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Description

[0001] The present invention relates to alternative processes for the preparation of 2-oxo-1-pyrrolidine derivatives.
[0002] European Patent No. 0 162 036 B1 discloses compound (S)-2-(2-oxopyrrolidin-1-yl)butanamide, which is known
under the International Non-proprietary Name of Levetiracetam.

[0003] Levetiracetam is disclosed as a protective agent for the treatment and prevention of hypoxic and ischemic type
aggressions of the central nervous system in European patent EP 0 162 036 B1. This compound is also effective in the
treatment of epilepsy.
[0004] The preparation of Levetiracetam has been disclosed in European Patent No. 0 162 036 and in British Patent
No. 2 225 322.
[0005] International patent application having publication number WO 01/62726 discloses 2-oxo-1-pyrrolidine deriv-
atives and methods for their preparation. It particularly discloses compound (25)-2-[(4R)-2-oxo-4-propyl-pyrrolidin-1-yl]
butanamide known under the international non propriety name of brivaracetam.

[0006] International patent application having publication number WO 2005/121082 describes a process of preparation
of 2-oxo-1-pyrrolidine derivatives and particularly discloses a process of preparation of (2S)-2-[(4S)-4-(2,2-difluorovinyl)-
2-oxo-pyrrolidin-1-yl]butanamide known under the international non propriety name of seletracetam.

[0007] International patent application having publication number WO 03/014080 describes a process of preparation
of 2-oxo-1-pyrrolidine derivatives.
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[0008] 2-oxo-1-pyrrolidine derivatives are therefore particularly useful in the pharmaceutical industry.
[0009] In the course of known processes for the preparation of 2-oxo-1-pyrrolidine derivatives, one or more stereoi-
somers of these derivatives may be generated and thus one or more separation steps of these stereoisomers are
required in order to obtain the desired compound. These separation steps may lower the overall yield of the process
and are generally time- and cost-consuming.
[0010] There is thus a need to provide an alternative process for the synthesis of 2-oxo-1-pyrrolidine derivatives.
[0011] In a first aspect, the present invention relates to a process for the preparation of a compound of formula (I),

wherein,
R 1 is C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X is -CONR4R5, -COOH, -COOR3 or-CN,
R3 is C1-10 alkyl;
R4 is hydrogen or C1-10 alkyl;
R5 is hydrogen or C1-10 alkyl;
which process comprises reacting a substantially optically pure compound of formula (II),

wherein
R2 is as defined here above for compound of formula (I),
X1 is as defined here above for X in compound of formula (I), and
Y is a leaving group selected from halogen, sulfonate group or -N2

+,
with a substantially optically pure compound of formula (III), or salts thereof,

wherein R1 is as defined here above for compound of formula (I),
in the presence of a base selected from potassium hydride, sodium hydride, sodium methoxide, potassium methoxide,
sodium isopropoxide, sodium tert-butoxide and potassium tert-butoxide; and
in a solvent selected from compound of formula (III), methanol, isopropanol, tert-butanol, dimethoxyethane, dimethyl-
sulphoxide, dichloromethane, acetonitrile and toluene and mixtures thereof.
[0012] This process advantageously minimizes the number of separation steps required to obtain the desired 2-oxo-
1-pyrrolidine derivatives.
[0013] The expression "substantially optically pure" as used herein in the specification when referring to a particular
compound comprising one stereogenic center means that at least 95%, preferably at least 96%, more preferably at least
97%, most preferably at least 98%, even most preferably at least 99% of the compound has the stereogenic center
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indicated by (1*),(2*) or (3*) in a given configuration (R) or (S).
[0014] The term "alkyl", as used herein, is a group which represents saturated, monovalent hydrocarbon radicals
having straight (unbranched), branched or cyclic moieties, or combinations thereof. Preferred alkyl comprises 1 to 10
carbons. More preferred alkyl comprises 1 to 4 carbons. Optionally, alkyl groups may be substituted by 1 to 5 substituents
independently selected from the group consisting of halogen, hydroxy, alkoxy, ester, acyl, cyano, acyloxy, acid, amide
or amino group. Preferred alkyl groups are methyl, ethyl, n-propyl, trifluoromethyl and trifluoroethyl.
[0015] The term "alkenyl" as used herein represents unsubstituted or substituted branched, unbranched or cyclic
hydrocarbon radicals or combinations thereof having at least one double bond. Preferred alkenyl comprises 2 to 6
carbons. More preferred alkenyl comprises 2 to 4 carbons. "Alkenyl" moieties may be optionally substituted by 1 to 5
substituents independently selected from the group consisting of halogen, hydroxy, alkoxy, ester, acyl, cyano, acyloxy,
carboxylic acid, amide or amino group.
[0016] The term "halogen", as used herein, represents an atom of fluorine, chlorine, bromine, or iodine.
[0017] The term "hydroxy", as used herein, represents a group of formula -OH.
[0018] The term "alkoxy", as used herein, represents a group of formula -ORa wherein Ra is C1-4 alkyl as defined above.
[0019] The term "acyl" as used herein, represents a group of formula RbCO-, wherein Rb represents a C1-4 alkyl as
defined above.
[0020] The term "ester", as used herein, represents a group of formula -COORc wherein Rc represents a C1-4 alkyl
as defined above.
[0021] The term "cyano" as used herein represents a group of formula -CN.
[0022] The term "acyloxy" as used herein represents a group of formula -O-CORd, wherein Rd is a C 1-4 alkyl as
defined above or an aryl group.
[0023] The term "aryl" as used herein, represents an organic radical derived from an aromatic hydrocarbon by removal
of one hydrogen, for example a phenyl.
[0024] The term "carboxylic acid" as used herein represents a group of formula -COOH.
[0025] The term "amino group", as used herein, represents a group of formula -NH2, NHRe or NRfRe wherein Re and
Rf are alkyl groups as defined above in the specification.
[0026] The term "amide", as used herein, refers to a group of formula -CO-NH2, -CO-NHRg, or -CO-NRgRh, wherein
Rg and Rh are alkyl groups as defined above in the specification.
[0027] The term "leaving group", as used herein, has the same meaning by the person skilled in the art (Advanced
Organic Chemistry: reactions, mechanisms and structure - Third Edition by Jerry March, John Wiley and Sons Ed.; 1985
page 179) and represents a group which is part of and attached to a substrate molecule; in a reaction where the substrate
molecule undergoes a displacement reaction (with for example a nucleophile), the leaving group is then displaced.
[0028] The term "sulfonate group" as used herein represents a group of formula -O-SO2-Ri wherein Ri is an alkyl or
an aryl as defined hereabove in the specification. Preferred sulfonate groups are methanesulfonate, para-toluenesul-
fonate group or trifluoromethanesulfonate.
[0029] In one embodiment, according to first aspect of the present invention, R1 is C1-4 alkyl or C2-4 alkenyl. In a
further embodiment according to first aspect of the present invention, R1 is n-propyl or 2,2-diflurorovinyl.
[0030] In one embodiment according to first aspect of the present invention, R2 is C1-4 alkyl. In another embodiment
according to first aspect of the present invention, R2 is ethyl.
[0031] In one embodiment according to first aspect of the present invention, X is - CONR4R5, -COOH or -COOR3,
wherein R3 is a C1-4 alkyl. In another embodiment according to first aspect of the present invention, X is -CONR4R5:
[0032] In one embodiment according to first aspect of the present invention, X1 is - CONR4R5 or -COOR3, wherein
R3 is a C1-4 alkyl. In another embodiment according to first aspect of the present invention, X1 is COOR3, wherein R3

is a C1-4 alkyl.
[0033] In one embodiment according to first aspect of the present invention, X2 is - CONR4R5 or -COOR3, wherein
R3 is a C1-4 alkyl. In another embodiment according to first aspect of the present invention, X2 is COOR3, wherein R3

is a C1-4 alkyl.
[0034] In a particular embodiment, R3 is methyl.
[0035] In one embodiment according to first aspect of the present invention, R4 is hydrogen or C1-4 alkyl. In another
embodiment according to first aspect of the present invention, R4 is hydrogen.
[0036] In one embodiment according to first aspect of the present invention, R5 is hydrogen or C1-4 alkyl. In another
embodiment according to the first aspect of the present invention, R5 is hydrogen.
[0037] In one embodiment according to first aspect of the present invention, Y is a halogen or a sulfonate group. In
another embodiment according to first aspect of the present invention, Y is bromine, a methanesulfonate or a trifluor-
omethanesulfonate group.
[0038] In one embodiment according to the first aspect of the present invention, at least 95%, preferably at least 96%,
more preferably at least 97%, most preferably at least 98%, even most preferably at least 99% of compound of formula
(II) has the stereogenic center indicated by (2*) in configuration (R).
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[0039] Salts of compound of formula (III) are preferably alkali metal salts, for example, sodium, potassium or lithium salt.
[0040] The process according to the present invention is generally achieved at a temperature ranging from 0˚C to
100˚C, preferably ranging from 0˚C to 70˚C, more preferably ranging from 0˚C to 20˚C.
[0041] Compound of formula (I), wherein X is -CO-NR4R5 may be obtained directly by reacting compound of formula
(II), wherein X1 is -CO-NR4R5, with compound of formula (III).
[0042] Alternatively, compound of formula (II) wherein X1 is COOR3 or COOH may be reacted with compound of
formula (III), or salts thereof, to afford compound of formula (V),

wherein
R1 and R2 are as defined for compound of formula (I);
X1 is COOR3 and COOH;
R3 is C1-10 alkyl.
[0043] Compound of formula (V) may be further converted to compound of formula (I), wherein X is -CO-NR4R5,
according to conventional methods known to the man skilled in the art or according to one of the methods described in
international patent application published under number WO 03/014080.
[0044] For example, compound of formula (I) may be obtained by ammonolysis of compound of formula (V). Said
ammonolysis may be performed in the presence of water according to conditions described in international patent
application published under number WO 03/014080.When R1 is different from hydrogen, compounds of formula (I) and
compounds of formula (V) have at least two stereogenic centers in their structure which are indicated by (1*) and (2*).
These stereogenic centers may be present in R or S configuration, said R and S notation being used in accordance with
the rules described in Pure. Appl. Chem., 45 (1976) 11-30.
[0045] Compounds of formula (I) and compounds of formula (V) may be independently a mixture of diastereoisomers.
[0046] Preferably, compounds of formula (I) and compounds of formula (V) are independently a mixture of epimers.
[0047] The term "epimers" as used herein, when referring to diastereoisomers, is defined as two diastereoisomers
having only one stereogenic center in a different configuration one from another.
[0048] Most preferably compounds of formula (I) and compounds of formula (V) are independently a mixture of epimers
with respect to stereogenic center (1*).
[0049] Said mixture may comprise the epimers in a ratio equal to 1. Advantageously, said mixture comprises epimers
in a ratio different from 1.
[0050] In a particular embodiment, compounds of formula (I) and compounds of formula (V) according to the present
invention are diastereoisomerically enriched.
[0051] The expression "diastereoisomerically enriched" as used herein when referring to a particular compound means
that at least 95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%, even most
preferably at least 99% of the compound has the stereogenic center indicated by (2*) in a given configuration (R) or (S)
and that more than 50%, preferably more than 75%, more preferably more than 85%, most preferably more than 94%
of the compound has the stereogenic center indicated by (1*) in a given configuration (R) or (S).
[0052] Preferably, at least 95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%,
even most preferably at least 99% of compound of formula (I) or of compound of formula (V) has the stereogenic center
indicated by (2*) in configuration (S).
[0053] More preferably, compounds of formula (I) and compounds of formula (V) according to the present invention
are substantially diastereoisomerically pure.
[0054] The expression "substantially diastereoisomerically pure" as used herein when referring to a particular com-
pound means that at least 95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%,
even most preferably at least 99% of the compound has the stereogenic center indicated by (2*) in a given configuration
(R) or (S) and that at least 95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%,
even most preferably at least 99% of the compound has the stereogenic center indicated by (1*) in a given configuration
(R) or (S).
[0055] Substantially diastereoisomerically pure compound of formula (I) may be obtained by reacting a substantially
optically pure compound of formula (II) with a substantially optically pure compound of formula (III).
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[0056] Particular embodiments for R, X and Y groups are as defined here above for first aspect of the present invention.
[0057] Preferably, when R1 is n-propyl, at least 95%, preferably at least 96%, more preferably at least 97%, most
preferably at least 98%, even most preferably at least 99% of the compound of formula (III) has the stereogenic center
indicated by (1*) in configuration (R).
[0058] Preferably, when R1 is 2,2-difluorovinyl, at least 95%, preferably at least 96%, more preferably at least 97%,
most preferably at least 98%, even most preferably at least 99% of the compound of formula (III) has the stereogenic
center indicated by (1*) in configuration (S).
[0059] Preferably, at least 95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%,
even most preferably at least 99% of compound of formula (I) has the stereogenic center indicated by (2*) in configuration
(S).
[0060] In a particular embodiment according to the present invention, when R1 is n-propyl, at least 95%, preferably
at least 96%, more preferably at least 97%, most preferably at least 98%, even most preferably at least 99% of the
compound of formula (III) has the stereogenic center indicated by (1*) in configuration (R) and at least 95%, preferably
at least 96%, more preferably at least 97%, most preferably at least 98%, even most preferably at least 99% of the
compound of formula (III) has the stereogenic center indicated by (2*) in configuration (S).
[0061] In another particular embodiment according to the present invention, when R1 is 2,2-difluorovinyl, at least 95%,
preferably at least 96%, more preferably at least 97%, most preferably at least 98%, even most preferably at least 99%
of the compound of formula (III) has the stereogenic center indicated by (1*) in configuration (S) and at least 95%,
preferably at least 96%, more preferably at least 97%, most preferably at least 98%, even most preferably at least 99%
of the compound of formula (III) has the stereogenic center indicated by (2*) in configuration (S).
[0062] Substantially optically pure compounds of formula (III) may be synthesized according to methods described in
European patent applications n˚05020080.7 and n˚05023133.1 or according to any conventional methods known to the
man skilled in the art.
[0063] Examples of compounds of formula (III) according to the present invention are (R)-4-propylpyrrolidin-2-one,
4-(2,2-diflurovinyl)pyrrolidin-2-one, (S)-4-(2,2-diflurovinyl)pyrrolidin-2-one.
[0064] In a second aspect, the present invention relates to a process for the preparation of a compound of formula (I),

wherein,
R1 is C1-10 alkyl or C2-6 alkenyl
R2 is C1-10 alkyl or C2-6 alkenyl,
X is -CONR4R5, -COOH, -COOR3 or -CN,
R3 is C1-10 alkyl;
R4 is hydrogen or C1-10 alkyl;
R5 is hydrogen or C1-10 alkyl;
which process comprises reacting a substantially optically pure compound of formula (II),

wherein
R2 is as defined here above for compound of formula (I),
X1 is as defined here above for X in compound of formula (I), and
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IV), or salts thereof,
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wherein
R2 is as defined here above for compound of formula (I), and
X2 is as defined here above for X in compound of formula (I),
in the presence of a base selected selected from potassium hydride, sodium hydride, sodium methoxide, potassium
methoxide, sodium isopropoxide, sodium tert-butoxide, potassium tert-butoxide, potassium carbonate, sodium carbon-
ate, triethylamine, cesium carbonate and triisopropylamine; and
in a solvent selected from methanol, isopropanol, tert-butanol, dimethoxyethane, dimethylsulphoxide, dichloromethane,
acetonitrile and toluene and mixtures thereof
[0065] In one embodiment according to second aspect of the present invention, R1 C1-4 alkyl or C2-4 alkenyl. In another
embodiment according to second aspect of the present invention, R1 is n-propyl or diflurorovinyl.
[0066] In one embodiment according to second aspect of the present invention, R2 is C1-4 alkyl. In another embodiment
according to second aspect of the present invention, R2 is ethyl.
[0067] In one embodiment according to second aspect of the present invention, X is - CONR4R5, -COOH or -COOR3,
wherein R3 is a C1-4 alkyl. In another embodiment according to second aspect of the present invention, X is -CONR4R5.
[0068] In one embodiment according to second aspect of the present invention, X1 is - CONR4R5 or -COOR3, wherein
R3 is a C1-4 alkyl. In another embodiment according to second aspect of the present invention, X1 is COOR3, wherein
R3 is a C1-4 alkyl.
[0069] In one embodiment according to second aspect of the present invention, X2 is CONR4R5 or -COOR3, wherein
R3 is a C1-4 alkyl. In another embodiment according to second aspect of the present invention, X2 is COOR3, wherein
R3 is a C1-4 alkyl.
[0070] In one embodiment according to second aspect of the present invention, R4 is hydrogen or C1-4 alkyl. In another
embodiment according to second aspect of the present invention, R4 is hydrogen.
[0071] In one embodiment according to second aspect of the present invention, R5 is hydrogen or C1-4 alkyl. In another
embodiment according to second aspect of the present invention, R5 is hydrogen.
[0072] In one embodiment according to second aspect of the present invention, Y is a halogen or a sulfonate group.
In another embodiment according second aspect of the present invention, Y is bromine, a methanesulfonate or a
trifluromethanesulfonate group.
[0073] In a particular embodiment according to the present invention, R1 is n-propyl or 2,2-difluorovinyl; R2 is ethyl;
X is -CONH2; X1 or X2 is -CONH2, COOH or COOMe; and Y is bromine, methanesulfonate or trifluoromethanesulfonate.
[0074] In a particular embodiment, at least 95%, preferably at least 96%, more preferably at least 97%, most preferably
at least 98%, even most preferably at least 99% of the compound of formula (IV) has the stereogenic center indicated
by (3*) in configuration (S) when R1 is 2,2- diflurovinyl.
[0075] In another particular embodiment, at least 95%, preferably at least 96%, more preferably at least 97%, most
preferably at least 98%, even most preferably at least 99% of the compound of formula (IV) has the stereogenic center
indicated by (3*) in configuration (R) when R1 is n-propyl.
[0076] Examples of salts of compounds of formula (IV) are sulfate, acetate, trifluroacetate, hydrobromine or hydro-
chloride.
[0077] The reaction of compound (II) with compound (IV) generally occurs in the presence of a base.
[0078] The processes according to the present invention are generally achieved at a temperature ranging from 0˚C
to 100˚C, preferably ranging from 0˚C to 70˚C.
[0079] The reaction of compound of formula (II) with compound of formula (IV) generally affords compound of formula
(VI), which compound may be further converted to compound of formula (I), for example by cyclisation, according to
methods described in international patent application published under number WO 01/62726.
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[0080] For example, compound of formula (VI) may be reacted with or without a catalytic quantity of 2-hydroxy-pyridine
in toluene at a temperature comprised between 50˚C and 100˚C.
[0081] Thus in a particular embodiment, the process according to second aspect of the invention further comprises
cyclisation of compound of formula (VI).
[0082] Thus, in a further aspect, the present invention relates to the use of compounds of formula (VI) for the synthesis
of compounds of formula (I). Compound of formula (I), wherein X is -CO-NR4R5 may be obtained directly by reacting
compound of formula (VI) wherein X1 is -CO-NR4R5.
[0083] Compound of formula (VI) wherein X1 is -CO-NR4R5 may be obtained by reacting compound of formula (II)
wherein X1 is -CO-NR4R5 with compound of formula (IV).
[0084] Alternatively, compound of formula (II) wherein X1 is COOR3 or COOH may be reacted with compound of
formula (IV) to afford compound of formula (VI) wherein X1 is COOR3 or COOH which is subsequently converted to
compound of formula (V) wherein X1 is COOR3 or COOH. Said compound of formula (V) is converted to compound of
formula (I) as described here above in the specification.
[0085] R1, R2, X1 and X2 in compounds of formula (VI) are as defined for compounds of formula (II) and of formula
(IV) in the above specification.
[0086] In a particular embodiment according to this aspect of the invention compounds of formula (VI), are diastere-
oisomerically enriched.
[0087] In another particular embodiment according to this aspect of the invention compounds of formula (VI), are
substantially diastereoisomerically pure.
[0088] Thus, in a further particular embodiment, the present invention relates to the use of substantially diastereoiso-
merically pure compound of formula (VI), wherein R1 is C1-10 alkyl or C2-6 alkenyl, R2, R3, R4, R5, X1 and X2 being as
defined here above in the specification, for the synthesis of substantially diastereoisomerically pure compound of formula
(I) wherein R1 is C1-10 alkyl or C2-6 alkenyl, R2, R3, R4, R5 and X1 being as defined here above in the specification.
[0089] In particular, substantially diastereosiomerically pure compounds of formula (VI) wherein R 1 is n-propyl may
be used for the synthesis of brivaracetam.
[0090] Examples of substantially diastereosiomerically pure compounds of formula (VI) wherein R1 is n-propyl are
(R)-3-[((S)-1-carboxypropylamino)methyl]hexanoic acid, methyl-(R)-3-[((S)-1-carboxypropylamino)methyl]hexanoate,
ethyl-(R)-3-[((S)-1-carboxypropylamino)methyl]hexanoate, (R)-3-[((S)-1-methoxycarbonylpropylamino)methyl]hexano-
ic acid, methyl-(R)-3-[((S)-1-methoxycarbonylpropylamino)methyl]hexanoate, ethyl-(R)-3-[((S)-1 - methoxycarbonylpro-
pylamino)methyl]hexanoate, (R)-3-[((S)-1-carbamoylpropylamino)methyl]hexanoic acid, methyl-(R)-3-[((S)-1-car-
bamoylpropylamino)methyl]hexanoate, ethyl-(R)-3-[((S)-1-carbamoylpropylamino)methyl]hexanoate.
[0091] In particular, substantially diastereoisomerically pure compounds of formula (VI) wherein R1 is 2,2-difluorovinyl
may be used for the synthesis of seletracetam.
[0092] Examples of substantially diastereoisomerically pure compounds of formula (VI) wherein R1 is 2,2-difluorovinyl
are (S)-3-[((S)-1-carboxypropylamino)methyl]-5,5-difluoropent-4-enoic acid, methyl-(S)-3-[((S)-1-carboxypropylamino)
methyl]-5,5-difluoropent-4-enoate, ethyl-(S)-3-[((S)-1-carboxypropylamino)methyl]-5,5-difluoropent-4-enoate, (S)-
3-[((S)-1-methoxycarbonylpropylamino)methyl]-5,5-difluoropent-4-enoic acid, methyl-(S)-3-[((S)-1-methoxycarbonyl-
propylamino)methyl]-5,5-difluoropent-4-enoate, ethyl-(S)-3-[((S)-1-methoxycarbonylpropylamino)methyl]-5,5-difluoro-
pent-4-enoate, (R)-3-[((S)-1-carbamoylpropylamino)methyl]- 5,5-difluoropent-4-enoic, methyl-(R)-3-[((S)-1-carbamoyl-
propylamino)methyl]- S,S-difluoropent-4-enoate, ethyl-(R)-3-[((S)-1-carbamoylpropylamino)methyl]- 5,5-difluoropent-4-
enoate 4-[(S)-1-carboxypropylamino]butyric acid.
[0093] Substantially optically pure compounds of formula (II) are commercially available or alternatively may be syn-
thesized, for example by chemical resolution or by enantioselective synthesis, according to any of the methods described
in the following references : Bottini & al., J. Org. Chem., 1963, 28, 156-158 ; Bellucci & al., Tetrahedron, 1969, 25(18),
4167-4172 ; Compagnone & al., J. Org. Chem., 1986, 51, 1713-1719 ; Chenault & al., J. Org. Chem., 1987, 52(12),
2608-2611 ; Hoekstra & al., Org. Process research & Developement, 1997, 1, 26-38 ; Lee, Tetrahedron, 1967, 23,
359-363 ; Ferorelli, II Farmaco, 1997, 52(6-7), 367-374 ; Boyes, J. Chem. Soc. Perkin Trans 1, 2000, 2759-2765
[0094] Compounds of formula (IV) are commercially available or alternatively are synthesized according to any con-
ventional method known to the person skilled in the art and for example, by ring opening of the corresponding pyrrolidone
derivative by treatment with an aqueous or alcoholic acid solution or according to the method described in Kenda et al.,
in J. Med. Chem. 2004, 47, 530-549.
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[0095] Examples of compounds of formula (IV) according to the present invention are (R)-3-propyl-4-aminobutyric
acid, methyl-(R)-3-propyl-4-aminobutyrate, ethyl-(R)-3-propyl-4-aminobutyrate, (S)-3-(2,2-difluorovinyl)-4-aminobutyric
acid, methyl-(S)-3-(2,2-difluorovinyl)-4-aminobutyrate, and ethyl-(S)-3-(2,2-difluorovinyl)-4-aminobutyrate.
[0096] Compounds of formula (II) wherein Y is -N2

+ may be generated in situ from the corresponding amino group,
by reaction with NaNO2 in the presence of an acid according to methods described, for example, in the following
references: J. Chem. Soc. Chem. Commun. 1976, 234; J. Am. Chem. Soc. 1949, 71, 1096; J. Am. Chem. Soc. 1990,
112(17), 6388; Helv. Chem. Acta, 1963, 46, 927 or according to any conventional methods known to the person skilled
in the art.
[0097] Examples of compounds of formula (II) according to the present invention are (R)-2-bromobutyric acid, me-
thyl-(R)-2-bromobutyrate, ethyl-(R)-2-bromobutyrate, (R)-2-bromobutyramide, (R)-2-methanesulfonyloxybutyric acid,
methyl-(R)-2-methanesulfonyloxybutyrate, ethyl-(R)-2-methanesulfonyloxybutyrate, methanesulfonic acid (R)-1-car-
bamoyl-propyl ester, (R)-2-p-toluenesulfonyloxybutyric acid, methyl-(R)-2-p-toluenesulfonyloxybutyrate, ethyl-(R)-2-p-
toluenesulfonyloxybutyrate, p-tolueneesulfonic acid (R)-1-carbamoyl-propyl ester, (R)-1-carboxy-propanediazonium,
(R)-1-methoxycarbonyl-propanediazonium, (R)-1-ethoxycarbonyl-propanediazonium, (R)-1-carbamoyl-propanediazo-
nium, (R)-2-bromopropionic acid, methyl-(R)-2-bromopropionate, ethyl-(R)-2-bromopropionate, (R)-2-bromopropiona-
mide, (R)-2-methanesulfonyloxybutyric acid, methyl-(R)-2-methanesulfonyloxypropionate, ethyl-(R)-2-methanesulfony-
loxypropionate, methanesulfonic acid (R)-1-carbamoyl-ethyl ester, (R)-2-p-toluenesulfonyloxypropionic acid, methyl-(R)-
2-p-toluenesulfonyloxypropionate, ethyl-(R)-2-p-toluenesulfonyloxypropionate, p-toluenesulfonic acid (R)-1-carbamoyl-
ethyl ester, (R)-1-carboxy-ethanediazonium, (R)-1-methoxycarbonyl-ethanediazonium, (R)-1-ethoxycarbonyl-ethanedi-
azonium, (R)-1-carbamoyl-ethanediazonium, (R)-2-trifluoromethanesulfonyloxybutyric acid, methyl-(R)-2-trifluorometh-
anesulfonyloxybutyrate, ethyl-(R)-2-trifluoromethanesulfonyloxybutyrate, and trifluoromethanesulfonic acid (R)-1-car-
bamoyl-propyl ester.
[0098] The process according to the present invention may optionally comprise a step of separation of the different
diastereoisomers, particularly a step of separation of one or more of the different diastereoisomers of any of the com-
pounds of formula (I), (IV), (V) or (VI). Said separation may be achieved by liquid column chromatography or by recrys-
talllisation according to conventional methods known to the person skilled in the art.
[0099] In a further particular embodiment, the present invention relates to a process for the preparation of brivaracetam,

which process comprises reacting a substantially optically pure compound of formula (IIa),

wherein
X1 is -CONR4R5, -COOH or -COOR3

R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl;
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IIIa), or salts thereof,
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[0100] In one embodiment, X1 is CONR4R5 or -COOR3. In another embodiment X1 is CONR4R5. In a further embod-
iment X1 is -CONH2.
[0101] In one embodiment Y is halogen or sulfonate group. In another embodiment Y is bromine, a methanesulfonate
or a trifluromethanesulfonate group.
[0102] In one embodiment, compound of formula (IIIa) is substantially optically pure (R)-4-propyl-pyrrolidin-2-one.
[0103] In another further particular embodiment, the present invention relates to a process for the preparation of
seletracetam,

which process comprises reacting a substantially optically pure compound of formula (IIa),

wherein
X1 is -CONR4R5, -COOH or -COOR3,
R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl;
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IIIb), or salts thereof,
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[0104] In one embodiment, X1 is CONR4R5 or -COOR3. In another embodiment X1 is CONR4R5. In a further embod-
iment X1 is -CONH2.
[0105] In one embodiment, Y is halogen or sulfonate group. In another embodiment Y is bromine, a methanesulfonate
or a trifluromethanesulfonate group.
[0106] In one embodiment, compound of formula (IIIb) is substantially optically pure (S)-4-(2,2-difluoro-vinyl)-pyrrolidin-
2-one.
[0107] In a further particular embodiment, the present invention relates to a process for the preparation of brivaracetam,

which process comprises reacting a substantially optically pure compound of formula (IIa),

wherein
X1 is -CONR4R5, -COOH, -COOR3,
R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl;
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IVa), or salts thereof,

wherein,
X2 is -CONR4R5, -COOH, -COOR3 or -CN,
R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl.
[0108] In one embodiment, X1 is CONR4R5 or -COOR3. In another embodiment X is CONR4R5. In a further embodiment
X1 is -CONH2.
[0109] In one embodiment, Y is halogen or sulfonate group. In another embodiment Y is bromine, a methanesulfonate
or a trifluromethanesulfonate group.
[0110] In one embodiment, X2 is CONR4R5 or -COOR3. In another embodiment X2 is - COOR3.
[0111] In another embodiment, the present invention relates to a process for the preparation of seletracetam,
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which process comprises reacting a substantially optically pure compound of formula (IIa),

wherein
X1 is -CONR4R5, -COOH, -COOR3,
R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl;
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IVb), or salts thereof,

wherein,
X2 is -CONR4R5, -COOH, -COOR3 or -CN,
R3 is C1-4 alkyl;
R4 is hydrogen or C1-4 alkyl;
R5 is hydrogen or C1-4 alkyl.
[0112] In one embodiment, X1 is CONR4R5 or -COOR3. In another embodiment X1 is CONR4R5. In a further embod-
iment X1 is -CONH2.
[0113] In one embodiment, Y is halogen or sulfonate group. In another embodiment Y is bromine, a methanesulfonate
or a trifluromethanesulfonate group.
[0114] In one embodiment, X2 is CONR4R5 or -COOR3. In another embodiment X2 is - COOR3.
[0115] In a particular embodiment according to the present invention, at least 95%, preferably at least 96%, more
preferably at least 97%, most preferably at least 98%, even most preferably at least 99% of compound of formula (IVa)
has the stereogenic center indicated by (3*) in configuration (R) and compound of formula (IVb) has the stereogenic
center indicated by (3*) in configuration (S).

EXAMPLES

[0116] The following examples are provided for illustrative purposes only and are not intended, nor should they be
construed, as limiting the invention in any manner. Those skilled in the art will appreciate that routine variations and
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modifications of the following examples can be made without exceeding the spirit or scope of the invention.
[0117] Characterization of compounds of the following examples is achieved using the following techniques and
conditions:
[0118] NMR spectra are recorded on a Bruker 400 MHz Spectrometer. The compound is studied in DMSO-d6 (or
CDC13) solution at a probe temperature of 313 K or 300 K and at a concentration of 15 mg/ml. The instrument is locked
on the deuterium signal of DMSO-d6 (or CDC13). Chemical shifts are given in ppm downfield from TMS taken as internal
standard.
[0119] Gas chromatography spectra are recorded on a Thermo Finnigan Trace-2000 system equipped with an Altech
GC DB-1701 (15mx0.25mm i.d. x 0.25 mm film thickness) column. Dihydrogen is used as carrier gas in a constant flow
of 1.5 ml/min. Sample (1 ml) is injected in a split/splitlesss mode (injector, 250˚C, hot-needle injection with CTC Combi-
PAL autosampler) and the oven temperature is programmed as follows: increasing from 50˚C to 280˚C (15.3˚C/min.)
and holding for 20 min. The detector temperature (FID-AUX) is set at 300˚C.
[0120] Chiral High Performance Liquid Chromatograpy (HPLC) analyses are performed using one of the following
systems:

- a TSP-system mounted with a Chiralpak AD-H, 250 x 4.6 mm, 5.0 mm column. Eluent is a constant mixture of n-
Hexane/Ethane/Trifluoroacetic acid (96/3.9/0.1) and the flow rate is set at 1.5 ml/min. The run time is of 30 min. and
the chromatography is carried out at 25˚C.

- a TSP-system mounted with a Chiralpak AD-H, 250 x 4.6 mm, 5.0 mm column. Eluent is a constant mixture of 67%
solvent A (0.1% diethylamine in n-Heptane) and 33% solvent B (0.1% diethylamine in Ethanol). The flow rate is set
at 1.0 ml/min and the temperature of the column is set at 25˚C.

Example 1-Synthesis of methyl-(R)-2-trifluoromethanesulfonyloxybutyrate (IIc) (compound (II) with R2 = Et, X1 =
COOMe, Y = OTf)

[0121]

[0122] A mixture of methyl-(R)-2-hydroxybutyrate (5.0g, 42.3 mmol) and pyridine (3.7g, 46.8 mmol, 1.1 equiv.) in
dichloromethane (25 ml, 5 vol.) is added dropwise over a period of 30 min. to a solution of triflic anhydride (13.13g, 46.5
mmol, 1.1 equiv.) in dichloromethane (50 ml, 10 vol.) cooled to 0-5˚C. The mixture is then warmed to 20˚C and water
(50 ml, 10 vol.) is added. Aqueous and organic layers are separated and the organic layer is washed with 50 ml of water.
After drying over sodium sulfate (4.0g) the organic layer is concentrated under reduced pressure to afford pure methyl-(R)-
2-trifluoromethanesulfonyloxybutyrate as yellow oil (10.0g, 39.9 mmol, 94%).
GC: retention time = 3.39 min. (100 %)
1H NMR δH (400 mHz, CDC13): 1.07 (3H, t, J 7.5), 2.0-2.12 (2H, m), 3.86 (3H, s), 5.10 (1H, dd, J7.7; 5.0)

Example 2-Synthesis of (S)-2-[(S-4)-(2,2-difluoro-vinyl)-2-oxopyrrolidin-1-yl]butyric acid (Ib) (Compound (I) with R1 =
2,2-difluorovinyl . R2 = Et. X = COOH)

[0123]
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[0124] To a suspension of substantially optically pure (S)-4-(2,2-difluorovinyl)pyrrolidon-2-one (0.59 g, 4.0 mmol, 2
equiv.) in tetrahydrofuran (5 ml, 12 vol.) at room temperature is added sodium hydride (60% oily dispersion, 0.16 g, 4.0
mmol, 2 equiv.). The mixture is stirred for 1 hour and (R)-2-bromobutyric acid (IIe) (0.33 g, 2 mmol, 1 equiv.) in tetrahy-
drofuran (2 ml) is added. The mixture is stirred until complete conversion. After 48 hours, 10% aqueous HCl (2 ml) is
added and the two layers are separated. Aqueous layer is extracted with dichloromethane (20 ml). Organic layers are
combined, dried over magnesium sulfate and concentrated to dryness under reduced pressure to yield (S)-2-[(S)-4-(2,2-
difluoro-vinyl)-2-oxopyrrolidin-1-yl]butyric acid (0.19 g, 0.8 mmol, 41%).
[0125] 1H NMR δH of (Ib) (400 mHz, CDC13): 0.95 (3H, t, J 7.5), 1.65-1.77 (1H, m), 2.02-2.13 (1H, m), 2.31 (1H, dd,
J16.8; 8.0), 2.72 (1H, dd, J 16.8; 8.0), 3.12-3.22 (1H, m), 3.32 (1H, t, J8.2), 3.53 (1H, t, J8.2), 4.35 (1H, ddd, J24.5; 9.5;
1.4), 4.67 (1H, dd, J10.8; 4.9), 8.26 (1H,brs).

Examples 3-Synthesis of (S)-2-[4-propyl-2-oxopyrrolidin-1-yl]butyric acids (Ix) (Compound (I) with R1 = n-propyl , R2

= Et, X = COOH)

[0126]

[0127] To a suspension of NaH (60% oily dispersion, 0.32g, 8.0 mmol, 4 equiv.) previousely washed twice with heptane
was added a solution racemic 4-propyl-pyrrolidon-2-one (0.76 g, 6.0 mmol, 3 equiv.) in tetrahydrofuran (5 ml). The
mixture was stirred until end of gas evolution and (R)-2-bromobutyric acid (0.33 g, 2.0 mmol, 1 equiv.) in tetrahydrofuran
(5 ml) is added at room temperature. The mixture was stirred overnight. Aqueous 1M NaOH solution (15 ml) was added
and the resulting two layers separated. The aqueous phase was washed with dichloromethane (3x15m1) and then
acidified with a IN HCl solution (to pH = 2). The resulting acidic aqueous phase was extracted twice with ethyl acetate
(2x15 ml). The combined organic phases were dried (MgSO4), filtered and concentrated to dryness under reduced
pressure yielding diastereomeric mixture of (S)-2-[4-propyl-2-oxopyrrolidin-1-yl]butyric acid (0.26 g, 1.2 mmol, 60 %)
Chiral HPLC: 90.3% (S,S and R,S not baseline separated)/4.0% (S,R)/5.7% (R,R)

Example 4-Synthesis of substantially optically pure (S)-2-[(S)-4-propyl-2-oxopyriolidin-1-yl]butyric acid (Ic) (Compound
(I) with R1 = n-propyl, R2 = Et, X = COOH

[0128]
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[0129] To a suspension of NaH (60% oily dispersion, 0.96g, 24.0 mmol, 4 equiv.) previousely washed twice with
heptane was added a solution of substantially optically pure (S)-4-propyl-pyrrolidon-2-one (2.30 g, 18.0 mmol, 3 equiv.)
in tetrahydrofuran (10 ml, 4.5 vol.). The mixture was stirred until end of gas evolution and (R)-2-bromobutyric acid (1.00
g, 6 mmol, 1 equiv.) in tetrahydrofuran (10 ml) is added at room temperature. The mixture was stirred overnight. Aqueous
1M NaOH solution (15 ml) was added and the resulting two layers separated. The aqueous phase was washed with
dichloromethane (3x15m1) and then acidified with a IN HCl solution (16 ml). The resulting acidic aqueous phase was
extracted twice with ethyl acetate (2x40 ml). The combined organic phases were dried (MgSO4) filtered and concentrated
to dryness under reduced pressure yielding (S)-2-[(S)-4-propyl-2-oxopyrrolidin-1-yl]butyric acid (0.97 g, 4.6 mmol, 77 %)
Chiral HPLC : 95.9% (S,S)/4.1% (S,R)
1H NMR 8H of (Ic) (400 mHz, CDC13): 1H NMR δH (400 mHz, CDCl3): 0.91-0.95 (6H, m), 1.29-1.39 (2H, m), 1.42-1.50
(2H, m), 1.65-1.77 (1H, m), 2.00-2.11 (1H, m), 2.17 (1H, dd, J16.7; 8.2), 2.28-2.40 (1H, m), 2.60 (1H, dd, J16.7; 8.2),
3.18 (1H, dd, J9.3 ; 7.2), 3.43 (1H, dd, J9.4; 7.9), 4.63 (1H, dd, J10.7; 5.0), 9.01 (1H, brs)

Example 5-Synthesis of methyl-(R)-2-methanesulfonyloxybutyrate (IIg) (compound (II) with R2 = Et, X1 = COOMe, Y
= OMes)

[0130]

[0131] To a solution of methanesulfonic acid chloride (5.33 g, 46.5 mmol, 1.1 equiv.) in dichloromethane (50 ml, 11
vol.) cooled to 0-5˚C is added over a period of 30 min. a mixture of methyl-(R)-2-hydroxybutyrate (5.1 g, 43.2 mmol, 1
equiv.) and triethylamine (4.7 g, 46.5 mmol, 1.1 equiv.) in dichloromethane (25 ml). When conversion is complete (TLC:
methylcyclohexane/ethyl acetate = 1/1 (v/v), dying with molybdatophosphoric acid; Rf = 0.5), the mixture is allowed to
warm to room temperature and 50 ml of water is added. The two resulting layers are separated and the organic layer
is washed with 50 ml of water. The organic layer is dried over sodium carbonate and concentrated under reduced
pressure to afford methyl-(R)-2-methanesulfonyloxybutyrate (IIg) as yellow oil (8.5 g, 43.2 mmol, 100%)
1H NMR 5H (400 mHz, CDCl3): 1.04 (3H, t, J 7.4), 1.89-2.03 (2H, m), 3.16 (3H, s), 3.81 (3H, s), 5.00 (1H,dd,J7.6; 4.6)

Example 6.synthesis of methanesulfonic acid (R)-1-carbamoyl-propyl ester (IIi) (compound (II) with R2 = Et, X1 =
CONH2, Y = OMes)

[0132]
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[0133] To a mixture of (R)-2-hydroxybutyramide (4.2 g, 40.7 mmol) and triethylamine (6.2 ml, 44.8 mmol, 1.1 equiv.)
in tetrahydrofuran (50 ml) is added drop wise at -40˚C methanesulfonic acid chloride (3.5 ml, 44.8 mmol, 1.1 equiv.).
The mixture is allowed to warm to 20 ˚C and is filtered over magnesium sulfate (8 g). The cake is rinsed twice with
tetrahydrofuran (2 x 20 ml) and combined filtrates are concentrated to dryness under reduced pressure to afford meth-
anesulfonic acid (R)-1-carbamoyl-propyl ester (IIi) as a solid. (7.9 g, 106%, triethylamine hydrochloride salts are present).
1H NMR δH (400 mHz, DMSO-d6): 0.89 (3H, t, J 7.4), 1.71-1.92 (2H, m), 3.22 (3H, s), 4.76 (1H, t, J6.1), 7.45 (1H, s),
7.60 (1H, s).

Example 7-Synthesis of (S)-2-[4-propyl-2-oxopvrrolidin-1-yl]butyramide (Ix) (Compound (I) with R 1 = n-propyl , R2 =
Et, X = CONH2)

[0134]

[0135] A mixture of powdered potassium carbonate (3.8 g, 27.6 mmol, 5 equiv.), ethyl-4-amino-3-propyl butyrate (IVe)
(1.65 g, 8.3 mmol, 1.5 equiv.) and substantially optically pure (S)-2-bromo butyric methyl ester (IIf) (1.0 g, 5.5 mmol, 1
equiv.) in acetonitrile (25 ml, 25 vol.) was stirred overnight at room temperature. The resulting mixture was filtered and
the filtrate evaporated to dryness leading to the intermediate (VIh) as yellow oil. The crude residue was dissolved in
toluene (20 ml) and 0.1 g of hydroxypyrridine was added. The resulting solution was heated at 80˚C overnight. After
cooling to room temperature, 5 ml of a 1M NaOH solution were added and toluene was evaporated under reduced
pressure. The resulting aqueous solution was washed with ethyl acetate (2x20 ml) and acidified to pH=2 by addition of
a 1N HCl solution. The acidic aqueous solution was extracted twice with 20 ml of ethyl acetate. The combined organic
layers were dried (MgSO4) and concentrated to dryness leading to crude acidic intermediate (If). The latter was dissolved
in THF (10 ml) and triethylamine was added. The resulting solution was cooled to 0˚C and 0.2 ml of ethychloroformate
was added. The mixture was stirred 1h and 0.5 ml of liquid ammonia was added at room temperature followed by K2CO3
(0.24g, 1.7 mmol) and 1M aqueous HCl (12 ml). The reaction mixture was extracted twice with ethylacetate (2x20 ml),
and combined organic layers were dried (MgSO4) and evaporated leading 0.38g (1.8 mmol, 32%) of (S)-2-[4-propyl-2-
oxopyrrolidin-1-yl]butyramide (Ig).
Chiral HPLC : 44.34%/40.49%/7.73%/7.44%
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Claims

1. A process for the preparation of a compound of formula (I),

wherein,
R1 is C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X is -CONR4R5, -COOH, -COOR3 or -CN;
R3 is C1-10 alkyl;
R4 is hydrogen or C1-10 alkyl;
R5 is hydrogen or C1-10 alkyl;
which process comprises reacting a substantially optically pure compound of formula (II),

wherein
R2 is as defined here above for compound of formula (I),
X1 is as defined here above for X in compound of formula (I), and
Y is a leaving group selected from halogen, sulfonate group or -N2

+,
with a substantially optically pure compound of formula (III), or salts thereof,

wherein R1 is as defined here above for compound of formula (I),
in the presence of a base selected from potassium hydride, sodium hydride, sodium methoxide, potassium meth-
oxide, sodium isopropoxide, sodium tert-butoxide and potassium tert-butoxide; and
in a solvent selected from compound of formula (III), methanol, isopropanol, tert-butanol, dimethoxyethane, dimeth-
ylsulphoxide, dichloromethane, acetonitrile and toluene and mixtures thereof.

2. A process for the preparation of a compound of formula (I),
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wherein,
R1 is C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X is -CONR4R5, -COOH, -COOR3 or -CN;
R3 is C1-10 alkyl;
R4 is hydrogen or C1-10 alkyl;
R5 is hydrogen or C1-10 alkyl;
which process comprises reacting a substantially optically pure compound of formula (II),

wherein
R2 is as defined here above for compound of formula (I),
X1 is as defined here above for X in compound of formula (I), and
Y is a leaving group selected from halogen, sulfonate group or -N2

+

with a substantially optically pure compound of formula (IV), or salts thereof,

wherein
R1 is as defined here above for compound of formula (I), and
X2 is as defined here above for X in compound of formula (I);
in the presence of a base selected selected from potassium hydride, sodium hydride, sodium methoxide, potassium
methoxide, sodium isopropoxide, sodium tert-butoxide, potassium tert-butoxide, potassium carbonate, sodium car-
bonate, triethylamine, cesium carbonate and triisopropylamine; and
in a solvent selected from methanol, isopropanol, tert-butanol, dimethoxyethane, dimethylsulphoxide, dichlorometh-
ane, acetonitrile and toluene and mixtures thereof.

3. A process according to claim 2 wherein R1 is C1-4 alkyl or C2-4 alkenyl.

4. A process according to claim 1 or claim 2 wherein R2 is C1-4 alkyl.

5. A process according to claim 1 or claim 2 wherein X or X1 is -CONR4R5.

6. A process according to claim 1 or claim 2 wherein Y is a halogen or a sulfonate group.

7. A process according to claim 1 wherein
Tri is n-propyl or 2,2-difluorovinyl;
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R2 is ethyl;
X is -CONH2;
X1 is -CONH2, COOH or COOMe; and
Y is bromine, methanesulfonate or trifluoromethanesulfonate.

8. A process according to claim 2 wherein
R1 is hydrogen, n-propyl or 2,2-difluorovinyl;
R2 is ethyl;
X is -CONH2;
X1 or X2 is -CONH2, COOH or COOMe; and
Y is bromine, methanesulfonate or trifluoromethanesulfonate.

9. A process according to claim 2 which comprises cylisation of a compound of formula (VI),

wherein
R1 is hydrogen, C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X is -CONR4R5, -COOH, -COOR3 or -CN;
X2 is -CONR4R5, -COOH, -COOR3 or -CN;
R3 is C1-10 alkyl.

10. A process according to claim 1 which comprises ammonolysis of a compound of formula (V),

wherein
R1 is C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X 1 is COOR3 or COOH; and
R3 is C1-10 alkyl;
in the presence of water.

11. A process according to claim 2 which comprises ammonolysis of a compound of formula (V),

wherein
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R1 is C1-10 alkyl or C2-6 alkenyl;
R2 is C1-10 alkyl or C2-6 alkenyl;
X 1 is COOR3 or COOH; and
R3 is C1-10 alkyl;
in the presence of water.

12. A process according to any preceeding claims wherein compounds of formula (I) and formula (V) are substantially
diastereoisomerically pure.

13. A process according to any preceding claim wherein compound of formula (II) has the stereogenic center indicated
by (2*) in configuration (R) and compounds of formula (I) and (V) have the stereogenic center indicated by (2*) in
configuration (S).

14. A process according to any one of claims 1 to 13 wherein compound of formula (I) is brivaracetam.

15. A process according to claims 1 to 14 wherein compound of formula (I) is seletracetam.

Patentansprüche

1. Verfahren zur Herstellung einer Verbindung der Formel (I),

worin
R1 C1-10-Alkyl oder C2-6-Alkenyl ist;
R2 C1-10-Alkyl oder C2-6-Alkenyl ist;
X -CONR4R5, -COOH, -COOR3 oder -CN ist;
R3 C1-10-Alkyl ist;
R4 Wasserstoff oder C1-10-Alkyl ist;
R5 Wasserstoff oder C1-10-Alkyl ist;
wobei das Verfahren das Umsetzen einer im Wesentlichen optisch reinen Verbindung der Formel (II),

worin
R2 wie hierin zuvor für die Verbindung der Formel (I) definiert ist,
X1 wie hierin zuvor für X in der Verbindung der Formel (I) definiert ist und
Y eine Austrittsgruppe, ausgewählt aus Halogen, einer Sulfonatgruppe oder -N2

+ ist, mit einer im Wesentlichen
optisch reinen Verbindung der Formel (III) oder Salzen davon,
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worin R1 wie hierin zuvor für die Verbindung der Formel (I) definiert ist,
in Gegenwart einer Base, ausgewählt aus Kaliumhydrid, Natriumhydrid, Natriummethoxid, Kaliummethoxid, Natri-
umisopropoxid, Natrium-tert-butoxid und Kalium-tert-butoxid, und in einem Lösungsmittel, ausgewählt aus einer
Verbindung der Formel (III), Methanol, Isopropanol, tert-Butanol, Dimethoxyethan, Dimethylsulfoxid, Dichlormethan,
Acetonitril und Toluol und Gemischen davon, umfasst.

2. Verfahren zur Herstellung einer Verbindung der Formel (I),

worin
R1 C1-10-Alkyl oder C2-6-Alkenyl ist;
R2 C1-10-Alkyl oder C2-6-Alkenyl ist;
X -CONR4R5, -COOH, -COOR3 oder -CN ist;
R3 C1-10-Alkyl ist;
R4 Wasserstoff oder C1-10-Alkyl ist;
R5 Wasserstoff oder C1-10-Alkyl ist;
wobei das Verfahren das Umsetzen einer im Wesentlichen optisch reinen Verbindung der Formel (II),

worin
R2 wie hierin zuvor für die Verbindung der Formel (I) definiert ist,
X1 wie hierin zuvor für X in der Verbindung der Formel (I) definiert ist und
Y eine Austrittsgruppe, ausgewählt aus Halogen, einer Sulfonatgruppe oder -N2

+, ist, mit einer im Wesentlichen
optisch reinen Verbindung der Formel (IV) oder Salzen davon,

worin R1 wie hierin zuvor für die Verbindung der Formel (I) definiert ist und
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X2 wie hierin zuvor für X in der Verbindung der Formel (I) definiert ist;
in Gegenwart einer Base, ausgewählt aus Kaliumhydrid, Natriumhydrid, Natriummethoxid, Kaliummethoxid, Natri-
umisopropoxid, Natrium-tert-butoxid, Kalium-tert-butoxid, Kaliumcarbonat, Natriumcarbonat, Triethylamin, Caesi-
umcarbonat und Triisopropylamin; und
in einem Lösungsmittel, ausgewählt aus Methanol, Isopropanol, tert-Butanol, Dimethoxyethan, Dimethylsulfoxid,
Dichlormethan, Acetonitril und Toluol und Gemischen davon, umfasst.

3. Verfahren nach Anspruch 2, wobei R1 C1-4-Alkyl oder C2-4-Alkenyl ist.

4. Verfahren nach Anspruch 1 oder Anspruch 2, wobei R2 C1-4-Alkyl ist.

5. Verfahren nach Anspruch 1 oder Anspruch 2, wobei X oder X1 -CONR4R5 ist.

6. Verfahren nach Anspruch 1 oder Anspruch 2, wobei Y eine Halogen- oder eine Sulfonatgruppe ist.

7. Verfahren nach Anspruch 1, wobei
R1 n-Propyl oder 2,2-Difluorvinyl ist;
R2 Ethyl ist;
X -CONH2 ist;
X1 -CONH2, COOH oder COOMe ist und
Y Brom, Methansulfonat oder Trifluormethansulfonat ist.

8. Verfahren nach Anspruch 2, wobei
R1 Wasserstoff, n-Propyl oder 2,2-Difluorvinyl ist;
R2 Ethyl ist;
X -CONH2 ist;
X1 oder X2 -CONH2, COOH oder COOMe ist und
Y Brom, Methansulfonat oder Trifluormethansulfonat ist.

9. Verfahren nach Anspruch 2, welches die Cyclisierung einer Verbindung der Formel (VI),

wobei
R1 Wasserstoff, C1-10-Alkyl oder C2-6-Alkenyl ist;
R2 C1-10-Alkyl oder C2-6-Alkenyl ist;
X1 -CONR4R5, -COOH, -COOR3 oder -CN ist;
X2 -CONR4R5, -COOH, -COOR3 oder -CN ist;
R3 C1-10-Alkyl ist,
umfasst.

10. Verfahren nach Anspruch 1, welches die Ammonolyse einer Verbindung der Formel (V),

wobei
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R1 C1-10-Alkyl oder C2-6-Alkenyl ist;
R2 C1-10-Alkyl oder C2-6-Alkenyl ist;
X1 COOR3 oder COOH ist und
R3 C1-10-Alkyl ist;
in Gegenwart von Wasser umfasst.

11. Verfahren nach Anspruch 2, welches die Ammonolyse einer Verbindung der Formel (V),

wobei
R1 C1-10-Alkyl oder C2-6-Alkenyl ist;
R2 C1-10-Alkyl oder C2-6-Alkenyl ist;
X1 COOR3 oder COOH ist und
R3 C1-10-Alkyl ist;
in Gegenwart von Wasser umfasst.

12. Verfahren nach einem der vorstehenden Ansprüche, wobei die Verbindungen der Formel (I) und Formel (V) im
Wesentlichen diastereoisomerenrein sind.

13. Verfahren nach einem der vorstehenden Ansprüche, wobei die Verbindung der Formel (II) das stereogene Zentrum,
angegeben mit (2*), in Konfiguration (R) aufweist und die Verbindungen der Formel (I) und (V) das stereogene
Zentrum, angegeben mit (2*), in Konfiguration (S) aufweisen.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei die Verbindung der Formel (I) Brivaracetam ist.

15. Verfahren nach den Ansprüchen 1 bis 14, wobei die Verbindung der Formel (I) Seletracetam ist.

Revendications

1. Un procédé de préparation d’un composé de formule (I)

dans laquelle
R1 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
R2 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
X est -CONR4R5, -COOH, -COOR3 ou -CN ;
R3 est alcoyle ayant de 1 à 10 atomes de carbone ;
R4 est hydrogène ou alcoyle ayant de 1 à 10 atomes de carbone ;
R5 est hydrogène ou alcoyle ayant de 1 à 10 atomes de carbone ; procédé dans lequel on fait réagir un composé
sensiblement pur optiquement de formule (II) ;
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dans laquelle
R2 est tel que défini ci-dessus pour le composé de formule (I) ;
X1 est tel que défini ci-dessus pour X dans le composé de formule (I), et ;
Y est un groupe labile choisi parmi halogène, un groupe sulfonate ou -N2

+,
sur un composé sensiblement pur optiquement de formule (III) ou l’un de ses sels

dans laquelle R1 est tel que défini ci-dessus pour le composé de formule (I),
en la présence d’une base choisie parmi l’hydrure de potassium, l’hydrure de sodium, le méthylate de sodium, le
méthylate de potassium, l’isopropylate de sodium, le tert-butylate de sodium et le tert-butylate de potassium ; et
dans un solvant choisi parmi un composé de formule (III), le méthanol, l’isopropanol, le tert-butanol, le diméthoxyé-
thane, le diméthylsulfoxyde, le dichlorométhane, l’acétonitrile et le toluène et leurs mélanges.

2. Procédé pour préparation d’un composé de formule (I)

dans laquelle,
R1 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
R2 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
X est -CONR4R5, -COOH, -COOR3 ou -CN ;
R3 est alcoyle ayant de 1 à 10 atomes de carbone ;
R4 est hydrogène ou alcoyle ayant de 1 à 10 atomes de carbone ;
R5 est hydrogène ou alcoyle ayant de 1 à 10 atomes de carbone ; procédé dans lequel on fait réagir un composé
sensiblement pur optiquement de formule (II) ;
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dans laquelle
R2 est tel que défini ci-dessus pour le composé de formule (I) ;
X1 est tel que défini ci-dessus pour X dans le composé de formule (I), et ;
Y est un groupe labile choisi parmi halogène, un groupe sulfonate ou -N2

+,
sur un composé sensiblement pur optiquement de formule (IV) ou l’un de ses sels,

dans laquelle
R1 est tel que défini ci-dessus pour le composé de formule (I), et
X2 est tel que défini ci-dessus pour X dans le composé de formule (I) ;
en la présence d’une base choisie parmi l’hydrure de potassium, l’hydrure de sodium, le méthylate de sodium, le
méthylate de potassium, l’isopropylate de sodium, le tert-butylate de sodium, le tert-butylate de potassium, le car-
bonate de potassium, le carbonate de sodium, la triéthylamine, le carbonate de césium et la triisopropylamine ; et
dans un solvant choisi parmi le méthanol, l’isopropanol, le tert-butanol, le diméthoxyéthane, le diméthylsulfoxyde,
le dichlorométhane, l’acétonitrile, et le toluène et leurs mélanges.

3. Procédé suivant la revendication 2 dans lequel R1 est alcoyle ayant de 1 à 4 atomes de carbone ou alcényle ayant
de 2 à 4 atomes de carbone.

4. Procédé suivant la revendication 1 ou revendication 2 dans lequel R2 est alcoyle ayant de 1 à 4 atomes de carbone.

5. Procédé suivant la revendication 1 ou revendication 2 dans lequel X ou X1 est -CONR4R5.

6. Procédé suivant la revendication 1 ou revendication 2 dans lequel Y est un halogène ou un groupe sulfonate.

7. Procédé suivant la revendication 1 dans lequel
R1 est n-propyle ou 2,2-difluorovinyle ;
R2 est éthyle ;
X est -CONH2 ;
X1 est -CONH2, COOH ou COOMe ; et
Y est brome, méthanesulfonate ou trifluorométhanesulfonate.

8. Procédé suivant la revendication 2 dans lequel
R1 est hydrogène, n-propyle ou 2,2-difluorovinyle ;
R2 est éthyle ;
X est -CONH2 ;
X1 ou X2 est -CONH2, COOH ou COOMe ; et
Y est brome, méthanesulfonate ou trifluorométhanesulfonate.

9. Procédé suivant la revendication 2 qui comprend une cyclisation d’un composé de formule (VI),



EP 1 806 339 B1

26

5

10

15

20

25

30

35

40

45

50

55

dans laquelle
R1 est hydrogène, alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
R2 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
X1 est -CONR4R5, -COOH, -COOR3 ou -CN ;
X2 est -CONR4R5, -COOH, -COOR3 ou -CN ;
R3 est alcoyle ayant de 1 à 10 atomes de carbone.

10. Procédé suivant la revendication 1 qui comprend une ammonolyse d’un composé de formule (V),

dans laquelle
R1 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
R2 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
X1 est COOR3 ou COOH ; et
R3 est alcoyle ayant de 1 à 10 atomes de carbone en la présence d’eau.

11. Procédé suivant la revendication 2 qui comprend une ammonolyse d’un composé de formule (V),

dans laquelle
R1 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
R2 est alcoyle ayant de 1 à 10 atomes de carbone ou alcényle ayant de 2 à 6 atomes de carbone ;
X1 est COOR3 ou COOH ; et
R3 est alcoyle ayant de 1 à 10 atomes de carbone en la présence d’eau.

12. Procédé suivant l’une quelconque des revendications précédentes, dans lequel les composés de formule (I) et de
formule (V) sont sensiblement pures diastéréoisomériquement.

13. Procédé suivant l’une quelconque des revendications précédentes, dans lequel les composés de formule (II) a le
centre stéréogénique indiqué par (2*) en configuration ( R ) et les composés de formule (I) et (V) ont le centre
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stéréogénique indiqué par (2*) en configuration (S).

14. Procédé suivant l’une quelconque des revendications 1 à 13, dans lequel le composé de formule (I) est le brivara-
cétam.

15. Procédé suivant l’une quelconque des revendications 1 à 14, dans lequel le composé de formule (I) est le sélétra-
cétam.
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