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NOVEL PLATELET-AGGREGATION INHIBITORS

Abstract of the Disclosure

Novel peptide mimetic compounds are
provided which have useful activity as inhibitors
of platelet aggregation. These compounds have the
chemical structure

HNQ§; . ﬁ . -z
/C-NH- (CH,) ,~W~C-Asp~NH~CH=- (CH,) y AL
H,N |
wherein x = 4 to 8,
y = 0 to 4,
W = CH,-CH, or CH=CH,
Z = H, COOH, CONH,, CH,OH, CO,R,

CH,OR or C,, alkyl,
R = C,, alkyl,

Ar = a nitrogen-containing heterocyclic
group other than pyridyl, and '
Asp = aspartic acid residue.
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NOVEL PLATELET-AGGREGATION INHIBITORS

Background of'the Invention

This invention,relates to novel
10  peptide mimetic compounds having aotivity as 1lnhibitors
o of platelet aggregation. _ “ '
Fibrinogen is a glycoprotein present as a
normal component of blood plasma. It participates in
platelet aggregation and fibrin formation in the
15 blood clotting mechanisn.
Platelets are cellular elements found in
~ whole blood which also participate in blood
coagulation. Fibrinogen binding to platelets is
important to normal platelet function in the blood
20 coagulation mechanism. When a blood vessel receives
an ihjury, the platelets blndlng to flbrlnogen w1ll
initiate aggregatlon and form.a thrombus° -
Interactlon of flbrlnogen with platelets occurs
through a membrane glycoproteln complex, known.ae

:25 gpIIb/IIIa, this is an 1mportant feature of the
' platelet function. Inhibitors of thls 1nteract10n

are useful 1n modulatlng platelet thrombus formetlon
It is also known that another large o
glycoproteln named flbronectln, which 1s a major
30 extracellular matrix protein;:interactstith.
' fibrinogen and fibrin, and with other_structural
molecules such as actin, collagen.and proteoglycans.
Various relatively large polypeptide‘fragments in the

.....
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cell-~binding domain of fibronectin have been found to
have cell-attachment activity,m"See U.S. Patents
4,517,686; 4,589,881; and 4,661,111. These
polypeptides include an internal amino acid sequence
Arg-Gly-Asp=-Ser. Certain relatively short peptide
fragments from the same molecule were found to
promote cell attachment to a substrate when

immobilized on the substrate or to inhibit attachment
when in a solubilized or suspended form. See U.S.

Patents 4,578,079 and 4,614,517. These peptides were
defined as

X~Arg-Gly-Asp-R=Y
wherein X = H or amino acid,

i

Thr or Cys;
and
X-Arg-Gly~Asp-Ser~Y
wherein X = H or amino acid,
Y = OH or amino acid.

In U.S. Patent 4,683,291, inhibition of
platelet function 1s disclosed with synthetlc
peptides designed to be high affinity antagonists of
fibrinogen binding to platelets. These synthetic '
peptides have up to 16 amino acid residues with

| Arg-Gly~ASpwVal'or

Arg-Gly- Asp -Ser
at the C-termanal.

Similar synthet1c peptldes whlch contaln
the Arg~Gly-Asp sequence and their use as inhibitors
of fibrinogen blndlng_to platelets are_dlsclosed_by
Koczewiak et al., Biochem.jgg,.1767+1774 (1984); Plow
et al., Proc. Natl. Acad. Sci. gg,'8057e8061 (1985);

' Ruggeri et al., Ibid. 83, 5708~5712 (1986); Ginsberg

et al., J. Biol. Chem. 260 (7), 3931-3936 (1985);
Haverstick et al., Blood 66 (4), 946-952 (1985); and
Ruoslahti and Pierschbacher, Science 238, 491-497
(1987). Still other such 1nh1b1tory peptldes are
disclosed in EP Patent Appllcatlons 275,748 and
298,820. |
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In U.S. Patent 4,857,508, certain novel
tetrapeptide derivatives are disclosed which have
enhanced activity as inhibitors of platelet
aggregation. These tetrapeptide derivatives
contain the sequence X-Gly-Asp-Y in which X and VY
are defined to comprise a variety of organic
moieties. An illustrative preferred example is
Arg~Gly-Asp-(O-methyl-Tyr) -NH,.

Brief Description of the Invention

In accordance with the present invention, novel
peptide mimetic compounds are provided which have
useful activity as inhibitors of platelet
aggregation. They are believed to act by
antagonizing interactions between fibrinogen
and/or extracellular matrix proteins and the
platelet gpIIb/IIIa receptor. The novel inhibitor
compounds of this invention have a guanidino group
at the N-terminus, a pseudOpeptlde or peptlde
nmimetic bond in the chain and a nitrogen-
containing heterocyclic group at the C-terminus.

These peptide minetic COmpounds'can be represented
by the following chemical structure:

HN 0 7

N\

H,N

C-NH- (CH,) x—w-[l:-Asp-NH-CH— (CH,) ,~Ar

4 to 8,

0 to 4,

H, COOH, CONH2 / CH OH, CO,R,

,CHZOR or C, ¢ alkyl

Ci.¢ alkyl,

a nltrogen~conta1n1ng heterocyclic

group other than pyridyl, and
aspartic acid residue. .

wherein x

Hon i

N X} 8G

R X
{0

A

AsSp

.....

"""""
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The nitrogen-containing heterocyclic group
1s preferably selected from the group consisting of
substituted or unsubstituted 5~ or 6-membered
heterocycles, purines, and 5- or 6-membered hetero-
cycles fused to a benzene or tetrahydrobenzene ring.

The S-membered heterocycle preferably is a
pyrrole group, e.g. 2~(3~pyrrolyl)ethyl amide or
3=pyrrolyl alanine.

The 6-membered heterocycle preferably is a
pyrazine group, e.dg. pyrazinamide; or a pyrimidinyl
group, e.g. 2,4~diaminopyrimidine,
2=0Xy~-4-aminopyrimidine (cytosine),
2,4~-dioxypyrimidine (uracil) or
2,4~dioxy-5-methylpyrimidine (thymine).

The purines are illustrated by
2,6~diaminopurine, 6-aminopurine (adenine),
2-amino-6~oXypurine (guanine), l-methyl-guanine,
N?=-dimethylguanine, hypoxanthine and
l-methyl-hypoxanithine.

The 5-membered heterocycle fused to a benzene
or tetrahydrobenzene ring preferably is an 1ndolyl '
group, e.g. 2-(3- 1ndolyl)ethyl amide (tryptamine),
2~ am1no~3~1ndolylpr0p10n1c a01d (tryptophan),
or a tetrahydroindolyl group o .

The 6-membered heterocycle fused to a'
benzene or tetrahydrobenzene rlng preferably is a
quinoline or qulnoxallne derlvatlve These are
illustrated by a qulnollnyl group, e.g. 2~ qulnollnyl
an 1soqu1nollnyl group, qulnoxallnyl or
tetrahydroquinolinyl. ‘ '
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The nitrogen-containing heterocyclic group
can be unsubstituted or substituted with, e.qg. OH,
C,.g alkyl, OR in which R = Cy ¢ alkyl, amino, nitro
or halo, e.g. Cl, Br or F. These substitutions can
be on any available position on the ring. In a
preferred group of the novel peptide mimetic compounds,
X =5 to 6. In the peptide mimetic compounds in which
W 1is CH=CH, a trans double bond is preferred.

When compared structurally with the
Arg-Gly-Asp-(O-methyl-Tyr)~NH, and other tetrapeptide
derivatives of U.S. Patent 4,857,508, it will be seen
that in the present compounds a peptide bond

O
|
(=C=N-)
H

1s replaced with a pseudopeptide or peptide mimetic
bond (~CHz~CHz~) linked to an N-terminal guanidino
group, and a nitrogen-containing heterocyclic group
1s at the C-terminus. Thus, in an illustrative preferred
compound of the above group in which x =5, y =1, W
= CHz-CHy, Z2 = COOH and Ar = 3~indole, namely
8- guan1d1no~octanoyl~Asp~Trp, the amide bond between
the N-terminal residue and the glycine residue is
replaced with a pseudopeptide bond and a tryptophan
residue is at the C-terminus. '

The novel 1nh1b1tor compounds of this.
invention are more reeistant to proteolysis than the
prior inhibitors without the pseudopeptide-bond and
thus have longer duration of activity. These novel
compounds are active 1nh1b1tors of platelet aggre-
gation. In an in vivo thrombocytopenia assay, the
preferred 8-guanidino-octanoyl-Asp-Trp was actlve at
an effective dose of about 0.05 mg/kg-of body weight,

-------
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Detailed Description of the Invention

The novel platelet aggregation inhibitors

of the present invention can be prepared by methods
analogous to conventional peptide synthesis. Thus,

sultable methods of synthesis are conventional
solution phase peptide synthesis or the
solid phase synthesis of Merrifield, J. Amer. Chem.
Soc. 85, 2149-2154 (1963); Science 150, 178-185
(1965); Ibid. 232, 341-347 (1986).

The solid phase synthesis provides a growing
peptide chain anchored by its carboxyl terminus to a
solid support, e.g., a resin such as chloromethyl-
ated polyStyrene resin or p-methylbenzhydrylamine
resin when synthesizing a peptide amide derivative.
The use of various N-protecting groups, e.g. the
carbobenzoxy group (Cbz), the t-~butyloxycarbonyl group
(Boc) or the N=(9-fluorenyl-methylcarbonyl ) group
(Fmoc), various coupling reagents, e.g., dicyclo-
hexylcarbodiimide (DCC); carbonyldiimidazole or

- disuccinimidyl carbonate (DSC), various cleavage

reagents, e.g., trifluoracetic acid (TFA) in methylene
chloride (CH,Clp) and other such reagents of classical
solution phase peptide synthesis also are used in
conventional solid phase synthesis of peptides.

In the present invention, aspartic acid can

‘be used as the C-terminal moiety of the peptide -

mimetic compound for initiating the solid phase
synthesis, and.protectibn can bé]carried out,with o
Fmoc blocking reagents. An illustrative solid phase
resin is a Sasrin® resin which is commercially ' '
available from Bachem Bibsciences; Philadelphia, Pa.,
and Sigma Chemical Co., St. Louis, Mo. The Fmoc-O-t-
butyl-L-aspartic acid i1s amidated with a suitable
aryl amine, for example, 4-pyridylethylamine and,

following removal of the thutyl group, the product
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is attached to the solid phase resin. 1In a
succeeding step, the Fmoc group is removed from the
aspartic acid residue and the Fmoc protected
aminoalkanoyl group is coupled thereto. Following
removal of the latter Fmoc group, the amino group is
guanidated and the resin is then cleaved off to yield
the desired peptide mimetic product.

The following schematic outline illustrates
the foregoing solid phase synthesis of 8-guanidino-
octanoyl-Asp-2-(4-pyridyl)-ethylamide.

FmoCc-Asp(0O-t-Bu)-OH + Hy;N-(CH;),

Fmoc-Asp ( QO-t-Bu ) -NH~ ( CHQ )2 *\m A/

1) S0% TFA/CH,Cly o
2) DCC/DMAP + Sasrin resin

Sasrin® resin

l Smaamrroen
Fmoc«Asp-NH=-(CH; ), -<\ N

l) 20¥% plperldlne/DMF
2) DCC +_Fmoc~NH-(CH2)7-
COOH |
3) 20% plperldlne/DMF
4) 3,5- -~-dimethylpyrazole-
lncarboxamldlne
NH, Sasrin® resin

| | ——
NH=C~ NH-(CH2)7~CO Asp~NH«(CH2)2-<\
. 7

1% TFA/CHQCIQ'(3x15 min. )

NH,

| | | [
NH=C-NH=- (CH; )7 ~CO-Asp~-NH-(CH, )2 -<\ N
/

,,,,,,
.....



-8~ 07-21(658)A

Another suitable method of synthesis of the
platelet aggregation inhibitors of the present
invention is a solution phase synthesis. This method
can commence with the preparatfgﬁ of an aspartyl
amide which is then coupled with a guanidino alkanoic
acid as i1llustrated in the following schematic
outline for the synthesis of 8-guanidino-octanoyl-
Asp-2~(4-pyridyl)~ethyl amide.

HoN(CH2)7-COOH or Br-(CHz)7-COOH Boc-Asp(0OBzl1)-OH
3,5-dimethyl- guanidine 1) DCC + |
pyrazole- HoN-(CHz),-

. 1=-carboxamidine g
| '<\ ,N

2) TFA/CHyCls
NH2
| —
HN=C-NH(CHj; ) 7~-COOH + H-Asp(le)-NH-(CHz)2-<\ N
1. active ester (DSC) or
mixed anhydride (isobutylchloro-
formate) or acid chloride

(oxalyl chloride)

2. Pd/NH4HCOO/CH30H

NH»

| | e
un=c~nx-(cn2)7-co-Asp-Nu-(cnz)z-_<g:;}r
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An alternate method of synthesis can be
employed for providing a trans-double bond in the
aliphatic chain whereby a guanidino trans-2-alkenoic
acid is used as an intermediate instead of the
guanidino alkanoic acid. In this synthesis, a
suitable w-amino alkanol, e.g. 6~amino-l-hexanol, is
used as the starting material instead of an w-amino
alkanoic acid. After protecting the amino group, the
amino alkanol is oxidized to an aldehyde, converted to
the trans-2-alkenoic acid and, after removing the
protecting group, is guanidated to the guanidino
trans-2-~alkenoic acid. The latter compound can then
be used as an intermediate in place of the guanidino
alkanoic acid in the foregoing schematic method or in
the following schematic outline which shows the
synthesis of the exemplary 8-guanidino-2E-octenoyl-
Asp-Trp and its ethyl ester analog, 8-guanidino-
2E-octenoyl-Asp-Trp(O-Et). In this reaction sequence
the compound numbers correspond to the compound
numbers in Examples VI to VIII hereinafter.




6~Amino=~1-~hexanol

w]l(D=-

| BwNH\AA/\)LmH (CSHS)GPuCHCOzCHa

07-21(658)a

(COC)3, CH,Cly,
DMSO, Et;N

-0

Ekx*"4\-z”\‘*~"/\‘~.z’Jl‘H

12 HE1 salt
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Although specific methods of making the
peptide mimetic compounds are described herein, it
will be understood that these novel compounds are not
limited to the disclosed methods of making them.

The platelet-binding inhibitor activity of
the peptide mimetic compounds of this invention can be
demonstrated by various assays. In one assay,
platelet aggregation is examined in platelet-rich
plasma which also is rich in fibrinogen and other
plasma proteins. The % inhibition is determined for
the test compound by comparing the extent of platelet
aggregation in the presence and absence of the test
compound.

In another test, the inhibitory
activity of the peptide mimetic compound on
fibrinogen binding is determined in an assay
essentially as described by Plow et al., Blood 70,
110-115 (1987). 1In this assay, the potency of the
test compound (ICgs) is determined as the
concentration of the compound required to inhibit 50%

- of '25I-fibrinogen binding.

In still another test, the effect of the
peptide mimetic compound on collagen induced
thrombocytopenia (platelet aggregation) is measured
in vivo in the rat. Again, the % inhibition is

determined for the test compound and compared against

a saline or ethanol vehicle in the absence of the
test compound. ' o
In these assays, the test comPOUnd=results
are then compared with the activity of the known
active inhibitor tetrapeptide
Arg=-Gly~-Asp~Ser.

-~
)
2
s.l...‘\.'..'..J
G ¥

P
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Based on the test results obtained with
these compounds, it is believed that they will be
useful in a variety of therapeutic interventions, for
example, preventing re-occlusion following
re-canalization procedﬁres such as post fibrinolytic
therapy, thrombolytic therapy, angioplasty and
coronary bypass surgery. Other potential uses are
for prevention of myocardial infarct, recurrent
myocardial infarct, unstable angina, peripheral
artery disease, cerebral ischemia, stroke and diseases
of platelet hyperaggregability, and to prevent
occlusion in hemodialysis, shunt procedures and to
prevent progreSsiOn of atherosclerosis.

The following examples will further
illustrate the invention in greater detail although
1t will be'appreciated that the invention is not
limited to these specific examples. '

Example I

A. ngthesis of 8-guanidino-~octanoic acid

3, 5-dimethyl-pyrazole~1 carboxamidine
(Aldrich) (100 g; 0.5 Mole) and.N.N-dllsOprOpylethyl
amine (DIEA) (65 g; 0.5 Mole) were suspended in
dioxane (300 ml) and water (115 ml) ~Am1nouoctan01c
acid (48 g; 0.3 Mole) was added to the mlxture w1th
stirring. The colorless solutlon was then refluxed

for 2 days. The product was flltered and washed Wlth
water (3 X 50 ml). | : o |

The dried materlal welghed 60 g, FAB~MS
(M+H) = 202. | |
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B. Formation of free guanidine

Guanidine carbonate (11.41 g; 63.3 mmoles)
was dissolved in 25 ml of water and sulfuric acid
(3.52 ml; 63.3 mmoles) and barium hydroxide (19.97 g;
63.3 mmoles) were added. The nmixture was stirred and
cooled on ice. The precipitate was removed by
filtration or centrifugation and the solution

containing the free guanidine was used directly in
the next step.

C. Synthesis of 9-gquanidino=-nonanoic acid

9-Bromo~-nonanoic acid (5 gm; 21.1 mmoles)

~was dissolved in dioxane (50 ml) and the free

guanidine solution from B was added. The mixture was
refluxed overnight, and the white precipitate was
filtered and washed three times with cold water and
then lyophilized from one equivalent of 0.5 M HC1.
The yield was 2.77g (85%) and the structure of the
title compound was verified by FAB-MS, NMR, and
elemental analysis.

Example II

Synthesis of 8~gganidinOOCtanozlmAsQ—zég3-

‘indolyl)ethyl amide (1)

A. Asp-2-(3-indolyl)ethyl amide-TFA.

Boc~Asp(t-Bu)-0OH (Bachem BioscienCe).(S
mmoles) and dicyclohexylcarbodimide (1.03 g; 5
mmoles) were dissolved in ethyl acetate/dimethyl- |
formamide (8:2; 50 ml). " The reaction mixture was
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stirred for 30 minutes and 3-(2-aminoethyl)indole (0.8

g, 5 mmoles) was added dropwise. The coupling
reaction was carried out overnight. The precipitate

was filtered and the filtrate was evaporated to
dryness. The o1ly residue was treated with 50%

trifluoroacetic acid/methylene chloride (1:1; 50 ml)
for 30 minutes. The reaction mixture was evaporated
to dryness and the residue was used without any

further purification.

B. 8-Guanidinooctanoyl-Asp-2-(3-indolyl)ethyl amide

8-guanidinooctanoic acid-HCl (2.5 g, 10
mmoles), disuccinimidyl carbonate (Fluka) (2.5 g, 10
mmoles) and 4-dimethylamino-pyridine (0.3 g) were
dissolved in pyridine/dimethylformamide (1:3; 50
ml). The solution was stirred at room temperature
overnight. In a separate flask,
Asp-2-(3-indolyl)ethyl amide-~TFA (A) was dissolved 1in
dimethylformamide (15 ml) and neutralized with
diisopropylethyl amine. Both solutions were combined

and the mixture was stirred overnight. The reaction
mixture was evaporated to dryness. The product was
purified on a Waters reverse~-phase C;g u*Bondapak
column (1.9 cm X 15 cm) using a linear gradient of 5%
to 40% acetonitrile/water/0.05% trifluorocacetic acid
(30 minutes) with a flow rate of 9 ml/min. to give
the title product (1) in an overall yield of 5%. The
product purity and structure were verified by
analytical HPLC *Vydac Cyg—column, 0.46 cm x 15 cm,
using a linear gradient of 10-70%
acetonitrile/water/0.05% TFA, 30 min, with a flow
rate of 1.5 ml/min.), amino acid analysis and Fast
atom bombardment mass spectrometry (M + H = 459).

*Trade-mark

e ot o h o e A oI <o 4o AT A AAIEIN A UM . | T e ki SR "ty 15 QoG WL RV F e DAL CISD b £ ude b LN KR ARG A (3 i U R RN T MBI B s £ e st sy amakiay ¢

......
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Example III

Synthesis of 8~gganidinooctanoxl-Asmegg (2)

8~guanidinooctanoic acid-HCl (0.73 g, 3.63
mmoles), disuccinimidyl carbonate (0.93 g, 3.63

mmoles) and 4~-dimethylamino-pyridine (0.10 g, 0.82
mmoles) were dissolved in dimethylformamide/pyridine
(9:1; 50 ml). The mixture was stirred at room
temperature overnight. 1In a separate flask, Asp~Trp
[Bachem Bioscience, Philadelphia, PA] (1.1 g, 3.45
mmoles) was dissolved in aqueous saturated sodium
bicarbonate solution (10 ml). Both solutions were
combined and allowed to react overnight at room
temperature. The reaction mixture was evaporated to
dryness, and the product purified on a Waters
reverse-phase C;g pBondapak column (1.9 cm x 15 cm)
using a linear gradient of 2% to 40Y%
acetonitrile/water/OOOS% trifluoroacetic acid over 20
minutes at ‘a flow rate of 15 ml/min. to give the
title product (2) in an overall yield of 16%. The
product purity and structure were verified by
analytical HPLC (Vydac Clgmcolumn,.0.46 cm X 15 c¢m,
using a linear product of 15-45%
acetonitrile/water/0.05% TFA, 20 min., amino acid
analysis, proton NMR and Fast atom bombardment mass
spectrometry (M + H = 503.3).

{}



10

15

20

25

2040947

~-17= 07-21(658)A

Q

EXample IV

Synthesis of 8-gganidinooctanozl~Asp-2-g4—pyridzl)-
ethyl amide (3)

A. Asp(t-Bu)=2~(4~pyridyl)ethvl amide

| Fmoc-Asp(t-Bu)~OH (Bachem Bioscience) (9.04
g, 22 mmoles) and dicyclohexylcarbodiimide (4.12 g, 20
mmoles) were dlssolved in dlmethylformamlde/methylene
chlorlde (1:5; 50 ml) and cooled in an ice bath. - The
mixture was stirred for 15 minutes and 4-(2«-amino-
ethyl)-pyridine (2.44 g, 20 mmoles) was added. The
comblned reaction mixture was stirred overnlght and
the pre01p1tate was filtered. The filtrate was
evaporated to dryness. The residue was redissolved in
ethyl acetate (300 ml)'and washed with saturated
sodium blcarbonate solutlon (3 times), 0.5 N HCl (2
times) and water. The organlc layer was dried over
sodium sulfate, filtered and the filtrate was |
evaporated to dryness. The residue~Was_treated with
20% diethylamine/methylene chloride'(so ml)'for'l 5
hours, and the reactlon.mlxture was evaporated to
dryness and used w1thout further purlflcatlon.' |

B. 8-Guanidinooctanoyl-Asp-2-(4-pyridyl)ethyl amide

"-8~guan1d1nooctan01c a01d~HCI (0 94 g, 4.e
mmoles), dlsucc1n1m1dyl carbonate (1.1 g, 4. 4 .
mmoles) and 4- dlmethylamlno—pyrldlne (0 5 g) were
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dissolved in pyridine/dimethylformamide (1:5; 25

ml) and stirred for 2 hours. To this solution was
added Asp=-(t-Bu)=-2-(4-pyridyl)ethyl amide (A) and the
mixture was stirred overnight. The solvent was
removed in vacuo and the residue was treated with 50%
trifluoroacetic acid/methylene chloride (50 ml) for
30 minutes. The solid material was filtered and the
filtrate was evaporated to dryness. The product was
purified on a Waters C;g pBondapak column (1.9 cm x
15 cm) using a linear gradient of 5% to 45% aceto-
nitrile/water/0.05% trifluoroacetic acid (30 min.)
with a flow rate 9 ml/min. to give the title product
(3) in an overall yield of 6%. The product purity
and structure were verified by analytical HPLC (Vydac
Cig=column, 0.46 cm x 25 cm,'using a linear gradient
of 5~-45% acetonitrile/water/0.05% TFA, 30 min., with a
flow rate of 1.0 ml/min.), amino acid analysis and
Fast atom bombardment mass spectrometry (M + H =
421.8).

Example V

Synthesis of 8--1an1d1nooctano l=ASp=3=(3=p rld l -

alanine (4)

A. Asp=3=(3-pyridyl)alanine methvl ester-TFA

BoCc=3= (3-pyr1dy1)alanlne (Synthetech) (1 g,
3.76 mmoles) was dissolved in methanol (100.ml) The
solution was cooled in an ice bath and bubbled with
HCl gas for 1 hour with stirring. The reaction
mixture was evaporated to dryness and the residue was
triturated with ether. The solvent was removed in
vacuo and the remaining ester was suspended in
pyridine (30 ml). Diisopropylethylamine (0.65 g; 5

'I;
F A

é
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mmoles) and Boc~Asp(t-Bu)OSu (Bachem Bioscience) {(0Su
= succinimidyl ester) (1.8 g; 4.66 mmoles) in dimethyl -
formamide (10 ml) were added consecutively with
stirring. The clear solution was stirred at room
temperature overnight. The reaction mixture was
evaporated to dryness and the oily residue was then
treated with 70% trifluoroacetic acid in dichloro-
methane (100 ml) for 1 hour. The solvent and

acid were removed in vacuo. The remaining oil

was dried over sodium hydroxide in vacuo. This
material was used without any further purification.

B. 8-Guanidinooctanoyl-Asp-3-(3-pyridyl) alanine

8-Guanidinooctanoic acid hydrochloride (2.5
g; 10.6 mmoles), disuccinimidyl carbonate (2.5 g; 10
mmoles) and 4-dimethylaminopyridine (0.3 g) were
dissolved in dimethylformamide/pyridine (150 ml;
2:1). The mixture was stirred at room temperature
overnlght Crude Asp=-3-(3-~pyridyl)alanine methyl
ester-TFA (A), diisopropylethylamine (0.65 g; 5 mmoles)
and sodium bicarbonate (5 mmoles) in
dimethylformamide/water (15'ml°'8°2) were added to
the above solution. The reaction mixture was stlrred
overnight and ‘the solvent was removed in vacuo.
The residue was then dissolved in . |
methanol (20 ml) and the solution (total volume of 40
ml) was cooled in an ice bath Sodium hydroxide (2 5

N; 40 ml) was added slowly with stlrrlng The

mixture was stirred for another 4 hours at 0°C and
neutrallzed with 4 N HCL. The solvent was removed

in vacuo and the re51due was purlfled on a Cig=
uBondapak column (1.9 cm x 15 cm) using a linear
gradient of 3-25Y% acetonitrile/water'over,30 minutes
at a flow rate of 9 ml/min;'to:give the title product
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(4) in an overall yield of 12-15%. The product
purity and structure were verified by analytical HPLC
(Vydac Cjg-column, 0.46 cm x 15 cm, using a linear
gradient of 2-35Y% acetonitrile/water/0.05% TFA, 20
min., with a flow rate of 1.5 ml/min), amino acid

analysis and Fast atom bombardment mass spectrometry
(M + H = 464).

Example 6

Synthesis of e-gganidino-ZE—octenoic acid hydro-
chloride (12)

A. N=-Boc~6-amino-l-hexanol (6).

A solution of 50 g (0.43 mole)
6-amino-~l-hexanol (5) in 350 mL methylene chloride
was chilled in an ice bath to 5°C and 98 mL (93.1 g,
0.43 mole) di~tert-butyl dicarbonate was added over 5
min. The ice bath was removed and the mixture was
stirred at room temperature overnight. After .
removing the solvent in vacuo, the pale solid, mp
36=37°C, amounted to 92.5 g of crude title compound
(6). -

B. N-Boc-6-aminohexanal (7).

To a stirred solution of 5.3 mL (7.71 g,
60.7 mmoles) oxalyl chloride in 100 mL methylene
choride at ~70°C under argon was added 8.6 mL (10.23
g, 121.5 mmoles) dimethyl sulfoxide in 30 mL '
methylene chloride. After 2 min. a solution of 12 g
(55.2 mmoles) of (6) in 50 mL methylene chloride was
added over 5 min. After 20 min. 38.5 mL (27.9 g, 276
mmoles) triethylamine was added. After 10 min. more,
the mixture was allowed to warm to 20°C and 250 nmL
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water was added. After separation, the aqgueous layer
was extracted again with methylene chloride and the
combined ofganic'layers were washed with brine and
dried over sodium sulfate. After evaporation

in vacuo, the residue was chromatographed (Flash,

hexane - ethyl acetate, 7:3) to provide 11.36 g of a
pale yellow oil (7).

C. Methyl N=-Boc-8~amino-2E~octenoate (8).

A solution of 35.28 g (105.5 mmole) methyl
(triphenylphosphoranylidene)acetate 1in 70 ml,
methylene chloride was added to a solution of 11.36 g

(52.76 mmoles) of (7) in 20 mL methylene chloride.
After 2 h at room temperature, the solution was
concentrated in vacuo to remove most of the solvent
and the residue was diluted with ether. The solid was
removed by filtration and the filtrate was
concentrated and the residue chromatographed (Flash,
hexane - ethyl acetate 7:3). The product fraction

- amounted to 10.7 g of a colorless 0il (8).

D. N=Boc-8-amino-2E=octenoic acid {9).

A solution of 10.7 g (39.4 mmoles) of (8)
in 30 mL methanol was chilled in'an-ice'bath and 59
mL of 1N sodium hydroxide was added The ice bath was
removed and the mixture was stlrred at room

temperature for 20 h. After evaporatlon of most of the

methanol, the solution was acidified to pH 3 with 1N
potassium bisulfate. The mixture was extracted'W1th
ether, and washed with water and brine. After drying
over sodium sulfate and.rem0val of solvent in vacuo,
the residue was crystallized from ether - hexane to
provide 9.55 g of the title compound (9), mp 76=78°C.
Anal. Calcd. for C,3H,3NO,: C, 60.68; H, 9.01; N,
5.44. Found: C, 60.50; H, 9:00; N, 5.40.

1
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E. 8-Amino-2E~octenoic acid trifluoroacetate salt (10).

A mixture of 45 mL trifluoroacetic acid and
5 mL water was chilled in an ice bath while 34 g
(0.132 mole) of (9) was added with stirring. The
resulting solution was allowed to warm to room
temperature over 1.5 h and then evaporated under a
slow nitrogen stream overnight. The residue was
triturated with ether. The solid was filtered, rinsed
well with ether and dried to yield 21 g of the title
compound (10), mp 77-78°C. Anal. Calecd. for
C10H1sNO4F3: C, 44.28; H, 5.95; N, 5.16. Found: C,

44.07; H, 5.96; N, 5.09.

F. 8-Guanidino~2E-octenoic acid (11).

A suspension of 21 g (77.4 mmoles) of (10)
and 31.1 g (155 mmoles) 3,5-dimethylpyrazole-1-
carboxamidine nitrate in 50 mL dioxane, 2 mlL water
and 47.2 mL N,Nudii50pr0py1ethy1amine was warmed on a

- Steam bath until a clear solution was obtained.

After stirring 20 h at room temperature, the'solid'
was flltered and washed well with water to prov1de 13
g of crude title compound (11). ’

G. 8=Guanidino-2E~octenoic aCidhzdrochioride ngQg

A suspension of 13 g (65 mmoles) of crude
(11) in 75 mL 1N‘hydrochlorlc acid was warmed on a
steam bath until a clear solution was obtained.
After 1 h at room temperature crystals were noted
The mixture was chilled overnight and the crystals
were filtered and dried to prov1de 13.86 g of title
compound (12), mp 162°C. ‘Anal. Calcd. for
CoHygN30,Cl: C, 45.86; H, 7.70; N, 17.83; Cl, 15. 04
Found: C, 45.90; H, 7.64; N,_17.88; Cl, 14.79.

Zq?
/,,é
A
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Example VII

Synthesis of N—g8~gganidino~2E-octenozl)~ASE~

Trp(O~Et 18

A. N—Cbz~Asng-t-Bu)-Trp(onEt) (15).

5 To a suspension of 5.52 g (12.4 mmole) of
N~Cbz—Asp(BwowguBu)-am(pnnitrOphenyl) ester (1l3) and
3.316 g (12.3 mmole) tryptophan ethyl ester ~
hydrochloride (14) in 30 mL methylene chloride was

added 1.5 mL (1.22 g, 12.3 mmoles)
10 l1-methylpiperidine. The mixture was stirred at room

temperature for 22 h. After evaporation of most of
the'solvent, the residue in'ethyl‘acetate was washed
with water and 5% sodium carbonate alternately until
no more yellow color was noted. After washing with
15 brine and drying over sodium sulfate, removal of
solvent in vacuo left 6.30 g of the title compound

(15).
B. ASp(O-t-but)=Trp(O-Et) (16

A solutionof 6.3 g (11.7 mmoles)'of_(;é)
20 in 100 mL tetrahydrofuran was hydrogenated over 1.4 g
' of 4% PA/C at 5 psi hydrogen over a 20 h perlod

After removing the catalyst by flltratlon and
evaporatlon of solvent the re31due was chromatographed
(Flash, hexane - ethyl acetate, 9; 1 - 4:1). After'

25 recovery of 282 ng of reactant (15) the product |
fraction amounted to 4.18 g of the tltle compound ‘

(16).
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C. 8-Guanidino-2E-octenoyl-Asp(0O-t-Bu)-Trp(0-Et 17

To a solution of 2.49 g (10.5 mmoles) of
(12) in 35 mL dimethylformamide at 0°C was added 2.29
g (11 mmoles) N,N-dicylohexylcarbodiimide, followed

1mmediately by 4.18 g (10.4 mmoles) of (16). The
mixXture was stirred for 24 h. The solids were

removed by filtration and the filtrate was evaporated
under a slow nitrogen stream. The residue in 20 mL
methanol was diluted with 20 mL water. After
chilling in an ice bath the small amount of solid was

removed by filtration, the filtrate was evaporated and
the residue was chromatographed on a 25 mm X 1000 mm

PLC-20 column with YMC ODS~-AQ 50u spherical adsorbent
developing with a gradient from water to methanol.
The product fraction amounted to 5.75 g of

the title product (17).

D. 8-Guanidino-ZE-octenozl-Asg-TrQ(O-Et) (18).

To 1.85 g of crude (17) was added a mixture
of 4 mL trifluoroacetic acid, 1.5 mL anisole, and 1
mL water. After stirring 1 hour at room temperature
the mixture was allowed to evaporate under a slow
nitrogen stream. Chromatography on a 25 mm X 1000 mm
PLC~20 column with *Partisil ODS-3, 40 u adsorbent
developing with methanol/water/acetic acid (45:55:0.5)
produced a product fraction which was lyophilized to
provide 420 mg of the title product (18). Anal.
Calcd. for CpgH3gNgOg 0.7 CH3CO,H 0.6 Hy,0(Co7.4
HyoNgOg): C, 56.60; H, 6.93; N, 14.45. Found: C,
56.86; H, 6.77; N, 14.56.

*Trade—-mark
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Example VIII

Synthesis of 8-Guanidino-2E-octenoyl-Asp-Trp (19).

To a solution of 138 mg (18) in 0.5 mL
methanol was added 0.5 mL of 1N sodium hydroxide with
stirring. The solution was evaporated to a small
volume under a nitrogen stream and then diluted to
about 2 mL. After being stirred at room temperatures
overnight, the solution was lyophilized.
Chromatography on a 25 mm X 1000 nm *PLC-40 column

with *YMC ODS-AQ, 50 u spherical adsorbent developing
with a water/acetic acid (99.5:0.5) to

methanol/acetic acid (99.5:0.5) gradient produced a
product fraction which was lyophilized to provide 103

mg of the title product (19). Anal. Calcd. for

Cy2H31Ng0g Hy0 (Cy2HaagN50,): C, 55.10; H, 6.94; N,
14.60. Found: C, 54.73; H, 6.92; N, 14.88.

Other i1llustrative peptide mimetic
compounds of the invention as defined herein can be

prepared by methods analogous to the methods of
Examples I to VIII, above, by substituting other
suitable w~amino alkanoic acids, e.g., 7-amino-
heptanoic acid or l0-aminodecanoic acid for an
equivalent amount of the 8-aminooctanoic acid, or by
substituting other suitable w-bromo alkanoic acids,
e.g., 7-bromoheptanoic or 8-bromooctanoic acid

for an equivalent amount of the 9~bromo nonanoic acid,
or by substituting other w=-amino alkanols, e.g.,
S-amino-l-pentanol for an equivalent amount of the
6-amino-l-hexanol, and/or by substituting other
suitable nitrogen-containing heterocyclic alkylamines
or amino acids for an equivalent amount of any of the
3-(2-aminoethyl)imidole, tryptophan, 4-(2-aminoethyl)-
pyridine or 3-(3-pyridyl)-alanine reactants 1in said

*Trade—-mark
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Examples. Thus, tryptamine can be substituted in
these examples by aryl alkyl amines such as, e.qg.,
3-(2-aminoethyl )quinoline, 2=(2-aminoethyl )quin-
oxaline, 2=-(3~aminopropyl)pyrazine, 4-(aminomethyl )~
5 pyridazine or 3-(ethyl)indoline and the like

compounds, all of which are readily available from
commercial and other such sources. Likewise,
tryptophan can be substituted in these examples by
amino acids such as, e.g., 2=, 4=, or 5«-indolyl

10 alanine, 3-quinolinyl alanine, 2-quinoxalinyl alanine
or tetrahydro indolyl alanine and the like compounds,

all of which can be readily prepared from the aryl
aldehydes by the conventional general procedure of

- Folkers et al., Int. J. Peptide & Protein Res. 24,

15 197-200 (1984). So also, substitutions can be made
with l-thyminyl alanine, l-uracil alanine and 2-
purinyl alanine, which can be prepared by conventional
general procedures as described by Kraas et al.,

Chem. Ber. 108, 1111-1117 (1975); Tjoeng et al.,

20 Chem. Ber. 109, 2615~2621 (1976).

These illustrative peptide mimetic compounds are then

tested 1n vitro for inhibition of fibrinogen binding
and ADP induced platelet aggregation in human platelet
rich plasma, and in vivo for inhibition of collagen

25 induced_rat thromboCytopenia.' Test results of
various of the foregoing illustrative test compounds
are set forth in Table I following Example IX.

Examgle IX
A. Fibrinogen Binding Assay

30 Fibrinogen binding was performed
essentially as described by Plow et al., Blood 70,
110-115 (1987). Briefly, '
blood from human volunteers who had not taken any
antiplatelet drugs'in the previous two weeks was
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collected into 1/10th volume of CCD buffer (100 mM
sodium citrates, 136 mM glucose, PH 6.5). The

blood was centrifuged for 3 min at 1000 X g and
platelet rich plasma was transferred to a plastic
tube with a plastic pipet and placed on ice. After
15 minutes, 1/2 volume of ice cold CCD buffer was
added and the sample was centrifuged at 900 X g for 10
min at 2°C. The supernatant was decanted and the
platelet pellet was gently resuspended in 1/2 the
original volume of ice cold modified Tyrode's buffer
(137 mM NaCl, 2.6 mM KCl, 12 mM NaHCO,, 5.5 mM
glucose, 15 mM HEPES, 0.5% BSA, pH 7.4). After
incubating for 30 minutes at 37°C, the platelet count
was adjusted to 4 x 108 platelets/ml with modified
Tyrode's buffer. To platelet samples (1 x 108
platelets/ml) were added in sequence: ADP (10 uM),
CaCl, (1 mM), test compound, and 1251~fibrinogen (0.3
HM) to the aforesaid final concentrations in a volume
of 200 pl. The samples were incubated for 40 min at
37°C and 50 ul aliquots were centrifuged at 8,000 X g
through a 209 sucrose pad (400 ul). The tubes were
quick frozen and the tips containing the platelet

pellet were cut and assayed for bound !25I-fibrinogen
by gamma scintillation counting. Specific binding was

determined in each test by subtracting from the
total binding the amount of 1257~ flbrlnogen bound in
the presence of a 60- fold excess of unlabeled
fibrinogen. The potency of test compounds (ICgo) Was
determined as the concentration of compound requlred
to inhibit 50/ of 1257 flbrlnogen blndlng

B. In=Vitro Human Platelet-Aggregation in PRP

Healthy male or female donors who had not
taken any antiplatelet drugs for at least 2 weeks
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were fasted for 8 hours prior to drawing blood: then
30 ml whole blood was collected using a butterfly
needle and 30 cc plastic syringe with 3 ml of 0.129 M
buffered sodium citrate (3.8%). The syringe was
rotated carefully as blood was drawn to mix the
citrate. Platelet-rich plasma (PRP) was prepared by
centrifugation at 100 x g for 10 minutes at room
temperature, allowing the centrifuge to coast to a
stop without braking. The PRP was removed from the
blood with a plastic pipette and placed in a plastic
capped, 50 ml Corning conical sterile centrifuge

tube which was held at room temperature. Platelet
poor plasma (PPP) was prepared by centrifuging the
remaining blood at 2000 x g for 15 minutes at room
temperature allowing the centrifuge to coast to a stop
without braking. The PRP was adjusted with PPP to a
count of 2-3 x 10® platelets per ml. 400 pul of the
PRP preparation and 50 pl of the compound to be tested
Oor saline were preincubated for 1 minute at 37°C. in a

Payton aggregometer (Payton Scientific; Inc., Buffalo,

- NY). 50 pl of adenosine 5'd1phosphate (ADP) (50 uM)

was added to the cuvettes and the aggregatlon was
monitored for 1 minute. All compounds are tested 1n

~duplicate. Results are calculated as follows

Percent of control = [(maximal OD minus initial OD of
compound) lelded by (maxlmal OD minus initial OD of
control sallne)] X 100. The A 1nh1b1t10n z= 100 -
(percent of control).

- The compounds tested and-theirmedian

“inhibitory concentratiOns'(IC50) were as recorded1in

Table I. 1ICs0's (if a compound shgwed SO%finhibition)
were calculated by linear regression of the dose
response curve. -

S

N
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C. In Vivo Rat Thrombocxtogenia

Male rats [Charles River, CRL:CD(SD),
400-450 g] were used. The rats were anesthetized
with Na pentabarbital (65 mg/kg, Vet Labs, Limited,
Inc., Lenexa, KA). Two incisions were made to expose
both jugular veins. Using an infusion pump (Harvard
Apparatus, South Natick, Mass.) and a 5 cc syringe
with a 19 g. butterfly, the test compound or vehicle
was infused into the left jugular vein at a rate of
0.39 ml/min for 3 min. After 2 min of
compound/vehicle infusion, collagen (60 ug/kg)
(Helena Laboratories, Beaumont, TX) was injected with
a one ml syringe into the right jugular vein. The body
cavity was opened and the vena cava was exposed for
blood sampling. One min after the collagen
injection, compound infusion was stopped and blood
was sampled from the vena cava (within 30 sec) with a
3 ¢c syringe contalnlng10.3;mg of 4.5% EDTA/Tris (0.1
M) (pH 7.35) plus 150 uM indomethacin° Platelet rich

- plasma (PRP) was prepared by centrifuging the blood

at 126 x g for 10 min. Five pl of PRP was counted in

20 ml of Isoton® IIT in a Coulter Counter.

Percent 1nh1b1tlon of collagen 1nduced
aggregation was calculated by comparlson of the
platelet counts in anlmals that were treated w1th test

compound and collagen (a) w1th platelet counts for

animals receiving no collagen (nonwaggregated control)
and (b) with platelet counts for animals rece1v1ng
vehicle and collagen (aggregated control) EDsos were
calculated for the 1ntravenously admlnlstered (i.v.)
test compounds 1 to 4 and for compounds 2 and 4 which
also were administered by gavage (i.g.) in saline.

o~ W
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The assay results for compounds 1 to 4 in

Examples II to V, respectively, are set forth in
Table I, below.

Table 1
Compound Binding Platelet Rat Thrombo-
Aggregation cytopenia
ICsq (M) ICs0 (M) EDsp (mg/kg)
1.V, i.8.
-6 -6
1 2.2 x 10 5.0 x 10 0.47 N.D.
2 2.5 x 10°/ 8.5 x 10~/ 0.05 0.13
3 not done 2.4 x 10“5 0.06 N.D.
4 1.3 x 10°¢ N.D. 0.14 o
18 6.0 x 10°° N.D. N.D. N.D.
19 6.0 x 10/ N.D. N.D. N.D.
RGDS* 5 x 1077 1 x 1072 %

e

* This standard peptide used as a control showed only 30%
inhibition at the highest dose tested (10 mg/kg). '

** 16% inhibition at an oral dose of 5 mg/kg.

N.D. = Not Done.

5 S S
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The novel peptide mimetic compounds of this
invention can be used for administration to humans
and other mammals by conventional means, such as by
parenteral or oral methods of administration,
preferably in formulations with pharmaceutically
acceptable diluents or carriers. An illustrative route
of administration as a platelet aggregation inhibitor
1s parenteral, especially intravenously. Intravenous
administration of the peptide mimetic compounds in
solution with normal physiological saline, human
albumin and other such diluents and carriers is
illustrative. Orally, the peptide mimetic compounds
of this invention can be administered in the form of
tablets, powders, capsules, elixers and the like dosage
forms in admixture with common solid and liquid
diluents, carriers, suspending agents and adjuvants
such as for example, cornstarch lactose, talc,
stearic acid, magne81um stearate, gelatin, acacia and
locust bean gums, alcohol, water, saline, dimethyl -
sulfoxide (DMSO), vegegable oils and the like

“materials. Other sultable formulations of the actlve
- peptide mimetic compounds in pharmaceutically

acceptable ‘diluents and carrlers in therapeutlc'dosage
form can be prepared by reference to general texts in

the pharmaceutical field such as, for example,

Remlngton S Pharmaceutlcal 801ences, Ed. Arthur Osol

16th ed., 1980 Mack Publlshlng Co., Easton,
Pennsylvanla ' R

Varlous other examples w1ll be apparent to_
the person skilled in the art after readlng the '_.
present disclosure W1thout departlng from the splrlt
and scope of the 1nventlon It 1is 1ntended that all

such examples be 1ncluded w1th1n the scope of the
appended claims. |
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THE “EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A peptide mimetic compound having the
following chemical structure:

HN\\\ | 7
\c | |
P -NH- (CH,) ,~W-C~Asp-NH~CH~ (CH,) ~Ar

H,N

wherein x = 4 to 8,

y = 0 to 4,
W = CH,~CH, or CH=CH,
Z = H, COOH, CONH,, CH,0H, CO,R,
CH,0R or C,, alkyl,
R = C, , alkyl,
Ar = a nitrogen-containing heterocyclic
group other than pyridyl, and
Asp = aspartic acid residue. o

2. A peptide mimetic compound of Claim 1
in which the nltrogen-oontalnlng heterocycllo
group is selected from the group consisting of
substituted or unsubstltuted S-membered
heterocycles, 6-membered heterocycles, purlnes,
and 5- or 6-membered heterooyoles fused to a
benzene or tetrahydrobenzene rlng | | ‘

3, A peptlde mlmetlo compound of Clalm 2
in which the nltrogenﬂcontalnlng heterocycllc '
group contalns an amlno substltuent

4, A peptlde mlmetlc compound of Claim 2
in which the nltrogen-contalnlng heterocyollc
group is a 5~membered heterocyole fused to a
benzene or tetrahydrobenzene rlng.
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5. A peptide mimetic compound of Claim 4 in which the
5-membered heterocycle fused to a benzene or tetrahydrobenzene

ring is an 1ndolyl group.

6. A peptide mimetic compound of Claim 5 1n which the

indolyl group is 2-(3-indolyl)ethyl amide.

7. A peptide mimetic compound of Claim 5 in which the

indolyl group is 2-aminc-3-indolylpropionic acid.

8. A peptide mimetic compound of Claim 2 1n which the
nitrogen-containing heterocyclic group 1s a 6-membered

heterocycle.

9. 8-Guanidinooctanoyl-Asp-2-(3-indolyl)-ethyl amide.

10. 8-Guanidinococtanoyl-Asp-Trp.

11. 8-Guanidino-Z2E-octenoyl-Asp-Trp.

12. 8-Guanidino-2E-octenoyl-Asp-Trp (O-Et) .

13. Use of an effective amount of a peptide mimetic

compound of Claim 1 in a pharmaceutically acceptable carrier

to inhibit platelet aggregation.

14. Use of an effective amount of a peptide mimetic
compound of Claim 1 in a pharmaceutically acceptable carrier

to inhibit thrombus formation.
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15. A peptide mimetic compound of Claim 1 1n a

pharmaceutically acceptaple carrier.
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