PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intermational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 98/48794
AG61K 31/38, 31/40, 31/41, 31/44, 31/445, | Al . o
31/535, C07D 333/52, 333/54, 401/10, (43) International Publication Date: 5 November 1998 (05.11.98)
409/10, 413/10

(21) International Application Number: PCT/US98/08699 TAKEUCH]I, Kumiko [US/US]; 6342 Robinsrock Drive, In-

(22) International Filing Date: 30 April 1998 (30.04.98)

(30) Priority Data:

60/045,163 30 April 1997 (30.04.97) us

(71) Applicant (for all designated States except US): ELI LILLY
AND COMPANY [US/US]; Lilly Corporate Center, Indi-
anapolis, IN 46285 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHIRGADZE, Nicko-
lay Yuri [RU/US]; 14960 Beacon Boulevard, Carmel, IN
46032 (US). FISCHER, Matthew, Joseph [US/US]; 4106
Armon Court, Carmel, IN 46033 (US). HARPER, Richard,
Waltz [US/US]; Apartment 806, 3025 North Meridian
Street, Carmel, IN 46033 (US). LIN, Ho-Shen [US/US]J;
8128 Trevellian Way, Indianapolis, IN 46217 (US). MC-
COWAN, Jefferson, Ray [US/US]J; 2653 Crescent Hill Lane,
Indianapolis, IN 46208 (US). PALKOWITZ, Alan, David
[US/US]; 10737 Kingsmill Drive, Carmel, IN 46032 (US).
SALL, Daniel, Jon [US/US]; 376 Leisure Lane, Green-
wood, IN 46142 (US). SMITH, Gerald, Floyd [US/US];
825 Queenswood Court, Indianapolis, IN 46217 (US).

dianapolis, IN 46268 (US). ZHANG, Minsheng [CN/US];
31 Scheurman Terrace, Warren, NJ 07059 (US).

(74) Agents: JACKSON, Thomas, E. et al.; Eli Lilly and Company,
Lilly Corporate Center, Indianapolis, IN 46285 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
With amended claims and statement.

(54) Title: ANTITHROMBOTIC AGENTS

(57) Abstract

This application relates to novel compounds of formula (Ij (and their pharmaceutically acceptable salts), as defined herein, processes
and intermediates for their preparation, pharmaceutical formulations comprising the novel compounds of formula (I), and the use of the

compounds of formula (I) as thrombin inhibitors.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™D
TG
T
™
TR

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 98/48794 : PCT/US98/08699

ANTITHROMBOTIC AGENTS

This invention relates to thrombin inhibitors
which are useful anticoagulants in mammals. In particular
it relates to heterocyclic derivatives having high
anticoagulant activity, and antithrombotic activity. Thus,
this invention relates to new inhibitors of thrombin,
pharmaceutical compositions containing the compounds as
active ingredients, and the use of the compounds as
anticoagulants for prophylaxis and treatment of
thromboembolic disorders such as venous thrombosis,
pulmonary embolism, arterial thrombosis, in particular
myocardial ischemia, myocardial infarction and cerebral
thrombosis, general hypercoagulable states and local
hypercoagulable states, such as following angioplasty and
coronary bypass operations, and generalized tissue injury as
it relates to the inflammatory process. In addition, the
antithrombotic agents are useful as anticoagulants in in
vitro applications.

The process of blood coagulation, thrombosis, is
triggered by a complex proteolytic cascade leading to the
formation of thrombin. Thrombin proteolytically removes
activation peptides from the Aa-chains and the Bf-chains of
fibrinogen, which is soluble in blood plasma, initiating
insoluble fibrin formation.

Anticoagulation currently is achieved by the
administration of heparins and coumarins. Parenteral
pharmacological control of coagulation and thrombosis is

based on inhibition of thrombin through the use of heparins.
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Heparins act indirectly on thrombin by accelerating the
inhibitory effect of endogenous antithrombin III (the main
physiological inhibitor of thrombin). Because antithrombin
ITI levels vary in plasma and because clot-bound thrombin
seems resistant to this indirect mechanism, heparins can be
an ineffective treatment. Because coagulation assays are
believed to be associated with efficacy and with safety,
heparin levels must be monitored with coagulation assays
(particularly the activated partial thromboplastin time
(APTT) assay). Coumarins impede the generation of thrombin
by blocking the posttranslational gamma-carboxylation in the
synthesis of prothrombin and other proteins of this type.
Because of their mechanism of action, the effect of
coumarins can only develop slowly, 6-24 hours after
administration. Further, they are not selective
anticoagulants. Coumarins also require monitoring with
coagulation assays (particularly the prothrombin time (PT)
assay) .

Recently, interest has grown in small synthetic
molecules which demonstrate potent direct inhibition of
thrombin. See, for example Robert M. Scarborough, Annual
Reports in Medicinal Chemistry, (1995), 30, 71-80.

Although the heparins and coumarins are effective
anticoagulants, no commercial drug has yet emerged from the
small synthetic molecules; and despite the continuing
promise for this class of compounds, there still exists a
need for anticoagulants which act selectively on thrombin,
and which, independent of antithrombin III, exert inhibitory
action shortly after administration, preferably by an oral
route, and do not interfere with lysis of blood clots, as
required to maintain hemostasis.

The present invention is directed to the discovery
that the compounds of the present invention, as defined
below, are potent thrombin inhibitors that may have high
bicavailability following oral administration.

According to the invention there is provided a

method of inhibiting thrombin comprising using an effective
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amount of a thrombin inhibiting compound of formula I (or a

pharmaceutically acceptable salt thereof)

/—@*“3
—F

R6
D R?
wherein
D is CH, CRY or N in which R4 is methyl or
methoxy;
E is CH, CR® or N in which R® is methyl, methoxy
or halo;

R2 is -[X2-(CH2)nlp-N(R®)-CO-A in which X2 is a
direct bond, methylene or O; n is 1, 2, 3 or 4; p is 0 or 1,
R2 is hydrogen or methyl; and -CO-A is a natural or
unnatural Oo-amino acyl group, which may bear one or more
pharmaceutically acceptable protecting groups and may be
further substituted on the o-nitrogen, provided that p is 1
when A is a glycyl or N-substituted glycyl group; or -CO-2A
is 3-amino-4-hydroxy-1l-oxobutyl;

R3 is is -X3-(CH2)s-NRIRD or -CcH3-RK, in which %3
is a direct bond, methylene or O; s is 1 or 2; provided that
when s is 1, then X3 is a direct bond; and RS and Rt are
independently hydrogen or (1-3C)alkyl or the group NRSRt is
pyrrolidino, piperidino, or morpholino; and RK is
2-oxopyrrolidin-1-yl or 3-(l-oxoethyl)imidazolidin-1-y1; and

R6 is hydrogen, hydroxy or methoxy.

A particular thrombin inhibiting compound of formula I
(or a pharmaceutically acceptable salt thereof) is one

wherein

D is CH, CRY or N in which RQ is methyl or
methoxy;
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E is CH, CR® or N in which R€ is methyl, methoxy
or halo;

R2 is -[X2-(CH2)nlp-N(R®)-CO-A in which X2 is a
direct bond, methylene or O; n is 1, 2, 3 or 4; p is 0 or 1,
R2 is hydrogen or methyl; and -CO-A is a natural or
unnatural o-amino acyl group, which may bear one or more
pharmaceutically acceptable protecting groups and may be
further substituted on the a-nitrogen, provided that p is 1
when A is a glycyl or N-substituted glycyl group;

R3 is is -X3-(CH2)g-NRIRD or -cH2-RK, in which x3
is a direct bond, methylene or 0; s is 1 or 2; provided that
when s is 1, then X3 is a direct bond; and RS and Rt are
independently hydrogen or (1-3C)alkyl or the group NRSRE is
pyrrolidino, piperidino, or morpholino; and RK is
2-oxopyrrolidin-1-yl or 3-(l-oxoethyl)imidazolidin-1-yl; and

R6 is hydrogen, hydroxy or methoxy.

The o-amino acyl group -CO-A conveniently may be
represented as -CO-CH(RP)-NRIfRY9, or may be denoted by
standard amino acid nomenclature. Thus, -CO-A may be an
o-amino acyl group derived from an O-amino acid selected
from glycine, alanine, valine, leucine, isoleucine,
phenylalanine, tyrosine, serine, threonine, methionine,
cysteine, proline, azetidine-2-carboxylic acid, pipecolic
acid, aspartic acid, asparginine, glutamic acid, glutamine,
lysine, arginine, histidine, etc. in which an amino group
may bear, for example, a t-butoxycarbonyl protecting group;
a carboxy group may be protected as its (1-4C)alkyl ester; a
hydroxy group may bear, for example, a benzyl protecting
group; and a thiol group may bear, for example a t-butyl
protecting group. In addition, when -CO-A is represented as
-CO-CH(RP) -NRfRY, each of Rf and RrY may be hydrogen or
methyl, or -NRERY may be a pyrrolidino, piperidino,
morpholino or 1,1-dioxothiomorpholin-4-yl group (and RP
denotes the side chain or protected side chain of an
o-amino acyl group as defined above).

A particular value for D is CH.
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A particular value for E is CH or CR® in which R€
is methoxy.

A particular value for R3 is pyrrolidinomethyl or
2-pyrrolidinoethoxy.

A particular value for -CO-A is O-benzyl-
L-serinyl, L-serinyl, N-(t-butoxycarbonyl)-L-serinyl,
L-aspartyl, L-phenylalanyl, L-alanyl, L-tyrosinyl,
L-asparaginyl, N-(t-butoxycarbonyl)-y-methyl-L-glutamyl or
N- (t-butoxycarbonyl)-L-prolinyl.

Another particular value for -CO-A is (R)-3-amino-
4-hydroxy-1l-oxobutyl.

A particular value for R® is hydroxy.

When p is 1, a particular set of values is: X2 is
O and n is 2, 3 or 4.

A preferred value for p is O.

One particular compound of formula I is the one
described below as Example 2.

Another particular compound of formula I is the
one described below as Example 17.

The present invention also provides a method of
inhibiting coagulation in a mammal comprising administering
to a mammal in need of treatment, a coagulation inhibiting
dose of a thrombin inhibiting compound of formula I having
any of the above definitions.

The present invention further provides a method of
inhibiting thrombin comprising administering to a mammal in
need of treatment, a thrombin inhibiting dose of a thrombin
inhibiting compound of formula I having any of the above
definitions.

Further, the present invention provides a method
of treating a thromboembolic disorder comprising
administering to a mammal in need of treatment, an effective
dose of a thrombin inhibiting compound of formula I having
any of the above definitions.

In addition, there is provided the use of a
thrombin inhibiting compound of formula I having any of the
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above definitions for the manufacture of a medicament for
treatment of a thromboembolic disorder.

As a further aspect of the invention, there is
provided a prodrug (or a pharmaceutically acceptable salt
thereof) of any of the above described thrombin inhibiting
compounds of formula I which will form a prodrug. (It will
be recognized that a thrombin inhibiting compound of formula
I also may serve as a prodrug for a different thrombin
inhibiting compound of formula I).

As an additional feature of the invention there is
provided a pharmaceutical formulation comprising in
association with a pharmaceutically acceptable carrier,
diluent or excipient, a prodrug of a thrombin inhibiting
compound of formula I (or of a pharmaceutically acceptable
salt thereof) as provided in any of the above descriptions.

A compound of formula I in which -CO-A bears a
protecting group may act directly as a thrombin inhibitor or
indirectly as a result of its biotransformation to the
corresponding compound of formula I without the protecting
group.

In general, the thrombin inhibiting compounds of
formula I are believed to be novel and, thus, to constitute
an additional aspect of the invention. Thus, according to
the invention there is provided a novel compound of formula
I (or a pharmaceutically acceptable salt thereof) according
to any of the above definitions of a compound of formula I,
provided that the compound is not one which is not novel.

A pharmaceutically acceptable salt of an
antithrombotic agent of the instant invention includes one
which is an acid-addition salt made with an acid which
provides a pharmaceutically acceptable anion or one which is
the salt made with a base which provides a pharmaceutically
acceptable cation. Thus, such a salt provides a particular
aspect of the invention. Examples of such acids and bases
are provided hereinbelow.

As an additional aspect of the invention there is

provided a pharmaceutical formulation comprising in
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association with a pharmaceutically acceptable carrier,
diluent or excipient, a novel compound of formula I (or a
pharmaceutically acceptable salt thereof) as provided in any
of the above descriptions.

In this specification, the following definitions
are used, unless otherwise described: Halo is fluoro,
chloro, bromo or iodo. Alkyl, alkoxy, etc. denote both
straight and branched groups; but reference to an individual
radical such as “propyl” embraces only the straight chain
(“normal”) radical, a branched chain isomer such as
“isopropyl” being specifically denoted.

It will be appreciated that certain compounds of
formula I (or salts or prodrugs, etc.) may exist in, and be
isolated in, isomeric forms, including cis- or trans-
isomers, as well as optically active, racemic, or
diastereomeric forms. It is to be understood that the
present invention encompasses a compound of formula I as a
mixture of diastereomers, as well as in the form of an
individual diastereomer, and that the present invention
encompasses a compound of formula I as a mixture of
enantiomers, as well as in the form of an individual
enantiomer, any of which mixtures or form possesses
inhibitory properties against thrombin, it being well known
in the art how to prepare or isolate particular forms and
how to determine inhibitory properties against thrombin by
standard tests including those described below.

In addition, a compound of formula I (or salt or
prodrug, etc.) may exhibit polymorphism or may form a
solvate with water or an organic solvent. The present
invention also encompasses any such polymorphic form, any
solvate or any mixture thereof.

Particular values are listed below for radicals,
substituents, and ranges, for illustration only, and they do
not exclude other defined values or other values within

defined ranges for the radicals and substituents.
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A particular value for a (1-3C)alkyl group is
methyl, ethyl, propyl or isopropyl; and for a (1-4C)alkyl
group is methyl, ethyl, propyl, isopropyl or t-butyl.

A compound of formula I may be made by processes
which include processes known in the chemical art for the
production of known compounds of formula I or of
structurally analogous compounds or by a novel process
described herein. A process for a novel compound of formula
I (or a pharmaceutically acceptable salt thereof), novel
processes for a compound of formula I and novel
intermediates for the manufacture of a compound of formula I
as defined above provide further features of the invention
and are illustrated by the following procedures in which the
meanings of the generic radicals are as defined above,
unless otherwise specified. It will be recognized that it
may be preferred or necessary to prepare a compound of
formula I in which a functional group is protected using a
conventional protecting group, then to remove the protecting
group to provide the compound of formula I.

In general, a compound of formula I may be
prepared according to one of the routes outlined in Scheme
I, and described in the examples, in which each of Q2, Q3
and Q6, resectively, represents a value defined for the
groups R2, R3 and R6, a protected version of such a group,
or moiety which can be further elaborated into such a group.
Final conversion of a group Q2, Q3 oxr Q6 into R2, R3 or R®
is carried out at a convenient point, consistent with the
chemistry employed. It will be recognized that a number of
other routes may be used, particularly those involving

condensation of an organometallic species to form a compound
of formula C or G in Scheme I.
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Scheme I

I

— QSCQ\ N, CH

HO,C @— Q® D CH,
E

> 06

Thus,

there is provided a process for preparing a
novel compound of formula I

acceptable salt thereof)

(or a pharmaceutically

as provided in any of the above
descriptions which is selected from any of those described
in the examples, including,

acylation of the amino group of a corresponding
amine of formula II;
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IT

D7 L-NH,

wherein L is -[X2—(CH2)n]p— with an acid of formula HO-CO-A,

or an activated derivative thereof;

whereafter, for any of the above procedures, when a

functional group is protected using a protecting group,

removing the protecting group;

is required,

whereafter, for any of the above procedures, when a

pharmaceutically acceptable salt of a compound of formula I

it may be obtained by reacting the basic or

acidic form of such a compound of formula I with an acid or

base affording a physiologically acceptable counterion or by

any other conventional procedure.

includes,

acid halide

An activated derivative of a carboxylic acid

for example, an ester (such as a methyl ester), an

(such as an acid chloride), an activated ester

(such as with 1-hydroxy-7-azabenzotriazole 1-hydroxy-

benzotriazole or N-hydroxysuccinimide), an anhydride with a

carboxylic acid

chloroformate)

(such as by formed by reaction with butyl

or an activated derivative formed by reaction

with a coupling reagent (such as with a carbodiimide, for
example with dicyclohexylcarbodiimide or with

1- (3-dimethyaminopropyl) -3-ethylcarbodiimide) .

Novel intermediate or starting material compounds

provide a further aspect of the invention.

As mentioned above, a compound corresponding to a

compound of formula I but in which a functional group is

protected may serve as an intermediate for a compound of

formula I.

invention.

Accordingly, such protected intermediates for a

novel compound of formula I provide further aspects of the

Thus,

as one particular aspect of the invention,
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there is provided a compound corresponding to a novel
compound of formula I as defined above in which R® which is
hydroxy, but in which the corresponding substituent is -ORP
in place of hydroxy, wherein RP is a phenol protecting group
other than methyl. Phenol protecting groups are well known
in the art, for example as described in T.W. Greene and
P.G.M. Wuts, "Protecting Groups in Organic Synthesis"
(1991). Particular values of RP include, for example,
benzyl and allyl. Further, RP may denote a functionalized
resin, for example as disclosed in H.V. Meyers, et al.,
Molecular Diversity, (1995), 1, 13-20.

As mentioned above, the invention includes
pharmaceutically acceptable salts of the thrombin inhibiting
compounds defined by the above formula I. A compound of
formula I which bears an acidic moiety forms salts with
pharmaceutically acceptable bases. Such a pharmaceutically
acceptable salt may be made with a base which affords a
pharmaceutically acceptable cation, which includes alkalai
metal salts (especially sodium and potassium), alkaline
earth metal salts (especially calcium and magnesium),
aluminum salts and ammonium salts, as well as salts made
from physiologically acceptable organic bases such as
triethylamine, morpholine, piperidine and triethanolamine.
The potassium and sodium salt forms are particularly
preferred.

A particular compound of of formula I which
possesses one or more sufficiently basic functional groups
to react with any of a number of inorganic and organic acids
affording a physiologically acceptable counterion forms a
pharmaceutically acceptable acid addition salt. Acids
commonly employed to form pharmaceutically acceptable acid
addition salts are inorganic acids such as hydrochloric
acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and the like, and organic acids such as
p-toluenesulfonic acid, methanesulfonic acid, oxalic acid,
p-bromobenzenesulfonic acid, carbonic acid, succinic acid,

citric acid, benzoic acid, acetic acid, and the like.
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Examples of such pharmaceutically acceptable salts thus are
the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphate, monohydrogenphosphate, dihydrogenphosphate,
metaphosphate, pyrophosphate, chloride, bromide, iodide,
acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, caproate, heptanocate, propiolate,
oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, butyne-1,4-dicate, hexyne-1,6-diocate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycollate, tartrate, methanesulfonate, propanesulfonate,
naphthalene-1l-sulfonate, naphthalene-2-sulfonate, mandelate,
and the like. Preferred pharmaceutically acceptable acid
addition salts include those formed with mineral acids such
as hydrochloric acid, hydrobromic acid and sulfuric acid.

If not commercially available, the necessary
starting materials for the preparation of a compound of
formula I may be prepared by procedures which are selected
from standard techniques of organic chemistry, including
aromatic and heterocaromatic substitution and transformation,
from techniques which are analogous to the syntheses of
known, structurally similar compounds, and techniques which
are analogous to the above described procedures or
procedures described in the Examples. It will be clear to
one skilled in the art that a variety of sequences is
available for the preparation of the starting materials.
Starting materials which are novel provide another aspect of
the invention.

Selective methods of protection and deprotection
are well known in the art for preparation of compounds such
as those corresponding to a compound of formula I, but in
which R® is ORP, .discussed above. Selective methods for
cleavage of methyl ethers, as described in the examples, are
discussed in Jones, et al., J. Med. Chem., (1984), 27, 1057-
1066. For example, the diether 3-(4-methoxybenzoyl)-
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2-(4-methoxyphenyl)benzo([b]thiophene may be treated with
boron tribromide in dichloromethane at -10 °C (1 hour) to
afford the monoether 2-(4-hydroxyphenyl)-3-(4-methoxy-
benzoyl)benzo[b]thiophene, whereas treatment with sodium
thiocoethoxide affords the isomeric monoether 3-(4-hydroxy-
benzoyl)-2-(4-methoxyphenyl)benzo[b]thiophene. Treatment
with boron tribromide under less mild conditions (0°, 6
hours) or with aluminum chloride and ethanethiol cleaves
both ethers.

Generally, the compounds of the invention are
isolated best in the form of acid addition salts. Salts of
the compounds of formula I formed with acids such as those
mentioned above are useful as pharmaceutically acceptable
salts for administration of the antithrombotic agents and
for preparation of formulations of these agents. Other acid
addition salts may be prepared and used in the isolation and
purification of the compounds.

As noted above, the optically active isomers and
diastereomers of the compounds of formula I are also
considered part of this invention. Such optically active
isomers may be prepared from their respective optically
active precursors by the procedures described above, or by
resolving the racemic mixtures. This resolution can be
carried out by derivatization with a chiral reagent followed
by chromatography or by repeated crystallization. Removal
of the chiral auxiliary by standard methods affords
substantially optically pure isomers of the compounds of the
present invention or their precursors. Further details
regarding resolutions can be obtained in Jacques, et al.,

Enantiomers, Racemates, and Resolutions, John Wiley & Sons,
1981.

The compounds of the invention are believed to
selectively inhibit thrombin over other proteinases and
nonenzyme proteins involved in blood coagulation without
appreciable interference with the body's natural clot lysing

ability (the compounds have a low inhibitory effect on
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fibrinolysis). Further, such selectivity is believed to
permit use with thrombolytic agents without substantial
interference with thrombolysis and fibrinolysis.

The invention in one of its aspects provides a
method of inhibiting thrombin in mammals comprising
administering to a mammal in need of treatment an effective
(thrombin inhibiting) dose of a compound of formula I.

In another of its aspects, the invention provides
a method of treating a thromboembolic disorder comprising
administering to a mammal in need of treatment an effective
(thromboembolic disorder therapeutic and/or prophylactic
amount) dose of a compound of formula I.

The invention in another of its aspects provides a
method of inhibiting coagulation in mammals comprising
administering to a mammal in need of treatment an effective
(coagulation inhibiting) dose of a compound of formula I.

The thrombin inhibition, coagulation inhibition
and thromboembolic disorder treatment contemplated by the
present method includes both medical therapeutic and/or
prophylactic treatment as appropriate.

In a further embodiment the invention relates to
treatment, in a human or animal, of conditions where
inhibition of thrombin is required. The compounds of the
invention are expected to be useful in animals, including
man, in treatment or prophylaxis of thrombosis and
hypercoagulability in blood and tissues. Disorders in which
the compounds have a potential utility are in treatment or
prophylaxis of thrombosis and hypercoagulability in blood
and tissues. Disorders in which the compounds have a
potential utility, in treatment and/or prophylaxis, include
venous thrombosis and pulmonary embolism, arterial
thrombosis, such as in myocardial ischemia, myocardial
infarction, unstable angina, thrombosis-based stroke and
peripheral arterial thrombosis. Further, the compounds have
expected utility in the treatment or prophylaxis of
atherosclerotic disorders (diseases) such as coronary

arterial disease, cerebral arterial disease and peripheral
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arterial disease. Further, the compounds are expected to be
useful together with thrombolytics in myocardial infarction.
Further, the compounds have expected utility in prophylaxis
for reocclusion after thrombolysis, percutaneous
transluminal angioplasty (PTCA) and coronary bypass
operations. Further, the compounds have expected utility in
prevention of rethrombosis after microsurgery. Further, the
compounds are expected to be useful in anticoagulant
treatment in connection with artificial organs and cardiac
valves. Further, the compounds have expected utility in
anticoagulant treatment in hemodialysis and disseminated
intravascular coagulation. A further expected utility is in
rinsing of catheters and mechanical devices used in patients
in vivo, and as an anticoagulant for preservation of blood,
plasma and other blood products in vitro. Still further,
the compounds have expected utility in other diseases where
blood coagulation could be a fundamental contributing
process or a source of secondary pathology, such as cancer,
including metastasis, inflammatory diseases, including
arthritis, and diabetes. The anti-coagulant compound is
administered orally, parenterally e.g. by intravenous
infusion (iv), intramuscular injection (im) or
subcutaneously (sc).

The specific dose of a compound administered
according to this invention to obtain therapeutic and/or
prophylactic effects will, of course, be determined by the
particular circumstances surrounding the case, including,
for example, the compound administered, the rate of
administration, the route of administration, and the
condition being treated.

A typical daily dose for each of the above
utilities is between about 0.01 mg/kg and about 1000 mg/kg.
The dose regimen may vary e.g. for prophylactic use a single
daily dose may be administered or multiple doses such as 3
or 5 times daily may be appropriate. 1In critical care
situations a compound of the invention is administered by iv

infusion at a rate between about 0.01 mg/kg/h and about 20
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mg/kg/h and preferably between about 0.1 mg/kg/h and about 5
mg/kg/h.

The method of this invention also is practiced in
conjunction with a clot lysing agent e.g. tissue plasminogen
activator (t-PA), modified t-PA, streptokinase or urokinase.
In cases when clot formation has occurred and an artery or
vein is blocked, either partially or totally, a clot lysing
agent is usually employed. A compound of the invention can
be administered prior to or along with the lysing agent or
subsequent to its use, and preferably further is
administered along with aspirin to prevent the reoccurrence
of clot formation.

The method of this invention is also practiced in
conjunction with a platelet glycoprotein receptor (IIb/IIIa)
antagonist, that inhibits platelet aggregation. A compound
of the invention can be administered prior to or along with
the IIb/IIIa antagonist or subsequent to its use to prevent
the occurrence or reoccurrence of clot formation.

The method of this invention is also practiced in
conjunction with aspirin. A compound of the invention can
be administered prior to or along with aspirin or subsequent
to its use to prevent the occurrence or reoccurrence of clot
formation. As stated above, preferably a compound of the
present invention is administered in conjunction with a clot
lysing agent and aspirin.

This invention also provides pharmaceutical
formulations for use in the above described therapeutic
method. Pharmaceutical formulations of the invention
comprise an effective thrombin inhibiting amount of a
compound of formula I in association with a pharmaceutically
acceptable carrier, excipient or diluent. For oral
administration the antithrombotic compound is formulated in
gelatin capsules or tablets which may contain excipients
such as binders, lubricants, disintegration agents and the
like. For parenteral administration the antithrombotic is

formulated in a pharmaceutically acceptable diluent e.g.
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physiological saline (0.9 percent), 5 percent dextrose,
Ringer’s solution and the like.

The compound of the present invention can be
formulated in unit dosage formulations comprising a dose
between about 0.1 mg and about 1000 mg. Preferably the
compound is in the form of a pharmaceutically acceptable
salt such as for example the sulfate salt, acetate salt or a
phosphate salt. An example of a unit dosage formulation
comprises 5 mg of a compound of the present invention as a
pharmaceutically acceptable salt in a 10 mL sterile glass
ampoule. Another example of a unit dosage formulation
comprises about 10 mg of a compound of the present invention
as a pharmaceutically acceptable salt in 20 mL of isotonic
saline contained in a sterile ampoule.

The compounds can be administered by a variety of
routes including oral, rectal, transdermal, subcutaneous,
intravenous, intramuscular, and intranasal. The compounds
of the present invention are preferably formulated prior to
administration. Another embodiment of the present invention
is a pharmaceutical formulation comprising an effective
amount of a novel compound of formula I or a
pharmaceutically acceptable salt or solvate thereof in
association with a pharmaceutically acceptable carrier,
diluent or excipient therefor.

The active ingredient in such formulations
comprises from 0.1 percent to 99.9 percent by weight of the
formulation. By "pharmaceutically acceptable" it is meant
the carrier, diluent or excipient must be compatible with
the other ingredients of the formulation and not deleterious
to the recipient thereof.

The present pharmaceutical formulations are
prepared by known procedures using well known and readily
available ingredients. The compositions of this invention
may be formulated so as to provide quick, sustained, or
delayed release of the active ingredient after
administration to the patient by employing procedures well

known in the art. In making the compositions of the present
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invention, the active ingredient will usually be admixed
with a carrier, or diluted by a carrier, or enclosed within
a carrier which may be in the form of a capsule, sachet,
paper or other container. When the carrier serves as a
diluent, it may be a solid, semi-solid or liquid material
which acts as a vehicle, excipient or medium for the active
ingredient. Thus, the compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets,
elixirs, suspensions, emulsions, solutions, syrups,
aerosols, (as a solid or in a liquid medium), soft and hard
gelatin capsules, suppositories, sterile injectable
solutions, sterile packaged powders, and the like.

The following formulation examples are
illustrative only and are not intended to limit the scope of
the invention in any way. "Active ingredient," of course,
means a compound according to formula I or a

pharmaceutically acceptable salt or solvate thereof.

Formulation 1: Hard gelatin capsules are prepared

using the following ingredients:

Quantity

(mg/capsule)
Active ingredient 250
Starch, dried 200
Magnesium stearate 10
Total 460 mg

Formulation 2: A tablet is prepared using the
ingredients below:

Quantity
(mg/tablet)
Active ingredient 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid 5

Total 665 mg
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The components are blended and compressed to form tablets
each weighing 665 mg.

Formulation 3: An aerosol solution is prepared

containing the following components:

Weight
Active ingredient 0.25
Ethanol 25.75
Propellant 22 (Chlorodifluoromethane) 70.00
Total 100.00

The active compound is mixed with ethanol and the mixture
added to a portion of the propellant 22, cooled to -30 °C
and transferred to a filling device. The regquired amount is
then fed to a stainless steel container and diluted with the

remainder of the propellant. The valve units are then
fitted to the container.

Formulation 4: Tablets, each containing 60 mg of
active ingredient, are made as follows:

Active ingredient 60

mg

Starch 45 mg

Microcrystalline cellulose 35 mg

Polyvinylpyrrolidone (as 10 % solution in 4 mg

water)

Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc 1 mg
Total 150 mg

The active ingredient, starch and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. The
aqueous solution containing polyvinylpyrrolidone is mixed
with the resultant powder, and the mixture then is passed
through a No. 14 mesh U.S. sieve. The granules so produced
are dried at 50 °C and passed through a No. 18 mesh U.S.
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Sieve. The sodium carboxymethyl starch, magnesium stearate
and talc, previously passed through a No. 60 mesh U.S.
sieve, are then added to the granules which, after mixing,
are compressed on a tablet machine to yield tablets each

weighing 150 mg.

Formulation 5: Capsules, each containing 80 mg of

active ingredient, are made as follows:

Active ingredient 80 mg
Starch 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate 2 mg
Total 200 mg

The active ingredient, cellulose, starch, and magnesium
stearate are blended, passed through a No. 45 mesh U.S.

sieve, and filled into hard gelatin capsules in 200 mg

quantities.

Formulation 6: Suppositories, each containing
225 mg of active ingredient, are made as follows:

Active ingredient 225 mg
Saturated fatty acid glycerides 2,000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60 mesh U.S.
sieve and suspended in the saturated fatty acid glycerides
previously melted using the minimum heat necessary. The

mixture is then poured into a suppository mold of nominal 2
g capacity and allowed to cool.

Formulation 7: Suspensions, each containing 50 mg

of active ingredient per 5 ml dose, are made as follows:

Active ingredient 50 mg
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Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 mL
Benzoic acid solution 0.10 mL
Flavor q.v.
Color g.v.
Purified water to total 5 mL

The active ingredient is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
syrup to form a smooth paste. The benzoic acid solution,
flavor and color are diluted with a portion of the water and
added, with stirring. Sufficient water is then added to

produce the required volume.

Formulation 8: An intravenous formulation may be

prepared as follows:

Active ingredient 100 mg

Isotonic saline 1,000 mL

The solution of the above ingredients generally is
administered intravenously to a subject at a rate of 1 mL
per minute.

The ability of the compounds of the present
invention to be an effective and orally active thrombin
inhibitor are evaluated in one or more of the following
assays.

The compounds provided by the invention (formula
I) selectively inhibit the action of thrombin in mammals.
The inhibition of thrombin is demonstrated by in vitro
inhibition of the amidase activity of thrombin as measured
in an assay in which thrombin hydrolyzes the chromogenic
substrate, N-benzoyl-L-phenylalanyl-L-valyl-L-arginyl-p-
nitroanilide, N-benzoyl-L-Phe-L-Val-L-Arg-p-nitroanilide.

The assay 1is carried out by mixing 50 pL buffer
(0.03M Tris, 0.15M NaCl, pH 7.4) with 25 pL of human
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thrombin solution (purified human thrombin, Enzyme Research
Laboratories, South Bend, Indiana, at 8 NIH units/mL) and 25
pl of test compound in a solvent (50% aqueous methanol
(v:iv)). Then 150 pL of an aqueous solution of the
chromogenic substate (at 0.25 mg/mlL) are added and the rates
of hydrolysis of the substrate are measured by monitoring
the reactions at 405 nm for the release of p-nitroaniline.
Standard curves are constructed by plotting free thrombin
concentration against hydrolysis rate. The hydrolysis rates
observed with test compounds are then converted to “free
thrombin” values in the respective assays by use of the
standard curves. The bound thrombin (bound to test
compound) 1is calculated by subtracting the amount of free
thrombin observed in each assay from the known initial
amount of thrombin used in the assay. The amount of free
inhibitor in each assay is calculated by subtracting the
number of moles of bound thrombin from the number of moles
of added inhibitor (test compound).

The Kass value is the hypothetical equilibrium
constant for the reaction between thrombin and the test
compound (I).

Thrombin + I » Thrombin-1I
-

Kass= [Thrombin-1I]
[ (Thrombin) x (I)]

Kass 1s calculated for a range of concentrations
of test compounds and the mean value reported in units of
liter per mole. 1In general, a thrombin inhibiting compound
of formula I of the instant invention exhibits a Kass of
0.05 X 10% L/mole or much greater.

By substantially following the procedures
described above for human thrombin, and using other human
blood coagulation system serine proteases and using
fibrinolytic system serine proteases, with the appropriate

chromogenic substrates, identified below, the selectivity of
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the compounds of the present invention with respect to the
coagulation factor serine proteases and to the fibronolytic
serine proteases are evaluated as well as their substantial
lack of interference with human plasma clot fibrinolysis.

Human factors X, Xa, IXa, XIa, and XIIa are
purchased from Enzyme Research Laboratories, South Bend,
Indiana; human urokinase from Leo Pharmaceuticals, Denmark;
and recombinant activated Protein C (aPC) is prepared at Eli
Lilly and Co. substantially according to U.S. Patent
4,981,952. Chromogenic substrates: N-Benzoyl-Ile-Glu-Gly-
Arg-p-nitroanilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-
nitroanilide (for factor IXa assay as the factor Xa
substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor
XIa and for aPC); H-D-Pro-Phe-Arg-p-nitroanilide (for factor
XIIa); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for
urokinase); are purchased from Kabi Vitrum, Stockholm,
Sweden, or from Midwest Biotech, Fishers, Indiana. Bovine
trypsin is purchased from Worthington Biochemicals,
Freehold, New Jersey, and human plasma kal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>