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ABSTRACT

NEW COMPOUNDS DERIVED FROM BORONIC ACID,
PROCESS FOR PREPARING THEM AND
PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

ADIR ET COMPAGNIE
1 RUE CARLE HEBERT
92415 COURBEVOIE CEDEX

Compound of formula () :

in which:

R, and R,, which are identical or different, represent a hydrogen atom or an alkyl group or

alternatively R, and R, form, with the carbon atom which bears them, a cycloalky! group,

R, represents a hydrogen atom or an alkyl, phenyl or benzyl group,

R, represents:

-an optionally substituted amino group, an optionally substituted amidino group, an

optionally substituted guanidino group, an optionally substituted isothioureido group, an

optionally substituted iminomethylamino group, a mercapto group substituted with a

heterocyclic group, ora heterocyclic group,

R, and R, each represent a hydrogen atom or an alkyl group,




)

OR,
Ve

or B,

OR forms a boronic ester of pinanediol,

S
m  represents an integer suchthat 0 S m < 6,
n represents an integer such that 1 € n< 6,

A represents any one of the following groups:

5 * an optionally substituted bicycloalkyl (Cs-C,,) phenyl group,
* or a group of formula:
R
Vs 8
-A,- Ny
R7
A, represents -CO-, -CS-, - SO,-,

SO the isomers thereof and the addition salts thereof with a pharmaceutically acceptable acid or
Petees 10 base.
'::': Medicaments.
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Invention Title:

The following statement is a full description of this invention, including the
best method of performing it known to us -
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The present invention relates to a new compounds derived from boronic acid, to a process for
their preparation, to pharmaceutical compositions which contain them and to their use as

inhibitors of trypsin-like serine proteases.

One of these serine proteases, thrombin, is the key enzyme of coagulation and plays a central
role in the pathology of venous and arterial thromboses, as shown by F. Toti et al. (Sang,
Thrombose, Vaisseaux, 4, 483-494, 1992) and T.M. Reilly et al. (Blood Coagulation and
Fibrinolysis, 3, 513-517, 1992).

Anti-thrombotic approaches are more effective and are without risk when compared with the
current treatments. Direct inhibitors of thrombin, currently in clinical development, all have a
series of advantages over heparin, However, these substances, hirudin and hirulog-1 have the

disadvantage of not being active via the oral route.

Moreover, it is known that peptides containing the scquence (D)Phe-Pro-Arg are inhibitors of
the catalytic site of thrombin (C. Kettner et al., J. Biol. Chem., 265 (30), 18289-18297, 1990).

Peptide derivatives of boronic acid, having anti-thrombotic activity, have already been

* described in the literature. This is the case more particularly of the compounds described in

patents EP 293,881 and EP 471,651. M.A. Hussain et al. have moreover demonstrated that
Ac-(D)Phe-Pro-Arg boronic acid (DUP 714) is a thrombin inhibitor (Peptides, 12, 1153-1154,
1991).

It was thus particularly advantageous to synthesize novel inhibitors of serine proteases in
order to increase the power and selectivity of the compounds already described in the
literature. Furthermore, these compounds, which are no longer peptide derivatives, have

different, increased coagulation times and activity via the oral route.

More specifically, the present invention relates to the compounds of formula (T):

Ry JO-R;
A-(Q)_-A -NH-C-B
/AT % ~o-R, @
R R, ((I:Hz)“
R,

in which:




. . ‘ -2-

R, and R,, which are identical or different, represent a hydrogen atom or a linear or branched
(C,-Cy) alkyl group or alternatively R, and R, form, with the carbon atom which bears

them, a (C,-Cyleycloalkyl group,

R, represents a hydrogen atom or a linear or branched (C,-C,) alkyl group, an optionally

5 substituted phenyl group or an optionally substituted benzyl group,

R, represents:

- an amino group optionally substituted with one or more, identical or different, linear or
branched (C,-C,) alkyl groups, optionally substituted benzyl groups or aryl or
heterocyclic groups,

10 - an amidino group optionally substituted with one or more, identical or different, linear
or branched (C,-C)) alkyl groups, optionally substituted benzyl groups or aryl or
heterocyclic groups,

- a guanidino group optionally substituted with a linear or branched (C,-C,) alkyl group,
an optionally substituted benzyl group or an aryl or heterocyclic group,

‘s - isothioureido optionally substituted with a linear or branched (C,-C,) alkyl group, an

optionally substituted benzyl group or an ary! or heterocyclic group,

- iminomethylamino optionally substituted with 2 linear or branched (C,-Cq) alkyl group,

- mercaplo substituted with a heterocyclic group,

- or a heterocyclic group,

"2 R 5 and Re each represent a hydrogen atom or a linear or branched (C,-C,) alkyl group,

p OR,
or B. forms a boronic ester of pinanediol,

OR,

m represents an integer such that 0 <m < 6,
n  represents an integer such that 1 £ n< 6,

A represents any one of the following groups:
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* a bicycloalkyl (C,-C, ) phenyl group optionally substituted with one or more, identical
or different, halogen atoms or linear or branched (C,-C,) alkyl groups, linear or
branched (C-C,) alkoxy groups, hydroxyl groups or amino groups (optionally
substituted with one or two groups, which are identical or different, linear or branched
(C,-Cg) alkyl, linear or branched (C;-C) alkylsulfonyl or arylsulfonyl),

* or a group of formula:

- Ay -N{
R,

on condition that, in this case, m is other than zero,

in which:

R, and R, which are identical or different, represent a hydrogen atom, a linear or
branched (Cy-Cs) alkyl group (optionally substituted with one or more aryl,
heterocyelic, arylsulfonylamino or (Cs-Cp) bicycloalkylpheny! groups oprionally
substituted with one or more groups as defined above or indanyl), a linear or
branched (C;-Cy) alkylsulfonyl group, an arylsulfonyl group, an aryl group, a
heterocyelic group or a bisycloalkyl (Cs5-Cio) phenyl group (optionally substituted

with one or more groups as defined above), an indanyl group or either of the

groups:
R\a
N-SQ,
Rb Q.O Re o Re Q O Re
in which:
Ra represents a linear or branched (C,-Cg) alkyl group or an optionally substituted
phenyl group,

Rb and Re, which are identical or different, represent a hydrogen or halogen atom
or a linear or branched (C,-Cg) alkyl group, a linear or branched (C;-Cg) alkoxy
group, a hydroxyl group, a substituted or unsubstitated amino group or a
trihalomethyl group,
A represents -CO- or -CS-,
Ay represents -CO-, -CS- or -$0,-,
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the isomers thereof and the addition salts thereof with a pharmaceutically acceptable acid or

base.

Among the pharmaceutically acceptable acids which may be mentioned without any limitation
are hydrochloric acid, hydrobromic acid, sulfuric acid, phosphonic acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric acid,
fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid, methanesulfonic

acid, benzenesulfonic acid, camphoric acid, etc.

Among the pharmaceutically acceptable bases which may be mentioned without any

limitation are sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine, etc.

The term aryl group is understood to refer to phenyl, naphthyl or tetrahydronaphthyl, each of
these groups optionally being substituted with one or more halogen atoms or linear or
branched (Cl—Cé) alkyl groups, (Cs-C7) cycloalkyl groups, (Cs-Cig) bicycloalkyl groups, linear
or branched (C-C) E;lkoxy groups, hydroxyl or trihalomethyl groops or amino groups

(optionally substituted with one or more linear or branched (C -C,) alkyl groups).

The term heterocyclic group is understood to refer to a saturaled or unsaturated 5- to
12-membered mono- or bicyclic group containing one, two or three hetero atoms chosen from
oxygen, nitrogen and sulfur, it being understood that the heterocycle may optionally be

substituted with one or more halogen atoms or linear or branched (C,-C,) alky! groups, linear
or branched (C-C,) alkoxy groups, hydroxyl or trihalomethyl groups, amino groups
(optionally substituted with one or more linear or branched (C,-C,) alkyl groups), imino or

arylsulfonyl groups.

The term optionally substituted phenyl or benzyl group is understood to mean optionally
substituted with one or more, identical or different, halogen atoms or linear or branched
(C,-C,) alkyl groups, linear or branched (C;-Cs) alkoxy groups, hydroxyl groups, substituted

or unsubstituted amino groups or linear or branched (C,-Cs) trihaloalkyl groups.

The invention preferably relates to the compounds of formula (I) in which A, represents -CO-,

Rj represents a hydrogen atom and R, represents an optionally substituted guanidino group.
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In the definition of A, an optionally substituted bicycloalkyl (Cs-Cip) phenyl group is
preferably the optionally substituted (bicyclo[2.2.2]oct-1-yl)phenyl group.
When A represents an optionally substituted bicycloalkyl (C5-Cj) phenyl group, m is
preferably equal to 0.
When A represents the group . A,-N < R , Ag is preferably -CO-, R4
R,
is preferably hydrogen and Rs is preferably a linear or branched (Ci-Cq) alkyl group,
preferably substituted with one or more aryl groups.
When A represents a group A,-N < 27 , m is preferably equal to 1 and
8

R; and R; form, with the carbon atom which bears them, a (C3-C7) cycloalkyl group.

R
A preferred cycoalkyl group for the definition of - C:Rl is the cyclopentyl group.

2
The invention also covers the process for the preparation of the compounds of formula (1),

characterized in that a compound of formula (II):

R3
| _OR
HN-C-B{ (T
OR’,
Br- (CH,),

in which R, and n have the same meaning as in formula (I), R'c and R', each represent a lincar

or branched (C,-C,) alkyl group or

L OR',
Bo_ forms a boronic ester of pinanediol,
OR',
is reacted with a compound of formula (II):
A- §C\)m -A-X (1)
R, R

2

in which A, A, R, R, and m have the same meaning as in formula (D),

X represents a chlorine atom or a hydroxyl group,

to give the compound of formula (IV):




s R,
A-(C)m—AI-NH—C-B\ (V)
\ | OR,
RR, ((lez)n
Br

in which A, A, R, R, R, R, R, mand n have the samc meaning as above, which
compound of formula (IV) may be converted, depending on the nature of the group R , Which

it is desired to obtain:

5 -either, into a corresponding cyano derivative by the action of copper cyanide and then
reaction in alcobolic medium in the presence of acid, followed by the action of aqueous
ammonia, into the corresponding amidino derivative of formula (I/a), a specific case of the

compounds of formula (I):

R, '
l»‘ /OR5
A-(C), -A-NH-C-B Va
1 L
RR, ((I:HZ)"
s ¢
7N
: N7 NH,

“ 10 inwhich A, A, R,R,R, R, R', mand n have the same meaning as above,

the amidino function of which compound is substituted, if so desired,

HA - or, into the corresponding azido derivative by the action of sodium azide, and then catalytic
s hydrogenation into the corresponding amino derivative of formula (I/b), a specific case of the
compounds of formula (I):
ey Ri or
0) NH | B, 5
' A-(Qp- A I N I/b
- /\" or, W
HE A RR, (ICHz)n
5 NH,

in which A, Aj, Rj, Ry, Ra, R's, R's, m and n have the same meaning as above,
the amine function of which compound of formula (I/b) is substituted, if so desired,
and the amino group of which compound is converted, if so desired:

- into a guanidino group by reaction with cyanamide,
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to give the compound of formula (I/c), a specific case of the compounds of formula I):

Ry or
A-(C) -A-NH é g,
- T8y v (Ic)
/\" | o,
R/R, (C|H2)n
Rb

in which A, A, R;, Ry, R;, R's, R, m and n have the same meaning as above and Rb

represents a guanidino group, the guanidino function of which compound is substituted, if so

5  desired,

- ot, into an iminomethylamino group by reaction with ethyl formimidate to give the compound

of formula (I/d):
R
[ _or,
A- (/C{)m -A-NH- IC - B\OR'6 (Vd)
R,R
2 (?Hz)n
AN~
hed NH
in which A, Aj, Ry, Ry, R3, R's, R's, m and n have the same meaning as above, the aminido
«seses 10 function of which compound is substituted, if so desired,
- gither, by reaction with an optionally substituted thiourea,
Tt to give the compound of formula (I/e), a specific case of the compounds of formula (I):
ev . R, OR'
A-(©) angoe8l
U A % e
csee / \ 1 ~ OR'6 (Ve)
. Rik, e
cl. E Rc

in which A, A}, Rj, Ry, Rs, R's, R's, m and n have the same meaning as above and Rc

15 represents an optionally substituted isothioureido group,

- or, by reaction with a suitably protected heterocycle, an amine substituted with a suitably

protected heterocycle or a thiol substituted with a suitably protected heterocycle,
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to give, after deprotection, the compound of formula (V1), a specific case of the compounds of

formula (I):

R, o
"
A-(C), -A- NH-C-B__ whH
I\ | Tor,
R/R, (cle)n
Rd

in which A, A, Rj, Ry, R, R's, R's, m and n have the same meaning as above and Rd
represents a heterocycle, an amino group substituted with a heterocycle or a mercapto group

substituted with a heterocycle,

which compounds of formula (I/a), (I/b), (I/c), (I7d), (I'e) or (If) are converted, if so desired,

using boron trichloride or phenylboronic acid, into the corresponding boronic acid of formula

Ug):

b o
A-(C) -A-NH-C-B U
AT on We)
RR, (leHz)n
R4

in which A, A}, Ry, Ry, Rs, Rs, m and n have the same meaning as in formula (1),

which compounds of formula (I/a) to (I/g) :
- can, where appropriate, be purified according to a standatd purification technique,
- the isomers of which are, where appropriate, separated according to a standard separation

technique,
- are converted, if so desired, to its addition salts with a pharmaceutically acceptable base or

acid.

The compounds of formula (If) are obtained:

20 - either from the compound of formula (V) obtained according to the process described by

M.W. Rathke et al. (J. Organomet. Chem., 122, 145- 149, 1976) :




: o 10 (J. Biol. Chem., 265 (30), 18289-18297, 1990) :

-9_
cl OR',
\ /
/CR3 - B\ v)
cl OR’,

in which R, R’, and R', are as defined above,

which compound is reacted with an organomagnesium reagent of formula (VI):
Br(CH,)p, - MgCl (V1)

5 in which n, R, R, and R, are as defined above, which reagent is reacted with

1,1,1,3,3,3-hexamethyldisilazane (HMDS) in the presence of n-butyllithium,

to give, after treatment in acidic medium, the compound of formula (I,

-or from an a-chloroboronic ester of formula (VIT), prepared according to the process

described by D.S. Matteson et al. (Organometallics, 3, 1284-1288, 1984) and W. Rathke et al.

Cl OR',
\ /
/CR3 - B\ (VI
R4 - (CH2)n OR o

in which Rs, R's, R and n are as defined above, which compound is reacted with
1,1,1,3,3,3-hexamethyldisilazane (HMDS) in the presence of n-butyllithium to give, after

Ireatment in acidic medium, the compound of formula (1.

5 The compound of formula (I} may also be obtained according to the process described by
D.S. Matteson et al. (Organometallics, 3, 1284-1288, 1984) and W. Rathke et al, (J. Biol.
Chem., 265 (30), 18289-18297, 1990).

The compounds of formula (I/b), substituted or not on amino group, may also be obtained by

reaction of a benzylamine eventually substituted with the compound of formula (IV).
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Besides the fact that they are novel, the compounds of the present invention have particularly

advantageous pharmacological properties.

They are powerful inhibitors of trypsin-like serine proteases which exhibit considerable
selectivity towards thrombin when compared with other serine proteases of coagulation and of
fibrinolysis. They moreover possess better activity via the oral route than the reference

compound DUP 714.

These properties thus make them useful in the treatment of stable or unstable anginas, diseases
of thrombotic origin and/or diseases which give rise to thrombotic complications, as well as in
the treatment or prevention of myocardial infarction and venous or arterial thromboses and to

prevent coagulation of blood in contact with e.g. containors and tubing.

They may also be used in therapeutic combination with a thrombolytic agent.

The invention alsc covers pharmaceutical compositions containing, as active principal, at least
one compound of formula (I) with one or more inert, non-toxic and suitable excipients.
Among the pharmaceutical compositions according to the invention, mention may be made
more particularly of those which are suitable for oral, parenteral (intravenous or subcutaneous)
or nasal administration, simple or coated tablets, sublingual tablets, gelatin capsules, lozenges,
suppositories, creams, ointments, dermal gels, injectable preparations, drinkable suspensions,

ete.

The appropriate dosage can be adapted according to the nature and severity of the complaint,
the route of administration and according to the age and weight of the patient. This dosage
ranges from 1 to 500 mg per day in one or more dosage intakes.

The examples which follow illustrate the invention but do not limit it in any way.

The starting materials used are known starting materials or are prepared according to known

procedures.

Preparations A to Z and AA to AK lead to synthetic intermediates which are useful for the

preparation of the compounds of the invention.
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The structures of the compounds described in the examples were determined according to the

usual spectrophotometric techniques (infrared, NMR, mass spectrometry, etc.).
Preparation A : 4-(4-Methoxybicyclo[2.2.2]oct-1-yI)benzoyl chloride
Stage A : 4-(4-Methoxybicyclo[2.2.2]oct-1-yl)benzoic acid

The expected product is obtained according to the process described in patent EP 599.732.

Melting point: 239°C

Stage B: 4-(4-Methoxybicyclo[2.2.2 Joct-1-yl)benzoyl chloride

10 mmol of phosphorus pentachloride are added to 10 mmol of the acid obtained in the above
stage dissolved in carbon tetrachloride at 0°C. After warming to room temperature and stirring
for 18 hours, the solution is evaporated. The residue is taken up in dichloromethane. The
expected product is obtained after evaporation and drying.

Elemental microanalysis:

C% HY% N%
calculated 68.94 6.87 12.72
Jound 68.38 6.94 12.9]

Preparation B: 4-(4-Chlorobicyclo[2.2.2]oct-1-yl)benzoyl chioride

The expected product is obtained according to the process described in preparation A.

Stage A: 4-(4-Chlorobicyclo[2.2.2Joct-1-yl)benzoic acid
Melting point: > 260°C

Stage B: 4-(4-Chlorobicyclof2.2.2]Joct-1-yl)benzoyl chloride
Melting point: 128°C

Preparation C: [4-(4-Methoxybicyclo][2.2.2]oct-1-yljphenylacetyl chloride
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Stage A: [4-(4-Methoxybicyclo[2.2.2 Joct-1-yl Jphenylacetic acid

The expected product is obtained according to the process described in patent EP 599,732,

Melting point: 220°C
Elemental microanalysis:

C% H%
calculated 74.42 8.08
Sfound 74.49 813

Stage B : [4-(4-Methoxybicyclof 2.2.2 Joct-1-ylJphenylacetyl chlvride

The corresponding acid chloride is obtained according to the process described in stage B of

preparation A.

Preparation 1): 4-(4-Hydroxybicyclo[2.2.2]oct-1-y)benzoyl chloride

The expected product is obtained according to the process described in preparation A.

" Sia ge A: 4-(4-Hydroxybicycle[2.2.2 Joct-1-yl)benzoic acid

Stage B: 4-(4-Hydroxybicyclo[2.2.2 Joct-1-yl)benzoyl chloride

Preparation E: 4-( 2,4-Dimethoxybicyclo[2.2.2]oct-1-y])benzoyl chloride

The expected product is obtained according to the process described in preparation A.

Stage A: 4-(2,4-Dimethoxybicyclof2.2.2]Joct-1-yl)benzoic acid

Stage B: 4-(2,4-Dimethoxybicyclof2.2.2]oct-1-yl)benzoyl chloride

Elemental microanalysis:
C% H% Cl %

calculated 66.12 6.85 11.48
found 65.58 6.75 1223
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Preparation F: 1-Benzylaminocarbonylcyclopentanecarboxylic acid
Stage A: Monoethyl ester of cyclopentane-1,1-dicarboxylic acid

480 mmol of butyllithium are added to 480 mmol of diisopropylamine in 600 ml of anhydrous
tetrahydrofuran (THF), under argon, at -70°C. After stirring for 15 minutes at
-70°C, 240 mmol of cyclopentanecarboxylic acid are added dropwise. After warming to room
temperature, the mixture is heated for one hour at 50°C. The reaction medium is then cooled
to -70°C and 260 mmol of ethyl chloroformate are added. The solution is stirred for
20 minutes and then poured into ice-water. The medium is acidified with concentrated
hydrochloric acid and then extracted with dichloromethane. The organic phase is then washed
with water to neutral pH and then with saturated sodium chloride solution. After drying and

evaporation, the expected product is obtained in the form of an oil.

Infrared (nujol): v = 1702 cm-d
Stage B : Monoethyl ester of 1-benzylaminocarbonylcyclopentanecarboxylic acid

59 mmol of O-benzothiazol-1-yl-N,N,N',N'-tetramethylurcnium tetrafluoroborate are added to
a solation containing 50 mmol of the compound obtained in the above stage, 59 mmol of
benzylamine and 59 mmol of diisopropylethylamine in 100 ml of anhydrous dichloromethane.
The medium is kept stirring overnight at room temperature. After evaporation of the solvent’
and uptake of the residue in ethyl acetate, the organic phase is washed, dried and evaporated

to give the expected product in the form of an oil.
Stage C: 1-Benzylaminocarbonylcyclopentanecarboxylic acid

110 ml of IN sodium hydroxide are added to a solution containing 55 mmol of the compound
obtained in the above stage in 150 ml of THF. After 5 hours at room temperature, the THF is
evaporated off. The aqueous phase is acidified and then extracted with ethyl acetate. The
organic phase is then dried and evaporated. The expected product is then obtained by
recrystallization of the residue from isopropyl ether.

Melting point: 92-94°C
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Preparations G to K were performed according to the process described in preparation F using

the corresponding starting materials:

Preparation G: 1-Benzylaminocarboxylcyclobutanecarboxylic acid
Melting point: 106-108°C

Preparation H: 1-Benzylaminocarbonylcyclohexanecarboxylic acid
Melting point: 126-128°C

Preparation 1: 1-Benzylaminocarbonylcyclopropanecarboxylic acid
Infrared (nujol): v = 1710 em-!

Preparation J: 2-Benzylaminocarbonyl-2-methylpropionic acid
Melting point: 112-114°C

Preparation K: 2-Benzylaminocarbonyl-2-ethylbutyric acid
Melting point: 132-134°C

Preparation L: 3-(4-Methoxybicyclo[2.2.2]oct-1-yDbenzoy! chloride
Preparation M: 4-(4-Ethexybicyclof2.2.2]oct-1-yl)benzoyl chloride
The expected product is obtained according to the process described in preparation A.
Stage A: 4-(4-Ethoxybicyclo[2.2.2Joct-1-yl)benzoic acid

Stage B : 4-(4-Ethoxybicyclo[2.2.2Joct-1-yl)benzoyl chloride
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Preparation N: 4-(4-Hydroxybicyclo[2.2.2]oct-l-yl)benzoy! chloride
The expected product is obtained according to the process described in preparation A.
Stage A: 4-(4-Hydroxybicyclo[2.2.2 Joct-1-ylibenzoic acid

5 Stage B : 4-(4-Hydroxybicyclo[2.2.2]oct-1 -yl)benzoyl chloride
Preparation O : 4-(4-Isopropylbicycio[2.2.2Joct-1-ylbenzoyl chloride
The expected product is obtained according to the process described in preparation A.
Stage A: 4-(4-Isopropylbicyclof2.2.2 Joct-1-yl)benzoic acid

Stage B: 4-(4-Isopropylbicyclo[2.2.2Joct-1-yl )benzoyl chloride

LT
. .
LR T

1o Preparation P: 4-(Bicyelo| 2.2.2oct-1-yDbenzoyl chloride

LYY

s e

ol The expected product is obtained according to the process described in preparation A.

»
seevse
. e

Preparations Q to Z and AA to AK were performed according to the process described in

tres preparation F using the corresponding starting materials.
e d Preparation Q: 1-Phenethylaminocarbonylcyclopcntanecarhoxylic acid
15 Preparation R: 1<(N -Methylphenethylaminocarh(myl)cyclupemanecarbnxylic acid

Preparation S: I-(3,5-Bistriﬂuoromethylbenzylaminocarbnnyl)cyclopentanecarbﬂxylic

acid
Preparation T: 1-(3-Methoxyphenethylaminocarh(myl)cyclopemanecarboxylic acid

Preparation U: 1-(4-Hydr0xyphenethylaminocarbonyl)cyclopentanecarboxylic acid
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0

Preparation V: 1-(3,4-Dime(huxybenzylaminocarbony])cyclopentanecarboxylic acid

Preparation W: ‘l-(3,4-Dimethoxyphenethy]aminocarhonyl)cyclopentanecarhoxylic

acid

Preparation X: 1-2-(Pyrid-3-yDethylaminocarbonyllcyclopentanecarboxylic acid

Preparation Y: 1-(Benzhydrylaminocarbonyl)cyclopentanecarboxylic acid

Preparation Z: 1-(2,2-Diphenylethylaminacarbonyl)cyelopentanecarboxylie acid

Preparation AA; 1-( Naphthalen-2-ylmethylaminocarhonyl)cyclopentanecarboxylic acid

Preparation AB: 1 -[2-(Naphthalen-2-yl)ethylaminocarbonyl leyclopentanecarboxylic

acid

Preparation AC: l-(1,1-Dimethy!-2-phenylethylaminocarbonyl)cyclupentanecarbnxylic

acid
Preparation AD: 1-(3-Phenylpropylaminocarbonyl)cyclopentanecarboxylic acid

Preparation AE: 1-(2-Benzenesulfonylaminoethylaminocarbonyl)-

cyclopentanecarboxylic acid

Preparation AF: 1-[d-(4-Methoxybicyclof2.2.2]oct-1 -yhbenzylaminocarbonyl)

cyclopentanecarboxylic acid
Preparation AG: 1-(Indan-2-ylaminecarbenyl)cyelopentanecarboxylic acid
Preparation AH: 1-(Indan-2-yimethylaminocarbonyl)cyclopentanecarboxylic acid

Preparation AL:  1-( 10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-3-ylaminocarbonyl)-

cyclopentanecarboxylic acid
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Preparation AJ: 1-(6,11-Dihydro-6-methyldibenzo[c,f][1,2]thiazepin-11-ylamino-

carbonyl)cyclopentanecarboxylic acid

Preparation AK: 1-(1-Benzenesulfonylpiperid-4-yl-aminocarbonyljcyclopentane-

carboxylic acid

5  Preparation AL: 2-[{(4-Methoxybicyclo[2.2.2]oct-1-y1)-1-phenyl]-2-methyl propionyl,

chloride

The expected product is obtained according to the process described in preparation A.

ExampleI:  (+)-c-Pinanediol 1-(R)-[4-(4-methoxybicyclo[2.2.2]oct-1-y)benzoyl

amino}-4-aminobutylboronate hydrochloride

10 Stage A:  (+)-0-Pinanediol 1-(R)-[4-(4-methoxybicyclo[2.2.2]oct-1- yi)benzoylamine J-

4-bromobutylboronate

20 mmol of (+)-o-pinanediol 1-(R)-amino-4-bromobutylboronate, described in patent

EP 615,978, are added to 20 mmol of the acid chloride described in preparation A in 130 mi

of anhydrous dichloromethane. The reaction medium is cooled to -20°C and 44 mmol of

.
sseass
. .

triethylamine are added dropwise. After warming to room temperature and stirring for

18 hours, the mixture is evaporated. The residue is taken up in a water/ethyl acetate mixture.

.
¢ sdae
.

RO The organic phase is recovered and then washed with saturated aqueous sodium hydrogen

carbonate solution, water, 10% citric acid and then saturated sodium chloride solution. After

*.*.! 20 drying and evaporation, the expected product is obtained.

Stage B:  (+)-0-Pinanediol 1-(R)-[4-(4-methoxybicyclof2.2.2 Joct-1 -yl)\benzoylamino |-

4-azidobutylboronate

15 mmol of the product obtained in the above stage in 30 ml of anhydrous dimethylformamide

are placed at 100°C in the presence of 30 mmol of sodium azide for

25 4 hours. After 12 hours at room temperature, the mixture is taken up in an ethyl acetate/water
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mixture and the organic phase is washed several times with water, dried and evaporated to

give the expected product.

Stage C:  (+)-a-Pinanediol I1-(R)-[4-(4-methoxybicyclof2.2.2 Joct-1 -yl)benzoylamino|-

4-aminobutylborenate hydrochloride

14 mmol of the compound obtained in the above stage in 250 ml of anhydrous methanol are
hydrogenated in the presence of 2 mmol of chloroform using 50 mg of 10% palladium/C as
catalyst, for 2 hours. After filtration of the catalyst, rinsing and evaporation, the expected

product is obtained.

Example2:  (+)-o-Pinanediol 1-(R)-[4-(4-meth0xybicyclo[Z.Z.Z]oct-1-yl)henzoyl

amino}-4-guanidinebutylboronate hydrochloride

10 mmot of the compound obtained in Example 1 and 100 mmol of cyanamide are refluxed in
80 ml of anhydrous ethanol for 2 days. After evaporation of the ethanol and passage through

sephadex resin, taking up the residue in methanol, the expected product is obtained,

Example 3: 1-(R)-[4-(4-Methoxybicyclo[Z.Z.Z]oct-1-yl)benzoylamino]-4-guanidin0~
butylboronic acid hydrochloride

48 mmol of phenylboronic acid and 150 ml of 1N hydrochloric acid are added to 10 mmol of
the compound obtained in Example 2 suspended in 150 ml of cthyl ether. The medium is
stirred vigorously at room temperature and the aqueous phase is then separated out after
settling has taken place, washed with ether and then brought to dryness. The expected product
is obtained after purification of the residue by passage through Bio-gel P; resin, using a

0.001 N hydrochlaric acid/acetonitrile mixture (1/1) as eluent.

Mass spectrum: FABY : [M+H]* : m/z = 417

Example4:  {(+)-o-Pinanediol 1-(R)-[4-(4-chlorobicyclof2.2.2]Joct-1-yljbenzoylamino]-

4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 1, using the

compound described in preparation B as starting material.
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Ixample 5:  (+)-o-Pinanediol 1-(R)-[4-(4-ch]orobicyclo[2.2.2]0ct-1-yl)benzoy]amino]-

4-guanidinobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 4.

Example 6:  1-(R)-[4-(4-Chlorebicyclo[2.2.2]oct- L-ylibenzoylamino]-d-guanidino-

butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 5.

Mass spectrum: FABY : [M+H]* : m/z = 421

Example7:  (+)-o-Pinanediol 1-(R)-{[4( 4-methoxybicyclo[2.2.2]oct-1-yI)phenyl]

acetylamino }-4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Example [, using the

compound described in preparation C as starting material.

Example§:  (+)-0-Pinanediol 1-(R)-{ [4-(4-methoexybicyclof2.2.2]oct- 1-yDphenyl]

acetylamino}-d-guanidinobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 7.

Example 9: 1+ R)-{[4-(4-Methoxybicyclo[2.2.2]oct-1-yphenyl]acetylamino}-

4-guanidinobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 8.

Mass spectrum: FABY : [M+H]Y : m/z = 43]
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Example 10:  (+)-o-Pinanediol 1-(R)-f4-(4-hydr0xybicyclo[2.2.2j0ct-i-yl)benzoyl

amino]-4-aminobutylborenate hydrochioride

The expected product is obtained according to the process described in Example 1, using the

compound described in preparation D as starting material,

Example 11:  (+)-a-Pinanediol 1-(R)-[d-( 4-hydroxybicyclo[2.2.2]oct-1-yl)benzoyl

amino}-4-guanidinobutylboronate hydrochioride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 10.

Example 12: l-(_R)—[4-(4-Hydruxybicyclo[Z.ZJJoct-l-yl)henzoylaminoj-4-guanidino-

butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 11.

Mass spectrum: FABY . [M+H]Jt : m/z = 403

Example 13:  (+)-0-Pinanediol l-(R)-[2,4-dimethoxybicyclo[2.2.2]ocl-l-yl)benzoyl

aminol-4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Exarple 1, using the

compound described in preparation E as starting material.

Example 14:  (+)-o-Pinanediol 1-(R)-[2,4-dimethoxybicyclo[2.2.2]Joct-1-yl)benzoyl

amino|-4-guanidinobutylboronate hydrochioride

The expected product is obtained according to the process described in Example 2, using the

compound described in Example 13 as starting matarial.

Example 15: 1-(R)-{4-(2,4-Dimethoxybicyclo{2.2.2]oct-1-yl)benzoylamino)-

4-guanidinebutylborenic acid hydrochloride
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The expected product is obtained according to the process described in Example 3, using the

compound described in Example 14 as starting material.

Mass spectrum: FABY : [My+H]t : m/fz = 447

Example 16: (+)-o-Pinanediol 1-(R)-{4-(4-methoxybicyclo]2.2.2]oct-1-yl)benzoyl

amino]-4-(N-methylaminoe)butylboronate benzenesulfonate

5.7 g of 3A molecular sieves and 3.75 ml of aqueous 40% formaldehyde solution are added to
1 mmol of the compound described in Example 1 in 20 ml of anhydrous ethanol. The mixture
is stirred overnight at room temperature. After filtration, 1 mmol of benzenesulfonic acid is
added to the ethanolic phases and the mixture is hydrogenated in the presence of 100 mg of
10% Pd/C as catalyst overnight at room temperature and at atmospheric pressure. The
expected product is obtained after filtration of the catalyst and purification through

Sephadex® resin.

Example 17: 1-(R)-[4-(4-Methoxybicyclo|2.2.2]oct-1-yDbenzoylamino]-4-(N-

methylaminobutylboronic acid

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 16,

Example 18:  (+)-c-Pinanediol 1-(R)-{4-(4-chlorobicyclo[2.2 2foct-1-yDbenzoylamino]-

4-(2-isothioureido)butylboronate

Stage A : (+)-0-Pinanediol 1-(R)-[4-(4-chlorobicyclof2.2.2 Joct-1 -yl)benzoylamino]-

4-bromobutylboronate

The expected product is obtained according to the process described in stage A of Example 1,

using the compound described in preparation B as starting material.

Stage B : (+)-o-Pinanediol 1-(R)-[4-(4-chlorobicyclo[2.2.2 Joct-1 ~vl)benzoylamino |-

4-(2-isothioureido)butylboronate
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2.4 mmol of the compound obtained in the above stage and 7.3 mmol of thiourea in 6 ml of
ethanol are stirred for 60 hours at room temperature. After evaporation of the solvent, the
expected product is obtained after purification by passage through “Sephadex®" resin, using

methanol as eluent.

Example 19: 1-(R)»[4-(4-Chlorobicyclo[Z.Z.Z]oct-l-yl)benzoylamino-

4-(2-isothioureido)butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 18.

Mass spectrum : FABY ; [M+HJ* : m/z = 438

Example 20:  (+)-a-Pinanediol 1-(R)-(1 -benzylaminocarbonyicyclopentanecarbox

amido)-4-aminobutylboronate benzenesulfonate

Stage A : (+)-0-Pinanediol 1-(R)-(1 -benzylaminocarbonylcyclopentanecarboxamido)-

4-bromobutylboronate

10 mmol of N-methylmorpholine are added to 10 mmol of the compound described in
preparation F in 50 ml of anhydrous THF. The mixture is placed under argon at -20°C,
10 mmol of isobutyl chloroformate are then added and the mixture is stirred for 20 minutes.
10mmol of (+)-a-pinanediol 1-(R)-amino-4-bromobutylboronate (described in patent
EP 615,978) in 50 ml of anhydrous THF are then added at -20°C, followed by dropwise
addition of 20 mmol of tricthylamine. After one hour at -20°C and then 12 hours at room
temperature, the THF is evaporated off. The residue is taken up in ethy! acetate. The organic
phase is washed, dried and evaporated. The expected product is obtained in the form of an oil
after purification through a column of silica, using a dichloromethane/ethyl acetate mixture

(8/2) as eluent.

Stage B: (+)-a-Pinanediol 1-(R)-(1 -benzylaminacarbonylcyclopentanecarboxamia’o)-

4-azidobutylboronate
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The expected product is obtained according to the process described in stage B of Example 1,

starting with the compound described in the above stage.

Stage C: (+)-o-Pinanediol 1-(R)-( I-benzylaminocarbonylcyclopentanecarboxamido)-

4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in stage C of Example 1,
starting with the compound described in the above stage and using benzenesulfonic acid in

place of the chloroform.

Example 21:  (+)-a-Pinanediol 1-(R)-(1 -benzylaminocarhonylcyclopentanecarbox

amido)-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 20.

Example 22: 1-(R)~( 1-Benzylaminocarbonylcyclopentanecarboxamido)-

4-guanidinobutylborenie acid benzenesulfonate

7 mmol of the compound obtained in Example 21 in a water/ether mixture (I/1) in the
presence of 7 mmol of benzenesulfonic acid and 30 mmol of phenylboronic acid are stirred
overnight. The aqueous phase is separated out after settling has taken place, it is concentrated
and the expected product is obtained after purification through Biogel resin, using an

acetonitrile/water mixture (1/1) as eluent.

Mass spectrum: FAB™ : [M+H]* : m/z = 404

Example 23:  (+)-c-Pinanediol 1-(R)-(1-benzylaminocarbonylcyclobutanecarbox

amido}-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation G as starting material.
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Example 24:  (+)-c-Pinanediol 1-(R)-(1-benzylaminocarbonyleyclobutanecarbox

amido)-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 23,

Example 25:  1-(R)-(1-Benzylaminocarbonylcyclobutanecarboxamido)-

4-guanidinebutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 24.

Mass spectrum: FABY : [M+HJ* : m/z = 390

Example 26:  (+)-o-Pinanediol 1-(R)-(1-benzylaminocarbonylcyclohexanecarbox

amido)-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation H as starting material.

-

Exawple 27:  (+)-a-Pinanediol 1-(R)-(1-benzylaminocarbenyleyclohexanecarbox

amido)-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 26.

Example 28:  1-(R)-( 1-Benzylaminocarbonylcyclohexanecarboxamido)-

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 27.

Mass spectrum ; FABY ; [M+H]Y - m/z = 418
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Example 29:  (+)-o-Pinanediol 1-(R)-(1-benzylaminocarhonyIcyclopmpanecarbnx

amido)-4-aminobutylberonate benzenesuifonate

The expected product is obtained according to the process described in Example 20, using the
compound described in preparation I as starting material.
Example 30:  (+)-c-Pinanediol _1-(R)-(l-benzylaminocarbonylcyclopropanecarlmx

amido)-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 29,

Example 31:  1-(R)-( 1-Benzylaminocarbonylcyclopropanecarboxamido)—

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 30.

Mass spectrum : FABY : [M+H]* : m/z = 376

Example 32:  (+)-a-Pinanediol 1-(R )-(2-benzylaminﬁcarhmlyl-2~methylpropi0n

amido)-4-aminobutylboronate benzenesuifonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation J as starting material.

Example 33:  (+)-c-Pinanediol 1-(R)—(Z-benzylaminucarhon_vl-2—methylpropion

amido)-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 32.

Example 34: 1-(R)-(2~Benzylaminocarhonyl-Z-methylpropionamido)-

4-guanidinobutylboronic acid benzenesulfonate
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The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 33.

Mass spectrum: FAB+ - [M+glycerol~2H20+H+ Jimlz =434

Example 35: {(+)-ct-Pinanediol 1-( R)~(2-benzylaminocarbonyl-z-ethy]butylamido)-zi-

aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation K as starting material.

Example 36:  (+)-0-Pinanediol 1-(R)-(2-benzylamin0carlmnyl-Z-ethylhutylamido }-4-

guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 35.

" Example 37; l,-(.R)-(Z-Benzylaminocarbom'l-2-ethyibutylamido)-4-

guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 36.

Mass spectrum : FAB* - [M+H]t : myz = 406

Example 38; l-(R)-[4~(4-Meth0xyhicyclo{2.2.2]0ct—l~yl)benzoylamino]-4-

aminobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 1.

Example 39: 1-(R)-[4-(4-Chl()r0bicycl()[2.2.2]0cl-l-yl)benzoy[amino]—ti-

aminobutylboronic acid hydrochloride
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The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 4.

Example 40:  1-(R)-{ [4-(4-Methoxybicyclo]2.2.2}oct-1 -yhyphenyl]-acetylamino}-4.

aminobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 7.

Example 41: 1—(R)-[4-(4-Hydmxybicyclo[2.2.2]0ct-l-yl)benzoylamino}-4-

aminobutylberonic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 10.

Example d42: 1-(R)-[ 4-(2,4-Dimethoxybicyclo[2.2.2]Joct- 1-yDbenzylamino]-4-

aminobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 13.

Exaniple 43:  (+)-o-Pinanediol 1-(R)-[4-(4-meth0xybicycl«)[2.Z.Z]Qct-l-yl)benzoyl

amino]-4-(2-isothioureide)butylboronate

The expected product is obtained according to the process described in Example 18, starting

with the compound described in preparation A.

Example 44: 1-(R)-[4-(4-Methoxybicyclo[2.2.2]0ct-I-yl)benzoylamino}-

4-(2-isothioureido)butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 43.




-28 -

Example 45:  (+)-o-Pinanediol 1-(R)-['4-(4-melhoxybicyclo{,z.z.z]oct-I-yl)benzoyl-

amine|-5-aminopentylboronate hydrochloride

The expected product is obtained according to the process described in Example 1, using the
compound  described in  preparation A  and (+)-o-pinanediol  1-(R)-amino-

5-bromopentylboronate, described in patent EP 615,978, as starting materials.

Example 46: 1-(R)-[4-(4-Methoxybicyclo[2.2.2]oct-1-yl}benzoylamino]-

5-aminopentylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 45.

Example 47:  (+)-¢-Pinanedio) 1-(R}-[4-(4-methoxybicyclu[Z.Z.Z'I(Jct-1-yl)henmyl

aminol-5-guanidinopentylberonate hydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 45.

Example 48: 1-(R)-[4-(’4-Methoxybicyclo[2.2.2'|nct-l-y!)benzoylamino,]-

S-guanidinopentylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 47.

Example 49:  (+)-o-Pinanediol 1-(R)-{3-(d-methoxybicyclo[2.2.2]oct-1-y)benzoyl

amino]-4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 1, using the

compound described in preparation L as starting material.

Example 50:  (+)-0-Pinanediol 1-(R)-{3-(4-methoxybicyclo[2.2.2]oct-1-yhbenzoyl

amino}-4-guanidinobutylboronate hydrochioride
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The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 49.

Example 51: 1-(R)-[3-(4-Methoxybicyclo[2.2.2]oct-L-yl)benzoylamino]-4-

guanidinobutylborenic acid hydrochloride

5 The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 50.

Example 52:  (+)-0-Pinanediol 1-(R)-[4-(4-ethoxybicycio[2.2.2[oct-1-y)benzoylamino|-

4-aminobutylborenate hydrochloride

The expected product is obtained according to the process described in Example 1, using the

10 compound described in preparation M as starting material.

. Example 53:  (+)-o-Pinanediol 1-(R)-[4-(4-ethoxybicyclo[2.2.2]oct-1-yl)benzoylamino]-

v o . 4-guanidinobutylborenate hydrochloride

Lt The expected product is obtained according to the process described in Example 2, starting
e with the compound described in Example 52.

e, 1S Example 54: 1-(R)-[4-(4-Ethoxybicycl0[2.2.2]oct-l-yl}henzoylaminnj-4-guanidin0’
butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 53.

20 Example 55:  (+)-0-Pinanediol 1-(R)-[4-(4-methoxybicyclo{2.2.2]oct-1-yhbenzoyl
amino]-4-(N-methylguanidino)butylboronate hydrechloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 16,
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Example 56: 1-(R)-[4-(4-Methoxybicyclo[2.2.2}0ct-1-yl)benzoylamino }-

4-(N-methylguanidino)butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 55.

Example 57: +)-o-Pinanediol 1-(R)-[4-(4-methoxybic_vclo[Z.Z.Z]uct-‘l-yl)benzoylamiuoj-

4-(iminomethylamino)butylboronate hydrochloride

The expected product is obtained by reacting ethyl formimidate, with the compound described

in Example 1, according to the process described in US patent PCT 94/04058.

Exampie 58: 1—{R)-[4.-(—4—Methoxybicyclo[2.2.2}0ct-l-yl)benzoylaminol-

4-(iminomethylamino)butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 57.

Example §9:  (+)-c-Pinanediol 1-(R)-[4-(. 4-methoxybicyclo[2.2.2]oct-1-yl)benzoyl

amine]-4-[iminomethyl(N-methyl)aminolbu tylboronate hydrochloride

The expected product is obtained according to the process described in Example 57, starting

with the compound described in Example 16.

Example 60: 1-(R)-[4-(4-Methoxybicyclo[2.2.2]oct-1 -yDbenzoylamino]-4-[iminomethyl-

(N-methyllaminolbutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 59.

Example 61:  (+)-c-Pinanediol 1-(R)-[4-(4-methoxybicyclo[2.2.2]oct-1-ybenzoyl

amino]-4-(2-isothioureido)butylboronate
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The expected product is obtained according to the process described in Example 18, stage B,

starting with the compound described in Example 1, stage A.

Example 62: 1-(R)-[4-(4-Methoxybicyelo[2.2.2]oct-1-yhbenzoylamino]-

4-(2-isothioureido)butylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting
with the compound described in Example 61.
Example 63:  (+)-o-Pinanediol 1.-(R)-[4-(4-chlorobicyclo[Z.Z.Z]oct-.l-yl)henzoylamino‘i-

S-aminopentylboronate hydrochloride

The expected product is obtained according to the process described in Example 45, using the

compound described in preparation B as starting material,

Example 64:  1-(R)-[4-(4-Chlorobicyclo|2.2.2]oct-1 -yhbenzoylamino}-S-aminopentyl-

boronie acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 63.

Example 65:  (+)-0-Pinanediol 1-(_R)-[4-(4-chlorohicyclu[»2.2.2']oct-1-yl)benzoylamin{)]-

S-guanidinopentylboronate hydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 63.

Example 66: l-(R)-[4-(4-Chlor0bicyclo{'2.2.2]nct-l-yl)benzoylaminn]-

S-guanidinopentylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 65.
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(+)-o-Pinanediol 1-(R)-[3-(4-hydroxybicyelo{2.2.2)oct-1-yl)benzoyl
aminoJ-4-aminobutylborenate hydrochloride

Example 67:

The expected product is obtained according to the process described in Example 1, using the
compotnd deserikred in preparation N a5 starting material,

(+)-a-Pinanediol I-(R)-[3-(4-hydroxybicyclo[2.2.2]oct-1-yDbenzoyl
amino]-4-guanidinobutylboronate hydrochloride

Example 68:

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example §7.

1-(R)-[3-(4-Hydroxybicyclo{2.2.2)oct-1-y)henzoylamino]-4-guanidino-
butylboronic acid hydrochloride

Example 69:

The expected product is obtained according to the process described in Example 3, using the

compound described in example 68.

Example 70:  (+)-0:-Pinanediol 1-(R)-[4-(d-isopropylbicyclo[2.2.2]act-1-yl)benzay]

amino]-4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Example I, using the
compound described in preparation O as starting material.

Example 71:  (+)-c-Pinanedio! 1-(R)-[4-(4-isopropylbicyclo[2.2.2]oct-1-yDbenzoyl
amino]-4-guanidinabutylboronate hydrochloride

The expected product is obtained according to the process described in Example 2, starting
with the compound described in Example 70.

Example 72:  1-(R)-[4-(4-Tsopropylbicyclof2.2.2Jocl~1-yl)benzoylamino]-

4-guanidinobutylboronic acid hydrochloride
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The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 71.

Example 73:  (+)-o-Pinanediol 1-(R)-[4-(bicyclo[2.2.2]oct-1-yhbenzoylamino |-4-amino-
butylborenate hydrochloride

The expected product is obtained according to the process described in Example 1, using the

compound described in preparation P as starting material.

Example 74:  (+)-a-Pinanediol 1-(R)-[4-(bicyclo{2.2.2]Joct-1-yhbenzoylamino}-

4-guanidinobutylboronate hydrochloride

The expected product is-obtained according to the process described in Example 2, starting

with the compound described in Example 73.

Example 75: 1-(R)-[4-(Bicyclo[2.2.2]Joct-1-y)benzoylamino]-4-guanidinobutylboronic

acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 74.

Example 76:  (+)-o~Pinanediol 1-(R)-[4-(4-methoxybicyclo[2.2.2]oct-1-¥T}benzoy]

amino]-4-(I-methylimidazol-2-yl)thiobutylboronate

The expected product is obtained by reacting 1-methyl-2-mercaptoimidazole with the
compound described in Example 1, stage A, according to the process described in patent

EP 401,462,

Example 77:  1-(R)-[4-(4-Methoxybicyclo[2.2.2]oct-1-y)benzoylamino]-
4-(1-methylimidazol-2-ylthiobutylboronic acid hydrochloride
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The expected product is obtained according to the process described in Example 3, starting

with the compound described in Exaniple 76,

Example 78:  (+)-a-Pinanediol 1-(R)-(1-phenethylaminocarbonylceyclopentanecarbox-

amido)-5-aminopentylboronate hydrochloride

The expected product is obtained according to the process described in Example 20, using the
compound  described in  preparation Q and  (+)-o-pinanediol 1-(R)-amino-
5-bromopentylboronate, described in patent EP 615,978, as starting materials and replacing

the benzenesulfonic acid with chloroform.

Example 79: 1-(R)-(1-Phenethylaminocarbonylcyclopentanecarboxamide)-

S.aminopentylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, slarting

with the compound described in Example 78.

Example 80: (+)-o-Pinanediol 1-(R)-(1-phenethylaminocarbonyleyclopentanecarhox-

amido)-4-aminobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 20, using the
compound described in preparation Q as starting material and replacing at stage C

benzenesulfonic acid with chloroform.

Example 81:  1-(R)-(1-Phenethylaminocarbonylcyclopentanecarboxamido)-

4-aminobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 80.

Example 82:  (+)-o-Pinanediol 1-(R)-(1-phenethylaminocarbonylcyclopentanecarbox-

amidoe)-4-guanidinobutylboronate benzenesulfonate
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The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 80 in the form of benzenesulfonate.

Example 83:  1-(R)-( 1_-Phenethylaminocarbony]cyclopentanecarboxamida}-

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 82.

Example 84:  (+)-0-Pinanediol 1-(R)-(1-phenethylaminocarbonylcyelopentanecarbox-

amido)-4-(4-imino-4H-pyrid-1-yDbutylboronate hydrochioride

Stage A:  (+)-0-Pinanediol 1-(R)-(]—phenethylaminocarbonylcyclopentanecarboxamido)—4—

bromobutylboronate

The expected product is obtained according to the process described in Example 20, stage A,

using the compound described in preparation Q as starting material,

Stage B:  (+)-a-Pinanediol 1-(R)« 1-phenethylaminocarbony!cyclopenmnecarboxamido)-4-
(4-imino-4H-pyrid-1-yl)butylboronate hydrochloride

The expected product is obtained according to the process described in stage B of Example 1,
starting with the compound described in the above stage, using 4-aminopyridine in place of

the sodium azide.

Example 85: 1-(R)-(1-Phenethylaminocarbonylcyclopentanecarboxamido)-4-(4-imin0-

4H-pyrid-1-ybutylboronic acid hydrechloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 84.

Example 86: (+)-a-Pinanediol 1-(R)-[1-(N-methy[phenethylaminocarbonyl)cyclo

pentanecarboxamido]-4-aminobutylborenate benzenesulfonate
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The expected product is obtained according to the process described in Example 20, using the

compound described in preparation R as starting material.

Example 87:  (+)-o-Pinanediol 1-(R)-[1-(N-methyiphenethylaminocarbonylcy clo

pentanecarboxamido]-4-guanidinobutylboeronate benzenesulfonate

5 The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 86,

Example 88: l-(R)-[1-(N-Methylphenethylaminncarbunyl)cyclopentanecarh()xamidu]-

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

10 with the compound described in Example 87.

Example 89:  (+)-0-Pinanediol 1-(R)-[l-(3,5-bistriﬂuoromethylbenzylaminocar]mnyl)

cyclopentanecarboxamide]-4-aminobutylboronate benzenesulfonate

= The expected product is obtained according to the process described in Example 20, using the

15 compound described in preparation S as starting material.

Example 90:  (+)-0-Pinanediol l-(R)-[l-(3,5-bistriﬂuommethylbenzylaminocurlmnyl)-

cyclopentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

o The expected product is obtained according to the process described in Example 2, starting
ROy with the compound described in Example 89.

1 20 Example 91: 1-(R)-[l-(S,S-bistriﬂuoromethylbenzylaminocarbonyl)cyciopentane-

S carboxamide-4-guanidinobutyl boronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 90.




—

10

20

-37-
Example 92:  (+)-¢-Pinanediol 1-(R)-[1-(3-methoxyphenethylaminocarbonyl)cyclo--

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation T as starting material,

Example 93: (+)-c-Pinanedio) 1-(R)-| 1-(3-methoxyphenethylaminocarbonylcyclo

pentanecarboxamide]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 92.

Example 94: 1-(R)-[l-(3—Methoxyphenethylaminocarbonyl)cyclopentanecarboxamidn]~

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 93.

Example 95: (+)-o-Pinanediol 1-(R)-[1-(4-hydroxyphenethylaminocarbonyl)cyelo

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation U as starting material.

Example 96:  (+)-o-Pinanediol 1-(R)-{1-(4-hydroxyphenethylaminocarbonyljcyclo

pentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 95.

Example 97: 1-(R)-[1-(4-Hydroxyphenethylaminocarbonylcyclopentanecarbox-

amido]-4-guanidinobutylboronic acid benzenesulfonate
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The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 96.

Example 98:  (+)-o-Pinanediol 1-(R)-[1-(3,4-dimethoxybenzylaminocarbonyl)cyclo

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

the compound described in preparation V as starting material,

Example 99:  (+)-o-Pinanediol 1-(R)-[1-(3,4-dimethoxybenzylaminoearbon ¥leyclo

pentanecarboxamidel-4-guanidinobutylborenate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 98.

Example 100: 1-(R)-[1-(3,4-Dimethoxybenzylaminscarbonylevclopentanecarboxamido)-

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 99.

Example 181: (+)-a-Pinanediol 1-(R)-[1~(3,4-dimethoxyphenethylaminocarbonyljcyclo-

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation W as starting material.

Example 102: (+)-c-Pinanediol 1-(R)-[1-(3,4-dimethoxyphenethylaminocarbonyl)cyclo-

pentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 101.
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Example 103: 1-(R)-[1-(3,4-Dimethoxyphenethylaminocarbonyljcyclopentanecarbox-

amido]-4-guanidinoboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 102.

Example 104: (+)-a-Pinanediol 1-(R)-{1-[2-(pyrid-3-yl)ethylaminocarbonyllcyclo

pentanecarboxamido}-4-aminobutylboronate dihydrochloride

The expected product is obtained according to the process described in Example 20, using the
compound described in preparation X as starting material and replacing the benzenesulfonic
acid with chloroform.

Example 105: (+)-a-Pinanediol 1-(R)-{1-[2-(pyrid-3-ylethylaminocarbonyljcyclo

pentanecarboxamide }-4-guanidinebutylboronate dihydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 104,

Example 106: I-( R)-{l-l2-(Pyrid-3—y|)ethylaminocarb(myl]cyc!opentanecarlmxami(lo}-

4-guanidinobutylborenic acid dihydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 103.

Example 107: (+)-o-Pinanediol 1-(R)-1-(benzhydrylaminocarbonylcyclopentane

carboxamido)-4-aminobutylborenate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compouind described in preparation Y as starting material.

Example 108: (+)-o-Pinanediol 1-(R)-1-(benzhydrylaminocarbonylcyclopentane

carboxamide)-4-guanidinoboronate benzenesulfonate
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The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 107.

Example 109: l-(R)—]»(Benzhydrylaminocarbonylcyclopentanecarboxamidﬂ)-

4-guanidinoboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 108,

Example 110: (+)-o-Pinanediol 1-(R)-[l-(2,2-diphenyIethylaminocarbonyl)cycln

pentanecarboxamidol-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation Z s starting material.

Example 111: (+)-¢-Pinanediol 1-(R)-[]-(2,2-diphenylethylaminocarb(myl)cyclo

pentanecarboxamido]-4-guzmidim)butylhoronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound desctibed in Example 110.

Example 112: 1-(R)-[l-(2,2-Diphenylethylaminucarbunyl)cyclopcntanecarboxamido]- 4-

guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 111.

Example 113: (+)-o-Pinanediol 1-(R)-[1-(naphthalen-Z-ylmethylaminocarbonyl)cyclo-

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained accotding to the process described in Example 20, using the

compound described in preparation AA as starting material,
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Example 114: (+)-o-Pinanediol 1-(R)-[1-naphthalen-2-ylmethy]aminocarbonyl)cyclo-

pentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 113.

Example 115: 1-(R)-[1-( Naphthalen-2-ylmethylaminocarbony})cyclOpentauecarbox-

amide]-4-guanidinobutylborenic acid benzenesalfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 114.

Example 116: (+)-a-Pinanediol 1-( R)-{]-[2-(naphthalen-2-yl)elhylaminocarbonyl]

cyclopentanecarboxamido}-d-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AB as starting material.

Example 117: (+)-c-Pinanediol 1-(R)-{1-[2-(naphthalen-2-yl)ethylaminocarbonyl_]

cyclopentanecarboxamido}-4-guanidinobutylboronate henzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 116.

Example 118: l-(R)-{I-[2-(Napl1thalen-2-yl)ethylaminucarbonyl]cyclopentanecal‘b()x-

amido}-4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 117.

Example 119: (+)-c-Pinanediol 1-(R)-[1-(1,1-dimethyl-Z—phenylethyIaminocarbonyl)-

cyclopentanecarboxamido]-4-aminobutylboronate benzenesulfonate
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The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AC as starting material.

Example 120: (+)-o-Pinanediol  1-(R)-[1-(1,1-dimethyl-2-phenylethylaminocarbonyl)-

cyclopentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 119.

Example 121: 1-(R)-[1-(1,1-Dimethyl-2-phenylethylaminocarbonyljcyclopentane-

carboxamido]-4-guanidinobutylborenic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 120,

Example 122: (+)-0-Pinanediol 1-(R)-{1-(3-phenylpropylaminocarbonyljcyclopentane-

carboxamido]-4-aminobutylberonate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AD as starting material.

Example 123: (+)-0-Pinanediol 1-(R)-{1-(3-phenylpropylaminocarbonyljcyclopentane-

carboxamido}-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 122.

Example 124: 1-(R)-[1-(3-Phenylprepylaminocarbonyl)cyclopentanecarboxamido]-

4-guanidinobutylboronic acid benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 123.
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Example 125: (+)-o-Pinanediol 1-(R)-[1-(2-benzenesulfonylaminoethylaminocarbonyl)-

cyclopentanecarboxamido-4-aminobutylboronate benzenesultonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AE as starting material,

Example 126: (+)-a-Pinanediol 1-(R)~{1-(2-benzenesulfonylaminoethylaminocarbonyl)-

cyclopentanecarboxamido]-4-guanidinobutylberenate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 125.

Example 127: 1-(]'{)-[1-(2-Benzcnesutt‘(mylaminocthylamimcarb(myl)cyclopcméme-

carboxamido}-4-guanidinebutylboronic acid henzenesuifonate

The expected product is obtained according to the process described in Example 22, starting

- with the compound described in Example 126.

Exaniple 128: (+)-0-Pinanediol 1-(R)-{ I-[4-(4-methoxybicyclo[2,2,2]oct-1-yDbenzyl
aminocarbonyl]cyclopentanecarboxamido}-4-aminobutythoronate

benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AF as starting material.

Example 129: (+)-0-Pinanediol 1-(R)-{1-[4-(4-methoxybicyclo[2,2,2]o¢t-1-yD)benzyl
aminocarbonyl]cyclopentanecarboxamido}-d-guanidinebutylboronate

benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 128.
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Example 130: 1-(R)-{ 1-[4-(4-Meth(‘)xybicyclo[Z,Z,Z]Oct-1-yl)benzylaminocarh(myl]-
cyclopentanecarboxamido}-4-guanidinobutylboronic acid

enzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 129,

Example 131: (+)-o-Pinanediol 1—(R)-[l-(indan-2-yiaminocal‘bunyl)cyclopenlane

carboxamido}-4-aminobutylhoronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AG as starting material.

Example 132: (+)-o-Pinanediol 1-(R)-[1-(indan-2-ylaminocarbonyl)cyclopentane

carboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 131.

Example 133: 1-(R)-[1 -(Indan-2-ylaminecarbonyljcyclopentanecarboxamido|-

4-guanidinobutylboronic acid henzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 132.

Example 134: (+)-0-Pinanediol 1-(R)-[l-(indan-z-ylmethylaminocarhonyl)cycln

pentanecarboxamido]-4-aminobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AH as starting material.

Example 135: (+)-o-Pinanediol 1-(R)-[1-(indnn-2-ylmelhylamin0carbunyl)cyclo

pentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate
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The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 134.

Example 136: l-(R)-[l-(In(lan-Z-ylmethylaminocarbonyl)cyclopentanecarboxamido}—4-

guanidinobutylboronic acid benzenesulfonate

The expected product is obtained accordin g to the process described in Example 22, starting

with the compound described in Example 135.

Example 137: (+)-0-Pinanediol 'l-(R}-I]-(10,11-dihydro-SH-dibenzo[a,é_]cyclohepten—s-
ylaminocarbonyl)cyclopentanecarhoxamido]-4-aminobutylbor0nate

benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the

compound described in preparation Al as starting material,

Example 138: (+)-o-Pinanediol ]-(R)-[l-(10,1_1-dihydro*SH-dibenzu[a,d]cyclohepten-s-
ylaminocarbonyl)cyclopentanecarb0xamid0'}-4-guanidin0butylbnronate

benzenesulfonate

The expected product is obtained accordin g to the process described in Example 2, starting

with the compound described in Example 137.

Example 139: 1-(R)—[1-(].0,l1-Dihydro»SH-dil)enzo[’a,d]cyclohepten-S-yl-
aminocarbonyl)cyclopentanecarboxamido]—4-guanidinobutylboronic acid

benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 138.

Example 140: (+)-o-Pinanediol 1-(,R)-[l-(6,1l-dihydro-ﬁ-methyldibenzo[c.f][],thhia-
zepin-11-ylamin()carbonyl)cyclopentanecarb()xamid()]-4-amin0blxty]-

boronate benzenesulfonate
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The expected product is obtained according to the process described in Example 20, using the

compound described in preparation AJ as starting material.

Example 141: (+)-0-Pinanediol 1-(R)-[1-(6,11-dihydro-6-methyldibenzo[c,f] f1,2]thiaze-
pin-11 -ylaminocarbonyl)cycIopentanecarbuxamido']-4-guanidin0butyl-

boronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 140.

Example 142: ].-(R)—[l-(6,]_1.-l)ihydr0-6-methyldibenzo[,c,f]l,l,21thiazepin-1]-ylamino-
cat‘bonyl)cyclopentanecarboxamido]-4-guanidinobutylbor0nic acid

benzenesulfonate

The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 141.

Example 143: (+)-o-Pinanediol 1-(R)-[1-( 1-benzenesulfonylpiperid-4-ylamino-
carbonyl)cyclopentanecarboxamido’]-4-aminol)utylbomnate

benzenesulfonate

The expected product is obtained according to the process described in Example 20, using the
compound desctibed in preparation AK as starting material.
Example 144: (+)-o-Pinanediol 1-(R}-{ 1-benzenesulfonylpiperid-4-ylaminocarbonyl)-

cyclopentanecarboxamido]-4-guanidinobutylboronate benzenesulfonate

The expected product is obtained according to the process described in Example 2, starting

with the compound described in Example 143.

Example 145: 1-(R)-|1-(]-Benzenesulfonylpiperid-/%-ylaminocarhonyl)cyclopentzme-

carboxamidol-4-guanidinobutylboronic acid benzenesulfonate
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The expected product is obtained according to the process described in Example 22, starting

with the compound described in Example 144.

Example 146: (+)-o-Pinanediol 1-(R)-{2-[1-(4-methoxybicyclo[2.2.2]ect-1-y1)-

1-methyllethylcarbonylamino}-4-aminobutylberonate hydrochloride

The expected product is obtained according to the process described in Example 1, using the

product described in preparation AL as starting material.

Exampie 147: (+)-a-Pinanediol 1-(R)-{2-{1-(4-methoxybicyclo[2.2.2]oct-1-y1)-

1-methyljethylcarbonylamino}-4-guanidinobutylboronate hydrochloride

The expected product is obtained according to the process described in Example 2, starting

with the compound of Example 146.

Example 148: 1-(R)-{2-[1-(4-Methoxybicyclo[2.2.2]oct-1-y])-1-methyljethylcarbonyl-

amino}-4-guanidinobutylboronic acid hydrochloride

The expected product is obtained according to the process described in Example 3, starting

with the compound described in Example 147.

Pharmacological study of the derivatives of the invention

Example 149: Anticoagulant activity, measurement of the thrombin time and the

activated cephalin time in man

In order to evaluate the anticoagulant activity of the compounds of the invention, the thrombin
time (TT) and the activated cephalin time (ACT) were determined in samples of human
plasma. An ST, coagulometer (Diagnostica Stago, France) was used. In healthy volunteers,
samples of venous blood were taken from the crook of the elbow, onto trisodium citrate
solution (0.109 M). A platelet-poor plasma is obtained by centrifugation of the blood samples
(3000 g, 15 minutes). The TT is determined with the Thrombin Prest reagent and the ACT
with the Automat Cephalin PTT reagent.
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The inhibitor or the solvent (10 ul) is added to the plasma (90 pl), then the mixture is

incubated for 2 minutes at 37°C. 100 ul of Thrombin Prest (TT) or of Automat Cephalin PTT

(ACT) are added while starting the chronometer.

Under these conditions, the TT is about 18 seconds and the ACT is about 12 seconds. The
activity of an antagonist is evaluated by its capacity to prolong the TT and the ACT relative to
the control. The effect of the inhibitors is expressed by the concentration in uM which

multiplies the coagulation time by 2 (Cits).

The compounds of the invention produced very large prolongations of the coagulation times,

and the Ctt, values are shown by way of example in the table below:

Products TT Ctty (uM) ACT Ctt; (uM)
Ex. 3 0.32 1.25
Ex. 22 0.30 1.58
Ex. 6 0.75 3.13
Ex. 12 0.18 0.78
Ex. 83 0.13 0.56
Ex. 51 0.15 0.84
Ex. 103 0.29 1.67
Ex. 94 0.32 1.77
Ex. 69 0.17 0.56

Exampie 150: Inhibition of thrombin and of serine proteases of fibrinolysis

To evaluate in vitro the inhibitory activity of the products of the invention on human thrombin
(Sigma, specific activity 3230 UNIH/mg), purified human fibrinogen (4 mM, Stago) (Fg) was

added to a given amount of thrombin (0.7 nM) preincubated with or without the test inhibitor

" (20°C, 10 minutes).

To evaluate in vitro the selectivity of these products towards various serine proteases of
fibrinolysis, the same procedure was applied to purified human plasmid (2 nM, Stago), to
plasminogen tissue activator (t-PA) (2 nM, Calbiochem) and to purified human urokinase
(u-PA) (2 nM, Sigma), using various para-nitroanilide peptides as substrates:
<Glu-Phe-Lys-pNA (0.50 mM, S 2403, Kabi), H-D-lle-Pro-Arg-pNA (0.48 mM, S 2288,
Kabi), <Glu-Gly-Arg-pNA (0.56 mM, S 2444, Kabi).
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Inhibitors, enzymes and substrates are diluted in the same buffer (0.01 mM phosphate buffer,

pH 7.4, containing 0.12 M sodium chloride and 0.05% bovine serum albumin) and then

distributed in a polystyrene microplate under a volume of 50 pl.

The fibrin formed by the thrombin or by the para-nitroanilide released by the action of the
serine protease is measured spectrophotometrically at 405 nm after reaction for 15 to

30 minutes at 20°C.

The table below gives the concentration of the compounds in nM which inhibits the enzymatic
activity by 50% (ICsp) relative to the product-free control. The results obtained demonstrate
that the compounds of the invention are powerful inhibitors of human thrombin with respect
to human fibrinogen. The compounds possess a very considerable selectivity towards the

serine proteases of fibrinolysis.

The table below shows, by way of example, the results obtained for the compounds of the

invention:
1Cs0 (nM)

Products Thrombin Plasmin t-PA u-PA
Ex. 3 9.3 1960 810 >33 000
Ex. 22 4.9 8630 1350 780
Ex. 6 9.7 2041 290 30 000
Ex. 12 6.6 2104 93 15 400
Ex. 83 2.4 6885 1558 1205
Ex. 51 2.7 531 1537 5610
Ex. 103 4.0 3282 1436 1022
Ex. 94 3.9 4058 1406 1002
Ex. 69 6.5 692 709 > 33 000

Example 151: Anticoagulant and thrombopenic activity after oral administration to
dogs

Male or female dogs weighing 11-28 kg are treated orally with the products of the invention
(5 mg/kg) or with the reference substance, DUP 714, at a concentration of 2.5 mg/kg. The
coagulation times (TT, ACT) are determined in samples of plasma from the dogs 10 min

before and 30 min, 1 hour, 2 hours, 4 hours and 6 hours after administration of the products.
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The coagulation times are measured as described in Example 148. The number of platclets is

also determined in each sample using a T450 counter (Coultronics).

Under the conditions of our experiments, the number of platelets before the treatment is about

300,000 platelets/ul; the TT is about 19 seconds and the ACT is about 18 seconds.

The reference substance used at a dose of 2.5 mg/kg lowers the number of platelets
appreciably and reversibly: at 1 hour after its administration, the number of platelets falls by
55 £ 14% (see table below). Such thrombopenias are not observed with the substances of the

invention used at higher doses than DUP 714, except in Exmaple 12:

Thrombopenias observed 1 hour after oral administration to dogs

Products %
DUP 714 (2.5 mg/kg) 55 %
Ex. 3 0 %
Ex. 22 0%
Ex. 6 0%
Ex. 12 40 %
Ex. 83 0
Ex. 51 0
Ex. 103 0
Ex. 94 0
Ex. 69 0

DUP 714 and the substances of the invention appreciably increase the TT and the ACT in
animals. Table B summarizes the results obtained. The results appear 1 hour and 4 hours after
oral administration of 2.5 mg/kg of DUP 714 and § mg/kg of the substances of the invention.

The values show the number of times that the initial time is increased.

Increases in TT and ACT in dogs after oral administration

T ACT
1 hour 4 hours 1 hour 4 hours
Ex. 3 16 12 19 14
Ex. 22 20 8 6 2
Ex. 6 30 10 4 2
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Ex. 12 24 19 > 30 > 30
Ex. 83 >30 18 7 4
Ex. 51 22 19 3 2
Ex. 103 >30 24 6 4
Ex. 94 17 21 9 4
Ex. 69 18 15 4 3
Example 152: Pharmaceutical composition
Preparation formulation for 1000 tablets containing a 10 mg dose:
Compound of EXAMPIE 1 ...ceveurieremmrrurssioosoeeeoeeeneeeesess oo 10g
HydroxypropylcellUlOse .........ccvrmmvensrsioerecsereee s oo esee oo oo 2g
WHEAL STALCR covvv. ettt ceeem sttt oeee 10g
LACLOSE ..ottt ccraaeessnsssse s ases b esss st st eass s et eeeeeeeeee oo 100 g
MAGNESIUML SIEATALE .ovveo.eoocevereesvormerstessasessseeesacsssesosseeeees oo eeoe e Jg
TLC .ttt st et eeeeeeee oo 3g
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CGEAIMS <=
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1- A compound of formula (I) :
3 0-R,

5
\O-RG U]

-A-NH-

=2

A-(C
A

R, R -

(%4
—~

—a—a—w

Z)n

=

in which:

5 R, and R,, which are identical or different, represent a hydrogen atom or a linear or branched

(C,-Cy) alkyl group or alternatively R, and R, form, with the carbon atom which bears
':'::' them, a (C,-C)cycloalkyl group,
el R, represents a hydrogen atom or a linear or branched (C,-C,) alkyl group, an optionally

substituted phenyl group or an optionally substituted benzyl group,

10 R, represents:

AN - an amino group optionally substituted with one or more, identical or different, linear or
branched (C-C,) alkyl groups, optionally substituted benzyl groups or aryl or
heterocyclic groups,

- an amidino group optionally substituted with one or more, identical or different, linear

15 or branched (C,-C,) alkyl groups, optionally substituted benzyl groups or aryl or
heterocyclic groups,

- a guanidino group optionally substituted with a linear or branched (C,-C)) alkyl group,
an optionally substituted benzyl group or an aryl or heterocyclic group,
- isothioureido optionally substituted with a linear or branched (C-Cy) alkyl group, an

20 optionally substituted benzyl group or an aryl or heterocyclic group,

- iminomethylamino optionally substituted with a linear or branched (C1-Cs) alkyl group,

- mercapto substituted with a heterocyelic group,

- or a heterocyclic group,
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R, and Ry each represent a hydrogen atom or a linear or branched (C,-C;) alkyl group,

ORy

0 B/
r
\ORS

forms a boronic ester of pinanediol,

represents an integer suchthat 0€m < 6,
represents an integer suchthat 1 € ng 6,

represents any one of the following groups:

* a bicycloalky! (C,-C,;) phenyl group optionally substituted with one or more, identical
or different, halogen atoms or linear or branched (C-Cy) alkyl groups, linear or
branched (C,-C) alkoxy groups, hydroxyl groups or amino groups (optionally
substituted with one or two groups, which are identical or different, linear or branched
(C,-Cy) alkyl, linear or branched (C\-Cs) alkylsulfonyl or arylsulfonyl),

* or a group of formula:

on condition that, in this case, m is other than zero,

in which:

R, and R, which are identical or different, represent a hydrogen atom, a linear or
branched (Ci-Cs) alkyl group (optionally substituted with one or more aryl,
heterocyclic, arylsulfonylamino or (Cs-Ciq) bicycloalkylphenyl groups optionally
substiruted with one or more groups as defined above or indanyl), a lincar or
branched (Cy-Cq) alkylsulfonyl group, an arylsulfonyl group, an aryl group, a
heterocyclic group or a bicycloalkyl (Cs-Ciu) phenyl gronp (optionally substituted
with one or more groups as defined above), an indanyl group or either of the

0,
O Re

groups:

Wl LT e

in which:

R\a
N—-§

ol
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Ra represents a linear or branched (C;-Cg) alkyl group or an optionally substituted
phenyl group,
Rb and Re, which are identical or different, represent a hydrogen or halogen atom
of a linear or branched (Cy-Cs) alkyl group, a linear or branched (C-Cg) alkoxy
group, a hydroxyl group, a substituted or unsubstituted amino group or a
trihalomethyl group,
A; represents -CO- or -CS-,
A represents -CO-, -CS- or -SO5-,
the isomers thereof and the addition salts thereof with a pharmaceutically acceptable acid or

base.
2- The compound of formula (1) as claimed in claim 1, such that A, represents-CO-.

3-The compound of formula (I) as claimed in claim 1, such that Ry represents a hydrogen

atom.

4- The compound of formula (I) as claimed in claim 1, such that R 4 Tepresents a guanidino

. group optionally substituted with a linear or branched (C,-C,) alkyl group, an optionally

substituted benzyl group or an aryl or heterocyclic group.

5- The compound of formula (T) as claimed in claim 4, such that Ry represents a guanidino

group.

6- The compound of formula (I) as claimed in claim 1, such that A represents a bicycloalkyl
(C5-Cio) phenyl group optionally substituted with one or more, identical or different, halogen
atoms or linear or branched (C-Cq) alky! groups, linear or branched (C,-C) alkoxy groups,
hydroxyl groups or amino groups (optionally substituted with one or two groups, which are

identical or different, linear or branched (Cl-Cﬁ) alkyl groups, linear or branched (C,-Cy)

alkylsulfony! or arylsulfonyl).

7-The compound of formula (I) as claimed in claim 6, such that A represents an optionally

substituted (bicyclo[2.2.2Joct-1-yl)phenyl group.
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8- The compound of formula (1) as claimed in claim 6, such that m is equal to 0.

9- The compound of formula (I) as claimed in claim 1, such that A represents

-A:-N;';? .

10-The compound of formula (I) as claimed in claim 9, such that A, represents -CO-, Ry
represents a hydrogen atom and Ry represents a linear or branched (C)-Cy) alkyl group
substituted with one or more aryl groups,

11- The compound of formula (I) as claimed in claim 9, such that m is equalto 1,

12- The compound of formula (I as claimed in claim 9, such that R, and R, form, with the

carbon atom which bears them, a (C-Cp) cycloalkyl group.

13- The compound of formula (I) as claimed in claim 12, such that R, and R; form, with the
carbon atom which bears them, a cyclopentyl group.

14- The compound of formula () as claimed in claim 1, such that R, and R, each represent a

hydrogen atom.

15-The compound of formula (I) as claimed in claim 1, which is I-(R)-[4-(4-
methoxybicyclo[Z.Z.Z]oct—l-y])benzoylamino]-4-guanidinobutylboronic acid, as well as the
addition salts thereof with a pharmaceutically acceptable acid or base.

16-The compound of formula (D) as claimed in claim 1, which is 1-(R)-(I-
bcnzylaminoca.rbonylcyclopcntanecarboxamido]-4-guanidinobutylboronic acid, as well as the
addition salts thereof with a pharmacentically acceptable acid or base.

17-The compound of formula (I) as claimed in claim 1, which is 1-(R)-{4-(4-
hydroxybicyclo[2.2.2]oct—1-yl)benzoylamiuo]-4-guanidinobutylboronic acid, as well as the
addition salts thereof with a pharmaceutically acceptable acid or base.
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18-The compound of formula () as claimed in claim 1, which js 1-(R)-(2-
bcnzylanﬁnocmbonyl-Z-methylpropionamjdo)-4—guanidinobutylboronic acid, as well ag the
addition salts thereof with a pharmaceutically acceptable acid or base.

I9-The compound of formula (D as claimed in claim 1, which is 1-(R)-[3-(4-
methoxybicyclo[Z.Z.Z]oct-I-yl)benzoylamino]-él»guanidinobutylbomnic acid, as well as the
addition salts thereof with a pharmaceutically acceptable acid or bage,

20-The compownd of formula (M as claimed in claim [, which is 1-(R)-[3-(4-
hydmxybicyclo[2.2.2]oct—1-yl)bcnzoylm-nino]-4—guanidjnobulylboronic acid, as well as the
addition salts thereof with a pharmaceutically acceptable acid or base.

2I-The compound of formula () as claimed in claim 1, which is 1-(R)-(1-
phenethyla.minocarbonylcyclopentﬂnecarbuxamido)-4-guanidinobu[ylboronic acid, as well a5
the addition salis thereof with a pharmaceutically acceptable acid or base.

22-The compound of formula (M as claimed in claim 1, which is 1-(R)-[1-(3,4~
dimcthoxyphenethylaminocarbmyl)cyclopentanecarboxamido]~4-guanidinoboron.ic acid, as
well as the addition salts thereof with a pharmaceutically acceptable acid or base.

23-The compound of formula (M as claimed in clam 1, which js 1-(R)-1-
(benzhydxylanﬂnocarbonylcycIopentanccarboxamido)-4-guanidinoboronic acid, as well as the
addition salts thereof with a pharmaceutically acceptable acid or base,

24- The compound of formula (I) as claimed in claim 1, which js 1-R)-[1-(10,11-dikydro-
SH-dibenzo[a‘d]cyclohcpten-S-ylaminocarbonyl)cycIOpcntanccarboxamido]-tl-guanidino-
butylboronic acid, as well as the addition salts thereof with a pharmaceutically acceptable acid
or base.

25- A process for the preparation of the compounds of formula (I), in which a compound of
formula (17);
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R3
| _OR
H,N-C-B (I
OR',
Br- (CH,),

in which R, and n have the same meaning as in formula (D), R', and R', each represent a linear

or branched (C,-Cy) alkyl group or
/OR‘5

B\OR' forms a boronic ester of pinanediol,

6
is reacted with a compound of formula (II) :
A-(O) -A-X )
/A"
R, R,
in which A, A}, R, R; and m have the same meaning as in formula (I),
X represents a chlorine atom or a hydroxyl group,

to give the compound of formula (IV):

B or,
A-(C)_-A,-NH-C-B )
Am | Tor,
R1R2 (C|H2)n
Br

in which A, A}, Ry, Ry, Ry, R's, R's, m and n have the same meaning as above, which

compound of formula (IV) may be converted, depending on the nature of the group R 4, Which

it is desired to obtain:

either, into a corresponding cyano derivative by the action of copper cyanide and then
reaction in alcoholic medium in the presence of acid, followed by the action of aqueous
ammonia, into the corresponding amidino derivative of formula (F/a), a specific case of the

compounds of formula (I):

o OR,
A- (/C\)m -A-NH- T - B\ORv (I/a)
6
R.R, (c|H2)n
C
HN / \NH2

in which A, A, Ry, Ry, R3, R's, R’6, m and 1 have the same meaning as above,
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the amidino function of which compound is substituted, if so desired,

- or, into the corresponding azido derivative by the action of sodium azide, and then catalytic
hydrogenation into the corresponding amino derivative of formula (I/b), a specific case of the

compounds of formula (I);

A-(C), -A-NH-C-B b
T\ 1 \OR'6 (Ub)
R|R, ((lsz)n

NH,

in which A, A}, R}, Ry, Rs, R's, R's, m and n have the same meaning as above,

the amine function of which compound of formula (I/b) is substituted, if so desired,
Tetaet and the amino group of which compound is converted, if so desired:

- into a guanidino group by reaction with cyanamide,

10 to give the compound of formula (I/c), a specific case of the compounds of formula (I):

ik OR,
A-(C) -A-NH-C-B (Ifc)
e /\ \ORva
RiR, ((I:Hz)n
. Rb
.:":‘ in which A, A, Rj, Ry, R3, R's, R's, m and n have the same meaning as above and Rb

represents a guanidino group, the guanidino function of which compound is substituted, if so

desired,

15 - or, into an iminomethylamino group by reaction with ethyl formimidate to give the compound

of formula (1/d):

R,
| _~OR’
A- (/C\)m -A-NH- IC - B\OR.6 1/d)
R
RR, ((':Hz)n
HN~.
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in which A, Aj, Ry, Ry, R3, R's, R's, m and n have the same meaning as above, the aminido

function of which compound is substituted, if so desired,

- either, by reaction with an optionally substituted thiourea,

to give the compound of formula (I/e), a specific case of the compounds of formula (I):

> Ok
A-(/C\m-A,-NH- —B\OR' (Ve)
RR, (THz)“ ’
5 Re

in which A, Aj, R, Ry, R, R's, R, m and n have the same meaning as above and Rc

represents an optionally substituted isothioureido group,

» oq
LN
LY

‘-f‘-' -or, by reaction with a suitably protected heterocycle, an amine substituted with a suitably
b protected heterocycle or a thiol substituted with a suitably protected heterocycle,

+ 10 to give, after deprotection, the compound of formula (), a specific case of the compounds of

formula (I):
Paen Ills /OR'5
i A-(C),-A-NH-C-B (I
N\" | o,
S RiR, ),
o Rd

in which A, A}, Ry, Ry, R3, R's, R, m and n have the same meaning as above and Rd
; represents a heterocycle, an amino group substituted with a heterocycle or a mercapto group

15 substituted with a heterocycle,

which compounds of formula (I/a), (1), (Ve), (I/d), (Ie) or (I/f) are converted, if so desired,

using boron trichloride or phenylboronic acid, into the corresponding boronic acid of formula

Ig):
T o
A-(C)_-A-NH-C-B v
1 e
RiR, (?Hz)n
R
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in which A, A, Ry, R, R, Ry, m and n have the same meaning as in formula (1),

which compounds of formula (/a) to (V/g) :

- can, where appropriate, be purified according to a standard purification technique,

- the isomers of which are, where appropriate, separated according to a standard separation
technique,

- are converted, if so desired, to its addition salts with a pharmaceutically acceptable base or

acid.

26- A pharmaceutical composition containing, as active principle, at least one compound as
claimed in any one of claims 1 to 24, alone or in combination with one or more inert, non-

toxic pharmaceutically acceptable vehicles.

27- The pharmaceutical composition as claimed in claim 26, which is useful as an inhibitor of

trypsin-like serine proteases.
28- The pharmaceutical composition as claimed in claim 27, which is useful as a thrombin

inthibitor.

DATED this 25th day of February 1997.

ADIR ET COMPAGNIE

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD
HAWTHORN. VIC. 3122,
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