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This invention relates to compounds having formula (I) or a pharmaceutically acceptable salt which are useful in the inhi-
bition of platelet aggregation. This invention also relates to pharmaceutical compositions - of such phenyl amidines derivatives.
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Peptide Mimetic Compounds Useful As

Platelet Aggregation Inhibitors
Field of the Invention

This invention is in the field of mammalian
therapeutics and relates to compounds for the treatment
of mammalian disorders such as cardiovascular
disorders. Of particular interest is a class of phenyl
amidine derivatives useful as inhibitors of platelet
aggregation.

Background of the Invention

Fibrinogen is a glycoprotein present as a normal
component of blood plasma. It participates in platelet
aggregation and fibrin formation in the blood clotting
mechanism. .

Platelets are cellﬁlar elements found in whole
blood which also participate in blood coagulation.
Fibrinodgen binding to platelets is important to normal
platelet function in the blood coagulation mechanism.
When a blood vessel receives an injury, the platelets
binding to fibrinogen will initiate aggregation and
form a thrombus. Interaction of fibrinogen with
platelets occurs through a membrane glycoprotein
complex, known as gp IIb/IIIa; this is an important
feature of the platelet function. Inhibitors of this
interaction are useful in modulating platelet thrombus
formation.

It is also known that another large glycoprotein
named fibronectin, which is a major extracellular
matrix protein, interacts with fibrinogen and fibrin,
and with other structural molecules such as actin,,
collagen and proteoglycans. Various relatively large
polypeptide fragments in the cell-binding domain of
fibronectin have been found to have cell-attachment
activity. See U.S. Patents 4,517,686; 4,589,881; and
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4,661,111. 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.

In U.S. Patent 4,683,291, inhibition of platelet
function is disclosed with synthetic peptides designed
to be high affinity antagonists of fibrinogen binding
to platelets. U.S. Patent 4,857,508 discloses
tetrapeptides having utility as inhibitors of platelet
aggregation.

other synthetic peptides and their use as
inhibitors of fibrinogen binding to platelets are
disclosed by Koczewiak et al., Biochem. 23, 1767-1774
(1984); Plow et al., Proc. Natl. Acad. Sci. 82, 8057-
8061 (1985); Ruggeri et al., Ibjd. 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 inhibitory peptides
are disclosed in EP Patent Applications 275,748 and
298,820.

U.S. Patent 4,879,313 discloses compounds useful
as inhibitors of platelet aggregation having the

formula:

HN 0 Z
I It | -

C-NH~ (CH,) ,~C-ASp-NH-CH~ (CH,) ,~AT

HN

wherein

x = 6 to 10,

y =0 to 4,

7 = H, COOH, CONH,.OR C alkyl,
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Ar =

Asp =
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-3=

phenyl, biphenyl or naphthyl, each
substituted with 1 to 3 methoxXy groups, Or an
unsubstituted phenyl, biphenyl, naphthyl,
pyridyl or thienyl group, and

aspartic acid residue.

art is structurally distinct from the present
because it lacks the phenylamidine moiety.
Patent 4,977,168 discloses compounds having

the following structural formula:

wherein
Ry

Ry

Ry and Ry,

HaN N H
CH:
T ﬁ ' R3
-~  C=N
Ar-SOr-N—fH-*: T i SR
Rt Ry o

represents hydrogen, a lower alkyl group, a
lower hydroxyalkyl group, a benzyl group, a
phenyl group or a 4-hydroxyphenyl group;
represents a lower alkyl, lower alkenyl,
lower alkynyl or benzyl group, or a lower
alkoxycarbonylalkyl, lower carboxyalkyl, or
lower hydroxyalkyl group;

identical or different, each represents a
lower alkyl or lower hydroxyalkyl radical,
lower alkenyl or lower alkynyl radical or
form together with the nitrogen to which
they are attached, a saturated heterocycle
such as morpholino, thiomorpholino,
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pyrrolidino not substituted or substituted
by an alkoxycarbonyl or carboxy group,
piperazino, 4-(lower alkyl)piperazino, 4-
(lower hydroxyalkyl)piperazino, or
piperidino not substituted or substituted
by one of the following groups: lower
alkyl, benzyl, hydroxy, lower hydroxy-
alkyl, amino, lower aminoalkyl,
hydroxyamino, alkoxycarbonyl or carboxy.
represents a phenyl, alpha-naphthyl or
beta-naphthyl group, possibly substituted,
or a heteroaryl group chosen from the
radicals pyridyl, gquinolinyl, or
isoquinolinyl, possibly substituted, as
well as their isomers and their mixtures
and their salts with pharmaceutically
acceptable mineral or organic acids

which afé useful as antithrombotic agents. These
compounds are structurally distinct from the present
invention because they are arylsulphonylaminoacyl
amino-phenylalaninamide derivatives in contrast to the

compounds

of the present invention which are propanoic

acid esters-i-amidinophenyl alkylamino carbonyl

derivatives.

U.S. Patent 4,791,102 discloses compounds

having the following structural formula

HaN NH
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wherein

R,y represents a lower alkyl, lower
hydroxyalkyl, or benzyl group, a phenyl or
a 4-hydroxyphenyl group.

R, and Rj, identical or different, each represents a
lower alkyl or hydroxyalkyl, lower alkenyl
or lower alkynyl radical, or they form
together with the nitrogen to which they
are attached, a saturated heterocycle such
as morpholino, thiomorpholino, pyrrolidino
unsubstituted or substituted by an
alkoxycarbonyl or carboxyl group,
piperazino, 4-(lower alkyl)-piperazino or
piperidino unsubstituted or substituted by
a lower alkyl, benzyl, hydroxy, lower
hydroxyalkyl, amino, lower aminoalkyl,
alkoxycarbonyl or carboxyl group.

Ar represents a phenyl, a possibly substituted
alpha-naphthyl or beta-naphthyl group, or
else a heteroaryl group chosen from
pyridyl, quinolinyl, isoquinolinyl,
possibly substituted

which are useful as selective inhibiting agents of

thrombin and antithrombotics. These compounds are

structurally distinct from the present invention
because they are arylsulphonylaminoacyl amino-
phenylalaninamide derivatives in contrast to the
compounds of the present invention which are propanoic
acid esters-i-amidinophenyl alkylamino carbonyl
derivatives.

European Patent Application 372,486 discloses N-
acyl beta amino acid derivatives of the formula:
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R1—CONH—(CHalo 1 _'TJ-(CHZ)O.—,—CONH—?H—CHZCOOH
\/\Rz R3

and their salts. Said compounds are useful for
inhibiting platelet aggregation in the treatment of
+hrombosis, stroke, myocardial infarction, inflammation
and arteriosclerosis, and for inhibiting metastasis.

European Patent Application 381,033 Al discloses
amidino or guanidino-aryl substituted alkanoic acid
derivatives which are useful for the treatment of
thrombosis, apoplexy, cardiac infarction, inflammation,
arteriosclerosis and tumors. These compounds are
structurally distinct from the present invention
pecause they are aryl acetic acid/esters 2-
amidino/guanidino substituted phenyl alkyl carbonyl
amino derivatives in contrast to the compounds of the
present invention which are propanoic acid/esters-1-
amidinophenylalkyl aminocarbonyl derivatives.

European Patent Application 445,796 A2 discloses
acetic acid derivatives having the formula

H,N (NH) C-X~¥-C0~-2Z-CH(Q") co0Q?

where

Q1 stands for hydrogen, methyl or phenyl,

02 stands for hydrogen, phenyl-low-alkyl or low alkyl
that can be cleaved under physiological
conditions,

X stands for 1,4-phenylene, 2,5- O 3,6=-pyridylene
or, 1,4-piperidinylene, which is bonded to group Y
through the C atom in the 4-position,

Y is a group having the formula



WO 93/12074

-7-

-{CHa)o.z-CONHCH(Q™)(CHa)1 3
CONHCH.CH@
+{CHo)sNHCCCH; -

NHCO(CH,)s -

o

|
-(CHa)o-2 "‘"CNO/

CN \\\‘\\\\
o

N 7

OR

N ® /
\CN —mitCHp

PCT/US92/10021

Y



10

15

20

25

30

WO 93/12074 PCT/US92/10021

where

Q3

Q4

stands for hydrogen, methyl, phenyl, -COOH, -COO-
low-alkyl, —CONH(CH,),~COOH or -CONH (CH, ) ,~COO-10w=
alkyl,

hydrogen, methyl or phenyl,

a 1,4-piperazinylene group, a 1,4-piperazinylene
group which is bonded to the CO group through the
N atom in the 1-position or a group having the

formula

-NHCH(R!)- or -NHCH (COR?) -

stands for hydrogen, methyl, phenyl or a -C00~-1low-
alkyl,

stands for the residue of an a-aminocarboxylic
acid bonded through the amino group or of an ester
or amide thereof, or a group having the formula
-NHCH,CH,-Ar, or -co-R?, or, if applicable, a mono-
or di-low-alkylated carbamoyl group or a
pyrrolidinoyl or piperidinoyl group,

stands for a phenyl or a phenyl substituted by low
alkyl, low alkoxy, -COOH, -Cc00-low-alkyl,

~0(CH,) ;-4~COOH, -O(CH)3-4 -coo-low-alkyl, =CONHj,
-CONH-low-alkyl, -CON(low alkyl)a. pyrrolidinoyl
or piperidinoyl which are said to have inhibitory
action on the bonding of adhesive proteins to
blood platelets as well as blood platelet
aggregation and cell-cell adhesion. These
compounds are structurally distinct from the
present invention because they contain a second,
mandatory carbonyl group.

Goodman, et al., Accounts of Chemical Research 12,

No. 1, 1-7 (January 1979) discloses a stereochemical
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analysis of retro-isomers of cyclic and linear
peptides.
Summary of the Invention
The present invention relates to a class of
5 compounds represented by the formula

H
I
N

AN N7
10 HNY@CZ I

NH,

or a pharmaceutically acceptable salt thereof, whérein
15 R, and R, are each independently hydrido, alkyl having
1 to 6 carbon atoms, alkoxy having 1 to 6
carbon atoms or halo;
Y is alkyl having 1 to 6 carbon atoms, alkenyl
having 2 to 4 carbon atoms, alkynyl having 2
20 to 4 carbon atoms or carboxamidoalkyl wherein
the alkyl is 1 to 6 carbon atoms

and
Z is a group having the formula
25
o]
(Zy)
OR, :
30 R?

35 - or
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Q OR,
(22)

RS

0
is alkyl having 1 to 6 carbon atoms; alkenyl
having 2 to 4 carbon atoms; alkynyl having 2
to 4 carbon atoms; phenyl; substituted phenyl
wherein each substituent can be selected from
the group consisting of alkyl having 1 to 6
carbon atoms and alkoxy having 1 to 6 carbon
atoms; phenylalkylamido wherein the alkyl is
1 to 6 carbon atoms and the alkyl chain may
be interrupted .by oxygen; substituted
phenylalkylamido wherein the alkyl is 1 to 6
carbon atoms and the alkyl chain may be

Vinterrupted by oxygen and the phenyl

substituents are selected from the group
consisting of alkyl having 1 to 6 carbon
atoms and alkoxy having 1 to 6 carbon atoms;
hydroxy; amino; 5 or 6 carbon membered cyclic
ring wherein one or two of the ring carbon
atoms are replaced by a hetero atom which is
selected from nitrogen, oxygen and sulfur
with the proviso that when two hetero atoms
are present one hetero atom must be nitrogen;
alkylsulfonamido wherein the alkyl is 1 to 6
carbon atoms; phenylsulfonamido; or
substituted phenylsulfonamido wherein each
phenyl substituent can be selected from the
group consisting of alkyl having 1 to 6
carbon atoms, alkoxy having 1 to 6 carbon
atoms, and halo;

and
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R4 is absent, hydrido or alkyl having 1 to 6
carbon atoms with the understanding that when
R, is absent, and Rj is absent or alkyl having
1 or 2 carbon atoms, the oxygen adjacent to
R, position can combine with R; when present
or can combine with the carbon adjacent to
the carbonyl to form a lactone;

with the proviso that when Y is alkyl having three

carbon atoms Z is Z,.

The invention further relates to pharmaceutical
compositions comprising a compound of formula I. Such
compounds and compositions have usefulness as
inhibitors of platelet aggregation. The invention also
relates to a method of inhibiting platelet aggregation
in a mammal in need of such treatment.

A preferred embodiment of the present invention is
a compoqu of the formula |

r/»\\(/x-—-n\\z:

“ ]
HN
<,
Ry I
NH,

or a pharmaceutically acceptable salt thereof,'wherein

R, and‘R2 are each independently hydrido, alkyl having
1 to 6 carbon atoms, alkoxy having 1 to 6
carbon atoms or halo.

Y is alkyl having 1 to 6 carbon atoms, alkenyl
having 2 to 4 carbon atoms or alkynyl having

2 to 4 carbon atoms;

y/ is a group having the formula
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0]
OR,
(24)
R3
0]
or
0 OR,
(Z4)
Rs
0

is phenylalkylamido wherein the alkyl is 1 to
6 carbon atoms and the alkyl chain may be
interrupted by oxygen; substituted
phenylalkylamido wherein the alkyl is 1 to 6
carbon atoms and the alkyl chain may be
interrupted by oxygen and the phenyl
substituents are selected from the group
consisting of alkyl having 1 to 6 carbon
atoms and alkoxy having 1 to 6 carbon atoms;
and
is hydrido or alkyl having 1 to 6 carbon

atoms.

2

Exemplifying this embodiment are the following

compounds:
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4-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-4-
oxo-sR—[[(phenylmethoxy)carbonyl]amino]butanoic acid;

5-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-s-
oxo-4R-{[(phenylmethoxy)carbonyl]amino]pentanoic acid;

5-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-5-
oxo-4S-{[(phenylmethoxy)carbcnyl]amino]pentanoic acid;

5={ [4~[4-(aminoiminomethyl)phenyl]butyl]lamino]-5-
oxo-4S-[1-oxo-3-phenylpropylaminojpentanoic acid;

4~[[4-[4-(aminoiminomethyl)phenyl]butyljamino}-4-
oxo-3R~[ (1-oxo-3-phenylpropyl)amino]butanoic acid;

ethyl 5-[[4-(4-
(aminoiminomethyl)phenyl]butyl]amino]-5-oxo-4R-
[[(phenilmethoxy)carbqnyl]amino]pentancate,
monohydrochloride;

and
5-{[5-{4~-(aminoiminomethyl)phenyl]-4-
pentynyl]aminoj-5-ox0-4R-{ [ (phenylmethoxy)

carbonyl]amino]lpentanoic acid

A further preferred embodiment of the present

invention is a compound of the formula

Z—X

r//\\wz/y-- \\2:

N
NS
NH, A
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or a pharmaceutically acceptable salt thereof, wherein

R, and R,

wherein
Ry

are each independently hydrido, alkyl having
1 to 6 carbon atoms, alkoxy having 1 to 6

carbon atoms or halo.

is alkyl having 1 to 6 carbon atoms, alkenyl
having 2 to 4 carbon atoms Or alkynyl having

2 to 4 carbon atoms;

is a group having the formula

0

OR, " (2Z4)
R3
o)
or
0 ORq
(2,)
=X
0

is alkylsulfonamido wherein the alkyl is 1 to
6 carbon atoms; phenylsulfonamido, or
substituted phenylsulfonamido wherein each
phenyl substituent can be selected from the
group consisting of alkyl having 1 to 6
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carbon atoms, alkoxy having 1 to 6 carbon

atoms;
and
5
Ry is hydrido or alkyl having 1 to 6 carbon
atoms.

Exemplifying this embodiment are the following

10 compounds:

5-[[4-{4-(aminoiminomethyl)phenyl]
butyl]amino]-5-oxo-4R-{ (methylsulfonyl)
amino]pentanoic acid;
15 .
ethyl 5-[[4-[4-(aminoiminomethyl)
phenyllbutyl]amino]~-5-oxo-4R-{ (methylsulfonyl)
" amino]pentanocate, monohydrochloride;

20 , and

4-{[4-({4-(aminoiminomethyl)
phenyl]butyljamino}-4-oxo=3R-[[ (4-
methylphenyl)sulfonyl]amino]jbutanoic acid.
25 ‘

The invention further relates to pharmaceutical
compositions comprising a compound of formula I. Such
compounds and compositions have usefulness as
inhibitors of platelet aggregation. The invention also

30 relates to a method of inhibiting platelet aggregation
in a mammal in need of such treatment.

As used herein, the term "hydrido" denotes a
single hydrogen atom (H). This hydrido group may be
attached, for example, to an oxygen atom to form a

35 hydroxyl group; or, as another example, two hydrido
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groups may be attached to a carbon atom to form a -CHjy-
group.

As used herein, the term nalkyl", either alone or
within other terms.such as "phenylalkyl",
"naphthalenealkyl” and nalkyloxycarbonyl" embraces a
linear or branched chain saturated hydrocarbon radical
having 1 to 6 carbon atoms. Illustfative of such
radicals are methyl, ethyl, propyl, 1-methylethyl,
butyl, 2-methylpropyl, 1-methylpropyl, 1,1-
dimethylethyl, pentyl, 3-methylbutyl, 1-methylbutyl, 1-
ethylpropyl, 2,2-dimethylpropyl, 1,1-dimethylpropyl,
hexyl, and s4-methylpentyl.

As used herein, the term "alkoxy" embraces linear
or branched oxy-containing radicals each having alkyl
portions of 1 to 6 carbon atoms. Tllustrative of such
groups are methoxy, ethoxy, propoxy, butoxy, 1-
methylethoxy, 2-methylpropoxy, l-methylpropoxy, 1,1-
dimethylethoxy, pentenoxy, 3-methylbutoxy, 1-
methylbutoxy, l-ethylpropoxy, 2-2-dimethylpropoxy, 1,1~
dimethylpropoxy, hexoxy, and 4-methylpentoxy.

As used herein the term "alkenyl" embraces linear
or branched unsaturated hydrocarbon radicals having 2
to 6 carbon atoms and containing one carbon to carbon
double bond, which carbon to carbon double bond may
have either cis or trans geometry within the alkenyl
moiety. Illustrative of such groups are ethéhyl,
propenyl, butenyl, isobutenyl, pentenyl, 3-methyl-1-
butenyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl,
and hexenyl.

As used herein the term "alkynyl" embraces linear
or branched unsaturated hydrocarbon radicals having 2
to € carbon atoms and containing one carbon to carbon
triple bond. Tllustrative of such radicals are
ethynyl, propynyl, butynyl, pentynyl, and hexynyl.

]
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As used herein the term "halo" embraces halogen
atoms. Illustrative of such atoms are chloro (Cl),
fluoro (F), bromo (Br) and iodo (I).

As used herein, the term "phenylalkylamido" refers
to a phenyl moiety which is linked to a amido moiety
via an alkyl chain having 1 to 6 carbon atoms with the
understanding that the phenyl moiety may be substituted
and the alkyl chain may be interrupted by oxygen.

As used herein, the term "5 or 6 carbon membered
cyclic ring wherein one or two of the ring carbon atoms
are replaced by a hetero atom" refers to a cyclic
structure having 5 or 6 ring carbon atoms in which one
or two of the ring carbon atoms are replaced by a
hetero atom which is selected from nitrogen, oxygen or
sulfur. TIllustrative of such groups are pyrrolidinyl,
pyrrolinyl, pyrrolyl, furanyl, thiophenyl and
pyridinyl. .

As used herein, the term "alkylsulfonamido" refers
to alkyl groups having 1 to 6 carbon atoms bonded to
the sulfur of the sulfonamido group. Alkylsulfonamido
is represented by the following formula.

0
I

-NH-S-(C;-Cg)

I
0

The compounds as shown in Formula I can exist in
various isomeric forms and all such isomeric forms are
meant to be included. Tautomeric forms are also
included as well as pharmaceutically acceptable salts

of such isomers and tautomers.
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In the structures and formulas herein, the bond
drawn across a bond of an aromatic ring can be to any
available atom on the aromatic ring.

The term "pharmaceutically acceptable salt" refers
to a salt prepared by contacting a compound of formula
(I) with an acid whose anion is generally considered
suitable for human consumption. Examples of
pharmacologically acceptable salts include the
hydrochloride, hydrobromide, hydroiodide, sulfate,
phosphate, acetate, propionate, lactate, maleate,
malate, succinate, mesylate and tartrate salts. All of
these salts may be prepared by conventional means by
reacting, for example, the appropriate acid with the

corresponding compound of Formula I.
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Detailed Description of the Invention

The compounds of formula III were prepared in a
conventional manner using standard synthetic methods.
A general synthetic seguence is outlined in Schemes A
and B. The key lefthand portion (formula II) was
synthesized by two different routes. Method 1 was
employed when Y was a carbon fragment and A was either
a carboxylic acid or alcohol. Method 2 was used when Y
designates a carboxamide moiety. Thus the
halobenzonitrile was coupled to an omega alkynoic acid
or an omega alkynoyl alcohol via the Heck reaction
employing Tetrakis(triphenylphosphine)-palladium(O)
[for related conditions see: H. A. Deck and F. R. Heck
J. Organometallic Chem. 259-263 (1975)]. Compounds
where Y = CH,CH, were prepared by a selective
hydrogeq;tion using palladium on calcium carbonate.
When A was a carboxylic acid group, a modified Curtius
reaction [Washburne, S.; Peterson, W.R., Synthetic
Comm. 2, 227-230 (1972)] converted the carboxylic acid
to the corresponding amino compound of formula II.
Alternatively, when R, was an alcohol moiety, the
following three step sequence was applied. Mesylation
of the alcohol with methanesulfonyl chloride/
triethylamine follow by displacement of the mesylate
with sodium azide lead to the corresponding azido
compound. Reduction of the azide group with
triphenylphosphine [Knouzi, Nj vVaultier, M.; Carrie,
R.; Bull. Soc. Chim. France, 815-819 (1985) ] provided
the desired amino compound of formula II. Finally,
when Y=NHCO, the appropriate aminobenzonitrile was
coupled with N-Boc-f-alanine using the mixed anhydride
method (method 2). Removal of the Boc group with
HCl/dioxane again yielded the desired compound of

formula II.
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Scheme B outlines the general methods used to
complete the synthesis of compounds of formula III.
The amino compound of formula II was coupled with the
appropriate carboxylic acid using standard peptide
coupling reagents (e.g. isobutyl chloroformate (IBCF),
oxalyl chloride or disuccinimidyl carbonate (DSC)) .
Generally the carboxylic acid compound is a suitably
protected chiral aspartic or glutamic acid. Post
coupling modifications to R; when R,=NHCBZ could be
carried out at this point. Thus, selective
hydrogenolysis (H,/Pd/CaC0;) of this material followed
by treatment with a suitable acid chloride lead to a
series of amide and sulfonamide analogues as described
by formula III. The carboxyl protecting group (R4=tBu) -
was removed under acidic-conditions (trifluoroacetic
acid), however this procedure could be reserved until
the last step of the synthesis. The cyano group was
converted to the amidine in three steps: 1) HyS
treatmeﬂt generated the thioamide, 2) alkylation with
methyl iodide lead to the thioimidate and finally 3)
treatment of the thioimidate with ammonium acetate
yielded the amidine which was generally isolated by
precipitation of the zwitterion. Alternatively,
purification of the crude product using reverse phase
high pressure liquid chromatography provided the
desired final product as the trifluoroacetate salt.

The hydroxy acids of formula III (R;=OH) were
synthesized (Scheme C, Method 1) by amide formation
between the amine (formula II) and the gamma lactone,
5-oxo-2-tetrahydrofurancarboxylic acid, via acid
chloride formation with oxalyl chloride. Hydrolysis of
the lactone provided a stable hydroxy acid. Cconversion
of this intermediate to the final product was carried
out according to Scheme B. The isomeric hydroxy acid
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(Ry=CH,0H) was synthesized (Scheme C, Method 2) by
coupling the amine (formula II) with tetahydrofuran=-3-
carboxylic acid, followed by a Ruthenium(VIII)
oxidation [Carlsen, P.H.J.; Katsuki, T.; Martin, V.;
Sharpless, K.B., J. Org. Chem., 46, 3936-8, (1981)] to
yield the lactone. Conversion of the nitrile to the
amidine (scheme B) and subsequent base hydrolysis
provided the desired product. A pyrrolylsuccinic acid
analogue (Scheme C, Method 3) was synthesized by
treating aspartic acid-f-benzyl ester with 2,5-
dimethoxytetrahydrofuran. The resulting carboxylic
acid was elaborated to the final product according to
Scheme B. In addition, various succinic acid analogues
may be synthesized by treating a suitably substituted
acetic acid methyl ester with LDA followed by
alkylation with t-butyl bromoacetate (Scheme C, Method
4). Selective base hydrolysis would provide a
monoproéécted succinate.

PCT/US92/10021
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Scheme A
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Scheme C (cont.)
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This invention also relates to a method of
inhibiting platelet aggregation and more specifically,
a method of treatment involving the administration of
compounds of Formula I to achieve such inhibition.

For the inhibition of platelet aggregation,
compounds of Formula I may be administered orally,
parenterally, or by inhalation spray or rectally in
dosage unit formulations containing conventional non-
tox1cApharmaceut1cally acceptable carriers, adjuvants
and vehicles. The term parenteral as used herein
includes, for example, subcutaneous, intravenous,
intramuscular, intrasternal, infusion techniques or
intraperitonally.

The compounds of the present invention may be
administered by any suitable route, preferably in the
form of a pharmaceutical composition adapted to such a
route, and in a dose effective for the treatment
1ntended. Therapeutically effective doses of the
compounds of the present invention required to prevent
or arrest the progress of the medical condition are
readily ascertained by one of ordinary skill in the
art.

Accordingly, the invention provides a class of
novel pharmaceutical compositions comprising one or
more compounds of the present invention in association
with one or more non-toxic, pharmaceutically acceptable
carriers and/or diluents and/or adjuvants (collectively
referred to herein as "carrier" materials) and if
desired other active ingredients.

The dosage regimen for treating a condition with
the compounds and/or compositions of this invention is
based on a variety of factors, including the type, age,
weight, sex and medical condition of the patient; the
severity of the condition; the route of administration;

and.the particular compound employed. Thus dosage
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regimen may vary widely. Dosage levels of the order
from about 0.01lmg to about 150mg per kilogram of body
weight per day are useful in the treatment of the
above-indicated conditions (from about 10mg to about
150mg per patient per day). For oral administration a
daily dose of from about 0.01 to 150mg/Kg body weight,
particularly from about 1 to 3omg/Kg body weight may be
appropriate. For administration by injection a
preferred daily dose would be from about 0.01 to
50mg/Kg body weight.

For oral administration, the pharmaceutical
composition may be in the form of, for example, a
tablet, capsule, suspension or liquid. The
pharmaceutical composition is preferably made in the
form of a dosage unit containing a particular amount of
the active ingredient. Examples of such dosage units
are tablets or capsules. These may contain, for
example, an amount of active ingredient from about 1 to
250 mg, preferably from about 25 to 150 mg. A suitable
daily dose for a mammal may vary widely depending on
+he condition of the patient and other factors.

The active ingredient may also be administered by
injection as a composition wherein, for example,
saline, dextrose or water may be used as a suitable
carrier. A suitable daily dose would typically be
about 0.01 to 50 mg/kg body weight injected per day in
multiple doses depending on the condition being
treated.

For administration, the compounds of this
invention are ordinarily combined with one or more
adjuvants appropriate to the indicated route of
administration. The compounds may be admixed with
lactose, sucrose, starch powder, cellulose esters of
alkanoic acids, cellulose alkyl esters, talc, stearic
acid, magnesium stearate, magnesium oxide, sodium and

PCT/US92/10021
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calcium salts of phosphoric and sulphuric acids,
gelatin, acacia, sodium alginate, polyvinylpyrrolidone,
and/or polyvinyl alcohol, and tableted or encapsulated
for convenient administration. Alternatively, the
compounds may be dissolved in water, polyethylene
glycel, propylene glycol, ethanol, corn oil, cottonseed
0il, peanut oil, sesame oil, benzyl alcohol, sodium
chloride, and/or various buffers. Other adjuvants and
modes of administration are well and widely known in
the pharmaceutical art.

The pharmaceutical compositions may be made up in
a solid form such as granules, powders Or suppositories
or in a liquid form such as solutions, suspensions or
emulsions. The pharmaceutical compositions may be
subjected to conventional pharmaceutical operations
such as sterilization and/or may contain conventional
pharmacgptical adjuvants such as preservatives,
stapilizers, wetting agents, emulsifiers, buffers, etc.

The following Examples are intended to further
illustrate the present invention and not to limit the
invention in spirit or scope. In the Examples, all
parts are parts by weight and temperature is in degrees
celsius unless otherwise expressly set forth.

PCT/US92/10021
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Example 1
Preparation of
4-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-4-oxo—
3(R)-[[(phenylmethoxy)carbonyl]amino]butanoic acid

0
OH
0
"W
NH O
. Y@/\/\/ | /\@
NH "

A. P ation of

5-(4-Cyanophenyl)-4-pentenoic acid

Tetrabutylammonium chloride (hydrate, 17.8 g) was
dried by azeotroping with benzene (250 mL round bottom
flask equipped with a Dean-Stark apparatus). The
benzene was removed in vacuo affording anhydrous
tetrabutylammonium chloride (17.0 g, 61.2 mmol). To
this flask under argon were added triphenylphosphine
(820 mg, 3.13 mmol), palladium acetate (703 ng, 3.13
mmol), 4-bromobenzonitrile (16.9 g, 92.8 mmol),
potassium acetate (36.8 g, 375 mmol) and 100 nL of
degassed anhydrous dimethylformamide (degassed by
bubbling argon through for 10 min., dried over
molecular sieves). A solution of 4-pentenoic acid
(6.27 g, 62.6 mmol) and degassed anhydrous DMF (35 mL)
was then added to the rapidly stirring reaction mixture
at 23°C. After 21 hours at 23°C, the reaction mixture
was poured slowly into a sodium carbonate solution (3%,
400 mL) and extracted with ethyl acetate (500 mL). The
aqueous layer was treated with decolorizing carbon, and
filtered. Then, the aqueous layer was acidified to a
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pH of 2 with 10% HCIl which afforded the compound (A) as
a white solid (6.82 g, 54%): m.p. 150-167°C.

An analytical sample was obtained by submitting
the sample to further purification by flash
chromatography (ethyl acetate: methylene chloride:
acetic acid, 1:4:0.05) and recrystallization from ethyl
acetate (2 times). The resulting product had the
following properties: m.p. 154-156°C.

Anal. calc’d. for CpH;NO,: C, 71.63; H, 5.51; N, 6.96.
Found: C, 71.50; H, 5.54; N, 6.80.

B. Preparation of

5—(4—czanophenyl)pentanoic acid
A solution of 1.47 g (7.32 mmol) of the product of’

step A in 90 mL of methanol was hydrogenated over 200
mg of 5% of Pd/CaCO; at 5 psi hydrogen over a 1.2 h
period. After removing the catalyst by filtration and
evapor&tion of the solvent in vacuo, the residue was
triturated with ether followed by hexane which afforded
a white solid. The resulting product had the following

properties: m.p. 101-102°C.
Anal. calc’d. for CpH;NO,: C, 70.92; H, 6.45; N, 6.89.

Found: ¢, 70.71, H, 6.56; N, 6.87.

C. Preparation of

4-(4-czanoghenzl)butanamine HC1
The product of step B (20.3 g, 0.10 mol) was

dissolved in 1,2-dichloroethane (100 mL) and oxalyl
chloride (62.5 g, 0.49 mol) was added, followed by DMF
(50 pL). The solution was stirred at room temperature
until gas evolution ceased (c.a. 30 min). The solvent
and excess oxalyl chloride was removed under reduced
pressure, redissolved in 200 mL of 1,2-dichloroethane
and evaporated under reduced pressure again. The
residue was dissolved in dry THF (150 mL) under
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nitrogen and azidotrimethylsilane (12.7 g, 0.11 mol)
was added. After stirring at room temperature for 5
min., the stirred solution was heated in a 70°C oil
bath until gas evolution ceased (c.a. 1 hour). The
solution was cooled in an ice bath and concentrated aqg.
HC1l (20 mL) was added all at once and the ice bath was
removed. After gas evolution ceased (c.a. 15 min) the
solvent was removed under reduced pressure and the
residue was partitioned between water and ethyl
acetate. The agueous layer was made basic (250 mL of
1N NaOH) and extracted with ethyl acetate. The organic
layer was washed successively with water and sat‘d.
Nacl, dried (MgSo,), filtered and evaporated under
pressure. The residue was redissolved in 150 mL of
ethyl acetate and 20 mL-of dry 6.9N HCl/dioxone was
added with stirring and icebath cooling. The white
precipitate was filtered and washed with ethyl acetate
then dié%hyl ether affording 16.9 g (80%) of product:
m.p. 155-160°C.

Anal. calc’d. for C;;H,¢N,Cl: C, 62.70; H, 7.18; N,
13.30; Cl, 16.83.

Found: C, 62.76; H, 7.35; N, 13.34; Cl, 16.97.

D. Preparation of
1,1-dimethviethyl 4-f[4-(4-cvanophenyl)butyl]
aminol-4-oxo-3(R)-[[ (phenylmethoxy)carbonyl]

aminojlbutanoate
The product of step C (980 mg, 4.65 mmol) and N-

carbobenzyloxy-D-aspartic acid gamma-t-butyl-ester

(1.78 g, 5.35 mmol) was suspended in ethyl acetate
(25 mL). Neat N-methylpiperidine (500 mg 5.0 mmol) was
added followed by solid dicyclohexylcarbodimide (1.10

g, 5.3 mmol). The suspension was stirred at room

temperature overnight, filtered and the filtrate
evaporated under reduced pressure. Silica gel

PCT/US92/10021
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chromatography (ethylacetate:hexane, 20:80 followed by
ethyl acetate:hexane, 50:50) afforded 1.958 g of
product (89%).

Anal. calc’d. for C,qH;3N305. 0.4EtOAC: c, 66.72; H,
7.09; N, 8.16.

Found: C, 66.44; H, 6.97; N, 8.53.

1§-NMR (300MHz, CDCly) § 1.40 (s, °H), 1.45-1.70 (m 4H),
2.59 (dd, J=8Hz, J=16Hz, 1H), 2.63 (%, J=7Hz, 2H), 2.97
(dd, J=5Hz, J=16Hz, 1H), 3.27 (m, 2H), 4,45 (m, 1H),
5.12 (s, 2H), 5.95 (4, J=9Hz, 1H, exchangeable), 6.49
(m, 1H, exchangeable), 7.25 (d, J=8Hz, 2H), 7.30-7.40
(m, 5H), 7.56 (4, J=8Hz, 2H) .

E. Preparation of
4-rr4-r4-(aminoiminomethvl)nhenvl1butvl1amino1-4-

gxg::(R)-rr(nhenxlmethogz)carbonyl]amino]butanoic

Hydrogen sulfide was bubbled through a solution of
the product of step D (220 mg, 0.46 mmol) in pyridine
(5 mL) and triethylamine (0.5 mL) at 23°C (c.a. 5 min).
After 67 hours at 23°C in an enclosed flask, the

reaction mixture was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate
and washed successively with 1N KHSO,, water, sat’d.
sodium chloride, and dried (Na,S0,4) - concentration
under reduced pressure afforded 250 mg of thioamide.

The thioamide was dissolved in acetone (10 mL) and

jodomethane (1 mL) and refluxed for 30 min.
Concentration under reduced pressure afforded the
thioimidate HI (300 mg). To this residue was added
anhydrous ammonium acetate (67 mg, 0.87 mmol) and
methanol (5 mL). The solution was refluxed for 3 hours
under N, then concentrated under reduced pressure. The
residue was dissolved in 90% trifluoroacetic acid/10%
water (2 mL), stirred for 1 hour then evaporated under
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reduced pressure. Reverse phase chromatography on a
Waters® C-18 microbondapak column using an 0.5% acetic
acid/water:methanol gradient afforded 83 mg of product.
Anal. calc’d. for Cy;H,gN,0g.0.5CF3CO,H, 0.7H0: C,
56.51; H, 5.91; N, 10.98.

Found: C, 56.64; N, 5.86; N, 10.81.

lH-NMR (300MHZ CD,0D) delta 1.45-1.70 (m, 4H), 2.55-2.82
(m, 4H), 3.20 (t, J=7Hz, 2H), 4.46 (m, 1H), 5.03-5.15
(m, 2H), 7.24-7.35 (m, 5H), 7.40 (d, J=7Hz, 2H), 7.70
(d, J=7Hz, 2H).
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Example 2
Preparation of

4-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-4—oxo-
3(R)—[[(4-methylphenylsulfonyl]amino]butanoic acid

0

NH
HoN J
NH

A. Preparation of
1.1-dimethylethyl 4~rr4-(4-cvanophenvl)butvll

OH

)
e

IZ\ //O

gginc1-4-oxo—3(R)-aminobutanoate

A solution of the product of example 1, step D
(3.57 g, 7.4 mmol) dissolved in MeOH (35 mL) and 5%
Pd/CaC05 (200 mg) was hydrogenated at 5 psi of hydrogen
over 18 hours. Filtration of the catalyst and removal
of the solvent under reduced pressure afforded 2.40 ¢

of product (94%) as an 0il which was used directly in
the next reaction.

lgy-NMR (300 MHZ, CD40D) delta 1.27 (s, 9H), 1.30-1.55
(m, 4H), 2.40 (dd, J=7Hz, J=18Hz, 1H), 2.45-2.60 (m,
3H), 3.02 (t, J=7Hz, 2H) 3.48 (m, 1H), 7.19 (d, J=8Hz,
oH), 7.42 (4, J=8Hz, 2H).

B. Preparation of
1,1-dimethylethyl 4-[r4-(4-cvanoohenvl)butvll

ggigo]-4-oxo-3(R)-Fr4-methvlphenvlsulfonv;l

amjnolbutanoate

To a solution of the product of step A (1.00 g,
5.89 mmol) in pyridine (8 mL) was added p-
toluenesulfonyl chloride (830 mg, 4.34 mmol) and

Y



o

10

15

20

WO 93/12074 PCT/US92/10021

-35-

stirred at room temperature for 1 hour. The reaction
mixture was diluted with water and extracted with ethyl
acetate. The organic layer was washed with 1N KHSO4
until the aqueous layer remained acidic, then with
brine, dried (Na,SO,), filtered and concentrated under
reduced pressure. The residue was filtered through a
pad of silica gel (40% ethyl acetate in hexane)
affording 1.20 g (83%) of product.

13c_NMR (300MHz, CDCl,) delta 20.84, 27.14, 27.26,
28.10, 34.79, 36.66, 38.56, 52.75, 77.13, 80.98,
108.78, 118.46, 126.48, 128.65, 129.20, 131.43, 136.50,
143.13, 114.37, 169.17, 169.64.

C. Preparation of
4-[[4-[4-(aminoiminomethyl)phenylibutyllamino]=4=
g;p-3(R)-fr4-methvlnhenylsulfonxl]amino]butanoic
acid.

Thé title compound was prepared from the product

of step B (1.20 g, 2.40 mmol) in a manner similar to
example 1, step E affording 685 mg (62% from nitrile)
of product as a white solid (m.p. 170-172°C dec.).
Anal. calc’d. for C,,H,gN40gS. 1CF3COH. 0.5H;0: C
,49.39; H, 5.18; N, 9.60.

Found: C, 49.30; H, 5.02; N, 9.46.
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Example 3
Preparation of

4-[[4-[4-aminoiminomethyl)phenyl]butyl]amino]-4-oxo-3R—
[(l—oxo-B-phenylpropyl)amino]butanoic acid

o)
OH
0]
NH |
NH
HoN \']/O/\/\/ I
~ NH

A. Preparation of

1,1-dimethylethyl 4-[[4=-(4~-cyanophenyl)butvyi]

amino]-4-oxo-3(R)-f(1-oxo-3-ghenzlgrogzl)

amiho]butanoate.

The product of example 2, step A (1.43 g, 4.17
mmol) and methylmorpholine (421 mg, 4,17 mmol) was
dissolved in 1,2-dichloroethane (20 mL) and cooled in
an ice bath. Hydrocinnamoyl chloride (773 mg, 4.59
mmol) in 1,2-dichloroethane (10 mL) was added, warmed
+o room temperature and stirred for 2 hours. The

reaction mixture was partitioned between ethyl acetate
and 1N NaHSO, then washed successively with water, 5%
KHCO,, and brine then dried (Na,S0,). Removal of the
solvent under reduced pressure afforded 2.00 g (100%)
of product as an oil used directly in the next
reaction.

Anal. calc’d. for CogHjcN304: C, 70.42; H, 7.39; N,
8.80.

Found: C, 70.23; H, 7.36; N, 8.62.

lg-NMR (300MHz, CDCl,) delta 1.42 (s, 9H), 1.40-1.65 (m,
4H), 2.40 (dd, J=6Hz, J=17Hz, 1lH), 2.54 (m, 2H), 2.66
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(t, J=7Hz, 2H), 2.83 (dd, J=4Hz, J=17Hz, 1H), 2.96 (m,
2H), 3.18 (m, 2H), 4.67 (m, 1H), 6.35 (m, 1H,
exchangeable) 6.75 (d, J=8Hz, 1H, exchangeable), 7.15-
7.31 (m, 7H), 7.56 (d, J=8Hz, 2H).

B. Preparation of
4-rr4-(4-cvanonhgpvl)butvllamino1-4-oxo—3(R)-r(1-oxo-3-

phenylpropyl)aminojbutanoic acid

The product of step A (2.00 g, 4.17 mmeol) was
dissolved in 50 mL of trifluorcacetic acid/water (9:1)
and stirred at room temperature for 40 minutes. The

solvent was evaporated under reduced pressure and the
residue was dissolved in ethyl acetate, washed with
water, then extracted (2x) with 10% KHCO;. The '
combined extracts were acidified to a pH of 1 by the
careful addition of solid NaHSO,, extracted with ethyl
acetate and dried (Na,SO,). The solvent was removed
under réﬁuced pressure and the residue was dissolved in
CH,Cl, (2 mL) then diluted with diethyl ether (50 mL).
The gummy precipitate which solidified on standing was
filtered and washed with ether affording 1.12 g of
product (64%).

Anal. calc’d. for C,,H,N;0,.0.25H,0: C, 67.66; H, 6.39;
N, 9.86.

Found: C, 67.62; H, 6.38; N, 9.68.

lj-NMR (300MHz, CDCl,) delta 1.38-1.65 (m, 4H), 2.45-
2.68 (m, 5H), 2.81 (dd, J=5Hz, J=16Hz, 1lH), 2.91 (t,
J=7Hz, 2H), 3.16 (m, 2H), 6.73 (t, J=6Hz, 1H,
exchangeable), 7.00 (4, J=7Hz, 1H, exchangeable), 7.10-
7.30 (m, 7H), 7.54 (d, J=8Hz, 2H).

PCT/US92/10021
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c. Preparation of
4-[r4-r4-(aminoiminomethvl)nhenvl1butvl]amino]-4-

oxo-3R=[ (1-oxo=3-phen ipropyl)aminolbutanoic acid

Hydrogen sulfide was pubbled through a solution of
the product of step B (1.12 g, 2.66 mmol) and
triethylamine (1.82 g, 18 mmol) in pyridine (20 mL) at
23°C (c.a. 10 min.). After stirring for 2.5 days at
239C in an enclosed flask the solvent was removed under

reduced pressure. The residue was dissolved in ethyl
acetate and washed with 1N NaHSO,, dried (Na,S0,) and
evaporated under reduced pressure. Trituration of the
solid with ether and filtration afforded 1.12 g of
yellow thioamide.

Anal. calcfd. for C, HpgN;0,S: C, 63.28; H, 6.42; N,
9.22. -

Found: C, 62.88, H, 6.50; N, 9.10. This material was
dissolved in acetone (25 mL) and iodomethane (4.76 g,
33.6 mqplj was added. The yellow solution was stirred
at reflux under nitrogen for 30 min., cooled and
evaporated under reduced pressure affording the
thiocamide . HI. To this residue was added anhydrous
ammonium acetate (290 mg, 3.82 mmol) and methanol (15
mL). The solution was refluxed for 3 hours under
nitrogen then concentrated under reduced pressure. The
oily residue was suspended in 2 mL of water and diluted
with 30 mL of acetone. The product slowly precipitated
after standing for 3 days. The precipitate was
filtered and washed with acetone/water (15:1) then with
acetone affording 529 mg of off-white solid (51% from
nitrile, m.p. 207-209°C dec.).

anal. calc’d. for C,,HsgN,04 . 0.8Hp0: C; 63.64; H,
7.03; N, 12.37.

Found: C, 63.76; H, 6.86; N, 12.30.
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Example 4
Preparation of

4-[[4—[4-(aminoiminomethyl)phenyl]butyl]amino]-4-oxo-
3(S)-[[(phenylmethoxy)carbonyl]amino]butanoic acid

OH
0o

A.  Preparation of
1, 1-dimethylethyl 4-{f4=(4-cvanophenyl)

butyvliaminol=4-oxo-3(S)-{[ (phenvimethoxy)

carbonyllaminolbutanoate
To an ice cooled solution of N-carbobenzyloxy-L-

aspartic acid gamma-t-butyl ester (385 mg, 1.19 mmol)
in CH,Cl, (10 mL) was added N-methylmorpholine (120 mg,
1.19 mmol) followed by isobutylchloroformate (163 mg,
1.19 mmol). The solution was stirred at 0°C for 10
min. then the product of example 1, step C (250 mg,
1.19 mmol) was added followed by an additional 120 mg
of N-methylmorpholine. The icebath was removéd and the
reaction was stirred at room temperature for 3 hours.
The reaction mixture was partitioned between ethyl
acetate and water, then washed successively with 1N
NaHSO,, water, sat‘d. NaHCO; and sat’d. Nacl and dried
(Na,S0,) . Evaporation under reduced pressure followed
by chromatography of the residue (EtOAc/hexane 1:1)
afforded 523 mg of product as a colorless oil (92%).
lH-NMR (300MHz, CDCl,) delta 1.40 (s, 9H), 1.45-1.70 (m,
4H), 2.59 (dd, J=8Hz, J=16z, 1H), 2.63 (L, J=7Hz, 2H),
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2.97 (dd, J=5Hz, J=16Hz), 3.27 (m, 2H), 4.45 (m, 1H),
5.12 (s, 2H), 5.95 (d, J=9Hz, 1 H, exchangeable), 6.49
(m, 1H, exchangeable), 7.25 (d, J=8HZ, 2H), 7.30-7.40
(m, SH), 7.56 (d, J=8Hz, 2H).

B. Preparation of
4-rr4-(4-cvanoohenvl)butvl]amino]-4-oxo-4(S)-

fr(nhenvlmethoxv)carbonvliamino1butanoic acid
The product of step A (518 mg, 1.00 mmol) was
dissolved in 10 mL of trifluoroacetic acid/water (9:1)

and stirred at room temperature for 2 hours. Work up
was carried out as described for example 3, step B
affording 423 mg of product as a waxy solid (92%).
1g-NMR (300 MHz, CDCl;) delta 1.40-1.65 (m, 4H), 2.65
(t, J=8Hz, 2H), 2.74 (dd, J=8Hz, J=17HzZ, 1H), 3.01 (dd,
J=5Hz, J=17Hz, 1H), 3.24 (m, 2H), 4.55 (m, 1H), 5.12
(s, ZH)L 6.00 (4, J=9%9Hz, 1H, exchangeable), 6.65 (m,
1H, exchangeable), 7.25 (d, J=8Hz, 2H), 7.30-7.40 (m,
5H), 7.55 (4, J=8Hz, 2H).

C. Preparation of
4-rr4-r4-(aminoiminomethvl)phenvl]butvl]amino]—4-

ggg:B(S)—rr(nhenvlmethoxz)carbonzl]amino]butanoic

acid.

The title compound was prepared from the product
of step B (404 mg, 0.954 mmol) in a manner similar to
example 3, step C. The product was precipitated as the
zwitterion with water/acetone (1:15) affording 165 mg
of white solid (39% from nitrile, m.p. 138-141°C dec.) .
Anal. calc’d. for CZ§58N405.0.8H20: c, 60.72; H, 6.56;
H, 12.32.

Found: C, 60.55; H, 6.26; N, 12.20.
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Example 5

Preparation of

PCT/US92/10021

5-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-5-oxo-
4(R)-{[(phenylmethoxy)carbonyl]amino]pentanoic acid

HN

NH,

A. Preparation of
1,l-dimethylethyl 5-{[4-(4=-cyanophenyl)

buggl]amino]-5-oxo-4(R)-Ir(Dhenvlmethoxx)

carbonyllaminolpentanoate
The title compound was prepared in a manner

o)

NH

OH

0

/u\\O

NH

similar to example 4, step A substituting

carbobenzyloxy-D-glutamic acid gamma-t-butyl ester

(7.59 g, 22.5 mmol) for the aspartic acid derivative.

The product (10.80 g) was obtained as a colorless oil

which solidified on standing (97%).

Anal. calc’d. for 028H35N305: C, 68.13; H, 7.15;

8.51.

Found: C, 67.96; H, 7.24; N, 8.46.

B. Preparation of

5-fr4-(4-cvanoohenvl)butvl]amino]-S-oxo—4(R)-

N,

[[(ghenvlmethoxv)carbonvl]amino]nentanoic acid

The title compound was prepared from the product

of step A (2.00 g, 4.05 mmol) in a manner similar to
example 4, step B affording 1.58 g (89%) of off-white

solid (m.p.

126.5-129.5°C).
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anal. calc’d. for Cp,Hp;NiOg: C, 65.897 H, 6.22; N, 9.61.
Found: C, 65.83; H, 6.28; N, 9.61.

lg-NMR (300MHz, CDCl;) delta 1.40-1.70 (m, 4H), 1.80-
2.15 (m, 2H), 2.30-2.60 (m, 2H), 2. 65 (t, J=7Hz, 2H),
3.25 (m, 2H), 4.30 (m, 1H), 5.08 (s, 2H), 5.81 (4,

J=9Hz, 1H, exchangeable), 6.75 (m, 1H), 7.24 (d, J=8Hz,
2H), 7.25-7.40 (m, 5H), 7.54 (d, J=8Hz, 2H).

c. Pregaratlon of
S=f[4=[4~= (amlnolmlnomethvl)phenvl]butvl1am1nol-5-

oxo-4 (R) = fr(Dhenvlmethoxy)carbonzl]amlno]gentan01c

acid.

The title compound was prepared from the product
of step B (1.52 g, 3. 36 mmol) in a manner similar to
example 3, step C affording 990 mg (65%) of off-white
solid (m.p. 241-243°C dec.).

Anal. calc’d. for CogH3gNgOg: C, 63.42; H, 6.65; N,
12.33.
Found: ¢C, 63.11; H, 6.77; N, 11.96.
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Example 6
Preparation of

Ethyl 5-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-
5-oxo-4(R)[[(phenylmethoxy)carbonyl]amino]pentanoate.

O

W LI

NH
HoN 0

NH

The product of example 5, step C (986 mg, 2.17
mmol) was dissolved in a solution of sat‘d. HCl in EtOH
(35 mL) and stirred at room temperature overnite. The
solvent was removed under reduced pressure to dryness.
The gummy material was dissolved in a minimal volume of
CH,Cl, and precipitated by the addition of ether leaving
a gummy product upon decantation of the solvent.
Reprecipitation from CH,Cl,/ether, decantation and
drying under vacuum afforded a hygroscopic foam
(1.07 g, 95.5%).
Anal. calc’d. for C,gH3gN,05Cl.0.75H,0: C, 58.64; H,
6.91; N, 10.52.
Found: C, 58.68; H, 6.78; N, 10.33.
lg-NMR (300 MHz, CD,0OD) & 1.22 (t, J=7Hz, 3H), 1.45-1.75
(m, 4H), 1.80-2.12 (m, 2H), 2.39 (t, J=7Hz, 2H), 2.74
(t, J=6Hz, 2H), 3.22 (t, J=7Hz, 2H), 4.03-4.15 (m, 3H),
5.01-5.12 (m, 2H), 7.25-7.38 (m, SH), 7.45 (d, J=8Hz,
2H), 7.71 (d, J=8Hz, 2H), 8.68 (s, 1H), 9.19 (s, 1H).
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Example 7
Preparation of

S-[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-s-
oxo-4(S)-[[(phenyimethoxy(carbonyl]amino]pentanoic acid

o OH

0O

Neaasaage]

a. P;egaration'bf'
1,1-dimethylethyl S-fr4-(4-cvanophenzl)

bu;gl]amino]-s-oxo-4(S)-fr(nhenvlmethoxyL

carbonyllaminolpentanoate.

The title compound was prepared in a manner
similar to example 4, step A substituting N-
carbobenzylcxy-L—qlutamic acid gamma-t—butyl ester (410

ng, 1.19 mmol) for the aspartic acid derivative. The
product (538 mg) was obtained as a colorless oil (92%) .
ly-NMR (300MHz, CDCl,) delta 1.44 (s, 9H), 1.45-1.68 (m,
4H), 1.82-2.11 (m, 2H), 2.21-250 (m, 2H), 2.67 (&,
J=7Hz, 2H), 3.26 (m, 2H), 4.15 (m, 1H), 5.10 (s. 2H),
5.67 (d, J=7Hz, 1H, exchangeable), 6.33 (m, 1H,
exchangeable), 7.25 (4, Jj=8Hz, 2H), 7.30-7.40 (m, 5H) ,
7.55 (4, J=8Hz, 2H) .

B. Preparation of
5-rr4-(4-cvanonhenvl)butvllamino1-5-oxo-4(S)-

envimetho carbonyllamino entanoic acid
The title compound was prepared from the product
of step A (470 mg, 0.95 mmol) in a manner similar to
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example 4, step B affording 315 mg (76%) of white
solid.

lg-NMR (300MHz, CDCl,/ldrop CD;0D) delta 1.40-1.70 (m,
4H), 1.80-2.15 (m, 2H), 2.30-2.60 (m, 2H), 2.65 (L,
J=7Hz, 2H), 3.25 (m, 2H), 4.20 (m, 1H), 5.09 (s, 2H),
5.90 (4, J=8Hz, 1H, exchangeable), 6.80 (m, 1H,
exchangeable), 7.24 (4, J=8Hz, 2H), 7.25-7.40 (m, SH),
7.54 (d, J=8Hz, 2H).

C. Preparation of
5-[[4-[4-(aminoiminomethvl)nhenvl]butvl1amino]-5-
oxo-4(S)-rf(Dhenvlmethoxv)carbonvl1amino]pentanoic

acid

The title compound was prepared from the product
of step B (250 mg, 0.57 mmol) in a manner similar to
example 3, step C affording 146 mg (56%) of off-white
solid (m.p. 241-243°C dec.).
Anal. calc’d. for C,,H,oN,Og: C, 63.42; H, 6.65; N,
12.33.
Found: C, 62.98; H, 6.65; N, 12.17.
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Example 8
Preparation of
5-[[4-[4—(aminoiminomethyl)phenyl]butyl]aminc]-s-
oxo-4(R)-methylsulfonylaminopentanoic acid

0 OH

=0

NH

T?n

(@)

HoN 0
NH

A. preparation of
5-rr4-(4-cvanophenyl)butvllamino]-5-0x0-4(RL:

mequlsulfonzlaminogentanoic acid.
The product of example 5, step A (500 mg, 1.01

mmol) was dissolved in EtOAc (15 mL) followed by 5%
Pd/Cac0o, (200 ng). The reaction was stirred over a
balloon of hydrogen overnite. The balloon was removed
and N-methylmorpholine (153 mg, 1.52 mmol) was added
followed by methanesulfonyl chloride (174 mg, 1.52
mmol). The reaction was stirred overnite at room
temperature, filtered through a pad of celite and the
filtrate was washed successively with 1N NaHSO,, sat’d.
NaHCO, and dried (MgSQ,). Removal of the solvent under
reduced pressure afforded a gummy residue which was
dissolved in 10 mL of trifluoroacetic acid/water (9:1)
and stirred at room temperature for 30 minutes. The
solvent was removed under reduced pressure, the residue
dissolved in a minimal amount of dichloromethane and
the product precipitated by the addition of Et,0. The
white solid was filtered and washed with Et,0 affording
360 mg (93%) of product.
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Anal. calc’d. for C,H;N;0;8. 0.5H,0: C, 52.29; H, 6.20;
N, 10.76.

Found: C, 52.48; H, 6.15; N, 10.37.

I§-NMR (300MHz, CDCl,/CD,0D) § 1.40-1.72 (m, 4H), 1.75-
2.10 (m, 2H), 2.40-2.65 (m, 2H), 2.70 (t, J=8Hz, 2H),
2.91 (s, 3H), 3.27 (m, 2H), 3.92 (m, 1H), 7.28 (d,
J=8Hz, 2H), 7.58 (4, J=8Hz, 2H).

B. Preparation of
5=[[4-[4-(aminoiminomethyl)phenyl] butyllamino]=5=
oxo-4 (R) -methylsulfonylaminopentanoic acid
The title compound was prepared from the product

of step A (560 mg, 1.47 mmol) in a manner similar to
example 3, step C affording 396 mg (68%) of an off;
white solid (m.p. 208-212°C dec.).

Anal. calc’d. for CuHy,N,0S. 0.9H,0: C, 49.24; H, 6.76;
N, 13.51.

Found: C, 49.34; H, 6.33; N, 13.18.
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Exampie 9
Preparation of

Ethyl 5-[[4-(4-aminoiminomethyl)phenyl]butyl]amino]-s-
oxo-4(R)-methylsulfonylaminopentanoate,

monohydrochloride
0) O\\//,
0
NH g
NI
HoN J H O
NH H,0
HCl

The product of example 8, step B (640 mg, 1.61
mmol) was dissolved in 20 mL of sat’d. HCl/ethanol and
stirred at room temperature overnite. The solvent was
removed and the gummy residue was triturated with
acetonitrile and decanted. The residue was evaporated
to dryness from ethanol/ether affording the product
(680 mg, 91%) as a hygroscopic foam.

Anal. calc.d. for C19H§1N4OSSC1. 1H,0: C, 47.14; H,
6.92; N, 11.65.

Found: ¢, 47.53; H, 7.10; N, 11.61.

lgy-NMR (300MHz, CD,OD) & 1.24 (t, J=7Hz, 3H), 1.50-1.77
(m, 4H), 1.80-2.10 (m, 2H ), 2.45 (%, J=7Hz, 2H), 2.76
(¢, J=THz, 2H), 2.91 (s, 3H), 3.2 (¢, J=7Hz, 2H), 3.89
(m, 1H), 4.13 (q, J=7Hz, 2H), 7.47 (d, J=8Hz, 2H), 7.72
(4, J=8Hz, 2H).
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Example 10
Preparation of
5-[[4-{4-aminoiminomethyl)phenyl]butyl]amino]—s-oxo-
4(R)-[[(1-oxo-3-phenyl)propyl]amino]pentanoic acid

o] OH
0
NH
NH
H,N o
NH-
A. Preparation of
5-f[4A=(4=-cyanophenyl)butyllamino}-5-oxo=4 (R) = 1-

oxo-3-phenyl)propyllaminoipentanoic acid

The title compound was prepared from the product
of example 5, step A (2.00 g, 4.06 mmol) in a manner
similar to example 8, step A substituting .
hydrocinnamoyl chloride for methanesulfonyl chloride.
The product was obtained from methylene
ch;oride/diisopropyl ether affording 1.66 g (94%) as a
white solid (m.p. 119-122°C).
Anal. calc’d. for CyH,N,0,. 0.6H,0: C, 67.27; H, 6.82;
N, 9.42.
Found: C, 67.23; H, 6.68; N, 9.27.

B. Preparation of
5-{[4—{4-aminoiminomethyl)ghenyl]butyl]amino]—s-

oxo-4(R)-ff(B-Qhengl-l-oxo)grogyl]amino]gentanoic
acid

The title compound was prepared from the product
of step A (1.61 g, 3.70 mmol) in a manner similar to
example 3, step C affording 1.08 g (63%) of white solid
[(m.p. 242-243°C dec. (acetone/water)].
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Anal. calc’d. for CygHioNs04 . 0.5Hp0: c, 65.05; H,

7.21; N, 12.14.
Found: C, 64.96, H, 7.16; N, 11.94.
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Example 11
Preparation of

5-{[4-[4-(aminoiminomethyl)phenyl]pent-4-ynyl]amino]-s—
oxo-4(R)-{[(phenylmethoxy)carbonyl]aminopentanoic acid

NH, OH
0
HN
44L\\[::::1\\C 0
Xc NH J\
NN NH SO
0

aA. Preparation of

5-(4-czanoghenxl]4-Qentxnol
To_a solution of 4-bromobenzonitrile (105.0 g,

0.577 mol) and triethylamine (108.1 g, 1.07 mol) in 900
nL of acetonitrile under nitrogen was added 4-pentynol
(50 g, 0.594 mol) dissolved in acetonitrile followed by
tetrakis (triphenylphosphine) palladium (5.00 g, 3.23
mmol). The reaction flask was wrapped in aluminum foil
and the mixture was refluxed for 20 hours, cooled to
room temperature and filtered. The filtercake was
washed with acetonitrile and the filtrate was
evaporated under reduced pressure. The residue was
dissolved in ethyl acetate and washed successively with
water, 5% ag. HCl, water, 5% ag. potassium bicarbonate,
water, and brine. The organic layer was dried (MgSOy)
and the solvent removed under reduced pressure. The
residue was dissolved in 1.8 L of diethyl ether,
treated with Darco, filtered and the filtrate reduced
to a volume of 550 mL on a steam bath. A solid yellow
precipitate formed upon cooling to -30°C. The solid
was filtered and washed with cold diethyl ether and
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dried affording 72.90 g of product (m.p. 76-83°C). The
filtrate was concentrated under reduced pressure and
chromatographed (ethyl acetate:hexane, 1:1) affording
10.2 g of product after recrystallization from diethyl
ether (m.p. 81-84°C, 78% combined yield).
Anal. calc’d. for Cy,H,,NO: 6, 77.82; H, 5.99; N, 7.56.
Found: ¢C, 77.30; H, 6.08; N, 7.38.

B. Preparation of
5-(4-cVanoohenvl)-4-Dentvnvl methanesulfonate

To a solution of the product of step A (10.00 g,
54.0 mmol) and triethylamine (5.73 g, 56.7 mmol) in 80
mL of methylene chloride was added methanesulfonyl
chloride (6.61 g, 56.7 mmol) at room temperature.' The

reaction mixture was allowed to reach reflux and
stirred for 1 hour. The solvent was removed under
reduced;pressure and partitioned between water and
ethyl acetate. The organic phase was washed
successively with 5% NaHSO,, 10% KHCO; and brine and
dried (Na,S04). Evaporation under reduced pressure
afforded 13.4 g (94%) of yellow solid.

ly-NMR (300MHz, CDCl;) & 2.07 (p, J=6HZ, 2H), 2.63 (t,
J=6Hz, 2H), 3.05 (s, 3H), 4.40 (t, J=6Hz, 2H), 7.47 (4,
J=8Hz, 2H), 7.60 (4, J=8Hz, 2H).

c. Preparation of
l-(4-cvanoohenvl)-5-azido-l-pentvne

To a solution of the product of step B (13.40 g,
50.9 mmol) in dimethylformamide (35 mL) was added NaN;
(16.5 g, 255 mmol). The reaction was stirred at room

temperature for 18 hours then at 60°C for 2 hours,
cooled to room temperature, diluted with water (400 mL)
and extracted with ethyl acetate. The organic layer
was washed with waterr(ZX) then with brine and dried
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(Na,504) . Evaporation under reduced pressure afforded
10.70 g (100%) of product as a tan oil.

lH-NMR (200MHz, CDCly) 6 1.89 (p, J=6Hz, 2H), 2.57 (t,
J=6Hz, 2H), 3.48 (t, J=6Hz, 2H), 7.45 (d, J=8Hz, 2H),
7.58 (d, J=8Hz, 2H).

D. Preparation of
5-(4-cvanophenyl)-4-pentynamine hydrochloride

To a solution of the product of step C (10.46 g,
49.8 mmol) and water (1.35 mL, 74.7 mmol) in
tetrahydrofuran (100 mL) was added triphenylphosphine
(14.4 g, 54.9 mmol). The reaction mixture was stirred
at room temperature for 17 hours and evaporated under

reduced pressure. The residue was dissolved in ethyl
acetate and filtered. To the ice cooled filtrate was
added 6.9N HCl/dioxane. The precipitate was filtered
and washed with ethyl acetate then ether.
Recrystéilization of the product from isopropyl alcohol
afforded 7.00 g (64%) of light yellow solid (m.p. 202-
205°C).

Anal. calc’d. for C,,H;3N,Cl: C, 65.31: H, 5.94; N,
12.69; Cl, 16.06

Found: C, 65.06; H, 6.00; N, 12.58; Cl, 16.02.

E. Preparation_of
1,1-dimethylethyl 5-{[5=-(4-cyanophenyl)pent-4=

znxl]amino]S-oxo—4(R)-[{(ghenylmethoxz)carbonzl]

aminolpentanoate. -
The title compound was prepared from the product

of step D (756 mg, 2.27 mmol) in a manner similar to
example 5, step A affording 875 mg (90%) of product as
a white solid (m.p. 78-=79°C).

Anal. calc’d. for C,gH;3N;05: C, 69.17; H, 6.60; N,
8.34. ‘

Found: ¢, 68.93: H, 6.67; N, 8.26.
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F. Preparation of
5-(r5-(4-cvanonhenvl)nent—4—vnvl]amino1-5-oxo-

4(RY=[] (nhenvlm@wﬂmmﬂm

acid

The title compound was prepared from the product
of step E (1.01 g, 2.00 mmol) in a manner similar to
example 5, step B affording 750 mg (84%) of product as
a white solid (m.p. 92-96°C).
Anal. calc’d. for C,gHysN3Og.0.3H0: c, 62.22; H, 5.70;
N, 9.27.
Found: ¢, 66.19; H, 5.62; N, 9.26.

G. Preparation of
5-{r4-(4-(aminoiminomethvl)phenvl?pent—4-

vnv11aminol-5—oxo-4(R)-rr(phenzlmethogz)

ca;bonzl]aminogentanoic acid.

Thq.title compound was prepared from the product
of step F (730 mg, 1.63 mmol) in a manner similar to
example 3, step C affording 374 mg (49%) of product as
an off-white solid (m.p. 192-193°C, dec.).

Anal. calc’d. for C,gH;gN40s- 1H,0: C, 62.22; H, 6.27;
N, 11.61.
Found: C, 62.24; H, 5.96; N, 11.55.
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Example 12
Preparation of

5-{[3-[4-(aminoiminomethyl)phenyl]propyl]amino]-s-
oxo-4(R)-{[(phenylmethoxy)carbonyl]amino]pentanoic acid

Os. _OH
NH
HoN o
w 1L
NH O
o)

A. Preparation of
3=-(4-cvanophenvl)propvl methanesulfonate

To a solution of 3-(4-cyanophenyl)propanol
(2.32 g, 13.2 mmol) and triethylamine (1.40 g, 13.9
mmol) in methylene chloride (20 mL) was added
methanesulfonyl chloride (1.59 g, 13.9 mmol). The
reaction mixture was stirred at room temperature for 1
hour, diluted with ethyl acetate, washed successively
with 1N NaHSO,, 10% NaHCO, and dried (MgSQy).
Evaporation under reduced pressure afforded 2.56 g
(77%) of product.
ly-NMR (300MHz, CDCl,) § 2.10 (m, 2H), 2.83 (t, J=T7HzZ,
2H), 3.02 (s, 3H), 4.24 (t, J=7Hz, 2H), 7.32 (4, J=8Hz,
2H), 7.60 (4, J=8Hz, 2H).

B. Preparation of
3=-(4-cvanophenvyl)-i1-azidopropane

To a solution of the product of step A (2.23 g,
8.81 mmol) in dimethylformamide (6 mL) was added sodium
azide (2.86 g, 44 mmol). The reaction was stirred at
50°C for 18 hours, cooled to room temperature, diluted

PCT/US92/10021
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with water (200 mL) and extracted with ethyl acetate
(2x). The organic layer was washed with water and
dried (MgsSO,). Evaporation of the solvent under reduced
pressure afforded 1.54 g (94%) of product.

I§-NMR (300MHz, CDCly) & 1.92 (m, 2H), 2.79 (t, J=7Hz,
2H), 3.31 (t, J=7Hz, 2H), 7.30 (d, J=8Hz, 2H), 7.60 (4,
J=8Hz, 2H).

C. Preparation of

3-(4-czanoghenzl)proganamine hydrochloride
To a solution of the product of step B (1.54 g,

9.17 mmol) in methanol (20 mL) was added 5% Pd/CacCo,
(250 mg) and hydrogenated under a balloon of hydrogen
for 18 hours. The catalyst was removed and the solvent
evaporated under reduced pressure. The residue was
dissolved in ethyl acetate and 6N HCl/dioxane (c.a. 2
mL) was added resulting in a white precipitate. The
producE was filtered and washed with ethyl acetate
affording 1.36 g (75%) of product.

anal. calc’d. for CgHpN,Cl. 0.1H0: C, 60.51; H, 6.70;
N, 14.11.

Found: C, 60.72; H, 6.75; N, 13.93.

I§-NMR (300MHz, CD,0D) § 1.99 (m, 2H), 2.81 (t, J=T7Hz,
2H), 2.96 (t, J=7Hz, 2H), 7.45 (d, J=8Hz, 2H), 7.68 (4,
J=8Hz, 2H).

D. Preparation of
1,i-dimethylethyl 5-[[3-(4-cvanophenyl)

e e

grogxl1amino]-5-oxo-4(R)—[[(phenylmethoxx)

carbonyl jaminolpentanoate.
The title compound was prepared from the product

of step C (520 mg, 1.54 mmel) in a manner similar to
example 5, step A affording 660 mg (89%) of product as
an oil which solidified on standing.

PCT/US92/10021
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lH-NMR (300MHz, CDCl,) 61.91 (s, 9H), 1.83 (p, J=T7Hz,
2H), 1.90-2.12 (m, 2H), 2.24-2.52 (m, 2H), 2.67 (t,
J=7Hz, 2H), 3.27 (m, 2H), 4.15 (m, 2H), 5.10 (s, 2H),
5.68 (d, J=8Hz, 1 H, exchangeable), 6.42 (m, 1H,
exchangeable), 6.42 (m, , exchangeable), 7.27 (4,
J=8Hz, 2H), 7.33 (m, SH), 7.57 (4, J=8Hz, 2H).

E. Preparation of
5= [3=-(4-cyanophenyl)propyllamino]-5=0ox0=4 (R)=

rr(Dhenvlmethoxv)carbonvllamino]pentanoic acid.

The title compound was prepared from the product
of step D (650 mg, 1.36 mmol) in a manner similar to
example 5, step B affording 505 mg (88%) of product as
a white solid.

Anal. calc’d. for C,3H,¢N;Og. 0.3H,0: C, 64.33; H, 6.02;
N, 9.79.

Found: F, 64.33; H, 5.95; N, 9.74.

lH-NMR (300MHz, CDCl,/2 drops CD,0D) § 1.75-2.12 (m,
4H), 2.30-2.60 (m, 2H), 2.68 (t, J=7Hz, 2H), 3.25 (m,
2H), 4.17 (m, 1H), 5.10 (s, 2H), 7.28 (d, J=8Hz, 2H),
7.32 (m, 2H), 7.57 (d, J=8Hz, 2H).

F. Preparation of
5[f3—(4—aminoiminomethvl)Dhenvllnroovl1amino1-5-

oxo—4(R)-rr(phenxlmethoxz]carbonzl]amino]gentanoic

acid.

. The title compound was prepared from the product
of step E (485 mg, 1.15 mmol) in a manner similar to
example 3, step C affording 310 mg (61%) of product as
an off-white solid (m.p. 243-245°C dec.).

Anal. calc’d. for C,sH,gN,Og. 0.25H,0: C, 62.08; H,
6.46; N, 12.59.
Found: C, 62.14; H, 6.37; N, 12.32.

PCT/US92/10021
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Example 13
Preparation of

5—[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]—s-oxo-
4(R)-hydroxypentanoic acid

A, P;ggaration of
2(R)-4-rr4-(CVanophenv1)butvllaminocarbonvl1-5-

oxo-tetrahydrofuran
To a solution of 5-oxo0-2(R)-

tetrahydrofurancarboxylic acid (1.00 g, 7.69 mmol) in
1,2-dichlorethane (15 mL) was added oxalyl chloride
(4.87 g, 38.5 mmol) and DMF (2 pL). The reaction was
stirred at room temperature until gas evolution ceased
(c.a. 30 min) then evaporated under reduced pressure.
The residue was redissolved in 1,2-dichlorethane

(15 mL) and concentrated under reduced pressure again.
The resulting acid chloride was dissolved in B
dichloromethane (15 mL) and cooled to -70° under N,.

To this solution was added the product of example 1
step C (1.62 g, 7.69 mmol) as a dry powder followed by
N-methylmorpholine (1.55 g, 15 mmol). The cooling bath
was removed and the reaction was stirred at ambient
temperature for 2 hours. The solvent was removed under

reduced pressure and the residue was partitioned
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between water and ethyl acetate. The organic layer was
washed successively with water, 10% NaHSO,, 10% K,COj
and brine and dried (Na,SO,). Removal of the solvent
under reduced pressure afforded 2.06 g (94%) of product
as a tan solid.

Anal. calec’d. for C,gH,gN,0,: C, 67.12; H, 6.34; N,
9.78.

Found: C, 66.79; H, 6.38; N, 9.67.

lH-NMR (300 MHz, CDCl;) § 1.50:1.72 (m, 4H), 2.27-2.40
(m, 1 H), 2.54=-2.76 (m, 5H), 3.21-3.44 (m, 2H), 6.84
(t, J=7Hz, 2H), 6.39 (br.s, 1H, exchangeable), 7.28 (4,
J=8Hz, 2H), 7.59 (d, J=8Hz, 2H).

B. Preparation of
4= [-(cvanophenyl)butyllamino}-5-oxo0=4 (R) =

hydroxypentanoic acid.
To a solution of the product of step A (3.00 g,

10.5 mmol) in dioxane (40 mL) and water (10 mL) was
added LiOH.H,0 (487 mg, 11.6 mol). The reaction was
stirred at room temperature for 17 hours then
concentrated under reduced pressure to remove most of
the dioxane. The reaction was diluted with water,
washed with Et,O and acidified to a pH of 1 with 2N HCl
(8 mL). The aqueous phase was extracted (2x) with
ethyl acetate, dried (MgsSO,) and evaporated under
reduced pressure affording 3.20 g (109%) of gummy
product used directly in the next reaction.

l1H-NMR (300 MHz, CDCl,) § 1.45-1.72 (m, 4H), 1.94 (h,
J=7H, 1 H), 2.10-2.23 (m, 1H), 2.40-2.63 (m, 2H), 2.70
(t, J=7Hz, 2H), 3.30 (m, 2H), 4.21 (m, 1H), 6.95 (%,
J=7Hz, 1H, exchangeable), 7.28 (d, J=8Hz, 2H), 7.57 (4,
J=8Hz, 2H).
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c. Preparation of
5-rr4-r-(aminoiminomethvl)phenvl]butvl1amino1-5-

939-4(R)-hvdroxypentanoic acid.

The title compound was prepared from the product
of step.B (3.20 g, 10.5 mmol) in a manner similar to
example 3, step C affording 2.35 g (70%) of product as
an off-white solid (m.p. 238-239.5°C dec.).

Anal. calc’d. for Cy6H3N304- 0.25N,0: C, 58.97; H,
7.42; N, 12.89.
Found: ¢C, 58.64; H, 7.24; N, 12.71.
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Example 14
Preparation of
2(R)-[[4-4—(aminoiminomethyl)phenyl]butyl]
aminocarbonyl]-5-oxo-tetrahydrofuran trifluoroacetate

HN

To a suspension of the product of example 13, step
C (2.00 g, 6.23 mmol) in dichloromethane (35 mL) was
added t:;fluoroacetic acid (3.35 mL). The resulting
solution was stirred at room temperature for 4 hours.
The solvent was removed under reduced pressure and the
residue was dissolved in dichloromethane (20 mL) then
diluted with ether (c.a. 70 mL). The white precipitate
was filtered, washed with ether and dried affording
2.46 g (95%) of product (m.p. 227-228°C dec.).
Anal. calc’d. for C,gH,yN30gF;: C, 51.80; H, 5.31; N,
10.07.
Found: C, 51.43; H, 5.24; N, 9.87.
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Example 15
Preparation of

4—[[4-[4-aminoiminomethyl)phenyl]butyl]amino]-4-oxo-3R-
(1H-pyrrol—l-yl)butanoic acid, monohydroiodide

oH
HI N
o}
HN

NH

A. Preparation of 4—oxo-4-nhenvlmethoxv-2(R)-(l-

gg;;olxl)butanoic acid

To a suspension of D-aspartic acid beta benzyl

ester (2.00 g, 8.96 mmol) in acetic acid (6 mL) was
added 2,S-dimethoxytetrahydrofuran (1.18 g, 8.96 mmol).
The reaction was stirred at 80°C for 1 hour and then
the solvent was removed under reduced pressure. The
residue was taken up in ether and washed successively
with water and sat’d NaCl. The organic layer was
extracted (2X) with 5% NaHCO;. The combined agueous
extract was acidified to a pH of 1 (solid NaHSO4) and
extracted with ether. The ether layer was dried
(Na,S04) and concentrated under reduced pressure
affording 760 mg of product (31%) as a thick oil.

1y NMR (300 MHz, CDCly) 6 3.02 (dd, J=7HZ, J=16Hz, 1H),
3.29 (dd, J=7Hz, J=16Hz, 1H), 5.11 (s, 2H), 5.17 (%,
J=7Hz, 1H), 6.18 (t, J=2Hz, 2H), 6.70 (t,J=2Hz, 2H),
7.20-7.40 (m, 5H).
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B. Preparation of phenvimethyl 4-[[4 (4=

cxanoghenzl)butyl]amino]—4-oxo—3(R)-(l-
pyrrolyl)butanoate

The title compound was prepared from the product
of step A (461 mg, 1.69 mmol) in a manner similar to
example 4, step A. The product (613 mg) was obtained
after chromatography (ethyl acetate/hexane 1:1) as a
light brown oil (84%). '
ly-NMR (300MHz, CDCl,) § 1.30-1.60 (m, 4H), 2.63 (t,
J=7Hz, 2H), 2.97 (dd, J=8Hz, J=16Hz, 1H), 3.10-3.25 (m,
2H), 3.45 (d4d, J=6Hz, J=16Hz, 1H), 5.00-5.15 (m, 3H),
5.32 (s, 1H exchangeable), 6.23 (t, J=2Hz, 2H), 6.68
(t, J=2Hz, 2H), 7.15-7.40 (m, 7H), 7.56 (d, J=8Hz, 2H).

c. Preparation of 4-[[4-(4=-cyanophenyl)butyllaminol-=

4-ox0~3 (R)-(1-pyrrolyl)butanocic acid

To a solution of the product of step A (603 mg,
1.40 mméi) in methanol (5 mL) was added 5% Pd4d/C (100
mg). The reaction mixture was stirred at room
temperature under a balloon of hydrogen for 1 hour.
The catalyst was removed and the solvent was evaporated
under reduced pressure. The residue was dissolved in
5% KHCO; and washed with ether. The aqueous phase was
acidified to a pH of 1 (solid NaHSO,) and extracted
with ethyl acetate affording 362 mg (76%) of gummy
product.
lH-NMR (300 MHz, CDCl,) & 1.35-1.60 (m, 4H), 2.64 (t,
J=7Hz, 2H), 2.95 (dd, J=7Hz, J=16Hz, 1H), 3.10-3.27 (m,
2H), 3.43 (dd, J=6Hz, J=16Hz, H), 5.05 (t, J=7Hz, 1H),
5.37 (br.t, 1H, exchangeable) 6.25 (t, J=2Hz, 2H), 6.69
(t, J=2Hz, 2H), 7.23 (d, J=8Hz, 2H), 7.57 (4, J=8Hz,
2H) .
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D. Preparation of 4-{[4-[4=
[aminoiminomethvl)Dhenvl1butvl1amino]-4—oxo-3(Rl:

(1-pyrrolvl)butanocic acid

The title compound was prepared from the product
of step B (332 mg, 0.978 mmol) in a manner similar to
example 3, step C affording 200 mg (57%) of gummy
product.
lg-NMR (300 MHz, CD50D/1 drop 6N DC1/Dy0) § 1.40-1.65
(m, 4H), 2.69 (t, J=7Hz, 2H), 2.86 (dd, J=7Hz, J=1T7Hz,
1H), 3.10-3.30 (m, 3H), 5.03 (m, 1H), 6.08 (t, J=2Hz,
2H), 6.69 (t, J=2Hz, 2H), 7.41 (d, J=8Hz, 2H), 7.72 (d,
J=8Hz, 2H).

PCT/US92/10021
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Example 16
Preparation of
4R—amino-5-[[4-{4-(aminoiminomethyl)phenyl]butyl]
amino]-5-oxopentanoic acid, dihydrochloride

NH
NH

L N]

NH HCL HC1

To a solution of the product of example 5, step B
(100 mg, 0.22 mmol) and 2N HCl (220 uL) in methanol (5
mL) was -added 5% Pd/C (100 mg). The reaction was
stirred under a balloon of hydrogen for 1 hour. The
catalyst was removed and the solvent evaporated under
reduced pressure. Trituration of the residue with
acetonitrile afforded 60 mg of product (70%).
Anal. calc’d. for C,gH,gN,05Cl,. 1H,0: C, 46.72; H, 6.86;
N, 13.62.
Found: C, 46.81; H, 6.49; N, 13.79.
lH-NMR (300 MHz, DMSO) & 1.40-1.55 (m, 2H), 1.55-1.70
(m, 2H), 1.95 (m, 2H), 2.32 (t, J=7Hz, 2H), 2.70 (%,
J=7Hz, 2H) 3.05-3.25 (m, 2H), 3.80 (br.t, J=6Hz, 1H),
7.45 (4, J=8Hz, 2H), 7.79 (4, J=8Hz, 2H)
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Example 17
Preparation of

4-[[4-{4-(aminoiminomethyl)phenyl]butyl]amino]—4—
oxo-3 (R) -methylbutanoic acid

A. Preparation of 1,1-dimethyl 4=[[4-(4~-
gxanoghenxl)butzl]amino]-4-oxo-3(R)-

methylbutanoate
The title compound is synthesized by the method

described in Example 1, Step D, substituting 2(R)-
methylbutanedioic acid 4-t-putyl ester (For synthesis
of this and related compounds see: Oppolzer, W.,
Rodriguez, I., Starkemann, Cc., Walher, E., Tetrahedron
Letters 31, 5019-22, (1990)] for the aspartic acid

derivative.

B. Preparation of 4-[[4-[4= -(aminoiminomethyl)
ghenzl]butzl]am1no]-4-oxo-3(R)-methxlbutanolc acid
The title compound is prepared from the product of

Step A in a manner similar to Example 1, step E.
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Example 18
The platelet-binding inhibitor activity of the

compounds of the present invention can be demonstrated
by the assays presented below.

In-Vitro Platelet Aggregation in PRP
Healthy male or female dogs 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 975 x g for 3.17
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 108 platelets per ml. 400 pl of the PRP
preparation and 50 ul of the compound to be tested or
saline were preincubated for 1 minute at 37°C in a
BioData aggregometer (BioData, Horsham, PA). 50 pl of
adenosine 5’diphosphate (ADP) (50 um final |
concentration) was added to the cuvettes and the
aggregation was monitored for 1 minute. All compounds
are tested in duplicate. Results are calculated as
follows:
Percent of control = [(maximal OD minus initial oD of
compound) divided by (maximal OD minus initial OD of
control saline)] x 100. The % inhibition = 100 -
(percent of control).
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The compounds tested and their median inhibitory
concentrations (ICg) are recorded in Table I. ICgp’Ss
(if a compound showed 50% inhibition) were calculated
by linear regression of the dose response curve.

The assay results for the compounds of the present
invention are set forth in Table A, below.

INHIBITION OF EX VIVO COLLAGEN INDUCED AGGREGATION BY
COMPOUNDS OF THE INVENTION '

PURPOSE - The purpose of this assay is to
determine the effects of antiplatelet compounds on ex
vivo collagen induced platelet aggregation when
administered either intravenously or orally to dogs.

Pretreatment (control) bplood samples are drawn
from either conscious or anesthetized dogs (Beagles)
and centrifuged to prepare platelet rich plasma (PRP).
Aggregatory response to collagen is measured in an

aggregomgter and used as control. Compounds are
administered, either intragasterically (either by
capsule or stomach tube or intravenously. Blood
samples are drawn at predetermined intervals after
compound administration, PRP prepared and aggregation
to collagen determined. compound inhibition of
aggregation is determined by comparing the aggregation
response after compound administration to the
pretreatment response. The study is continued for a
maximum of 24 hours or until the platelet aggregation
returns to control levels. (If aggregation 1is still
inhibited after 7 hours, a blood sample is drawn the
following morning and tested.) Duration of activity is
determined by the length of time platelet aggregation
is inhibited after compound administration. The assay
results for representative compounds of the present
invention in the aforementioned Assay are set forth in

Table A.
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In Table A, two readings given in a single box
indicate that two trials, rather than a single trial,
were run for that particular compound in that

particular assay.



PCT/US92/10021

WO 93/12074

- 70 -

JOL X1

001

St

pioe ojouejued[ounwe(jAuojnsiAyieiu) -4y
-oxo-g-{oujwe[KinglAusyd(Aiewoujwiouiwe)-y]-+11-s
GO0ES

0L X1

001

ol

epliojyoospAyotiows
‘ayeousijuad]oujws[jAuoqreo{Axoyiew)Aueyd)]])-yt-oxo
-g-[oujwe[Xing[iAusyd{iArewoulwiouiwe)-y1-v11-g 1Aute

EE0LS

4OL X1

00l

pioe ojousiuaed [oujws[jAuoqsea(Axoyiewiiueyd)]]}-yt-oxo
-g-[oujwe[iAuiued-H-[1Ausyd(ifutewouiwiouiuse-)-6]1-5

VIEES

Ot XL

001

N 4

pioe ojoueingfoujwe(lAdosdiAuayd-g-oxo-1)]-He
-oxo-p-[oujwe(ifanq[1Ausyd(jAyiewou)wioujue)-y]-y1l-v

EVIES

ploe ojousiued{oujwelfdosdifusyd-g-oxo-1]-sp
-oxo-g-[oujweljAing[|Ausyd(jAyietuouiuouiwe)-p)-p])-s

ciies

oL X1

A4

pioe ojoueiued[oujwe[jAuoqies(ixoyiewjfueyd)]]-sp
-oxo-g-[oujwe[ifing[jAueyd(iAurewouwiouiwe)-y}-vil-
828es

401 X1

00l

gL

ploe ojouviued|oujwse(iAuoqiea(Axotjjewjiusyd)]]-yy
-oxo-g-[oujws(|fyng[fusyd(iAyiewoujwioujwe)-y]-v1l-s

6082S

GOL XL

001

o't

piow ojoueing|oujwe[jAuoqgiea(Axoyiew-jAusyd)]]-ue
-oxo-p-[oujweffing[jAueyd(Ayiswouiwiouiwe)-p]-y]]-¢
£152s

NOILYOIHOOY

uojjesjueatio)
Ise)

uop|qiyul
%

W ool
0l
ddd Bog

punodwo)

Q30NAN!I N3DVTIOO OAIAX3

ddd Ni

NOILYOIHODY 13131V 1d OHLIA-NI

v 3igvi

SUBSTITUTE SHEET



WO 93/12074

PCT/US92/10021

- 71 -

SOl XL 26 epuojyooipAyp ‘ploe ojouejuedoxo-G-[oujwe
[ianqjAueyd(iAyiews-ounwiouiuse)-p]-p]]-g-ouiwe-Hy

4oL X1 8t SB80ES

»yoL X1 28 epjpojospAyououw ‘pioe ojoueing(lA-§-jonAd-HL)-He
-oxo-p-[oujwe[|King[1Aueyd(Ayiewoupuioujwe)-y]-p]]-p

4OL X1 -]} 5625

ploe dsjoueing[oujwe|{fuoyns(|AusydiAthiew-)]1]- e

-oxo-p-[oupwe[jXing[Ausyd(Ayiewouiwiouiuse)-p1-y]]-v

gL X1 001 09 010ES

eppojysospAyouous

‘eyeousiued|oujwe(lfuojnsiiyiew)]-t-oxo

5-{oujwe[IXing[iAusyd(ifyiswouiwiouiwe)-y1-v11-g 1Aye

IN IN AN GLIES

NOLLYO3HDDV ddd NI
a30NANI NISVTIOD OAINXE

NOILVO3HOOY 137131V1d OHLIANI

SUBSTITUTE SHEET



10

WO 93/12074 PCT/US92/10021

-72-

The compounds of the present invention can be
useful in a variety of therapeutic interventions, for
example, preventing re-occlusion following re=
canalization procedures 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, preventing the
progression of atherosclerosis and preventing the
recurrence of tumors at a local site after resection of

t+issue at that site.
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What We Claim Is:
1. A compound of the formula
H
|
Y— )
7 \Z
HN I
X\ R

or a pharmaceutically acceptable salt thereof, wherein

R, and R,

are each independently hydrido, alkyl having
1 to 6 carbon atoms, alkoxy having 1 to 6
carbon atoms or halo;
is alkyl haVing 1 to 6 carbon atoms, alkenyl
having 2 to 4 carbon atoms, alkynyl having 2
to 4 carbon atoms or carboxamidoalkyl wherein
the alkyl is 1 to 6 carbon atoms

and

is a group having the formula

(2Z4)

OR,

or
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0 OR«
(2Z,)

Ra

R, is alkyl having 1 to 6 carbon atoms; alkenyl
having 2 to 4 carbon atoms; alkynyl having 2
to 4 carbon atoms; phenyl; substituted phenyl
wherein each substituent can be selected from
the group consisting of alkyl having 1 to 6
carbon atoms, alkoxy having 1 to 6 carbon
atoms and halo; phenylalkylamido wherein the
alkyl is 1 to 6 carbon atoms and the alkyl
chain may be interrupted by oxygen;
substituted phenylalkylamido wherein the
alkyl is 1 to 6 carbon atoms and the alkyl
chain may be interrupted by oxygen and the
phenyl substituents are selected from the
group consisting of alkyl having 1 to 6
carbon atoms and alkoxy having 1 to 6 carbon
atoms; hydroxy; amino; 5 or 6 carbon membered
cyclic ring wherein one or two of the ring
carbon atoms are replaced by a hetero atom
which is selected from nitrogen, oxygen and
sulfur with the proviso that when two hetero
atoms are present one hetero atom must be
nitrogen; alkylsulfonamido wherein the alkyl
is 1 to 6 carbon atoms; phenylsulfonamido; or
substituted phenylsulfonamido wherein each
phenyl substituent can be selected from the
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group consisting of alkyl having 1 to 6
carbon atoms, alkoxy having 1 to 6 carbon
atoms, and halo;
and
R, is absent, hydrido or alkyl having 1 to 6

carbon atoms with the understanding that when
R, is absent, and R, is absent or alkyl having
1 or 2 carbon atoms, the oxygen adjacent to R,
position can combine with R; when present or
can combine with the carbon adjacent to the
carbonyl to form a lactone;

with the proviso that when Y is alkyl having three

carbon atoms Z is Z,.

2. A compound according to Claim 1 which is N-[4-
(aminoiminomethyl)phenyl]butyl]tetrahydro-5-oxo-
2R-furancarboxamide, trifluoroacetate.

3. A compound according to Claim 1 which is 5-{[4-[4-
(aminoiminomethyl)phenyl]butyl]amino]-4R-hydroxy-

5-oxopentanoic acid.

4. A compound according to Claim 1 which is 4R-amino-
5-[[4-[4-(aminoiminomethyl)phenyl]butyllamino}-5-
oxopentanoic acid, dihydrochloride.

5. A compound according to Claim 1 which is 4-{[4-(4-
(aminoiminomethyl)phenyl]butyl]amino]-4-oxo=3R=
(1H-pyrrol-1-yl)butanoic acid, monohydroiodide.

6. A compound according to Claim 1 which is 4-([4-(4-
(aminoiminomethyl)phenyljbutyl]amino)-4-oxo-3R-
[ [ (phenylmethoxy)carbonyl]amino]butanoic acid.
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A compound according to Claim 1 which is 5-[[4-[4-
(aminoiminomethyl)phenyl]butyl]amino]-5-oxo-4R-
[[(phenylmethoxy)carbonyl]amino]pentanoic acid.

A compound according to Claim 1 which is 5-{[4-(4-
(aminoiminomethyl)phenyl]butyl]amino]-Sfoxo-4s-
[[(phenylmethoxy)carbonyl]amino]pentanoic acid.

A compound according to Claim 1 which is 5-{([4-({4-
(aminoiminomethyl)phenyl}butyl]amino]-5-oxo—4s-[1-
oxo—3-phenylpropylamino]pentanoic acid.

A compound according to Claim 1 which is 4-[[4-(4-
(aminoiminomethyl)phenyl]butyl]amino]-4-oxo-3R-
[(1-oxo-3—phenylprbpyl)amino]butanoic acid.

A compound according to Claim 1 which is 5-[[5-(4-
aminoiminomethyl)phenyl]-4-pentynyl]amino]-5-oxo=
4R~[ [ (phenyl methoxy)carbonyl]amino]pentanoic

acid.

A compound according to Claim 1 which is ethyl 5-
[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]-s—
oxo-4R—[[(phenylmethoxy)carbonyl]amino]
pentanoate, monohydrochloride.

A compound according to Claim 1 which is 5-[[4-(4-
(aminoiminomethyl)phenyl]butyl]amino-5-oxo-4R-
[(methylsulfonyl)amino]pentanoic acid.

A compound according to Claim 1 which is ethyl 5-
[[4-[4-(aminoiminomethyl)phenyl]butyl]amino]—s-
oxo-4R—[(methylsulfonyl)amino]pentanoate,

monohydrochloride.
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15. A compound according to Claim 1 which is 4-{[4-[4-
(aminoiminomethyl)phenyljbutyl]amino]-4-oxo=-3R-
[[(4-methylphenyl)sulfonyl]amino]butanoic acid.

16. A pharmaceutical composition useful for inhibiting
platelet aggregation comprising an effective
amount of at least one compound according to
Claim 1, together with one or more non-toxic
pharmaceutically acceptable carriers.

17. A pharmaceutical composition according to Claim 16
wherein said compound is selected from the group
consisting of

4-[{[4-[4-(aminoiminomethyl)phenyl]butyl]
amino]-4-oxo-3R-[ [ (phenylmethoxy)
carbonyl]amino)butanoic acid;

5-{[4-(4-(aminoiminomethyl)phenyl]butyl]
amino}-5-oxo-4R-[ [ (phenylmethoxy)
carbonyl]amino]pentanoic acid;

4-[[4-(4-(aminoiminomethyl)phenyl]butyl]
amino]-4-ox0-3R-[ (1-oxo-3-phenylpropyl)amino]
butanoic acid;

5-[ [5-[4-aminoiminomethyl)phenyl]-4-pentynyl]
amino}-5-oxo-4R~-[ [ (phenyl
methoxy) carbonyl]amino]}pentanoic acid;

ethyl 5-[[4-[4~(aminoiminomethyl)phenyl]butyl]
amino]-5-oxo-4R-[ [ (phenylmethoxy)

carbonyl]amino]pentanoate, monohydrochloride;

N-[4-(aminoiminomethyl)phenyl]jbutyl]
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tetrahydro-S-oxo-ZR-furancarboxamide, trifluoroacetate;
and
4-[[4—[4-(aminoiminomethyl)phenyl]butyl]amino]—
g-oxo-3R—[[(4-methylphenyl)sulfonyl]amino]
butanoic acid.

18. A method of treating a mammal to inhibit platelet
aggregation comprising administering a
therapeutically effective dose of at least one
compound of Claim 1 to a mammal in need of such

treatment.

19. A method according to Claim 18 wherein the
compound is selected from the group consisting of

4-[[4-[4-(aminoiminomethyl)phenyl]butyl]
amino }-4-oxo-3R-[ [ (phenylmethoxy)
carbonyljamino]butancic acid;

5-[[4-[4-(aminoiminomethyl)phenyl]butyl]
amino]-S-oxo-4R—[[(phenylmethoxy)
carbonyl]aminojpentancic acid;

4-[[4-[4—(aminoiminomethyl)phenyl]butyl]
amino]-4—oxo-3R-[(l-oxo-3-phenylpropyl)amino]
butanoic acid;

5-[[5-[4—aminoiminomethyl)phenyl]-4-pentynyl]
amino]-5-oxo-4R-{ [ (phenyl
methoxy)carbonyl]amino]pentanoic acid;

ethyl 5-[[4-[4-(aminoiminomethyl)phenyl]butyl]
amino]-5-oxo-4R-[ [ (phenylmethoxy)
carbonyl]amino]pentanoate, monohydrochloride;

L d
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N-{4-(aminoiminomethyl)phenyl]butyl]
tetrahydro-5-oxo-2R-furancarboxamide, trifluoroacetate;
and
4=[[4-[4-(aminoiminomethyl)phenyl]butyljamino]-
4-0x0+3R-[ [ (4-methylphenyl)sulfonyl]amino]
butanoic acid.
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