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SYNTHESIS OF A MONOACYLGLYCEROL LIPASE INHIBITOR

FIELD OF THE INVENTION
The present invention relates to the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, or a pharmaceutically

acceptable salt thereof.

BACKGROUND OF THE INVENTION

1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate is a monoacylglycerol lipase (MAGL) inhibitor.
MAGL inhibitors has been suggested for use in treating a variety of neurological and psychiatric
disorders such as anxiety and pain.

W02013/103973 discloses 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate may be prepared starting from tert-butyl
piperazine-1-carboxylate via the intermediate tert-Butyl 4-[[2-(Pyrrolidin-1-yl})-4-
(trifluoromethyl)phenyl]-methyl]piperazine-1-carboxylate. However, this process was not optimal
with respect to parameters relevant for industrial scale applicability.

W02018/093953 discloses the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form
2. However, the process disclosed is not optimal in regard to further pharmaceutical development
with respect to parameters such as processability and production on an industrial scale.

Hence, there is a need for an alternative to the current manufacturing processes of
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate, or pharmaceutically acceptable salts thereof with respect to parameters such as

applicability for industrial scale.

SUMMARY OF THE INVENTION

With this background it is an object of the present invention to provide a process that meet
one or more needs described above, that is, i.a to provide a process that is suitable for further
pharmaceutical development of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate or 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2
and which is also applicable for industrial-scale production.
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Accordingly, in a first aspect of the invention is provided a process for the manufacture of
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate comprising the steps of:

a) reacting tert-butyl piperazine-1-carboxylate with hexafluoropropan-2-ol in the presence of
an acyl transfer agent to form 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl)
piperazine-1,4-dicarboxylate (A2), wherein step a) is carried out in a first solvent;

b) reacting 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate
(A2) obtained in step a) with a strong acid to form 1,1,1,3,3,3-hexafluoropropan-2-yl
piperazine-1-carboxylate(A3), or a pharmaceutically acceptable salt thereof, wherein step b)
is optionally carried out in a second solvent;

¢) reacting 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a
pharmaceutically acceptable salt thereof obtained in step b) with 2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzaldehyde in the presence of a reducing agent and an organic base to
form a reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, wherein the reaction in step c) is carried
out in a third solvent.

In a second aspect of the invention is provided a process for the manufacture of crystalline
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt form 2 comprising the steps of:

D1) dissolving 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, or a pharmaceutically acceptable salt thereof in a
sixth solvent at a temperature of 38 —=70 °C, preferably 38-42 °C, optionally under stirring;

D2) converting the 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, or a pharmaceutically acceptable salt thereof into
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt by addition of HCI, optionally under stirring at a temperature
of 70-76 °C, more preferably at a temperature of 74-76 °C;

D3) optionally filtering the solution obtained in step D2)

D4) cooling the solution to 63-69 °C, more preferably to temperature of 65-68 °C, and
adding seed crystals of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2;

D5) optionally, stirring the suspension for at least 1 hour;
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D6) cooling the suspension from 63-69 °C to a temperature of 10-40 °C, preferably at a
temperature of 16-23 °C during a period between 12 -20 hours under stirring. Other aspects,
features and advantages of the methods and intermediates described herein will become apparent
from the following detailed description. The section headings used herein are for organizational
purposes only and are not to be construed as limiting the subject matter described. All documents,
or portions of documents, cited in the application including, but not limited to, patents, patent
applications, articles, books, manuals, and treatises are hereby expressly incorporated by reference
in their entirety for any purpose. The invention will now be described in greater details. Each
specific embodiment and variation of features applies equally to each aspect of the invention

unless specifically stated otherwise.

INCORPORATION BY REFERENCE
All publications and patent applications mentioned in this specification are herein

incorporated by reference to the extent applicable and relevant.

BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 lllustrates an XRPD pattern of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2.
Fig. 2 lllustrates the cumulative distribution curve of a Compound [-HCI form 2 particles
made by the process according to the invention, wherein the Compound [-HCI form 2 particles has

been subjected to a milling step.

DETAILED DESCRIPTION OF THE INVENTION

The compound, 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, designated herein as Compound |, has the
structure:
CFs

F
i€ CF,

N

oo
$
O
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The compound 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt, designated herein as

Compound I-HCI, has the structure:

W02018/093953 discloses crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-

yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt Form 2, designated

herein as Compound |-HCI form 2.

In an embodiment of the invention, Compound I-HCI form 2 is identifiable by an X-ray

10  powder diffraction (XRPD) pattern with characteristic peaks at 8.6° 2-Theta, 14.3° 2-Theta, 15.6° 2-

Theta, 19.0° 2-Theta, 19.8° 2-Theta, and 20.7° 2-Theta. The XRPD pattern of Compound I-HCI form 2

is shown in figure 1. In another embodiment of the invention, Compound I-HCl form 2 is identifiable

by an X-ray powder diffraction (XRPD) pattern with characteristic peaks at 8.6 ° 2-Theta, 9.2 ° 2-

Theta, 9.5 ° 2-Theta, 11.7° 2-Theta, 12.6° 2-Theta, 14.3° 2-Theta, 15.6° 2-Theta, 16.2° 2-Theta, 16.7°

15  2-Theta, 17.2° 2-Theta, 18.5° 2-Theta, 19.0° 2-Theta, 19.6° 2-Theta, 19.8° 2-Theta, 20.4° 2-Theta,
20.7° 2-Theta, 21.6° 2-Theta, 22.5° 2-Theta, 23.5° 2-Theta, and 27.7° 2-Theta.

The compound tert-butyl piperazine-1-carboxylate, designated herein as A1, has the

structure:
" NH
XO\H/N
(0]
Al
20 The compound 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-

dicarboxylate, designated herein as A2, has the structure:

O CF,
\)NJ\OJ\CFs
O.__N
T
A2

The compound 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate, designated

herein as A3, has the structure:
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HN\)

The compound 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate

A3

monohydrochloride, designated herein as A3-HCI, has the structure:

O CF,
r/\N 0
HN\/) HC

A3-HCI

CF3

5 The compound 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate
monotrifluoroacetic acid, designated herein as A3-TFA, has the structure:
O CF,4

N~ 07 CF,
HN\/J CF5COOH

A3-TFA
The compound 2-fluoro-4-(trifluoromethyl)benzaldehyde, designated herein as A4, has the
structure:

FsC

F

10 A4

The compound 2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzaldehyde, designated herein as A5,

F3C
|

N_ O

Q

A5

has the structure:

The inventors have found a new synthesis for manufacturing 1,1,1,3,3,3-hexafluoropropan-
15 2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate by coupling A3 and A5

via a reductive amination.
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The invention provides a scalable synthesis of Compound | with high yield and use of less
toxic solvents. The overall process is illustrated in brief below. Compound | may in a further

embodiment be crystallized to Compound | - HCI form 2.

)Ol\ CcFs

NH Step a) (N o7 ey Step b)
>ro\n, N — >|/°\an < _— LN
T 5 a2 A3

Al O CF3

FiC. (\NJI\OJ\CFa
Step c) N\)
N Compound |
FaC (_7 P
FsC Step c0) °
e —_— Z
step d)

N

- Q
At As o CcF
Fo N)J\o)\CF3
\Q\/N\) Hel
d? Compound 1 - HCIForm 2
5 Step a) is a carbamate formation by reacting A1 with hexafluoropropan-2-ol in the presence

of an acyl transfer agent such as 1,1’-carbonyldiimidazole (CDI) to form A2. The formation of A2 has
previously been disclosed in W02013/103973. However, the inventors have surprisingly found that
the formation of A2 can advantageously be carried out under increased pressure in a solvent
allowing the use of less HFIP and avoiding oiling during precipitation. Furthermore, the yield of A2

10  can be obtained in high yield by adding the reactants in the order of acyl transfer agent, solvent and
Al, respectively to limit formation of side products.

Step b) is a deprotection step, wherein the piperazine moiety of A2 is liberated by a reaction
between A2 and a strong acid. The formation of A3 have previously been disclosed in
W02013/103973, wherein TFA is added to A2 to provide A3-TFA. The inventors found that in order

15  to control the flammable isobutene evolution, the TFA was charged first followed by slow addition
of A2. Surprisingly, the inventors found that heating the solution to about 35-50°C during the
crystallization step with water as antisolvent allowed for a more controlled crystallization and
thereby leading to a product that could be easily isolated.

Alternatively, the inventors found that TFA could be substituted with HCl to directly

20  precipitate A3 as A3-HCl that was advantageously non-hygroscopic and an easy to filter solid, which
provided a high yield and lower manufacturing costs. Furthermore, HCl is preferred to use in an
industrial scale due to its ease to use in manufacture in industrial scale and low cost. Inan
embodiment of the invention, gaseous HCl was used facilitating a one pot process for the

manufacture of A3-HCI.
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Step c0) is a nucleophilic aromatic substitution by reacting A4 with pyrrolidine to afford A5.

The formation of A5 have previously been disclosed in J. Med. Chem. 2018, 61, 9062-9084, wherein
A5 was charged in a flask with pyrrolidine, potassium carbonate and DMSO with a yield of 63% after
extraction with DCM and purification over silica gel. To make the process more scalable both in
regards to cost and safety, the inventors found that step c0) could advantageously be carried out in
ethyl acetate as solvent.

Step c) is a reductive amination step to provide Compound I. In a method disclosed in J.
Med. Chem. 2018, 61, 9062-9084, Compound | was provided by reacting A3 and tert-butyl
piperazine-1-carboxylate to afford tert-butyl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, followed by deprotection with TFA and a reaction
with hexafluoropropan-2-ol to afford compound | with a yield of 77%. The process disclosed in J.
Med. Chem. 2018, 61, 9062-9084 is not suitable for industrial scale-up as the process utilize toxic
solvents such as DCM, and product isolation from silica gel chromatography, which is a costly
process and not easily applicable on large scale. In the present invention, Compound | is provided
by a reductive amination between A3 and A5 in the presence of reduction agent without the use of
DCM, and surprisingly the final product can be isolated with a yield up to 92 %. The inventors found
that by using the same solvent in step c0) and step c) there was no need for an additional solvent
swap between step c0) and step ¢) making the process more environmentally friendly.
Advantageously the use of ethyl acetate as solvent in step c0) and c), led to a more cost-effective
manufacture of Compound | in high yields. Preferably, when ethyl acetate is used in step c), an
isolation step comprising an aqueous work-up may be used to afford Compound I in a high yield.

Step d) is the salt formation of Compound |-HCl form 2 by reacting Compound | with a HCI
solution in a solvent such as isopropanol. The formation of Compound I-HC| form 2 is disclosed in
W02018/093953 wherein Compound I-HCl form 2 is provided by reacting Compound | with HCl in
solvents such as ethanol or acetone. The process of W02018/093953 led to preparation of
Compound I-HCI form 2 particles having a particle size distribution (PSD) that was not reproduceble
between batches and not suitable for manufacturing of finished dosage form such as a tablet
comprising Compound |-HCl form 2.

From a pharmaceutical manufacturing point of view and especially manufacturing of tablets
a reproducible and controlled PSD are highly desirable. In a preferred embodiment, Compound I-
HCl form 2 particles is characterized by having a d10 particle size between 10-30 um, a d50 particle

size between 60-80 um and a d90 particle size below 200 um.
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In comparison, the process for manufacturing Compound |-HCI form 2 described in the prior
art provided a d10 particle size down to 5 um and a particle size d90 up to 300 um giving a wide
distribution curve, which is not desirable when manufacturing a solid dosage form such as a tablet
comprising Compound |-HCI form 2. One known solution to obtain particles with an appropriate
PSD is to subject a particles to multiple sieve steps in order to end of with an acceptable PSD.
However, such solution has the drawback of wasting high amounts of product which is both
expensive and also not environmentally friendly.

In a preferred embodiment, the inventors surprisingly found that Compound I-HCl form 2
may be crystallized from Compound | by a controlled crystallization process comprising very specific
reaction and cooling temperatures to provide Compound I-HCl form 2 particles suitable for large
scale production and providing particles suitable for further processing.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which the claimed subject matter
belongs. It is to be understood that the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of any subject matter
claimed. In this application, the use of the singular includes the plural unless specifically stated
otherwise. It must be noted that, as used in the specification and the appended claims, the singular

» ou

forms “a,” “an” and “the” include plural referents unless the context clearly dictates otherwise. In

this application, the use of “or” means “and/or” unless stated otherwise. Furthermore, use of the
term “including” as well as other forms, such as “include”, “includes,” and “included,” is not
limiting.

The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents, or portions of documents, cited
in the application including, but not limited to, patents, patent applications, articles, books,
manuals, and treatises are hereby expressly incorporated by reference in their entirety for any
purpose.

The term “acceptable” or “pharmaceutically acceptable”, with respect to an ingredient, as
used herein, means having no persistent detrimental effect on the general health of the subject

being treated or does not abrogate the biological activity or properties of the compound, and is

relatively nontoxic.
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The term “C1-Cs alcohol”, as used herein, refers to a straight or branched, saturated
hydrocarbon chain containing from 1 to 4 carbon atoms, wherein in at least one -OH group is
appended to the hydrocarbon chain. Ci.C4 alcohol include, but are not limited to methanol,
ethanol, isopropanol (2-propanol), propanol, butanol, and 2-methylpropan-1-ol.

The terms “inhibits”, “inhibiting”, or “inhibitor” of an enzyme as used herein, refer to
inhibition of enzymatic activity.

The term “isolation step”, as used herein, refers to separating and removing a component of
interest from components not of interest. Isolation strategies are known in the art and may include
concentrating the desired component by heat, solid isolation by filtering, and centrifugation or a
combination thereof, which may be followed by a suitable drying step.

The term “washing step”, as used herein, refers to a step of adding one or more solvents for
removing impurities from a desired product/intermediate or mixture comprising the desired
product/intermediate.

The term “isolated compound”, as used herein, refers to compound that has been subjected
to an isolation step removing the compound of interest from components not of interest. Isolated
compounds can be in either a dry or semi-dry state. An isolated compound will generally have a
purity between 96-99 %. In an embodiment of the invention the purity of an isolated compound is
above 98%.

The term “drying step”, as used herein, refers to a step of vaporization and removal of water
or other liquids from a solution, wet cake, suspension, or other solid-liquid mixture to form
a dry solid. drying strategies as such is known in the art and can be done providing heat to solution
causing the impurities to evaporate, preferably the drying is done under vacuum.

The term “crystallisation” or “crystallisation step”, as used herein, refers to the use of a
crystallisation technology to solidify the component of interest in a mixture. The mixtures are
typically in the form of a solution, suspension or colloids. Crystallization technologies include but
are not limited to cooling, evaporation, antisolvent. Optionally, the crystallisation step may be
carried out in the presence of a seed crystal.

The term “solvent”, as used herein, refers to a suitable solvent, or mixture of solvents, inert
to the ongoing reaction that sufficiently solubilizes the reactants to afford a medium within which
to affect the desired reaction.

The term “aprotic solvent”, as used herein, refers to a solvent that is relatively inert to

proton activity, i.e. not acting as a proton donor. Examples include but are not limited to
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hydrocarbons such as toluene and, heterocyclic compound such as tetrahydrofuran, haloalkanes
such as dichloromethane, ethers such as methyl tert-butyl ether.

The term “strong acid”, as used herein, refers to an acidic compound having a pKa in water
at a temperature of 25 °C of at most 1.

The term “acyl transfer agent”, as used herein, refers to an additive useful in the transfer of
an acyl group in the preparation of a carbamate group starting from an amine such as piperazine.
Acyl transfer agents include but are not limited to phosgene, diphosgene, triphosgene, 1,1’-
carbonyldiimidazole, N,N’-dicyclohexylcarbodiimide, and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide.

The term “organic base”, as used herein, refers to term organic compound containing one
or more nitrogen atoms, and which acts as a base. Examples of organic bases are, but not limited
to, triethylamine, 4-methylmorpholine, pyridine, lutidine, 1,4-Diazabicyclo[2.2.2]octane

(DABCO), 1,8-Diazabicyclo [5.4.0] undec-7-ene (DBU), 1,2,2,6,6-pentamethylpiperidine,
1,1,3,3- tetramethylguanidine and N-ethyldiisopropylamine (DIPEA).

The term “particle size distribution” (PSD) as used herein refers to the mean particle size
from a statistical distribution of a range of particle sizes. The Compound |-HCl form 2 particle size
distribution, in particular d90, d50, d10 values, may be determined by well-known methods of the
prior art such as sieve analysis, laser diffraction methods, image analysis or optical counting
methods.

As illustrated in the Example 15, the particle size distribution can be measured by image
analysis.

As used herein, by "d90 particle size” refers to the particle diameter wherein 90 percent of
the particle population has a diameter below such value.

As used herein, by "d50 particle size" refers to the median particle diameter, wherein half of
the particle population has a diameter below such value.

As used herein, by "d10 particle size" refers to the particle diameter wherein 10 percent of
the particle population has a diameter below such value.

The term “stirring”, as used herein, refers to the process of mixing a solution, suspension or
another liquid-liquid system or liquid-solid system. The mixing is preferably done by a stirrer or an

impeller in a large-scale production.

10
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The term “stirring rate”, as used herein, refers to revolutions per minute of an impeller or
stirrer. It is within the knowledge of the skilled person to determine the rate of stirring depending
on the equipment available (size of vessel and size of impeller) and task to be accomplished.

The term “reducing agent”, as used herein, refers to any compound or complex that is
known in the field for its effects in converting a functional group in a molecule from one oxidation
state to a lower oxidation state. Examples of a reducing agent may be but not limited to sodium
triacetoxyborohydride, sodium borohydride, lithium aluminium hydride, hydrogen (Hz) in presence

of Pd/C, Hxin presence of Rh/C in, and sodium cyanoborohydride.

Embodiments of the invention

In the following, embodiments of the invention are disclosed. The first embodiment is
denoted E1, the second embodiment is denoted E2 and so forth.

E1. A process for the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate comprising the steps of:

a) reacting tert-butyl piperazine-1-carboxylate (A1) with hexafluoropropan-2-ol in the
presence of an acyl transfer agent to form 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-
yl) piperazine-1,4-dicarboxylate (A2), wherein step a) is carried out in a first solvent;

b) reacting 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate
(A2) obtained in step a) with a strong acid to form 1,1,1,3,3,3-hexafluoropropan-2-yl
piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof, wherein step
b) is optionally carried out in a second solvent;

¢) reacting 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a
pharmaceutically acceptable salt thereof obtained in step b) with 2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzaldehyde in the presence of a reducing agent and an organic base to
form a reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, wherein the reaction in step c) is carried
out in a third solvent;

E2. The process according to embodiment E1, wherein step a) is carried out at around a
pressure of 2 bar to 6 bar, preferably 4 bar.
Surprisingly, the formation of A2 can advantageously be carried out under increased

pressure in a first solvent allowing the use of less HFIP and avoiding oiling during precipitation

11
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E3. The process according to any one of embodiments E1-E2, wherein the acyl transfer
agent in step a) is selected from the group consisting of phosgene, diphosgene, triphosgene, 1,1’-
carbonyldiimidazole, N,N’-dicyclohexylcarbodiimide, and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide.

E4. The process according to any one of embodiments E1-E3, wherein the acyl transfer
agent in step a) is 1,1’-carbonyldiimidazole.

E5. The process according to any one of embodiments E1-E4, wherein the first solvent in
step a) is an aprotic solvent.

E6. The process according to any one of embodiments E1-E5, wherein the ingredients in
step a) are added in the consecutive order of the acyl transfer agent, the first solvent, tert-butyl
piperazine-1-carboxylate (A1), and hexafluoropropan-2-ol.

Surprisingly, A2 can be obtained in high yield by adding the reactants in the order of acyl
transfer agent, solvent and A1, respectively to limit formation of side products.

E7. The process according to any one of embodiments E1-E6, wherein the first solvent in
step a) is selected from the group consisting of acetonitrile, dichloromethane, methyl tert-butyl
ether, tetrahydrofuran and toluene.

E8. The process according to any one of embodiments E1-E7, wherein the first solvent in
step a) is acetonitrile.

E9. The process according to any one of embodiments E1-E8, wherein the strong acid in step
b) is selected from trifluoroacetic acid or HCI.

E10. The process according to any one of embodiments E1-E9, wherein the strong acid in
step b) is trifluoroacetic acid, and the ingredients in step b) are added in the consecutive order of
trifluoroacetic acid followed by 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-
dicarboxylate (A2) to form a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic acid.

E11. The process according to any one of embodiments E1-E10, wherein 1-(tert-butyl) 4-
(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate (A2) in step b) is added to
trifluoroacetic acid at around 10-30°C to form the mixture comprising 1,1,1,3,3,3-
hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof

and trifluoroacetic acid.

12
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E12. The process according to embodiment E11, wherein 1-(tert-butyl) 4-(1,1,1,3,3,3-
hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate (A2) is added to trifluoroacetic acid over at
least 3 hours.

E13. The process according to any one of embodiments E11-E12, wherein step b) is carried
out in a closed system equipped with a hopper.

E14. The process according to any one of embodiments E1-E13, wherein step b) comprise
the step comprising adding water to the mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl
piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic acid
to form a suspension.

E15. The process according to embodiment E14, wherein the water in step b) is added at 35-
50 °C.

E16. The process according to any one of embodiments E1-E9, wherein the strong acid in
step b) is HCI; and wherein step b) is carried out in a second solvent.

E17. The process according to embodiment E16, wherein the second solvent in step b) is
selected from the group consisting of toluene, isopropyl acetate, dichloromethane, acetonitrile,
ethers and esters.

E18. The process according to any one of embodiments E16-E17, wherein the second
solvent in step b) is isopropyl acetate.

E19. The process according to any one of embodiments E1-E18, wherein step b) further
comprise a step of isolating 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-
dicarboxylate (A2), or a pharmaceutically acceptable salt thereof.

E20. The process according to any one of embodiments E1-E19, wherein the compound
1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a pharmaceutically acceptable
salt thereof in step b) is obtained as 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate
mono-trifluoroacetic acid salt.

E21. The process according to any one of embodiments E1-E20, wherein the compound
1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a pharmaceutically acceptable
salt thereof in step b) is obtained as 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate
mono-hydrochloride salt.

E22. The process according to any one of embodiments E1-E21, wherein the third solvent in
step c) is selected from the group consisting of dichloromethane, acetonitrile, tetrahydrofuran,

dimethylformamide and ethyl acetate.
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E23. The process according to any one of embodiments E1-E22, wherein the third solvent in
step c) is ethyl acetate.

E24. The process according to any one of embodiments E1-E23, wherein the reducing agent
in step c) is selected from the group consisting of sodium triacetoxyborohydride, H in the presence
of a catalyst such as Pd/C, Pt/C, Rh/C, sodium borohydride and sodium cyanoborohydride

E25. The process according to any one of embodiments E1-E24, wherein the reducing agent
in step c) is sodium triacetoxyborohydride.

E26. The process according to any one of embodiments E1-E25, wherein the organic base in
step c) is selected from the group consisting of triethylamine, N,N-diisopropylethylamine, pyridine,
and 2,6-lutidine.

E27. The process according to any one of embodiments E1-E26, wherein the organic base in
step c) is triethylamine.

E28. The process according to any one of embodiments E1-E27, wherein step ¢) comprises
the steps of:

i) providing a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof obtained in step b), 2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzaldehyde, the organic base, and the third solvent;

ii) adding the reducing agent to the mixture obtained from step i) to provide a reaction
mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

E29. The process according to any one of embodiments E1-E28, wherein step c) further
comprises step of:

iia) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the reaction mixture in step c).

E30. The process according to any one of embodiments E1-E29, wherein step c) further
comprises the step of:

iii) adding water to the reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a phase separation
having an organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, followed by diluting the organic phase with the

third solvent.
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E31. The process according to embodiment E30, wherein step c) further comprises the steps
of:

iv) adding an C1.C4 alcohol to the organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-
yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to provide a solution
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, optionally concentrating the solution.

v) adding water to the solution comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a suspension
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

E32. The process according to embodiment E31, wherein the C1.C4 alcohol is isopropanol or
methanol.

E33. The process according to embodiments E31-E32, wherein the C1.C4 alcohol is methanol.

E34. The process according to embodiment E33, wherein the C1.Cs alcohol is isopropanol.

E35. The process according to any one of embodiments E31-E34, wherein step c) further
comprises the step of:

vi) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the suspension comprising 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
obtained in step v).

E36. The process according to any one of embodiments E1-E35, wherein 2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzaldehyde is provided to step c) as a solution comprising 2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzaldehyde and a fourth solvent.

E37. The process according to any one of embodiments E1-E36, wherein 2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzaldehyde is obtained in step c0) prior to step c), wherein step c0) comprises
the step of: reacting 2-fluoro-4-(trifluoromethyl)benzaldehyde with pyrrolidine in the presence of
an inorganic base to form 2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde, wherein the
reaction in step c0) is carried out in the fourth solvent.

E38. The process according to embodiment E37, wherein the inorganic base in step c0) is an
alkali metal carbonate or an alkali metal bicarbonate.

E39. The process according to any one of embodiments E37-E38, wherein the inorganic base

in step c0) is NaCOs.
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E40. The process according to any one of embodiments E37-E39, wherein the fourth solvent
in step c0) is selected from the group consisting of ethyl acetate, acetonitrile, dichloromethane,
dimethylformamide and tetrahydrofuran.

E41. The process according to any one of embodiments E37-E40, wherein the fourth solvent
is ethyl acetate.

E42. The process according to any one of embodiments E1-E41, wherein the third and the
fourth solvent is ethyl acetate.

Advantageously the use of ethyl acetate as solvent in step c0) and c), led to a more cost-
effective manufacture of Compound | in high yields.

E43. The process according to any one of embodiments E37-42, wherein the inorganic base
and the fourth solvent in step c0) are Na>COs and ethyl acetate.

E44. The process according to any one of embodiments E37-E43, wherein step c0) further
comprises adding around 1-2% w/w of water to the mixture obtained step c0) comprising ethyl
acetate and 2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde.

Surprisingly, the addition of a small amount of water increases the reaction rate and
conversion of step c).

E45. The process according to any one of embodiments E37-E44, wherein 2-(pyrrolidine-1-
yl)-4-(trifluoromethyl)benzaldehyde in step c0) is obtained in a solution comprising 2-(pyrrolidin-1-
yI)-4-(trifluoromethyl)benzaldehyde and the fourth solvent.

E46. A process for the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate comprising the steps of:

a) reacting tert-butyl piperazine-1-carboxylate (A1) with hexafluoropropan-2-ol in the
presence of an acyl transfer agent to form 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-
yl) piperazine-1,4-dicarboxylate (A2), wherein step a) is carried out in a first solvent;

b) reacting 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate
(A2) obtained in step a) with HCl to form a 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate, or a pharmaceutically acceptable salt thereof; wherein step b) is carried out in
isopropyl acetate;

c) reacting 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a
pharmaceutically acceptable salt thereof obtained in step b) with 2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzaldehyde in the presence of a reducing agent and an organic base to

form a reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-
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4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, wherein the reaction in step c) is carried

out in ethyl acetate;

E47. The process according to embodiment E46, wherein step a) is carried out at a pressure
of around 4 bar.

E48. The process according to any one of embodiments E46-E47, wherein the acyl transfer
agent in step a) is 1,1’-carbonyldiimidazole.

E49. The process according to any one of embodiments E46-E48, wherein the first solvent in
step a) is acetonitrile.

E50. The process according to any one of embodiments E46-E49, wherein the reducing
agent in step c) is sodium triacetoxyborohydride.

E51. The process according to any one of embodiments E46-E50, wherein the organic base is
triethylamine.

E52. The process according to any one of embodiments E46-E51, wherein step b) is
performed in a one-pot process and wherein HCl is in the form of gaseous HCI.

E53. The process according to any one of embodiments E46-E52, wherein the step c)
comprises the steps of

i) providing a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof obtained in step b), 2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzaldehyde, the organic base, and ethyl acetate;

ii) adding the reducing agent to the mixture obtained from step i) to provide the reaction
mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

E54. The process according to any one of embodiments E46-E53, wherein step c) further
comprise the step of:

iia) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the reaction mixture in step c).

E55. The process according to any one of embodiments E46-E54, wherein step c) further
comprises the step of:

iii) adding water to the reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a phase separation

having an organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
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(trifluoromethyl)benzyl)piperazine-1-carboxylate, followed by diluting the organic phase with ethyl
acetate.

E56. The process according to any one of embodiments E46-E55, wherein the isolation step
in step c) further comprises the steps of:

iv) adding an C1.Cs alcohol to the organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-
yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to provide a solution
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, optionally concentrating the solution.

v) adding water to the solution comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a suspension
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

Advantageously an aqueous work-up can be added to step c allowing the removal of
triethylamine, HCl salts and side products. The aqueous work-up combined with the use of ethyl
acetate (water immiscible) allows for a more controlled crystallisation of Compound | giving a
surprisingly high yield, high purity without the need of toxic solvents such as DCM, and product
isolation from silica gel chromatography.

E57. The process according to embodiment E56, wherein the C1-C4 alcohol is isopropanol or
methanol.

E58. The process according to embodiment E57, wherein the C1.Cs alcohol is methanol.

E59. The process according to embodiment E57, wherein the C1.Ca alcohol is isopropanol.

Isopropanol surprisingly showed to solubilize the impurities of the present reaction better
than methanol allowing for the isolation of Compound I in higher purity compared to methanol.

E60. The process according to any one of embodiments E46-E59, wherein step c) further
comprises the step of:

vi) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the suspension comprising 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl}-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
obtained in embodiment E55.

E61. The process according to any one of embodiments E46-E60, wherein 2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzaldehyde is obtained in step c0) prior to step c), wherein step c0) comprises

the step of reacting 2-fluoro-4-(trifluoromethyl)benzaldehyde with pyrrolidine in the presence of an

18



10

15

20

25

30

WO 2021/214550 PCT/1B2021/000277

inorganic base to form 2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde, wherein the reaction
in step c0) is carried out in ethyl acetate.

E62. The process according to any one of embodiments E46-E61, wherein the inorganic base
is Na,COs.

E63. Process for the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzyl)piperazine-1-carboxylate comprising the steps of:

a) reacting tert-butyl piperazine-1-carboxylate (A1) with hexafluoropropan-2-ol in the presence
of an acyl transfer agent to form 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl)
piperazine-1,4-dicarboxylate (A2), wherein step a) is carried out in a first solvent;

b) reacting 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate
(A2) obtained in step a) with trifluoroacetic acid to form a 1,1,1,3,3,3-hexafluoropropan-2-yl
piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof;

¢) reacting 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a
pharmaceutically acceptable salt thereof obtained in step b) with 2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzaldehyde in the presence of a reducing agent and an organic base to
form 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, wherein the reaction in step c) is carried
out in ethyl acetate.

E64. The process according to embodiment E63, wherein the ingredients in step a) are
added in the consecutive order of the acyl transfer agent, the first solvent, tert-butyl piperazine-1-
carboxylate (A1), and hexafluoropropan-2-ol as the last ingredient.

E65. The process according to any one of embodiments E63-E64, wherein the ingredients in
step b) are added in the consecutive order of trifluoroacetic acid followed by 1-(tert-butyl) 4-
(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate (A2).

E66. The process according to any one of embodiments E63-E65 wherein 1-(tert-butyl) 4-
(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate (A2) in step b) is added to
trifluoroacetic acid at around 10-30 °C to provide a mixture comprising 1,1,3,3,3-hexafluoropropan-
2-yl piperazine-1-carboxylate, or a pharmaceutically acceptable salt thereof and trifluoroacetic acid.

E67. The process according to embodiment E66, wherein 1-(tert-butyl) 4-(1,1,1,3,3,3-
hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate (A2) is added to trifluoroacetic acid over at

least 3 hours.
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E68. The process according to any of embodiments E66-E67, wherein step b) is carried out in
a closed system equipped with a hopper.

E69. The process according to any one of embodiments E66-E68, wherein step b) comprise a
crystallization step comprising adding water to a mixture comprising 1,1,1,3,3,3-hexafluoropropan-
2-yl piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic
acid to form a suspension.

E70. The process according to embodiment E69, wherein the water is added at 35-50 °C.

E71. The process according to any one of embodiments E63-E70, wherein step c) comprises
the steps of:

i) providing a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof obtained in step b), 2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzaldehyde, the organic base, and ethyl acetate;

ii) adding the reducing agent to the mixture obtained from step i) to provide the reaction
mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

E72. The process according to any one of embodiments E63-E71, wherein step c) further
comprises step of:

iia) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the reaction mixture in step c).

E73. The process according to any one of embodiments E63-E72, wherein step c) further
comprises the step of:

iii) adding water to the reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a phase separation
having an organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, followed by diluting the organic phase with the
third solvent.

E74. The process according to embodiment E73, wherein step c) further comprises the steps
of:

iv) adding an C;1.C4 alcohol to the organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-
yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to provide a solution
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate, optionally concentrating the solution.
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v) adding water to the solution comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a suspension
comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

E75. The process according to embodiment E74, wherein the C1.C4 alcohol is isopropanol or
methanol.

E76. The process according to embodiments E74-E75, wherein the C1.Ca4 alcohol is methanol.

E77. The process according to embodiments E74-E76, wherein the C1-Ca alcohol is
isopropanol.

E78. The process according to any one of embodiments E74-E77, wherein step c) further
comprises the step of:

vi) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate from the suspension comprising 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
obtained in step v).

E79. The process according to any one of embodiments E63-E78, wherein the acyl transfer
agent in step a) is 1,1’-carbonyldiimidazole.

E80. The process according to any one of embodiments E63-E79, wherein the first solvent in
step a) is acetonitrile.

E81. The process according to any one of embodiments E63-E80, wherein the reducing
agent in step c) is sodium triacetoxyborohydride.

E82. The process according to any one of embodiments E63-E81, wherein the organic base is
triethylamine.

E83. The process according to any one of embodiments E63-E82, wherein 2-(pyrrolidin-1-yl)-
4-(trifluoromethyl)benzaldehyde is obtained in step c0) prior to step c), wherein step c0) comprises
the step of reacting 2-fluoro-4-(trifluoromethyl)benzaldehyde with pyrrolidine in the presence of a
an inorganic base to form 2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde, wherein the
reaction in step c0) is carried out in ethyl acetate.

E84. The process according to any one of embodiments E63-E83, wherein the inorganic base
is Na2COs.

E85. The process according to any one of embodiments E46-E62, wherein the 1,1,1,3,3,3-

hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof
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formed in step b) is obtained as 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate mono-
hydrochloride salt.

E86. The process according to anyone of embodiments E63-E84, wherein the compound
1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate, or a pharmaceutically acceptable salt
thereof in step b) is obtained as 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate mono-
trifluoroacetic acid.

E87. The process according to any of embodiments E1-E86, wherein 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate is
subsequently converted to 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E88. The process according to any one of embodiments E1-E86, wherein step c) is followed
by step d) comprising:

reacting 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate with HCl in the presence of a fifth solvent to
form crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E89. The process according to embodiment E88, wherein the fifth solvent is isopropanol.

E90. The process according to any one of embodiments E87-E89, wherein step d) further
comprises the step of: isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E91. A process for the manufacture of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2
comprising the steps of:

manufacturing 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate by the process according to any one of
embodiments E1-E85, and

d) converting 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate to crystalline 1,1,1,3,3,3-

hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-

carboxylate mono-hydrochloride salt form 2.

E92. The process according to embodiment E91, wherein step d) comprises the steps of

reacting 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
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(trifluoromethyl)benzyl)piperazine-1-carboxylate with HCl in the presence of a fifth solvent to form
crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E93. The process according to embodiment E92, wherein the fifth solvent is isopropanol.

E94. The process according to any one of embodiments E82-E88, wherein the obtained
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt is 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2 identifiable by an
X-ray powder diffraction (XRPD) pattern with characteristic peaks at 8.6° 2-Theta, 14.3° 2-Theta,
15.6° 2-Theta, 19.0° 2-Theta, 19.8° 2-Theta, and 20.7° 2-Theta.

E95. The process according to any one of embodiments E87-E90, wherein step d) is carried
out in the presence of a seed crystal of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E96. The process according to any one of embodiments E87-E95, wherein the obtained
crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2 is characterized by
having an X-ray powder diffraction (XRPD) pattern with characteristic peaks at 8.6° 2-Theta, 14.3° 2-
Theta, 15.6° 2-Theta, 19.0° 2-Theta, 19.8° 2-Theta, and 20.7° 2-Theta.

E97. A process for the manufacture of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2
comprising the steps of:

D1) dissolving 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, or a pharmaceutically acceptable salt thereof in a
sixth solvent at a temperature of 38 — 70 °C, preferably at a temperature of 38-42 °C, optionally
under stirring;

D2) converting the 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl})-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate, or a pharmaceutically acceptable salt thereof into
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt by addition of HCI, optionally under stirring at a temperature
of 70-76 °C, preferably at a temperature of 74-76 °C;

D3) optionally filtering the solution obtained in step D2)
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D4) cooling the resulting solution obtained in step D2) to 63-69 °C, preferably to 65-68 °C,
and adding seed crystals of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2;

D5) optionally, stirring the obtained suspension from step D4) for at least 1 hour;

D6) cooling the suspension from 63-69 °C to a temperature of 10-40 °C, preferably at a
temperature of 16-23 °C during a period between 12 -20 hours under stirring.

Surprisingly the inventors found that by the present method it was possible to control the
crystallization of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2 having high
purity, high yield and having a PSD suitable for further preparation of a solid dosage form such as a
tablet.

E98. The process according to embodiment E97, wherein the process further comprises a
step D7) of isolating the wet cake of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E99. The process according to any one of embodiments E97-E98, wherein the process
further comprises a step D8) of washing the wet cake of crystalline 1,1,1,3,3,3-hexafluoropropan-2-
yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt
form 2, preferably the wash is performed with the sixth solvent as used in step D1.

E100. The process according to any one of embodiments E97-E99, wherein the process
comprises a further step D9) of drying the wet solid to provide dry crystalline 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
mono-hydrochloride salt form 2.

E101. The process according to any one of embodiments E97-E100, wherein the process
comprising a further step of isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2.

E102. The process according to any one of embodiments E97-E101, wherein the sixth
solvent is a C1-C4 alcohol, preferably the sixth solvent is isopropanol.

E103. The process according to any one of embodiments E97-102, wherein the seed crystals
is characterized by having a d10 particle size of 10-30 um; a d90 particle size below 200 pm,
optionally a d50 particle size ranging of 60-80 um, optionally the seed crystal is milled.

E104. The process according to any one of embodiments E97-E103, wherein the wet solid is

dried at a temperature of 30-45°C for 6-10 hours.
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E105. The process according to any one of embodiments E97-E104, wherein step D6)
comprises the steps of:

Cooling the suspension from 63-69 °C to 61-64°C in approximately 2 hours and stirring the
suspension for 2 hours at 61-63°C, then cooling the suspension to 51-53°C in approximately 2
hours, then cooling the suspension to 36-38°C in approx. 2 hours, then cooling the suspension to
18-20°C in approximately 2 hours and stirring the suspension at 18-20°C for further 6 hours.

E106. The process according to any one of embodiments E97-E105, wherein the process
further comprises the step of milling the obtained crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-
(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt
form 2, preferably via a hammer mill.

E107. The process according to any one of embodiments E97-E106, wherein crystalline
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt form 2 is characterized by having a d10 particle size of 10-30
pum; a d90 particle size ranging below 200 um, optionally a d50 particle size ranging of 60-80 pum.

E108. The process according to any one of embodiments E97-E107, wherein crystalline
1,1,1,3,3,3-hexaluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate mono-hydrochloride salt form 2 is formulated into a solid dosage form.

E109. The process according to embodiment E108, wherein the crystalline 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
mono-hydrochloride salt form 2 is formulated into a tablet.

E110. The process according to any one of embodiments E97-E109, wherein the obtained
crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2 is characterized by
having an X-ray powder diffraction (XRPD) pattern with characteristic peaks at 8.6° 2-Theta, 14.3° 2-
Theta, 15.6° 2-Theta, 19.0° 2-Theta, 19.8° 2-Theta, and 20.7° 2-Theta.

E111. A process for the manufacture of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2
comprising the steps of:

Providing 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate according to any one of embodiments E1-E86

Converting 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate to crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-
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(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2
according to any one of embodiments E96-E108.

E112. Use of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2 particles for the
preparation of a solid dosage form comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-
yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2, wherein the
particle size distribution of crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt form 2 is characterized
by having a d10 particle size of 10-30 um; a d90 particle size ranging below 200 um, optionally a
d50 particle size ranging of 60-80 um, wherein the crystalline 1,1,1,3,3,3-hexafluoropropan-2-yl 4-
(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride form 2
is characterized by having an X-ray powder diffraction (XRPD) pattern with characteristic peaks at
8.6° 2-Theta, 14.3° 2-Theta, 15.6° 2-Theta, 19.0° 2-Theta, 19.8° 2-Theta, and 20.7° 2-Theta.

E113. 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate mono-hydrochloride salt.

Item list

In the following, various items of the invention are disclosed. The first item is denoted item
1, the second item is denoted item 2 and so forth.

Item 1. A process for the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate comprising the steps of:

a) reacting tert-butyl piperazine-1-carboxylate (A1) with hexafluoropropan-2-ol in the
presence of an acyl transfer agent to form 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-
yl) piperazine-1,4-dicarboxylate (A2), wherein step a) is carried out in a first solvent;

b) reacting 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-dicarboxylate
(A2) obtained in step a) with a strong acid to form 1,1,1,3,3,3-hexafluoropropan-2-yl
piperazine-1-carboxylate (A3), or a pharmaceutically acceptable salt thereof, wherein step
b) is optionally carried out in a second solvent;

c) reacting 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-carboxylate (A3), or a
pharmaceutically acceptable salt thereof obtained in step b) with 2-(pyrrolidine-1-yl)-4-
(trifluoromethyl)benzaldehyde in the presence of a reducing agent and an organic base to
form a reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-
4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, wherein the reaction in step c) is carried
out in a third solvent.
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Item 2. The process according to item 1, wherein step a) is carried out under pressure of 2
bar to 6 bar.

Item 3. The process according to any one of items 1-2, wherein the ingredients in step a) are
added in the consecutive order of the acyl transfer agent, the first solvent, tert-butyl piperazine-1-
carboxylate (A1), and hexafluoropropan-2-ol.

Item 4. The process according to any one of items 1-3, wherein the first solvent is an aprotic
solvent.

Iltem 5. The process according to any one of items 1-4, wherein the strong acid in step b) is
trifluoroacetic acid or HCI.

Iltem 6. The process according to any one of items 1-5, wherein the strong acid in step b) is
trifluoroacetic acid, and the ingredients in step b) are added in the consecutive order of
trifluoroacetic acid followed by 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-2-yl) piperazine-1,4-
dicarboxylate (A2) to form a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic acid.

Iltem 7. The process according to item 6, wherein 1-(tert-butyl) 4-(1,1,1,3,3,3-hexafluoropropan-
2-yl) piperazine-1,4-dicarboxylate (A2) in step b) is added to trifluoroacetic acid at around 10-30
°C to provide the mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic acid.

Item 8. The process according to any one of items 6-7, wherein step b) comprises a step
comprising: adding water to the mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof and trifluoroacetic acid to form a
suspension.

Item 9. The process according to item 8, wherein the water is added at 35-50 °C.

Item 10. The process according to any one of items 1-5, wherein the strong acid in step b) is
HCl; and wherein the step b) is carried out in a second solvent.

Item 11. The process according to item 10, wherein the second solvent is selected from the
group consisting of toluene, isopropyl acetate, dichloromethane, acetonitrile, ethers and esters.

Item 12. The process according to any one of items 1-11, wherein the third solvent in step c)
is ethyl acetate.

Item 13. The process according to any one of items 1-12, wherein the reducing agent in step
c) is sodium triacetoxyborohydride, H; in the presence of Pd/C, H in the presence of Rh/C, and

sodium cyanoborohydride

27



10

15

20

25

30

WO 2021/214550 PCT/1B2021/000277

Item 14. The process according to any one of items 1-13, wherein the organic base in step c)
is selected from the group consisting of triethylamine, N,N-diisopropylethylamine, pyridine, and
2,6-lutidine.

ltem 15. The process according to any one of items 1-14, wherein step c) comprises the
steps of:

i) providing a mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl piperazine-1-
carboxylate (A3), or a pharmaceutically acceptable salt thereof obtained in step b), 2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde, the organic base, and the third
solvent;

ii) adding the reducing agent to the mixture obtained from step i) to provide the reaction

mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate.

Iltem 16. The process according to any one of items 1-15, wherein step c) further comprises
the step of:

iii) adding water to the reaction mixture comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a phase
separation having an organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate, followed by
diluting the organic phase with the third solvent.

Iltem 17. The process according to item 16, wherein step c) further comprises the steps of:

iv) adding an C1.C4 alcohol to the organic phase comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-

(2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to provide a solution

comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate, optionally concentrating the solution.

v) adding water to the solution comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate to form a
suspension comprising 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate.

Item 18. The process according to item 17, wherein step c) further comprises the step of:

vi) isolating 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate from the suspension comprising
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1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate obtained in item 1.

Item 19. The process according to any one of items 1-18, wherein 2-(pyrrolidine-1-yl)-4-
(trifluoromethyl)benzaldehyde is obtained in step cQ) prior to step c), wherein step c0) comprises
the step of; reacting 2-fluoro-4-(trifluoromethyl)benzaldehyde with pyrrolidine in the presence of
an inorganic base to form 2-(pyrrolidine-1-yl)-4-(trifluoromethyl)benzaldehyde, wherein the
reaction in step c0) is carried out in the fourth solvent.

Item 20. The process according to item 19, wherein the inorganic base and the fourth
solvent in step c0) is Na2COs and ethyl acetate.

Iltem 21. A process for the manufacture of 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-
(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride salt
comprising the steps of:
manufacturing 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-
(trifluoromethyl)benzyl)piperazine-1-carboxylate by the process according to any one of items 1-20,
and

d) Converting 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidine-1-yl)-4-

(trifluoromethyl)benzyl)piperazine-1-carboxylate to 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-

(pyrrolidine-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate mono-hydrochloride

salt form 2.

Item 22. The process according to item 22, wherein step d) comprises the steps of: reacting
1,1,1,3,3,3-hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-
carboxylate with HCl in the presence of a fifth solvent to form crystalline 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
mono-hydrochloride salt form 2.

Iltem 23. The process according to item 22, wherein the fifth solvent is isopropanol.

Item 24. The process according to any one of items 21-23, wherein the obtained 1,1,1,3,3,3-
hexafluoropropan-2-yl 4-(2-(pyrrolidin-1-yl)-4-(trifluoromethyl)benzyl)piperazine-1-carboxylate
mono-hydrochloride salt form 2 is characterized by an X-ray powder diffraction (XRPD) pattern with
characteristic peaks at 8.6° 2-Theta, 14.3° 2-Theta, 15.6° 2-Theta, 19.0° 2-Theta, 19.8° 2-Theta, and
20.7° 2-Theta.

EXPERIMENTAL SECTION
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General methods

'H-NMR spectrum was recorded at 20°C on a Bruker Advance Il HD 400 NMR operating at
400MHz for 1H using 5mm diameter NMR tubes.

The Chemical Shifts are reported and calculated against the residual not deuterated solvent.
The following abbreviations are used for NMR data: s, singlet; bs, broad singlet; d, doublet; t,
triplet; g, quartet; m, multiplet.

MS spectrum was recorded using an Agilent 6310 lon Trap

List of abbreviations

As used above, and throughout the description of the invention, the following
abbreviations, unless otherwise indicated, shall be understood to have the following meanings:

TFA trifluoroacetic acid

CDI 1,1’-carbonyldiimidazole

ACN acetonitrile

iPrOAc isopropyl acetate

EtOAc ethyl acetate

TEA triethylamine

STAB Sodium triacetoxyborohydride

NMT no more than

THF tetrahydrofuran

Chemical Synthesis
Unless otherwise noted, reagents and solvents were used as received from commercial

suppliers.
Example 1: Synthesis of A2

0. ) CF3

' hd
N N CF3
CDI
Hexafluoro-2-propanol
N

- N

o o ACN o /KO
XK XK

Al A2
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Step a): CDI (62 kg) and Al (68 kg) were charged in a vessel followed by acetonitrile as
solvent (214 kg) and stirred at 20-25°C for around 4 hours. Hexafluoropropan-2-ol (117 kg) was
added over a period of 34 minutes in the temperature range of 5-12°C then the solution was
pressurized to 2 bar, followed by heating the solution to 98-102°C (internal pressure reached 4 bar)
and stirred for around 15 hours. Hexafluoropropan-2-ol (6 kg) was added and stirred for an
additional 12 hours at 4 bar.

The solution was then cooled to a temperature of 36-38°C, purified water (204 kg) was
added over 30 minutes while maintaining the temperature in the range of 35-40°C. ACN was
removed by distillation below 40°C under vacuum then purified water (476 kg) was added over a
period of 20 minutes while maintaining the temperature below 38°C. The suspension was stirred
for 2 hours at 24-25°C and the product was isolated and washed with purified water over two cycles
(first wash 136 kg, and second wash 680 kg). The suspension was stirred at 22-25°C for around 1
hour and the product was isolated and washed with purified water (340 kg). The product was finally
dried under vacuum at 30-32°C for a minimum of 8 hours to afford A2 (127 kg, yield 91.5%)."H-NMR
(DMSO-ds): 8(ppm) 1.40 (9H, s), 3.34-3.44 (8H, m), 6.58-6.64 (1H, m).

Optional re-work procedure of A2

Starting A2 (25 kg), was suspended in a water / acetonitrile mixture (125 kg/98.2 kg) and the
suspension was stirred for about 3 hours at 23-24°C in a vessel then A2 was isolated and washed
with a water / ACN mixture (25 kg/19.6 kg). The product was finally dried under vacuum at 35-40°C
for a minimum of 8 hours to afford A2 (23.73 kg, yield 94.9%). 'HNMR correspond to HNMR

obtained above.

Example 2: Alternative Synthesis of A2

Step a): CDI (86.5 kg) was charged in a vessel followed by acetonitrile as solvent (282 kg) and
finally A1 (90 kg) then stirred at 20-25°C for around 3-4 hours. Hexafluoropropan-2-ol (155 kg) was
added over a period of 1 hour in the temperature range of 5-12°C, then the solution was
pressurized to 2 bar, followed by heating the solution to 98-102°C (internal pressure reached 4 bar)
and stirred for around 15 hours. Hexafluoropropan-2-ol (8 kg) was added and stirred for an
additional 4 hours at 4 bar.

The solution was then cooled to a temperature of 36-38°C, purified water (271 kg) was

added over 50 minutes while maintaining the temperature in the range of 35-40°C. ACN was
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removed by distillation below 40°C under vacuum then purified water (631 kg) was added over a
period of 75 minutes while maintaining the temperature below 38°C. The suspension was stirred
for 3 hours at 22-25°C and the product was isolated and washed with purified water over two cycles
(first wash 180 kg, and second wash 900 kg). The suspension was stirred at 22-25°C for around 2
hours and the product was isolated and washed with purified water (450 kg). The product was

finally dried under vacuum at 30-32°C for a minimum of 8 hours to afford A2 (164 kg, yield 89.2%)

Example 3: Synthesis of A3 via TFA route

Os_ O _CF;

Os_ O _CF;

[Nj CFs -~ T j;
“ e

)O< o) N™ CF;cooH
A3-TFA
A2

Step b) via TFA route: Trifluoroacetic acid TFA (150 kg) was charged in a vessel at 15-27°C
followed by addition of A2 (100 kg) over 5 hours to control gas evolution. The reaction mixture was
stirred at 25°C for 2 hours, followed by heating the reaction mixture heated to 40-45°C, and purified
water (1000 kg) was then added over 2 hours and 15 minutes. The obtained suspension was cooled
to 3-7°C over 7 hours and 45 minutes then centrifuged and washed with purified water (100 kg).
The wet solid was dried under vacuum at 35-40°C for 12 hours affording the dry product A3-TFA
(96.31 kg, yield 92.9%). *H-NMR (DMSO-ds): 8(ppm) 3.16-3.20 (4H, m), 3.66 (4H, m), 6.59-6.69 (1H,
m), 9.25 (1H, s).

Example 4: Synthesis of A3 via HCl route

ooc;F3

E]

oocF3

1PrOAc [ j

A3-HCI
A2
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Step b) via HCl route: A2 (23.73 kg) was charged in a vessel followed by iPrOAc (62.2 kg)
obtaining a suspension/partial dissolution of the solid. A solution approx. 12% of HCl in iPrOAc
(approx. 70 kg) was added at 15-23°C over 1 hour while observing initial dissolution followed by
crystallization of the product. Subsequently, the suspension was stirred at 25°C for 2 hours then
heated to 60°C over 2 hours, followed by stirring at 60°C for 4 hours. Subsequently, the suspension
was cooled to 40°C. Afterwards, the suspension was cooled to 10°C over 1 hour and 30 minutes and
stirred at 10°C for 2 hours. The product was isolated and washed two times with iPrOAc (10.4 kg in
each wash) and dried at 35-40°C for 11 hours affording the dry product A3-HCI (19.06 kg, yield
96.5%)."H-NMR (DMSO-de): §(ppm) 3.14-3.150 (4H, m), 3.70 (4H, bs), 6.57-6.67 (1H, m), 9.57 (1H,
s).

Example 5
Alternative synthesis of A3 via HCl route:

Step b) via HCl route: A2(164 kg) was charged in a vessel followed by iPrOAc (858 kg)
obtaining a suspension/partial dissolution of the solid. Gaseous HCl (approx. 75 kg) was bubbled at
20-25°C over 7 hours. Subsequently, the suspension was stirred at 20-25°C for 30 minutes then
heated to 60°C over 5 hours, followed by stirring at 60°C for few minutes. Afterwards, the
suspension was cooled to 8-12°C over 3 hours and stirred at 8-12°C for 8 hours. the product was
isolated and washed two times with iPrOAc (66.5 kg in each wash) and dried at about 35-40°C for
13 hours affording the dry product A3-HCI (130.29 kg, yield 95.2%)

Example 6: Synthesis of A5 via sodium carbonate

Pyrrolidine
NazCO;

EtOAc

A4
A5

Step c0) via sodium carbonate: Sodium carbonate (12.5 kg) and EtOAc (56.3 kg) were
charged in vessel that was then inerted with nitrogen/vacuum cycles. A4 (15 kg) was charged under
nitrogen followed by washing the charging line with Ethyl acetate (5.6 kg). Subsequently,

pyrrolidine (5.6 kg) was added to the reaction mixture under nitrogen at 20°C, followed by another
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wash of the charging line with Ethyl acetate (5.6 kg). The reaction mixture was heated to around
77°C and stirred vigorously at 77°C for 12.5 hours. Reaction mixture was cooled to 20-23°C and
purified water (120 kg,) was added. After mixing, phases were separated. The organic phase was
washed with purified water (120 kg) and distilled under vacuum affording a solution (41 kg) with a

content of A5 of around 44 wt%.

Example 7:
Alternative Synthesis of A5 via sodium carbonate

Sodium carbonate (31 kg) and EtOAc (140 kg) were charged in vessel that was then inerted
with nitrogen/vacuum cycles. A4 (37.5 kg) was charged under nitrogen followed by washing the
charging line with Ethyl acetate (19 kg). Subsequently, pyrrolidine (14 kg) was added to the reaction
mixture under nitrogen at 20°C, followed by another wash of the charging line with Ethyl acetate
(14 kg). The reaction mixture was heated to around 77°C and stirred vigorously at 77°C for 14 hours.
Reaction mixture was cooled to 20-25°C and purified water (300 kg,) was added. After mixing,
phases were separated. The organic phase was washed with purified water (300 kg) and distilled
under vacuum affording a solution (approx. 100 kg) with a content of A5 of around 45 wt%. Water

(1.1 kg) was added to reach a water content of approx. 1% w/w.

Example 8: Synthesis of A5 via sodium bicarbonate

FsC Pyrrolidine  F3C
NaHCO;
0 —> e
ACN
F N
A4 Q

Step c0) via sodium bicarbonate: A4 (8 kg) was charged in a vessel followed by ACN as
solvent (31.4 kg), pyrrolidine (2.96 kg) and sodium bicarbonate (8.75 kg) at 13-23°C. Reaction
mixture was heated to 73-74°C and stirred at this temperature for 5-7 hours. Subsequently, the
reaction mixture was cooled to 18-22°C and purified water (80 kg) was added. Solvents
(ACN/water) were distilled under vacuum, followed by addition of EtOAc (35.9 kg) and stirring at
30-40°C providing a phase separation. The aqueous phase was back-extracted with EtOAc (35.9 kg)

and the organic phases collected together. Then organics were washed with brine (solution made of
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NaCl 4.9 kg / purified water 14.6 kg) and distilled to dryness to remove EtOAc . Finally, THF (94.2 kg)
was added and mixed to obtain a THF solution (100kg) of A5 (10 kg, 10 wt.%).

Example 9: Synthesis of Compound | via TFA route

OgO_CF3

N” CF,COOH ]

A3-TFA O CFs
STAB FaC N(\NJ\OJ\CF3

THF N

Compound |
FsC (_7 P
s

N N
A5

Step c) via TFA route: A3-TFA (16.2 kg) was charged in a vessel at 20-25°C followed by EtOAc

(57 kg) at 20-25°C obtaining a suspension. TEA (4.4 kg) was added over 15 min and the mixture was
stirred at 20-25°C for 1 hour. The A5 solution obtained in example 5 (20.5 kg) was added under
nitrogen over 15 min at 20-25°C and the mixture was stirred at 20-25°C for 3 hours. STAB (9.8 kg)
was added in 4 equal portions, waiting about 30 minutes between every portion and the following
one while maintaining the temperature between 20 and 25°C. Subsequently, the suspension was
stirred for 12 hours, followed by the addition of a further portion of STAB (1.4 kg) and a further
stirring period of 2 hours. Subsequently, a further portion of STAB (0.3 kg) was added to the
suspension followed by stirring for 2 hours.

Purified water (13.5 kg) was added at 20°C over 2 hours to form a phase separation. The
organic phase was diluted with EtOAc (12.3 kg) and washed with purified water (63.2 kg). The
organic phase was concentrated under vacuum below 40°C to approx. 25 |. Methanol (21.4 kg) was
added and solution was concentrated under vacuum to approx. 25 I. Methanol (48.2 kg) was added
and the solution heated to 48-52°C. Purified water (81.2 kg) was slowly added in approx. 2 hours
obtaining a suspension that was stirred at 48-52°C for 30 minutes, followed by cooling to 20°C over
3 hours and stirred at 20°C for 3 hours. Suspension was centrifugated and washed with purified
water/methanol mixture (27.1 kg/47.6 kg), the wet solid (18.49 kg) was dried under nitrogen flow
for no less than 8 hours in a static drier affording Compound | (17.29 kg, 92% yield). *H-NMR
(DMSO-ds): 8(ppm) 1.86 - 1.89 (4H, t), 2.39 (4H, m), 3.24-3.27 (4H, t), 3.56 (2H, s), 6.53-6.63 (1H, m),
7.01-7.02 (1H, d), 7.09-7.11 (1H, dd), 7.53-7.55 (1H, d).
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Example 10: Synthesis of Compound | via HCl route

0 CF
(\N 07 CF;
AN Hel
A3-HCI
0 CF
S_'FTé\E FoC N7 07 CF,
| TEA N
EtOAc N

Compound |
FiC (_7 P
U

(b —
A5

Step c) via HCl route: A3-HCI (12.9 kg, 1.43 wt.%) was charged in vessel at 20-25°C followed
by EtOAc (57 kg) at 20-25°C obtaining a suspension. TEA (4.4 kg) was added over 15 min and the
mixture was stirred at 20-25°C for 1 hour. Water (102 g) was added to the A5 solution from
example 4 (20.5 kg at 44% w/w).

The A5 solution was then added under nitrogen over 15 min at 20-25°C and the mixture was
stirred at 20-25°C for 3 hours. STAB (9.8 kg) was added in 4 equal portions waiting about 30
minutes between every portion and the following one while maintaining the temperature between
20-25°C. The suspension was stirred for 15 hours. Purified water (13.5 kg) was added at 20°C over 2
hours to obtain a phase separation. The organic phase was diluted with EtOAc (12.3 kg) and washed
with purified water (63.2 kg). The organic phase was concentrated under vacuum below 40°C to
approx. 25 . Methanol (21.4 kg) was added and solution was concentrated again under vacuum to
approx. (25 1). Methanol (48.2 kg) was added and the solution was heated to 48-52°C. Purified
water (81.2 kg) was slowly added over approx. 2 hours obtaining a suspension that was stirred at
48-52°C for 30 minutes then cooled to 20°C over 3 hours and stirred at 20°C for approx. 3 hours.
Suspension was centrifugated and washed with a purified water/methanol mixture (27.1 kg/47.6
kg). The wet solid (18.33 kg) was dried under nitrogen flow in a static drier for about 8 hours
affording Compound | (17.33 kg, yield 92%). 'H-NMR (DMSO-ds): 8(ppm) 1.86 - 1.89 (4H, t), 2.39
(4H, m), 3.24-3.27 (4H, t), 3.56 (2H, s), 6.53-6.63 (1H, m), 7.01-7.02 (1H, d), 7.09-7.11 (1H, dd), 7.53-
7.55 (1H, d).

Example 11: Alternative Synthesis of Compound | via HCl route
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Step c) via HCl route: A3-HCI (64.45 kg) was charged in vessel at 20-25°C followed by EtOAc
(250 kg) at 20-25°C obtaining a suspension. TEA (22.5 kg) was added over 15 min and the mixture
was stirred at 20-25°C for 1.5 hours.

The A5 solution (approx. 100 kg) was then added under nitrogen over 15 min followed by a
rinse of EtOAc (20 kg) at 20-25°C and the mixture was stirred at 20-25°C for 3 hours. STAB (54.9 kg)
was added in 4 equal portions waiting about 60 minutes between every portion and the following
one while maintaining the temperature between 20-25°C. The suspension was stirred for 4 hours
and 40 minutes. Purified water (67.5 kg) was added at 20°C over 2 hours to obtain a phase
separation. The organic phase was diluted with EtOAc (61 kg) and washed with purified water (315
kg). The organic phase was concentrated under vacuum below 40°C to approx. 150 |. Isopropanol
(106 kg) was added and solution was concentrated again under vacuum to approx. 150 I.
Isopropanol (248 kg) was added and the solution was heated to 48-52°C. Purified water (405 kg)
was slowly added over approx. 2 hours obtaining a suspension that was stirred at 48-52°C for 40
minutes then cooled to 18-22°C over 3 hours and stirred at 20°C for approx. 4 hours. Suspension
was centrifugated and washed with a purified water/ Isopropanol mixture (175 kg/106 kg). The wet
solid was dried under vacuum in a static drier for about 8 hours affording Compound | (90.79 kg,

yield 91.8%).

Example 12: Formation of Compound I-HCl form 2

O  CF, g G
FaC. FsC )J\ )\
3 N o CFs N O CF3
HCl \)
N N
—_—
N 2-PrOH N Hel
Compound I Compound I - HCl Form 2

Step d): Compound | (16.29 kg) was charged in a vessel followed by isopropanol (84.3 kg)
and stirred at 38-40°C for approx. 20 minutes. Solution was filtered in a second vessel and
isopropanol (2.4 kg) was used as rinse from first to second vessel; temperature was maintained in
the range 38-42°C.

Approx. 6M HCl in isopropanol (1.1 kg) was added over approx. 15 minutes under stirring
maintaining the temperature in the range 38-42°C. Seed (30 g) of Compound I-HCI form 2 was
added followed by a second portion of 6M HCl in isopropanol (2.7 kg in approx. 15 minutes. The

suspension was stirred at 38-42°C for approx. 35 minutes. A third portion of 6M HCl in isopropanol
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(0.8 kg was added in approx. 15 minutes and the suspension was stirred for further approx. 70
minutes at 38-42°C, then cooled in approx. 60 minutes to 30°C, stirred for approx. 90 minutes,
cooled to 20°C in approx. 60 minutes and stirred at this temperature for up to 13 hours. Solid was
isolated and washed with isopropanol (2 x 16 kg) and the wet solid was air dried at 35-40°C for
approx. 9 hours to end up with the desired product Compound I-HCI form 2 (15.96 kg, 91.4%). 'H-
NMR (DMSO-de): 6(ppm) 1.90-1.93 (4H, t), 3.22-3.25 (8H, t), 3.82 (4H, bs), 4.49 (2H, bs), 6.60-6.67
(1H, m), 7.24-7.25 (2H, m), 7.92-7.94 (1H, d), 11.40 (1H, bs).

Example 13: Improved formation of Compound I-HCl form 2

Step d): Isopropanol (140 kg) was charged in a vessel at 20-25°C then gaseous HCI (53.5 kg)
was dosed for approx. 10 hours and then HCl/isopropanol solution was sampled for later use.
Compound | (85 kg) was charged into a vessel followed by Isopropanol (400 kg), heated to about
38-42°C and stirred till dissolution. The solution was then filtered in a second vessel (1487 liters,
internal diameter: 1.2 m, diameter of impeller 0.72 m) followed by a rinse of isopropanol (67 kg).
Previously prepared HCl/isopropanol solution (22.8 kg) was charged and the obtained mixture was
heated to about 74-76°C until complete dissolution was verified. Then, the solution was cooled to
65-68°C, and it was verified that it was still a solution. Subsequently, milled seeds of Compound I-
HCl form 2 (1.7 kg) was added. The obtained suspension was stirred at approx. 77 RPM and at 65-
68°C for approx. 75 minutes, then cooled to 61-64°C in approx. 2 hours and stirred approx. 2 hours
at 61-64°C, then cooled to 51-53°C in approx. 2 hours, then cooled to 36-38°C in approx. 2 hours,
then cooled to 18-20°C in approx. 2 hours and finally stirred at 18-20°C for further 6 hours. The wet
solid was isolated and washed twice with isopropanol (2 x 67 kg each wash) obtaining 88.3 kg of
wet product that was dried under vacuum at 35-40°C for approx. 8 hours to end up with the

desired product Compound I-HCI form 2 (84.41 kg, yield of 92.7%.

Example 14: Milling of Compound I-HCI form 2
Starting from 84.11 kg of Compound I-HCl form 2 using an hammer mill (Nuova Guseo, sieve 0.5 mm,

3500 RPM) for around 30-60 min to provide 82.83 kg of milled Compound I-HCI form 2.

Example 15: Particle size distribution determination
The analysis of particle size distribution of each batch was performed by an image analysis
method on a Morphologi G3 Automated Particle Characterization System (Malvern PANanalytical)
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with a sample Dispersion Unit SDU Glass Plate (180x110mm); the instrument automatically process
the collected data using the software Morphologi ver. 8.20 and provides a cumulative distribution
curve and results in terms of d10, d50 and d90.

Table 1 shows the particle size distribution of Compound |-HCI form 2 made according to

Example 13:

Table 1 — Particle size distribution of Compound I-HCI form 2

Compound PSD result

Compound |-HCl form 2 d1053.5 um
d50 133.1 um
d90 201.7 um

The new process advantageously provided a reproducible and acceptable particle size of
Compound I-HCl form 2. In order to optimize the PSD, the Compound I-HCI form 2 particles
obtained from Example 13 was milled to provide smaller particles having superior properties with
respect to tableting properties.

Table 2 shows the particle size distribution of Compound I-HCl form 2 made from Example

13 after milling.

Table 2 -Particle size distribution of Compound I-HCI form 2 after millnig

Compound PSD result

Compound I-HCl form 2 d10 24 pum
d50 67 pum
d90 175 pm

Example 17: X-ray Powder Diffraction (XRPD)

XRPD analysis was carried out on a PANalytical X’pert pro, scanning the samples between 3
and 35° 26. The material was gently compressed into a multi well plate with Kapton or Mylar
polymer film to support the sample. The multi well plate was then loaded into a PANalytical

diffractometer running in transmission mode and analyzed, using the following experimental

conditions:

Raw Data Origin: XRD measurement (*.XRDML)
Scan Axis: Gonio

Start Position [°260]: 3.0066

End Position [°26]: 34.9866
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Step Size [°26]:

Scan Step Time [s]:
Scan Type:

PSD Mode:

PSD Length [°26]:
Offset [°26]:
Divergence Slit Type:
Divergence Slit Size [°]:

Measurement Temperature [°C]:

Anode Material:

K-Alphal [A]:

K-Alpha2 [A]:

K-Beta [A]:

K-A2 / K-A1 Ratio:
Generator Settings:
Goniometer Radius [mm]:
Dist. Focus-Diverg. Slit [mm]:

Incident Beam Monochromator:

Spinning:

0.0130
18.8700
Continuous
Scanning
3.35
0.0000
Fixed
1.0000
25.00

Cu

1.54060
1.54443
1.39225
0.50000

40 mA, 40 kv
240.00
91.00

No

No

40
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