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The present invention also relates to a process for preparing optically
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PROCESS FOR PREPARING (R)-4-AMINOINDANE AND
CORRESPONDING AMIDES
The present invention relates to a process for preparing 1,1,3-trimethylindan-4-
5 amine of formula (I), or a salt thereof, enriched in one of its two enantiomers, in
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0On ——
10 NH,
ey
which comprises the chiral separation of an optionally substituted 2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline of formula (IIT)
CH,
15 N
K= P CH,
| o,
PG
(I1I)

The present invention also relates to a process for preparing optically active amides

20  of formula (II)
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starting from said compounds of formula (I) obtained with the aforesaid preparation

process.
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Indane derivatives bearing an amino group in position 4 as well as the
corresponding amides thereof and related preparation processes have been widely
described in the literature, such as in JP1070479, JP1117864, JP1313402,
JP2157266, JP2249966, JP3077381, JP62096471, EP199822, EP256503,
EP276177, EP280275, EP569912, US5093347, US5521317, WO01/53259,
WO02004/018438, W02004/039789, W02004/072023, W02004/103975,
WO02005/075452, WO02011/162397, WO02012/084812, WO02013/186325,
WO02015/118793 and WO2017/178868.

Amides of said indane derivatives possess, in particular, high fungicidal activity
and can therefore be used for the control of phytopathogenic fungi in agricultural
Crops.

However, few processes are known in the art in which the preparation of 4-
aminoindanes in optically active form is provided.

Patent US5521317 reports a process for preparing an enantiomerically enriched 4-
aminoindane in four steps, as reported in Scheme 1: i) a condensation reaction
between a dihydroquinoline and a derivative of a carboxylic acid bearing a chiral
centre (indicated with * in the scheme below) and an LG leaving group; ii) catalytic
hydrogenation to provide the corresponding tetrahydroquinoline; iii) addition of a
strong acid to obtain the aminoindane derivative; and iv) hydrolysis of the amide
bond.

Scheme 1
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However, this process is not satisfactory from an industrial point of view as it
requires the use of a different solvent for each step of the synthesis process, thus
increasing the processing and purification required at the end of each reaction. In
addition, since the acylated dihydroquinoline and the corresponding
tetrahydroquinoline are poorly soluble in non-polar solvents, it is necessary to carry
out the hydrogenation reaction at high temperatures which can lead to a
racemization of the chiral centre. Consequently, this strategy of introducing the
chiral centre generally leads, after numerous purifications, to mixtures enriched in
one of the two enantiomers, without however reaching high optical purities.

Patent application W0O2011/162397 describes a process for obtaining a mixture
enriched with the enantiomer (R) of 4-aminoindane in an 80/20 ratio with respect
to the corresponding enantiomer (S). This preparation can be carried out by using a
chiral column or through the formation of diastereoisomeric salts with tartaric acid.
The separation of enantiomers through the formation of salts with optically active
organic acids allows reaching a high optical purity generally only after a certain
number of fractional crystallizations, thus involving elaborate operations and a
considerable loss of yield.

Moreover, this methodology is applicable only for compounds bearing a free amino
group capable of forming the salt with the organic acid added to the reaction
mixture.

Furthermore, the separation of the two enantiomers of 4-aminoindane occurs on the
final compound of the synthesis, i.e. on a compound obtained after numerous
synthetic steps, with a consequent increase in costs due to the loss of material with
high added value.

The need is therefore felt for a new process that can be easily industrialized, which
allows to obtain a 1,1,3-trimethylindan-4-amine enriched in one of its two
enantiomers with high purity and greater synthetic efficiency, in particular the
enantiomer (R) which, as is known, is more effective than the enantiomer (S) as a
fungicide in agricultural crops.

DESCRIPTION
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The Applicant has now surprisingly discovered that it is possible to overcome the
aforesaid drawbacks of the state of the art if in a synthesis process of 4-aminoindane
the optical resolution of a racemic mixture of a synthesis intermediate of said
compound, rather than of the final product, is carried out and subsequently the
synthesis is continued on only one of the two enantiomers of said intermediate. In
particular, the optical resolution step is carried out on an intermediate compound
such as optionally substituted 2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline. The
enantiomer of interest, i.e. the enantiomer (R) of the intermediate, is then subjected
to an acid rearrangement reaction and to hydrolysis to obtain the final 4-
aminoindane compound, which is then enriched in the enantiomer (R).

In accordance with the present invention, it is possible to obtain the
enantiomerically enriched 4-aminoindane compound, i.e. a 4-aminoindane
compound in which the enantiomer (R) is present in a preponderant amount with
respect to the enantiomer (S), with high yields and higher optical purity than what
can be obtained with the processes of the prior art.

Therefore, in accordance with a first aspect, the present invention concerns a
process for preparing the enantiomer (R) of the compound 1,1,3-trimethylindan-4-

amine of formula (I), or a salt thereof,

@)

which comprises the following steps:

a) providing a racemic mixture of the optionally substituted 2,2,4-trimethyl-

1,2,3,4-tetrahydroquinoline compound of formula (Illa)
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comprising the enantiomer (R) of formula (IVa) and the enantiomer (S) of formula

(Va)
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(IVa) (Va),

b) treating said racemic mixture of the compound of formula (Illa)
15  according to an operating sequence A or an operating sequence B, wherein:
- the operating sequence A comprises:
bl) converting by means of a protection reaction the racemic mixture of the
compound of formula (IIla) into a racemic mixture of the compound of formula

(ITIb) having a protective PG group to protect the nitrogen atom
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b2) separating said enantiomer (R) of formula (IVb) from said enantiomer
(S) of formula (Vb);

- the operating sequence B comprises:

b3) separating said enantiomer (R) of formula (IVa) from said enantiomer
(S) of formula (Va);

b4) converting said enantiomer (R) of formula (IVa) into an enantiomer (R)
of formula (IVb);

¢) subjecting said enantiomer (R) of formula (IVb) obtained in step b2 or in

step b4 to an acid rearrangement reaction to form the compound of formula (VI)

H CHs

(IVb) (VD
d) substituting the PG group of said compound of formula (VI) with a
hydrogen atom to obtain the enantiomer (R) of the compound of formula (I);
where in the aforesaid formulas:

- *indicates an asymmetric carbon atom;

- X s a halogen atom;

- nis an integer selected from: 0, 1, 2 and 3;

- PGis a-COR! group or a -COOR? group,

- R!represents a linear or branched Ci-Cs alkyl group;

- R?represents a linear or branched C;-Cg alkyl group or a benzyl group.
Examples of C1-Cs alkyl groups are: methyl, ethyl, propyl, butyl, pentyl, hexyl, as
well as the relative branched groups.

Examples of halogen atoms are: bromine, chlorine, fluorine, iodine.

In the following of the present description, the process according to the present
invention will be described with particular reference to obtaining the final product
of formula (I) enriched in the enantiomer (R). However, as will be evident to the

person skilled in the art, the same process can be used with the same advantages to
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obtain 1,1,3-trimethylindan-4-amine enriched in the enantiomer (S), for this
purpose it is sufficient to subject the enantiomer (S) of formula (Vb) obtained in
step b2 for treating the racemic mixture of the compound of formula (IIla) to the
step ¢ of acid rearrangement. Said enantiomer (S) of formula (Vb) can in turn be
obtained by conversion of the unprotected tetrahydroquinoline of formula (Va) or
by separation of the enantiomers of the racemic mixture (IIIb) containing the
protective PG group of nitrogen.

The tetrahydroquinoline of formula (IIla), in the form of a racemic mixture, to be
fed to step a of the process can be obtained by means of synthetic methods well
known to the person skilled in the art, such as for example those described in
WO02013/186325 e W0O2017/178868, herein incorporated by reference.

The compounds of formula (IIIb), (IVb) and (Vb), in which a protective group PG
of formula -COR| or -COOR2 is present in substitution of the amino hydrogen atom
to protect the nitrogen atom from an undesirable reaction and / or allow a reaction
to occur on another portion of the molecule, can be obtained by converting the
corresponding compounds of formula (Illa), (IVa) and (Va) by means of a
protection reaction, as is known to the person skilled in the art. Methods for
introducing and removing protective groups from a molecule are described for
example in Theodora W. Greene “Protective Groups in Organic Synthesis” Third
Edition.

In accordance with the present invention, starting from the racemic mixture of
general formula (I1la) the enantiomer (R) of general formula (IVb) is obtained, in
which the nitrogen protecting group is present. The enantiomer (R) of formula (IVb)
can be obtained by applying two different synthesis operating sequences, herein
called, respectively, operating sequence A and operating sequence B.

In accordance with the operating sequence A, the racemic mixture of formula (Illa)
is first converted, by means of a protection reaction, into a racemic mixture (IIIb)
in which both the enantiomers (R) and (S) have the nitrogen atom protected by the
PG group, which has substituted the free hydrogen of the amino group of the

compound of formula (IIla). Subsequently, the racemic mixture of formula (IIIb) is
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separated into the two enantiomers of formula (IVb) and (Vb) to isolate and recover
the enantiomer (R) of interest of formula (IVb).

In an embodiment, for example in step b2, said tetrahydroquinoline of formula
(ITIb) in racemic form is subjected to chiral separation preferably by means of a
chromatographic technique with a chiral column (e.g. high pressure
chromatography (HPLC)) so as to provide the two separate enantiomers (R) and (S)
of formula (IVb) and (Vb). The operating sequence A is schematically described in

the following Scheme 2.

Scheme 2 - Operating sequence A

According to the invention, the racemic tetrahydroquinolines of formula (I1IIb) are
particularly preferred, wherein:

- Xis a hydrogen or fluorine atom;

- nisequal to 1;

- PG is an acetyl group, a tert-butoxycarbonyl group or a carbobenzyloxy

group.

In accordance with the operating sequence B, the racemic mixture of formula (I1la)
is first separated into the two enantiomers of formula (IVa) and (Va) to isolate and

recover the enantiomer (R) of interest of formula (IVa). Subsequently, the
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enantiomer (R) of formula (IVa) is converted, by means of a protection reaction,
into the corresponding protected enantiomer (R) of formula (IVb) containing a PG
group to protect the nitrogen atom. The operating sequence B is schematically

described in the following Scheme 3.

Scheme 3 - Operating sequence B

The separation of the two enantiomers of formula (IVa) and (Va) in step b3 can be
achieved by chromatographic separation on a chiral column.

In this case, since the enantiomers of the racemic mixture (Illa) possess an
unprotected amino group, the two enantiomers of formula (IVa) and (Va) can also
be effectively separated through formation of chiral salts with a suitable chiral acid
and subsequent basic hydrolysis so as to give the desired enantiomer. In this case,
the separation step b3 can comprise for example the following steps:

- reacting the racemic mixture of formula (Illa) with an optically active acid
to obtain a mixture of a corresponding enantiomeric salt (R) and a corresponding
enantiomeric salt (S);

- separating said enantiomeric salt (R) from said enantiomeric salt (S);

- subjecting at least said enantiomeric salt (R) to basic hydrolysis to obtain
said enantiomeric compound (R) of formula (IVa) to be fed to the subsequent steps

of the process.
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Preferably, in step b3 of separation of the two enantiomeric salts, the chiral
resolution is carried out by high pressure chromatography (HPLC) on a chiral
column.

Preferably, the compound of formula (IIIa) or (IIIb) is dissolved in at least one polar
or non-polar organic solvent, or in a mixture thereof.

Preferred examples of polar solvents are: ethanol, isopropanol, acetonitrile,
tetrahydrofuran, dioxane or mixtures thereof.

Preferred examples of non-polar solvents are: hexane, heptane, toluene or mixtures
thereof.

Preferably, the tetrahydroquinoline of formula (IIla) or (IIIb) is dissolved in a
mixture of solvents, comprising at least one polar organic solvent and at least one
non-polar organic solvent.

More preferably, said at least one polar organic solvent is isopropanol and said at
least one non-polar organic solvent is heptane.

For the purposes of the present description and the attached claims, the term
“heptane” refers both to n-heptane and to a mixture of isomers.

In the aforesaid mixture of solvents, the polar solvent and the non-polar solvent are
present in a volume ratio preferably comprised between (80:20) and (100:0), more
preferably between (90:10) and (99.5: 0.5), even more preferably about (99:1).

In one embodiment, the resolution of the two enantiomers is achieved by interacting
the solution of the racemic compound of formula (I1la) (obtained in step a) or (I1Ib)
(obtained in step bl) with a commercial chiral stationary step according to the
modality of high-pressure preparative liquid chromatography (HPLC), eluting said
solution using a mobile phase.

Preferably, said mobile phase is a mixture of at least one polar solvent and at least
one non-polar solvent. More preferably, said at least one polar solvent is
isopropanol and said at least one non-polar solvent is heptane.

According to a preferred embodiment, said mobile phase has the same chemical
composition as the solvent used to prepare the solution containing the
tetrahydroquinoline of formula (Illa) or (IIIb). For example, said mobile phase can

be a mixture (99:1) of isopropanol and heptane.
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The different and selective interaction between the stationary phase and the single
enantiomers of formula (IVa) and (Va) of the racemic mixture (IIla) or (IVb) and
(Vb) of the racemic mixture (IIIb) allows the separation of the same and their
isolation in two distinct fractions.

At the end of the contact with the stationary phase, the individual isomers are
collected in two distinct solutions and possibly recovered by evaporation of the
respective solvents.

The separation operations described above allow to isolate each of the isomers (IVa)
and (Va) (obtained in step b3) or (IVb) and (Vb) (obtained in step b2) with a high
degree of purity. In fact, each of the separated isomers contains relatively low
amounts of the other isomer. In each separate fraction, the molar ratio between the
two isomers is preferably comprised between (80:20) and (100:0), more preferably
between (90:10) and (99.5:0.5), even more preferably about (99:1).

The optical purity of the enantiomers of formula (IVa) and (Va) or (IVb) and (Vb)
thus obtained is greater than 90% of enantiomeric excess (ee), preferably greater
than 98% ee, more preferably greater than 99% ee.

The enantiomeric excess ee expresses the greater amount of an enantiomer than the
other one in a mixture of the two enantiomers; the ee value is calculated using the
formula [(E1-E2)/(E1+E2)*100], where E; and E> are the molar fractions of the two
enantiomers.

According to the invention, once the two isomers have been isolated, the isomer of
interest, that is the isomer (R) having formula (IVb), in step c is subjected to a
rearrangement reaction of the bonds in an acid environment to provide the

corresponding indane of formula (VI), as reported for example in scheme 4 below.
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Scheme 4

(IVb) (VD

The acid environment that allows to obtain the indane of formula (VI) can be
obtained by adding an organic or inorganic acid to the solution containing the
isomer (R) of formula (IVDb).

Preferably, an inorganic acid is added, more preferably said inorganic acid is
selected from orthophosphoric acid and sulfuric acid, even more preferably said
acid 1s sulfuric acid.

Said organic or inorganic acid is added to the reaction mixture in an amount
comprised between 3 and 10 molar equivalents, preferably between 4 and 9 molar
equivalents, more preferably between 6 and 7 molar equivalents, with respect to the
compound of formula (IVb).

Preferably, the acid is added in the form of an aqueous solution in which the acid
concentration is comprised between 80% and 98% by weight, more preferably
between 90% and 97% by weight.

Furthermore, since the addition of acid is followed by heat development, it is
preferable to control the temperature of the reaction mixture.

For this purpose, the reaction is preferably carried out at a temperature comprised
in the interval between 10°C and 60°C, more preferably between room temperature
(20°C) and 40°C.

Preferably, the reaction mixture is kept under stirring for a time comprised between
10 and 30 hours, more preferably between 15 and 25 hours, even more preferably

for about 20 hours, so as to obtain a substantially complete conversion of the
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tetrahydroquinoline of formula (IVb ) into the corresponding indane of formula
(VD).

As is well known to person skilled in the art, the addition of acid or base to a reaction
mixture containing a chiral compound can lead to a partial or complete racemization
of the chiral centre.

The Applicant has now found that the acid rearrangement reaction of step ¢ does
not cause a substantial racemization of the chiral centre of the isomer subjected to
the reaction, thus being able to obtain an indane derivative of formula (VI) and
therefore a final compound of formula (I) having substantially the same optical
purity as the tetrahydroquinoline of formula (IVb) fed to the acid rearrangement
step.

In accordance with the present invention, the optical purity of the indane of formula
(VD) is preferably greater than 97% ee, more preferably greater than 99% ee, even
more preferably greater than 99.5% ee.

In step d the compound of formula (VI) is subjected to a deprotection reaction to
provide the desired isomer (R) of the compound of formula (I), preferably with an
unchanged optical purity, i.e. with an ee greater than 97%, preferably greater than
99%, more preferably greater than 99.5%.

The reaction conditions of the aforesaid deprotection reaction can be selected on
the basis of the composition of the protective PG group.

For example, when the PG group is a -COR1 group, wherein R; is a methyl, the
deprotection reaction can be a hydrolysis reaction in an acid environment,
preferably in the presence of an inorganic acid, more preferably sulfuric acid.
When the PG group is a -COOR2 group, wherein Rz is a benzyl, the deprotection
reaction of the compound of formula (VI) can be a catalytic hydrogenation reaction
in order to obtain the desired amino group of indane of formula (I).

The process of the present invention, thanks to the realization of the chiral
resolution of the racemic mixture of an intermediate compound used as synthesis
precursor, allows to obtain the compound 1,1,3-trimethylindan-4-amine with a
preponderant presence of the desired isomer (R), with a higher selectivity and

efficiency with respect to the processes of the prior art.
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Preferably, the process according to the present invention is used to obtain the
compound of formula (I) enriched in the enantiomer (R), said enantiomer having a
higher fungicidal activity than that of the enantiomer (S).
Furthermore, the Applicant has found that it is possible to use the isomer (S) which
is not fed to step ¢ of acid rearrangement, i.e. the isomer (S) of the compound of
formula (Vb) or the isomer (S) of the compound of formula (Va), to again obtain a
racemic tetrahydroquinoline of formula (IIla) or (IIIb) to be recycled in the
preparation process of the compounds of formula (I) enriched enantiomerically, by
means of certain synthetic passages with an excellent yield and purity. This
recycling opportunity makes the process according to the present invention
particularly advantageous from an industrial point of view.
According to an embodiment, the recycling process provides for the conversion of
the enantiomer that has not been subjected to acid rearrangement in step c, that is
the isomer (S) of formula (Vb), into the racemic tetrahydroquinoline of formula
(ITIb).
The process according to the present invention, when carried out in accordance with
the operating sequence A, can therefore comprise, for example, the following steps:
1) oxidizing, by means of an oxidizing agent, the enantiomer (S) of formula

(Vb) obtained in step b2 to form the compound of formula (VII)

HQ CHj

*

(VID);
i1) dehydrating said compound of formula (VII) in an acid environment to

obtain a compound of formula (VIII)

CHs

X
09—

N CHs

| CHs

PG
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(VIID);

ii1) hydrogenating said compound of formula (VIII) to obtain a racemic
mixture of the compound of formula (IIIb) comprising the enantiomer (R) of
formula (IVb) and the enantiomer (S) of formula (Vb).
The compound of formula (IIIb) can then be recycled at the head of the process,
feeding it to step b2.
When made in accordance with the operating sequence B, the isomer to be recycled
is the isomer (S) of formula (Va) obtained in step b3. This isomer, before being
subjected to steps i-iii, is converted, by means of a protection reaction, into the
corresponding protected enantiomer (S), comprising a protective PG group on the
nitrogen atom. The presence of the protective PG group on the nitrogen atom serves
in particular to avoid undesirable reactions of the nitrogen atom during the
oxidation step 1.
The process according to the present invention, when carried out in accordance with
the operating sequence B, can therefore comprise the following recycling steps in
sequence:

- converting by means of a protection reaction said enantiomer (S) of
formula (Va) obtained in step b3 into an enantiomer (S) of formula (Vb);

1) oxidizing, by means of an oxidizing agent, said enantiomer (S) of formula
(Vb) to form the compound of formula (VII)

HQ CHj

(VID);
i1) dehydrating said compound of formula (VII) in an acid environment to

obtain a compound of formula (VIII)
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CHs
X
09 —-
CHj
V" on,
PG
(VIID);

ii1) hydrogenating said compound of formula (VIII) to obtain a racemic
mixture of the compound of formula (IIIb) containing the enantiomer (R) of
formula (IVb) and the enantiomer (S) of formula (Vb).
It is noted that, depending on the nature of the protective PG group, the reaction
conditions of step ii) or of step iii) can lead to the partial removal of the protective
PG group, and therefore to the formation of mixtures of products comprising also
or mainly compounds in which the protective group on the nitrogen has been
replaced by a hydrogen atom.
For example, if PG is a group of formula -COR| (for example an acetyl group), it
may happen that the acidity conditions of step ii) cause the deprotection of at least
a part of the compounds subjected to the dehydration step with consequent
formation of compounds of formula (VIII) in which the protective PG group has
been substituted by a hydrogen atom.
If a mixture of compounds of formula (VIII) is obtained in which the nitrogen atom
is only partially protected, it is preferable to subject the product leaving step ii to
an additional deprotection step (step ii-bis), to obtain a compound of formula (IX)

substantially free of protective PG groups.

CHs
X
Xn -
N CHs
| CHs
H

(IX)
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The deprotection step ii-bis can be, for example, a hydrolysis step carried out
according to the prior art according to the nature of the protective PG group.

The compound (IX) can then be fed to the hydrogenation step iii to obtain an
optionally substituted 1,2,3,4-tetrahydroquinline of formula (Illa). The compound
of formula (IIla) can be recycled in the production process of the compounds of
formula (1), feeding it to step a.

If PG is a group of formula -COOR: (for example a carbobenzyloxy group), the
acidity conditions adopted in step ii are generally not such as to cause deprotection
of the compounds subjected to dehydration, so that the compound of formula (VIII)
leaving step ii still possesses the protective PG group on the nitrogen atom.
However, this group can be subjected to removal in the subsequent step iii of
hydrogenation of the compounds of formula (VIII). In this case, step iii leads to
obtaining compounds of formula (Illa), which can be recycled at the head of the
process, feeding them to step a.

Preferably, the compound fed to the recycling step 11is dissolved in at least one polar
organic solvent.

Preferred examples of polar solvents are: acetonitrile, acetone, dioxane or mixtures
thereof.

According to a preferred aspect of the invention, the compound fed to step 1 is
dissolved in acetonitrile.

The oxidizing agent is added to the solution of the compound of formula (Vb) in an
amount comprised between 3 and 10 molar equivalents, preferably between 3 and
5 equivalents, with respect to the moles of the compound of formula (Vb). The
oxidizing agent can be used as such in solid form or in the form of an aqueous
solution, preferably having a concentration by weight comprised between 5% and
30%, more preferably about 20%.

Examples of oxidizing agents suitable for use in the present invention are:
potassium permanganate, hydrogen peroxide, sodium dichromate, potassium
peroxymonosulfate (Oxone®) and mixtures thereof.

A preferred oxidizing agent according to the invention is potassium permanganate.
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The aforesaid oxidation reaction preferably takes place at a temperature comprised
between 25°C and the boiling temperature of the solvent, more preferably at about
the boiling temperature of the solvent. Preferably, the oxidation reaction reaches
substantial completion in a time interval comprised between 5 and 10 hours.

The alcohol of formula (VII) obtained from the oxidation reaction can be isolated
and purified according to methods well known to the person skilled in the art, such
as solvent extraction, acid-base processing, precipitation, crystallization, filtration,
chromatography.

In the subsequent recycle step ii), the alcohol of formula (VII) is converted into the
corresponding dihydroquinoline of formula (VIII) by means of an elimination
reaction of water in an acid environment.

For this purpose, for example, the compound of formula (VII) can be added,
preferably in portions, to an aqueous solution of an organic or inorganic acid,
preferably inorganic, said acid having a percentage by weight comprised between
20% and 90%, more preferably about 50% by weight.

More preferably, said inorganic acid is sulfuric acid and is used in an amount
comprised between 5% and 30% by weight, with respect to the weight of the alcohol
having formula (VII).

The water elimination reaction is preferably carried out at a temperature comprised
between 15°C and 40°C, more preferably at a temperature of about 25°C.
Preferably, the reaction reaches substantial completeness in a time interval
comprised from 4 to 8§ hours.

The dihydroquinoline of formula (VIII) obtained at the end of the dehydration can
be isolated and purified according to methods well known to the person skilled in
the art, such as solvent extraction, acid-base processing, precipitation,
crystallization, filtration, chromatography.

In the hydrogenation step iii), the dihydroquinoline of formula (VIII) is preferably
dissolved in an organic solvent and a hydrogenation catalyst is added to the solution

thus obtained.
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Said hydrogenation catalyst is preferably a heterogeneous catalyst, more preferably
selected from palladium on carbon, palladium hydroxide on carbon, Raney nickel
and platinum oxide, even more preferably it is palladium on carbon.
Examples of solvents that can be used in the hydrogenation reaction are: aliphatic
or cycloaliphatic hydrocarbons (e.g. petroleum ether, hexane, cyclohexane,
heptane), chlorinated hydrocarbons (e.g. methylene chloride, chloroform, carbon
tetrachloride, dichloroethane), aromatic hydrocarbons (e.g. benzene, toluene,
xylene, chlorobenzene), alcohols and glycols (e.g. methanol, ethanol, isopropanol,
ethylene glycol), esters (e.g. ethyl acetate, butyl acetate) or mixtures thereof.
Preferred solvents according to the present invention are aliphatic hydrocarbons
such as hexane and heptane, chlorinated hydrocarbons such as methylene chloride
and dichloroethane, alcohols such as methanol, ethanol and isopropanol, toluene,
ethyl acetate.
Heptane, dichloroethane, methanol and toluene are particularly preferred.
As is well known to the person skilled in the art, the hydrogenation reaction can be
carried out using gaseous hydrogen, at a pressure higher than 1 bar or at atmospheric
pressure.
Preferably, the hydrogenation reaction of step iii) is carried out at atmospheric
pressure.
At the end of the reaction, the catalyst is filtered and preferably reused for
subsequent productions.
The racemic tetrahydroquinoline of formula (IlIIb) obtained at the end of step iii)
can be isolated from the reaction mixture by techniques well known to the person
skilled in the art, for example by evaporation of the solvent.
Preferably, said tetrahydroquinoline of formula (I1Ib) is fed again to the head of the
process without being previously subjected to purification.

A further object of the present invention is a process for preparing an

optically active amide of formula (II), enriched in the enantiomer (R)
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which comprises the following steps:

preparing a compound 1,1,3-trimethylindan-4-amine of formula (I), or a salt
thereof, enriched in the enantiomer (R) according to the process of the
present description;

condensing said compound of formula (I) with at least one compound of

formula AC(O)Y,

wherein:

A represents a Cs-C1o aryl group or a heterocyclic group with 5 or 6 terms
containing from 1 to 3 heteroatoms selected from N, O, S, said groups being
optionally substituted with one or more R3 and R4 groups;

R3 represents a C1-Cg alkyl group or a C1-Ce, haloalkyl group, said groups
being optionally substituted with one or more groups selected from R’, OR’,
S(O)mR’; or R3 represents a C3-Cg cycloalkyl group, a C4-Co cycloalkylalkyl
group, a C2-Cs alkenyl group, a C2-Cs alkynyl group, a Cs-Cio aryl group, a
C7-Cy2 arylalkyl group or a heterocyclic group with 5 or 6 terms containing
from 1 to 3 heteroatoms selected from N, O, S, said groups being optionally
substituted with one or more groups selected from a halogen atom, R’, OR”,
NR’R”’, S(O)mR’, CONR’R”’, COR’, CO2R’, CN, NO2;

R4 represents a C1-Cg alkyl group or a C1-Ce, haloalkyl group, said groups
being optionally substituted with one or more groups selected from R’, OR’,
S(O)mR’; or R4 represents a C3-Cs cycloalkyl group, a C4-Cy cycloalkylalkyl
group, a Cs-Cio aryl group or a C7-C12 arylalkyl group, said groups being
optionally substituted with one or more groups selected from a halogen

atom, R’, OR’, NR’R”’, S(O)mR’, CONR’R"’, COR’, CO2R’, CN, NO;
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- R’ and R”’, equal or different from each other, represent a hydrogen atom,
a C1-Cy alkyl group or a C1-C4 haloalkyl group;
- Y represents a hydroxyl group, a halogen atom, a C1-Cs, alkoxy group, a
C1-Cs alkylsulfonyloxy group or a Ce-Cio, arylsulfonyloxy group, said Ci-
Cs alkoxy, C1-Ce alkylsulfonyloxy and Ces-C1o arylsulfonyloxy groups being
optionally substituted with one or more halogen atoms;
- mis an integer selected from: 0, 1, 2 and 3.
Examples of C1-Cs alkyl groups are: methyl, ethyl, propyl, butyl, pentyl, hexyle.
Examples of Ci-C¢ haloalkyl groups are: dichloromethyl, difluoromethyl,
trichloromethyl, trifluoromethyl, chlorodifluoromethyl, dichloroethyl,
trifluoroethyl, tetrafluoroethyl, pentafluoroethyl, tetrafluoropropyl,
pentafluoropropyl, dichlorobutyl, difluorobutyl, dichloropentyl, difluoropentyl,
dichlorohexyl, difluorohexyl.
Examples of C3-C¢ cycloalkyl groups are: cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl.
Examples of C4-Co cycloalkylalkyl groups are: cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cyclohexylethyl,
cyclohexylpropyl.
Examples of C2-Cs alkenyl groups are: ethenyl, propenyl, butenyl, pentenyl,
hexenyl.
Examples of C2-C¢ alkynyl groups are: ethinyl, propinyl, butinyl, pentinyl, hexinyl.
Examples of Cs-Cio aryl groups are: phenyl, naphthyl.
Examples of C7-Ci2 arylalkyl groups are: benzyl, phenylethyl, phenylpropyl,
phenylbutyl, phenylpentyl, phenylhexyl, naphthylmethyl, naphthylethyl.
Examples of heterocyclic rings with 5 or 6 terms containing from 1 to 3 heteroatoms
selected from N, O, S are: pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiadiazolyl,
oxadiazolyl, furanyl, thiophenyl, pyridyl, pyrimidyl, triazinyl.
Examples of nitrogenous heterocyclic rings with 5 or 6 terms are: pyrrolidyl,
piperidyl, morpholyl.

Examples of halogen atoms are: fluorine, chlorine, bromine, iodine.
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Among the optically active amides of formula (II) enriched enantiomerically which
can be prepared with the process of the present invention, the preferred ones are
those in which:

- A represents one of the following Ai-As heterocyclic groups:

5 R4
7 zﬁ
N
/N
RS
Al
10 N
R3\(/ R4
¢
‘ﬂ\f‘"
Az
15 R,
5
N7 E
v/
O—N
Aj
N.__R
N* 4
20
‘L
o~
Ay
R4
25 Nl)ﬁ/%i
P
R N
As

- Rj represents a C1-Cg alkyl group, a C1-Cs haloalkyl group or a phenyl
optionally substituted with halogen atoms, Ci-Cs4 alkyl groups, Ci-Cq4
30 haloalkyl group, C1-C4 alkoxy groups, C1-C4 haloalkoxy groups;
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- R4 represents a C1-Cg alkyl group, a C1-Cs haloalkyl group or a phenyl
optionally substituted with halogen atoms, Ci-Cs4 alkyl groups, Ci-Cq4
haloalkyl group, C1-C4 alkoxy groups, C1-C4 haloalkoxy groups;

Particularly preferred are the products of formula (II) wherein:

- Rs represents a C1-Ce¢ alkyl group or a phenyl optionally substituted with
halogen atoms;

— R4 represents a methyl, a difluoromethyl, a trifluoromethyl or a phenyl
optionally substituted with halogen atoms.

Even more preferred are the products of formula (II) wherein:

- Arrepresents Ax;

- Rsrepresents a methyl;

— Rarepresents a methyl, a difluoromethyl or a trifluoromethyl.

In one embodiment, in the condensation step, a derivative of a carboxylic acid
AC(O)Y is added to the 4-aminoindane solution of formula (I) obtained in step d of
the preparation process of the compounds of formula (I). Said solution is preferably
used as it is for the preparation of aminoindane amides of formula (II), i.e. without
being previously purified.

Said derivative of an carboxylic acid AC(O)Y is preferably added in a molar ratio
comprised between 0.9 and 1.1, more preferably between 0.95 and 1.05, even more
preferably in an equimolar amount with respect to the amount of 4 -aminoindane of
formula (I).

Preferably, said derivative of a carboxylic acid of formula AC(O)Y is a chloride of
a carboxylic acid, i.e. Y represents a chlorine atom.

After the addition of the derivative of formula AC(O)Y, the reaction mixture is
brought to a temperature comprised between 60 °C and the reflux temperature of
the hydrocarbon solvent, preferably between 95°C and 100°C. At the end of the
condensation reaction, the reaction mixture can be cooled and an alkaline aqueous
solution added in order to neutralize the residual acidity.

In another embodiment, after the addition of the derivative of formula AC(O)Y, the
reaction mixture is stirred at room temperature in an inert atmosphere (e.g. nitrogen)

for a time in the interval from 1 to 30 hours in the presence of an organic base, such
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as for example triethylamine, diisopropylamine or pyridine. At the end of the
condensation reaction, the reaction mixture can be cooled and an acidic aqueous
solution added in order to neutralize the residual alkalinity.

The amide derivative of formula (II) thus formed can be subsequently isolated and
purified according to techniques well known to the person skilled in the art, for
example, by precipitation, filtration and washing of the solid product.

The fact that the final amide can be isolated by filtration from the reaction mixture
represents a further advantage of the present invention with respect to the processes
known in the art.

As mentioned above, in the preparation process of the compounds of formula (I)
according to the present invention, the high optical purity of the compound of
formula (I) is substantially maintained even at the end of step c¢ of acid
rearrangement, thanks to the fact that the specific experimental conditions do not
lead to a partial or complete racemization of the chiral centre.

Furthermore, the Applicant has also found that after the condensation step of the 4-
aminoindane of formula (I) with the compound of formula AC(O)Y, the optical
purity of the final amide of formula (II) remains substantially unchanged with
respect to that of the tetrahydroquinoline of formula (IVb), i.e. it is preferably
greater than 97% ee, more preferably greater than 99% ee, even more preferably
greater than 99.5% ee.

For the purpose of better illustrating the invention, the following examples are now
provided, which are to be considered illustrative and non-limiting examples thereof.
EXPERIMENTAL PART

EXAMPLE 1 - Operating sequence A

a) Preparation of 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-
tetrahydroquinoline (IITb)

The compound 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline in

racemic form and containing the acetyl group as nitrogen protecting group was

prepared and isolated following the procedure described in patent application

WO2017/178868.
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b) Chiral separation of racemic 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-
tetrahydroquinoline (IITb)

1.7 g of racemic 1l-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline
were dissolved in a mixture of n-heptane and isopropyl alcohol (85:15) and
subjected to chiral separation by preparative chromatography eluting with a mixture
of n-heptane and isopropyl alcohol (99:1). The two enantiomers were obtained after
evaporation of the solvents under reduced pressure: 0.84 g of (4R) -1-acetyl-6-
fluoro-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (IVb) (100% e.e; yield = 50%)
and 0.84 g of (45) -1-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline
(Vb) (99.96% e.c.).

c¢) Preparation of N-[(3R)-7-fluoro-1,1,3-trimethylindan-4-yl}acetamide
(VD

The (4R)-acetyl-tetrahydroquinoline (IVb) (0.80 g, 3.40 mmol) is slowly added, in
portions, to a solution of concentrated sulfuric acid at 93% by weight (3.58 g, 35.0
mmol), maintaining the temperature between 15°C and 20°C. The mixture is then
heated to 34-36°C for 20 hours, under vigorous stirring.
A solution containing N-[(3R)-7-fluoro-1,1,3-trimethylindan-4-yl }acetamide (VI)
(100% e.e.) is thus obtained.

d) Preparation of (3R)-7-fluoro-1,1,3-trimethylindan-4-ylamine (I)
The solution of N-[(3R)-7-fluoro-1,1,3-trimethylindan-4-yl}acetamide (VI) is
diluted with water (3.50 g) until a sulfuric acid concentration equal to about 50%
by weight is reached.
The reaction mixture is heated at 110-115°C for 10-12 hours.
Subsequently, it is cooled to room temperature and the mixture is first diluted with
water (3.50 g) and then basified up to pH=12 with an aqueous solution of sodium
hydroxide at 10% by weight.
Dichloromethane (20 mL) is added to the alkaline solution, the phases are separated
and the aqueous phase is re-extracted with dichloromethane (20 mL). The combined

organic phases are washed with water and dried over sodium sulphate.
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The solvent is evaporated under reduced pressure obtaining 0.58 g of (3R)-7-fluoro-
1,1,3-trimethylindan-4-ylamine (I) (100% e.e.; yield starting from (4R)-acetyl-

tetrahydroquinoline (IV) = 88.3%; overall yield starting from racemic acetyl-

tetrahvdroquinoline = 44.0%).

EXAMPLE 2

a) Preparation of 3-difluoromethyl-N-[(3R)-7-fluoro-1,1,3-trimethyl-4-
indanyl]-1-methyl-4-pyrazolecarboxamide (IT)

The chloride of the 3-difluoromethyl-1-methyl-1H -pyrazole-4-carboxylic acid
(0.58 g, 3.0 mmol), obtained according to known organic chemistry procedures is
added to a solution of the enantiopure isomer (3R)-7-fluoro-1,1,3-trimethylindan-
4-ylamine (I) (0.58 g, 3.0 mmol) in heptane (11 mL), heated to 50°C. The addition
of the chloride of the acid takes place by dripping in about ten minutes with the
formation of a precipitate. The reaction mixture is heated under reflux (internal 95-
97° C) with gas HCI evolution. After 4 hours, the reaction is finished, the mixture
is cooled to room temperature and basified to pH = 8-10 with an aqueous solution
of sodium hydroxide at 2.5% by weight (5 mL).

The precipitate is filtered and the solid obtained is suspended in water (5 mL) at 45
°C and filtered again. The solid is again washed on a filter with water (up to neutral
pH) and with heptane (5 mL).

The solid is then dried in an oven at 55°C under vacuum and 0.99 g of amide (II)

are obtained (100% e.e.; yield = 94%).

b) Preparation of 3-difluoromethyl-N-[(3R)-7-fluoro-1,1,3-trimethyl-4-
indanyl]-1-methyl-4-pyrazolecarboxamide (II) (alternative method)

A solution in dichloroethane (6.0 mL) of the chloride of the 3-difluoromethyl-1-
methyl-1H-pyrazole-4-carboxylic acid (0.66 g, 3.4 mmol), obtained according to
known procedures of organic chemistry, is added to a solution of the enantiopure
isomer (3R)-7-fluoro-1,1,3-trimethylindan-4-ylamine (I) (0.66 g, 3.4 mmol),
triethylamine (0.42 g, 4.1 mmol) and 4-dimethylamino pyridine (catalytic amount)
in dichloroethane (5.0 mL). The addition of the chloride of the acid takes place by
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dripping in about ten minutes. The reaction mixture is stirred at room temperature
in an inert atmosphere. After 18 hours, the reaction is finished, the mixture is cooled
to 0-5 °C and acidified with an aqueous solution of hydrochloric acid at 5% by
weight (20 mL).

The phases are separated and the organic phase is washed respectively with: 5%
hydrochloric acid (2 times with 20 mL), water (2 times with 20 mL) and brine. The
organic solvent is evaporated under reduced pressure and the raw obtained purified
by chromatography (eluent: heptane/ethyl acetate 6:4) obtaining 1.1 grams of the
amide (II) (100% e.e.; yield = 92%).

EXAMPLE 3

a) Preparation of 1-acetyl-6-fluoro-4-hydroxy-2,2,4-trimethyl-1,2,3,4-

tetrahydroquinoline (VII)

A solution of 0.80 g of (45)-1-acetyl-6-fluoro-2,2,4-trimethyl-1,2,3,4-
tetrahydroquinoline (Vb) (3.40 mmol) in acetonitrile (10 mL) is refluxed and an
aqueous solution of KMnO4 at 20% by weight (17.0 mmol) is dripped slowly in 5
hours, keeping the mixture under reflux and vigorous stirring. At the end of the
dripping, the mixture is allowed to reflux for three hours.
Thereafter, it is cooled to room temperature and isopropanol (1.0 mL) is added
while continuing to stir for one hour.
The heterogeneous mixture is filtered on celite to eliminate the salts, washing the
filter with ethyl acetate and water.
The phases are separated and the aqueous phase is re-extracted with ethyl acetate.
The combined organic phases are washed with brine and dried over sodium
sulphate. The solvent is evaporated under reduced pressure obtaining 0.76 grams of

1-acetyl-6-fluoro-4-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (VII).

b) Preparation of 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2-dihydroquinoline
(VIID)

A solution of sulfuric acid concentrated at 50% by weight (5.0 mL) is slowly added

to l-acetyl-6-fluoro-4-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline  of
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formula (VII) (0.76 grams, 3.0 mmol). The mixture is then stirred at room
temperature for four hours.

A solution containing 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2-dihydroquinoline
(VIII) is thus obtained.

c) Preparation of 6-fluoro-2,2,4-trimethyl-1,2-dihydroquinoline (IX)
Since the compound of formula (VIII) obtained in the previous step b may contain
at least in part compounds of formula (VIII) without the acetyl protecting group,
the following deprotection step is carried out in order to obtain a compound
substantially of formula (IX).

The 1-acetyl-6-fluoro-2,2,4-trimethyl-1,2-dihydroquinoline solution (VIII) 1is
heated to 110-115°C for 10-12 hours.

Subsequently, it is cooled to room temperature and the mixture is first diluted with
water (3.50 g) and then basified up to pH=12 with an aqueous solution of sodium
hydroxide at 10% by weight.

Dichloromethane (20 mL) is added to the alkaline solution, the phases are separated
and the aqueous phase is re-extracted with dichloromethane (20 mL). The combined
organic phases are washed with water and dried over sodium sulphate.

The solvent is evaporated under reduced pressure obtaining 0.51 g of 6-fluoro-

2,2,4-trimethyl-1,2-dihydroquinoline (IX).

d) Preparation of 6-fluoro-2,2,4-trimethyl-1,2,3.4-tetrahydroquinoline
(IIIa)

In an autoclave, Pd on carbon at 10% by weight (0.022 g) is added to a solution of
0.51 grams of 6-fluoro-2,2,4-trimethyl-1,2-dihydroquinoline (IX) (2.67 mmol) in
heptane (2 mL) and gaseous hydrogen is charged at a pressure of 3 bar. The mixture
is heated to 30 ° C for 2 hours, under vigorous stirring.
Subsequently, the catalyst is filtered off and the solvent is evaporated under reduced
pressure obtaining 0.48 grams of 6-fluoro-2,2,4-trimethyl-1,2,3,4-tetradroquinoline
(ITa).
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EXAMPLE 4 (comparative)

Preparation of (3R)-7-fluoro-1,1,3-trimethylindan-4-ylamine (I) by means of
racemic resolution of a salt.

1.7 g of racemic 7-fluoro-1,1,3-trimethylindan-4-ylamine (8.8 mmol) and 0.65 g of
D-(28,3S5)-(—)-tartaric acid (4.4 mmol) are dissolved in methanol (4.0 mL). The
mixture is then heated to 70 © C for one hour. Subsequently, it is cooled to room
temperature with the formation of a white coloured precipitate. This heterogeneous
mixture is cooled to 4°C for 18 hours. The solid is filtered and recrystallized from
methanol six times.

The salt thus obtained is mixed with an aqueous solution of sodium hydroxide at
10% by weight, until pH = 12 is reached. Diethyl ether (20 mL) is added to the
alkaline solution, the phases are separated and the aqueous phase is re-extracted
with diethyl ether (20 mL). The combined organic phases are washed with water
and dried over sodium sulphate.

The solvent is evaporated under reduced pressure obtaining 0.29 g of (3R)-7-fluoro-

1,1,3-trimethylindan-4-ylamine (99.0% e.e.; yield = 17.0%).
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CLAIMS
1. A process for preparing the compound 1,1,3-trimethylindan-4-amine of

formula (I), or a salt thereof, enriched in the enantiomer (R)

5

ey

10 which comprises the following steps:

a) providing a racemic mixture of the optionally substituted 2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline compound of formula (Illa)

CH,

15 09—t

CHs
" om,
H
(ITa)

comprising the enantiomer (R) of formula (IVa) and the enantiomer (S) of formula

20 (Va)

25

(IVa) (Va),

b) treating said racemic mixture of the compound of formula (Illa)
according to an operating sequence A or an operating sequence B, wherein:

- the operating sequence A comprises:
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bl) converting by means of a protection reaction the racemic mixture of the
compound of formula (IIla) into a racemic mixture of the compound of formula

(ITIb) having a protective PG group to protect the nitrogen atom

CHj
5 N
Xn—r
= CHg
N
| CH3
PG
(I1Ib),

said racemic mixture of the compound of formula (IIIb) comprising the

10 enantiomer (R) of formula (IVb) and the enantiomer (S) of formula (Vb)

H CHs H CHg

PG PG
15
(IVDb) (Vb),
b2) separating said enantiomer (R) of formula (IVb) from said enantiomer
(S) of formula (Vb);
- the operating sequence B comprises:
20 b3) separating said enantiomer (R) of formula (IVa) from said enantiomer

(S) of formula (Va);

b4) converting by means of a protection reaction said enantiomer (R) of
formula (IVa) into an enantiomer (R) of formula (IVb);

¢) subjecting said enantiomer (R) of formula (IVb) obtained in step b2 or in

25  step b4 to an acid rearrangement reaction to form the compound of formula (VI)

HsC

H CHs

30 (IVb)
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d) substituting the PG group of said compound of formula (VI) with a
hydrogen atom to obtain the enantiomer (R) of the compound of formula (I);
where in the aforesaid formulas:
- *indicates an asymmetric carbon atom;
5 - X s a halogen atom;
- nis an integer selected from: 0, 1, 2 and 3;
- PGis a-COR! group or a -COOR? group,
- R!represents a linear or branched Ci-Cs alkyl group;
- R?represents a linear or branched C;-Cg alkyl group or a benzyl group.
10 2. The process according to claim 1, which further comprises the following
steps in sequence:
1) oxidizing, by means of an oxidizing agent, the enantiomer (S) of formula

(Vb) obtained in step b2 to form the compound of formula (VII)

HQ CH,
15 A
X
= CHy
" on,
PG
(VID);

20 i1) dehydrating said compound of formula (VII) in an acid environment to

obtain a compound of formula (VIII)

CH,
| AN
Xn—r
CH4
" en,
25 PG
(VID);

ii1) hydrogenating said compound of formula (VIII) to obtain a racemic

mixture of the compound of formula (IIIb) comprising the enantiomer (R) of
formula (IVb) and the enantiomer (S) of formula (Vb).

30 3. The process according to claim 1, which comprises the following steps in

sequence:
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- converting by means of a protection reaction said enantiomer (S) of
formula (Va) obtained in step b3 into an enantiomer (S) of formula (Vb);
1) oxidizing, by means of an oxidizing agent, said enantiomer (S) of formula

(Vb) to form the compound of formula (VII)

5 HO CHs
1 dh
X7
= CHy
V' om,
PG
(VID);
10 i1) dehydrating said compound of formula (VII) in an acid environment to

obtain a compound of formula (VIII)

CHs
| AN
Xn=r
CHs
15 T
PG
(VIID);

ii1) hydrogenating said compound of formula (VIII) to obtain a racemic
mixture of the compound of formula (IIIb) containing the enantiomer (R) of
20 formula (IVb) and the enantiomer (S) of formula (Vb).
4. The process according to claim 2, wherein said step iii is replaced by the
following steps in sequence:
ii-bis) converting by means of a deprotection reaction said compound of

formula (VIII) to obtain a compound of formula (IX)



WO 2021/059146 PCT/IB2020/058865

10

15

20

25

30

34

iii-bis) hydrogenating said compound of formula (IX) to obtain a racemic
mixture of the compound of formula (IIIa) containing the enantiomer (R) of formula
(IVa) and the enantiomer (S) of formula (Va).

5. The process according to any one of claims 2 or 3, wherein said racemic
mixture of the compound of formula (I1Ib) obtained in said step iii is fed to said
step b2.

6. The process according to claim 4, wherein said racemic mixture of the
compound of formula (IIla) obtained in said step iii-bis is fed to said step a.

7. The process according to any one of the preceding claims, wherein said
step d for substituting the PG group with a hydrogen atom is carried out by
hydrolysis or catalytic hydrogenation.

8. The process according to any one of the preceding claims, wherein said
step b2 or said separation step b3 is carried out by means of a chiral column
chromatographic technique.

9. The process according to claim 1, wherein said separation step b3 of said
racemic mixture of the compound of formula (IIla) comprises the following steps:

- reacting said racemic mixture of formula (IIla) with an optically active
acid to obtain a mixture of a corresponding enantiomeric salt (R) and a
corresponding enantiomeric salt (S);

- separating said enantiomeric salt (R) from said enantiomeric salt (S);

- subjecting said enantiomeric salt (R) to basic hydrolysis to obtain said
enantiomer (R) of formula (IVa) to be fed to said step b4.

10. The process according to any one of the preceding claims, wherein said
enantiomer (R) of formula (IVb) which is subjected to said acid rearrangement step
¢ has an enantiomeric excess (ee%) with respect to said enantiomer (S) of general
formula (Vb) greater than 90%, preferably greater than 98%, more preferably
greater than 99.5%.

11. The process according to any one of the preceding claims, wherein said
acid rearrangement reaction comprises reacting said enantiomer (R) of formula
(IVb) in the presence of an inorganic acid, preferably selected from sulfuric acid

and orthophosphoric acid.



WO 2021/059146 PCT/IB2020/058865

10

15

20

25

30

35

12. The process according to any one of the preceding claims, wherein said

compound of formula (I) obtained from said step d has an enantiomeric excess

(ee%) of the enantiomer (R) with respect to the enantiomer (S) of formula greater

than 97%, preferably greater than 99%, more preferably greater than 99.5%.

13. The process according to any one of the preceding claims, wherein in

said compound of formula (Illa) or (Illb):

X is a hydrogen or fluorine atom;

nis equal to 1;

PG is an acetyl group, a tert-butoxycarbonyl group or a carbobenzyloxy
group.

14. The process for the preparation of an amide of formula (II), enriched in

the enantiomer (R),

y

which comprises the following steps:

preparing a compound 1,1,3-trimethylindan-4-amine of formula (I), or a salt
thereof, enriched in the enantiomer (R) according to any one of the
preceding claims;

condensing said compound of formula (I) with at least one compound of

formula AC(O)Y

wherein:

A represents a Cs-C1o aryl group or a heterocyclic group with 5 or 6 terms
containing from 1 to 3 heteroatoms selected from N, O, S, said groups being
optionally substituted with one or more R3 and R4 groups;

R3 represents a C1-Cg alkyl group or a C1-Ce, haloalkyl group, said groups

being optionally substituted with one or more groups selected from R’, OR’,
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S(O)mR’; or R3 represents a C3-Cg cycloalkyl group, a C4-Co cycloalkylalkyl
group, a C2-Cs alkenyl group, a C2-Cs alkynyl group, a Cs-Cio aryl group, a
C7-Cy2 arylalkyl group or a heterocyclic group with 5 or 6 terms containing
from 1 to 3 heteroatoms selected from N, O, S, said groups being optionally
substituted with one or more groups selected from a halogen atom, R’, OR”,
NR’R”’, S(O)mR’, CONR’R”’, COR’, CO2R’, CN, NO2;

R4 represents a C1-Cg alkyl group or a C1-Ce, haloalkyl group, said groups
being optionally substituted with one or more groups selected from R’, OR’,
S(O)mR’; or R4 represents a C3-Cg cycloalkyl group, C4-Co cycloalkylalkyl
group, Ce-Cio aryl group or a C7-Ci2 arylalkyl group, said groups being
optionally substituted with one or more groups selected from a halogen
atom, R’, OR’, NR’R”’, S(O)mR’, CONR’R"’, COR’, CO2R’, CN, NO;

R’ and R”’, equal or different from each other, represent a hydrogen atom,
a C1-Cy alkyl group or a C1-C4 haloalkyl group;

Y represents a hydroxyl group, a halogen atom, a C1-Ce, alkoxy group, a
C1-Cs alkylsulfonyloxy group or a Ce-Cio, arylsulfonyloxy group, said Ci-
Cs alkoxy, C1-Ce alkylsulfonyloxy and Ces-C1o arylsulfonyloxy groups being
optionally substituted with one or more halogen atoms;

m is an integer selected from: 0, 1, 2 and 3.

15. The process for the preparation of an amide of formula (II), according

to claim 14, wherein A represents one of the following Ai1-As heterocycles:
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- Rsand R4, equal or different from each other, represent a C1-Cg alkyl group,
a C1-Ce haloalkyl group or a phenyl optionally substituted with at least one
from: halogen atom, Ci-C4 alkyl group, C:-Cs haloalkyl group, Ci-Cq4
alkoxyl group or a C1-C4 haloalkoxy group.

16. The process for the preparation of an amide of formula (II), according to

claim 14 or 15, wherein in the A1-As heterocycles:

- Rs represents a C1-Ce¢ alkyl group or a phenyl optionally substituted with
halogen atoms;

— R4 represents a methyl, a difluoromethyl, a trifluoromethyl or a phenyl
optionally substituted with halogen atoms.

17. The process for the preparation of an amide of formula (II) according to any

of the claims from 14 to 16, wherein:
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- Arepresents Ai;
- Rsrepresents a methyl;

— Rarepresents a methyl, a difluoromethyl or a trifluoromethyl.
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