1 New 4-o0x0-4,6,7,8-tetrahydro-pyrrol o[ 1, 2-a] pyrazi ne- 6- car boxam de
conpounds, a process for their preparation and pharmaceutical conpositions
contai ning them The present invention rélates to new

A-0x0- 4, 6, Qe 4tc§<h-46é1y§i{éﬁm(§d?@!)ﬁ{o%{122-§ib WirZd-BfpSampB chaYsumtsla presaunds, to

a. process e'tﬁelpﬁr@&%t@h laRdphdradelfsandapusifons ontaicingmenmt i ons
cont ai ni ng them and to their use as thronbin inhibitors. Thronmbin is the

key enzyme for coagul ation and plays a central role in the pathology of 5
venous and arterial thronboses, especially in viewof its marked ability to
cause auto ?HP'p‘rés'eﬁtaivaHn&f élE'l%s GO A aAldQM G?%Ct@ﬁlﬁly@}:opyﬁ%d[léia azinesé-ng,

Thronbose, Vai sseaux 1992, 4, 483-494 and T.M et al 00
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i nhibition of thronb e efficient an risks of 10
haermrrhageccflﬂ%%ltlofléﬁ?%lmng\/\%‘?ﬂ apd 1o, elﬁu’etfsolg] H]hgbm%%rs of thronbin
currently exist but the disadvantage of those pept| de substances is that
they are not_ active when administered by the oral route. Peptidom netic
conpounds hAWORPimE Be éqey SAEY, forﬁS’éB‘iﬂeﬂcdb%ﬂval?XS h&eerah role dp phenpashplogy of
descriRed i t d
corrpoulr%ds 1%@223%? be é?%%‘[éé’g E&ﬁ glgglt?lg{\]’s E%nmgg( e&S%@ltngzd%E&Ggl% EP
615 978 andaplifi@fioB 3T thamdmagtﬂetmonmadujél: dEstc et méd Sang,PRlmembose, Vaisseaux

Che. precent [ dn boRand BXERENK Slall, HrtConenatiromorertbRoctey Bhe

oral route $tms1pre simultaneously well absorbed, potent, selective and
reliable in use. 20 In that respect, it is inportant to have conpounds t hat
present little risk of interaction with food or nedicanments. More

speci fical | ype g RRESHif IMERLE Br HEbALESis Bors URAURISdosb LB Biskd O

10 haemorrhage than treatment with heparin. Direct inhibitors of thrombin currently exist but

the disadvantage of those peptide substances is that they are not active when administered

by the oral route.

Peptidomimetic compounds having an oral antithrombotic activity have already been
described in the literature. They include, for example, the boronic acid compounds

15 described in Patent Specifications EP 293 881, EP 471 651, EP 615 978 and EP 792 883
and the compounds described in Patent Specifications WO 94 29336, WO 95 23609 and
EP 1 069 132.

The problem of the present invention was to obtain new thrombin inhibitors active by the
oral route that are simultaneously well absorbed, potent, selective and reliable in use.
20 In that respect, it is important to have compounds that present little risk of interaction with

food or medicaments.

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



2 (I') wherein : represents a 1-oxidopyridyl group substituted by the
“remai nder of the | O nolecule in any gne of the positions 2, 3 and 4, 5 *
m and n, which nay be identical or di f f%erent, each represent an integer of
fromlto 3, * Rl represents a hydrogen atomor a |inear or branched
(G -Co)al kyl group, * R2 and R3, which may be identical or different, each
represent an atomor group selected fromthe atons hydrogen and hal ogen
and the groups linear or branched (d-C6)alkyl, hydroxy, |inear or
branched (G -C6)acyloxy and linear or brancked 10 (Cl - C6)al koxy, or
together form wth the,carbon atom carrying tQemr;a cycloal kane having
from3 to 6 carbon & R4 and RS eaqglr'r nt a hydrogen atom or are

I Wi t hhe

or héle

adj acent and toget he /gﬂ;bon ato carrying thgnl a benzo
ring, * Ar represent r I 15 to their enantioners,
and to addition sakRts ﬂherg:f wi th aphar ffac I acc tabl e aci d.
Anong t he pharnaceuticdlly acc%ptabléhaC| ﬂﬁi nti oned, w thout
implying any limtatign, hydrochloric aC|d h robronlc aC|d sulphurlc
aci d, phosphonic acid, acetic acid, trifluoroacetic aci d, lactic aci d,
pyruvic acid, malonic acid, succinic acid, 3 glutaric acid, fumaric acid,
tartaric ag} e mleic acid, citric acid, ascorbic acid, oxalic acid,
met hanesul phoni'c aci d, benzenesul phoni ¢ acid, canphoric acid, etc.. "Aryl
group" is undff%i?od to mean phenyl, biphenylyl or naphthyl, each of those
I =

gr oups .

represents a 1-oxidopyridyl group substituted by the remainder of the

N
!
molecule in any one of the positions 2, 3 and 4,

5 * m and n,-which may be identical or different, each represent an integer of from 1 to 3,

* R represents a hydrogen atom or a linear or branched (C;-Ce)alkyl group,

* R, and Rj, which may be identical or different, each represent an atom or group
selected from the atoms hydrogen and halogen and the groups linear or branched
(C1-Cg)alkyl, hydroxy, linear or branched (C;-Cs)acyloxy and linear or branched

10 (C1-Ce)alkoxy, or together form, with the carbon atom carrying them, a cycloalkane

having from 3 to 6 carbon atoms,

* Ry and R; each represent a hydrogen atom, or are adjacent and together form, with the

carbon atoms carrying them, a benzo ring,
* Arrepresents an aryl or heteroaryl group,
15 to their enantiomers, and to addition salts thereof with a pharmaceutically acceptable acid.
Amoﬁg the pharmaceutically acceptable acids there may be mentioned, without implying

any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid,

acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,



bei ng optionally substituted by one or nore identical or different groups
sel ected from5 - halogen, - linear or branched (C -C6)al kyl optionally
substituted by a hydroxy, carboxy or 3carbanoyl group, the carbanoyl group
being itself optionally substituted by one or two |inear or branched
(Cl-C6)al kyl groups, - linear or branched (d -C6)al koxy, 10 - hydroxy, -
trihalo-(Ci-C6)al kyl in which the alkyl noiety may be |linear or branched,
- amno optionally substituted by one or two |inear or branched

(G - C6) al kydlutF®HAA, funtarieHcRD ¥R faepa%/ mateic@&d, Gatib a6y h9¥BEIO ¥oid OdalioBaill] ¥
N-substituted by one or two groups selected from 15 [inear or branched

(Cr- C6) al kynethaeavlphonic apidepnaenespipheniqpacidicampborg aeid, 4toi ety may be |inear
or branched, al koxyal kyl group in which the al koxy and al kyl noieties are
each linear or branched Cl1-C6, and pyridylalkyl in which the al kyl noiety
is linear dmp]r @'ﬂﬁjﬁ'ett nllefsbood "tblaheangshenyl, biphenylyli & naphihylste@ﬂdof thosmgnups
nono- or cyclic ti.c group havi ng 12 rin s and
cont ai ni ng Q?H@ OPE\??/B“‘ r@’ﬁ'ﬁ‘é‘éﬁ @red’ré‘t% eg'é‘}r‘%@i %‘%‘%’fqnbﬁﬁoaiei%fge Hi't r ogen
and sul phur,, lhk,gglng understood that the heteroaryl may be optionally

substituted by orie or nore identical or different groups selected from
hal ogen, |- dimgar or lhlamhcﬂe&w@)alkﬁl) aplignally psbstifattedy by ua)slmdrw«ed:arhoxa or

R N M T A
groups, - hydm@&wﬁbnmmg&majpc@amgagm@pgbranched (C 1 -0Co)al koxy,
- linear or branched (C,-C¢)alkoxy,
10 - hydroxy,
- trihalo-(C-Cg)alkyl in which the alkyl moiety may be linear or branched,
- amino optionally substituted by one or two linear or branched (C,-C¢)alkyl groups,
- carboxymethoxy,
- and carbamoylmethoxy optionally N-substituted by one or two groups selected from
15 linear or branched (C;-Cg)alkyl, hydroxy-(C;-Cg)alkyl in which the alkyl moiety may be
linear or branched, alkoxyalkyl group in which the alkoxy and alkyl moieties are each linear -
or branched C;-Cg, and pyridylalkyl in which the alkyl moiety is linear or branched C,;-Cs.

"Heteroaryl group" is understood to mean a mono- or bi-cyclic aromatic group having from
5 to 12 ring members and containing one, two or three hetero atoms selected from oxygen,
20 nitrogen and sulphur, it being understood that the heteroaryl may be optionally substituted
by one or more identical or different groups selected from :
- halogen,
- linear or branched (C;-C¢)alkyl optionally substituted by a hydroxy, carboxy or
carbamoyl group, the carbamoyl group being itself optionally substituted by one or two
25 linear or branched (C;-Cg)alkyl groups, |
- hydroxy,
- 0Xo,
- linear or branched (C;-C¢)alkoxy,
- trihalo-(C;-Ce)alkyl in which the alkyl moiety may be linear or branched,
30 - amino optionally N-substituted by one or two linear or branched (C,-Cg¢)alkyl groups,



- trihalo-(C 1 -C6)alkyl in which the alkyl noiety may be |inear or
-branched, 30 - am no optionally N-substituted by one or two |inear or
branched (G -C6)al kyl groups, 4 - carfoxymethoxy, - and car banoyl net hoxy
optionally N-substituted by one or two groups selected from |inear or
‘branched (G -C6)al kyl, hydroxy-(C -C6)al kyl in which the al kyl noiety may
be |inear or branched, al koxyal kyl in which the al koxy and al kyl noieties
are each linear or 5 branched Cl1-C6, and pyridylal kyl in which the al kyl
moi ety is |ingghoffmdih@yched C1-C6. Anong the heteroaryl groups there may
be nmentioned, wthout 1nplying any Iimtation, the groups thienyl,
pyridyl, furyhnd pgrbambylmethoxiydeptionglly Nosudstitiuted, byi gwalz@wmg,roqmisaéeﬂesﬂﬁom

i sot hi azol yl, ,.pyrim.di nyl oyl ridazinyl., . indal yl, n nd
Gt ol v o Yo" o' o eaibhed (CY LRI ryaRRLEREH I i I b aiRERERN, Ik b
preferably reph&s @ﬂbraﬂcﬁé)d,délﬁ@%ﬂ(?l PIfwhiéh tiRdMRexyod Qillsy] endiaids arndackw linéaher
invention relates to conpaoun of fornula (] wherein R4 and, R5_each

ds O IM ), W
represént a hyapdidfiscrd Pysdylglisd ewhishiths pikabmety iehmsaurrheamchestCirlre
invention relates to conpounds of formula (1) wherein R4 and R5 are
adj acent and together form wth the carbon atons carrying them a benzo

ring. The gAmumgAhe haterpre gromipk theee phy hy mentidriednwithart ipplyingdnydinnitationaghe h
f th bei tituted bstituted b .
Cdent | cal ofXpt DI BRI ke BvEavhy SRizo. “Srapyfe froRbzalih dbipzaly
branched (Qm@ﬁz)z@lﬂ)’ﬂyrﬁﬂﬂirﬂﬂ@Jﬁ&%hﬁtﬁ%ﬁh&#ﬁﬁﬁinb&l?/ﬁ bBYAYF@Y Y ando@lishly or

car banoyl group, the carbanoyl group being itself optionally substituted by
one or two |inear or branched (Cl-C6)al kyl groups,

10 m is preferably 1.
n is preferably 1.
Rj, Rz and R; each preferably represent a hydrogen atom.

An advantageous embodiment of the invention relates to compounds of formula (I)

wherein R4 and Rs each represent a hydrogen atom.

15 Another advantageous embodiment of the invention relates to compounds of formula (I)
wherein R4 and Rs are adjacent and together form, with the carbon atoms carrying them, a

benzo ring.

The group Ar is preferably a phenyl, thienyl or pyridyl group, each of those groups being
unsubstituted or substituted by one or more identical or different groups selected from :
20 - halogen,

- linear or branched (C;-Ce)alkyl optionally substituted by a hydroxy, carboxy or
carbamoy! group, the carbamoyl group being itself optionally substituted by one or two
linear or branched (C;-Cg)alkyl groups,

- linear or branched (C;-Cg)alkoxy,

25 - hydroxy,
- trihalo-(C;-Ce)alky! in which the alkyl moiety may be linear or branched,



- linear or branched (G -C6)al koxy, 25 hydroxy, - trihalo-(C -C6)alkyl in
‘whi ch the al kyl noiety may be linear or branched, 5 - am no optionally
substituted by one or two |inear or bPanched (C,-06)al kyl groups, -

car boxymet hoxy, - and carbanoyl met hoxy optionally N-substituted by one or
‘two groups selected from Ilinear or branched (G -C6)al kyl,

hydr oxy- (Cl - C6) al kyl in which the alkyl noiety may be 5 |inear or
branched, al koxyal kyl in which the al koxy and al kyl noieties are each
l'inear or hr %ﬁﬂﬂ@@p%ﬂ@su@ﬁﬂut@(‘%y did & tsllinelr MWbradeheédeC at fxlkyngoepsy i s

| i near or branched Cl1-C6. Myre preferably, Ar represents a phenyl group
unsubst i t ut-edcashoxgmpbext ut ed by one or nore identical or different hal ogen

t | ect f ' ' . f
Formul a (1) ag R REhAE, Bl s0yndeh by 58 ot GhOe it cmRal s, ©
- N- (2- f | uor ohlérieay by brdnched (8,-6¢)alky8-hydroxy-(C,-Cs)alkyl in which the alkyl moiety may be -
et ahycropyrcol oL 1y 2. Py 2L o B carbenam e, andlf 5, (88 a0t kS,
-N-(2,6-difl M&%@Fﬂ,h&gﬁ@g | 1 in which the alkyl moiety is linear or branched C( &

,6,7,8-tetrahydropyrrol of yrazi ne- 6- car boxam de, and its

nantioner ; 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]am no)

N- ( 2- chl orghenz -4-0x0-4, 6 8- . .

Lot ¢ ahydr odron{eraety gickspieSenfs heny) grsva ppsnbsttyed or ubyiterd by gh PoMER
3-([ 2, 2- di fidesticat &rdiffeexi KifogenRydmh skelectidfitn Abrivee and-chtorfmedi f | uor obenzyl ) - 4
-0x0- 4,6,7,8-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-6-carboxam de, and its (6S)
enanti omer ;

3-{[2, 2-di fﬁx@f&%d%b&fab&iﬁs%‘?f&ﬁﬂidlﬂé&u:Et hyl ] am no}- N (2, 3-di fl uor obenzyl )-4
TR 10 - 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]amino }-N-(2-fluorobenzyl)-4-ox0-4,6,7,8-
tetrahydropyrrolo[ 1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer ;
- 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]Jamino }-N-(2,6-difluorobenzyl)-4-oxo-
4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer ;
- 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2-chlorobenzyl)-4-0x0-4,6,7,8-

t
3
}
4
e

15 tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer ;
- 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]amino }-N-(2,5-difluorobenzyl)-4-oxo-
4,6,7,8-tetrahydropyrrolo[ 1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer ;
- 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,3-difluorobenzy!)-4-oxo-
4,6,7,8-tetrahydropyrrolo[ 1,2-a] pyrazine-6-carboxamide, and its (6S) enantiomer,
20 - and 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethylJamino }-N-(2,3,6-trifluorobenzyl)-4-
0x0-4,6,7,8-tetrahydropyrrolo[ 1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer.

The invention relates also to a process for the preparation of compounds of formula (I)
which is characterised in that a compound of formula (II) :

R,
© R,

N 1409
p~

CO,Bn

25 wherein R, and Rj are as defined for formula (I), P, represents a protecting group for the



4,6,7,8-tetrahydropyrrol o[ 1, 2- a] pyrazi ne- 6- car boxam de, and its (6S)

enanti oner, and

3-{[ 2, 2-di f | uor 0- 2- (1- oxi do- 2- pyri dyl $et hyl ] ami no}-N- (2, 3, 6-tri fl uor obenzyl
)-4- oxo0-4,6,7,8-tetrahydropyrrol o[ 1, 2-a] pyrazi ne- 6-carboxam de, and its
(6S) enantioner. The invention relates also to a process for the
preparation of conpounds of fornmula (I) which is characterised in that a
conmpound of forrmula (I1) R2 CO2Bn 25 wherein R2 and R3 are as defined for
formil a (1 )amifis ﬁﬁ]emﬁmlmgx&@%%%w gfBudYPrdd@ted e 6 amino function and
Bn represents a benzyl group 1s reduced Using a reducing agent, to yield
a conpound of fornmula (I11) : CO2Bn 5 wherein R2, R3, P, and Bn are as

defi ned herei nbef t he, hydroxy function of which is converted to met hoxy
and then t3°1&é& 8?01'5%‘1‘353 btion by conventional reactions of organic

chem stry to yield after deprotection of the am no function, a conpound

of formula (I NC R2 CO2Bn 10 wherein R2, R3 and Bn are as defined
her ei nbef ort@yi  eompapnd of Soramlay( Il : oxal yl chloride to yi el d a conpound of
formula (V) : G R2 N) CO2Bn R,
HO,
R,
N (1D
Py
CO,Bn
5 wherein R;, R3, P; and Bn are as defined hereinbefore,

the hydroxy function of which is converted to methoxy and then to the cyano function by
conventional reactions of organic chemistry to yield, after deprotection of the amino

function, a compound of formula (IV):

R,
NC R,

HN aw)

CO,Bn

10 wherein R;, R3 and Bn are as defined hereinbefore,

which is reacted with oxalyl chloride to yield a compound of formula (V) :

Cl
R,
HNT X
o
o) CO,Bn

wherein R,, R3 and Bn are as defined hereinbefore,

which is subjected to catalytic hydrogenation to yield a compound of formula (VI) :



wherein R2, R3 and Bn are as defined hereinbefore, which is subjected to
catal ytic hydrogenation to yield a cogpound of formula (M) : 7 O CO2H
wherein R2 and R3 are as defined herei/nbefore, which is esterified to form
a conmpound of forrmula (VII) Rx R3 (VII) 5 wherein R2 and R3 are as defi ned
‘her ei nbefore and P2 represents a linear or branched (C -C6)alkyl group,
which is reacted with a brom nating agent ‘to yield a conpound of formula
(VIT1) : R R3 (VIIl) CO2P2 wherein R2, R3 and P2 are as defined

herei nbefore, 10 which is reacted with g nercaptopyridine to yield a
conpound of forrmula (IX) : R2 wherein R2, and P2 are as defined

her ei nbefore, which is reacted w xide of fornmula (X) : 8 R O

HZ) - ~NHR égL\”/N (VI)
0

wherein R; and Rj are as defined hereinbefore,

which is esterified to form a compound of formula (VII) :

R,

N (VID)
o)

O CO,P,
5 wherein R; and R; are as defined hereinbefore and P, represents a linear or branched

(C1-Cg)alkyl group,

which is reacted with a brominating agent to yield a compound of formula (VIII) :

R,
N7
I N (VIID)
Br
o CO,P,

wherein R;, R3 and P, are as defined hereinbefore,

10 which is reacted with 2-mercaptopyridine to yield a compound of formula (IX) :

(IX)

wherein R,, R3; and P, are as defined hereinbefore,

which is reacted with an N-oxide of formula (X) :



wherein in, RI, R4 and R5 are as defined for fornula (1), to yield
-conmpound of formula (XI) : R RARII S (CH) NZ,~J! NN (X) i
CO2P2 0 5 wherein in, Rl, R2, R3 R4,8R5 and P2 are as defined

her ei nbefore, the acid function of which is deprotected to yield a conpound
-of formula (XIl) : R2 R5 0 10 wherein in, RI, R2, R3 R4 and R5 are as
defi ned herei nbefore, which is reacted wwth a conpound of fornmula (XI11)

in HZN-+CH2in Ar (XII1)

a
FFR I

R,
R;

AN
— Ho)JE~NHR, >0
N
‘ F F
(o)
wherein m, Ry, R4 and Rs are as defined for formula (),
to yield a compound of formula (XI) :
R,
R | R,
4 N A
R; | X0
_~ (CHZ)m\ N
N Y
‘ F F Rl (@) COsz
(o)

5 wherein m, R, R, R3 Ry, Rs and P, are as defined hereinbefore,

the acid function of which is deprotected to yield a compound of formula (XII) :

R,
R, N X R,
R; | (X1
/ (CHZ)m\ N
N N
J FF Il{l o CO,H

(0]

wherein m, R, R;, R3 R4 and Rs are as defined hereinbefore,

which is reacted with a compound of formula (XIII) :

HZN—lLCHZ}n—Ar (XIIT)

wherein n and Ar are as defined for formula (I),

10

in the presence of a coupling agent,

to yield a compound of formula (I).



wherein n and Ar are as defined for formula (1), in the presence of a
coupling agent, (XlI1) to yield a conpound of forrmula (1). 9 The addition
salts of the conpounds of formula (1) @re obtained by reaction of the
conpound with a pharmaceutically acceptable acid. The conpounds of formula
(I') have an asymmetric centre and are therefore capable of existing in the
formof a racemc mxture or in optically active form 5 The optically
active compounds of fornula (1) can be obtained, for exanple, by using a
corresponding optically active compound of formula (I1) as starting
material or by separation of the corresponding racem c m xture of fornula
(1), for exBrphdditign chits alf théiRbfpotmdsnef dogmajhyl) #Reefteained] byorepctiondsf dtie

formula (1) are thos erein the configuratjon of the asymretric 10
centre in t??@‘%“ﬂﬂ&”tg‘ﬁm%%‘?ﬁy%%e@@g’reqc ‘the anide is (S). The
conpounds of formula (11) are obtained by benzylation of the corresponding

acids. The conpounds of the present invention have especially valuable
phar macol ogfheafomppuagde of ifemnulgi(Byhaye an psymmetrio paniet andsare ftherpfosersapablenelc h

are active By o, et Q8 Fucor® ANASE oPLORSILN PocBO8EY Lhem useful in the

treatment of 'stabl e or unstabl e angina, ironbotic origin
and/or giving rise to thronbotic conplications, in the treatnent or

prevention Qf pcardi al infarctiop_and venous or arterjal thr oses, and
"n theSt r eathfepitica aetb‘fﬁp?qna%&wneﬁep Sl pary b%ﬁhtawﬁdf%fégeaﬁggya?@géses

such as at rt%h‘%ﬁfdnﬁfr%s -bﬁtzica@l':yt Sdtivkl &mpoﬁﬁ@odi_sfcq}n%ﬁ?‘?ﬁ) a@ngaliti'ﬁg_t Rgtetiheatl ngynt
of any disorders involving thronbin fTormation and/or 20 activity.
separation of the corresponding racemic mixture of formula (I), for example by chiral

HPLC chromatography.

Preferred compounds of formula (I) are those wherein the configuration of the asymmetric

10 centre in the alpha position with respect to the amide is (S).
The compounds of formula (II) are obtained by benzylation of the corresponding acids.

The compounds of the present invention have especially valuable pharmacological

properties.

They are potent inhibitors of thrombin which are active by the oral route.

15 Those properties render them useful in the treatment of stable or unstable angina, disorders
of thrombotic origin and/or giving rise to thrombotic complications, in the treatment or
prevention of myocardial infarction and venous or arterial thromboses, and in the treatment
of complications of vascular and cardiovascular diseases such as atherosclerosis, arteritis,
venous disease, and in the treatment of any disorders involving thrombin formation and/or -

20 activity.

They may also be used in therapeutic association with a thrombolytic.



They may al so be used in therapeutic association with a thronmbolytic. 10
The invention relates also to pharmaceutical conpositions conprising as
active ingredient a conpound of formil® (1) together with one or nore
suitabl e inert, non-toxic excipients. Anong the pharmaceuti cal

conposi tions according to the invention there may be nentioned nore
especially those which are suitable for oral, parenteral (intravenous or 5
sub- cut aneous) or nasal adm nistration, tablets or dragees , sublingual
tablets, g i es..1lozen I i - J- Nt 4

dermal gel gfﬁ}.f irrlljog%tfogﬁll%% lte;)sraésﬁ’at;aaq Ia%ﬁ%c:euﬁ%??ﬁr&%ﬁ?@@ﬁ@g@%ﬁ ng,a‘o'{é{’kcgg&#%gt
usef ul dosageompsurtdeofafdantiadql)acgeahet with bre dhmoreaduitable dnett, ILureoxit \excipiehise

di sorder, the royte of adm nistratiqn and the age nd.vveight f the
patient. Theme88 a@"@ phagrmaseyticglcompgsitions 3€ﬁ9r‘ﬁﬂg pr aﬁ’a&“‘ieﬁ Sheheie gy ebe
admi ni st r at inefifoned NBoreCdshOURAING tHEXA Wi @S ate! JuitbIE FbE ofall Cpdréinteral (idftavehbes or
starting materials enpl oyed are known products or are prepared according to
known Spr ocadaugaeons) dheasal radotiniseationf tablets corngragérss stblinguabéabléts gelatin
Exanpl es were determ ned accordi.ng to custonary spectropho tric ..
Cochhi ques. TR AR L S PPE P HPEE s eCBIE plebiations
3-{[ 2, 2- Di f dritkabledulpensishel@tc2- pyri dyl ) et hyl | am no} - N-(2-fl uoro

benzyl) - 4- oxo-4, 6, 7, 8-t etrahydropyrrol o[ 1, 2- a] pyr azi ne- - carboxam de 20
Step A : Benzyl N-tert-butoxycarbonyl-5-oxoprolinate At 0C, 11 mmol of

di met hyl am kdi ' - ' g,n(ﬁ{ d
to 10 mol o %%ﬁgy‘ﬂ%%@g%#éa?ﬁg‘%gécf’g‘!]”‘éégarg‘ﬁg‘%%%%‘gd%"?’gﬁ SS @%?fs\%ﬁeggﬁi‘?s
descri bed ioyterof aGaripiairgpiven axd the agd dnd Weight afcthe patie@hélhe dodage, vatigs fiegi) Jo i n

sol utilﬁn inSO di chl or onet hane. Af%ier. SEri tring for 24 hours at anbient
t enper'8t ur Y% HE PPLIAY P GRC F Pelf imigistrations.

The following Examples illustrate the invention.

The starting materials employed are known products or are prepared according to known

procedures.

15 The structures of the compounds described in the Examples were determined according to

customary spectrophotometric techniques (infra-red NMR, mass spectrometry).

EXAMPLE 1: 3-{]2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyljJamino}-N-(2-fluoro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide
20 Step A :  Benzyl N-tert-butoxycarbonyl-5-oxoprolinate

At 0°C, 11 mmol of dimethylaminopyridine and 11 mmol of di-tert-butyl dicarbonate are
added to 10 mmol of benzyl 5-oxoprolinate (the preparation process for which is described
by E.Campaigne et al. (J. Heterocycl. Chem. 1975, 12, 391)) in solution in
dichloromethane. After stirring for 24 hours at ambient temperature, the reaction mixture is
25 washed and then dried and evaporated to yield the expected product in the form of a

viscous oil.



25 washed and then dried and evaporated to yield the expected product in
the formof a viscous oil. 11 Step B : Benzyl

N-t ert - but oxycar bonyl - 5- hydr oxypr ol i ndfle Under argon and at -78C, 18 mol
of a 1M solution of diisobutylalumniumhydride in hexane are added to 10
ol of the conpound obtained in the above Step in solution in
tetrahydrofuran. After stirring for 20 mnutes at -78C, a saturated aqueous
solution of 5 ammonium chloride is added, followed by an aqueous 10 %
sodi um car bonate solution. After stirring overnight at anbient
tenperature, the reaction mxture is filtered and the filtrate is
evapor at ed and $@r8n uReriex! Niterthbwosieatheanes-Irexxrefiiite phase i s washed,
dried and then evaporated. The residue is purified by chromatography on
silica gel, using a 95/5 dichloronethane/ethyl acetate m xture as el uant.
The expect eUngeradgat aridsatcl8aC NER]I mintbltdfia 1M Bofudbmob Hiisobysylldlawindirh hy&itideinC :

Benzyl N-teyt-butoxycarbonyl -5-net hoxyprolinate 0.1 %soluytion qf . .
par a-t ol uen %P%ﬁf?n%/d@e%é‘? élgl : 4¢ Gﬁ@p?f’gldffg’ﬁﬂf‘é( glst%ma}oyeséjtaﬂa‘éaat%on o
mol - of t heGoRRRMRAMNOIfaL REHid fd D ARRYR 2l-8B°C Al kliratldl 4fubd {oMitioPof

hour, an aquedus 10 % sodi um carbonate solution is added and the product
i s ext sact eammionium Bhidiidt isoadsieds fedlowed Diencaqueeuse!) fr saition cadopite sphdian. n

t he form of sl . ght | el,l.ow oil.. .Ste , l,.5- O}

nydr ochl or 1 A8t aiiEn il afitiony heRPeruie, T0 et FQIADE S End he

t et rachl ori figratenis @niposatediand takemup irdiehlofone:thahe 1Thd Jrgamio @hisad€ washed, dried
trimethylsilyl] cyanide (20.6 nool), are added to 10 nmol of the ,corrgggnd
obt ai ned i n2idiBengaparatide The agsidite is pysikisdy ghspmatography on silica g¢l, usins ¢
aqueous 10 dhpigel &@k@ﬁg%&&ﬁ%gﬁg@%h%ﬁd%@ 1ex%&?edaﬂkl§ﬁ&'§s BB@Red i the

extracted wth I chl or t hane, e organi c phase is washed, dried and
t hen avaporfrmdf afkBowesdi due obtained is purified by chromatography on
silica gel using a 95/5 dichl oronet hane/ et hyl

Step C: Benzyl N-tert-butoxycarbonyl-5-methoxyprolinate

A 0.1 % solution of para-toluenesulphonic acid in anhydrous methanol (88 ml) is added to
10 mmol of the compound obtained in the above Step. After stirring for 2 hour, an
aqueous 10 % sodium carbonate solution is added and the product is extracted with

15 dichloromethane. The expected product is obtained in the form of a slightly yellow oil.
Step D :  Benzyl 5-cyanoprolinate hydrochloride

At —40°C and under argon, a 5 % v/v solution of tin tetrachloride in anhydrous
dichloromethane (7.1 ml), and then trimethylsilyl cyanide (20.6 mmol), are added to
10 mmol of the compound obtained in the above Step. After stirring for 2 hours at 40°C,
20 an aqueous 10 % sodium carbonate solution is added, the aqueous phase is extracted with
dichloromethane, and the organic phase is washed, dried and then evaporated. The residue
obtained is purified by chromatography on silica gel using a 95/5 dichloromethane/ethyl
acetate mixture as eluant. The yellow oil obtained is dissolved in ethyl acetate and then a
stream of HCI gas is passed through for 30 minutes at 0°C. After stirring overnight at
25 ambient temperature, the precipitate formed is filtered off, rinsed with ethyl acetate and

dried in vacuo using a dessicator.



acetate mxture as eluant. The yellow oil obtained is dissolved in ethyl
-acetate and then a streamof HClI gas is passed through for 30 m nutes at
OC. After stirring overnight at 25 anfiZent tenperature, the precipitate
formed is filtered off, rinsed with ethyl acetate and dried in vacuo using
-a dessicator. 12 Step E : Benzyl

1- chl or o- 3, 4-di oxo- 2, 3, 4, 6, 7, 8- hexahydropyrrol o[ 1, 2- a] pyr azi ne- 6-
carboxylate At 0C, oxalyl chloride (144 m) is added to 200 g of the
conpound obtained in the above Step in solution in toluene. The m xture is
t hen brought to anbient tenperature and stirred 5 for 15 hours, and the

sol vent i s subg§eguent Bynml dpbload-8d-dibfa-2, 35, T, 8dtexnhy dedplyevohedd, 2+ & pynamaine 6+ ed
by chronmat ography on silicag, using a 9/1 dichl oronet hane/ met hanol m xture
as eluant, to yield fH&OB¢Hect ed product. Step F :

3, 4- Di oxo- 2, 3, 4, 6, 7, 8- hexahydr opyrrol o[ 1, 2- a] pyrazi ne-6-carboxylic acid 3 g
of the conpound obtained in the above Step are dissolved in 50 m of

et hanol andttRenoxaly chlotRlertl 4o ml) is addddytb 200 gerfdheecompraad obtinegip dhdpgboye 5 ¢
of pall adi ynmy on-car.bon. . Th Xt ure | h | ac nder, 0 .

ot moaphor ¢ SR HAGTLRE T iohige ol s o g B 6 ot el b P Nl 88 humed.
After 3enofad 19thoulte agatthd welveltyisf subkdqatnthnevdpbaatio bife Mhe i 1gsidea pbtaitteddis of f

to yield the expected product. Step G . ) )

Et hyl 3, 4- apusfied b4 ¢ ,%{Iaﬁ?@anlék%yﬁ%pm&ﬁ 84 dishlosomethaneimethanolgnixture as

car boxyl at glu;ﬁt,ﬁ;%%,igjd tRE edpeb@BOPMuSI | Y| chloride are added dropwi se, at 0C,
to a suspension of 1.83 of "the conpound obtained in the above Step in 20
m of anhydrous ethanol. The reaction mxture is then stirred at anbi ent

Laken up- i n of KPS oni T RIS IS e B RRE L Gt Gl R o R o ©
20 and evaporated, and then the crude product is purified by chromatography
on silica 3 g of the compound obtained in the above Step are dissolved in 50 ml of ethanol and then
10 1.43 ml of triethylamine are added, followed by 0.5 g of palladium-on-carbon. The mixture
is then placed under a hydrogen atmosphere at ambient temperature and atmospheric
pressure for 5 hours. After removal of the catalyst by filtration, the solvent is evaporated

off to yield the expected product.

Step G :  Ethyl 3,4-dioxo-2,3,4,6,7,8-hexahydropyrrolo[1,2-a]pyrazine—6-
15 carboxylate

11.83 ml of trimethylsilyl chloride are added dropwise, at 0°C, to a suspension of 1.83 g of
the compound obtained in the above Step in 20 ml of anhydrous ethanol. The reacfion
mixture is then stirred at ambient temperature for 15 hours. The solvent is evaporated off
and the residue is taken up in dichloromethane. The organic phase is washed, dried, filtered
20 and evaporated, and then the crude product is purified by chromatography on silica

(eluant : dichloromethane/ethanol 95/5) to yield the expected product.

Step H: Ethyl 3-bromo-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-aJpyrazine-6-

carboxylate

34.7 g of dibasic sodium phosphate (Na;HPOy) in 90 ml of dichloroethane, and then 100 g



(eluant : dichl oronet hane/ et hanol 95/5) to yield the expected product. Step
H : Ethyl 3-bronp-4-o0x0-4,6,7,8-tetrahydropyrrolo[l, 2-a]pyrazi ne-6-
carboxyl ate 34.7 g of dibasic sodi um gBosphate (Na2HPO4) in 90 ml of

di chl oroet hane, and then 100 g 13 of phosphorus oxybrom de (POBr3) in 340
m of dichl oroethane, are added to 73 g of the conpound obtained in the
above Step suspended in 400 m of dichloroethane. The reaction mxture is
then heated at 50C for 16 hours, subsequently cooled to OC using a bath of

water and i SP%h&gﬂorﬁ§Q>x ro@ﬁ%e??ﬁ%rg iﬁ%qi()t{ﬂl]en tiﬁ@%&ﬁaﬁ&'aﬁ% h&lﬂ:dQB el33gd6’fqﬂc 5

The organi ¢ phasé I's washe ter, aqueous phases are
conbi ned ancompoundadtaivedintthe atoyp Stapyduspandediined00Theofodictidoroethane. Jaeireactibms es

are concentrated to, 160 m h 160 nm., of isopr | acetate are added
and the i xarars i gn et RRE fof 08 togrs. Tebsanentir BRI o BFE P £6n B
subsequent | wak af®ite] dhddsDahofat1058Godinsh Asdnale s6futidn ARNIFIGE. are added in
the course of 1 hours. After a further hour at 50C, the precipitate

obt ai néd i sThe organice phepeoist washed sith wiatey, then/ the queqnsephases aspeophinehead at e
and n-hepta ! el d . P =E I

& oxo. 3. (2 Sre il ipheb YeBlE ot BEERRETH Bt She oot Bliried o fb0m

car boxyl at eard#ithiend 60fmPef1Bopr@pylogytatcdaneeaddéd amdl thednixturt lis @gaibabadeatratedtto 20
mnute inte |5, to 80.5, 15 of .the conpou opt.ai n inth bove Step
" s01 ut | on $mkBlenigHe A esrerY Bacsh s BRI 10 2300nh ek HhePa s ne
t enper at ur e,Rfedtil&hé @8&kd 8P 1 Motk Aidri SRRthEChARGt 50PE, tHeXPrekifite GBtMRd is

het er ogeneous. After stirri ng for 1 hour 45 mnutes, the solvent is

evaporldt ed Blt¢redpotf, ringedrvaid a8 mixturg € isopiopyracetarpyandackerdane, andidriad taaiedd |
The organic i hed, dried, filtered and evaporated to dryness.
The resi duethgrb%?gigcrt\eedd&lo\éa&guri fied on a 20 chromat ography col um

(di chl or omet hane/ et hanol 98/ 2 then 95/5) to yield the expected

StepI:  Ethyl 4-oxo-3-(2-pyridylthio)-4,6,7,8-tetrahydropyrrolo[l1,2-aJpyrazine-6-
carboxylate

34.3 g of 2-mercaptopyridine are added in three batches, at 20 minute intervals, to 80.5 g
15 of the compound obtained in the above Step in solution in 410 ml of acetonitrile. The

addition is exothermic and the temperature of the reaction mixture rises to 35°C.

The mixture becomes heterogeneous. After stirring for 1 hour 45 minutes, the solvent is

evaporated off and the residue is taken up in ethyl acetate and in water. The organic phase

is washed, dried, filtered and evaporated to dryness. The residue obtained is purified on a
20 chromatography column (dichloromethane/ethanol 98/2 then 95/5) to yield the expected

product in the form of an orange oil which slowly crystallises.

Step J:  Ethyl 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethylJamino}-4-0x0-4,6,7,8-
tetrahydropyrrolo[1,2-aJpyrazine-6-carboxylate

2.78 g of 2,2-difluoro-2-(1-oxido-2-pyridyl)ethanamine, and then 1.5 g zinc chloride, are
25 added to 4.6 g of the compound obtained in the above Step suspended in 30 ml of
acetonitrile. The mixture is then heated at reflux for 15 hours. The reaction mixture
becomes clear. The solvent is then evaporated off and the residue is taken up in dichloro-

methane. The organic phase is washed, dried, filtered and evaporated, and the residue



product in the formof an orange oil which slowy crystallises. Step J:

"Et hyl 3-([2, 2-di Wior o- 2- (1-oxi do-2 pyridyl)ethyl]am no)-4-oxo-4,6,7, 8-

t et rahydropyrrol o[ 1, 2- a] pyr azi ne- 6- catboxyl ate 2.78 g of

2, 2-di fluoro-2-(1-oxido-2-pyridyl)ethanam ne, and then 1.5 g zinc chloride,
"are 25 added to 4.6 g of the conpound obtained in the above Step suspended
in 30 mM of acetonitrile. The mxture is then heated at reflux for 15
hours. The reaction m xture becones clear. The solvent is then evaporated

off and th d [ ake hIor n i IS
veshod. ar peanof 1 purliah BEOudBalbabhl brofifen FIAES RO e bR Gupie
purifi ed b9/lquylﬁmtthgé1qma§edq1ﬁocmctl ca (eluant : dichl oronethane/i sopropanol
9/1) to yield the expected product. Step K 3-([2, 2-Dii

| uor o- 2- (1- oxi do-2 pyridyl)ethyl]amno)-4-oxo-4, 6, 7, 8-

t et rahydropyrr g} ts of 1IN
sodi um hydr oxi gﬁi[s,%l utgl g%]]p?ryg%arg(?eﬁWéwgwlaﬁ)é@%gﬁn%%uﬁgy%g?fﬂed in the
above Step in sol uti ofetriahydropymblo bl 2-djpyxeare-@oarba®yliclaced water. After 24
hours at anbient tenperature, acidification is carried out using 2
equi val ents of 1N hydrochloric acid, and then the reaction m xture is

evaporsat ed2 edhiealefts o UB dodiun? kpdtoxide s¥luG6h hré ad@edto Pf of tR! degipeuadobtainedd,
yi el ding the expected product In the formof a white solid. 10

3- ([ 2, 2- Df iothg-aboyq S@R.laéolzltlay iR 409 ol of Wigxangandh30 ml o prales éétéh%éﬁyuraﬁt
oxo-4, 6, 7, Emt) iefif { ?I{Bégd’tﬁg Qifﬁgtéonzlsac]aprﬁdaﬁt%lr% 5%&%@ rl%@fgdcg lg\fl ﬂy&}focﬁlgﬁc

COITpOUﬂd obt al ne OVG tep are react
2- f | uor obeady, adithen tha rd:daaom nestercie eedpofat&ll The cné51due is taken up twice in 30 ml of

1-[ bi s(di el -1H 23t_r|a di ni um 3- oxi de
hexaf | uor gﬁ'b%‘ﬁﬁg}lig %&&ﬁﬁ{l ﬁb‘]%pé‘ifeqlr?mg\m “igle gﬁ? WNP@%/]H{II amne in 60
m of dinethylformamde. After stirring for 15 hours at anbi ent

tenperature, the solvent is evaporated off and t
10 Step L:  3-{[2,2-Difluoro-2-(I-oxido- 2—pyr1ajzl)ethyl]ammo}-N—(2 -fluorobenzyl)-4-

0x0-4,6,7,8-tetrahydropyrrolo[ 1, 2-a]pyrazine-6-carboxamide

3 g of the compound obtained in the above Step are reacted with 1.18 g of

2-fluorobenzylamine in the presence of 3.57 g of 1-[bis(dimethylamino)methylene]-1H-

1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (HATU) and 1.64 ml of
15 diisopropylethylamine in 60 ml of dimethylformamide.

After stirring for 15 hours at ambient temperature, the solvent is evaporated off and the

residue obtained is taken up in ethyl acetate and in water. The organic phase is washed,

dried and then evaporated, and the residue is purified by chromatography on silica to yield

the expected product in the form of a racemic mixture.

20 Elemental microanalysis :

% C %H %N
Calculated : 57.52 4.39 15.24
Found : 5763 4.18 15.05



residue obtained is taken up in ethyl acetate and in water. The organic
-phase is washed, dried and then evaporated, and the residue is purified by
chromat ography on silica to yield thd%xpected product in the formof a
racem c mxture. 20 Elenental m croanal ysis %% Cal cul at ed

2 57.524. 3915. 24 Found :57.634.1815. 05 15 EXAMPLE 2:

(6R)-3-{[2,2-Di fl uoro-2-(1-oxido-2-pyridyl)ethyl]am no}-N-(2-

fl uorobenzyl) - 4-oxo-4, 6, 7, 8-tetrahydropyrrol o 1, 2- a] pyrazi ne-6- carboxam de

The racem ) Qf 2 i opArALgd L e _Rr@parative
'PLC 5 chiAMELE 2] (RESTIZR Diffo b etz iyl ks Rl
acetonitril el i sopropanfiuotiteniyl)-drixoet,6,33ctetraby diopymtodo[¢2ppyetinpr@&duct i s
the first of the enantioners sp obtained. 10 EXAVPLE 3:

(6S)-3-{[2, 2-Di fl uor o- 52°PXBMYUs- 2- pyri dyl ) et hyl ] ani no} - N- ( 2-

fl uorobenzyl)-4-o0xo0-4, 6, 7, 8-tetrahydropyrrol o[ 1, 2- a] pyrazi ne-6- carboxam de
The racem c _m xture of Exanple 1 is separated by chiral phase preparative
HPLC chr onlxeotpcempivy mixrer g? gaempis dolsuseparaigdy kit chiral phase preparative HPLC

acetonjtrile/i r di, et hylam 5 00/ . The. . '
et oek o SRR AR AL 5 Do 2040t PR SHREST L
116. 07 (net30e/500/1).20C, c=1.4) EXAMPLE 4 : .

(6R) - 341 2 g R L o] Soduct s BN A PR ey s athamd0} - N1 2- [ 2-

EXAMPLE 3: (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyljamino}-N-(2-
fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

10 carboxamide

The racemic mixture of Example 1 is separated by chiral phase preparative HPLC
chromatography (Chiralpak AD column, eluant: acetonitrile/isopropanol/diethylamine
500/500/1).

The expected product is the second of the enantiomers so obtained.

15 Index of rotation : ap = - 116.07° (methanol, 20°C, c=1.4)
EXAMPLE 4: (6R)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-{2-[2-
(ethylamino)-2-oxoethoxy]benzyl}-4-0x0-4,6,7,8-tetrahydro-

pyrrolo[1,2-a]pyrazine-6-carboxamide

The expected product is obtained according to the procedure described in Example 1, with

20 the replacement of 2-fluorobenzylamine with 2-[2-(aminomethyl)phenoxy]-N-
ethylacetamide in Step L, followed by separétion of the racemic mixture so obtained by
preparative chiral HPLC chromatography (Chiralpak AD column, eluant
acetonitrile/isopropanol/diethylamine 500/500/1).

The expected product is the first of the enantiomers so obtained.



(et hyl am no) - 2- oxoet hoxy] benzyl } - 4- oxo- 4, 6, 7, 8-t et r ahydr o-

-pyrrol o[ 1, 2- a] pyrazi ne- 6- car boxam de The expected product is obtained
according to the procedure described it Exanple 1, with 20 the repl acenent
of 2-fluorobenzylam ne with 2-[2-(am nonet hyl)phenoxy]-N et hyl acetam de in
Step L, followed by separation of the racem c m xture so obtai ned by
preparative chiral HPLC chronmat ography (Chiral pak AD col um, el uant
acetonitrile/isopropanol/diethylam ne 500/500/1). The expected product is

the first ﬁrﬁé?&?al% LLQVEES so obtained. 16 El emental microanalysis @ %C
oht N Cal ST ARG > ) 010”9 "Found ¢ 58, 11 5. 15 15.55 5 I ndex of

rotation : abD = + 93.1 (methadel, 20€H c=0%1y EXAMPLE 5:

(6S)-3-([2,2-Diflu oxi do- - PYL yI) | Jam no) - N-{2-[ 2-

(et hyl am no) - 2- oxo&'ﬁﬁ&a{ﬁ%enzy%;&- o] o g@/t et rahydr o-

pyrrol o[ 1, 2- a] pyr agbaet 6- car boxsam de 5T1153 emsggt ed product is the second of
the enantioners separat ed in Exanple 4. 10 Index pf rotation : aD = - 98.8

(et hanol, 20C, ¢=0.8) EXAMPLE 6 : _
3-{[ 2, 2:D| In&jg'g??g%{ 1 OXI do: 339y eqw'%o???y‘;] a]rl”}o} N- (2, 4-di fl uoro-

benzyl rahydro yrrol'o pyr azi ne- 6- carboxam de 15
The expected product |s obt ai ned according to the procedure described in
Exanple 1, with the reglacenent of 2-f]uorobenzyl am ne w

2, 4-di f1 uol &%éﬂ)lﬂuom%zﬂ-gﬁ@etl-wﬂyl}etkéﬂamlno}-N-{2 -[2-
facetonitrile/wated : &Wﬂﬂimo‘}zzgoiloléthoxy]benzyl}-4-oxo-4,6,7,8 -tetrahydro-

pyrrolo[1,2-a]pyrazine-6-carboxamide

The expected product is the second of the enantiomers separated in Example 4.

10 Index of rotation : ap = - 98.8° (methanol, 20°C, ¢=0.8)

EXAMPLE 6 : 3-{[2,2-Difluoroe-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,4-difluoro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

15 The expected product is obtained according to the procedure described in Example 1, with

the replacement of 2-fluorobenzylamine with 2,4-difluorobenzylamine in Step L.

Mass spectrometry_ESI (acetonitrile/water) : [M+H]"=478.15.

EXAMPLE 7: 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,6-difluoro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

20 carboxamide

The expected product is obtained according to the procedure described in Example 1, with

the replacement of 2-fluorobenzylamine with 2,6-difluorobenzylamine in Step L.



20 EXAMPLE 7 :

3-{[ 2, 2-Di fl uor o- 241- oxi do- 2- pyri dyl ) et hyl ] am no}-N- (2, 6-di fl uoro-

benzyl) - 4- oxo- 4, 6, 7, 8-t et r ahydr opyrrolld[ 1, 2- a] pyr azi ne- 6- car boxani de The
expect ed product is obtained according to the procedure described in
Exanmple 1, with the replacenent of 2-fluorobenzylamne with

2,6-di fl uorobenzylamne in Step L. Meltiig point : 227-228C 17 El enent al
m croanal ysis : %C%WN Cal cul at ed : 55. 354. 0114. 67 Found :55.044.0414.28 5
EXAMPLE 8: 3- 2--Di Tl uyoro-2-(1-oxido-2-pyridyl)ethyl]am no}-N(2-chloro-
benzyl ) - 4- ﬁfcﬁ%ﬁ‘g”y—,%aﬁ -’rzghydr opyrrol o[ 1, 2-a] pyrazi ne-6- carboxam de The
expected product is obtained ageardi ng Ao tbPeNprocedure described in
Exanple 1, with the replacenen f 2-fl uor zylamine with

2-chl or obenzyl anmi n a{cﬁ?"ﬁ p L. 5%-égEl efréht al ?‘ﬁ?}gr oanal ysi s %YM

Cal cul ated :55. 534524 4. 727. A5sfpund ;bp. 324. 3314. 337. 73 15 20 EXAWPLE 9:
3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amno}-N(3,4-difluoro-

benzyl) - 4- oxo-4, 6, 7, 8-t etrahydropyrrol o[ 1, 2- a] pyr azi ne- 6-

5 EXAMPLE 8: 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]Jamino}-N-(2-chloro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure described in Example 1, with

the replacement of 2-fluorobenzylamine with 2-chlorobenzylamine in Step L.

10 Elemental microanalysis :
% C % H %N % Cl
Calculated : 55.53 4.24 14.72 7.45
Found : 55.32 4.33 14.33 7.73

EXAMPLE 9: 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyljJamino}-N-(3,4-difluoro-
15 benzyl)-4-o0x0-4,6,7,8-tetrahydropyrrolo[1,2-ajpyrazine-6-

carboxamide -

The expected product is obtained according to the procedure described in Example 1, with

the replacement of 2-fluorobenzylamine with 3,4-difluorobenzylamine in Step L.

20 Elemental microanalysis :
% C % H %N
Calculated : 55.35 4.01 14.67

Found : 55.07 3.92 1440



car boxam de The expected product is obtained according to the procedure
described in Exanple 1, with the replacenent of 2-fluorobenzylam ne with
3, 4-di fluorobenzylamine in Step L. Mel®8& ng point : 204C El enental

m croanal ysis : %% Cal cul at ed : 55. 354. 0114. 67 Found :55.073.9214. 40 18
EXAMPLE 10: 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amno}-N(2,5 d

| fl uorobenzyl)-4-o0xo0-4,6,7,8-tetrabyd ropyrrolo [1,2-a] pyrazin e-6-

car boxam de The expected product is obtained according to the procedure

descri bed i fEXRHq .~ 2 V¥4 B ny: 0y £ SEnk: - )| lam ne with
2, 5-di f | uor XA Eg“*éﬂv*'ﬁ%t"e'ﬁ“ﬁ@ezwéf ?J‘ﬁ% Qp@:ln-"%’q?et%gyém of @errgﬁlal

m croanal ys:s : % %1 WifluGxblenzyl)etdoxo-46,7Bstedrahyd tepydvola[l,2-a)pytiazin&6- 95
4.41 14.13 EXAWPLE 11.: . :

3-{[2, 2-Di f | uor o- 2- ( 1- oS"®E*3MME i dy1) et hyl ] ami no} - N- (2, 6- di chl or o-

benzyl ) - 4- oxo-4, 6, 7, 8-t etrahydropyrrol o[ 1, 2- a] pyr azi ne- 6- carboxam de The
expected product is obtained according_to the procedure described in
Exanpl e 1, vihegxpected pradych iy ehiainedaccarding ol the pessedury daseribed i Expmple 1, with

2, 6-di Cf'l or %%6%L&@ﬂ?%f Q-ﬁu%&cﬁ)%néyla.ryﬁlle R&iﬁ%-ﬁﬁid&oﬁengﬁg&ine in Step L.

% C % H %N
Calculated : 55.35 4.01 14.67
10 Found : 55.95 4.41 14.13

EXAMPLE 11 : 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethylJamino}-N-(2,6-dichloro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure described in Example 1, with

15 the replacement of 2-fluorobenzylamine with 2,6-dichlorobenzylamine in Step L.

% C % H %N % Cl
Calculated : 51.78 3.75 13.72 13.89
20 Fourd : 52.23 3.73 13.66 14.06

EXAMPLE 12 : 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2-chloro-6-

fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a] pyrazine-6-

carboxamide

The expected product is obtained according to the procedure described in Example 1, with

25 the replacement of 2-fluorobenzylamine with 2-chloro-6-fluorobenzylamine in Step L.



El emental mcroanalyvis % %1 %N % Calculated : 51.78 3.75 13.72 13.89
20 Found : 52.23 3.73 13.66 14.06 EXAMPLE 12:

3-{[ 2, 2-Di fl uoro-2- (1- oxi do- 2- pyri dyl )8 hyl ] am no} - N- (2- chl or o- 6-

fl uorobenzyl) - 4-oxo-4,6, 7, 8-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-6-

car boxam de The expected product is obtained according to the procedure
described in Exanple 1, with 25 the replacenent of 2-fl uorobenzyl am ne
wi th 2-chl oro-6-fluorobenzylamne in Step L. 19 Melti point : 221 C % %
N % El enental mcroanal ysis 53.503.8814.187. 18 Cal cul ated : 5Found

: 53.933.9714. 067. 28 EXAMPLE 13

3-{[2, 2- D f hpph@oit120xd4c@o- 2- pyri dyl ) et hyl }am no}-N- (2, 3-di f| uor o-
benzyl)-4-0x0-4,6, 7,8-tetrahyd ropyrrolo [1,2-a] pyrazine-6- carboxam de
The expect eBlemeniglricroanadtsisai ned according to the procedure described in

Exanple 1, with 10 the repl acegept ofygifng)r benzylam ne with
9 \erf okt 14560

2, 3-di fl uorobenzylamne in Step Sjpoint o1
Calculated : 53.50 388 14.18 7.18
5 Found : 53.93 3.97 14.06 7.28

EXAMPLE 13 : 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,3-difluoro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure described in Example 1, with

10 the replacement of 2-fluorobenzylamine with 2,3-difluorobenzylamine in Step L.

% C % H %N
Calculated : 55.35 4.01 14.67
15 Found : 55.34 4.26 14.42

EXAMPLE 14 : 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(3,5-difluoro-
benzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure described in Example 1, with

20 the replacement of 2-fluorobenzylamine with 3,5-difluorobenzylamine in Step L.

% C % H % N
Calculated : 5535 4.01 14.67
25 Found : 54.72 382 1440



El emental mcroanalysis : % %1 %\ Calculated : 55.35 4.01 14.67 15 Found
. 55.34 4.26 14.42 EXAVPLE 14 :

3-{[ 2, 2-Di fl uoro-2- (1- oxi do- 2- pyri dyl )2 hyl ] am no}- N- (3, 5-di f | uor o-
benzyl) - 4- oxo-4, 6, 7, 8-t etrahydropyrrol o[ 1, 2- a] pyr azi ne- 6- carboxam de The
"expected product is obtained according to the procedure described in
Exanple 1, with 20 the replacenent of 2-fl uorobenzylamne with

3, 5-di fluorobenzylamne in Step L. Melt:ng point : 218-219C El enental

m croanal ysis : % %1 % Calculated : 55.35 4.01 14.67 25 Found : 54.72
3.82 14.40 20 5 EXAMPLE 15:

3- ([ 2, 2- DEXAMPEE 16 1302 dDifrue¥s-2 Y ok RioDb} Ady D ethy Hafite} M- bb-NJ2-(2-
oxo-2-{[2-(2-pyr|ayl)etﬂyﬁ anino}_gthox )b?%z???-4y2?7§%?tetra-q (

hydr opyrrol of 1, 2- a] py0%9i2n 2~&2@ar11§os!)emﬁemmmp@@ﬁy)&ﬁwél-swmqtra-

3-[[2,2-Difluoro-2-(lI 'éky rq_ hylJam =4~ - «4.2- 0X0- 2-
([2-(2 pyridyl)ethylj byt 5??1'@?9% g@ﬁ%ﬁl@%%@%&}@}nﬁéf ?g‘ﬁﬂl"gPié’%if{r"rol o[ 1, 2-

a] pyr azi ne- 6- car boxanm de The expected product is obtained according to the
D or obensy Siide i R SDpsorcst( oo iy ORI FIR|-4-qeg:N-[2-(2-oxo-2-
pyridyl) et hyl ] acet anigge 2_pyrh®erhyi]aminojethoxy)benzyl]-4,6,7,8-tetrahydropyrrolof1,2-

alpyrazine-6-carboxamide

The expected product is obtained according to the procedure described in Example 1, with
the replacement of 2-fluorobenzylamine with 2-[2-(aminomethyl)phenoxy]-N-[2-(2-
pyridyl)ethyl]acetamide in Step L.

10 Step B:  3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-4-oxo-N-[2-(2-o0xo0-2-
{[2-(2-pyridyl)ethyl]amino}ethoxy)benzyl]-4,6,7,8-tetrahydropyrrolo[1, 2-

aJpyrazine-6-carboxamide hydrochloride

The expected product is obtained by acidification of the compound obtained in the above

Step using hydrochloric acid.

15 Elemental microanalysis :
% C % H %N % Cl
Calculated : 56.75 492  14.94 5.40

Found : 57.22 485 14.87 5.82

EXAMPLE 16 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,6-
20 difluorobenzyl)-4-oxo0-4,6,7,8-tetrahydropyrrolof1,2-a]pyrazine-6-

carboxamide

The expected product is obtained by separation of the racemic mixture of Example 7 on a
chiral HPL.C column.



10 Step B: 3-{[2,2-D fluoro-2-(1-oxido-2
pyridyl)ethyll am no)-4-oxo-N-[2-(2-0x0-2-
([ 2- (2pyridyl)ethyl | am no) et hoxy) benry21-4, 6, 7, 8-t et rahydropyrrol o[ 1, 2-
aJpyrazi ne- 6- car boxam de hydrochl ori de The expected product is obtained by
acidification of the conmpound obtained in the above Step using
hydrochl oric acid. 15 Elenental mcroanalysis : %%\ Cal cul at ed
: 56754. 9214. 945. 40 Found :57.224.8514. 875. 82 20 EXAMPLE 16 :
(68) 3-{[2, 1__0 ri gy v no} N-(2, 6-
di fl uor ober{% )Qfﬂr%{lgn aé é"f& rQ@E% ;r’%p%arﬁrf] }f 2- a] pyrazi ne- 6-
car boxam de The expect ed product i's obt ai ned by separ ation of the racemc
m xture of Example 7 a_chiral HPLC colum, 21 |ndex of rotat&on . ab =

- 118.46 ( ki e(,ﬁs)é-ﬂzéﬁs?lflzwwﬁt@ Ofvdo-Z-pyrldyl)ethyllammo}-N-(
(6S)-3-{[2,2-Difluoro- %;/d%or%é Jh@}‘;‘é?&{%&h?ﬁﬁ?&m pgrﬁkme-s-

i uor obenzyl ) - 4- oxo-4, 6 teti:- ropyrro pyra Fne: car boxam de
5 The expected product calsbombtmdlmed by separation of the racem c m xture of

Exanple 10 on a chiral HPLC columm. Index of rotation : aD = - 89.65
(et hanol, 20C, c¢=0.57) 10 15
5 The expected product is obtained by separation of the racemic mixture of Example 10 ona
chiral HPLC column.

Index of rotation : ap = - 89.65° (methanol, 20°C, ¢=0.57)

EXAMPLE 18 : (65)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl[amino}-N-(2-chloro-
6-fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

10 carboxamide

The expected product is obtained by separation of the racemic mixture of Example 12 ona

chiral HPL.C column.

Index of rotation : ap = - 101.49° (methanol, 20°C, c¢=1.3)

EXAMPLE 19 : (6S)-3-{|2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,3-
15 difluorobenzyl)-4-oxo0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained by separation of the racemic mixture of Example 13 on a
chiral HPLC column.



EXAMPLE 18 :

(6S)-3-([2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]am no}-N(2-chloro-

6-fl uorob enzyl)-4-oxo-4, 6, 7, 8-tetrahy@2opyrrol o[ 1, 2-a] pyr azi ne- 6-

car boxam de The expected product is obtained by separation of the racemc
m xture of Exanple 12 on a chiral HPLC columm. Index of rotation : aD = -
101. 49 (met hanol, 20C, c=1.3) EXAWMPLE 19 :

(6S)-3-{[2,2-Di fluoro-2-(1-oxido-2-pyridyl)ethyl]amno}-N (2, 3-

di f1 uor oben < =4 . B3 rahyd rrolpll,.2- azi ne-6-

car boxam dew : @%’66%%@%05%'2?% gobé{’ggé%l?e]ﬁwliww?’t]ﬁg"r aceni c
m xture of Exanple 13 othldroldiylR-oxl4(6,78lteahydroggiroti[120d]pyra@ine-6-aD = -
102. 06 (met hanol, 20C, c¢=0.8) 22 EXAMPLE 20

(68)-3-{[2, 2- Di fl uoro- 29‘("1_)969(1!1!1’(9 2- pyrldyl)ethyl]am no} - N (2-

chl or obenzyl ) - 4- oxo-4, 6,7, 8-tetrahydropyrrol o [1, 2-a] pyrazi ne- 6-

car boxam de The expect ed product is obtained by separation of the racemc
m xture of FEharppested pmdlazt issolhinedhby bdpatdtioolofi the. ratendie ymigfure of Ekarople 8 anoa = -
105. 65 (rrethﬁa th&t%? ” =0. 85) EXAMPLE 21:

(68)-3-[ 2, SMf} 62 Emﬁ oxi do- 2- pyri dyl ) et hyl ] ami no}- N- (2, 3, 6-
trifluorobenzyl)-4-oxo0-4,6,7, 8-tetrahydropyrrolo[1,2-a] pyrazine-6-
carboxam de 10 Step A: 3-([2,2-Diil uoro-2-(1-oxido-2

pyri dyl ) et hitdenai rasytion (2 3, dﬂﬁﬁﬁfﬁmfmpz%ﬁf’&-m:()%&o 4, 6, 7,
8-tetrahydropyrrol o[ 1, 2-a] pyrazi ne- 6- car boxam de The expect ed product is
obt ai ned according to the procedure described in Exanple 1, with

EXAMPLE 21 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethylJamino}-N-(2,3,6-
trifluorobenzyl)-4-0xo-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

10 Step A: 3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethylJamino}-N-(2,3, 6-trifluorobenzyl)-4-
0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide

The expected product is obtained according to the procedure described in Example 1, with

the replacement of 2-fluorobenzylamine with 2,3,6-trifluorobenzylamine in Step L.

15 Step B:  (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino}-N-(2,3,6-trifluoro-
benzyl)-4-oxo0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide

The expected product is obtained by separation of the racemic mixture obtained in the

above Step on a chiral HPLC column.

Index of rotation : ap = - 118.25° (methanol, 20°C, c=1)



the repl acenent of 2-fluorobenzylamne with 2,3,6-trifluorobenzylamne in
Step L. 15 Step B: (6S)-3-[[2,2-Di fl uoro-2-(1-oxido-2

pyridyl)ethyl]am no)-N-(2,3,6-trii |ud8o- benzyl)-4-oxo0-4, 6, 7,
8-tetrahydropyrrol o[ 7, 2-a] pyrazi ne-6-carboxam de The expected product is
obt ai ned by separation of the racemic m xture obtained in the above Step
on a chiral HPLC colum. Index of rotation.: ao = - 118.25 (nethanol, 20C
c=1) 23 EXAMPLE 22 :

(69)-3-{[2, 2,0 rQ-2-L1-q%j do-2-pyrj dyl ).et Qyl | amnal -N- ben = 4-
ocor 4. 6. 7. pEXQMELE G653 1% P Diftubehr i Mo BT P R Y oo
hydrochl oride Step A %L@é,?ﬁEIeiﬂaH?dﬁbg&rﬁdlo[Q&i—ﬂﬁyl?azine-6-carboxamide
pyridyl)ethyl]am no)-N-benzyl -4-o0xo0-4,6,7,8- 5

t et rahydropyrrol o[ 1, 2- dydyeeldoride 6- car boxani de The expected product is
obt ai ned according to the procedure described in Exanple 1, with the
repl acenent of 2-fl uorobenzylam ne with benzylamne in Step L. Step B:

(6S) - 3- ([ 2, Zei | UB([3; 22Dffluoex-26(@-dzidoy2-prydh) Jethmfanéno} G pendy béwxyl4617,8x0- 4,
6, 7, 8-tetrahydropyrro)o[l,  2- razi ne- 6- car bgxam de 10 The expected
product is obt ai ne’ﬁx‘f&ya}é 5’1"5‘?41%g)6/’?”‘{zﬁ1€“5r'%é?ﬁa6’” xture obtained in the
above Step on a chiral HPLC colum. Step C

(6S)-3-{[2,2-Difluoro-2-(1-oxido-2 pyridyl)ethyl]am no)-N benzyl - 4-oxo-
4,6, 7,8-t Ehaeuppetedpindue ispbtainedjaggarding e the-pregeduseadeiserebedyia fxamiplyr 1, dathThe
expected pr I | .6l fi i . ound obtai ned in
t he above ‘?gp@?aé’ﬁﬁlﬁfs&?&%? ﬁ];og?g%ﬁ?%bﬁ%e %ngiﬁé%&%ag&%%\{ﬂﬁt&%ﬂgr oanal ysis :
VANV  Cal cul at ed : 55.294. 6414. 657. 42

Step B:  (65)-3-{[2,2-Difluoro-2-(I-oxido-2-pyridyl)ethyl]amino}-N-benzyl-4-oxo-

4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide

10 The expected product is obtained by separation of the racemic mixture obtained in the

above Step on a chiral HPLC column.

Step C: (6S5)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amino }-N-benzyl-4-oxo- -
4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide hydrochloride

The expected product is obtained by acidification of the compound obtained in the above

15 Step using hydrochloric acid.

% C % H % N % CI
Calculated : 55.29  4.64 14.65 7.42
Found : 54.84 4.81 14.16 7.16

20 EXAMPLE 23 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyljamino}-N-(3-
thienylmethyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide hydrochloride

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



Found :54.844.8114. 167.16 20 EXAMPLE 23 :

(6S)-3-([2,2-Di fluoro-2-(1-oxido-2-pyridyl)ethyllam no)-N(3-

t hi enyl net hyl ) - 4- oxo- 4, 6, 7, 8-t et rahydr 8dyrrol o[ 1, 2- a] pyr azi ne- 6-

car boxam de hydrochl ori de The expected product is obtained according to the
procedure described in Exanple 22, 24 wth the replacenent of benzyl am ne
with 3-thienylnmethylamne in Step A Elenental mcroanalysis : % %1 %N %
% Calculated : 49.64 4.17 14.47 7.33 663 5 Found : 49.09 4.17 14.14 8.16
6. 59 EXAMPLE tﬁ;tll:f ¢

(69) - 3- { [ 2, Pipythe rplagement pf sazylamine with Juthicnyimethvigmingjn Riep 2

t hi enyl met hyl ) - 4- oxo-4, 6,7, 8-tetrahydropyrrolo [1, 2-al pyrazi ne-6-

car boxam de hydrochl ori de The expect ed product is obtained according to the
procedur e oBkpenigbmisraamalysinl e 22, 10 with the repl acenent of benzyl am ne

wi th 2-thienyl nethylamne in St |,y M Cr alysis : % %1 YN %
%6 Calculated : 49.64 4.17 14. 4 3:}?“; %I!\(J)und %%go 6%‘3 12 14.35 7.98
665 15 EXAMPLE 25: Calculated : 4964 4.17  14.47 7.33  6.63

(6S)-3-{[2,2-Diflu - 2- (1-oxi dg-4-pyrj dyl) et yI]a

fl uor oBenzyI) 4- oxo}; 7 8- tet4r9£"?ydrd rollé[f 2- g}?ggr azfﬁé 6- car boxam de

Step A 3-[[2,2-D, /Iuoro 2-(1-oxido-4 pyrldyl)ethyl]am no)-N-(2

Jluorobenzyli-4 oxo- 4, 6, 7, 8-tetrahydropyrrolo[l,

2-a] pyr azi n(|6§)33 {[2 2-Difluoro-2- (1-0x1do—2-pyr1dyl)ethyl]ammo}-N-(Z-
thienylmethyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide hydrochloride

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

10 with the replacement of benzylamine with 2-thienylmethylamine in Step A.

% C % H %N % Cl %S
Calculated : 49.64  4.17 14.47 733  6.63
Found : 50.61 4.12 14.35 798  6.65

15 EXAMPLE 25 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-4-pyridyl)ethyl]amino}-N-(2-
fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

Step A:  3-{[2,2-Difluoro-2-(1-oxido-4-pyridyl)ethylJamino}-N-(2-fluorobenzyl)-4-oxo-
4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide

20 The expected product is obtained according to the procedure described in Example 1, with
the replacement of 2,2-difluoro-2-(1-oxido-2-pyridyl)ethanamine with 2,2-difluoro-2-(1-
oxido-4-pyridyl)ethanamine in Step J.



20 The expected product is obtained according to the procedure described in
‘-Exanple 1, with the replacenent of

2, 2-di fl uoro-2-(1-oxi do-2-pyridyl)eth®&%mne with 2,2-difluoro-2-(1-

oxi do-4-pyridyl)ethanamne in Step J. 25 Step B: (6S)-3-([2,2-Dii

‘I uoro- 2- (1-oxi do-4 pyridyl)ethyl Jam noj - N- (2-Jl uorobenzyl)-4- oxo-4, 6,
7,8-t etrahydropyrrol o[ 1, 2-a] pyrazi ne- 6-car boxam de The expected product is
obt ai ned by separation of the racemic m xture obtained in the above Step

on a chiralg HRL.C . enegtal i croan (8. | eyl d

1 57. 524, 39£5 Fg@h?ﬁgf 9? .Oﬂ?ﬁﬁgfgfb‘ﬁmg@%’”’:mg 1P faRobHes)
(6S)-3-{[ 2, 2- Di f | ues-9;627% §-tetertiyGoparplof1, A\ phetitiyé-baoboagmide( 2-

fl uorobenzyl) - 4-oxo-4, 6, 7, 8-tetrahydropyrrol o[ 1, 2- al pyrazi ne-6- carboxam de
The expected product is obtained according to the procedure of Exanple 25,
with the ﬁ%@'&?@&?dﬁgzxogiﬁlcﬁismmww QegarhtionOSf (e dcdME | iiktar& 1 BARRA &m t h
2,2-di fluoro-2-(1- oxido-3-pyridyl)ethanamne in Step A 15 El enental

m cr oanal ysbeve: StefoegaghiCa lkll.Greldmn57. 524. 3915. 24 Found : 57. 344.4914. 99 20
EXAMPLE 27:

3-{[2, 2-Difluoro-2-(1-oxido-2-pyridyl)ethyl}am no}-8, 8- di nethyl - N

5 Elemental microanalysis :
% C % H %N
Calculated : 57.52 4.39 15.24
Found : 57.73 461 15.05

EXAMPLE 26 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-3-pyridyl)ethyl]amino}-N-(2-
10 fluorobenzyl)-4-0xo-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure of Example 25, with the
replacement of 2,2-difluoro-2-(1-oxido-4-pyridyl)ethanamine with 2,2-difluoro-2-(1-
oxido-3-pyridyl)ethanamine in Step A.

15 Elemental microanalysis :
% C % H %N
Calculated : 5752 4.39 15.24
Found : 5734 449  14.99

EXAMPLE 27 : 3-{{2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyllamino}-8,8-dimethyl-N-
20 (2-fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

The expected product is obtained according to the procedure of Example 1, with the
replacement of benzyl 5-oxoprolinate with benzyl 4,4-dimethyl-5-ox0-2-pyrrolidine-

carboxylate in Step A.



(2-fl uorobenzyl)-4-o0x0-4,6, 7, 8-tetrahydropyrrol o[ 1, 2- a} pyr azi ne- 6-
carboxam de The expected product is obtained according to the procedure of
Exanple 1, with the replacenent of be@Byl 5-oxoprolinate with benzyl

4, 4-di net hyl - 5- oxo- 2-pyrrol i di ne- carboxylate in Step A 26 EXAVPLE 28:
(6R)-3-([2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]amno}-8, 8-

di met hyl - N- (2-fl uor obenzyl ) - 4- oxo-4, 6, 7, 8-tetrahydropyrrolo [1, 2-

a] pyrazi ne- 6-carboxam de The racem c m xture of Exanple 27 is separated by

chiral phas raLy ve P, romgt ography. The expected duct is
the first owr MF%ﬁz&?Bﬁ? |rgf26@%éfd?9ﬁ%'rw54&yﬂf@gﬁﬁﬁ‘é?‘i}gé’ e o
%N Calculated : 59.13 4in%éthyKENIZ-frbisnnel)-405%08664,8°9Q@ trvhydPopprrdiblui2-29 -
(6S)-3-([2,2-Difluoro-2-(1- o%i df)t- 2-pyrid get hyl&fzam’ no}-8,y8- 2

di met hyl - N- (2-f | uor obenﬂmyfaﬂn%ﬁtfﬂﬂt,"s‘?ﬂ‘ée t et rahydropyrrolo [1, 2-

a] pyrazi ne- 6-carboxam de The racem c m xture of Exanple 27 is separated by
chiral phase preparative HPLC 15 chromat ography. The expected product is

t he second dhetraeensinamixtaneesfs Esamplot 2/ e depatateinbpt ctiraln phaseg pedpgragive WPIMGH 90N

Cal culated :,59.13 4.96 14. 37
5 chromatography.

The expected product is the first of the enantiomers so obtained.

% C %H %N
Calculated : 59.13 4.96 14.37
10 Found : 58.88 4.99 14.08

EXAMPLE 29 : (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethyl]Jamino}-8,8-
dimethyl-N-(2-fluorobenzyl)-4-oxo0-4,6,7,8-tetrahydropyrrolo[1,2-

a]pyrazine-6-carboxamide

The racemic mixture of Example 27 is separated by chiral phase preparative HPLC
15 chromatography.

The expected product is the second of the enantiomers so obtained.

% C % H % N
Calculated : 59.13 496  14.37
20 Found : 58.92 493 14.14



20 Found : 58.92 4.93 14.14 27 EXAMPLE 30

(6S)-3-{[2,2-Di fluoro-2-(1-oxido-2-pyridyl)ethyl]am no}-4-oxo-N[(5-
0x0- 4, 5-di hydro-1H1, 2, 4-triazol -3-yl )2&thyl]-4,6,7,8-tetrahydro- pyrrolo
[ 1, 2-a] pyrazi ne- 6-carboxam de Step A: 3-([2,2-Di fluoro-2-(l-oxido-2

pyridyl)ethyl]am no)-4-oxo-N[(5-0x0-4,5- 5
di hydro-1H1, 2,4-triazol -3-yl)nethylJ-4,6,7, 8-tetrahydropyrrol o[ 1, 2-
a] pyrazi ne- 6- car boxam de The expected product is obtained according to the

procedure j pn r v NLI(&o
D1 tor obe iSRRI P oS Rad Binald 1 o3ag- SRy AGFIER finino)-4-oxo- NS
triazol-3-one in Step bxo-azs-(ﬁhyartBlH(ﬁﬁ)«tﬁai«{l&-ﬁ)ﬁbfﬂqu67;B-(eirahydfi9 2
pyri dyl ) et hyl ] am no) - 4- oxo- é 0x0-4,5- di hydro-1 H1, 2, 4-triazol-
yl)methyl]-4, 6, 7, 8- Pé’frl"éﬂ{} F‘HB%"FH#CO‘T garboxamide, 57 ne- 6- car boxani de The
expected pr oduct i s obtained by separation of the racem c m xture obtained
in the above Step on a chiral HPLC columm. 15 Elenental m croanafrsis :

UCUHN Cal Stepat:ed 3: {48Zzlz’ﬂu@@zzkw@xzﬁedmyrfdma@lﬁar@mw@@o 26[GeAE 31
(6S) - 3{[22D|f| I i.do- no 2-
f I uor obenzyl ) - 4- ogg’ r06”'(f]78??é”?z 33’?)6"6 yll]r1¥ g'Yrg ’bé/nf’ '} H_Gﬁ car boxami de
Step A 3-([ 2, 2- Dafpyrarire-8-caiboRdmitle- 2- qui nol i nyI ) et hyl ] am no] -N-(2
Jl uor obenzyl) - 4-
The expected product is obtained according to the procedure described in Example 1, with
the replacement of 2-fluorobenzylamine with 5-(aminomethyl)-2,4-dihydro-3H-1,2,4-
triazol-3-one in Step L.

10 Step B:  (6S)-3-{[2,2-Difluoro-2-(1-oxido-2-pyridyl)ethylJamino}-4-oxo-N-[(5-0x0-4,5-
dihydro-1H-1,2,4-triazol-3-yl)methyl]-4,6,7,8-tetrahydropyrrolo[1,2-

aJpyrazine-6-carboxamide

The expected product is obtained by separation of the racemic mixture obtained in the

above Step on a chiral HPLC column.

15 Elemental microanalysis :
%C %H %N
Calculated : 48.22 4.05 24.99
Found : 48.61 4.34 24.56

EXAMPLE 31 : (6S)-3-{|2,2-Difluoro-2-(1-oxido-2-quinolinyl)ethyljJamino}-N-(2-
20 fluorobenzyl)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-

carboxamide

Step A:  3-{[2,2-Difluoro-2-(1-oxido-2-quinolinyl)ethyl] amino}-N-(2-fluorobenzyl)-4-
0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide

The expected product is obtained according to the procedure described in Example 1, with



0x0-4, 6, 7, 8-tetrahydropyrrol o[ 1, 2- a] pyr azi ne- 6- car boxam de The expected
product is obtained according to the procedure described in Exanple 1, with
28 the replacenent of 2, 2-difl uoro-2-@8 oxido-2-pyridyl)ethananine with

2, 2-di fl uoro-2-(1- oxido-2-quinolinyl)ethananmine in Step J. Step B:
(6S)-3-([2,2-Di fluoro-2-(1-oxido-2-quinolinyl)ethylJam no)-N(2

Jl uor obenzyl )- 4-oxo-4, 6, 7,
8-tetrahydropyrrol o[ 1, 2-aJpyrazi ne- 6- car boxam de The expected product is

obt ai ned by,se i hear 1,C_JTk XL UL tained iQ: ) 2,3k ep
on a chiral ﬂ%&@agémgngn&f %fzédﬁ;%lﬁ(ﬁéﬁ%}f%xrl °é%3’?§%’ﬂ§et€a“@@%4gﬂ}kh£%ad?@%¥‘g? ilj :
61.29 4. 35 d8dd2-qlindlinyh)ethaienindidStepJ13. 50 PHARVACOLOGE CAL STUDY OF THE
COVPOUNDS OF THE | NVENTI ON EXAMPLE 32 : Inhibition of thronmbin and of
fibrinolysis serine proteases For in vitro evaluation of the inhibitory
activity of .pr ot 4 L YERLAI0D. w0/ .
specific ac%'y gs%g ZNIQI—DVI#B%OI ?pﬁflg%ll%e)g %@ﬁ%@ﬂ%@?& 1(52@2%’12})& ago)
(Fg) was added to #ogo-¢@,Srasentydwpytralop hBiaipyrozine-aiprhdxamidead previ ousl y
been incubated with or without the inhibitor to be tested (20C, 10

m nutes). Inhibitors, enzynes and substrates are diluted in the same buffer
(0.01 BM phuh BrpRtedoptofi®dt is Ribtalned, byt Sdpaitidh N tBe tzceMis atliktufe obtaiied de tignd
0.05 % bovine serum al bum n) and_ then distributed on a pol ystyrene
mcrotitre phoyesStenrma it RELS cabgnp. 20 The fibrin formed by the thronbin
i s neasured using a spectrophotoneter at 405 nmafter from10 to 15

m nutes' reaction at 20C.

% C % H % N
Calculated : 61.29 435 13.75
10 Found : 61.65 451 13.50

PHARMACOLOGICAL STUDY OF THE COMPOUNDS OF THE INVENTION

EXAMPLE 32 : Inhibition of thrombin and of fibrinolysis serine proteases

For in vitro evaluation of the inhibitory activity of the products of the invention on human

thrombin (Sigma, specific activity 3230 UNIH/mg), purified human fibrinogen
15 (4 mM, Stago) (Fg) was added to a given amount of thrombin (0.7 nM) that had previously

been incubated with or without the inhibitor to be tested (20°C, 10 minutes). |

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 on a polystyrene microtitre plate in a volume of 50 pl.

20 The fibrin formed by the thrombin is measured using a spectrophotometer at 405 nm after

from 10 to 15 minutes' reaction at 20°C.

The table below gives in nM the concentration of the compounds that inhibits 50 % of the

enzymatic activity (ICso) of the thrombin compared with the control without product. The



The table below gives in nMthe concentration of the conpounds that
inhibits 50 %of the enzymatic activity (1C50) of the thronbin conpared
with the control without product. The 29 results obtai ned show that the
conpounds of the invention are potent inhibitors of the activity of human
thronmbin on human fibrinogen. Table Exanpl el C50 (nM 128 316 838 151.4 2111
2460 318.4 5 EXAMPLE 33: Pharmaceutical conposition Fornulation for the
preparation of 1000 tablets each containing a dose of 10 ng : conpound of

Exanple 3 results obtained show that the compounds of the invention are potent inhibitors of the

i 0g 10 Tactle
i i L. Exampla0Q g IGagedbiun) stearate
................................... e DUPPPPPPPR
.................. 3 t al
..................... STl s
................................... 8 . ..]... 38 30 CLﬁllvs 1. Conpound of
fornula (1): 15 1.4

21 11

24 60

31 8.4

5 EXAMPLE 33 : Pharmaceutical composition

Formulation for the preparation of 1000 tablets each containing a dose of 10 mg :

compound of EXample 3.......ccocvvuiiivneniiineinesteteneeneeeceteeessesseesessseeosesssas 10g
hydroxXypropyl CEITUIOSE ..........coeeiieerecereeeeetcee et e e se e ssrasanss 2g
WhEat STATCH ..o 10g
10 JACTOSE ... eeerereeeiee ettt sre e e e e sae e st e ste e et e an e s bene e e erb e ern e ne e seenneanens 100 g
MAZNESITUM STEATALE..........ectrrerereeeeerristereeesessesserereastessaeesesserensnessassasssssaeeeseessences 3g



(I') O5 wherein: * Onolecule in any one of the positions 2, 3 and 4, * m
-and n, which may be identical or different, each represent an integer of
froml to 3, R represents a hydrogen 3tomor a linear or branched
(Cl-Co6)al kyl group, represents a 1-oxidopyridyl group substituted by the
Temai nder of the * R2 and R3, which nmay be identical or different, each
represent an atomor group 10 selected fromthe atons hydrogen and hal ogen
and the groups linear or branched (Cl-C6)al kyl, hydroxy, linear or branched
(Cl-C6)acyl oxy and linear or branched Cﬁ&*M@E’) al koxy, or together form
with the carbon atomcarrying them a cycloal kane having from3 to 6
carbon atons, * R4 and R5 each represent a hydrogen atom or are adjacent
and together form with the 15 carbon atons carrying them a benzo ring, *
Ar represents an aryl or heteroaryl group, 31 its enantioners, and addition
salts thereof with a pharmaceutically acceptable acid, "aryl group” being

under st ood to _nean phenyl, bi phenylyl or naphthyl, each of those groups
bei ng opt i dnafripeyskafiforrdd By one or nore identical or different groups
selected from: 5 - hal ogen, R,
R, 4 R
XN N7 N
| ey, || 0
2 ~
R N N
L F F R, 0 NH—(CH,)Ar
o o)
wherein :
> X

« | > represents a 1-oxidopyridyl group substituted by the remainder of the
N

|

[o]
molecule in any one of the positions 2, 3 and 4,

* m and n, which may be identical or different, each represent an integer of from 1 to 3,
* R; represents a hydrogen atom or a linear or branched (C,-Cg)alkyl group,
* R, and R;, which may be identical or different, each represent an atom or group
10 selected from the atoms hydrogen and halogen and the groups linear or branched
(Ci-Cg)alkyl, hydroxy, linear or branched (C;-Ceg)acyloxy and linear or branched
(Ci-Cg)alkoxy, or together form, with the carbon atom carrying them, a cycloalkane

having from 3 to 6 carbon atoms,

* Ry and Rs each represent a hydrogen atom, or are adjacent and together form, with the

15 carbon atoms carrying them, a benzo ring,

* Arrepresents an aryl or heteroaryl group,



- linear or branched (Cl-C6)al kyl optionally substituted by a hydroxy,

‘car boxy or carbanoyl group, the carbanmoyl group being itself optionally
substituted by one or two linear or b3hnched (Cl-C6)al kyl groups, - linear
or branched (d -C6)al koxy, 10 - hydroxy, - trihalo-(Cl-C6)al kyl in which
‘the al kyl noiety may be linear or branched, - am no optionally substituted
by one or two linear or branched (C -C6)al kyl groups, - carboxynethoxy, -
and car banoyl met hoxy optionally Nsubstituted by one or two groups selected

from 15 |iReahn@6mbs mfh%du{ogsa@maetsywh Q?H&Méd&hhﬁ@&c@bt‘ém'e atfd, whi ch the
alkyl noiety may be 1linear or branched, alkoxyal kyl group in whi ch the

al koxy and al kyl noieties are each I|near or branched Cl-C6, and

pyridyl al kyd, ijn c I | | hn b C
"het er oaryl 6*1 %T\A’ﬂi) Be‘t"g un% }e%@s?td g@d%lt:eix)n Rg%’lﬁ}l ’aﬁ%eﬁ]&!yl ocgrraa%ll(i’?l g’&c’l %agﬁ:gorfot%%l C
group 20 h@ﬁupsbgbélﬁg)bpﬁoﬂaﬂyjsﬁbﬁtitﬁt@d e roneros naore idemitali oii differenegrotipwsedectddnr ee
het ero aton& sel ected from oxygen, nitrogen and sul phur, it being
under st ood ¥%8t the heteroaryl may be optionally substituted by one or

nor e |gent|cq{(%£ di fferent groups selected from: halogen, |inear or
branched (G -C6)al’kyl optionally substituted by a hydroxy, carboxy or 25
car banoyl gr duppr tdnebraached ntyl-Coallyb Opeorlrv@lyl substitutedp by omdiyldyoxs/utchhomt@d by

one or two ear or bra che Cl: C6 drox |near
or branched (cér%mo@fg 2% 5] g5 B df%elggéjtéq%w s l?ftl\ﬁﬁ e TRy |
nmoi ety may bauhaﬂ@ﬂﬁmmﬂwb(@pcaﬂmwl ro@pd, No optlonally N—substltuted by one
or two linear_ or branched (d - C6)a% groups,
- linear or branched (C;-Ce)alkoxy,
10 - hydroxy,
- trihalo-(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
- amino optionally substituted by one or two linear or branched (C;-C¢)alkyl groups,
- carboxymethoxy,
- and carbamoylmethoxy optionally N-substituted by one or two groups selected from
15 linear or branched (C;-Cg)alkyl, hydroxy-(C-Cg)alkyl in which the alkyl moiety may be
linear or branched, alkoxyalkyl group in which the alkoxy and alkyl moieties are each linear
or branched C;-Cg, and pyridylalkyl in which the alkyl moiety is linear or branched C-Cs,

and "heteroaryl group" being understood to mean a mono- or bi-cyclic aromatic group
20 having from 5 to 12 ring members and containing one, two or three hetero atoms selected

from oxygen, nitrogen and sulphur, it being understood that the heteroaryl may be

optionally substituted by one or more identical or different groups selected from :

- halogen, A

- linear or branched (C;-C¢)alkyl optionally substituted by a hydroxy, carboxy or
25 carbamoyl group, the carbamoyl group being itself optionally substituted by one or two

linear or branched (C;-Cg)alkyl groups,

- hydroxy,

- 0Xo0,

- linear or branched (C,-C¢)alkoxy,
30 - trihalo-(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,

- amino optionally N-substituted by one or two linear or branched (C;-Cg)alkyl groups,



32 - carboxynet hoxy, - and carbanoyl net hoxy optionally N-substituted by one
‘or two groups selected from linear or branched (G -C6)al kyl,

hydr oxy- (Ci -C6)al kyl in which the al kyd2 noiety nay be |inear or branched,
al koxyal I ryl in which the al koxy and al kyl noieties are each linear or 5
‘branched C1-C6, and pyridylalkyl in which the alkyl noiety is |linear or
branched CI-C6. 2. Conmpound of fornula (I) according to claim1, wherein
the configuration of the asymetric centre at the al pha position with
respect to -t harbxiysethosy,(S). 3. Conpound of fornula (I) according to claim

1 or 2, whereininis 1, jts enantjoners, .an its addition sal
phar maceut i~ c&nafa'a&?@ﬁ#ﬁﬁl’%xheptbomhbﬁ ‘i@BH’b‘g’um OBf Of S ArQURS|SF eﬁt‘?\é)nof%%‘ ng
to any one Ofjljfeh@biBragced (&,-CMNEER] ﬁydi’mdyS(c?-c6 1 inSRREH the mofdf mlay Be

addition salts with a ghar maceut ically acceptable acid. 5. nmpound of

formula (1) dmewraibmenchesd, atkpxyatieyl dof chuthes oxmanﬂ allgy] emeities Ric ¢ashdiaeas9rs a
hydr ogen ato ng i Ter.s, nd it
phar mageutl carqunc}leda@c ngygd?'a mfvglc the ‘3#1}1?3:8‘4 {’}mﬁe(q(j‘ accordi ng

to any one of clalms 1 to 5, wherein R2 represents a hydrogen atom its
enantionmers, and its adgl tion salts with a pharmaceutically acceptogb%
Hratign

acid. 7. clmfempeuad efoformulp (ID)aca%rémgdtOnala% hnyheai te ednfe
wherein R3 [ Ry R Rckcre gﬁytﬂw@ﬁyp@&@dﬂwi sHOARS IeMRlide isg) 1 ts addition

salts with a pharmaceutic y 20 accepta e acid. S. Compound of formula
(I') according to any one of clains 1 to 7, wherein R4 and R5 each

bhar maceut s PSR oD iRkl Alseoe R A B rhbSinas (R aRidtead, o
any one of C|1&'aﬂﬂltlbntsﬁlts7\th\@thﬁmacaﬁcﬂﬁdadgéptalﬁle acid.

10 4. Compound of formula (I) according to any one of claims 1 to 3, wherein n is 1, its

enantiomers, and its addition salts with a pharmaceutically acceptable acid.

5. Compound of formula (I) according to any one of claims 1 to 4, wherein R represents a
hydrogen atom, its enantiomers, and its addition salts with a pharmaceutically

acceptable acid.

15 6. Compound of formula (I) according to any one of claims 1 to 5, wherein R, represents a
hydrogen atom, its enantiomers, and its addition salts with a pharmaceutically

acceptable acid.

7. Compound of formula (I) according to any one of claims 1 to 6, wherein R; represents a
hydrogen atom, its enantiomers, and its addition salts with a pharmaceutically

20 acceptable acid.
8. Compound of formula (I) according to any one of claims 1 to 7, wherein R4 and Rs each
represent a hydrogen atom, its enantiomers, and its addition salts with a

pharmaceutically acceptable acid.

9. Compound of formula (I) according to any one of claims 1 to 7, wherein R4 and Rs are



33 adj acent and together form wth the carbon atons carrying them a benzo
‘ring, its enantioners, and its addition salts with a pharmaceutically
accept abl e acid. 10. Conpound of form#3 (1) according to any one of clains
1 to 9 wherein Ar represents a phenyl, thienyl or pyridyl group, each of

‘'t hose groups being unsubstituted or 5 substituted by one or nore identical
or different groups selected from- halogen, - |linear or branched

(C1l-C6)al kyl optionally substituted by a hydroxy, carboxy or carbanoyl

group, the cadimemtyindytogethedEirtiy witls elef capbpdn atoalsl sans/ins thei)tabed2y inpe iBr
two |linear or branched (C -C6)al kyl groups, 10 - |jnear aor branched

(Gi - 06) al koxyenantiomgrs,agd ts ac%flpp plisgVithea Pha-“@B‘)eélPR%l‘Y CRERpRIE ﬁmahe al kyl

noi ety may be linear or branched, - amno optionally substituted by one or
two linear or branched (Cl-C6)al kyl groups, - carboxymethoxy, 15 - and
car banoy| netlhdxomppind ef frimplNI} adrordingitocahylope ofielaims 1 W 9 gyheogis As atpreseats

fromlinear or_ branched | - | Kyl , hydr -(C 1 - al kyl in.whiich the
al kyl noiety ar’r_Bbe[B' ﬁ?ﬂ’é’groro‘?y%&gr% el p?g%%ﬁ(ek%ﬁ“P?%mgcﬁ“i“h@“é@ﬂo%_
and al kyl noi gub&Ruted 8y 88€br mbie@aiticall oriffiiemeops selectedi@npyr i dyl al kyl in
which the alkyl npiety is |inear or branched Cl1-C6, 20 its enantioners,

and its additi-oha9gens with a pharmaceutically acceptable acid. 11.

Conpound of far reh r cl ai i r S&H%O
phenyl group ug}éh%séﬁl%)rua?e (ao@l;@u%éslﬁltéﬁ{ggzl lg’gs%ﬁr%@ﬁ%‘?d %éeh?ﬁgir?g ica %?m
di f f erent hal ogeartatoybgrosplthe tatiathoylnarodpiosingsedincbtionhldy substitutddsby one or

SQ?SFI oners, an(%wbrlﬁle%%glb'ggnggeds@l'_t 6)£/ﬂ(};lr1gr&ps’phar maceuti cal ly acceptabl e

10 - linear or branched (C;-C¢)alkoxy,
- hydroxy,
- trihalo-(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
- amino optionally substituted by one or two linear or branched (C;-Cg)alkyl groups,
- carboxymethoxy,

15 - and carbamoylmethoxy optionally N-substituted by one or two groups selected
from linear or branched (C;-Cs)alkyl, hydroxy-(C,-Cs)alkyl in which the alkyl moiety
may be linear or branched, alkoxyalkyl in which the alkoxy and alkyl moieties are each
linear or branched C;-Cs, and pyridylalkyl in which the alkyl moiety is linear or branched
Ci-Cs,

20 its enantiomers, and its addition salts with a pharmaceutically acceptable acid.
11. Compound of formula (I) according to claim 10, wherein Ar represents a phenyl group
unsubstituted or substituted by one or more identical or different halogen atoms

selected from fluorine and chlorine, its enantiomers, and its addition salts with a

pharmaceutically acceptable acid.
25 12. Compound of formula (I) according to claim 1 selected from :

- 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]Jamino}-N-(2-fluorobenzyl)-4-ox0-4,6,7,8-

tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer,



25 12. Conpound of formula (1) according to claim1 selected from: -
3-{[2, 2-di fl uoro-2-(1-oxido-2-pyridyl)ethyl]am no}-N(2-fluorobenzyl)-4-o0xo0
-4,6,7,8- tetrahydropyrrol o[ 1, 2-a] pyr a4 ne- 6- car boxani de, and its (6S)
enantioner, 34 5 3-{

[2, 2-di fluoro-2-(1-oxido-2-pyridyl)ethyl]amno}-N(2,6-difluorobenzyl)-4-o0x
o- 4,6,7,8-tetrahydropyrrol o[ 1, 2-a] pyrazi ne-6-carboxam de, and its (6S)
enantionmer, 3-{[2,2-difluoro-2-(1-oxido-2-pyridyl)ethyl]am no}

-N-(2-chl Or-OtBEDI]ZZYZ-Qlﬁlﬁoﬂ%@:( f-08id6-Bpyridyl)ethyl]amino}-N-(2,6-difluorobenzyl)-4-oxo-
tetrahydropyrrol o[ 1, 2- a] pyrazi ne- 6- carboxam de, and its (6S) enantioner ;
3- { [2, 2-di f4-@dBotetralyydrenyigdnl2. 23l pyraging-6toathoramidengd itaop pemntipmer,

fl uorobenzyl ). X @ Al iAo o VN v .

4, 6.7, 8- ot T SRR ooy losider2 pridyDebyllaminol N G-ohjoroberneyy--0%0 44,78
enant i omer, tetrahydropyrrolo[1,2-a]pyrazine-6-carboxamide, and its (6S) enantiomer ;

“oxo- 5. 6,7, 81 dpRohyLPOBT P R s S s e e (65
enant i omer, 43,61¢,83re{rahy(§l(r)czp3'rrolo[_1 ,2- ]S)yrazine-6-carboxamide, and its (6S) enantiomer,

[2,2-dif|uoro-i-(l-pxi - pyridyl ethyl]ani2g5-hké2,3,6-tr|fluorobenzyl)-4
- 0xo0- 4, 6, 7, 8-{[ai2-difpdroodry H-osidef2rpwridylethy Hamine) SN-€23 slofeambrazylddcdoxot s (6S)

enant i omer . r .at o - (1)
according i o w Ao HES Sl BelotE O BRAERL SR S RPN R sralbE,

wher ei n R2 angld B3{[2)2ediflforded-{ Inexidb-@rpyiridyyethal )4rhino } N-(2, B prtafasroberayl)-4-
protecting group r the amno function and Bn represents benzyl group
i's reduced, l?é‘Pﬁbé’ ,Srte@{}mdf@yar@éq{é,;’—-aisvr%nsrgacpﬁmémemp@m& @5 v (111)
. CO2Bn wherein R2, R3, P, and Bn are as defined hereinbefore, the hydroxy

function of which is converted to nethoxy and then to the cyano function
13. Process for the preparation of compounds of formula (I) according to claim 1, wherein a

10 compound of formula (II) :

N | I

CO,Bn

wherein R; and Rj are as defined for formula (I), P; represents a protecting group for

the amino function and Bn represents a benzyl group is reduced,

using a reducing agent,

15 to yield a compound of formula (III) :
R,
HO,
R,
N {m
e
CO,Bn

wherein Rj, R3, P; and Bn are as defined hereinbefore,

the hydroxy function of which is converted to methoxy and then to the cyano function



35 by conventional reactions of organic chem stry to yield, after
‘deprotection of the amno function, a conpound of forrmula (1V) : R2 NC
CO2Bn wherein R2, R3 and Bn are as defB89ed hereinbefore, 5 which is reacted
with oxalyl chloride to yield a compound of formula (V) : CI RZ Mwherein
'‘R2, R3 and Bn are as defined hereinbefore, which is subjected to catalytic
hydr ogenation to yield a conpound of formula (VI) : R2 10 wherein R2 and R3
are as defined hereinbefore, R3 CO2H which is esterified to forma conpound
of formul a ('¥klcbnvenRon®RIedctibhy ofSgarid céigisey to yieldaafer@protection ofl @fel ansido

her ei nbefore and P2 represents a |inear or branched (Cl-C6)alkyl group, 36
which is readictonasompoypd pf famulidI¥yent to yield a conpound of fornula

(Vi) R,
NC R,

HN av)

CO,Bn

wherein R;, R; and Bn are as defined hereinbefore,

5 which is reacted with oxalyl chloride to yield a compound of formula (V) :
Cl R,
R,
HNT T
N )]
o
o CO,Bn

wherein R;, R3 and Bn are as defined hereinbefore,

which is subjected to catalytic hydrogenation to yield a compound of formula (VI) :

)\”/ N D
6]

10 wherein R; and Rj are as defined hereinbefore,

which is esterified to form a compound of formula (VII) :

R,
R,
HNT TN
I
(o)
O Cozpz

wherein R; and Rj are as defined hereinbefore and P, represents a linear or branched

(C1-Ce)alkyl group,



R2 (VI1l) O CO2P2 wherein R2, R3 and P2 are as defined hereinbefore, which

is reacted with 2-nercaptopyridine to g X
NS 5 CO2P2 0 wherein R2, R3 and P2 ared@s defined hereinbefore, which is

reacted with an N-oxide of fornmula (X) : R(X) I Owhereinin, Rl, R4 and
‘R5 are as defined for formula (1), 10 to yield a conpound of formula (XI)

RS J

R4 N\

10

which is reacted with a brominating agent to yield a compound of formula (VIII) :

R, R,
NT
VIII
- (Vi)
Br
(¢ C02P2

wherein Ry, R; and P, are as defined hereinbefore,

which is reacted with 2-mercaptopyridine to yield a compound of formula (IX) :

R,

wherein R,, R; and P, are as defined hereinbefore,

which is reacted with an N-oxide of formula (X) :

R X
5 _ HZ)‘“\NHRI )

wherein m, R;, R4 and Rs are as defined for formula (1),

to yield a compound of formula (XI) :

R,
R, N N R,
N
R; | | (XD)
/ (CHZ)m\ N
N N
l FFF ﬂl g CO,P,

2
0

wherein m, Ry, Ry, R3 R4, Rs and P, are as defined hereinbefore,

i eld a conpound of formula (IX)

R2



(CH/ \/ Zm NNNR2FFROOQ2P2 Owereinin, R, R2, R3 R4, R5 and
P2 are as defined hereinbefore, 37 the acid function of which is
deprotected to yield a conpound of fordfula (XII) : R2R4AR5 (CH , ' ANN
NFF11 O11 1 COSH O whereinin, R, R2, R3 R4 and R5 are as defined
“hereinbefore, 5 which is reacted with a conpound of formula (XII1) :

H2N- +CHZi -n Ar wherein n and Ar are as defined for formula (1), in the
presence of a coupling agent, to yield a conpound of formula (I).

the acid function of which is deprotected to yield a compound of formula (XII) :

R,
R, R,

| (XI)

AN
R
5 / (CHZ)m\ N
|
0]

wherein m, Ry, Ry, R3 R4 and R; are as defined hereinbefore,

which is reacted with a compound of formula (XIII) :

H,N—-CH, }—Ar (XI)

5
wherein n and Ar are as defined for formula (1),
in the presence of a coupling agent,
to yield a compound of formula (I).
14. Pharmaceutical composition containing as active ingredient a compound according to
10 - any one of claims 1 to 12 in combination with one or more pharmaceutically acceptable,
inert, non-toxic carriers.
15. Use of the compounds of formula (I) according to any one of claims 1 to 12 for the
manufacture of medicaments for use as thrombin inhibitors. .
16. Use of the compounds of formula (I) according any one of claims 1 to 12 for the
15 manufacture of medicaments for use in the treatment of stable and unstable angina,

disorders of thrombotic origin and/or giving rise to thrombotic complications, in the
treatment or prevention of myocardial infarction and venous or arterial thromboses, and
in the treatment of complications of vascular and cardiovascular diseases such as

atherosclerosis, arteritis, venous disease, and in the treatment of any disorders involving



(XI1r) (Xi1) 14. Pharmaceutical conposition containing as active ingredient
a conpound according to 10 any one of clains | to 12 in conbination with
one or nore pharmaceutically acceptabl3 inert, non-toxic carriers. 15.
Use of the conpounds of forrmula (I) according to any one of clains 1 to 12
for the manufacture of medi canents for use as thronbin inhibitors. 16. Use
of the conpounds of fornmula (1) according any one of clains 1 to 12 for the
15 manuf acture of nedicaments for use in the treatnment of stable and

unst abl e angi thgomsth $&Hiei0s afd/of AdtRAPOti ¢ origin and/or giving rise to

t hrombotic conplications, in the treatnment or prevention of nyocardi al
infarction and venous or arterial thronboses, and in the treatnent of
conplications of vascul ar and cardi ovascul ar di seases such as
atherosclerosis, arteritis, venous disease, and in the treatnent of any

di sorders involving 38 thronbin formation and/or activity.



