally occuring a-amino acids include
isopropyl, methyl, and carboxymethyl for valine, alanine, and aspartic acid,
respectively.

30 "Aryl" means a phenyl or naphthyl group.

*Substituted aryl® means a phenyl or naphthyl group substituted by one
or more aryl group substitutents which may be the same or different, where
"aryl group substituent" includes alkyl, alkenyl, alkynyl, aryl, aralkyl, hydroxy,
35 alkoxy, aryloxy, aralkoxy, hydroxyalkyl, acyl, formyl, carboxy, alkenoyl, aroyi,
halo, nitro, trihalomethyl, cyano, alkoxycarbonyl, aryloxycarbonyt,
aralkoxycarbonyl, acylamino, aroylamino, carbamoyl, alkylcarbamoyl

i [
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1990, and January 4, 1990, respectively, as well as in 1. s. Patent No.
4,952,562, and in International Application No. PCT/US90/05448, filed
Sept enber 25, 1990, all assigned to the sang assignee asChb6 DockeBNtA1158
i nvention. 5 Peptides and pseudopepti des cofitai ni ng am no- and guani di no-
al kyl - and al kenyl - benzoyl, phenyl al kanoyl, and phenyl al kenoyl noieties
arereported to be antithronbotic agents in pending United States

appl i cation sdidikyicarbantoyl‘diyléatBamboyl, feartzarmoyl, alkyRulfonyl] alkylsulfinyl,

! ! |, ata Vi, .
bubl | Shed aq FRTEGH. Sisbiting bralkiisuitoRs. Aitduliny-Or AMRe R dherb g,
assi gned t o t ABdRwrare independently hydrogens aliwyl,iatyleor aralkylal kanoyl and

substituted al kanoyl azacycl oal kyl fornyl aspartic acid 15 derivatives are
reported to be platel et aggregation inhibitors in U S Pat. No. 5,053, 392,

filed Decdnber 1, IAwdkylameansanalkyl groupipubstiiwed by agany mglical. Preferred
aralkyl groups include benzyl, naphth-1-yimethyl naphth-2-yimethyl, and
phenethyl.

*Substituted aralky!* means an aralkyl group substituted on the aryl
10  portion by one or more aryl group substituents. -

"Heterocyclyl" means about a 4- to about a 15-membered monocyclic or
multicyclic ring system in which one or more of the atoms in the ring is an
element other than carbon, for example nitrogen, oxygen, or sulfur. Preferred

15 heterocyclyl groups include pyridyl, pyrimidyl, and pyrrolidyl. o

“Substituted heterocyclyl” means a heterocyclyl group substitued by one
or more aryl group substituents.

20 "Heterocyclylalkyl® and “substituted heterocyclylalkyl® means an alkyl
group which is substituted by a heterocyclyl and substituted heterocyclyl group,
respectively.

A preferred class of compounds of the present invention is described by

25 Fommula I wherein F is -H, alkyl, hydroxymethyl, 1-hydroxyethyl,
mercaptomethyl, 2-methyithioethyl, carboxymethyl, 2-carboxyethyl, 4-
aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substituted aralkyl,
heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted

30 heterocyclylalkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring, provided that heterocyclylalky! is other than indol-3-
yimethyl.

A more preferred class of compounds of the present invention is
35 described by the preferred class of compounds wherein F is -H, alkyl,
hydroxymethyl, 1-hydroxyethyl, mercaptomethyl, 2-methylthioethyl,
carboxymethyl, 2-carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl,
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having the same |nventorsh|p as the present mvenUorﬁl\l— subsi tut ed
azacycl ‘oal kyl carbonyl cyclic am noacyl aspartic acid 20 derivatives are

rtport'ed to be antithronbotics in U S. Pat. No. 5,064, 8 fd APk | ,
1990 by the sane inventors and assigned to% he sanme ass%ﬁgebég‘gqtheﬁmgient
I nvention. Azacycl oal kyl fornyl gl ycyl aspartic acid derivatives are reported
to be antithronbotlcs In U.S. Pat. No. 5,051,405, filed Gctober 10, 1989,

Pt et Appl | YEIOEISIZRIE o .she'ﬁp’fiéa ARGl 35! subiiufou BiIPoan
azacycl oal ky@raligb pubgtituted a@ﬂﬁ&r@"yin eombination ydth s, fPﬂBﬁl%ﬂ)‘@@h §-eOBFT or

ant agoni sts. mémbered aEHéYélGélRaRétr Application 0478,362, published April
1, 1992, discloses azacyc oalkyalkanoyl peptidyl [err]- al ani nes as

fibrinogen receptor antagonists. The present invention relates to
azacycl oabkyl al kanfgtill megreipleferseticlass of compounds of the present invention is

described by the more preferred class of compounds wherein F is -H, alkyl,

hydroxymethyl, 1-hydroxyethyl, mercaptomethyl, 2-methylthioethyl,

carboxymethyl, 2-carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl,

cycloalkylalkyl, alkylcycloalkyl, alkyicycloalkylalkyl, or, in combination with E,
10 forms a 4-, 5-, 6-, or 7-membered azacycloalkane ring.

A most preferred class of compounds of the present invention is
described by the still more preferred class of compounds wherein B is alkyl,
cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, or alkylcycloalkylalky!
15 o
A special embodiment of the present invention is described by Formula 1i

2) 0 o 0 o
A —(,0H2)—c—N-(cH2)—c—NH—CH c- NH—CH~- c-L
A CH,COOH J
Formula i
20
wherein:
A is -H or amidino,
25 B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylatkyt,
aryl, aralkyl, alkylaryl, or alkylaralkyl,
J is -H, alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substitued aralkyl,
30

Lis OR1, or NR1R2, where R1 and R2 are independently -H, alkyl,
cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl, aryl, aralkyi,
alkylaryl, or alkylaralkyl,
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35 pseudopeptides which inhibit platelet aggregation'dhd t hr onbus
forrmation., 5 SUMVARY OF THE | NVENTI ON Conpounds of the present invention

ar'e-described by Formula | [err] Formula | erein: 10 ACase Docketri A1ISES or
substituted am dino; B is alkyl, cycloal kyl';y cycl oal kyl al kyl ,

al kyl cycl oal kyl , al kyl cycl oal kyl al kyl aryl, aral kyl, alkylaryl, or
al kyl aral kyl; 15

misito5,
nis2to 6, and
5 pistor2;
or a pharmaceutically acceptable salt thereof.

A more preferred special enbodiment of the present invention is
10 described by the compounds of the special embodiment wherein

Ais-H,

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl,

15 o
J is -H, alkyl, cycloalkyl, cycloalkylalkyl, alkyicycloalkyl, or
alkylcycloalkylalkyl,
mis 3, and
20
nis 3or4.

A most preferred special embodiment of the special invention is
described by the compounds of the more preferred special embodiment
25 wherein '

Ais-H,

B is alkyt,
30

Jis akyl, cycloalkyl, or cycloalkylalkyl,

_ R1 and R2 are independently -H, atkyl, cycloalkyl, cycioalkylalkyl,
alkylcycloalkyl, alkylcycloalkylalkyl,
35
mis 3,
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[err] Eis -Hor, in conbindtion with F, forms a 4-, 5-, 6-, or 7-nenbered
azacycloalkane ring, 20 Fis the [err]- carbon side chain of a naturally

occw'ing a-amino acid, -H, alkyl, cycloalk cycl oal kylGdhde/ Docket: A1158
al kyl cycl oal kyl , aIkyIcycIoaIkyIaIkyI ary substltuted aryl, aral kyl

substitued aralkyl, het er ocycl yl , substltuted het er ocycl yl ,

het erocycl yl al kyl, substituted heterocyclylal kyl, or, in conbination 25
with E, forns a 4-pi©8.or®, andr 7-nmenbered azacycl oal kane ring, Gis alkyl,
cycl oal kyl, cycl oal kyl al kyl, al kyl cycl oal kyl, al kyl cycl oal kyl al kyl, aryl,
substituted aryl, aral kyl, substituted aral kyl, heterocyclyl, substituted
het erocyclyl, hetepd&yclylal kyl, substituted heterocyclylalkyl, [err] or
[err] 30 where R1L and R2 are |ndependently -H, al kyl, cycloalkyl

| oal kyl_al kyl cl oal k | Kyl a] kyl | kyl ,
g?/ﬁylogr y?/ aoryal k%ﬁ% oa poumy ?’?neogres nta;n\(gnﬁor{ljl r¥c|ud Ay
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl} valine,

N-[N-[N-(4-{piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-D-valine,
10
N-{N-[N-(3-(piperidin-4-yl)propanoyl)-N-ethylglycyllaspartyl] valine,

N-[N-[N-(5-(piperidin-4-yl)pentanoyl)-N-ethylglycyllaspartyl] valine,

15 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl}-L-o- P
cyclohexyl glycine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyi]-B-
cyclohexylalanine,
20
N-[N-[N-{4-(piperidin-4-yl}butanoyl)-N-ethylglycyllaspartyl] norleucine,

N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-o~(2,2-
dimethyl)prop-3-yl glycine,
25
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-B-
decahydronaphth-1-yl alanine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-o-(2-
30 cyclohexylethyl)glycine,

- N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyi]
phenylalanine,

35 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl]-L-B-naphth-1-
yl alanine,
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REPLACEMENT SHEET 6 r is O or 1; Ris H, alkyl, aryl, or aralkyl; 5
ms'1 to 5 nis 0Oto 6; and pis 1 to 4; 10 or a pharnmaceutically
acceptabl e salt thereof. Additionally, the E.r:esent I nvenCiagd MEkEtESAL 158
phar maceuti cal conpositions conprising sucH onpounds, and to nethods of
prevention or treatnent of 15 thronbosis in a manmal in need of such

t herapy conprising the adm nistration of such conpounds and pharnmaceuti cal

conposi tions. N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-B-naphth-2-
yl alanine,

-[N-[N-(4-(piper|dm-4-yl)butanoyl)-N-ethnglycy!]aspartyl] L-B-
5 cyclohexyl alanine amide,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-B-
cyclohexyl alanine, ethyl ester, and

10 2-cyclohexyl-N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyl]-
ethylamine, and

pharmaceutically acceptable salt thereof.

15 Compounds of the present invention contain asymmetric centers. Thesé
asymmetric centers may independently be in either the R or S configuration.
The present invention comprises the individual sterecisomers and mixtures
thereof.

20 The compounds of the present invention may be useful in the form of the
free base or acid or in the form of a pharmaceutically acceptable sait thereof.
All forms are within the scope of the invention.

. Where the compound of the present invention is substituted with a

25 Dbasic moiety, acid addition salts may be formed and are simply a more
convenient form for use; and in practice, use of the salt form inherently amounts
to use of the free base form. The acids which can be used to prepare the acid
addition salts include preferably those which produce, when combined with the
free base, pharmaceutically acceptable salts, that is, salts whose anions are

30 non-toxic to the animal organism in pharmaceutical doses of the salts, so that
the beneficial antithrombotic properties inherent in the free base are not vitiated .
by side effects ascribable to the anions. Although pharmaceutically acceptable
salts of said basic compounds are preferred, all acid addition salts are useful
as sources of the free base form even if the particular salt, per se, is desired

35 only as an intermediate product as, for example, when the salt is formed only
for purposes of purification, and identification, or when it is used as
intermediate in preparing a pharmaceutically acceptable salt by ion exchange
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The present invention is c@racteri zed by the marked én’él pr ol onged
anttthronbotic activity of the conpounds of Formula 1, above, observed
after' 20 oral administration thereof. DETA,LED DESCRI PRB&dé¢ DockSVENMA188 As
used above, and throughout the description ©of this invention, the 25
followi ng ternms, unless otherw se indicated, shall be understood to have

t he Toll owi ng nmeani ngs: NH "Am di no" neans an [err

"Substitut ed pracédures.nPhasmaceutically asceptable saltamﬁhg'ntgregal;:%basa(}dbeor bot h
2 kyoyel oal kyfivenfibn 206 S torived fiphPine follofir Afc irindidl acids suchas
a saturated ahygiegh Qf'mﬂo%ldy%@rﬁ(ﬂﬂoﬂ@m%ﬁ ﬂﬂs apd %’%a"!lg agidy iﬁndg?rgamc
branched and aédk Ruch¥a acetic doid eitric adid,Jacthoacial timarichadidemalvnicagidanched
neans thatg a | ot &l Kulicdl G PorhiS s doris A, bhisheincRiBYa, bS
toluenesulfonic acid, cyclohexylsulfamic acid, quinic acid, and the like. The
corresponding acid addition salts comprise the following: hydrochloride,
sulfate, phosphate, sulfamate, acetate, citrate, lactate, tartarate, malonate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,

10 cyclohexylsulfamate and quinate, respectively.

The acid addition salts of the compounds of this invention are prepared
either by dissolving the free base in aqueous or agueous-alcohol solution or
other suitable solvents containing the appropriate acid and isolating the salt by

15 evaporating the solution, or by reacting the free base and acid in an organic .- -
solvent, in which case the salt separates directly or can be obtained by
concentration of the solution.

Where the compound of the invention is substituted with an acidic

20 moiety, base addition salts may be formed and are simply a more convenient
form for use; and in practice, use of the salt form inherently amounts to use of
the free acid form. The bases which can be used to prepare the base addition
salts include preferably those which produee, when combined with the free
acid, pharmaceutically acceptable salts, that is, salts whose cations are non-

25 toxic to the animal organism in pharmaceutical doses of the salts, so that the
beneficial antithrombotic properties inherent in the free acid are not vitiated by
side effects ascribable to the cations. Pharmaceutically acceptable salts within
the scope of the invention are those derived from the following bases: sodium
hydroxide, potassium hydroxide, calcium hydroxide, aluminum hydroxide,

30 lithium hydroxide, magnesium hydroxide, zinc hydroxide, ammonia,
ethylenediamine, N-methyl-glucamine, lysine, arginine, ornithine, choline,
N,N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, N-
benzylphenethylamine, diethylamine, piperazine,
tris(hydroxymethyljaminomethane, tetramethylammonium hydroxide, and the

35 like.
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7 attached to a |inear alg;ﬁ chain. Preferred straight sor branched al kyl
groups are the "lower al kyl" groups which are those al kyl groups havi ng

from1 to about 10 carbon atons. Mst preferred | ower alkyl Q

froml to about 6 carbon atonms. 5 "Cycloal¥4l" neans a §§¥ﬂﬁg*5%£6 QﬁW%a

carbocyclic group having one or nore rings and having about 3 to about 10
carbon atons. Preferred cycloal kyl groups include cycl opropyl, cyclobutyl,

TGycl balkyl al ki midgie) st Bl SoinRbiitas BF el ERRHEMGRAON ity be Boiained by |
contacting a hydroxide, carbonate or similar reactive compound of the chosen
metal in an aqueous solvent with the free acid form of the compound. The
aqueous solvent employed may be water or it may be a mixture of water with

5 an organic solvent, preferably an alcohol such as methanol or ethanol, a
ketone such as acstone, an aliphatic ether such as tetrahydrofuran, or an ester
such as ethyl acetate. Such reactions are normally conducted at ambient
temperature but they may, if desired, be conducted with heating.

10 Amine salts of compounds of the present invention may be obtained by
contacting an amine in an aqueous solvent with the free acid form of the
compound. Suitable aqueous solvents include water and mixtures of water
with alcohols such as methanol or ethanol, ethers such as tetrahydrofuran,
nitriles such as acetonitrile, or ketones such as acetone. Amino acid salts may

15 be similarly prepared. .

Compounds of this invention may be prepared in accordance with the
reaction sequences described below, or can be prepared by methods known in
the art. The starting materials used in the preparation of compounds of this

20 invention are known or are commercially available, or can be prepared by
known methods or by specific reaction schemes described herein.

The compounds of the present invention may be readily prepared

by standard solid phase or solution phase peptide synthesis procedures using

25 starting materials and/or readily available intermediates from chemical supply
companies such as Aldrich or Sigma, (H. Paulsen, G. Merz, V. Weichart, "Solid-
Phase Synthesis of O-Glycopeptide Sequences”, Angew. Chem. Int. Ed. Engl.
27 (1988); H. Mergler, R. Tanner, J. Gosteli, and P. Grogg, "Peptide Synthesis
by a Combination of Solid-Phase and Solution Methods I: A New Very Acid-

30 Labile Anchor Group for the Solid-Phase Synthesis of Fully Protected
Fragments. Tetrahsdron letters 29, 4005 (1988); Merrifield, R.B., "Solid Phase
Peptide Synthesis after 25 Years: The Design and Synthesis of Antagonists of
Glucagon®, Makromol. Chem. Macromol. Symp. 19, 31 (1988)).

35 A preferred method of preparing compounds of the present invention is by
the solution phase method depicted in Scheme [, below.
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Preferred cycloalkylalkyl'gﬁoups i ncl ude cycl opentyl met’hyl ,
gyalﬁhgxy!nehhﬁl, crcloﬂexylethyl,decahydronaphth-l-ylnethyl and

ecahydr onapht h- 2-yl nmet hyl . 15 "Al kyl cycl oal kyl " ans.an. cycl I
group substituted with an alkyl group. Exerglary al iyl C;Eq PWFegr &ﬁgay

I nclude 1-, 2-, 3-, or 4- methyl or ethyl cycl ohexyl.

"Al kyl cycl oal kyl al kyl " neans an al kyl group substituted by an 20

al kyl cycl oal kyl group. Exenplary al kyl cycl oal kyl groups include 1-, 2-, 3-,
or 4- nmethyl or ethyl cyclohexylnethyl or 1-, 2-, 3-, or 4- nethyl or ethyl
cycl ohexyl ethyl . "Azacycl oal kane" meansSehemedr at ed al i phatic ring
containing a nitrogen 25 atom Preferred azacycl oal kanes include

pyrol lidine and pi peridi ne. *hbturally occuring [err]-am no aC|d nmeans

gl ycine, alanine, valige, IeUC|ne IS UC|ne serlne tcreanl
phenylalanine t r05|ne hﬁg_ }__
hydroxyprolln 1as glutan1ne go ut

hi sti di ne, argl ni nd;Hpm-tm?gne Eand® I yS| ne.
O

Noowle
Seproteg NHz-OH-G—N—CH—C))—G' + Py N-'(CHz)-0—O
2) deprotact
OHg-C—OPg F

o —emd, o
n 1
H_N-(cnz)-c-NH-cn-c—N—cH—( )—G‘ + R— J_ fony—C-oH
\ CHz_%_opz Ot}

o P

1) couple —{6R9) Q
2 doproect R_N_——(cHz)—c—N-(CHz)—C—NH—cn-c—N—cH

4 CH,COOH

5 wherein A, B, E, F, G, R, m, n, p, and r are as defined hereinabove;

AL E,F, G and R'are A, B, E, F, G, and R, respectively, or are protected
analogues thereof, or precursor substituents thereto; and

10 P1, P2, and P3 are amino acid protecting groups.

The compounds of the present invention are available generally by
initially coupling the appropriate amino acid or other appropriate Z group
precursor, where Z is as defined hereinabove, which contains a free primary or

15 secondary amine to the free carboxylic acid portion of a protected derivative of
aspartic acid.

The functional groups of aspartic acid or any functional groups of the Z
group precursor which are not to be coupled are protected where necessary by
20 blocking groups to prevent cross reaction during the coupling procedure, as

are the amino acid derivatives and azacycloalkylalkanoic acid derivatives used
in subsequent synthetic steps. These blocking groups include N-o-tertiary
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*[err]-carbon side chain of & naturally occuring a-anine acid" neans the
noi ety which substitutes the a-carbon of a naturally occuring a-am no acid.

Exenpt dry a-carbon side chains of naturally occuring a-arg L ds,. i e
35 isopropyl, methyl, and carboxynethyl fdb valine, al aﬁ#%, B§ﬁg&asgjll]$gc
aci d. respectively. "Aryl" means a phenyl or naphthyl group.
"Substituted aryl" nmeans a phenyl or naphthyl group substituted by one or

a1’ oo I BATEORL IheliByRIRcin €, Rty TR oe s
aral kyl, hydr J&oreeylmlyy loxygarbepyl (Emga,)&(mmmgquw ag@yg,.m R |

car boxy, al ke@ﬁ'ﬁ-tf??ﬁ@fﬂg esmféﬁ trihal onet hyl, cyano,
al koxycar bonyl ,;” aryl oxyCarbonyl, ara koxycar bonyl , acyl am no, aroyl am no,

car banoyl, al kyl car banoyl , dlalkylcarbannyl
5 A preferred protected derivative of aspartic acid is BOC aspartic acid -

benzyl ester. Coupling is done by methods known in the art. A preferred
method for carrying out the coupling is combining the amine and carboxylic
acid in an appropriate aprotic organic solvent, for example methylene chloride
or dimethylformamide (DMF), in the presence of appropriate coupling agents.

10 A preferred coupling agent is isopropyl chioroformate in the presence of N-
methylipiperidine. Another preferred coupling agent is 1-(3-
dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride (EDC) in the
presence of 1-hydroxybenzotriazole (HOBT) and triethylamine. Still another
preferred coupling agent is bis(2-oxo-3-oxazolidinyl)-phosphonic chioride

15 (BOP-CI) in the presence of tristhylamine. -

The resulting protected product is selectively deprotected by known
methods to give the N-terminal free amine of the aspartic acid moiety. A
preferred method for removing the BOC group is treatment with trifluoroacetic in
20 an aprotic organic solvent, for example, methylene chloride.

The resulting deprotected product is then coupled with the appropriately
N-protected N-substituted glycine or B-alanine derivative having a free carboxyt
group. The resulting producted is then N-deprotected. The resulting free

25 amine is then coupled with the appropriate protected azacycloalkylalkanoic
acid and this product deprotected by known methods to give the final product.

In another preferred method, the compounds of the present invention may
be prepared by solid phase methods well known in the art. In the solid method
30 the C-terminal residue is bound at the carboxyl portion to an insoluble resin, for
example the residue may be bound as a p-alkoxybenzyl alcohol resin ester. In
a manner which is similar to the solution phase method the protected amino
acid or other residues are added one at a time until the total sequence has
been built up on the resin. The compound is then deprotected and released
35 from the resin by standard methods to give the final compound.
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aryl car banoyl , aral kyl carbangyl, al kyl sul fonyl, alkylsixginyl,

arylsulfon{l, 10 arylsulfinyl, aralkyl sul fonyl, aralkylsulflnyl or -NRaRb
where:[err] and [err] are independently hydrogen, aIkyI

*Aral kyl * means an al kyl group substituted $¥ an aryl o&@%? D‘ﬁ‘@?e?’fﬁgs
ar al kyl groups i ncl ude benzyl , naphth-l-ylnethyl naphth 2-yl methyl, and 15
phenet hyl . "Substituted aral kyl" nmeans an aral kyl group substltuted on the

"t erocyclyl  moa Ruting e TrButatn i ahaSids Sng reSent invention, or,

mul ticyclic riinjenyediates thevetoci mayalso bmdesltable nenacesaawmpr@entmgossS an

P el erreq hot ofslionHet@ien' canfaMativi SuliiRtibnts LUK thaR those bésent on
o5 3ubsnama@ao¢&rmewhpra ng! m@gws}’ev%tsgma%a@wﬁém

by one or rgresgindard blwkiﬁgi P‘duﬁstwmbﬁ maﬁehbsme‘dtwlhé terhovedOr retained, as
‘substituted het eurlroe%y %yykno methoé‘s o gﬁor% ti% desired products or intermediates
(see, for example, Green, "Protective Groups in Organic Synthesis®, Wiley, New
York, 1981). Selective protection or deprotection may also be necessary or
desirable to allow conversion or removal of existing substituents, or to allow
10 subsequent reaction to aftort the final desired product.

The invention is further explained by the following fllustrative examples.
In the following examples, unless otherwise indicated, a-amino acids which
have the possibility of having chiral a-carbons are in the L configuration.
15 -
Unless otherwise indicated, reported mass spectral analysis data are Low
Resolution Fast Atom Bombardment performed on a VG 70SE with “calculated®
values being (M+H)*. Nuclear magnetic resonance spectral data is obtained
on a Brucker ACF 300, in D20. Flash chromatography is done on silica gel.
20 High performance liquid chromatography (HPLC) is done on a Dynamax 60A,
8u C-18 Reverse Phase column.

EXAMPLE 1

25

A B-cyclohexylalanine (1.12g) is dissolved in of methanol (50 mi)
30 and hydrogen chioride gas is bubbled through the solution for about 15
minutes. The solution is evaporated in vacuo and toluene azeotroped from the
residue to give B-cyclohexyl-L-alanine methyl ester as the hydrochloride salt.
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group which is substituted By a heterocyclyl and subsﬁ uted heterocyclyl
groeup, 30 respectively. A preferred class of conpounds of the present

i nverition is described by Formula | wherei " F is -H al kGase Dodkeky At158 ,
1- hydroxyet hyl, mercaptonet hyl, 2-nmethylt hl%et hyl , carboxynet hyl,

2- car boxyethyl, 4- 35 am nobutyl, 3-guanidinopropyl, cycloal kyl,
cycloal kyl al kyl, al kyl cycl oal kyl, al kyl cycl oal kyl al kyl, aryl, substituted

aryl, aralkyl, sujgtit B@g-@a?ésmb,acﬁwpmarzypbmbr (P.2Pg) ist disssivoeirer ocycl yl,
het er ocycl yl al kyl , subﬁlt t QW{E erqQcycl Iall éyl mof 2 cor}_&natlon
with E for nsﬂ'@yﬂayl?nsii qfide &0 Mre ﬁe'uﬂa%fc% 8 |“R9n§ 4'?41&"“ i ded
t hat het er ocypipgridire/ (0.48 ml) lis addéd followd by isopropyl thloroformate (3.94 mi).
The solution is stirred at 0°C for about two minutes and B-cyclohexyl-L-alanine
5 methyl ester hydrochloride (0.88g) is added. The solution is allowed to warm to
room temperature and stirred overnight. The solution is evaporated in vacuo
and the residue partitioned between ethyl acetate (200 mi) and 1N hydrochloric
acid (HCI) (50 mi). The organic layer is washed with 1N HCI, saturated sodium
bicarbonate solution, brine, dried over magnesium sulfate, filtered and
10 evaporated in vacuo to give N-[BOC-L-aspartyl (B-benzy! ester)]-B-cyclohexyl-
L-alanine, methyl ester.

C. N-[BOC-L-aspartyl (B-benzyl ester)}-B-cyclohexylalanine, methyl

ester (2.01g) is dissolved in methylene chloride (15 ml). The solution is cooled
15 to 0°C and trifluoroacetic acid (5 ml) is added over a period of about 1 minute.~*

The solution is stirred at 0°C for two hours, evaporated in vacuo and residue

taken up into ethyl acetate and the organic solution washed with saturated

sodium bicarbonate solution until the washes are basic. The organic solution

is washed with brine, dried over magnesium sulfate, filtered and evaporated in
20 vacuo to give L-aspartyl (B-benzyl ester)-B-cyclohexyl-L-alanine methyl ester.

D.  Using essentially the coupling procedure of Example 1B,
hereinabove, followed by essentially the deprotection procedure of Example
1C, hereinabove, N-ethylglycyl-L-aspartyl (B-benzyl ester)-L-B-cyclohexyl-L-

25 alanine methyl ester is prepared from L-aspartyl (B-benzyl ester)-B-cyclohexyl-
L-alanine methyl ester and N-BOC-N-ethylglycine.

E. 4-pyridine acetic acid (10g) and platinum oxide (1.0g) are
combined in acetic acid (100 ml) and the mixture shaken under hydrogen at 50
30 psifor about 18 hours. The mixture is filtered and the solution evaporated in_
vacuo and toluene azeotroped from the residue to give 2-(piperidin-4-yl)acetic
acid.

F. 2-(piperidin-4-yl)acetic acid (11.6g) is dissolved in 1N aqueous
- 35 sodium hydroxide solution (200 mi) and the solution cooled to 0°C. A solution
of di-tert-butyl dicarbonate (18.0g) in tetrahydofuran (THF) (100 ml) is added
dropwise .and the mixture allowed to warm to room temperature and stirred for
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5 A nore preferred cl dss of conpounds of the prg‘?ént I nvention is
descri bed . by the preferred class of conpounds wherein F is -H, alkyl,

hy'droxynet hyl , 1-hydroxyet hyl, nercaptonethyl, 2-methyl tbase Ootket: A1158
car boxymet hyl , 2-carboxyethyl, 4-am nobutylY 3-guanidi nopropyl, cycloal kyl,
cycl oal kyl al kyl, al kyl cycl oal kyl, al kyl cycl oal kyl al kyl, aryl, substituted
aryl, 10 aralkyl, substituted aralkyl, or, in conbination with E, forns a
4-, 5-, 6-, oabaut 18 hburssdThe mixtureid évaporaiedgn vaceoi 1o remove PHEfand the

| ¢ : ; ' e : .
br of or red ol sy & ek i ARy Wator Mt WaSfod Wiy sta Ryl BBitkte is
1- hydr oxyet hyaddedte the aqueoys layer apdithe mixtuse Iﬁﬁifii/ﬁeﬁb\”ﬂbx y?ﬁl,’he organic
2- car boxyet hyjayefH ';Fé}?éqah 1 64 ﬁ&fﬁ% eRithetel\WitiPetHyY heetate. The
IIkIIkﬁ,slaﬁé ? ﬁ?ﬂ | al ky] , . nmbi nat
Wih'E ] & mbampineciorgenic pertions ATRMARIPLY L WateR Binec CbdSveE0 | A
nost pref er r ethagnesiunesulfatey fittortrl, @hdtdvaporatedih vaoue rtoigive NsSBOG-2+- i bed by
the still mr?piﬂéﬁ&iﬁﬁ-@ﬂa%ﬁt?ﬁcﬂ conpounds wherein B is alkyl,

G N-BOC-2-(piperidin-4-yl)acetic acid (15.8g} is dissolved in THF
10 (150 mi) and 1M borane/THF (70 ml) is added dropwise. The solution is
stirred at room temperature for about 20 hours and 1N sodium hydroxide
solution (200 ml) is added dropwise. The THF is evaporated in vacuo and the
-aqueous residue extractred with ethyl acetate. The ethyl acetate solution is
washed with water, dried over sodium sulfate, filtered, and evaporated in vacuo
15 to give N-BOC-2-(piperidin-4-yl)ethanol. P

H. A solution of oxalyl chioride (11.8g) in methylene chloride (180 mi)
is cooled to -78°C and dimethyl sulfoxide (DMSO) (8.9 mi) is added dropwise.
The solution is stirred at -78°C for about 3 minutes and a solution of N-BOC-2-
20 (piperidin-4-yl)ethanol (14.3g) in methylene chloride (250 mi) is added over a
period of about 10 minutes. The solution is stirred for about 1 hour and N-
methyl morpholine (21.6g) is added over a period of about 15 minutes. The
solution is allowed to warm to room temperature and, after about 30 minutes,
methyl (triphenylphosphoranylidene) acetate (68.6g) is added. The solution is
25 stirred at room temperature for about 18 hours, evaporated in vacuo and the
residue taken up in ethyl acetate. The ethyl acetate solution is washed with
water, 5% HCI, 5% sodium hypochlorite solution, water, brine, dried over
sodium sulfate, filtered and evaporated in vacuo to give methyl 4-(N-BOC-
piperidin-4-yi)trans-crotonate.
30
L Methyt 4-(N-BOC-piperidin-4-yl)trans-crotonate (11.5g) is
dissolved in methanol (200 ml) and 10% palladium/carbon (3g) is added and
the mixture shaken under hydrogen at 50 psi for 18 hours. The mixture is
filtered, fresh catalyst added to the solution, and hydrogenation repeated. The
35 mixture is filtered and evaporated in vacuo to give methyl 4-(N-BOC-piperidin-
4-yl) butyrate.
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cycl oal kyl, cycl oal kyl al kyl / al kyl cycl oal kyl, or aIky1e%cIoaIkyIaIkyI A
speci al *enbodi nent of the present invention is described by Fornula Il 25

[etr]- wherein: 30 Ais -Hor amdino, B is_alkyl cycloal &ase Docket: A11
cycl oal kyl al kyl, al kyl cycl oal kyl , aIkyIcyc?@alkylalkyl aryl, aral kyl, 58

al kyl aryl, or al kylaral kyl, 10 J is -H, alkyl, cycIoaIkyI
cycloal kyl al kyl , al kyl cycl oal kyl , alkylcycloalkylalkyl aryl, substituted

aryl, aralkyl, subgtitupslaahpirs'of 1IN aqueous sodium hydroxide (100ml) and
methanol (200 ml) is added methyl 4-(N-BOC-piperidin-4-yl) butyrate (10.1g)
and the mixture stirred at room temperature for about 18 hours. The mixture is
evaporated in vacuo , diluted with water, and washed with ether. The aqueous
5 portion is acidfied with 5% HCI, extracted with ethyl acetate and the organic
solution washed with water, brine, dried over sodium sulfate, filtered, and
evaporated in vacuo to give 4-(N-BOC-piperidin-4-yl) butyric acid.

K A solution of 4-(N-BOC-piperidin-4-yl) butyric acid (0.91g) in

10 methylene chloride (50 mi) is cooled to 0°C and bis(2-ox0-3-
oxazolidinyl)phosphinic chloride (BOP-CI) (0.86g} and triethylamine (0.47 ml)
are added. The solution is stirred at 0°C for about 10 minutes and N-
ethylglycyl-L-asparty! (B-benzyl ester)-L-B-cyclohexyl-L-alanine methyl ester
(1.52g) in a minimum of methylene chioride is added followed by dropwise

15 addition of triethylamine (0.47 mi) in methylene chloride over a period of about-
15 minutes. The mixture is stirred at 0°C for about 1 hour, and at room
temperature for about 18 hours. The mixture is evaporated in vacuo and the
residue taken up into ethyl acetate. The organic solution is washed with 1N
HCI, saturated sodium bicarbonate solution, brine, dried over magnesium

20 sulfate, filtered,evaporated in vacuo and the residue purified by flash
chromatography, eluting with 60% ethyl acetate in hexanes, to give N-[N-[N-(4-
(N-BOC-piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl(B-benzyl ester)]-B-
cyclohexylalanine, methyl ester.

25 L. N-[N-[N-(4-(N-BOC-piperidin-4-yl)butanoyl}-N-
ethylglycyllaspartyl(B-benzyl ester)}-B-cyclohexylalanine, methyl ester (1.79g)
is dissolved in methanol (40 ml) and 10% palladium/carbon (0.25g) is added.
The mixture is shaken under hydrogen at 50 psi for about 18 hours. The
mixture is filtered through a Celite pad and the filirate evaporated in vacuo to

30 give N-[N-[N-{4-(N-BOC-piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyi}-p-
cyclohexylalanine, methyl ester. The ester is dissolved in methanol (20 ml) and
1N aqueous sodium hydroxide solution (10 ml) is added. The mixture is stirred
at room temperature for about 4 hours, diluted with water (25 ml), and acidified
to pH 2 with 1IN HCL. The mixture is extracted with ethyl acetate (3 x 100 ml)

35 and the ethyl acetate solution dried over magnesium sulfate, filtered and
evaporated in vacuo to give N- [N-[N-(4-(N-BOC-plpendln-4-yl)butanoyl) -N-
ethyiglycyllaspartyl]-§-cyclohexylalanine.
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5 Lis [err], or [érﬁ] where [err] and [err] a§:§independently -H,
alkyl, “eycl oal kyl, cycl oal kyl al kyl, al kyl cycl oal kyl, al kyl cycl oal kyl al kyl

atyt; ‘aral kyl, alkylaryl, or alkylaralkyl, m is 1to SQ%QSQ?&?%G&EB% A

and pis 1 or 2; 15 or a pharmaceutidal |y accepta
nmore preferred special enbodi nent of the present invention is described by
t he conpounds of the special enbodi nent wherein 20 Ais -H Bis

al kyl, cycloal kyl, cycloal kyl al kyl, alkyl cycl oal kyl, al kyl cycl oal kyl al kyl,

2kt cvel anl byl a1 O Bt EOE piporidin-a Shsiar6Th ReetlyioyRyndspartyi-
B-cyclohexylalanine (1.39g) is dissolved in methylene chioride (15 mi) and the
solution cooled to 0°C. Trifluoroacetic acid (5 ml) is added and the solution

5 stirred at 0°C for about 2.5 hours. The solution is evaporated in vacuo and the
residue diluted with water, frozen, and lyophilized. The residue is purified by
reverse phase HPLC, eluting with a gradient of 40% to 80% methanol in water,
containing 0.1% frifluoroacetic. The appropriate fractions are combined, and
lyophilized to give N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyi}-
10 - B-cyclohexylalanine as the trifluoroacetate salt. M.S., Calc’d: 525, Found:

525; NMR, 8 = 4.58-4.48 (m, 1H), 4.35-4.22 (m, 1H), 3.88 (s, 2H), 3.32 (q, 2H),
3.28-3.10 {m, 2H), 2.88-2.60 (m,4H), 2.33 (t, 2H), 1.85-1.70 (m, 2H), 1.62-1.35
(m, 10H), 1.30-1.06 (m, 5H), 1.04-0.65 (m, 8H).

15 Using essentially the procedures of Example 1 above, the following -
compounds are prepared from the appropriate starting materials.

EXAMPLE 2

20

I~ '“(“JH‘(HI"““

- "COOH

M.S., Caic'd: 471, Found: 471; NMR, 3 = 4.15-4.05 (m, 2H), 3.90 (s, 2H),
25 3.30(q, 2H), 3.30-3.15 (m, 2H), 2.90-2.60 (m, 4H), 2.33 {t, 2H), 2.05 (q, 1H),
1.85-1.72 (m, 2H), 1.55-1.35 (m, 3H), 1.30-1.08 (m, 4H), 1.02 (t, 3H), 0.70
{d,6H).

\\

\
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nis3 or 4. 30 A nost preferked special enmbodi nent of thkhe special invention
i s descri*bed by the conpounds of the nore preferred special enbodi ment

whér ei*n' 35 Ais -H B is alkyl REPLACEMENT SHE D%ch .al
cycl oal kyl, or cycloal kyl al kyl, [err] and [Zﬁr] are indeS%% ent yét-'HA!('y'be
al kyl, cycloal kyl, cycl oal kyl al kyl, 5 al kyl cycl oal kyl ,

al kyT cycl oal kyl al kyl ,

EXAMPLE 3

0 o)
HNDV\/ILN’HI'N COOH
,, e ae

M.S., Calc'd: 519, Found: 519; NMR, & = 7.20-6.95 (m, 5H), 4.55-4.35 {(m,
2H), 3.73 (s, 2H), 3.30-2.40 {(m, 10H), 2.25 (t, 2H), 1.75-1.60 (m,2H), 1.45-1.25
(m, 3H), 1.20-0.97 (m, 4H), 0.92 (t,3H).
10 ' P
EXAMPLE 4 |

“w'@r“ﬂujgmﬂ

15 COOH

M.S,, Cale'd: 471, Found: 471; NMR, 8 = 4.10-3.98 (m, 2H), 3.85 (s, 2H),
3.28 (q, 2H), 3.23-3.10 (m, 2H), 2,82-2.58 (m, 4H), 2.28 {t, 2H), 2.02 (g, 1H),
1.80-1.65 (m, 2H), 1.50-1.28 (m, 3H), 1.25-1.00 (m, 4H), 0.95 (t, 3 H), 0.78-0.65
20 (m, 6H).

25
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Nis 3 or 4, and 10 p is 1. Representative conpounds of the present

I ncl ude: 15

4- (pi peri di
4- (pi peridi
3
5

n- but anoyl ) - N- et hglagl ycyl ] aspar Epsp Degkeate A1158
n-
- (pi peridin-
n-
n-

1)

| ) but anoyl ) - N-et hyl gl ycyl ] aspartyl]-D-vali ne,

| ) propanoyl ) - N-et hyl gl ycyl Jaspartyl] valine, 20
- (pi peridi | ) pent anoyl ) - N-et hyl gl ycyl Jaspartyl] vali ne,
4- (pi peri di 1)

4-
4-
4-
4-
4-

i ne, 25

- 4-

‘< ‘<‘<‘<‘<‘<

but anoyl ) - N- et hyl gl ycyl ] asp |]-L-[err]-cycloh
(4-(piperidin %P anoyl ) - N thylglxi Ifﬁsp rtyl]-[err]-
exyl al ani ne. N 4‘\“¢

u COOH

(o

M.S., Calc'd: 499, Found: 499; NMR, 3 = 4.63-4.55 {m,1H), 4.30-4.20
(m,1H), 3.88 (s, 2H), 3.33 (q, 2H), 3.30-3.15 (m,2H), 2.88-2.60 (m,4H), 2.35 (t,
5 2H), 1.85-1.75 (m, 2H), 1.73-1.35 (m, 5H), 1.30-1.08 {m, 4H), 1.03 {t, 3H), 0.78
(s, OH).

COOH

EXAMPLE 6

10 -IN-[N-(4-piperidin-4- -

0 0
R
HND\/\)LN(ﬁ{ \(C.LOEH COOH

M.S., Calc'd: 485, Found: 485; NMR, d = 4.58-4.50 (m, 1H), 4.20-4.10 {m,
156 1H), 8.85 (s, 2H), 3.32 (q, 2H), 3.25-3.10 (m, 2H), 2.85-2.55 (m, 4H), 2.30 {t,
2H), 1.82-1.50 (m, 4H), 1.50-1.30 (m, 3H), 1.28-1.05 (m, 8H), 0.98 (t, 3H), 0.75-°
0.60 {m, 3H).

EXAMPLE 7

20
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N
piperidin-4-y|)butanoy|)-N—ethyIglycyl]aspaftyl] nor |l euci ne, 30

N[ N-[ N (4-
N-[.N-[ N-¢4-(pi peridin-4-yl)butanoyl)-Nethylglycyl]aspartyl]-L-a-(2,2-
di met hyl ) pr op- 3- yl glycine,
N-[ N-[ N- (4- (pi peridin-4-yl)but anoyl ) - N-et hylsgl yeyl ] aspar Opisp-Dogkatr | A1538
decahydr onapht h- 1-yl al ani ne,
N-[N-[N-(4-(piperidin-4- yI]butanoyI) N-et hyl gl ycyl Jaspartyl]-L-[err]-(2-
cycl ohexyl et hyl ) gl yci ne,
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylglycyl]aspartyl] phenyl al ani ne,
ﬁm\pmm (o e“% -, c ||'?b3?9 Fozlmd 56? NMR, § = 8.00-7.15 (m, 7H), 4.60-4.45 (m,
1 PIRY. 571 (s, 2H) 8.65°5.8Y (n, Byt 8% ogéiﬁgy(m] RH2.76'2. 45 (he'aH), BB
(t, 2H), 1.70-1.45 (m, 2H), 1.40-0.96 (m, 7H), 0.92 (t, 3H). _
5
EXAMPLE 8
10

M.S., Calc'd: 569, Found: 569; NMR, & = 7.65-7.03 (m, 7H), 4.60-4.45 (m,
2H), 3.41 (s, 2H), 3.20-3.01 (m,3H), 3.00-2.71 (m, 3H), 2.68-2.40 (m,4H), 1.98 (t,
15  2H), 1.68-1.42 (m, 3H), 1.25-0.85 (m, 6H), 0.71 (¢, 3H).

t

EXAMPLE 9

20

M.S., Calc'd: 547, Found: 457; NMR, 8 = 4.62 (m, 2H), 3.90 (s, 2H), 3.33
(m, 4H), 2.66 (m, 4H), 2.37 (1, 2H), 2.16 (m, 1H), 2.03 (m, 1H), 1.78 (m, 2H), 1.44
25 (m,2H), 1.20 (m, 2H), 1.00 {(m, 3H), 0.78 (d, 6H).

EXAMPLE 10

30
Sheet Has Been Replaced
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yl al ani ne,

N-['N-[ N- (4- (pi peridin-4-yl)butanoyl)-Nethylglycyl]aspartyl]-L-[err]-naphtt
-2- 10 yl al ani ne,

N- [ N[ N- (4- (pi peridi n-4-yl)butanoyl ) - N et hgisgl ycyl | aspar Epse-Rogkety |A1158
cycl.ohexyl al ani ne am de, 15
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylglycyl]aspartyl]-L-[err]-cycloh
exyl al anine, ethyl ester,

2-cycl ohexyl - N-[ N-[ N- (4- (pi peridin-4-yl )But anoyl ) - N-oetﬁrgl ycyl ]aspartyl] -

et hyl am ne, 20 _
l\l—[l\l—[l\l—(4-(piperidin-4-ym@wlkw B Sdoly-Lerrl-cis-
decahydr onapht h- 2- yl al ani ne )l71\)

Bt an

3- Adamant - 1-yl propyl - N-[ N- (4- ( pi peri di n-4- é)FlN' 25
et hyl gl ycyl ] aspartate, '
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylglycyl]aspartyl]-[err]-

M.S., Calc'd: 485, Found: 485; NMR, & = 4.20-4.05 (m, 2H), 3.92 (s, 2H),
3.33 (m, 2H), 3.28-3.15 (m, 2H), 2.80-2.61 (m, 4H), 2.34 {t, 2H), 2.06 (m, 1H),
5 1.85-1.70 (m, 2H), 1.55-1.32 (m, 3H), 1.30-1.12 (m, 6H), 1.06 (t, 3H), 0.81 (d,
6H).

EXAMPLE 11

10

15 A B - cyclohexyl alanine (1.5g) is dissolved in absolute ethanol {75
mi) and the solution cooled to 0°C. Thionyl chloride (1.1 ml) is added dropwise
over a period of 10-15 minutes, the solution allowed to warm to room
temperature, and then stirred at room temperature for about 18 hours. The
reaction mixture is evaporated in vacuo, toluene is azeotroped twice from the

20 residue, and the residue is taken up into ethyl acetate. The ethyl acetate
solution is washed with water, 1 N sodium hydroxide, water, brine, dried over
sodium sulfate, filtered, and evaporated in vacuo to give p-cyclohexyl alanine,
ethyl ester.

25 B. Using essentially the procedures of Examples 1B through 1M
(eliminating the aqueous sodium hydroxide hydrolysis of step 1L) gives the
desired product.

S

I

| d
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am nocycl ohexanecar boxyl ic acid, 30 -
N-IN—[N—(4 (pi peridin-4 yI)butanoyI) N- et hyl gl ycyl]aspartyl] [err]-cycl ohex
yl - -D al ani ne, ocket: A1158
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Net h?ﬁgl ycyl ] aspar????-?er ﬁ
decahydronaphth- 1 -yI al anine, 35 N
-[N-N- (4- (pi peridin-4-yl)butanoyl)-N-ethylglycyl]Jaspartyl]-[err]-

cycl ohexyl al ani ne mi N 53: R 5 1H, 1 (4H

N[N N (4- -GG RS, 537 NI, 3= 4.4 (1H, my: 4.1 (44,
cglcl E)oct yI(aI g?ellg;, 5|2-3§é(‘§jm) 29?‘;1]?’2&! m); 24(2 C)t/) 12 1?-{ .rr)l/) }1 (2:?d) 1.4-
N-[N-[N-(4- (pHPFUI-@, rﬂ),‘b.?-'ﬁ@%is’ﬁ.%b) N-et hyl gl ycyl | aspartyl]-[err]-

5 EXAMPLE 12

10

A N-BOC-$-cyclohexylalanine (2.0g.) and triethyl amine (1.03ml)

are dissolved together in THF (100ml) and the solution cooled to -20°C.
Isobutyl chloroformate (1.06ml) is added and the solution stirred at -20°C for

15 about 30 minutes. A saturated solution of ammonia in methanol (20ml) is
added and the solution allowed to warm to room temperature and stirred at
room temperature for about 18 hours. The solution is evaporated in vacuo and
the residue dissolved In ethyl acetate. The ethyl acetate solution is washed
with water, 5% HCI, saturated sodium bicarbonate solution, water, brine, dried

20 over sodium sulfate, filtered and evaporated in vacuo to give N-BOC-f-
cyclohexylalanine amide.

B N-BOC-B-cyclohexylaIanine amide (2.0g.) is dissolved in ethyl
acetate (100ml) and HCI gas is bubbled through the solution and the solution

25 stirred at room temperature for about 18 hours. The solution is evaporated in
vacuo and toluene azeotroped twice from the residue to give B-

cyclohexylalanine amide as the hydrochloride.

C. Using essentially the procedures of Example 1B thru 1M
30 (eliminating the aqueous sodium hydroxide hydrolysis of Example 1L) gives
the desired product.

his Sheet Has Been Reﬂlaced
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cycl ohexyl met hyl et hanol am ne,

N-[N-[N(4 (pi pendi n- 4- yI)butanoyI) N-et hyl gl ycyl ] aspartyl]-[err]-

cyct ohexyl net hyt al ani ne ami de, 10

N-[N-[N-(4-(pi peridin-4-yl)butanoyl)-Net h@’?gl ycyl ] asparcfyﬁ
1 -yl al ani ne,

N-[ N-[ N- (4- (pi peridin-4-yl)butanoyl)-Nethyl glycyl]aspartyl]-

N N (S prost QPSR Baled: Yol BBUAS. 524; NMR. 5= 8.4 (1H, o 8.1

cycl ohexyl ) cy(@l-brq@mna(n&h ishe3.948H, q); 3.4 (2H,q) 33 (4H, d); 2.8-3. o

D ckeﬁ J‘ISS

err anmant -

[err]-(1,2,3,4

EléifrdP 43

m); 2.4

N[N [ (4 Coahpi o 211y OHBABAY B DAL LHIE 07429 0k Gy o7 T]-

cycl ohept yl al
N-[N-[N-(4-(pi peridin-4-yl)butanoyl)-Nethylglycyl] aspartyl]
cycl ooct ylgal ani ne am de, 25 EXAMPLE 13

10

[err]-

A A solution of a-phenylglycine, methyl ester, hydrochloride salt
(1.0g) in THF (25 ml) is cooled to 0°C and triethylamine (1.38 ml) is added. To
this mixture is added a solution of di-tert-butyl dicarbonate (1.08g) in THF (25
15 mil), and the mixture allowed to warm to room temperature and stirred at room
termperature for about 18 hours. The solution is evaporated and the residue
taken up into ethyl acetate (200 mil) and the organic solution washed with 1N
HCI, saturated sodium bicarbonate solution, brine, dried over magnesium
sulfate, filtered, and evaporated in vacuo to give N-BOC-o-phenyiglycine,

20 methyl ester.

B. N-BOC-u-phenyiglycine, methyl ester (1.2g) is dissolved in
methanol (50 ml) containing acsetic acid (1 mil). 5% rhodium on aluminum
powder (0.60g) is added and the mixture shaken under 50 psi hydrogen for

25 about 18 hours. The mixture is filtered, evaporated /n vacuo , and the residue
taken up into ethyl acetate. The organic solution is washed with water,

saturated sodium bicarbonate solution, water, brine, dried over magnesium
sulfate, filtered, evaporated in vacuo to give N-BOC-a-cyclohexyiglycine,

methyl ester.
30

C. Using essentially the procedures of Examples 1B-1M, the desired

product is obtained.

Il

|

N
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N-[N-[N-[(4-(piperidi n-4-y|fbutanoy|)-|\|—ethy| gl ycyl | ég}artyl]-[err]-

cycl ohexyl propyl gl yci ne. N

-[ N ['N(4- (pi peri di n-4-yl)butanoyl )-N-ethyl gl ycyl]aspart -larr]- 3

cycl ooct yl met hyt al ani ne, 28 %Ase[ Bocl(et. 21158
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl]-[err]-

cycl opentyl al ani ne, and 35

cylohexyl et hy ol hn Calelly BYEE RS N K ER3R LA HER @t o
salts ! her e0'm);BBY2A(S); 3.30 (BH )P 823-3.10(2H, 2862 85 T4HHI)I'2190 (@H, 1);
centers. T oY BOToH, i T8ech 32 TBH, i ABESR iy " o (P (e ROr S

5 EXAMPLE 14

10 COOH

A B-(1-naphthyl)alanine (2.0g) is stirred in a saturated hydrogen
chloride/methanol solution for about 2 hours at room temperature. The mixture
is evaporated in vacuo and toluene azeotroped twice from the residue. The

15 residue is suspended in methylene chloride, N-methyl morpholine (1.02 mi)
added, and the mixture cooled to 0°C. Di-tert-butyl dicarbonate (2.02g) and 4-
dimethylaminopyridine (DMAP) (0.8g) are added, the solution allowed to warm
to room temperature, and stirred at room temperature for about 2 hours. The
mixture is washed with 5% HCI, water, dried over sodium sulfate, filtered, and

20 evaporated in vacuo to give N-BOC-8-(1-naphthyl)alanine, methyl ester.

B. N-BOC-B-(1-naphthyl)alanine, methyl ester (2.0g) and 5%
rhodium on alumina {1.0g) are combined in methanol (50 mi) containing acetic
acid (1.0 ml) and the mixture shaken under hydrogen at 50 psi for about 18
25 hours. The mixture is filtered, evaporated in vacuo, and the residue taken up
into ethyl acetate. The organic solution is washed with water, 5% sodium

bicarbonate solution, water, brine, dried over sodium sulfate, filtered, and
evaporated in vacuo to give L-B-decahydronaphth-1-yl alanine, methyl ester.

30 C.  Using essentially the procedures of Examples 1B through 1M, the
desired product is obtained. —
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5 The present invention conprlses t he i ndi vi dual stere%lsoners and

m xtures thereof. The conpounds of the present invention may be useful in
the formof the free base or acid or in thegdormof a ph&asacbocketal AJ158
acceptable salt thereof. 10 Al fornms are wthin the scope of the

i nvention. Where the conpound of the present invention is substituted with
a bdsic noiety, acid addition salts may be formed and are sinply a nore
convenient formfor use; and in practice, use of the salt forminherently

amounts to use of IN,8.! Cald'd:e879E6urid2’ 579; NMRR §i=t4. IWhB(m, d#t), BB-4deth,t 0

prepare the ac n ts,I.ncl ref t.h 1,C e,
when conbi ned %%B %dqdhé &?e‘zﬁi;%%( pﬂé&jn%tge(ﬁ‘u E@'I Jf'é (chégtdé\%ﬂ g&'ﬁr gﬁf't hat
is, salts whose anions are non- toxic to the ani mal organismin

phar maceut bcal doses of the salts, so Fh_ fgnef icial antithronbotic
properties inherent in the free base are not vitliated by 20 side effects

ascribable to the anions. Although pharnaceutlcally acceptable salts of
sai d basic conpogp F dricfif el chis 58 g

YO

~
P

A 2-phenylethylamine (2.0g) is dissolved in methylene chloride and
the solution cooled to 0°C. Di-tert-butyl dicarbonate {(4.0g) and DMAP (0.4g)
are added. The solution is allowed to warm to room temperature and stirred at

15 room temperature for about 18 hours. The solution is washed with §% HCI,
water, filtered and evaporated in vacuo to give N-BOC-2-phenylethylamine.

B. N-BOC-2-phenylethylamine (3.1g) and 5% rhodium on alumina
(1.1g) are combined in methano! (40 ml) containing acetic acid (1.0 mi). The
20 mixture is shaken under hydrogen at 50 psi for about 20 hours. The mixture is -
filtered, evaporated in vacuo , and the residue taken up into ethyl acetate. The
organic solution is washed with water, 5% sodium bicarbonate solution, water,
brine, dried over sodium sulfate, filtered, and evaporated in vacuo to give N-
BOC-2-cyclohexylsthylamine.

25
' C. Using essentially the procedures of Examples 1B through 1M
(eliminating the aqueous sodium hydroxide hydrolysis of Example 1L), the
desired product is obtained.
30 M.S., Calc'd: 481, Found: 481; NMR, 5=3.9 (s, 2H), 3.35 (d, 4H), 3.25

(d, 4H), 2.6-2.9 (m, 8H), 2.5 (t, 2H), 2.15 (t, 1H), 1.8 (4H, d), 1,4-1.7 (m, 7H), 0.9

- 1.3 (m, 12H), 0.7 (&, 2H).
his Sheet Has Been laced
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as sources of the free base formeven if the particular’salt, per se, is
degired only as an internedi ate product as, for exanpl e, t(¥\hen th gal 1%§
fornmed only for purposes of purification, i dentifica o gl
used as 25 internediate in preparing a pharnaceutlcally acceptable salt by
I on exchange procedures. Pharnmaceutically acceptable salts within the scope
of the invention are those derived froqébﬁgﬁgg%hgmﬁng acids: mneral acids
such as hydrochloric acid, sulfuric aci ric acid and sul famc
acid; and organi c acids such as acetic aC|d citric acid, Iactlc acid,
tartaric acid, naloq| : \ ARTreY 5 aC|d
benzenesul f oni ¢ acitr I
quinic acid, and the like. The cor reyglok 6 JWCHISIi ti on salts conprise
t he followgng: hydrochl ori de, sulfate, phosphate sul famat e, acetate,
citrate, lactate, tartarate, malonate, nethanesulfonate, _gthanesul fonate,

benzenesul fonate, p-tol uenesul fonate, 35 cycl ohexyl sul te and qui nate,
respectively. : )

HND\/\)OLN’ﬁrH ou GOOH
aRa AL

A Using essentially the procedures of Example 13A, above, N-BOC-
a-(2-phenylethyl)glycine, methy! ester is prepared from L-homophenylalanine.
10 -
B. Using essentially the procedure of Example 14B, above, N-BOC-o-
(2-cyclohexylethyl)glycine, methyl ester is prepared from N-BOC-a-(2-
phenylethyl)glycine, methyl ester.

16 C. Using essentially the procedures of Examples 1B through 1M, the
desired product is obtained.

M.S., Calc'd: 539, Found: 539; NMR, § = 4.60-4.55 (m, 1H), 4.20-4.08 (m,
1H), 3.85 (s, 2H), 3.29 (q, 2H), 3.25-3.12 (m, 2H), 2.84-2.55 (m, 4H), 2.29 (t,
20 2H), 1.83-1.65 (m, 2H), 1.63-1.32 (m, 10H), 1.28-0.81 (m, 13H), 0.79-0.56 (m,
2H).

Compounds within the scope of the present invention inhibit platelet

aggregation by inhibiting fibrinogen binding to activated platelets and other

25 adhesive glycoproteins involved in platelet aggregation and blood clotting and
are useful in the prevention and treatment of thrombosis associated with certain
disease states, such as myocardial infarction, stroke, peripheral arterial
disease and disseminated intravascular coagulation in humans and other
mammals.

30

is Sheet Has Been Reﬂlaoed

TN




B

The acid addition salts of the conpounds of this invg:?ion are prepared
ei,ther.by.di ssolving the free base in aqueous or aqueous-al cohol solution

or other suitable solvents containing the $ppropri ate aQaseaDdckeb! A58
the salt by evaporating the solution, or by reacting the free base and acid
in an organic 5 solvent, in which case the salt separates directly or can
be obtai ned by concentration of the solution. Were the conpound of the

i nvention i s substThecempaundsof thisiinvention can nomaally beladmidlsteradioraliygr be

formed and ar;farsp{a?huy.qﬂ e ?rei&ﬁﬁéﬁﬂbﬁ?ﬁevbﬁﬂ&h b thréMbosfFassttiated disédsd Ce.

use of the salt formin ently amobunts to use of the free acid form The
bases whi ch BA®e used to prepare the base addition salts include
preferably those which produce, when conbined with the free acid,

Doy % v 2F6 RbAicmRR s o ma o aed B difirlifarion o,
t hat the benednycomvenient way, and the invention includes within its scope
pharmaceutical compositions containing at least one compound according to
the invention adapted for use in human or veterinary medicine. Such
compositions may be formulated in a conventional manner using one or more
10 pharmaceutically acceptable carriers or excipients. Suitable carriers include
diluents or fillers, sterile aqueous media and various non-toxic organic
solvents. The compositions may be formulated in the form of tablets, capsules,
lozenges, troches, hard candies, powders, aqueous suspensions, or solutions,
injectable solutions, elixirs, syrups and the like and may contain one or more
15 agents selected from the group including sweetening agents, flavoring agents, .-
coloring agents and preserving agents, in order to provide a pharmaceutically
acceptable preparation.

- The particular carrier and the ratio of platelet aggregation and thrombus
20 inhibiting compound to carrier are determined by the solubility and chemical
properties of the compounds, the particular mode of administration and
standard pharmaceutical practice. For example, excipients such as lactose,
sodium citrate, calcium carbonate and dicalcium phosphate and various
disintegrants such as starch, alginic acid and certain complex silicates,
25 together with lubricating agents such as magnesium stearate, sodium lauryl
' sulphate and talc, can be used in producing tablets. For a capsule form,
lactose and high molecular weight polyethylene glycols are among the
preferred pharmaceutically acceptable carriers. Where aqueous suspensions
for oral use are formulated, the carrier can be emuisifying or suspending
30 agents. Diluents such as ethanol, propylene glycol, glycerin and chloroform
and their combinations can be employed as well as other materials.

For parenteral administration, solutions or suspensions of these
compounds in sesame or peanut oil or aqueous propylene glycol solutions, as
35 well as sterile aqueous solutions of the soluble pharmagceutically acceptable
salts described herein can be employed. Solutions of the salts of these
compounds are especially suited for intramuscular and subcutaneous injection
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15 antithronbotic properties inherent in the free am?are not vitiated by
si dé effects ascribable to the cations. Pharmaceutically acceptable salts
witHin the scope of the invention are t hoseggglerived fromGdse Docketvi Ad158
bases: sodi um hydroxi de potassium hydroxi de, cal ci um hydroxi de, alum num
hydr oxi de, |ithium hydroxide, nagne5|un1hydrOX|de zi nc hydr oxi de, ammoni a,

| uc ne, S|ne argi ni ne, omthine,
chol i ne. NN PUIPRBRE:y TDPAAUacLS SRS, nelatiog tusse sihecsalisrinenluad .
procai ne, N emmnmawmareweltsogxs&mwbamw%eggnm ée'!tid?g jposes,
[ etr

ke, 35 Wt aiP Okl THaCHRITIAT it caerbiadiRiede oy atautaly hisferel dbexiared
by cont act i ng raade isalenidewith sufficient saline or giucvserard: stevilized by hiwatingfort he
chosen netgl ihicidk IREHERUS solvent with the free acid form ot the conpound.
The aqueous so ven{ enpl'oyed may be water or it may be a 'mixture of water

W th
The dosage regimen in carrying out the method of this invention is that

which insures maximum therapeutic response until improvement is obtained
and thereafter the minimum effective level which gives relief. In general, the

10  oral dose may be between about 0.1 mg/kg and about 100 mg/kg, preferably
between about 0.1 mg/kg to 20 mg/kg, and most preferably between about 1
mg/kg and 20 mg/kg, and the i.v. dose about 0.1 pg/kg to about 100 pug/kg,
preferably between about 0.1 ng/kg to 50 pg/kg, bearing in mind, of course, that
in selecting the appropriate dosage in any specific case, consideration must be

15  given to the patient's weight, general health, age, and other factors which may.,..
influence response to the drug. The drug may be administered orally 1to 4
times per day, preferably once to twice daily.

The following pharmacologic tests evaluate the inhibitory activity of
20 compounds of the present invention on fibrinogen-mediated platelet
aggregation, fibrinogen binding to thrombin-stimulated platslets, and inhibition
of ADP-induced ex-vivo platelet aggregation, and results of these tests
correlate to the in-vivo inhibitory properties of compounds of the present
invention.
25
The Platelet Aggregation Assay is based on that described in Blood 66
(4), 946-952 (1985). The Fibrinogen-Binding Assay is essentially that of
Ruggeri, ZM., et al., Proc. Natl. Acad. Sci. USA 83, 5708-5712 (1986) and
Plow, E.F., et al., Proc. Natl. Acad. Sci., USA 82, 8057-8061 (1985). The
30 Inhibition of ADP-Induced ex-vivo Platelet Aggregation assay is based on that
of Zucker, "Platelet Aggregation Measured by the Photoelectric Method",
Mathods in Enzymology 169, 117-133 (1989).

35
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30 an organic solvent, preferably an al cohol such as rethanol or ethanol,
a .Ketone'such as acetone, an aliphatic ether such as tetrahydrofuran, or an
ester such as ethyl acetate. Such reactionggare normal | yCasshinckett #1158
anbi ent tenperature but they may if desired, be conducted with heating. 35
Am ne salts of conpounds of the present invention nmay be obtained by

confacting an am ne_ in an agueous solvent with the free acid f.orm of the
conpound. Sui t abl ePigjalets gre addrom, maﬁt@ﬂ M@m@ﬂsf%

16 wi thhdal fC0hﬂl'tratiéplchmqﬂetdsadﬁécribédﬁmatgulerm GAS etath JaBiol. Chem. 254,
Lot ahy O of " 87 ik 18707 BAl GBI o O RgE 72 Sy i o
i nventi on nayThe platejsts ate suspendediaha eoncentration of 2 x 108 cells/ml in a modified
5 calcium-free Tyrode's buffer containing 127 mM sodium chloride, 2 mM
magnesium chloride, 0.42 mM NagHPOj4, 11.2 mM NaHCOs, 2.8 mM KCl, 5.5
mM glucose, 10 mM HEPES, at a pH of 7.35 and 0.35% human serum albumin
(HSA). These washed platelets are activated by addition of human o-thrombin
at a final concentration of 2 units/ml, followed by thrombin inhibitor 1-2581 at a
10 final concentration of 40uM. To the activated platelets is added
paraformaldehyde to a final concentration of 0.50% and this incubated at room
temperature for 30 minutes. The fixed activated platelets are then collected by
centrifugation at 650 x g for 15 minutes. The platelet pellets are washed four
times with the above Tyrode's-0.35% HSA buffer and resuspended to 2 x 108
15 cells/ml in the same buffer. P

Platelet Aggregation Assay

The fixed activated platelets are incubated with a selected dose of the

20 compound to be tested for platelet aggregation inhibition for one minute and
aggregation initiated by addition of human fibrinogen to a final concentration of
250 pg/ml. A platelet aggregation profiler Model PAP-4 is used to record the
platelet aggregation. The extent of inhibition of aggregation is expressed as
the percentage of the rate of aggregation observed in the absence of inhibitor.

25 ICso, i.e., the amount of inhibitor required to reduce the aggregation rate by
50%, is then calculated for each compound (see, for example, Plow, E.F., et al.,
Proc. Natl. Acad. Sci., USA 82, 8057-8061 (1985)).

30
Platelets are washed free of plasma constituents by the albumin density-
gradient technique of Walsh, P.N., et al., Br. J. Haematol. 281-296 (1977), as
modified by Trapani-Lombardo, V., et al., J. Clin Invest. 76, 1950-1958 (1985).
In each experimental mixture platelets in modified Tyrode's buffer (Ruggeri,
35 2ZM, etal., J. Clin. Invest. 72, 1-12 (1983)) are stimulated with human o-
thrombin at 22-25°C for 10 minutes (3.125 x 1011 platelets per liter and
thrombin at 0.1 NIH units/ml). Hirudin is then added at a 25-fold excess
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reaction sequences described bel ow, or can be prepared by nethods known in
the art. The starting materials used in the preparation of compounds of
thi-s i nvention are known or are CONMErCi algqy avail abl e, CasecRackat: pA2HS8 ed
by known net hods or by specific reaction schenes described herein. 10 The
conpounds of the present invention nmay be readily prepared by standard
sol'id phase or solution phase peptide sgnthe5|syﬁéocedures .Jusing starting

materi al s andumtlunéhtqn&/nuwﬁesmf@ra addifion of the:1>i-lahaled Bhrineger apgithe
conpani es _sugdnisouliditd Bé‘téﬁ”te@' ifter tﬁéée Mtuw th&tm Iételet: caliit i e

e R LR Ta, S saigtbr SbAGheca N er 8-
“Pept i de Syntdsee, doundaridfres igand rarefseﬁatatdd Byecantrfugirgr500i of thsahixtute : |
Pr ot ect edSF égem%@tﬁ?ﬁdé% sy oea f2.000% iﬂ&ﬁ T a0
Sol i d Phase 3benmeparated fiom the rest of the mixtureto detemmq;elstqjat-bmmcsy nthesis
of Antagoni stgdfactivity. Nonspecific binding is measured in mixtures containing an
excess of unlabeled ligand. When binding curves are analyzed by Scatchard
analysis, nonspecific binding is derived as a fitted parameter from the binding
10 isotherm by means of a computerized program {(Munson, P.J., Methods
Enzymol. 92, 542-576 (1983)). To determine the concentration of each
inhibitory compound necessary to inhibit 50% of fibrinogen binding to
thrombin-stimulated platelets (IC50), each compound is tested at 6 or more
concentrations with 1251-labeled fibrinogen held at 0.176umolfliter (60ug/mi).
15 The ICs0 is derived by plotting residual fibrinogen binding against the o
logarithm of the sample compound's concentration.

20

Control blood samples are obtained 5-10 minutes prior to administration
of the test compound in mongrel dogs weighing from 10 to 20 kg. The compound
is administered intragasticly, via aqueous gavage, or orally, via gelatin capsule.

25 Blood samples (5 mi) are then obtained at 30 minute intervals for 3 hours, and at
6, 12, and 24 hours after dosing. Each biood sample is obtained by
venipuncture of the cephalic vein and is coliected directly into a plastic syringe
containing one part 3.8% trisodium citrate to nine parts blood.

30 v i I regati

The blood samples are centrifuged at 1000 rpm for 10 minutes to obtain
platelet rich plasma (PRP). After removal of the PRP, the sample is centrifuged
for an additional 10 minutes at 2000 rpm to obtain platelet poor plasma (PPP).

35 Platelet count in the PRP is determined by using a Coulter Counter (Coulter
Electronics, Hialeah, FL). If the concentration of platelsts in the PRP is greater
than 300,000 platelets/ul, then the PRP is diluted with PPP to adjust the platelet
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Q@ ucagon”, Makronol. Chem Nacr onol . Synp. 19, 31 (1988’5). A preferred
ne;hod of preparing conmpounds of the present invention is by the solution

phase’ met hod depicted in Schene 1, below 25 [err] wh 'qzﬁb
G R m n, p, and r are as defined herei n@bove; A, ',eés? §§§1é§153

A, B, E F, G and R respectively, or are protected anal ogues thereof, or
precursor substituents thereto; and [err] are am no acid protecting groups.

The Co”poundscgpn{fyeﬂbﬁgéoé didtbRhSA iCﬁnaﬁét&tafvé Bb%@ [ stb théx? pleeel T on.

The conpounds )
Coupt 1 ng the aBiepbizerialase AuVRNaE (s K 55 WEh GatpoFtenam )" 121

Epinephrine (final concentration of 1 pM) is then added to the PRP whlch is
incubated for one minute at 37 °C. A stimulator of platelet aggregation, ADP at a

5 final concentration of 10 uM, is then added to the PRP. Platelet aggregation is
monitored spectrophotometrically utilizing a light transmission aggregometer
(Bio/Data Platelet Aggregation Profiler, Model PAP-4, Bio/Data Corp, Horsham,
PA). For compound to be tested, the rate of change (slope) of light transmittance
and the maximum light transmittance (maximum aggregation) is recorded in

10 duplicate. Platelet aggregation data are reported as the percent decrease (mean
+ SEM) in slope or maximum aggregation as compared to data obtained from
control PRP, which is prepared from blood samples obtained prior to
administration of the test compound.

15 Compounds of the present invention exhibit marked activity in the -
foregoing tests and are considered useful in the prevention and treatment of
thrombosis associated with certain disease states. Antithrombotic activity in the
ex vivo canine platelet aggregation assay is predictive of such activity in
humans {ses, for example, Catalfamo, J. L., and Dodds, W. Jean, "Isolation of

20 Platelets from Laboratory Animals®, Methods Enzymol. 169, Part A, 27 (1989)).
Results of testing of compounds of the present invention by the above methods
are presented in the table below. Also presented in the table are comparative
test resuits for 4-4{piperidyl)butanoyl glycyl aspartyl tryptophan, i.e., the
compound disclosed in European Patent Application Publication No. 0479,481.

25
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precursor, where Z is as defi‘hed her ei nabove, which cof::gi ns a free primry
or secondary amine to the _free carboxylic acid portion of a protected
derivative of aspartic acid. The functional groups of aspartic acid or any
functional groups of the Z group precursor which are not to be coupled are
prot ected where pecessary bynbl ocking gresps to preveat cross reaction
durihg the coupl®ng procedur?, as are th&anino acid Qerivative and
azacycl oal kyl al kanoi ¢ acid derivatives used in subsequent synthetic steps.
These bl ocking groups include N-a-tertiary REPLACEMENT SHEET 2 4 JAN

1997 18 butyl oxycarbonyl (BOC), benzyl oxycarbonyl (CBZ), benzyl, nethyl,
t-butyl, 9- B @]
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quorenyInethyloxycarbonyl (éN(ID 2- (trrnethylsrlyl)etE@l and 4- et hoxy-
2. 3,6- trlhEthbeenzenesquonyI 5 A preferred protected derivative of
aspartic acid is BOC aspartic acid [err]- benzyl ester. Coupling is done by
met hods known in the art. A preferred method7for carryi ndocase Ddoket‘:ouPpﬁr&ﬂg
i s conbining the ami ne and carboxylic acid in an appropriate aprotic
organi ¢ solvent, for exanple nethylene chloride or dinethylfornnam de
(DVF), in the presence of appropriate coupling agents. 10 A preferred
coupling agent is igopropyl chloroformate in the presence

met hyl pi peri di ne. ARgerski q#@'@ﬁr%“@b[ﬁﬂqllﬁ@pm&ﬂ @a&t@present invention is
di met hyl am nopwenrddhp?e@t&aé obfthd Sbjdetsarst oblairp thelendsBhtl ddvahtiges

P ferr ad_coup eSSBS S ﬂma%ﬁpssﬁa arbbs Biktel 9 PoRimolBsrsampastiBhie
15 (BOP-ClH i and methods deseribéd herein layé présented las neprasantativepotthepreferred
product s sel gaofhin §418 pe'BMRIAR & ot Mfbhtd 'dirhatiorE 87

free am ne of he asp ar@r @Fam ﬁam)l e ty
the scope of the present invenfion. Changes therein and other uses will occur

to those of skill in the art which are encompassed within the spirit of the
invention or defined by the scope of the appended claims.
10

M_
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preferred nethod for renovi nd the BOC group is treatmeAt’ with _
trifluqroacetic in 20 an aprotic erganic solvent, for exanple, nethylene

chl ari‘de. The result] ag/derp/otected product is t hen coupled with the
appropriately N protect e(“\ m& ted gl y38ne or [err]-GasiDackebr iAHESS, o
having a free carb m sulting producted is then

N- deyr ot ect ed. The gufrée 25 amine is then coupled with the
appropriate protected azacycloalkylalkan0|c acid and this product
deprotected by known net hods to give the final product. In another
preferred net hWHA FHSQ‘GMMEQ(!% of the present invention may be prepared by
solid phase nethods well known in the art. In the solid nethod 30 the
C-term nal residue ii;s boynd at t | portion to an insoluble resin,
for exanple the reshdue k@@@ﬁaﬁﬁﬁﬁg%@!il koxybenzyl al cohol resin
ester. In & manner which is S|mlar to the solution phase nethod the

protected am no acid or other s are added one at a tinme until the
total sequence has been bwlf z the resOn The corrpﬂmd is the

deprotected and rel eased W——f-ro th in dswb 0l we t he
fi'nal compound. dﬁza_cmﬁ_eéﬂﬁ,ﬁdmw %"H ci’
A/ | CH,COOH

wherein:

10 A is -H, amidino, or substituted amidino;

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyh”
aryl, aralkyl, alkylaryl, or alkylaralkyl;

(8
—N—CH—{C7-G
E F "

E is -H or, in combination with F, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring,

15 Zis

20 F is the a-carbon sicl_e chain of the D- or L-isomer of a naturally occuring
o-amino acid, -H, alkyl, cycloalkyl, cycloalkylalkyl, atkylcycloalkyi,
alkylcycloalkylalkyl, aryl, substituted aryl, aralkkyl, substitued aralkyl,
heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted
heterocyclylalkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered

25 azacycloalkane ring,

G is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylatkyl,
aryl, substituted aryl, aralkyl, substituted aralkyl, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylalkyl, OR1, or NR1R2,

30 where R1 and R2 are independently -H, alkyl, cycloalkyl, cycloalkylalkyl,
alkylcycloalkyl, alkylcycioalkylalkyl, aryl, aralkyl, alkylaryl, or alkylaralkyl, and

———
e

Has Been Replaced

\\l\\\\\ [l



19 During the preparation Of..\}corrpounds of the present invention, or

i nteg.medi ates t hereto—i-t—ray—al.so_be desirable or necessary to prevent
cross-'reaction chem cal ly active sypstituents otRer an tho
present on naturBMEﬂtﬂ ' H“Jot her amin 8aci ds. The s ﬁ§??‘$}€f‘&%‘s ég‘@%e
protected by 5 L groups whi ch may subsequently be renoved
or retained, as required, by known nethods to afford the desired products
or internediates (seggQben:exanple, Geen, "Protective Goups in Oganic
Synt hesi s", WIley, New Yorf<, 1981). Sel ective protection or deprotection
may al so be necessary or desirable to allow conversion or renoval of

exi sting substituenfsis Wy, alkyl,arylper amlkyubsequent reaction to affort the

final desired product. The invention is further explained by the follow ng

il lustrative exanples,
5 mis 110 5;

nis Oto 6; and

pis1to4;
10
or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1 wherein F is -H, alkyl, hydroxymethyi, 1-
hydroxyethyl, mercaptomethyl, 2-methylthioethyl, carboxymethyl, 2-

15 carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycioatkyl, cycloalkylalkyl, .-
alkylcycloalkyl, alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substituted
aralkyl, heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted
heterocyclylalkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring, provided that heterocyclylalkyl is other than indoi-3-

20 yimethyl.

3. A compound of claim 2 wherein F is -H, alkyl, hydroxymethyl, 1-
hydroxyethyl, mercaptomethyl, 2-methyithiosthyl, carboxymethyl, 2-
carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalkyl,

25 alkylcycloalkyl, alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substituted
aralkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring.

4. A compound of claim 3 wherein F is -H, alkyl, hydroxymethyl, 1-
30 hydroxyethyl, mercaptomethyl, 2-methyithioethyl, carboxymethyl, 2-
carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalkyl,
alkylcycloalkyt, alkylcycloalkylalkyl, or, in combination with E, forms a 4-, 5-, 6-,
or 7-membered azacycloalkane ring.

35 5. A compound of claim 4 wherein B is alkyl, cycloalkyl,
cycioalkylalkyl, alkyicycloalkyl, or alkylcycloalkylalkyl.
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In the foI | owi ng exanpl es, "~ unl ess otherwi se indicated, [err]-anmino acids
whi Gh ha\?e.the ﬁu | of haV|ng chiral [err]-carbons are in the L
conki gurat i on. se i ndi cat g@ reported al

anal ysis data are m Ifast At om Sorrbar dnent per orrre é(%n %ﬁc?
70SE wi th "cal cul at ed" vaI ues E')el ng (M+H) +. Nucl ear magnetic resonance
speetral data is obtained on a Brucker ACF 300, in [err]. Flash

chromat ography is ®ene dhcemppuadgfth ein'ml#ﬁgh performance |iquid

chromat ography (HPLC) is done on a Dynamax 60A, 8[err] C- 18 Reverse Phase
col um. EXAMPLE 1 [er, [err]-cycl ohexyl al anine (1.12g) is dissolved
in of methanol % and h@irogen chl oQ de gas |sOoube ed thOough t he

awaaaaﬁaili%a@a—& RO RS- e
met hyl ester ai /t he hydrochl ori de saBt . CH,COOH
5 wherein:

A is -H or amidino,

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl,
10 aryl, aralkyl, alkylaryl, or alkytaralkyl,

J is -H, alkyl, cycloalkyl, cycloalkylalkyi, alkylcycloalkyl, ‘ .
alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substitued aralkyl,

15 Lis OR?, or NR1R2, where R1 and R2 are independently -H, alkyl,

cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl, aryl, aralkyl,
alkylaryl, or alkylaralkyl,

mis1to5,

20
nis 2to 6, and
pisior2;

25 or a pharmaceutically acceptable salt thereof.
7. A compound of claim 6 wherein
Ais-H,

30

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl,

J is -H, alkyl, cycloalkyl, cycloalkkylalkyl, alkylcycloalkyl, or
alkylcycloalkylalkyl,
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20 B. BOC—L aspartic acid [err] benzyl ester (1.27Q) s dissolved in
me.thyl gne chloride (20 mM). The solution is cooled to [err] and N nethyl

pi peri‘dine (0.48 m) T5 added follTowed by igopropyl chl o?)é{s%rﬁg&ﬁet( 3A%58

m ). The sol ution rr] for out two mnu a ’
[err]-cycl ohexyl - ma&wwﬂig“m‘m ester hydrochl oride (0.88g) is added.
The*solution is a O wvarsm &0 room tenperature and stirred overnight.
The solution is evaporated in vacuo and the residue partitioned between
et hyl acetate (200 igl ag@lN hydrochloric acid (HCO) (50 m ). The organic
| ayer is washed wt ﬁ' saturated sodi um bi carbonate solution, brine,
dried over magnesium sul fate, filtered and 10 evaporated in vacuo to give
N-[ BOC-L-aspartyl (f@rdbrlaenzyl ester)]-[err]-cyclohexyl- L-alanine, methyl
ester. _

5

8. A compound of claim 7 wherein
Ais-H,

10 B is alkyl,
J is-alkyl, cycloalkyl, or cycloalkylalkyl,

R1 and R?2 are independently -H, alkyl, cycloalkyl, cycloalkylalkyl,
15 alkylcycloalkyl, alkylcycloatkylalkyl, -

mis 3,

nis 3 or 4, and
20
pisi.

8. A compound of claim 7 which is
25 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyilaspartyl] valine,
N-[N-[N-(4-(piperidin-4-y)butanoyi)-N-ethylglycyllaspartyl]-D-valine,

N-[N-[N-(8-(piperidin-4-yl)propanoyl)-N-ethyiglycyllaspartyl] valine,
30
N-[N-[N-(5-(piperidin-4-yl)pentanoyl)-N-ethylglycyllaspartyl] valine,

N-[N-[N-{4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-o-
cyclohexyl glycine,
35
N-[N-[N-{4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-B-
cyclohexylalanine, B
This Sheet Has Been
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C. N-[ BOC-L-aspartyl ([err]- benzyl ester)]-[err]-cycl 6hexy| al ani ne,
mst.hyl esteer (2.01q) is dissol ved in nmethylene chloride (15 m). The
solytion is cooled 15 to [err] and triflugpoacetic aci dogBeThdcket: AHEE
over a period ofumm.umumm The solution is stirred at [err] for two
hours, evaporate Mﬁm |'due taken up into ethyl acetate and the
organl c sol ution washed wi" hssaturat ed sodi um bi carbonate sol ution until

t he washes are basic. The organl c solution is washed with brine, dried over

magnesi um sul f at e, N- NN o Ohe?;?l)&lt&ﬁowll\?@thyl psparl] voreuetey ty!

([err]-benzyl ester)-[err L- al ani ne met Usi ng
essentially the coupling procedure of Exanple 1B, here| nabove fol | owed by

essenti al | y t he deN- tN«iNt(Aeﬁpxpsrcmml&utanwlmbeﬁxy]glycylhs@aﬂuﬂdm-(z 2-

N- et hyl gI enzyl ester)-L-[err]-cyclohexyl-L- 25
al ani ne g@ﬁ )H’%ﬂ&& g[xanc?bf rom L-aspartyl ([err]-Dbenzyl

ester) - [err] cycl ohexyl - L-al anine methyl ester and N-BOC-N-ethyl gl ycine.

E.  4-pyridine aCN— N- Rcwkpiﬁéﬁﬂmémyl)Mtahbmun-emw@lyéﬂ]mmane_-porrbl ned in

acetic acid (é Irldyaronaph h-?-yq]a)it#ilr’lg, 8paken under hydrogen at

10 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyl}-L-o-(2-
cyclohexylethyl)glycine,

or a pharmaceutically acceptable salt thereof.
15 9. A compound of claim 7 which is -

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]
phenylalanine,

20 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl}-L-B-naphth-1-
yl alanine, or

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl]-L-B-naphth-2-
yl alanine,
25
or a pharmaceutically acceptable salt thereof.

10. A compound of claim 7 which is N-{N-[N-(4-(piperidin-4-
yl)butanoyl}-N-ethylglycyllaspartyl]-L-B-cyclohexyl alanine amide, or a
30 pharmaceutically acceptable salt thereof.

11. A compound of claim 6 which is N-[N-[N-(4-(piperidin-4-
yl)butanoyl)-N-ethylglycyljaspartyl]-L-B-cyclohexyl alanine, ethyl ester, or a
pharmaceutically acceptable salt thereof.

35

- ——
—_—

This Sheet Has Been R

T



T~ . e N

o ' . L t 3
30 psi for about ~38—hours. -The.m xture is filtered and”the sol ution
evaperat €d i n vacup_and tol uene azeotroped fromthe residue to give

2- (pi peri din-4-yl ?\H w Bwﬂmﬂum 2- (pi p48i di n- 4-yl ) acGase Daokst:( 1A116H
is dissolved in 1 ' ; um hydr oxi de solution (200 m) and the
sol ution cooled to [err] A sol{tibn of di-tert-butyl dicarbonate (18.0g) in

t eteahydofuran (THE)Y (1Q0_nl) is_ added OPW, S d ' h |l owed to
warm t o roomtenpeﬂét ur %'B@PWPg&F%"B?{ '%ﬁaﬁgm‘sﬁ@‘ﬂm’gﬁ[ﬁ' e mxture
i sdevap(r)]r gt ed(piperidinsd-yl)butanayleNTethylglytytlaspartyd}-ethylamineakea up i nto water
and washed w %WI I s added to the aqueous | ayer
and the m xtu gagéla%é?@y%{cﬁp ?&q%‘?ogrgani c layer is separted and
the aqueous |ayer extracted with ethyl acetate. The
5 13. A pharmaceutical composition comprising an antithrombotic
effective amount of a compound of claim 1 and a pharmacseuticaily acceptable
carrier.

14. A pharmaceutical composition comprising an antithrombotic
10 effective amount of a compound of claim 6 and a pharmaceutically acceptable
carrier.

15. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
15 therapeutically effective amount of a compound of claim 1.

16. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeutically effective amount of a compound of claim 6.

20
17. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeutically effective amount of the composition of claim 13.
25 18. A method for the prevention or treatment of thrombosis in a

mammal in need of such therapy comprising the administration of a
therapeutically effective amount of the composition of claim 14.
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/:;nbl ned organic portions are washed with water, brine, dried over
rra'ghés‘i um-sul fate, filtered, and evaporated in vacuo to give N BOC- 2-

(piperidin-4-yl)acetic acid. G N BOC- 2- (i peri din-4-y Ci

(15.8g) is dissolved in THF 10 (150 m) a&g 1M borane/#é\ééwkr%i) AL”SS
added dropwi se. The solution is stirred at roomtenperature for about 20
houTs and 1N sodi um hydroxi de solution (200 m) is added dropw se. The THF
is evaporated in vacuo and the aqueous residue extractred with ethyl
acetate. The ethyl acetate solution is xs@sPRACH th water, dried over sodium
sulfate, filtered, and evaporated in vacuo 15 to give

N- BOC- 2- (pi peri di n-4-yl)ethanol. H. A solution of oxalyl chloride (11.8Q)

I ngeot hylgene chl oThéeprebent ifviention cretaltesitcf azécycidalleﬁalkdnogtﬁaﬂndesld@I de
(55 (218" ol WA o, A1 Al s o FES
(14. 3g) in nmetherebybeing uselibin theopreviniicn and dreatment of tbmmbdssfassloomledo
mnutes. The yoh'disedse Statbs SLEH akThySQfttial infltHbn28FoKY, peripheral arterial
disease, and disseminated intravascular coagulation, to methods for the
prevention or treatment of thrombosis in a mammal in need of such therapy
10 comprising the administration of a therapeutically effective amount of such
compounds, and to pharmaceutical compositions comprising such compounds.

is Sheet Has Been Reilaced .
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met hyl frorpholine (21.6g) is added over a period of about 15 mi nut es.%e"’
soluticon is allowed to warmto roomtenperature and, after about 30

g nudtes, nmethyl (triphenyl phosphoranylidene) acetate (68.6g) is added. The
sol ut i onp+s—25——sti-ft-ed—at-—oom-t-enperat ure for ahout 18 hours, evaporated

i n vacuo| and REH&- M RIFEETken uf i n ethyl acet affe. EHEi eChYETACERBERS | SG

sol uti on|MsIwashed wvh! wi-dp PasY-Fcl-| 5% sodi umi hifFachl or.i.t er SOHUL 0N 4¢
wat er, bf@n@i:ixdr) ed: over - Bodd pracduPt. ate, fil t-ereé b)od .evaporated ifq vacuo,g,'
to give [fBtibyh 4 (iN-;BOC: .. pi.peprigidn-4-)l)trans-crotignat.e. 30 1. Met hyl )
4- (N- BOC@i penicci n- 4-yl) t¥7ans poredt.omatle (11. 5g) 1 sigdi ssol ved in ne;r,hanm l '
(200 ni) @R@*El@%mtﬁ‘#.H.W..QQF.PQD...(.?’..Q) I s added End the i xture shaken =%

under hytrogemrat—56—psrfor-t8-troursT The m xtuf eni,sf iltered, fresh
catal yst added to the solution, and hydrogenatio )édﬁﬁﬁfgbf”ﬁs"ﬁ’ﬁﬁ’xture

Is filtered and evaporated in vacuo to give nethyl 4-(N BOC piperidin-
4-yl) butyra5 -1-

ANTITHROMBOTIC AZACYCLOALKYLALKANOYL

PEPTIDES AND PSEUDOPEPTIDES
10 This application is a continuation-in-part application of co-pending U.S.
Application Serial No. 08/138,820, filed October 15, 1993,

REPLACEMENT SHEET

BACKGROUND OF INVENTION
24 JAN 997

15 1. Field of Invention

This invention relates to compounds having antithrombotic activity.
More particularly, the invention relates to azacycloatkylalkanoyt peptides and
pseudopeptides that inhibit platelet aggregation and thrombus formation in
20 mammals and which are useful in the prevention and treatment of thrombosis
associated with disease states such as myocardial infarction, stroke, peripheral
arterial disease and disseminated intravascular coagulation.

Haemostasis, the biochemistry of blood coagulation, is an extremely
25 complex phenomena whereby normal whole blood and body tissue
spontaneously arrest bleeding from injured blood vessels. Effective
haemostasis requires the combined activity of vascular, platelet and plasma
factors as well as a controlling mechanism to prevent excessive clotting.
Defects, deficiencies, or excesses of any of these components can lead to
30 hemorrhagic or thrombotic consequences.

Piatelet adhesion, spreading and aggregation on extraceliular matrices
are central events in thrombus formation. These events are mediated by a
family of adhesive glycoproteins, i.e., fibrinogen. fibronectin, and von
35 Willebrand factor. Fibrinogen is a co-factor for platelet aggregation, while
fibronectin supports platelet attachments and spreading reactions, and von
Willebrand factor is important in platelet attachment to and spreading on



REPLACEMENT SHEET 2 4 JAN 1997 22 J. To a m X
hydroxi de (1 00m ) and nmethanol (200 m) is adqeRERBACEMENT SHEET
4-,(N-BOC-pi peridin-4-yl) butyrate (10.1 g) and |t fE"mxture—~st+4red at room
tenperature for about 18 hours. The m xture isje

La n vackuo, diluted
with water, and washed wth ether. The aqu%ce)us 5 %ﬁ[‘f‘fﬁi’? apifdfied with
5% HCl, extracted with ethyl acetate and t

of gdnic—solutjon waghed with
wat er, brine, dried over sodi um sulfate, filte ed

to glve4(N-Ba:-p| eridin-4-y butyric acid. so-ut-o0n-0
4- (N- BOC- pi per Sdpendetijelial mﬁ%mq% e éﬂ(ﬂoggﬂgy fqrrflbxmogﬁ%tfwvmnaﬁ\ﬂmome (50
m ) is cool ed willétsrandl f&stor haw{ Be@xldcdted on the platelet membrane protein complex

known as glycoprotein ib/lila.

eous sodi um

and evapor at i n vacuo

5 Adhesive glycoproteins, like fibrinogen, do not bind with normal resting
platelets. However, when a platelet is activated with an agonist such as
thrombin or adenosine diphosphate, the platelet changes its shape, perhaps
making the GPlIb/llla binding site accessible to fibrinogen. Compounds within
the scope of the present invention block the fibrinogen receptor, thus inhibiting

10

platelet aggregation and subsequent thrombus formation and when
administered in the form of pharmaceutical compositions comprising such
compounds are useful for the prevention and treatment of thrombogenic
diseases, such as myocardial infarction, stroke, peripheral arterial disease and

disseminated intravascular coagulation.
15

2. Reported Developments

It has been observed that the presence of Arg-Gly-Asp-(RGD) is
necessary in fibrinogen, fibronectin and von Willebrand tactor for their
interaction with the cell surface receptor (Ruoslahti E., Pierschbacher, Cell
1986, 44, 517-18). Two other amino acid sequences also seem to take part in
the platelet attachment function of fibrinogen.'namely. the Gly-Pro-Arg
sequence, and the dodecapeptide, His-His-Leu-Gly-Gly-Ala-Lys-Gln-Ala-Gly-
Asp-Val sequence. Small synthetic peptides containing the RGD or
dodecapeptide have been shown to bind to the platelet GPlib/llla receptor and
competitively inhibit binding of fibrinogen, fibronectin and von Willebrand factor
as well as inhibit aggregation of activated platelets (Plow, et al., Proc. Natl.
Acad. Sci. USA 1985, 82, 8057-61; Ruggeri, et al., Proc. Natl. Acad. Sci. USA

1986, 5708-12; Ginsberg, et al., J. Biol, Chem. 1985, 260, 3831-36; and
30 Gartner, et al., J. Biol. Chem. 1987, 260, 11,891-84). .

20

25

Indolyl compounds containing guanidinoalkanoyl- and
guandinoalkenoy!- aspartyl moieties are reported to be platelet-aggregation
inhibitors by Tjoeng, et al., U.S. Patent Nos. 5,037,808 and 4,879,313.

35

U.S. Patent No. 4,992,463 (Tjoeng, et al.), issued February 12, 1991,

discloses generically that a series of aryl and aralkyl guanidinoalkyl peptide



oxazpl i di nyl ) phosphinic chloride (BOP-Cl) (0.86gq)

m) are added. The solution is stirred at [err]
et hyl gl ycyl -L-aspartyl ([err]-benzyl ester)-L-
met hyl ester (1.52g) in a mninmum of nethyl eng
by dropw se 15 addition of triethylam ne (0.4
over a period of about 15 m nutes. The m xtur
about 1 hour, and at room tenperature for &bo
evaporated in vacuo and the residue taken up i

dhl ori de

I's adde
7m2| | ¢n
qisstlrrn??g? e

t *8—hours-

nto et hyl

Tile
acetate

and triethylamne (0.47

utes and N-
- al ani ne

f ol | owed
chlori de
r] for

xture is

The

organic solution is washed with 1 N HCl, saturated sodi um bi carbonate
sol ution, brin@imegti¢ momdsfngmtphmt@mgggegatmnhtbningeaogwtseambor ated in
vacuo and the dieslodos spedifidaiip @ utiek! ol ahor? ra(havdnﬁemwheﬁhtﬂépﬂee Whufn@n@O%

(N BOCE i per | dPATHOUR fod, AdsiHeriualo pRpY é,%w'rs%g?wm%r 1- benzyl

ester)]-[err]- cycl ohexyl al ani ne, nethyl ester.

N-[ N-[ N- (4-§5 N BOC pL.pePatentNg.- WBShBO&WAﬁlsJ‘ét al.), |ssued August 15, 1989,

oL T 9L ok o Blobbt IgBhbhcd sl a 8846 &f olaiciloativ? bebacvhahanide: methy!
containing terminal aralkyl substituents exhibit platelet aggregation inhibiting
activity and discloses specifically a series of O-methyl tyrosine, biphenyl, and
naphthyl derivatives containing a terminal amide functionality.

10
Haverstick, D.M., et al., in Blood 66 (4), 946-952 (1985), disclose that a
number of synthetic peptides, including arg-gly-asp-ser and gly-arg-gly-asp-
ser, are capable of inhibiting thrombin-induced platelet aggregation.
15 Plow, E.F., et al., in Proc. Natl. Acad. Sci. USA 79, 3711-3715 (1982),

disclose that the tetrapeptide glycyl-L-prolyt-L-arginyl-L-proline inhibits

fibrinogen binding to human platelets.

French Application No. 86/17507, filed December 15, 19886, discloses that
20 tetra-, penta- and hexapeptide derivatives containing the -arg-gly-asp-

sequence are useful as antithrombotics.

U.S. Patent No. 4,683,291 (Zimmerman, et al.), issued July 28, 1987,
discloses that a series of peptides, comprised of from six to forty amino acids, .
25 which contain the sequence -arg-gly-asp- are plateiet binding inhibitors.

European Application Publication No. 0 318 506, published June 7, 1989,
discloses that a series of tetra-, penta-, and hexapeptide derivatives containing
the -arg-gly-asp- sequence are platelet aggregation inhibitors.

30

Cyclic peptide analogues containing the moiety Gly-Asp are reported to
be fibrinogen receptor antagonists in U.S. Patent No. 5,023,233.

Peptides and pseudopeptides contaihing amino-, guanidino-, imidizaloyt,

35 and/or amidinoalkanoyl, and alkenoyl moieties are reported to be
antithrombotic agents in pending United States applications serial nos.

07/677,006, 07/534,385, and 07/460,777 filed on March 28, 1991, June 7,



I's dissolved in nethanol (40 m) and 10% pal | adi um carbon (0. 25g) is added.
The m xture is shaken under hydrogen at 50 psi The

S
mxture is filtered through a Celite pad and t heRERLUACEMERT &HEpbriat ed in
vacuo to 30 give ‘

N-[N-[N-(4- (N BOC- pi peridin-4-yl)butanoyl ) -N-eyhyl CYd rtyl]-[err]-
cycl ohexyl al ani ne, nethyl ester. The ester is iss%ée’éw} %t ahol (20 m)
and 1N aqueous sodi um hydroxi de solution (10 ) 4 . nxture is
stirred at roomtenperature for about 4 hour%, diluted with watef (25 m),
and acidified to pH2 with 1 N HCO. The m xtureé=ts—extTacted W th et hyl
acetate (3 x 100 ml) 35 and the ethyl acetate solution dried over

magnesi um sul f at £899¢.jandelagyanyfy 199Qptaspediyelynas sell@siig UypyRBatent No.

N-[ N-[ N- (4- (N- BOZ95R 862, dnd-intinténniatibreal dypipliedtion No. PCT/USS0/05448, filed

ethyl gl ycyl | aspagpylemtie?'2s| 1696, diE61gndb 30 1 same adsignee as the present

invention.

5

Peptides and pseudopeptides containing amino- and guanidino- alkyl-
and alkenyl- benzoyl, phenylalkanoyl, and phenylalkenoyl moieties are
reported to be antithrombotic agents in pending United States application
serial no. 07/475,043, filed February 5, 1990, and in intemational Application

10 No. PCT/US91/02471, filed April 11, 1991, published as International
Publication No. WO 92/13117 October 29, 1992, assigned to the same
assignee as the present invention. '

Alkanoyl and substituted alkanoyl azacycloalkylformyl aspartic acid
15 derivatives are reported to be platelet aggregation inhibitors in U.S. Pat. No.
5,053,392, filed December 1, 1989, and assigned to the same assignee and
having the same inventorship as the present invention.

N-subsituted azacycloalkylcarbonyl cyclic aminoacylaspartic acid
20 derivatives are reported to be antithrombotics in U.S. Pat. No. 5,064,814, filed
April 5, 1990 by the same inventors and assigned to the same assignee as the
present invention. Azacycloalkylformyiglycyl aspartic acid derivatives are
reported to be antithrombotics in U.S. Pat. No. 5,051,405, filed October 10,
1889, and assigned to the same assignee as the present invention.
25
European Patent Application 0479,481, published April 8, 1992,

discloses azacycloalkyalkanoyl glycyl aspartyl amino acids as fibrinogen
receptor antagonists.

30 European Patent Application 0478,362, published April 1, 1892,
discloses azacycloalkyatkanoyl peptidy! B-alanines as fibrinogen receptor
antagonists.

The present invention relates to azacycloalkylalkanoyl peptides and
35 pseudopeptides which inhibit platelet aggregation and thrombus formation.



M (NINJ[N(4-(N BOC pi peridin-4-yl)butanoyl)-Nethylglycyl]aspartyll -
[err]-cycl ohexyl al anine (1.39g) is dissolved i npaeshydene chloride (15 m)
and the solution cooled to [err]. Trifluoroacet| cRERLAGEMBNTISHEES Fidded and
the solution 5 stirred at [err] for about 2.5 ho ; 1gn is
evaporated in vacuo and the residue diluted w tih g%r Erozen, gnd

| yophilized. The residue is purified by reversg phaSe #ﬁ"d”@l tijlng with a
gradi ent of 40%to 80% nethanol in water, contg nwg-0.1%1rifljugroacetic.
The appropriate fractions are conbined, and |ydphilized to give
N-[N-[ N-(4-(pi peridin-4-yl)butanoyl)-N-ethyl gl ycyttasparty4—-_10
[err]-cycl ohexyl al ani ne as the | f 1l uor MS., Calc'd: 525
Found: 525; NVR [err] = 4. 58-§UW@%9§%%%W‘@(m 1H), 3.88 (s,
2H), 3.32 (q, 2H), 3.28-3.10 (m 2H), 2.88-2.60 (m4H), 2.33 (t, 2H),
1.85-1.70 (m 2H), g 3 -10.65 (m
8H). 15 Usi n%%ggﬁsﬁltfgbﬁ%ﬁ&ngégﬁ é‘?o&é?*@%‘?ng? g o;lmg%(;ve, t he

foll owi ng conpounds are prepared fromthe appropriate starting naterials.
EXAMPLE 2 ‘—(C(R)g)m

o) 0 o)
R— | i no
N ——(,CHz)n—c--r:l-(CHz);c NH—=CH-C—Z
5 Az~ B CH,COOH

Formula |

wherein:
10

A is -H, amidino, or substituted amidino;

B is alkyl, cycloalkyl, cycloatkylalkyl, alkyleycloalkyl, alkylcycloalkylaiky!.
aryl, aralkyl, alkylaryl, or alkylaralkyl; '

15
Q
—-r}l—Cl:H C+—G
T
Zis E F , where
E is -H or, in combination with F, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring,

20

F is the a-carbon side chain of a naturally occuring a-amino acid, -H,
alkyl, cycloalkyl, cycioalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl, aryl,
substituted aryl, aralkyl, substitued aralkyl, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylalkyl, or, in combination

25 with E, forms a 4-, 5-, 6-, or 7-membered azacycloaltkane ring,

G is-alkyl, cycloalkyl, cycloalkylalkyl, alkyicycioalkyl, alkylcycloatkylaikyl,
ary!, substituted aryl, aralkyi, substituted aralkyl, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylatkyl, OR1, or NR1 R2,

30 where R1 and R2 are independently -H, alkyl, cycloalkyl, cycloalkylalkyl,
alkylcycloalkyl, alkyicycloalkylalkyl, aryl, aralkyl, alkylaryl, or alkytaralkyl. and



20 N[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycy]aspartyl] valine COOH
MS., Calc'd: 471, Found: 471; NMR [err] = 4.15-4.05 (m 2H), 3.90 (s. 2H),
25 3.30 (g, 2H), 3.30-3.15 (m 2H), 2.90-2.60 (m 4H), 2.33 (t 2H), 2.05
(g, 1H, 1.85-1.72 (m 2H), 1.55-1.35 (m 3H), 1 3--0-8—{(-Fh}

30 1.02 (t,
3H), 0.70 (d.6H). EXAVPLE 3 30 REPLACEMANT SHEET (
N-[N-[N-(4-pi peridin-4-yl)-Nethyl glycy]aspartyl] phenylalani ne [err]
[err] EXAMPLE 4

6 24 JAN 1997

‘risOort;

R is H-, alkyl, aryl, or aralkyl;
5 misi1to5;

nis 0to 6, and

pisito4;
10
or a pharmaceutically acceptable salt thereof.
Additionally, the present invention relates to pharmaceutical compositions
comprising such compounds, and to methods of prevention or treatment of
15

thrombosis in a mammal in need of such therapy comprising the administration
of such compounds and phammaceutical compositions.

The present invention is characterized by the marked and prolonged

antithrombotic activity of the compounds of Formula 1, above, observed after
20 oral administration thereof.

DETAILED DESCRIPTION OF INVENTION

As used above, and throughout the description of this invention, the

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

25

"Amidino” means an group.

30 *Substituted amidino® means an amidino group N-substituted on one or

both nitrogens by one or more alkyl, cycloalkyl, cycloalkylalkyl, atkycycioalkyl,
alkylcycloalkylalkyl, aryt or aralkyl groups.

*Alkyl* means a saturated aliphatic hydrocarbon group which may be
35 straight or branched and having about 1 to about 20 carbon atoms in the chain.

Branched means that a lower alkyl group such as methyl, ethyl or propyl is



[err] [err] [err] reaction mixture is evaporated in vacuo
azeotroped twice fromthe residue, and the resig

acetate. The ethyl acetate 20 solution is washed ﬁﬁ?%ﬁ%gr’
hydr oxi de, water, brine, dried over

10

15

20

25

30

35

toluene i's
e-ts—taken o et hyl
>odium

24 JAN 197
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attached to a linear alkyl chain. Preferred straight or branched alkyl groups are
the "lower alkyl" groups which are those alkyl groups having from 1 to about 10

carbon atoms. Most preferred lower alkyl groups have from 1 to about 6 carbon
atoms. '

*Cycloalkyl" means a saturated carbocyclic group having one or more
rings and having about 3 to about 10 carbon atoms. Preferred cycloalkyl

groups include cyclopropyi, cyclobutyl, cyciopentyl, cyclohexyl, cycloheptyl, . °
and decahydronaphthyl.

"Cycloalkylalkyl means an alkyl group substituted with a cycloalkyl group.
Preterred cycloalkylalkyl groups include cyclopentylmethyl, cyclohexylmethyi,
cyciohexylethyl,decahydronaphth-1-yimethyl and decahydronaphth-2-ylmethy!.

"Alkylcycloalkyl" means an cycloalkyl group substituted with an alky!

group. Exemplary alkylcycloalky! groups include 1-, 2-, 3-, or 4- methyl or ethy!
cyclohexyl.

“Alkylcycloalkylalkyl* means an alkyl group substituted by an
alkylcycloalkyl group. Exemplary alkyicycloalkyl groups include 1-, 2-, 3-, or 4-
methyl or ethyl cyclohexyimethyl or 1-, 2-, 3-, or 4- methyl or ethyl
cyclohexylethyl.

*Azacycloalkane" means a saturated aliphatic ring containing a nitrogen
atom. Preferred azacycloalkanes include pyrollidine and piperidine.

*Naturally occuring a-amino acid® means glycine, alanine, valine, leucine,
isoleucine, serine, threonine, phenylalanine, tyrosine, tryptophan, cysteine,
methionine, profine, hydroxyproline, aspartic acid, asparagine, giutamine,
glutamic acid, histidine, arginine, omithine, and lysine.

*a-carbon side chain of a naturally occuring a-amino acid" means the
moiety which substitutes the a-carbon of a naturally occuring a-amino acid.
Exemplary a-carbon side chains of naturally occuring a-amino acids include

isopropyl, methyl, and carboxymethyl for valine, alanine, and aspartic acid,
respectively.



sodi um sul f at e,

al ani ne, ethyl ester. B. Usi ng essentially the

P %ﬁ
tthrough 1 M 25 (elimnating the aqueous sodium h dﬁ I ggm

1L) gives the desired product. MS., Calc'd: 553

[

filtered, and evaporated in vacug,to give [err]-cycl ohexyl

3 —E | 1B
H@E%@ﬁgﬁ?gpofsst ep

Found: 553; - NNR,

err] =

4.4 (1H, m; 4.1 (4H q); 4.0 (2H d; 3.2-3.5 (5H} R4 JAR-B99 (5H, m; 2.4
(2H, t); 2.2 (1H, m; 1.9 (2H, d); 1.4-1.% 30 (j7H_m; 0.7-1.4}(3I8H m.
REPLACEVENT SHEET 28 EXAMPLE 12 N-[N-[N -

-(4- (piperidin-4-yl)butanoyl)-N-ethyl glycyl]aspatyl=l-[err]-cycl ghexyl

10

15

20

25

30

35

“Aryl" means a phenyl or naphthyl group.

“Substituted aryl" means a pheny! or naphthyl group substituted by one or
more aryl group substitutents which may be the same or different, where “aryt
group substituent” includes alkyl, alkenyl, alkynyl, aryl, aralkyl, hydroxy, alkoxy,
aryloxy, aralkoxy, hydroxyalkyl, acyl, formyl, carboxy, alkenoyl, aroyl, halo, nitro,
trihalomethyl, cyano, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyi,
acylamino, aroylamino, carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, aralkylcarbamoy!, atkylsulfonyi, alkylsulfinyl, arylsulfonyl,
arylsulfiny!, aratkylsulfonyl, aralkyisulfiny!, or -NRaRb where Ra and Rp are
independently hydrogen, alkyl, aryl, or aralkyl.

"Aralkyl® means an alkyl group substituted by an aryl radical. Preferred

aralkyl groups include benzyl, naphth-1-yimethy! naphth-2-yimethyl, and
phenethyl.

"Substituted aralkyl* means an aralkyl group substituted on the aryl
portion by one or more aryl group substituents.

“Heterocyclyl* means about a 4- to about a 15-membered monocyclic or
mutticyclic ring system in which one or more of.the atoms in the ring is an
element other than carbon, for exampie nitrogen, oxygen, or sulfur. Preferred
heterocyclyl groups include pyridyl, pyrimidyl, and pyrrolidyt.

"Substituted heterocyclyl” means a heterocyclyl groixp substitued by one
or more aryt group substituents.

*Heterocyclylalkyl" and "substituted heterocyclylalkyl® means an alkyt

group which is substituted by a heterocyclyl and substituted heterocyclyl group,
respectively.

A preferred class of compounds of the present invention is described by
Formula | wherein F is -H, alkyl, hydroxymethyl, 1-hydroxyethyt,
mercaptomethyl, 2-methylthioethyl, carboxymethyl, 2-carboxyethyl, 4-
aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substituted aralkyl,
heterocyclyl, substituted heterocyciyl, heterocyclylalkyl, substituted



alanine amde 5 [err] A N-BOC-[err] -cycl ohexyl al ani ne (2.0g.) and
triethyl amne (1.03nm) are dissolved togeth ' ot < nd the
solution cooled to [err]. Isobutyl 10 chlor iJs added and
the solution stirred at [err] for about 30 mjnytes. A saturatfed sol ution of
ammoni a in nmethanol (20m ) is added and the gol utzénJANImd tg warmto
roomtenperature and stirred at room tengeratiurie for about 1 ours. The
solution is evaporated in vacuo and the residue dissolved Tn efhyl acetate.
The ethyl acetate solution is washed wth wat %.J5. HQ . saturated

sodi um bi carfgedkgcipaikyt ofNn combRiatioR Withes, 18ihe8 40V 65 of7LRRmBbEaL €,

filtered |
(i e °5. " RLR8HRERE i) ¥RGHB B %Le.‘%re%ﬁ%'kfv% AR RS e,
ethyl 20 ac¥fmgthyl(100m ) and HCl gas is bubbl ed through the sol ution and

the sol ution

5 A more preferred class of compounds of the present invention is
described by the preferred class of compounds wherein F is -H, alkyl,
hydroxymethyl, 1-hydroxyethyl, mercaptomethyl, 2-methylthioethyl,
carboxymethyl, 2-carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl,
cycloalkylalkyt, alkylcycioalkyl. alkylcycloalkytalkyl, aryl, substituted aryl,

10 aralkyl, substituted aralkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-
membered azacycloalkane ring.

A still more preferred class of compounds of the present invention is
described by the more preferred class of compounds wherein F is -H, alkyl,
15 hydroxymethyl, 1-hydroxyethyl, mercaptomethyl, 2-methyithioethyl,
carboxymethyl, 2-carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl,
cycloalkylatkyl, alkylcycloalkyi, alkylcycloalkylalkyl, or, in combination with E,
forms a 4-, 5-, 6-, or 7-membered azacycloalkane ring.

20 A most preferred class of compounds of the present invention is
' described by the still more preferred class of compounds wherein B is alkyl,

cycloalkyl, cycloalkylalkyl, alkylcycioalkyl, or alkylcycloatkylalkyl

A special embodiment of the present invention is described by Formula 1l

25
CH,) o o
——(CHz)—C—N—(CHz)-C—NH—CH c- NH—ca—c L
Re CH,COOH  J
Formula il
_ wherein:
30

A is -H or amidino,

B is alkyl. cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkyicycloalkylalkyl,
aryl, aralkyl, alkylaryt, or alkylaralkyl,



stirred at roomtenperature for about 18 hours. The_solution is gvaporated

I n vacua and tol uene azeotroped twice fromthe r(‘SRERLGACEMEQT\&}EFW
cycl ohexyl al ani ne am de as the hydrochl oride. 25

essentially the procedures of Exanple 1B thru 1M ( 3|I gueous
sodi um hydr oxi de hydrol ysis of Exarrple IL) givesith G&Bro uct. MS.,
Cal c'd: 524, Found: 524; NWR, [err] 8.4,61 H {) 8 1 (1.4 .2 (2H,
30 q); 4.1 (1H, s); 3.9 (4H, q); 3. 4 (2Hq); 3.3](4H, d); 2.8- 3 ol6H m:

2.4 (2H, t): 2.2 (1H, m: 1.8 (4H d); 1.4-1.7 ( OH, ).
29 EXAMPLE 13

N-[N-[N-(4-(piperidin-4-yl)utanoyl)-N-ethylglycyl]aspartyl]-L-[err]-cyclohe
xyl J is -H, alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,

alkylcycloalkylalkyl, aryl, substituted aryl, aralkyl, substitued aralkyl,

5 L is ORY, or NR1R2, where R1 and R2 are independently -H, alkyl,

cycloatkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkytalkyl, aryl, aralkyl,
alkylaryl, or alkylaralkyl,

mis 1to5,
10 '
nis21to 6, and
pistor2;
15 or a pharmaceutically acceptable salt thereof.

A more preferred special embodiment of the present invention is
described by the compounds of the special embodiment wherein

20 Ais -H,

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalky!, alkylcycloalkylatkyl,

J is -H, alkyl, cycloalkyl, cycloalkylatkyl, alkylcycioalkyl, or
25 alkylcycloalkylalkyt,

mis 3, and

nis3or4.
30

A most preferred special embodiment of the special invention is
described by the compounds of the more preferred special embodiment
wherein

35 Alis -H,

B is alkyl,



glycine 5 [err] A A solution of [err]-phenylglycine, nethyl ester,
hydrochloride salt (1.0g) in THF (25 mM) is cooled to [err] and
triethylamine (1.38 mM) is added. To 10 this mxture is added a solution
of di-tert-butyl dicarbonate (1.08g) in THF (25 Ur e
allowed to warmto roomtenperature and stirred at%@é‘yﬁ“&% re for
about 18 hours. The solution is evaporated and the}residue taken up into
ethyl acetate (200 ml) and the organic salyuti on vash@d JANNTED7N HG
sat urat ed sodi um bi carbonate sol ution, brine, drjed over magnesijum 15
sulfate, filtered, and evaporated in vacuo to giye N BOC@a-pnhenyl gl ycine,
met hyl ester. B. N- BOC-[err] -phenyl gl yci ne, methyl_ester (1.2q) }is
di ssol ved in net hgnol glgo rﬂ% containing acetic acid (1 m). 5% rhodi um on
i (%?lo Iyt

al um num 20 powdé&r'S @ afuexFloatylaliod ni xt ure shaken under 50 psi
hydr ogen for

R1 and R2 are independently -H, alkyl, cycloalkyl, cycloalkylalky!,
5 alkylcycioalkyl, alkylcycloalkylalkyl, i

mis 3,

nis3or4, and

10
pis 1.

Representative compounds of the present invention include:

15 N-{N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl] valine,
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl}-D-valine,
N-[N-[N-(3-(piperidin-4-yl)propanoyi)—N-ethylglyc&l]aspartyl] valine,

20
N-[N-[N-(5-{piperidin-4-yl)pentanoyl)-N-ethylglycyllaspartyi] valine,
N-[N-[N-(4-(piperidin-4~yl)butanoyl)-N-ethylglycyl]aspartyl}-l.-u-cyclohexyl

glycine, '

25
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl}-p-

cyclohexylalanine,
N-{N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl] norleucine,
30

N-[N-[N-(4-(piperidin-4-yljbutanoyl)-N-ethylglycyllaspartyl]-L-a-(2,2-
dimethyl)prop-3-y! glycine,

N-[N-[N-{4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl}-L-B-
35 decahydronaphth-1-yl alanine,



about 18 hours. The nl xBaML.ACEREET ISHEETé
resi due taken up i ntofefhyr—acetate:
wat er, saturated sodi ]

, evaporated in vacuo, and the
Thie organic solution is washed with

bi r sioljuti on, water, brine, dri ed over
magnesi um sul fate, fi erngg\%Q?gﬁate in vacuo to giv

N- BOC- [ er r ] -¥Qe¥BRBxy| ¢ vyl ester. C. USI nBCEERAM Al 1y the
procedures of Exanpleg 1B-1 M the desijred roduct I s obtained. 30

MS., Calc'd: 51 1, F , err] 462455(1H m; 4.06 (2H,
m: 3.85 (2H, s); 3.30 (2H, q) 323310(2H rr); 2.85-2.55 (4H, m; 2.30
(2H, t); 1.83-1.60 (3H, m 59-1.32 (8H, m; 30075(12 n.
REPLACENMVENT SHEET 3 -{N-{N- (4-(plpendm-4-yl)butanoy!) N-ethylglycyljaspartyl]-L-a-(2-

cyclohexylethyl)glycine,

(Qf—"

N-[{N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl] phenylalanine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyl}-L-B-naphth-1-
yl alanine,

N-[N-[N-(4-{piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyl]-L-B-naphtt-2- -~
10 vyl alanine,

N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl}-L-B-
cyclohexyl alanine amide,

15 N-[N-[N-{4-(piperidin-4-yl}butanoy!)-N-ethyiglycyl]aspartyl}-L-B-cyclohaxy!
alanine, ethyl ester,
2-cyclohexyl-N-{N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyi]-
ethylamine,
20

N-[N-[N-(4-(pipgridin-4—yl)butanoyl)-N-ethylg{ycyl}aspanyI]-L-B-cis-
decahydronaphth-2-ylalanine,

3-Adamant-1-ylpropyl-N-{N-(4-(piperidin-4-yl)butanoyl)-N-
25 ethylglycyllaspartate,

N-[N-[N- (4~(pxpendm-4-yl)butanoy1)-N-ethylglycyl]aspartyl]-a-
aminocyclohexanecarboxylic acid,

30 N-[N-[N-(4-(piperidin-4-yl)butanoyt)-N-ethylglycyl]aspartyl]-B-cyclohexyl-
D-alanine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl}-8-
_ decahydronaphth-1-ylalanir2,
35
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyi}-3-
cyciohexylalanine ethyl amide,



EXAMPLE 14

N-[N-[ N- (4- (pi peridin-4-yl)butanoyl)-Nethyl plycyl 19°n9”V| l-L-[err]-
decahydronaphth-1-yl alanine 5 [err] A [e rﬂiEF(LESEM&W WIEE'N ni ne (2.0g)
is stirred in a saturated hydrogen chlori de/ pe or about 2

hours at roomtenperature. The m xture 10 ip 2%) a@e%@ cuo and
tol uene azeotroped twice fromthe residyg. The}r d ’sysgended in

met hyl ene chl oride, N-nethyl norpholine (1.0p tthe m xture
cooled to [err]. Di-tert-butyl dicarbonate (2 029) and 4-

di et hyl am nopyri di ne (DVAP) (0. 8g) are added—tte-sotttton-all onwed to warm
to room t enper at stir t ture for out 2 hours. The
15 mixture is V\Es@e@ﬁeﬁqf éfg"ﬁgf% hg-nﬁyeg W&Psgﬂwﬁﬁﬁ sul fate,
filtered, andycvepglalingtk,in vacuo to gi ve N-BOC-[err]-(1-napht hyl) al ani ne,
met hyl ester. B. N-BOC-[err]-(1-naphthyl)al ani ne, nethyl ester (2.0g) and

o .
5% r hodi “£;“ N-[N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl]-o-
cyclohexylmethylethanolamine,

N-[N-[N-(4-(pipe ridin-4-y|)butanoyl)-N-ethylglycyi]éspaﬂyl]-ﬂ-
cyclohexyimethylalanine amide,
i0
N-[N-[N-{4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-B-adamant-
1-ytalanine,

N-{N-[N-(4-(piperidin-4-yl}butanoyl)-N-ethylglycyllaspartyl}-B-(1,2,3,4)-
15 tetrahydronaphth-5-ylalanine,

N-[N-[N-(4-(piperidin-4-yl}butanoyl)-N-ethyiglycyllaspartyl}l-B-(4-
cyclohexyl)cyclohexylalanine,

20 N-[N-[N-(4°-(piperidin—A»yl)butanoyi)-N-ethylgiycyl]aspaﬂyl]-ﬂ-
cycloheptylalanine, )

N-[N-[N- (4-(p|perldnn-4-yl)butanoyl)-N-ethylglycyl]aspartyl]-B-
cyclooctylatanine amide,
25
N-[N-[N-‘(4-(piperidin-4-yl)butanoyl)-N-ethylgiycyl]aspanyl]-a-
cyclohexyipropylglycine,

N-{N-{N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyi]-p-
30 cyclooctyimethylalanine,

N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyljaspartyl}-B-
cyclopentylalanine, and

35 N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl}-§-
cyclohexylmethylalanine ethyl ester, and



on alumna (1.0g) are conbined in nethanol (50 m) reortaning.acetic acid
(1.0 20 nl) and the nixture shaken under hydrogen| BREFLACEMENT @rEpbolt 18
hours. The mixture is filtered, evaporated in vacup;[and~tte-res+gug t aken
up into ethyl acetate. The organic solution is washe | _ L, {5% sodi um
bi carbonate solution, water, brine, dried over sodi m?lﬂ[gé@?%?m red,

and evaporated in vacuo to give L-[err]-decglaydr ofjapfth—1

-yl al ani ge,
nmet hyl ester. 25 C. Usi ng essentially the procedures of Exanples 1B

through 1M the desired product is obtained. MS., Calrco—5%9—~Feund: 579;
NVR, [err] = 4.1-4.3

: 2. 6-2.9 AH), 2.3
1H, 20(m 1H, f.“g}'?ﬁé?eué'éba&%?%?%%e%énﬁsstgéo%m‘ 5y 0 (m A (m

Compounds of the present invention contain asymmetric centers. These
asymmetric centers may independently be in either the R or S configuration.

The present invention comprises the individual sterecisomers and mixtures
thereof.

The compounds of the present invention may be useful in the form of the

free base or acid or in the form of a pharmaceutically acceptable salt thereof.
10 Al forms are within the scope of the invention.

Where the compound of the present invention is substituted with a basic
moiety, acid addition salts may be formed and are simply a more convenient
form for use; and in practice, use of the salt form inherently amounts to use of
the free base form. The acids which can be used to prepare the acid addition
salts include preferably those which produce, when combined with the free
'base. pharmaceutically acceptable salts, that is, salts whose anions are non-
toxic to the animal organism in phammaceutical doses of the salts, so that the
beneficial antithrombotic properties inherent in the free base are not vitiated by
side effects ascribable to the anions. Although pharmaceutically acceptable
salts of said basic compounds are preferred, all acid addition salts are useful
as sources of the free base form even if the particular salt, per se, is desired
only as an intermediate product as, for example, when the salt is formed only
for purposes of purification, and identification, or when it is used as
intermediate in preparing a pharmacéutically acceptable salt by ion exchange
procedures. Pharmaceutically acceptable salts within the scope of the
invention are those derived from the following acids: mineral acids such as
hydrochloric acid, sulfuric acid, phosphoric acid and sulfamic acid; and organic
acids such as acetic acid, citric acid, lactic acid, tartaric acid, malonic acid,

30 methanesufonic acld, ethanesulfonic acid, benzenesulfonic acid, p-
| toluenesulfonic acid, cyclohexylsulfamic acid, quinic acid, and the like. The
corresponding acid addition salts comprise the following: hydrochloride,
sulfate, phosphate, sulfamate, acetate, citrate, lactate, tartarate, malonate,

methanesulfonate, ethanesutfonate, benzenesulfcnate, p-toluenesulfonate,
35 cyclohexylsulfamate and quinate, respectively.

15

20

25



" EXAMPLE 15
2-cycl ohexyl - N-[ N-[ N- (4- (pi peri di n-4-yl) but anoyl E%@M\?NEIWT] hspartyl ] -
ethylamne 5 [err] A 2- phenyl et hyl am ne (2. 9g)} is dissolvedjip nmethyl ene

chloride and the solution cooled to [err]. Di-tett-24tiAn degmar 301ate (4.09)
and DVAP (0.4g) 10 are added. The solution isfaklowed to warmtp room

tenperature and stirred at roomtenperature fo§ about I8 tours. (The
solution is washed with 5% HC , water, fillterefl_and evaporated in vacuo to
gi ve N BOC- 2- phenyl et hyl am ne. B. N-BOC- 2- phenyl et hyl am ne (3.1g) and 5%
rhodiumon alumna 15 (1.1g) are conbined in nmethanol (40 m) containing
acetic acid (1.0 mheacithaddition sals ofths bampoundsiefrthizyidventien an¢ phdpapsd f or

bout 20 h I
?eglu dus ta‘;g:l%uh B?sé&an thé trfeb ﬁa%éiﬁ aqﬁgélfg)é@é@%oh&aY&%Psolﬁﬁ% SrhWI h

e or

water, 5% sodlﬁ%rlﬁuéﬁp’ﬁtﬁ?ﬁ’te@%?ﬂqﬁ?'f‘ﬂﬁt Mpg&:pnate actd and |so|atmgwﬁe salt

evaporating the solution, or by reacting the free base and acid in an organic

5 solvent, in which case the salt separates directly or can be obtained by
concentration of the solution.

Where the compound of the invention is substituted with an acidic moiety,

base addition salts may be formed and are simply a more convenient form for

10 use; and in practice, use of the salt form inherently amounts to use of the free
acid form. The bases which can be used to prepare the base addition salts
include preferably those which produce, when combined with the free acid,
phamaceutically acceptable salts, that is, salts whose cations are non-toxic to
the animal organism in pharmaceutical doses of the salts, so that the beneficial

15 antithrombotic properties inherent in the free acid are not vitiated by side effects
ascribable to the cations. Pharmaceutically acceptable salts within the scope
of the invention are those derived from the following bases: sodium hydroxide.
potassium hydroxide, calcium hydroxide, aluminum hydroxide, lithium
hydroxide, magnesium hydroxide, zinc hydroxide, ammonia, ethylenediamine.

20 N-methyl-glucamine, lysine, arginine, omithine, choline, N,N'-
dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, N-
benzylphenethylamine, diethylamine, piperazine,

tris(hydroxymethyl)aminomethane, tetramethylammonium hydroxide, and the
like.

25

Metal salts of compounds of the present invention may be obtained by
contacting a hydroxide, carbonate or similar reactive compound of the chosen
metal in an aqueous solvent with the free acid form of the compound. The
aqueous solvent employed may be water or it may be a mixture of water with

30 an organic solvent, preferably an alcohol such as methanol or ethanol, a
ketone such as acetone, an aliphatic ether such as tetrahydrofuran, or an ester
such as ethyl acetate. Such reactions are normally conducted at ambient
temperature but they may, if desired, be conducted with heating.

35 Amine saits of compounds of the present invention may be obtained by
contacting an amine in an aqueous solvent with the free acid form of the
compound. Suitable aqueous solvents include water and mixtures of water



brine, dried over sodiumsulfate, fil tered_, and

l.n_vacuo to give
N- 20 BOC 2-cycl ohexyl et hyl ami ne. C. Usi ng ess

of Exanple 1L), the desired product is obtained.
Found: 481; NWR, [err] = 3.9 (s, 2H), 3.35 (d,
(m 8H), 2.35 (t, 2H), 2.15 (t, 1H), 1.8 (14H dj,
1.3 (m 12H), 0.7 (t, 2H). 30 EXAMPLE 16 N-[N-[
(pi peridin-4-yl)butanoyl)-N-ethyl glycyl]aspartyl T-T-ferrdt—tz

\ ook

cycl ohexyl et hyly)if ¥ie6tfls such as methanol or ethanol, ethers such as tetrahydrofuran,

nitriles such as acetonitrile, or ketones such as acetone. Amino acid saits may
be similarly prepared.

5 Compounds of this invention may be prepared in accordance with the
reaction sequences described below, or can be prepared by methods known in
the art. The starting materials used in the preparation of compounds of this
invention are known or are commercially available, or can be prepared by
known methods or by specific reaction schemes described herein.

10

The compounds of the present invention may be readily prepared by
standard solid phase or solution phase peptide synthesis procedures using
starting materials and/or readily available intermediates from chemical supply
companies such as Aldrich or Sigma, {(H. Paulsen, G. Merz, V. Weichart, "Sclid-

15 Phase Synthesis of O-Glycopeptide Sequences®, Angew. Chem. Int. Ed. Engl.
27 (1988); H. Mergler, R. Tanner, J. Gosteli, and P. Grogg, "Peptide Synthesis
by a Combination of Solid-Phase and Solution Methods |: A New Very Acid-
Labile Anchor Group for the Solid-Phase Synthesis of Fully Protected
Fragments. Tetrahedron letters 29, 4005 (1988); Merrifield, R.B., "Solid Phase

20 Peptide Synthesis after 25 Years: The Design and Synthesis of Antagonists of
Glucagon”, Makromo!. Chem. Macromol. Symp. 19, 31 (1888)).

A preferred method of preparing compounds of the present invention is by
the solution phase method depicted in Scheme |, below:
25



32 [err] A

Usi ng essentially the procedures of Exanple 13A, above,

N-BOC- 5 a-(2- phenyl et hyl) gl ycine, methyl ester is prepared from

L- honophenyl al ani ne. B. Usi ng essentially the bl e 14B,
‘above, N-BOC-a- (2-cyclohexyl ethyl)glycine, net Fed from
N BOC- a- (2- phenyl et hyl ) gl yci ne, nethyl ester. Ustrg-essential ly

t he procedures of Exanples 1B through 1 M the e |g§g P?? s} obt ai ned.
MS., Calc'd: 539, Found: 539; NWVR, [errl[/- = 4.6 (“EH 391) 4{ 20- 4. 08
(m 15 1 H, 3.85 (s, 2H, 3.29 (q, 2H), 3.25- (n...2H) 2. B4l 2.55 (m
4H), 2.29 (t, 2H), 1.83-1.65 (m 2H), 1.63-1.32(m 10H) 1.28-0.B1 (m
13H), 0.79-0.56 (m 2H). Using essentially the above

Exanpl es, th&chemeaw ng

10

15

20

0 O FE
P-NH CH C OH + HN—CH—( )—G‘-——-—-P ~NH- CH-C-—-N-—CH-—(%)-—

cu,-c -oP, E F CH,-G-OP, F
0 0
deprotect NHp~ CH-C—N—CH—G)—G' + Py N—(CH;}-C -OH
— e 2} deprotect
CHy=C=OP, F
o
E l——(
- C(R)2
H—N—(CHZ)—C NH-CH c—N—-c;H—( )—G‘ + F*"'" -—.()ca )—2—0!-!
CHz “OPz F :

/
Al

1} couple ‘_(C(R)z) 0 O
2} deprotect _—(CHZ)—C— N"(CHz)-C—NH-CH C—N—CH—-(O)—

a7 CH,C00H  F

wherein A, B,E,F, G, R, m,n, p, and r are as defined hereinabove;

ALE.F,G.andR'are A, B,E, F, G, and R, respectively, or are protected
analogues thereof, or precursor substituents thereto; and

P1, P2, and P3 are amino acid protecting groups.

The compounds of the present invention are available generally by
initially coupling the appropriate amino acid or other appropriate Z group
precursor, where Z is as defined hereinabove, which contains a free primary or

secondary amine to the free carboxylic acid portion of a protected derivative of
aspartic acid.

The functional groups of aspartic acid or any functional groups of the Z
group precursor which are not to be coupled are protected where necessary by
blocking groups to prevent cross reaction during the coupling procedure, as
are the amino acid derivatives and azacycloalkylalkanoic acid derivatives used
in subsequent synthetic steps. These blocking groups inciude N-a-tertiary

e———

“ “\m i



————————

20 conpounds are prepared fromthe approriate $

EXAVPLE

17.N-[ N-[ N- (4- (pi peridin-4-yl)butanoyl)-N-ethyl gl &_‘EBUAEEHEHTISHEEI- [err]-cis-

25 decahydronapht h-2-yl al anine [err] 33 M S.

| malow A A I

CarcToaT Ty und: 579;

NVR 6 = 4.7 1H), 4.3 1H), 4.1 (d, 2H),)313.3,7 D 6-2.8
(m 5H), 2.5 E{n 2t|)|), 2.3 E{n lH)H), 1.9((d, IZ_DH) L.i‘i.Jé‘(“{T]ﬂﬁ??s’m

(m 14H), 0.7-0.8 (m 3H) . 5 EXAMPLE 18
3- Adamant - 1-yl propyl - N-[ N- (4- (pi peri di n-4-yl)butanoyl)-Nethylgly

ate

10

15

20

25

30

35

14H)} 0.9-1.3

cyl ] aspart

butyloxycarbonyt (BOC), benzyloxycarbonyl {CBZ), benzyl, methyt, 1-butyl, -

flucrenylimethyloxycarbonyl (FMOC), 2-(trimethylsilyl)ethyl, and 4-methoxy-
2.3,6-trimethylbenzenesuifonyi.

A preferred protected derivative of aspartic acid is BOC aspartic acid 8-
benzy! ester. Coupling is done by methods known in the art. A preferred
method for carrying out the coupling is combining the amine and carboxylic
acid in an appropriate aprotic organic solvent, for example methylene chloride
or dimethylformamide (DMF), in the presence of appropriate coupling agents.
A preferred coupling agent is isopropyl chloroformate in the presence of N-
methylpiperidine. Another preferred coupling agent is 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) in the
presence of 1-hydroxybenzotriazole (HOBT) and triethylamine. Stili another
preferred coupling agent is bis(2-oxo-3-oxazolidinyl)-phosphonic chioride
(BOP-Cl) in the presence of triethylamine.

The resulting protected product is selectively deprotected by known
methods to give the N-temminal free amine of the aspartic acid moiety. A
preferred method for removing the BOC group is treatment with trifluoroacetic in
an aprotic organic solvent, for example, methylene chloride.

The resulting deprotected product is then coupled with the appropriately
N-protected N-substituted glycine or B-alanine derivative having a free carboxyl
group. The resulting producted is then N-deprotected. The resulting free
amine is then coupled with the appropriate protected azacycloalkylalkanoic
acid and this product deprotected by known methods to give the final product.

In another preferred method, the compounds of the present invention may
be prepared by solid phase methods well known in the art. in the solid method
the C-terminal residue is bound at the carboxy! portion to an insoluble resin, for
example the residue may be bound as a p-alkoxybenzyl alcohot resin ester. In
a manner which is simifar to the solution phase method the protected amino
acid or other residues are added one at a time until the total sequence has
been built up on the resin. The compound is then deprotected and released
from the resin by standard methods to give the final compound.



10 0 0 [err] MS., Calc'd: 548, Found:_548: NVR [err] = 4.65-4.50

(m | H. 4.05-3.85 (m 4H), 3.35-3.15 (m 4 EEFE.AQEM?W%(EEE H), 2.30 (1,
2H), 2.18 (t, 15 1H), 1.94 (d, 2H), 1.85-1. B5rtm=—26H) .12 (m 4H),
1.10-0.90 (m 5H). EXAMPLE 19

N-[ N-[ N (4- (pi peri di n-4-yl ) but anoyl ) - N- et hyl bl ycA4 S48 1} [lerr]- 20

am nocycl ohexanecar boxylic acid [err] M1$9. , :a d. 497, Found: 497; NWR

[err] =4.60-4.55 (m 1 H), 4.05 (s, 1 H), 3.90 (s, 1H), 3.{30 (g, 2H),

3.25-3.12 (m 2H), 2.85-2.55 (m 4H), 2. 35 ( H-—2ll L. DH), 1.90-1.70

(m 4H), 1.68-1. ElBJr(nmthelﬁmpata@ af @n;(aqndéld) melplﬁéem tﬁ»ﬁar\hm\, gH), 1.05-1.85

(m 3H). EXANRlebmé@iates thereto, it may also be desirable or necessary to prevent cross-
reaction between chemically active substituents other than those present on
naturally occuring or other amino acids. The substituents may be protected by

5 standard blocking groups which may subsequently be removed or retained, as
required, by known methods to afford the desired products or intermediates
(see, for example, Green, "Protective Groups in Organic Synthesis®, Wiley, New
York, 1981). Selective protection or deprotection may also be necessary or
desirable to allow conversion or removal of existing substituents, or to allow
10 subsequent reaction to affort the final desired product.

The invention is further explained by the following illustrative examples.
In the following examples, unless otherwise indicated, a-amino acids which

have the possibility of having chiral a-carbons are in the L configuration.
15

Unles$ otherwise indicated, reported mass spectral analysis data are Low
Resolution Fast Atom Bombardment performed on a VG 70SE with “calculated”
values being (M+H)*. Nuclear magnetic resonance spectral data is obtained
on a Brucker ACF 300, in D20. Flash chromatography is done on silica gel.

20 High performance liquid chromatography (HPLC) is done on a Dynamax 60A,
8u C-18 Reverse Phase column.

EXAMPLE 1

25

A. B-cyclohexylalanine (1.12g) is dissolved in of methanol (50 mi}
30 and hydrogen chloride gas is bubbled through the solution for about 15
minutes. The solution is evaporated in vacuo and toluene azeotroped from the
residue to give B-cyclohexyl-L-alanine methyl ester as the hydrochioride salt.



N-[N-[N-(4- (pi peridin-4-yl)butanoyl)-N-ethyl gl ycyl]aﬁpﬁt&(}ﬂMﬁ\){re b
yl]-D al ani ne 34 [err] MS., Calc'd: 525, Found: ‘J'
4.60-4.55 (m 1 H), 432420(m 5 1 H), 4.05 (s
3.32 (q, 2H), 3.25-3.12 (m 2H), 2.85-2.60 (m 4H)} P.
1H), 1.85-1.68 (m 2H), 1.60-1.32 (m 10H), Jg 28- 0. 68
10

N-[N-[N-(pi peridin-4-yl)butanoyl)-N-ethylglycyl]aspart
pht h-

B. BOC-L-aspartic acid f-benzyl ester (1.27g) is dissolved in
methylene chloride (20 ml}). The solution is cooled to 0°C and N-methyl
piperidine (0.48 ml) is added followed by isopropyl chioroformate (3.94 mi).
The solution is stirred at 0°C for about two minutes and B-cyciohexyl-L-alanine

5 methyl ester hydrochloride (0.88g) is added. The solution is allowed to warm to
room temperature and stirred ovemnight. The solution is evaporated in vacuo
and the residue partitioned between ethy! acetate (200 ml) and 1N hydrochloric
acid (HCI) (50 ml). The organic layer is washed with 1N HCI, saturated-sodium
bicarbonate solution, brine, dried over magnesium sultate, filtered and

evaporated in vacuo to give N-{BOC-L-aspartyl (B-benzyl ester)}-B-cyclohexyi-
L-alanine, methyl ester.

10

C. N-{BOC-L-aspartyt {B-benzy! ester)}-B-cyclohexylalanine, methyl
ester (2.01\_;) is dissolved in methylene chloride (15 ml). The solution is cooled
15 1o 0°C and trifluoroacetic acid (5 ml) is added over a period of about 1 minute.
The solution is stirred at 0°C for two hours, evaporated in vacuo and residue
taken up into ethyt acetate and the organic solution washed with saturated
sodium bicarbonate solution until the washes are basic. The organic solution
is washed with brine, dried over magnesium sulfate, filtered and evaporated in

20 vacuo to give L-aspantyl {B-benzy! ester)-B-cyclohexyl-L-alanine methyl ester.
D. Using essentially the coupling procedure of Example 1B,
hereinabove, followed by essentially the deprotection procedure of Example
1C, hereinabove, N-ethylglycyl-L-aspartyl (B-benzy! ester)-L-B-cyclohexyl-L-
25

alanine methyl ester is prepared from L-asparty! (B-benzyl ester)-ﬁ-cyc!ohexyl-
L-alanine methyl ester and N-BOC-N-ethylglycine.

E. 4-pyridine acetic acid (10g) and platinum oxide (1.0g) are
combined in acetic acid (100 ml) and the mixture shaken under hydrogen at 50
30 psifor about 18 hours. The mixture is filtered and the solution evaporated in

vacuo and toluene azeotroped from the residue to give 2-(piperidin-4-yl)acetic
acid.

F. 2-(piperidin-4-yl)acetic acid (11.6q) is dissolved in 1N aqueous
35 sodium hydroxide solution (200 ml) and the solution cooled to 0°C. A solution
of di-tert-buty! dicarbonate (18.0g) in tetrahydofuran (THF) (100 ml) is added
dropwise and the mixture aliowed o warm to room temperature and stirred for



1 -ylalanine 15

Found: 579; NVR, [err] = 4.
2.6-2.9 (4HmM, 2.3 (1H m
*EXAMPLE 22 N-[N-[ N

(4- (pi peridin-4-yl)butanoyl)-Nethyl glycyl]dspar? ¢l JAREH] - ¢y
et hyl am de 35 [err] MS., Calc'd: 8%2, Hoynd: 552; NVR,
4.55-4.45 (m 1 H), 4.20-4.06 (m 1H),4.05-3.185 (m 2H), 3.40-]
3.28-3.15 (m 2H), 3.10-2.90 (m 2H),

10

15

20

25

30

35

18

egr] =

about 18 hours. The mixture is evaporated in vacuo to remove THF and the
residue is taken up into water and washed with ethyl acetate. Ethyl acetate is
added to the aqueous layer and the mixture acidified with 1N HCI. The organic

" layer is separted and the aqueous layer extracted with ethyl acetate. The

combined organic portions are washed with water, brine, dried over

magnesium sulfate, filtered, and evaporated in vacuo to give N-BOC-2-
(piperidin-4-yf)acetic acid.

G. N-BOC-2-(piperidin-4-yl)acetic acid (15.8g) is dissolved in THF
(150 ml) and 1M borane/THF (70 mi) is added dropwise. The solution is
stirred at room temperature for about 20 hours and 1N sodium hydroxide
solution (200 mi) is added dropwise. The THF is evaporated in vacuo and the
aqueous residue extractred with ethyl acetate. The ethyl acetate solution is

washed with water, dried over sodium sulfate, filtered, and evaporated in vacuo
to give N-BOC-2-(piperidin-4-yl)ethanol.

H. A solution of oxalyl chloride (11.8g) in methylene chloride (180 ml)
is cooled to -78°C and dimethyl sulfoxide (DMSO}) (8.9 ml) is added dropwise.
The solution is stirred at -78°C for about 3 minutes and a solution of N-BOC-2-
(piperidin-4-yl)ethanol {14.3g) in methylene chloride (250 mi}) is added over a
period of about 10 minutes. The solution is stirred for about 1 hour and N-
methyl morpholine (21.6g) is added over a period of about 15 minutes. The
solution is allowed to wam to room temperature and, after about 30 minutes,
methyl! (triphenylphosphoranylidene) acetate (68.6¢) is added. The solution is
stirred at room temperature for about 18 hours, evaporated in vacuo and the
residue taken up in ethyl acetate. The ethyl acetate solution is washed with
water, 5% HCJ, 5% sodium hypochlorite solution, water, brine, dried over

sodium sulfate, filtered and evaporated in vacuo to give methyl 4-(N-BOC-
piperidin-4-yl)trans-crotonate.

L Methyl 4-(N-BOC-piperidin-4-yljtrans-crotonate (11.5g) is

_dissolved in methano! (200 ml) and 10% palladium/carbon (3g) is added and

the mixture shaken under hydrogen at 50 psi for 18 hours. The mixture is
fitered, fresh catalyst added to the solution, and hydrogenation repeated. The

mixture is filtered and evaporated in vacuo to give methyl 4-(N-BOC-piperidin-
4-yl) butyrate.

[err] MS., Calc'd: 579,

1H, m, 3]8 3.1-3.4 (4H m,
1H, n 1 R?%@(’(’Eﬁ@@%a. k (33H,( r‘r).m

20

Ll ohexyl ani ne

.25 (m 2H),



5 2.88-2.55 (m 4H), 2.40-2.25 (m 1 H, 2.20-2.05 (m-l.kH)
2H)*, 1.60-1.32 (m 9H), 1.30-0.62 (m 17H).

N-[ N[ N-(4-(pi peridin-4-yl)butanoyl)-Nethyl gl
‘yl al anine [err]
m, 3.8-4.1 (2H, m, 15 3.1-3.4 (4H nm), 2.6-3
(1H, m, 1.8 (2H, d), 0.5-1.6 (31H m. BEX2PL
N-[ N[ N-(4-(piperidin-4-yl)butanoyl)-Nethyl gl
cycl ohexyl net hyl et hanol am ne [err]

10

15

20

25

30

35

( )r—2r85-1.70 (M
MPEBLRGEMENT SHEET

'yﬂ*-‘t"erz] -cycl ooct
[ert]l, 2.4. 1-4.3 (1H,
ﬁd%‘,’gﬁs (1H, m, 2.0

y'I]asparty]-[err]-

MS., Calc'd: 553, Found: 553; N

J. To a mixture of 1N aqueous sodium hydroxide (100ml) and
methano! (200 ml) is added methyl 4-(N-BOC-piperidin-4-yl) butyrate (10.1g)
and the mixture stirred at room temperature for about 18 hours. The mixture is
evaporated in vacuo., diluted with water, and washed with ether. The aqueous
portion is acidfied with 5% HCI, extracted with ethyl acetate and the organic
solution washed with water, brine, dried over sodium sulfate, filtered, and
evaporated in vacuo to give 4-(N-BOC-piperidin-4-yl) butyric acid.

K. A solution of 4-(N-BOC-piperidin-4-yl) butyric acid (0.91g) in
methylene chloride (50 mi) is cooled to 0°C and bis(2-ox0-3-
oxazolidinyl)phosphinic chloride (BOP-CI) (0.86g) and triethylamine (0.47 ml)
are added. The solution is stirred at 0°C for about 10 minutes and N-
ethylglycyl-L-aspartyl (B-benzyl ester)-L-B-cyclohexyl-L-alanine methy! ester
{1.52g) in a minimum of methylene chloride is added followed by dropwise
addition of triethylamine (0.47 ml) in methylene chloride over a period of about
15 minutes. The mixture is stirred at 0°C for about 1 hour, and at room
temperature for about 18 hours. The mixture is evaporated in vacuo and the
residue taken up into ethyl acetate. The organic solution is washed with 1
HCI, saturated sodium bicarbonate solution, brine, dried over magnesium
sulfate, filtered,evaporated in vacuo and the residue purified by flash
chromatography, eluting with 60% ethyl acetate in hexanes, to give N-[N-[N-(4-
(N-BOC-piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl(B-benzy! ester)}-p-
cyciohexylalanine, methyl ester.

L. N-[N-{N-{4-(N-BOC-piperidin-4-yl)butanoyt)-N-
ethylglycyllaspartyl(B-benzyl ester)]-B-cyclohexylalanine, methyl ester (1.79g)
is dissolved in methanol {40 ml) and 10% palladium/carbon (0.25q) is added.
The mixture is shaken under hydrogen at 50 psi for about 18 hours. The
mixture is filtered through a Celite pad and the filtrate evaporated in vacuo to
give N-{N-[N-(4-(N-BOC-piperidin-4-yl)butanoyl)-N-ethylglycylaspartyi}-B-
cyciohexylalanine, methyl ester. The ester is dissolved in methanol (20 ml) and
1N aqueous sodium hydroxide solution (10 ml) is added. The mixture is stirred
at room temperature for about 4 hours, diluted with water (25 ml), and acidified
to pH 2 with 1N HCL. The mixture is extracted with ethyl acetate (3 x 100 ml)
and the ethyl acetate solution dried over magnesium sulfate, filtered and
evaporated in vacuo to give N-[N-[N-(4-(N-BOC-piperidin-4-yl)butanoyl)-N-
ethylglycyljaspartyl}-B-cyclohexylalanine.



36 MS., Calc'd: 51 1, Found: 51 1; NVR [err] = 4.60-4.45 (m 1H),
4.10-3.75 (m 3H), 3.45-3.15 (m 6H), 2.90-2.60 (m _4H), 2.35 (t, 1H),

2.00-2.08 (m 1H), 1.88- 1.75 (m 2H), 1.62-f. 16D spEsROF 1. 08 (m
7H), 1.10-0.60 (m 8H). 5 EXAMPLE 25 - REpLACEMERD S*ﬁ”

N-[N-[N-(4-(pi peridin-4-yl butanoyl) - N-ethylg y,yI aspart r]-
cycl ohexyl net hyl al ani ne am de 0 [err] Cal c ou di 538; NWR
3

[err] = 4.60-4.50 (m 1H), 4.15-4.00 (m&iH) 1. 00- 3.80 (m_PH, 3.35 (q,
2H), 3.30-3.15 (m 2H), 2.90-2.62 (m 4H), 2|35 (1, 1M, 2.15 {(t, 1H),
1.88-1.75 (m 2H), 1.65-1.40 (m 9H), 1.30-0L88-(m 14K 15 10.85-0.65 (m
2H). EXAMPLE 26 :

N-[N-[ N (4- (pi perMdi n-NHY[{&{(NFBPT) piperiditv-g)butarndylisivetitydiycyilespirydamant -
B-cyclohexylalanine (1.39g) is dissolved in methylene chloride (15 ml) and the
solution cooled to 0°C. Trifluoroacetic acid (5 mi) is added and the solution

5 stirred at 0°C for about 2.5 hours. The solution is evaporated in vacuo and the
residue diluted with water, frozen, and lyophilized. The residue is purified by
reverse phase HPLC, eluting with a gradient of 40% to 80% methanol in water,
containing 0.1% trifluoroacetic. The appropriate fractions are combined, and
lyophilized to give N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl)-

10 B-cyclohexylalanine as the trifluoroacetate salt. M.S., Calc'd: 525, Found:
525; NMR, & = 4.58-4.48 (m, 1H), 4.35-4.22 (m, 1H), 3.88 (s, 2H), 3.32 (q, 2H),
3.28-3.10 {m, 2H), 2.88-2.60 {m,4H), 2.33 (t, 2H), 1.85-1.70 (m, 2H), 1.62-1.35
{m, 10H), 1.30-1.06 (m, §H), 1.04-0.65 (m, 8H).

15 Using essentially the procedures of Example 1 above, the following
compounds are prepared from the appropriate starting materials.

EXAMPLE 2

M.S., Calc'd: 471, !;ound: 471; NMR, 8 = 4.15-4.05 (m, 2H), 3.90 (s, 2H),
25  3.30 {q, 2H), 3.30-3.15 {m, 2H), 2.90-2.60 (m, 4H), 2.33 {t, 2H), 2.05 {q, 1H),

1.85-1.72 (m, 2H), 1.55-1.35 (m, 3H), 1.30-1.08 (m, 4H), 1.02 (t, 3H), 0.70
(d.6H).

EXAMPLE 3
30




ine 0 COOHMS., Calc'd: 577, Found: 577; NWR, [err]

1 m, 25 3.8 (2H d), 3.2 (2H q), 3.1-3.1 (6H,
(IH m, 2.0 (1H m, 1.8 (FR—mi—i-2-1:
1.0 (3H, M. 37 EXAVPLE 27 ﬁEPLACEMcN? SHEET
n-4-yl ) butanoyl )-N-et hyl gl ycyl lfasparty]-Tert}- (1. 2
ht h-5
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M.S., Calc'd: 519, Found: 519; NMR, § = 7.20-6.95 (m, 5H), 4.55-4.35 (m,

2H), 3.73 (s, 2H), 3.30-2.40 {m, 10H), 2.25 (1, 2H), 1.75-1.60 (m,2H), 1.45-1.25
5 (m, 3H), 1.20-0.87 (m, 4H), 0.92 (t,3H).

EXAMPLE 4

10

COOH

M.S., Calc'd: 471, Found: 471; NMR, 8 = 4.10-3.98 (m, 2H), 3.85 (s, 2H),
3.28 (q, 2H), 3.23-3.10 (m, 2H), 2,82-2.58 (m, 4H}, 2.28 (t, 2H), 2.02 (g, 1H),
15  1.80-1.65 (m, 2H), 1.50-1.28 (m, 3H), 1.25-1.00 (m, 4H}), 0.85 (t, 3 H), 0.78-0.65

(m, 6H).
EXAMPLE 5

20




MS., Calc'd: 573, Found: 573; NWR J[err] =6.9 (d, 4H, 4.7 (m 1H), 4.3
(m “1H), 4.1 (d, 2H), 3.3-3.7 (m 6H), 2.63 1 MhE "ME@T%’ H, 2.3
(t, 1H, 1.9 (d, 10 2H), 1.2-1.8 (m 16H), 1.1}( - OCHEET PH) .
EXAMPLE 28 N-[N-[N

- (4- (pi peridind-yl)butanoyl)-Nethyl glycyl Jaspaityl ]2 8eJAN 199% |5

cycl ohexyl ) cycl ohexyl al anine [err] MS.,p&al c'dy $07, Found: 60y; i NVR,
[err] = 4.2-4.3 (1H, m, 3.9-4.1 (2H, rT), 20 3 1-'3“2I'('5H""nr;‘—2.6-2.9 (5H,
m 2.3 (1H, m, 2.0 (1H, m, 18 (3H d), 0.9-1.6 _(32H _m, 0.7-0.B (3H, m.

EXAMPLE 29 25

N-[ N[ N (4- ( pi per MdB-nCaIoH: ) 475 ERUDE:) 4R8: MG § A G F 25151 - 304 2P-

cycl ohept yl al @umitKé, 3.88 (s, 2H), 3.33 {(q, 2H), 3.30-3.15 {m,2H), 2.88-2.60 (m,4H), 2.35 (t,
2H), 1.85-1.75 {m, 2H), 1.73-1.35 (m, 5H), 1.30-1.08 (m, 4H), 1.03 (t, 3H), 0.78
(s, 9H).

EXAMPLE 6

10

M.S., Calc'd: 485, Found: 485; NMR, § = 4.58-4.50 (m, 1H), 4.20-4.10 (m,

1H), 3.85 (s, 2H), 3.32 (q, 2H), 3.25-3.10 (m, 2H), 2.85-2.55 (m, 4H), 2.30 (t,

2H), 1.82-1.50 (m, 4H), 1.50-1.30 (m, 3H), 1.28-1.05 (m, 8H), 0.98 (t, 3H), 0.75-
15 0.60 (m, 3H).

EXAMPLE 7

M.S., Calc'd: 569, Found: 569; NMR, 3 = 8.00-7.15 (m, 7H), 4.60-4.45 (m,
25 2H), 3.71 (s, 2H), 3.65-3.50 (m, 2H), 3.40-2.98 (m, 4H), 2.70-2.42 (m, 4H), 2.21
(t. 2H), 1.70-1.45 (m, 2H), 1.40-0.96 (m, 7H), 0.92 (1, 3H).



38 [err] MS., Calc'd: 539, Found: 539; NWR [err] = 4.60-4.55 (m 1 H),
4.35-4.25 (m 1 H, 4.08 (S, 1H, 3.92 (S, 1 H, 3a.(q..2H), 3.33-3.20
(

2

m 2H), 2.90-2.60 (m 5 4H), 2.35 (t, 1H), 2.1 RERLACEMENT 3R 5 (m
H, 1.70-1.10 (m 22H), 1.10-0.85 (m 3H). EXAVPLF~36-36-
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylglycyl aéc{.lrt)f(ll @err] cycl ooct
ylalanine amde 0 [err] 15 MS., Ca®€'d: 5p1 , [err]
= 4.45 (dd, 1H, H12), 4.18 (m H H14), 3.89 ({d,Lad__H11), 3./69 (d, 1H,
H11), 3.31 (g, 2H, H9), 3.18 (dt, 2H, H1la), 2} 74 (dt, 2H HTe), 2.65
(dd, 2H, H 13)pxAMELE S8, 2H, H8), 1.85-1.10 (m |

alanine

o O
HN ’l:l{
N u COOH

o

COOH

M.S., Calc'd: 569, Found: 569; NMR, & = 7.65-7.03 (m, 7H), 4.60-4.45 (m,
2H), 3.41 (s, 2H), 3.20-3.01 (m,3H), 3.00-2.71 {m, 3H), 2.68-2.40 (m,4H), 1.98 (t,
10 2H), 1.68-1.42 (m, 3H), 1.25-0.85 {(m, 6H), 0.71 (8, 3H).

EXAMPLE 9

15

M.S., Calc'd: 547, Found: 457; NMR, & = 4.62 (m, 2H), 3.90 (s, 2H), 3.33
(m, 4H), 2.66 (m, 4H), 2.37 (t, 2H), 2.16 (m, 1H), 2.03 (m, 1H), 1.78 (m, 2H), 1.44
20 (m,2H), 1.20 (m, 2H), 1.00 (m, 3H), 0.78 (d, 6H).

EXAMPLE 10

25




26H, H 3 through H7 and H 15 through H 23), 1.
EXAMPLE 31

06 (t, 3H, H10). 20

N-[ N-[ N- (4- (pi peri di n-4-y1)butanoyl)-N- et hyl gl icREPRAGEMBNT| SHEET 1] -

cycl ohexyl propyl gl yci ne [err] MS., Calc'd: {5537 Founa—5587 NVR, [err]
="4.70-4.60 (m 1H), 4.30-4.15 (m 1H), 4.10 (S, 1? 0;@5'9&% 1H), 3.35

(g, 2H), 3.35-3.20 (m 2H), 2.90-2.60 (m 5 4y | 24744 .15 (t,

1H), 1.90-1.75 (m 2H), 1.75-1.45 (m 10Hp7 1.3514-15(m- 64 {1]/12-0.90

(m 9H), 0.85-0.60 (m 2H). EXAVPLE 32 1 0

N-[N-[N-(4-(piperidin-4-yl)Ibutanoyl)-Nethylgl
cycl ooct yl net hyl al ani ne

M.S., Caic'd: 485, Found: 485; NMR, 3 = 4.20-4.05 (m, 2H), 3.92 (s, 2H).
3.33 (m, 2H), 3.28-3.15 (m, 2H), 2.90-2.61 (m, 4H), 2.34 (t, 2H), 2.06 (m, 1H),

5 6H).

EXAMPLE 11

10

1.85-1.70 (m, 2H}, 1.55-1.32 (m, 3H), 1.30-1.12 (m, 6H), 1.06 {t, 3H), 0.81 (d,

A. B - cyclohexyl alanine (1.5g) is dissolved in absolute ethanol (75

15 ml) and the solution cooled to 0°C. Thionyl chloride (1.1 ml) is added dropwise

20

25

30

over a period of 10-15 minutes, the solution allowed to warm to room
temperature, and then stirred at room temperature for about 18 hours, The
reaction mixture is evaporated in vacuo , toluene is azeotroped twice from the
residue, and the residue is taken up into ethyl acetate. The ethyl acetate
solution is washed with water, 1 N sodium hydroxide, water, brine, dried over

sodium sulfate, filtered, and evaporated in vacuo to give B-cyclohexyl atanine,
ethyl ester. - ' '

B. Using essentially the procedures of Examples 1B through 1M

(eliminating the aqueous sodium hydroxide hydrolysis of step 1L) gives the
desired product.

M.S., Calc'd: 553, Found: 553; NMR, & =4.4 (1H, m); 4.1 (4H, q); 4.0 (2H.

d; 3.2-3.5 (5H, m); 2.7-3.0 (6H, m); 2.4 (2H, t}; 2.2 (1H, m); 1.9 (2H,-d); 1.4-1.7
(7H. m); 0.7-1.4 (18H, m).



O [err] 15 : MS., Calc'd: 567, Found: 567; NMR, [err] = 4.05-4.15 (m
1H, "14), 3.75-4.00 (m 2H, 11 & 18), 3.10-3.30 (m 4H, 19&26 eq),
2.50-2.80 (m 4H, 15 & 26 ax). 2.05-2.25 (m 2H

¢m 31H,
1-10, 20 & 22-25). EXAMPLE 33 20 REPLACEVIENT & SHEeT

N-[N-[N-(4-(pi peridin-4-yl)butanoyl)-Nethyl glycyl]aspartyl] [erg] -

cycl opentyl al ani ne 40 [err] MS., Calgsd 51 ] fg%@;l NVR, [err]

=4.7 (m 1 H, 4.3 (m 1H, 4.1 (d, :
EXAMPLE 12

H
COOH

O H O
HN N N
D\/\)LN N Hy
O o

A N-BOC-B-cyciohexylalanine {2.0g.) and triethyl amine (1.03ml) are

dissolved together in THF {(100mi) and the solution cooled to -20°C. Isobutyi
chloroformate (1.06ml) is added and the solution stirred at -20°C for about 30
minutes. A saturated solution of ammonia in methano! (20ml) is added and the
solution allowed to warm to room temperature and stirred at room temperature
for about 18 hours. The solution is evaporated in vacuo and the residue
dissolved in ethyl acetate. The ethyl acetate solution is washed with water, 5%
HCl, saturated sodium bicarbonate solution, water, brine, dried over sodium

sulfate, filtered and evaporated in vacuo to give N-BOC-B-cyclohexylalanine
amide.

10

15

B. N-BOC-8-cyclohexylalanine amide (2.0g.} is dissolved in ethyl
20 acetate (100ml) and HCI gas is bubbled through the solution and the solution

stirred at room temperature for about 18 hours. The solution is evaporated in
vacuo and toluene azeotroped twice from the residue to give -

cyclohexylalanine amide as the hydrochloride.

25 C. Using essentially the'procedures of Example 1B thru 1M

{eliminating the aqueous sodium hydroxide hydrolysis of Example 1L) gives
the desired product.

M.S., Calc'd: 524, Found: 524; NMR, &= 8.4 (1H, d); 8.1 (1H. d); 4.2 (2H,
30  q); 4.1 (1H, s); 3.8 (4H, q); 3.4 (2H.q); 3.3 (4H, d); 2.8-3.0 (BH, m); 2.4
(2H, 1): 2.2 (1H, m); 1.8 (4H, d); 1.4-1.7 (7H, m); 0.7-1.3 (10H, m).



2H)., 3.3-3.7 (m 5H)
1.9 (d, 2H), 5

2.8 (t, 2H), 2.7 (m 3H), 2.5 (t, 2H), 2.3 (t, 1H),

1

N[N-[N(4-(pipri
a

0-1.8 (m 16H). EXAMPLE 34

i n-4-yl)but anoyl ) - N- et hyl gl ycﬁEﬁ‘H’@ﬁMﬁM}ﬁHﬁg rf{]- 10
cycl ohexyl met hyl al ani ne ethyl ester [err] MS!, [Car¢™d ™ 567, Folnd: 567;
NVR, [err]=4.30-4.10 (

m 1H), 4.10-3.80.(m 1§ {3 of T, | 2H)
3.30-3.15 (m 2H), 2.90-2.60 (m 4H), 2?&0-2.10 (?42‘%?%‘{%0-

. 70 (m
2H), 1.65-1.40 (m 1 OH), 1.35-0.85 (m 18H), }0.:85—8—~66~m—2t) | Conpounds

within the s f_the present invention inhijbit platel et aggrégation by
I nhi biting f%%%mg%pbi nding to activated pl arerets and other 20 adhesive

gl ycoproteins involved in platel et aggregation and blood clotting and are
useful int hw-m-wgigeri@iﬁd;-mm&MN%hm&gﬂ@ﬁhﬁmﬁgﬁey@bmW th
certain disease.states, such as nyocardial rnrarction, stroke, peripheral
arterial di s@gs%@and di ssem nated intravascul ar coagul ation in humans and
ot her 5

d
I

O " o
COOH

A A solution of a-phenyiglycine, methyl ester, hydrochloride sait

(1.0g) in THF (25 mi} is cooled to 0°C and triethylamine {1.38 mi) is added. To

10 this mixture is added a solution of di-tert-butyl dicarbonate (1.08g) in THF {25
ml), and the mixture allowed to warm to room temperature and stirred at room
termperature for about 18 hours. The solution is evaporated and the residue
taken up into ethyl acetate (200 mi) and the organic solution washed with 1N
HCI, saturated sodium bicarbonate solution, brine, dried over magnesium

15 - sulfate, filtered, and evaporated in vacuo to give N-BOC-a-phenylgiycine,
methyl ester.

B. N-BOC-a-phenyiglycine, methyl ester (1.2g) is dissolved in

methanol (50 ml) containing acetic acid (1 ml). 5% rhodium on aluminum

20 powder (0.60g) is added and the mixture shaken under 50 psi hydrogen for
about 18 hours. The mixture is filtered, evaporated in vacuo , and the residue
taken up into ethyl acetate. The organic solution is washed with water,
saturated sodium bicarbonate solution, water, brine, dried over magnesium
sulfate, filtered, evaporated in vacuo to give N-BOC-a-cyclohexylglycine,

25 methyl ester.

C. Using essentially the procedures of Examples 1B-1M, the desired
product is obtained.

30 M.S., Calc'd: 511, Found: 511; NMR, 6 = 4.62-4.55 (1H, m); 4.06 (2K, m):
3.85 (2H, s); 3.30 (2H, q); 3.23-3.10 {2H, m); 2.85-2.55 (4H, m); 2.30 (2H, t);
1.83-1.60 (3H, m), 1.569-1.32 (8H, m); 1.30-0.75 (12H, m).



manmmal s. 25 The conpounds of this invention can normally be adm ni stered
orally or parenterally, in the treatnment or prevention of thronbosis
associ at ed di sease st at es. 41 The conpounds {o . (SY QU] may be
formul ated for adm nistration in any conveni ent ?Egaczﬂ:&yh@é"éﬁvent i on

i ncludes within its scope pharmaceutical conposgi §i ons contai ni hgijat | east
one conpound according to 5 the inventi 8 adapt ¢d Z 4rJANa99n hupan or
veterinary medi ci ne. Such conpositions may be fofnul ated in a fohventi onal

manner using one or nore pharmaceutical ly acceptable carrters—or
exci pients. SEXAMPEEJ4rriers include

decahydronaphth-1- ani

HND\/\J’LQN{LQ -

COOH

A. B-(1-naphthyl)alanine (2.0q) is stirred in a saturated hydrogen
chioride/methanol solution for about 2 hours at room temperature. The mixture
10 is evaporated in vacuo and toluene azeotroped twice from the residue. The
residue is suspended in methylene chloride, N-methyl morpholine (1.02 m)
added, and the mixture cooled to 0°C. Di-tert-butyl dicarbonate (2.02g) and 4-
dimethylaminopyridine (DMAP) (0.8g) are added, the solution allowed to warm
to room temperature, and stirred at room temperature for about 2 hours. The
15 mixture is washed with 5% HCI, water, dried over sodium sulfate, filtered, and
evaporated in vacuo to give N-BOC-B-(1-naphthyl)alanine, methy! ester.

B. N-BOC-B-(1-naphthyl)alanine, methy! ester (2.0g) and 5% rhodium
on alumina (1.0g) are combined in methanol (50 ml) containing acetic acid (1.0
20 ml) and the mixture shaken under hydrogen at 50 psi for about 18 hours. The
mixture is filtered, evaporated in vacuo ; and the residue taken up into ethyl
acetate. The organic solution is washed with water, 5% sodium bicarbonate
solution, water, brine, dried over sodium sulfate, filtered, and evaporated in
vacuo to give L-f-decahydronaphth-1-yl alanine, methyl ester.
25

C. Using essentially the procedures of Examples 1B through 1M, the
desired product is obtained.

M.S., Calc'd: 579, Found: 579; NMR, 6 =4.1-4.3 (m, (H), 3.8-4.1 (m, 2H),
30 26-2.9(m, 4H). 2.3 (m, 1H), 2.0 (m, 1H), 1.8 (d, 3H), 0.5-1.6 (m, 33H).



diluents or fillers, sterile aqueous nmedia and vari ous non-toxic organic
sol vents. The conpositions may be formulated in the form of tablets,
capsul es, 10 |ozenges, troches, hard candies, p V‘HEPL%CEWM'F

suspensi ons, or solutions, |nJectabIe solutlons Ta d the

| i ke and may contain one or nore agents selected f og%%he roup | ngcl udi ng
sweet eni ng agents, flavoring agents, col og§gng aggn ﬁ@?@%ﬁWV| agents,
in order to provide a pharnaceutically accept abl eparation. 15 {The

particular carrier and the ratio of platelet aggfegation and thronbus
i nhi biting conpQupigoisarrier are determ ned by-the-selubility and
chemical properties of the conpounds, the particular nmode of admi nistration
and standard phar maceut [ caI pract | ce. For exarrpl e, excipients such as

Datival NN Y

| act ose, 20 llasppitgiphat e and

various di sint E@Rﬁf@s‘mh as starch al g| ni c aC| d and certain conpl ex
silicates, fogether with lubricating agents such as magnesi um st earate,

sodi um | auryl
o
HND\/\)L ﬁ 3
N T‘LN
H

L o

COOH

A 2-phenylethylamine (2.0g) is dissolved in methylene chloride and
the solution cooled to 0°C. Di-tert-butyl dicarbonate (4.0g) and DMAP (0.4g)
10 are added. The solution is allowed to warm to room temperature and stirred at
room temperature for about 18 hours. The solution is washed with 5% HCI,
water, filtered and evaporated in vacuo to give N-BOC-2-phenylethylamine.

B. N-BOC-2-phenylethyiamine (3.1g) and 5% rhodium on alumina
15 (1.1g) are combined in methano! (40 ml) containing acetic acid (1.0 ml). The
mixture is shaken under hydrogen at 50 pst for about 20 hours. The mixture is
filtered, evaporated in vacuo , and the residue taken up into ethyl acetate. The
organic solution is washed with water, 5% sodium bicarbonate solution, water,

brine, dried over sodium sulfate, filtered, and evaporated in vacuo to give N-
20 BOC-2-cyclohexylethytamine.

C. Using essentially the procedures of Examples 1B through 1 M
(eliminating the aqueous sodium hydroxide hydrolysis of Example 1L}, the
desired product is obtained.

25

M.S., Calc'd: 481, Found: 481; NMR, d = 3.9 (s, 2H), 3.35 (d, 4H), 3.25 (d,

4H), 2.6-2.9 (m, 8H), 2.35 {t, 2H}, 2.15 {t, 1H), 1.8 (4H, d), 1.4-1.7 (m, 7H), 0.9 -
1.3 {m, 12H), 0.7 (t, 2H). '

30 EXAMPLE 16




sul phate and talc, can be used in producing tablets. For a capsule form
| act ose and hi gh nDIecuIar wei ght pol yet hyl ene glycols are ampng the 25
preferred pharmaceutically acceptable carriers. \Weref o
for oral use are fornulated, the carrier can be emnul g

agents. Diluents such as ethanol, propyl ene gl ycol, |
and their conbinations can be enployed as 8l as othe
For parenteral adm nistration, solutions or'suspensianf
i n sesane or peanut oil or aqueous propyl ene glycol
steril e aqueous solutions of the sol uble pharmaceuti;
descri bed herein can be enpl oyed. Sol utions the salts © .
are especially suited for intramuscul ar an cut aneous |nject|on 35
pur poses. The aqueous sol utions, including e of the salts dissolved in
pure distilled water, are also useful for intlravenous injection purposes

provi ded that thei His properly adjusteds they are suitably buffered.,

they are HNC’>\/\)L i .

N u COOH
o

COOH

A Using essentially the procedures of Example 13A, above, N-BOC-

5 o-(2-phenylethyl)glycine, methyl ester is prepared from L-homophenylalanine.
B. Using essentially the procedure of Example 14B, above, N-BOC-a-
(2-cyclohexylethyl)glycine, methyl ester is prepared from N-BOC-a-(2-
phenylethyl)glycine, methyl ester.
10

C. Using essentially the procedures of Examples 1B through 1M, the
desired product is obtained.

M.S., Calc'd: 539, Found: 539; NMR, & = 4.60-4.55 (m, 1H), 4.20-4.08 {m,
15 1H), 3.85 (s, 2H), 3.29 (q, 2H), 3.25-3.12 (m, 2H), 2.84-2.55 (m, 4H), 2.29 (t,

2H), 1.83-1.65 (m, 2H), 1.63-1.32 (m, 10H), 1.28-0.81 (m, 13H), 0.79-0.56 (m,
2H).

Using essentially the procedures of the above Examples, the following
20 compounds are prepared from the approriate starting materials.

EXAMPLE 17

25




42 nade isotonic with sufficient saline or gluc nd._sterilized by
heating or microfiltration. The dosage regimen ijn RERLAGEMETOSkEANE Net hod
of this invention is that 5 which insures maxi esponse
until inprovenent is obtained and thereafter th ' :}gum effectijve | evel
which gives relief. In general, the oral ,dose mjy |be? felblbdM0Zbout 0.1

ng/ kg and about 100 ng/ kg, preferably be en alpo 0.1 m/kg tp RO ng/ kg,
and nost preferably between about 1 ng/kg and 29 ng/ kg, and the ijv. dose
about 0.1 [err] to about 100 jig/kg, 10 prefer 0.1 [err]
to 50 jig/kg, bearing in mnd,. of course, that in selecting the appropriate
dosage in any sped.Si.Caleide 578 drminde5T8i WNRdst 4.Bdmgiitip 4.3 (mit Hd), gt fdent ' s

wei ght, gener giyheald h(masr), 2068 eqit) 8k 26400 P,vﬁ?é ?t?éﬁﬁbi 9 [, bHENCE 1 gesponse

to the drug. Yhe'qryq, gae pe B plsigied gralty 1
5 .
EXAMPLE 18
10

M.S., Calc'd: 548, Found: 548; NMR (DMSO-dg), 5 = 4.65-4.50 (m, 1H).
4.05-3.85 (m, 4H), 3.35-3.15 {m, 4H), 2.90-2.50 (m, 4H), 2.30 (1, 2H), 2.18 {t,
15 1H), 1.94 (d, 2H), 1.85-1.35 (m, 20H), 1.32-1.12 (m, 4H), 1.10-0.90 (m, 5H).

EXAMPLE 19

20 minocyclohex oxvlic aci
S8l
| HND\/\/“\N’ﬁr fLﬂ COOH
o
k COOH

M.S., Calc'd: 497, Found: 497; NMR, & = 4.60-4.55 (m, 1H), 4.05 (s, 1H),
25  3.90 (s, 1H), 3.30 (g, 2H), 3.25-3.12 (m, 2H), 2.85-2.55 (m, 4H), 2.35 (t, TH),

2.11 (1, 1H), 1.90-1.70 (m, 4H), 1.68-1.55 (m, 2H), 1.63-1.32 (m, 6H), 1.30-1.06
{m, 7H), 1.05-1.85 (m, 3H).

EXAMPLE 20

30




ti mes- per day, preferably once to twice daily. 15 The foll ow ng
phar macol ogi c tests evaluate the inhibitory activity gfcorpethds—ali..f he
present invention on fibrinogen-nediated platelet a g#@d&@fgﬁﬁﬁmﬁﬁnagen
binding to thronbin-stinulated platelets, and inhibftton of ADP-TTduced

ex-vivo platelet aggregation, and results of,,these |ebt eljatie to
the in-vivo inhibitory properties of corrpouhas of the p?egsgﬁ\b‘:ﬁ?\?e tijon.

The Pl atel et Aggregation Assay is based on that desfrtbet—+n-B- 6q (4),
946- 952 (1985). The Fibrinogen-Binding Assay is essentially that of 35

Ruggeri, Z.M, et al., Proc. Natl. Acad. Sci. USA 83, 5708-BTt ) and
Plow, E.F., et al., Proc. Natl. Acad. Sci., 82, 8057-8061 (1985). The
I nhi bition of ADP-1nduced ex-vivo Pl atel et gation assay is based on
t hat of Zucker, *P. | et Aggregatign asgred by the Photoelectric
Met hod", Met hodsH N 8GN £4389) -
(o (F
COOH

M.S., Calc'd: 525, Found: 525; NMR, 8 = 4.60-4.55 (m, 1H), 4.32-4.20 (m,
5 1H), 4.05 (s, 1H), 3.85 (s, 1H), 3.32 (q, 2H), 3.25-3.12 (m, 2H), 2.85-2.60 (m,

?H). 2.32 (t, 1H), 2.12 {t, 1H), 1.85-1.68 (m, 2H), 1.60-1.82 (m, 10H), 1.28-0.60
m, 13H}. ’

EXAMPLE 21

10

15
' M.S., Calc'd: 579, Found: 579; NMR, & = 4.1-4.3 (1H, m), 3.8-4.1 (2H, m),

3.1-3.4 (4H, m), 2.6-2.9 (4H,m), 2.3 (1H, m), 2.0 (1H, m), 1.8 (3H, d), 0.5-1.6
(33H, m). '

20 EXAMPLE 22




30 'PI atel et Agg
Pl at'el ets are i
filtration tech
Chem 254. 5357-

1-12 (1983). The 43 platelets are suspended at a condertTarT oM of—2-

[err] cells/m
sodi um chl ori de

mM KCl, 5.5 nM glucose, 10 mM HEPES, at a pH of 7.35 an -35% human_se
albumin 5 (HSA). These washed pl atelets are tivated @l

[err]-thronbin

10

15

20

regation Assay Preparation of Fixed-Activated Platelets 35
sol ated from human pl atel et concentrates u5| ng the gel -
ni que as described by Marguerie, G A , et

- B0l
5363 (1979) and Ruggeri, Z.M, et al., J. F@PLA{}EMEM’eSHEET?

=

in a nodified calciumfree By ode's buffgr jc 2]
, 2 mM magnesi um chloride, 0.42 mM[err] |1 ?M’?’gr@?}

Ay

u
additi on of hu

i A N”ﬁr rm

COOH

M.S., Calc'd: 552, Found: 552; NMR, 3 = 4.565-4.45 {m, 1H), 4.20-4.06 {m,
1H),4.05-3.85 (m, 2H), 3.40-3.25 (m, 2H), 3.28-3.15 (m, 2H), 3.10-2.90 (m, 2H),
2.88-2.55 {m, 4H)}, 2.40-2.25 (m, 1H), 2.20-2.05 {m, 1H), 1.85-1.70 {m, 2H),
1.60-1.32 {m, 9H), 1.30-0.62 (m, 17H).

EXAMPLE 23

" N“:r ‘(‘Lu

COOH
M.S., Caic'd: 553, Found: 553; NMR, & = 4.1-4.3 (1H, m), 3.8-4.1 (2H, m),
3.1-3.4'(4H, m), 2.6-2.9 (4H, m), 2.3 (1H, m), 2.0 (1H, m), 1.8 (2H, d), 0.5-1.6
(31H, m).

EXAMPLE 24

COOH



at a final concentration of 2 units/m, followed bypr+h&enhin | nhibitor
1-2581 at a final concentration of [err]. To the ac IR@LQGEMEW %H@ETS i s
added paraf ormal dehyde to a final concentration of 0.50%a S gubat ed
at roomtenperature for 30 mnutes. The fixed acti d ‘%el ets re t hen
col l ected by 10 centrifugation at 650 x g for 15{m nu?@s i’I'lhlé’%l at ¢l et

pellets are washed four times with the aboveéryrodg' SA buftf ¢r and
resuspended to 2 x [err] cells/m in the same buffgr. PI atel et Aggr egat i on
Assay 15 The fixed activated platelets are incubate dose

of tthe cogpound to bEMTSES(CQIGdI &1 1 PF&irR: e;tnamﬂhm-dmfuhim)oa s 7908, |
m nut e and aggre ia i 0 i na
concentration of %@8[&5:? I‘, gﬁh%ﬁ@ggg gtj‘g'tq %#HH%)P ?Q{&Q%@EI ‘%Agé?
used to record t he72¢m, thﬂeﬁ'éﬂ 3ég(g‘r.§bléu.t1 6®r1 Oﬂimékgehﬁo-@fﬁq (i@t i on of
aggregation is expressed as the percentage of the rate of aggregation

observed in t@ aeigm‘ioési nhi bi t or.

clohexy! lalanine _amide

” N,\( r&

10 COOH

M.S., Calc'd: 538, Found: 538; NMR, § = 4.60-4.50 (m, 1H), 4.15-4.00 (m,
1H), 4.00-3.80 (m, 2H), 3.35 (q, 2H), 3.30-3.15 (m, 2H), 2.90-2.62 (m, 4H), 2.35
{t. TH), 2.15 {t, 1H), 1.88-1.75 (m, 2H), 1.65-1.40 (m, OH), 1.30-0.88 (m, 14H),
15  0.85-0.85 (m, 2H).

EXAMPLE 26

20

' ﬂ OH
HN N ﬁ
o) o]

M.S., Calc'd: 5§77, Found: 577, NMR, 8 = 4.5-4.1 (1H,m), 4.1-4.2 (1H. m),
25 3.8(2H.d), 3.2 (2H, q), 3.1-3.1 (6H, m), 2.4-2.98 (SH, m), 2.3 (1H, m), 2.0 {1H,
m), 1.8 (4H, m), 1.2-1.7 (16H, m), 1.0-1.2 (6H, m), .B-1.0 (3H, m).



[err], i.e., the amount of inhibitor required to reduce the aggregation
rate by 50% is then calculated for each conpound (see, for exanple, Plow,
E.F., et al., Proc. Natl. Acad. Sci. USA 82, 803

Fi bri nogen- Bi ndi ng Assay Platelets are washed freBEBiﬁi\Q{t’ freSkidrsgi t uent s
by the al bum n density- gradient technique of Wl 4 etdaj:j Br. J.
Haemat ol . 281-296 (1977), as 30 nodifiedgpy Trgpgn %%Wﬁ?] .4 et al.,
J. ddin Invest. 76, 1950-1958 (1985). In each eXpqr Xt ur
platelets in rmdlfled Tyrode's buffer (Ruggeri, (|Z. i in.

| nvest. Mﬂ?ﬁ) are stinulated with hurfan [err] thronbin at [err]
for 10 mnutes (3 X 1011 platelets per liter—angThromdrn .1 NIH

units/m). Hrudin |s then added at a 25- foId excess 35 (unlt/unlt) for 5
m nut es bef or eNbid P oy i artylld dgt)eonpound to

be tested. Afthe flnal pl ateI etcount in the mxture
Is 1 X [errg [Titer. er |ncu atron for an additional 30 m nutes at 22-

HN N/\l( \(‘L COOH

COOH

M.S., Calc'd: 573, Found: 573; NMR, § = 6.9 (d, 4H), 4.7 (m, 1H), 4.3 (m,
1H), 4.1 (d, 2H), 3.3-3.7 (m, 6H), 2.6-3.1 (m, 12H), 2.5 (t, 2H), 2.3 (t, 1H), 1.9 (d
10 2H), 1.2-1.8 (m, 16H), 1.1 {t, 2H), 1.0 (¢, 2H).

1

EXAMPLE 28

15 lohexvl)eyclohexylalanine

o 0
HND\/\)LN .’\trn\(lu COOH
- \ o COOH

M.S., Calc'd: 607, Found: 607; NMR, § = 4.2-4.3 (1H, m), 3.9-4.1 (2H, m).
20 3.1-3.4 {5H, m), 2.6-2.9 (5H, m), 2.3 (1H, m), 2.0 (1H, m), 1.8 (3H, d), 0.9-1.6
(32H, m), 0.7-0.8 (3H, m).

EXAMPLE 29

25




44 [err], bound and free ligand are separated by centrifuging [err] of the
m xture through [err] of 20% sucrose at 12,000xg for 4 mnutes. The
platelet pellet is then separated fromthe rest of the mxture to determ ne

pl at el et - bound radi oactivity. Nonspecific binding is “"th;,u eth-+A--01. Xt Ur es
containing an 5 excess of unlabeled |ligand. Wen bi ndi [ig ALkME SHEET

anal yzed by Scatchard anal ysis, nonspecific38i nding ijs deri veda as I tit ed
paranmeter fromthe binding i sothermby nmeans of a conp tezhgzgﬁlw ?r

(Munson, P.J., Methods Enzynol. 92, 542-576 (1983)). {Te¢ determ h
concentration of each inhibitory conpound necgssary f{§ glmey
fibrinogen binding to 10 thronbin-stinul ate el &

conpound is tested at 6 or nore concentrati onk
held at [err] [err] 0 0

HN N
N N

L o "o

M.S., Calc'd: 539, Found: 539; NMR, & = 4.60-4.55 (m, 1H), 4.35-4.25 (m,
1H), 4.08 (S, 1H), 3.92 (S, 1H), 3.35 (q, 2H), 3.33-3.20 {m, 2H}, 2.80-2.60 (m,
5 4H), 2.35 {t, 1H), 2.18 {t, 1H), 1.90-1.75 {m, 2H), 1.70-1.10 {(m, 22H), 1.10-0.85
{m, 3H).

EXAMPLE 30

HNwmﬁ\(‘LufggNQz

COOH

15 . M.S., Calc'd: 551, Found: 551; NMR, § = 4.45 {(dd, 1H, H-12), 4.18 (m,
. 1H, H-14), 3.89 {(d, 1H, H-11), 3.68 (d, 1H, H-11), 3.31 (q, 2H, H-9), 3.18 (dt, 2H,
H-1a), 2.74 (dt, 2H, H-le), 2.65 {dd, 2H, H-13), 2.25 (t, 2H, H-8), 1.85-1.10 (m,
26H, H-3 through H-7 and H-15 through H-23), 1.06 (t, 3H, H-10).

20 EXAMPLE 31




The [.err] is derived by plotting residual fibrinogen binding against the
| ogarithm of the sanple conpound's concentration. 15 |Inhibition of
ADP- | nduced ex-vivo Pl atel et Aggregati on Experinental Protocot-Contso
bl ood sanpl es are obtained 5-10 minutes prior to adminj AACEMENTO SHEdT tihe
test conpound in nongrel dogs weighing from10 to 20 Kg.;j The corpoumnd-i 9
admi ni stered intragasticly, via aqueous gd%age, or ordlljy, ﬁi e#ggi
capsul e. Blood sanples (5 m) are then obtained at 30 nind?e ﬁﬁge I
3 hours, and at 6, 12, and 24 hours after dosing. Eac ﬂ |
obt ai ned by veni puncture of the cephalic vein dis ¢ollected directly
into a 25 plastic syringe containing one pa 8% t r1 sodr amtrtrate—+0
nine parts blood. Ex vivo canine platelet a ation The bl ood sanples are
centrifuged at 1000 rpmfor 10 mnutes to optain 30 platelet rich plasna
(PRP). After removal of theg PRP, the ganp Is centrifuged for an
addi tional 10 m&ﬁf}Q\gL\gggo rpmﬂ() btaj n glatel et poor plasma (PPP).
QRGN

COOH

M.S., Calc'd: 553, Found: 553; NMR, § = 4.70-4.60 {m, 1H), 4.30-4.15 (m,
1H), 4.10 (S, 1H), 3.95 (S, 1H), 3.35 (g, 2H), 3.35-3.20 (m, 2H), 2.90-2.60 (m,
5 4H), 2.40 (1, 1H), 2.15 (¢, 1H), 1.80-1.75 (m, 2H), 1.75-1.45 (m, 10H), 1.35-1.15
(m, 6H), 1.12-0.90 (m, SH), 0.85-0.60 {m, 2H).

EXAMPLE 32

10

cyclooctylmethylalanine

. H )
HNDV\)L N OH
NY rka
. o o
COOH
15 M.S., Calc'd: 567, Found: '567; NMR, 5 = 4.05-4.15 (m, 1H, 14), 3.75-4.00
(m, 2H, 11 & 18), 8.10-3.30 (m, 4H, 19 & 26 eq), 2.50-2.80 (m, 4H, 15 & 26 ax),
2.05-2.25 (m, 2H, 21), 0.75-1.75 (m, 31H, 1-10, 20 & 22-25).

EXAMPLE 33
20

cyclopentylalanine



Platelet count in the PRP is determ ned by using a Coulter Counter (Coulter

El ectronics, Hi aleah, FL). If the concentration of | c TPRP is
greater than 300,000 [err], then the PRP is diluted V\F‘Eﬁ‘@%@‘"w éﬁ?;si t he
platel et 35 count to 300,000 [err]. Aliquots of PRR (250 [err]%) are then

placed in siliconized glass cuvettes (7.25 g 55 nm |Bilo/ Ddt JAXIYB7 Har sham
PA). Epinephrine (final concentration of 1 [err]) id tihen added to tihe PRP,
which is i ncubated for one mnute at 37 [err]. Afstrmurator of pl atiel et

aggregation, ADP at a final concentration of 10 [err
PRP. Pl atelet aggregation is nonitored spect
|l i ght transm ssion gregomeper (Bio/Data P
Mbdel PAP-4, Bi o4 rshanil 5} PAL

rate of change (sl }&ﬁns 1t fandg
transm ttance (maxi num aggregalN_ o) i COOH o

. is_then added-tio the
photonetrically utilizing a
gl et Aggregation Profiler,
gy conpound to be tested, the
and the maxi mum | i ght

M.S., Calc'd: 511, Found: 511; NMR, § =4.7 (m, 1H), 4.3 (m, 1H), 4.1 (d,

2H), 3.3-3.7 (m, 5H), 2.8 (t, 2H), 2.7 (m, 3H), 2.5 (t, 2H), 2.3 (t, 1H), 1.9 (d, 2H),
5 1.0-1.8(m, 16H).

EXAMPLE 34

10 cyclohexylmethylalanine ethvl ester

o] H O
HNQ\/\)LN N ﬁ oL
L o 0

COOH

M.S., Caic'd: 567, Found: 567; NMR, & = 4.30-4.10 (m, 1H), 4.10-3.80 (m,
15 3H), 3.35 (q, 2H), 3.30-3.15 (m, 2H), 2.90-2.60 (m, 4H), 2.40-2.10 (, 2H), 1.90-
1.70 (m, 2H), 1.65-1.40 {(m, 10H), 1.35-0.85 (m, 18H), 0.85-0.60 (m, 2H).

Compounds within the scope of the present invention inhibit piatelet

aggregation by inhibiting fibrinogen binding to activated platelets and other

20 adhesive glycoproteins involved in platelet aggregation and blood clotting and
are useful in the prevention and treatment of thrombosis associated with certain
disease states, such as myocardial intarction, stroke, peripheral arterial
disease and disseminated intravascular coagulation in humans and other
mammals.

25

The compounds of this invention can normally be administered orally or

parenterally, in the treatment or prevention of thrombosis associated disease
states.



recorded in duplicate.

Platel et aggregation data age Qk-| he
percent decrease (nean [err] SEM RE E"r%?a%ﬁ
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pharmaceutically acceptable carriers or excipients. Suitable carriers include
diluents or fillers, sterile aqueous media and various non-toxic organic
solvents. The compositions may be formulated in the form of tablets, capsules,
lozenges, troches, hard candies, powders, aqueous suspensions, or solutions,
injectable solutions, elixirs, syrups and the like and may contain one or more
agents selected trom the group including sweetening agents, flavoring agents,

coloring agents and preserving agents, in order to provide a pharmaceutically
acceptable preparation.

The particular carrier and the ratio of platelet aggregation and thrombus
inhibiting compound to carrier are determined by the solubility and chemical
properties of the compounds, the particular mode of administration and
standard pharmaceutical practice. For example, excipients such as lactose,
sodium citrate, calcium carbonate and dicalcium phosphate and various
disintegrants such as starch, alginic acid and certain complex silicates,
together with lubricating agents such as magnesium stearate, sodium lauryl
sulphate and talc, can be used in producing tablets. For a capsule form,
lactose and high molecular weight polyethylene glycols are among the
preferred pharmaceutically acceptable carriers. Where aqueous suspensions
for oral use are formulated, the carrier can be emulsifying or suspending
agents. Diluents such as ethanol, propylene glycol, glycerin and chloroform
and their combinations can be employed as well as other materials.

For parenteral administration, solutions or suspensions of these
compounds in sesame ot peanut oit or aqueous propylene glycol solutions, as
well as sterile aqueous solutions of the soluble pharmaceutically acceptable
salts described herein can be employed. Solutions of the salts of these
compounds are especially suited for intramuscular and subcutaneous injection
purposes. The aqueous solutions, including those of the salts dissolved in
pure distifled water, are also useful for intravenous injection purposes,
provided that their pH is properly adjusted, they are suitably buffered. they are
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made isotonic with sufficient saline or glucose and sterilized by heating or
microfiltration.

.

The dosage regimen in carrying out the method of this invention is that
which insures maximum therapeutic response untit improvement is obtained
and thereafter the minimum effective level which gives relief. In general, the
oral dose may be between about 0.1 mg/kg and about 100 mg/kg, preferably
between about 0.1 mg/kg to 20 mg/kg, and most preferably between about 1
mg/kg and 20 mg/kg, and the i.v, dose about 0.1 pg/kg to about 100 pug/kg,
preferably between about 0.1 pg/kg to 50 ug/kg, bearing in mind, of course, that
in selecting the appropriate dosage in any specific case, consideration must be
given to the patient's weight, general health, age, and other factors which inay

influence response to the drug. The drug may be administered orally 1 to 4
times per day, preferably once to twice daity. '

The following pharmacologic tests evaluate the inhibitory activity of
compounds of the present invention on fibrinogen-mediated platelet
aggregation, fibrinogen binding to thrombin-stimulated platelets, and inhikition
of ADP-induced ex-vivo platelet aggregation, and results of these tests

correlate to the in-vivo inhibitory properties of compounds of the present
invention.

The Platelet Aggregation Assay is based on that described in Blood 66
(4), 946-952 (1985). The Fibrinogen-Binding Assay is essentially that of
Ruggeri. ZM., et al., Proc. Natl. Acad. Sci. USA 83, 5708-5712 (1986} and
Plow, E.F., et al., Proc. Natl. Acad. Sci., USA 82, 8057-8061 (1985). The
Inhibition of ADP-Induced ex-vivo Platelet Aggregation assay is based on that
of Zucker, *Platelet Aggregation Measured by the Photoelectric Method",
Methods in Enzymology 169, 117-133 (1989).

Platelet Aggregation Assay
Preparation of Fixed-Activated Platelets

Platelets are isolated from human platelet concentrates using the gel-
filtration technique as described by Marguerie, G.A., et al., J. Biol. Chem. 254.
5357-5363 (1979) and Ruggeri, Z.M., et ai., J. Clin. Invest. 72, 1-12 (1983). The



mentioned, as well as those inherent therein. The conpounds, conpositions,
5 and met hods described herein are presented as reg{ggfe L[rou, ve—ef—the
preferred enbodi nents, or intended to be exenpl ar t endad |as
limtations on the scope of the present invention.] Ghanges there| i qnd
other uses will occur to those of skill in the artt WhiZh .mgg;g?p ssed
within the spirit of the invention or defi:ged by M pended
claims. 10 49 WHAT IS CLAIMED IS 1 conpoyind O

5 [err]

platelets are suspended at a concentration of 2 x 108 celis/ml in a modified
calcium-free Tyrode's bufter containing 127 mM sodium chloride, 2 mM

- magnesium chioride, 0.42 mM NagHPO4, 11.9 mM NaHCOg3, 2.9 mM KCl, 5.5
mM glucose, 10 mM HEPES, at a pH of 7.35 and 0.35% human serum albumin
{HSA). These washed platelets are activated by addition of human a-thrombin
at a final concentration of 2 units/mt, followed by thrombin inhibitor 1-2581 at a
final concentration of 40uM. To the activated platelets is added
paraformaldehyde to a final concentration of 0.50% and this incubated at room
temperature for 30 minutes. The fixed activated platelets are then collected by
centrifugation at 650 x g for 15 minutes. The platelet pellets are washed four

times with the above Tyrode's-0.35% HSA buffer and resuspended to 2 x 108
cells/ml in the same buffer.

10

Platelet Aggregation As
15

The fixed activated platelets are incubated with a selected dose of the
compound to be tested for platelet aggregation inhibition for one minute and
aggregation initiated by addition of human fibrinogen to a final concentration of
250 ng/mi. A platelet aggregation profiler Model PAP-4 is used to record the
platelet aggregation. The extent of inhibition of aggregation is expressed as
the percentage of the rate of aggregation observed in the absence of inhibitor.
ICs0. i.e., the amount of inhibitor required to reduce the aggregation rate by
50%. is then calculated for each compound (see, for example, Plow, E.F., et al.,
Proc. Natl. Acad. Sci., USA 82, 8057-8061 (1985)).

20

25
ibrinogen-Bindi

Platelets are washed free of plasma constituents by the albumin density-

gradient technique of Walsh, P.N,, et al., Br. J. Haematol. 281-296 (1877), as

30 modified by Trapani-Lombardo, V., et al., J. Clin Invest. 76, 1950-1958 (1985).
In each experimental mixture platelets in modified Tyrode's buffér (Ruggeri,
Z.M., et al., J. Clin. Invest. 72, 1-12 (1983)) are stimulated with human a-
thrombin at 22-25°C for 10 minutes (3.125 x 1011 platelets per liter and
thrombin at 0.1 NIH units/mi). Hirudin is then added at a 25-fold excess

35 (unit/unit) for 5 minutes before addition of the 125|-{abeled fibrinogen and the
compound to be tested. After these additions, the final platelet count in the
mixture is 1 x 1011/liter. After incubation for an additional 30 minutes at 22-
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5 excess of unlabeled ligand. When binding curves are analyzed by Scatchard
analysis, nonspecific binding is derived as a fitted parameter from the binding
isotherm by means of a computerized program {Munson, P.J., Methods
Enzymol. 92, 542-576 (1983)). To determine the concentration of each
inhibitory compound necessary to inhibit 50% of fibrinogen binding to

10

thrombin-stimulated platelets (IC50), each compound is tested at 6 or more

concentrations with 125|-labeled fibrinogen held at 0.176pmolliter (60ug/ml).
The IC5p is derived by plotting residual fibrinogen binding against the
logarithm of the sample compound's concentration.

15 hibition of ADP-Induced ex-vivo Platelet Aaar:

xperi tal Protocol

Control blood samples are obtained 5-10 minutes prior to administration

20  of the test compound in mongre! dogs weighing from 10 to 20 kg. The
compound is administered intragasticly, via aqueous gavage, or orally, via
gelatin capsule. Blood samples (5 ml) are then obtained at 30 minute intervals
for 3 hours, and at 6, 12, and 24 hours after dosing. Each blood sample is
obtained by venipuncture of the cephalic vein and is collected directly into a

25

plastic syringe containing one part 3.8% trisodium citrate to nine patrts blood.
i i ; T i

The blood samples are centrifuged at 1000 rpm for 10 minutes to obtain
30 platelet rich plasma (PRP). After removal of the PRP, the sample is centrifuged
for an additional 10 minutes at 2000 rpm to obtain platelet poor plasma (PPP).
Platelet count in the PRP is determined by using a Coulter Counter (Coulter
Electronics, Hialeah, FL). If the concentration of platelets in the PRP is greater
than 300,000 platelets/ul, then the PRP is diluted with PPP to adjust the platelet
35 count to 300,000 pfatelets/pl. Aliquots of PRP (250 ul) are then placed in
siliconized glass cuvettes {7.25 x 55 mm, Bio/Data Corp, Horsham, PA).
Epinephrine (final concentration of 1 uM) is then added to the PRP, which is



hat er ocycl yl, heterocyclylal kyl, substituted heLﬁ
[err] and [err] are independently -H, alkyl, cyjc

ctyt-attp-—t err] where
Eg*fﬁy@;&ﬁ@f%?ﬁy%‘f&&'al yl al kyl ,

30 al kyl cycl oal kyl, al kyl cycl oal kyl al kyl, aryl j aral'Kyl,~—arkyl aryl, or
al kyl aral kyl ,” and [err] REPLACENMENT SHEET [ ¢rif] ?425.{;?89&7 al kyl, aryl,
i to 4,

or aral kyl;

phar maceutically acceptable salt thereof

10

15

20

mis 1to5 5nis 0to 6 ggdpis, or a

incubated for one minute at 37 °C. A stimulator of platelet aggregation, ADP at
a final concentration of 10 uM, is then added to the PRP. Platelet aggregation
is monitored spectrophotometrically utilizing a light transmission aggregometer
(Bio/Data Platelet Aggregation Profiler, Model PAP-4, Bio/Data Corp, Horsham,
PA). For compound to be tested, the rate of change (slope) of fight
transmittance and the maximum light transmittance (maximum aggregation) is
recorded in duplicate. Platelet aggregation data are reported as the percent
decrease (mean £ SEM) in slope or maximum aggregation as compared to
data obtained from control PRP, which is prepared from blood samples
obtained prior to administration of the test compound.

Compounds of the present invention exhibit marked activity in the
foregoing tests and are considered useful in the prevention and treatment of
thrombosis associated with certain disease states. Antithrombotic activity in the
ex vivo canine platelet aggregation assay is predictive of such activity in
humans (see, for example, Catalfamo, J. L., and Dodds, W. Jean, "Isolation of
Platelets from Laboratory Animals®, Methods Enzymol. 169, Part A, 27 (1989)).
Results of testing of compounds of the present invention by the above methods
are presented in the table below. Also presented in the table are comparative
test results for 4-4(piperidyl)butanoyl glycyl asparty! tryptophan, i.e., the
compound disclosed in European Patent Application Publication No. 0479,481.
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4.

hydr oxyet hyl , mercapt onet hyl, 2-nethylthioethyl, car
car boxyet hyl , 4-am nobutyl, 3-guani di nopropyl, cycl
al kyl cycl oal kyl , al kyl cycl oal kyl al kyl, or, in conbi
5. )
wherein B is al kyl, cycloal kyl, 35 cycl oal kyl al kyl , aszﬂANC§??|
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B is al kyl,

cycl oal kyl ,

cycl oal kyl al kyl ,

al kyl cycl oal ky! ,

al kyl cycl oal kyl al kyl, aryl, aral kyl, alkylaryl, or al Ryt Bty S
-H, “alkyl, cycloalkyl, cycloalkylal kyl, alkylcycl oal k’;?ﬁEsLﬁéCMENT SHEET

al kyl cycl oal kyl al kyl , aryl, substituted aryl, aral kylj, substltued aral kyl,
Lis [err] or [err], where [err] and [err] are indepgnde A wﬁgk |} 15
cycl oal kyl, cycl oal kyl al kyl , al kyl cycl oal kyl, APkyIC)cIoaIk alky |,
aral kyl, alkylaryl, or alkylaralkyl, ms | to 5, 20 m-s2t-e6and] pi s
1 or 2; or a pharmaceutically acceptable salt thereof. 25 7. A conpolnd

of claim6 wherein Ais -H,

10

One skilled in the art will readily appreciate that the present invention is
well adapted to carry out the objects and obtain the ends and advantages
mentioned, as well as those inherent therein. The compounds, compositions,
and methods described herein are presented as representative of the preferred
embodiments, or intended to be exemplary and not intended as limitations on
the scope of the present invention. Changes therein and other uses will occur
to those of skill in the art which are encompassed within the spirit of the
invention or defined by the scope of the appended claims.



30 ., B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
al kyl cycl oal kyl al kyl, J is -H al kyl, cycloal kyl, cycl oal kyl al kyl,
,al kyl cycl oal kyl', "or aIRyIcycToarkyIaIkyI mis geand.nis3dord..s

8. A conpo rein Ais -H B is &l REPLAGERIENT iSHEAT Ky ,
cycl oal kyl , Tﬂuﬂllm"mrﬂ“ mr [err] and [err] ar¢ imdependentty—t H
al kyl, cycl oal kyl © cyclwalxyl+al kyl, al kyl ggcl oal kyl, allefﬁﬁl‘f%} kyl al kyl ,

WHAT IS CLAIMED 1S:

1. A compound of the formula

r_{caﬂgn\ _ O
—(CHZ)—c—-N—-(CHg)—c—NH CH-~ C-2

A/ CH,COOH

i wherein:
10 A is -H, amidino, or substituted amidino;

B is alkyl, cycloalkyl, cycloalkylalky!, alkylcycloalkyl, alkylcycloalkylalkyl,
aryl, aralkyl, alkylaryl, or alkylaralkyl;

q
—N—CH—CJ—G
E F g

15 Zis , where

E is =H or, in combination with F, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring,

20 F is the a-carbon side chain of a naturally occuring a-amino acid, -H,

alkyl, cycloatkyl, cycloalkylalkyl, alkyicycloalkyl, alkylcycloalkylalkyl, aryi,
substituted aryl, aralkyl, substitued aralkyl, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylalkyl, or, in combination

with E, forms a 4-, 5-, 6-, or 7-membered azacycloalkane ring,
25

G is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalky!,
aryl, substituted aryl, aralkyl, substituted aralky!, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylatkyl, ORT, or NR1R2,
where R and R2 are independently -H, alkyl, cycloalkyl, cycloalkylatky!,

30 alkylcycloalkyl. alkyicycloalkylalkyl, aryl, aratkyl, alkylaryl, or alkylaralkyi, and

risOor1;



3 or 4, and 20 pis 1. 9. A conpound of claim?7
[N-(4- (pi peri di n-4-yl)butanoyl)-N-ethyl gl ycyl ] aspartyl]
5 - e ? I
(4- (pi peridin-4-yl ) but anoyl ) - N et hyl gl yeyl REERARENANT BHEEY ifne.
(3-(p MBH panoyl ) - N-ef hyl gl ycyl | aspartyl] valii ne,
(5-( p” ’m ,m'} I mt anoyl ) - N e'ilchyl gl ycyl ] agphda 1Halji rfe,
(4- (pi peri din-4-yF)butanoyl )-N-ethyl gl ycy] Jaspartyl]-L-[drr]] -
|l yci ne, 35
N-(4- (pi peridin-4-yl)butanoyl)-Nethylglycyl]laspartyl-ferc]-

exyl al ani neR is H-, atkyl, aryl, or aratkyl,

mis1ito5;
5
nis 0 to 6; and
pis1to4;
10 or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1 wherein F is -H, alkyl, hydroxymethyl, 1-
hydroxyethyl, mercaptomethyl, 2-methyithioethyl, carboxymethyl, 2-
carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalkyl,

15 alkylcycloalkyl, alkylcycloalkylalkyl, aryl, substituted aryl, aralkyt, substituted
aralkyl, heterocyclyl, substituted heterocyclyl, heterocyclylatkyl, substituted
heterocyclylalkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered

azacycloalkane ring, provided that heterocyclylalky! is other than indol-3-
yimethyl.

20

3. A compound of claim 2 wherein F is -H, alkyl, hydroxymethyl, 1-
hydroxyethyl, mercaptomethyl, 2-methyithioethyl, carboxymethyl, 2-
carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalky!, cycloalkylalkyl,
alkylcycloalkyl, alkylcycloalkylalkyl, aryl, substituted aryl, aratkyl, substituted

25 aralkyl, or, in combination with E, forms a 4-, 5-, 6-, or 7-membered
azacycloalkane ring.

4. A compound of claim 3 wherein F is -H, alkyl, hydroxymethyl, 1-
hydroxyethyl, mercaptomethyl, 2-methylthioethyl, carboxymethyl, 2- '
30 carboxyethyl, 4-aminobutyl, 3-guanidinopropyl, cycloalkyl, cycloalkylalky!,
alkylcycloalkyl, alkyicycloalkylatkyl, or, in combination with E, forms a 4-, 5-, 6-,
or 7-membered azacycloalkane ring.

5. A compound of claim 4 wherein B is alkyl, cycloalkyl,
35 cycloalkylalkyl, alkylcycioalkyt, or alkylcycloalkylalkyl.

6. A compound of the formula



S3 N[ N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylglycyllaspartyl] norleucine,
N-[N-[N-(4-(pi peridin-4-yl )but anoyl)-N-ethyl gl ycyl Rm&%m'%f( , 2-

di met hyl ) prop3-yl gl ycine, vt a
N—[N—[N—(4(p|p yl')-N-ethyl gl ycyl r -L-[erf]-cis-
decahydr onapht heulmg mr""”gﬂm 520'2 ,}%@@7
N-[N-[N-(4-(pi perl di n4LyI)‘bufan’oyI) N- et hy]1 gl ycyl] aspartyl -a- 10} :

am nocycl ohexanecar boxyl ic acid, '

N[N [ N (4-(pi peri di n-4-yl) but anoyl ) - N- et hyl gl ycHtaspartyhdedar ]l cycl ohex
yl - D-al ani ne,

N-[N-[N-(4-(pi peﬁ_m( Hdnyl ) but émoyl )-N-et r?I gl yeyl as(PartyI ]- [eor]

decah dronaphth

lala bwe)—c—N-(CHz)-C NH=GH~G=NH—GH~C—L

CHZCOOH J
wherein:
5
A is -H or amidino,
B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloaltkyl, alkylcycloaikylalkyl,
aryl, aralkyl, alkylaryl, or alkylaralkyl,
10

J is -H, alkyl, éycloalkyl. cycloalkylalkyl, alkylcycloalkyl,
alkylcycloatkylalkyl, aryl, substituted aryl, aralkyl, substitued aralkyl,

Lis OR1, or NR1R2, where R and R2 are independently -H, alkyl,
15  cycloalkyl, cycloalkylalkyl, alkyleycloalkyl, alkylcycloalkylalkyl, aryl, aralkyl,
alkylaryl, or alkylaralkyl,
mis 1to5,
20 nis 2 to 6, and

pistor2;

or a pharmaceutically acceptable salt thereof.

25
7. A compound of claim 6 wherein
A iS 'Hc
30 B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl,

J is -H, alkyl, cycloalkyl, cycloalkytalkyl, alkylcycloalkyl, or
alkylcycloalkylalkyl,



N-[N-[N-(4 (pi peH-di#&yL)butanoyl) N-et hyl gl ycyl Jaspartyl]-[err]-
cycl ooct yl al ani ne,

D v R

N-[N-[N-(4-(pi per|d| n- -y'f)tfutatnoyl) N-et hyl gl yecyl Jjagpagteyhl ol 141(4- 25
cycl ohexyl ) cycl ohexyl al ani ne, Q’ 2 JA& }SH
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]
cycl oheptyl al ani ne, 30
N-[ N-[ N-(4-(pi perlfmsrﬂ@rﬂ ) but anoyl ) - N- et hyl gl ycyl | aspar Ty i=a=——-
cycl ohexyl propyl gl ycine, N-[N-[N
-(-(piperidin-4-yl)| @rrpyl)-l\l-ethyl gl ycyl]aspartyl]-[err]-
cycl ooct yl net hyl al'ani ne, '35
N-[N-[N(4- (p| peri di n-4-yl)butanoyl)-Nethyl gl ycyl ]aspartyl]-[err]-

8. A compound of claim 7 wherein

Ais-H,
B is alkyl,
10
J is alkyl, cycloatkyl, or cycloalkylalkyi,
R1 and R2 are independently -H, alkyl, cycloalky!, cycloalkylalkyl,
alkylcycloalkyl, alkylcycloalkylaikyl,
15
mis 3,
nis 3 or 4, and
20 pis 1.

9. A compound of claim 7 which is

N-{N-[N-(4-{piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl] valine,
* N-[N-[N-(4-(piperidin-4-yl)butanoyl}-N-ethylglycyllaspartyl}-D-valine,

N-[N-[N-(3-({piperidin-4-yi}propanoyl)-N-ethyiglycyllaspartyi] valine,
30 N-[N-[N-{5-(piperidin-4-yl)pentanoyl)-N-ethylglycyl]aspartyi} valine,

N-[N-[N-{4-{piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-L-a-cyclohexyt
glycine,

35 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethyiglycyllaspartyl}--
cyclohexylalanine,



: N -
C%/Kll- ?Fl\)l??zlyl( S: Sglr ingi n-4-yl ) butanoyl ) - N-et hyl gl ycyl ] SWLE@%R}IE“H%%H
decahydr onapht h- 1- yt—at-antne,—or 5 —

[ I dj - chyI]aspartylé--[-[err]-(Z-
o ohecl vty e ) ot ] oal BHe BN V97 hér dof . 10
yglcl E)heiyl et hyl )gﬂli]lﬂﬂm mm&mm;mceut i cally acdept a

ﬁft N- [Al\f?zl-o?ginge(r)i di n-4-yl)butanoyl) - N-et hybgl ycylj] aspar t yI'T phienyl @l ani ne,

N-[N-[N-(4-(pi peridin-4-yl)butanoyl)-Nethylglycyltaspartyll-Terr]-J15
TR DN (o (pi per 0 e 515 BRSSP SRvtenayh o-gtyighesassas orbginh napht
- 1 - yl alanine,

or
N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyI]-L-oz-(2.2-

dimethyl)prop3~yl glycine,

5

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethy!glycyl]aspanyl]-L-B-cis-
decahydronaphth-z-ylalanine.

N—[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl]-a—
10 aminocyclohexanecarboxylic acid, '

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspanyl]-B-cyclohexyl~
D-alanine,

15 N-[N-[N-(4-(piperidin-4-yl) butanoyl)-N-ethylgfycyl]aspartyl]-B-
decahydronaphth-1 -ylalanine,

N-[N-{N-(4~(piperidin-4-yl)butanoyl)—N -ethylglycyl]aspanyl]-ﬁ-
cyclooctylalanine,
20

N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylgchyl]aspartyl]-ﬁ-adamant-
1-ylalanine,

N-[N-[N-(4—(piperidin~4-yl)butanoyl)-N-ethylg!ycyl]aspartyl]-ﬁ-(4-
25 cyclohexyl)cyclohexylalanine.

N-[N-[N-(4~(piperidin-4-yl)butanoy!)-N-ethylglycyl]aspanyl]-B-
cycloheptylalanine,

30 N-[N-[N-(4-(piperidin-4-y!)butanoyl)-N-ethylgchyl]aspanyl]-oc-
cyciohexylpropylglycine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylgiycyl]aspartyl]-B-
cyclooctylmethylalanine,
35

N-[N-[N-(4-(piperidin-4-y!)butanoyl)-N-ethylglycyi]aspartyl]-ﬁ-
cyciopentylalanine
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N-[N-[N-(4-(piperidin-4-yl)butanoyl)-Nethylgl yc;ﬁl asPar-ty
-2- yl alanine,_or a pharmaceutical |y acceptabl e jsdlt thereof 25
11. A conpound of claim7 which is 24 JAN w97

ay —

\-an

D

r

o O RN o v oot

naktal 1l o 3
pa-typdelerr]

.I La¥ el
T

N-[N-[N(4-(pi pé’rl di n* 4- yI )Sbutanoyl) N-ethyl gl ycy
cycl ooct yl al ani ne am de.

N-[N-[N-(4-(piperidi n-4-y|)butanoy|)-|\|—ethy| gl ycyl Jaspartyl]-[err]-

cycl ohexyl met hyl al axH{N¢Ne@(giperidin-&¥yl)butanoyl)-N-ethyiglycyljaspartyl}-L-B-

N-[N-[N-(4-(pi p@é&aﬂ?ﬂr@ﬁéé@%ﬁ&%%ﬁkf Methylglycyl]aspartyl]-[err]-

cycl ohexyl ai ani ne e

5 N-{N-[N-(4-(piperidin-4-y)butanoyl)-N-ethylglycyl]aspantyl}-L-a-(2-

cyclohexylethyl)glycine,
or a pharmaceutically acceptable salt thereof.

10 10. A compound of claim 7 which is

ri] - napht h

]-cycl oh

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl] phenylalanine,

N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl]-B-
15 (1,2,3,4)-tetrahydronaphth-5-ylalanine,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl}-L-B-naphth-1-

yl alanine, or

20 N-{N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl]-L-B-naphth-2-

yl alanine,
or a pharmaceutically acceptable salt thereof.

25 11. A compound of claim 7 which is

N-[N-[N-{4-(piperidin-4-yl)butanoyl)-N-ethyliglycyllaspartyl]-L-B-cyciohexyl

alanine amide,

30 N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyllaspartyl]-B-

cyclooctylalanine amide,

N-[N-[N-(4-(piperidin-4-yl)butanoy!}-N-ethyiglycyllaspartyi]-B-
cyclohexylmethylalanine amide, or

35
N-[N-[N-(4-(piperidin-4-yl)butanoy!)-N-ethylglycyljaspartyi}-B-

cyclohexylalanine ethyl amide,



N\

C L, Nor a pharmaceutically acceptable salt ther A conpound of

claim6 which is

RCP
N-[N-[N-(4-(pi peridin-4-yl)butanoyl)-Nethylglycyl] 3 LACEML Téjﬁg r]-cycl oh

exyl al ani ne,

et hyl ester

AR, o |

3- Adamant - 1- yl pr opyl - N- N-(4-(piperldin-4-yl) butpnoyl)-N

ethyl gl ycyl Jaspartate, or a pharmaceutically acceptable-salt theregf. 13. A

conpound of claim1 1which is
N-[N- [ 6ﬁérma[&gﬂﬁéyilp adedpraOH A Mbaoft ethyl gl ycyl [aspartyl]-

et hyl am ne, or

2-cycl ohexyl -

N-[N-[ N-(4-(piperidln-4-yl)butanoyl)-Nethylglycyl]aspartyl]-a-

5

10

15

20

25

30

35

12. A compound of claim 6 which is

N-[N-[N-(4-(piperidin-4-yl)butanoyl)~N-ethylglycyl]aspartyﬁ-L-ﬁ-cyclohexyl
alanine, ethyl ester,

N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl}-B-
cyclohexylmethylalanine ethyl ester, or

3-Adamant-1-ylpropyl-N-[N-(4-(piperidin-4-yl)butanoyl)-N-
ethylglycyllaspartate,

or a pharmaceutically acceptable salt thereof,

13. A compound of claim 1 which is

2-cyclohexyl-N-[N-[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyljaspartyl}-
ethylamine, or

N-[N-[N-(4-(pi'peridin-4_~y|)butanoyl)-N-ethytglycyl]asparty!]-a-
cyclohexylmethylethanolamine,

ora pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition comprising an antithrombotic

eftective amount of a compound of claim 1 and a pharmaceutically acceptable
carrier.

15. A pharmaceutical composition comprising an antithrombotic

effective amount of a compound of claim 6 and a pharmaceutically acceptable
carrier.

16. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeutically effective amount of a compound of claim 1.

Sheet Has Been Replaced

TR



cycl ohexyl net hyl et hanol aml ne,

or a pharnaceuti cal yﬁ&ﬁﬁéwaﬂﬂ@ﬁggﬂ

thereof. 14. A pharnaceutical conposition conprigi fg-amant tic
effective am)unt of a conpound of claim1 and a phaf r’@c‘ﬁﬂéﬁc% ceptable
‘carrier. A pharmaceutical conposition conprikihg<d otic
effective amuﬂlmmﬁmnuﬂﬂmmm claim6 and a pharraceutical : ] cept abl e
carrier. laim1l for Sése in he preparatlono

medi cament for fhe’ pr‘evé’ntlon or treatnent of thronmbosrs—+f—a—aa

17. A compound of claim®6 for use in the manufacture of a medi carrent

10

17. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeuticalily effective amount of a compound of claim 6.

18. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeutically effective amount of the composition of claim 13.

19. A method for the prevention or treatment of thrombosis in a
mammal in need of such therapy comprising the administration of a
therapeutically effective amount of the composition of claim 14,

i [ I
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for, the preventlon or treatnent of thronb05|s I n A conpound

of* the formula [err] wherein: B is alkyl, cyclaalik ‘?4%é @gk | al kyl ,
<dl kyl cycl oal kyl . al kyl oycl oal kyl al kyl, aryI arfal tk y or

al kylaralkyl; E is -Hor, in conblnatlon mnth F, fﬂr"t a4 6-, or
7- menber ed azacycloalkane ring, or av B?btected analogue thereof
precursor substituents thereto; F is the err&
natural ly occ fgukgnﬁbrau1NDAGEGHQALK¥LQ@K5$ 24% ,
cycl oal kyl al kpsgupbegeyebis| kyl , al kyl cycl oal kyl al kyl, aryl, substituted
aryl, aral kyl, substituted: aralkyl het er ocycl yl, substituted

het erocycl yl, heterocyclyl al kyl, subs esykgdphet erocycl yl al kyl, or, in
conbi nati on with E, forms a 4-, 5, 6-, ar /-nmenbered azacycl oal kane ri ng,
or a protected anal ogue thereof or precursor substituents thereto;

The present invention relates to azacycloalkylalkanoyl

peptides and pseudopeptides which inhibit platelet

5 aggregatién and thrombus formation thereby being useful in
the prevention and treatment of thrombosis associated with
disease states such as myocardial infarction, stroke,
peripheral arterial disease, and disseminated intravascular
coagulation, to methods for the prevention or treatment of

10 thrombosis in a mammal in need of such therapy comprising
the adninistration of a therapeutically effective amount of
such compounds, and to pharmaceutical compositions

comprising such compounds.

ep\aced
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G -lIs alxkyl, cycl
al kyl cycl oal kyl a
het ef'ocycl yl, sub
het er ocycl yl al kyl

YREPLACYMENE BHEET t

t froted—heter oTyC

ut ed -aryl,

er 11 Where [err]
-H, - al kyl, cycl oalkyl ,{%@VOQ%I al kyl, 43 kyl oyc

al kyl cycl oal kyl al
protected anal ogu
pis1lto 4; and

yhb—aryl —aral i/l | al Kyl aryl,

thereof or precufsor substi

al kyl cycl oaSétyemeadl kyl cycl oal kyl al kyl ,

yl, heterocy

acid protecti

conpound of claim 18 wherein B is alkyl, cycloal kyl, d
DATE OF RECEIPT .. Bt

al kyl , al kyl cycl oal kyl ,

aralkyl

WE T3 Hos
substituted aral kyI

tuén

A dyl EF!?%’ ACENTENT §ﬁé’é§§]

é)r%jal }’

e udapgn

kyl at al kyl ', _",a_ o
‘thereto: r |s 0 R

emJ 3{ -

4 8

gdgroups - 57 19% - jpegsd .

cycl oal kyl al kyl

0
U
Py=NH-CH~ ~C-OH + HN—-CH—( )—e' P P~ NH- CH-C-—N—CH—-( )—

GHg T -OPz F

c:t-{.‘,-c-op2 E
o

CH»- C"OPz F
O

H~ N-(CHz)—c NH=CH- C-—N—CH—( )-—G‘

CH2°C"OP2 F
(a:l:') &

1} couple ?(Rh) m O

deprotect NH~ CH-G-—N—-CH—(D)—G‘ + Py N—(CHZ}—C-

+R‘——

/
Al

@)

1) couple

2} deprotect

L

——(CHz}— C~0H

E (o)
2) deprotact - R/-t.q _‘_’(CHZ}—'C“'N‘(CHz)'C—NH-CH C—N-—CH—-(C)—G

CH,COOH F

A

whereln A, B'..E. F. G, R, m, n, p, and r are &s defined hersinabove;

A, E‘. F', G, and R'are A, B, E, F, G, and R, respectively, or are protected

analogues thereof, or precursor substituents thereto; and

. P1,. P2, and P3 are ammo acid protecting groups.

The compounds of fonnula (I]I) also constitute a feature of the invention.

The compounds of the-present-lnventron are available generally by
Inltially coupling the appropriate amino acid or other appropriate Z group
precursor, where Z is as defined hereinabove, which contains a free primary or
secondary amine 1o the free catboxylic acid portion of a protected derivative of

aspatrtic acid.

The functional groups of aspartic acid or any functional groups of the Z
group precursor which are not to bs coupled are protected whare necessary by
blocking groups to prevent cross reaction during the coupling procedure, as
are the amino acid derivatives and azacycloalkylalkanoic acid derivatives used
in subsequent synthetic steps. These blocking groups include N-a-tertiary

SbeXS ¥
1 [\\\(\




aryl, aralkyl, alkylaryl, or alkylaralkyl, E is -H or a protected

anal ogue thereof or precursor substituents ther[ei_m E_is -H alkyl,
cycl'oal kyl, cycl oal kyl al kyl, al kyl oycl oal kyl, gl REPCACERERTKY) |, aryl,
substi t ut ed aryl, aral kyl or ‘substitued aral kyl nal ogue

t hereof or pre

[err] and [err] mnmu‘mmgm E‘; tuer:fﬁ SG clz o:{&ﬂe’féﬁﬂeg } y}M;Flr(;I,
a

al kyl cycl oal
aIkyIaraIkyI

kyl ,* alckykcyel oa al kyl, aryl, a

vl alkylary], | or
‘I’ISl and pis | or2. '

or a pharmaceutically acceptable salt thereof.
12. A compound of claim 6 which is

N-[N~[N-(4-(piperidin-4-yl)butanoyl)-N-ethylglycyl]aspartyl}-L-8-cyclohexy!
alanine, ethyl ester,

N-[N-[N_-(4—(piperid‘m-dg-yl)butanoyl)-N.-ethylgiycyl]aspartyl]T&
cyclohexylmethylalanine ethy! ester, or

3-Adamant-1-ylpropyl-N- [N~(4-(pzperldln-4-yl)butanoy!) N-
ethylglycyllaspartate,

or a pharmaceutically acceptable salt thereof.
13. A compound of clalm 1 which is

2-cyclohexyl-N [N-[N-(4-(plperldin-4-yl)butanoyl)-N-ethylglycy[]aspartyu-
ethylamine, or

-[N-[N-(4-(plperldln-4-yl)butanoyl)-N-ethylglycyl]asparty(]-a—
cyciohexytmethylethanolamlne.

ora pharmaceutlcally-acceptable salt thereof.

14, A phamaceutical composition comprising an antithrombotic
effective amount of a compound of claim 1 and a pharmacsutically acceptable
carrier.

15. A phammaceutical composition comprising an antithrombeotic

effective amount of a compound of claim 6 and a pharmaceutically ac¢eptable
carrier.

16. A compound of claim 1 for use in the preparation of a medicament

for the prevention or treatment of thrombosis in 8 mammal.
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17. A compound of claim 6 for use in the manufacture of a medicament

for the prevention or treatment of thrombosis in a mammal.
18. A compound of the formula

0
H~N- ~(CH ;—C-~ NH-——([:H -—C-—N—-—CH—( )G‘

8 CH,=C~OP, -
0

wherein:

8 i alkyl, cycloalkyl, cycloalkylalkyl, alkyleycloalkyl, alkylcycloafkylalkyl,
aryl, aralkyl, alkylaryl, or alkylaralkyt;

E'is -H or, in combinatidn with £, forms a 4, §-, 6-, or 7-membered
azacycloalkane rmg, or a protected analogue thereof or pracursor substltuents
thereto;

F' is the a-carbon side chain of a naturally oceuring e~amino acid, -H, alkyl,
cycloalky[ cycloaltkylalkyl, alkylcycloalkyl. alkyleycloalkylalkyl, aryl, substituted
aryl, aralkyl, substituted: aralkyl, heterocyclyl, substituted heterocyoely!l,

B ~ heterocyclylalkyl, substituted heterocyclylalkyl, or, in combination with E, forms a
4-, 5-, 6-, or 7-iembered azacycloalkane ring, or a protected analogue thereof
or precursor éub}stﬁuents thereto;

‘G’ Is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyf,
aryl, substituted aryl, aralkyl, substituted aralkyl, heterocyclyl, substituted
heterocyclyl, heterocyclylalkyl, substituted heterocyclylatkyl, OR1, or NR1R2,
whers R1 and R2 are independently -H, alkyi, cycloalkyl, cycloalkylalkyl,
alkyleycloalkyl, alkylcycloalkylatkyl, aryt, aralkyl, alkylaryl, or alkylaralkyl, ora
protected analogue thereof or precursor substituents tharato:

ris 0 or1;
pis 1to4;and

P, is an amino acld protecting group.
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19. A compound of claim 18 wherein

B is alkyl, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylalkyl,
aryl, aralkyl, alkylaryl, or alkylaralkyl, )

E' is -H, or a protected analogue theraof or precursor substituents therato;

£ is -H, alky!, cycloalkyl, cycloalkylalkyl, alkylcycloalkyl, alkylcycloalkylatkyf,
aryl, substituted aryl, aralkyl or substitued aralkyl, or 2 protected analogue
thereof or precursor substituents thereto;

G'1s OR1, or NR1RZ, where R and R are indspendently -H, alkyl,
cycloalkyl, cycloalkylalkyl, alkyleycloalkyl, alkylcycloalkylalkyl, aryl, aralkyl,
* alkyfaryl, or alkylaralkyi;

ris 1; and

pisfor2.
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ANTITHROMBOTIC AZACYCLOALKYLALKANCYL PEPTIDES AND

PSEUDOPEPTIDES
ABSTRACT

The present invention relates to azacycloalkylalkanoyl

peptides and pseudopeptides which inhibit platelet

5 aggregation and thrombus formation thereby being useful in
the prevention and treatment of thrombosis associated with
disease states such as myocardial infarction, stroke,
peripheral arterial disease, and disseminated intravascular
coagulation, to methods for the prevéntion or treatment of

10

thrombosis in a mammal in need of such therapy comprising
the administration of a therapeutically effective amount of
such compounds, and to pharmaceutical compositions

comprising such compounds.



