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METHOD OF PREPARATION OF PURE
4-PYRROLIDINOPHENYLBENZYL ETHER DERIVATIVES
AS MAOB INHIBITORS

The invention relates to a method for preparing enantiomerically pure 4-
pyrrolidinophenylbenzyl ether derivatives. The invention also relates to intermediates

nseful in the method of the invention as well as salts thereof.

More particularly, the present invention relates to a method for preparing

5  enantiomerically pure 4-pyrrolidino phenylbenzyl ether derivatives of the formula (I):

O
02
24
R ‘ NN
O R% O
e
1
" ()
said method comprising the steps of:
a) resolving a racemate of formula (II):
O
R
R24 N p O
o 2 OH
B>’
(R1)n (11)
10 with a resolving agent in order to obtain the (S)-enantiomer thereof of formula (S)-

(I1):
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b) converting the enantiomer of formula (S)-(II) into the corresponding primary

amide of formula (III):

O
2%
R% N oy ( O
. NH,
O R
. 21
R
(R1)n (I
5 c) either directly reacting the compound of formula (IIT) with a compound of
formula (IV):
ArI{OCOR), (IV)

in the presence of at least acetic acid and/or acetic anhydride in order to obtain the

compound of formula (I);

10 d) or reacting the compound of formula (III) with the compound of formula (IV) in

order to obtain a compound of formula (V):
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(RY);

and then reacting the compound of formula (V) with an acetylating agent in order.to

obtain the compound of formula (I);

wherein in the above formulae,

Ar isan aryl optiénally substituted by one or more substituent selected from the group
consisting of halogen, nitro, cyano or C; ¢-alkyl; and

R is Cy.¢-alkyl optionally substituted by one or more halogen;

R! is ].'ialogen, halogen-(C;-Cs)-alkyl, cyano, (C;-Cg)-alkoxy or halogen-(C;-Cs)-alkoxy;
R*, R**, R” and R** independently from each other are selected from the group

consisting of hydrogen and halogen; and
n 1s0,1,2or3.

The preparation of MAO-B inhibitors of formula (I) has already been disclosed in
patent application WO 2004/026825 of which the Applicant is proprietor. Nevertheless,
this document does not disclose the original process of the invention. It has further been
surprisingly found that the original method of the invention allows obtaining the

compounds of formula (I) with high yields and purity.

The compounds of general formula (I) are selective monoamine oxidase B

inhibitors.

Monoamine oxidase (MAQO, EC 1.4.3.4) is a flavin-containing enzyme responsible
for the oxidative deamination of endogenous monoamine neurotransmitters such as
dopamine, serotonin, adrenaline, or noradrenaline, and trace amines, e.g. phenylethyl-
amine, as well as a number of amine xenobiotics. The enzyme exists in two forms, MAO-
A and MAO-B, encoded by different genes {Bach et al., Proc. Natl. Acad. Sci. USA
85:4934-4938 (1988)] and differing in tissue distribution, structure and substrate
specificity. MAO-A has higher affinity for serotonin, octopamine, adrenaline, and

noradrenaline; whereas the natural substrates for MAO-B are phenylethylamine and
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tyramine. Dopamine is thought to be oxidised by both isoforms. MAO-B is widely
distributed in several organs including brain [Cesura and Pletscher, Prog. Drug Research
38:171-297 (1992)]. Brain MAO-B activity appears to increase with age. This increase has
been attributed to the gliosis associated with aging [Fowler et al., ]. Neural. Transm. 49:1-
20 (1980)]. Additionally, MAO-B activity is significantly higher in the brains of patients
with Alzheimer’s disease [Dostert et al., Biochem. Pharmacol. 38:555-561 (1989)] and it
has been found to be highly expressed in astrocytes around senile plaques [Saura et al.,
Neuroscience 70:755-774 (1994)]. In this context, since oxidative deamination of primary
monoamines by MAO produces NH3, aldehydes and H,0O,, agents with established or
potential toxicity, it is suggested that there is a rationale for the use of selective MAO-B
inhibitors for the treatment of dementia and Parkinson’s disease. Inhibition of MAO-B
causes a reduction in the enzymatic inactivation of dopamine and thus prolongation of
the availability of the neurotransmitter in dopaminergic neurons. The degeneration
processes associated with age and Alzheimer’s and Parkinson’s diseases may also be
attributed to oxidative stress due to increased MAQ activity and consequent increased
formatipn of H,0, by MAO-B. Therefore, MAO-B inhibitors may act by both redﬁcing

the formation of oxygen radicals and elevating the levels of monoamines in the brain.

Given the implication of MAO-B in the neurological disorders mentioned above,
there is considerable interest to obtain potent and selective inhibitors that would permit
control over this enzymatic activity. The pharmacology of some known MAO-B
inhibitors is for example discussed by Bentué-Ferrer et al. [CNS Drugs 6:217-236 (1996)].
Whereas a major limitation of irreversible and non-selective MAOQ inhibitor activity is the
need to observe dietary precautions due to the risk of inducing a hypertensive crisis when
dietary tyramine is ingested, as well as the potential for interactions with other
medications [Gardner et al., J. Clin. Psychiatry 57:99-104 (1996)], these adverse events
are of less concern with reversible and selective MAQO inhibitors, in particular of MAO-B.
Thus, there is a need for MAO-B inhibitors with a high selectivity and without the
adverse side-effects typical of irreversible MAO inhibitors with low selectivity for the

enzyme.

The following definitions of general terms used herein apply irrespective of whether
the terms in question appear alone or in combination. It must be noted that, as used in
m_tm i

the specification and the appended claims, the singular forms "a", "an," and "the" include _

plural forms unless the context clearly dictates otherwise.

In the structural formulae presented herein a wedged bond ( ™ ) denotes that the
substituent is above the plane of the paper.
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In the structural formulae presented herein a dotted bond ( ' ) denotes that the
substituent is below the plane of the paper.

The term "lower alkyl or (C;-Cg)-alkyl" used in the present application denotes
indifferently straight-chain or branched saturated hydrocarbon residues with 1 to 6
carbon atoms, such as methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, t-butyl, and
the like, preferably with 1 to 3 carbon atoms. Accordingly, the term "(C;-Cs)-alkyl" means

a straight-chain or branched saturated hydrocarbon residue with 1 to 3 carbon atoms.

The term "halogen" denotes fluorine, chlorine, bromine and iodine.

»

"Halogen-(C;-Cg)-alkyl” or "halogen-(C;-Cg)-alkoxy" means the lower alkyl residue
or lower alkoxy residue, respectively, as defined herein substituted in any position with
one or more halogen atoms as defined herein. Examples of halogenalkyl residues include,
but are not limited to, 1,2-difluoropropyl, 1,2-dichloropropyl, trifluoromethyl, 2,2,2-
trifluoroethyl, 2,2,2-trichloroethyl, and l,i,l—triﬂuor0propyl, and the like.
"Halogenalkoxy" includes trifluoromethyloxy.

"(C1-Cg)-Alkoxy" means the residue -O-R, wherein R is a C;-Cg alkyl residue as
defined herein. Examples of alkoxy radicals include, but are not limited to, methoxy,
ethoxy, isopropoxy, and the like.

"Pharmaceutically acceptable salts” of a compound means salts that are
pharmaceutically acceptable, which are generally safe, non-toxic, and neither biologically
nor otherwise undesirable, and that possess the desired pharmacological activity of the
parent compound. These salts are derived from an inorganic or organic acid or base. If
possible, compounds of formula (I) may be converted into pharmaceutically acceptable
salts. It should be understood that pharmaceutically acceptable salts are included in the

present invention.

The expression “enantiomerically pure” denotes an enantomeric ratio of the desired
enantiomer of at least 95 : 5, preferably at least 98 : 2 and still more preferably at least 99.9

: 0.1 with respect to the undesired enantiomer. The enantiomeric ratio can be determined
by HPLC on a chiral column.

[t is to be understood that in step a) any suitable resolving agent other than an
enzyme can be used. In certain embodiments of the invention the resolving agent used in
step a) is selected from the group consisting of (R)-(-)-2-phenylglycinol = (R)-2-amino-
2-phenyl-ethanol, (S)-(+)-2-phenylglycinol, cinchonidine, D-phenylalaninol, L-
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phenylalaninol, (+)-phenylethylamine, (15,25)-(+)-thiomicamine, (1S,2S)-(+)-2-amino-
1-phenyl-1,3-propanediol, (15,2R)-(-)-cis-1-amino-2-indanol, L-phenylephrine,
(1S,2R)-(+)-N-methylephedrine, L-prolinol, (R)-(~)-2-amino-1-butanol and (R)-(+)-1-
(-naphthyl)-ethylamine. The preferred resolving agent is (R)-phenylglycinol.

In particular the compound of formula (S)-(II) can be obtained by directly
preparing a salt of the (S)-(II) compound with a resolving agent capable of forming a salt
of the (S)-(II) compouﬁd with the racemate (II).

Altefnatively, the compound of formula (S)-(IT) can be obtained indirectly by
preparing a salt of the (R)-(II) compound with a resolving agent capable of forming a salt
of the (R)-(II) compound with the racemate (II) and then removing the (R)-(IT)
compound from the racemate in order to keep the (S)-(II) compound in the reacting
mixture.

Preferred resolving agents capable of forming a salt of the (S)-(II) compound with
the racemate (II) are (R)-(-)-2-phenylglycinol, cinchonidine, D-phenylalaninol, (+)-
phenylethylamine, (lS,ZR)-(-)—cis-l‘—amino-Z—indanol, and L-phenylephrine, the most
preferred resolving agent being (R)-(-)-2-phenylglycinol.

Preferred resolving agents capable of forming a salt of the (R)-(II) compound with
the racemate (II) are (S)-(+)-2-phenylglycinol, (1S,25)-(+)-thiomicamine, (15,25)-(+)-2-
amino-1-phenyl-1,3-propanediol, (1S,2R)-(+)-N-methylephedrine, L-prolinol, (R)-(-)-
2-amino-1-butanol and (R)-(+)-1-(-naphthyl)-ethylamine. The preferred resolving agent
is (S)-(+)-2-phenylglycinol.

In certam embodiments of the invention a solvent can be used in step a). This
solvent can be selected from the group consisting of acetone, isopropanol, acetonitrile,
tetrahydrofuran, 2-butanone, isopropanol, EtOH and their mixtures with water. The

preferred solvent is a mixture of acetonitrile and water.

Step a) of the method according to invention for resolving a racemate of formula (II)
in order to obtain directly an enantiomer thereof of formula (S)-(II) may suitably

comprise the steps of:

al) preparing a reaction mixture in a solvent comprising the racemate and a resolving
agent capable of forming a salt of the (S)-(II) compound with the racemate (II) in
order to obtain a salt of the compound (S)-(II);

a2) 1isolating the salt of the compound (S)-(II) from the reaction mixture and liberating
said compound (S)-(II) from its salt;

a3) 1isolating the compound (R)-(II) remaining in the reaction mixture of step al);
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a4) racemizing the isolated compound (R)-(II) in order to obtain a recycled racemate;
a5) repeating steps al) to a4) as many times as necessary, replacing the racemate by the

recycled racemate.

Step a) of the method according to invention for resolving a racemate of formula (II)
in order to obtain indirectly the enantiomer thereof of formula (S)-(II) by removing the

(R)-(II) enantiomer may suitably comprise the steps of:

al’) prepai‘ing a reaction mixture in a solvent comprising the racemate (II) and a
resolving agent capable of forming a salt of the (R)-(II) compound with the
racemate (II) in order to obtain a salt of the compound (R)-(II);

a2’) isolating the salt of the compound (R)-(II) from the reaction mixture and liberating
said compound (R)-(II) from its salt;

a3’) isolating the compound (S)-(II) remaining in the reaction mixture of step al’);

a4’) racemizing the isolated compound (R)-(II) in order to obtain a recycled racemate;

a5’) repeating steps al’) to a4’) as many times as necessary, replacing the racemate by

the recycled racemate.

Steps a2) to a4) and a2’) to a4’) can be performed using conventional methods and

equipment, for example extraction, crystallization, filtration, etc.

In certain embodiments of the invention the conversion of the enantiomer of
formula (S)-(II) into the corresponding primary amide of formula (III) according to step
b) can be performed by using 1,1'-carbonyldiimidazole and a source of ammonia, e.g.

aqueous ammonia or ammonium acetate.

In certain embodiments of the invention the conversion of the enantiomer of
formula (S)-(II) into the corresponding primary amide of formula (III) according to step
b) can be performed by using N-methylmorpholine, ethyl chloroformate and a source of

ammonia, e.g. gaseous ammonia.

A solvent can also be used in step b), for example tetrahydroﬁlfan (THE). The
resulting compound of formula (III) can then be isolated and purified using conventional
methods and equipment such as concentration in vacuo, dilution, extréction,

precipitation, filtration, etc.

In Step c) preferred compounds of formula (IV):

ArI(OCOR), (IV)
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are those compounds wherein Ar is unsubstituted phenyl and R is Me, CF; or Cl; or CCl3

for example (diacetoxyiodo)benzene.

Steps ¢) and d) according to the method of the invention represent both

alternatives to obtain the compound of formula (I) starting from the compound of
formula (III).

Step c) is a one-step alternative comprising reacting the compound of formula (III)
with the compound of formula (IV) in the presence of at least acetic acid and/or acetic

anhydride, which directly leads to the compound of formula (I).

In one embodiment of step c), the reaction of the compound of formula (III) with
the compound of formula (IV) is performed in the presence of at least acetic acid. In
another embodiment of step c), the reaction of the compound of formula (III) with the
compound of formula (IV) is performed in the presence of at least acetic anhydride. In
still another embodiment of step ¢), the reaction of the compound of formula (III) with

the compound of formula (IV) is performed in the presence of at least acetic acid and

acetic anhydride.

The compound of formula (I) can then be isolated and purified using conventional
methods and equipment, for example using conventional extraction, filtration,

distillation, crystallization, etc.

Step d) is a two-step alternative comprising formula (IIT) with a compound of
formula (IV):

ArI(OCOR), | (IV)
wherein Ar and R are as defined above,

in order to obtain a compound of formula (V):

0O
R23
24
RN AN,
0”7 N ORZ V)
21
RYy—f— ’
R
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and then reacting the compound of formula (V) with an acetylating agent in order to

obtain the compound of formula (I).

In certain embodiments of step d) according to the invention, the compound of
formula (IV) is (diacetoxyiodo)benzene: (PhI{OAc),).

In certain embodiments of step d) according to the invention, the acetylating agents

can be acetic anhydride (Ac;O) or acetyl chloride.

In certain embodiments of the invention step d) can be performed in a suitable

solvent, e.g. in tetrahydrofuran (THF) with water, e.g. in a ratio of about 1 : 1.

The compound of formula (I) can then be isolated and purified usi\ng conventional

methods and equipment,

The racemate of formula (II) can be prepared as described in WO 2004/026825.

The invention hence encompasses the following novel intermediates involved in the

- method of the invention:

- the salts of the compound of formula (S)-(II) with a resolving agent selected from
the group consisting of (R)-(-)-2-phenylglycinol, cinchonidine, D-phenylalaninol, (+)-
phenylethylamine, (15,2R)-(-)-cis-1-amino-2-indanol, and L-phenylephrine, the most
preferred resolving agent being (R)-(-)-2-phenylglycinol.

- and the intermediate of formula (III);

O
R23
24
R Ne o, \//O
NH,
® R*

,
(R1)“T<\) X (i

“\\557

. 11 12l 122 123 24 ' :
wherein R, R“, R, R“, R”® and n are as defined hereinabove.

Preferred compound of formula (S)-(II) and salts thereof with the above recited

resolving agents are those compounds wherein:
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R! is3-fluoro;
R* R* R* and R* are hydrogen; and

n 1s 1.

Preferred intermediate of formula (III) are those compounds wherein:
R} is 3-fluoro;
R* R* R* and R* are hydrogen; and

n 1s 1.

In a certain embodiment of the method according to the invention, the racemate
(I1) is (RS)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid, (S)-
(I1) is (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid, the
compound of formula (I1I) is (S)-1-[4-(3-fluoro-benzyloxy) -phenyl]-5-oxo-pyrrolidine-
3-carboxylic acid amide using 1,1'-carbonyldiimidazole, the compound of formula (V) is
(S)-4-amino-1-[4-(3-fluoro-benzyloxy)-phenyl]-pyrrolidin-2-one and the compound of
formula (1) is (S)-N-{1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidin-3-yi}-

acetamide.

The compounds of formula (I) are, as already mentioned hereinabove, monoamine

oxidase B inhibitors and can be used for the treatment or prevention of diseases in which

MAOQ-B inhibitors might be beneficial. These include acute and chronic neurological
disorders, cognitive disorders and memory deficits. Treatable neurological disorders are
for instance traumatic or chronic degenerative processes of the nervous system, such as
Alzheimer’s disease, other types of dementia, minimal cognitive impairment or
Parkinson’s disease. Other indications include psychiatric diseases such as depression,
anxiety, panic attack, social phobia, schizophrenia, eating and metabolic disorders such as -
obesity, as well as the prevention and treatment of withdrawal syndromes induced by
abuse of alcohol, nicotine and other addictive drugs. Other treatable indications may be
peripheral neuropathy caused by cancer chemotherapy (WO 97/33,572), reward |
deficiency syndrome (WO 01/34,172), or the treatment of multiple sclerosis (WO

96/40,095), and other neuroinflammatory diseases.

The compounds of formula (I) are especially useful for the treatment and

prevention of Alzheimer's disease and senile dementia.

The pharmacological activity of the compounds was tested using the following
method:
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The cDNAs encoding human MAO-A and MAO-B were transiently transfected into
EBNA cells using the procedure described by Schlaeger and Christensen [Cytotechnology
15:1-13 (1998)]. After transfection, cells were homogenised by means of a Polytron
homogenizer in 20 mM Tris HCl buffer, pH 8.0, containing 0.5 mM EGTA and 0.5 mM
phenylmethanesulfonyl fluoride. Cell membranes were obtained by centrifugation at
45,000 x g and, after two rinsing steps with 20 mM Tris HCl buffer, pH 8.0, containing
0.5 mM EGTA, membranes were eventually re-suspended in the above buffer and

aliquots stored at -80°C until use.

MAO-A and MAO-B enzymatic activity was assayed in 96-well-plates using a
spectrophotometric assay adapted from the method described by Zhou and Panchuk-
Voloshina [Analytical Biochemistry 253:169-174 (1997)]. Brietly, membrane aliquots
were incubated in 0.1 M potassium phosphate buffer, pH 7.4, for 30 min at 37°C
containing different concentrations of the compounds. After this period, the enzymatic
reaction was started by the addition of the MAO substrate tyramine together with 1 U/ml
horse-radish peroxidase (Roche Biochemicals) and 80 pM N-acetyl-3,7-
dihydroxyphenoxazine (Amplex Red, Molecular Probes). The samples were further
incubated for 30 min at 37°C in a final volume of 200 pl and absorbance was then
determined at a wavelength of 570 nm using a SpectraMax plate reader (Molecular
Devices). Background (non-specific) absorbance was determined in the presence of 10
UM clorgyline for MAO-A or 10 uM L-deprenyl for MAO-B. 1Csq values were determined
from inhibition curves obtained using nine inhibitor concentrations in duplicate, by

fitting data to a four parameter logistic equation using a computer program.

The compounds of the present invention are specific MAO-B inhibitors. The ICsp
values of preferred compounds of formula (I) as measured in the assay described above

are in the range of 1 pM or less, typically 0.1 pM or less, and ideally 0.02 pM or less.

The compounds of formula (I) can be used as medicaments, e.g. in the form of
pharmaceutical preparations. The pharmaceutical preparations can be administered
orally, e.g. in the form of tablets, coated tablets, dragées, hard and soft gelatine capsules,
solutions, emulsions or suspensions. However, the administration can also be effected
rectally, e.g. in the form of suppositories; or parenterally, e.g. in the form of injection

solutions.

The compounds of formula (I) can be processed with pharmaceutically inert,
inorganic or organic carriers for the production of pharmaceutical preparations. Lactose,

corn starch or derivatives thereof, talc, stearic acid or its salts and the like can be used, for
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example, as such carriers for tablets, coated tablets, dragées and hard gelatine capsules.
Suitable carriers for soft gelatine capsules are, for example, vegetable oils, waxes, fats,
semi-solid and liquid polyols and the like; depending on the nature of the active
substance no carriers are, however, usually required in the case of soft gelatine capsules.
Suitable carriers for the production of solutions and syrups are, for example, water,
polyols, sucrose, invert sugar, glucose and the like. Adjuvants, such as alcohols, polyols,
glycerol, vegetable oils and the like, can be used for aqueous injection solutions of water-
soluble salts of compounds of formula I, but as a rule are not necessary. Suitable carriers
for suppositories are, for example, natural or hardened oils, waxes, fats, semi-liquid or

liquid polyols and the like.

In addition, the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying
the osmotic pressure, buffers, masking agents or antioxidants. They may also contain

other therapeutically valuable substances.

As mentioned earlier, medicaments containing a compound of formula (I) and a
therapeutically inert excipient are also an object of the present invention, as is a process
for the production of such medicaments which comprises bringing one or more
compounds of formula I and, if desired, one or more other therapeutically valuable
substances into a galenical dosage form together with one or more therapeutically inert

carriers.

The dosage can vary within wide limits and will, of course, be fitted to the
individual requirements in each particular case. In general, the effective dosage for oral or
parenteral administration is between 0.01-20 mg/kg/day, with a dosage of 0.1-

10 mg/kg/day being preferred for all of the indications described. The daily dosage for an
adult human being weighing 70 kg accordingly lies between 0.7-1400 mg per day,
preferably between 7 and 700 mg per day.

The following examples are provided for illustration of the invention. They should
not be considered as limiting the scope of the invention, but merely as being

representative thereof. The abbreviation “RT” means “room temperature”.
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Example 1

Preparation of rac-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic
| acid (compound of formula (II))

4-(3-Fluoro-benzyloxy)-phenylamine (31.2 g, 144 mmol) was dissolved in toluene (208
mL) and acetic acid (52 mL). Itaconic acid (18.96 g, 144 mmol) was added to the stirred
mixture. The mixture was heated to reflux (101°C) and kept at this temperature for 3 h.
On cooling, the product started to crystallize. At 10°C, heptane (125 mL) was added to

the suspension which was stirred 1 h at 0°C and filtered. The crystals were washed with
toluene/heptane 1:1 and with heptane and dried in vacuo to afford the crude product
(43.2 g). The crude product was purified by treatment with hot isopropyl acetate to give
rac-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (40.5 g, 86%;
HPLC: 99.2% area), m.p. 148-149°C (uncorr.). |

Example 2

Preparation of (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic

acid [(S)-(II)] including recovery of the undesired enriched (R)-(II) and its racemization

(step a) according to the invention)

a) Preparation of the salt of the compound of formula (S)-(IT) with (R)-(-)-2-
phenvlglycinol

rac-1-[4-(3-Fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (15.0 g, 45.6
mmol) was dissolved in acetonitrile / water 95:5 (150 mL) at 75°C. At this temperature, a
solution of (R)-(-)-2-phenylglycinol (6.25 g, 45.6 mmol) in acetonitrile / water 95:5 (10
ml.) was added. The current for the heating bath was turned off and crystallization was
initiated by addition of some seeding crystals. Stirring was continued for 3 h while the
suspension slowly cooled to room temperature. The crystals were collected by filtration,
washed with warm (40°C) acetonitrile and dried in vacuo to afford the title salt (9.9 g,
47%) in > 99.9: 0.1 dr as determined by HPLC, [a]p - 4.7 (c=1, MeOH).

b) Liberation of the compound of formula (S)-(II) from the salt

In a separation funnel, the main portion of the above salt (8.95 g, 19.2 mmol) was added
to ethyl acetate (140 mL). Under occasional shaking, ice water (~100 mL) and 2 N
sulfuric acid (~25 mL) was added in several portions until pH 2 was reached. The
aqueous phase was separated and extracted with ethyl acetate (140 mL). The organic ;
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layers were washed with diluted brine, combined, dried over sodium sulfate and
concentrated to a volume of ~40 mL. Heptane (30 mL) was added to the suspension
which was stirred 2 h at 0°C. The crystals were collected by filtration, washed with

heptane and dried in vacuo. Purification of the product by treatment with hot isopropyl

acetate afforded the (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-
carboxylic acid (6.37 g, 47% based on racemic acid) as white crystals, m.p. 157°C.
According to HPLC determination, the purity was 100% (area) and the enantiomeric
ratio >99.9:0.1.

¢) Isolation of the enriched (R)-(II) compound

The mother liquor obtained from the isolation of the phenylglycinol salt of the (S)-(II)
compound as described in section a) was concentrated to give a crude phenylglycinol salt
(11.4 g) containing the enriched (R)-(II) compound. Together with ethyl acetate (140
ml) this material was added to the acidic aqueous phase remaining from the liberation of
the (S)-(II) compound described in section b). The aqueous phase resulting after
dissolution of the salt was still acidic. After thorough mixing the aqueous phase was
separated and extracted with another portion of ethyl acetate (140 mL). The organic
phases were washed with half-concentrated aqueous sodium chloride, combined, dried
over sodium sulfate (75 g) and concentrated to a volume of ~40 mL. Heptane (30 mL)
was added to the suspension which was stirred 2 h at 0°C. The crystals were collected by
filtration, washed with heptane and dried in vacuo to afford enriched (R)-1-[4-(3-fluoro-
benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (7.4 g, 49% based on racemic
acid) as a white solid. The purity of the material by HPLC was 98.8% (area) and the

enantiomeric ratio (R) : (S) was determined as 91.5 : 8.5.

d) One-pot racemization of the enriched (R)-(II) compound

The enriched (R)-(II) compound (7.4 g) obtained as described in section c) was
suspended in methanol (50 mL). To the suspension conc. sulfuric acid (0.11 g) and 2,2-
dimethoxypropane was added. The mixture was stirred 2 h at 80°C, until the enriched
(R)-(IT) compound was completely converted to the methyl ester as monitored by HPLC.
After cooling to 5°C, a solution of 5.4 M sodium methoxide in methanol (2.91 mL)
diluted with methanol-(4 mL) was added dropwise within 10 min. The resulting reaction
mixture was stirred 20 h at room temperature and then cooled to 10°C. At this
temperature, 2 N NaOH (40 mL) was added dropwise over 20 min. The reaction mixture
was stirred at room temperature for 2 h and then concentrated.in vacuo until the

methanol was removed. At 10°C, ice (25 g) was added to the residue followed by

—
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dropwise addition of 2 N sulfuric acid until pH 2 was reached. The resulting suspension
was stirred for an additional hour. The product was collected by filtration, washed with
water until neutral and dried in vacuo at 40°C to afford rac-1-[4-(3-fluoro-benzyloxy)-
phenyl|-5-oxo-pyrrolidine-3-carboxylic acid (7.1 g) as white powder. According to HPLC

determination, the purity was 97.3% (area) and the enantiomeric ratio 51.5 : 48.5.
Example 3
Resolution using 0.7 eq (R)-phenylglycinol

(step a) according to the invention)

_The salt of the (S)-(II) compound with (R)-(-)-2-phenylglycinol was prepared in an

analogous manner as described in Example 2 a) from rac-1-[4-(3-fluoro-benzyloxy)-
phenyl]—5;0X0-pyrrolidine-—3—-carboxylic acid (5 g, 15.2 mmol) in acetonitrile / water 95:5
(50 mL) using a solution’of only 1.46 g (R)-(-)-2-phenylglycinol (10.6 mmol, 0.7 eq) in
acetonitrile / water 95:5 (3.3 mL). From the salt (3.2 g, 45% based on racemic acid)
obtained in 99.7 : 0.3 diastereomeric ratio the (S)-(II) compound was liberated and
purified in a similar manner as described in Example 2 b) to afford (S)-1-[4-(3-fluoro-
benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (2.21 g, 44% based on racemic
acid) in high purity (HPLC: 99.4% area) and with >99.9 : 0.1% er.

Example 4
Resolution using 0.6 eq (R)-phenylglycinol
(step a) according to the invention)

a) Preparation of the salt of the (S)-(II) compound with (R)-(-)-2-phenylglycinol

The salt of the (S)-(II) compound with (R)-(-)-2-phenylglycinol was prepared in an
analogous manner as described in Example 2 a) from rac-1-[4-(3-fluoro-benzyloxy)-
phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (60.00 g, 0.182 mol) in a mixture of
acetonitrile (560 mL) and water (34'mL) using a solution of only 15.00 g (R)-(-)-2-
phenylglycinol (0.109 mol, 0.6 eq) in a mixture of acetonitrile (72 mL) and water (6 mL)
to yield 34.49 g (40% based on racemic acid) of the salt (dr 99.7:0.3).

b) Liberation of the (S)-(IT) compound from the salt

A suspension of the above salt (33.00 g, 70.74 mmol) in water (495 mL) was treated at 20-
25°C with 55.2 g sulfuric acid (10%) and the resulting suspension (pH 1.4-1.7) was
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stirred at 20-25°C for 2-3 h. The crystals were collected by filtration, washed with water
(2x125 mL) and dried in vacuo to afford (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-0xo-
pyrrolidine-3-carboxylic acid (22.94 g, 40% based on racemic acid) as white crystals.

According to HPLC determination, the purity was 99.9% (m/m) and the enantiomeric

ratio 99.7 : 0.3.
Example 5
Salt formation using 0.5 eq (R)-(-)-2-phenylglycinol
(step a) according to the invention)

The salt of the (S)-(II) compound with (R)-(-)-2-phenylglycinol was prepared in an
analogous manner as described in Example 2 a) from rac-1-[4-(3-fluoro-benzyloxy)-
phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (10 g, 30.4 mmol) in acetonitrile / water
95:5 (100 mL) using a solution of only 2.083 g (R)-(-)-2-phenylglycinol (15.2 mmol, 0.5
eq) in acetonitrile / water 95:5 (6.7 mL). The salt (5.6 g, 39.5% based on racemic acid)

was obtained 1n 99.8 : 0.2 diastereomeric ratio.

Example 6
Resolution in isopropanol /water

(step a) according to the invention)

a) Preparation of the salt of the (S)-(II) compound with (R)-(-)-2-phenylglycinol

rac-1-[4-(3-Fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (5.0 g, 15.2
mmol) was dissolved in a mixture of isopropanol (47.5 mL) and water (2.5 mL) at 75°C.
At this temperature, (R)-(-)-2-phenylglycinol (2.08 g, 15.2 mmol) was added. The
electrical power for the heating bath was turned off and crystallization was initiated by
addition of some seeding crystals. After 30 minutes the heating bath was removed and
stirring was continued while the suspension slowly cooled to room temperature. After 4
h, the crystals were collected by filtration, washed with 95% aq. isopropanol and dried in
vacuo to afford crude salt (3.48 g) in 96.5 : 3.5 dr as determined by HPLC. The crude salt
was treated in hot 95% aq. isopropanol to yield, after isolation, the title salt (3.24 g, 46%)

in 97.9: 2.1 dr.

b) Liberation of the (S)-(II) compound from the salt
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The above salt (3.24 g, 6.94 mmol) was treated with ethyl acetate (50 mL), ice (10 g) and 2
N sulfuric acid (4 mL). The aqueous phase was separated and extracted with ethyl acetate
(20 mL). The organic layers were washed with diluted brine, combined, dried over
sodium sulfate (5 g) and concentrated. The residue (2.21 g) was treated 20 h in refluxing
isopropyl acetate (8 mL). After cooling, the crystals were collected by filtration, washed
with isopropyl acetate (2 x 3 mL) and dried in vacuo to afford (S)-1-[4-(3-fluoro-
benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (2.02 g, 40% based on racemmic
acid) in > 99.9 : 0.1 er.

Examples 7 — 23

Resolution experiments using alternative resolving agents (comparative examples)

(step a) according to the invention)

Under stirring rac-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic
acid (100 mg) was dissolved in 95% aq. EtOH (1 mL) at 50°C. The resolving agent (1 eq)
was added and the resulting mixture was slowly cooled to room temperature. Stirring was
continued overnight. The crystals formed were isolated by filtration. In cases where no
crystals appeared, diisopropyl ether (0.2 mL) was added and stirring was continued for
some time before isolation of the crystals. From the crystalline salt the free acid was
isolated by extraction with ethyl acetate after acidification using dilute sulfuric acid. The
enantiomeric ratio (S) : (R) was determined by HPLC on a chiral column and the results

are shown in Table 1.

Table 1
-Resolvh;g agent | | Yield (%) ‘ (S) :ER) — Remarks
of free | |
acid
(S)-(+5—2—Phen;lglycinol i 32 17 : 83 L *
Cinchonidine ) J | - 65 | 72 : Zg 1
D-Phenylalaninol ’;é R 69-: 31
(lé)-( +)-1—Pheny1ethylan;ine ) 28 68 : 32
(15,28)-(+-) —Thiomicami;e 40 33 :67 | ) )
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(R)-(~)-2-Amino-1-butanol

PCT/EP2006/002314

( (15,2S)-(+)-2-Amino-1-phenyl-1,3- | 62 |  34:66

' (1S,2R)-(+)-N-Methylephedrine

(+)-Dehydroabietylamine

62 61:39
44 43 : 57
30 45 : 55
27 47 : 53
10 48 :52 |

Rl - N

et — ——

Brucine No crystals forrned‘
'Héinchonine - - No crystals formeg
; D-(+)-N_;réphedrine * t i Nol crystals fo;med )
| Quinidine ) ) NJO crystals formed o
| Quininke l

i —

No crystals formed

|

(-)-Sparteine

No crystals formed

|

Examples 24 — 33

bl

Resolution experiments in various solvents (including comparative examples)

(step a) according to the invention)

Under stirring rac-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic

acid was dissolved in hot solvent. The resolving agent (1 eq) was added and the resulting

mixture was slowly cooled to room temperature. Stirring was continued overnight. The

crystals formed were isolated by filtration. From a sample of the crystalline salt the free

acid was isolated by extraction with ethyl acetate after acidification using dilute sulfuric

acid. The enantiomeric ratio (S) : (R) was determined by HPLC on a chiral column. The

results are shown in Table 2.
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Table 2: Results in various solvents (10 mL/ 1 g rac-acid)

PCT/EP2006/002314

— # N _ . '
Resolving agent (eq) Amt.of |  Solvent Yield of |Enantiomeric
|
ratio (S) : (R)
’ rac-acid salt (%) |
| |
&
(R)-(-)-2~Phenylglycinol (1.0) 1.0 95% aq. 50 93:7
| acetone
(R)~(-)-2-Phenylglycinol (1.0) 5.0 95% aq. 49 97 : 3
isopropanol |
1
(R)-(-)-2-Phenylglycinol (1.0) 1.0 | 95% aq. 39 99.1:0.9
acetonitrile
| (R)-(-)-2-Phenylglycinol (1.0) 1.0 | 95% aq. THE 27 95:5
(R)-(-)-2-Phenylglycinol (0.55) 1.0 l 95% aq. 2- 32 99.7: 0.3
I butanone | |
Cinchonidine (1.0) 0.5 95% aq. 88 55 :45
| isopropanol |
D-Phenylalaninol (1.0) 0.5 | 95% aq. 66 54 : 46
isopropanol i
| 1 - ~ B |
(1S,2S)~(+)-2-Amino-1-phenyl- 0.5 95% aq. 80 45 : 55
1,3-propanediol (1.0) isopropanol
(1S,2R)-(-)-cis-1-Amino-2- 0.2 95% aq. 60 54 : 46
indanol (1.0) EtOH
(R)-(+)-1-(-Naphthyl)- 0.5 95% agq. 74 46 : 54
ethylamine (1.0) acetonitrile |
Example 34

Preparation of (§)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic

acid amide using 1,1'-carbonyldiimidazole (compound of formula (III))
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(step b) according to the invention)

1,1'-carbonyldiimidazole (8.27 g, 51.0 mmol) was suspended and partly dissolved in
tetrahydrofuran (110 mL) at 18°C. (S)-1-[4-( 3-fluoro-benzyloxy)-phenyl]-5-oxo-
pyrrolidine-3-carboxylic acid (14.0 g, 42.5 mmol; enantiomeric purity (S) : (R) = 99.5 :
0.5) was added as a solid together with tetrahydrofuran (30 mL) used for rinsing. The
turbid solution, which turned into a white suspension after 15 min, was stirred 1 h at 16-
20°C and then transferred into a stirred 25% aqueous ammonia solution (7.95 mL) in
tetrahydrofuran (80 mL). The last part of the white suspension was transferred with the
aid of tetrahydrofuran (10 mL) for rinsing. After stirring for 0.5 h the reaction mixture
was concentrated 7 vacuo to a volume of ~70 mL and diluted with water (300 mL). Some
ice was added to keep the temperature at 20-25°C. The white precipitate was collected by
filtration, washed with water / tetrahydrofuran 80:20 and with heptane. Drying in vacuo
at 20-45°C afforded (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-
carboxylic acid amide (13.5 g, 96%) as a white solid. The purity of the material by HPLC
was 96.9% (area) and the enantiomeric ratio (S) : (R) was determined as 99.7 : 0.3.

Example 35

Alternative method for the preparation of (§)-1-[4-( 3-ﬂu0ro-benzyloky)-phenyl]-5—0X0-
pyrrolidine-3-carboxylic acid amide (compound of formula (III))

(step b) according to the invention)

To (5)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid (2.0 g,
6.07 mmol; enantiomeric purity (S) : (R) >99.9 : 0.1) in tetrahydrofuran (40 mL), N-
methylmorpholine (676 mg, 6.68 mmol) was added at 0°C. After stirring for 20 min, a
solution of ethyl chloroformate (725 mg, 6.68 mmol) was added dropwise over 10 min,
and stirring at 0°C was continued for another 20 min. Ammonia (excess) was then
bubbled for 15 min through the resulting suspension. The reaction mixture was warmed
up to room temperature and stirred for 15 min. Water (50 mL) was added, and the
tetrahydroturan was evaporated in vacuo. The product, which precipitated, was collected
by filtration, washed with water and tert-butyl methyl ether and dried at 45°C i# vacuo to
afford (5)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid amide
(1.75 g, 88%). The purity of the productby HPLC was 98.9% (area) and the enantiomeric
ratio (S) : (R) was determined as 99.8 : 0.2.

Example 36

Preparation of (S)-4-amino-1-[4-(3-fluoro-benzyloxy)-phenyl]-pyrrolidin-2-one

(compound of formula (V))
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(Step d) according to the invention)

(§)-1-[4-(3-Fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid amide

(10.0 g, 30.5 mmol; enantiomeric purity (S) : (R) = 99.6 : 0.4, prepared using the method
described in example 34) was suspended in a mixture of tetrahydrofuran (80 mL) and
water (80 mL). Under stirring (diacetoxyiodo)benzene (12.75 g, 39.6 mmol) was added in
one portion at 20°C. Stirring was continued and a water bath was used to keep the
temperature at 20°C.-After a total reaction time of 3.5 h, less than 0.5% starting material
was left according to HPLC. To the reaction mixture ethyl acetate (100 mL) and aqueous
1 N methanesulfonic acid (50 mL) were added. Tetrahydrofuran and ethyl acetate were
removed by evaporation i1 vacuo and another portion of ethyl acetate (100 mL) was
added to the residual mixture. The urea type by-product was removed by filtration and
washed with some ethyl acetate and water. The filtrate was transferred into a separatory
funnel. The aqueous phase was separated and extracted with ethyl acetate. Each of the
organic phases were washed with aqueous 0.1 N methanesulfonic acid (2 x40 mL). The
aqueous phases were combined and the dissolved ethyl acetate was removed i1 vacuo. At
0°C the pH was adjusted to 11 by addition of cold 40% aqueous NaOH and ice. The
precipitate was collected by filtration, washed with water until the filtrate was neutral and
dried in vacuo to afford (S)-4-amino-1-[4-(3-fluoro-benzyloxy)-phenyl]|-pyrrolidin-2-
one (7.0 g, 76%), chemical purity as determined by HPLC (area): 98.8%. The product

was used for the following step without further purification.
Example 37

Preparatioﬁ of (§)-N-{1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidin-3-yl}-

acetamide (compound of formula (I))
(step d) according to the invention)

In the reaction flask, (§)-4-amino-1-[4-(3-fluoro-benzyloxy)-phenyl}-pyrrolidin-2-one
(7.0 g, 23.3 mmol), prepared as described in the pfevious example, was charged together
with dichloromethane (70 mL). At 40°C, a solution of acetic anhydride (2.97 g, 29.1
mmol) in dichloromethane (10 mL) was added dropwise under stirring over 30 min.
After a reaction time of 1.5 h, no starting material was left according to HPLC. Acetone
(250 mL) was added and the mixture was concentrated in vacuo to a volume of ~50 mL.
The residue was dissolved in acetone (250 mL) at 60°C. The warm solution was treated
with charcoal, the resulting suspension filtered and the charcoal washed with warm
acetone. The filtrate was concentrated at 60°C to a volume of ~50 mL when the product
started to crystallize. At room temperature, fert-butyl methyl ether (100 mL) was added
and the suspension was kept at this temperature overnight. The crystals were collected by
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filtration, washed with fert-butyl methyl ether and dried 17 vacuo to afford (S)-N-{1-[4-
(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidin-3-yl}-acetamide (7.0 g, 88%) as an off-
white powder. The purity of the material by HPLC was 99.4% (area) and the
enantiomeric ratio (S) : (R) was determined as >99.9 : 0.1. The result of the elemental
analyses (C,H,N,F,O) corresponded to the expected values.

Example 38

Preparation of (§)-N-{1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidin-3-yl}-

acetamide (compound of formula (I))
(step c) according to the invention)

To a solution of (S)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic
acid amide (20.00 g, 60.91 mmol), (diacetoxyiodo)benzene (25.60 g, 79.48 mmol) und
sodium acetate (10.00 g, 12.19 mmol) in acetic acid (190 mL) was added acetic anhydride
(20 mL) and the clear solution was heated to 60°C and stirred at this temperature for 16-
20 h. The mixture was cooled to room temperature and 10% aqueous sodium sulfite
solution (30 mL) was added dropwise. Water (200 mL) was then added and the resulting
suspension was concentrated at 50-60°C and 150-100 mbar. Another portion of water
(200 mL) was added and the suspension was concentrated. This was repeated a third time
with 100 mL water. To the suspension was then added water (300 mL) and
dichloromethane (400 mL) and the layers were separated. The aqueous phase was
extracted with dichloromethane (200 mL). The combined organic layers were washed
with water (3%200 mL). Dichloromethane was then distilled off and continuously
replaced by ethanol (500 mL) to a final volume of about 300 mL. This mixture was then
heated to reflux temperature and the clear solution was treated with carbon (1.4 g). The
black mixture was filtered and from the filtrate the ethanol was distilled off and replaced
by 2-butanone (260 mL). The mixture was heated to 75-79°C and stirred at this
temperature for 1 h. Upon cooling and seeding the product started to crystallize at 60°C.
The mixture was cooled to 0-5° within 2-3 h and stirred at this temperature for 1-2 h. The
crystals were collected by filtration, washed with 2-butanone (80 mL) and dried in vacuo
to afford 15.79 g (75%) of the title compound as white crystals. According to HPLC
determination, the purity was 99.0% (m/m) and the enantiomeric ratio 99.9: 0.1.
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CLAIMS:
1. A method for preparing enantiomerically pure 4-pyrrolidino phenylbenzyl ether
derivatives of the formula (I):
O
R

24
R \)\‘/N “NH
O/ﬁ/\R” /& O
21

said method comprising the steps of:

a) resolving a racemate of formula (1I):

O
R23
R24 p N /O
07N R* "
R21
(R): (1)

with a resolving agent in order to obtain the (S)-enantiomer thereof of formula (S)-(1I):
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b) converting the enantiomer of formula (S)-(II) into the corresponding primary amide of
formula (III):

(R)

¢) either directly reacting the compound of formula (III) with a compound of formula

(IV):
Arl(OCOR), (IV)

in the presence of at least acetic acid and/or acetic anhydride in order to obtain the

compound of tormula (I);

d) or reacting the compound of formula (III) with the compound of formula (IV) in order

to obtain a compound of formula (V):



CA 02600761 2013-02-14

- 25 -
O
R23
24
R N “'NH,
O R (V)
R21

and then reacting the compound of formula (V) with an acetylating agent in order to

obtain the compound of formula (1);

wherein in the above formulae,

Ar is an aryl optionally substituted by one or more substituent selected from the group
consisting of halogen, nitro, cyano and C,¢-alkyl; and

R is C;-alkyl optionally substituted by one or more halogen;

R' is halogen, halogen-(C,-C¢)-alkyl, cyano, (C-C¢)-alkoxy or halogen-(C;-Ce)-alkoxy;
R?' R*, R* and R** independently from each other are selected from the group consisting of

hydrogen and halogen; and
n 1s0,1,2or3.

2. The method according to claim 1, wherein the resolving agent is selected from the
group consisting of (R)-(-)-2-phenylglycinol, (S)-(+)-2-phenylglycinol, cinchonidine, D-
phenylalaninol, (+)-phenylethylamine, (1S,25)-(+)-thiomicamine, (1S,25)-(+)-2-amino-1-
phenyl-1,3-propanediol, (1S,2R)-(-)-cis-1-amino-2-indanol, L-phenylephrine, (1S,2R)-(+)-N-
methylephedrine, L-prolinol, (R)-(-)-2-amino-1-butanol and (R)-(+)-1-(-naphthyl)-

ethylamine.

3. The method according to claim 2, wherein the resolving agent is (R)-(-)-2-

phenylglycinol .
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4. The method according to any one of claims 1 to 3, wherein in step a) a solvent is used
which 1s selected from the group consisting of acetone, isopropanol, acetonitrile,

tetrahydrofuran, 2-butanone, 1sopropanol and EtOH.
5. The method according to claim 4, wherein the solvent 1s acetonitrile.

6. The method according to any one of claims 1 to 5, wherein in step b) the conversion of
the enantiomer of formula (S)-(II) into the corresponding primary amide of formula (III) 1s

performed by using 1,1'-carbonyldiimidazole and a source of ammonia.

7. The method according to claim 6, wherein the source of ammonia is selected from

aqueous ammonia or ammonium acetate.

8. The method according to any one of claims 1 to 6, wherein in step b) the conversion of
the enantiomer of formula (S)-(I1) into the corresponding primary amide of formula (III) 1s

performed by using N-methylmorpholine, ethyl chloroformate and a source of ammonia.

9. The method according to claim 8, wherein the source of ammonia is gaseous

ammonia.

10.  The method according to any one of claims 6 to 9, wherein in step b) tetrahydrofuran

is further used as a solvent.

11.  The method according to any one of claims 1 to 10, wherein in step c) the compound

of formula (IV) 1s (diacetoxyiodo)benzene.

12.  The method according to any one of claims 1 to 11, wherein in step d) the compound

of formula (IV) is (diacetoxyiodo)benzene.

13.  The method according to any one of claims 1 to 12, wherein in step d) the acetylating

agent is acetic anhydride or acetyl chloride.

14.  The method according to any one of claims 1 to 13, wherein in step d) tetrahydrofuran

and water is used in a ratio of 1 : 1 as a solvent.
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15. The method according to any one of claims 1 to 14 wherein the racemate (II) is (RS)-

1-[4-(3-tluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid.

16. The method according to any one of claims 1 to 15 wherein (S)-(II) 1s (S)-1-[4-(3-

fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid.

17.  The method according to any one of claims 1 to 16 wherein the compound of formula
(III) 1s (§)-1-[4-(3-fluoro-benzyloxy)-phenyl]-5-oxo-pyrrolidine-3-carboxylic acid amide

using 1,1'-carbonyldiimidazole.

18.  The method according to any one of claims 1 to 17 wherein the compound of formula

(V) is (S)-4-amino-1-[4-(3-fluoro-benzyloxy)-phenyl]-pyrrolidin-2-one.

19.  The method according to any one of claims 1 to 18 wherein the compound of formula

(I) is (S8)-N-{1-[4-(3-fluoro-benzyloxy)-phenyl]-5-0xo0-pyrrolidin-3-yl}-acetamide.

20.  The method according to any one of claims 1 to 19, wherein step a) comprises the

steps of:

al) preparing a reaction mixture in a solvent comprising the racemate (II) and a resolving
agent capable of forming a salt of the (S)-(II) compound with the racemate (II) 1n order
to obtain a salt of the compound (S)-(1I);

a2) isolating the salt of the compound (S)-(II) from the reaction mixture and liberating said
compound (S)-(II) from its salt;

a3) isolating the compound (R)-(II) remaining in the reaction mixture of step al);

a4) racemizing the isolated compound (R)-(II) in order to obtain a recycled racemate;

a5) repeating steps al) to a4) as many times as necessary, replacing the racemate by the

recycled racemate.

21.  The method according to any one of claims 1 to 19, wherein step a) comprises the

steps of:
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al’) preparing a reaction mixture in a solvent comprising the racemate (II) and a resolving
agent capable of forming a salt of the (R)-(II) compound with the racemate (II) in order
to obtain a salt of the compound (R)-(1I);

a2’) isolating the salt of the compound (R)-(II) from the reaction mixture and liberating said
compound (R)-(II) from 1ts salt;

a3’) isolating the compound (S)-(II) remaining in the reaction mixture of step al’);

a4’) racemizing the isolated compound (R)-(II) in order to obtain a recycled racemate;

aS’) repeating steps al’) to a4’) as many times as necessary, replacing the racemate by the

recycled racemate.

22.  Anintermediate compound of formuia (11I):
O
R23
R4 N - ( O
s NH,
O R
21
R
1
R); o
wherein

R' is halogen, halogen-(C;-Ce)-alkyl, cyano, (C)-C¢)-alkoxy or halogen-(C;-Cs)-alkoxy;
R?' R*%, R* and R* independently from each other are selected from the group consisting of

hydrogen and halogen; and
n 1s0,1, 2 or3.

23.  The intermediate compound of formula (III) according to claim 22, wherein:
R' is 3-fluoro:
R*' R?2, R* and R* are hydrogen; and

n 1sl.
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24. A salt of the intermediate compound of formula (S)-(1I):

|

Ny
O R

/\) /\Rg

N ((S)-11)

(R1)n‘—|—

O
223 §
RZ‘\)\/N\).,, /O
= \/
OH

=

with a salt selected from the group consisting of (R)-(-)-2-phenylglycinol, cinchonidine, D-
phenylalaninol, (+)-phenylethylamine, (1S,2R)-(-)-cis-1-amino-2-indanol, and L-
phenylephrine;

wherein

R' is halogen, halogen-(C,-Cs)-alkyl, cyano, (C;-C¢)-alkoxy or halogen-(C,-C¢)-alkoxy;
R*', R*, R* and R* independently from each other are selected from the group consisting of

hydrogen and halogen; and
n 1s0,1,2or3.

25.  The salt of the intermediate compound of formula (S)-(II) according to claim 24,
wherein:

R' is 3-fluoro;

Rzl, Rzz, R* and R** are hydrogen; and

n 1s1l.

26. T'he salt of the intermediate compound of formula (S)-(II) according to any one of

claims 24 or 25 with (R)-(-)-2-phenylglycinol.
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