Office de la Propriete Canadian CA 2620243 C 2015/01/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 620 243
Findustie Canada Industry Ganada 12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2006/09/12 (51) Cl.Int./Int.Cl. CO7D 207/26 (2006.01)
(87) Date publication PCT/PCT Publication Date: 200//03/22 (72) Inventeurs/Inventors:

ATES, CELAL, BE;

(45) Date de delivrance/lssue Date: 2015/01/20 LURQUIN FRANCOISE. BE:
(85) Entree phase nationale/National Entry: 2008/02/25 QUESNEL, YANNICK, BE;
(86) N° demande PCT/PCT Application No.: EP 2006/008852 SCHULE, ARNAUD, BE
(87) N° publication PCT/PCT Publication No.: 2007/031263 (73) Proprietaire/Owner:
Y N UCB PHARMA, S A., BE
(30) Priorites/Priorities: 2005/09/15 (EP05020080.7);
2005/10/24 (EP05023133.1) (74) Agent: ROBIC

(54) Titre : PYRROLIDINE-2-ONES 4-SUBSTITUEES ET LEUR UTILISATION
(54) Title: 4-SUBSTITUTED PYRROLIDIN-2-ONES AND THEIR USE

Rl

(I1D)

The present invention relates to optically enriched or substantially optically pure 4-substituted-pyrrolidin-2-ones of formula (lll), and

(57) Abrege/Abstract:

thelr uses for the synthesis of 2-oxo-pyrrolidin-I-yl derivatives.

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




w0 2007/031263 A1 I D00 DR GO0 A0 R0 00

CA 02620243 2008-02-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
22 March 2007 (22.03.2007)

(51) International Patent Classification:
CO7D 207/26 (2006.01)

(21) International Application Number:
PCT/EP2006/008852

(22) International Filing Date:
12 September 2006 (12.09.2006)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
05020080.7 15 September 2005 (15.09.2005) EP
05023133.1 24 October 2005 (24.10.2005) EP

(71) Applicant (for all designated States except US): UCB S.A.
[BE/BE]; 60 Allée de la Recherche, B-1170 Brussels (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ATES, Célal
[BE/BE]; 20, Avenue M. Maeterlinck, B-1348 Lou-
vain-la-Neuve (BE). LURQUIN, Francoise [BE/BE];
38 rue Froide Bise, B-1495 Villers-la-Ville (BE). QUES-
NEL, Yannick [FR/BE]; 5, route de 1'Etat, B-1380 Lasne
(BE). SCHULE, Arnaud [FR/BE]; 39 Bte 15 Chaussée
d'Alsemberg, B-1420 Braine-1'Alleud (BE).

(74) Agent: UCB INTELLECTUAL PROPERTY; c¢/o UCB
S.A., Allée de la Recherche 60, a-1070 Brussels (BE).

(10) International Publication Number

WO 2007/031263 Al

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, M~Z.,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL., SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: 4-SUBSTITUTED PYRROLIDIN-2-ONES AND THEIR USE

R] (57) Abstract: The present invention relates to optically enriched or substantially optically pure
4-substituted-pyrrolidin-2-ones of formula (III), and their uses for the synthesis of 2-oxo-pyrro-

1 * lidin-1-y1 derivatives.

o, (D

1

H



10

15

20

CA 02620243 2008-02-25

WO 2007/031263 PCT/EP2006/008852

4~-SUBSTITUTED PYRROLIDIN-2-ONES AND THEIR USE

The present invention relates to 4-substituted-pyrrolidin-2-ones and their uses for
the manutacture of 2-oxo-pyrrolidin-1-yl derivatives.

2-0xo0-pyrrolidin-1-yl derivatives, such as (25)-2-[(4R)-2-0x0-4-propyl-pyrrolidin-
[-yl] butanamide (I) and (2S5)-2-[(4S)-4-(2,2-difluorovinyl)-2-oxopyrrolidin-1-
yl]butanamide (II), known respectively under the international non propriety names of
brivaracetam (I) and seletracetam (II), as well as their processes and uses as
pharmaceuticals are described in the international patent application having publication
number WO 01/62726. These derivatives are particularly suited for treating neurological
disorders.

N N
=0 = 5
\/\( W
NHz NH2
0 b

International patent applications published respectively under number
WO 01/64637 and WO 03/014080 describe processes of manufacturing of 2-o0xo-
pyrrolidin-1-yl derivatives using pyrrolidine-2-ones.

We have now surprisingly found that optically enriched 4-substituted-pyrrolidin-2-
ones or optically pure 4-substituted-pyrrolidin-2-ones may be used as starting materials for
the synthesis of 2-oxo-pyrrolidin-1-yl derivatives.

In one aspect the present invention relates to optically enriched 4-substituted-

pyrrolidin-2-ones of formula (III),

(111)

CONFIRMATION COPY
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wherein R is ethyl, n-propyl, a C_3 alkyl substituted by at least one halogen or a
Co_4 alkenyl.

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 1-3 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, optionally substituted by at least one
halogen atom.

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 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.

Preferred alkenyl is substituted by at least one halogen. More preferred alkenyl is
substituted by at least two halogens. Most preferred alkenyl is 2,2-difluorovinyl.

The term “halogen”, as used herein, represents an atom of fluorine, chlorine,
bromine, or iodine. Preferred halogen is fluorine or bromine.

The term “hydroxy”, as used herein, represents a group of formula -OH.

The term “alkoxy”, as used herein, represents a group of formula -OR2 wherein R3

1S C1.4 alkyl as defined above

The term “acyl” as used herein, represents a group of formula RPCO-, wherein RP
represents a Cq_g4 alkyl as defined above.

The term “ester”, as used herein, represents a group of formula —-COORC wherein
R represents a C1_4 alkyl as defined above.

The term “cyano” as used herein represents a group of formula —CN.

The term “acyloxy” as used herein represents a group of formula —O-CORY,
wherein R4 is a C1-4 alkyl as defined above or an aryl group.

The term “aryl” as used herein, represents an organic radical derived from an
aromatic hydrocarbon by removal of one hydrogen, for example a phenyl.

The term “carboxylic acid” as used herein represents a group a group of formula —

COOH.
The term “amino group”, as used herein, represents a group of formula -NHy,

NHRE€ or NRIR€ wherein R€ and Rf are alkyl groups as defined above in the specification.



CA 02620243 2013-05-29

The term “amide”, as used herein, refers to a group of formula -NH»-CO-, -NHRE,

or -NRERD-CO, wherein R8 and R are alkyl groups as defined above in the specification.

Compounds of formula (III) have at least one stereogenic center in their structure
which 1s indicated by (1*). The stereogenic center may be present in R or S configuration,
sald R and S notation being used in accordance with the rules described in Pure. Appl.
Chem., 45 (1976) 11-30.

The expression “optically enriched” as used herein when referring to a particular
compound means 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).

In a preferred embodiment which is specifically claimed hereinafter, the present
invention relates to substantially optically pure 4-substituted-pyrrolidin-2-ones of formula

(1),

(1)

wherein R1 is ethyl, n-propyl, a C, , alkyl substituted by at least one halogen or a

C, 4 alkenyl substituted by 1 to 5 halogen atoms.
The expression “substantially optically pure” 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 (1*) in a given configuration (R) or (S).
Optically enriched or substantially optically pure 4-substituted-pyrrolidin-2-ones are
particularly useful for the synthesis of 2-oxo-pyrrolidin-1-yl derivatives that may be used
for the treatment, or used for the manufacture of a medicament for the treatment of various

diseases.
Preferably, R! is n-propyl or a Cy_4 alkenyl.
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More preferably, Rl is n-propyl or a Cy_4 alkenyl, said Cp_4 alkenyl being

substituted by at least one halogen.
Most preferably, R is n-propyl or a Cy alkenyl, said C» alkenyl being substituted

by at least one halogen.
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In a particular embodiment, R1 is n-propyl or a Co alkenyl, said C» alkenyl being

substituted by at least two halogens.
Best R1 is n-propyl or 2,2-difluorovinyl.
Preferably, when RI is n-propyl, at least 95%, preferably at least 96%, more
>  preterably 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).
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
10 99% ot the compound of formula (IIl) has the stereogenic center indicated by (1*) in
configuration (S).
In a particular embodiment, the present invention relates to compound (R)-4-propyl-

pyrrolidin-2-one of formula (IIIa):

(I11a)
15 Preferably, compound (Illa) is substantially optically pure.

In another particular embodiment, the present invention relates to compound (S)-4-
(2,2-ditluoro-vinyl)-pyrrolidin-2-one of formula (IIIb).

I >_'
1? O
H
(ITIb)

20
Preterably, compound (I1la) is substantially optically pure.
Substantially optically pure 4-substituted-pyrrolidin-2-ones (IIIa) and (IIIb) are

particularly useful for the synthesis respectively of brivaracetam (I) and seletracetam (I).
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Substantially optically pure 4-substituted-pyrrolidin-2-ones of formula (III) may be
obtained by chiral separation of corresponding racemic 4-substituted-pyrrolidin-2-ones.
Preferably, such chiral separation is achieved on a stationary phase selected from the group
consiting of CHIRALPAK® AD, CHIRALPAK® AD-H, CHIRALCEL® OD, CHIRALCEL® OD-H,
CHIRALCEL® OJ, CHIRALCEL® OJ-H, CHIRALCEL® OG, CHIRALCEL® OG-H, CHIRALCEL®
OB-H which are commercially available from Daicel Chemical Industries, Ltd. (Japan).

Separation of racemic 4-substituted-pyrrolidin-2-ones may be achieved with a
variety of eluting solvents. Examples of eluting solvents are alkanes, alcohols and mixtures
thereof. Usually, according to the present invention, mixtures of these solvents are used in a
ratio which depends upon the type of column which is used and upon the 4-substituted-
pyrrolidin-2-one to be separated.

Preferably, mixtures of alkanes/alcohols in a ratio 90/10, 85/15 or 50/50 are used
depending on the 4-substituted-pyrrolidin-2-one to be separated. More preferably, the
alkane 1s selected from n-hexane, 2-methyl-pentane, n-heptane, or mixtures therof and the
alcohol 1s selected from methanol, ethanol, isopropanol, n-propanol or mixtures thereof.
Preferred mixtures of alcohols are n-propanol/ethanol in a ratio of 75/25 or 50/50 and n-
propanol/methanol in a ratio of 75/25 or 50/50.

Generally, the choice of solvent and of stationary phase will be apparent to the
person skilled in the art depending on the substrate to be separated.

Alternatively, the separation step may occur on protected 2-oxo-pyrrolidin-1-yl
derivatives, for example on 2-oxo-pyrrolidin-1-yl derivatives of general formula (IIlc), to
afford protected susbtantially optically pure 2-oxo-pyrrolidin-1-yl derivatives of general
formulae (Illd) and (Ille) which are subsequentely deprotected to afford the desired
substantially optically pure 4-substituted-pyrrolidin-2-ones of formula (III).

R] R/,' R
T~ Qe Oy
Sauh Sa I Rs
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Separation of (Illc) is generally achieved using a mixture alkane/alcohol in a ratio
50/50, preferably a mixture of hexane or heptane with ethanol, isopropanol or n-propanol in
a ratio 50/50, most preferably with a mixture of heptane/isopropanol in a ratio 50/50.

Deprotection may occur by reacting 2-oxo-pyrrolidin-1-yl derivatives of general
formulae (IIId) and (IIle) with an acid, preferably trifluroacetic acid, according to
conventional methods known to the person skilled in the art.

A great variety of protecting groups may be used, the choice of which will be
apparent to the skilled person in the art.

Racemic 4-substituted-pyrrolidin-2-ones may be prepared according to conventional
methods known to the man skilled in the art, for example as described in Gouliaev A. H.,
Monster J. B., Vedso M., Senning A., Org. Prep. Proceed. Int. (1995), 27, 273-303 or in
international patent application published under number WO 2005/054188.

In one aspect, the present invention concerns a process for the preparation of 2-0xo-

pyrrolidin-1-yl dertvatives of formula (IV)

R™ 2 X
(IV)
wherein
R! is ethyl, n-propyl, a Cj.3 alkyl substituted by at least one halogen or a Cy_4

alkenyl;
RZ is C1-4 alkyl or Cy_4 alkenyl.

X is -CONR3R4, -COOR? or —-CN;

R3 is hydrogen or C1-4 alkyl;

R4 is hydrogen or C1_4 alkyl; and

R is hydrogen or C 1-4 alkyl;

comprising reacting an optically enriched 4-substituted-pyrrolidin-2-one of formula
(111),
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(11I)
wherein R1 is ethyl, n-propyl, a C1_3 alkyl substituted by at least one halogen or a
Co_4 alkenyl.

In a particular embodiment, the present invention concerns a process for the
5>  preparation of 2-oxo-pyrrolidin-1-yl derivatives of formula (IV)

A

R™ 2 X
(IV)
wherein
Rl is ethyl, n-propyl, a C1-3 alkyl substituted by at least one halogen or a Cy_4

10 alkenyl;
RZ is Cq_4 alkyl or Cy_4 alkenyl.
X is -CONR3R#4, -COOR? or ~CN;
R3 is hydrogen or Cy_4 alkyl;
R4 is hydrogen or Cy_4 alkyl;
15 R? is hydrogen or C1-4 alkyl;
comprising a reaction between an optically enriched 4-substituted-pyrrolidin-2-one
of formula (II1),
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wherein R! is ethyl, n-propyl, a Cy_3 alkyl substituted by at least one halogen or a
Co_4 alkenyl,

with a compound of formula (V)

wherein

R2 is C1.4 alkyl or Cy_g alkenyl.

X1 is -CONR3R4, -COOR> or —CN;

R3 is hydrogen or C1.4 alkyl;

R4 is hydrogen or Cy_4 alkyl;

R is hydrogen or Cy_4 alkyl; and

Y is a leaving group selected from halogen, sulfonate group or -Ny™.

Preferably, the process for the preparation of 2-oxo-pyrrolidin-1-yl derivatives of
formula (IV) according to the present invention comprises reacting a substantially optically
pure 4-substituted-pyrrolidin-2-ones of formula (III).

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 1s 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.

The term “sulfonate group” as used herein represents a group of formula —-0-SO»-
R! wherein R! is an alkyl or an aryl as defined hereabove in the specification. Preferred
sulfonate  groups are  methanesulfonate,  para-toluenesulfonate  group  or

trifluoromethanesulfonate.
Compound of formula (V) wherein Y is -No>™ may be generated in situ from the

corresponding amino group, by reaction with NaNO» 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

Reaction of compound (III) with compound (V) occurs in the presence of a base in a

solvent. Preferred base 1s selected from the group consisting of potassium hydride, sodium
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hydride, sodium methoxide, potassium methoxide, sodium isopropoxide, sodium tert-
butoxide and potassium tert-butoxide.

Preferred solvent is selected from the group consisting of isopropanol, tert-butanol,
dimethoxyethane and toluene. |

The reaction generally occurs at a temperature comprised between 0 and 25°C.

Reaction of optically enriched or substantially optically pure 4-substituted-
pyrrolidin-2-ones of formula (III) with compound of formula (V) usually affords

compounds of formula (VI)

(VD)
wherein
Rl is ethyl, n-propyl, a C1-3 alkyl substituted by at least one halogen or a Cy_4

alkenyl;

RZ is C1-4 alkyl or Cy_4 alkenyl.

X1 is ~-CONR3R#, -COOR? or -CN;

R3 is hydrogen or C1_4 alkyl;

R4 is hydrogen or C1-4 alkyl; and

RO is hydrogen or Cy_4 alkyl.

In compounds (11I), (IV), (V) and (VI) according to the present invention, preferably
Rl is n-propyl or a Cy_4 alkenyl. More preferably, R! is n-propyl or a Cy_g4 alkenyl, said
Cy_4 alkenyl being substituted by at least one halogen. Most preferably, R1 is n-propyl or a
C» alkenyl, said Cy alkenyl being substituted by at least one halogen. Particularly, R1 is n-
propyl or a Cy alkenyl, said Cy alkenyl being substituted by at least two halogens. Best R1

1S n-propyl or difluorovinyl.
Preferably, RZ is a C1-4 alkyl. More preferably, R2 is ethyl.

Preferably, X is -CONR3R4
Preferably, R3 is hydrogen.

Preferably, R4 is hydrogen.
Preferably, X! is COOR?.
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Preferably, R? is C1.4 alkyl. More preferably R9 is methyl.

Preferably, according to the present invention, Y is halogen or a sulfonate group.

More preferably, according to the present invention, Y is halogen. Most preferably,
according to the present invention, Y is bromine.

5 Using optically enriched or substantially optically pure 4-substituted-pyrrolidin-2-

ones presents the advantages of reducing the proportion of undesired stereoisomers of 2-

oxo-pyrrolidin-1-yl derivatives (IV) and (VI) generated in the course of reaction, thereby

increasing productivity of the overall process.

Advantageously, the process of preparation of 2-oxo-pyrrolidin-1-yl derivatives of
10 formula (IV) according to the present invention

1

R
]#
)N\ O
R 27X
(IV)
wherein
15 X is -CONR3R4, and R3 and R4 are hydrogen

further comprises ammonolysis of compounds of formula (VI),

N
o
(VD)
wherein
X1 is .COOR? and R? is Cy_4 alkyl.
20 Preferably, R is methyl.

The ammonolysis may be performed according to conditions described in
international patent application n® WO 03/014080 or according to any other conventional

method known to the person skilled in the art.

Compounds of formula (IV) and compounds of formula (VI) have at least two

25  stereogenic centers in their structure which are indicated by (1*) and (2*). The stereogenic
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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.

Compounds of formula (IV) and compounds of formula (VI) may be independently

a mixture of diastereoisomers.

Preterably, compounds of formula (IV) and compounds of formula (VI) are
independently a mixture of epimers.

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.

Most pretferably compounds of formula (IV) and compounds of formula (VI) are
independently a mixture of epimers with respect to stereogenic center (2%*).

Said mixture may comprise the epimers in a ratio equal to 1. Advantageously, said
mixture comprises epimers in a ratio different from 1.

Preferred epimer of compounds of formula (IV) and preferred epimer of compounds
of formula (VI) 1s epimer having stereogenic center (2*) in (S) configuration.

In a particular embodiment, compounds of formula (IV) and compounds of formula
(V1) according to the present invention are diastereoisomerically enriched.

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 (1*) 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 (2*) in
a given configuration (R) or (S).

More preferably, compounds of formula (IV) and compounds of formula (VI)
according to the present invention are substantially diastereoisomerically pure.

The expression “substantially diastereoisomerically pure” 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 (1*) 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 (2*) in a given configuration (R) or (S).

The ammonolysis may be performed on a mixture of diastereoisomers of

compounds of formula (VI), on a mixture of epimers of compounds of formula (VI), on
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diastereoisomerically enriched compounds of formula (VI) or on diastereoisomerically pure
compounds of formula (VI).

Usually, ammonolysis of diastereoisomerically enriched compounds of formula
(VI) affords diastereoisomerically enriched compounds of formula (IV).

Usually, ammonolysis of susbtantially diastereoisomerically pure compounds of
tormula (VI) affords diastereoisomerically pure compounds of formula (IV).

Preterably, the ammonolysis is achieved on the mixture of epimers of compounds of
formula (VI).

Generally, configuration of stereogenic center (1*) and configuration of stereogenic
center (2*) of compounds of formula (IV) is the same as respectively stereogenic center
(1*) and stereogenic center (2*) of compounds of formula (VI).

Substantially diastereoisomerically pure compounds of formula (IV) and
diastereoisomerically pure compounds of formula (VI) may be obtained respectively by
separation of the mixture of diastereoisomers of compounds of formula (IV) or of
compounds of formula (VI), or alternatively by separation of respectively the mixture of
epimers of compounds of formula (IV) or of compounds of formula (VI) by any
conventional technique known to the man skilled in the art.

Pretferably, said separation is achieved by chromatography, using either an achiral or
a chiral stationary phase according to conventional methods known to the person skilled in
the art.

Diastereoisomerically  enriched  compounds of formula (IV) and
diastereoisomerically enriched compounds of formula (VI) may be converted respectively
to substantially diastereoisomerically pure compounds of formula (IV) and substantially
diastereoisomerically pure compounds of formula (VI) according to conventional
techniques known to the person skilled in the art. This may be achieved for examplé by
separation or recrystallisation according to conventional methods known to the person
skilled in the art.

Preferably, substantially diastereoisomerically pure compounds of formula (IV) and
substantially diastereoisomerically pure compounds of formula (VI) are obtained by
separation respectively ot diastereoisomerically enriched compounds of formula (IV) and
diastereoisomerically enriched compounds of formula (VI).

Thus, 1n a turther aspect the process according to the present invention comprises a
separation step.

Configuration of stereogenic center (1*) and configuration of stereogenic center

(2*) of compounds of formula (IV) and of compounds of formula (VI) may be the same or
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different. Preferred configuration of stereogenic center (2*) of compounds of formula (IV)
and of compounds of formula (VI) is (S).

Most preterably, substantially diastereoisomerically pure compounds of formula
(IV) and substantially diastereoisomerically pure compounds of formula (VI) have at least
95%, preferably at least 96%, more preferably at least 97%, most preferably at least 98%,
even most preterably at least 99% of the stereogenic center indicated by (2*) in a
configuration (S).

Substantially diastereoisomerically pure compounds of formula (IV) and
substantially diastereoisomerically pure compounds of formula (VI) may undergo an
epimerisation to afford respectively a mixture of epimers of compounds of formula (IV) or
of compounds of formula (VI) as defined here above. Said mixture of epimers may be
further separated to afford substantially diatereoisomerically pure compounds of formula
(IV) or substantially diastereoisomerically pure compounds of formula (VI).

Generally, according to the present invention, said epimerisation affords a mixture
of epimers. Usually, the ratio of epimers is less than 100, preferably less than 3, more
preferably less than 2 and most preferably equal to 1.

Thus, the process according to the present invention preferably further comprises an
epimerisation step.

Generally the epimerisation is achieved on the substantially diastereoisomerically
pure compound of formula (IV) or on the substantially diastereoisomerically pure
compound ot formula (VI) which has the stereogenic center (2*) in the undesired
configuration.

Theretore, preferably, the epimerisation step is achieved on substantially
diastereoisomerically pure compounds of formula (IV) or on substantially
diastereoisomerically pure compounds of formula (VI) wherein the stereogenic center (2*)
has configuration (R).

More  preferably, said epimerisation is achieved on substantially
diastereoisomerically pure compounds of formula (IV) in which the stereogenic center (2*)
has configuration (R).

Most  preferably, saild epimerisation is achieved on substantially
diastereoisomerically pure compounds of formula (IV), wherein X is —-CONH», and in
which the stereogenic center (2*) has configuration (R).

Said epimerisation step may enable recycling of the undesired substantially
diastereoisomerically pure compounds of formula (IV) or of formula (VI), thereby reducing

waste on an industrial scale and thus increasing yield of production.
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The epimerisation 1s generally achieved by reaction of a substantially
diastereoisomerically pure compound of formula (IV) or a substantially
diastereoisomerically pure compound of formula (VI) with a base in a solvent.

Usually, the base is selected from the group consisting of potassium hydride,
sodium hydride, sodium methoxide, potassium methoxide, sodium isopropoxide, sodium

tert-butoxide and potassium tert-butoxide.
When R! is a Cn.4 alkenyl, the base is preferably sodium isopropoxide, sodium

tert-butoxide and potassium tert-butoxide. These bases avoid the obtention of undesirable
by-products which may result from the addition of the base to the Cy_4 alkenyl.
It has surprisingly been found that such an addition may occur, for example, when

sodium methoxide or potassium methoxide are reacted with a compound of formula (IV) or
a compound of formula (VI) wherein R is a Cy_4 alkenyl, particularly 2,2-difluorovinyl.

Preferred solvent is selected from the group consisting of isopropanol, tert-butanol,
dimethoxyethane and toluene. More preferred solvent is isopropanol.

In a particular embodiment, the present invention concerns the use of optically
enriched 4-substituted-pyrrolidin-2-ones of formula (III) as synthetic intermediates.

In a further particular embodiment, the present invention concerns the use of
substantially optically pure 4-substituted-pyrrolidin-2-ones of formula (III) as synthetic
intermediates.

In another aspect, the present invention concerns the use of substantially optically
pure or optically enriched 4-substituted-pyrrolidin-2-ones of formula (III) for the synthesis
of diastereoisomerically enriched compounds of formula (IVa) or (VIa).

N
\&O \)\(O
NH, OR’
(IVa) (Vla)

In another aspect, the present invention concerns the use of substantially optically
pure or optically enriched 4-substituted-pyrrolidin-2-ones of formula (III) for the synthesis

of diastereoisomerically enriched compounds of formula (IVb) or (VIb).
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N&O N O
\/K{O \/K(O
| 5
NH, OR
(IVb) (VIb)

In compounds (VIa) and (VIb), R? is as defined here above in the specification.

Particularly, the present invention concerns the use of 4-propyl-pyrrolidin-2-one for
the synthesis of brivaracetam (I).

Preferably, the present invention concerns the use of optically enriched 4-propyl-
pyrrolidin-2-one for the synthesis of brivaracetam ().

More preterably, the present invention concerns the use of substantially optically
pure 4-propyl-pyrrolidin-2-one for the synthesis of brivaracetam (J).

Most preferably, the present invention concerns the use of (R)-4-propyl-pyrrolidin-
2-one for the synthesis of brivaracetam (I).

In another aspect, the present invention concerns the use of 4-(2,2-difluoro-vinyl)-
pyrrolidin-2-one for the synthesis of seletracetam (II).

Preferably, the present invention concerns the use of optically enriched 4-(2,2-
difluoro-vinyl)-pyrrolidin-2-one for the synthesis of seletracetam (I1).

More preterably, the present invention concerns the use of substantially optically
pure 4-(2,2-difluoro-vinyl)-pyrrolidin-2-one for the synthesis of seletracetam (II).

Most preferably, the present invention concerns the use of (S)-4-(2,2-difluoro-
vinyl)-pyrrolidin-2-one for the synthesis of seletracetam (II).

In a particular embodiment, the present invention concerns a process for the

preparation of brivaracetam (I)
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(D
saild process comprising reacting substantially optically pure (R)-4-propyl-
pyrrolidin-2-one (I11a).
In a further particular embodiment, the present invention concerns a process for the

5  preparation of brivaracetam (I), said process comprising reaction of substantially optically
pure (R)-4-propyl-pyrrolidin-2-one (I1Ia) with a compound of formula (V),

A
R*” "X
(V)
wherein
Y is a leaving group selected from halogen, sulfonate group or -N»™,
10 R2 is ethyl

X1is COOR> and
R is a Cj_4 alkyl.
Preferably R? is methyl.
Preterably, according to the present invention, Y is halogen or a sulfonate group.
15 More preferably, according to the present invention, Y is halogen. Most preferably,
according to the present invention, Y is bromine.

Preferably, the process of preparation of brivaracetam (I), further comprises
ammonolysis of compound of formula (VIa)
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(VIa)
wherein

R> is a C1_4 alkyl

to attord a mixture of brivaracetam (I) and of compound (VII)

(VID)

In compound (Vla), R3 is preferably a methyl.

More preterably, the process of preparation of brivaracetam (I) further comprises a
separation of brivaracetam (I) and of compound (VII) as defined here above.

Most preterably, the process of preparation of brivaracetam (I) further comprises an
epimerisation of compound of formula (VII) into a mixture of brivaracetam (I) and of
compound of formula (VII) as defined here above, said epimerisation being followed by
another separation step.

In an even more preferred embodiment, the process of preparation of brivaracetam
(I) comprises 1teration of said epimerisation and said another separation step.

In another particular embodiment, the present invention concerns a process for the
preparation of seletracetam (II)
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(1)
sald process comprising reacting substantially optically pure (S)-4-(2,2-difluoro-
vinyl)- pyrrolidin-2-one (IIIb).
In a further particular embodiment, the present invention concerns a process for the

>  preparation of seletracetam (II), said process comprising reaction of substantially optically
pure (S)-4-(2,2-(difluoro-vinyl)-pyrrolidin-2-one with a compound of formula (V),

Ay

R X
(V)

wherein
Y is a leaving group selected from halogen, sulfonate group and -No™

10 RZ is ethyl
X1is COOR? and
R is a Cj_4 alkyl.
Preferably R is methyl.

Preferably, according to the present invention, Y is halogen or a sulfonate group.
15 More preferably, according to the present invention, Y is halogen. Most preferably,

according to the present invention, Y is bromine

Preferably, the process of preparation of seletracetam (II), further comprises
amonolysis of compound of formula (VIb)
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(VIb)
wherein
R is a Cy.4 alkyl

to afford a mixture of seletracetam (II) and of compound (VIII)

(VIID)

In compound (VIb), R is preferably a methyl.

More preferably, the process of preparation of seletracetam (II) further comprises a
separation of seletracetam (II) and of compound of formula (VIII) as defined here above.

Most preferably, the process of preparation of seletracetam (II) further comprises an
epimerisation of compound of formula (VIII) into a mixture of seletracetam (I) and

compound of formula (VIII) as defined here above, said epimerisation being followed by
another separation step.

In an even more preferred embodiment, the process of preparation of seletracetam

(11) comprises iteration of said epimerisation and said another separation step.

EXAMPLES
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Characterization of compounds of examples 1 and 2 is achieved using the following
techniques and conditions:
NMR spectra are tecorded on a Bruker AC 250 Fourier Transform NMR

Spectrometer fitted with an Aspect 3000 computer and 2 Smm lH/13C dual probehead or
Bruker DRX 400 FT NMR fitted with a SG Indigo? computer and a 5 mm inverse
geometry IH/13C/15N triple probehead. The compound is studied in DMSO-dg (or
CDCl3) solution at a probe temperature of 313 K or 300 K and at a concentration of 20
mg/ml. The instrument is locked on the deuterium signal of DMSO-dg (or CDCl3).

Chemical shifts are given in ppm downfield from TMS taken as internal standard.

High Performance Liquid Chromatograpy (HPLC) analyses are performed using
one of the following systems:

- an Agilent 1100 series HPLC system mounted with an INERTSIL ODS 3 C18, DP
5 um, 250 X 4.6 mm column. The gradient ran from 100 % solvent A (acetonitrile, water,
H3PO4 (5/95/0.001, v/v/v)) to 100 % solvent B (acetonitrile, water, H4PO4 (95/5/0.001,
v/v/v)) in 6 min with a hold at 100 % B of 4 min. The flow rate is set at 2.5 ml/min. The

chromatography is carried out at 35 °C.

- a HP 1090 series HPLC system mounted with a HPLC Waters Symetry C18, 250
X 4.6 mm column. The gradient ran from 100 % solvent A (MeOH, water, H3PO4

(15/85/0.001M, v/v/M)) to 100 % solvent B (MeOH, water, H3PO4 (85/15/0.001 M,

v/v/M)) in 10 min with a hold at 100 % B of 10 min. The flow rate is set at 1 ml/min. The

chromatography is carried out at 40 °C.
Mass spectrometric measurements in LC/MS mode are performed as follows:

HPLC conditions

Analyses are performed using a WATERS Alliance HPLC system mounted with an
INERTSIL ODS 3, DP 5 um, 250 X 4.6 mm column.

The gradient ran from 100 % solvent A (acetonitrile, water, TFA (10/90/0.1, v/iviv))
to 100 % solvent B (acetonitrile, water, TFA (90/10/0.1, v/v/v)) in 7 min with a hold at 100
% B of 4 min. The flow rate is set at 2.5 ml/min and a split of 1/25 is used just before API
source.

MS conditions

Samples are dissolved in acetonitrile/water, 70/30, v/v at the concentration of about

250 pgr/ml. API spectra (+ or -) are performed using a FINNIGAN (San Jose, CA, USA)
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LCQ 1on trap mass spectrometer. APCI source operated at 450 °C and the capillary heater
at 160 °C. ESI source operated at 3.5 kV and the capillary heater at 210 °C.

Mass spectrometric measurements in DIP/EI mode are performed as follows:
samples are vaporized by heating the probe from 50 °C to 250 °C in 5 min. EI (Electron
Impact) spectra are recorded using a FINNIGAN (San Jose, CA, USA) TSQ 700 tandem
quadrupole mass spectrometer. The source temperature is set at 150 °C.

Mass spectrometric measurements on a TSQ 700 tandem quadrupole mass
spectrometer (Finnigan MAT, San Jose, CA, USA) in GC/MS mode are performed with a
gas chromatograph model 3400 (Varian, Walnut Creek, CA, USA) fitted with a
split/splitless injector and a DB-5MS fused-silica column (15 m x 0.25 mm LD., 1 um)
tfrom J&W Scientific (Folsom, CA, USA). Helium (purity 99.999 %) is used as carrier gas.
The njector (CTC A200S autosampler) and the transfer line operate at 290 and 250 °C,
respectively. Sample (1 pl) is injected in splitless mode and the oven temperature is
programmed as follows: 50 °C for 5 min., increasing to 280 °C (23 °C/min) and holding for

10 min. The TSQ 700 spectrometer operates in electron impact (EI) or chemical ionization
(CI/CHg4) mode (mass range 33 - 800, scan time 1.00 sec). The source temperature is set at

150 °C.

Specific rotation 1s recorded on a Perkin-Elmer 341 polarimeter. The angle of
rotation 1s recorded at 25 °C on 1 % solutions in MeOH. For some molecules, the solvent is
CH»Cly or DMSO, due to solubility problems.

Melting points are determined on a Biichi 535 or 545 Tottoli-type fusionometre, and
are not corrected, or by the onset temperature on a Perkin Elmer DSC 7.

Preparative chromatographic separations are performed on silicagel 60 Merck,
particle size 15-40 um, reference 1.15111.9025, using Novasep axial compression columns
(80 mm 1.d.), flow rates between 70 and 150 ml/min. Amount of silicagel and solvent
mixtures as described in individual procedures.

Preparative Chiral Chromatographic separations are performed on a DAICEL
CHIRALPAK® AD 20 pm, 100*500 mm column using an in-house build instrument with
various mixtures of lower alcohols and Cs to Cg linear, branched or cyclic alkanes at + 350
ml/min. Solvent mixtures as described in individual procedures.

Characterization of compounds of examples 3 and 4 is achieved using the following
techniques and conditions:

NMR ' spectra are recorded on a Bruker 400 MHz spectrometer as solutions in
deuterated chloroform (CDCI3). Chemical shifts are expressed in parts per million (ppm, )

downfield from tetramethylsilane and are referenced to the deuterated solvent (CDCI3).
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I'H NMR data were reported n the order of chemical shift, multiplicity (s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; app, apparent and/or multiple resonance),
coupling constant (J) in hertz (Hz) and number of protons.

High Performance Liquid Chromatography (HPLC) spectra are recorded on an
Alliance Waters 2695 equiped with a Sunfire C18 (3.5 um 2.1x150mm) column. GRAD

90/10 is a gradient method in which the gradient ran from starting solvents composition
(solvent A (H20O, 80% v/v), solvent B (CH3CN, 10% v/v) and solvent C (H»O + 1%

H3PO4 v/v, 10% v/v) to the final solvent composition (solvent A (H>O, 0% v/v), solvent B
(CH3CN, 90% v/v) and solvent C (HyO + 1% H3POg4 v/v, 10% v/v)) in 10 minutes and it

1s followed by a re-equilibration period of 5 minutes in the starting solvents composition.
ISO80 1n an 1socratic method in which the composition of the eluent is : solvent A (HyO +

1% H3PO4 v/v, 80 % v/v) and solvent B (CH3CN + 1% H3POg4 v/v, 20 % v/v). ISO85 in
an 1socratic method in which the composition of the eluent is : solvent A (HyO + 1%
H3PO4 v/v, 85 % v/v) and solvent B (CH3CN + 1% H3POy4 v/v, 15 % v/v).

Gas chromatography spectra are recorded on an Agilent 6890 series equipped with
an Altech GC DB-5MS (15mx0.25mm) column.

Mass spectroscopy (MS) : API spectra were performed using a FINNIGAN (San
Jose, CA, USA) LCQ 1on trap mass spectrometer. APCI source operated at 450°C and the
capillary heater at 160°C. The ESI source operated at 3.5 kV and the capillary heater at
210°C.

Melting points are recorded on a DSC Perkin Elmer Pyris 1.

Example 1-Synthesis of substantially optically pure (R)- and (S)-4-propyl--

pyrrolidin-2-ones (I1la) and (I11g)
1.a. Synthesis of 3-nitromethyl-hexanoic acid ethyl ester (B)

NN N —
° CH,NO, 07 ™
(A) (B)

To a stirred solution of hex-2-enoic acid ethyl ester (A) (450g, 3.164mol,1eq) in
nitromethane (858ml, 15.822 mol, 5 eq) cooled at 0°C, is added dropwise, under nitrogen,
481.8g (3.164 mol, leq.) of 1.8-diazabicyclo[5.4.0Jundec-7-ene (DBU). The reaction
mixture 1s allowed to react at room temperature for 3h and is quenched with a 6M aqueous
hydrogen chloride solution to obtain pH = 4. The solution is extracted with diethyl ether
(500ml + 2 x 300ml). The organic layers are dried with MgSQy, filtered and concentrated

to obtain an o1l residue (672.13g, HPLC purity = 78.9%) which is purified by liquid
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chromatography eluting with dichloromethane. 639.41g of 3-nitromethyl-hexanoic acid
ethyl ester (B) are obtained (yield = 99.4%).
GC/MS : MH™ =204

1.b. Synthesis of 4-propyl-pyrrolidin-2-one (C)

/\2}\)7\ Ni Raney
0”7 ™\ MeOH 0
H
(B) (C)

300 g (1.476 mol) of 3-nitromethyl-hexanoic acid ethyl ester (B) are diluted in

methanol (500ml). The mixture is transferred to an autoclave of 1L. The reaction mixture is

allowed to react at 55°C under 50 bars of hydrogen pressure for 28h. The catalyst is filtered
10 on celite and washed with methanol. The filtrate is recovered with 500 ml of
dichloromethane. Then, the solution is extracted with water (2 x 400ml). The organic
layers are dried with MgSOy, filtered and concentrated to afford an oil residue (177.12g,
HPLC purity = 82.6%) which is purified by distillation (110°C, 7.10-2 mbar). 147.82g of
(C) are obtained (Yield = 78.7%).
15 GC/MS : Mt =127

'"HNMR 60.90 (t, 11.22 Hz, 3 H), 1.35 (m, 4 H), 1.97 (m, 1 H), 2.42 (m, 2 H), 2.99
(dd, 15.13, 10.74 Hz, 1 H), 3.46 (m, 1 H), 6.43 (m, 1 H)

1.c. Synthesis of substantially optically pure (R) and (S)-4-propyl-pyrrolidin-2-one
(111a) and (IlIg)

20

(©) (Ia) (Llig)

343 g of 4-propyl-pyrrolidin-2-one (C) are separated by liquid chromatography on a
CHIRALPAK® AD column (100x500mm) eluting with propanol 8%, ethanol 2%, hexanes
90%, DEA 0.1%.
25 Chiral HPLC (solvent mixture : n-propanol/ethanol: 80/20)
(IIIg) : retention time = 6.65 minutes
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(IIIa) : retention time = 7.81 minutes

150.4 g of (1llg) are isolated (yield = 43%)
140.0 g of (Illa) are isolated (yield = 42.5 %)
|a]p of compound of formula (IIla) = +2.33°
[at]p of compound of formula (IIIg) = -2.16°

Example 2-Synthesis of substantially optically pure (S) and (R)-4-(2,2-difluoro-
vinyl)pyrrolidin-2-one (11Ib) and (I1If)
-

2.a. Synthesis of toluene-4-sulfonic acid-4.4.4-trifluoro-but-2-envl ester (F
O
F F F
FWO)I\—D- FWOH _—*FWO_
F F
(D) (E)

e O

A solution of sodium hydroxide (524g, 13.1mol) in water (2L) and
benzyltriethylammonium bromide (88g, 0.32 mol) are added to a stirred solution of acetic

acid-4,4,4-trifluorobut-2-enyl-ester (D) (882g, 5.25mol) in toluene (2.8L) at room
temperature.

O—=n=0

The reaction mixture is monitored by GC and stirred at room temperature overnight.
A solution of p-toluenesulfonyl chloride (950g, 4.98mol) in toluene (3L) is slowly added
dropwise at a rate such that the temperature is maintained below 25°C.

The reaction mixture is stirred for 4 hours at room temperature and is washed with
water. The organic layer is dried over anhydrous MgSO4 and concentrated to dryness to

give 1380g of (E) (yield = 94%)
GC/MS : M™ 280

2.b. Synthesis of (2.4-dimethoxy-benzyl)-4.4.4-(trifluoro-but-2-eny)-amine (F
F

F
F ‘&_\L\

F N O—
NHz —’_\\j O H
| l + F I <:> b
\O 0 O0—S§ — >
| )
(F)

O

(E)

A solution of toluene-4-sulfonic acid-4,4,4-trifluoro-but-2-enyl ester (E) (642g,
2.29mol) in toluene (2L) is slowly added to a stirred reaction mixture of 2,4-dimethoxy-
benzylamine (401g, 2.40mol) and potassium carbonate (700g, 5.06mol) in toluene (4L) at



CA 02620243 2008-02-25
WO 2007/031263 PCT/EP2006/008852

23

65°¢c. The mixture is stirred at 65°C overnight and extracted with a solution of HCI (2x5L,
IN).
To the acid aqueous layer washed with toluene (4x7L) is added potassium carbonate

to until a pH>8 is measured in this layer. This layer is extracted with toluene (2x7L).
5 The organic layer is dried over anhydrous MgSQOy4 and concentrated to give 495g of

(F) (yield = 78%)
LC/MS : MH* =276

2.c.  Synthesis of N-(2.4-dimethoxy-benzyl)-N-(4.4 4-trifluoro-but-2-envl)-
malonamic acid methyl ester (G)

=
F o
F
AJ:_\\_\ F \ O o\
N Oo— F
H N O—
—_—

O

/ 0
(F) Gy /

Concentrated sulfuric acid (344g, 3.5mol) is added dropwise to potassium
monoethylmalonate (695g, 4.08mol) in acetonitrile (7L) at 0°C.The solution is stirred for

30 minutes at 0°C. N,N’-carbonyldiimidazole (659g, 4.06mol) is added at 0°C to the

15  reaction mixture.The mixture is stirred for 30 minutes at 0°C and (F) (625g, 2.27mol) is
added. After 30 minutes at 0°C, the insoluble precipitate is removed by filtration. The
filtrate i1s concentrated to dryness. To the residue is added toluene and this solution is

washed with water and with a solution of HCI (IN). The organic layer is dried over
anhydrous MgSO¢4 and concentrated to give 888g of (G) (yield = 100%)

20 LC/MS : MHT =376

2.d. Synthesis of  4-(2.2-difluoro-vinyD-1-(2.4-dimethox
pyrrolidine-3-carboxylic acid ethyl ester (H)

10
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F F
F O
F 0 o\/-
‘i_\L\g \ N
N 0— O
- - ’
0 O

O_...
O
0 /
G / (H)

Benzyltriethylammonium bromide (92g, 1.04mol) and potassium carbonate (188g,
1.36mol) are added to a stirred refluxed solution of (G) (779g, 2.00mol) in acetone (4L).

After 4 hours, 200 g of potassium carbonate is added. The reaction mixture is stirred

and refluxed overnight. 200g of potassium carbonate is added twice (every 4 hours) .The
insoluble precipitate is removed by filtration. The filtrate is dried over anhydrous MgSOgy

and concentrated to give 748g of (H). The product is used as such in the next reaction.
LC/MS : MH™ = 370 (two peaks)

2.€. Synthesis of 4-(2.2-difluoro-vinyl)-1-(2.4-dimethoxy-benzyl)-2-0xo-
pyrrolidine-3-carboxyvlic acid(K)

FF Fo _F
™ N o— \ o
O —> HO
o © 5 0
O O
/ © /

(H) (
A solution of potassium carbonate (581g, 4.20mol) in water (4L) is added to a

s