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Description

[0001] The present invention relates to 3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide derivatives, to a
process for preparing them and to their therapeutic use, in the treatment or prevention of diseases involving casein
kinase 1 epsilon and/or casein kinase 1 delta.

[0002] EP1436291 is directed to indolizines, their preparation, pharmaceutical compositions containing these com-
pounds, and their pharmaceutical use in the treatment of disease states capable of being modulated by the inhibition of
JNK activity. The technical problem according to the present invention is that of obtaining novel compounds that inhibit
the enzymes CKlepsilon and/or CK1delta, so as to modify the circadian rhythm, and which may be useful for treating
disorders linked to the circadian rhythm.

[0003] One subject of the present disclosure is compounds corresponding to the general formula (I):

O
O NH

e A

in which
R, represents:

- a group Cy_qg-alkyl, C,;-cycloalkyl-C4_g-alkyl, Cqg-alkylthio-C-4_4g-alkyl, Cq_g-alkoxy-C4_4g-alkyl, hydroxy-
C1.10-alkyl, hydroxy-C_g-alkyl-C5_;-cycloalkyl-C_g-alkyl, C4_qo-fluoroalkyl, C4_4g-alkyl-oxyimino-C,_4o-alkyl,

- agroup Cs_qg-cycloalkyl, C5_4o-fluorocycloalkyl, hydroxy-Cs 4o-cycloalkyl,

- agroup C, ;-cycloalkyl which may be substituted with one or two groups independently chosen from C,-g-alkyl,
Cj_7-cycloalkyl, hydroxyl, C4_4o-fluoroalkyl and C4_4q-alkyl-oxyimino,

- a heterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from nitrogen,
oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group possibly being substituted with
one or more groups from among hydroxyl, C_g-alkyl, hydroxy-C4_g-alkyl, C4_g-fluoroalkyl,

- agroup Cq_qpalkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least one
heteroatom chosen from nitrogen, oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group
possibly being substituted with one or more groups from among hydroxyl, C,_galkyl, hydroxy-C,-g-alkyl, C4-
g-fluoroalkyl;

Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C4-g-alkyl, C3 ;-cycloalkyl, C5 ;,-cycloalkyl-
Cq.g-alkyl, C4_g-fluoroalkyl or cyano;

R represents a phenyl group or a naphthyl group, optionally substituted with one or more substituents X, which
may be identical or different, chosen independently;

X; represents:

- a halogen atom chosen from fluorine, chlorine and bromine atoms,
or a group chosen from:

- hydroxyl,

- Cygalkyl, C3 ;-cycloalkyl, C5_;-cycloalkyl-C4_g-alkyl,

- hydroxy-C,_g-alkyl, hydroxy-Cs ;-cycloalkyl, hydroxy-C3 ;-cycloalkyl-C4_g-alkyl,
- Cygalkoxy, Cy 4-cycloalkoxy, C5_7-cycloalkyl-C4_g-alkoxy,

- Cyg-alkylthio, C4 s-cycloalkylthio, C5_,-cycloalkyl-C,_g-alkylthio,

- aryl, aryl-C4_g-alkyl,

- aryloxy, aryl-C,_g-alkoxy,

- Cygfluoroalkyl, C5 s-fluorocycloalkyl, C ;-fluorocycloalkyl-C4_g-alkyl,
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- C,gfluoroalkoxy, C, ;-fluorocycloalkoxy, C4 ;-fluorocycloalkyl-C g-alkoxy,
- cyano, cyano-C4_g-alkyl, cyano-C4_g-alkoxy,

- NR,Rp, NR.CORy, NR.SO,Ry, NR.SO,NR R, CONR R, CON(OR )Ry,
- aheteroaryl group,

the arylor heteroaryl groups being optionally substituted with one or more substituents chosen from fluorine, chlorine
and bromine atoms or a group C4_g-alkyl, C5 ;-cycloalkyl, C4_g-alkoxy, C4_g-fluoroalkyl, C,_g-fluoroalkoxy or cyano,
R, and R, represent, independently of each other, a hydrogen atom or a group C4_g-alkyl, C3_ 7-cycloalkyl or C5_;-cy-
cloalkyl-C4_g-alkyl, or alternatively they form with the atom that bears them a ring chosen from azetidine, pyrrolidine,
piperidine, morpholine, thiomorpholine, azepine and piperazine, this ring being optionally substituted with one or
more groups C,_g-alkyl,

R. and R4 represent, independently of each other, a hydrogen atom or a group C4_g-alkyl, C4_7-cycloalkyl or C4 7-cy-
cloalkyl-C,_g-alkyl.

[0004] Among the compounds of general formula (1), a first subgroup of compounds is formed by the compounds of
general formula () for which:

R, represents:

- a group Cy_qp-alkyl, Cs qg-cycloalkyl, C5 ;-cycloalkyl-Cq g-alkyl, Cqg-alkyl-C5 ;-cycloalkyl, Cs ;-cycloalkyl-
Cs 7-cycloalkyl, C4_g-alkylthio-C-4_4g-alkyl, C4_g-alkoxy-Cq_qg-alkyl, hydroxy-C4_4o-alkyl, hydroxy-C,_g-alkyl-
Cs_7-cycloalkyl-C_g-alkyl, hydroxy-C; 4g-cycloalkyl, C_4o-fluoroalkyl, C5_4qo-fluorocycloalkyl,

- a heterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from nitrogen,
oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group possibly being substituted with
one or more groups from among hydroxyl, C_g-alkyl, hydroxy-C4_g-alkyl, C_g-fluoroalkyl,

- agroup Cy_4g-alkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least one
heteroatom chosen from nitrogen, oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group
possibly being substituted with one or more groups from among hydroxyl, C4_g-alkyl, hydroxy-C,_g-alkyl,
C g fluoroalkyl;

Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C,_g-alkyl, C3 ;-cycloalkyl, C5 ;-cycloalkyl-
Cq.g-alkyl, C4_g-fluoroalkyl or cyano;

R represents a phenyl group or a naphthyl group, optionally substituted with one or more substituents X;, which
may be identical or different, chosen independently;

X7 represents:
- a halogen atom chosen from fluorine, chlorine and bromine atoms,
or a group chosen from:

- hydroxyl,

- Cygalkyl, C3 ;-cycloalkyl, C5_4-cycloalkyl-C4_g-alkyl,

- hydroxy-C,_g-alkyl, hydroxy-C3 ;-cycloalkyl, hydroxy-C,_;-cycloalkyl-C4_g-alkyl,
- Cygalkoxy, Cy.4-cycloalkoxy, C5_7-cycloalkyl-C4_g-alkoxy,

- Cyg-alkylthio, C5 ;-cycloalkylthio, C5 ,-cycloalkyl-C 4 g-alkylthio,

- aryl, aryl-C4_g-alkyl,

- aryloxy, aryl-C4_g-alkoxy,

- Cygfluoroalkyl, C5 s-fluorocycloalkyl, C5 ;-fluorocycloalkyl-C4_g-alkyl,

- Cygfluoroalkoxy, C5_s-fluorocycloalkoxy, C5_;,-fluorocycloalkyl-C4_g-alkoxy,
- cyano, cyano-Cy_g-alkyl, cyano-C4-g-alkoxy,

- NR,Rp, NR.COR,4 NR .SO,R,, NR.SO,NR_ R, CONR,R;,, CON(OR_)Ry,
- aheteroaryl group,

the aryl or heteroaryl groups being optionally substituted with one or more substituents chosen from fluorine,
chlorine and bromine atoms or agroup C4_g-alkyl, C3_ ;-cycloalkyl, C4_g-alkoxy, C_g-fluoroalkyl, C_g-fluoroalkoxy
or cyano,
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R, and Ry represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C5_7-cycloalkyl or
C;_7-cycloalkyl-C_g-alkyl, or alternatively they form with the atom that bears them a ring chosen from azetidine,
pyrrolidine, piperidine, morpholine, thiomorpholine, azepine and piperazine, this ring being optionally substituted
with one or more groups Cq_g-alkyl,

R. and Ry represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C5 ;-cycloalkyl or
C5_s-cycloalkyl-C_g-alkyl.

[0005] Among the compounds of general formula (l), a second subgroup of compounds is formed by compounds for
which R, represents:

- a group Cy_qg-alkyl, C5 ;-cycloalkyl-Cy g-alkyl, C, g-alkoxy-C,_4g-alkyl, hydroxy-C,_4g-alkyl, hydroxy-C, ¢-alkyl-
Cj_7-cycloalkyl-C4_g-alkyl, C4_4o-fluoroalkyl,

- agroup Cy 4p-cycloalkyl, C5_4o-fluorocycloalkyl, hydroxy-C4_4o-cycloalkyl,

- agroup Cj ;-cycloalkyl which may be substituted with one or two groups independently chosen from C4_g-alkyl,
Cs_7-cycloalkyl, hydroxyl, Cq_o-fluoroalkyl and C4_4g-alkyl-oxyimino,

- a heterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from oxygen or a
sulfur atom in dioxide form, this heterocyclic group possibly being substituted with one or more groups C4_g-alkyl,

- agroup Cy_qo-alkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least one
oxygen heteroatom, this heterocyclic group possibly being substituted with one or more groups C4_g-alkyl;

and Xg and Ry are as defined in the general formula (I).
[0006] Among the compounds of general formula (), a third subgroup of compounds is formed by compounds for
which R, represents:

- a group Cyqg-alkyl, Cg_qg-cycloalkyl, Cj ;-cycloalkyl-C4g-alkyl, Cj s-cycloalkyl-C5 7 cycloalkyl, C4_g-alkoxy-
C1.10-alkyl, hydroxy-C4_1g-alkyl, hydroxy-C4_g-alkyl-C5_;-cycloalkyl-C_g-alkyl, hydroxy-C5_4g-cycloalkyl, C4-4o- fluor-
oalkyl, C3_4g-fluorocycloalkyl,

- aheterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from an oxygen atom
or a sulfur atom in dioxide form;

and Xg and Ry are as defined in the general formula (I).
[0007] Among the compounds of general formula (1), a fourth subgroup of compounds is formed by compounds for
which R, represents:

- a group C,4g-alkyl, Cj 4g-cycloalkyl, Cs; ,-cycloalkyl-C4 g-alkyl, C5 ,-cycloalkyl-C5 ,-cycloalkyl, C4_g-alkoxy-
C1.10-alkyl, hydroxy-C_{g-alkyl, hydroxy-C,_g-alkyl-C5_ 7-cycloalkyl-C4_g-alkyl, hydroxy-Cj_4g-cycloalkyl, C¢_o-fluor-
oalkyl, C3_4g-fluorocycloalkyl;

and Xg and Ry are as defined in the general formula (I).
[0008] Among the compounds of general formula (1), a fifth subgroup of compounds is formed by compounds for which
R, represents:

- aheterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from an oxygen atom
or a sulfur atom in dioxide form;

and Xg and R are as defined in the general formula (1).
[0009] Among the compounds of general formula (1), a sixth subgroup of compounds is formed by compounds for
which R, represents a group chosen from:

- cyclo-propyl

- jso-propyl

- iso-butyl

- tert-butyl

- cyclo-propylmethyl
- 3-methyl-butyl

- 2,2-dimethyl-propyl
- 2-ethyl-butyl
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- 3,3-dimethyl-butyl

- cyclo-hexyl

- cyclo-hexylmethyl

- 1,17-bi(cyclo-propyl)-1-yl

- 2,4,4-trimethylpentan-2-yl

- bicyclo[2.2.1]hept-2-yI

- hexahydro-2,5-methanopentalen-3a(1H)-yl or
- tricyclo[3.3.1.03-7Inon-3-yl

- adamantan-1-yl or

- tricyclo[3.3.1.13-7]dec-1-yl

- 2,2, 2-trifluoro-ethyl

- (25)-1,1,1-trifluoropropan-2-yl

- (8)-2,2,2-trifluoro-1-methyl-ethyl

- 3,3,3-trifluoro-propyl

- 1,1,1-trifluoro-2-methylpropan-2-yl

- 2,2,2-trifluoro-1,1-dimethyl-ethyl

- 4,4 4-trifluoro-butyl

- 4,4-difluoro-cyclo-hexyl

- 4-hydroxy-cyclo-hexyl

- 4-tert-butoxyimino-cyclohexyl

- 4-methoxyimino-cyclohexyl

- 4-hydroxy-4-methyl-cyclohexyl

- 4-hydroxy-4-trifluoromethyl-cyclohexyl
- 3-hydroxy-2,2-dimethyl-propyl

- [1-(hydroxymethyl)cyclo-propylimethyl
- 1-methoxy-2-methylpropan-2-yl

- tetrahydro-2H-pyran-4-yl

- 2,2-dimethyl-tetrahydro-2H-pyran-4-yl
- 2,6-dimethyl-tetrahydro-2H-pyran-4-yl
- oxetan-3-yl

- 3-methyl-oxetan-3-yImethyl

- tetrahydro-furan-3-yl

- 1,1-dioxydotetrahydrothiophen-3-yl

- 1,1-dioxydotetrahydro-2H-thiopyran-4-yl,

and Xg and R are as defined in the general formula (1).

[0010] Among the compounds of general formula (1), a seventh subgroup of compounds is formed by compounds for

which R, represents a group chosen from:

- cyclo-propyl

- jso-propyl

- iso-butyl

- tert-butyl

- cyclo-propylmethyl

- 3-methyl-butyl

- 2,2-dimethyl-propyl

- 2-ethyl-butyl

- 3,3-dimethyl-butyl

- cyclo-hexyl

- cyclo-hexylmethyl

- 1,17-bi(cyclo-propyl)-1-yl

- 2,4,4-trimethylpentan-2-yl
- bicyclo[2.2.1]hept-2-yI

- hexahydro-2,5-methanopentalen-3a(1H)-yl or
- tricyclo[3.3.1.03-7Inon-3-yl
- adamantan-1-yl or

- tricyclo[3.3.1.13-7]dec-1-yl
- 2,2, 2-trifluoro-ethyl
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- (25)-1,1,1-trifluoropropan-2-yl

- 3,3,3-trifluoro-propyl

- 1,1,1-trifluoro-2-methylpropan-2-yl

- 4,4 4-trifluoro-butyl

- 4,4-difluoro-cyclo-hexyl

- 4-hydroxy-cyclo-hexyl

- 3-hydroxy-2,2-dimethyl-propyl

- [1-(hydroxymethyl)cyclo-propylimethyl
- 1-methoxy-2-methylpropan-2-yl

- tetrahydro-2H-pyran-4-yl

- oxetan-3-yl

- tetrahydro-furan-3-yl

- 1,1-dioxydotetrahydrothiophen-3-yl

- 1,1-dioxydotetrahydro-2H-thiopyran-4-yl,

and Xg and Ry are as defined in the general formula (I).

[0011] Among the compounds of general formula (1), an eighth subgroup of compounds is formed by compounds for
which Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C_g-alkyl, C5_;-cycloalkyl or cyano; and
R, and R; are as defined in the general formula ().

[0012] Among the compounds of general formula (l), a ninth subgroup of compounds is formed by compounds for
which Xg represents a hydrogen, fluorine, chlorine or bromine atom or the cyano group; and R, and R; are as defined
in the general formula ().

[0013] Among the compounds of general formula (l), a tenth subgroup of compounds is formed by compounds for
which Xg represents a hydrogen atom or a group C4_g-alkyl or C5 ;-cycloalkyl; and R, and R, are as defined in the
general formula (l).

[0014] Among the compounds of general formula (l), an eleventh subgroup of compounds is formed by compounds
for which Xg represents a fluorine, chlorine or bromine atom or a methyl, cyclopropyl or cyano group; and R, and R; are
as defined in the general formula (l).

[0015] Among the compounds of general formula (1), a twelfth subgroup of compounds is formed by compounds for
which R represents a phenyl group optionally substituted with one or more substituents X;, which may be identical or
different, chosen independently from:

- afluorine or chlorine atom
or a group chosen from

- Cygalkyl, C3 s-cycloalkyl,

- Cygalkoxy, C5 4-cycloalkyl-C4_g-alkoxy,

- Cygalkylthio,

- anyl,

- aryloxy, aryl-C_g-alkoxy,

- Cygfluorcalkyl,

- Cy¢g fluoroalkoxy,

- cyano, cyano-Cy_g-alkoxy,

- NRyRp, NR;SOsRy, NR.SO,NR, Ry, CONR,Ry, CON(OR,)Ry,

- heteroaryl chosen from oxadiazolyl and pyrazolyl groups, optionally substituted with a group C¢_g-alkyl, the aryl
group being optionally substituted with a fluorine atom,

R, and Ry, represent, independently of each other, a hydrogen atom or a group C4_g-alkyl, C5_;-cycloalkyl, or alternatively
they form with the atom that bears them a ring chosen from pyrrolidine and morpholine,

R. and Ry represent, independently of each other, a hydrogen atom or a group C_g-alkyl;

and R, and Xg are as defined in the general formula (I).

[0016] Among the compounds of general formula (1), a thirteenth subgroup of compounds is formed by compounds
for which R, represents a phenyl group optionally substituted with one or more substituents X;, which may be identical
or different, chosen independently from:

- afluorine or chlorine atom,
- methyl or isopropyl, cyclo-hexyl,
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- methoxy, butoxy, cyclo-propylmethoxy,

- methylsulfanyl,

- phenyl,

- phenoxy,

- benzyloxy, 4-fluorobenzyloxy,

- trifluoromethyl,

- trifluoromethoxy,

- cyano, cyanomethoxy,

- 4-dimethylamino, morpholin-4-yl, methanesulfonylamino, (dimethylsulfamoyl)amino, dimethylcarbamoyl, cyclo-pro-
pylcarbamoyl, pyrrolidine-1-carbonyl, methoxy-methyl-carbamoyl, and

- 5-methyl-[1.3.4]Joxadiazol-2-yl, pyrazol-1-yl;

and R, and Xg are as defined in the general formula (l).

[0017] Among the compounds of general formula (1), a fourteenth subgroup of compounds is formed by compounds
for which R; represents a naphthyl group optionally substituted with one or more substituents X7, which may be identical
or different, independently chosen as described above for the compounds of general formula (1), and R, and Xg are as
defined in the general formula (I).

Among the compounds of general formula (1), a fifteenth subgroup of compounds is formed by compounds for which R,
represents an unsubstituted naphthyl group, and R, and Xg are as defined in the general formula ().

[0018] Among the compounds of general formula (1), a sixteenth subgroup of compounds is formed by the compounds
of general formula (1) in which both R, and/or R; and/or Xg and/or X; are as defined in the above subgroups.

[0019] Among the compounds of general formula (l), a seventeenth subgroup of compounds is formed by the com-
pounds of general formula (I) for which:

R, represents:

- agroup Cy_qg-alkyl, C3 ;-cycloalkyl-C4_g-alkyl, C4_g-alkoxy-C4_4g-alkyl, hydroxy-C4_qq-alkyl, hydroxy-C,_g-alkyl-
Cs_7-cycloalkyl-C_g-alkyl, C4_1p-fluoroalkyl,

- agroup Cy 4p-cycloalkyl, C4_4o-fluorocycloalkyl, hydroxy-C, 4o-cycloalkyl,

- agroup Cy ;-cycloalkyl which may be substituted with one or two groups independently chosen from C4_g-alkyl,
Cs_7-cycloalkyl, hydroxyl, Cq_o-fluoroalkyl and C4_4p-alkyl-oxyimino,

- aheterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from oxygen or
asulfuratom in dioxide form, this heterocyclic group possibly being substituted with one or more groups C4_g-alkyl,

- agroup Cy_4g-alkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least one
oxygen heteroatom, this heterocyclic group possibly being substituted with one or more groups C, g-alkyl,

Ry represents a phenyl group optionally substituted with one or more substituents X;, which may be identical or
different, chosen independently from:

- afluorine or chlorine atom
or a group chosen from

- Cygalkyl, C5 ;-cycloalkyl,

- Cygalkoxy, Cy4-cycloalkyl-C4_g-alkoxy,

- Cygalkylthio,

- anyl,

- aryloxy, aryl-C,_g-alkoxy,

- Cy¢ fluoroalkyl,

- Cy¢g fluoroalkoxy,

- cyano, cyano-Cy_g-alkoxy,

- NRyRp, NR;SOsRy, NR.SO,NR Ry, CONR, R, CON(OR Ry,

- heteroaryl chosen from oxadiazolyl and pyrazolyl groups, optionally substituted with a group C4_g-alkyl, the aryl
group being optionally substituted with a fluorine atom,

R, and Ry, represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C5_;-cycloalkyl, or alter-
natively they form with the atom that bears them a ring chosen from pyrrolidine and morpholine,
R. and Ry represent, independently of each other, a hydrogen atom or a group C,_g-alkyl.
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[0020] Among the compounds of general formula (1), an eighteenth subgroup of compounds is formed by the com-
pounds of general formula (I) for which:

R, represents:

- a group Cy_4g-alkyl, C5 p-cycloalkyl, C ;-cycloalkyl-C4 g-alkyl, C5 ,-cycloalkyl-C, ;,-cycloalkyl, C, g-alkoxy-
Cq.10-alkyl,  hydroxy-C,_4g-alkyl, hydroxy-C, g-alkyl-C5 ,-cycloalkyl-C g-alkyl, hydroxy-C5 {g-cycloalkyl,
C.1o-fluoroalkyl, C5_4g-fluorocycloalkyl,

- aheterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from an oxygen
atom or a sulfur atom in dioxide form;

Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C4_g-alkyl, C5 ;-cycloalkyl or cyano;
R represents a phenyl group optionally substituted with one or more substituents X, which may be identical or
different, chosen independently from:

- afluorine or chlorine atom
or a group chosen from

- Cygalkyl, C5 ;-cycloalkyl,

- Cygalkoxy, Cy4-cycloalkyl-C4_g-alkoxy,

- Cygalkylthio,

- anyl,

- aryloxy, aryl-C,_g-alkoxy,

- Cy¢ fluoroalkyl,

- Cy¢g fluoroalkoxy,

- cyano, cyano-Cy_g-alkoxy,

- NRyRp, NR;SOsRy, NR.SO,NR Ry, CONR, R, CON(OR Ry,

- heteroaryl chosen from oxadiazolyl and pyrazolyl groups, optionally substituted with a group C4_g-alkyl, the aryl
group being optionally substituted with a fluorine atom,

R, and Ry, represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C5_;-cycloalkyl, or alter-
natively they form with the atom that bears them a ring chosen from pyrrolidine and morpholine,
R. and Ry represent, independently of each other, a hydrogen atom or a group C,_g-alkyl.

[0021] The present invention concerns a nineteenth subgroup of compounds formed by the compounds of general
formula (1) for which:

R, represents:

- a group Cy_qg-alkyl, C5 ,-cycloalkyl-Cy g-alkyl, C4 g-alkylthio-C-; 4g-alkyl, C,_g-alkoxy-C_g-alkyl, hydroxy-
C1.q0-alkyl, hydroxy-C,_g-alkyl-C5_7-cycloalkyl-C4_g-alkyl, C4_g-fluoroalkyl, C4_4q-alkyl-oxyimino-C4_g-alkyl,

- agroup Cs_qg-cycloalkyl, C5_4o-fluorocycloalkyl, hydroxy-Cs 4o-cycloalkyl,

- agroup C;_7-cycloalkyl which may be substituted with one or two groups independently chosen from C4_g-alkyl,
Cs_7-cycloalkyl, hydroxyl, Cq_o-fluoroalkyl and C4_4p-alkyl-oxyimino,

- a heterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from nitrogen,
oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group possibly being substituted with
one or more groups from among hydroxyl, C_g-alkyl, hydroxy-C, g-alkyl and C_g-flucroalkyl, this heterocyclic
group being chosen from oxetanyl, tetrahydrofuryl, tetrahydro-2H-pyranyl, oxepanyl, thietanyl, tetrahydrothi-
ophenyl, tetrahydro-2H-thiopyranyl, thiepanyl, 1,1-dioxydothietanyl, 1,1-dioxydotetrahydrothiophenyl, 1,1-diox-
ydotetrahydro-2H-thiopyranyl and 1,1-dioxydothiepanyl;

- agroup Cy_4g-alkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least one
heteroatom chosen from nitrogen, oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group
possibly being substituted with one or more groups from among hydroxyl, C,_g-alkyl, hydroxy-C4_g-alkyl,
C4.g-fluoroalkyl, this heterocyclic group being chosen from oxetanyl, tetrahydrofuryl, tetrahydro-2H-pyranyl,
oxepanyl, thietanyl, tetrahydrothiophenyl, tetrahydro-2 H-thiopyranyl, thiepanyl, 1,1-dioxydothietanyl, 1,1-diox-
ydotetrahydrothiophenyl, 1,1-dioxydotetrahydro-2H-thiopyranyl and 1,1-dioxydothiepanyl;
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Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C,_g-alkyl, C5 ;-cycloalkyl, C5_;-cycloalkyl-
Cq.g-alkyl, C4_g-fluoroalkyl or cyano;

R represents a phenyl group or a naphthyl group, optionally substituted with one or more substituents X;, which
may be identical or different, chosen independently;

X; represents:
- a halogen atom chosen from fluorine, chlorine and bromine atoms,
or a group chosen from:

- hydroxyl,

- Cygalkyl, C3 ;-cycloalkyl, C5_;-cycloalkyl-C4_g-alkyl,

- hydroxy-C,_g-alkyl, hydroxy-Cs ;-cycloalkyl, hydroxy-C3 ;-cycloalkyl-C4_g-alkyl,
- Cygalkoxy, Cy 4-cycloalkoxy, C5_7-cycloalkyl-C4_g-alkoxy,

- Cyg-alkylthio, C4 s-cycloalkylthio, C5_,-cycloalkyl-C,_g-alkylthio,

- aryl, aryl-C4_g-alkyl,

- aryloxy, aryl-C,_g-alkoxy,

- Cygfluoroalkyl, C5 s-fluorocycloalkyl, C ;-fluorocycloalkyl-C4_g-alkyl,

- Cygfluoroalkoxy, C5_s-fluorocycloalkoxy, C5 ;-fluorocycloalkyl-C4 g-alkoxy,
- cyano, cyano-C4_g-alkyl, cyano-C4_g-alkoxy,

- NR,Rp, NR.CORy, NR.SO,Ry, NR.SO,NR R, CONR,R,, CON(OR )Ry,
- aheteroaryl group,

the arylor heteroaryl groups being optionally substituted with one or more substituents chosen from fluorine, chlorine
and bromine atoms or a group C,_g-alkyl, C5_;-cycloalkyl, C4g-alkoxy, C4_g-fluoroalkyl, C4_g-fluoroalkoxy or cyano,
the aryl group being chosen from phenyl and naphthyl, and the heteroaryl group being chosen from pyridyl, pyri-
midinyl, pyridazinyl, pyrazinyl, triazinyl, pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,

R, and R, represent, independently of each other, a hydrogen atom or a group C4_g-alkyl, C3_ 7-cycloalkyl or C5_;-cy-
cloalkyl-C4_g-alkyl, or alternatively they form with the atom that bears them a ring chosen from azetidine, pyrrolidine,
piperidine, morpholine, thiomorpholine, azepine and piperazine, this ring being optionally substituted with one or
more groups C,_g-alkyl,

R. and Ry represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C3 ;-cycloalkyl or C5_;-cy-
cloalkyl-C4_g-alkyl.

[0022] Amongthe compounds of generalformula (1), the following compounds may be mentioned (IUPAC nomenclature
generated with the ACD Name software):

. N2-tert-butyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

. N2-tert-butyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,

. N2-tert-butyl-6-methyl-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide

. N2-tert-butyl-7-(4-methoxyphenyl)-6-methyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

. N2-tert-butyl-6-methyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

. N2-6-di-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

. B-cyclo-propyl-7-phenyl-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

. B-cyclo-propyl-7-(4-methoxyphenyl)-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
9. 6-cyclo-propyl-7-phenyl-N2-(iso-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

10. N2-tert-butyl-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

11. N2-tert-butyl-6-cyclo-propyl-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

12. N2-tert-butyl-6-cyclo-propyl-7-(4-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

13. N2-tert-butyl-6-cyclo-propyl-7-[4-(iso-propyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,
14. N2-tert-butyl-7-(4-cyclo-hexylphenyl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
15. 7-(biphenyl-4-yl)-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

16. N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
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mide,

17. N2-tert-butyl-6-cyclo-propyl-7-[3-(dimethylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

18. N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,

19. N2-tert-butyl-6-cyclo-propyl-7-[4-(pyrrolidin-1-ylcarbonyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,

20. N2-tert-butyl-6-cyclo-propyl-7-{4-[methoxy(methyl)carbamoyl]phenyl}-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

21. N2-tert-butyl-7-(3-cyanopheny!)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

22. N2-tert-butyl-7-(4-cyanopheny!)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

23. N2-tert-butyl-6-cyclo-propyl-7-[4-(5-methyl-1,3,4-oxadiazol-2-yl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

24. N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

25. N2-tert-butyl-6-cyclo-propyl-7-(naphthalen-2-yl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,

26. N2-tert-butyl-6-cyclo-propyl-7-{3-[(dimethylsulfamoyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

27. N2-tert-butyl-6-cyclo-propyl-7-[3-(1H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

28. N2-tert-butyl-6-cyclo-propyl-7-[4-(dimethylamino)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

29. N2-tert-butyl-6-cyclo-propyl-7-{4-[(methylsulfonyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-di-
carboxamide,

30. N2-tert-butyl-6-cyclo-propyl-7-[4-(morpholin-4-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxa-
mide,

31. N2-tert-butyl-6-cyclo-propyl-7-[4-(1H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

32. N2-tert-butyl-6-cyclo-propyl-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
33.  N2-tert-butyl-6-cyclo-propyl-7-[3-(cyclo-propylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-di-
carboxamide,

34. 7-[3-(benzyloxy)phenyl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
35. N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

36. N2-tert-butyl-6-cyclo-propyl-7-[4-(methoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
37.  N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-di-
carboxamide,

38. 7-(4-butoxyphenyl)-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

39. N2-tert-butyl-6-cyclo-propyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
40. 7-[4-(benzyloxy)phenyl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
41. N2-tert-butyl-6-cyclo-propyl-7-{4-[(4-fluorobenzyl)oxy]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

42, N2-tert-butyl-7-{3-chloro-4-[(4-fluorobenzyl)oxy]pheny}-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

43, N2-tert-butyl-7-[4-(cyanomethoxy)phenyl]-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

44, N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

45, N2-tert-butyl-6-cyclo-propyl-7-(2-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

46. N2-tert-butyl-6-cyclo-propyl-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

47. N2-tert-butyl-6-cyclo-propyl-7-(4-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

48. N2-tert-butyl-6-cyclo-propyl-7-[4-(methylsulfanyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

49, N2-cyclo-hexyl-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

50. N2-(cyclo-hexylmethyl)-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

51. N2-[1,1’-bi(cyclo-propyl)-1-yl]-8-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

52. B-cyclo-propyl-7-phenyl-N2-(2,4,4-trimethylpentan-2-y1)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxa-
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mide,

53. 6-cyclo-propyl-N2-(hexahydro-2,5-methanopentalen-3a(1H)-yl)-7-(4-methoxyphenyl)-3 4-dihydropyrrolo[1,2-
alpyrazine-2,8(1H)-dicarboxamide,

54. N2-(adamantan-1-yl)-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

55. N2-(adamantan-1-yl)-6-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

56. 6-cyclo-propyl-7-(4-methoxyphenyl)-N2-(tetrahydro-2H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

57.  6-cyclo-propyl-N2-(1-methoxy-2-methylpropan-2-yl)-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

58. N2-tert-butyl-6-fluoro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

59. 6-chloro-N2-iso-butyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

60. N2-tert-butyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

61. N2-tert-butyl-6-chloro-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

62. N2-tert-butyl-6-chloro-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

63. N2-tert-butyl-6-chloro-7-[3-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
64. N2-tert-butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

65. N2-tert-butyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

66. N2-tert-butyl-6-chloro-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
67. N2-tert-butyl-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

68. 6-chloro-N2-(cyclo-propylmethyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

69. 6-chloro-N2-(3-methylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,

70. 6-chloro-N2-(2,2-dimethylpropyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

71. 6-chloro-N2-(2-ethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

72. 6-chloro-N2-(3,3-dimethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

73.  6-chloro-7-(3-fluorophenyl)-N2-(3-hydroxy-2,2-dimethylpropyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-di-
carboxamide,

74. 6-chloro-N2-(3-hydroxy-2,2-dimethylpropyl)-7-(3-trifluoromethyl-phenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

75. 6-chloro-7-(3-fluorophenyl)-N2-{[1-(hydroxymethyl) cyclo-propyl]methyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

76. 6-chloro-7-phenyl-N2-(2,2,2-trifluoroethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,

77. 6-chloro-7-(3-fluorophenyl)-N2-(2,2 2-trifluoroethyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,
78.  6-chloro-7-(3-flucrophenyl)-N2-[(2S)-1,1,1-trifluoropropan-2-yl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-di-
carboxamide,

79. 6-chloro-7-(3-fluorophenyl)-N2-(1,1,1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

80. 6-chloro-7-(3-fluorophenyl)-N2-(3,3,3-triflucropropyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

81. 6-chloro-7-(3-fluorophenyl)-N2-(4 4, 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
82. 6-chloro-N2-cyclo-hexyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

83. trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-hydroxy-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,

84. trans-6-chloro-(3-fluorophenyl)-N2-(-  [(4-hydroxy-4-methyl-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

85. trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-hydroxy-4-trifluoromethyl-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2,8(1H)-dicarboxamide,

86. trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-methoxyimino-cyclohexyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
87. trans-6-chloro-(3-fluorophenyl)- N2-(-[(4-tert-butyloxyimino-cyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-

2,8(1H)-dicarboxamide,

88. N2-(bicyclo[2.2.1]hept-2-yl)-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

89. 6-chloro-N2-(4 4-difluoro-cyclo-hexyl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxa-
mide,

90. 6-chloro-7-(3-fluorophenyl)-N2-(oxetan-3-yl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,

91. 6-chloro-7-(3-fluorophenyl)-N2-(3-methyl-oxetan-3-ylmethyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,

92. 6-chloro-7-phenyl-N2-(tetrahydrofuran-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
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93. 6-chloro-7-phenyl-N2-(tetrahydro-2 H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
94. 6-chloro-7-(3-methylphenyl)-N2-(tetrahydro-2 H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarbo-

Xamide,

95. 6-chloro-7-(3-cyanophenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

96. 6-chloro-N2-(tetrahydro-2 H-pyran-4-yl)-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

97. 6-chloro-N2-(tetrahydro-2H-pyran-4-yl)-7-[3-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-

2,8(1H)-dicarboxamide,

98. 6-chloro-7-(3-fluorophenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

99. 6-chloro-7-(3-fluorophenyl)- N2-(2,2-dimethyl-tetrahydro-2 H-pyran-4-y1)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

100. cis-6-chloro-N2-(2,6-dimethyl-tetrahydro-2 H-pyran-4-yl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

101. 6-chloro-N2-(1,1-dioxydotetrahydrothiophen-3-yl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

102. 6-chloro-N2-(1,1-dioxydotetrahydrothiophen-3-yl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

103. 6-chloro-N2-(1,1-dioxydotetrahydro-2 H-thiopyran-4-yl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

104. 6-bromo-7-(3-fluorophenyl)-N2-tert-butyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

105. 6-cyano-7-(3-fluorophenyl)-N2-(tert-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,

106. 6-cyano-7-(3-fluorophenyl)-N2-((2S)-1,1,1-trifluoropropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,

107. 6-cyano-7-(3-fluorophenyl)-N2-(1,1,1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

108. 6-cyano-7-(3-fluorophenyl)-N2-(4,4 4-triflucrobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
109. 6-cyano-7-(3-fluorophenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,

110. 6-cyano-N2-(4,4-difluoro-cyclohexyl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide.

[0023] The compounds of formula (I) may comprise one or more asymmetric carbon atoms. They may thus exist in
the form of enantiomers or diasterecisomers. These enantiomers and diastereoisomers, and also mixtures thereof,
including racemic mixtures, form part of the invention.

[0024] Some of the compounds of formula (I) may exist in the form of bases or of acid-addition salts. Such addition
salts form part of the invention. These salts are advantageously prepared with pharmaceutically acceptable acids, but
the salts of other acids that are useful, for example, for purification or isolation of the compounds of formula (I) also form
part of the invention.

[0025] In the context of the invention, the following definitions apply:

- C;,where t and z may take values from 1 to 7, carbon-based chain possibly containing from t to z carbon atoms,
for example C,_; a carbon-based chain which may contain from 1 to 7 carbon atoms;

- alkyl, alinear or branched saturated aliphatic group; for example a group C4_g-alkyl represents a linear or branched
carbon-based chain of 1 to 6 carbon atoms, for example a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl or hexyl;

- cycloalkyl, a fused, bridged or spiro cyclic or polycyclic alkyl group, for example it may be a group from among:

o C3_1g-cycloalkyl representing a cyclic carbon-based group of 3 to 10 carbon atoms, such as a cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl,

o fused bicyclic C4_1g-cycloalkyl representing a fused bicyclic carbon-based group of 4 to 10 carbon atoms,
such as a bicyclo[1.1.0]butane, bicyclo[3.1.0]hexane group, bicyclo[3.2.0]heptane or bicyclo[3.3.0]octane,

o bridged bicyclic C5_4y-cycloalkyl representing a bridged bicyclic carbon-based group of 5 to 10 carbon atoms,
such as a bicyclo[1.1.1]pentane or a bicyclo[2.2.1]heptane,

o spiro bicyclic C5_4g-cycloalkyl representing a spiro bicyclic carbon-based group of 5 to 10 carbon atoms, such
as a spiro[2.2]pentane or a spiro[4.4]nonane,

o tricyclic C,4 4g-cycloalkyl representing a tricyclic carbon-based group of 4 to 10 carbon atoms, such as a
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tricyclo[1.1.0.024]butane, a tricyclo-[3.3.3.03-7]nonane or a tricyclo[3.3.3.13-"]decane;

- hydroxyl, a group -OH;

- hydroxyalkyl, an alkyl group in which a hydrogen atom has been replaced with a hydroxyl group;

- alkyloxy, a group -O-alkyl;

- alkylthio, a group -S-alkyl,

- fluoroalkyl, an alkyl group in which one or more hydrogen atoms have been replaced with a fluorine atom;

- fluoroalkyloxy, an alkyloxy group in which one or more hydrogen atoms have been replaced with a fluorine atom;

- fluorocycloalkyl, a cycloalkyl group in which one or more hydrogen atoms have been replaced with a fluorine atom;

- a heterocyclic group, a saturated carbon-based cyclic group comprising at least one heteroatom such as oxygen
or sulfur or the oxide or dioxide forms thereof, for example a group from among oxetanyl, tetrahydrofuryl, tetrahydro-
2H-pyranyl, oxepanyl, thietanyl, tetrahydrothiophenyl, tetrahydro-2H-thiopyranyl, thiepanyl, 1,1-dioxydothietanyl,
1,1-dioxydotetrahydrothiophenyl, 1,1-dioxydotetrahydro-2 H-thiopyranyl and 1,1-dioxydothiepanyl;

- heteroaryl, an aromatic carbon-based cyclic group comprising at least one heteroatom such as nitrogen, oxygen or
sulfur, for example a group from among pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, pyrrolyl, furyl, thienyl,
imidazolyl, oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl and tetrazolyl;

- ahalogen atom, a fluorine, chlorine, bromine or iodine atom;

- aryl, a monocyclic or bicyclic aromatic group comprising between 6 and 10 carbon atoms, for example a phenyl or
naphthyl group;

- aryloxy, a group -O-aryl.

[0026] Forthepurposesofthe presentinvention, it should be noted thatthe terms "rangingfrom ...to ..." and "between ...
and ..." mean that the limits are also included.

[0027] In accordance with the invention, the compounds of general formula (1) may be prepared according to the
general process described in Scheme 1 below:

SCHEME 1
X
R R (llb
PR ()
H
o) Or/O o)

NH, Ry~=~  (la) o) NH,

" R A

[0028] Thus, another subject of the invention is directed towards a process for preparing compounds of formula (1)
according to the invention, comprising the step that consists in reacting a 1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-8-
carboxamide derivative, which is a compound of formula (Il) below:

O

HN =
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in which R; and Xg are as defined previously in the general formula (1) defined above,

- with a compound of formula

R~ )L R

N @)
H (I1b)

in which R, is as defined previously in the general formula (l) defined above and R represents a group such as
phenyl, pentafluorophenyl or 4-nitrophenyl, in an aprotic solvent such as acetonitrile and in the presence of a mineral
base such as sodium carbonate;
or alternatively

- with a compound of formula

(ITa)

in which R, is as defined previously in the general formula (I) defined above, in an aprotic solvent such as dichlo-
romethane and optionally in the presence of an organic amine such as triethylamine.

[0029] The compounds of general formula (I) may also be prepared according to the process described in Scheme 2
below.

SCHEME 2

(Il

[0030] Thus, yetanother subject of the invention is directed towards a process for preparing the compounds of formula
(1) according to the invention, comprising the step that consists in hydrating the nitrile function of a 1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine derivative of general formula (lll),

()

inwhich Ry, Xg and R; are as defined previously and Gg represents a nitrile group. This transformation may be performed,
for example, in the presence of aqueous hydrogen peroxide solution and a base such as sodium hydroxide.

[0031] Still as illustrated in Scheme 2, the 3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide derivatives of
generalformula () inwhich R,, Xg and R, are as defined above may also be prepared froma 1,2,3,4-tetrahydropyrrolo[1,2-
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alpyrazine derivative of general formula (Ill), in which R,, Xg and R; are as defined above and Gg represents an alkyl
carboxylate group, preferentially a methyl or ethyl carboxylate. The 3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
xamide derivatives of general formula (I) as defined above are then prepared by saponification of the alkyl carboxylate
group of the derivative of generalformula (ll1) to the corresponding carboxylic acid, followed by amidation of this carboxylic
acid function. This amidation may be performed, for example, by activation of the acid using a coupling agent such as
carbonyldiimidazole in dichloromethane and treatment of the activated acid using aqueous ammonia.

[0032] The compounds of general formula (I) may also be prepared according to the process described in Scheme 3
below.

SCHEME 3

o) NH M—R, o NH,

(IVa) Rz\NJ\

(Iv) M

[0033] Thus, another subject of the invention is directed towards a process for preparing compounds of formula (1)
according to the invention, comprising the step that consists in reacting a 1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-2-
carboxamide derivative of general formula (1V)

o)
O NH

R A 2

g
vy

6
(V)

in which R, and Xg are as defined above and G represents a chlorine, bromine or iodine atom, preferentially a bromine
atom, via metallo-catalysed coupling, such as the Suzuki reaction with a derivative of general formula M-R; (IVa) in
which Ry is as defined above and M represents a dihydroxyboryl or dialkyloxyboryl group, usually a 4,4,5,5-tetramethyl-
1,3,3,2-dioxaborolan-2-yl group. This reaction may be performed, for example, in the presence of caesium carbonate
or sodium carbonate, and 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium (I1) in a mixture of tetrahydrofuran and
water.

[0034] More specifically, the 3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide derivatives of general formula
(I) in which R, and Ry are as defined above and Xg represents a hydrogen atom may also be prepared from a 3,4-
dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide derivative of general formula (I) in which R, and R; are as defined
above and Xg represents a chlorine atom. This transformation may be performed, for example, via a hydrogenation
reaction in the presence of a catalyst such as palladium-on-charcoal.

Preparation of the precursors (lII)

[0035] The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxamide derivatives of general formula (Il) as defined
above and for which Xg represents a group C, g-alkyl, C5_s-cycloalkyl, C4_7-cycloalkyl-C4_g-alkyl or C,_g-fluoroalkyl may
be prepared in 5 steps (Scheme 4) starting with a piperazine-1,3-dicarboxylate derivative of general formula (IX) in which
Xg represents a group C,_g-alkyl, C5_7-cycloalkyl, C5_-cycloalkyl-C4_g-alkyl or C4_g-fluoroalkyl and PG represents an
acid-labile protecting group for the amine function such as a tert-butyloxycarbonyl.

[0036] According to the method described in document WO 03/024967, treatment of the sodium or potassium salt of
a piperazine-1,3-dicarboxylate derivative of general formula (IX) using a tosyl chloride followed by treatment with 2-
chloroacrylonitrile and an organic base such as triethylamine in a solvent such as dichloromethane leads to a 8-cyano-
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3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivative of general formula (VIII) in which Xg and PG are as defined above.

[0037] These derivatives of general formula (VIII) are then transformed into 8-carbamoyl-3,4-dihydro-1H-pyrrolo[1,2-
alpyrazine derivatives of general formula (VIl) in which Xg and PG are as defined above, by treatment with aqueous
hydrogen peroxide solution and a mineral base such as aqueous sodium hydroxide in a solvent such as methanol.

[0038] The 8-carbamoyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivatives of general formula (V1) as defined above
are then transformed into derivatives of general formula (V1) in which Xg and PG are as defined above and G; represents
a chlorine, bromine or iodine atom, more particularly bromine, by regioselective halogenation. In the case of bromine,
this halogenation is performed, forexample, by treatment with N-bromosuccinimide in a solvent such as dichloromethane.

SCHEME 4
o] N
0 /l\ /Il
GP. . N GP.
N o) N =
K/N\ﬂ/x6 } K/N /
X
O i
(IX)
o)
NH, o
GP_ NH,
N =

vy %
(vip °
R7—M
(IVa)
@] @)
NH, NH,
GP.
NT = X HNT PN
K/N / R7 } K/N / ’
X6 X6
V) (1)

[0039] The derivatives of general formula (VI) as defined above are transformed into derivatives of general formula
(V) inwhich Xg and PG are as defined above and R is as defined in the general formula (1) by metallo-catalysed coupling,
for example by Suzuki reaction with a derivative of general formula (IVa) as defined previously. This reaction may be
performed, for example in the presence of caesium carbonate and 1,1’-bis(diphenylphosphino)ferrocenedichloropalla-
dium (ll) in a mixture of tetrahydrofuran and water.

[0040] The compound of general formula (l) is then obtained from the 8-carbamoyl-3,4-dihydro-1H-pyrrolo[1,2-a]
derivative of general formula (V) by removal of the protecting group PG, for example by treatment with trimethylsilyl
chloride in a solvent such as methanol when PG represents ferf-butyloxycarbonyl.

[0041] The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxamide derivatives of general formula (Il) as defined
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above in which Xg represents a chlorine atom may be prepared in 6 steps (Scheme 5) starting with a piperazine-1,3-
dicarboxylate derivative of general formula (XV) in which PG represents an acid-labile protecting group for the amine
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function such as a tert-butyloxycarbonyl.

SCHEME 5
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Cl

NS
~N
GP. - N GP.

<
o~
<

(XV) (XIV)
o) o)
NH, NH,
GP. GP.
N — N —
K/N / K/N /
xm X (XIID)
o) o)
NH, R;—M NH,
P
K/N / ! K/N / 7
X, X,
(XI) (X)
o)
NH,
HN SN
.
X6
oy

[0042] According to the method described in document WO 03/024 967, treatment with the sodium or potassium salt
of a piperazine-1,3-dicarboxylate derivative of general formula (XV) using tosyl chloride followed by treatment with 2-
chloroacrylonitrile and an organic base such as triethylamine in a solvent such as dichloromethane leads to a 8-cyano-
3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivative of general formula (XIV) in which PG is as defined above.

[0043] These 8-cyano-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivatives of general formula (XIV) as defined above
are then transformed into 8-carbamoyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivatives of general formula (XIII) in
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which PG is as defined above by treatment with aqueous hydrogen peroxide solution and a mineral base such as aqueous
sodium hydroxide in a solvent such as methanol.

[0044] The derivatives of general formula (Xlll) as defined above are then transformed into 6-chloro-8-carbamoyl-3,4-
dihydro-1H-pyrrolo[1,2-alpyrazine derivatives of general formula (XlI) in which PG is as defined above and Xg represents
a chlorine atom by regioselective chlorination. This halogenation is performed, for example, by treatment with N-chlo-
rosuccinimide in a solvent such as dichloromethane.

[0045] The derivatives of general formula (XIl) as defined above are then transformed into 7-bromo-6-chloro-8-car-
bamoyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine derivatives of general formula (XI) in which GP, Xg and G are as defined
above by regioselective bromination. This halogenation is performed, for example, by treatment with N-bromosuccinimide
in a solvent mixture such as dichloromethane and ethyl acetate.

[0046] Thederivatives of generalformula (X|) as defined above are transformed into 6-chloro-8-carbamoyl-3,4-dihydro-
1H-pyrrolo[1,2-a]pyrazine derivatives of general formula (X) in which PG is as defined above and R; is as defined in the
general formula, by metallo-catalysed coupling, for example by Suzuki reaction with a derivative of general formula (IVa)
as defined previously. This reaction may be performed, for example, in the presence of caesium carbonate and 1,1’-
bis(diphenylphosphino)ferrocenedichloropalladium (Il) in a mixture of tetrahydrofuran and water.

[0047] The compound of general formula (II) for which Xg represents a chlorine atom is then obtained from derivatives
of general formula (X) by removal of the protecting group PG, for example by treatment with trimethylsilyl chloride in a
solvent such as methanol or by treatment with an acid such as trifluoroacetic acid in a solvent such as dichloromethane
when PG represents a tert-butyloxycarbonyl group.

[0048] The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxamide derivatives of general formula (Il) as defined
above and for which Xg represents a fluorine or chlorine atom may be prepared in 6 steps starting with a pyrrole derivative
of general formula (XX) for which R is as defined above and Gg represents a nitrile group or an alkyl carboxylate group,
preferentially a methyl or ethyl carboxylate (Scheme 6).

[0049] The pyrrole derivatives of general formula (XX) are thus regioselectively halogenated in position 6 by treatment
with N-chlorosuccinimide in a solvent such as tetrahydrofuran or using 1-chloromethyl-4-fluoro-1,4-diazoniabicyc-
lo[2.2.2]-octane (SelectFluor) in a solvent such as acetonitrile to give a derivative of general formula (IXX) for which R,
and Gg are as defined above and Xg represents a fluorine or chlorine atom.
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[0050] The pyrrole derivatives of general formula (IXX) are then alkylated using aminoethyl derivatives of general
formula (IXXb) for which X constitutes a leaving group, for example a chlorine atom and PG constitutes an acid-labile
protecting group such as tert-butyloxycarbonyl, to give a pyrrole derivative of general formula (XVIII) for which Xg rep-
resents a fluorine or chlorine atom, R; and Gg are as defined above and PG constitutes an acid-labile protecting group
such as tert-butyloxycarbonyl. This alkylation reaction is performed, for example, in the presence of a mineral base such
as sodium hydroxide and a phase-transfer catalyst such as tetrabutylammonium hydrogen sulfate, and in a solvent such
as acetonitrile.

[0051] The pyrrole derivatives of general formula (XVIII) are treated in acidic medium in the presence of formaldehyde
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or paraformaldehyde to give, after deprotection of the protecting group PG and cyclization, the 1,2,3,4-tetrahydropyrro-
lo[1,2-a]pyrazine derivatives of general formula (XVII) for which Or, represents a fluorine or chlorine atom, while R; and
Ggare as defined above. This step is performed, for example, using aqueous hydrochloric acid solution and formaldehyde
or paraformaldehyde.

[0052] A subject of the present invention relates to a process for preparing compounds of formula (XVII) for which Xg
represents a fluorine or chlorine atom, while R5 is as defined previously in the general formula (I), and Gg represents a
nitrile group or an alkyl carboxylate group, such as a methyl or ethyl carboxylate, comprising the step that consists in
reacting a pyrrole derivative, which is a compound of formula (XVIII) with an acidic solution, for example an aqueous
hydrochloric acid solution, and formaldehyde or paraformaldehyde, to give the 1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine
derivatives of general formula (XVI1) in which Or, represents a fluorine or chlorine atom, while R; is as defined previously
in the general formula (1), and Gg represents a nitrile group or an alkyl carboxylate group, such as a methyl or ethyl
carboxylate. The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (XVII) are then protected as
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (XVI) for which Xg represents a fluorine or chlorine
atom, while R; and Gg are as defined above and PG represents an acid-labile protecting group, for example tert-
butyloxycarbonyl. The reaction is then performed by treatment with di-tert-butyl dicarbonate in a solvent such as dichlo-
romethane.

[0053] Depending on the nature of the group Gg, the process may be performed according to one of the alternatives
described below.

[0054] The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (XVI), for which Xz represents a
fluorine or chlorine atom, while R; and PG are as defined above and Gg represents a nitrile group, are transformed into
8-carbamoyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (X) for which Xg represents afluorine
or chlorine atom, while R; and PG are as defined above by hydration of the nitrile function. This transformation may be
performed, for example, in the presence of aqueous hydrogen peroxide solution and a base such as sodium hydroxide.
[0055] The 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (XVI), for which Xz represents a
fluorine or chlorine atom, while R; and PG are as defined above and Gg represents an alkyl carboxylate group, are
transformed into 8-carbamoyl-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine derivatives of general formula (X) as defined
above, in two steps. Thus, the 3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide derivatives of general formula
(XV1) as defined above are saponified using a base to the corresponding carboxylic acid of general formula (XVIb) for
which Xg represents a fluorine or chlorine atom, while R; and PG are as defined above. This reaction is performed, for
example, by treatment with potassium, sodium or lithium hydroxide, preferentially lithium hydroxide, in a mixture of
solvents such as water, methanol and tetrahydrofuran.

[0056] The transformation of the carboxylic acid derivatives of general formula (XVIb) into 8-carbamoyl-1,2,3,4-tet-
rahydropyrrolo[1,2-a]pyrazine derivatives of general formula (X), for which Xg represents a fluorine or chlorine atom,
while R; and PG are as defined above, may be performed by amidation of the carboxylic acid function. This amidation
may be performed, for example, by activating the acid with a coupling agent such as carbonyldiimidazole in tetrahydro-
furan, and then treatment of the formed activating acid using aqueous ammonia in a solvent such as dimethylformamide.
[0057] The compound of general formula (I) is then obtained from derivatives of general formula (X) according to the
protocol described above.

[0058] Alternatively, and still according to Scheme 6, the 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxamide de-
rivatives of general formula (I) as defined above and for which Xg represents a bromine atom or a cyano group, may
be prepared in 5 steps starting with a pyrrole derivative of general formula (XVI) for which R; is as defined above, Xq
represents a hydrogen atom, Gg represents an alkyl carboxylate group, preferentially a methyl or ethyl carboxylate and
PG constitutes an acid-labile protecting group such as tert-butyloxycarbonyl.

[0059] These pyrrole derivatives of general formula (XVI) for which Xg represents a hydrogen atom are thus regiose-
lectively brominated or cyanated in position 6, respectively, by treatment with N-bromosuccinimide in a solvent such as
tetrahydrofuran or using chlorosulfonyl isocyanate in a mixture of solvents such as dichloromethane and dimethylfor-
mamide to give the corresponding derivative of general formula (XVI) for which R;, Gg and PG are as defined above
and Xg represents a bromine atom or a cyano group.

[0060] The compounds of general formula (Il) for which Xg represents a bromine atom or a cyano group, are then
obtained according to the protocol described above starting with the derivative of general formula (XVI), after step of
saponification to the corresponding carboxylic acid, activation of the carboxylic acid using a coupling agent such as
carbonyldiimidazole and then treatment of the activated form with agueous ammonia and removal of the protecting group
PG using an acid.

[0061] The pyrrole derivatives of general formula (XVI) for which R; is as defined above, X represents a hydrogen
atom, Gg represents an alkyl carboxylate group and PG constitutes an acid-labile protecting group such as tert-buty-
loxycarbonyl may be prepared from the corresponding pyrrole derivative of general formula (XVI) for which R; is as
defined above, Xg represents a chlorine or bromine atom, Gg represents an alkyl carboxylate group and PG constitutes
an acid-labile protecting group such as tert-butyloxycarbonyl. This transformation may be performed, for example, via
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a hydrogenation reaction in the presence of a catalyst such as palladium-on-charcoal.

Preparation of the precursors (Il1)

[0062] The 1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine derivatives of general formula (I1l), in which R,, Xg, and R; are as
defined above and Gg represents a nitrile group or an alkyl carboxylate group, may be prepared in two steps starting
with derivatives of general formula (XVI), in which Xg and R are as defined above, Gg represents a nitrile or alkyl
carboxylate group and PG represents an acid-labile protecting group such as a tert-butyloxycarbonyl.

[0063] Thus, the derivatives of general formula (XXI) in which Xg and R; are as defined above and Gg represents a
nitrile or alkyl carboxylate group are then obtained from derivatives of general formula (XVI) by removal of the protecting
group PG, for example, by treatment with trimethylsilyl chloride in a solvent such as methanol or by treatment with an
acid such as trifluoroacetic acid in a solvent such as dichloromethane. The derivatives of general formula (Ill) as defined
above may then be prepared from derivatives of general formula (XXI) as defined above:

- either by treatment with an isocyanate derivative of general formula (lla) in which R; is as defined previously, in an
aprotic solvent such as dichloromethane and optionally in the presence of an organic amine such as triethylamine,

- or by treatment with a carbamate derivative of general formula (IIb) in which R, is as defined previously and R
represents a group such as phenyl, pentafluorophenyl or 4-nitrophenyl, in an aprotic solvent such as acetonitrile
and in the presence of a mineral base such as sodium carbonate.

SCHEME 7
Gg Gg
GP._
N = R HN — R
K/N 7 ’ K/N Y 7
Xs X, o
(XVD) XXD R, )J\O/R (Ilb)

Preparation of the precursors (IV)

[0064] The 1,2,3 4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (IV), in which Ry, Xg and G; are as
defined above, may be prepared in two steps starting with derivatives of general formula (VI), in which Xg and G5 are
as defined above, and PG represents an acid-labile protecting group such as a tert-butyloxycarbonyl.

[0065] Thus, the derivatives of general formula (XXII), in which X4 and G are as defined above, are then obtained
from derivatives of general formula (VI) by removal of the protecting group PG, for example by treatment with trimethylsilyl
chloride in a solvent such as methanol or by treatment with an acid such as trifluoroacetic acid in a solvent such as
dichloromethane. The derivatives of general formula (IV) as defined above may then be prepared from derivatives of
general formula (XXII) as defined above:

- either by treatment with an isocyanate derivative of general formula (lla) in which R, is as defined previously, in an
aprotic solvent such as dichloromethane and optionally in the presence of an organic amine such as triethylamine,
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- or by treatment with a carbamate derivative of general formula (IIb) in which R, is as defined previously and R
represents a group such as phenyl, pentafluorophenyl or 4-nitrophenyl, in an aprotic solvent such as acetonitrile
and in the presence of a mineral base such as sodium carbonate.

SCHEME 8
o) o)
NH, NH,
GP
N = G HN —
bN 72 bN VA
X, X o
(V) (XXI) R, J\ _R (llb)
N~ "0
H
or
o)
Ry ()
0 NH,
R A e
H L\V/N / G,
av)

Isocyanate derivatives of general formula (l1a)

[0066] The isocyanate derivatives of general formula (lla), in which R, is as defined, are either commercially available,
or prepared according to methods known to those skilled in the art.

Carbamate derivatives of general formula (l1b)

[0067] The carbamate derivatives of general formula (lIb), in which R, is as defined previously and R represents a
group such as phenyl, pentafluorophenyl or 4-nitrophenyl, are prepared from the corresponding amine R,NH,, by reaction
with the corresponding chloroformate according to methods known to those skilled in the art.

Leaving groups

[0068] In the text hereinabove, the term "leaving group" means a group that can be readily cleaved from a molecule
by breaking a heterolytic bond, with loss of an electron pair. This group may, for example, thus be readily replaced with
another group during a substitution reaction. Such leaving groups are, for example, halogens or an activated hydroxyl
group such as a mesyl, tosyl, triflate, acetyl, etc. Examples of leaving groups and references for preparing them are
given in "Advances in Organic Chemistry", J. March, 3rd Edition, Wiley Interscience, pp. 310-316.

Protecting groups
[0069] For the compounds of general formula (I) as defined above and in the case where group R, comprises a
hydroxyl function, this function may optionally be protected during the synthesis with a protecting group, for example a

tert-butyldiphenylsilyl. This protecting group is removed at the end of the synthesis. Examples of hydroxyl-function
protecting groups and references for preparing them and removing them are given in "Greene’s Protective Groups in
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Organic Synthesis" (Fourth Edition), Peter G.M. Wuts, Theodora W. Green, John Wiley & Sons, Inc.

[0070] The examples that follow describe the preparation of certain compounds in accordance with the invention.
These examples are not limiting, and serve merely to illustrate the invention. The numbers for the compounds given as
examples refer to those given in Table 1 below, which illustrate the chemical structures and physical properties, respec-
tively, of a number of compounds according to the invention.

Examples

Example 1 (compound 80): 6-Chloro-7-(3-fluorophenyl)-N2-(4,4 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-

2,8(1H)-dicarboxamide

[0071]

Step 1.1. 4-Nitrophenyl 4,4, 4-trifluorobutylcarbamate

[0072]

F
N

F

[0073] To a solution of 0.35 g (2.75 mmol) of 4,4 ,4-trifluoro-butylamine (CAS 819-46-5) in 20 ml of dichloromethane,
cooled to -15°C, is added dropwise 1.00 g (4.96 mmol) of 4-nitrophenyl chloroformate (CAS 7693-46-1) dissolved in 15
ml of dichloromethane, while maintaining the temperature at-15°C. 0.48 ml (2.75 mmol) of diisopropylethylamine in 10
ml of dichloromethane still at -15°C is then added. Stirring is continued at -15°C for 45 minutes, and the temperature of
the mixture is then allowed to return to 0°C over 30 minutes. 20 ml of saturated aqueous sodium hydrogen carbonate
solution are then added. The organic phase is separated out by settling and dried over sodium sulfate, and the solvent
is partially evaporated off under reduced pressure to a volume of about 8 ml. This solution is chromatographed on a
column of 40 g of silica gel, eluting with a mixture of 20% cyclohexane in dichloromethane, to give 0.76 g of 4-nitrophenyl
4,4 4-trifluorobutylcarbamate in the form of a white solid.

m.p.: 118-120°C

TH NMR (CDCl,) &: 8.20 (d, 2H) ; 7.25 (d, 2H); 5.15 (broad s, 1H); 3.3 (m, 2H); 2.15 (m, 2H); 1.8 (m, 2H) ppm.

Step 1.2. (E) and (Z2) 3-(3-Fluorophenyl)-2-propenenitrile (CAS 82344-56-7 and 115665-80-0)

[0074]
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[0075] A mixture of 35.0 g (411 mmol) of cyanoacetic acid (CAS 372-09-8) and 56.2 g (453 mmol) of 3-fluorobenzal-
dehyde (CAS 456-48-4) in a mixture of 400 ml of toluene and 220 ml of pyridine is refluxed for 22 hours using Dean-
Stark apparatus to remove the water formed during the reaction. The solvent is then removed under reduced pressure
and the residue is co-evaporated 3 times with toluene. The residue is then taken up in ethyl acetate and the organic
phase is washed successively with aqueous 1N sodium hydroxide solution, agueous 1N hydrochloric acid solution and
then with saturated sodium chloride solution. The organic phase is then dried over sodium sulfate and the solvent is
evaporated off under reduced pressure to give a brown oil, which is chromatographed on a column of silica gel, eluting
with toluene, to give 48.5 g a mixture of (E) and (Z) 3-(3-fluorophenyl)-2-propenenitrile in a ratio of (7/3)

TH NMR (CDCly) &: 7.55-7.00 (m, 5H); 5.85 and 5.55 (d and d, 1H) ppm.

Step 1.3. 4-(3-Fluorophenyl)-1H-pyrrole-3-carbonitrile (CAS 87388-09-8)

[0076]

N
/) i

HN—/

[0077] To a suspension of 19.8 g (494 mmol) of sodium hydride at 60% in oil in 350 ml of anhydrous tetrahydrofuran
is added dropwise a mixture of 48.5 g (330 mmol) of the mixture of (Z) and (E) 3-(3-fluorophenyl)-2-propenenitrile in a
ratio of (7/3) and 64.4 g (330 mmol) of tosylmethyl isocyanide (CAS 36635-61-7) dissolved in 250 ml of tetrahydrofuran,
while maintaining the temperature of the reaction medium at about 25°C. The mixture is then stirred for 1 hour at room
temperature and is then poured into ice-water. The reaction product is then extracted with ethyl acetate, the organic
phase is dried over sodium sulfate and the solvent is evaporated off under reduced pressure to give a brown solid, which
is dissolved in 350 ml of hot chloroform and purified by chromatography on a column of 600 g of silica gel, eluting with
dichloromethane and then with a mixture of 1% methanol in dichloromethane, to give 41.5 g of 4-(3-fluorophenyl)-1H-
pyrrole-3-carbonitrile in the form of a beige-coloured solid after triturating in dichloromethane, filtering off and drying.
m.p.: 140-142°C

TH NMR (DMSO-dg) 8: 12.0 (broad s, 1H); 7.75 (s, 1H); 7.55-7.00 (m, 4H); 7.10 (m, 1H) ppm.

Step 1.4. 5-Chloro-4-(3-fluorophenyl)-1H-pyrrole-3-carbonitrile

[0078]

N
/) i

HN—/

Cl

[0079] To a solution of 41.0 g (220 mmol) of 4-(3-fluorophenyl)-1H-pyrrole-3-carbonitrile in 400 ml of tetrahydrofuran
are added portionwise 33.0 g (242 mmol) of N-chlorosuccinimide (CAS 128-09-6) and the mixture is then stirred for 24
hours at reflux. After cooling, 200 ml of water containing 5 g of sodium thiosulfate are added and, after stirring for 5
minutes, the reaction product is extracted with ethyl acetate. The organic phase is dried over sodium sulfate and the
solvent is evaporated off under reduced pressure to give 45.5 g of 5-chloro-4-(3-fluorophenyl)-1H-pyrrole-3-carbonitrile
in the form of a whitish powder after triturating in 200 ml of dichloromethane, filtering off and drying.

m.p.: 158-161°C

TH NMR (DMSO-dg) 8: 12.9 (broad s, 1H); 7.85 (s, 1H); 7.55 (m, 1H); 7.35 (m, 2H); 7.25 (m, 1H) ppm.
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Step 1.5. tert-Butyl {2-[2-chloro-4-cyano-3-(3-fluorophenyl)-1H-pyrrol-1-yl]lethyl}carbamate

[0080]

h

F
LA
H,C
N/
H,C” YO H/\/
Cl

[0081] To a solution of 39.5 g (179 mmol) of 5-chloro-4-(3-fluorophenyl)-1H-pyrrole-3-carbonitrile in 450 ml of ace-
tonitrile are added 14.3 g (358 mmol) of powdered sodium hydroxide and 2.43 g (7.1 mmol) of tetrabutylammonium
hydrogen sulfate, and the mixture is stirred vigorously for 30 minutes, 48.1 g (214 mmol) of tert-butyl (2-bromoethyl)-car-
bamate (CAS 39684-80-5) are then added and the mixture is then stirred for 17 hours at reflux. After cooling, the solvent
is evaporated off under reduced pressure, and the residue is taken up in ethyl acetate. The organic phase is then washed
with saturated sodium chloride solution and dried over sodium sulfate, and the solvent is evaporated off under reduced
pressure to give 47.3 g of tert-butyl {2-[2-chloro-4-cyano-3-(3-fluorophenyl)-1H-pyrrol-1-yllethyl}-carbamate in the form
of a beige-coloured powder after triturating in 150 ml of diisopropyl ether, filtering off and drying.

m.p.: 97-99°C

TH NMR (DMSO-dg) 8: 7.85 (s, 1H); 7.60 (m, 1H); 7.35 (m, 1H); 7.30 (m, 2H); 7.0 (broad t, 1H); 4.10 (m, 2H); 3.30 (m,
2H); 1.40 (s, 9H) ppm.

Step 1.6. 6-Chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbonitrile

[0082]
N
/I -
HN =
K/N /
Cl

[0083] Toa solutionof47.3 g (130 mmol) of tert-butyl{2-[2-chloro-4-cyano-3-(3-fluorophenyl)-1H-pyrrol-1-yllethyl}-car-
bamate in 85 ml of ethanol are added slowly 488 ml (1465 mmol) of aqueous 3N hydrochloric acid solution. Setting to
asolidisrapidly observed, and the medium then becomes clear. After 45 minutes, 5.56 g (48.1 mmol) of paraformaldehyde
are added and heating is continued at 70°C for 2 hours 30 minutes. After cooling, the reaction medium is poured slowly
into ice-cold aqueous 4N sodium hydroxide solution. The product is extracted with dichloromethane, the organic phase
is dried over sodium sulfate and the solvent is evaporated off under reduced pressure to give a brown oil, which is
chromatographed on a column of 300 g of silica gel, eluting with a mixture of 1 to 2% methanol in dichloromethane, to
give 21.0 g of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbonitrile in the form of a beige-
coloured powder after triturating in 150 ml of diisopropyl ether, at reflux, chilling, filtering off and drying.

m.p.: 104-106°C

TH NMR (DMSO-dg) 8: 7.55 (m, 1H) ; 7.35 (m, 1H) ; 7.30 (m, 1H) ; 7.25 (m, 1H); 4.00 (s, 2H); 3.80 (t, 2H); 3.15 (t, 2H);
1.70 (broad s, 1H) ppm.

Step 1.7. N-tert-Butyl-6-chloro-8-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxamide

[0084]
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CH, O /i F
H,C
N =
K/N /
cl

H,C O

[0085] To a solution of 21.0 g (76.0 mmol) of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carbonitrile in 200 ml of dichloromethane are added slowly 18.2 g (83.6 mmol) of di-tert-butyl dicarbonate (CAS
24424-99-5) dissolved in about 100 ml of dichloromethane. After stirring for 45 minutes at room temperature, the solvent
is evaporated off under reduced pressure to give a brown oil, which is crystallized from 100 ml of diisopropyl ether to
give 26.3 g of N-tert-butyl-6-chloro-8-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1 H)-carboxamide in
the form of a beige-coloured powder after filtering off and drying.

m.p.: 144-116°C

TH NMR (DMSO-dg) 8: 7.58 (m, 1H) ; 7.38 (m, 1H) ; 7.32 (m, 1H); 7.26 (m, 1H); 4.70 (s, 2H); 4.05 (t, 2H); 3.85 (t, 2H);
1.50 (s, 9H) ppm.

Step 1.8. tert-butyl 8-carbamoyl-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate

[0086]

[0087] To a solution of 26.6 g (70.8 mmol) of N-tert-butyl-6-chloro-8-cyano-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxamide in 270 ml of methanol and dimethyl sulfoxide (3:2) are added 6.15 ml (74.3 mmol) of
aqueous 35% sodium hydroxide solution and then 12.4 ml (142 mmol) of 35-volumes aqueous hydrogen peroxide
solution in 4 fractions every 30 minutes. After reaction for 18 hours at 60°C, the mixture is cooled, partially concentrated
under reduced pressure and taken up in ethyl acetate. The solution is washed with aqueous 5% sodium thiosulfate
solution and then with saturated aqueous sodium chloride solution. The organic phase is dried over sodium sulfate and
the solvent is evaporated off under reduced pressure to give an orange-coloured solid, which is crystallized from about
200 ml of acetonitrile to give 19.8 g of tert-butyl 8-carbamoyl-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2(1H)-carboxylate in the form of a whitish powder after filtering off and drying.

[0088] After evaporating off the solvent under reduced pressure and purifying by chromatography of the crystallization
mother liquors on a column of 80 g of silica gel, elution with a mixture of 4% methanol in dichloromethane gives 2.35 g
of additional product after crystallizing from acetonitrile, filtering off and drying.

m.p.: 189-192°C

TH NMR (DMSO-dg) &: 7.55 (m, 1H) ; 7.2 (m, 3H) ; 7.1 (broad s, 1H); 6.2 (broad s, 1H); 4.80 (s, 2H); 4.00 (t, 2H); 3.85
(t, 2H); 1.50 (s, 9H) ppm.

Step 1.9. 6-Chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-8-carboxamide

[0089]
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[0090] To a solution of 22.0 g (70.8 mmol) of tert-butyl 8-carbamoyl-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrro-
lo-[1,2-a]pyrazine-2(1H)-carboxylate in 130 ml of dichloromethane are added slowly 128 ml (1680 mmol) of trifluoroacetic
acid.

[0091] After stirring for 1 hour at room temperature, the solvent is evaporated off under reduced pressure, the residue
is taken up in aqueous 3N hydrochloric acid solution and the aqueous phase is washed with ethyl acetate. The aqueous
phase is basified by addition of agueous ammonia and the product is extracted with chloroform. The organic phase is
dried over sodium sulfate and concentrated under reduced pressure. The residue is triturated while hot from 80 ml of
hot acetonitrile. After cooling, 15.4 g of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-8-carboxa-
mide are isolated in the form of a whitish powder after separating out by filtration and drying under reduced pressure.
m.p.: 226-228°C

TH NMR (DMSO-dg) 8: 7.55 (m, 1H) ; 7.15 (m, 3H); 6.9 (broad s, 1H); 6.2 (broad s, 1H); 4.00 (s, 2H); 3.85 (t, 2H); 3.10
(t, 2H) ppm.

Step 1.10. 8-Chloro-7-(3-fluorophenyl)-N2-(4 4 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-

ide

[0092]

[0093] A suspension of 0.165 (0.56 mmol) of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carboxamide, 0.197 g (0.67 mmol) of 4-nitrophenyl 4,4,4-trifluorobutylcarbamate and 0.155 g (1.12 mmol) of sodium
carbonate in 3 ml of acetonitrile is heated at 65°C for 1 hour 30 minutes. After cooling, the mixture is poured into aqueous
1N sodium hydroxide solution and the product is extracted with dichloromethane. After drying over sodium sulfate and
filtering, the solvent is evaporated off under reduced pressure and the residue is purified by chromatography on a column
of 24 g of silica gel, eluting with a mixture of 3% methanol in dichloromethane, to give 0.192 g of 6-chloro-7-(3-fluoroph-
enyl)-N2-((4,4 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide in the form of a white powder
after crystallization from 8 ml of acetonitrile, filtering off and drying under reduced pressure.

m.p.: 100-117°C

TH NMR (DMSO-dg) 8: 7.50 (m, 1H) ; 7.2 (m, 3H); 7.05 (broad s, 1H); 6.90 (t, 1H); 6.20 (broad s, 1H); 4.75 (s, 2H); 3.90
(m, 2H); 3.80 (m, 2H); 3.15 (m, 2H); 2.3 (m, 2H); 1.70 (m, 2H) ppm.

Example 2 (compound 78): 6-Chloro-7-(3-fluorophenyl)-N2-(1,1,1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrro-
lo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0094]
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Step 2.1. 4-Nitrophenyl 1,1, 1-trifluoro-2-methylpropan-2-ylcarbamate

[0095]

H,C CHﬁ)J\
F N" 0
F H

F

[0096] To a solution of 0.35 g (2.75 mmol) of 1,1,1-trifluoro-2-methylpropan-2-ylamine (CAS 812-18-0) in 20 ml of
dichloromethane, cooled to -15°C, is added dropwise 1.00 g (4.96 mmol) of 4-nitropheny| chloroformate (CAS 7693-46-1)
dissolved in 15 ml of dichloromethane, while maintaining the temperature at -15°C. 0.48 ml (2.75 mmol) of diisopropyl-
ethylamine in 10 ml of dichloromethane is then added, still at -15°C. Stirring is continued at -15°C for 2 hours, and the
temperature of the mixture is then allowed to return to 0°C over 1 hour. 20 ml of saturated aqueous sodium hydrogen
carbonate solution are then added. The organic phase is separated out by settling and dried over sodium sulfate, and
the solventis partially evaporated off under reduced pressure to a volume of about 8 ml. This solution is chromatographed
on a column of 40 g of silica gel, eluting with a mixture of 20% cyclohexane in dichloromethane, to give 0.21 g of 4-
nitrophenyl 1,1,1-trifluoro-2-methylpropan-2-ylcarbamate in the form of a white solid.

m.p.: 77-80°C

TH NMR (CDCly) §: 8.30 (d, 2H) ; 7.35 (d, 2H); 5.25 (broad s, 1H); 1.65 (s, 6H) ppm.

Step 2.2 6-Chloro-7-(3-fluorophenyl)-N?-(1,1, 1-trifluoro-2-methylpropan-2-yl)-3 4-dihydropyrrolo[1,2-alpyrazine-

2,8(1H)-dicarboxamide

[0097]

[0098] A suspension of 0.165 (0.56 mmol) of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carboxamide, 0.197 g (0.67 mmol) of 4-nitrophenyl 1,1,1-trifluoro-2-methylpropan-2-ylcarbamate and 0.155 g (1.12
mmol) of sodium carbonate in 3 ml of acetonitrile is heated at 65°C for 1 hour 30 minutes. After cooling, the mixture is
poured into aqueous 1N sodium hydroxide solution and the product is extracted with dichloromethane. After drying over
sodium sulfate and filtering, the solvent is evaporated off under reduced pressure and the residue is purified by chro-
matography on a column of 24 g of silica gel, eluting with a mixture of 3% methanol in dichloromethane, to give 0.125
g of 6-chloro-7-(3-fluorophenyl)-N2-(1,1, 1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide in the form of a white powder after crystallization from 4 ml of acetonitrile, filtering off and drying under
reduced pressure.

m.p.: 183-187°C
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TH NMR (DMSO-dg) 8: 7.50 (m, 1H); 7.2 (m, 3H); 7.05 (broad s, 1H); 6.65 (s, 1H); 6.25 (broad s, 1H); 4.70 (s, 2H); 3.95
(m, 2H); 3.80 (m, 2H); 1.50 (s, 6H) ppm.

Example 3 (compound 73): 6-Chloro(3-flucrophenyl)-N2-(3-hydroxy-2,2-dimethylpropyl)-3,4-dihydropyrrolo[1,2-

alpyrazine-2,8(1H)-dicarboxamide

[0099]

/Y\NJJ\N =
H,C CH, H K/N

Step 3.1. 3-(tert-Butyldiphenylsilanoxy)-2,2-dimethylpropylamine

HO

Cl

[0100]

H,C

H3C9\S-
A,C /707 TN,
H,C CH,

[0101] To a solution at 0°C of 0.500 g (4.85 mmol) of 3-amino-2,2-dimethylpropanol (CAS 26734-09-8) in 12 ml of
dichloromethane are added 0.059 g (0.48 mmol) of dimethylaminopyridine and 1.35 ml (9.7 mmol) of triethylamine. 1.60
g (5.82 mmol) of tert-butyldiphenylsilyl chloride dissolved in 5 ml of dichloromethane are then added dropwise. The
mixture is stirred for 30 minutes at 0°C and then for 2 hours at room temperature. 20 ml of water are then added. The
organic phase is separated out by settling, washed with water and then with saturated aqueous sodium chloride solution
and dried over sodium sulfate, and the solvent is evaporated off under reduced pressure to give an oil, which is chro-
matographed on a column of aminopropyl silica gel, eluting with a mixture of 0 to 10% methanol in dichloromethane, to
give 1.20 g of 3-(tert-butyldiphenyl-silanoxy)-2,2-dimethylpropylamine in the form of a colourless oil.

TH NMR (CDCl3) 8:7.70 (m, 4H) ; 7.45 (m, 6H) ; 3.40 (s, 2H); 2.65 (s, 2H); 1.5 (broad s, 2H); 1.10 (s, 9H); 0.90 (s, 4H) ppm.

Step 3.2. 4-Nitrophenyl 3-(fert-butyldiphenylsilanoxy)-2,2-dimethylpropylcarbamate

[0102]

N
H,C O O
H3C9\Si
G0 X N o
H,C CH,

[0103] To a solution, at 0°C, of 0.120 g (3.51 mmol) of 3-(fert-butyldiphenylsilanoxy)-2,2-dimethylpropylamine in 25
ml of dichloromethane are added dropwise 1.42 g (7.03 mmol) of 4-nitrophenyl chloroformate (CAS 7693-46-1) dissolved
in 5 ml of dichloromethane. 0.63 ml (3.5 mmol) of diisopropylethylamine is then added. Stirring is continued at 0°C for
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45 minutes, and the temperature of the mixture is then allowed to return to 0°C over 1 hour. 20 ml of saturated aqueous
sodium hydrogen carbonate solution are then added. The organic phase is separated outon a hydrophobic filter cartridge
and the solvent is partially evaporated off under reduced pressure to a volume of about 8 ml. This solution is chroma-
tographed on a column of silica gel, eluting with a mixture of 5 to 40% ethyl acetate in cyclohexane, to give 0.21 g of 4-
nitrophenyl 3-(tert-butyldiphenylsilanoxy)-2,2-dimethylpropylcarbamate in the form of an oil.

TH NMR (CDCly) 8: 8.28 (d, 2H); 7.73 (m, 4H) ; 7.5 (m, 6H); 7.34 (d, 2H); 5.9 (broad s, 1H); 3.50 (s, 2H); 2.29 (d, 2H);
1.16 (s, 9H); 1.00 (s, 4H) ppm.

Step 3.3 N2-(3-(tert-Butyldiphenylsilanoxy)-2,2-dimethyl-propyl)-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-

alpyrazine-2,8(1H)-dicarboxamide

[0104]

[0105] A suspension of 0.250 (0.85 mmol) of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carboxamide, 0.518 g (1.02 mmol) of 4-nitrophenyl 3-(tert-butyldiphenylsilanoxy)-2,2-dimethylpropylcarbamate and
0.235 g (1.70 mmol) of sodium carbonate in 3 ml of acetonitrile is heated at 65°C for 1 hour 30 minutes. After cooling,
the mixture is poured into agqueous 1N sodium hydroxide solution and the product is extracted with dichloromethane.
After drying over sodium sulfate and filtering, the solvent is evaporated off under reduced pressure and the residue is
purified by chromatography on a column of silica gel, eluting with a mixture of 35 to 65% ethyl acetate in cyclohexane,
to give 0.44 g of N2-(3-(fert-butyldiphenylsilanoxy)-2,2-dimethylpropyl)-6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrro-
lo[1,2-alpyrazine-2,8(1H)-dicarboxamide in the form of a pale yellow foam.

TH NMR (DMSO-dg) 8: 7.59 (m, 4H) ; 7.3 (m, 7H) ; 7.1 (m, 3H) ; 5.20 (broad s, 2H) ; 4.8 (broad t, 1H) ; 6.25 (broad s,
1H) ; 3.80 (m, 4H); 4.70 (s, 2H); 3.34 (s, 2H); 3.21 (d, 2H); 1.01 (s, 9H); 0.85 (s, 6H) ppm.

Step 3.4. 6-Chloro(3-flucrophenyl)-N2-(3-hydroxy-2,2-dimethylpropyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide

[0106]

[0107] To a solution at 0°C of 0.44 g (0.65 mmol) of N2-(3-(tert-butyldiphenylsilanoxy)-2,2-dimethylpropyl)-6-chloro-
7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide in 1.3 ml of tetrahydrofuran is added 0.73
ml (0.73 mmol) of a 1M solution of tetrabutylammonium fluoride in tetrahydrofuran. The mixture is stirred for 30 minutes
at 0°C and then for 4 hours at room temperature, and is then diluted with 20 ml of dichloromethane. The solution is
washed with aqueous ammonia solution and the organic phase is separated out on a hydrophobic cartridge and then
concentrated under reduced pressure. The residue is purified by chromatography on a column of silica gel, eluting with
a mixture of 2 to 5% methanol in dichloromethane, to give 0.095 g of 6-chloro-(3-fluorophenyl)-N2-(-[(3-hydroxy-2,2-
dimethylpropyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide in the form of a white solid after recrystallizing
from acetonitrile and drying.
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m.p.: 205-207°C
TH NMR (DMSO-dg) &: 7.48 (m, 1H); 7.2 (m, 4H); 6.86 (broad t, 1H); 6.9 (broad s, TH); 4.75 (s, 2H); 4.65 (t, 1H); 3.92
(m, 2H); 3.84 (m, 2H); 3.06 (d, 2H); 2.97 (d, 2H); 0.79 (s, 6H) ppm.

Example 4 (compound 60): N2-(tert-Butyl)-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-

boxamide

[0108]

4P 2
CJ\N N =
H,C H

3

Hy

Step 4.1. 4-Phenyl-1H-pyrrole-3-carbonitrile (CAS 40167-37-1) (Organic Reactions. Vol. 57, Edited by Larry E. Overman

et al. 2001 Organic Reactions, Inc. published by John Wiley & Sons)

[0109]

N
/l

HN—/

[0110] To a suspension of 53.7 g (464 mmol) of potassium tert-butoxide in 500 ml of anhydrous tetrahydrofuran is
added dropwise a mixture of 48.5 g (330 mmol) of the mixture of 50.0 g (387 mmol) of cinnamonitrile (CAS 1885-38-7)
and 75.6 g (387 mmol) of tosylmethyl isocyanide (CAS 36635-61-7) dissolved in 500 ml of tetrahydrofuran, while main-
taining the temperature of the reaction medium at about 25°C. The mixture is then stirred for 1 hour 30 minutes at room
temperature and is then poured into saturated sodium chloride solution. The reaction product is then extracted with ethyl
acetate, the organic phase is dried over sodium sulfate and the solvent is evaporated off under reduced pressure to give
a brown solid, which is dissolved in 350 ml of hot chloroform and purified by chromatography on silica gel, eluting with
dichloromethane, to give 44.3 g of 4-phenyl-1H-pyrrole-3-carbonitrile in the form of a beige-coloured powder after tritu-
rating in diisopropyl ether, filtering off and drying.

TH NMR (CDCly) &: 7.7-7.6 (m, 2H) ; 7.5-7.3 (m, 3H) ; 7.00 (t, 1H) ppm.

Step 4.2. 5-Chloro-4-phenyl-1H-pyrrole-3-carbonitrile

[0111]

I

HN—/

Cl

[0112] To a solution of 44.3 g (263 mmol) of 4-phenyl-1H-pyrrole-3-carbonitrile (CAS 40167-37-1) in 600 ml of tet-
rahydrofuran are added portionwise 35.8 g (268 mmol) of N-chlorosuccinimide (CAS 128-09-6) and the mixture is then
stirred for 48 hours at reflux. After cooling, the reaction medium is concentrated under reduced pressure and the residue
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is then taken up in water. The reaction product is extracted with ethyl acetate, the organic phase is dried over sodium
sulfate and the solvent is evaporated off under reduced pressure to give a brown solid, which is triturated in diisopropyl
ether and then isolated by filtration. The filtrate is concentrated under reduced pressure and the solid residue obtained
is triturated in diisopropyl ether and then isolated by filtration. The two batches of solid are combined to give 51.7 g of
5-chloro-4-phenyl-1H-pyrrole-3-carbonitrile in the form of a beige-coloured powder after drying.

m.p.: 140-142°C

TH NMR (CDCl,) &: 7.65-7.55 (m, 2H); 7.5-7.3 (m, 3H); 7.30 (d, 1H) ppm.

Step 4.3. tert-Butyl {2-[2-chloro-4-cyano-3-phenyl-1H-pyrrol-1-yllethyllcarbamate

[0113]

0

L

H,C

N/

H,c” O H/\/
Cl

[0114] To a solution of 51.6 g (254 mmol) of 5-chloro-4-phenyl-1H-pyrrole-3-carbonitrile in 400 ml of acetonitrile are
added 20.4 g (509 mmol) of finely ground sodium hydroxide and 3.46 g (10.2 mmol) of tetrabutylammonium hydrogen
sulfate, and the mixture is stirred vigorously for a few minutes, followed by adding 68.5 g (255 mmol) of tert-butyl (2-
bromo-ethyl)carbamate (CAS 39684-80-5), and the mixture is then stirred for 4 hours at reflux. [After cooling, the solvent
is evaporated off under reduced pressure, the residue is taken up in water and the product is extracted with ethyl acetate.]
The organic phase is then dried over sodium sulfate and the solvent is evaporated off under reduced pressure to give
67.9 g of tert-butyl {2-[2-chloro-4-cyano-3-phenyl-1H-pyrrol-1-yllethyl}carbamate in the form of a white powder after
recrystallizing from acetonitrile, filtering off and drying.

m.p.: 114-116°C

TH NMR (CDCl3) &: 7.6-7.55 (m, 2H); 7.5-7.3 (m, 1H); 7.20 (s, 1H) ; 4.65 (broad s, 1H) ; 4.15 (broad t, 2H) ; 3.45 (m,
2H); 1.46 (s, 9H) ppm.

Step 4.4. 6-Chloro-7-phenyl-1,2,3 4-tetrahydropyrrolo-[1,2-a]pyrazine-8-carbonitrile

[0115]
N
|
HN =
K/N /
Cl

[0116] Toasuspensionof66.9g (193 mmol)of tert-butyl {2-[2-chloro-4-cyano-3-phenyl-1H-pyrrol-1-yllethyl}carbamate
in 150 ml of ethanol are added slowly 688 ml (2670 mmol) of aqueous 4N hydrochloric acid solution and the mixture is
heated to 90°C. Evolution of gas is rapidly observed, and after 1 hour, the medium is clear. 6.44 g (71.5 mmol) of
paraformaldehyde are then added and heating is continued for a further 4 hours. After cooling, the reaction medium is
basified slowly by adding aqueous ammonia, the product is extracted with dichloromethane, the organic phase is dried
over sodium sulfate and the solvent is evaporated off under reduced pressure to give a yellow solid, which is triturated
in acetonitrile and then isolated by filtration. The filtrate is concentrated under reduced pressure and the solid residue
obtained is triturated in acetonitrile and then isolated by filtration. The two batches of solid are combined to give 30.6 g
of 6-chloro-7-phenyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbonitrile in the form of a beige-coloured powder after
drying.

m.p.: 128-130°C

TH NMR (CDCly) 8: 7.6 (m, 2H); 7.5-7.3 (m, 6H); 4.20 (s, 2H); 3.90 (t, 2H); 3.35 (t, 2H); 1.7 (bs, 1H) ppm.
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Step 4.5. N-tert-Butyl-6-chloro-8-cyano-7-phenyl-3,4-dihydropyrrolo[1,2-a]lpyrazine-2(1H)-carboxamide

[0117]
CH, O /I
H3C>k
HC”™ N7 ONT Y
" K/N /
Cl

[0118] To a solution of 34 g (1192 mmol) of N-tert-butyl-6-chloro-8-cyano-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxamide in 300 ml of dichloromethane are added 16.3 ml (143 mmol) of tert-butyl isocyanate (CAS1609-86-5).
After stirring for 4 hours at room temperature, the solvent is evaporated off under reduced pressure to give an orange-
coloured solid, which is crystallized from acetonitrile to give 40.0 g of N-tert-butyl-6-chloro-8-cyano-7-phenyl-3,4-dihy-
dropyrrolo[1,2-a]pyrazine-2(1H)-carboxamide in the form of a yellow powder after filtering off and drying.

m.p.: 174-176°C

TH NMR (CDCly) : 7.6 (m, 2H) ; 7.5-7.3 (m, 3H) ; 4.35 (s, 2H); 4.4 (broad s, 1H); 4.0 (m, 2H); 3.9 (m, 2H); 1.4 (s, 9H) ppm.

Step 4.6. N2-(tert-Butyl)-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0119]

CH, O NH,
H,Cl_ L
H,C

N N =
H

[0120] To a solution at 65°C of 40.0 g (112 mmol) of N-tert-butyl-6-chloro-8-cyano-7-phenyl-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxamide in 400 ml of methanol and dimethyl sulfoxide (3:2) are added 10.1 ml (118 mmol) of
aqueous 35% sodium hydroxide solution and then 19.8 ml (21.8 mmol) of 35-volumes aqueous hydrogen peroxide
solution in 4 fractions every 15 minutes. After reaction for 30 minutes at 65°C, the mixture is cooled, partially concentrated
under reduced pressure and taken up in dichloromethane. The organic phase is washed with water and is then dried
over sodium sulfate, and the solvent is evaporated off under reduced pressure to give a yellow solid, which is crystallized
from acetonitrile and then recrystallized from acetonitrile, to give 25.2 g of N2-(tert-butyl)-6-chloro-7-phenyl-3,4-dihydro-
pyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide in the form of a white powder after filtering off and drying.

m.p.: 197-199°C

TH NMR (DMSO-dg) 8: 7.45 (m, 2H); 7.35 (m, 3H); 7.0 (broad s, 1H); 6.15 (s, 1H); 5.85 (broad s, 1H); 4.70 (s, 2H); 3.90
(m, 2H); 3.80 (m, 2H); 1.30 (s, 9H) ppm.

Example 5 (compound 89): 6-Chloro-7-(3-cyanophenyl)-N2-(tetrahydro-2H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-
alpyrazine-2,8(1H)-dicarboxamide

[0121]
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Step 5.1. 4-Nitrophenyl tetrahydro-2H-pyran-4-ylcarbamate

[0122]

N )
H

[0123] To a solution of 5.00 g (36.3 mmol) of tetrahydro-2 H-pyran-4-yl-amine hydrochloride (CAS 38041-19-9) in 300
ml of dichloromethane, cooled to -15°C are added portionwise 13.2 g (65.4 mmol) of 4-nitrophenyl chloroformate (CAS
7693-46-1) and then 12.7 ml (72.7 mmol) of diisopropylethylamine. Stirring is continued at -0°C for 2 hours, and 20 ml
of saturated aqueous sodium hydrogen carbonate solution are then added. The organic phase is separated out by
settling and dried over sodium sulfate and the solvent is evaporated off under reduced pressure. The residue is purified
by chromatography on a column 80 g of silica gel, eluting with a mixture of 20% acetone in dichloromethane, to give
8.26 g of 4-nitrophenyl tetrahydro-2H-pyran-4-ylcarbamate in the form of a white powder.

m.p.: 174-176°C

TH NMR (CDCly) 8: 8.25 (d, 2H) ; 7.35 (d, 2H); 5.10 (broad d, 1H); 4.05 (m d, 2H); 3.85 (m, 1H); 3.50 (t d, 2H); 2.0 (m,
2H); 1.60 (m, 2H) ppm.

Step 5.2. Methyl 4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate

[0124]

HN—/

[0125] To a suspension of 12.0 g (107 mmol) of potassium tert-butoxide at 60% in oil, in 100 ml of anhydrous tetrahy-
drofuran, is added dropwise a mixture of 13.3 g (71.1 mmol) of methyl (E)-3-(3-cyanophenyl)acrylate (CAS 193151-10-9)
and 13.9 g (71.1 mmol) of tosylmethyl isocyanide (CAS 36635-61-7) dissolved in 100 ml of tetrahydrofuran, while
maintaining the temperature of the reaction medium at about 25°C. The mixture is then stirred for 2 hours at room
temperature, and is then partially concentrated under reduced pressure. This solution is then poured into ice-water and
the reaction product is then extracted with dichloromethane. The organic phase is dried over sodium sulfate and the
solvent is evaporated off under reduced pressure to give a brown solid, which is triturated in chloroform to give 10.8 g
of methyl 4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate in the form of a beige-coloured solid after cooling, filtering off and
drying.

m.p.: 181-183°C

TH NMR (CDCl,) &: 8.6 (broad s, 1H); 7.70-7.80 (m, 2H); 7.40-7.60 (m, 3H); 6.85 (t, 1H); 3.75 (s, 3H) ppm.
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Step 5.3. Methyl 5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate

[0126]

CH, N

°N0G

—
HN—/
Cl

[0127] To asolution of 16.5 g (72.9 mmol) of methyl 4-(3-cyano-phenyl)-1H-pyrrole-3-carboxylate in 150 ml of tetrahy-
drofuran are added portionwise 9.93 g (74.4 mmol) of N-chlorosuccinimide (CAS 128-09-6) and the mixture is then
stirred for 6 hours at reflux. After cooling, 250 ml of water are added and the reaction product is extracted with ethyl
acetate. The organic phase is dried over sodium sulfate and the solvent is evaporated off under reduced pressure to
give 17.1 g of methyl 5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate in the form of a beige-coloured powder after
recrystallizing from acetonitrile, filtering off and drying.

m.p.: 194-196°C

TH NMR (CDCly) &: 8.6 (broad s, 1H) ; 7.7-7.6 (m, 3H) ; 7.50 (m, 1H); 7.45 (d, 1H); 3.73 (s, 3H) ppm.

Step 5.4. Methyl 1-(2-tert-butoxycarbonylaminoethyl)-5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate

[0128]
O /CHs N
0] //
NS
H,C
N/
H,C” Y07 N7
H Cl

[0129] To a solution of 9.38 g (36.0 mmol) of methyl 5-chloro-4-(3-cyano-phenyl)-1H-pyrrole-3-carboxylat in 60 ml of
acetonitrile are added 2.88 g (72.0 mmol) of powdered sodium hydroxide and 0.49 g (1.4 mmol) of tetrabutylammonium
hydrogen sulfate, and the mixture is stirred vigorously for a few minutes, followed by adding 9.68 g (43.2 mmol) of tert-
butyl (2-bromoethyl)carbamate (CAS 39684-80-5), and the mixture is then stirred for 6 hours at reflux. After cooling, the
mixture is taken up in 250 ml of water and the product is extracted with ethyl acetate. The organic phase is then dried
over sodium sulfate and the solvent is evaporated off under reduced pressure to give an orange-coloured oil, which is
purified by chromatography on a column of 150 g of silica gel, eluting with a mixture of 2% methanol in dichloromethane,
to give 13.5 g of methyl 1-(2-tert-butyloxycarbonylaminoethyl)-5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate in
the form of a yellow oil.

TH NMR (CDCly) 8: 7.60-7.75 (m, 3H) ; 7.50 (d, 1H) ; 7.37 (s, 1H); 4.68 (broad s, 1H); 4.15 (m, 2H); 3.71 (s, 3H); 3.47
(g, 2H); 1.46 (s, 9H) ppm.

Step 5.5. Methyl 1-(2-aminoethyl)-5-chloro-4-(3-cyano-phenyl)-1H-pyrrole-3-carboxylate

[0130]
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O /CHs N

O //
HZN/\/N Y
Cl

[0131] Toasolutionof 13.5g (33.4 mmol) of methyl 7-(2-tert-butyloxycarbonylaminoethyl)-5-chloro-4-(3-cyanophenyl)-
1H-pyrrole-3-carboxylate in 50 ml of methanol are added 80 ml (320 mmol) of 4N hydrochloric acid and the mixture is
heated vigorously at 60°C for 2 hours. 150 ml of water are then added and the solution is basified by adding aqueous
ammonia. The product is extracted with dichloromethane, the organic phase is then dried over sodium sulfate and the
solvent is evaporated off under reduced pressure to give a yellow oil, which is purified by chromatography on a column
of 80 g of silica gel, eluting with a mixture of 0.3% aqueous ammonia and 3% methanol in dichloromethane, to give 8.4
g of methyl 1-(2-aminoethyl)-5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-carboxylate in the form of a white powder after
crystallizing, triturating in diisopropyl ether, filtering off and drying.

m.p.: 111-113°C

TH NMR (CDCly) §: 7.80-7.4 (m, 5H); 4.09 (t, 2H); 3.70 (s, 3H); 3.12 (t, 2H); 1.4 (broad s, 2H) ppm.

Step 5.6. Methyl 6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-8-carboxylate

[0132]

CH, N

3

HN =
Y
cl

[0133] To a solution of 8.41 g (27.7 mmol) of methyl 1-(2-amino-ethyl)-5-chloro-4-(3-cyanophenyl)-1H-pyrrole-3-car-
boxylate in 20 ml of methanol are added 84 ml (340 mmol) of aqueous 4N hydrochloric acid solution. The formation of
a white precipitate is rapidly observed and the medium then becomes clear, while the mixture is heated to 90°C and
0.92 g (10 mmol) of paraformaldehyde is added. Heating is continued at 90°C for 4 hours. After cooling, the reaction
medium is poured into 200 ml of water and the solution is basified by adding aqueous ammonia. The product is extracted
with ethyl acetate, the organic phase is dried over sodium sulfate and the solvent is evaporated off under reduced
pressure to give an orange-coloured oil, which is chromatographed on a column of 80 g of silica gel, eluting with a mixture
of 2% methanol in dichloromethane, to give 7.1 g of methyl 6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazine-8-carboxylate in the form of a yellow oil.

TH NMR (CDCly) 8: 7.65-7.40 (m, 4H) ; 4.35 (s, 2H) ; 3.90 (t, 2H); 3.65 (s, 3H); 3.35 (t, 2H) ppm.

Step 5.7. 2-tert-Butyl 8-methyl 6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxylate

[0134]

H,C
H,C™ ~07 TNT Y

37



10

15

20

25

30

35

40

45

50

55

EP 2 588 480 B1

[0135] To asolution of 7.10 g (22.5 mmol) of methyl 6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyra-
zine-8-carboxylate in 50 ml of dichloromethane are added slowly 5.40 g (24.7 mmol) of di-tert-butyl dicarbonate (CAS
24424-99-5) dissolved in about 20 ml of dichloromethane. After stirring for 1 hour at room temperature, the solvent is
evaporated off under reduced pressure to give a yellow oil, which is purified by chromatography on a column of 80 g of
silica gel, eluting with a mixture of 20% ethyl acetate in cyclohexane to give 7.5 g of 2-tert-butyl 8-methyl 6-chloro-7-(3-
cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxylate in the form of a transparent oil that crystallizes
from methanol.

m.p.: 154-156°C

TH NMR (CDCly) &8: 7.65-7.40 (m, 4H) ; 4.90 (s, 2H) ; 3.9 (2m, 4H); 3.70 (s, 3H); 1.50 (s, 9H) ppm.

Step 5.8. 2-(tert-Butoxycarbonyl)-6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylic ac-
id

[0136]

o N
CH, O OH 7/
N =
K/N /

Ci

[0137] To a suspension of 5.50 g (13.2 mmol) of 2-tert-butyl 8-methyl 6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrro-
lo[1,2-alpyrazine-2,8(1H)-dicarboxylate in 60 ml of a mixture of methanol, water and tetrahydrofuran (1:1:2) is added
0.38 g (15.9 mmol) of lithium hydroxide, and the mixture is heated at 60°C for 18 hours. The mixture is then taken up in
100 ml of dichloromethane and 100 ml of water, and is then acidified by addition of aqueous 1N sulfuric acid. The organic
phase is separated out and dried over sodium sulfate, and the solvent is evaporated off under reduced pressure to give
ayellow solid, which is purified by chromatography on a column of 80 g of silica gel, eluting with a mixture of 2% methanol
in dichloromethane, to give 3.35 g of 2-(tert-butyloxycarbonyl)-6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-
a]pyrazine-8-carboxylic acid in the form of a white powder after triturating in acetonitrile, filtering off and drying.

m.p.: 208-210°C

TH NMR (DMSO-dg) 8: 12.1 (broad s, 1H); 7.8-7.5 (m, 4H); 4.80 (s, 2H); 3.95 (m, 2H); 3.80 (m, 2H); 1.45 (s, 9H) ppm.

H,C
H,C™ "0

Step 5.9. terf-Butyl 6-chloro-7-(3-cyanophenyl)-8-(1H-imidazol-1-ylcarbony|)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate

[0138]
O /:N /N
CH, O N
H,C
HC” 07 N7 OF
K/N /
cl

[0139] To a solution of 3.1 g (7.71 mmol) of 2-(tert-butyloxycarbonyl)-6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxylic acid in 20 ml of tetrahydrofuran are added 1.38 g (8.49 mmol) of carbonyldiimidazole
(CAS 530-62-1). After reaction for 2 hours at 60°C, the mixture is cooled and concentrated under reduced pressure.
The residue is taken up in 60 ml of water and the product is extracted with dichloromethane. The organic phase is dried
over sodium sulfate and the solvent is evaporated off under reduced pressure to give a yellow oil, which is purified by
chromatography on a column of 80 g of silica gel, eluting with a mixture of 2% methanol in dichloromethane, to give 3.38
g of tert-butyl 6-chloro-7-(3-cyanophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-car-
boxylate in the form of a colourless oil.
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1H NMR (CDCl3) 6: 7.60 (m, 1H); 7.5 (m, 2H) ; 7.30 (m, 2H); 7.2 (m, 1H); 6.80 (m, 1H); 4.80 (s, 2H); 4.05 (t, 2H); 3.95
(m, 2H); 1.50 (s, 9H) ppm.

Step 5.10. tert-Butyl 8-carbamoyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0140]
0
CH, O NH, 7/

N =
NP

Cl

H,C
H,C™ "0

[0141] To a solution of 3.28 g (7.26 mmol) of tert-butyl 6-chloro-7-(3-cyanophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-
dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate in 4 ml of dimethylformamide in an autoclave are added 6 ml of 33%
agqueous ammonia. The mixture is stirred for 3 hours at 110°C and, after cooling, is then poured into 80 ml of water and
the solid is separated out by filtration. The solid is taken up in dichloromethane, the solution is then dried over sodium
sulfate and the solvent is evaporated off under reduced pressure to give 2.9 g of fert-butyl 8-carbamoyl-6-chloro-7-(3-
cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate after drying.

m.p.: 206-208°C

TH NMR (DMSO-dg) §: 7.85-7.75 (m, 1H); 7.70 (m, 1H); 7.65-7.60 (m, 2H); 7.1 (broad s, 1H); 6.45 (broad s, 1H); 4.70
(s, 2H); 3.95 (m, 2H); 3.8 (m, 2H); 1.45 (s, 9H) ppm.

Step 5.11. 6-Chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydro-pyrrolo[1,2-alpyrazine-8-carboxamide

[0142]

N
ON_NH,

HN =
(N7
Cl

[0143] Toasolutionof2.90¢g (7.23 mmol)of tert-butyl 8-carbamoyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxylate in 7 ml of dichloromethane are added slowly 7 ml (72 mmol) of trifluoroacetic acid. After
stirring for 1 hour at room temperature, the solvent is evaporated off under reduced pressure, the residue is taken up in
water and the aqueous phase is basified by addition of aqueous ammonia. The white solid formed is separated out by
filtration, rinsed with water and triturated in acetonitrile to give 1.7 g of 6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxamide in the form of a white powder after separating out by filtration and drying under
reduced pressure.

m.p.: 151-153°C

TH NMR (DMSO-dg) 8: 7.80-7.65 (m, 1H); 7.65 (m, 1H); 7.6-7.5 (m, 2H); 7.0 (broad s, 1H); 6.5 (broad s, 1H); 4.00 (s,
2H); 3.75 (t, 2H); 3.10 (t, 2H) ppm.

Step 5.12. 6-Chloro-7-(3-cyanophenyl)-N2-(tetrahydro-2 H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide

[0144]
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[0145] A suspension of 0.67 g (2.23 mmol) of 6-chloro-7-(3-cyanophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carboxamide, 0.712 g (2.67 mmol) of 4-nitrophenyl tetrahydro-2H-pyran-4-ylcarbamate and 0.616 g (1.12 mmol) of
potassium carbonate in 10 ml of acetonitrile is heated at 65°C for 1 hour 30 minutes. After cooling, the mixture is
concentrated under reduced pressure, the residue is diluted with dichloromethane and the solution is washed with
aqueous 1N sodium hydroxide solution. The organic phase is washed with water, dried over sodium sulfate and filtered,
and the solvent is evaporated off under reduced pressure. The residue is purified by chromatography on a column of
40 g of silica gel, eluting with a mixture of 2 to 5% methanol in dichloromethane, to give 0.79 g of 6-chloro-7-(3-cyano-
phenyl)-N2-(tetrahydro-2H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide in the form of a whitish
powder after recrystallizing from 100 ml of ethanol, filtering off and drying under reduced pressure.

m.p.: 236-238°C

TH NMR (DMSO-dg) 8: 7.80 (m, 1H) ; 7.70 (m, 1H) ; 7.65 (, 2H); 7.05 (broad s, 1H); 6.65 (d, 1H) ; 6.50 (broad s, 1H);
4.75 (s, 2H); 3.95-3.75 (m, 6H); 3.70 (m, 1H); 3.45 (m, 2H); 1.70 (m, 2H); 1.50 (m, 2H) ppm.

Example 6 (compound 58): N2-(tert-Butyl)-6-fluoro-7-phenyl-3 4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0146]
9] NH,

CH, )J\
H,C
e

N N =
H

Step 6.1. 5-Fluoro-4-phenyl-1H-pyrrole-3-carbonitrile

[0147]
N
/ll

o

HN—/

F

[0148] To a solution of 9.50 g (56.5 mmol) of 4-phenyl-1H-pyrrole-3-carbonitrile (CAS 40167-37-1) in 300 ml of ace-
tonitrile are added portionwise 24.0 g (67.8 mmol) of 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate) (SelectFluor - CAS 140681-55-6), with a certain amount of exothermicity being observed. The
mixture is stirred for 18 hours at 60°C. After cooling, the reaction medium is concentrated under reduced pressure and
the residue is then taken up in 500 ml of ethyl acetate. The solution is washed twice with 250 ml of water and then with
saturated aqueous sodium chloride solution. The organic phase is dried over sodium sulfate and the solventis evaporated
off under reduced pressure to give a brown oil, which is chromatographed on a column of silica gel, eluting with a mixture
of 15% ethyl acetate in cyclohexane, to give 3.75 g of 5-fluoro-4-phenyl-1H-pyrrole-3-carbonitrile in the form of a red oil
after drying, which product is used as obtained for the rest of the synthesis.

TH NMR (CDCly) &: 8.7 (broad s, 1H); 7.7-7.3 (m, 5H); 6.95 (m, 1H) ppm.
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Step 6.2. tert-Butyl {2-[4-cyano-2-fluoro-3-phenyl-1H-pyrrol-1-yl]lethyl}carbamate

[0149]

0

Lo CHO —
HZC*O)J\H/\/N 4
F

[0150] To a solution of 3.75 g (20.1 mmol) of 5-fluoro-4-phenyl-1H-pyrrole-3-carbonitrile in 101 ml of acetonitrile are
added 1.6 g (40 mmol) of finely ground sodium hydroxide and 0.27 g (0.81 mmol) of tetrabutylammonium hydrogen
sulfate, and the mixture is stirred vigorously for a few minutes, followed by adding 5.42 g (24.2 mmol) of tert-butyl (2-
bromoethyl)-carbamate (CAS 39684-80-5), and the mixture is then stirred for 18 hours at 90°C. After cooling, the solvent
is evaporated off under reduced pressure and the residue is taken up in twice 125 ml of water. The product is extracted
with ethyl acetate. The organic phase is then washed with saturated aqueous sodium chloride solution and dried over
sodium sulfate, and the solvent is evaporated off under reduced pressure. The residue is purified by chromatography
on a column of silica gel, eluting with a mixture of 15 to 50% ethyl acetate in cyclohexane, to give 2.5 g of 5-fluoro-4-
phenyl-1H-pyrrole-3-carbonitrile in the form of a brown oil.

TH NMR (CDCl3) 6: 7.65 (d, 2H) ; 7.55(t, 2H) ; 7.30 (d, 1H); 4.7 (broad s, 1H); 4.05 (m, 2H); 3.45 (m, 2H); 1.46 (s, 9H) ppm.

Step 6.3. 6-Fluoro-7-phenyl-1,2,3,4-tetrahydropyrrolo-[1,2-a]pyrazine-8-carbonitrile

[0151]
N
|
HN =
K/N /
F

[0152] To a suspension of 2.50 g (7.59 mmol) of tert-butyl {2-[2-fluoro-4-cyano-3-phenyl-1H-pyrrol-1-yllethyl}car-
bamate in 5 ml of ethanol are added slowly 25 ml (100 mmol) of aqueous 4N hydrochloric acid solution and 0.25 g (2.8
mmol) of paraformaldehyde. The mixture is heated at 90°C for a further 2 hours. After cooling, the reaction medium is
basified slowly by adding aqueous ammonia and the product is extracted with dichloromethane, the organic phase is
dried over sodium sulfate and the solvent is evaporated off under reduced pressure. The black oil obtained is purified
by chromatography on a column of silica gel, eluting with a mixture of 2 to 5% methanol in dichloromethane, to give 0.75
g of 6-fluoro-7-phenyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbonitrile in the form of a brown oil after drying.

TH NMR (CDCly) 8: 7.7 (m, 1H) ; 7.5-7.3 (m, 4H) ; 4.20 (s, 2H) ; 3.90 (t, 2H); 3.30 (t, 2H); 1.8 (bs, 1H) ppm.

Step 6.4. N-tert-Butyl-8-cyano-6-fluoro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxamide

[0153]

SSP
H,C

H,C” TNT N //

K/N

F
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[0154] To a solution cooled to 0°C of 0.75 g (3.1 mmol) of 6-fluoro-7-phenyl-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-
8-carbonitrile in 50 ml of dichloromethane are added 1.4 ml (10 mmol) of triethylamine and then 0.37 g (3.7 mmol) of
tert-butyl isocyanate (CAS1609-86-5) dropwise. After stirring for 2 hours at room temperature, the medium is poured
into water, the organic phase is separated out and dried over sodium sulfate, and the solvent is evaporated off under
reduced pressure to give a solid in the form of a green foam, which is purified by chromatography on a column of silica
gel, eluting with a mixture of 20 to 50% ethyl acetate in cyclohexane, to give 0.36 g of N-tert-butyl-8-cyano-6-fluoro-7-
phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxamide in the form of an orange-coloured gummy solid.

TH NMR (CDCl3) 8:7.65 (m, 2H) ; 7.45 (m, 2H) ; 7.35 (m, 1H); 4.65 (s, 2H); 4.5 (broad s, 1H); 3.95 (m, 2H); 1.4 (s, 9H) ppm.

Step 6.5. N2-(tert-Buty)-6-fluoro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0155]

CH, O NH,
H,C
H33C>kHJJ\ =

N
NP

F

[0156] To a solution of 0.360 g (1.06 mmol) of N-tert-butyl-6-fluoro-8-cyano-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2(1H)-carboxamide in 4.2 ml of methanol is added 0.1 ml (1.1 mmol) of aqueous 35% sodium hydroxide solution
and then 0.28 ml (3.2 mmol) of 35-volumes aqueous hydrogen peroxide solution. After stirring for 2 hours at 60°C, a
further 0.05 ml (0.5 mmol) of 35-volumes aqueous hydrogen peroxide solution is added and the mixture is stirred for 16
hours at 60°C. After cooling, 0.25 g of sodium thiosulfate dissolved in 0.5 ml of water is added and the heterogeneous
mixture is diluted with 75 ml of ethyl acetate. The organic phase is separated out, washed twice with 25 ml of water and
then with 25 ml of saturated aqueous sodium chloride solution, after which it is dried over sodium sulfate. The solvent
is evaporated off under reduced pressure to give a yellow oil, which is purified by chromatography on a column of silica
gel, eluting with a mixture of 2 to 6% methanol in dichloromethane, to give 0.06 g of 6-fluoro-7-phenyl-N2-(tert-butyl)-
3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide in the form of a solid after triturating in diisopropyl ether, filtering
off and drying.

m.p.: 213-215°C

THNMR (CDCl3) 8: 7.4 (m, 5H); 7.05 (bs, 1H); 6.15 (bs and s, 2H); 4.70 (s, 2H); 3.90 (m, 2H); 3.75 (m, 2H); 1.30 (s, 9H) ppm.

Example 7 (compound 60): N2-tert-Butyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicarboxamide

[0157]

[0158] The synthesis of this compound is also described in Example 4.

Step 7.1.: tert-Butyl 8-cyano-3,4-dihydropyrrolo[1,2-alpyrazine-2( 1H)-carboxylate

[0159]

42



10

15

20

25

30

35

40

45

50

55

EP 2 588 480 BA
>L y
0 /|

07 >N
K/N /

[0160] To a solution under nitrogen of 28.7 g (102 mmol) of sodium 4-(tert-butyloxycarbonyl)-1-formylpiperazine-2-
carboxylate (CAS 1108698-36-7) in 1 1 of dichloromethane are added 21.5 g (113 mmol) of p-toluenesulfonyl chloride.
After stirring for 40 minutes, 8.2 ml (102 mmol) of 2-chloroacrylonitrile are added. After stirring for 40 minutes, 32.8 ml
(235 mmol) of triethylamine are added dropwise and the mixture is stirred overnight at room temperature, and then
refluxed for 1 hour. The solution is then cooled to room temperature. 150 ml of water are added. The organic phase is
separated out by settling, washed twice with 100 ml of water, dried over sodium sulfate and filtered, and concentrated
under reduced pressure. The residue obtained is chromatographed on a column of silica gel, eluting with a mixture of
0 to 10% ethyl acetate in dichloromethane, to give 17.5 g of tert-butyl 8-cyano-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate in the form of a white solid after dissolving in a mixture of cyclohexane and dichloromethane and then
precipitating by slow concentration and drying under reduced pressure.

m.p.: 97°C

TH NMR (CDCl,) &: 6.60 (d, 1H) ; 6.45 (d, 1H) ; 4.75 (s, 2H) ; 4.0 (m, 2H); 3.9 (m, 2H); 1.55 (s, 9H) ppm.

Step 7.2. tert-Butyl 8-carboxylate-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate

[0161]

[0162] To a solution of 26.7 g (108 mmol) of tert-butyl 8-cyano-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate
in 490 ml of methanol are added 80 ml (864 mmol) of concentrated aqueous 32% sodium hydroxide and 4.0 g (41 mmol)
of aqueous 35% hydrogen peroxide solution. The reaction medium is heated at 55°C for 2 hours. 4 times 4.0 g (41 mmol)
of aqueous 35% hydrogen peroxide solution are then added every 2 hours and heating is then continued at 55°C for 18
hours. The medium is then treated with an aqueous solution of 30 g (190 mmol) of sodium thiosulfate in 250 ml of water
and the reaction mixture is stirred for 1 hour and then partially concentrated under reduced pressure. The product is
extracted with 350 ml and then twice 100 ml of dichloromethane, and the organic phases are combined, dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue is dissolved in a mixture of dichlorometh-
ane and ethyl acetate and then precipitated by slow concentration to give 21.1 g of tert-butyl 8-carbamoyl-3,4-dihydro-
pyrrolo[1,2-a]pyrazine-2(1H)-carboxylate in the form of a white solid after drying in an oven at 60°C under reduced
pressure.

m.p.: 181°C

TH NMR (CDCl,) &: 6.55 (d, 1H) ; 6.30 (d, 1H) ; 5.5 (bs, 2H); 4.95 (s, 2H); 4.0 (m, 2H); 3.85 (m, 2H); 1.50 (s, 9H) ppm.

Step 7.3.: tert-Butyl 8-carbamoyl-6-chloro-3,4-dihydropyrrolo[1,2-alpyrazine-2( 1H)-carboxylate

[0163]
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[0164] To a solution under nitrogen of 21.1 g (79.6 mmol) of tert-butyl 8-carbamoyl-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate in 600 ml of dichloromethane, cooled to -40°C, is added dropwise a solution of 10.6 g (79.6 mmol) of
N-chlorosuccinimide in 200 mlof dichloromethane over about 40 minutes. Stirring is continued for 6 hours at atemperature
of -40°C, 150 ml of water are then added and the reaction medium is allowed to warm to room temperature. The product
is isolated by filtration and is washed with water to give 17.5 g of tert-butyl 8-carbamoy|-6-chloro-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxylate in the form of a whitish solid after drying under reduced pressure at 40°C in the presence
of phosphorus pentoxide.

m.p. = 223-225°C

TH NMR (DMSO) &: 7.35 (broad s, 1H); 6.85 (broad s, 1H); 6.75 (s, 1H); 4.75 (s, 2H); 3.85 (m, 2H); 3.75 (m, 2H); 1.45
(s, 9H) ppm.

Step 7.4. tert-Butyl 7-bromo-8-carbamoyl|-6-chloro-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0165]

S o
O NH

[0166] To a solution of 10.5 g (35.1 mmol) of tert-butyl 8-carbamoyl-6-chloro-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate in 1 1 of a mixture of 50% ethyl acetate in dichloromethane precooled to 0°C is added slowly a solution
of 6.90 g (38.6 mmol) of N-bromosuccinimide in 200 ml of dichloromethane. The reaction is stirred for 5 hours at 0°C
and then for 12 hours while allowing the temperature to return to room temperature. 300 ml of water are then added,
the organic phase is separated out by settling and the aqueous phase is then washed with twice 200 m| of ethyl acetate.
The organic phases are combined and partially concentrated under reduced pressure. The solution is taken up in 60 ml
of water and the organic solvents are removed by evaporation under reduced pressure. The insoluble matter suspended
in water is isolated by filtration, washed with water and then dried under reduced pressure in the presence of phosphorus
pentoxide. The residue obtained is chromatographed on a column of silica gel, eluting with a mixture of 5 to 50% ethyl
acetate in dichloromethane, to give 5.0 g of tert-butyl 7-bromo-8-carbamoyl-6-chloro-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate in the form of a white solid after triturating in ethyl acetate and drying at 60°C under reduced pressure.
m.p.: 214-216°C

TH NMR (CDCl3) 6: 6.7 (broad s, 1H); 5.5 (broad s, 1H); 5.00 (s, 2H); 3.9 (m, 4H); 1.50 (s, 9H) ppm.

Step 7.5. tert-Butyl 8-carbamoyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0167]

H,C
H,C™ ~0” °N =
K/N /

Cl
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[0168] To a solution under nitrogen of 3.78 g (9.98 mmol) of tert-butyl 7-bromo-8-carbamoyl-6-chloro-3,4-dihydropyr-
rolo[1,2-a]pyrazine-2(1H)-carboxylate in 160 ml of tetrahydrofuran are added 1.34 g (11.0 mmol) of benzeneboronic
acid (CAS 98-80-6), 8 ml of water, 9.76 g (30.0 mmol) of caesium carbonate and 0.98 g (1.20 mmol) of a complex of
1,1-bis(diphenylphosphino)ferrocenedichloropalladium (Il) and dichloromethane (PdCly(dppf)-CH,Cl, - CAS
95464-05-4). The mixture is stirred for 6 hours at 100°C and then for 15 hours at 80°C, then cooled to room temperature
and filtered through Celite™. The Celite is rinsed with 100 ml of ethyl acetate and 30 ml of water are added to the
combined filtrates. The organic phase is separated out by settling, dried over sodium sulfate, filtered and concentrated
under reduced pressure. The residue obtained is chromatographed on a column of silica gel, eluting with a mixture of
5 to 50% ethyl acetate in dichloromethane, to give 1.50 g of tert-butyl 8-carbamoyl-6-chloro-7-phenyl-3,4-dihydropyrro-
lo[1,2-alpyrazine-2( 1H)-carboxylate in the form of a white solid after recrystallization from ethyl acetate and drying at
60°C under reduced pressure.

m.p.: 178-180°C

TH NMR (CDCly) &: 7.4-7.25 (m, 5H) ; 5.1 (broad s, 2H) ; 4.9 (s, 2H); 3.85 (m, 4H); 1.45 (s, 9H) ppm.

Step 7.6. 8-Carbamoyl-6-chloro-7-phenyl-1,2,3,4-dihydropyr-rolo[1,2-a]pyrazine hydrochloride

[0169]

O
NH

CIH
HN =
k/N /
C

[0170] To a solution cooled to about 0°C of 5.99 g (15.9 mmol) of tert-butyl 8-carbamoyl-6-chloro-7-phenyl-3,4-dihy-
dropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate in 50 ml of dichloromethane and 200 ml of methanol are added portionwise
12.6 g (116 mmol) of chlorotrimethylsilane. The mixture is stirred for 16 hours at room temperature and the reaction
medium is then concentrated under reduced pressure and co-evaporated twice with ethyl acetate. The residue is crys-
tallized from ethyl acetate to give 4.88 g of 8-carbamoyl-6-chloro-7-phenyl-1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydro-
chloride in the form of a white solid after drying at 60°C under reduced pressure.

m.p.: 227-230°C (decomposition)

THNMR (DMS0) 8: 9.5 (broad s, 2H); 7.55-7.30 (m, 5H); 7.20 (broad s, 1H); 4.55 (s, 2H); 4.15 (m, 2H); 3.65 (m, 2H) ppm.

Step 7.7. N?-tert-Butyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8( 1H)-dicarboxamide

[0171]

[0172] To a solution under nitrogen and cooled to about 0°C of 2.06 g (6.6 mmol) of 8-carbamoyl-6-chloro-7-phenyl-
1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride in 60 ml of dichloromethane are added 2.76 ml (19.8 mmol) of
triethylamine, and then 0.90 ml (7.92 mmol) of tert-butylisocyanate. The solution is stirred for 4 hours atroom temperature
and 20 ml of water are then added. The organic phase is separated out by settling, washed twice with 20 ml of water,
dried over sodium sulfate and filtered, and concentrated under reduced pressure. The residue is chromatographed on
a column of silica gel, eluting with a mixture of 5 to 50% ethyl acetate in dichloromethane, and the product obtained is
recrystallized from ethyl acetate, to give 0.46 g of N2-tert-butyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide in the form of a white solid after drying at 60°C under reduced pressure.

m.p.: 192 - 195°C

TH NMR (DMSO) &: 7.45 (m, 2H); 7.35 (m, 3H); 7.0 (broad s, 1H); 6.15 (s, 1H); 5.85 (broad s, 1H); 4.70 (s, 2H); 3.90
(m, 2H); 3.80 (m, 2H); 1.30 (s, 9H) ppm.
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Example 8 (compound 1): N2-tert-Butyl-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8( 1 H)-dicarboxamide

[0173]

[0174] A mixture of 0.866 g (2.31 mmol) of N2-fert-butyl-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide, 6.0 g (95 mmol) of ammonium formate and 0.20 g (0.09 mmol) of 10% palladium-on-charcoal
containing 50% water in 50 ml of methanol is refluxed for 6 hours. After cooling, the mixture is filtered through Celite
and the Celite is rinsed with dichloromethane. The filtrate is then concentrated under reduced pressure and the residue
is taken up in dichloromethane. The solution is washed with water, dried over sodium sulfate and then concentrated
under reduced pressure. The product is then purified by chromatography on a column of 40 g of silica gel, eluting with
a mixture of 95 to 50% ethyl acetate in dichloromethane, to give 0.31 g of N2-fert-butyl-7-phenyl-3,4-dihydropyrrolo[1,2-
a]pyrazine-2,8(1H)-dicarboxamide in the form of a white solid after crystallizing from diethyl ether and drying.

m.p.: 156-158°C

TH NMR (DMSO-dg) 5: 7.4 (m, 4H) ; 7.25 (m, 1H) ; 6.9 (broad s, 1H); 6.55 (s, 1H); 6.2 (broad s, 1H); 6.05 (s, 1H); 4.70
(s, 2H); 3.95 (m, 2H); 3.70 (m, 2H); 1.33 (s, 9H) ppm.

Example 9 (compound 65): N2-tert-Butyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-

2,8(1H)-dicarboxamide

[0175]

Step 9.1. tert-Butyl 8-carbamoyl-6-chloro-7-(3-cyano-phenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2( 1H)-carboxylate

[0176]

CH, O
H,C
HSSC>kO)J\N

NP

Cl

[0177] To a solution under nitrogen of 6.50 g (17.2 mmol) of tert-butyl 7-bromo-8-carbamoyl-6-chloro-3,4-dihydropyr-
rolo[1,2-a]pyrazine-2( 1H)-carboxylate in 200 ml of tetrahydrofuran are added 2.52 g (17.2 mmol) of 3-cyanophenylboronic
acid (CAS 150255-96-2), 10 ml of water, 16.8 g (52.4 mmol) of caesium carbonate and 1.68 g (2.06 mmol) of a complex
of 1,1-bis(diphenylphosphino)ferrocenedichloropalladium (llI) and dichloromethane (PdCly(dppf) - CH,Cl, - CAS
95464-05-4). The mixture is stirred for 6 hours at 100°C and then for 15 hours at 80°C, then cooled to room temperature
and filtered through Celite™. The Celite is rinsed with 200 ml of ethyl acetate and 30 ml of water are added to the
combined filtrates. The organic phase is separated out by settling, dried over sodium sulfate, filtered and concentrated
under reduced pressure. The residue obtained is chromatographed on a column of silica gel, eluting with a mixture of
2 to 50% ethyl acetate in dichloromethane, to give 3.69 g of tert-butyl 8-carbamoyl-6-chloro-7-(3-cyanophenyl)-3,4-
dihydropyrrolo[1,2-alpyrazine-2( 1H)-carboxylate in the form of a white solid after recrystallization from ethyl acetate and
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drying at 60°C under reduced pressure.
m.p.: 209-210°C
TH NMR (CDCly) 8: 7.8-7.55 (m, 4H) ; 5.1 (broad s, 2H) ; 5.00 (s, 2H); 3.95 (m, 4H); 1.55 (s, 9H) ppm.

Step 9.2. 8-Carbamoyl-6-chloro-7-(3-cyanophenyl)-1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride

[0178]

o)

N
NH, 7/

HN =

QY

Cl
HCI

[0179] To a solution cooled to about 0°C of 2.12 g (5.29 mmol) of tert-butyl 8-carbamoyl-6-chloro-7-(3-cyanophenyl)-
3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate in a mixture of 50 ml of dichloromethane and 150 ml of methanol
are added portionwise 2.75 g (31.7 mmol) of chlorotrimethylsilane. The mixture is stirred for 18 hours at room temperature
and the reaction medium is then concentrated under reduced pressure and co-evaporated twice with ethyl acetate. The
residue is isolated after concentration under reduced pressure by filtering off and rinsing with ether, to give 1.78 g of 8-
carbamoyl-6-chloro-7-(3-cyanophenyl)-1,2,3,4-dihydropyrrolo-[1,2-a]pyrazine hydrochloride in the form of a white solid.
m.p.: 254-256°C

TH NMR (DMSO) &: 9.9 (broad s, 2H); 7.80 (m, 1H) ; 7.70 (s, 1H); 7.60 (d, 2H); 7.20 (broad s, 1H); 6.5 (broad s, 1H);
4.45 (s, 2H); 4.15 (m, 2H); 3.50 (m, 2H) ppm.

Step 9.3. N2-tert-Butyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicarboxamide

[0180]

[0181] To a solution, under nitrogen and cooled to about 0°C, of 1.11 g (3.29 mmol) of 8-carbamoyl-6-chloro-7-(3-
cyanophenyl)-1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride and 1.15 ml (8.23 mmol) of triethylamine in 40 ml of
dichloromethane is added 0.45 ml (3.95 mmol) of tert-butyl isocyanate. The solution is stirred for 3 hours at room
temperature and 30 ml of water are then added. The organic phase is separated out by settling, washed with saturated
aqueous 1N hydrochloric acid solution, dried over sodium sulfate and filtered, and concentrated underreduced pressure.
Theresidue is chromatographed on a column of silica gel, eluting with a mixture of 10 to 50% methanol in dichloromethane,
and the product obtained is recrystallized from ethyl acetate, to give 0.97 g of N2-tert-butyl-6-chloro-7-(3-cyanophenyl)-
3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicarboxamide in the form of a white solid after drying.

m.p.: 192 - 195°C

TH NMR (DMSO) §: 7.80 (d, 1H); 7.45 (s, 1H); 7.65 (m, 2H); 7.1 (broad s, 1H); 6.5 (s, 1H); 6.15 (broad s, 1H); 4.65 (s,
2H); 3.90 (m, 2H); 3.80 (m, 2H); 1.30 (s, 9H) ppm.

Example 10 (compound 64): N?-tert-Butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide

[0182]
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Step 10.1. tert-Butyl 8-carbamoyl-6-chloro-7-(4-methoxy-phenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0183]

Cl

[0184] To a mixture under nitrogen of 4.00 g (10.6 mmol) of tert-butyl 7-bromo-8-carbamoyl|-6-chloro-3,4-dihydropyr-
rolo[1,2-a]pyrazine-2(1H)-carboxylate under N, with the bromo derivative of pyrrolo[1,2-a]pyrazine, 1.77 g (11.6 mmol)
of 4-methoxyphenylboronic acid and 10.3 g (31.7 mmol) of caesium carbonate in a mixture of 80 ml of tetrahydrofuran
and 4 ml of water is added 0.863 g (1.06 mmol) of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium (I1) (CAS
72287-26-4). The mixture is heated at 100°C for 20 hours and, after cooling, the medium is then diluted with ethyl acetate
and filtered through Celite. The filtrate is washed with water, the organic phase is dried over sodium sulfate and con-
centrated under reduced pressure, and the residue is chromatographed on a column of 40 g of silica gel, eluting with 5
to 100% ethyl acetate in dichloromethane, to give 3.35 g of tert-butyl 8-carbamoyl-6-chloro-7-(4-methoxyphenyl)-3,4-
dihydropyrrolo[1,2-alpyrazine-2( 1H)-carboxylate after crystallization from ethyl acetate and drying.

m.p.: 188.5°C

TH NMR (CDCl3) 8: 7.35 (d, 2H) ; 7.05 (d, 2H) ; 5.3 (broad s, 1H); 5.2 (broad s, 1H); 5.00 (s, 2H); 3.95 (m, 4H); 3.90 (s,
3H); 1.55 (s, 9H) ppm.

Step 10.2. 8-Carbamoyl-6-chloro-7-(4-methoxyphenyl)-1,2,3,4-dihydropyrrolo[1,2-alpyrazine hydrochloride

[0185]
o)
HCI NH,
HN = o
/ \
K/N CH

Cl

[0186] To a solution of 3.35 g (8.25 mmol) of tert-butyl 8-carbamoyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrro-
lo-[1,2-a]pyrazine-2(71H)-carboxylate in 100 ml of methanol are added 6.29 ml (5.38 mmol) of chlorotrimethylsilane. After
stirring for 19 hours, the solvent is evaporated off under reduced pressure and the evaporation residue is co-evaporated
several times with ethyl acetate to give 2.75 g of 8-carbamoyl-6-chloro-7-(4-methoxyphenyl)-1,2,3,4-dihydropyrrolo[1,2-
a]pyrazine hydrochloride isolated by filtration, rinsing with ether and drying. The product is used as obtained in the rest
of the synthesis.

Step 10.3. N?-tert-Butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0187]
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[0188] To a solution, under nitrogen and at 0°C, of 1.55 g (4.53 mmol) of 8-carbamoy|-6-chloro-7-(4-methoxyphenyl)-
1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride in 70 ml of dichloromethane are added 1.89 ml (13.7 mmol) of
triethylamine and 0.62 ml (5.44 mmol) of tert-butyl isocyanate. The mixture is stirred for three hours while allowing the
temperature to return to room temperature, and water and 30 ml of dichloromethane are then added. The organic phase
is separated out, washed with water, dried over sodium sulfate and concentrated under reduced pressure. The residue
is purified by chromatography on 40 g of silica gel, eluting with a mixture of 20 to 50% ethyl acetate in dichloromethane,
to give 0.48 g of N2-tert-butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicarboxamide
in the form of a pale yellow solid after crystallizing from ethyl acetate and drying.

m.p.: 168-170°C

TH NMR (DMSO-dg) 8: 7.25 (d, 2H) ; 7.00 (d and broad s, 3H); 6.15 (s, 2H); 5.70 (broad s, 1H); 4.70 (s, 2H); 3.9 (m,
2H); 3.85 (s, 3H); 3.80 (m, 2H); 3.75 (m, 2H); 1.30 (s, 9H) ppm.

Example 11 (compound 2): N2-tert-Butyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-

carboxamide

[0189]

CH,
0
HCZ7~N NH,
H,C )\
07NN

K/N / O\CH

[0190] A mixture of 1.20 g (2.96 mmol) of N2-tert-butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2,8(1H)-dicarboxamide, 6.0 g (95 mmol) of ammonium formate and 0.22 g (0.10 mmol) of 10% palladium-on-
charcoal containing 50% water in 80 ml of methanol is refluxed for 6 hours. After cooling, the mixture is filtered through
Celite and the Celite is rinsed with methanol and dichloromethane. The filtrate is then concentrated under reduced
pressure and the residue is taken up in dichloromethane. The solution is washed with water, dried over sodium sulfate
and then concentrated under reduced pressure. The product is then purified by chromatography on a column of 70 g of
silica gel, eluting with a mixture of 20 to 50% ethyl acetate in dichloromethane, to give 0.64 g of N2-tert-butyl-7-(4-
methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicarboxamide in the form of a white solid after crystallizing
from ethyl acetate and drying.

m.p.: 197-198°C

TH NMR (DMSO-dg) 8: 7.30 (d, 2H) ; 6.95 (d, 2H) ; 6.85 (broad s, 1H); 6.15 (s, 2H); 6.70 (s, 1H); 5.95 (broad s, 1H);
4.70 (s, 2H); 3.95 (m, 2H); 3.80 (s, 3H); 3.70 (m, 2H); 1.30 (s, 9H) ppm.

3

Example 12 (compound 36): N2-fert-Butyl-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide

[0191]
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Step 12.1. 1-terf-Butyl 3-methyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate

[0192]

[0193] To a solution cooled to 0°C of 10.0 g (35.6 mmol) of 1-tert-butyl 3-methyl piperazine-1,3-dicarboxylate hydro-
chloride (CAS 129799-08-2) in 350 ml of dichloromethane are added 11.0 ml (79.1 mmol) of triethylamine and then,
over 35 minutes, 3.6 ml (40 mmol) of cyclopropylcarbonyl chloride dissolved in 50 ml of dichloromethane. The medium
is stirred from 0°C to room temperature over 4 hours 30 minutes and is then washed with twice 40 ml of water and dried
over sodium sulfate. The solvent is evaporated off under reduced pressure and the residue is chromatographed on a
column of 90 g of silica gel, eluting with a mixture of 5 to 50% ethyl acetate in dichloromethane, to give 11.5 g 1-tert-
butyl 3-methyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate in the form of a viscous oil.

TH NMR (DMSO-dg - 110°C) &: 5.6 (m, 1H) ; 4.95 (broad d, 1H); 4.70 (m, 1H); 4.45 (m, 1H); 4.30 (s, 3H); 4.05 (s, 1H);
3.85 (dd, 1H); 3.60 (broad t, 1H); 2.5 (m, 1H); 2.0 (s, 9H); 1.4 (m, 4H) ppm.

Step 12.2. Sodium 1-tert-butyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate

[0194]

[0195] Toasolutionof11.5g(36.8 mmol)of 1-tert-butyl 3-methyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate
in 127.5 ml of methanol are added 1.77 g of sodium hydroxide dissolved in 22.5 ml of water. The mixture is stirred for
24 hours and the reaction medium is then concentrated under reduced pressure and the residue co-evaporated with
toluene, to give 12.6 g of sodium 1-tert-butyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate in the form of a white
powder after drying, and is used as obtained in the rest of the synthesis.

TH NMR (DMSO-dg - 110°C) &: 4.50 (m, 1H); 4.35 (dd, 1H); 3.95 (m, 1H); 3.70 (m, 1H); 3.35 (broad s, 1H); 3.10 (m,
1H); 2.95 (m, 1H); 1.80 (m, 1H); 1.40 (s, 9H); 0.85-0.55 (m, 4H) ppm.

Step 12.3. tert-Butyl 8-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-alpyrazine-2-carboxylate (CAS 502933-77-9;
WO 2003/024 967)

[0196]
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[0197] To a solution of 57.4 g (179 mmol) of sodium 1-tert-butyl 4-cyclopropanecarbonylpiperazine-1,3-dicarboxylate
in 900 ml of dichloromethane are added 35.9 g (188 mmol) of tosyl chloride. After stirring for 20 minutes, 14.3 ml of
chloroacrylonitrile (CAS 920-37-6) are added. After a further 20 minutes, 52.7 ml of triethylamine are added, while
evolution of gas is observed at the start of the addition. Stirring is continued for 18 hours, and the solution is then washed
with water, dried over sodium sulfate and concentrated under reduced pressure. The residue is chromatographed on a
column of 330 g of silica gel, eluting with a mixture of 80 to 0% cyclohexane, 20 to 95% dichloromethane and 0 to 5%
ethyl acetate, to give 10 g of an oil predominantly containing tert-butyl 8-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-
alpyrazine-2-carboxylate (CAS 502933-77-9; WO 2003/024 967) and in minor amount terf-butyl 7-cyano-6-cyclopropyl-
3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-carboxylate.

TH NMR (CDCl3) §: 6.00 and 5.95 (s and s, 1H); 4.65 and 4.45 (s and s, 2H); 3.95 and 3.80 (m and m, 4H); 1.6 (m, 1H);
1.4 (s, 9H); 1.1-0.75 (m, 3H); 0.55 (m, 1H) ppm.

Step 12.4. tert-Butyl 8-carbamoyl-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-alpyrazine-2-carboxylate

[0198]

H,C™ ~07 N7 YF

[0199] To a solution of 9.8 g (34.1 mmol) of tert-butyl 8-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-
carboxylate (CAS 502933-77-9; WO 2003/024 967) and tert-butyl 7-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-
a]pyrazine-2-carboxylate (502933-78-0; WO 2003/024 967) obtained during step 10.3. in 200 ml of methanol are added
8.6 ml (290 mmol) of aqueous 35 wt% sodium hydroxide and 8.0 ml (93 mmol) of 35% aqueous hydrogen peroxide
solution four times every 2 hours, while the mixture is maintained at 45°C. After 18 hours at this same temperature, the
mixture is cooled and treated with 10.7 g (68 mmol) of sodium thiosulfate and 50 ml of water and then stirred for 1 hour.
The solvent is partially concentrated and the reaction product is extracted with ethyl acetate. The organic phases are
dried over sodium sulfate and concentrated under reduced pressure, and the residue is chromatographed on a column
of 80 g of silica gel, eluting with a mixture of 5 to 50% ethyl acetate in dichloromethane, to give 2.82 g of tert-butyl 7-
carbamoyl-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-carboxylate and 4.82 g of tert-butyl 8-carbamoyl-6-
cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-alpyrazine-2-carboxylate after crystallizing from ethyl acetate and drying.

TH NMR (CDCl3) 8: 5.95 (s, 1H) ; 5.45 (broad s, 2H); 4.95 (s, 2H); 4.05 (m, 2H); 3.90 (m, 2H); 1.7 (m, 1H); 1.50 (s, 9H);
0.90 (m, 2H); 0.60 (m, 2H) ppm.

Step 12.5. tert-Butyl 7-bromo-8-carbamoy|-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-carboxylate

[0200]
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[0201] To a solution of 12.8 g (41.9 mmol) of tert-butyl 8-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-
2-carboxylate (CAS 502933-77-9; WO 2003/024 967) in 350 ml of dichloromethane cooled to between -30 and -35°C
are added portionwise 8.36 g (47.0 mmol) of N-bromosuccinimide (CAS 128-08-5). After stirring for 1 hour at this same
temperature, water is added and the mixture is stirred until it has returned to room temperature. The organic phase is
separated out and the solvent is evaporated off under reduced pressure. The solid residue is triturated in water, isolated
by filtration, rinsed with water and dried in air. The solid is then purified by chromatography on a column of silica gel,
eluting with a mixture of 10 to 50% ethyl acetate in dichloromethane, to give 11.8 g of tert-butyl 7-bromo-8-carbamoyl-
6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-carboxylate in the form of a white solid after crystallizing from a
minimum amount of ethyl acetate, rinsing with diethyl ether and drying.

m.p.: 162.1°C

TH NMR (CDCly) &: 6.85 (broad s, 1H) ; 5.40 (broad s, 1H); 5.00 (s, 2H); 4.05 (m, 2H); 3.90 (m, 2H); 1.55 (m and s,
10H); 1.10 (m, 2H); 0.85 (m, 2H) ppm.

Step 12.6. tert-Butyl 8-carbamoyl-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydro-1H-pyrrolo[1,2-a]lpyrazine-2-carbox-
ylate

[0202]

[0203] To a mixture of 3.00 g (7.81 mmol) of tert-butyl 7-bromo-8-cyano-6-cyclopropyl-3,4-dihydro-1H-pyrrolo[1,2-
a]pyrazine-2-carboxylate, 1.54 g (10.2 mmol) of 4-methoxyphenylboronic acid (CAS 5720-07-0) and 7.63 g (23.4 mmol)
of caesium carbonate in a mixture of 80 ml of tetrahydrofuran and 4 ml of water under argon is added 0.64 g (0.78 mmol)
of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium (I1) (CAS 72287-26-4), and the mixture is heated at 100°C for
20 hours. After cooling, the mixture is diluted with ethyl acetate and filtered through Celite, the organic phase is washed
with water, dried over sodium sulfate and filtered, and the solution is concentrated under reduced pressure. The residue
is chromatographed on a column of 40 g of silica gel, eluting with a mixture of 20 to 50% ethyl acetate in dichloromethane,
to give 1.51 g of tert-butyl 8-cyano-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydro-1H-pyrrolo[1,2-a]pyrazine-2-carbox-
ylate in the form of a white solid after crystallizing from a minimum amount of ethyl acetate, rinsing with diethyl ether
and drying.

m.p.: 181-182°C

TH NMR (DMSO-dg) 8: 7.20 (d, 1H) ; 7.00 (d, 2H) ; 6.75 (broad s, 1H); 5.25 (broad s, 1H); 4.80 (s, 2H); 4.00 (m, 2H);
3.80 (m and s, 5H); 1.65 (m, 1H); 1.5 (s, 2H); 0.60 (m, 2H); 0.15 (m, 2H) ppm.

Step 12.7. 8-Carbamoyl-6-cyclopropyl-7-(4-methoxy-phenyl)-1,2,3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride

[0204]
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[0205] To a solution of 1.47 g (3.57 mmol) of tert-butyl 8-cyano-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydro-1H-
pyrrolo[1,2-a]pyrazine-2-carboxylate in 60 ml of methanol are added 2.7 ml (21 mmol) of trimethylsilyl chloride. After
stirring for 20 hours, the solvent is evaporated off under reduced pressure and the residue is co-evaporated several
times with ethyl acetate, to give 1.1 g of 8-carbamoyl-6-cyclo-propyl-7-(4-methoxyphenyl)-1,2,3,4-dihydropyrrolo[1,2-
a]pyrazine hydrochloride in the form of a white solid after crystallizing from a minimum amount of ethyl acetate and
drying. It is then used as obtained in the rest of the synthesis.

m.p.: 267-271°C

TH NMR (DMSO-dg) 8: 9.9 (broad s, 2H) ; 7.10 (d, 1H) ; 6.90 (d, 2H); 6.80 (broad s, 1H); 5.15 (broad s, 1H); 4.35 (s,
2H); 4.10 (m, 2H); 3.80 (s, 3H); 3.50 (m, 2H); 1.55 (m, 1H); 0.55 (m, 2H); 0.00 (m, 2H) ppm.

Step 12.8. N2-tert-Butyl-6-cyclopropyl-7-(4-methoxy-phenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8( 1 H)-dicarboxamide

[0206]

[0207] To a solution of 0.25 g (0.72 mmol) of 8-carbamoyl-6-cyclo-propyl-7-(4-methoxyphenyl)-1,2,3,4-dihydropyrro-
lo[1,2-alpyrazine hydrochloride in 30 ml of dichloromethane is added 0.25 ml (1.8 mmol) of triethylamine and then, at
0°C, 0.10 ml (0.86 mmol) of tert-butyl isocyanate. After stirring for 3 hours at 0°C, dichloromethane and water are added
and the organic phase is then separated out, washed with water, dried over sodium sulfate and concentrated under
reduced pressure. The residue is chromatographed on a column of 12 g of silica gel, eluting with a mixture of 20 to 50%
ethyl acetate in dichloromethane, to give 0.22 g of N2-tert-butyl-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrro-
lo-[1,2-a]pyrazine-2,8(71H)-dicarboxamide in the form of a white solid after crystallization from a minimum amount of
ethyl acetate, rinsing with diethyl ether and drying.

m.p.: 177-179°C

TH NMR (DMSO-dg) 8: 7.10 (d, 2H) ; 6.90 (d, 2H) ; 6.60 (broad s, 1H); 5.95 (s, 1H); 5.20 (broad s, 1H); 4.60 (s, 2H);
3.85 (m, 2H); 3.70 (s, 3H); 3.65 (m, 2H); 1.55 (m, 1H); 1.20 (s, 9H); 0.55 (m, 2H); 0.05 (m, 2H) ppm.

Example 13 (compound 36): N2-tert-Butyl-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide

[0208]
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[0209] The synthesis of this compound has already been described in Example 12 via an alternative procedure.

Step 13.1. 7-Bromo-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride

[0210]

o)

NH,

HN = B
P

HCI

[0211] Toa solution under nitrogen of 6.34 g (16.5 mmol) of tert-butyl 7-bromo-8-carbamoyl-6-cyclopropyl-3,4-dihydro-
1H-pyrrolo[1,2-a]pyrazine-2-carboxylate in 120 ml of methanol are added 10.5 ml of trimethylsilyl chloride. After reaction
for 18 hours, the medium is concentrated under reduced pressure, the residue is taken up in toluene and the solvent is
evaporated off under reduced pressure. 5.4 g of 7-bromo-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride
are thus obtained in the form of a yellow powder.

m.p.: 240-241°C

TH NMR (DMSO-dg) 8: 9.8 (broad s, 2H) ; 7.35 (broad s, 1H) ; 6.75 (broad s, 1H); 4.45 (s, 2H); 4.20 (m, 2H); 3.55 (m,
2H); 1.65 (m, 1H); 1.00 (m, 2H); 0.70 (m, 2H) ppm.

Step 13.2. N?-tert-Butyl-7-bromo-6-cyclopropyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8( 1H)-dicarboxamide

[0212]

o)

NH,

4o SH ©

S WP

H,C™ N7 N // .
K/N

[0213] To a mixture of 5.2 g (16.5 mmol) of 7-bromo-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazine hydrochloride
and 6.90 ml (49.5 ml) of triethylamine in 200 ml of dichloromethane at 0°C are added 2.1 ml (18 mmol) of tert-butyl
isocyanate. After stirring for 2 hours, 50 ml of water are added and the product is extracted with dichloromethane. The
organic phase is separated out, washed with water, dried over sodium sulfate and concentrated under reduced pressure.
The residue is chromatographed on a column of 70 g of silica gel, eluting with a mixture of 5 to 50% ethyl acetate in
dichloromethane, to give 4.5 g of N2-tert-butyl-7-bromo-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1H)-dicar-
boxamide in the form of a white solid after crystallizing from a minimum amount of ethyl acetate, rinsing with diethyl
ether and drying.

m.p.: 204-208°C

TH NMR (DMSO-dg) 8: 6.95 (broad s, 1H) ; 6.45 (broad s, 1H) ; 5.85 (s, 1H); 4.45 (s, 2H); 3.75 (m, 2H); 3.45 (m, 2H);
1.40 (m, 1H); 1.15 (s, 9H); 0.75 (m, 2H); 0.50 (m, 2H) ppm.

Step 13.3. N2-tert-Butyl-6-cyclopropyl-7-(4-methoxy-phenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0214]
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[0215] To a mixture under nitrogen of 0.750 g (1.96 mmol) of N?-tert-butyl-7-bromo-6-cyclopropyl-3,4-dihydropyrro-
lo[1,2-alpyrazine-2,8(1H)-dicarboxamide, 0.446 g (2.94 mmol) of 4-methoxyphenylboronic acid (CAS 5720-07-0) and
5.8 ml (12 mmol) of aqueous 2M caesium carbonate solution in a mixture of 15 ml of toluene and 15 ml of ethanol under
argon is added 0.64 g (0.78 mmol) of tetrakis(triphenylphosphine)palladium (CAS 14221-01-3), and the mixture is heated
at 100°C for 17 hours. After cooling, the mixture is filtered through Celite and the filtrate concentrated under reduced
pressure. The residue is then taken up in dichloromethane, the organic phase is washed with water, dried over sodium
sulfate and filtered, and the solution is concentrated under reduced pressure. The residue is chromatographed on a
column of 15 g of silica gel, eluting with a mixture of 10 to 100% ethyl acetate in dichloromethane, to give 0.19 g of
N2-tert-butyl-6-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8( 1 H)-dicarboxamide in the form
of a white solid after crystallizing from a minimum amount of ethyl acetate, rinsing with diethyl ether and drying, and is
identical to the compound obtained according to the procedure of Example 12.

Example 14 (compound 16): N?-tert-Butyl-6-cyclopropyl-7-(3-trifluoromethylphenyl)-3,4-dihydropyrrolo[1,2-alpyra-

zine-2,8(1H)-dicarboxamide

[0216]

[0217] To a mixture of 57.0 mg (0.300 mmol) of (3-trifluoromethylphenyl)boronic acid and 76.7 mg (0.200 mmol) of
N2-tert-butyl-7-bromo-6-cyclopropyl-3,4-dihydropyrrolo-[1,2-alpyrazine-2,8( 1H)-dicarboxamide in a reaction tube are
added 2 ml of tetrahydrofuran degassed beforehand under argon for 15 minutes and 63.6 mg (0.60 mmol) of disodium
carbonate dissolved in 1 ml of water. The tube is then purged with argon, and about 16 mg (0.02 mmol) of a complex
of 1,1-bis(diphenylphosphino)ferrocenedichloropalladium (Il) and dichloromethane (PdCI,(dppf):CH,Cl, - CAS
95464-05-4) suspended in 2 ml of tetrahydrofuran degassed beforehand under argon are added. The tube is then stirred
at 70°C for 20 hours, the mixture is cooled and the solvent is evaporated off under reduced pressure. The residue is
taken up in 5 ml of tetrahydrofuran and 100 mg of propanethiol-grafted silica (Si-Thiol, Biotage) are added. The mixture
is stirred for 4 hours at room temperature and the grafted silica is separated out by filtration on a Celite cartridge, the
Celite is washed twice with 1 ml of tetrahydrofuran and the filtrate is concentrated under reduced pressure. The residue
is then purified by SFC purification, to give 0.017 g of N2-fert-butyl-6-cyclopropyl-7-(3-trifluoromethylphenyl)-3,4-dihy-
dropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide.

TH NMR (DMSO-dg) 8: 7.60 (d, 3H); 6.90 (broad s, 1H); 6.20 (broad s, 1H); 6.10 (s, 1H); 4.65 (s, 2H); 3.95 (m, 2H); 3.70
(m, 2H); 1.80 (m, 1H); 1.30 (s, 9H); 0.7 (m, 2H); 0.00 (m, 2H) ppm.

Example 15 (compound 82): trans-6-Chloro(3-fluorophenyl)-N2-(-[(4-hydroxycyclohexyl)-3,4-dihydropyrrolo[1,2-
alpyrazine-2,8(1H)-dicarboxamide

[0218]
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HO

[0219] To a solution of 0.480 g (4.17 mmol) of frans-4-amino-cyclohexanol (CAS27489-62-9) in 10 ml of dichlorometh-
ane is added 0.84 g (4.17 mmol) of 4-nitrophenyl chloroformate (CAS 7693-46-1), followed by addition of 1.36 g (2.52
mmol) of diisopropylethylamine. After 1 hour at room temperature, the solvent is stripped off by evaporation under
reduced pressure and theresidue is suspended in 21 mlof ethyl acetate. 1.00 g (3.42 mmol) of 6-chloro-7-(3-fluorophenyl)-
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxamide and 0.90 g (0.70 mmol) of diisopropylethylamine are then added
and the mixture is stirred for 30 minutes at reflux, to give a homogeneous solution. After cooling, the solvent is stripped
off by evaporation under reduced pressure, the residue is then taken up in ethyl acetate and the solution is washed with
aqueous sodium hydrogen carbonate solution and then with saturated aqueous sodium chloride solution. The organic
phase is dried over sodium sulfate and then concentrated under reduced pressure. The residue is purified by two
successive chromatographies on a column of silica gel, eluting with a mixture of 2 to 10% methanol in dichloromethane,
to give 0.37 g of trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-hydroxycyclohexyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide in the form of a solid after recrystallizing from a mixture of methanol and diisopropyl ether and
drying.

m.p.: 251-253°C

TH NMR (DMSO-dg) §: 7.45 (m, 1H); 7.15 (m, 3H); 7.05 (bs, 1H); 6.50 (d, 1H); 6.2 (broad s, 1H); 4.80 (s, 2H); 4.45 (d,
1H); 3.85 (m, 2H); 3.80 (m, 2H); 3.5 (m, 2H); 1.8 (m, 4H); 1.2 (m, 4H) ppm.

Example 16 (compound 96): 6-Bromo-N2-tert-butyl-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide

[0220]

Step 16.1. Ethyl 4-(3-fluorophenyl)-1H-pyrrole-3-carboxylate

[0221]

[0222] To a suspension of 38.3 g (341 mmol) of potassium fert-butoxide at 60% in oil in 500 ml of anhydrous tetrahy-
drofuran is added dropwise a mixture of 55.2 g (284 mmol) of ethyl (E)-3-(3-fluorophenyl)acrylate (CAS 166250-00-6)
and 55.5 g (284 mmol) of tosylmethyl isocyanide (CAS 36635-61-7) dissolved in 500 ml of tetrahydrofuran, while main-
taining the temperature of the reaction medium at about 25°C. The mixture is then stirred for 1 hour 30 minutes at room
temperature. The mixture is then poured into saturated aqueous solution and the reaction product is extracted with ethyl
acetate. The organic phase is dried over sodium sulfate and the solvent is evaporated off under reduced pressure, to
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give a brown solid, which is chromatographed on a column of silica gel, eluting with dichloromethane, to give 40.7 g of
ethyl 4-(3-fluorophenyl)-1H-pyrrole-3-carboxylate, in the form of a white powder after triturating in diisopropyl ether,
filtering off and drying.

m.p.: 120-122°C

TH NMR (CDCl3) 8: 8.55 (broad's, 1H) ; 7.50(d, 1H) ;7.3 (m, 3H); 7.00 (m, 1H); 6.80 (d, 1H); 4.25(q, 2H); 1.30 (t, 3H) ppm.

Step 16.2. Ethyl 5-bromo-4-(3-fluorophenyl)-1H-pyrrole-3-carboxylate

[0223]

[0224] To a solution of 38.3 g (164 mmol) of ethyl 4-(3-fluorophenyl)-1H-pyrrole-3-carboxylate in 380 ml of tetrahy-
drofuran are added, over 30 minutes, 32.1 g (181 mmol) of N-bromosuccinimide (CAS 128-08-5), and the mixture is
then stirred for 3 hours at reflux. After cooling, 200 ml of aqueous 5% sodium thiosulfate solution are added and the
reaction product is extracted with ethyl acetate. The organic phase is dried over sodium sulfate and the solvent is
evaporated off under reduced pressure, to give 17.1 g of ethyl 5-bromo-4-(3-fluocrophenyl)-1H-pyrrole-3-carboxylate in
the form of a white powder after recrystallizing from diisopropyl ether, filtering off and drying.

m.p.: 114-117°C

TH NMR (CDCly) &: 8.55 (broad s, 1H) ; 7.50 (s, 1H) ; 7.35 (m, 1H) ; 7.20 (m, 1H) ; 7.05 (m, 1H) ; 4.20 (g, 2H) ; 1.20 (t,
3H) ppm.

Step 16.3. Ethyl 1-(2-tert-butoxycarbonylaminoethyl)-5-bromo-4-(3-fluocrophenyl)-1H-pyrrole-3-carboxylate

[0225]

© F
SO
H,C
N/
H,C” o H/\/
Br

[0226] To a solution of 39.6 g (127 mmol) of ethyl 5-bromo-4-(3-fluorophenyl)-1H-pyrrole-3-carboxylate in 275 ml of
acetonitrile are added 10.1 g (253 mmol) of powdered sodium hydroxide and 1.7 g (5.1 mmol) of tetrabutylammonium
hydrogen sulfate, and the mixture is stirred vigorously for a few minutes, followed by adding 34.1 g (152 mmol) of (2-
tert-butyl bromoethyl)carbamate (CAS 39684-80-5), and the mixture is then stirred for 17 hours at reflux. After cooling,
the solvent is evaporated off under reduced pressure and the residue is taken up in ethyl acetate. The solution is washed
with saturated aqueous sodium chloride solution, the organic phase is then dried over sodium sulfate and the solvent
is evaporated off under reduced pressure, to give a brown oil, which is crystallized from diisopropyl ether, to give 43 g
of ethyl 1-(2-tert-butoxycarbonylaminoethyl)-5-bromo-4-(3-fluoropheny!)-1H-pyrrole-3-carboxylate in the form of a beige-
coloured powder after filtering off and drying.

m.p.: 108-110°C

TH NMR (CDCl3) &: 7.50 (s, 1H); 7.35 (m, 1H); 7.15 (m, 1H); 7.10 (m, 1H); 7.05 (m, 1H); 4.70 (broad s, 2H); 4.15 (m,
4H); 3.50 (m, 2H); 1.50 (s, 9H); 1.2 (t, 3H) ppm.
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Step 16.4. Ethyl 6-chloro-7-(3-fluorophenyl)-1,2,3 4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate

[0227]

[0228] To a solution of 38.4 g (84.3 mmol) of ethyl 1-(2-tert-butoxycarbonylaminoethyl)-5-bromo-4-(3-fluorophenyl)-
1H-pyrrole-3-carboxylate in 80 ml of ethanol are added slowly 271 ml (949 mmol) of aqueous 3.5N hydrochloric acid
solution. The formation of a white precipitate is rapidly observed and then, after 45 minutes, the medium becomes clear,
while the mixture is heated to 70°C, and 3.00 g (31.2 mmol) of paraformaldehyde are added. Heating is continued at
70°C for 1 hour. After cooling, the reaction medium is poured into a mixture of ice and aqueous 4N sodium hydroxide
solution. The product is extracted with dichloromethane, the organic phase is dried over sodium sulfate and the solvent
is evaporated off under reduced pressure, to give a brown oil, which is chromatographed on a column of 330 g of silica
gel, eluting with a mixture of 3% methanol in dichloromethane, to give 14.3 g of ethyl 6-chloro-7-(3-fluorophenyl)-1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylate after crystallizing from 50 ml of diisopropyl ether.

m.p.: 96-98°C

TH NMR (DMSO-dg) 8: 7.40 (m, 1H) ; 7.1 (m, 3H) ; 4.10 (s, 2H); 4.05 (q, 2H); 3.80 (t, 2H); 3.15 (t, 2H); 2.8 (broad s, 1H);
1.1 (t, 3H) ppm.

Step 16.5. 2-tert-Butyl 8-ethyl 6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxylate

[0229]

H,C™ "0

[0230] Toasolutionof12.7 g(34.7 mmol) of ethyl 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-
8-carboxylate in 150 ml of dichloromethane are added slowly 7.95 g (36.4 mmol) of di-tert-butyl dicarbonate (CAS
24424-99-5) dissolved in dichloromethane. After stirring for 30 minutes at room temperature, the solvent is evaporated
off under reduced pressure, to give an orange-coloured oil, which is purified by chromatography on a column of 220 g
of silica gel, eluting with a mixture of 15% ethyl acetate in cyclohexane, to give 17.0 g of 2-tert-butyl 8-ethyl 6-chloro-
7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxylate in the form of a pale yellow oil, which is crys-
tallized from 60 ml of hexane, to give 14.2 g of a beige-coloured powder.

m.p.: 84-86°C

TH NMR (DMSO-dg) 8: 7.45 (m, 1H) ; 7.15 (m, 3H) ; 4.80 (s, 2H) ; 4.05 (g, 2H); 3.95 (m, 2H); 3.80 (m, 2H); 1.50 (s, 9H);
1.10 (t, 3H) ppm.

Step 16.6. 2-tert-Butyl 8-ethyl 7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxylate

[0231]
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[0232] Amixture of 6.00g (14.2 mmol) of 2-tert-butyl 8-ethyl 6-chloro-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2,8(1H)-dicarboxylate, 13.4 g (212 mmol) of ammonium formate (CAS 540-69-2) and 0.6 g of 10% palladium-on-
charcoal containing 50% water in 50 ml of methanol is stirred at reflux for 45 minutes. After cooling, the mixture is filtered
through a Blchner funnel and the filtrate is concentrated under reduced pressure. The residue is taken up in ethyl
acetate, the solution is washed with agqueous 2N sodium hydroxide solution and then dried over sodium sulfate, and the
solvent is evaporated off under reduced pressure, to give 5.5 g of 2-tert-butyl 8-ethyl 7-(3-fluoropheny!l)-3,4-dihydropyr-
rolo[1,2-a]pyrazine-2,8(1H)-dicarboxylate in the form of a yellow oil.

TH NMR (DMSO-dg) 8: 7.35 (m, 1H) ; 7.20 (m, 2H) ; 7.05 (m, 1H) ; 7.00 (s, 1H); 4.80 (s, 2H); 4.05 (q, 2H); 4.00 (m, 2H);
3.85 (m, 2H); 1.45 (s, 9H); 1.20 (t, 3H) ppm.

Step 16.7. 2-tert-Butyl 8-ethyl 6-bromo-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxylate

[0233]

[0234] To a solution of 2.00 g (5.15 mmol) of ethyl 7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-car-
boxylate in 12 ml of tetrahydrofuran are added portionwise 1.01 g (5.66 mmol) of N-bromosuccinimide (CAS 128-08-5)
over 30 minutes. After stirring for 1 hour atroom temperature, the mixture is poured into water and the product is extracted
with ethyl acetate. The solution is dried over sodium sulfate and the solvent is evaporated off under reduced pressure,
to give 2.4 g of 2-tert-butyl 8-ethyl 6-bromo-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxylate
in the form of a yellow oil.

TH NMR (DMSO-dg) &: 7.50 (m, 1H) ; 7.15 (m, 1H) ; 7.05 (m, 2H) ; 4.80 (s, 2H); 4.05 (m, 2H); 3.95 (m, 2H); 3.80 (m,
2H); 1.45 (s, 9H); 1.05 (t, 3H) ppm.

Step 16.9. 2-(tert-Butoxycarbonyl)-6-bromo-7-(3-fluorophenyl)-1,2,3 4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylic
acid

[0235]

0]
OH F

CH, O
H,C
FiCE;J\\()/Jl\‘N =
(N
Br

[0236] Toasuspensionof2.41g(5.16 mmol) of 2-tert-butyl 8-ethyl 6-bromo-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2,8(1H)-dicarboxylate in 18 ml of ethanol are added 10.3 ml (10.3 mmol) of 1N sodium hydroxide solution
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and the mixture is heated at 70°C for 2 days. The mixture is then taken up in dichloromethane and acidified by addition
of 25 ml of aqueous 1N sulfuric acid. The organic phase is separated out and dried over sodium sulfate, and the solvent
is evaporated off under reduced pressure, to give a yellow solid, which is purified by chromatography on a column of
40 g of silica gel, eluting with a mixture of 4% methanol in dichloromethane, to give 1.65 g of 2-(tert-butyloxy-carbonyl)-
6-bromo-7-(3-fluocrophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylic acid in the form of a pale yellow pow-
der.

m.p.: 199-201°C

TH NMR (DMSO-dg) 8: 12.0 (broad s, 1H) ; 7.4 (m, 1H) 7.1 (m, 3H); 4.80 (s, 2H); 3.95 (m, 2H); 3.80 (m, 2H); 1.45 (s,
9H) ppm.

Step 16.10. fert-Butyl 6-bromo-7-(3-fluorophenyl)-8-(1 H-imidazol-1-ylcarbonyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate

[0237]
o. /=N
H,C
N =
K/N /
Br

H,C O

[0238] To asolution of 1.87 g (4.27 mmol) of 2-(tert-butyloxycarbonyl)-6-bromo-7-(3-fluorophenyl)-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxylic acid in 10 ml of tetrahydrofuran is added 0.831 g (5.12 mmol) of carbonyldiimidazole
(CAS 530-62-1). After reaction for 1 hour at 50°C, the mixture is cooled and taken up in water, and the product is extracted
with ethyl acetate. The organic phase is dried over sodium sulfate and the solvent is evaporated off under reduced
pressure, to give a yellow oil, which crystallizes from 25 ml of diisopropyl ether, to give 1.82 g tert-butyl 6-bromo-7-(3-
fluorophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate in the form of a beige-
coloured powder.

m.p.: 168-169°C

TH NMR (DMSO-dg) 8: 7.75 (s, 1H); 7.35 (s, 1H); 7.25 (m, 1H); 7.0 (m, 3H); 6.75 (s, 1H); 4.70 (s, 2H); 4.05 (m, 2H); 3.85
(m, 2H); 1.45 (s, 9H) ppm.

Step 16.11. tert-Butyl 8-carbamoyl-6-bromo-7-(3-fluoro-phenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0239]

[0240] To 1.79 g (3.66 mmol) of tert-butyl 6-bromo-7-(3-fluorophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-dihydropyrro-
lo[1,2-a]pyrazine-2(1H)-carboxylate in an autoclave are added 30 ml of 33% aqueous ammonia. The mixture is stirred
for 5 hours 30 minutes at 90°C and, after cooling, is then poured into water, to give 1.26 g of tert-butyl 8-carbamoyl-6-
bromo-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate after drying over potassium hydroxide.
m.p.: 168-174°C

TH NMR (DMSO-dg) 8: 7.50 (m, 1H) ; 7.20 (m, 3H) ; 7.05 (broad s, 1H); 6.00 (broad s, 1H); 4.75 (s, 2H); 3.95 (m, 2H);
3.80 (m, 2H); 1.45 (s, 9H) ppm.
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Step 16.12. 6-Bromo-7-(3-fluorophenyl)-1,2,3,4-tetrahydro-pyrrolo[1,2-a]pyrazine-8-carboxamide

[0241]

[0242] Toasolutionof1.24 g (2.83 mmol) oftert-butyl 8-carbamoy|-6-bromo-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxylate in 10 ml of dichloromethane are added slowly 2.8 ml (28 mmol) of triflucroacetic acid. After
stirring for 1 hour at room temperature, the solvent is evaporated off under reduced pressure, the residue is taken up in
water and the aqueous phase is basified by addition of aqueous ammonia. The solid formed is separated out by filtration
and rinsed with water, to give 0.92 g of 6-bromo-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carbox-
amide in the form of a beige-coloured powder after drying under reduced pressure in the presence of potassium hydroxide.
m.p.: 216-218°C

TH NMR (DMSO-dg) 8: 7.35 (m, 1H) ; 7.05 (m, 3H) ; 6.80 (broad s, 1H); 6.00 (broad s, 1H); 3.95 (s, 2H); 3.65 (t, 2H);
3.00 (t, 2H) ppm.

Step 16.13. 6-Bromo-N2-(tert-buty!)-7-(3-fluorophenyl)-3 4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide

[0243]

[0244] To asuspension of 0.24 g (0.71 mmol) of 6-bromo-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-
8-carboxamideis added 0.30 ml(2.13 mmol) of triethylamine and then, at 0°C, 0.10 ml (0.85 mmol) of tert-butyl isocyanate.
After reaction for 1 hour at room temperature, the mixture is treated with aqueous 1N sodium hydroxide solution and
the product is extracted with dichloromethane. The organic phase is dried over sodium sulfate and filtered, and the
solvent is evaporated off under reduced pressure. The residue is purified by chromatography on a column of 40 g of
silica gel, eluting with a mixture of 4% methanol in dichloromethane, to give 0.16 g of 6-bromo-7-(3-flucrophe-
nyl)-N2-(tert-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide in the form of a powder after recrystalliza-
tion from 10 ml of acetonitrile, filtering and drying under reduced pressure.

m.p.: 184-189°C

TH NMR (DMSO-dg) 8: 7.45 (m, 1H) ; 7.15 (m, 3H) ; 7.00 (broad s, 1H); 6.15 (broad s and s, 2H); 4.80 (s, 2H); 3.90 (m,
2H); 3.75 (m, 2H); 1.30 (m, 9H) ppm.

Example 17 (compound 97): N?-(fert-Butyl)-6-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide

[0245]
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Step 17.1. 2-tert-Butyl 8-ethyl 6-cyano-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxylate

[0246]

H,C~ "0

[0247] To a solution, under argon and cooled to 10°C, of 2.52 g (6.49 mmol) of 2-tert-butyl 8-ethyl 7-(3-fluorophenyl)-
3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxylate in 20 ml of dichloromethane is added dropwise 0.62 ml (7.14
mmol) of chlorosulfonyl isocyanate (CAS 1189-71-5) and the mixture is left stirring at 0°C for 1 hour. 3.3 ml (65 mmol)
of dimethylformamide are then added dropwise to the mixture, cooled to -10°C. After stirring for 5 hours at room tem-
perature, the mixture is poured into 60 ml of agueous 1N sodium hydroxide solution and the product is extracted with
dichloromethane. The solution is dried over sodium sulfate and the solvent is evaporated off under reduced pressure,
to give a yellow oil, which is chromatographed on a column of 80 g of silica gel, eluting with a mixture of 20% ethyl
acetate in cyclohexane, to give 1.24 g of 2-tert-butyl 8-ethyl 6-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyra-
zine-2,8(1H)-dicarboxylate in the form of a white powder after crystallizing from diisopropyl ether, filtering off and drying.
m.p.: 129-131°C

TH NMR (DMSO-dg) 8: 7.6-7.2 (m, 4H); 4.84 (s, 2H); 4.2 (m, 2H); 4.10 (g, 2H); 3.83 (m, 2H); 1.45 (s, 9H); 1.10 (t, 3H) ppm.

Step 17.2. 2-(tert-Butoxycarbonyl)-6-cyano-7-(3-flucrophenyl)-1,2,3 4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxylic ac-
id

[0248]

0
CH, O OH F

H,C
N =
K/N /

H,C™ O
N

N

[0249] To asuspensionof 1.24 g (3.00 mmol) of 2-tert-butyl 8-ethyl 6-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2,8(1H)-dicarboxylate in 15 ml of a mixture of ethanol, water and tetrahydrofuran (1:1:1) is added 0.086 g
(3.6 mmol) of lithium hydroxide, and the mixture is heated at 60°C for 1 day. The mixture is then taken up in 60 ml of
dichloromethane and is acidified by addition of aqueous 1N sulfuric acid. The organic phase is separated out and dried
over sodium sulfate, and the solvent is evaporated off under reduced pressure to give a solid, which is triturated in
acetonitrile to give 1.07 g of 2-(tert-butyloxycarbonyl)-6-cyano-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyra-
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zine-8-carboxylic acid in the form of a white powder.

m.p.: > 210°C

TH NMR (DMSO-dg) 8: 12.5 (broad s, 1H) ; 7.45 (m, 1H) 7.25 (m, 3H); 4.83 (s, 2H); 4.12 (m, 2H); 3.82 (m, 2H); 1.45 (s,
9H) ppm.

Step 17.3. tert-Butyl 6-cyano-7-(3-fluorophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2(1H)-carboxylate

[0250]

0 N/~
H,C )J\
HC™ ~07 TNT YF
K/N /

N
N

[0251] To a solution of 1.21 g (3.14 mmol) of 2-(tert-butyloxycarbonyl)-6-cyano-7-(3-fluorophenyl)-1,2,3,4-tetrahydro-
pyrrolo[1,2-a]pyrazine-8-carboxylic acid in 10 ml of tetrahydrofuran is added 0.560 g (3.45 mmol) of carbonyldiimidazole
(CAS 530-62-1). After reaction for 1 hour 30 minutes at 60°C, the mixture is cooled and taken up in water, and the
product is extracted with dichloromethane. The organic phase is dried over sodium sulfate and the solvent is evaporated
off under reduced pressure, to give a yellow oil, which is chromatographed on a column of 24 g of silica gel, eluting with
a mixture of 3% methanol in dichloromethane, to give 1.35 g of tert-butyl 6-cyano-7-(3-fluorophenyl)-8-(1H-imidazol-1-
ylcarbonyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate in the form of a white foam.

TH NMR (DMSO-dg) 8: 7.64 (s, 1H); 7.3-6.9 (m, 5H) ; 6.84 (m, 1H); 4.90 (s, 2H); 4.23 (m, 2H); 4.00 (m, 2H); 1.51 (s,
9H) ppm.

Step 17.4. tert-Butyl 8-carbamoyl-6-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2(1H)-carboxylate

[0252]

[0253] To 1.35 g (3.10 mmol) of tert-butyl 6-cyano-7-(3-fluorophenyl)-8-(1H-imidazol-1-ylcarbonyl)-3,4-dihydropyrro-
lo[1,2-a]pyrazine-2(1H)-carboxylate in an autoclave are added 10 ml of 30% aqueous ammonia. The mixture is stirred
for 1 hour at 50°C and, after cooling, is poured into 60 ml of water, to give 1.05 g of tert-butyl 8-carbamoyl-6-cyano-7-(3-
fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2(1H)-carboxylate after drying over potassium hydroxide.

m.p.: 208-210°C

TH NMR (CDCly) §: 7.6-7.1 (m, 4H); 5.20 (broad s, 2H); 5.00 (s, 2H); 4.14 (m, 2H); 3.93 (m, 2H); 1.52 (s, 9H) ppm.

Step 17.5. 6-Cyano-7-(3-fluorophenyl)-1,2,3,4-tetrahydro-pyrrolo[1,2-alpyrazine-8-carboxamide

[0254]
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[0255] Toa solutionof 1.05g (2.73 mmol) of tert-butyl 8-carbamoyl-6-cyano-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-
a]pyrazine-2(1H)-carboxylate in 10 ml of dichloromethane are added slowly 2.7 ml (27 mmol) of triflucroacetic acid. After
stirring for 1 hour at room temperature, the solvent is evaporated off under reduced pressure, the residue is taken up in
water and the aqueous phase is basified by addition of aqueous ammonia. The solid formed is separated out by filtration
and rinsed with water, to give 0.71 g of 6-cyano-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-carboxa-
mide in the form of a white powder after drying under reduced pressure.

m.p.: 195°C (decomposition)

TH NMR (DMSO-dg) 8: 7.5 (m, 1H); 7.25 (m, 3H); 6.80 (broad s, 1H); 4.02 (s, 2H); 3.96 (t, 2H); 3.10 (t, 2H) ppm.

Step 17.6. N?-(tert-Butyl)-6-cyano-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide

[0256] To asuspension of 0.50 g (0.53 mmol) of 6-cyano-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-
8-carboxamide is added 0.07 ml (0.6 mmol) of tert-butyl isocyanate. After reaction for 2 hours at room temperature, the
solvent is evaporated off under reduced pressure and the solid residue is recrystallized from acetonitrile, to give 0.16 g
of 6-cyano-7-(3-flucrophenyl)-N2-(tert-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide in the form of a
white powder after filtering off and drying under reduced pressure.

m.p.: > 217°C

TH NMR (DMSO-dg) 8: 7.6 and 7.3 (m and m, 4H) ; 6.95 (broad s, 1H); 6.25 (s, 1H); 4.75 (s, 2H); 4.10 (m, 2H); 3.85 (m,
2H); 1.33 (m, 9H) ppm.

Example 18 (compound 86): 6-Chloro-7-(3-fluorophenyl)-N2-[4-[(1,1-dimethylethoxy)imino]cyclohexyl]-3,4-dihydropyr-
rolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide

Step 18.1. 4-Nitrophenyl [4-[(1,1-dimethylethoxy)imino]-cyclohexyllcarbamate

[0257]

[0258] To a suspension of 1.15 g (5.16 mmol) of [4-[(1,1-dimethylethoxy)imino]cyclohexyllamine hydrochloride (CAS
701249-71-0) in 30 ml of dichloromethane cooled to about 0°C are added 1.15 g (5.68 mmol) of 4-nitrophenyl chloro-
formate (CAS 7693-46-1). 1.58 ml (11.4 mmol) of diisopropylethylamine are then added portionwise. Stirring is continued
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at 0°C for 2 hours and the mixture is then allowed to warm to room temperature and is stirred for a further 2 hours. The
solventis then partially evaporated off underreduced pressure to avolume of about 8 ml. This solution is chromatographed
on a column of 40 g of silica gel, eluting with a dichloromethane/ethyl acetate mixture (100/0 to 50/50), to give 1.19 g of
4-nitrophenyl [4-[(1,1-dimethylethoxy)imino]cyclohexyl]carbamate in the form of a white solid.

m.p.: 132.4°C

TH NMR (CDCl3) &: 8.20 (d, 2H); 7.25 (d, 2H); 4.95 (broad s, 1H); 3.75 (broad s, 1H); 3.15 (m, 1H); 2.45 (m, 1H);
2.25-1.90 (m, 4H); 1.55-1.30 (m, 4H); 1.20 (s, 2H) ppm.

Step 18.2. 6-Chloro-7-(3-fluorophenyl)-N2-[4-[(1,1-dimethylethoxy)imino]cyclohexyl]-3,4-dihydropyrrolo[1,2-alpyrazine-

2,8(1H)-dicarboxamide

[0259]

[0260] A suspension of 0.27 (0.82 mmol) of 6-chloro-7-(3-fluorophenyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-8-
carboxamide hydrochloride, 0.37 g (1.06 mmol) of 4-nitrophenyl [4-[(1,1-dimethylethoxy)imino]cyclohexyl]-carbamate
and 0.33 g (2.45 mmol) of sodium carbonate in 30 ml of acetonitrile is heated at 60°C for 3 hours. After cooling, the
mixture is poured into water and the product is extracted with dichloromethane. After drying over sodium sulfate and
filtration, the solvent is evaporated off under reduced pressure and the residue is purified by chromatography on a column
of 40 g of silica gel, eluting with a mixture of dichloromethane/ethyl acetate (60/40 to 20/80), to give 0.18 g of 6-chloro-
7-(3-fluorophenyl)-N2-[4-[(1,1-dimethylethoxy)imino]cyclohexyl]-3,4-dihydropyrrolo-[1,2-alpyrazine-2,8(1H)-dicarboxa-
mide in the form of a yellowish powder, after evaporating the fractions down to a small volume of solvent, filtering off
the crystallized product, washing with ethyl acetate and drying under reduced pressure.

m.p.: 195-198°C

TH NMR (DMSO-dg) 8: 7.45 (m, 1H); 7.2 (m, 3H); 7.05 (broad s, 1H); 6.55 (d, 1H); 6.20 (broad s, 1H); 4.70 (s, 2H); 3.90
(m, 2H); 3.75 (m, 2H+1H); 3.00 (m, 1H); 2.30 (m, 1H); 2.15 (m, 1H); 2.00-1.80 (m, 3H); 1.50-1.25 (m, 2H); 1.20 (s, 9H) ppm.
[0261] Table 1 below illustrates the chemical structures and the physical properties of a number of compounds ac-
cording to the invention.

[0262] In this table:

- the "m.p. °C" column gives the melting points of the products in degrees Celsius. "N.D" means that the melting point
is not determined,
- the "m/z" column gives the molecular ion (M+H*) or (M-H-) observed on analysis of the products by LC-MS.
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Biological examples

[0263] The capacity of the compounds of the invention to inhibit the phosphorylation of casein by casein kinase 1
epsilon and/or delta may be evaluated according to the procedures described in document US 2005/0 131 012.

Test A: Inhibitory activity on CK1 epsilon measured by assay on an ATP-33P filter plate

[0264] The effect of the compounds on inhibition of the phosphorylation of casein by the enzyme casein kinase 1
epsilon (CK1 epsilon) is measured, using a casein assay via filtration of ATP-33P in vitro.

[0265] Casein kinase 1 epsilon (0.58 mg/ml) is obtained via fermentation and purification processes performed ac-
cording to methods that are well known to those skilled in the art, or may also be obtained from Invitrogen Corporation™
(human CK1 epsilon).

[0266] The compounds are tested at five different concentrations so as to generate IC5, values, i.e. the concentration
at which a compound is capable of inhibiting the enzymatic activity by 50%, or alternatively the percentage of inhibition
at a concentration of 10 micromolar.

[0267] "U"-bottomed Falcon plates are prepared by placing 5 pL of solutions of the compounds according to the
invention at concentrations of 10, 1, 0.1, 0.01 or 0.001 M in different wells. The solutions of the compounds according
to the invention at these various concentrations are prepared by diluting in a test buffer (Tris 50 mM pH 7.5, MgCl, 10
M, DTT 2 mM and EGTA 1 mM) a stock solution in DMSO at a concentration of 10 mM. Next, 5 L of dephosphorylated
casein are added to a final concentration of 0.2 pg/pL, 20 uL of CK1 epsilon to a final concentration of 3 pg/pL, and 20
wlL of ATP-33P to a final concentration of 0.02 wCi/pL mixed with cold ATP (10 wM final - approximately 2108 CPM
per well). The final total test volume per well is equal to 50 L.

[0268] The "U"-bottomed Falcon® test plate mentioned above is vortexed, and then incubated at room temperature
for 2 hours. After 2 hours the reaction is stopped by adding an ice-cold solution of 65 L of cold ATP (2 mM) prepared
in test buffer.

[0269] 100 L of the reaction mixture are then transferred from the "U"-bottomed Falcon® plate into Millipore® MAPH
filter plates, preimpregnated with 25 pL of ice-cold 100% TCA.

[0270] The Millipore MAPH filter plates are agitated gently and are left to stand at room temperature for at least 30
minutes to precipitate the proteins.

[0271] After 30 minutes, the filter plates are sequentially washed and filtered with 2150 pL of 20% TCA, 2X150 pL
of 10% TCA and 2X150 pL of 5% TCA (6 washes in total per plate/900 pL per well).

[0272] The plates are left to dry overnight at room temperature. Next, 40 pL of Microscint-20 Packard® scintillation
liquid are added per well and the plates are closed in a leaktight manner. The radiation emitted by each well is then
measured for 2 minutes ina TopCount NXT Packard® scintillation counter, in which the values of CPM/well are measured.
[0273] The percentage inhibition of the capacity of the enzyme to phosphorylate the substrate (casein) is determined
for each concentration of test compound. These inhibition data expressed as percentages are used to calculate the IC,
value for each compound compared with the controls.

[0274] The kinetic studies determined the K}, value for ATP as being 21 uM in this test system.

[0275] Table 2 below gives the IC5, values or the IC5 inhibition ranges (result of several experiments) for the phos-
phorylation of Casein Kinase 1 Epsilon for a number of compounds according to the invention.

Table 2
No. CK1 epsilon IC4 (nM) | No. CK1epsilonlCgy(nM) | No. CK1 epsilonICgq (nM)
1 12-35 38 152 75 4-5
2 <1 39 4-36 76 10-27
3 5-104 40 38 77 2-8
4 1-3 41 42 78 3-3
5 34-78 42 16 79 1-4
6 28-57 43 24 80 2-16
7 42 44 33 81 2-16
8 221-273 45 12 82 1-7
9 49 46 5-11 83 2-4
10 15-77 47 45-146 84 1
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(continued)

No. CK1 epsilon IC5, (nM) | No. CK1epsilonICgo(nM) | No. CK1 epsilon IC5, (nM)
11 3-6 48 1-2 85 2

12 12-12 49 17-28 86 <1

13 450-1000 50 25 87 <1

14 136-1090 51 40 88 3-5
15 2-4 52 45 89 1-3
16 19-57 53 7 20 6-7
17 958 54 6-6 91 4

18 963 55 3-5 92 11-13
19 587 56 26-38 93 21-28
20 620 57 36 94 2-18
21 26-46 58 5-28 95 6

22 25 59 8-13 96 19

23 65 60 1-12 97 122
24 84 61 1-8 98 2-16
25 33 62 1-4 929 4

26 521 63 29 100 | >1

27 23 64 1-5 101 | 9-24
28 4 65 1-2 102 | 4-11
29 532 66 3-6 103 | 7-14
30 331 67 1-5 104 | <1

31 5-29 68 10 105 | <1-1
32 1-7 69 5 106 | 2

33 847 70 4 107 | <1

34 315 71 4 108 | 4

35 25 72 1-17 109 | 9

36 46-75 73 1-11 110 | <1

37 62 74 6

[0276] Underthese conditions, the compounds ofthe inventionthatare the most active have IC5yvalues (concentrations
that inhibit 50% of the enzymatic activity of casein kinase 1 epsilon) of between 1 nM and 1 M, and more particularly
between 1 nM and 100 nM.

Test B: Inhibitory activity on CK1 delta measured by FRET

[0277] The capacity of the compounds of the invention to inhibit the phosphorylation of casein by the casein kinases
1 epsilon and delta may be evaluated using an FRET (Fluorescence Resonance Energy Transfer) fluorescence test
with the aid of the "Z’Lyte™ kinase assay kit" (reference PV3670; Invitrogen Corporation™) according to the manufac-
turer’s instructions.

[0278] The casein kinases 1 used are obtained from Invitrogen Corporation (human CK1 epsilon PV3500 and human
CK1 delta PV3665).

[0279] A peptide substrate labelled at both ends with a fluorophore-donating group (coumarin) and a fluorophore-
accepting group (fluorescein) constituting an FRET system is dephosphorylated in the presence of ATP by casein kinase
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1 epsilon or delta in the presence of increasing concentrations of compounds of the invention.

[0280] The mixture is treated with a site-specific protease that specifically cleaves the substrate peptide to form two
fluorescent fragments having a large fluorescence emission ratio.

[0281] The fluorescence observed is thus related to the capacity of the products of the invention to inhibit the phos-
phorylation of the substrate peptide by casein kinase 1 epsilon or casein kinase 1 delta.

[0282] The compounds of the invention are dissolved at different concentrations starting with a 10 mM stock solution
in DMSO diluted in a buffer containing 50 mM HEPS, pH 7.5, 1 mM EGTA, 0.01% Brij-35, 10 mM MgCl, for casein
kinase 1 epsilon and supplemented with Trizma Base (50 mM), pH 8.0 and NaN; (0.01% final) for casein kinase 1 delta.
[0283] The phosphorylation of the substrate peptide SER/THR 11 obtained from Invitrogen Corporation™ is performed
at a final concentration of 2 uM. The ATP concentration is 4 times the Ky, this value being 2 uM for casein kinase 1
epsilon and 4 pM for casein kinase 1 delta.

[0284] The emitted fluorescence is measured at wavelengths of 445 and 520 nm (excitation at 400 nm).

[0285] Table 3 below gives the ICg, values for the inhibition of phosphorylation of casein kinase 1 delta for a number
of compounds according to the invention.

Table 3
Compound | CK1deltalCs;,(nM)
10 31

[0286] Underthese conditions, the compounds of the invention that are the most active have IC5, values (concentration
that inhibits 50% of the enzymatic activity of casein kinase 1 delta) of between 1 nM and 1 wM, and more particularly
between 1 nM and 100 nM.

[0287] It is thus seen that the compounds according to the invention have inhibitory activity on the enzyme casein
kinase 1 epsilon or casein kinase 1 delta.

Test C: Experimental protocol for circadian cell assay

[0288] Mper1-lucRat-1(P2C4)fibroblast cultures were prepared by dividing the cultures every 3-4 days (about 10-20%
of confluence) on 150 cm? degassed polystyrene tissue culture flasks (Falcon® # 35-5001) and maintained in growth
medium [EMEM (Cellgro #10-010-CV); 10% foetal bovine serum (FBS; Gibco #16000-044); and 50 |.U./mL of penicillin-
streptomycin (Cellgro #30-001-Cl)] at 37°C and under 5% CO..

[0289] Cells obtained from Rat-1 fibroblast cultures at 30-50% of confluence as described above were co-transfected
with vectors containing the selection marker for resistance to zeocin for a stable transfection and a luciferase reporter
gene directed by the promoter mPer-1. After 24 to 48 hours, the cultures were divided on 96-well plates and maintained
in growth medium supplemented with 50-100 p.g/mL of zeocin (Invitrogen® #45-0430) for 10-14 days. The zeocin-
resistant stable transfectants were evaluated for expression of the reporter by adding to the growth medium luciferin
100 uM (Promega® #E1603®) and by assaying the luciferase activity on a TopCount® scintillation counter (Packard
model #C384V00). The Rat-1 cell clones expressing both zeocin resistance and luciferase activity directed by mPer1
were serum-shock-synchronized with 50% horse serum [HS (Gibco® #16050-122)] and the activity of the circadian
reporter was evaluated. The P2C4 clone of fibroblasts Mper1-luc Rat-1 was selected to test the compound.

[0290] The Mper1-luc Rat-1 (P2C4) fibroblasts at 40-50% of confluence obtained according to the protocol described
above were plated out onto 96-well opaque tissue culture plates (Perkin EImer® #6005680). The cultures are maintained
in growth medium supplemented with 100 pg/mL of zeocin (Invitrogen #45-0430) until they reached 100% of confluence
(48-72 hours). The cultures were then synchronized with 100 pL of synchronization medium [EMEM (Cellgro #10-010-
CV); 100 [.U./mL of penicillin-streptomycin (Cellgro #30-001-C1); 50% HS (Gibco #16050-122)] for 2 hours at 37°C and
under 5% CO,. After synchronization, the cultures were rinsed with 100 pL of EMEM (Cellgro #10-010-CV) for 10 minutes
at room temperature. After rinsing, the medium was replaced with 300 uL of CO5-independent medium [CO,l (Gibco
#18045-088); L-glutamine 2 mM (Cellgro #25-005-C1); 100 U.l./mL of penicillin-streptomycin (Cellgro #30-001-C1);
luciferin 100 wM (Promega #E 1603)]. The compounds of the invention tested for the circadian effects were added to
CO,-independent medium in DMSO at 0.3% (final concentration). The cultures were immediately closed in a leaktight
manner with TopSeal-A® film (Packard #6005185) and transferred for the luciferase activity measurement.

[0291] After synchronization, the test plates were maintained at 37°C in a tissue culture oven (Forma Scientific Model
#3914). The in vivo luciferase activity was estimated by measuring the relative light emission on a TopCount scintillation
counter (Packard model #C384V00).

[0292] The period analysis was performed either by determining the interval between the relative light emission minima
over several days or by Fourier transform. The two methods produced a virtually identical period estimation on a range
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of circadian periods. The power is given in EC Delta (t+1h), which is presented as the effective micromolar concentration
that induce a 1-hour prolongation of the period. The data were analysed by adjusting a hyperbolic curve to the data
expressed as change of period (y-axis) as a function of the concentration of the test compound (x-axis) in the XLfit™
software and the EC Delta (t+1h) was interpolated from this curve.

[0293] Table 4 below gives the EC Delta (t+1h) or the EC Delta (t+1h) ranges (results from several experiments) for
a number of compounds according to the invention.

Table 4
Compound | CE Delta (t+1h) (nM)
3 8
25 26
54 15
60 3-20

[0294] Under these conditions, the compounds of the invention that are the most active have EC Delta (t+1h) values
(effective micromolar concentration that induced a 1-hour prolongation of the period) of between 1 nM and 2 pM, and
more particularly between 1 nM and 500 nM.

[0295] By inhibiting the enzymes CK1epsilon and/or CK1delta, the compounds that are the subject of the invention
modulate the circadian periodicity, and may be useful for treating circadian rhythm disorders.

[0296] The compounds according to the invention may especially be used for the preparation of a medicament for
preventing or treating sleep disorders; circadian rhythm disorders, especially such as those caused by jetlag, shift work,
delayed sleep-phase syndrome and advanced sleep-phase syndrome.

[0297] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for preventing or treating sleeping disorders; circadian rhythm
disorders, especially such as those caused by jetlag, shift work, delayed sleep-phase syndrome and advanced sleep-
phase syndrome.

[0298] Among the sleep disorders that are especially distinguished are primary sleep disorders such as dyssomnia
(for example primary insomnia), parasomnia, hypersomnia (for example excessive somnolence), narcolepsy, sleep
disorders related to sleep apnoea, sleep disorders related to the circadian rhythm and other unspecified dyssomnias,
sleep disorders associated with medical/psychiatric disorders, for instance Alzheimer’s disease.

[0299] The compounds that are the subject of the invention also cause a circadian phase shift and such a property
may be useful in the context of a potential monotherapy or combination therapy that is clinically effective in the case of
mood disorders and/or in age- and/or ageing-related circadian-phase movement disorders.

[0300] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, in the context of a potential monotherapy or combination
therapy that is clinically effective in the case of mood disorders and/or in age- and/or ageing-related circadian-phase
movement disorders.

[0301] Among the mood disorders that are especially distinguished are depressive disorders (unipolar depression),
bipolar disorders, mood disorders caused by a general medical complaint and also mood disorders induced by phar-
macological substances.

[0302] Among the bipolar disorders that are especially distinguished are bipolar | disorders and bipolar |l disorders,
especially including seasonal affective disorders.

[0303] The compounds that are the subject of the invention, which modulate the circadian periodicity, may be useful
in the treatment of anxiety and depressive disorders caused in particular by an impairment in the secretion of CRF.
[0304] Among the depressive disorders that are especially distinguished are major depressive disorders, dysthymic
disorders and other unspecified depressive disorders.

[0305] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for treating anxiety and depressive disorders due in particular
to impairment of CRF secretion.

[0306] The compounds that are the subject of the invention, which modulate the circadian periodicity, may be useful
for preparing a medicamentfor treating diseases related to dependency on abuse substances such as cocaine, morphine,
nicotine, ethanol and cannabis.

[0307] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for treating diseases related to dependency on abuse
substances such as cocaine, morphine, nicotine, ethanol and cannabis.
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[0308] By inhibiting casein kinase 1 epsilon and/or casein kinase 1 delta, the compounds according to the invention
may be used for preparing medicaments, especially for preparing a medicament for preventing or treating diseases
related to hyperphosphorylation of the tau protein, especially Alzheimer’s disease.

[0309] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for preventing or treating diseases related to hyperphospho-
rylation of the tau protein, especially Alzheimer’s disease.

[0310] By inhibiting casein kinase 1 epsilon and/or casein kinase 1 delta, the compounds according to the invention
may also be used for preparing medicaments, especially for preparing a medicamentfor preventing or treating neuropathic
pain.

[0311] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for preventing or treating neuropathic pain.

[0312] The compounds according to the invention may also be used for the preparation of medicaments, especially
for the preparation of a medicament for preventing or treating inflammatory diseases, especially such as inflammatory
diseases of the central nervous system, for instance multiple sclerosis, encephalitis, myelitis and encephalomyelitis,
and other inflammatory diseases, for instance vascular pathologies, atherosclerosis, joint inflammation, arthrosis and
rheumatoid arthritis.

[0313] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for preventing and/or treating inflammatory diseases, espe-
cially those indicated above.

[0314] The compounds according to the invention in base form or in the form of an addition salt with a pharmaceutically
acceptable acid may thus be used for the preparation of medicaments, in particular medicaments that are useful for
treating or preventing diseases related to casein kinase 1 epsilon and/or casein kinase 1 delta.

[0315] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for preventing for treating diseases related to casein kinase
1 epsilon and/or casein kinase 1 delta.

[0316] According to one of its aspects, the invention relates to a compound of formula (I) in base form or in the form
of an addition salt with a pharmaceutically acceptable acid, for its use as a medicament.

[0317] According to one of its aspects, the invention relates to a medicament comprising a compound of formula (1)
in base form or in the form of an addition salt with a pharmaceutically acceptable acid.

[0318] Thus, according to another of its aspects, a subject of the invention is medicaments comprising a compound
of formula (), or an addition salt thereof with a pharmaceutically acceptable acid, or alternatively a hydrate or solvate
of the compound of formula ().

[0319] According to another of its aspects, the present invention relates to pharmaceutical compositions comprising,
as active principle, a compound according to the invention in base form or in the form of an addition salt with a pharma-
ceutically acceptable acid, and optionally one or more pharmaceutically acceptable excipients. These pharmaceutical
compositions thus contain an effective dose of at least one compound according to the invention or a pharmaceutically
acceptable salt, a hydrate or solvate of the said compound, and also optionally at least one pharmaceutically acceptable
excipient.

[0320] The said excipients are chosen, according to the pharmaceutical form and the desired mode of administration,
from the usual excipients known to those skilled in the art.

[0321] In the pharmaceutical compositions of the present invention for oral, sublingual, subcutaneous, intramuscular,
intravenous, topical, local, intratracheal, intranasal, transdermal or rectal administration, the active principle of formula
(1) above, or the possible salt, solvate or hydrate thereof, may be administered in unit administration form, as a mixture
with standard pharmaceutical excipients, to man and animals for the prophylaxis or treatment of the above disorders or
diseases.

[0322] The appropriate unit administration forms include oral-route forms such as tablets, soft or hard gel capsules,
powders, granules and oral solutions or suspensions, sublingual, buccal, intratracheal, intraocular and intranasal ad-
ministration forms, inhalation forms, topical, transdermal, subcutaneous, intramuscular or intravenous administration
forms, rectal administration forms and implants. For topical administration, the compounds according to the invention
may be used in creams, gels, ointments or lotions.

[0323] By way of example, a unit administration form of a compound according to the invention in tablet form may
comprise the following components:

Compound accordingto the invention  50.0 mg

Mannitol 223.75 mg
Croscarmellose sodium 6.0 mg
Corn starch 15.0 mg
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(continued)

Hydroxypropylmethylcellulose 2.25 mg
Magnesium stearate 3.0mg

the oral route, the dose of active principle administered per day may range from 0.1 to 20 mg/kg, in one or

more dosage intakes.

[0325] There may be particular cases in which higher or lower dosages are appropriate; such dosages are not outside
the context of the invention. According to the usual practice, the dosage that is appropriate to each patient is determined
by the practitioner according to the mode of administration and the weight and response of the said patient.

[0326] According to another of its aspects, the present invention also relates to a method for preventing and/or treating
the pathologies indicated above, which comprises the administration to a patient of an effective dose of a compound

according to

Claims

the invention, or a pharmaceutically acceptable salt or hydrate or solvate thereof.

1. Compounds corresponding to the general formula (1)

in which

o) NH,

.y

R, represents:

-agroup Cq_qp-alkyl, C5_7-cycloalkyl-C4 g-alkyl, C4_g-alkylthio-C-4_4g-alkyl, C4_g-alkoxy-C,_1p-alkyl, hydroxy-
Cq.10-alkyl, hydroxy-C_g-alkyl-C5_;-cycloalkyl-C g-alkyl,  Cy_4o-fluoroalkyl,  C4_ip-alkyl-oxyimino-
Cq_10-alkyl,

- a group Cq_ 4g-cycloalkyl, Cy 4o-fluorocycloalkyl, hydroxy-Cs_4g-cycloalkyl,

- a group Cj_ s-cycloalkyl which may be substituted with one or two groups independently chosen from
Cq.g-alkyl, C3 ;-cycloalkyl, hydroxyl, C4_1o-fluoroalkyl and C4_4g-alkyl-oxyimino,

- a heterocyclic group comprising from 3 to 8 carbon atoms and at least one heteroatom chosen from
nitrogen, oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic group possibly being
substituted with one or more groups from among hydroxyl, C,_g-alkyl, hydroxy-C,_g-alkyl, C, g-fluorcalkyl,
this heterocyclic group being chosen from oxetanyl, tetrahydrofuryl, tetrahydro-2H-pyranyl, oxepanyl, thi-
etanyl, tetrahydrothiophenyl, tetrahydro-2H-thiopyranyl, thiepanyl, 1,1-dioxydothietanyl, 1,1-dioxydotet-
rahydrothiophenyl, 1,1-dioxydotetrahydro-2H-thiopyranyl and 1,1-dioxydothiepanyl;

- agroup C_4g-alkyl substituted with a heterocyclic group comprising from 3 to 8 carbon atoms and at least
one heteroatom chosen from nitrogen, oxygen, sulfur and the oxide or dioxide form of sulfur, this heterocyclic
group possibly being substituted with one or more groups from among hydroxyl, C,_g-alkyl, hydroxy-
C.galkyl, C, g-fluoroalkyl, this heterocyclic group being chosen from oxetanyl, tetrahydrofuryl, tetrahydro-
2H-pyranyl, oxepanyl, thietanyl, tetrahydrothiophenyl, tetrahydro-2H-thiopyranyl, thiepanyl, 1,1-dioxydothi-
etanyl, 1,1-dioxydotetrahydrothiophenyl, 1,1-dioxydotetrahydro-2H-thiopyranyl and 1,1-dioxydothiepanyl;

Xg represents a hydrogen, fluorine, chlorine or bromine atom or a group C4_g-alkyl, C3 ;-cycloalkyl, C5_;-cy-
cloalkyl-C4_g-alkyl, C4_g-fluoroalkyl or cyano;

R represents a phenyl group or a naphthyl group, optionally substituted with one or more substituents X, which
may be identical or different, chosen independently;

X7 represents:
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- a halogen atom chosen from fluorine, chlorine and bromine atoms,
or a group chosen from:

- hydroxyl,

- C,g-alkyl, C5 s-cycloalkyl, C5 ;-cycloalkyl-C4_g-alkyl,

- hydroxy-C,_g-alkyl, hydroxy-C5 ;-cycloalkyl, hydroxy-C, ;,-cycloalkyl-C4 g-alkyl,
- Cqg-alkoxy, Cs-7-cycloalkoxy, Cs 7-cycloalkyl-C¢_g-alkoxy,

- Cq-alkylthio, C3 7-cycloalkylthio, C5 7-cycloalkyl-C ¢ g-alkylthio,

- aryl, aryl-C g-alkyl,

- aryloxy, aryl-C,_g-alkoxy,

- C4g-fluoroalkyl, C4 ;-flucrocycloalkyl, C5 ;,-fluorocycloalkyl-C4_g-alkyl,

- C4g-fluoroalkoxy, C5_s-fluorocycloalkoxy, C4_s-fluorocycloalkyl-C,_g-alkoxy,
- cyano, cyano-Cy4_g-alkyl, cyano-C4_g-alkoxy,

- NR R, NR.CORy, NR.SO,R,, NR.SO,NR R, CONR R, CON(OR,)Ry,
- a heteroaryl group,

the aryl or heteroaryl groups being optionally substituted with one or more substituents chosen from fluorine,
chlorine and bromine atoms ora group C4 _g-alkyl, C5 ;-cycloalkyl, C,_g-alkoxy, C4_g-fluoroalkyl, C4_g-fluoroalkoxy
or cyano, the aryl group being chosen from phenyl and naphthyl, and the heteroaryl group being chosen from
pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl;

R, and Ry represent, independently of each other, a hydrogen atom or a group C_g-alkyl, C5_7-cycloalkyl or
C,_7-cycloalkyl-C4_g-alkyl, or alternatively they form with the atom that bears them a ring chosen from azetidine,
pyrrolidine, piperidine, morpholine, thiomorpholine, azepine and piperazine, this ring being optionally substituted
with one or more groups Cq_g-alkyl,

R. and Ry represent, independently of each other, a hydrogen atom or a group C4_g-alkyl, C5_7-cycloalkyl or
C3 7-cycloalkyl-C4_g-alkyl;

in the form of the base or of an acid-addition salt.

2. Compound of formula (l), characterized in that it is chosen from:

N2-tert-butyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-methyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide
N2-tert-butyl-7-(4-methoxypheny|)-6-methyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
NZ2-tert-butyl-6-methyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-6-di-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
6-cyclo-propyl-7-phenyl-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-cyclo-propyl-7-(4-methoxyphenyl)-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

6-cyclo-propyl-7-phenyl-N2-(iso-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(iso-propyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,
N2-tert-butyl-7-(4-cyclo-hexylphenyl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

7-(biphenyl-4-y|)-N2-tert-butyl-8-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(dimethylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(pyrrolidin-1-ylcarbonyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-di-
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carboxamide,
N2-tert-butyl-6-cyclo-propyl-7-{4-[methoxy(methyl)carbamoyl]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(3-cyanophenyl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-7-(4-cyanophenyl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(5-methyl-1.3,4-oxadiazol-2-yl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxa-
mide,
N2-tert-butyl-6-cyclo-propyl-7-(naphthalen-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-{3-[(dimethylsulfamoyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(1H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(dimethylamino)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,
N2-tert-butyl-6-cyclo-propyl-7-{4-[(methylsulfonyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(morpholin-4-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(1H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarbox-
amide,
N2-tert-butyl-6-cyclo-propyl-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(cyclo-propylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-di-
carboxamide,
7-[3-(benzyloxy)phenyl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(methoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-di-
carboxamide,
7-(4-butoxyphenyl)-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
7-[4-(benzyloxy)phenyl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,
N2-tert-butyl-6-cyclo-propyl-7-{4-[(4-fluorobenzyl)oxy]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-7-{3-chloro-4-[(4-fluorobenzyl)oxy]pheny}-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-7-[4-(cyanomethoxy)phenyl]-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbox-
amide,

N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarbo-
Xamide,
N2-tert-butyl-6-cyclo-propyl-7-(2-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N-tert-butyl-6-cyclo-propyl-7-[4-(methylsulfanyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxa-
mide,

N2-cyclo-hexyl-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-(cyclo-hexylmethyl)-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-[1,1-bi(cyclo-propyl)-1-yI]-6-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

6-cyclo-propyl-7-phenyl-N2-(2,4 4-trimethylpentan-2-y1)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

6-cyclo-propyl-N2-(hexahydro-2,5-methanopentalen-3a(1 H)-yl)-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-
alpyrazine-2,8(1H)-dicarboxamide,
N2-(adamantan-1-yl)-6-cyclo-propyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
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N2-(adamantan-1-yl)-6-cyclo-propyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,

6-cyclo-propyl-7-(4-methoxyphenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
6-cyclo-propyl-N2-(1-methoxy-2-methylpropan-2-yl)-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-fluoro-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-iso-butyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-8-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-[3-(trifluoromethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

N2-tert-butyl-6-chloro-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-N2-(cyclo-propylmethyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(3-methylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-N2-(2,2-dimethylpropyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-N2-(2-ethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(3.3-dimethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)- N2-(3-hydroxy-2,2-dimethylpropyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-di-
carboxamide,
6-chloro-N2-(3-hydroxy-2,2-dimethylpropyl)-7-(3-trifluoromethyl-phenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)-N2-{[1-(hydroxymethyl)cyclopropyl]methyl}-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-7-phenyl-N2-(2,2 2-trifluoroethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)-N2-(2,2 2-trifluoroethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)-N2-[(2S)-1,1,1-trifluoropropan-2-yl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
6-chloro-7-(3-fluorophenyl)-N2-(1,1,1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2, 8
(1H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)-N2-(3,3,3-trifluoropropyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

6-chloro-7-(3-fluorophenyl)-N2-(4,4 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-cyclo-hexyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide
trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-hydroxy-cyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-hydroxy-4-methyl-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

trans-6-chloro-(3-fluorophenyl)- N2-(-[(4-hydroxy-4-trifluoromethyl-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-alpyra-
zine-2,8(1H)-dicarboxamide,

trans-6-chloro-(3-fluorophenyl)- N2-(-[(4-methoxyimino-cyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
trans-6-chloro-(3-fluorophenyl)-N2-(-[(4-tert-butyloxyimino-cyclohexyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

N2-(bicyclo[2.2.1]hept-2-yI)-6-chloro-7-phenyl-3 4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(4,4-difluoro-cyclo-hexyl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarbox-
amide,

6-chloro-7-(3-flucrophenyl)- N2-(oxetan-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophenyl)- N2-(3-methyl-oxetan-3-ylmethyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,
6-chloro-7-phenyl-N2-(tetrahydrofuran-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-phenyl-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-7-(3-methylphenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
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6-chloro-7-(3-cyanophenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,
6-chloro-N2-(tetrahydro-2H-pyran-4-yl)-7-[3-(trifluoromethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-N2-(tetrahydro-2 H-pyran-4-yl)-7-[3-(trifluoromethoxy) phenyl]-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,

6-chloro-7-(3-fluorophenyl)- N2-(tetrahydro-2H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,

6-chloro-7-(3-fluorophenyl)-N2-(2,2-dimethyl-tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

cis-6-chloro-N2-(2.6-dimethy|-tetrahydro-2 H-pyran-4-yl)-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
6-chloro-N2-(1,1-dioxydotetrahydrothiophen-3-yl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
6-chloro-N2-(1,1-dioxydotetrahydrothiophen-3-yl)-7-(3-flucrophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-N2-(1,1-dioxydotetrahydro-2 H-thiopyran-4-yl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-bromo-7-(3-fluorophenyl)-N2-tert-butyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-cyano-7-(3-fluorophenyl)-N2-(tert-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-cyano-7-(3-fluorophenyl)-N2-((2S)-1,1,1-trifluoropropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-di-
carboxamide,
6-cyano-7-(3-fluorophenyl)-N2-(1,1,1-trifluoro-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-cyano-7-(3-fluorophenyl)-N2-(4,4 4-trifluoro-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxam-
ide,

6-cyano-7-(3-fluorophenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarbo-
Xamide,
6-cyano-N2-(4,4-diflucro-cyclohexyl)-7-(3-fluorophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide.

Compound of formula (1), characterized in that it is:

N2-(tert-Butyl)-6-chloro-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide.

Process for preparing compounds of formula (l) according to any one of Claims 1 to 3, comprising the step that
consists in reacting a 1,2,3,4-tetrahydropyrrolo[1,2-alpyrazine-8-carboxamide derivative, which is a compound of
formula (1) below:

o)
NH,

HN =

PV

%s (11)

in which R; and Xg are as defined in the general formula (1) defined in Claim 1,
with a compound of formula
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in which R, is as defined in the general formula (I) defined in Claim 1 and R represents a group such as phenyl,
pentafluorophenyl or 4-nitrophenyl,

in an aprotic solvent such as acetonitrile and in the presence of a mineral base such as sodium carbonate, or
alternatively with a compound of formula

-0
RQ\ N//

(ITa)

in which R is as defined in the general formula (l) defined in Claim 1,
in an aprotic solvent such as dichloromethane and optionally in the presence of an organic amine such as triethyl-
amine.

Process for preparing compounds of formula (XVI1), comprising the step that consists in reacting a pyrrole derivative,
which is a compound of formula (XVIII) below:

GS
- R
GP\”/\/N g
X (XVIII)

with an acidic solution, for example an aqueous hydrochloric acid solution, and formaldehyde or paraformaldehyde,
to give the 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivatives of general formula (XVII)

GG
NN
K/N/ 7

x6

(XVII)

in which Xg represents a fluorine or chlorine atom, while R is as defined according to either of Claims 1 and 2, and
Gg represents a nitrile group or an alkyl carboxylate group, such as a methyl or ethyl carboxylate.

Medicament comprising a compound of formula (I) according to any one of Claims 1 to 3, in the form of the base
or of an addition salt with a pharmaceutically acceptable acid.

Pharmaceutical composition containing at least one compound of formula (I) according to any one of Claims 1 to
3, in the form of the base or of an addition salt with a pharmaceutically acceptable acid, and optionally one or more
pharmaceutically acceptable excipients.

Use of a compound of formula (I) according to any one of Claims 1 to 3, in the form of the base or of an addition
salt with a pharmaceutically acceptable acid, for the preparation of a medicament for preventing and/or treating
sleep disorders and circadian rhythm disorders.

Use of a compound of formula (I) according to any one of Claims 1 to 3, in the form of the base or of an addition
salt with a pharmaceutically acceptable acid, for the preparation of a medicament for preventing or treating inflam-
matory diseases, especially such as inflammatory diseases of the central nervous system, for instance multiple
sclerosis, encephalitis, myelitis and encephalomyelitis and other inflammatory diseases, for instance vascular pathol-
ogies, atherosclerosis, joint inflammation, arthrosis and rheumatoid arthritis.
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Patentanspriiche

1.

Verbindungen, welche der allgemeinen Formel (l) entsprechen:

in welcher

R, far:

- eine Cq_1g-Alkyl-, C3 ;-Cycloalkyl-C4_g-alkyl-, C4_g-Alkylthio-C4_4g-akyl-, C_g-Alkoxy-C_1g-alkyl-, Hydroxy-
C4.10-alkyl-, Hydroxy-C4_g-alkyl-C5_;-cycloalkyl-C 4 g-alkyl-, C4_1o-Fluoralkyl-, C4_4o-Alkyloxyimino-C,_4q-al-
kylgruppe,

- eine C4_4o-Cycloalkyl-, C5_o-Fluorcycloalkyl-, Hydroxy-C4_4o-cycloalkylgruppe,

- eine C4_4-Cycloalkylgruppe, die durch eine oder zwei unabhéngig voneinander aus C4_g-Alkyl, C5 ,-Cyc-
loalkyl, Hydroxy, C4_4o-Fluoralkyl und C4_4o-Alkyloxyimino ausgewahlte Gruppen substituiert sein kann,

- eine heterocyclische Gruppe mit 3 bis 8 Kohlenstoffatomen und mindestens einem aus Stickstoff, Sau-
erstoff, Schwefel und der Oxid- und Dioxidform von Schwefel ausgewahlten Heteroatom, wobei diese
heterocyclische Gruppe moglicherweise durch eine oder mehrere Gruppen ausgewahlt aus Hydroxy,
C,_-Alkyl, Hydroxy-C,_g-alkyl, C_g-Fluoralkyl substituiert ist, wobei diese heterocyclische Gruppe aus Oxe-
tanyl, Tetrahydrofuryl, Tetrahydro-2 H-pyranyl, Oxepanyl, Thietanyl, Tetrahydrothiophenyl, Tetrahydro-2H-
thiopyranyl, Thiepanyl, 1,1-Dioxidothietanyl, 1,1-Dioxidotetrahydrothiophenyl, 1,1-Dioxidotetrahydro-2H-
thiopyranyl und 1,1-Dioxidothiepanyl ausgewahlt ist,

- eine C4_1g-Alkylgruppe substituiert durch eine heterocyclische Gruppe mit 3 bis 8 Kohlenstoffatomen und
mindestens einem Heteroatom ausgewahlt aus Stickstoff, Sauerstoff, Schwefel und der Oxid- oder Dioxid-
form von Schwefel, wobei diese heterocyclische Gruppe moéglicherweise durch eine oder mehrere Gruppen
ausgewahlt aus Hydroxy, C,_g-Alkyl, Hydroxy-C g-alkyl, C4_g-Fluoralkyl substituiert ist, wobei diese hete-
rocyclische Gruppe aus Oxetanyl, Tetrahydrofuryl, Tetrahydro-2H-pyranyl, Oxepanyl, Thietanyl, Tetrahy-
drothiophenyl, Tetrahydro-2H-thiopyranyl, Thiepanyl, 1,1-Dioxidothietanyl, 1,1-Dioxidotetrahydrothiophe-
nyl, 1,1-Dioxidotetrahydro-2H-thiopyranyl und 1,1-Dioxidothiepanyl ausgewahlt ist, steht,

Xg fur ein Wasserstoff-, Fluor-, Chlor- oder Bromatom oder eine C4_g-Alkyl-, C5_;-Cycloalkyl-, C5_;-Cycloalkyl-
C,g-alkyl-, C, g-Fluoralkyl- oder Cyanogruppe steht,

R fir eine Phenylgruppe oder eine Naphthylgruppe, gegebenenfalls substituiert durch einen oder mehrere
X;-Substituenten, die gleich oder verschieden sein kénnen und unabhangig voneinander ausgewahlt sind, steht,
X7 flr:

- ein Halogenatom ausgewahlt aus Fluor-, Chlor- und Bromatomen
oder eine Gruppe ausgewahlt aus:

- Hydroxy,

- C1g-Alkyl, C3 7-Cycloalkyl, C5 7-Cycloalkyl-C4_g-alkyl,

- Hydroxy-C,_g-alkyl, Hydroxy-C4 ;-cycloalkyl, Hydroxy-C5 ,-cycloalkyl-C4_g-alkyl,
- C,g-Alkoxy, C5 ,-Cycloalkoxy, C5_,-Cycloalkyl-C,_g-alkoxy,

- C,_g-Alkylthio, C5_,-Cyloalkylthio, C5 ;-Cycloalkyl-C4_g-alkylthio,

- Aryl, Aryl-C4 g-alkyl,
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- Aryloxy, Aryl-C,_g-alkoxy,

- Cyg-Fluoralkyl, C5 7-Fluorcycloalkyl, C5 7-Fluorcycloalkyl-C4 g-alkyl,

- Cyg-Fluoralkoxy, C,_;-Fluorcycloalkoxy, C,_ ;-Fluorcycloalkyl-C_g-alkoxy,
- Cyano, Cyano-C,_g-alkyl, Cyano-C4_g-alkoxy,

- NR,Rp,, NR.COR,, NR.SO,R,, NR.SO,NR R, CONR_ R, CON(OR/)Ry,
- eine Heteroarylgruppe

steht,

wobei die Aryl- bzw. Heteroarylgruppe gegebenenfalls durch einen oder mehrere aus Fluor-, Chlor- und
Bromatomen oder einer C4_g-Alkyl-, C5_7-Cycloalkyl-, C4_g-Alkoxy-, C4_g-Fluorlalkyl-, C4_g-Fluoralkoxy- oder
Cyanogruppe ausgewahlte Substituenten substituiert sind,

wobei die Arylgruppe aus Phenyl und Naphthyl ausgewahlt ist und die Heteroarylgruppe aus Pyridyl, Py-
rimidinyl, Pyridazinyl, Pyrazinyl, Triazinyl, Pyrrolyl, Furyl, Thienyl, Imidazolyl, Oxazolyl, Thiazolyl, Pyrazolyl,
Isoxazolyl, Isothiazolyl, Oxadiazolyl, Thiadiazolyl, Triazolyl und Tetrazolyl ausgewahlt ist,

R, und Ry, unabhéngig voneinander fiir ein Wasserstoffatom oder eine C4_g-Alkyl-, C5_;-Cycloalkyl-oder C5_;-Cy-
cloalkyl-C,_g-alkylgruppe stehen oder sie alternativ dazu mit dem Atom, das sie tragt, einen aus Azetidin, Pyr-
rolidin, Piperidin, Morpholin, Thiomorpholin, Azepin und Piperazin ausgewahlten Ring bilden, wobei dieser Ring
gegebenenfalls durch eine oder mehrere C,_g-Alkylgruppen substituiert ist,

R.und Ryunabhangig voneinander fir ein Wasserstoffatom oder eine C4_g-Alkyl-, C5_;-Cycloalkyl-oder C5_;-Cy-
cloalkyl-C4_g-alkylgruppe stehen,

in Form der Base oder eines Saureadditionssalzes.

2. Verbindung der Formel (I), dadurch gekennzeichnet, dass sie ausgewahlt ist aus:

N2-tert.-Butyl-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
N2-tert.-Butyl-6-methyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-diacarbons&ureamid,
N2-tert.-Butyl-7-(4-methoxyphenyl)-6-methyl-3 4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
N2-tert.-Butyl-6-methyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
N2-6-Dicyclopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicarbons&ureamid,
6-Cyclopropyl-7-phenyl-N2-(isopropyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
6-Cyclopropyl-7-(4-methoxyphenyl)-N2-(isopropyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiurea-
mid,

6-Cyclopropyl-7-phenyl-N2-(isobutyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
N2-tert.-Butyl-6-CyClopropyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
N2-tert.-Butyl-6-cyclopropyl-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicarbonsdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-(4-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicarbonsdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(isopropyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&urea-
mid,

N2-tert.-Butyl-7-(4-cyclohexylphenyl)-6-cyclopropyl-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiurea-
mid,

7-(Biphenyl-4-yl)-N2-tert -butyl-6-cyclopropyl-3 4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[3-(trifluormethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicarbons&u-
reamid,
N2-tert.-Butyl-6-cyclopropyl-7-[3-(dimethylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicar-
bonsdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(cyclopropylcarbamoyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-di-
carbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(pyrrolidin-1-ylarbonyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-{4-[methoxy(methyl)carbamoyl]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-7-(3-cyanophenyl)-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsdureamid,
N2-tert.-Butyl-7-(4-cyanophenyl)-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(5-methyl-1.3,4-oxadiazol-2-yl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazin-
2,8(1H)-dicarbonsaureamid,
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N2-tert.-Butyl-6-cyclopropyl-7-[4-(trifluormethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsau-
reamid,
N2-tert.-Butyl-6-cyclopropyl-7-(naphthalen-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
N2-tert.-Butyl-6-cyclopropyl-7-{3-[(dimethylsulfamoyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,

N2-tert.-Butyl-6-cyclopropyl-7-[3-(1 H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(dimethylamino)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-{4-[(methylsulfonyl)amino]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(morpholin-4-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(1H-pyrazol-1-yl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,

N2-tert.-Butyl-6-cyclopropyl-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiurea-
mid,
N2-tert.-Butyl-6-cyclopropyl-7-[3-(cyclopropylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicar-
bonsdureamid,
7-[3-(Benzyloxy)phenyl]-N2-tert.-butyl-8-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaure-
amid,
N2-tert.-Butyl-6-cyclopropyl-7-[3-(trifluormethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(methoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&urea-
mid,

N2-tert.-Butyl-6-cyclopropyl-7-[4-(cyclopropylmethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicar-
bonsdureamid,
7-(4-Butoxyphenyl)-N2-tert.-butyl-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
N2-tert.-Butyl-6-cyclopropyl-7-(4-phenoxyphenyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiurea-
mid,
7-[4-(Benzyloxy)phenyl]-N2-tert.-butyl-8-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaure-
amid,
N2-tert.-Butyl-6-cyclopropyl-7-{4-[(4-fluorbenzyl)oxy]phenyl}-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicar-
bonsdureamid,
N2-tert.-Butyl-7-{3-chlor-4-[(4-fluorbenzyl)oxylphenyl}-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-7-[4-(cyanomethoxy)phenyl]-6-cyclopropyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(trifluormethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,

N2-tert.-Butyl-6-cyclopropyl-7-(2-fluorphenyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
N2-tert.-Butyl-6-cyclopropyl-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
N2-tert.-Butyl-6-cyclopropyl-7-(4-fluorphenyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-6-cyclopropyl-7-[4-(methylsulfanyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
N2-Cyclohexyl-6-cyclopropyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonséureamid,
N2-(Cyclohexylmethyl)-6-cyclopropyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
N2- [1,1-Bi(cyclopropyl)-1-yl]-6-cyclopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,
6-Cyclopropyl-7-phenyl-N2-(2,4,4-trimethylpentan-2-y1)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
6-Cyclopropyl-N2-(hexahydro-2,5-methanpentalen-3a(1H)-yl)-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-
alpyrazin-2,8(1H)-dicarbonsaureamid,
N2-(Adamantan-1-yl)-6-cyclopropyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonséureamid,
N2-(Adamantan-1-yl)-6-cycClopropyl-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicar-
bonsdureamid,

6-Cyclopropyl-7-(4-methoxyphenyl)-N2-(tetrahydro-2 H-pyran-4-y|)-3 4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
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6-Cyclopropyl-N2-(1-methoxy-2-methylpropan-2-yl)-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-6-fluor-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
6-Chlor-N2-isobutyl-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicarbons&ureamid,
N2-tert.-Butyl-6-chlor-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
N2-tert.-Butyl-6-chlor-7-(3-methylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
N2-tert.-Butyl-6-chlor-7-(3-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-6-chlor-7-[3-(trifluormethoxy)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicarbonsaurea-
mid,
N2-tert.-Butyl-6-chlor-7-(4-methoxyphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
N2-tert.-Butyl-6-chlor-7-(3-cyanophenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
N2-tert.-Butyl-6-chlor-7-[3-(trifluormethyl)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&urea-
mid,

N2-tert.-Butyl-6-chlor-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
6-Chlor-N2-(cyclopropylmethyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
6-Chlor-N2-(3-methylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
6-Chlor-N2-(2,2-dimethylpropyl)-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
6-Chlor-N2-(2-ethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
6-Chlor-N2-(3.3-dimethylbutyl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]-pyrazin-2,8(1H)-dicarbonsiureamid,
6-Chlor-7-(3-fluorphenyl)-N2-(3-hydroxy-2,2-dimethylpropyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicar-
bonsdureamid,
6-Chlor-N2-(3-hydroxy-2,2-dimethylpropyl)-7-(3-trifluormethylphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
6-Chlor-7-(3-fluorphenyl)-N2-{[1-(hydroxymethyl)cyclopropyl]methyl}-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,

6-Chlor-7-phenyl-N2-(2,2 2-trifluorethyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1H)-dicarbons&ureamid,
6-Chlor-7-(3-fluorphenyl)-N2-(2,2, 2-trifluorethyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-dicarbons&ureamid,
6-Chlor-7-(3-fluorpheny!)-N2-[(2S)-1,1,1-trifluorpropan-2-yl]-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicar-
bonsdureamid,

6-Chlor-7-(3-fluorphenyl)-N2-(1,1, 1-trifluor-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,

6-Chlor-7-(3-fluorphenyl)-N2-(3,3, 3-trifluorpropyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiurea-
mid,

6-Chlor-7-(3-Fluorphenyl)-N2-(4,4 4-trifluorbutyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaurea-
mid,

6-Chlor-N2-cyclohexyl-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
trans-6-Chlor-(3-fluorphenyl)- N2-(-[(4-hydroxycyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
trans-6-chlor-(3-fluorphenyl)-N2-(-[(4-hydroxy-4-methylcyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
trans-6-chlor-(3-fluorphenyl)-N2-(-[(4-hydroxy-4-trifluormethylcyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
trans-6-chlor-(3-fluorphenyl)-N2-(-[(4-methoxyiminocyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,
trans-6-chlor-(3-fluorphenyl)-N2-(-[(4-tert.-butyloxyiminocyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
N2-(Bicyclo[2.2.1]hept-2-yl)-6-chlor-7-phenyl-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
6-Chlor-N2-(4 ,4-difluorcyclohexyl)-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&urea-
mid,

6-Chlor-7-(3-fluorphenyl)-N2-(oxetan-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid,
6-Chlor-7-(3-fluorphenyl)-N2-(3-methyloxetan-3-yImethyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
6-Chlor-7-phenyl-N2-(tetrahydrofuran-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaureamid,
6-Chlor-7-phenyl-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
6-Chlor-7-(3-methylphenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
6-Chlor-7-(3-cyanophenyl)-N2-(tetrahydro-2H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
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6-Chlor-N2-(tetrahydro-2 H-pyran-4-y1)-7-[3-(trifluormethyl)phenyl]-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-di-
carbonsaureamid,
6-Chlor-N2-(tetrahydro-2H-pyran-4-yl)-7-[3-(trifluormethoxy)phenyl]-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,

6-Chlor-7-(3-fluorphenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,

6-Chlor-7-(3-fluorphenyl)-N2-(2,2-dimethyltetrahydro-2 H-pyran-4-yl)-3 4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,

cis-6-Chlor-N2-(2.6-dimethyltetrahydro-2 H-pyran-4-y|)-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
6-Chlor-N2-(1,1-dioxidotetrahydrothiophen-3-yl)-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,
6-Chlor-N2-(1,1-dioxidotetrahydrothiophen-3-yl)-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-di-
carbonsaureamid,

6-Chlor-N2-(1,1-dioxidotetrahydro-2 H-thiopyran-4-yl)-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-
2,8(1H)-dicarbonsaureamid,
6-Brom-7-(3-fluorphenyl)-N2-tert.-butyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbons&ureamid,
6-Cyano-7-(3-fluorphenyl)-N2-(tert.-butyl)-3,4-dihydropyrrolo[1,2-alpyrazin-2,8(1 H)-dicarbonsiureamid,
6-Cyano-7-(3-fluorphenyl)-N2-((2S)-1,1,1-trifluorpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicar-
bonsdureamid,
6-Cyano-7-(3-fluorphenyl)-N2-(1,1,1-trifluor-2-methylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1 H)-di-
carbonsaureamid,

6-Cyano-7-(3-fluorphenyl)-N2-(4 4 4-trifluorbutyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiurea-
mid,

6-Cyano-7-(3-fluorphenyl)-N2-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbon-
sdureamid,

6-Cyano-N2-(4 4-difluorcyclohexyl)-7-(3-fluorphenyl)-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsaure-
amid.

Verbindung der Formel (1), dadurch gekennzeichnet, dass es sich bei ihr um:
N2-(tert.-Butyl)-6-chlor-7-phenyl-3,4-dihydropyrrolo[1,2-a]pyrazin-2,8(1H)-dicarbonsiureamid handelt.
Verfahren zur Herstellung von Verbindungen der Formel (1) nach einem der Anspriiche 1 bis 3, welches den Schritt

umfasst, der darin besteht, das man ein 1,2,3,4-Tetrahydropyrrolo[1,2-a]pyrazin-8-carbonsaure-amidderivat, bei
dem es sich um eine Verbindung der Formel (II) unten handelt:

(11}

in welcher R, und Xg wie in der in Anspruch 1 definierten allgemeinen Formel (1) definiert sind,
mit einer Verbindung der Formel
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in welcher R, wie in der in Anspruch 1 definierten allgemeinen Formel (1) definiert ist und R fir eine Gruppe wie
Phenyl, Pentafluorphenyl oder 4-Nitrophenyl steht,

umsetzt, in einem aprotischen Losungsmittel wie Acetonitril und in Gegenwart einer Mineralbase wie Natriumcar-
bonat,

oder alternativ dazu mit einer Verbindung der Formel

A
Rz\ NM

(ITIa),

in welcher R, wie in der in Anspruch 1 definierten allgemeinen Formel (1) definiert ist,
umsetzt, in einem aprotischen Losungsmittel wie Dichlormethan und gegebenenfalls in Gegenwart eines organi-
schen Amins wie Triethylamin.

Verfahren zur Herstellung von Verbindungen der Formel (XVII), welches den Schritt umfasst, der darin besteht,
dass man ein Pyrrolderivat, bei dem es sich um eine Verbindung der Formel (XVIIl) unten handelt:

(XVIII)

mit einer sauren Losung, zum Beispiel einer wassrigen Salzsaureldsung, und Formaldehyd oder Paraformaldehyd
zu den 1,2,3,4-Tetrahydropyrrolo[1,2-a]pyrazinderivaten der allgemeinen Formel (XVII)

(XVIT)

in welcher Xg fr ein Fluor- oder Chloratom steht, wahrend R, wie in einem der Anspriche 1 und 2 definiert ist und
Gg flr eine Nitrilgruppe oder eine Alkylcarboxylatgruppe wie Methyl- oder Ethylcarboxylat steht, umsetzt.

Medikament, umfassend eine Verbindung der Formel (1) nach einem der Anspriiche 1 bis 3 in Form der Base oder
eines Additionssalzes mit einer pharmazeutisch akzeptablen Saure.

Pharmazeutische Zusammensetzung, enthaltend mindestens eine Verbindung der Formel (I) nach einem der An-
spriche 1 bis 3 in Form der Base oder eines Additionssalzes mit einer pharmazeutisch akzeptablen Saure und
gegebenenfalls einen oder mehrere pharmazeutisch akzeptable Exzipienten.

Verwendung einer Verbindung der Formel (I) nach einem der Anspriiche 1 bis 3 in Form der Base oder eines
Additionssalzes mit einer pharmazeutisch akzeptablen Saure zur Herstellung eines Medikaments zur Pravention
und/oder Behandlung von Schlafstérungen und Stérungen des Tag-Nacht-Rhythmus.

Verwendung einer Verbindung der Formel (I) nach einem der Anspriiche 1 bis 3 in Form der Base oder eines

Additionssalzes mit einer pharmazeutisch akzeptablen Saure zur Herstellung eines Medikaments zur Pravention
oder Behandlung entzindlicher Krankheiten, insbesondere entziindlicher Krankheiten des zentralen Nervensys-

87



EP 2 588 480 B1

tems, zum Beispiel multipler Sklerose, Enzephalitis, Myelitis und Enzephalomyelitis und anderen entziindlichen
Krankheiten, zum Beispiel GefalRkrankheiten, Atherosklerose, Gelenkentziindung, Arthrose und rheumatoider Ar-
thritis.

Revendications

1. Composé correspondant a la formule générale (1)

O NH

g L

dans laquelle
R, représente :

- un groupe alkyle en Cy_qg, (cycloalkyle en Cj_7)-(alkyle en Cy), (alkylthio en Cqg)-(alkyle en Cy_4q),
(alcoxy en Cyg)-(alkyle en C4_4q), hydroxy- (alkyle en C4_4o), hydroxy- (alkyle en C, g)-(cycloalkyle en
Cj.7)-(alkyle en C, ), fluoroalkyle en C4_44, (alkyle en C4_)-oxyimino-(alkyle en Cy_40),

- un groupe cycloalkyle en C4_4, fluorocycloalkyle en Cy 44, hydroxy- (cycloalkyle en C3_40),

- un groupe cycloalkyle en C5_; qui peut étre substitué par un ou deux groupes indépendamment choisis
parmi alkyle en C,_g, cycloalkyle en C3_, hydroxyle, fluoroalkyle en C_4q et (alkyle en C¢_g)-oxyimino,

- un groupe hétérocyclique comprenant de 3 a 8 atomes de carbone et au moins un hétéroatome choisi
parmi azote, oxygéne, soufre et la forme oxyde ou dioxyde de soufre, ce groupe hétérocyclique étant
éventuellement substitué par un ou plusieurs groupes parmi hydroxyle, alkyle en C,_g, hydroxy-(alkyle en
C.), fluoroalkyle en C, ¢, ce groupe hétérocyclique étant choisi parmi oxétanyle, tétrahydrofuryle, tétra-
hydro-2H-pyranyle, oxépanyle, thiétanyle, tétrahydrothiophényle, tétrahydro-2H-thiopyranyle, thiépanyle,
1,1-dioxydothiétanyle, 1,1-dioxydotétrahydrothiophényle, 1,1-dioxydotétrahydro-2H-thiopyranyle et 1,1-
dioxydothiépanyle ;

- ungroupe alkyle en C,_4o substitué par un groupe hétérocyclique comprenant de 3 & 8 atomes de carbone
et au moins un hétéroatome choisi parmi azote, oxygéne, soufre et la forme oxyde ou dioxyde de soufre,
ce groupe hétérocyclique étant éventuellement substitué par un ou plusieurs groupes parmi hydroxyle,
alkyle en C4_g, hydroxy- (alkyle en C,4_g), fluoroalkyle en C,_g, ce groupe hétérocyclique étant choisi parmi
oxétanyle, tétrahydrofuryle, tétrahydro-2H-pyranyle, oxépanyle, thiétanyle, tétrahydrothiophényle, tétra-
hydro-2H-thiopyranyle, thiépanyle, 1,1-dioxydothiétanyle, 1,1-dioxydotétrahydrothiophényle, 1,1-dioxydo-
tétrahydro-2H-thiopyranyle et 1,1-dioxydothiépanyle ;

Xg représente un atome d’hydrogéne, fluor, chlore ou brome ou un groupe alkyle en C4_g, cycloalkyle en C5 5,
(cycloalkyle en C3 ;)-(alkyle en C ), fluoroalkyle en C4_5 ou cyano ;

R représente un groupe phényle ou un groupe naphtyle, facultativement substitué par un ou plusieurs subs-
tituants X7, qui peuvent étre identiques ou différents, choisis indépendamment ;

X, représente :

- un atome d’halogéne choisi parmi des atomes de fluor, chlore et brome,
ou un groupe choisi parmi :

- hydroxyle,

- alkyle en C,_g, cycloalkyle en C5 ;, (cycloalkyle en C5 ;)-(alkyle en C4g),

- hydroxy- (alkyle en C_g), hydroxy- (cycloalkyle en 5 ;), hydroxy- (cycloalkyle en C5 ;)-(alkyle en C4 ),
- alcoxy en C,_g, cycloalcoxy en Cs 7, (cycloalkyle en Cj_7)-(alcoxy en Cy ),
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- alkylthio en C4_g, cycloalkylthio en C5 ;, (cycloalkyle en C5 ;)-(alkylthio en C, ),

- aryle, aryl- (alkyle en C ),

- aryloxy, aryl- (alcoxy en C, ),

- fluoroalkyle en C, g, fluorocycloalkyle en C3 7, (fluorocycloalkyle en C5 ;)-(alkyle en C4),

- fluoroalcoxy en C, g, fluorocycloalcoxy en C, 5, (fluorocycloalkyle en C4_;)-(alcoxy en Cy_g),
- cyano, cyano- (alkyle en C,_g), cyano- (alcoxy en C, g),

- NR,;Rp, NR.COR,, NR.SO,R,, NR.SO,NR R, CONR,R,, CON(OR/)Ry,

- un groupe hétéroaryle,

les groupes aryle ou hétéroaryle étant facultativement substitués par un ou plusieurs substituants choisis parmi
des atomes de fluor, chlore et brome ou un groupe alkyle en C,_g, cycloalkyle en C4_;, alcoxy en C, g, fluoroalkyle
en C,, fluoroalcoxy en C; g ou cyano, le groupe aryle étant choisi parmi phényle et naphtyle, et le groupe
hétéroaryle étant choisi parmi pyridyle, pyrimidinyle, pyridazinyle, pyrazinyle, triazinyle, pyrrolyle, furyle, thiényle,
imidazolyle, oxazolyle, thiazolyle, pyrazolyle, isoxazolyle, isothiazolyle, oxadiazolyle, thiadiazolyle, triazolyle,
tétrazolyle ;

R, et Ry, représentent, indépendamment 'un de I'autre, un atome d’hydrogéne ou un groupe alkyle en Cy g,
cycloalkyle en Cy ; ou (cycloalkyle en C5 ;)-(alkyle en C44), ou en variante, ils forment avec 'atome qui les
porte un cycle choisi parmi azétidine, pyrrolidine, pipéridine, morpholine, thiomorpholine, azépine et pipérazine,
ce cycle étant facultativement substitué par un ou plusieurs groupes alkyle en C, 4,

R. et Ry représentent, indépendamment I'un de l'autre, un atome d’hydrogéne ou un groupe alkyle en Cy g,
cycloalkyle en C3 7 ou (cycloalkyle en C3 7)-(alkyle en Cq4) ;

sous la forme d’un sel d’addition de base d’acide.
2. Composé de formule (l), caractérisé en ce qu’il est choisi parmi :

N2-tert-butyl-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(4-méthoxyphényl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-méthyl-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(4-méthoxyphény|)-6-méthyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-méthyl-7-(4-phénoxyphényl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
N2-6-di-cyclo-propyl-7-(4-méthoxyphényl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
6-cyclo-propyl-7-phényl-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-cyclo-propyl-7-(4-méthoxyphényl)-N2-(iso-propyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,

6-cyclo-propyl-7-phényl-N2-(iso-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-phényl-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(3-méthylphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-méthylphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(iso-propyl)phényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,
N2-tert-butyl-7-(4-cyclo-hexylphényl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,

7-(biphényl-4-y|)-N2-tert-butyl-8-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluorométhyl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1 H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(diméthylcarbamoyl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1 H)-di-
carboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylcarbamoyl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(pyrrolidin-1-ylcarbonyl)phényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
N2-tert-butyl-6-cyclo-propyl-7-{4-[méthoxy(méthyl)carbamoyl]phényl}-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(3-cyanophényl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-7-(4-cyanophényl)-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(5-méthyl-1,3,4-oxadiazol-2-yl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
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N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluorométhyl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-(naphtalén-2-y1)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-{3-[(diméthylsulfamoyl)amino]phényl}-3,4-dihydropyrrolo-[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(1H-pyrazol-1-yl)phényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(diméthylamino)phényl]-3,4-dihydropyrrolo-[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,

N2-tert-butyl-6-cyclo-propyl-7-{4-[(méthylsulfonyl)amino]phényl}-3,4-dihydropyrrolo[1,2-a ]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(morpholin-4-yl)phényl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxa-
mide,

N2-tert-butyl-6-cyclo-propyl-7-[4-(1H-pyrazol-1-yl)phényl]-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1 H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-(3-méthoxyphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[3-(cyclo-propylméthoxy)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
7-[3-(benzyloxy)phényl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,

N2-tert-butyl-6-cyclo-propyl-7-[3-(trifluorométhoxy)phényl]-3,4-dihydropyrrolo[1,2-a ]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(méthoxy)phényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(cyclo-propylméthoxy)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
7-(4-butoxyphényl)-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-phénoxyphényl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxamide,
7-[4-(benzyloxy)phényl]-N2-tert-butyl-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,
N2-tert-butyl-6-cyclo-propyl-7-{4-[(4-fluorobenzyl)oxy]phényl}-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
N2-tert-butyl-7-{3-chloro-4-[(4-fluorobenzyl)oxy]phény}-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-7-[4-(cyanométhoxy)phényl]-6-cyclo-propyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(trifluorométhoxy)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
N2-tert-butyl-6-cyclo-propyl-7-(2-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(3-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-(4-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-cyclo-propyl-7-[4-(méthylsulfanyl)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

N2-cyclo-hexyl-8-cyclo-propyl-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-(cyclo-hexylméthyl)-6-cyclo-propyl-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-[1,1’-bi(cyclo-propyl)-1-yl]-6-cyclo-propyl-7-(4-méthoxyphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-cyclo-propyl-7-phényl-N2-(2,4 4-triméthylpentan-2-y1)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide,

6-cyclo-propyl-N2-(hexahydro-2,5-méthanopentalén-3a(1 H)-yl)-7-(4-méthoxyphényl)-3,4-dihydropyrrolo-[1,2-
alpyrazine-2,8(1H)-dicarboxamide,
N2-(adamantan-1-yl)-6-cyclo-propyl-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-(adamantan-1-yl)-6-cyclo-propyl-7-(4-méthoxyphényl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,

6-cyclo-propyl-7-(4-méthoxyphényl)-N2-(tétrahydro-2 H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
6-cyclo-propyl-N2-(1-méthoxy-2-méthylpropan-2-yl)-7-(4-méthoxyphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-tert-butyl-6-fluoro-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
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6-chloro-N2-iso-butyl-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
N2-tert-butyl-8-chloro-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-méthylphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-méthoxyphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-[3-(trifluorométhoxy)phényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,

N2-tert-butyl-6-chloro-7-(4-méthoxyphényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-cyanophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-[3-(trifluorométhylyphényl]-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
N2-tert-butyl-6-chloro-7-(3-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-N2-(cyclo-propylméthyl)-7-phényl-3 4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(3-méthylbutyl)-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(2,2-diméthylpropyl)-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(2-éthylbutyl)-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-N2-(3,3-diméthylbutyl)-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophényl)- N2-(3-hydroxy-2,2-diméthylpropyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-di-
carboxamide,
6-chloro-N2-(3-hydroxy-2,2-diméthylpropyl)-7-(3-triflucrométhyl-phényl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-7-(3-fluorophényl)-N2-{[1-(hydroxyméthyl) cyclo-propyl]méthyl}-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-7-phényl-N2-(2,2 2-trifluoroéthyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-7-(3-fluorophényl)-N2-(2,2 2-trifluoroéthyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophényl)-N2-[(2S)-1,1,1-triflucropropan-2-yl]-3,4-dihydropyrrolo-[1,2-alpyrazine-2,8(1H)-di-
carboxamide,
6-chloro-7-(3-fluorophényl)-N2-(1,1,1-trifluoro-2-méthylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophényl)-N2-(3,3,3-trifluoropropyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicarboxami-
de,

6-chloro-7-(3-fluorophényl)-N2-(4,4 4-trifluorobutyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-cyclo-hexyl-7-phényl-3,4-dihydropyrrolo-[1,2-alpyrazine-2,8(1H)-dicarboxamide,
trans-6-chloro-(3-fluorophényl)-N2-(-[(4-hydroxy-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
trans-6-chloro-(3-fluorophényl)-N2-(-[(4-hydroxy-4-méthyl-cyclo-hexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
trans-6-chloro-(3-fluorophényl)-N2-(-[(4-hydroxy-4-trifluorométhyl-cyclo-hexyl)-3,4-dihydropyrrolo-[1,2-a]pyra-
zine-2,8(1H)-dicarboxamide,

trans-6-chloro-(3-fluorophényl)- N2-(-[(4-méthoxyimino-cyclohexyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
trans-6-chloro-(3-fluorophényl)-N2-(-[(4-tert-butyloxyimino-cyclohexyl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
N2-(bicyclo[2.2.1]hept-2-yI)-6-chloro-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-N2-(4 4-difluoro-cyclo-hexyl)-7-(3-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicar-
boxamide,
6-chloro-7-(3-fluorophényl)-N2-(oxétan-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-(3-fluorophényl)- N2-(3-méthyl-oxétan-3-ylméthyl)-3,4-dihydropyrrolo[1,2-alpyrazine-2,8(1H)-dicar-
boxamide,
6-chloro-7-phényl-N2-(tétrahydrofurane-3-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxamide,
6-chloro-7-phényl-N2-(tétrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-chloro-7-(3-méthylphényl)-N2-(tétrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

6-chloro-7-(3-cyanophényl)-N2-(tétrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,

6-chloro-N2-(tétrahydro-2 H-pyran-4-yl)-7-[3-(trifluorométhyl) phényl]-3,4-dihydropyrrolo-[1,2-alpyrazine-
2,8(1H)-dicarboxamide,
6-chloro-N2-(tétrahydro-2H-pyran-4-yl)-7-[3-(trifluorométhoxy)phényl]-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-7-(3-fluorophényl)- N2-(tétrahydro-2H-pyran-4-y|)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
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boxamide,

6-chloro-7-(3-fluorophényl)-N2-(2,2-diméthyl-tétrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

cis-6-chloro-N2-(2,6-diméthyl-tétrahydro-2 H-pyran-4-yl)-7-(3-fluorophényl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,
6-chloro-N2-(1,1-dioxydotétrahydrothiophén-3-yl)-7-phényl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
6-chloro-N2-(1,1-dioxydotétrahydrothiophén-3-yl)-7-(3-flucrophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-chloro-N2-(1,1-dioxydotétrahydro-2 H-thiopyran-4-yl)-7-(3-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-bromo-7-(3-fluorophényl)-N2-tert-butyl-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-cyano-7-(3-fluorophényl)-N2-(tert-butyl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1 H)-dicarboxamide,
6-cyano-7-(3-fluorophényl)-N2-((2S)-1,1,1-trifluoropropan-2-yl)-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-di-
carboxamide,
6-cyano-7-(3-fluorophényl)-N2-(1,1,1-trifluoro-2-méthylpropan-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-
2,8(1H)-dicarboxamide,

6-cyano-7-(3-fluorophényl)-N2-(4,4 4-trifluoro-butyl)-3 4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxami-
de,

6-cyano-7-(3-fluorophényl)-N2-(tétrahydro-2 H-pyran-4-yl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicar-
boxamide,
6-cyano-N2-(4,4-diflucro-cyclohexyl)-7-(3-fluorophényl)-3,4-dihydropyrrolo[1,2-a]pyrazine-2,8(1H)-dicarboxa-
mide.

Composé de formule (1), caractérisé en ce qu’il s’agit de :
N2-(tert-butyl)-6-chloro-7-phényl-3,4-dihydropyrrolo-[1,2-a]pyrazine-2,8(1H)-dicarboxamide.

Procédé pour préparer les composés de formule (1) selon 'une quelconque des revendications 1 @ 3 comprenant
I'étape qui consiste a faire réagir un dérivé de 1,2,3,4-tétrahydropyrrolo[1,2-alpyrazine-8-carboxamide, qui est un
composé de formule (Il) ci-dessous :

o)

NH,

HN = R
K/N / !

Xs  (171)

dans lequel R; et X sont tels que définis dans la formule générale (1) définie dans la revendication 1,

- avec un composé de formule

R R
g
H (IIb)

dans lequel R, est tel que défini dans la formule générale (I) définie dans la revendication 1 et R représente
un groupe tel que phényle, pentafluorophényle ou 4-nitrophényle,

dans un solvant aprotique tel que l'acétonitrile et en présence d’'une base minérale telle que le carbonate de
sodium,

ou en variante avec un composé de formule
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RB“N’/

(lla) dans lequel R, est tel que défini précédemment dans la formule générale (1) définie dans la revendication 1,
dans un solvant aprotique tel que le dichlorométhane et facultativement en présence d’'une amine organique
telle que la triéthylamine.

Procédé pour préparer des composés de formule (XVII), comprenant I'étape qui consiste a faire réagir un dérivé
de pyrrole, qui est un composé de formule (XVIII) ci-dessous :

Gy

ey

R
GP.. N/ 7
N/\/

H X,
(XVIII)

avec une solution acide, par exemple une solution aqueuse d’acide chlorhydrique et du formaldéhyde ou parafor-
maldéhyde, pour obtenir les dérivés de 1,2,3,4-tétrahydropyrrolo[1,2-a]pyrazine de formule générale (XVII)

Gﬁ
HN™ =

N

}% (XVII)

dans lesquels Xg représente un atome de fluor ou de chlore, tandis que R; est tel que défini selon 'une ou l'autre
desrevendications 1 et 2, et Gg représente un groupe nitrile ou un groupe carboxylate d’alkyle, tel qu’un carboxylate
de méthyle ou d’éthyle.

Médicament comprenant un composé de formule (1) selon 'une quelconque des revendications 1 a 3, sous la forme
de la base ou d’un sel d’addition d’acide avec un acide pharmaceutiquement acceptable.

Composition pharmaceutique contenant au moins un composé de formule (1) selon 'une quelconque des revendi-
cations 12a 3, sous laforme d’'une base ou d’un seld’addition d’acide avec un acide pharmaceutiquementacceptable,
et facultativement un ou plusieurs excipients pharmaceutiquement acceptables.

Utilisation d’un composé de formule (1) selon 'une quelconque des revendications 1 a 3, sous la forme de la base
ou d’un sel d’addition d’acide avec un acide pharmaceutiquement acceptable, pour la préparation d’un médicament
pour prévenir et/ou traiter des troubles du sommeil et des troubles du rythme circadien.

Utilisation d’un composé de formule (1) selon 'une quelconque des revendications 1 a 3, sous la forme de la base
ou d’un sel d’addition d’acide avec un acide pharmaceutiquement acceptable, pour la préparation d’un médicament
pour prévenir ou traiter des maladies inflammatoires, en particulier telles que des maladies inflammatoires du
systéme nerveux central, par exemple la sclérose en plaques, 'encéphalite, la myélite et 'encéphalomyélite, et
d’autres maladies inflammatoires, par exemple des pathologies vasculaires, I'athérosclérose, une inflammation
articulaire, l'arthrose et la polyarthrite rhumatoide.
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