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(54) Title: DIKETOPIPERAZINE DERIVATIVES TO INHIBIT THROMBIN

(57) Abstract: The present invention relates to compounds to inhibit

blood coagulation, and more particularly to novel diketopiperazine

derivatives, pharmaceutically acceptable salts and compositions

thereof, to specifically inhibit thrombin.
following general structure (I), wherein R!, R* and R* consist of a
hydrogen, alkyl or aryl moiety, R® consist of an alkyl or aryl moiety,
wherein R3 consists of a hydrogen, alkyl, aryl, hydroaryl, heteroaryl,
hydroheteroaryl,
sulfonylheteroaryl or sulfonylhydroheteroaryl moiety, and wherein
R® consists of a hydrogen, alkyl, aryl, hydroaryl, heteroaryl or

The compound has the

sulfonylalkyl, sulfonylaryl, sulfonylhydroaryl,

hydroheteroaryl moiety. Also disclosed are methods of using the

compound for treating coagulation disorders such as thrombosis and

heparin associated thrombocytopenia.
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DIKETOPIPERAZINE DERIVATIVES TO INHIBIT THROMBIN

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to compounds to
inhibit blood coagulation, and more particularly to
diketopiperazine derivatives, pharmaceutically
, to

acceptable salts and compositions thereo:

specifically inhibit thrombin.

(b) Description of Prior Art

Thrombotic disorders are characterized by the

formation of a thrombus obstructing the vascular blood

flow, causing arterial or venous thrombosis or

r—
—

thromboembolism. Thrombli are composed ot fibrin,

platelets, white blood cells (WBCs) and red blood cells

(RRCs) . Thrombus formation involves several genetlc and

environmental factors. Genetically impaired

anticoagulant mechanisms include factor V resistance to

activated protein C, hyperhomocysteinemlia, protein C

deficiency, proteln S deficiency, antithrombin

deficiency and defective fibrinolysis, while thrombotic
stimuli include surgery, pregnancy, oral contraceptive
use and antiphospholipid antibodies. Chronic and acute

thrombotic complications, including venous and arterial

thrombosis, atrial fibrillation, stroke, myocardial

infarction and pulmonary embolism are the leading cause

of deaths worldwide.

Antithrombotic therapy involves thrombolytic

g
—

drug therapy, to remove thrombi, and the use of

antiplatelet drugs and anticoagulants, to 1nhibit

coagulation. Subsequent therapy varies depending on the

venous or arterial circulatory system involved and the

F

size and location of the vessels.

The anticoagulant drugs currently used show

several disadvantages (Exp. Opin. Inves. Drugs 1997,
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6:1591-1622; Current Pharmaceutical Design 1995, 1:441-
468; Circulation 1994, 90:1522-15306).
For example, heparin is the first agent to Dbe

administered parenterally in situations requlring acute

-

anticoagulation. Heparin COoNnsists of a

g

mucopolysaccharide of animal origin. Standard or high

p—

molecular weight heparins (HMWHs) consist of molecules

F
p—

ferent sizes, while depolymerized or low

of many di:

molecular weight heparins (LMWHs) have a molecular

weight between 4000 and 6000 D.

There are several disadvantages related to the

use of heparin, namely (1) heparin 1s a parenteral
agent requiring intravenous (1.v.) Or sub-cutaneous
(s.C.) administration; (2) the anticoagulant dose-

response curve for heparin is not linear, and ex Vivo

coagulation parameters (APTT) must be followed to

monitor the degree of anticoagulation; (3) heparin 1s

ineffective at inhibiting clot-bound thrombin; and (4)

- p—

there are reports of a '"rebound" reactivation of

unstable angina subsequent to discontinuation of

heparin therapy, and heparin has Dbeen assoclated with

—

thrombocytopenia, requiring monitoring of platelet

counts. Heparin-induced thrombocytopenia (HIT) 1s an
immunoglobulin-mediated adverse drug reaction that 1is

characterized by platelet activation, thrombocytopenia,

and a high risk of thrombotic complications among

patients receiving or who have recently receilved

heparin.

In the case of venous thrombosis or pulmonary

embolism, a 7-10 day course of parenteral heparin 1s

—

usually followed by prolonged administration of the

only currently available oral anticoagulant drug,

o

warfarin, to prolong treatment of thrombotic

complications. Heparin 1s generally coadministered with
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warfarin for a few days prior to cessation of heparin

therapy.

Warfarin has several disadvantages (The Annals
of Pharmacotherapy 1995, 29:1274-1282; Clin.
Pharmacokinet. 1990, 30:410-444) , namely: (1) it

P

carries a risk of bleeding, (2) 1t exhibits adverse

drug and diet interactions, and (3) 1t requires

frequent monitoring.

Both heparin and warfarin are indirect

anticoagulants and their functions depend on the

P

presence of antithrombin and vitamin K, respectively.

Conseqgquently, following the —cessation of warfarin

treatment, one has to wait for the resynthesis ot

vitamin K-dependent coagulation factors by the liver to

restore the haemostatic balance. These drawbacks limit

the physician acceptance and usage of warfarin in

treating thrombotic disorders.

The liabilities of the conventional

ﬂ

anticoagulant therapy have prompted the development OrL

novel anticoagulants over the last two decades. LMWHs

were discovered to have similar efficacy to the heparin

in 1976. Their favorable pharmacokinetic profiles and

risk/ratios have led to widespread use in Europe since

1992 and, more recently, approval for their use 1n USA.
The new anticoagulant strategy 1s Dpased on

direct inhibition of critical enzymes in the

coagulation cascade. As the final enzyme 1n the

coagulation cascade, thrombin has been an extensively

tested target. Thrombin, the key regulator of the

thrombotic process, 1s a trypsin-like serine protease.

Thrombin has many and varied biological functions, but

its main action 1s to catalyze the transformation of

fibrinogen to fibrin, whether the thrombin 1s soluble

in plasma or fibrin-bound. Fibrin is then polymerized

ﬁ

and cross-linked by the action of activated Dblood
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factor XIII to fcrm insoluble blood clotting. Thrombiln

also activate blood factors V and VIII which 1n turn
accelerates the Dblood <coagulation by a feed-back
mechanlsm. As a potent activator of ©platelets,

thrombin also plays an important role 1n driving the

growth of platelet-rich thrombi 1n the arterial
circulation. The fibrin deposition and platelet
aggregation can thus be interrupted when thrombin 1s
inhibited. However, thrombin 1s simlilar to numerous
serine-proteases present in the human Dbody and

particularly in the blood, such as plasmin. A thrombin

inhibitor therefore needs to be specific to thrombin.
Thrombin inhibitors can directly 1nactivate

thrombin by binding to thrombin active site and/or

fibrinogen recognition exosilte (FRE) , whereby

fibrinogen 1s transformed 1into fibrin. For example,

hirudin 1is a naturally occurring 63-amino acid

anticoagulant which is produced in the salilvary glands

~—

of the blood sucking leech Hirudo medicinalis. Hirudin

inhibits thrombin by directly binding both the thrombin

active site and the FRE with an 1nhibition constant

1)

2.0 x 107M agalinst thrombin (Biochem-

(K;) wvalue o:
istry 1986, 25:4622-4628). Hirugen is a peptide derived

from the anionic carboxy-terminus of hirudin and binds
only the FRE of thrombin with a K; value of 1.44 X 107 'M
(J. Biol. Chem. 1989, 264:8692-8698). Hirulogs or

P

Bivalirudin 1s a synthetic peptide consisting of a

hirugen-like FRE-binding sequence linked by a glycine-

spacer to the substrate-like active-site binding

moiety, D-phenyalanine-prolyl-arginine with a K; value
of 2.3 x 107°M.

Except for a slightly better safety profile 1in

terms of the Dbleeding complications, the above-

mentioned direct thrombin 1nhibitors have shown no

better and even worse features than heparin, namely (1)
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p—
p—

administration, and (3) cost-ineffectiveness.
U.S. Patent Nos. 4,258,192 and 4,201,863

disclose a synthetic small molecule thrombin inhibitor

*

with a K; value of 1.9 x 107 for human thrombin,

which 1s commercialized as Argatroban (Novastan,

Mitsubishi Chemical Corp Cardiovasc. Drug Rev. 1991,

P

9:247-263). It was developed for the 1indications ot

chronic arterial obstruction, acute ischaemic stroke

and haemodialysis in antithrombin III (ATIII)-deficient

patients, and as a replacement for heparin 1n patilents

at risk of (HIT). However, Argatroban 1s still not an

ideal small molecule thrombin inhibitor due to the

following problems: it is (1) not orally biocavailable;

F
—

fective on venous than arterial thrombosis;

(2) less e

(3) possibly dose-dependent; (4) thromblin rebound

effect; (5) not more effective than heparin 1n

treatment of unstable angina, coronary angioplasty and

acute myocardial infarction.

It would therefore be highly desirable to Dbe
provided with an orally available thrombin 1inhibitor.
The interest in orally bicavailable thrombin inhibitors
is high (Am. J. Cardiol. 1995, 75:27B-33B). A smal._

molecule thrombin active site i1inhibitor that would

selectively and reversibly inhibit thrombin would

present a distinct advantage over warfarin with respect

to side-effects and monitoring, as described above. The

selectivity of a thrombin inhibitor compared to

warfarin would allow it to be used with relative safety

in both arterial and venous thrombosis. Another

distinct advantage of a small molecule thrombin

inhibitor would be its potentially important ability to

inhibit clot-bound thrombin as well as fluid-phase

thrombin.
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SUMMARY OF THE INVENTION

One aim of the present invention 1s to provide

an orally available specific thrombin 1nhibitor.

In accordance with the present invention there

—

is provided a compound of the followling formula

or a pharmaceutically acceptable salt or stereoilsomer

thereof, wherein R', R° and R® consist of a hydrogen,

i

alkyl or aryl moiety, R’ consist of an alkyl or aryl

#

molety, R°> consists of a hydrogen, alkyl, aryl,

hydroaryl, heteroaryl, hydroheterocaryl, sulfonylalkyl,

sulfonylaryl, sulfonylhydroaryl, sulfonylheterocaryl or

P

sulfonylhydroheteroaryl moiety, and R° consists of a

hydrogen, alkyl, arvyl, hydroarvl, heteroaryl or
hydroheteroaryl molety. Such a compound 1nhibits

thrombin or blood coagulation and may pbe used as an

antithrombotic or an anticoagulant.
For example, R° may consist of an alkyl, aryl,
hydroaryl, heterocaryl or hydrohetercaryl moiety. More

(=

particUlarly, R}, R and R® may consist of a hydrogen

moiety, R’ may consist of a methyl moiety, R’ may

p—
e

consist of 1,2,3,4-tetrahydro-3-methyl-8-

quinolinesulfonyl, and R° mavy consist of 3=
guanidinopropyl. Such a compound has a high inhibition

constant (K;y 1s 5.3 X 1071°M) .

In accordance with the present 1nvention, there

is further provided a pharmaceutical composition

comprising such a compound as an active 1ngredient, 1n
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association with a pharmaceutically acceptable carrier.
The pharmaceutical composition may be sultable for oral
administration. The active ingredient may be used 1n a
composition such as a tablet, capsule, solution or
suspension containing about 5 to about 500 mg per unit

F
p—

of dosage of a compound of formula I or a mixture

thereof. The compounds may be combined 1in a
conventional manner with a physiologically acceptable

vehicle or <carrier 1including suitable expedients,

binders, preservatives, stabilizers, flavors, etc. as

accepted in the pharmaceutical practice.

In accordance with the present 1invention, there

is further provided a method for substantially

preventing thrombin activity 1in a mammal oOr a human Or

Jr—

a tissue thereof. The method comprises adminlstering an

effective amount ot such the compound or  the

pharmaceutical composition to the mammal, human or

tissue.

In accordance with the present 1nvention, there

is further provided a method for treating a coagulation

P

disorder in a mammal ©or a human or a tissue thereotf.

The method comprises administering an effective amount

—

of the compound or the pharmaceutical composition to

the mammal, human or tissue. Examples of coagulation

disorders 1nclude thrombosis or heparin-induced

thrombocytopenia (HIT).

p—
e

The compounds of the present 1nvention may be

administered orally to wvarious mammalians known to

thrombotic disorders, such as humans, cats, dogs,

F
—

monkeys, mice and the like in an effectlive dosage range

of 0.1 to 100 mg/kg, preferably about 0.2 to 50 mg/kg

and more preferably about 0.5 to 25 mg/kg on a regimen

in single or 2 to 4 divided dally doses.

g pr=——
r— -

Although the compound of formula I of the

present invention inhibits thrombin and may be used as
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an anticoagulant, it may also be used in combination

with other antithrombotic or anticoagulant drugs.

F

The compound of the present invention comprises

an extra ring and substitutions to a diketopiperadine

structure, and 1s more rigid compared to known

diketopiperadine derivatives.

—

The compound of the present invention inhibits

blood coagulation by specifically binding to thrombin.

Compared to anticoagulant drugs such as Heparin,

Warfarin, Hirudin, Hirugen, Hirulogs and Argatroban.

The compound of the present invention exhibits oral

bioavailability, an increased half-life, effectiveness

e
—

fect

on1 venous thrombosis and limited or no "rebound" e:

on thrombin, contrary to heparin. The compound of the

present invention also reduces the risk of heparin-

induced thrombocytopenia (HIT).

y—

For the purpose of the present 1invention, the

following terms are defined below.

The term "alkyl" is intended to mean a straight

or a branched chain radical(s) or cyclic ring(s) of up

F

to 18 carbons, preferably of 1 to 8 carbons, such as

methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, nonyl, decyl, undecyl, dodecyl, and the various

o

branched chain isomers thereof and/or 1 or 2 of the

following substituents: an aryl substituent (for

example, to form benzyl or phenethyl), a cycloalkyl
substituent, an alkylcycloalkyl substituent, an alkenyl
substituent, an alkynyl substituent, hydroxy, alkoxy,
halogen, amino, alkylamino, dialkylamino, guanidino or
carboxy substituent.

The term "aryl"” 1S intended to mean a
monocyclic, bicyclic or tricyclic aromatic group(s)
containing 6 to 14 carbons in the ring portion, such as
phenyl, naphtyl or anthracenyl. The arvy.l moiety' may

include substituted aryl, which may include 1 or 2
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substituents such as alkyl, cyano, amino, alkylamino,

dialkylamino, nitro, carboxy, carboalkoxy,
trifluoromethyl, halogen, alkoxy, arylalkoxy or
hydroxy.

5 The term "hydroaryl" is intended to mean 10 to

14-membered aromatic rings, such as tetrahydronapthyl,
tetrahydroanthracenyl and the 1like. Hydroaryl may
include substituted hydroaryl, which may include 1 or 2
substituents such as alkyl, cyano, amino, alkylamino,
10 dialkylamino, nitro, carboxy, carboalkoxy,

trifluoromethyl, halogen, alkoxy, arylalkoxy or hyroxy.

The term "heteroaryl" is intended to mean 5- to

14-membered aromatic ring(s) which includes 1,2 or 3

heteroatoms such as nitrogen, oxygen or sulfur, such as

=Y £ £ £
CIDETEIDEIDE D
gCleClSCIu ¢

|
. S

and the 1like. The heterocaryl rings may optionally be

15

fused to aryl rings such as defined previously. The

heteroaryl rings may include a substituted heteroaryl,

which may include 1 or 2 substituents such as alkyl,

20 cyano, amino, alkylamino, dialkylamino, nitro, carboxy,
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carboalkoxy, trifluoromethyl, halogen, alkoxy,

arylalkoxy or hyroxy.

The term "hydroheteroaryl" 1s 1intended to mean

—

a reduced form of the above-mentioned heterocaryl rings,

such as:

-\ - \’\ AN \’\ e
O DT

NH l\\J/ L\V/

H
N N

ZT

-

(\

NH N
H

\

(/“\\ ,/’ ,fﬂ\ 'ﬁ ffﬁ\\ffN>>
K/\ > \/\N > K/ ~g Sy TN

AN N T
//::E;}_mm\N//\\¢;;r l\\N I = \\N//\\¢¢A

m 4

/

Y4

\

H

\/\ \/\N/\y\'//

NH H

-

N N\
\/\}¢\N/
H

and the like. The hydroheterocaryl rings may optionally

be fused to aryl rings such as defined previously. The
hydroheteroaryl rings may include substituted

hydroheterocaryl, which may include 1 or 2 substituents

such as alkyl, cyano, amino, alkylamino, dialkylamino,

‘nitro, carboxy, carboalkoxy, trifluoromethyl, halogen,

alkoxy, arylalkoxy or nhyroxy.

The term "sulfonvlalkyl" 1s 1ntended to mean a

sulfonyl group (S0O;) in which an alkyl group such as

defined previously 1s attached.
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The term "sulfonylaryl" 1s 1intended to mean a

sulfonyl group (SO;) in which an aryl group such as

defined previously 1s attached.
The term "sulfonylhydroaryl" 1is 1intended to
mean a sulfonyl group (S0O;) 1n which an hydroaryl group

such as defined previously 1s attached.

The term "sulfonylheterocaryl"™ 1s 1ntended to

mean a sulfonyl group (SO;) 1in which a heterocaryl group

such as defined previously 1s attached.

The term "sulfonylhydroheteroaryl" 1s intended

to mean a sulfonvl group (SO ) 1in which a

hydroheterocaryl group such as defined previously 1s

attached.
A pharmaceutically acceptable acid salt may Dbe

g~ pre—
e

obtained from the compound of formula I of the present

invention by reacting the free base with an acid, such
as hydrochloric, hydrobromilc, hydroiodic, nitric,

sulfuric, phosphoric, acetic, citric, maleic, succinilc,

lactic, tartaric, gluconic, benzoic, methanesulfonic,

ethanesulfonic, benzenesulfonic, p-toluenesulfonic acid

or the like.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a progressive curve of an 1in

vivo thrombin inhibition assay at the substrate

p—
—

concentration ([S}) of 2.5 uM by the compound ot

cycloargatroban (formula I) where R', R° and R" are

hydrogen, R°> is Me=CHs, R°> is 1,2,3,4-tetrahydro-3-

methyl-8-gquinolinesulfonyl and R° is 3-guanidinopropyl.

o~

Fig. 2 illustrates a progressive curve of an 1in

vivo thrombin i1inhibition assay at the substrate

r— e
e

concentration ([S}]) of 10 uM by the compound of

cyvcloargatroban (formula 1I) where R', R° and R"' are

hydrogen, R is Me=CHs;, R> 1is 1,2,3,4-tetrahydro-3-

methyl-8-gquinolinesulfonyl and R° is 3-guanidinopropyl.
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Fig. 3 illustrates a progressive curve of an 1n

vivo trypsin inhibition assay at  the substrate

F
p—

concentration ([S]) of 22 uM by the compound of

cycloargatroban (formula 1I) where R', R* and R' are

hydrogen, R’ is Me=CHs, R> 1is 1,2,3,4-tetrahydro-3-
methyl-8-gquinolinesulfonyl and R® is 3-guanidinopropyl.

Fig. 4 illustrates an 1in vivo kinetic assay to

determine the inhibition constant (Ki) for thrombilin by

the compound of cycloargatroban (formula I) where R-,

R° and R? are hydrogen, R is Me=CH;, R’ is 1,2,3,4-

tetrahydro-3-methyl-8-quinolinesulfonyl and R° is 3-

guanidinopropyl.

Fig. 5 i1llustrates an ex vivo coagulation assay

—
e

OL

the compound of cycloargatroban (formula 1I) where

R', R and R are hydrogen, R’ is Me=CHs;, R> is 1,2,3,4-

tetrahydro-3-methyl-8-quinolinesulfonyl and R° is 3-

F
—

guanidinopropyl and the reference compound of

argatroban with the chemical composition shown 1in

structure XII1I below.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there

are provided compounds which are useful as potent and

F

specific inhibitors of thrombin and blood coagulation

in vitro and 1n vivo 1n mammals.

A

The i1invention 1involves the preparation ot

diketopiperazine derivatives of the formula I:
l
O R

Rﬁ\/LN/ R®
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The compounds of formula I of the i1nventlion may
be prepared according to the following Reaction
Sequence 1:

R2

R R’

Protection :
N
o R
CO-,H
[
5
R2
R' R

R7OH, Coupling agent E
(R’ = alkyl or allyl)

CO,H

111

PG = t-butoxycarbonyl (BOC),
carbobenzyloxy (Cbz))
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R? R?
R R’ Deprotection: , R! R>
TFA or HCI
(when PG=BOC()
or
N H,. Pd/C N
v 2 ~ 4
PG R  (when PG=CBz) H R
C02R7 C02R7
IV V
or
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The amino acid II 1s protected with a tert-

putoxycarbonyl

group (BOC) using di-tert-butyl

dicarbonate in 10% triethylamine (TEA) 1n methanol, or

with a benzyloxycarbonyl group (Cbz) using benzyl

chloroformate and agueous sodium hydroxide solution 1n

an organic

solvent such as dioxane, tetrahydrofuran

(THE") Or ether.

the presence O

The protected amino acid III 1s

esterified using a coupling reaction with an alcohol in

P

f dicyclohexylcarbodiimide (DCC) ,

diisopropylcarbodiimide (DIC) or 2-(lH-benzotriazole-1-

v1)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU)

and 4-dimethylaminopyridine (DMAP) or N—

hydroxybenzotriazole (HOBT) and 1in the presence of an

inert organic solvent such as dimethylformamide (DMEF),

N-methyl pyrrolidinone (NMP), dichloromethane (DCM) or

THF at temperatures within the range of -20°C to -5°C,

to form an ester 1V.

The ester

IV 1s deprotected by treatment with

trifluoroacetic acid (TFA) or hydrochloric acid (HC1)

F

in the presence of a dry 1inert solvent such as DCY,

THE, ethyl

acetate or chloroform (BOC) , or by

hydrogenation over palladium on carbon in an alcoholilc
solvent (Cbz) at

amblent temperature. Alternatively,

F

the ester V may be'prepared by the addition of thionyl

p—

chloride to an alcoholilic solution of amino acid II at a

temperature

range

within 0°C to 20°C followed by

neutralization with a base such as sodium bicarbonate
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or potassium carponate and the like. The ester V 1s

made to undergo a coupling reaction with a protected

amino acid derivative VI in the presence of a coupling

reagent such as DCC, DIC or TBTU, and DMAP or HOBT, and

a tertiary organic amline Dbase such as TEA 0Or

-
o

diisopropylethylamine (DIPEA), and 1n the presence oI

an inert organic solvent such as DMF, NMP, THEF or DCM

at temperatures within the range of 0°C to 20°C to form

the peptide VII. The peptide VII 1s deprotected and

piven

cyclized in the presence of piperidine or dilethylamine,

and an 1inert organic solvent such as DMF, NMP, DCM or

THF and at ambient temperature (Fmoc), or deprotected
by treatment with TFA or HCl 1n the presence of a dry

inert solvent such as DCM, THF, ethyl acetate or

chloroform (BOC), or by hydrogenation over palladium on

carbon 1n an alcoholilic solvent (Cbz) at ambient

temperature, followed by addition of Dbase to cause

cyclization. The diketopiperazine VIII 1s treated wilth

an amlde organic base such as lithium bis

(trimethylsilyl)amide (LHMDS) Or lithium
diisopropylamide (LDA), and in dry THF solvent at 0°C,

o~

followed by the addition of an alkylating agent IX at a

P

temperature within the range of 0°C and 20°C to form

the diketopiperazine

)

The compounds of formula I of the present

invention may also be prepared according to the

following Reaction Seqguence

VII Deprotection: :
TFA or HCI |

(PG = BOC or Cbz) (when PG=BOC)
or
H,, Pd/C
(when PG=CBz)
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10

presence of

acetate or chloro:

DYy

alcoholic

hydrogenation

solvent

treatment with

a dry inert solvent such as DCM, THE,

over

(Cbz). The

wherein PG 1s

"orm at ambient temperature (
palladium
peptide
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IX

Hvdrolysis:
L1OH or NaOH
then HC1l or H,SO 4

Coupling agent o I

1S
the
ethyl
BOC) ,

BOC or Cbz,

TFA or HC1l 1n

or
carbon 1in

X

Oll dll

1s made to

undergo a reaction with an alkylating agent IX, 1n the

P

15 presence of

pyridine, TEA

inert solvent such as DCM, THF or chloroform at

temperature tTO

d

or DIPEA,

tertiary organlc

and 1n the presence ot

form a peptide XI.

amine base such as

F
—

a dry

ambient

p

The ester of

peptide

XI is hydrolyzed by treatment with an alkali metal Dbase
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such as sodium hydroxide (NaOH) or lithium hydroxide

(L1OH) in the presence of an alcohol solvent such as

methanol or ethanol. The reaction mixture 1s acidified

|--1-

with HCl or sulfuric acid (H»,S0,;) to form an acid XII.

5 The acid XIT 1S made to undergo an

gre—
p—

intramolecular cyclization reaction 1n the presence o1

TRTU, and HOBT, and DIPEA 1in an 1inert organlic solvent

such as DMF, NMP, THF or DCM at ambient temperature €O

form the diketopliperazine

J—

10 The compounds of formula I of the present

invention, whereiln R° is

H,N

15 and Y 1is an alkyl, aryl, hydroaryl, heteroaryl or

hydroheteroaryl moiety, may be prepared according to

the followling Reaction Sequence II1:
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O R BOCHN
XIII XIV
Z =NHTf
or SMe
or e
E}q—y
N
BOCHN NBOC
T o o«
HN
Sy R’
N
N Deprotection: ; I
RS ~ R TFA or HC]
| where R® is PGHN-Y—
O R’ (PG = BOC or trityl or Cbz)
XV
The diketopiperazine 1 1s prepared followilng
5 Reaction Sequence I or wherein R® is

PGHN——Y—)—

HN

) SV,

H,N

and deprotected by treatment with TFA or HCl 1n the

presence of a dry inert solvent such as DCM, THEF, ethy.

“Oorm

acetate or chloro:

(

BOC, Trityl and the like), or Dby
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hydrogenation over palladium on carbon in an alcoholic

solvent (Cbz) at ampbient temperature. The

diketopiperazine XI 1s guanidinylated 1n the presence

of guanidinylating reagents XIV such as N,N'-bils(tert-

butoxvcarbonyl)-N"-trifluromethanesulfonylguanidine, 1-
[N,N'-bis(tert-butoxycarbonyl)amido]lpyrazole or N,N'-

bis (tert-butoxycarbonyl)-S-methylisothiouresa, and a

tertiary organic amine base such as TEA or DIPEA, and

in the presence of an 1nert organlc solvent such as

DMF, NMP, THF or DCM at ambient temperature to form a

protected guanidinylated diketopiperazine XV.
The diketopiperazine XV 1S deprotected by

F

treatment with TFA or HCl 1n the presence of a dry

inert solvent such as DCM, THF, ethyl acetate or

chloroform at ampbient temperature to form
HN

diketopiperazine I, wherein R° is >'H_Y+
H,N

The compounds of formula I of the 1nvention

wherein R’ is hydroheteroaryl may be prepared according

to the following Reaction Sequence 1IV.

Reduction:

All H,, metal catalyst

wherein R® = heteroaryl

XII Coupling agent ; ]

wherein R’ = hydroheteroaryl

The acid XII 1is prepared following Reaction

Sequence II wherein R° is an aryl moiety and is

-

subjected to a reduction in the presence of a catalyst

containing metals such as palladium, platinum, rhodium
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or nickel, and at temperatures within the range of 20°C

to 100°C, and pressures within the range of 1 to 100

atmospheres to form the acid XII, whereiln R° is a

hydroheteroaryl moilety. The acid XII whereiln R> is

hydroheteroaryl 1s made to undergo an intramolecular

P
p—

cyclization reaction 1in the presence of a coupling

F

agent TBTU, and HOBT, and DIPEA, and 1n the presence or

an inert organic solvent such as DMF, NMP, THEF or DCM

at ambient temperature to form the diketopiperazine I,
wherein R’ is hydroheteroaryl.

The present invention will be more readily

understood by referring to the following examples,
which are given to 1llustrate the i1nvention rather than
to limit 1ts scope.

EXAMPLE I

N- (tert-Butoxycarbonyl) -D-2-piperidinecarboxylic acid,
allyl ester

N- (tert-Butoxycarbonyl)-D-2-piperidinecarbox-

viic acid (2.0 g, 8.7 mmol, BACHEM) was dissolved 1in
dichloromethane (40 mL), cooled to -20°C, allyl alcohol
(1.0 ml, 15.0 mmol, Aldrich), dicyclohexylcarbodiimide
(1.8 g, 8.7 mmol, Aldrich) and 4-dimethylaminopyridine
(0.11 g, 0.87 mmol, Aldrich) were added and the

reaction mixture was stirred between -5°C and ~-10°C for

4 h, After filtration to remove the urea byproduct, the
reaction mixture was concentrated 1n vacuo. The

resulting oil was subjected to chromatography on 100 g

of silica gel and eluted with 15:1 hexane/ethyl acetate
to give the title compound as a clear colorless liquid
(2.33 g, 99%).

EXAMPLE 2

(2R, 4R) -N- (tert-butoxycarbonyl) -4-methyl-2-
piperidinecarboxylic acid, allyl ester

(2R, 4R) -4~-Methyl-2-piperidinecarboxylic acid

(250 mg, 1.75 mmol) was dissolved in 10% triethylamine
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in methanol (30 mL), cooled to 0°C and di-tert-butyl
dicarbonate (0.48 mL, 2.10 mmol, Aldrich) was added.

After 2 h, the reaction mixture was concentrated 1in

vacuo and sodium phosphate monobasic (10 mg) was added.
The residue was dissolved in 1:1 ethyl acetate/water
(10 mL) and the solution was adjusted to pH 2 with 1N

hydrochloric acid. The mixture was extracted with ethyl

acetate (4 x 20 mlL) and the combined organilic extracts

were dried over  anhydrous sodium sulfate  and
concentrated 1in vacuo. The resulting white solid was
dissolved in dichloromethane (8 mL) and cooled to
-20°C. Allyl alcohol (0.20 ml, 2.98 mmol, Aldrich),
dicyclohexylcarbodiimide (361 mg, 1.75 mmol, Aldrich)
and 4-dimethylaminopyridine (22 mg, 0.18 mmol, Aldrich)
were added and the reaction mixture was stirred between
-5°C and -10°C for 5 h. After filtration to remove the

urea byproduct, the reaction mixture was concentrated

in vacuo. The resulting o1l was subjected to

chromatography on 10 g of silica gel and eluted with

9:1 hexane/ethyl acetate to give the title compound as

Q

a clear colorless ligquid (457 mg, 92%).

EXAMPLE 3
(3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-[ (4~
nitrophenyl)methyl]-4-N-(4-tert-butylbenzenesulfonyl) -
2 ,5-decanedione, triflurocacetate salt

3A) 1-[N”- (9-fluorenylmethoxycarbonyloxy) -L-4-

nitrophenylalanyl]-D-2-piperidinecarboxylic acid, allyl
ester

F

The pipecolic ester of Example 1 (259 mg, 0.96

mmo 1l ) was dissolved in 1:1 triflurocacetic
acid/dichloromethane (5 mlL) and stirred for 3 h. The
reaction mixture was concentrated 1n vacuo and placed

on a vacuum pump overnight. The resulting o1l was

dissolved in dimethylformamide (5 mL), cooled to 0°C
and diisopropylethylamine (0.50 mL, 2.88 mmol, Aldrich)

was added. After stirring for 5 min, N"-(9-
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fluorenylmethoxycarbonyloxy)-L-4-nitrophenylalanine

(500 mg, 1.16 mmol, Novabiochem), N-hydroxybenzotri-
azole (205 mg, 1.34 mmol, Novabiochem) and 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetra-

fluoroborate (430 mg, 1.34 mmol, Novabiochem) were

added. The reaction mixture was stirred for 72 h,

poured into ethyl acetate (125 mL) and washed with 10%
hydrochloric acid (2 x 25 mL), saturated sodium
bicarbonate solution (2 x 25 mL) and brine (25 mL). The
organic layer was dried over anhydrous sodium sulfate

and concentrated in vacuo. The resulting o1l was

subjected to chromatography on 50 g of silica gel and
eluted with 7:3 hexane/ethyl acetate to give the title
compound as a white solid (457 mg, 82%).

3B) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-[ (4~

nitrophenyl)methyl]-2,5-decanedione

To a solution of Part 3A ester (200 mg, O0.34
mmol) in dichloromethane (68 mL) was added piperidine
(1.68 mL, 17.0 mmol, Aldrich) and the reaction mixture
was stirred for 1 h. The reaction mixture was
concentrated in vacuo and the resulting o011l was

P

subjected to chromatography on 20 g of silica gel and

eluted with 19:1 dichloromethane/methanol to give the
title compound as a pale yellow solid (69 mg, 07%).

3C) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3~-[ (4-
nitrophenyl)methyl]-4-N-(4-tert-butylbenzenesulfonyl) -
2 ,5-decanedione, trifluroacetate salt

To a soluticon of Part 3B diketopilperazine (20 mg,

0.066 mmol) in anhydrous tetrahydrofuran (1 mL,
Aldrich) under a nitrogen atmosphere at 0°C was added
1.0 M lithium bis(trimethylsilyl)amide 1n
tetrahydrofuran (0.090 mL, 0.090 mmol, Aldrich) and the

reaction mixXxture was stirred for 1 h. d—-tert-

| p—

Butylbenzenesulfonyl chloride (23 mg, 0.10 mmol) was

added in one portion and the mixture was stirred at
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room temperature for 2 h. Brine (5 mL) was added and
the reaction mixture was extracted with ethyl acetate
(3x10 mL). The combined organic extracts were dried

over anhydrous sodium sulfate and concentrated 1in

vacuo. The resulting o1l was subjected to

chromatography on 25 g of silica gel and eluted with
9:1 hexane/ethyl acetate then 7:3 hexane/ethyl acetate
to give the title compound as a white solid (23 mg,
70%): Mass spec. (EI): (M") at 499.

EXAMPLE 4
(3S,6R) -Bicyclo[4.4.0]-1,4-diaza~-3~(3-guanidinopropyl) -
4-N- (4-tert~-butylbenzenesulfonyl) -2 ,5-decanedione,
triflurocacetate salt.

4A) 1-[N'-(4-Methyltrityl) -N" - (9-fluorenylmethoxy
carbonyloxy) -L-ornithinyl]-D-2-piperidinecarboxylic
acid, allyl ester

Example 1 pipecolic ester (500 mg, 1.860 mmol)

was dissolved in 1:1 trifluroacetic

acid/dichloromethane (8 mL) and stirred for 3 h. The
reaction mixture was concentrated 1in vacuo and placed

on a vacuum pump overnight. The resulting o1l was

dissolved in dimethylformamide (8 mL), cooled to 0°C
and diisopropylethylamine (0.97 mL, 5.58 mmol, Aldrich)

was  added. After stirring for 5 min, N (4-

methyltrityl)-N"-(9-fluorenylmethoxycarbonyloxy) -L-
ornithine (1.30 g, 2.23 mmod, Novabiochem), N-
hydroxybenzotriazole (398 mg, 2.060 mmol, Novabiochem)

and 2-(lH-benzotriazole-1-y1l)-1,1, 3, 3~-tetramethyluro-

nium tetrafluoroborate (835 mg, 2.60 mmol, Novabiochem)

were added. The reaction mixture was stirred for 96 h,

poured into ethyl acetate (125 mlL) and washed with 10%
hydrochloric acid (2 x 25 mlL), saturated sodium

bicarbonate solution (2 x 25 mL) and brine (25 mL). The

organic layer was dried over anhydrous sodium sulfate

and concentrated 1n vacuo. The resulting o011l was

F

subjected to chromatography on 75 g of silica gel and
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eluted with 3:1 hexane/ethyl acetate to give the title
compound as a white solid (1.22 g, 86%).

4B) (3S,6R) -Bicyclo[4.4.0]-1,4~-diaza-3-(3-N-(4-
methyltrityl)aminopropyl) -2, 5~-decanedione

F

To a solution of Part 4A ester (500 mg, 0.66

mmol) 1in dichloromethane (132 mL) was added piperidilne

(3.26 mL, 33.0 mmol, Aldrich) and the reaction mixture

was stirred for 3 h. The reaction mixXture was

concentrated in vacuo and the resulting o1l was

ﬁ

subjected to chromatography on 40 g of silica gel and

eluted with 1:1 hexane/ethyl acetate to give the title

compound as a white solid (288 mg, 91%).

4C) (3S, 6R) -Bicyclo[4.4.0]-1,4-diaza-3-(3-N-(4-
methyltrityl)aminopropyl)-4-N-(4-tert-butylbenzene-
sulfonyl) -2, 5-decanedione

To a solution of Part 4B diketopiperazine (150
mg, 0.31 mmol) 1in anhydrous tetrahydrofuran (> mL,

Aldrich) under a nitrogen atmosphere at 0°C was added

1.0 M lithium bis(trimethylsilyl)amide in

tetrahydrofuran (0.42 mL, 0.42 mmol, Aldrich) and the

P

reaction mixture was stirred for 1 h. I-tert-

Butylbenzenesulfonyl chloride (109 mg, 0.47 mmol) was

added 1in one portion and the mixture was stirred at

room temperature for 2 h. Brine (10 mL) was added and
the reaction mixture was extracted with ethyl acetaté
(3 x 20 mL). The combined organic extracts were dried
over anhydrous sodium sulfate and concentrated 1in

vacuo. The resulting oil was subjected to

chromatography on 25 g of silica gel and eluted with

9:1 hexane/ethyl acetate then 7:3 hexane/ethyl acetate
to give the title compound as a white solid (135 mg,

0d4%) .
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4D) (3S,6R) -Bicyclo[4.4.0]1-1,4-diaza-3-(3-N,N'~(d1i-
tert-butoxycarbonyl)guanidinopropyl) —4-N-(4~tert-
butylbenzenesulfonyl) -2, 5-decanedione

Part 4C diketopiperazine (296 mg, 0.44 mmol)

5 was dissolved 1in 1% trifluoroacetic acid in

dichloromethane (30 mL) and stirred for 30 min. The
reaction mixture was concentrated 1n vacuo and the

resulting oil was subjected to chromatography on 25 g

of silica gel, eluted with 1:1 hexane/ethyl acetate

10 then 4:1 dichloromethane/methanol and lyophilized to
give (3S, 6R) -bicyclo[4.4.0]-1,4-diaza-3-(3-
aminopropyl)-4-N-(4-tert-butylbenzenesulfonyl) -2, o-

decanedione, trifluoroacetate salt as a white solid.

To a solution of the above amine 1n
15 dichloromethane (10 mL) was added triethylamine (0.061l

mL, 0.44 mmol, Aldrich) and N,N'-di-tert-butoxy-N"-

trifluoromethanesulfonyl guanidine (157 mg, 0.40 mmol,
Journal of Organic Chemistry ©3(12):3804-3805 (1998).
After stirring for 12 h, the reaction mixture was

20 poured into dichloromethane (50 mL) and washed with 1M

agueous sodium Dbisulfate (10 mL), 5% agqueous sodium

bicarbonate (10 mL) and water (10 mL). The organic

layer was dried over anhydrous sodium sulfate and

concentrated in vacuo. The resulting o1l was subjected

25 to chromatography on 20 g of silica gel and eluted with

9:1 hexane/ethyl acetate then 1:1 hexane/ethyl acetate
to give the title compound as a white solid (239 mg,
93%) .

4E) (3S,6R)-Bicyclo[4.4.0]—1,4-diaza—3—(3—gua—
30 nidinopropyl)-4-N-(4-tert-butylbenzenesulfonyl)-2,5-
decanedione, trifluorocacetate salt

=

A solution of Part 4D diketopiperazine (100 mg,

0.10 mmol) was dissolved 1in 1:1 trifluroacetic
acid/dichloromethane (2 mL), stirred for 1 h and the
35 reaction mixture was concentrated 1n vacuo. The

resulting oil was subjected to chromatography on o5 g of



CA 02392936 2002-05-30

WO 01/40224 PCT/CA00/01414

10

15

20

2

30

- 27 -

silica gel, eluted with 19:1 dichloromethane/methanol
then 9:1 dichloromethane/methanol and lyophililized to
give the title compound as a white solid (83 mg, 96%).
Electrospray m.s.: (M+H") at 464.5.

EXAMPLE 5
(3S,6R) -Bicyclo[4.4.0]1-1,4-diaza-3- (4-guanidinobutyl) -
4-N- (4-tert-butylsulfonyl)-2,5-decanedione,
triflurocacetate salt
5A) 1-[N°- (4-Methyltrityl) -N"'- (9-fluorenylmeth-
oxycarbonyloxy) -L-1lysinyl] -D-2-piperidinecarboxylic
acid, allyl ester

Example 1 pipecolic ester (253 g, 0.94 mmol)

was dissolved 1in 1:1 trifluroacetic
acid/dichloromethane (5 mL) and stirred for 2 h. The
reaction mixture was concentrated 1in vacuo and placed

on a vacuum pump overnight. The resulting o1l was

dissolved in dimethylformamide (5 mL), cooled to 0°C

and diisopropylethylamine (0.49 mL, 2.82 mmol, Aldrich)

was added. After stirring for 5  min, N°— (4 -

methyltrityl)-N"-(9-fluorenylmethoxycarbonyloxy) -L-

lysine (7006 mg, 1.13 mmol, Novabiochem), N -
hydroxybenzotriazole (202 mg, 1.32 mmol, Novablochem)
and 2-(1H-benzotriazole-1-yl1l)-1,1,3,3-tetramethyluro-

nium tetrafluoroborate (424 mg, 1.32 mmol, Novablochem)

were added. The reaction mlixture was stirred for 72 h,

poured into ethyl acetate (125 mL) and washed with 10%
hydrochloric acid (2 x 25 mlL), saturated sodium
bicarbonate solution (2 x 25 mL) and brine (25 mL). The
organic layer was dried over anhydrous sodium sulfate
and concentrated 1in vacuo. The resulting o011 was

subjected to chromatography on 50 g of silica gel,
eluted with 3:1 hexane/ethyl acetate to give the title

compound as a white solid (605 mg, 83%).



CA 02392936 2002-05-30

WO 01/40224 PCT/CA00/01414

10

15

20

25

30

32

- 728 -

5B) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-(4-N-(4-
methyltrityl)butyl)-2,5-decanedione
To a solution of Part 5A ester (250 mg, 0.32

mmol) in dichloromethane (64 mL) was added piperidine

(1.58 mL, 16.0 mmol, Aldrich) and the reaction mixture

was stirred for 2 h. The reaction mixXxture was

concentrated 1in vacuo and the resulting o1l was

subjected to chromatography on 25 g of silica gel and

eluted with ethyl acetate to give the title compound as
a white solid (149 mg, 94%).

5C) (3S,6R)-Bicyclo[4.4.0]-1,4-diaza-3-(4-N-(4-
methyltrityl)butyl)-4-N-(4-tert-butylbenzenesulfonyl) -
2 ,5—-decanedione

fr—

To a solution of Part OB diketopiperazine (50

mg, 0.10 mmol) in anhydrous tetrahydrofuran (1.5 mL,

Aldrich) under a nitrogen atmosphere at 0°C was added

1.0 M lithium bis(trimethylsilyl)amide 1n
tetrahydrofuran (0.14 mL, 0.14 mmol, Aldrich) and the

reaction mixture was stirred for 1 h. d-tert-

Butylbenzenesulfonyl chloride (35 mg, 0.1>5 mmol) was

added 1in one portion and the mixture was stilirred at

room temperature for 2 h. Brine (5 mL) was added and
the reaction mixture was extracted with ethyl acetate
(3 x 10 mL). The combined organic extracts were dried
over anhydrous sodium sulfate and concentrated 1in

vacuo. The resulting o1l was subjected to

chromatography on 10 g of silica gel and eluted wlth
9:1 hexane/ethyl acetate then 7:3 hexane/ethyl acetate
to give the title compound as a white solid (47 mg,
08%) .

5D) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-(4-
aminobutyl) -4-N- (4-tert-butylbenzenesulfonyl) -2, 5-
decanedione, trifluorocacetate salt

Part 5C diketopiperazine (57 mg, 0.08Z2 mmol)

was dissolved 1n 1% trifluorcacetic acid 1n

dichloromethane (Z mL) and stirred for 15 min. The



WO 01/40224

10

15

20

29

30

35

CA 02392936 2002-05-30

PCT/CA00/01414
- 20 -

reaction mixture was concentrated 1n vacuo and the

P
—

resulting 01l was subjected to chromatography on 2 g of

silica gel, eluted with 1:1 hexane/ethyl acetate then
methanol and lyophilized to give the title compound as
a white solid (40 mg, 89%).

5E) (3S,6R) -Bicyclo[4.4.0]-1,4-di1aza-3-(4-N,N'-(di-
tert-butoxycarbonyl) guanidinobutyl) -4-N- (4-texrt-
butylbenzenesulfonyl) -2, 5~-decanedione

To a solution of Part 5D amine (40 mg, 0.073
mmol) in dichloromethane (5 mL) was added triethylamine
(0.011 mL, 0.082 mmol, Aldrich) and N,N'-di-tert-
pbutoxy-N"-trifluoromethanesulfonyl guanidine (29 mg,
0.074 mmol, Journal of Organic Chemistry 63(12):3804-
3805 (1998). After stirring for 12 h, the reaction

mixture was poured 1nto dichloromethane (25 mL) and
washed with 1M agueous sodium bisulfate (5 mL), 5%

aqueous sodium bicarbonate (5 mL) and water (5 mL). The

organic layer was dried over anhydrous sodium sulfate

and concentrated 1in wvacuo. The resulting o1l was

subjected to chromatography on 5 g of silica gel and
eluted with 9:1 hexane/ethyl acetate then 1:1
hexane/ethyl acetate to gilve the title compound as a
white solid (35 mg, 71%). |

5F) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-(4-gua-
nidinobutyl) -4-N- (4-tert-butylbenzenesulfonyl)-2,65-
decanedione, trifluorocacetate salt

- B

A solution of Part 5E diketopiperazine (35 mg,

0.057 mmol ) was dilissolved 1n 1:1 triflurocacetic
‘acid/dichloromethane (1 mL), stirred for 1 h and the
reaction mixture was concentrated in vacuo. The

ﬁ
—

resulting o1l was subjected to chromatography on 4 g of

silica gel and eluted with 19:1 dichloromethane/metha-

nol then 9:1 dichloromethane/methanol to give the title

compound as a white solid (28 mg, 90%). Electrospray

m.s.: (M+H")@ 478.0.
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EXAMPLE 6
(3S,6R) -Bicyclo[4.4.0]-1,4~-diaza-3-(3-guanidinopropyl) -
4-N- (3-methyl-8-quinolinesulfonyl) -2, 5-decanedione,
hydrochloride salt

0 6A) (3S,6R) -Bicyclo[4.4.0]-1,4-diaza-3-(3-N- (4~
methyltrityl)aminopropyl) ~4-N-(3-methyl-8-quinolinesul-
fonyl) -2 ,5-decanedione

ﬁ

To a solution of Example 4 Part B

diketopiperazine (350 mg, 0.73 mmol) 1n anhydrous
10 tetrahydrofuran (12 mL, Aldrich) under a nitrogen
atmosphere at 0°C was added 1.0 M lithium

bis(trimethylsilyl)amide 1in tetrahydrofuran (0.88 mlL,

0.88 mmol, Aldrich) and the reaction mixture was

stirred for 1 h. 3-Methyl-8-guinolinesulfonyl chloride
15 (168 mg, 0.69 mmol) was added 1n one portion and the

mixture was stirred at room temperature for 2 h. Brine
(15 mL) was added and the reaction mixture was

extracted with ethyl acetate (3 x 25 mL). The combilined

organic extracts were dried over anhydrous sodium

20 sulfate and concentrated in vacuo. The resulting o1l
was subjected to chromatography on 35 g of silica gel

and eluted with 1:1 hexane/ethyl acetate to give the

title compound as a white solid (304 mg, 04%).

6B) (38,6R)-Bicyclo[4.4.0]-1,4-diaza*3—(3—aminopropyl)—
25 4-N- (3-methyl-8-quinolinesulfonyl) -2, 5-decanedione,
trifluorocacetate salt

Part 6A diketopiperazine (304 mg, 0.44 mmol)

Was dissolved in 1% trifluoroacetic acid 1n
dichloromethane. (30 mL) and stirred for 30 min. The
30 reaction mixture was concentrated 1in vacuo and the

resulting oil was subjected to chromatography on 25 ¢

of silica gel, eluted with 1:1 hexane/ethyl acetate
then 4:1 dichloromethane/methanol and 1lyophilized to

give the title compound as a white solid (240 mg,
35 100%) .
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6C) (3S,6R) -Bicyclo[4.4.0]1-1,4-diaza-3-(3-N,N'-(di-
tert-butoxycarbonyl) guanidinopropyl) -4-N- (3-methyl-8-
quinolinesulfonyl)-2,5-decanedione

To a solution of Part 6B amine (240 mg, 0.44

5 mmol ) in dichloromethane (10 mL ) was added
triethylamine (0.12 mL, 0.88 mmol, Aldrich) and N,N'-
di-tert-butoxy-N"-trifluoromethanesulfonyl guanidine

(164 mg, 0.42 mmol, Journal of Organic Chemistry
03(12):3804-3805 (1998). After stirring for 12 h, the

10 reaction mixture was poured 1nto dichloromethane (50

mL) and washed with 1M agueous sodium bisulfate (10
mL), 5% aqueous sodium bicarbonate (10 mL) and water

(10 mL). The organic layer was dried over anhydrous

sodium sulfate and concentrated 1n vacuo. The resulting

-

15 01l was subjected to chromatography on 25 g of silica

gel and eluted with 1:1 hexane/ethyl acetate to give
the title compound as a white solid (216 mg, 73%).

6D) (3S,6R)-Bicyclo{4.4.0]-1,4-diaza-3-(3-guani-
dinopropyl) -4-N- (3-methyl-8-quinolinesulfonyl)-2,5-
20 decanedione, hydrochloride salt

A solution of Part 6C diketopiperazine (10 mg,
0.015 mmol) was dissolved 1n 3N hydrochloric acid 1in
ethyl acetate (0.27 mL), stirred for 1 h, the reaction

mixture was concentrated 1n vacuo and lyophilized to

25 glve the title compound as a white solid (7 mg, 88%).
Electrospray m.s.: (M+H")@ 473.5.

EXAMPLE 7
(3S,6R,8R)-Bicyclo[4.4.0]-1,4-diaza-3-(3-
guanidinopropyl) -4-N- (3-methyl-8-quinolinesulfonyl) -8-
30 methyl-2,5-decanedione, hydrochloride salt

7A) (2R, 4R) ~1-[N'- (4-Methyltrityl) -N*- (9-fluo-
renylmethoxycarbonyloxy) ~L-ornithinyl]-4-methyl-2-
piperidinecarboxylic acid, allyl ester

Example 2 pipecolic ester (406 mg, 1.43 mmol)

35 was dissolved in 1:1 triflurocacetic

acid/dichloromethane (7 mL) and stirred for 2 h. The

reaction milxture was concentrated 1n vacuo and placed
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on a vacuum pump overnight. The resulting o1l was
dissolved in dimethylformamide (7 mL), cooled to 0°C

and diisopropylethylamine (0.75 mL, 4.29 mmol, Aldrich)

was added. After stirring  for 5  min, N'— (4 -

methyltrityl)-N%-(9-fluorenylmethoxycarbonyloxy)-L-

ornithine (1.05 g, 1.772 mmol, Novabiochem), N-—
hydroxybenzotriazole (306 mg, 2.00 mmol, Novabiochem)
and 2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethyluro-

nium tetrafluoroborate (642 mg, 2.00 mmol, Novabiochem)

were added. The reaction mixture was stirred for 72 h,

poured into ethyl acetate (125 mL) and washed with 10%
hydrochloric acid (2 x 25 mL), saturated sodium

bicarbonate solution (2 x 25 mL) and brine (25 mL). The

organic layer was dried over anhydrous sodium sulfate

and concentrated 1in vacuo. The resulting o1l was

subjected to chromatography on 75 g of silica gel and
eluted with 3:1 hexane/ethyl acetate to give the title
compound as a white solid (1.05 g, 95%).

7B) (3S,6R,8R) -Bicyclo[4.4.0]-1,4-diaza-3-(3-N-(4-
methyltrityl) aminopropyl)-8-methyl-2,5-decanedione

To a solution of Part 7A ester (958 mg, 1.23
mmol) in dichloromethane (246 mL) was added piperidine
(6.1 mL, ©61.7 mmol, Aldrich) and the reaction mixture
was stirred for 4 h. The reaction mixture was
concentrated 1in vacuo and the resulting o011 was

subjected to chromatography on 65 g of silica gel and
eluted with 4:1 hexane/ethyl acetate then 1:1

hexane/ethyl acetate to give the title compound as a
white solid (520 mg, 96%).

7C) (3S, 6R,8R) -Bicyclo[4.4.0]-1,4-diaza-3- (3~N- (4-
methyltrityl)aminopropyl)-4-N-(3-methyl-8-quinoline-
sulfonyl) -8-methyl-2,5-decanedione

To a solution of Part 7B diketopiperazine (250

mg, 0.50 mmol) 1in anhydrous tetrahydrofuran (/ mlL,
Aldrich) under a nitrogen atmosphere at 0° C was added

1.0 M lithium bis(trimethylsilyl)amide in
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tetrahydrofuran (0.50 mL, 0.50 mmol, Aldrich) and the

reaction mixture was stirred for 1 h. 3-Methyl-8-

quinolinesulfonyl chloride (97 mg, 0.40 mmol) was added
1n one portion and the mixture was stirred at room
temperature for 2 h. Brine (7 mL) was added and the
reaction mixture was extracted with ethyl acetate (3 x

20 mL). The combined organic extracts were dried over

anhydrous sodium sulfate and concentrated in vacuo. The

resulting o1l was subjected to chromatography on 25 g

P

of silica gel and eluted with 3:1 hexane/ethyl acetate

then 3:2 hexane/ethyl acetate to give the title

compound as a white solid (177 mg, 6©63%).

7D) (3S,6R,8R) -Bicyclo[4.4.0]-1,4-diaza-3-(3-
aminopropyl) -4-N- (3-methyl-8-quinolinesulfonyl) -8-

methyl-2,5-decanedione, trifluorocacetate salt

Part 7C diketopiperazine (264 mg, 0.38 mmol)

was dissolved 1in 1% trifluoroacetic acid 1n

dichloromethane (26 mL) and stirred for 30 min. The
reaction mixture was concentrated 1in vacuo and the
resulting o1l was subjected to chromatography on 20 g
of silica gel, eluted with 1:1 hexane/ethyl acetate
then 19:1 dichloromethane/methanocl and lyophilized to

give the title compound as a white solid (206 mg,
100%) .

TE) (3S,6R,8R)-Bicyclo[4.4.0]-1,4-diaza-3-(3-N,N' -
(di~tert-butoxycarbonyl) guanidinopropyl) -4-N- (3-methyl-
8-quinolinesulfonyl) -8-methyl-2,5~decanedione

To a solution of Part 7D amine (206 mg, 0.238

-mmol) 1n dichloromethane (8 mL) was added triethylamine

(0.053 mL, 0.38 mmol, Aldrich) and N,N'-di-tert-butoxy-

N"-trifluoromethanesulfonyl guanidine (82 mg, 0.34
mmol, Journal of Organic Chemistry 63(12):3804-3805
(1998) . After stirring for 12 h, the reaction mixture

was poured i1nto dichloromethane (50 mL) and washed with

1M aqueous sodium bisulfate (10 mL), 5% agueous sodium

bicarbonate (10 mL) and water (10 mL). The organic _
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layer was dried over anhydrous sodium sulfate and

concentrated 1in vacuo. The resulting oil was subjected

g

to chromatography on 15 g of silica gel and eluted with

1:1 hexane/ethyl acetate to give the title compound as

a white solid (140 mg, 060%).
7F) (3S,6R,8R) -Bicyclo[4.4.0]-1,4-diaza-3-(3-

guanidinopropyl) -4-N- (3-methyl-8-quinolinesulfonyl) -8-
methyl-2,5-decanedione, hydrochloride salt

A solution of Part 7E diketopiperazine (10 mg,

0.15 mmol) was dissolved in 3N hydrochloric acid in

ethyl acetate (0.27 mL), stirred for 1 h, the reaction

mixture was concentrated 1in vacuo and lyophilized to

glve the title compound as a white solid (7.5 mg, 94%).

Electrospray m.s.: (M+H") at 487.5.

EXAMPLE 8
(3S,6R,8R) -Bicyclo[4.4.0]~-1,4-diaza-3-(3-
guanidinopropyl) -4-N-(1,2,3,4-tetrahydro-3-methyl-8-
quinolinesulfonyl) ~-8-methyl-2,5~-decanedione,
hydrochoride salt

8A) (2R, 4R) -1~ [N'- (4-Methoxy-2,3, 6-trimethyl-
benzenesulfonyl)-N“—(tert—butoxycarbonyl)-L-arginyl]-4—
methyl-2-piperidinecarboxylic acid

Example 2 pipecolic ester (375 mg, 1.32 mmol)

was dilissolved in 1:1 triflurocacetic

acid/dichloromethane (8 mlL) and stirred for 2 h. The
reaction mixture was concentrated in vacuo and placed

on a vacuum pump overnight. The resulting oil was

dissolved in dimethylformamide (8 mL), cooled to 0°C

and dilsopropylethylamine (1.15 mL, 6.6 mmol, Aldrich)

was added. After stirring for 5 min, N'-(4-methoxy-

2,3,6-trimethylbenznesulfonyl)-N"- (tert-butoxycar-

ponyl)-L-arginine (769 mg, 1.58 mmol, Novabiochem), N-
hydroxybenzotriazole (283 mg, 1.85 mmol, Novabiochem)
and 2-(lH-benzotriazole-1-yl)-1,1,3,3-tetramethyl-

uronium (594 mg, 1.85 mmol, Novabiochem) were added.

The reaction mixture was stirred for 18 h, poured into
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ethyl acetate (75 mL) and washed with 10% citric acid
(2 x 10 mL), saturated sodium bicarbonate solution (2 x
10 mL) and brine (10 mL). The organic layer was dried
over anhydrous sodium sulfate and concentrated 1in vacuo
to give (2R, 4R)-1-[N'- (4-methoxy-2, 3, 6-trimethyl-

benzenesulfonyl)-N"- (tert-butoxycarbonyl)-L-arginyl]-4-
methyl-2-piperidinecarboxylic acid, allyl ester as a

white foamy solid.

The peptide from above was dissolved in 1:1

trifluorocacetic acid/dichloromethane (8 mlL) and stirred

for 5 min. The reaction mixture was concentrated 1in
vacuo and placed on a vacuum pump for 5 min. The
resulting o0il was dissolved 1n dichloromethane (20 mL)
and triethylamine (1.8 mL, 13.2 mmol, Aldrich) and 3-

methyl-8-gquinolinesulfonyl chloride (319 mg, 1.32 mmol)
were added. After stirring for 1 h, the reaction
mixture was poured 1into dichloromethane (50 mL) and
washed with water (15 mL) and brine (15 mL). The

organic layer was drled over anhydrous sodium sulfate
and concentrated in vacuo to give (2R,4R)-1-[N'-(4-

methoxy-2, 3, 6-trimethylbenzenesulfonyl)-N"- (3-methyl-8-

quinolinesulfonyl)-L-arginyl]-4-methyl-2-piperidinecar-

boxvlic acid, allyl ester as a pale yellow foamy solid.

The peptide from above was dissolved 1n
absolute ethanol (14 mL) and 1N agqueous sodium
hydroxide (3.6 mL). After stirring for 21 h, the

reaction mixture was adjusted to pH 7 with 1N
hydrochloric acid and concentrated 1n wvacuo. The

resulting residue was dissolved in 1:1 ethyl

acetate/water (20 mL), the solution was adjusted to pH
11 with 1IN sodium hydroxide and extracted with ethyl

acetate (2x30 mL). The agqueous layer was adjusted to pH
2 with 1IN hydrochloric acid and extracted with

chloroform (3 x 50 mL). The combined chloroform

extracts were dried over anhydrous sodium sulfate and
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concentrated 1n vacuo to give the title compound as a

white foamy solid (829 mg, 88% over 3 steps).

8B) (2R, 4R) -1-[N'- (4-Methoxy-2, 3, 6-trimethylben-
zenesulfonyl)—Na-(1,2,3,4—tetrahydro~3—methyl~8—quino-

5 linesulfonyl)-L-arginyl]-4-methyl-2-piperidinecarboxy-
lic acad

pr—

A suspension of Part 8A acid (100 mg, 0.14

mmol) and 10% palladium on carbon (28 mg, Aldrich) in
95% ethanol (2 mL) and 1N hydrochloric acid (0.12 mL)
10 was heated 1n a 15 mlL sealed tube under a hydrogen

atmosphere at 75°-80°C for 65 h. The mixture was

cooled to room temperature, filtered and concentrated

in vacuo. The resulting o©1l1l was subjected to

-

chromatography on 15 g of silica gel and eluted with

15 ethyl acetate then 4:1 dichloromethane/methanol to give
the title compound as a white solid (58 mg, 58%).

8C) (3S,6R,8R) -bicyclo[4.4.0]-1,4-diaza-3-(3-(N'-4-
methoxy-2,3,6-rimethylbenzenesulfonyl)guanidinopropyl) -

20 4-N- (3-methyl-1,2,3,4-tetrahydro-8-quinolinesulfonyl) -
8-methyl-2,5-decanedione

P

To a solution of Part 8B acid (58 mg, 0.080

mmol ) in dichloromethane (16 mL) was added N-
hydroxybenzotriazole (12 mg, 0.080 mmol, Novabiochem),

25 2-(lH-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

tetrafluoroborate (26 mg, 0.080 mmol, Novabiochem) and

diisopropylethylamine (0.014 mL, 0.080 mmol, Aldrich).

The reaction mixture was stirred for 3 h, poured into
ethyl acetate (30 mL) and washed with saturated sodium

30 bicarbonate solution (10 mL) and brine (10 mlL). The

organic layer was dried over anhydrous sodium sulfate

and concentrated 1n vacuo. The resulting o1l was

H

subjected to chromatography on 6 g of silica gel,

eluted with 1:4 hexane/ethyl acetate and lyophilized to

35 give the title compound as a white solid (51 mg, 91%).
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8D) (3S,6R,8R)-Bicyclo[4.4.0]~1,4-diaza-3-(3-
guanidinopropyl) -4-N-(1,2,3,4-tetrahydro-3-methyl-8-
quinolinesulfonyl) -8-methyl-2,5~decanedione,
hydrochoride salt

Part 8C diketopiperazine (36 mg, 0.051 mmol)
was dissolved 1n 1:1 trifluoroacetic
acid/dichloromethane (4 mlL), stirred for 20 h and
concentrated 1in vacuo. The resulting oil was dissolved

in 3N hydrochloric acid in ethyl acetate (4 mlL),

stirred for 1 h and concentrated 1n vacuo. The

resulting oll was subjected to chromatography on 2 g of

silica gel, eluted with ethyl acetate then methanol and
lyophilized to give the title compound as a white solid
(20 mg, 74%). Electrospray m.s.: (M+H') at 491.5.

EXAMPLE 9
Biological Assays of Cycloargatroban (Formula I) where
R', R° and R? are hydrogen, R’ is Me=CH;, R’ is 1,2,3,4-
tetrahydro-3-methyl-8-quinolinesulfonyl and R® is 3-
guanidinopropyl

F

The activity and selectivity of the present

invention can be 1dentified by determination of the

1nhibition constant (Ki) for serine proteases such

thrombin and trypsin and fibrinolytic enzymes such as

urokinase, plasmin and tissue plasminogen activator

(LPA) . All of enzymes are purchased from Sigma. The

general assay conditions are as follows. The

fluorogenic substrates are dissolved in DMSO and

P

diluted using assay buffer containing 50 mM Tris-HC1

(pH 7.8 at 25°C), 0.1 M NaCl and 0.1% polyethylene

glycol 8000 (PEG 8000). The fluorogenic substrates are

Tos-Gly~Pro-Arg-AMC (Sigma, Km = 4.0 uM at 25°C,
pH7.8) (Yudu Cheng et al., Biochemistry, 1996, 35:
13021-13029) for thrombin, Bz-Arg-AMC-HCl1l (Bachem,

Km=59+2 uM at 25°C, pH8.0) for trypsin, N-Cbz-Gly-Gly-

Arg-AMC (Sigma, Kp = 400 pM at 24 °C and pH 7.5) for

PCT/CA00/01414
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urokinase, D-Ala-~-Leu-Lys—-AMC (S1gma, Kp = ©20 uM at
25°C and pH 8.0) for plasmin and Boc-L- (p-F) FPR-ANSNH-

C,Hs (Haematologic Technologies Inc., K = 71 uM at 25°C

and pH /.4) for tPA. The assays were conducted using
Hitachi F2500 spectrophotometer under ampbilent
temperature and at the excitation and emission

P

wavelengths of 383nm and 455nm, respectively. The

F

typical progressive data of the enzymatic assays are

ﬁ

shown 1n Figs. 1-3, and the determination of inhibition

constant (Ki) 1s shown in Fig. 4. The assay results, in

comparison to argatroban, an anticoagulant currently in

clinic use and with the chemical structure XIII, are

shown 1n Table

The results demonstrate that the

cycloargatroban derived from the cyclizatlion of

backbone of argatroban are featured by: (1) Retaining

high thrombin inhibition activity (2.1-fold lower than
argatroban) ; (2) Achieving high selectivity  for

thrombin over trypsin (1lZ2-fold higher than argatroban) ;

(3)  Retaining no significant inhibition for

fibrinolytic enzymes (similar to argatroban); (4)
Retaining the diversity 1in side <chains (similar to

argatroban) .

PCT/CA00/01414
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Table I

Assay Results of comparision of Argatroban (see
chemical structure XIII below) and Cycloargatroban
(Formula I) where R', R° and R’ are hydrogen, R’ is

Me=CHs;, R° is 1,2,3,4-tetrahydro-3-methyl-8-
quinolinesulfonyl and R® is 3—-guanidinopropyl

Activity Cycloargatroban  Argatroban  Cycloargatroban vs. Argatroban*
Ki (Thrombin) 40 nM 19nM -2.1 fold
K; (Trypsin) 126 uM ouM +12 fold
Ki (Urokinase) 295 uM 999 uM -0.14 fold
Ki (Plasmin) 528 uM 372 uM -0.67 fold
Ki (tPA) 2021 uM 777 uM +1.2 fold

* Cycloargatroban [K; (Enzyme)/K; (Thrombin)] vs. Argatroban [K;

(

Enzyme) /K; (Thrombin) ]

)I‘t
N NH,
Me
SO< N
N v
NH H ;
Me O CO,H
XII
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EXAMPLE 10
Ex vivo Coagulation Assay
The ex vivo anticoagulant effects of NPIS99 in
comparison wilth argatroban, a reference anticoagulant

currently 1in clinical use with the following chemical

structure:
H
H NH2
Me
SO»
. N
n NH b =
Me O CO.H

g

were determined by measuring the prolongation of the

activated partial thromboplastin time (APTT) over a

broad concentration range of each added thrombin
1nhibitor, using pooled normal human plasma. Frozen-
pooled human plasma was obtained from Sigma.

Measurement of APTT was made using the ELECTRA™ 800

automated coagulometer (Medical Laboratory Automation

Inc.) using the automated APTT reagent (SIGMA) as the

P

lnitiator of clotting according to the manufacture's

1nstructions. The assay was conducted by making a

F

series of dilution of the reference and test compounds

in rapidly thawed plasma (compound: plasma = 0.1

ml:0.9ml) followed by adding the mixed solution to the

P

wells of the assay carousel. Tris buffers (pH 7.8 at

n

25°C) were used through the entire assay.
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F

Fig. S depicts the effect of NPI%99 (open

—

circle) and argatrcban (open sguare) on the activated

P

partial thromboplastin time (APTT) of normal citrated

human plasma. As shown 1i1n Fig. 5, both compounds

prolonged the APTT 1n a dose dependent manner. This

P

demonstrates the deactivation of coagulating enzymes

presented in the human plasma. It 1s to be noted that

——
prere

APTT measures the overall anticoagulant effects of a

compound against the clotting enzymes such as thrombin,
plasmin, urokinase, tissue plasminogen activator (tPA)
and serine protease such as trypsin, factor X etc.

g
p—

Therefore, the less strong ef

fect of cycloargatroban

(formula I) than argatroban on APTT may be attributed

to higher selectivity of cycloargatroban (formula I) to
the clotting and serine protease than argatroban.
While the invention has been described 1in

P

connection with specific embodiments thereof, it will

be understood that 1t 1S capable of further

modifications and this application is intended to cover

gr—
—

any variations, uses, or adaptations of the invention

r

following, 1n general, the principles of the invention

and 1ncluding such departures from the present
disclosure as come within known or customary practice

within the art to which the 1nvention pertains and as

may be applied to the essential features hereinbefore

set forth, and as follows 1in the scope of the appended

claims.

PCT/CA00/01414
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WHAT IS CLAIMED IS:

1. A compound of the following structure
O R
R® R?
N
N
RS” R3
O R*

or a pharmaceutilically acceptable salt and stereoisomer

thereof, wherein wherein Rl, R and R® consist of a

hydrogen, alkyl or aryl moiety, R’ consist of an alkyl

p—

or aryl moiety, R’ consists of a hydrogen, alkyl,

arvyl, hydroarvyl, heteroaryl, hydroheterocaryl,

sulfonylalkyl, sulfonylaryl, sulfonylhydroaryl,

sulfonylheteroaryl or sulfonylhydroheterocaryl moiety,
and R° consists of a nydrogen, alkyl, aryl, hydroarvl,

heteroaryl or hydroheterocaryl moiety.

2 . A compound according to «claim 1, wherein

wherein R', R* and R’ consist of a hydrogen, alkyl or

P

aryl moiety, R’ consist of an alkyl or aryl moiety, and

P

wherein R°> consists of an alkyl, aryl, hydroaryl,

heteroaryl or hydroheteroaryl moiety.

3. A compound according to claim 2, wherein R’

— ~

consists of a methyl moiety, R°> consists of 1,2,3,4-

tetrahydro-3-methyl-8-quinolinesulfonvl, and R°

F

consists of 3—guanidinopr0pyl.

4 . A pharmaceutical composition comprising a
compound according to claim 1 as an active ingredient
1n assoclation with a pharmaceutically acceptable

carrier.
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5. A pharmaceutical composition comprising a
compound according to claim 1 in association with a
pharmaceutically acceptable carrier, salid
pharmaceutical composition being suitable for oral

administration.

6. A method for substantially preventing thrombin

activity 1n a mammal or a human or a tissue thereof,

comprising administering an effective amount of a

compound according to claim 1 to said mammal, human or

tissue.

7. A method for treating a coagulation disorder in

a mammal or a human or a tissue thereof, comprising

P

administering an effective amount of a compound

according to claim 1 to said mammal, human or tissue.

8 . A method according to c¢laim 6, wherein the

—

disorder consists of thrombosis or heparin-induced

thrombocytopenia (HIT).

9. A method for substantially preventing thrombin

activity 1n a mammal or a human or a tissue thereof,

comprising adminilistering an effective amount of a
pharmaceutical composition according to claim 5 to

sald mammal, human or tissue.

10. A method for substantially preventing
fibrinolytic enzyme activity in a mammal or a human or
a tissue thereof, comprising administering an
effective amount of a pharmaceutical composition

according to claim 5 to said mammal, human or tissue.
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11. A method according to claim 10, wherein said

F
p—

fibrinolytic enzyme 1is selected from the group of

urokinase, plasmin and tissue plasminogen activator

(LPA) .

12. A method for treating a coagulation disorder in

P

a mammal or a human or a tissue thereof, comprising

F

administering an effective amount of a pharmaceutical

composition according to claim 5 to said mammal, human

Or tilssue.

13. A method according to claim 12, wherein the

—

disorder consists of thrombosis or heparin-induced

thrombocytopenia (HIT).
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Ex Vivo Coagulation Assay of Cycloargatroban and Argatroban
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