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ABSTRACT

This invention provides a pridopidine base in a solid form, a method of preparing the solid
pridopidine base, and a composition comprising the pridopidine base and pharmaceutically
acceptable components. The method comprises providing a solution comprising
pridopidine base, washing with water and precipitating the solid pridopidine base. The
method provides for less harsh processing conditions and reduces use of harsh chemicals.
Additional embodiments comprise lithiation, coupling or vacuum distillation steps. By-

product and impurity contents in the composition are reduced.
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PROCESS FOR PREPARING PRIDOPIDINE

Throughout this application, certain publications are referenced in parentheses. Full citations for

these publications are presented in a References section immediately before the claims.

BACKGROUND OF INVENTION

Pridopidine (Huntexil®) is a unique compound developed for the treatment of patients with motor
symptoms associated with Huntington’s disease. The chemical name of pridopidine is 4-(3-
(Methylsulfonyl)phenyl)-1-propylpiperidine, and its Chemical Registry Number is CAS 346688-38-8
(CSID:7971505, 2016). The Chemical Registry number of pridopidine hydrochloride is 882737-42-0
(CSID:25948790 2016). Processes of synthesis of pridopidine and a pharmaceutically acceptable salt
thereof are disclosed in U.S. Patent No. 7,923,459. U.S. Patent No. 6,903,120 claims pridopidine for
the treatment of Parkinson’s disease, dyskinesias, dystonias, Tourette's disease, iatrogenic and non-
iatrogenic psychoses and hallucinoses, mood and anxiety disorders, sleep disorder, autism spectrum
disorder, ADHD, Huntington's disease, age-related cognitive impairment, and disorders related to

alcohol abuse and narcotic substance abuse.
US Patent Application Publication Nos. 20140378508 and 20150202302, describe methods of

treatment with high doses of pridopidine and modified release formulations of pridopidine,

respectively.

Date Regue/Date Received 2023-01-13
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BRIEF SUMMARY OF THE INVENTION

This invention provides a pridopidine base in a solid form.
This invention also provides a composition comprising pridopidine base.

This invention also provides a composition comprising pridopidine base, wherein the composition is

free of isopropyl alcohol.
In some embodiments, the composition is free of chloride or free of pridopidine hydrochloride.
This invention also provides a pharmaceutical composition comprising pridopidine base.
This invention also provides a process for preparing solid pridopidine base comprising
a) obtaining a solution comprising pridopidine base, and
b) precipitating pridopidine base from the solution to form solid pridopidine base.

This invention also provides a process for preparing pridopidine hydrochloride from pridopidine free

base comprising
a) obtaining solid pridopidine free base,
b) dissolving solid pridopidine free base in an alcohol to form a solution,
¢) filtering the solufion, and

d) adding to the solution a mixture of hydrochloric acid and an alcohol which is the
same as the alcohol in which the pridopidine base is dissolved in step (b) to

precipitate pridopidine hydrochloride.
This invention also provides isolated pridopidine base prepared by the process of the invention.

The invention also provides a composition comprising Compound 9, wherein the composition is free

of 3-bromothioanisole.

The invention also provides a composition comprising Compound 9, wherein the composition is free

of THF, chloride, hexylbromide, 1-chlorobutanol, or thioanisol.

The invention also provides, a composition comprising Compound 9, wherein the composition is free

of chloride.
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The invention also provides a composition comprising Compound 8, wherein the amount of

Compound 11 present in the composition is less than 0.30% by weight or less than 0.15% by weight,

The invention also provides, a composition comprising pridopidine HCI, wherein the amount of

Compound 4 present in the composition is less than 0.15% by weight or less than 0.10% by weight.

The invention also provides, a composition comprising Compound 9, wherein the amount of

Compound 12 present in the composition is less than 0.30% by weight.

The invention also provides, a composition comprising pridopidine HCI, wherein the amount of

Compound 13 present in the composition is less than 0.15% by weight.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is based in part on the identification of a method to synthesize solid pridopidine

base that can be used per se or converted to a salt for use as a drug substance.

The known process for the synthesis of pridopidine HCI is flawed in that it requires, infer alia, harsh
conditions including extreme temperatures (e.g. lithiation at less than -35°C and elimination at 110°C),
distillation and extractions. The present disclosure provides, inter alia, an optimized process for the
synthesis of solid form of pridopidine base, which can be used per se or converted to a salt, including

pridopidine HCL
This invention provides a pridopidine base in a solid form.
This invention also provides a composition comprising pridopidine base.

This invention also provides a composition comprising pridopidine base, wherein the composition is

free of isopropyl alcohol.
In an embodiment, the composition is free of chloride or free of pridopidine hydrochloride.

This invention also provides a pharmaceutical composition comprising pridopidine base. In some
embodiments the pharmaceutical composition is free of isopropyl alcohol. In some embodiments, the

pharmaceutical composition is free of chloride or free of pridopidine hydrochloride.
This invention also provides a process for preparing solid pridopidine base comprising
a) obtaining a solution comprising pridopidine base, and
b) precipitating pridopidine base from the solution to form solid pridopidine base.

In an embodiment, the process further comprises precipitating pridopidine base with a volume of one

or more alkanes.

In an embodiment, the alkane is n-heptane.

In an embodiment, the solution comprises one or more organic solvents or water, or a mixture thereof.
In an embodiment, the solution is 2 mixture of toluene and water.

In an embodiment, the process further comprises adding a strong base to the solution.

In an embodiment, the strong base is NaOH.
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In an embodiment, the strong base is added until the pH of the solution is pH 8-14, pH 11-14 or about
pH 13.

In an embodiment, the solution comprises an aqueous layer and an organic layer, and the process
further comprises separating the organic layer from the aqueous layer and washing the organic layer

with water.

In an embodiment, the step of washing the organic layer with water removes Compound 1 from the

organic layer.

In an embodiment, the process further comprises forming the pridopidine base with a chemical purity
in which the weight percent of Compound 1 is less than 0.2% or less than 0.15% of the total amounts

of pridopidine base and Compound 4.

In an embodiment, the process further comprises removing an amount of the organic solvent under

vacuum distillation to obtain a mixture comprising a volume of the organic solvent.

In an embodiment, the process further comprises precipitating pridopidine base after the vacuum
distillation.

In an embodiment, the process further comprises forming the pridopidine base.

In an embodiment, the ratio of the volume of organic solvent to the volume of one or more alkanes

during the step of precipitating the pridopidine base is between 1:1.3 to 1:3 or about 1:2.

In an embodiment, the process further comprises a catalytic reduction of Compound 8

3Q2M6

N~

Compound 8

at a predetermined reduction temperature and

with an amount of a reduction catalyst to form pridopidine base.
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In an embodiment, the reduction catalyst is a palladium catalyst, a platinum catalyst, a ruthenium

catalyst, or a palladium on carbon catalyst.
In an embodiment, the catalyst is a palladium catalyst, preferably a JM type 402 catalyst.
In an embodiment, the catalyst is a JM type 402 catalyst.

In an embodiment, the amount of the reduction catalyst is present in an amount of 5%-20% w/w, 5%-
15% w/w, 5%-12% w/w, 8%-10% w/w, about 10% w/w or about 8% w/w. In an embodiment, the
catalytic reduction is complete in 0.1-20 houss, 0.1-10 hours, 0.1-5 hours, 0.5-5 hours, 0.5-1 hour or

about 50 minutes.

In an embodiment, the predetermined reduction temperature is 5-60°C, 30-50°C, 40-50°C, 36-50°C or
about 40 °C,

In an embodiment, the predetermined reduction temperature is 0-39°C, 0-35 °C, 0-30 °C, 10-30°C, or
20-30°C.

In an embodiment, the pridopidine base formed is free of pridopidinium.

In an embodiment, the catalyst is a JM type 402 catalyst and the amount of the JM type 402 catalyst

present in the reaction is 8%-10% w/w.

In an embodiment, the reaction is complete after 0.1-2 hours, 0.1-1 hours, about 1 hour or about 50

minutes.

In an embodiment, the process further comprises dissolving Compound 8 in water.

In an embodiment, the process further comprises comprising mixing Compound 8 with a weak acid.
In an embodiment, the weak acid is formic acid.

In an embodiment, the process further comprises cold addition to prevent the formation of

pridopidinium.

In an embodiment, the process further comprises oxidizing the sulfide of Compound 10:
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Compound 10

with a catalytic oxidizing agent and an oxidant; to give Compound 8:

S50,Me

N~

Compound 8

Compound 10 may in the form shown above or it may instead be in the form shown in Table 1.

In an embodiment, the step of oxidizing the sulfide of Compound 10 is conducted at a temperature of
40-60°C, 35-38°C or 35-55°C. In some embodiment, the temperature is about 45 °C.

In an embodiment, the catalytic oxidizing agent is a tungsten oxidizing agent.
In an embodiment, the tungsten oxidizing agent is sodium tungstate.

In an embodiment, the oxidant is a peroxide.

In an embodiment, the peroxide is sodium peroxide.

In an embodiment, the process further comprises adding the oxidant in two batches in a first batch and
a second batch.

In an embodiment, the process further comprises adding one batch of oxidant, followed by adding the

second batch after the accumulated heat is released.
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In an embodiment, the Compound 8 formed is free of Compound 1.

In an embodiment, the process further comprises dehydrating Compound 9:

Compound 9

with a strong acid for an amount of time and at a temperature; to give Compound 10 or a solution
comprising Compound 10. In some embodiments, the yield of the step of dehydrating Compound 9 is
20-95%, 50-95%, or 50-95%.

In an embodiment, the amount of strong acid is 1.0-4.5 equivalents, 1.8-4.0 equivalents, 1.8-3.0

equivalents, 1.8-2.5 equivalents, or about 1.0-2.0 equivalents.

In an embodiment, the amount of time is 1-22 hours, 2-5 hours, or about 3.5 hours. In an embodiment,
the temperature is below 118 °C, below 90°C, below 83°C, below 80°C, below 70°C, 57°C - 80°C, or
about 70°C,

In an embodiment, the strong acid is sulfuric acid.

In an embodiment, the dehydration of Compound 9 with a strong acid is conducted in a solvent

selected from toluene, xylene and hexanes.

In an embodiment, Compound 10 is extracted from a solution comprising Compound 10 using water
and without the use of NaOH.

In an embodiment, the chemical purity of Compound 10 is 90-99.4%, 95-99.4%, 98.9-99.7%, or 98.9-
99.4%. In another embodiment, the yield of the step of dehydrating Compound 9 is 20-95%, 50-
95%., or 50-95%.
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In an embodiment, the process further comprises lithiating 3-bromothioanisole with a lithiating agent

using a continuous flow reactor to obtain 3-lithium thioanisole.

In an embodiment, the continuous flow reactor comprises a solvent and wherein the solvent is
tetrahydrofuran (THF).

In an embodiment, lithiation of 3-bromothioanisole has an average residence time of 1-60 seconds,

2.8-14 seconds, 7-14 seconds, 4-10 seconds, or about 5.6 seconds.

In an embodiment, the process further comprises performing a coupling reaction between 3-lithium
thioanisole and 1-proply-4-piperidone to form Compound 9 or a solution comprising Compound 9
using a continuous flow reactor. In an embodiment, the coupling has an average residence time of 8-
480 seconds, 10-480 seconds, 8-15 seconds, or about 8 seconds.

In an embodiment, the lithiation of 3-bromothioanisole and/or the coupling is performed at a
temperature of between 15°C and -100°C, between -5°C and -100°C, between -40°C and -100°C,
between -60°C and -100°C, between -60°C and -80°C, between -80°C to -100°C, between 15°C and -
25°C, between 15°C and -10°C, between 5°C and -5°C, between 0°C and 10°C, between 2°C and 8°C ,
about 0°C or about -5°C.

In an embodiment, the amount of equivalents of the lithiating agent used is between 0.97 and 1.20. In

an embodiment, the lithiating agent is an alkylithium.In an embodiment, the alkylithium is Hex-Li.

In an embodiment, the process further comprises precipitating Compound 9 from the solution to form

solid Compound 9.

In an embodiment, the process further comprises quenching the solution comprising Compound 9

with water to form a solution comprising Compound 9.

In an embodiment, the process further comprises adding toluene to the solution comprising

Compound 9 and washing with water.

In an embodiment, the process further comprises distilling a solution comprising Compound 9 by
vacuum distillation. In an embodiment, Compound 9 formed has a chemical purity with a THF level

of 2-150ppm, 2-100ppm, 5-90ppm, 7-84ppm, 7-79ppm, or 7-23ppm.

In an embodiment, Compound 9 is precipitated with an alkane selected from pentane, hexane,

heptane, and octane.
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In an embodiment, the alkane is heptane. In an embodiment, the precipitation of Compound 9 is
completed at a temperature of between -70°C and 10°C, between -70°C and 0°C, between -70°C and -
5°C, between -30°C and 0°C, or about -5°C.

In an embodiment, the Compound 9 formed is free of Compound 16.

In an embodiment, the process further comprises lithiating 3-bromothioanisole with a lithiating agent
followed by performing a coupling between 3-lithium thioanisole and 1-proply-4-piperidone to form
the hydrochloride salt of Compound 9 or a solution comprising the hydrochloride salt of Compound 9
and using a vacuum distillation to obtain a composition comprising the hydrochloride salt of
Compound 9 wherein the composition comprises less than 1% w/w, less than 0.9% w/w or less than
0.5% w/w of THF.

The invention further provides a process of lithiating 3-bromothioanisole with a lithiating agent
followed by performing a coupling between 3-lithium thioanisole and 1-proply-4-piperidone to form
the hydrochloride salt of Compound 9 or a solution comprising the hydrochloride salt of Compound 9
and using a vacuum distillation to obtain a composition comprising the hydrochloride salt of
Compound 9 wherein the composition comprises less than 1% w/w, less than 0.9% w/w or less than
0.5% w/w of THF.

In an embodiment, the composition comprising the hydrochloride salt of Compound 9 has an assay
purity above 90%, above 95%, or 100%.

In an embodiment, the composition comprising Compound 9 has a chemical purity of more than
99.5%, more than 99%, more than 95%, or more than 90%.

In an embodiment, the process further comprises simultaneously adding the 3-bromothioanisole and

the lithiating agent to a suitable solvent.

In an embodiment, the process further comprises adding 3-bromothiocanisole to a solution of a
lithiating agent in a suitable solvent wherein the temperature is maintained at less than -70°C or less
than -60°C.

In an embodiment, the suitable solvent is THF and wherein the THF is maintained at a temperature of
less than -70°C, or less than -60°C.

In an embodiment, the solution comprising the hydrochloride salt of Compound 9 or the solid
hydrochloride of Compound 9 is free of THF or THF remainders. In an embodiment, the the
hydrochloride salt of Compound 9 or the solid hydrochloride of Compound 9 is free of residual THF..
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This invention also provides a process for preparing pridopidine hydrochloride from pridopidine free

base comprising
a) obtaining solid pridopidine free base,
b) dissolving solid pridopidine free base in an alcohol to form a solution,
¢) filtering the solution, and

d) adding to the solution a mixture of hydrochloric acid and an alcohol which is the
same as the alcohol in which the pridopidine base is dissolved in step (b) to

precipitate pridopidine hydrochloride.
In an embodiment, the alcohol is isopropyl alcohol (IPA).

In an embodiment, the pridopidine hydrochloride formed is free of Compound 4 or has less than
0.01% by weight, less than 0.07% by weight, or less than 0.05% by weight of Compound 4.

This invention also provides an isolated solid form of pridopidine free base prepared by the process

disclosed herein.

In another embodiment, provided is Compound 9 having an assay of more than 88%, more than 90%,
more than 92%, more than 94%, more than 96% or about 96.-97% Further provided is Compound 9

having a chemical purity of more than 99.0%

The invention also provides a composition comprising Compound 9, wherein the composition is free

of 3-bromothioanisole.

The invention also provides a composition comprising Compound 9, wherein the composition is free

of THF, chloride, hexylbromide; 1-chlorobutanol; or thioanisol.

The invention also provides a composition comprising Compound 9, wherein the composition is free
of chloride.

The invention also provides a composition comprising Compound 8, wherein the amount of

Compound 11 present in the composition is less than 0.30% by weight or less than 0.15% by weight.

The invention also provides a composition comprising pridopidine HCI, wherein the amount of

Compound 4 present in the composition is less than 0.15% by weight or less than 0.10% by weight.

The invention also provides a composition comprising Compound 9, wherein the amount of

Compound 12 present in the composition is less than 0.30% by weight.
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In certain embodiments, Compound 9 is in it hydrochloride salt form.

The invention also provides, a composition comprising pridopidine HCI, wherein the amount of

Compound 13 present in the composition is less than 0.15% by weight.

In an embodiment, the pridopidine HCl is further crystallized. In some embodiments, the
crystallization is performed in a mixture of IPA/HCL

This invention further provides pridopidine hydrochloride formed by the process disclosed herein.

The present invention contemplates each individual step of the invention or each individual
embodiment of the invention without another step of the process. As an example, the subject
invention includes a process of dehydrating Compound 9 with a strong acid for an amount of time and
at a temperature, to give Compound 10; the invention separately contemplates a solution comprising

Compound 10.

For the foregoing embodiments, each embodiment disclosed herein is contemplated as being
applicable to each of the other disclosed embodiments. In addition, the elements recited in
pharmaceutical composition embodiments can be used in the method and use embodiments described

herein.

Pharmaceutically Acceptable Salts

The active compounds for use according to the invention may be provided in any form suitable for the
intended administration. Suitable forms include pharmaceutically (i.e. physiologically) acceptable

salts, and pre- or prodrug forms of the compound of the invention.

Examples of pharmaceutically acceptable addition salts include, without limitation, the non-toxic
inorganic and organic acid addition salts such as the hydrochloride, the hydrobromide, the nitrate, the
perchlorate, the phosphate, the sulphate, the formate, the acetate, the aconate, the ascorbate, the
benzenesulphonate, the benzoate, the cinnamate, the citrate, the embonate, the enantate, the fumarate,
the glutamate, the glycolate, the lactate, the maleate, the malonate, the mandelate, the methane-
sulphonate, the naphthalene-2-sulphonate, the phthalate, the salicylate, the sorbate, the stearate, the
succinate, the tartrate, the toluene-p-sulphonate, and the like. Such salts may be formed by procedures

well known and described in the art.

Pharmaceutical Compositions
While the compounds for use according to the invention may be administered in the form of the raw

compound, it is preferred to introduce the active ingredients, optionally in the form of physiologically
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acceptable salts, in a pharmaceutical composition together with one or more adjuvants, excipients,

carriers, buffers, diluents, and/or other customary pharmaceutical auxiliaries.

In an embodiment, the invention provides pharmaceutical compositions comprising the active
compounds or pharmaceutically acceptable salts or derivatives thereof, together with one or more
pharmaceutically acceptable carriers therefore, and, optionally, other therapeutic and/or prophylactic
ingredients know and used in the art. The carrier(s) must be “acceptable” in the sense of being

compatible with the other ingredients of the formulation and not harmful to the recipient thereof.

The pharmaceutical composition of the invention may be administered by any convenient route,
which suits the desired therapy. Preferred routes of administration include oral administration, in
particular in tablet, in capsule, in dragé, in powder, or in liquid form, and parenteral administration, in
particular cutaneous, subcutaneous, intramuscular, or intravenous injection. The pharmaceutical
composition of the invention can be manufactured by the skilled person by use of standard methods
and conventional techniques appropriate to the desired formulation. When desired, compositions

adapted to give sustained release of the active ingredient may be employed.

Further details on techniques for formulation and administration may be found in the latest edition of

Remington’s Pharmaceutical Sciences (Mack Publishing Co., Easton, PA).

As used herein, “effective” as in an amount effective to achieve an end means the quantity of a
component that is sufficient to yield an indicated therapeutic response without undue adverse side
effects (such as toxicity, irritation, or allergic response) commensurate with a reasonable benefit/risk
ratio when used in the manner of this disclosure. For example, an amount effective to treat a
movement disorder. The specific effective amount varies with such factors as the particular condition
being treated, the physical condition of the patient, the type of mammal being treated, the duration of
the treatment, the nature of concurrent therapy (if any), and the specific formulations employed and

the structure of the compounds or its derivatives.

As used herein, an amount of pridopidine as measured in milligrams refers to the milligrams of
pridopidine (4-[3-(methylsulfonyl)phenyl]-1-propyl-piperidine) present in a preparation, regardless of
the form of the preparation. For example, a unit dose containing “90 mg pridopidine” means the
amount of pridopidine in a preparation is 90 mg, regardless of the form of the preparation. Thus, when
in the form of a salt, e.g. pridopidine hydrochloride, the weight of the salt form necessary to provide a
dose of 90 mg pridopidine would be greater than 90 mg due to the presence of the salt.
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As used herein, to “treat” or "treating" encompasses, e.g., reducing a symptom, inducing inhibition,
regression, or stasis of the disorder and/or disease. As used herein, “inhibition” of disease progression
or disease complication in a subject means preventing or reducing the disease progression and/or

disease complication in the subject.

As used herein, a composition that is “free” of a chemical entity means that the composition contains,
if at all, an amount of the chemical entity which cannot be avoided. In another embodiment, a
composition that is free of a chemical entity contains less than 5% of the chemical entity, by weight.
In a further embodiment, a composition that is free of a chemical entity contains less than 1% of the
chemical entity, by weight. In another embodiment, a composition that is free of a chemical entity
contains less than 0.5% of the chemical entity, by weight. In an additional embodiment, a
composition that is free of a chemical entity contains less than 0.1% of the chemical entity, by weight.
In a further embodiment, a composition that is free of a chemical entity contains 0.0% of the chemical

entity, by weight.

Certain embodiments of the invention make use of continuous flow reactors, some of which are
commercially available, such as Corning® Advanced-Flow™ Reactors (including Corning®
Advanced-Flow™ LF Reactor, Corning® Advanced-Flow™ G1 Reactor).

In the present application, reference to the amount of an impurity in a product should be understood to
mean that the product is actually a composition comprising the product and the impurity. For
example, when reference is made to the amount of Compound 11 in Compound 8, this should be

understood to mean that a composition comprises Compound 8 and the amount of Compound 11.

The following abbreviations are used throughout this application:

3BTA (3-Bromothioanisole); 3LTA (3-Lithium thioanisole); AcN (Acetonitrile); BrT (3BTA);
cGMP (Current Good Manufacturing Practice); cryst (Crystallized); DS (Drug substance); eq
(Equivalent/s); exp. (Experiment/s); FB (free base); GL (Glass line); GVS (Gravimetric vapor
sorption); HAZOP (Hazard and operability study); hr/hrs (hour/hours); IPA (iso-propanol);
IPC (In-process control); KF (Karl Fischer); LOD (Loss on drying); LT (Less than); MeOH
(Methanol); Me-THF (Methyl THF); Min (Minute/s); ML(mother liquor); MT (More than); MTBE
(Methy] tert-butyl ether); ND (Not determined); NLT (not less than); NM (Not measured); NMP (N-
Methyl-2-pyrrolidone); NMT (not more than); QL (Quantification Limit); PTFE
(Polytetrafluoroethylene); ref. (Reference); RM/s (Raw material/s); rpm (round per minute); r.t.
(room temperature); RT (Retention time); RRT (Relative retention time); Sec (Second); SS (Steady
state); TA (thioanisole); Tr (reaction temperature); Temp (Temperature); THF (Tetrahydrofuran); Tol
(Toluene); and Vol (Volume/s).
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Table 1 shows the chemical structures of various Compounds disclosed herein.

Table 1
SO,CH,
Compound OH i£(3 -(methylsulfonyl)phenyl)-1-propylpiperidin-4-
1
N
SO,CH;
SO,CH4
1-(3,3-bis(3-(methylsulfonyl)phenyl)propyl)-4-(3-
Compound N O (methylsulfonyl) phenyl)piperidone
2
I SO,CH5
— e
0,5 50
: : 1,4-bis((3-(1-propylpiperidin-4-
Compound @\G yDphenyl)sulfonyl)butane
3
N, N.
Pr Pr
§0,CH;
Compound OH (3R,4S):4-(.3 -gmethylsulfonyl)phenyl)-1 -
4 propylpiperidin-3-ol
N~
SO,CH;,
Compound 411:5)1 »-i(drzethylsulfonyl)phenyl)- 1-propylpiperidine
5
N
AN N
SO,CH,
1-(2-methylpentyl)-4-(3-
Comléound (methylsulfonyl)phenyl)piperidine
N
SOCH,
4~(3-(methylsulfinyl)phenyl)-1-propyl-1,2,3,6-
Comgound tetrahydropyridine
=
N~
SO,CH3
4-(3-(methylsulfonyl)phenyl)-1-propyl-1,2,3,6-
Comgound Z tetrahydropyridine




CA 02893607 2018~01~22

WO 2017/015609 ~16- PCT/US2016/043682
SCH3
Compound OH 4-(3-(methylthio)phenyl)-1-propylpiperidin-4-ol
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EXAMPLES

Example 1: Pridopidine-HC] synthesis

An initial process for synthesizing pridopidine HC1 shown in Scheme 1 and is a modification of the
process disclosed in US Patent No. 7,923,459,

The synthesis of Compound 9 started with the halogen-lithium exchange of 3-bromothioanisole
(3BTA) in THF employing n-hexyllithium (HexLi) in hexane as the lithium source. Li-thioanisole
(3LTA) intermediate thus formed was coupled with 1-propyl-4-piperidone (1P4P) forming a Li-
Compound 9. These two reactions require low (cryogenic) temperature. The quenching of Li-
Compound 9 was done in water/HCI/MTBE resulting in precipitation of Compound 9-HCl salt. A
cryogenic batch mode process for this step was developed and optimized. The 3BTA and THF were
cooled to less than -70°C. A solution of HexLi in n-hexane (33%) was added at a temperature below -
70°C and the reaction is stirred for more than 1 hour. An in-process control sample was taken and
analyzed for completion of halogen exchange. 1-propyl-4-piperidone (1P4P) was then added to the
reaction at about -70°C letting the reaction mixture to reach -40°C and further stirred at this
temperature for about 1 hour. An in-process sample was analyzed to monitor the conversion according
to the acceptance criteria (Compound 9 not less than 83% purity). The reaction mixture was added to
a mixture of 5N hydrochloric acid (HCl) and methyl tert-butyl ether (MTBE). The resulting
precipitate was filtered and washed with MTBE to give the hydrochloric salt of Compound 9
(Compound 9-HCI) wet.

Batch mode technique for step 1 requires an expensive and high energy-consuming cryogenic system
that cools the reactor with a methanol heat exchange, in which the methanol is circulated in counter
current liquid nitrogen. This process also brings about additional problems originated from the work-
up procedure. The work-up starts when the reaction mixture is added into a mixture of MTBE and
aqueous HCI. This gives three phases: (1) an organic phase that contains the organic solvents MTBE,
THF and hexane along with other organic related materials such as thioanisole (TA), hexyl-bromide,
3-hexylthioanisole and other organic side reaction impurities (2) an aqueous phase containing
inorganic salts (LiOH and LiBr), and (3) a solid phase which is mostly Compound 9-HCI but also
remainders of 1P4P as an HCI salt.

The isolation of Compound 9-HCI from the three phase work-up mixture is by filtration followed by
MTBE washings. A major problem with this work-up is the difficulty of the filtration which resulted
in a long filtration and washing operations. The time it takes to complete a centrifugation and washing
cycle is by far beyond the normal duration of such a manufacturing operation. The second problem is
the inevitable low and non-reproducible assay (purity of ~90% on dry basis) of Compound 9-HCl due
to the residues of the other two phases. It should be noted that a high assay is important in the next
step in order to control the amount of reagents. The third problem is the existence of THF in the wet

Compound 9-HCI salt which is responsible for the Compound 3 impurity that is discussed below.
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Therefore, a few of the deficiencies of the synthesis of solid pridopidine free base that need to be
addressed to include:

1.

3.

Cryogenic Technology: In the first step of Scheme 1, the process is performed in a very low
temperature (-70°C to -80°C) and as a traditional batch mode production. The lower the
temperature, the higher the yield of the first intermediate (Compound 9-HCI). These conditions
require a cryogenic system, which is expensive and consumes a large amount of energy.

Assay of Compound 9-HCI: Quenching the reaction mixture of step 1 of scheme 1 in aqueous
HCIVMTBE solution gives a solid intermediate, Compound 9-HC], is filtered as is. The resulting
wet Compound 9-HCl with relative low assay (about 85-95% on a dry basis). The assay obtained
in this process was always very different from its chromatographic purity which is 98-99%. In
addition, since high assay is important for the calculation of reagents quantities needed for the
next stage (Compound 8), a work-up that provides a higher assay is needed.

Residual THF: THF residues are responsible for Compound 3 impurity in the final pridopidine-
HCI product. THF should be removed before the next stage of the elimination reaction.
Filtration difficulties in step 1: Filtration and washing of Compound 9-HC] obtained after the
quenching is very difficult and consequently requires a much longer centrifugation time in
production. This is a major process-related problem for this stage. There is a need to shorten
filtration and washings for this stage.

Purification of impurities that accompanied step 1: hexylbromide, 4-chlorobutanol, 3BTA and
thioanisole should be removed.

Degradation during the elimination reaction, step 2 (Compound 8): The elimination takes a
substantial amount of time because it is done in atmospheric azeotropic distillation. This
distillation requires a long heating step to reach the high distillation temperature (111-11 8°C) and
to remove all eliminated water. This distillation also has a long cooling time. During the high
temperature distillation of water, a step used to obtain intermediate Compound 10, both
Compound 9-HCI and Compound 10 are partly decomposed which resulted in reduced yield of
isolated Compound 9-HCI. Different conditions are needed to decrease temperature and perform
the elimination reaction.

Better control on the addition of hydrogen peroxide:

Restrictive Compound 1 release specification in step II (Compound 8): The maximum
allowed amount of Compound 1 impurity in Compound 8 is small (less than 0.05%) to ensure
that the next steps will be successful. The reason for this is because step 3 of scheme 1 is not
capable of purifying Compound 1. As a result, the conversion of Compound 9-HCl to Compound
10 should be efficient since any traces of Compound 9-HCI will give Compound 1 impurity after
the oxidation process. The process of scheme 1 achieved this goal by boiling the reaction mixture
for a long time to ensure that a very high conversion of Compound 9 (more than 99.9%) is

obtained. An improved process is needed.
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10.

11,

12,
13‘

14.

High amount of Pd/C catalyst in step 3: The Pd/C catalyst is the most expensive reagent in the
process. There are also environmental concerns associated with the Pd/C catalyst. During step 3
the amount of Pd/C used is 0.15% w/w. There is a need to reduce the amount of this catalyst
used.

Optimize the extractions of step 2 and 3: In step 2 & 3 of Scheme 1 there is a large number of
extractions, some of which are for solvent swaps and changing from a salt to a free base while
others are for work-up. Preferably, the number of the extractions should be minimized.

Solvents swap at step 3: After the reduction and during the work-up of pridopidine there are 2
solvents exchanging (water to toluene and toluene to IPA). The last solvent swap with IPA was
performed by 3 IPC monitored repeated distillations which adversely affect the yield. It is
desirable to minimize those solvents swaps and to simplify this step.

Improving the yield of the pridopidine crude step.

Isolation of solid pridopidine free base: To control the physical properties of the pridopidine-
HCl.

Adding a crystallization step: In process shown in Scheme 1, pridopidine-HCl is precipitated in
IPA by HCVIPA addition rather than by crystallization. This process gives no control on the
particle size distribution (PSD) of pridopidine-HCI. The resulted fine solid, makes dry blend
formulation difficult to accomplish and forms lumps during storage. A crystallization process

should be developed to give better control on the physical properties of pridopidine-HCI.
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Example 2:
Scheme 2: Improved process for pridopidine hydrochloride synthesis
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Scheme 2 shows an improved synthesis of pridopidine hydrochloride, via a solid pridopidine free

base.

In order to solve the aforementioned problems, both the reaction technique and the work-up process
were improved. To begin with, reaction technology of the first step was switched from batch to flow
which allows much higher working temperatures (-20°C to 5°C) and obviates the need for a cryogenic
system and dedicated infrastructure. During this flow technology adaptation, the THF amount was
optimized. In addition, a work-up was developed of which Compound 9-FB (free base rather than HCI
salt) having an assay higher than 98% and chemical purity (CP) higher than 99% was isolated. These
changes did not affect the yield obtained in the process of Example 1 (60-75% on a dry basis).

The following examples discuss in more detail the process shown in Example 2.

Example 3: Summary of Compound 9 preparation (Step 1 of Scheme 2)

Compound 9 was prepared following the synthesis hereinbelow:

A solution of 50% w/w 3-bromothioanisole (3-BTA) in THF extra dry (<0.05% water) which is then
flowed and cooled to 1-2°C (Q3BTA = 61.0 g/min, Q3BTA > 30 g/min, Tj < 2°C). Filtered solution
of 30% w/w hexyllithium in n-hexane is flowed in parallel and cooled to 1-2°C (Tj < 2°C, QLi = 46.5
g/min QLi=0.76 Q3BTA%5%, 1.11 eq+5%). The two streams are mixed together to form 3LTA at
Tr=5-9°C (exothermic), when the residence time is 6 s (residence time=4-8 s, Tr = (-30) - 10°C). The
3LTA immediately mixes with cooled filtered solution of 50% w/w 1P4P in THF extra dry (Tj < 2°C,
1.06 eqt5%, Q1P4P =45.0 g/min, Q1P4P=0.73Q3BTA+5% g/min,) to form lithiated-Compound 9
when the residence time is 9 s (residence time >5 s, Tr = (-30) - 10°C, P=1.5-15 bar). The lithiated-
Compound 9 solution is quenched by flowing into a reactor containing 5 Vol of water at 5°C (Tr <
30°C), forming a solid Compound 9 FB. A washing cycle is done every 40-45 min. The washing
cycle includes 1-1.5 min solvent flowing wash (THF/n-hexane), then washing with water for 8-10 min
and finally washing again with solvents (THF/n-hexane) for 1-1.5 min. When the flow reaction is
over, 5 Vol of toluene are added into the reactor. The reaction mixture is warmed up to 40°C in order
to dissolve the solid Compound 9 FB into the organic phase. The two phases are mixed together at
40°C (Tr = 35-50°C, pH=12-14) for 30 min, the mixing is stopped to allow phase separation and after
20 min the lower aqueous cloudy phase is removed (first extraction). Four Vol of fresh water are
added and mixed for 20 min, keeping the temperature at 40°C (Tr = 35-50°C, pH=11-13). The mixing
is stopped to allow the phases to separate, giving a clear aqueous phase which is removed after 15 min
(second extraction). Four (4) Vol of fresh water are added and mixed for 20 min at 40°C (Tr = 35-
50°C, pH<10). The mixing is stopped for 15 min and the lower, clear aqueous phase is removed (last
extraction). The reaction mixture is cooled down to Tr<15°C and distilled in vacuum in two stages. In

the first stage, when the mixture is foaming, the pressure is reduced to P<80 mbar, the Tj is carefully
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warmed to 25°C and the stirring is on high speed to break bubbles. After most of the THF has been
distilled (~1/2 Vol in the distillate), the Tj is warmed up to 40-60°C and the P<90 mbar until 2-3 Vol
remain in the reactor. One (1) Vol of n-heptane is added at 35-45°C and the slurry that was formed is
dissolved by warming up to 50-60°C. When a clear solution is obtained the mixture is cooled down to
40-50°C for crystallization. The mixture is mixed at 40-50°C for not less than (NLT) 4 h (breeding
time). The slurry is cooled down over 4 h to -5°C and mixed for not less than 4 h. Three (3) Vol of n-
heptane are added to the slurry and mixed for an additional 1 h. The solid is filtered, washed with 2
Vol n-heptane and dried under vacuum (P<50 mbar) at 40°C to constant weight. Dried Compound 9
FB is obtained as a yellowish to white solid, with 50%-70% yield.

In this example and in other examples, a Vol of a solvent is the number of volumes of the specific

solvent compared to the referenced solvent.

Example 3.1: Applying flow reaction technology to Compound 9 preparation

The use of a flow reaction for halogen-lithium exchange followed by an addition reaction with ketone
brings about safety, stability and economic benefits. The use of a flow system is almost scale

independent and provides flexibility for the manufacturer.

Using a continuous flow reactor has the following benefits in relation to this particular preparation for

Compound 9:

1. the risk of a runaway occurring because of the two fast and exothermic reactions is reduced

compared with a batch reaction mode, and

2. a continuous flow reactor eliminates the need for cryogenic technology which is expensive

and requires a lot of energy and infrastructure compared to a batch reaction mode.

After laboratory experiments mimicking flow reaction conditions it was concluded that flow reaction
setting for step 1 is not only possible but it can be also favorable since it enables a fast reaction at a

relatively high temperature. It was also demonstrated that Hex-Li equivalents can be varied from 1.04
to 1.10.

Flow reaction system

The feasibility of the two Compound 9 reactions in a continuous reactor system was determined based
on laboratory studies. A Corning® Advanced-Flow™ reactor system was chosen for this purpose.
The two reactions were carried out in flow plate shape reactors while the quenching and the following
work-up continued in a batch process mode. The system construction materials are either glass or

ceramic and have high chemical resistance to the reagents.
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Feasibility of Compound 9 reactions using flow system

The flow reactor was cooled to -52°C which caused precipitation of 3LTA. Thus, the bath temperature
was limited to more than -30°C. In the same reaction except for a higher temperature, cooling (-22°C)
3LTA did not precipitate. The configuration was set to mix the 3LTA flow with the 1P4P flow as
quickly as possible and eliminate dead volumes. Several tests were performed using 50% THF
solution of each SM using the work-up from Example 1 (MTBE/HCI precipitation) for isolation.
Table 2 shows data of step 1 of the pridopidine HCI synthesis from Scheme 2.

Table 2: Compound 9 preparation using flow reaction

Flow set Res'ldence Conversion IPC,
Exp. times .
Thatn of . Ccp Assay | Yield
No. 3BTA [reaction [% [%3BTA]
/1] Compound 9] °
701 22°C | 20ml/min | 14sec/54sec 84.1% <0.05% 99.9% | 77.5% | 63%
702 -22°C | 36ml/min | 8sec/33sec 88.8% <0.05% 99.9% | 78.6% | 5%
703 -7°C | 40ml/min Tsec/29sec 87.9% <0.05% 99.8% | 74.2% | 60%

These tests provided good purity and assay results. Chemical purity (CP) is above 99% and neither
TA nor 3BTA are identified in Compound 9-HCl as in the method disclosed in Example 1. The assay
is between 70-80% purity, which are the usual values for dry Compound 9-HCI obtained by the
procedure of Example 1. The yield is between 55-70% and is still a subject to further improvement
(the yield of the cryogenic reference batch test was 67%).

The flow process is feasible at both -7°C and -22°C bath temperatures and provides similar results

regardless of residence times.

Table 3 shows data from experiments where Tvan= -7°C and -22°C. T, represents the jacket
temperature at 3BTA inlet stream before it reacts with HexLi. T represents the outlet jacket
temperature of the halogen-lithium exchange reaction plate. T; represents the outlet jacket

temperature at the coupling reaction's 1% plate and T at the 2™ plate outlet.
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Table 3: Compound 9. second set of experiments using 3 pump flow reaction configuration with flow

meters
Pumps A, B, Residence Conversion Yield
Exp. Temp. . o . (based
No. (SS) and C actual tu‘nes [©% Purity on
flows [reaction I/II] | Compound 9]
assay)
Than=-22°C | A=27.4g/min
T=-18.7°C (1.17eq) CP=99.4%
201 Ty=-17.6°C B=34.5g/min 8sec/23sec 86.9% Assay=75.2 | 64%
T3=-12.5°C C=25.1g/min %
T4=-20.9°C (1.05eq)
Thatn=-22°C | A=26.5g/min
202 T=-18.2°C (1.17eq) CP=99.6%
Tr=-17.9°C B=33.1g/min | 8.4sec/11.8sec 86.4% Assay=76.1 | 64%
T3=-12.7°C C=25.6g/min %
T4=-19.5°C (1.11eq)
Thath = -7°C A=35g/min
803 T=-3.0°C (1.34eq) CP=96.7%
T2=-1.2°C B=38g/min 6.8sec/10.1sec 69.5% Assay=54.5 | 70%
Ts=2.5°C C=25.5g/min %
T4=-3.7°C (1.04eq)
Thath =-7°C A=30g/min
204 T=-3.4°C (1.23eq) CP=99.1%
Tr=-1.7°C B=35.5/min 7.6sec/10.7sec 76.9% Assay=52.0 | 66%
T3=3.2°C C=28.4g/min %
T4=-4.0°C (1.15eq)

The results in Table 3 show that reducing the coupling reaction's residence time had no effect on both
yield and chemical purity (Experiment Nos. 801 and 802). In both cases T is similar to T3 which
indicates that the configuration with half residence time in reaction II is sufficient enough to remove
the heat generated in this reaction. The results in Table 3 also show that when Ty was raised to ~7°C
there was no practical effect on performance. The results in Table 3 further demonstrate the use of
higher equivalents of HexLi results in a lower conversion and a lower assay; however a higher yield
(based on assay) occurred. It is assumed that excess of HexLi gives more side reactions that

apparently lower the assay and increase TA side product.
Therefore, producing Compound 9 in a flow system is feasible.
Parameters for flow reaction

Compound 9-FB was isolated according to the present developed work-up (Example 2). Table 4

shows data from flow reaction experiments in a continuous reactor system.
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Table 4;: Compound 9: third set of experiments
Residence | Conversion
Exp. No. Temp. Flows times [Yo Purity Yield
[sec] Compound 9]
Toath™= -7°C HexLi'—*27.4g/ min
902 T=-5.7°C (1.1eq) —aa no
T=12°C | 3BTA=36g/min | 8.4/12.0 77.9% CP=99.0% | 70.0%
; Assay=101.4%
T5=-5.6°C 1P4P=26g/min
T4=-5.7°C
Tous=-7"C | HexLi=41g/min
903 T1=0.7°C (1.1eq) . CP=98.7% .
:f}:g_(s)og 3BTA ~54g/min 5.6/7.9 76.7% Assay=101.2% 73.0%
3=u. = s
Tm0.8°C 1PAP =39g/min
1;1""_“"1 Ozg HexLi=40.5g/min
904 - (1.1eq) o CP=97.5% o
TTz—fz).la ((:: 3BTA =S4g/emin 5.6/8.0 79.5% Assay=93.7% | 730 %
3=-U. - :
Te=-1.1°C 1P4P =38.7g/min
e e | HexLi=S4g/min
905 e (1.0eq) o CP=97.1% .
%rzm% 17 ((:: 3BTA ~79g/min 4.0/5.7 82.6% Assay=93.2% 70.0%
3=_ . = -
T4=-0.7°C 1P4P =57g/min
Tr"“jf'; 51((;: HexLi=40.5g/min
906 e (1.1eq) o CP=99.1% 0
%_?,41108 3BTA =SAg/imin 5.6/8.0 78.1% Assay—=96.9% 70.0%
3=l o :
Tm0.8°C 1P4P =39g/min
Thatn= 2°C HexLi=40g/min
T1=2.8°C (L.1eq)
907 , CP=98.9%
T2=7’8°C Bror.nozszl.gmln . 5.6/8.0 79.7% Assay;96-4% 74%
T3=2.9°C Piperidone=39g/mi
T=2.6°C n

The data in Table 4 indicates that there is no correlation between the relatively low assay (<95%)

obtained in Experiment Nos. 904 and 905 to the temperature (in Experiment Nos. 906 and 907 bath

temperature is higher) and residence time. It is likely that the low assay resulted from insufficient

temperature control during distillation in the work-up. In Experiment Nos.907 and 906 the chemical

purity and the assay were higher. The residence time lower limit of halogen-lithium exchange

reaction can be lowered to 4sec (Experiment No. 905) or even 2.8sec (Experiment No. 901). The

residence time lower limit of the coupling reaction can be lowered to 8.0sec with no effect on yield or

assay. It can likely be lowered even to 5.7sec (Experiment No. 905). Bath temperature can be raised to

2°C (exothermic reaction gave 7.8°C near halogen-lithium exchange reaction outlet) with no effect on

purity. The yields are consistently above 70%, which is similar to cryogenic reaction mode.
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To summarize, the working range of Compound 9 flow reaction in a continuous reactor system (G1
system) was determined in the set of experiments detailed above. Residence time of the halogen-
lithium exchange reaction should be 2.8-14sec, preferably 5.6sec and residence time of coupling
reaction should be not less than 8sec. Experiment No. 906 was defined as a representative batch that

provides 1.9kg Compound 9 in 51 minutes with a 70% yield and 96.8% assay.

Example 3.2 Compound 9 work-up

The Compound 9-HCI wet cake formed at the end of step 1 of Example 1 has a poor solid filterability.
The improved work-up solves the filtration difficulty using isolation and controlled crystallization
rather than precipitation of Compound 9-HCI. In addition, the work-up should raise the assay which is

relatively low, and more importantly, not consistent.

Precipitation of Compound 9 as a free base

Toluene and n-heptane were used for Compound 9-FB work-up. First, Compound 9-HC] was put in
water/toluene followed by splitting with NaOH. The water phase was discarded and n-heptane was

added to the toluene phase as an anti-solvent for the precipitation of Compound 9-FB.

Table 5 shows data from the precipitation of Compound 9.

Table 5: Precipitation of Compound 9-FB in toluene/n-heptane system

Exp. No. l?lSSOlllthll To!ufane{n-he[ftane 1 Filtration Assay CcpP Yield
in toluene precipitation mixture

1201 5Vol 4Vol/7Vol (STIF‘;’;LI;) 97.0% |99.9% | 65%

1202 2Vol 2Vol/0Vol (f?‘l’;z) 99.0% |99.9% | 61%

1203 2.5Vol 2Vol/0Vol (5,;“;’21}111) 99.1% | 99.8% | 60%

1204 2.5Vol 2Vol/2.5Vol (5;1;’;:1};) 99.6% |99.8% | 93%

! After partial removal of toluene by vacuum evaporation

The data presented in Table 5 shows the advantages of toluene/n-heptane precipitation system for
Compound 9-FB isolation. In this system, the filtration is easy and the Compound 9 assay is
significantly improved. The raw material for these experiments was low assay (72-82%) dry
Compound 9-HCI and the experiment produced the desired compound with assays above 97%. The
assay was dramatically raised due to the extractions with water after the addition of NaOH. Moreover,
n-heptane acts as an anti-solvent which helped to raise also the yield. With the right toluene/n-heptane
ratio (Experiment Nos. 1204 and 1203) a good yield can be achieved. The mass balance of
Experiment No. 1204 was 98% when 5% of the product is in the M.L and less than 2% lost in the
mechanic loss (mainly reactor wall). During the extraction no product was identified in the aqueous

phases. The filtration temperature was -5°C.
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Table 6 provides data from the precipitation step.

Table 6: Producing Compound 9-FB with present work-up

Exp. No. ?l‘ls::l‘l‘:‘;’: pi‘;:;;‘;z:nh;‘:;‘t‘::el Filtration | Assay | CP | Yield
1301 3Vol 3Vol/3Vol (fﬁg;};) 98.3% | 99.3% | 53%
1202 5Vol 3Vol/3Vol (5,}“‘1’1‘;3;) 97.8% | 99.3% | 62%
1302 5Vol 3Vol/2Vol (ffrn;’g;hn) 98.4% | 99.4% | 60%
1303 5Vol 2.5Vol/3Vol (S,}I‘;’g;l;) 96.7% | 99.0% | 67%
1304 5Vol 2.5Vol/5.5Vol (f{,n;’r‘jg;) 97.3% | 99.1% | 68%
1305 5Vol 2.5Vol/5.5Vol (S{P‘ﬁg) 98.2% | 99.3% | 70%
1306 5Vol 2.5Vol/4.2Vol (S,I‘}"l’;tg) 97.8% | 99.2% | 68%

! After partial removal of toluene by vacuum evaporation

The data in Table 6 shows that Compound 9-FB precipitation provides a product with a higher purity
than the Compound 9-HC] precipitation shown in Example 1. All the assay results are more than
96.5% and the CP is not less than 99.0%. The filtrations were performed without difficulties in all
toluene/n-heptane ratios. Yields were between 68-70% using the correct conditions. Thus, it is
recommended to use about 5Vol of toluene for the extraction and wash the organic mixture with about
3x5Vol of water until pH<10. Water extractions remove the lithium salts (LiBr and LiOH) and partly
remove THF. Vacuum distillation was added in order to reduce the volumes of toluene. After reaching
about 2.5Vol of reaction mixture, 2.5Vol of n-heptane are added. In this case the precipitation gave
heavy, non-stirrable slurry.

The slurry was dissolved by warming and crystallized by gradual cooling. In order to dissolve
Compound 9-FB in toluene/n-heptane mixture the reaction mixture was warmed with enriched
toluene mixture (2.5Vol/1Vol). The reaction mixture was then cooled to -5°C during which
crystallization started. In order to enhance crystallization and increase yield, three additional volumes
of n-heptane were added 1hr before filtration. A narrow range for the assay was set because the next
stage requires precise equivalents of sulfuric acid. It was thus decided to set assay specification to not
less than 95%.

Purification capability of the present work-up

This present work-up includes extractions, vacuum distillation and cooling profile. Table 7 shows the

levels of 3BTA in the present work-up.
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Table 7: 3BTA level in Compound 9-FB

Conversion (IPC,
Exp. No. ( ) . SBTA Assay Yield
[%T Al [%3BT Al m Compound 9
1401 70.5% 29.5% LT 0.06% 97.4% 52%
1402 83.4% 16.6% LT 0.06% 98.8% 52%
1403 84.9% 15.1% LT 0.06% 97.8% 68%
1302 96.9% 3.1% 1.T 0.06% 98.4% 60%

Table 7 shows the efficiency of the purification of 3BTA by the present work-up (Scheme 2). If the
reaction mixture contains high level of 3BTA (accompanied with low yield due to incomplete
lithiation) the work-up is capable to purify up to 30% 3BTA. This observation makes IPC1

unnecessary to maintain quality.

Other impurities that can be identified in Compound 9-FB are hexyl bromide and TA. Hexyl bromide
is a liquid organic side product formed during the lithiation reaction. TA is formed from 3LTA that
had not reacted with 1P4P and underwent quenching with water. Since the present work-up is based
on isolating Compound 9-FB from the organic phase and both hexyl bromide and TA are organic

compounds, their purification is important during the work-up (Table 8).

Table 8: TA & hexyl bromide levels throughout the work-up stages (Experiment No. 1302)

TA Hexyl bromide | Clromatographic
Stage [Yoarea] [%oarea] purity of
Compound 9

End of second reaction 17.6% NM! 79.8%
After extraction 1 13.9% 10.7% 67.2%
After extraction 2 14.6% 11.4% 69.6%
After extraction 3 14.2% 10.6% 69.3%
End of distillation 12.75% 0.94% 78.3%
Isolated Compound 9 LT DL LT QL 99.4%

! Not identified due to different analytical method

Table 8 shows that during extractions the ability to purify the product of both impurities (TA and
hexyl bromide) is poor. However, after distillation there is a significant reduction in the amount of
hexyl bromide but not in TA. The limited ability of removing both impurities in extractions can be
explained by their organic nature and poor water solubility (hexyl bromide is insoluble in water and
TA has solubility of 0.5mg/ml). TA and hexyl bromide have both high boiling point (188°C and
154°C respectively). The solubility of both impurities is high in toluene as well as in a mixture of
toluene and heptane. The mixture of toluene and heptane leads to total removal of both impurities and

high purity Compound 9-FB,
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Removal of THF from Compound 9

The process of Example 1 may lead to a pridopidine-HC] product that is undesirable due to high
levels of Compound 3 impurity as shown by Scheme 3. The formation of this impurity was studied

and its precursor Compound 11 was identified in Compound 8 (step II). It was found that Compound

11 is an oxidation product of 1,4-bis((3-(1-propyl-1,2,3,6-tetrahydropyridin-4-

yDphenyl)thio)butaneimpurity found in Compound 10. This impurity was formed during acidic

elimination of Compound 9 in the presence of traces of THF from step I. The level of THF in

Compound 9-FB obtained from the present work-up was examined and is set forth in Table 9.

Scheme 3: Formation of Compound 3 in the pridopidine synthesis process
SCHy s— \—g 05— N\—d=o

step 2 step 2
OH + ( S "—B"’" Oxidati _—
i Xidation
0 Elimination ~ p z yZ
No
Pr Nepr Nepr Nepr Nepe
Compound 9 THF - . Compound 11 (in Compound 8)
9 3
03— \—d-0
step 3
———————-
Reduction
N, N.
Pr Pr
Compound 3 | (in pridopidine)

Table 9: Level of THF in Compound 9-FB laboratory batches

Exp. | 1501 1401 1502 1403 1504 1505 1506 1507

No.

THF | 79ppm | 23ppm 84ppm <RL <RL 21ppm 22ppm Tppm

level

Table 9 shows that THF is efficiently removed by Compound 9-FB work-up.

The Compound 9-FB work-up described in this example addresses all of the problems raised in the

work-up of Example 1. Water washings remove salts that formed during the process and the

quenching, resulting in high assay close to the chemical purity levels. The evaporation provides good
removal of THF and other organic impurities with minimal intermediate losses. The controlled

crystallization provides shorter filtration time due to better solid characteristics. The drying stage
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provides good control over material assay that is important to the next stage's operability and also
reduces the amount of THF to ppm levels.

Scale-up results of compound 9 according to the process described in Examples 2 and 3.
Table 10 summarizes the quality results of all compound 9 scale-up batches according to the

recommended specification. The impurity profile method is based on percent area.

Table 10: Purity profile of compound 9 scale-up batches

Exp. No. Assay Cmpd 9 Cmpd 12 TA 3BTA Total
CpP) Impurities
Recommended | >95.0% Report <0.8 Report Report <£3.5
specifications value value value
1601 99.9% 99.5% 0.20% <0.06% | <0.05% 0.28%
1602 99.3% 99.3% 0.23% <0.06% <0.05% 0.50%
1603 97.0% 98.2% 0.24% <0.06% | <0.05% 1.53%
1604 97.4% 98.6% 0.20% <0.06% | <0.05% 1.15%
1605 97.8% 98.6% 0.31% <0.06% 0.14% 0.96%
1606 99.9% 98.3% 0.19% <0.1% <0.04% 2.11%
1607 102.1% 98.9% 0.18% <0.06% <0.04% 1.31%
1608 99.9% 98.3% 0.15% <0.1% <0.04% 1.73%
1609 100.8% 98.4% 0.20% <0.1% <0.04% 1.15%
1610 101.7% 99.4% <0.04% <0.1% <0.04% 0.61%
Assay & CP

The recommended specification for assay is not less than 95.0%. All the batches have higher assay
than the suggested limit. High assay shows that the workup efficiently removes organic and inorganic
impurities. Effective filtration and drying techniques remove traces of n-heptane, toluene and TA. The

batches of Compound 9 have similar CP and assay levels.

Compound 13 impurity

The level of Compound 13 in batches manufactured according to the procedures set forth in Example
1 was 0.46-1.36%. When Compound 13 was >1.2%, the pridopidine-HCl was out of specification
(OO0S) due to high level of Compound 13.
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Scheme 4: From Compound 12 in Compound 9 FB to Compound 13 in pridopidine-HCI

o] Q
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Step 2 Step 3

OH

N~ I N~ N~

CHa CHa CHa

Compound 12 (in Compound 9 FB) Compound 14 (in Compound 8) Compound 13 (in pridopidine-HCI)

The level of the Compound 12 in scale-up batches was between 0.04%-0.30%, which is significantly
lower than batches manufactured according to Example 1 and the specification limit. In this aspect,
flow reaction has an advantage on cryogenic batch reaction since the time of the lithiation reaction is a
few seconds compared to hours in the batch process. Even when the lithiation reaction is performed at

a higher temperature, e.g. 2-8°C, the formation of Compound 12 is still slow.

TA and 3BTA

TA and 3BTA are liquids and are detected in both IPC, chromatography and the mother liquor (ML)
after filtration of Compound 9. TA can be formed either when 3LTA reacts with water during the
quenching or as a side reaction when it extracts hydrogen a to the 1P4P ketone. 3BTA can be in the

quenched mixture when not all of it has reacted with HexLi.

Table 11: TA and 3BTA Area% in Production Stages
Batch Number Composition In Quenched Mixture Composition in Selid Compound 9 After

(%o Area) ‘Workup (% Area)

1601 TA=13.5% TA =LT 0.05%
3BTA =0.7% 3BTA=LT 0.06%

1602 TA=15.0% TA=LT 0.05%
3BTA =4.3% 3BTA=LT 0.06%

1603 TA = 14.0% TA =LT 0.05%
3BTA =4.3% 3BTA=LT 0.06%

1604 TA =26.9% TA=LT 0.05%
3BTA=33.0% 3BTA = LT 0.06%

1605 TA = 25.4% TA=LT 0.05%

3BTA=43.1% 3BTA =0.14%

Table 11 shows that large amounts of 3BTA and TA in the quenching mixture are easily purified in

the workup of scheme 2, which gives Compound 9 with only traces of 3BTA and TA.
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Level of THF residual solvent

Amount of THF in Compound 9 is very important since THF reacts in the 2™ stage with Compound 9
to give 1,4-bis((3-(1-propyl-1,2,3,6-tetrahydropyridin-4-yl)phenyl)thio)butanefollowed by oxidation
to Compound 11 and finally reduction in the 3™ stage to give Compound 3. In the scale-up batches

THF is removed so efficiently that Compound 9 has a negligible amount of THF (0-19 ppm). Table
12 provides levels of THF in various batches.

Table 12: THF Level in Compound 9

Batch Number THF level Batch Number THF Level
1601 19 ppm 1606 0 ppm
1602 3 ppm 1607 0 ppm
1603 3 ppm 1608 0 ppm
1604 0 ppm 1609 0 ppm
1605 0 ppm 1610 13 ppm

Table 12 shows clearly that all scale-up batches contain low levels of THF, if any.

Compound 16 in Compound 9

In batches of Compound 9 prepared using the procedure of Example 1 the level of Compound 16 was
typically 0.05-0.09% area in the lab, and 0.11-0.14% in the production. However, the level of this
impurity in the ML is between 3-17% due to the hydrophilic character of its di-salt.

Scheme 5: Compound 16 structure and formation mechanism
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Low levels of Compound 16 (0.06-0.07%) were identified in only two out of ten Compound 9 scale-
up batches. This impurity was not detected in the ML or the IPC samples. Without wishing to be

bound to this theory, it is the short coupling reaction time that prevents Compound 16 formation.
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Example 4: Development of pridopidine step 2 of Scheme 2: Compound 8 free base

Significant improvements over the second step of the procedure of Example 1 are described below.
The assay and the yield of Compound 8-FB were dramatically improved due to the more controlled
elimination reaction. The higher purity of Compound 9-FB enables a reduced elimination

temperature. Moreover the number of extractions and the types of extractions were optimized.

Scheme 6; ridopidine step II: Compound 8-FB process of Example 4
Elimination (70°C) B SMe " Oxidation (45°C)
SMe 1. Toluene 1. NagWO, (0.011eq,) SO-Me
2. 98% H,S0, (Zeq.) 2. 35% H,05 (2.5eq.)
OH | IPC: Compound 10 209.2% | IPC: Compound 8 299.5% |
= - =
Extraction to water " Work-up:
N HSO4 HN? P 1. NaOH, ext. to toluene N.
~Pr T 2. wash with Na,SOj; (aq) Pr
- = 3. 3x Wash with water
Compound 9 free base Compound 10 4. Vacuum distillation Compound 8 free base
265.45 g/mol §. Precipitation with heptane 279.40 g/mol

Example 4.1 Compound 8-FB preparation

Compound 8 was prepared following the synthesis hereinbelow:

Solid Compound 9 FB is charged into reactor followed by 5 Vol of toluene. The mixture is warmed
up and mixed at 45°C (Tr = 40-50°C). 0.38 Vol of 95-98% sulfuric acid is added dropwise, keeping
the temperature below 80°C (1.9 eq, exothermic addition, Tr=30-90°C). When the acid addition is
finished, the mixture is warmed with good stirring to 70°C for the elimination reaction (two phase
system, Tr = 60-80°C). The two phases are mixed together with good mixing for not less than 3.0 h at
70°C. The conversion is analyzed by IPC from a sample taken from the sticky lower phase. The
elimination reaction is run to completion when Compound 10> 99.9%. After the conversion has
completed, the mixture is cooled down to 30°C (Tr < 40°C, no stopping point). Five (5) Vol of water
are added and mixed at least for 20 min at 30°C for extraction (Tr = 20-40°C). The phases are
separated and the upper toluene phase is removed after at least 30 min at 30°C. It is important to move
directly to the next stage. 0.014 w/w of sodium tungstate dihydrate (0.011 eq) is added to the mixture
at 25-35°C. The mixture is warmed to 40°C and 1.0 w/w of 30%-35% hydrogen peroxide (2.5eq)is
slowly added, keeping the temperature at Tr = 30-55°C. The two oxidation reactions are very
exothermic and take place sequentially. It is thus critical to keep temperature at Tr < 58°C in order to
obtain a product with a high assay. First, 0.5 w/w 30%-35% hydrogen peroxide is added, and after 20
min, when the second exothermal has started and finished, the second half is added). After the
addition of all the hydrogen peroxide and the end of the exothermal reaction, the mixture is warmed to

50°C (Tr = 45-55°C) and mixed for at least 2 h to finish the reaction. The conversion is analyzed by
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IPC and run to completion when Compound 8 > 99.50%. (Corrective action: wait for another hour
and add more hydrogen peroxide if needed). The reaction mixture is cooled down to 30°C and the
catalyst is filtered and washed with 1 Vol of water (Tr = 25-35°C). Five (5) Vol of toluene are added.
The reactor needs to be purged with nitrogen through a vent and 40% sodium hydroxide (aq.) added
to adjust the pH in the water phase to above 11 (Tr < 25°C, ~1-1.5 Vol, pH~13, 0,<11%, under N>
conditions). The mixture is mixed for at least 45 min at 30°C (Tr < 40°C, oxygen is formed and needs
to be bubbled up from the water phase). The mixing is stopped to allow the phases to separate, giving
a cloudy green aqueous phase which is removed after 45 min (first extraction). Four (4) Vol of 5%
sodium sulfite (aq.) are added and mixed for at least 30 min at 30°C to quench the peroxide residue.
The mixing is stopped to allow the phases to separate, giving a slight cloudy aqueous phase which is
removed after 20 min (second extraction, should be measured with KI paper for peroxides, LT 20
ppm). Another three water washes are performed with 5 Vol of water at 30°C for purifying the
product (pH<10). The reaction mixture is distilled under vacuum when the pressure is reduced to
P<80 mbar, the Tj is carefully warmed up from 15°C to 65°C until 2-3 Vol of toluene remain in the
reactor (Tc=0-5°C, Tr = 15-40°C, Tj< 70°C). After vacuum distillation 4 Vol of n-heptane are added
at 40°C for at least 15 min and a heavy slurry is formed. The reaction mixture is cooled down to 0-
10°C and stirred for no less than 4 h. The solid is filtered and washed with 2 Vol cold n-heptane
(<10°C) to remove the crust from the reactor (more cold n-heptane washes couk—i be added for
removing the crust if any). The wet cake is dried under vacuum (P<50mbar) at 40°C to constant

weight (approximately 4-8 h). Dried Compound 8 is obtained at a 70%-90% yield.

Example 4.2: Improving the elimination reaction

The process of Example 1 to make Compound 8 is a telescoped process containing 3 chemical
reactions - elimination followed by two successive oxidations. Compound 8-FB is formed from
Compound 9-FB through two non-isolated intermediates: Compound 10 and Compound 7. The first
reaction is water elimination from Compound 9-FB to Compound 10-sulfate. Elimination starts with
the addition of toluene and concentrated sulfuric acid to obtain Compound 9-HCL. The solution is then
distilled to remove water which is the driving force for the elimination. The reaction takes a couple of

hours since it proceeds by azeotropic distillation at high temperature (110-116°C).

Temperature of the elimination reaction
Reproducing Compound 8 by the process of Example 1 gave very low yield and purity (Yield=19.9%
total imp =1.86%).

In order to avoid the long time required to heat the elimination reaction, the temperature was lowered
and the conversion of Compound 9-FB to Compound 10 (using 2eq of sulfuric acid) was followed.

Table 13 shows data from such a synthesis.
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Table 13: Conversion of elimination reaction at different temperature:
Exp. Temp Conversion Impurities in Compound | CP [Compound | Yield
No. [°C] [% Compound 10] 8 8] [%]
99.83% Compound 7<0.03%
1701 114°C after 01:10hr Compound 9=0.02% 99.2% 52%
Total unknowns= 0.64%
0,
aftngOlGS gz)hr Compound 7=0.07%
57°C Compound 9<0.02% 99.4% 82%
1702 99.21% Total unknowns= 0.32%
after 22:00hr '
99.16% Compound 7=0.04%
1703 70°C after 02:00hr (mixed Compound 9<0.02% 99.0% 83%
overnight at r.t.) Total unknowns= 0.73%
99.21% Compound 7<0.03%
1704 80°C after 01:30hr (mixed Compound 9<0.02% 98.9% 87%
overnight at r.t.) Total unknowns= 0.92%

Table 13 demonstrates the relation between the elimination reaction temperature and yield. Compared
to the low yield of Compound 8 in Experiment No. 1701, the yield of Compound 8 was above 80%
when the reaction was performed at a low temperature without azeotropic distillation (atmospheric
azeotropic distillation). Unexpectedly the conversion was high even when water is not removed
(conversion above 99.1%). The total impurities increased as reaction temperature increased from 57°C
to 70°C and to 80°C. The reaction time was shorter when the temperature was between 57- 80°C.
Thus, it is likely that when the mixture was boiling, most of the reaction had completed after the
temperature reached 110°C for azeotropic distillation.

The recommended temperature for the elimination reaction to obtain a high yield and a low total

impurities level is about 70°C.

Equivalent of sulfuric acid in the elimination reaction

In Example 1, leq of 98% sulfuric acid was used together with leq HCl and Compound 9-HCI salt.
However, the present THF treatment allows the use of only 1.1eq of sulfuric acid with Compound 9-
FB. A relationship between high equivalent of sulfuric acid and low purity after the azeotropic

distillation was identified.
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Table 14: Conversion to Compound 10 with different equivalent of sulfuric acid at 70°C

Exp. No. 1hr Conversion 1.5hr Conversion Last conversion cp Yield
(% Compound 10] | [% Compound 10] | [% Compound 10] | [Compound | [%]
8]

1703 o o o 0 83%
(2.0eq) 97.89% 98.97% 99.16% (2hr) 99.0% ()
(21 %‘29 96.86% 97.89% 98.51%(2hr) 08.9% | 83%
(1191(:1) 11.18% 11.15% 199.21% (2.5hr) 98.9% 83%

1903 21 N0 0%
(5.0eq) Not sampled Not sampled 100% (3hr) NM o
( 11982:1) 93.11% 396.92% Not sampled 99.5% | 87%

U'In this experiment, after 1.5hr, 0.9eq of sulfuric acid was added to complete the reaction.
2 Full conversion but low purity that can be seen in the IPC chromatography. The Compound 8 could
not be isolated.

3 This experiment did not continue to a full conversion.

When using 2.0eq of 98% sulfuric acid, the conversion of Compound 10 reached a sufficiently high
level of conversion after 2hr. Thus, higher equivalents of sulfuric acid should have been expected to
increase conversion rate, however, this was not found when using 2.5eq of 98% sulfuric acid where
yield and purity was similar to 2.0eq. Using 1.1eq gave poor conversion after 1.5hr but it was found
that addition of 0.9eq sulfuric acid (total of 2eq) is an effective corrective action giving similar results
as a reaction with 2eq from the beginning. Adding 5.0eq of sulfuric acid completely deteriorate the
reaction. With 1.8eq the reaction is somewhat slower but gives similar results as 2eq. Therefore it is
recommended to use 2.0eq of sulfuric acid at 70°C for 3.5hr to be sure that a steady maximal
conversion has been achieved. Sulfuric acid is not only the dehydrating reagent, the reaction solvent is
also a dehydrating reagent. Therefore, there should be enough equivalents to solubilize Compound 9-
FB.

Other parameters of the elimination reaction

Reaction time: In experiment No. 1702 the conversion reached 99.18% after 6hr at 57°C. Additional
mixing overnight didn't change conversion (99.21% after 22hr). This was similar to Experiment No.
1703, which after 2hr at 70°C gave 99.16% and after overnight stirring gave 99.10%.

Elimination reaction work-up

The next telescopic reaction (two consecutive oxidizations) was completed in water as a solvent.

In the process of Example 1, when finishing the elimination, a series of extractions was completed.
First water is added to the toluene-sulfuric acid to obtain 2 phases. Next, the pH is adjusted by 50%
NaOH (aq) and the lower aqueous phase is discarded. Then water and sulfuric acid are added to the
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toluene phase until the pH is less than 2. After the extraction the toluene phase is discarded and the

mixture is ready for oxidation reaction as a sulfate salt of Compound 10.

The work-up optimization in the present elimination process ends with Compound 10 sulfuric salt
without the HCI salt. Moreover, the elimination reaction is purer compared to elimination reaction of
Example 1. Therefore, only one extraction is required to extract the salt to the water phase and
directly continue to the oxidation reaction. In Experiment No. 1702 only one extraction was
completed and there was no effect on yield and purity (yield= 82%, total impurities= 0.57%). This

improvement simplifies the process and saving time, reagents and solvents.

Example 4.3: The oxidation reaction

The oxidation step is comprised of two consecutive oxidation reactions. The reaction time decreased
(1.5hr) due to an improvement in the purity of Compound 10 and the work-up was improved to deal
with impurity Compound 1. Unneeded extractions were removed and other effective washes with

waters were added.

The importance of temperature during oxidation reaction

Table 15 shows data from experiments in which the temperature of the oxidation reaction was kept at
50°C

Table 15: Different oxidation reaction temperature effect on the assay

Temperature Temperature Chromatographic
Exp. No. during H,0, during oxidation purity Assay
addition reaction [% Compound 8}
2001 38-62°C 50°C 98.7% 96.4%
2002 39-58°C 50°C 99.9% 99.9%

Example 1 has an oxidation reaction temperature range of 50+5°C: The table shows the effect of
temperature during the reaction on the purity and assay of Compound 8. The reaction temperature can
be kept stable at 50°C, however, if the temperature exceed 58°C during hydrogen peroxide addition,
the assay drops and Compound 8 solid appearance becomes green-brown color (Experiment 2001).
The two oxidation reactions are very exothermic. The first oxidation reaction starts once the oxidizing
reagent is added and the exothermic nature of the reaction is observed immediately. The second
oxidation is a catalytic reaction and thus the exothermic nature of the reaction is delayed until the
hydrogen peroxide addition and accumulation of reagent can give rise to a strong exothermic reaction.
The critical temperature should be Tr<58°C.

Scale-up results of compound 8 according to the process of Example 3
Table 16 summarizes the quality results of all compound 8 scale-up batches according to

recommended specification.
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Parameter Recommended
Specification | Batch No. 2101 Batch No. 2102 | Batch No. 2103
IPC; (Compound 10) Report value 99.51% (2.0 h) 99.59% (2.5 h) 99.62% (2.0 h)
IPCs (Compound 8) NMT 99.5% 99.51% (1.5 h) 100% (1.5 h) 99.64% (1.0 h)
Description White to yellow White White White
solid
Assay NLT 99.5% 100% 100.4% 100.0%
Compound 1 Report value 0.15% 0.10% 0.15%
Compound 9 Report value <0.02% <0.02% <0.02%
Compound 7 NMT 0.10% <0.03% <0.03% <0.03%
Compound 11 NMT 0.2% ND NR <0.02%
Compound 14 NMT 0.36% ND ND 0.05%
Any other imp. NMT 0.2% 0.09% 0.13% 0.08%
Total imp. NMT 0.9% 0.24% 0.23% 0.23%

IPC; monitored the conversion in the elimination reaction (Compound 8 converts to Compound 10). All

batches reached conversion of more than 99.5%.

IPC, monitored the conversion in the second oxidation reaction when Compound 7 (mono-oxidized, a
sulfoxide compound) is converted to Compound 8 (di-oxidized, a sulfone compound). Residue of
Compound 7 in isolated Compound 8 inhibits the reduction in the next reaction step (pridopidine crude)
by poisoning the catalyst. The table shows that the workup of Compound 8 effectively.removes 0.5%
Compound 7 (Batch No. 2101 had 0.41% Compound 7 and 99.51% Compound 8). Table 16 also shows
that all three scale-up batches met the recommended specifications. The powders of all the three batches
were white in color, better than the solid yellow color in the lab scale. The assay results were also better
than the lab scale (97-99%). Compound 9 was detected, as expected, in all batches but at less than the

quantification limit because it is oxidized to Compound 1.

Compound 14, the oxidized form of the Compound 12 impurity has a level of 0.15-0.30%.
Compound 11, a precursor of Compound 3 impurity in the DS, was also not detected as expected since
THF, the reason for 1,4-bis((3-(1-propyl-1,2,3,6-tetrahydropyridin-4-yl)phenyl)thio)butanein Compound

9, was very low.

To summarize, the quality of Compound 8 in the scale-up batches were better than the quality of

Compound 8 in the batches prepared by the process of Example 1.
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Example 5: Development of procedure for the purification of Compound 1 in Compound 8 in
Scheme 2

This example describes reducing Compound 1 levels in Compound 8 as shown in Scheme 2 and
improving its assay. This procedure involves dissolving the Compound 8 in 5 Vol toluene at 20-30°C
and adding 5 Vol of water followed by 3x5 Vol water washes. The toluene mixture was then distilled
up to 2.5 Vol in the reactor and 4 Vol of heptane are added for crystallization. Two experiments were
run (Experiment Nos. 2202 and 2203), the first one with neat toluene and the second with 5% IPA in
toluene. The purification of Compound 1 is made possible in this system because Compound 1 is

more hydrophilic than Compound 8 (i.e., hydroxyl group compared to double bond) and thus more
soluble in water or water/IPA. Table 17 summarizes the results.

Table 17 Compound 1 Level in Compound 8 Rework Procedure
Related Substance Exp. No. 2201 Exp. No. 2202 Exp. No. 2203
(Compound 8) (Crude rework) (with 5% IPA)
Compound 1 0.45% 0.30% 0.28%
Compound 7 <DL <DL <DL
Compound 9 0.08% <DL <DL
Compound 11 <DL <DL <DL
Compound 14 <QL <DL <DL
Total unknown 0.33% 0.07% 0.07%
Total imp. 0.78% 0.37% 0.35%
Assay 102.0% 101.8% 103.5%
Yield 86%w/w 92% wiw 93% wiw

Table 17 shows that this procedure effectively purifies Compound 1, reducing its level by factor of
1.6 in Compound 8, improves the assay, and gives a reasonable yield (>90%). Purification of
Compound 1 using 5% IPA/toluene as the organic solvent is slightly better for reducing Compound 1

levels and the assay of Compound 8. Compound 14 is an impurity found in Compound 8.

Addition of hydrogen peroxide in two portions

Hydrogen peroxide is used for oxidation in the second reaction stage of Compound 8. The allowed
temperature range of the hydrogen peroxide addition is <58°C. When the temperature rises above
58°C, an epoxide impurity can form and hydrolyze to the Compound 4 impurity and the assay may be
reduced. During hydrogen peroxide addition (in one portion as described in Example 1 the
temperature rose to 68°C for 5 min in batch no. 2101, despite the fact that the addition was very slow
and took more than 1 h. Thus the hydrogen peroxide addition mode was changed in order to solve the

spontaneous temperature elevation by splitting into two portions of 1.25 eq each and waiting for the

accumulated heat to be released between the two additions.
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When plotted on a graph of time (minutes) vs H>O» mass added (g) / Treactor (°C) / Tjacket (°C) / qr_rte
(W), the first hydrogen peroxide addition curve shows that the heat evolved at the beginning of the
addition and stayed constant up to oxidation completion, which occurs after the addition of leq of
hydrogen peroxide. The second heat evolution started after about 15 min, during which 0.25eq
participated in the second oxidation. This delay is a result of heat accumulation. A similar graph of the
second oxidation which 1.25 eq was added, the curve shape indicates a different reaction behavior in
which the heat accumulates and its release is delayed (catalytic reaction). This mode of addition is
necessary in order to better control the reaction temperature and to prevent a runaway reaction that

can occur if the entire oxidizing reagent had been added in one addition.

In the next two scale-up batches, the hydrogen peroxide addition was performed as follows: The first
amount (1.25eq) was added at a temperature between 35-55°C, while the reaction temperature was
kept at 40°C, and the second hydrogen peroxide addition took place just after the second "mini
exothermal" stage finished (part of the second oxidation ~ 20 min), then it was added at a temperature
between 30-55°C with the reaction temperature kept at 35°C. These two batches worked without any

temperature deviation.
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Example 6: Step 3 of Scheme 2: Pridopidine Crude

In Example 1, this step is a reduction reaction using formic acid as a hydrogen donor and palladium
on carbon (Pd/C) as the catalyst. This reduction technique is performed at a low temperature, and with
water as a solvent. The reduction technique is poorly exothermic. In the present example, water
volumes are optimized and Pd/C was used to yield a more effective process with smaller amount of
reagent. However, the most significant improvement was simplification of the work-up that originally
included two solvent swaps requiring three distillations. The present work-up also provides better
purification of Compound 1. The present work-up results in pridopidine crude, which is a free base
with large crystal solid. This pridopidine crude is easier to produce with high yield and has the same

purity as the procedure of Example 1.

Pridopidine crude free base preparation - present procedure

Pridopidine crude free base was prepared according to the following procedure: Solid Compound 8
FB is charged into the reactor followed by 2.5 Vol of water. The mixture is cooled to Tr=10°C
(Tr<15°C). 0.7 Vol of FA is added dropwise, keeping the Tr<20°C (slightly exothermic). The shurry
dissolves and Compound 8 formate salt is formed. The mixture is kept at 10°C (Tr = 5-15°C). The
reactor is purged with nitrogen and 0.1%w/w of 10% Pd/C wet catalyst is charged, followed by
another nitrogen wash (slightly exothermic addition, Tr<20°C, 0.08-0.12%w/w Pd/C No. 402). When
the addition is finished, the black mixture is warmed with good stirring to 30°C for the reduction
reaction (beterogenic system, Tr = 20-35°C). The mixture is mixed for NLT 3.5 h at 30°C until the
reaction has finished (reaction time could be between 2-15 h due to its stability in these conditions).
The conversion is analyzed by IPC when the sample is filtered from the catalyst. The reaction is run to
completion when Compound 8 < 0.50%. . After the reaction is complete, the mixture is filtered to
remove the catalyst and washed with 2 Vol of water at Tr = 25-35°C. The filtrate is collected by
another reactor with 5 Vol of toluene. The two phases are mixed together and cooled to Tr<15°C.
Thereafter, 40% aqueous sodium hydroxide is slowly added to adjust the pH in the water phase to
between pH 11-14 and the solution is mixed for at least 30 min at 30°C (Tr < 40°C, ~0.8 Vol 40%
NaOH, pH~13). The mixing is stopped to allow the phases to separate, providing a clear yellow
aqueous phase which separated after 20 min. Another three washes are performed with 5 Vol of water
at 30°C to purify the product (pH<11). In the last phase separation the interphase, if present, should be
removed. The reaction mixture is cooled down to 15°C (Tr = 10-20°C) for vacuum distillation. The
clear mixture is distilled under vacuum when the pressure is reduced to P<80 mbar, the Tj is carefully
warmed up to 30-45°C until 2-3.0 Vol of toluene remained in the reactor (T¢=0-5°C, Tr = 15-45°C,
Tj< 65°C, foamy distillation as long as water still remains in the reaction mixture). After the vacuum
distillation has completed, 4 Vol of n-heptane are added at 30-40°C to form a slurry. The slurry is

warmed 1o 45-55°C and mixed for dissolution. The clear yellow solution is cooled down to 42°C and
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mixed for 4 h for crystallization (if the solution is still clear after 1 h, seeding is required). The heavy
slurry is cooled down to 0°C for 4 h and is stirred for not less than 4 h. The solid is filtered and
washed with 2 Vol n-heptane to remove the crust, if present, from the reactor. The wet cake is dried

under vacuum (P<50 mbar) at 40°C to constant weight (approximately 2-4 h).

Example 6.1: Pridopidine crude step

Amount of catalyst in the reduction

Example 1 uses 15% w/w Pd/C catalyst for the reduction. Previously, when attempting to reduce the
amount of the catalyst, the reaction proceeded slower and full conversion did not occur until more
than 22 hours. A more efficient catalyst is needed in order to reduce the amount of catalyst used for

benefit of the environment and to minimize costs associated with the process.

Table 18 shows data resulting from performing the method with catalysts from different sources.

Table 18: Adjusting Pd/C catalyst to reduction, loading and temperature study.

Exp. No. Catalyst Type % wiw Catalyst Temp Conversion
2.3% after 1hr
2301 Sigma 10%Pd/C 7.5% 50°C 2.4% after 4hr
4.3% overnight
] 76.0% after 2hr
4] 0, ()
2302 Sigma 10%Pd/C 15% 30°C 90 9% nfien 3. Shr
2303 Sigma 10%Pd/C 15% 40°C 99.9% after 2.5hr
M type 425 5% 0 o 13.2% after 4.5hr
2304 Pd/C 10% 40°C 30.3% overnight
8.8% after lhr
0,
2305 ™M ty‘fd‘/‘? 10% 5% 40°C 12.9% after 4hr
38.8% overnight
IM type 487 ) R 21.3% after 4.5hr
2306 5% Pd/C 10% 40°C 44.5% overnight
24.3% after 1hr
2307 n;’f):/yp;d‘/‘gz 5% 40°C 39.1% after 4hr
° 65.5% overnight
0,
2308 ™ tyfd‘}gz 10% 10% 40°C 99.9% after 50min
O,
2309 ™ ty‘;fdjgz 10% 10% 50°C 99.9% after 50min
(1)
2310 ™ ty;;d?gz 10% 8% 40°C 99.9% after 2.5hr

Table 18 above shows that catalyst loading affects the reaction rate more than a rise in temperature,
however, temperature still accelerates the reaction. A reaction performed under the conditions of
Example 1 was completed after 3.5hr at 30°C with 15% w/w catalyst. However, after changing
catalyst to the more efficient Johnson Matthey (JM) type 402 catalyst (available from Johnson
Matthey PLC), the reaction was completed after 2.5hr at 40°C with only 8% w/w catalyst (Experiment
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No. 2310). When the reaction temperature and catalyst type and amount are not optimized, the

conversion may not reach its highest value. In this case, time will not be the corrective action.

It is recommended to use 8% w/w 10% Pd/C 50% wet JM type 402 catalyst at 30-40°C for not less
than 2.5hr and analyze the conversion by IPC. If the conversion is lower than 99.5%, it is
recommended to sample every lhr to see the progress of the reaction. If two IPC results in a row are

the same, more catalyst can be added.
Improve pridopidine-FB yield by changing reagent addition mode:

In Example 1 addition of FA is completed at 30-40°C and the reaction time and isolated yields were
not consist and not optimized. It was assumed that the FA addition is not optimal. Without wishing to
be bound to theory, this can be explained by the fact that the reduction reaction needs both FA as
hydrogen donor and Pd/C as catalyst simultaneously. The presence of the catalyst in the mixture when
only part of the FA exists may create side reaction that can lower the yield. Thus, it was suggested to
put the entire amount of FA together with the catalyst in cold temperature and warm it slowly to the
reaction temperature. This addition technique is called "cold addition”. Table 19 summarizes these

experiments,
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Table 19: Pridopidine Crude Cold Addition Experiments

Exp Addition Reaction Reaction Rate End of Yield
number Mode Condition (% Reaction
pridopidine)
2311 ' Base line experiment; 40°C 1h 55.9% 25h 83%
Compound 8 was added at RT 10% Pd/C 21 86.2% Compound
Water+0.2 Vol FA was added at RT 2.5h 100% 8 is ND
Pd/C was added at RT

0.5 Vol FA was added dropwise

2312 Cold addition: 20°C 1h9.1% 6h 92%
Compound 8 was added at RT 10% Pd/C 2h21.8% Compound
Water was added at RT 3h30.5% 8is 0.2%
0.7 Vol FA was added at 15°C 4 h 44.6%
Pd/C was added at 9°C 5h72.1%
Warm to 20°C 6h97.1%
2313 Cold addition: 30°C 1h24.8% 25h 91%
Compound 8 was added at RT 10% Pd/C 2h65.3% Compound
Water was added at RT 2.5h953% 8 is 0.8%

0.7 Vol FA was added at 20°C
Pd/C was added at 10°C

Warm to 30°C
2314 Cold addition: 30°C 1.1h357% 2.5h 90%
Compound 8 was added at RT 10% Pd/C 2h76.4% Compound
Water was added at RT 2.5h98.9% 8 is 0.10%
0.7 Vol FA was added at 21°C stirring
Pd/C was added at 10°C overnight 99.3%
Warm to 30°C
2315 Cold addition: 25°C 35h303% 88%
Compound 8 was added at RT 10% Pd/C 5.5h66.8% Compound
Water was added at RT Stirring 8 is 0.14%
0.7 Vol FA was added at 19°C overnight 98.8%
Pd/C was added at 10°C
Warm to 25°C

Table 19 shows clearly that cold additions raise the yield by 6-9% compared to the base line
experiment (Experiment No. 2311). According to Experiment No. 2313, it took 2.5 hours for the
reaction to finish at 30°C. Experiment No. 2314 had identical reaction conditions as Experiment No.

2313 and had consistent kinetic and yield results. The reaction was expectedly slower at 25°C and
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20°C compared to higher temperature. The reaction was also stable overnight. With a yield of 88-92%

and mechanical loss of 7% (as described above), the mass balance can be close to 100%.

"Pridopidinium impurity” (Compound 15), a byproduct of the reduction step

The benefits of cold addition and reaction temperature on yield are now clear. Having a 7-9% yield
improvement at low temperature compared to high temperature raised the question of what is the by-
product that is responsible for this yield loss. The reaction was performed in stress temperature

conditions to investigate this question.

In Experiment No. 2316 all the reagents were put in RT according to the regular procedure and the
reaction mixture was warmed to reflux. IPC (by HPLC) was taken to analyze the purity profile. The

results are summarized in Table 20.

Table 20; Experiment No. 2316 Purity Profile (%area) During Reduction in Reflux Condition

Time Tj (°C) | Tr(°C) | pridopidine Compound 8 | Compound 15
c.p

0 26 21 0.04% 99.08% 0.19%

lh 110 79 75.31% 17.77% 6.08%

2.5h! 110 75 78.68% 14.27% 6.24%

5h 110 72 81.64% 11.12% 6.35%

6h 110 80 93.49% <QL 5.63%

Organic 31 30 98.55% 0.16% 0.183%

phase

Aqueous 31 30 2.18% ND 96.74%

phase

Before dis. 30 30 98.88% 0.15% 0.03%

Dry crude C.P=99.2%, Assay=99.1%, Y=85% | <QL ND

" After 2.5 h the reaction rate was slow, 0.25 Vol FA was added.
2 After 5 h 0.25 Vol FA and 3% Pd/C were added for finish the reaction.

Table 20 shows that during this reduction reaction, under reflux conditions, Compound 15 was
formed and increased to ~5-6% area during the reaction. Compound 15 is completely extracted into
the aqueous phase during the water washes and was not detected in the isolated dry product. The

isolated yield (85%) shows that the reaction is stable in high temperature,

Compound 15 can be found only in the water phase after basification. Without wishing to be bound to

theory, its formation can be explained as follows: When the FA/Pd/C mixture cannot supply enough
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hydride to keep the reduction in pace, Pd/C can deprotonate the tetrahydropyridine derivative
(Compound 8) to give the aromatic pyridinium derivate (Compound 15). This can occur if the
reaction starts with all the Pd/C but only 28% of the FA (as in the original process) or when part of the
FA escapes from the reactor in boiling conditions (as in Experiment No. 2316). In the present cold
addition procedure, Pd/C is with the FA from the beginning and is thus forming hydride with FA
(that reduced the double bond of Compound 8) and not available as a catalyst for the aromatization of

Compound 8 to form the pyridinium derivate.

To summarize, the crude pridopidine process using the "cold addition" mode can consistently deliver
high yields of between 80-95%. The yield is influenced by side reactions that relate to the reaction
temperature and the availability of FA. The main side reaction is aromatization of Compound 8 to the
pridopidinium Compound 15. There is no quality concern regarding Compound 15 since it is removed

by the water washes.
Example 6.2: Pridopidine crude - work-up development

After the reduction, pridopidine HCI is precipitated by adding HCI/IPA to the solution of pridopidine
free base in IPA in the process of Example 1. Prior to that, a solvent swap from toluene to IPA is
completed by 3 consecutive vacuum distillations. The amount of toluene in the IPA solution affects
the yield and it was set to be not more than 3% (IPC by GC method). The spontaneous precipitation
produces fine crystals with wide PSD. In order to narrow the PSD, Example 1 accomplishes HC/IPA

addition in two cycles with cooling/warming profile.

The updated process is advantageous for crystallizing pridopidine free base over the procedure in

Example 1 for two reasons.

First, it simplifies the work-up of the crude because the swap from toluene to IPA is not required. The
pridopidine free base is crystallized from toluene/n-heptanes system. Only one vacuum distillation of
toluene is needed (compared to three in the work-up of Example 1) to remove water and to increase

yield.

Second, in order to control pridopidine-HCl physical properties. Pridopidine free base is a much better
starting material for the final crystallization step compared to the pridopidine HC] salt because it is
easily dissolved in IPA which enables a mild absolute (0.2y) filtration required in the final step of

API manufacturing.

Crystallization of pridopidine free base in toluene/n-heptane system

First, crystallization of pridopidine free base in toluene/n-heptane mixture was tested in order to find
the right ratio to maximize the yield. In order to obtain pridopidine free base, pridopidine-HCl in
water/toluene system was basified with NaOH(aq) to pH>12. Two more water washes of the toluene

phase brought the pH of the aqueous phase to <10. Addition of n-heptane into the toluene solution
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resulted in pridopidine free base precipitation. Table 21 shows data from the toluene/n-heptane

crystallization experiments.

Table 21: Toluene/n-Heptane crystallization system

Toluene/n- Filtration . Mother Rer.namders Mass
Exp. No. temp and Yield . in the
heptane system . liquor lost balance
time reactor

2401 3Vol/4Vol 10°C ovemight | 77% 12.0% 5.6% 95%
2402 2Vol/6Vol 10°C 2hr 84% 13.5% 2.1% 100%
2403 3Vol/6Vol! 10°C overnight | 80% 15.5% 4.5% 100%
2404 3Vol/9Vol 10°C overnight | 80% 12.0% 5.5% 98%
2405 3Vol/6Vol 10°C overnight | 88% 6.9% 3.1% 98%
2406 2Vol/4Vol 0°C overnight | 89% 5.3% 2.3% 97%

! Add 10% NaCl (aq) washes

Table 21 shows that no pridopidine free base was lost during the extractions because the mass
balances are closed to completion (>95%, the 0-5% mass deviation can refer to mechanical loss).
However, the yield is affected from toluene/n-heptane ratio and total volumes, cooling temperature
and mixing time at low temperature. The factor that most significantly affects the yield is the
toluene/n-heptane ratio. The best yield is obtained from the 1:2 ratio presented in Experiment No.
2405and Experiment No. 2406, in two different total volumes. When more heptane had been used in
1:3 ratio, a lower yield was obtained because the total volumes is higher (Experiment No. 2402). In
addition, higher amounts of heptane cause precipitation on the reactor walls and makes the slurry

viscous.

Effect of pH during addition of aqueous NaOH
The agueous NaOH solution is used to neutralize the formic acid and to create a toluene soluble

pridopidine free base out of the acid salt (pridopidine-formate). During the exothermic addition of
aqueous NaOH solution pridopidine starts to precipitate in pH=7-8 but immediately dissolves in the

toluene phase.

In Experiment No. 2301, neutralization was performed until the pH was 9 and the yield dropped
dramatically to 12.4%, and 58.4% of pridopidine was found in all the collected water washes.
Therefore, NaOH should be added to obtain a pH of greater than 10. If more NaOH is added and the
pH exceed 14, more water washes will be required to lower the pH back to pH=9-10, which is the
most effective pH to precipitate pridopidine base. Too many washes can also negatively influence the

yield and produce more waste.

Compound 1 levels in pridopidine crude
There is a need to design a work-up that purifies the impurity Compound 1.



10

15

20

CA 02893607 2018~01~22

WO 2017/015609 ~50- PCT/US2016/043682

Table 22: Level of impurity Compound 1 in the crude stage (Experiment 2407)

stage pridopidine Compound 8 | Compound1 | Compound 4
(% area] [% area] [% area] [% area)

After catalyst filtration and
addition of NaOH (pH=13) 96.29% 0.04% 1.3% 0.16%
Extraction I 98.66% <DL 0.89% 0.16%
(aqueous phase, pH=13) (<DL) (<DL) (23.0%) (<DL)
Extraction I 99.28% <DL 0.51% 0.16%
(aqueous phase, pH=11) (19.71%) (<DL) (16.8%) (<DL)
Extraction I 99.77% <DL 0.22% 0.16%
(aqueous phase, pH=9) (71.54%) {(<DL) (7.44%) (<DL)
Final product 99.68% <DL 0.18% 0.15%
Mother liquor 100% <DL <DL <DL

Table 22 shows the impurities levels through all the crude stages.

Water washes of the toluene phase efficiently extract Compound 1 as demonstrated by the level of
Compound 1 before (1.3%) and after (0.22%) the washes. Therefore, 3 washes are added to the

toluene phase in order to reduce the level of Compound 1.

Adding distillation to pridopidine crude during the work-up
After this work-up procedure and the reduction reaction, the toluene volumes must be suitable to the
extractions (5Vol) and the precipitation procedure (2-2.5Vol). Therefore reduction of the toluene

phase volume is needed.

Table 23: Effect of the distillation addition on the vield

Experiment No. procedure Yield
2302 Without distillation 77%
2303 Vacuum distillation'to 2.5Vol 90%
2310 Vacuum distillation to 2.5Vol 88%
2408 Vacuum distillation to 2.5Vol 91%

Table 23 shows that the yield was much improved after a vacuum distillation step was added. The
toluene distillation not only reduced the total volume but also removed water and as a result the yield
increased. The distillation was performed at the following conditions: Tj<70°C, P<80mbar and
Tc=0°C. The distillation should be started from low temperature (Tr= 10-20°C) and the jacket
temperature should be slowly increased. Under these conditions the Tr during the distillation will be
between 15-45°C. The final volume of toluene in the reactor after distillation should be 2-2.5, then 4
volumes of heptane may be added and a cooling profile may be employed in order to get maximal

yield and large crystals.

Example 7: Development of the procedure for the purification of Compound 1 in pridopidine

free base.
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The present example describes lowering Compound 1 levels in pridopidine free base. This procedure
involves dissolving pridopidine FB in 5 Vol of toluene at 20-30°C, 5 Vol of water are added and after
the mixing phases are separated and the organic phase is washed three times with 5 Vol water. The
toluene mixture is then distilled up to 2.5 Vol in the reactor and 4 Vol of heptane are added for

crystallization. Experiment No. 2501 was completed using this procedure. Table 24 summarizes the

results.
Table 24: Compound 1 Level in pridopidine Crude Rework Procedure
Related substance Experiment No. 2502 Experiment No. 2501
(Crude) (Crude rework)
Compound 1 0.29% 0.17%
Compound 4 0.22% 0.16%
Compound 8 <DL <DL
Unknown each 0.05% 0.05%
Total imp. 0.51% 0.33%
Assay 98.9% 99.2%
Yield 94%w/w 94% wiw

Table 24 shows that this procedure effectively purifies Compound 1 (factor of 1.7) and Compound 4
(factor of 1.4).

Example 8: Step 4 in Scheme 2: Pridopidine Hydrochloride process

This example discusses the step used to formulate pridopidine-HCI from pridopidine crude. The
corresponding stage in Example 1 was part of the last (third) stage in which pridopidine-HCl was
obtained directly from Compound 8 without isolation of pridopidine crude. In order to better control
pridopidine-HCI physical properties, it is preferable to start with well-defined pridopidine free base

which enables control on the exact amount of HC] and IPA.

Pridopidine-HCI preparation - present procedure

Pridopidine-HCl was prepared according to the following procedure: Solid pridopidine crude was
charged into the first reactor followed by 8 Vol of IPA (not more than (NMT) 0.8% water by KF) and

'~ the mixture is heated to Tr =40-45°C (dissolution at Tr = 25-28°C). The mixture was then filtered

through a 0.2 pm filter and transferred into the second (crystallizing) reactor. The first hot reactor was
washed with 3.8 Vol of IPA. The wash was transferred through the filter to the second reactor. The
temperature was raised to 65-67°C and 1.1 eq of IPA/HC] are added to the mixture (1.1 eq of HC,
from IPA/HCI1 5N solution, 0.78 v/w). The addition of IPA/HCI into the free base is exothermic;
therefore, it was performed slowly, and the temperature maintained at Tr = 60-67°C. After the

addition, the mixture was stirred for 15 min and pH is measured (pH<4). If pH adjustment is needed,
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0.2 eq of HCI (from IPA/HC] 5 N solution) is optional. At the end of the addition, the mixture was
stirred for 1 hour at Tr = 66°C to start sedimentation. If sedimentation does not start, seeding with
0.07% pridopidine hydrochloride crystals is optional at this temperature. Breeding of the crystals was
performed by stirring for 2.5 h at Tr =64-67°C. The addition HCI line was washed with 0.4 Vol of
IPA to give~13 Vol solution. The mixture was cooled to Tr =0°C The solid is filtered and washed
with cooled 4.6 Vol IPA at LT 5°C. Drying as performed under vacuum (P< ) at 30-60°C to constant
weight: Dried pridopidine-HCI was obtained as a white solid.

Purification of Compound 4 during pridopidine-HCI process

A relationship between high temperature in the reduction reaction and high levels of Compound 4
impurity have been observed. A reduction in 50°C leads to 0.25% of Compound 4. For that reason the
process of Example 1 limits the reduction reaction temperature to 30+£5°C since this is the final step
and Compound 4 level should be not more than 0.15%. The present process has another crystallization

stage by which Compound 4 can be purified.

Table 25 Level of Compound 4 impurity in pridopidine crude and pridopidine-HCI stages

Crude Level of Followed cryst Level of
Experiment No. Compound 4 Experiment No. Compound 4
In the crude In the cryst
2601 0.20% OM-373 0.07%
2310 0.11% 0OB-1337 0.05%
2408 0.12% OB-1338 0.05%

Table 25 shows that the pridopidine-HCI procedure yielded Compound 4 by factor of about 3. This
means that the reduction reaction in the crude stage can be performed at a high temperature to provide

a level of not less than 0.2%, which is an acceptable level.



CA 02893607 2018~01~22

WO 2017/015609 =33- PCT/US2016/043682

Example 9: Removal of THF in Compound 9 to control Compound 11 and subsequent

Compound 3 in process to make pridopidine

In the process of Example 1, an impurity, specifically Compound 3, was found to originate from THF
present in step 2 (formation of Compound 8) of the pridopidine process. Example 9 provides a

5  process which removes the THF in step 1.

The modified method for step 1 providcé a product with an equal or improved impurity profile and
less than 0.20% of the Compound 11 impurity in Compound 8. Also, the formed Compound 3
impurity in the final step, originating from Compound 11, should be well below 0.15% using

intermediate Compound 8 from the modified process.

10  The process of this Example for producing pridopidine is detailed below in Scheme 7:

Scheme 7:
i
Compound 9 Compound 8 pridopidine
SMe SMe Sone SOMe
N e 180y 1) HCOOH, PY/C
’ P E— OH e Ml
Br 2) 2) HyOp NasW,04 # Nﬂ} HC \
N~ Py —
ochf HCl HCH

Method of Exampie 1

HC1 salt of Compound 9
SMe SMe
r 1) HexLi
~' N~
Qz{}“f HCl

Step 1

15  Charge 3-bromothioanisole and THF at room temperature. Stir and cool the solution to below -70°C.
Add 33% hexyl lithium in hexanes at below -70°C over at least 60 minutes, and stir at this
temperature until approved IPC. Add 1-propyl-4-piperidone at between -75 to -35°C over at least 60
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minutes and then stir the mixture at between -60 to -30°C until approved IPC. The reaction mixture is
quenched into a pre-cooled mixture of diluted HC1 and MTBE while keeping the temperature under
0°C. Stir the mixture at 0+10°C for at least 30 minutes. Filter the reaction mixture and wash the
crystals with MTBE.

Removal and control of THF by vacuum distillation of acidic water/product phase

The goal is to remove as much THF as possible from the Compound 9 product by vacuum distillation

of the acidic water/Compound 9 phase that results after quenching of the reaction mixture.

Three experiments were performed here, Batches 2601, 2602 and 2603. All three experiments were
performed in 3-L scale. The set-up was to follow the original method (Example 1) and lithiated 3-
bromothioanisole followed by addition of piperidone and then quench the reaction mixture in
water/HCYMTBE mixture. The product, Compound 9, would be dissolved in water by slightly
heating the two phase mixture and the major part of THF was removed by simply separating the
aqueous phase from the organic phase. This provides a further advantage as many of the organic, non-
amine containing impurities are effectively removed with the MTBE phase. For example, hexane,
hexylbromide and thioanisole are all removed to a large extent prior to crystallization using this

approach. The experiments are summarized in Table 26, hereinbelow.
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Table 26: Experiments for removal of THF by vacuum distillation

Batch

Experimental set-up

2601

3-bromothioanisole was treated with hexyllithium 33% in THF at below -70°C. When
reaction was complete, 1-propyl-4-piperidone was dosed in while keeping temperature below
-35°C. After IPC showed a conversion of more than 83% (area) of Compound 9 the mixture
was quenched with a pre-cooled water/HCI/MTBE mixture. The resulting slurry was then
warmed to 50°C. Additional water was added and the mixture heated to 57°C until all solids
were in solution. The upper organic phase was discarded and the aqueous phase was left at
45°C for 22hrs and then at ambient temperature for an additional 4 days. The aqueous phase
was next heated again THF was distilled off by vacuum distillation. Some bumping and
frothing occurred during distillation. When ~250mL of THF/water had been distilled off, the
mixture was cooled down and treated with sodium hydroxide to free base Compound 9 which

was subsequently extracted into MTBE and crystallized by slow addition of cHCL

Result

THEF level prior to distillation: 0.5% w/w

THF level after distillation: Not detected.

Purity by HPLC: 98.5%

Without wishing to be bound to theory, this very low level of THF already present before
distillation was caused by the long stationary time afier quenching. However, it shows that
THF can effectively be removed by distillation from the acidic water phase. Filtration of the
product was not very fast and judged to be similar to what has been seen before in this scale,

i.e. not much better than what is seen in pilot plant.

2602

Experimental set-up

This experiment was run using the same procedures as Batch 2601 up to quench and
subsequent removal of MTBE.

The resulting shurry after quenching was warmed to 57°C to get all solids in solution. Similar
to Batch 2601 additional water was needed. The upper organic phase was discarded. The
aqueous phase was re-charged into the reactor and THF was distilled off by vacuum
distillation. Some bumping and frothing occurred during distillation. When ~120mL of
THF/water had been collected, the shury was cooled down to 5°C and the product was

isolated by filtration. Crystals were washed with water.

Result

THF level prior to distillation: 8.9% w/w
THEF level after distillation:0.5% w/w

THF level in isolated Compound 9:195ppm
Purity by HPLC:99.6%

Level of Compound 11 in Compound 8 produced using this material: Below reporting limit.
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Filtration and washing with water was deemed to be good. This is also reflected in the very
low level of THF in the final material. Purity was superior to when crystallized from MTBE
phase, primarily because early eluting impurities are removed very efficiently by

crystallization from water.

2603 | Experimental set-up

This experiment was a repetition of Batch 2602 to verify the method, with regards to HPLC
purity and yield. Addition of 1-propyl-4-piperidone was performed using a straighter
temperature profile, i.e. it was performed without using an initial rapid temperature increase
in order to avoid formation of the late eluting impurity that was identified in Batch 2602 as
alkylated thioanisole. Alkylated thioanisole is formed by a reaction between lithiated

thioanisole and hexylbromide.

Result

THF level after distillation:0.9%

Purity by HPLC: 99.8%

Level of Compound 11 in Compound 8 produced using this material: Below reporting limit
The method performed similarly in both Batch 2603and Batch 2602. Yield was slightly
higher in Batch 2603.

Results and discussion:

THEF level and formation of Compound 3

Vacuum distillation gives very good control of THF content both during the work-up as well as in
isolated Compound 9. A low level of THF in the isolated Compound 9 material also ensures that the
impurity Compound 3 is under control in the final API which was shown when material with low
amount of THF was taken through to final product.

The exact level of THF that can be present prior to crystallization and isolation is difficuit to
determine because there is a strong likelihood that factors are scale-up dependent. A level of not more
than 1.0% of THF in the aqueous phase prior to crystallization should be both practical to reach and
low enough to ensure that the impurities Compound 11 and Compound 3 are under control. In the lab
experiments, a level of between 0.5 and 0.9% THF in the aqueous phase resulted in a very low level

of Compound 11 in Compound 8 and subsequent low level of Compound 3 in pridopidine.

Example Yield and Purity

The purity profile of the isolated Compound 9 was better when performing the crystallization from
water (Batch 2602 and Batch 2603; both had purities over 99.5%) compared to both crystallization
from water/MTBE mixture (purity of 98.5%) and pure MTBE (Batch 2601; purity was 98.5%). The

major improvement is removal of early eluting/polar impurities. The yield of the present method may
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be slightly lower because there will be a small loss of material in the mother liquor. Estimated
solubility of Compound 9 in the mother liquor at 5-20°C is 0.8-0.9% (Batch 2602 and Batch 2603).
In the current method this would correspond to 4-5% of the material being lost. This is considered an

acceptable loss because of the improved purity of Compound 9.

Method for large scale

Charge 3-bromothioanisole and THF at room temperature. Carefully inert the system and keep the
system inerted until quenched. Stir and cool the solution to below -70°C. Add 33% hexyl lithium in
hexanes at below -70°C (maximum -60°C) over at least 60 minutes, and stir at this temperature for at
least 30 min. and then until IPC shows conversion of not less than 99.5%. Add 1-propyl-4-piperidone
at -75 to -35°C over at least 60 minutes (care should be taken to avoid a rapid temperature increase at
the start of addition as it has been shown that this may cause alkylation of the lithiated species by
hexylbromide, see Batch 2602 and Batch 2603) and then stir the mixture at -60 to -30°C for at least 30
minutes and then until IPC shows conversion of not less than 83.0%. Quench the reaction mixture into
a pre-mixed and pre-cooled (0-10°C) mix of water, HCl and MTBE while keeping the temperature
below 20°C. The product will crystallize here. Heat the mixture to 55+5°C and agitate vigorously for
15 min. The mixture separates into two clear layers without solids. If clear solutions/layers cannot be
achieved, additional water may be charged. Let the layers separate and transfer the lower aqueous
layer to another reactor. Filter the reaction mixture and wash the crystals with water. The mother

liqueur may be circulated. The c-dry material is used as is in next step.
Conclusion

THF is controllable in step 1 by vacuum distillation from the aqueous product containing phase after
quench. This allows for an easy and robust method of controlling also the formation of Compound 11

and the corresponding impurity Compound 3 in the final APL
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Example 10: Changing mode of addition of 3BTA and HexLi in Example 1

The reaction below (as described in Example 1) provides Compound 9 but also the side product

Compound 12, Scheme 8

N
- HO
~g S HCI
1. HexLi
Br

Compound ¢ HC1
2. O:<3NI— HO N/\/
3-Bromothioanisole (BTA) 1-Propyl-4-piperidone (P4P) /S\©/S HCI
Compound 12
Table 27 provides examples of Compound 12 levels in Compound 9-HCL

Table 27: Levels of Compound 12 in Compound 9-HCI in production

Batch Compound 12
(area-%) Limit < 1.20

2701 (25 kg) 0.53

2702(100 kg) ‘ 0.60

2703 (100 kg) 0.55-0.62

2704 (100 kg) 0.91-1.20

2705 (40 kg) 0.46 - 0.84

Table 27 shows high levels of Compound 12 in experiments.

It was found that there is correlation between lithiation time and levels of Compound 12, specifically,

the longer the lithiation time, the higher the content of Compound 12 in Compound 9.

A laboratory study was performed in order to understand the reason for high level of Compound 12 in
Compound 9-HCl.

Table 28: Normal addition (3BTA to HexLi/THF)

Experiment HexLieq. | Temp (°C) HexLi addition | Hold time (h)] Compound
No. time (h) 12 (area-%)
2801 1.08 -73 to -71 1.3 1 0.44

2802 1.05 -75to -71 3 20 0.49

2803 1.07 -40 1 0.5 1.95

2804 0.86 78 to -73 12 11 1.50

2805 1.01 -80 to -74 18.5 0.5 1.07

2806 1.07 -72to0 -71 8 1 0.92
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2807 1.07 -79 to -62 Sportionsinlih | 1 0.34
2808 1.07 -76 to -58 3portionsinlh | 1 0.28

Table 28 shows that in the standard process (3BTA addition to HexLi/THF), high levels of Compound
12 in Compound 9-HCl were found in different conditions. High levels were found when the
temperature was high (Experiment No. 2803), when HexLi was in shortage (Experiment No. 2804)

and when long HexLi addition time was employed.

These results led to suggest that the mechanism that leads to the formation of Compound 12 is the

SnATr mechanism.
Reaction mechanism

Since the simple changes described above, i.e. extractive washes or recrystallization of the free base,
were not an option to solve the issue, another option to examine the previously unknown reaction

mechanism and suppress Compound 12 in the synthesis was assessed.

Scheme 9: SnAr mechanism

~g ~s ~s B?
AR
PER Sy . e
r—— L]
Br Li Li Li @Li “
BTA (U] any
or (‘
[e]

Compound 12 ) or CHBr

BTA reacts with hexyllithium to give (I). The lithiated species then undergoes aromatic nucleophilic
substitution with the second molecule of BTA to form compound (II), also called the Meisenheimer
intermediate. The demethylation by nucleophile attack on compound (III) could either be from the
bromide or amine moiety of 1-propyl-4-piperidone and results in compound (IV). The last
transformation to give Compound 12 is the addition of lithiated species compound (IV) with 1-propyl-
4-piperidone. In the literature, one paper was found (Ebenezer 2014) that supports the proposed

mechanism.
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After understanding that formation of Compound 12 is related to excess of 3BTA over HexLi and that
all the HexLi is in the reactor and 3BTA is added in portions over an extended period of time it was
concluded that simultaneous addition of 3BTA and HexLi, or addition of HexLi to 3BTA (reverse
addition) can be a solution for avoiding formation of high levels of Compound 12 during Compound 9

preparation.

Table 29. Reverse addition, conditions and results summary

Entry] BTA ll-lexLi Temp [IPC1l| RRT RRT |Compou|Compou [Assay| Yield (%)
addition jeq. (CC) |(%)| 0.84in |0.84in |nd 12in|nd 12 in | (%)
time (h) mother |Compo| mother | isolated
liquor | und 9 | liquor |Compou
(area- | (area- |[(area-%)| nd?9
%) %)
1h10 min| 1.07 | -74 8.6 0 <0.05 0.01 nd. 60
2 18h 1.07 | -76 135 0.09 0.05 0.06 |97.7 67
18h 0.97 | -67to |85.1 10 0.08 0 0.55 95.6 42
-73
4 16h 1.07 | 70 to {99.1 6.7 0.07 0 0.16 98.0 69.1
-76
5 4h 1.07 | -75 0.04 64
6 4h 1.07 | -50 0.65 78.2 64
7 |10h,1h| 1.07 | -70to {79.4 17.5 0.52 0.15 2.13 n.d. 63
hold time, -55
poor
- stirring
8 8h 0.89 | -76t0 | 82 0.05 0.13 n.d. 57
-80
9 8h,2h | 1.07 | -78to 54 <0.05 0.15 n.d. 48
hold time -80
10 8h 1.07 | -84 10 |95.6 0.05 007 |99.2 70
-60
11 8h 1.6 | -79t0 | 100 0 0 100.1 69
-70
12 8h,h8 | 1.07 | -75t0 |92.9 17 0.05 0 0.06 99.7 70
hold time -67
13 8h 1.08 | -60°C 6.0 0 0.26 0.81 n.d. 55
14 [ 8h,Poor| 1.07 | -79to | 64 6 0.05 0 0.17 n.d. 48
stirring ~75
15 8h,8h 1.2 -60 |86.8 17 0.07 0 1.12 n.d. 69
hold time
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BTA |HexLi
addition leq.
time (h)

[PC1
(%)

Entry RRT

0.84 in
mother
liquor

(area-

RRT
0.84 in
Compo

und 9
(area-

Temp
1§ 8))

Compou
nd 12 in
mother
liquor

(area-%)

Compou
nd 12 in
isolated
Compou
nd 9

Assay
(%)

Yield (%)

%)
96.3 13

%)
0.07 0

16 HexLi/TH
F kept at -
65°C for
155,
BTA
added in
45h

17 |9 h HexLi,
3.5 hhold
time, 8 h

BTA,4h
hold time

18 (2 h HexLi,
2 hold
time, 14 h
BTA, 1h
hold time

1.2 0.13 | 975 70

1.2 89.8 0 0.34 | 964 70

1.2 | -74t0

-71

96.1 35 0.04 0 0.11 97.0 73

Addition time and holding time after addition

With the encouraging result achieved in the first experiment (entry 1 in Table 29), the following
method development work was started by examining addition and post-reaction time of BTA. The
results displayed in Table 29 and entries 1-5 showed that the addition time is not crucial as long as it
is performed at temperature equal to or less than -70°C. However, hold time is crucial if it is kept at
equal to or greater than -60°C (for 8 h (entry 15 in Table 29) Compound 12 was increased
dramatically). When the temperature was held at equal to or less than -70°C after the BTA addition
was complete, the reaction mixture could be kept for at least 8 h (entry 12 in Table 29).

Temperature during lithiation

Reaction temperature was important as shown in entries 5, 6,13, 15, 16 and 19 of Table 29 . The
level of Compound 12 or assay of Compound 9 were both undesirable when the reactions were
conducted at -60°C or -50°C (entries 6, 13 and 15 in Table 29). When the temperature during
lithiation was increased to -65°C, low levels of Compound 12 were achieved (entries 16-17 in Table
29). It is obvious that the system generates high levels of Compound 12 when running perpetually at -
60°C or above (entries 6, 13 and 15). However, a temporary temperature overshoot above -60 °C

(could be happen due to exothermic precipitation of the lithiated species) is not an issue (entry 10 in
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Table 29). If a temperature overshoot takes place, the addition of BT A must be stopped and can only

be resumed when the temperature in the content is below 70°C.

Stoichiometry of HexLi against BTA

Since Compound 12 is formed when BTA is in excess, the stoichiometry of HexLi against BTA was
studied. Four different mole equivalent of HexLi were examined 0.89, 1.07, 1.2 and 1.6 eq in entries
8, 4, 18 and 11 in Table 29, respectively and all experiments ended with the Compound 12 level
within specification. A deficit of HexLi does not have significant impact on the formation of
Compound 12 as long as the temperature is kept less than or equal to -70°C during BTA addition
(entries 3 and 8 in Table 29). A large excess of HexLi, 1.6 eq produced Compound 9 with 100 %
purity. This can be explained by the complete lithiation of BTA which lead to no unreacted BTA,
which is needed for formation of Compound 12. However it did not give any significant difference in
term of yield. Due to a decline in capacity and no improvement in yield, 1.6 eq HexLi was not
selected. The other reason for not selecting 1.6 eq HexLi was based on the papers found in the
literature (Shirley et al. Journal of Organometallic Chemistry 16 (1969) p. 1-6 and Cabiddu et al.
Tetrahedron 60 (2004) 3915-3920) that described the risk for over-lithiation of BTA either on the
aromatic system and/or on the methyl group of the thioanisole. 1.07 eq HexLi was the stoichiometry
implemented in the ‘normal addition mode’ HexLi to BTA and was shown to give yield and quality
within acceptable ranges (entries 4 and 11lin Table 29). However, based on the results achieved in
entries 16-18 in Table 29, 1.2 eq HexLi was selected to be used further. This was selected based on

balancing the excess of BTA, consumption of HexLi and process capacity.

The assays of Compound 9 materials obtained in laboratory are displayed in Table 29 and showed

levels not less than 96 %. The assay test does not have a limit currently.

In-process control

Since the latest experiments (entries 16-18) showed variation in in-process control values (87-96 %)
but the obtained Compound 9 of sufficient quality and yields that were consistently 69-73 %, at a
hold time of approximately 30 — 60 minutes after completion of HexLi addition is appropriate and in-
process control can be excluded. It is also not relevant to perform any in-process control since no
corrective action can be made at this stage. The major benefit in excluding in-process control
sampling and analysis is that hold time, which is the most critical stage in the entire process can be

controlled. The unreacted BTA is discarded in the organic layer in work-up.

Simultaneous addition of 3BTA and HexLi in batch mode related to Example 1
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Another way to avoid excess of BTA in the lithiation reaction is to add BTA and HexLi
simultaneously. One disadvantage is that the addition time would be longer because both BTA and

HexLi require cooling in the lithiation reaction.

Two experiments have been carried out and the results that are summarized in Table 30 below are

positive.

Table 30: Simultaneous additions of BTA and HexLi, conditions and results

Experiment BTA & |HexLi Temp RRT RRT 0.84 CompoundCompound| Yield
No. HexIi |eq. ©C) 0.84 in in 12 in 12 in (%)

addition mother Compound mother | isolated

time + hold liquor |9 (area-%)| liquor |Compound
time (h) (area- (area-%) 9
%)
2809 8h 1.07 | -77to - 7.4 0.09 0 0.02 64
73

2810 4h+1h | 1.07 =75 <0.1 57

As can be seen from the results of these two experiments, the purity profile as well as yield are similar

to the results achieved through reverse addition mode.
Conclusion

By changing the order of addition from normal addition to reverse addition i.e. addition of 3-

bromothioanisole to hexyl lithium, the impurity Compound 12 is suppressed dramatically.

It is important to keep the temperature during lithiation < -70 °C. However temporary overshooting of
temperature to < -60°C is not an issue. The side reaction is enhanced slightly at -65 °C. Lithiation at

~-60°C has shown to give undesirable results regarding Compound 12.

The purity profile of Compound 9 obtained in the modified method of this Example is better than

previous methods and contains only Compound 12 and Compound 16.

Addition time at lithiation stage is not critical and has been tested up to 18 h. The amount of HexLi is

increased from 1.07 eq. to 1.2 eq. with no effect on the yield which remains at 70 %.

Two experiments regarding simultaneous additions of BTA and HexLi during the lithiation reaction

gave promising results. This approach is judged to be effective in suppressing Compound 12.
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CLAIMS
1. A process for preparing solid pridopidine base comprising
a) obtaining a solution comprising pridopidine base,
b) washing the solution comprising pridopidine base with water, and
¢) precipitating pridopidine base from the solution to form solid pridopidine
base.
2. The process according to claim 1 further comprising precipitating pridopidine base

with a volume of one or more alkanes.

3. The process according to any one of claims 1 to 2,
(a) wherein the solution of step (a) comprises one or more organic solvents
or water, or a mixture thereof,
(b) wherein the solution of step (a) is a mixture of toluene and water,
(c) further comprising adding a strong base to the solution of step (a), or
(d) wherein the solution of step (a) comprises an aqueous layer and an
organic layer, and the process further comprises separating the organic layer
from the aqueous layer and washing the organic layer with water, and

wherein the step of washing the organic layer with water removes

Compound 1:
SO,CHs
Compound 1
OH
N N
from the organic layer.
4, The process according to claim 2, wherein the solution of step (a) comprises one or

more organic solvents, further comprising removing an amount of the organic
solvents under vacuum distillation to obtain a mixture comprising a volume of the

organic solvents wherein the ratio of the volume of organic solvents to the volume
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of one or more alkanes during the step of precipitating the pridopidine base is

between 1:1.3 to 1:3.

5. The process according to claim 4, further comprising precipitating pridopidine base

after the vacuum distillation and forming the pridopidine base.

6. The process according to any one of claims 1 to 5, further comprising a catalytic

reduction of the compound of Compound 8

gsz$‘ Compound 8

N~
at a predetermined reduction temperature and with an amount of a reduction catalyst
to form pridopidine base and wherein
(a) the reduction catalyst is selected from the group consisting of a palladium
catalyst, a platinum catalyst, a ruthenium catalyst, a palladium on carbon
catalyst, and JM type 402 catalyst,
(b) the amount of the reduction catalyst is 5%-20% w/w,
(c) the catalytic reduction is complete in 0.1-20 hours
(d) wherein the predetermined reduction temperature is 5-60°C
(e) the predetermined reduction temperature is 0-39°C or

(f) the pridopidine base formed is free of pridopidinium.

7. The process according to claim 6, further comprising dissolving Compound 8 in

water and mixing Compound 8 with a weak acid.

8. The process according to any one of claims 6 and 7, wherein the process further
comprises cold addition of a weak acid and a reduction catalyst at a temperature
between 9°C and 21°C before slowly warming the reaction mixture to a temperature

between 20°C and 30°C to prevent the formation of pridopidinium.
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9. The process according to any one of claims 1 to 8, further comprising oxidizing

Compound 10:

Compound 10

and wherein
(a) the step of oxidizing Compound 10 is conducted at a temperature of 35-60°C,
(b) the catalytic oxidizing agent is a tungsten oxidizing agent, or

(c) wherein the oxidant is a peroxide.

10.  The process according to claim 9, further comprising adding the oxidant in two

batches, a first batch and a second batch.

11.  The process according to any one of claims 1 to 10 further comprising dehydrating
Compound 9:
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S Compound 9

N

with a strong acid for an amount of time and at a temperature; to give Compound

10 or a solution comprising Compound 10:

Compound 10

and wherein
(a) the yicld of the step of dehydrating Compound 9 is between about 20%
and about 95%,
(b) wherein the amount of strong acid is 1.5-4.5 equivalents,
(c) the amount of time is 1-22 hours,
(d) the temperature is below 118 °C,
(e) the strong acid is sulfuric acid,
(f) the dehydration of Compound 9 with the strong acid is conducted in
solvent selected from toluene, xylene and hexanes,
(g) Compound 10 is extracted from the solution comprising Compound 10
using water and without the use of NaOH, or
(h) the chemical purity of Compound 10 is 90-99.4%.

12.  The process according to any one of claims 1 to 11, further comprising lithiating 3-
bromothioanisole with an alkylithium using a continuous flow reactor to obtain 3-

lithium thioanisole.
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13.  The process according to claim 12,
(a) wherein the continuous flow reactor comprises a solvent and wherein the
solvent is THF,
(b) wherein lithiation of 3-bromothioanisole has an average residence time
of 1-60 seconds,
(c) wherein the amount of equivalents of the lithiating agent used is between
0.97 and 1.20,
(d) wherein the lithiating agent is an alkylithium, or
(e) wherein the lithiation of 3-bromothioanisole is performed at a

temperature of between -5°C and 100°C.

14.  The process according to any one of claims 12 and 13, further comprising
performing a coupling reaction between 3-lithium thioanisole and 1-proply-4-

piperidone to form Compound 9

Compound 9

or a solution comprising Compound 9 using a continuous flow reactor,
(a) wherein the coupling has an average residence time of 8-480 seconds,

(b) wherein the lithiation of 3-bromothioanisole and/or the coupling is performed at

a temperature of between -5°C and 100°C,

(c) further comprising precipitating Compound 9 from the solution to form solid
Compound 9,

(d) further comprising quenching the solution comprising Compound 9 with water

to form a solution comprising a compound of Compound 9,

(e) further comprising adding toluene to the solution comprising Compound 9 and

washing with water,
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(O further comprising distilling a solution comprising Compound 9 by vacuum

distillation,

(g) wherein Compound 9 is precipitated with an alkane selected from pentane,

hexane, heptane, and octane, or

(h) wherein the solution comprising Compound 9 or the solid Compound 9 is

substantially free of THF or THF residues.

15.  The process according to any one of claims 1 to 11, further comprising lithiating 3-
bromothioanisole with a lithiating agent followed by performing a coupling
between 3-lithium thioanisole and 1-proply-4-piperidone to form the hydrochloride
salt of Compound 9

Compound 9

or a solution comprising the hydrochloride salt of Compound 9 and using a vacuum
distillation to obtain a composition comprising the hydrochloride salt Compound 9 whercin

the composition comprises less than 1% w/w of THF.

16. A process for preparing pridopidine hydrochloride from pridopidine free base
comprising:

a) obtaining solid pridopidine free base, prepared by the process of any one
of claims 1 to 15,
b) dissolving solid pridopidine free base in an alcohol to form a solution,
¢) filtering the solution, and
d) adding to the solution a mixture of hydrochloric acid and an alcohol
which is the same as the alcohol in which the pridopidine base is dissolved

in step (b) to precipitate pridopidine hydrochloride.
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The process according to claim 2, wherein the alkane is n-heptane.

The process according to claim 3, wherein in step (c) the strong base is NaOH which
is added until the pH of the solution is pH 11-14.

The process according to claim 6, wherein
(a) the amount of the reduction catalyst is 8%-10% w/w,
(b) the catalyst is a JM type 402 catalyst,
(c) the catalytic reduction is complete in 0.5-1 hour, and/or

(d) the predetermined reduction temperature of step (d) is 30°C-40°C.

The process according to claim 9, wherein

(a) the step of oxidizing Compound 10 is conducted at a temperature of 35°C
-55°C,

(b) the catalytic oxidizing agent is sodium tungstate dihydrate, and/or

(c) the oxidant is hydrogen peroxide.

The process according to claim 11, wherein
(a) the yield of the step of dehydrating Compound 9 is about 95%,
(b) the amount of strong acid is 1.8-2.5 equivalents,
(c) the amount of time is about 3.5 hours,
(d) the temperature is between 57°C and 80°C, and/or
(e) the chemical purity of Compound 10 is 98.9-99.4%.

The process according to any one of claims 12 and 13, wherein
(a) the lithiation of 3-bromothioanisole has an average residence time of 4-
10 seconds,
(b) the lithiation of 3-bromothioanisole is performed at a temperature of
between -5°C and 5°C, and/or
(c) the lithiating agent is Hex-Li.

The process according to claim 14, wherein:
(a) the coupling has an average residence time of 8-15 seconds,

(b) the Ilithiation of 3-bromothioanisole and/or the coupling is performed at a

temperature of between -5°C and 5°C,
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(c) the lithiating agent is Hex-Li,

(d) Compound 9 formed is free of Compound 16

SMe
J/ Compound 16
OH N
OH
J

(e) Compound 9 formed has a chemical purity with a THF level of 2-100 ppm,

>

and/or

() Compound 9 is precipitated with heptane.

24.  The process according to claim 1, further comprising washing the pridopidine base

formed in step c) with isopropyl alcohol.

25.  The process according to claim 10 further comprising adding the first batch of
oxidant to cause an exothermic oxidation, followed by adding the second batch of
oxidant after an accumulated heat of the exothermic oxidation from the addition of

the first oxidant batch is released.

26.  The process according to claim 16,
(a) wherein the alcohol is isopropy! alcohol,
(b) wherein the pridopidine hydrochloride formed has less than 0.07% by
weight of Compound 4,
SO,CH;3

OH

R

Compound 4

or
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(c) further comprising the step of crystallizing the pridopidine
hydrochloride.
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