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Process for the preparation of frovatriptan and its enantiomer

The present invention relates to diastereomeric salts of formula [II-(R,S)] or
formula [lI-(S,R)] derived from frovatriptan or its enantiomer, respectively, and
one enantiomer of (3,5-dinitrobenzoyl)phenylglycine. It also relates to a
process for the preparation of these diastereomeric salts and to a process for
the preparation of frovatriptan or its enantiomer.

BACKGROUND ART
Frovatriptan is the generic name of compound (R)-6-carboxamido-3-N-

methylamino-1,2,3,4-tetrahydrocarbazole, the chemical structure of which is
the following:

HoN

Frovatriptan is currently used for the treatment of migraine. It was first
disclosed as a racemic compound in document WO 93/00086. This document
describes compounds of formula (1) including frovatriptan as SHT1 receptor
agonists. The preparation of frovatriptan as a racemic compound is
specifically described in example 24 of this patent application. Furthermore,
this document discloses that the enantiomers of the compounds of formula (1)
can be separated by chiral HPLC or by formation of diastereomeric salts with
optically active acids and later separation of the diastereomeric salts by
crystallization. As optically active acids D-tartaric acid, L-malic acid,
L-mandelic acid, L-gulonic acid or 2,3,4,6-di-O-isopropylidene-keto-L-gulonic
acid are disclosed. However, this document does not disclose frovatriptan nor
its enantiomer.

Document WO 94/14772 discloses specifically frovatriptan and its enantiomer
and a process for their preparation by chiral resolution of the racemic
compound. In particular, it discloses that the separation of the enantiomers
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can be carried out: (a) by chromatography (e.g. chiral HPLC): (b) by formation
of diastereomeric salts which are separated by crystallization or
chromatography; or (c) by alkylation and subsequent transformation into
frovatriptan. As optically active acids which can be used for the formation of
diastereomeric salts, this document cites (1S)-(+)-camphor-10-sulfonic acid,
D-tartaric acid, L-malic acid, L-mandelic acid, L-gulonic acid, 2,3,4,6-di-O-
isopropylidene-2-keto-L-gulonic acid, and (R)-2-pyrrolidone-5-carboxylic acid
(also known as D-pyroglutamic acid).

In the examples (1S)-(+)-camphor-10-sulfonic acid (example 3) and D-
pyroglutamic acid (example 13) are used. However, it is disclosed that with
(1S)-(+)-camphor-10-sulfonic acid ten recrystallization steps are needed to
obtain the desired enantiomeric purity making this process not suitable from
an industrial point of view. Additionally, the disclosed yield obtained by using
D-pyroglutamic is very low (25%).

On the other hand, attempts to reproduce the process with D-pyroglutamic
acid failed in the hands of the present inventors. This irreproducibility
(inconsistency) in the formation of the diastereomeric salt is also described by
the inventors of the patent application WO 2012/147020.

This document, WO 2012/147020, discloses a process for the chiral resolution
of frovatriptan by forming a diastereomeric salt with di-p-toluoyl-(D)-(+)-tartaric
acid (DPTTA). However, the enantiomeric excess described in the examples
(>98%) is not acceptable to be used as an active ingredient in pharmaceutical
preparations and, in any case, no yields are given. Other chiral agents such
as (R)-(+)-2-(4-hydroxyphenoxy)propionic acid, (S)-(+)-2-(4-
hydroxyphenoxy)propionic acid, N-acetyl-L-glutamic acid, N-acetyl-D-glutamic
acid, N-CBZ-L-glutamic acid, N-BOC-L-glutamic acid, dibenzoyl-L(+)-tartaric
acid, dibenzoyl-D-(+)-tartaric acid, and L-lysine are also disclosed although
not exemplified.

Therefore, in view of the prior art, there is a need of having alternative
processes for the chiral resolution of 6-carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole to obtain frovatriptan and its enantiomer, in particular,
processes which are easy to industrialize.
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SUMMARY OF THE INVENTION

As mentioned above, some chiral acids have been described in the prior art
for the separation of frovatriptan and its enantiomer by the formation and
separation of diastereomeric salts. However, these processes either do not
allow obtaining acceptable enantiomeric purities in good yields and/or make
necessary several consecutive recrystallization steps in order to achieve the
desired enantiomeric purity, in particular the enantiomeric purity required for
an active ingredient.

The inventors have found that when in the chiral resolution process for
preparing the desired enantiomer of 6-carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole, one of the two enantiomers of (3,5-dinitrobenzoyl)-
phenylglycine (DNBG) is used as a chiral agent, the process takes places in
higher yields and higher enantiomeric purities in comparison with the known
chiral agents as it will be shown in the examples.

Moreover, the process of the invention is particularly suitable for
industrialization because there is no need to carry out many purification steps
to achieve the desired enantiomeric purity, and as a consequence, the yields
are higher. In particular, a single crystallization step allows obtaining an
enantiomeric excess equal to or higher than 93%, more particularly equal to or
higher than 98%, and, if additional recrystallization steps are carried out even
higher enantiomeric purities can be obtained.

Therefore, a first aspect of the invention relates to a process for the

preparation of either a compound of formula [lI-(R,S)] or, alternatively, a
compound of formula [II-(S,R)]

NO,

NO,

[1-(R,S)]
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which comprises the following steps:
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(a) reacting an enantiomeric mixture formed by the two enantiomers of 6-
carboxamido-3-N-methylamino-1,2,3,4-tetrahydrocarbazole (l), which are the
compound of formula [I-(R)] and the compound of formula [I-(S)]
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with a chiral agent selected from the two enantiomers of (3,5-dinitrobenzoyl)-
phenylglycine (lll) which are the compound of formula [llI-(S)] and the

compound of formula [lll-(R)]
25

NO, NO,
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30
NO; NO,
[11-(S)] [1-(R)]

in the presence of a solvent mixture containing water and one or more organic
35 solvents which are miscible with water; to give a diastereomeric mixture

formed by one of the enantiomers of the compound of formula (1) with one of

the enantiomers of the compound of formula (1), the diastereomeric mixture
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containing either:

A) a compound of formula [lI-(R,S)] and a compound of formula [lI-(S,S)] when
the chiral agent used is a compound of formula [llI-(S)]; or alternatively, B) a
compound of formula [II-(S,R)] and a compound of formula [lI-(R,R)] when the
chiral agent used is a compound of formula [lll-(R)];

(b) isolating either the compound of formula [II-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] from the corresponding diastereomeric mixture
of step (a) whereby either the compound of formula [II-(S,S)], or alternatively,
the compound of formula [lI-(R,R)] remains in solution; and

(c) optionally purifying either the compound of formula [lI-(R,S)] or,
alternatively, the compound of formula [II-(S,R)] obtained in step (b).

A second aspect of the invention relates to a process for the preparation of
either frovatriptan of formula [I-(R)], or its enantiomer of formula [I-(S)] which
comprises:

(d) submitting either the compound of formula [lI-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] obtained in step (c) to either a base treatment,
or alternatively, to first an acid treatment and then a base treatment to give a
compound of formula [I-(R)], or a compound of formula [I-(S)], respectively;

(e) isolating either the compound of formula [I-(R)] or, alternatively, the
compound of formula [I-(S)] from the corresponding reaction medium of step
(d); and

(f) optionally reacting either the compound of formula [I-(R)], or, alternatively,
the compound of formula [I-(S)] obtained in step (d) with an acid to give the

corresponding pharmaceutically acceptable salt.

Other aspects of the invention relate to a compound of formula [lI-(R,S)] and
to a compound of formula [ll-(S,R)].

DETAILED DESCRIPTION OF THE INVENTION

The term "enantiomeric mixture" as used herein refers to a mixture of two
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enantiomers. In the present invention the enantiomeric mixture of a compound
of formula (I) refers to a mixture containing a compound of formula [I-(R)] and
a compound of formula [I-(S)] in any proportion. The term "enantiomeric
mixture" may refer both to a racemic mixture and a mixture enriched in one of
the two enantiomers.

The term "racemic mixture" or “racemate” as used herein refers to a mixture of
enantiomers which comprises equal amounts of a compound of formula [I-(R)]
and a compound of formula [I-(S)], i.e. the molar ratio of the two enantiomers
in the racemic mixture is 50:50.

The term “mixture enriched in one enantiomer” as used herein refers to a
mixture of enantiomers [I-(R)] and [I-(S)], which comprises a higher amount of
one enantiomer ([I-(R)] or [I-(S)]) with respect to the other enantiomer ([I-(S)]
or [I-(R)] respectively), i.e. the molar ratio of the two enantiomers in the
enantiomerically enriched mixture is other than 50:50.

The term "diastereomeric mixture" as used herein refers to the

mixture of stereoisomers having two or more chiral centers that are not
enantiomers. A diastereomeric mixture such as the mixture of a compound of
formula [II-(R,S)] and a compound of formula [lI-(S,S)]; or the mixture of a
compound of formula [II-(S,R)] and a compound of formula [II-(R,R)] is formed
when reacting an enantiomeric mixture formed by the two enantiomers of
compound of formula (l), which are the compound of formula [I-(R)] and the
compound of formula [I-(S)], with a chiral agent selected from the two
enantiomers of (3,5-dinitrobenzoyl)-phenylglycine (lll) which are the
compound of formula [I1l-(S)] and the compound of formula [lll-(R)].

The term "enantiomeric excess" (ee) refers to the difference between the
amounts of each of the enantiomers present in a mixture, relative to the total
amount of the compound in the mixture expressed as percentage (x 100%).
For an excess of the R-enantiomer, the enantiomeric excess can be
calculated by the following formula:

ee % = ([R] - [S])/ ([R] + [S]) x100
For an excess of the S-enantiomer, the enantiomeric excess can be
calculated by the following formula:

ee % = ([S] - [R])/ ([R] + [S]) x100
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The term "enantiomeric purity" (ep) refers to the purity of an enantiomer with
respect to the other enantiomer. For an excess of the R-enantiomer, the
enantiomeric purity can be calculated by the following formula:

ep % = ([R]/ ([R] + [S]) x100
For an excess of the S-enantiomer, the enantiomeric purity can be calculated
by the following formula:

ep % = ([S]/ ([R] + [S]) x100

In the above formulas, [R] and [S] are the respective molar fractions of the
enantiomers in a mixture such that [R] + [S] = 1.

The term "precipitate” as used herein refers to the process of causing solid
substances, such as crystals, to be separated from a solution. The
precipitation may include crystallization.

For the purposes of the invention, room temperature is 20-25 °C and reflux
temperature refers to the boiling point of the solvent mixture being heated at
atmospheric pressure,

The term “organic solvents miscible with water” is used herein to refer to an
organic solvent or mixture thereof which is capable of mixing with water
forming a homogeneous solution, i.e., without forming a separation of phases,
at least in a particular ratio and at least at a given temperature, preferably at
least at a temperature comprised from room temperature to the reflux
temperature of the solvent mixture, more preferably at least at room
temperature.

As mentioned above, a first aspect of the invention relates to a process for the
preparation of a compound of formula [lI-(R,S)] or, alternatively, a compound
of formula [lI-(S,R)] from an enantiomeric mixture containing both frovatriptan
((R)-(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydrocarbazole) of
formula [I-(R)], and its enantiomer ((S)-(+)-6-carboxamido-3-N-methylamino-
1,2,3,4-tetrahydrocarbazole) of formula [I-(S)].

The first step of the process (step (a)) comprises reacting the enantiomeric
mixture containing both [I-(R)] and [I-(S)] with an optically active acid (also
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referred herein to as chiral agent) which is one of the enantiomers of (3,5-

dinitrobenzoyl)phenylglycine (DNBG) in the presence of a solvent mixture

containing water and one or more organic solvents which are miscible with
water.

When the chiral agent is (S)-(3,5-dinitrobenzoyl)phenylglycine ((S)-DNBG) of
formula [llI-(S)], the obtained diastereomeric salt mixture contains the
compound of formula [II-(R,S)] (i.e. the salt resulting from frovatriptan [I-(R)]
and the acid [lll-(S)]); and the compound of formula [II-(S,S)] (i.e. the salt
resulting from the enantiomer of frovatriptan [I-(S)] and the acid [llI-(S)]).

When the chiral agent is (R)-(3,5-dinitrobenzoyl)phenylglycine ((R)-DNBG) of
formula [llI-(R)], the obtained diastereomeric salt mixture contains the
compound of formula [II-(S,R)] (i.e. the salt resulting from the enantiomer of
frovatriptan [I-(S)] and the acid [llI-(R)]); and a compound of formula [II-(R,R)]
(i.e. the salt resulting from frovatriptan [I-(R)] and the acid [IlI-(R)]).

The diastereomeric salts of formula [II-(R,S)], [II-(S,S)], [II-(S,R)] and [lI-(R,R)]
also form part of the invention. In a preferred embodiment, the invention
relates to the diastereomeric salts of formula [lI-(R,S)] and [lI-(S,R)], more
preferably to the diastereomeric salt of formula [lI-(R,S)].

The pair of compounds [lI-(R,S)] and [II-(S,S)], as well as [lI-(S,R)] and
[I-(R,R)], are diastereomers of each other, and show different physical
properties, such as solubility and crystallization characteristics, which allow
their separation from one another. In particular, when these salts are formed
in the presence of a solvent mixture containing water and one or more organic
solvents miscible in water, mainly either the salt [lI-(R,S)] or, alternatively, the
salt [lI-(S,R)] precipitates from the corresponding reaction medium, whereas
the salts of the other enantiomer, which are [II-(S,S)] or [lI-(R,R)], respectively,
remain in solution.

The resolution process of the invention is carried out in the presence of a
solvent mixture containing water and one or more organic solvents which are

miscible with water.

Examples of organic solvents which are miscible with water at least in a
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particular ratio at a given temperature and may be used in step (a) include,
without limitation, methanol (MeOH), ethanol (EtOH), propanol (PrOH),
isopropanol (PrOH), isobutanol (BuOH), acetone, acetonitrile (ACN),
tetrahydrofuran (THF), dimethylformamide (DMF), dimethylsulfoxide (DMSO),
dimethylacetamide (DMA), or mixtures thereof.

In a preferred embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the solvent
mixture contains water and an organic solvent selected from
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide
(DMA), and mixtures thereof. More preferably, the solvent mixture contains
water and dimethylformamide (DMF).

The inventors have found that the amount of water present in the solvent
mixture used for the resolution can be optimized to obtain the highest
enantiomeric purity and yield for each given organic solvent or mixture of
organic solvents. The particularly preferred amount of water to be used for
each given organic solvent or mixture of organic solvents can be determined
by carrying out the process of the invention at different water-organic solvent
ratios and determining the obtained enantiomeric purity in each case from the
teachings of the examples of the invention.

In a particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the solvent
mixture contains water and an organic solvent in a volume ratio organic
solvent:water comprised from 9:1 to 1:9, more preferably from 1:1 to 1:9.

In another particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the solvent
mixture contains water and an organic solvent selected from isopropanol
(PrOH), isobutanol (BuOH), acetone, acetonitrile (ACN), tetrahydrofuran
(THF), in a volume ratio organic solvent:water comprised from 9:1 to 1:9, more
preferably from 1:1 to 1:9, more preferably 7:3.

In a preferred embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the solvent
mixture contains water and an organic solvent selected from
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dimethylformamide (DMF), dimethylsulfoxide (DMSO) and dimethylacetamide
(DMA) in a volume ratio organic solvent:water comprised from 9:1 to 1:8, more
preferably from 1:1 to 2:8, more preferably 1:2.

In another particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the molar
ratio of the chiral agent and the enantiomeric mixture of [I-(R)] and [I-(S)]

of step (a), particularly the racemic mixture, is from 0.4:1 to 1.6:1, more
particularly from 0.5:1 to 1:1 and even more particularly 0.8:1.

In another particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, step (a) is
carried out at a temperature comprised from room temperature to the reflux
temperature of the solvent mixture, more particularly at the reflux temperature
of the solvent mixture.

In another particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the reaction is
carried out by firstly heating the reaction medium as described above until
total dissolution of the compounds, and later cooling the reaction medium to a
temperature comprised from 0-70 °C, more particularly from 0-25 °C, even
more particularly at room temperature.

As mentioned above, in the process of the present invention, mainly only
either the salts [lI-(R,S)] or, alternatively, [II-(S,R)] precipitate from the reaction
medium, whereas the salts [II-(S,S)] or [lI-(R,R)], respectively, remain in
solution so that they can be easily separated from their corresponding
diastereomers.

Thus, the second step of the process (step (b)) comprises isolating the
compound of formula [II-(R,S)] or, alternatively, the compound of formula
[11-(S,R)] from the corresponding diastereomeric mixture of step (a). The
isolation of the product from the reaction medium may be carried out by
several methods know in the art, such as filtration or centrifugation and may
also comprise an optional drying step. In a particular embodiment, the
separation is carried out by filtration.
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The isolated compound of formula [lI-(R,S)] or, alternatively, the compound of
formula [lI-(S,R)] may be optionally purified by any of the methods well-known
in the art. In a particular embodiment, either the compound of formula
[1I-(R,S)] or, alternatively, the compound of formula [II-(S,R)] is recrystallized in
an appropriate solvent mixture, such as the one used in the resolution step.

Recrystallization may be generally performed by firstly heating the compound
of formula [lI-(R,S)] or, alternatively, the compound of formula [lI-(S,R)] in the
presence of a solvent at a temperature comprised from 15 °C to the reflux
temperature of the solvent mixture, more particularly under reflux, and later
cooling the reaction medium to a temperature comprised from 0-70 °C, more
particularly from 0-25 °C, even more particularly at room temperature,
whereby the product crystallizes, isolating the product, for example by filtration
and optionally drying it.

The inventors have found that when the enantiomeric purity of the
diastereomeric salts of formula [lI-(R,S)] and [lI-(S,R)] increases, their
solubility drastically decreases, so that their further purification, in particular by
recrystallization, become more difficult. Thus, in a preferred embodiment,
optionally in combination with one or more features of the various
embodiments described above or below, the process of the invention
comprises one recrystallization step in a suitable solvent.

In the present invention, a single crystallization step allows obtaining an
enantiomeric excess equal to or equal to or higher than 93%, more particularly
equal to or higher than 98%.

If desired, one or more additional purification steps, more particularly
recrystallization steps as defined above, may be performed in order to even
increase the enantiomeric purity. More preferably, the recrystallization step is
carried out in a solvent mixture containing water and one or more organic
solvents having a high solubilizing capacity, such as polar organic solvents
having a high boiling point at, preferably having a boiling point comprised from
140-200 °C. As used herein, the term "polar organic solvent" refers to an
organic solvent that has a permanent electrical dipole moment. Examples of
such polar solvents having a high boiling point include, without limitation,
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide
(DMA), and mixtures thereof.
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In a particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the solvent
mixture in which the recrystallization steps is carried out contains water and
an organic solvent in a volume ratio organic solvent:water comprised from 9:1
to 1:9, more preferably from 1:1 to 1:9.

In a more preferred embodiment the solvent mixture used in the
recrystallization step is the same as the solvent used for the resolution step
and more preferably contains water and an organic solvent selected from
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide
(DMA), and mixtures thereof, and even more preferably in a volume ratio
organic solvent:water comprised from 9:1 to 1:8, more preferably from 1:1 to
2:8, more preferably 1:2. The use of the same solvent mixture in the resolution
and recrystallization steps is particularly advantageous for an industrial
process since it avoids having mixtures of solvents which require intermediate
drying steps.

In a preferred embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the invention
relates to a process for the preparation of a compound of formula [lI-(R,S)]
which comprises the following steps:

(a’) reacting an enantiomeric mixture containing a compound of formula [I-(R)]
and a compound of formula [I-(S)] with a compound of formula [IlI-(S)] in the
presence of a solvent mixture containing water and one or more organic
solvents which are miscible with water; to give a diastereomeric mixture
containing a compound of formula [II-(R,S)] and a compound of formula
[1-(S,S)];

wherein:

the solvent mixture preferably contains water and an organic solvent selected
from dimethylformamide (DMF), dimethylsulfoxide (DMSO),
dimethylacetamide (DMA), and mixtures thereof; and/or

the reaction is preferably carried out at a temperature comprised from room
temperature to the reflux temperature of the solvent mixture, more particularly
at the reflux temperature of the solvent mixture; and/or
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the molar ratio of the chiral agent and the enantiomeric mixture of [I-(R)] and
[I-(8)] is preferably comprised from 0.4:1 to 1.6:1; more preferably from 0.5:1
to 1:1; and

(b’) isolating the compound of formula [II-(R,S)] from the diastereomeric
mixture of step (a’); whereby the compound of formula [II-(S,S)] remains in
solution; wherein the isolation of the compound of formula [lI-(R,S)] is
preferably carried out by filtration; and

(c’) optionally purifying the compound of formula [lI-(R,S)] obtained in step (b’);
wherein preferably at least one crystallization step is performed in a solvent
mixture which preferably contains water and an organic solvent selected from
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide
(DMA), and mixtures thereof.

In a particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, either the
compound of formula [II-(R,S)] or, alternatively, the compound of formula
[1I-(S,R)] is converted into frovatriptan of formula [I-(R)], or its enantiomer of
formula [I-(S)], respectively.

Thus, in a particular embodiment, the process of the invention further
comprises the following steps:

(d) submitting either the compound of formula [lI-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] to either a base treatment, or alternatively, to
first an acid treatment and then a base treatment to give a compound of
formula [I-(R)], or a compound of formula [I-(S)], respectively;

(e) isolating the compound of formula [I-(R)] or, alternatively, the compound of
formula [I-(S)] from the reaction medium of step (d); and

(f) optionally reacting either the compound of formula [I-(R)], or, alternatively,
the compound of formula [I-(S)] obtained in step (d) with an acid to give the
corresponding pharmaceutically acceptable salt.

It also forms part of the invention a process for the preparation of either
frovatriptan of formula [I-(R)], or, alternatively, its enantiomer of formula [I-(S)]
from a compound of formula [lI-(R,S)] or a compound of formula [lI-(S,R)],
respectively, comprising the above defined steps (d)-(f).
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In a preferred embodiment, optionally in combination with one or more
features of the various embodiments described above or below, the invention
relates to a process for the preparation of a compound of formula [I-(R)].

Step (d) may be performed with a base treatment or with an acid-base
treatment, in the presence of a solvent mixture containing water and one or
more organic solvents which are not miscible with water, such as ethyl
acetate, so that a separation of an aqueous phase and an organic phase
takes place. Examples of bases include, without limitation, sodium hydroxide,
potassium hydroxide, sodium carbonate, potassium carbonate and the like.
Examples of acids include, without limitation hydrochloric acid.

If a base is used in step (d) either the compound of formula [I-(R)], or,
alternatively, the compound of formula [I-(S)] remains in the organic phase
and may be isolated by separating the aqueous phase (which contains the
chiral agent), removing the solvent of the organic phase and optionally drying.
If an acid is firstly used in step (d) the compound of formula [I-(R)], or,
alternatively, the compound of formula [I-(S)] remains in the aqueous phase in
salt form. After separating the organic phase containing the chiral agent, the
compound may be directly isolated by removing the solvent to give either the
compound of formula [I-(R)], or, alternatively, the compound of formula [I-(S)]
in salt form, or may be treated with a base and later on extracted with an
organic solvent such as isobutanol to give either the compound of formula [I-
(R)], or, alternatively, the compound of formula [I-(S)].

In a particular embodiment, optionally in combination with one or more
features of the various embodiments described above or below, step (d) is
carried out with a base.

In a preferred embodiment, optionally in combination with one or more
features of the various embodiments described above or below, step (d) is
carried out by an acid treatment followed by a base treatment.

Additionally, either the compound of formula [I-(R)], or, alternatively, the
compound of formula [I-(S)] may be optionally converted into a
pharmaceutically acceptable salt thereof by reacting it with an acid.
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Non-limiting examples of pharmaceutically acceptable salts include acid
addition salts such as those formed with inorganic acids such as hydrochloric,
hydrobromic, sulfuric or phosphoric acids as well as organic acids such as
succinic, tartaric, malonic, citric, maleic, acetic, fumaric or methanesulfonic
acid.

The preparation of the salts of a compound of formula [I-(R)], or a compound
of formula [I-(S)] can be carried out by methods known in the art. Generally,

such salts are, for example, prepared by reacting them with a stoichiometric

amount of the appropriate pharmaceutically acceptable acid in water or in an
organic solvent or in a mixture of them and optionally heating.

As described above, either the compounds of formula [I-(R)] or, alternatively,
of formula [I-(S)] can be obtained from the corresponding salts of formula
[-(R,S)] or [II-(S,R)] respectively, which precipitates from the corresponding
reaction medium.

Alternatively, either the compounds of formula [I-(R)] or, alternatively, of
formula [I-(S)] can be obtained directly from the corresponding salts of formula
[-(R,R)] or [lI-(S,S)] respectively, which remain in solution by cleaving the salt
into the corresponding enantiomers. This process forms also part of the
invention. In one embodiment, the cleavage of the salts is performed by
submitting the salts [II-(S,S)] or, alternatively, [lI-(R,R)] to either a base
treatment, or alternatively, to first an acid treatment and then a base treatment
as described above. After isolation of the enantiomer [I-(R)] or, alternatively,
[I-(S)], they may be optionally reacted with an acid to give the corresponding
pharmaceutically acceptable salt.

A mentioned above, the enantiomeric mixture of step (a) may contain a
compound of formula [I-(R)] and a compound of formula [I-(S)] at any relative
proportion to one another.

In one embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the enantiomeric mixture of
step (a) is a racemic mixture.
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In another embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the enantiomeric mixture
of step (a) is enriched in the compound of formula [I-(R)]; the agent used is a
compound of formula [I1I-(S)]; and the obtained diastereomeric mixture
contains a compound of formula [II-(R,S)] and a compound of formula
[1-(S,9)].

In another embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the process of the
invention comprises the preparation of an enantiomeric mixture enriched in
the compound of formula [I-(R)]. Thus, in one embodiment the process of the
invention further comprises the following steps prior to step (a):

(i) reacting a racemic mixture containing a compound of formula [I-(R)] and a
compound of formula [I-(S)] with a chiral agent which is a compound of
formula [llI-(R)] in the presence of a solvent mixture containing water and one
or more organic solvents which are miscible with water; to give a
diastereomeric mixture containing a compound of formula [lI-(S,R)] and a
compound of formula [lI-(R,R)];

(ii) separating the compound of formula [II-(S,R)] from the diastereomeric
mixture of the previous step, whereby the compound of formula [lI-(R,R)]
remains in solution; and

(iif) submitting the compound of formula [lI-(R,R)] to either a base treatment,
or alternatively, to first an acid treatment and then a base treatment to give an
enantiomeric mixture enriched in the compound of formula [I-(R)].

In another embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the enantiomeric mixture
of step (a) is enriched in the compound of formula [I-(S)]; the agent used is a
compound of formula [llI-(R)]; and the obtained diastereomeric mixture
contains a compound of formula [II-(S,R)] and a compound of formula
[l-(R,R)].

In another embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the process of the
invention also comprises the preparation of the enantiomeric mixture enriched
in the compound of formula [I-(S)]. Thus, in one embodiment the process of
the invention before step (a) further comprises the following steps:
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(") reacting a racemic mixture containing a compound of formula [I-(R)] and a
compound of formula [I-(S)] with a chiral agent which is a compound of
formula [llI-(S)] in the presence of a solvent mixture containing water and one
or more organic solvents which are miscible with water; to give a
diastereomeric mixture containing a compound of formula [lI-(R,S)] and a
compound of formula [II-(S,S)];

(ii") separating the compound of formula [lI-(R,S)] from the diastereomeric
mixture of the previous step, whereby the compound of formula [lI-(S,S)]
remains in solution; and

(iii") submitting the compound of formula [lI-(S,S)] to either a base treatment,
or alternatively, to first an acid treatment and then a base treatment to give an
enantiomeric mixture enriched in the compound of formula [I-(S)].

In the above processes steps (i) and (i’) may be carried out under the
conditions already explained for step (a). Steps (ii) and (ii’) may be carried out
under the conditions already explained for step (b); and steps (iii) and (iii’) may
be carried out under the conditions already explained for step (d). Thus,
particular and preferred embodiments previously described for steps (a), (b)
and (d) are also particular and preferred embodiments for steps (i)/(i’), (ii)/(ii’)
and (iii)/(iii") respectively.

The racemic starting compound of formula (l) used in the present invention
may be prepared by several processes known in the art such as the ones
described in WO 93/00086, WO 94/14772, and WO 99/54302.
Alternatively, the racemic compound of formula (I) may be prepared by the
process described in scheme 1:
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Scheme 1

Starting compound (10) is reduced to give compound (9) with a suitable
5 reducing agent such as NaBH, in an appropriate solvent, such as methanol.

Compound (9) is reacted with the corresponding phenylhydrazine (8) under
acidic conditions, such as aqueous HCI, to give compound (6). The hydroxyl
group of compound (6) is converted into a leaving group such as a mesylate
group (5) for example with mesyl chloride in the presence of a base, such as

10  diisopropylethylamine, in an appropriate solvent. Compound (5) is reacted
with methylamine in an appropriate solvent, such as water, to give compound
(4), which is subsequently converted to compound (3) with di-tert-butyl
carbonate in an appropriate solvent, such as tetrahydrofuran. By reacting
compound (3) with an oxidizing agent such as oxygen peroxide in the

15  presence of sodium hydroxide, and subsequent deprotection under acidic
conditions such as HCl/methanol, the compound of formula () is obtained.

Throughout the description and claims the word "comprise" and variations of
the word, are not intended to exclude other technical features, additives,

20 components, or steps. Furthermore, the word “comprise” encompasses the
case of “consisting of”. Additional objects, advantages and features of the
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invention will become apparent to those skilled in the art upon examination of
the description or may be learned by practice of the invention. The following
examples and drawings are provided by way of illustration, and they are not
intended to be limiting of the present invention. Furthermore, the present
invention covers all possible combinations of particular and preferred
embodiments described herein.

EXAMPLES
Nuclear magnetic resonance spectrometry: NMR spectra were obtained using

a Varian Mercury Plus 400 MHz spectrometer at 25 °C, using DMSO-ds as
solvent and tetramethylsilane as reference.

Example 1. (R)-(+)-6-carboxamido-3-N-methylamino-1,2,3.4-tetrahydro-
carbazole (S)-(3,5-dinitrobenzoyl)phenylglycinate (compound of formula
[1I-(R,S)]) (starting from racemic mixture)

a) Resolution process

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with racemic 3-methylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole (25 g, 0.103 mol), (S)-(3,5-dinitrobenzoyl)phenylglycine
(28.38 g; 0.082 mol) followed by dimethylformamide (DMF) (250 mL) and
water (500 mL). The mixture was heated at reflux until total dissolution (100
°C). The mixture was cooled to room temperature, followed by stirring at this
temperature for 5 h. The solid was collected by filtration, washed with water (3
x 25 mL) and dried in vacuo at a temperature up to 50 °C to give compound of
formula [lI-(R,S)] as an orange solid (36.25 g, 59.9% yield, 70.0 ee%).

b) First purification

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with compound of formula [lI-(R,S)] (as obtained above) followed
by dimethylformamide (362 mL) and water (725 mL). The mixture was heated
at reflux until total dissolution (100 °C). The mixture was cooled to room
temperature, followed by stirring at this temperature for 3 h. The solid was
collected by filtration, washed with water (3 x 25 mL) and dried in vacuo at a
temperature up to 50 °C to give compound of formula [lI-(R,S)] as an orange
solid (25.71 g, 70.9% w/w yield, 42.5% global, 98.0 ee%).




WO 2014/202717 PCT/EP2014/062937

10

15

20

25

30

35

20

¢) Second purification

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with compound of formula [lI-(R,S)] (as obtained above) followed
by dimethylformamide (257 mL) and water (515 mL). The mixture was heated
at reflux until total dissolution (100 °C). The mixture was cooled to room
temperature, followed by stirring at this temperature for 3 h. The solid was
collected by filtration, washed with water (3 x 25 mL) and dried in vacuo at a
temperature up to 50 °C to give compound of formula [lI-(R,S)] as an orange
solid (23.61 g, 91.8% w/w yield, 39.0% global yield, 99.3 ee%).

"H-RMN Chemical shift (ppm): 1.89-1.83 m (1H); 2.22 br (1H); 2.60 s (3H);
2.77-2.67 m (4H); 3.11 dd (1H); 3.31 br (1H); 5.31 d (1H); 7.03 br (1H); 7.28-
7.17 m (4H); 7.48 d (1H); 7.57 dd (1H); 7.77 br (1H); 7.93 s (1H); 8.85 t (1H);
9.01d (2H); 9.50 d (1H); 11.07 s (1H).

3C-RMN Chemical shift (ppm): 20.87 (CH2); 23.90 (CH2); 25.41 (CH2); 30.10
(CH3); 54.45 (CH); 59.40 (CH); 105.97 (C q); 109.95 (CH); 117.48 (CH);
120.40 (CH); 120.45 (CH); 124.56 (C q); 126.18 (C q); 126.44 (CH); 127.49
(CH); 127.64 (CH); 127.73 (CH); 134.68 (C q); 137.09 (C q); 137.82 (C q);
140.91 (C q); 147.87 (C q); 161.12 (C q); 169.00 (C q); 171.83 (C q).

Example 2. Compound of formula [lI-(R,S)] (starting from racemic mixture)
Following the same process as described in example 1 a) but starting from 5 g
of racemic compound of formula (1) and using dimethylacetamide instead of
dimethylformamide, the compound of formula [lI-(R,S)] was obtained in an
enantiomeric excess of 48.6%. After purification by recrystallization as
described in example 1 b) but using dimethylacetamide instead of
dimethylformamide, the compound of formula [lI-(R,S)] was obtained in 43.8%
yield and 93.0 ee%.

Examples 3-8. Compound of formula [lI-(R,S)] (starting from racemic mixture)
Following an analogous process to the one described in example 1 a) but
using the conditions indicated in table 1, compound of formula [lI-(R,S)] was
obtained.

Table 1
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Example S°'&2:‘i:)"‘}':"‘,t)” e | Volumesof | mol [T 6)8)]/ Yield (%) | ee (%)
3 DMF:water 1:1 20 0.5 25.3 87.5
4 ACN:water 7:3 25 0.5 274 91.5
5 THF:water 7:3 10 0.5 20.7 86.7
6 iBuOH:water 7:3 20 0.5 38.9 75.8
7 iPrOH:water 7:3 20 1 53.9 46.3
8 EtOH:water 1:1 20 1 53.9 71.5

2 \/olumes of solvent per g of compound of formula (1)

Example 9. Compound of formula [lI-(R,S)] (starting from a mixture
enantiomerically enriched)

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with racemic 3-methylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole (4.5 g, 0.018 mol), (R)-(3,5-dinitrobenzoyl)phenylglycine
(4.79 g, 0.014 mol) followed by dimethylformamide (45 mL) and water (90
mL). The mixture was heated at reflux until total dissolution (100 °C). The
mixture was cooled to room temperature, followed by stirring at this
temperature for 4 h. The precipitated solid was separated by filtration and
washed with water (3 x 5 mL). The resulting mother liquors were added to
ethyl acetate (45 mL) and the pH was adjusted below 1.0 using HCI. From the
resulting biphasic solution the organic phase (FO1) and the aqueous phase
(FA1) were separated. The FO1 was washed with HCI 0.5 N (9 mL) and the
aqueous phase (FA2) was collected and mixed with FA1.

The pH of the mixed aqueous phases was adjusted between 10.0 and 11.0
using NaOH solution 50.0%. The resulting mixture was extracted twice with
isobutanol (45 mL) and the resulting organic phases were concentrated to
vacuum.

To the resulting residue (S)-(3,5-dinitrobenzoyl)phenylglycine (4.79 g, 0.014
mol) followed by dimethylformamide (40 mL) and water (80 mL) were added.
The mixture was heated at reflux until total dissolution (100 °C). The mixture
was cooled to room temperature, followed by stirring at this temperature for 4
h. The solid was collected by filtration washed with water (3 x 5 mL) and dried
in vacuo at a temperature up to 50 °C to give compound of formula [II-(R,S)]
as an orange solid (4.90 g, 45.0% vield, 96.2 ee%).
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Example 10. (R)-(+)-6-Carboxamido-3-N-methylamino-1,2,3.,4-
tetrahydrocarbazole succinate monohydrate (succinic salt of compound of
formula [I-(R)])

A flask equipped with a mechanical stirrer was charged with (R)-(+)-6-
carboxamido-3-N-methylamino-1,2,3,4-tetrahydrocarbazole (S)-(3,5-
dinitrobenzoyl)phenylglycinate (30 g, 0.05 mol), water (600 mL) and ethyl
acetate (300 mL).

The mixture was acidified to pH 0.5 — 1.0 until total dissolution using
concentrated hydrochloric acid. The phases were separated and the aqueous
layer was washed with ethyl acetate (300 mL), adjusted to pH 10.5 — 12 using
50% aqueous sodium hydroxide and extracted with isobutanol (2 x 375 mL).
The combined isobutanol extracts were washed with water (60 mL) and
concentrated to a volume of about 60 mL by rotary evaporation, at which point
ethanol (210 mL), water (30 mL) and succinic acid (6.02g, 0.05 mol) were
added.

The mixture was heated at reflux until total dissolution and then it was cooled
to room temperature, followed by stirring at this temperature overnight. The
solid was collected by filtration, washed with ethanol (3 x 10 mL) and dried in
vacuo at a temperature up to 40 °C to give (R)-(+)-6-carboxamido-3-N-
methylamino-1,2,3,4-tetrahydrocarbazole succinate monohydrate, a white
solid (16.58 g, 85.7% yield).

Example 11. (S)-(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole (R)-(3,5-dinitrobenzovl)phenylglycinate (compound of
formula [ll-(S,R)]) (starting from racemic mixture)

a) Resolution process

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with racemic 3-methylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole (4.5 g, 0.018 mol), (R)-(3,5-dinitrobenzoyl)phenylglycine
(R-DNBG)(4.79 g; 0.014 mol) followed by dimethylformamide (45 mL) and
water (90 mL). The mixture was heated at reflux until total dissolution (100
°C). The mixture was cooled to room temperature, followed by stirring at this
temperature for 4 h. The solid was collected by filtration, washed with water (3




WO 2014/202717 PCT/EP2014/062937

10

15

20

25

30

35

23

x 5 mL) and dried in vacuo at a temperature up to 50 °C to give compound of
formula [lI-(S,R)] as an orange solid (5.27 g, 48.4% yield, 68.0 ee%).

b) First purification

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with compound of formula [lI-(S,R)] (as obtained above) followed
by dimethylformamide (53 mL) and water (106 mL). The mixture was heated
at reflux until total dissolution (100 °C). The mixture was cooled to room
temperature, followed by stirring at this temperature for 3 h. The solid was
collected by filtration, washed with water (3 x 5 mL) and dried in vacuo at a
temperature up to 50° C to give compound of formula [lI-(S,R)] as an orange
solid (4.28 g, 81.2% w/w yield, 39.3% global yield, 98.0 ee%).

¢) Second purification

A three-necked flask equipped with a reflux condenser and mechanical stirring
was charged with compound of formula [lI-(S,R)] (as obtained above) followed
by dimethylformamide (43 mL) and water (86 mL). The mixture was heated at
reflux until total dissolution (100 °C). The mixture was cooled to room
temperature, followed by stirring at this temperature for 3h. The solid was
collected by filtration, washed with water (3 x 5 mL) and dried in vacuo at a
temperature up to 50 °C to give compound of formula [lI-(S,R)] as an orange
solid (4.10 g, 96.0% w/w yield, 37.8% global yield, 99.8 ee%).

"H-RMN Chemical shift (ppm): 1.89-1.84 m (1H); 2.22 br (1H); 2.60 s (3H);
2.77-2.64 m (4H); 3.10 dd (1H); 3.31 br (1H); 5.31 d (1H); 7.02 br (1H); 7.28-
7.16 m (4H); 7.48 d (1H); 7.57 dd (1H); 7.76 br (1H); 7.93 s (1H); 8.85 t (1H);
9.01d (2H); 9.49 d (1H); 11.06 s (1H).

3C-RMN Chemical shift (ppm): 20.87 (CH2); 23.98 (CH2); 25.43 (CH2); 30.13
(CH3); 54.46 (CH); 59.40 (CH); 105.98 (C q); 109.94 (CH); 117.48 (CH);
120.40 (CH); 120.46 (CH); 124.56 (C q); 126.18 (C q); 126.44 (CH); 127.48
(CH); 127.65 (CH); 127.73 (CH); 134.68 (C q); 137.09 (C q); 137.82 (C q);
140.91 (C q); 147.87 (C q); 161.12 (C q); 169.00 (C q); 171.78 (C q);

Example 12. Compound of formula [lI-(S,R)] (starting from racemic mixture)
Following an analogous process as described in example 11 a) but using as a
solvent mixture 39 volumes of solvent consisting of a mixture of acetonitril and
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water in a ratio 9:1 v:v; and 0.5 equivalents of R-DNBG, the compound of
formula [lI-(S,R)] was obtained in 41.0% yield and 75.0 ee%.

Comparative example. Resolution process of compound of formula (1) with
5 other chiral agents

Following an analogous process to the one described in example 1 a) but

using the conditions indicated in table 2, compound of formula [lI-(R,S)]

(designated as R) or compound of formula [II-(S,R)] (designated as S) was

obtained.

10

Table 2
. . Volumes d)
Compaatie | chiralagent | SoenLmitue | o™t | malSy | el | o
P : solvent” ° °
Comp. ex.1 L-(+)-tartaric acid MeOH:water 9:1 25 0.5 52 (S) 4
Comp. ex.2 L-(-)-tartaric acid MeOH:water 9:1 25 0.5 53 (R) 6
Comp.ex3 | (TR)-()-Camphor- EtOH 5 1 50(R) | 0
sulfonic acid
(1S)-(+)-Camphor-
Comp. ex.4 sulfonic acid ® EtOH 5 1 52 (S) 4
di-p-toluoyl-(D)-(+)-
Comp. ex.5 tartaric acid iBuOH 12.5 0.5 50 (R) 0
(DPTTA)"”
Comp. ex.6 L-Pyroglutamic acid | EtOH:water 12,5:1 5.4 1 50 (R) 0
Comp. ex.7 L-Pyroglutamic acid | iPrOH:water 20:5 20 1 51 (R) 2

2 chiral agent disclosed in WO 94/14772
15 " chiral agent disclosed in WO 2012/14020
° Volumes of solvent per g of compound of formula (1)
)

9 enantiomeric purity with respect to the major enantiomer

20 REFERENCES CITED IN THE APPLICATION

- WO 94/14772
- WO 2012/147020
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CLAIMS

1. A process for the preparation of either a compound of formula [lI-(R,S)] or,
alternatively, a compound of formula [lI-(S,R)]

5
o
NO,
10
NO,
[I-(R,S)]
o
H
N o 1
HoN ™~ 0
NO,
\ HO,C” N
H
N
H
NO,
[I-(S,R)] 20

which comprises the following steps:

(a) reacting an enantiomeric mixture formed by the two enantiomers of 6-
25 carboxamido-3-N-methylamino-1,2,3,4-tetranhydrocarbazole (I), which are the
compound of formula [I-(R)] and the compound of formula [I-(S)]
o) O

ZT

N
H
[-(R)] [-(S)]

35 with a chiral agent selected from the two enantiomers of (3,5-dinitrobenzoyl)-
phenylglycine (llI) which are the compound of formula [llI-(S)] and the
compound of formula [lll-(R)]
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NO NO
HO,C™ N > Ho,c N 2
H H

NO; NO,
[11-(S)] [1-(R)]

in the presence of a solvent mixture containing water and one or more organic
solvents which are miscible with water; to give a diastereomeric mixture
formed by one of the enantiomers of the compound of formula (1) with one of
the enantiomers of the compound of formula (1), the diastereomeric mixture
containing either

A) a compound of formula [lI-(R,S)] and a compound of formula [lI-(S,S)] when
the chiral agent used is a compound of formula [llI-(S)], or alternatively,

B) a compound of formula [lI-(S,R)] and a compound of formula [lI-(R,R)]
when the chiral agent used is a compound of formula [llI-(R)];

(b) isolating either the compound of formula [II-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] from the corresponding diastereomeric mixture
of step (a) whereby either the compound of formula [II-(S,S)], or alternatively,
the compound of formula [lI-(R,R)] remains in solution; and

(c) optionally purifying either the compound of formula [lI-(R,S)] or,
alternatively, the compound of formula [II-(S,R)] obtained in step (b).

2. The process according to claim 1, further comprising the following steps:

(d) submitting either the compound of formula [lI-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] obtained in step (c) to either a base treatment,
or alternatively, to first an acid treatment and then a base treatment to give a
compound of formula [I-(R)], or a compound of formula [I-(S)], respectively;

(e) isolating either the compound of formula [I-(R)] or, alternatively, the
compound of formula [I-(S)] from the corresponding reaction medium of step
(d); and
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(f) optionally reacting either the compound of formula [I-(R)], or, alternatively,
the compound of formula [I-(S)] obtained in step (d) with an acid to give the
corresponding pharmaceutically acceptable salt.

3. The process according to any of the claims 1-2, for the preparation of a
compound of formula [lI-(R,S)], wherein the chiral agent is a compound of
formula [lI-(S)].

4. The process according to any of the claims 1-3, wherein the enantiomeric
mixture of step (a) is a racemic mixture.

5. The process according to any of the claims 1-3, wherein in step (a) the
enantiomeric mixture is enriched in the compound of formula [I-(R)]; the chiral
agent used is a compound of formula [llI-(S)]; and the obtained diastereomeric
mixture contains a compound of formula [lI-(R,S)] and a compound of formula
[1I-(S,S)].

6. The process according to claim 5, further comprising the following steps
prior to step (a):

(i) reacting a racemic mixture containing a compound of formula [I-(R)] and a
compound of formula [I-(S)] with a chiral agent which is a compound of
formula [llI-(R)] in the presence of a solvent mixture containing water and one
or more organic solvents which are miscible with water; to give a
diastereomeric mixture containing a compound of formula [lI-(S,R)] and a
compound of formula [lI-(R,R)];

(ii) separating the compound of formula [II-(S,R)] from the diastereomeric
mixture of the previous step, whereby the compound of formula [lI-(R,R)]
remains in solution; and

(iii) submitting the compound of formula [lI-(R,R)] to either a base treatment,
or alternatively, to first an acid treatment and then a base treatment to give an
enantiomeric mixture enriched in the compound of formula [I-(R)].

7. The process according to any of the claims 1-6, wherein the solvent mixture
used for reacting the mixture containing [I-(R)] and [I-(S)] with the chiral agent
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is a mixture of water and one or more organic solvents selected from the
group consisting of methanol, ethanol, propanol, isopropanol, acetone,
acetonitrile, tetrahydrofuran, dimethylformamide, dimethylsulfoxide,
dimethylacetamide, and mixtures thereof.

8. The process according to claim 7, wherein the organic solvent is selected
from the group consisting of dimethylformamide, dimethylsulfoxide,
dimethylacetamide, and mixtures thereof.

9. The process according to any of the claims 1-8, wherein the molar ratio of
the mixture containing [I-(R)] and [I-(S)] and the chiral agent is from
0.4:1t01.6:1.

10. The process according to any of the claims 1-9, wherein the reaction of
the mixture containing [I-(R)] and [I-(S)] with the chiral agent is carried out at a
temperature comprised from room temperature to the reflux temperature of
the solvent mixture and the process further comprises the step of cooling the
reaction medium to a temperature comprised from 0-25 °C.

11. The process according to any of the claims 1-10, wherein the isolation or
separation of the compound of formula [lI-(R,S)] or, alternatively, the
compound of formula [II-(S,R)] from the corresponding diastereomeric mixture
is carried out by filtration.

12. The process according to any of the claims 1-11, wherein step (c)
comprises one or more recrystallization steps in a suitable solvent or solvent
mixture.

13. The process according to claim 12, wherein the solvent mixture for the
recrystallization steps is the same as the one used for the reaction of the
mixture containing [I-(R)] and [I-(S)] with the chiral agent.

14. A compound of formula [II-(R,S)].

15. A compound of formula [II-(S,R)].
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