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SOLID STATE FORMS OF VALBENAZINE

FIELD OF THE INVENTION
[001] The present disclosure relates to solid state forms of Valbenazine,
Valbenazine salts, processes for preparation thereof and pharmaceutical compositions
thereof. The present disclosure further relates to processes for the preparation of

Valbenazine and intermediates in the preparation thereof.

BACKGROUND OF THE INVENTION
[002] Valbenazine has the chemical name (2R,3R,11bR)-3-isobutyl-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a] isoquinolin-2-yl L-valinate.

[003] Valbenazine has the following chemical structure:

o)

MeO

MeO

[004] Valbenazine is being developed by Neurocrine Bioscience for the treatment of
a variety of central nervous system disorders, particularly involuntary hyperkinetic movement
disorders such as drug-induced tardive dyskinesia and Tourette's syndrome. In the US, Phase
IIT clinical trials are on-going for the treatment of drug-induced dyskinesia in patients with
schizophrenia or schizoaffective disorder. Valbenazine is an inhibitor of vesicular
monoamine transporter 2 (VMAT?2).

[005] Valbenazine is the active ingredient of the approved drug INGREZZA®,
indicated for the treatment of adults with tardive dyskinesia. INGREZZA contains
valbenazine, present as valbenazine tosylate salt, with the chemical name, L-Valine,
(2R, 3R,11bR)-1,3,4,6,7,11b-hexahydro-9,10-dimethoxy-3-(2-methylpropyl)-2H-
benzo|a]quinolizin-2-yl ester, 4-methylbenzenesulfonate (1:2).

[006] Valbenazine is disclosed in US 8,039,627.

[007] Valbenazine salts and polymorphs thereof are disclosed in W(02017/075340.
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[008] Polymorphism, the occurrence of different crystal forms, is a property of some
molecules and molecular complexes. A single compound, like Valbenazine, may give rise to
a variety of polymorphs having distinct crystal structures and physical properties like melting
point, thermal behaviors (e.g. measured by thermogravimetric analysis — "TGA", or
differential scanning calorimetry — "DSC"), X-ray powder diffraction (XRPD) pattern,
infrared absorption fingerprint, Raman absorption fingerprint, and solid state (*C-) NMR
spectrum. One or more of these techniques may be used to distinguish different polymorphic
forms of a compound.

[009] Different salts and solid state forms (including solvated forms) of an active
pharmaceutical ingredient may possess different properties. Such variations in the properties
of different salts and solid state forms and solvates may provide a basis for improving
formulation, for example, by facilitating better processing or handling characteristics,
improving the dissolution profile, or improving stability (polymorph as well as chemical
stability) and shelf-life. These variations in the properties of different salts and solid state
forms may also provide improvements to the final dosage form, for instance, if they serve to
improve bioavailability. Different salts and solid state forms and solvates of an active
pharmaceutical ingredient may also give rise to a variety of polymorphs or crystalline forms,
which may in turn provide additional opportunities to use variations in the properties and
characteristics of a solid active pharmaceutical ingredient for providing an improved product.

[010] Discovering new salts, solid state forms and solvates of a pharmaceutical
product can provide materials having desirable processing properties, such as ease of
handling, ease of processing, storage stability, and ease of purification or as desirable
intermediate crystal forms that facilitate conversion to other salts or polymorphic forms. New
salts, polymorphic forms and solvates of a pharmaceutically useful compound can also
provide an opportunity to improve the performance characteristics of a pharmaceutical
product (dissolution profile, bioavailability, etc.). It enlarges the repertoire of materials that a
formulation scientist has available for formulation optimization, for example by providing a
product with different properties, e.g., a different crystal habit, higher crystallinity or
polymorphic stability which may offer better processing or handling characteristics,
improved dissolution profile, or improved shelf-life.

[011] For at least these reasons, there is a need for additional solid state forms
(including solvated forms or salts) of Valbenazine.

[012] US 8,039,627 describes a process for Valbenazine, as exemplified in Scheme
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Scheme 1: General Synthesis of Valbenazine

[013] The process of US 8,039,627 comprises a chromatographic chiral resolution
of Tetrabenazine (Compound 1- (+)-TBZ), which is a racemic mixture of (R,R)- and (S,S)-
enantiomers, to obtain the desired (R,R)-enantiomer of tetrabenazine (Compound 2 - (+)-
TBZ). Compound 2 is then reduced to (R,R,R)-Dihydrotetrabenazine (Compound 3 -
(R,R,R)-DHTBZ) and further converted to protected Valbenazine (Compound 4 — PG-
Valbenazine). Compound 4 is deprotected in order to generate Valbenazine (Compound 5).

[014] The key intermediate of this process is (R,R,R)-Dihydrotetrabenazine
(Compound 3 - (R,R,R)-DHTBZ), hence the main challenge of this process is the chiral
resolution of the initial racemic mixture of the Tetrabenazine drug (Compound 1- ()-
TBZ).

[015] (R.R,R)-Dihydrotetrabenazine (Compound 3 - (R,R,R)-DHTBZ) was found
to be the active ingredient of the already known drug tetrabenazine (Compound 1) and
processes for its preparation have been described in the literature.

[016] WO02012000308, Eur. J. Med. Chem., 2011, 46, 1841-1848 and Med. Chem.
Lett., 2010, 46, 105-109 describe a chiral resolution of Tetrabenazine by a formation of
diastereomeric salts using (+)-Camphorsulfonic acid. This type of resolution showed very
low yields and inconsistent results which makes it difficult to scale up.

[017] WO02008058621 describes a chiral separation of Tetrabenazine using
column chromatography, which is not feasible for scale up and industrial production.

[018] WO2008154243, KR1102957, US8993766 and KR1409335 describe
different asymmetric syntheses for the preparation of (R,R,R)-Dihydrotetrabenazine
(Compound 3 - (R,R,R)-DHTBZ). These processes either contain multiple synthetic steps,
which ultimately lead to low yields of the desired compound 3 and/or show poor
stereoselectivity. Further, these processes involve exotic and expensive reagents which are

not suitable for scale-up processes.
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[019] WO02017112857 (US 20170183346) describes preparation of Valbenazine
tosylate by converting Valbenazine HCI to Valbenazine tosylate. The described process
involves reduction of Tetrabenazine (Compound 1 - (+)(-)TBZ) to racemic
Dihydrotetrabenazine, followed by optical resolution in order to obtain (R,R,R)-
Dihydrotetrabenazine (Compound 3 — (R,R,R)-DHTBZ).

[020] For at least the above reasons, there is a need to have improved processes
for preparing Valbenazine, with increased efficiency and reasonable cost that can be used

for an industrial scale.

SUMMARY OF THE INVENTION

[021] The present disclosure relates to solid state forms of Valbenazine, processes
for preparation thereof, and pharmaceutical compositions comprising these solid state
forms.

[022] The present disclosure also relates to solid state forms of Valbenazine tosylate,
processes for preparation thereof, and pharmaceutical compositions comprising these solid
state forms. Valbenazine tosylate as used herein is (2R,3R,11bR)-3-isobutyl-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a] isoquinolin-2-yl L-valinate di-
tosylate.

[023] The present invention also relates to solid state forms of Valbenazine fumarate,
processes for preparation thereof, and pharmaceutical compositions comprising these solid
state forms.

[024] The present disclosure also relates to solid state forms of Valbenazine stearate,
processes for preparation thereof, and pharmaceutical compositions comprising these solid
state forms.

[025] The present disclosure also relates to solid state forms of Valbenazine
palmitate, processes for preparation thereof, and pharmaceutical compositions comprising
these solid state forms.

[026] The present disclosure also relates to solid state forms of Valbenazine sulfate,
processes for preparation thereof, and pharmaceutical compositions comprising these solid
state forms.

[027] The present disclosure also relates to solid state forms of Valbenazine
mesylate, processes for preparation thereof, and pharmaceutical compositions comprising

these solid state forms.
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[028] The present disclosure also provides uses of the solid state forms of
Valbenazine or salts thereof for preparing other solid state forms of Valbenazine,
Valbenazine salts and solid state forms thereof.

[029] The present disclosure also provides solid state forms of Valbenazine or
Valbenazine salts of the present disclosure for uses in the preparation of other solid state
forms of Valbenazine, Valbenazine salts and solid state forms thereof.

[030] The present disclosure further provides processes for preparing other solid
state forms of Valbenazine, Valbenazine salts and solid state forms thereof.

In another embodiment, the present disclosure encompasses the described solid state
forms of Valbenazine or Valbenazine salts for uses in the preparation of pharmaceutical
compositions and/or formulations, optionally for the treatment of a variety of central
nervous system disorders, particularly involuntary hyperkinetic movement disorders such
as drug-induced tardive dyskinesia and Tourette's syndrome. Particularly, the described
solid state forms of Valbenazine or Valbenazine salts may be used in the preparation of
pharmaceutical compositions and/or formulations for the treatment or prophylaxis of a
central nervous system disorder, a symptom of a neurological disorder, particularly
involuntary hyperkinetic movement disorders such as tardive dyskinesia, drug-induced
tardive dyskinesia and Tourette's syndrome, Huntington's disease, chorea associated with
Huntington's disease, hemiballismus, chorea, semile chorea, tic disorders, tardive
dyskinesia, myoclonus, dvstonia and Tourette's syndrome, tremor, dystonia, ballism, fics,
akathisia, sterectypies, myoclonus and athetosis, and preferably for the treatment or
prophylaxis of tardive dyskinesia, drug-induced tardive dyskinesia and Tourette's syndrome.

[031] In another embodiment, the present disclosure encompasses uses of the
described solid state form of Valbenazine or Valbenazine salts for the preparation of
pharmaceutical compositions and/or formulations.

[032] The present disclosure further provides pharmaceutical compositions
comprising the solid state form of Valbenazine or Valbenazine salts according to the
present disclosure.

[033] In yet another embodiment, the present disclosure encompasses
pharmaceutical formulations comprising the described solid state forms of Valbenazine or
Valbenazine salts and at least one pharmaceutically acceptable excipient.

[034] The present disclosure encompasses processes to prepare said pharmaceutical
formulations of Valbenazine or Valbenazine salts comprising combining the described solid

state form and at least one pharmaceutically acceptable excipient.
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[035] The solid state forms defined herein as well as the pharmaceutical
compositions or formulations of the solid state form of Valbenazine or Valbenazine salts
can be used as medicaments, particularly for the treatment of a variety of central nervous
system disorders, particularly involuntary hyperkinetic movement disorders such as drug-
induced tardive dyskinesia and Tourette's syndrome.

[036] The present disclosure also provides methods of treating of a variety of central
nervous system disorders, particularly involuntary hyperkinetic movement disorders such as
drug-induced tardive dyskinesia and Tourette's syndrome, comprising administering a
therapeutically effective amount of the solid state form of Valbenazine or Valbenazine salt of
the present disclosure, or at least one of the herein described pharmaceutical compositions or
formulations, to a subject suffering from of a central nervous system disorders, particularly
involuntary hyperkinetic movement disorders such as drug-induced tardive dyskinesia and
Tourette's syndrome, or otherwise in need of the treatment. Particularly, the present
invention provides methods of treatment or prophylaxis of a central nervous system disorder,
a symptom of a neurological disorder, particularly involuntary hyperkinetic movement
disorders such as tardive dyskinesia, drug-induced tardive dyskinesia and Tourette's
syndrome, Huntington's disease, chorea associated with Hontington's disease, hermiballismus,
chorea, senile chorea, tic disorders, tardive dyskinesia, myoclonus, dvstorua and Tourette's
syndrome, tremor, dystonia, ballism, tics, akathisia, stereotvpies, myoclonus and athetosis,
and preferably for the treatment or prophylaxis of tardive dyskinesia, drug-induced tardive
dyskinesia and Tourette's syndrome.

[037] The present disclosure also provides uses of the solid state forms of
Valbenazine or Valbenazine salts of the present disclosure, or at least one of the above
pharmaceutical compositions or formulations for the manufacture of medicaments for treating
central nervous system disorders, particularly involuntary hyperkinetic movement disorders
such as drug-induced tardive dyskinesia and Tourette's syndrome.

[038] The present disclosure further relates to processes for preparing
Valbenazine or Valbenazine salts and intermediates in the preparation thereof.

[039] The present disclosure provides an improved procedure for chiral resolution
of Tetrabenazine (Compound 1) to obtain the pure (R,R)-enantiomer of Tetrabenazine ((+)-
TBZ, Compound 2) using (-)-0,0'-Di-p-Toluoyl-L-Tartaric acid ((-)-DPTTA) as resolving

agent.
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[040] Also provided is the crystalline form of (+)-Tetrabenazine-(-)-DPTTA salt
((3R,11bR)-3-isobutyl-9,10-dimethoxy-2-0x0-1,2,3,4,5,6,7.1 1b-octahydropyrido|[2,1-
aJisoquinolin-5-ium (28,3 S)-3-carboxy-2,3-bis((4-methylbenzoyl)oxy)propanoate).

[041] In a further aspect, the present disclosure provides a process to obtain
(R,R,R)-Dihydrotetrabenazine (Compound 3) by an asymmetric transfer hydrogenation
(ATH) of a racemic mixture of (R,R)- and (S,S)-Tetrabenazine using a chiral catalyst, for
example Ru(Il) Noyori catalysts. In this way, (R,R,R)-Dihydrotetrabenazine (Compound 3)

can be obtained using an asymmetric synthesis with only a few synthetic steps.

BRIEF DESCRIPTION OF THE FIGURES

[042] Figure 1 shows an X-ray powder diffractogram (XRPD) of form L1 of
Valbenazine.

[043] Figure 2 shows an X-ray powder diffractogram (XRPD) of form L2 of
Valbenazine.

[044] Figure 3 shows an X-ray powder diffractogram (XRPD) of form L3 of
Valbenazine.

[045] Figure 4 shows an X-ray powder diffractogram (XRPD) of form L4 of
Valbenazine.

[046] Figure 5 shows an X-ray powder diffractogram (XRPD) of form L2 of
Valbenazine.

[047] Figure 6 shows an X-ray powder diffractogram (XRPD) of form T1 of
Valbenazine tosylate.

[048] Figure 7 shows an X-ray powder diffractogram (XRPD) of form T2 of
Valbenazine tosylate.

[049] Figure 8 shows an X-ray powder diffractogram (XRPD) of form T3 of
Valbenazine tosylate.

[050] Figure 9 shows an X-ray powder diffractogram (XRPD) of form T4 of
Valbenazine tosylate.

[051] Figure 10 shows an X-ray powder diffractogram (XRPD) of form T5 of
Valbenazine tosylate.

[052] Figure 11 shows an X-ray powder diffractogram (XRPD) of form T6 of
Valbenazine tosylate.

[053] Figure 12 shows an X-ray powder diffractogram (XRPD) of form T7 of

Valbenazine tosylate.
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[054] Figure 13 shows an X-ray powder diffractogram (XRPD) of form T8 of
Valbenazine tosylate.

[055] Figure 14 shows an X-ray powder diffractogram (XRPD) of form T9 of
Valbenazine tosylate.

[056] Figure 15 shows an X-ray powder diffractogram (XRPD) of form T10 of
Valbenazine tosylate.

[057] Figure 16 shows an X-ray powder diffractogram (XRPD) of form T12 of
Valbenazine tosylate.

[058] Figure 17 shows an X-ray powder diffractogram (XRPD) of form F1 of
Valbenazine fumarate.

[059] Figure 18 shows an X-ray powder diffractogram (XRPD) of form S1 of
Valbenazine stearate.

[060] Figure 19 shows an X-ray powder diffractogram (XRPD) of form P1 of
Valbenazine palmitate.

f061] Figure 20 shows an X-ray powder diffractogram (XRPD) of form HS1 of
Valbenazine sulfate.

[062] Figure 21 shows an X-ray powder diffractogram (XRPD) of form MS1 of
Valbenazine mesylate.

[063] Figure 22 shows an X-ray powder diffractogram (XRPD) of mixture of form
T10 and form T12 of Valbenazine tosylate.

[064]  Figure 23 shows a solid state '>*C-NMR spectrum of form T10 of
Valbenazine tosylate (Figure 23 A, 0-200ppm; Figure 23B, 100-200ppm; Figure 23C, 0-
100ppm).

[065] Figure 24 shows an FT-IR spectrum of form T10 of Valbenazine tosylate.

[066] Figure 25 shows a solid state '>*C-NMR spectrum of form T12 of Valbenazine

tosylate (Figure 25A, 0-200ppm; Figure 25B, 100-200ppm; Figure 25C, 0-100ppm).

[067] Figure 26 shows an FT-IR spectrum of form T12 of Valbenazine tosylate.

[068] Figure 27 shows an X-ray powder diffractogram (XRPD) of form I of

(+)Tetrabenazine-(-)-DPTTA salt ((3R,11bR)-3-isobutyl-9,10-dimethoxy-2-oxo-
1,2.3,4,5,6,7,11b-octahydropyrido|2,1-aJisoquinolin-5-ium (2S,3S)-3-carboxy-2,3-bis((4-
methylbenzoyl)oxy)propanoate).
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DETAILED DESCRIPTION OF THE INVENTION

[069] The present disclosure relates to a solid state form of Valbenazine, processes
for preparation thereof and pharmaceutical compositions comprising this solid state form.
The disclosure also relates to the conversion of the described solid state form of Valbenazine
to other solid state forms of Valbenazine, Valbenazine salts and their solid state forms thereof.

[070] The solid state form of Valbenazine according to the present disclosure may
have advantageous properties selected from at least one of: chemical or polymorphic purity,
flowability, solubility, dissolution rate, bioavailability, morphology or crystal habit, stability
— such as chemical stability as well as thermal and mechanical stability with respect to
polymorphic conversion, stability towards dehydration and/or storage stability, a lower
degree of hygroscopicity, low content of residual solvents and advantageous processing and
handling characteristics such as compressibility, or bulk density.

[071] Further, the present disclosure relates to processes for the preparation of
Valbenazine or Valbenazine salts and intermediates in the preparation thereof. Particularly,
the disclosure relates to the novel compound (+)-Tetrabenazine-(-)-DPTTA salt ((3R,11bR)-
3-isobutyl-9,10-dimethoxy-2-ox0-1,2,3,4,5,6,7,11b-octahydropyrido[2,1-aJisoquinolin-5-ium
(28,35)-3-carboxy-2,3-bis((4-methylbenzoyl)oxy)propanoate), described hereinafter,
processes for its preparation and its use as an intermediate in the preparation of Valbenazine
or Valbenazine salts, and Valbenazine intermediates, such as (R,R,R)-Dihydrotetrabenazine
(compound 3). The disclosure further encompasses a process for preparing Valbenazine
comprising preparing any one or several of the above compounds according to the present
disclosure and converting it to Valbenazine.

[072] Particularly, the disclosure provides improved processes for the preparation
of (R,R,R)-Dihydrotetrabenazine (compound 3), which uses inexpensive and commercially
available starting materials. The processes of the present invention consist of simple reaction
steps and avoid the use of expensive reagents and extreme hazardous reaction conditions.
Therefore they can be used on an industrial scale.

[073] The following definitions are used throughout this disclosure:

[074] (x)-Tetrabenazine refers to a racemic mixture of (3R,11bR)-Tetrabenazine
and (3S,11bS)-Tetrabenazine (compound 1).

[075] (+)-Tetrabenazine refers to (3R,11bR)-Tetrabenazine (compound 2,
(3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-alisoquinolin-

2-one).
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[076] (-)-Tetrabenazine refers to (3S,11bS)-Tetrabenazine ((3S,11bS)-3-isobutyl-
9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[ 2, 1-alisoquinolin-2-one).

[077] (-)-DPTTA refers to (-)-O-O'-Di-p-Toluoyl-L-Tartaric acid.

[078] (R,R,R)-Dihydrotetrabenazine refers to (2R,3R,11bR)-
Dihydrotetrabenazine (R,R,R)-DHTBZ, compound 3, (2R,3R,11bR)-3-isobutyl-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a]isoquinolin-2-ol).

[079] (8,R,R)-Dihydrotetrabenazine refers to (2S,3R,11bR)-Dihydrotetrabenazine
(S,R,R)-DHTBZ, (2S,3R.11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7.11b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-ol)).

[080] A crystal form may be referred to herein as being characterized by graphical
data "as depicted in" a Figure. Such data include, for example, powder X-ray diffractograms
and solid state NMR spectra. As is well-known in the art, the graphical data potentially
provides additional technical information to further define the respective solid state form (a
so-called "fingerprint") which can not necessarily be described by reference to numerical
values or peak positions alone. In any event, the skilled person will understand that such
graphical representations of data may be subject to small variations, e.g., in peak relative
intensities and peak positions due to factors such as variations in instrument response and
variations in sample concentration and purity, which are well known to the skilled person.
Nonetheless, the skilled person would readily be capable of comparing the graphical data in
the Figures herein with graphical data generated for an unknown crystal form and confirm
whether the two sets of graphical data are characterizing the same crystal form or two
different crystal forms. A crystal form of Valbenazine referred to herein as being
characterized by graphical data "as depicted in" a Figure will thus be understood to include
any crystal forms of the Valbenazine, characterized with the graphical data having such small
variations, as are well known to the skilled person, in comparison with the Figure.

[081] A solid state form (or polymorph) may be referred to herein as
polymorphically pure or as substantially free of any other solid state (or polymorphic) forms.
As used herein in this context, the expression "substantially free of any other forms" will be
understood to mean that the solid state form contains about 20% or less, about 10% or less,
about 5% or less, about 2% or less, about 1% or less, or 0% of any other forms of the subject
compound as measured, for example, by XRPD. Thus, the solid state form of Valbenazine
described herein as substantially free of any other solid state forms would be understood to
contain greater than about 80% (w/w), greater than about 90% (w/w), greater than about 95%
(w/w), greater than about 98% (w/w), greater than about 99% (w/w), or 100% of the subject

10
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solid state form of Valbenazine. Accordingly, in some embodiments of the disclosure, the
described solid state forms of Valbenazine may contain from about 1% to about 20% (w/w),
from about 5% to about 20% (w/w), or from about 5% to about 10% (w/w) of one or more
other solid state forms of the same Valbenazine.

[082] As used herein, unless stated otherwise, XRPD peaks reported herein are
optionally measured using CuK o radiation, A, = 1.5418A.

[083] As used herein, unless stated otherwise, solid state *C NMR chemical shifts
reported herein are preferably measured using a magic angle spinning rate of 11 kHz, and at a
temperature of 0°C.

[084] As used herein, the term "isolated" in reference to solid state forms of
Valbenazine of the present disclosure corresponds to solid state form of Valbenazine that is
physically separated from the reaction mixture in which it is formed.

[085] As used herein, Me-THF refers to 2-methyl-tetrahydrofuran, DCM refers to
dichloromethane, EtOAc refers to ethylacetate and DMF refers to dimethylformamide.

[086] A thing, e.g., a reaction mixture, may be characterized herein as being at, or
allowed to come to "room temperature", often abbreviated "RT." This means that the
temperature of the thing is close to, or the same as, that of the space, e.g., the room or fume
hood, in which the thing is located. Typically, room temperature is from about 20°C to about
30°C, about 22°C to about 27°C, or about 25°C.

[087] A process or step may be referred to herein as being carried out "overnight."
This refers to a time interval, e.g., for the process or step, that spans the time during the night,
when that process or step may not be actively observed. This time interval is from about 8 to
about 20 hours, about 10 to about 18 hours, or about 16 hours.

[088] As used herein, the expression "wet crystalline form" refers to a polymorph
that was not dried using any conventional techniques to remove residual solvent. Examples
for such conventional techniques can be, but not limited to, evaporation, vacuum drying,
oven drying, drying under nitrogen flow, etc.

[089] As used herein, the expression "dry crystalline form" refers to a polymorph
that was dried using any conventional techniques to remove residual solvent. Examples of
such conventional techniques can be, but are not limited to, evaporation, vacuum drying,
oven drying, drying under nitrogen flow, etc.

[090] As used herein, and unless stated otherwise, the term "anhydrous" in relation

to crystalline Valbenazine relates to crystalline Valbenazine which does not include any
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crystalline water (or other solvents) in a defined, stoichiometric amount within the crystal.
Moreover, an "anhydrous" form does not contain more than about 1% (w/w) of either water
or organic solvents as measured for example by TGA.

[091] The term "solvate", as used herein and unless indicated otherwise, refers to a
crystal form that incorporates a solvent in the crystal structure. When the solvent is water,
the solvate is often referred to as a "hydrate." The solvent in a solvate may be present in
either a stoichiometric or in a non-stoichiometric amount. The amount of solvent employed in
a chemical process, e.g., a reaction or crystallization, may be referred to herein as a number
of "volumes" or "vol" or "V." For example, a material may be referred to as being suspended
in 10 volumes (or 10 vol or 10V) of a solvent. In this context, this expression would be
understood to mean milliliters of the solvent per gram of the material being suspended, such
that suspending a 5 grams of a material in 10 volumes of a solvent means that the solvent is
used in an amount of 10 milliliters of the solvent per gram of the material that is being
suspended or, in this example, 50 mL of the solvent. In another context, the term "v/v" may
be used to indicate the number of volumes of a solvent that are added to a liquid mixture
based on the volume of that mixture. For example, adding methyl tert-butyl ether (MTBE)
(1.5 v/v) to a 100 ml reaction mixture would indicate that 150 mL of MTBE was added.

[092] As used herein the term non-hygroscopic in relation to crystalline Valbenazine
refers to less than about 0.2% (w/w) absorption of water at about 25°C and about 80%
relative humidity (RH) by the crystalline Valbenazine as determined for example by TGA.
Water can be, for example, atmospheric water.

[093] As used herein, the term "reduced pressure" refers to a pressure of about 10
mbar to about 50 mbar.

[094] The present disclosure comprises a crystalline form of Valbenazine designated
as Form L1. The crystalline Form L1 of Valbenazine can be characterized by data selected
from one or more of the following: an XRPD pattern having peaks at 6.0, 6.8, 13.5, 16.8 and
18.1 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 1; and
combinations of these data. Crystalline Form L1 of Valbenazine may be further characterized
by the XRPD pattern having peaks at 6.0, 6.8, 13.5, 16.8 and 18.1 degrees 2-theta+ 0.2
degrees 2-theta, and also having one, two, three, four or five additional peaks selected from
12.0, 19.9, 20.3, 23.9 and 26.4 degrees 2-theta = 0.2 degrees 2-theta.

[095] Crystalline Form L1 of Valbenazine may be characterized by each of the

above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
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peaks at 6.0, 6.8, 13.5, 16.8 and 18.1 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 1.

[096] The present disclosure further comprises a crystalline form of Valbenazine
designated as Form L2. The crystalline Form L2 of Valbenazine can be characterized by data
selected from one or more of the following: an XRPD pattern having peaks at 4.6, 9.2, 14.8,
18.6 and 19.5 degrees 2-theta = 0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 2
or in Figure 5; and combinations of these data. Crystalline Form L2 of Valbenazine may be
further characterized by the XRPD pattern having peaks at 4.6, 9.2, 14.8, 18.6 and 19.5
degrees 2-theta = 0.2 degrees 2-theta, and also having one, two, three, four or five additional
peaks selected from 4.2, 7.4, 5.7, 13.8 and 15.7 degrees 2-theta + 0.2 degrees 2-theta.
Alternatively, crystalline Form L2 of Valbenazine may be further characterized by the XRPD
pattern having peaks at 4.6, 9.2, 14.8, 18.6 and 19.5 degrees 2-theta + 0.2 degrees 2-theta, and
also having one, two, three, four or five additional peaks selected from 10.1, 13.8, 17.7, 19.5,
22.3 degrees 2-theta + 0.2 degrees 2-theta.

[097] Crystalline Form L2 of Valbenazine may be characterized by each of the
above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 4.6,9.2, 14.8, 18.6 and 19.5 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 2.

[098] The present disclosure further comprises a crystalline form of Valbenazine
designated as Form L3. The crystalline Form L3 of Valbenazine can be characterized by data
selected from one or more of the following: an XRPD pattern having peaks at 7.3, 8.0, 14.7,
29.6 and 32.5 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 3;
and combinations of these data. Crystalline Form L3 of Valbenazine may be further
characterized by the XRPD pattern having peaks at 7.3, 8.0, 14.7, 29.6 and 32.5 degrees 2-
theta + 0.2 degrees 2-theta, and also having one, two, three, four or five additional peaks
selected from 16.1, 19.6, 22.1, 23.4 and 37.3 degrees 2-theta + 0.2 degrees 2-theta.

[099] Crystalline Form L3 of Valbenazine may be characterized by each of the
above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 7.3, 8.0, 14.7, 29.6 and 32.5 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 3. The present disclosure also provides the use of the solid state
form of Valbenazine for preparing other solid state forms of Valbenazine, Valbenazine salts
and their solid state forms thereof.

[0100] The present disclosure further comprises a crystalline form of Valbenazine

designated as Form L4. The crystalline Form L4 of Valbenazine can be characterized by data
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selected from one or more of the following: an XRPD pattern having peaks at 4.2, 5.7, 8.7
12.6 and 25.7 degrees 2-theta = 0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 4;
and combinations of these data. Crystalline Form L4 of Valbenazine may be further
characterized by the XRPD pattern having peaks at 4.2, 5.7, 8.7 12.6 and 25.7 degrees 2-theta
+ 0.2 degrees 2-theta, and also having one, two, three, four or five additional peaks selected
from7.7,12.3,15.4,17.3 and 18.5 degrees 2-theta + 0.2 degrees 2-theta.

[0101] Crystalline Form L4 of Valbenazine may be characterized by each of the
above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 4.2,5.7, 8.7 12.6 and 25.7 degrees 2-theta + 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 4. The present disclosure also provides the use of the solid state
form of Valbenazine for preparing other solid state forms of Valbenazine, Valbenazine salts
and their solid state forms thereof.

[0102] The present invention further encompasses Valbenazine ditosylate Me-THF
solvate, Valbenazine ditosylate THF-solvate, and Valbenazine ditosylate isobutanol-solvate.

[0103] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T1. The crystalline Form T1 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 5.7, 7.0, 7.6, 14.2 and 15.2 degrees 2-theta = 0.2 degrees 2-theta; an XRPD pattern
as depicted in Figure 6; and combinations of these data. Crystalline Form T1 of Valbenazine
tosylate may be further characterized by the XRPD pattern having peaks at 5.7, 7.0, 7.6, 14.2
and 15.2 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two, three, four or five
additional peaks selected from 15.9, 16.9, 17.8, 18.5 and 22.5 degrees 2-theta = 0.2 degrees
2-theta.

[0104] Crystalline Form T1 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 5.7,7.0, 7.6, 14.2 and 15.2 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 6. The present disclosure also provides the use of the solid state
form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0105] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T2. The crystalline Form T2 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.2, 15.5, 16.5, 17.8, and 19.6 degrees 2-theta + 0.2 degrees 2-theta; an XRPD

pattern as depicted in Figure 7; and combinations of these data. Crystalline Form T2 of
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Valbenazine tosylate may be further characterized by the XRPD pattern having peaks at 6.2,
15.5,16.5, 17.8, and 19.6 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two,
three, four or five additional peaks selected from 5.3, 18.3, 22.5, 22.9 and 24.5 degrees 2-
theta + 0.2 degrees 2-theta.

[0106] Crystalline Form T2 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 6.2, 15.5, 16.5, 17.8, and 19.6 degrees 2-theta + 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 7. The present disclosure also provides the use of the solid state
form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0107] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T3. The crystalline Form T3 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.1,9.0, 14.6, 17.3 and 21.6 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern
as depicted in Figure 8; and combinations of these data. Crystalline Form T3 of Valbenazine
tosylate may be further characterized by the XRPD pattern having peaks at 6.1, 9.0, 14.6,
17.3 and 21.6 degrees 2-theta = 0.2 degrees 2-theta, and also having one, two, three, four or
five additional peaks selected from 10.4, 16.0, 17.8, 20.2 and 21.0 degrees 2-theta = 0.2
degrees 2-theta.

[0108] Crystalline Form T3 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 6.1,9.0, 14.6, 17.3 and 21.6 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 8. The present disclosure also provides the use of the solid state
form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof. Crystalline Form T3 of Valbenazine
tosylate may be a solvate. Crystalline Form T3 may be a dioxane solvate. Crystalline Form
T3 may be a Me-THF solvate. Crystalline Form T3 may further be characterized by a TGA
thermogram showing a mass loss of about 5-7%. Crystalline form T3 may contain about
4.5% (w/w) of Me-THF.

[0109] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T4. The crystalline Form T4 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 5.3, 6.6, 7.8, 13.4, and 19.4 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern

as depicted in Figure 9; and combinations of these data. Crystalline Form T4 of Valbenazine
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tosylate may be further characterized by the XRPD pattern having peaks at 5.3, 6.6, 7.8, 13.4,
and 19.4 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two, three, four or five
additional peaks selected from 10.6, 13.0, 21.4, 23.7, and 24.1 degrees 2-theta + 0.2 degrees
2-theta, or selected from 10.6, 12.8, 15.8, 21.4 and 23.7 degrees 2-theta + 0.2 degrees 2-theta

[0110] Crystalline Form T4 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 5.3, 6.6, 7.8, 13.4, and 19.4 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 9. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0111] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T5. The crystalline Form T5 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 10.9, 11.4, 16.3, 17.4 and 22.3 degrees 2-theta = 0.2 degrees 2-theta; an XRPD
pattern as depicted in Figure 10; and combinations of these data. Crystalline Form T5 of
Valbenazine tosylate may be further characterized by the XRPD pattern having peaks at 10.9,
11.4,16.3, 17.4 and 22.3 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two,
three, four or five additional peaks selected from 6.8, 16.9, 17.9, 21.8 and 25.3 degrees 2-
theta + 0.2 degrees 2-theta.

[0112] Crystalline Form T5 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 10.9, 11.4, 16.3, 17.4 and 22.3 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 10. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0113] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T6. The crystalline Form T6 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.3, 12.3, 13.4, 14.0, and 15.5 degrees 2-theta + 0.2 degrees 2-theta; an XRPD
pattern as depicted in Figure 11; and combinations of these data. Crystalline Form T6 of
Valbenazine tosylate may be further characterized by the XRPD pattern having peaks at 6.3,
12.3,13.4, 14.0, and 15.5degrees 2-theta + 0.2 degrees 2-theta, and also having one, two,
three, four or five additional peaks selected from 16.9, 18.3, 20.6, 21.6, and 24.3 degrees 2-
theta + 0.2 degrees 2-theta.
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[0114] Crystalline Form T6 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.3, 12.3, 13.4, 14.0, and 15.5degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 11. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0115]  Crystalline Form T6 of Valbenazine tosylate may be a solvate. Crystalline
Form T6 may be a tetrahydrofuran (THF) solvate. Crystalline Form T6 may further be
characterized by a TGA thermogram showing a mass loss of about 6-7.5% when heated
between 25-250 °C.

[0116] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T7. The crystalline Form T7 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.3, 11.7, 13.1, 14.0, and 18.9 degrees 2-theta + 0.2 degrees 2-theta an XRPD pattern
as depicted in Figure 12; and combinations of these data. Crystalline Form T7 of Valbenazine
tosylate may be further characterized by the XRPD pattern having peaks at 6.3, 11.7, 13.1,
14.0, and 18.9 degrees 2-theta = 0.2 degrees 2-theta, and also having one, two, three, four or
five additional peaks selected from 12.1, 14.2, 17.4, 18.3, and 19.8 degrees 2-theta+ 0.2
degrees 2-theta.

[0117] Crystalline Form T7 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.3, 11.7, 13.1, 14.0, and 18.9 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 12. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0118] Crystalline Form T7 of Valbenazine tosylate may be a solvate. Crystalline
Form T7 may be an isobutanol solvate. Crystalline form T7 may further be characterized
having a TGA showing a mass loss of 7-9% when heated between 25-250 °C. Crystalline
form T7 may contain about 7-8% (w/w) of isobutanol.

[0119] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T8. The crystalline Form T8 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.2, 11.7, 13.2, 14.0, and 18.8 degrees 2-theta + 0.2 degrees 2-theta; an XRPD

pattern as depicted in Figure 13; and combinations of these data. Crystalline Form T8 of
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Valbenazine tosylate may be further characterized by the XRPD pattern having peaks at 6.2,
11.7,13.2, 14.0, and 18.8 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two,
three, four or five additional peaks selected from 14.8, 17.4, 18.4, 20.4, and 22.3 degrees 2-
theta + 0.2 degrees 2-theta.

[0120] Crystalline Form T8 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.2, 11.7, 13.2, 14.0, and 18.8 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 13. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0121] Crystalline Form T8 of Valbenazine tosylate may be a solvate. Crystalline
Form T8 may be a dioxane solvate.

[0122] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T9. The crystalline Form T9 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.4, 6.9, 8.0, 10.4, and 15.5 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern
as depicted in Figure 14; and combinations of these data. Crystalline Form T9 of Valbenazine
tosylate may be further characterized by the XRPD pattern having peaks at 6.4, 6.9, 8.0, 10.4,
and 15.5 degrees 2-theta + 0.2 degrees 2-theta, and also having one, two, three, four or five
additional peaks selected from 13.9, 18.9, 21.0, 22.7, and 25.6 degrees 2-theta + 0.2 degrees
2-theta.

[0123] Crystalline Form T9 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.4, 6.9, 8.0, 10.4, and 15.5 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 14. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0124] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T10. The crystalline Form T10 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern
as depicted in Figure 15; and combinations of these data. Crystalline Form T10 of
Valbenazine tosylate may alternatively or additionally be characterized by data selected from

one or more of the following: a solid state 1*C-NMR spectrum with peaks at 168.9, 165.5,
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147.2,106.0 and 75.6 ppm = 0.2 ppm; or by a solid state '>*C-NMR spectrum having the
following chemical shift absolute differences from a peak at 53.0 £ 1 ppm of 115.9, 112.5,
94.2,53.0 and 22.6 = 0.1 ppm; or by a solid state *C-NMR spectrum substantially as
depicted in Figure 23; or combinations of these data.

[0125] Crystalline form T10 of Valbenazine tosylate may be further characterized by
the XRPD pattern having peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta + 0.2 degrees
2-theta, and also having one, two, three, four or five additional peaks selected from 9.8, 13.6,
14.8, 18.7, and 20.5 degrees 2-theta + 0.2 degrees 2-theta.

[0126] Crystalline form T10 of Valbenazine tosylate may be further characterized by
data selected from one of the following: an FT-IR spectrum having one, two, three, four or
more peaks selected from 2953, 2867, 1747, 1613, 1522, 1465, 1262, 1156, 1118, and 1006
cm+ 2 ecm; an FT-IR spectrum as depicted in Figure 24, and combinations of these data.

[0127] Crystalline Form T10 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 15.

[0128] Crystalline Form T10 of Valbenazine tosylate may alternatively or
additionally be characterized by a XRPD pattern having peaks at: 6.4, 8.0, 9.8, 10.1, 10.9,
12.7,13.1, 13.6, 14.8, 153,159, 16.3, 17.1, 17.6, 18.0, 18.7, 19.5, 20.5, 20.8, 21.7, 22 4,
229,23.4,239,24.1,245,25.1,26.1,269,27.5,284,29.1,29.8,30.2,30.9,31.3,32.0, and
33.0 degrees 2-theta + 0.2 degrees 2-theta.

[0129] The present disclosure also provides the use of the solid state form of
Valbenazine tosylate for preparing other solid state forms of Valbenazine, Valbenazine salts
and their solid state forms thereof.

[0130] The present disclosure further comprises a crystalline form of Valbenazine
tosylate designated as Form T12. The crystalline Form T12 of Valbenazine tosylate can be
characterized by data selected from one or more of the following: an XRPD pattern having
peaks at 6.4,7.6, 12.3, 15.2 and 24.9 degrees 2-theta + 0.2 degrees 2-theta; an XRPD pattern
as depicted in Figure 16; and combinations of these data. Crystalline Form T12 of
Valbenazine tosylate may alternatively or additionally be characterized by data selected from
one or more of the following: a solid state >*C-NMR spectrum with peaks at 166.4, 148.1,
126.9,109.5 and 73.1 ppm = 0.2 ppm; or by a solid state '>*C-NMR spectrum having the
following chemical shift absolute differences from a peak at 54.5 + 1 ppmof 111.9, 93.6,
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72.4,55.0 and 18.6 = 0.1 ppm; or by a solid state >*C-NMR spectrum substantially as
depicted in Figure 25; or combinations of these data.

[0131] Crystalline Form T12 of Valbenazine tosylate may be further characterized by
the XRPD pattern having peaks at 6.4, 7.6, 12.3, 15.2 and 24.9 degrees 2-theta + 0.2 degrees
2-theta, and also having one, two, three, four or five additional peaks selected from 10.8, 13.9,
15.8, 18.9 and 22.3 degrees 2-theta = 0.2 degrees 2-theta. Crystalline Form T12 of
Valbenazine may be further characterized by absence of one, two, three or four peaks
selected from 5.3, 5.7, 6.9 and 12.8 degrees 2-theta + 0.2 degrees 2-theta.

[0132] Crystalline form T12 of Valbenazine tosylate may be further characterized by
data selected from one of the following: an FT-IR spectrum having one, two, three, four or
more peaks selected from 2931, 2740, 2663, 2453, 1748, 1606, 1584, 1452, 1227 and 1008
cm'+ 2 cm; an FT-IR spectrum as depicted in Figure 26, and combinations of these data.

[0133] Crystalline Form T12 of Valbenazine tosylate may alternatively or
additionally be characterized by a XRPD pattern having peaks at: 6.4, 7.6, 8.2, 9.7, 10.0, 10.2,
108, 11.4,11.7,12.3,13.3,13.9, 152, 158,165,169, 17.3, 18.0, 18.9, 19.6, 20.0, 20.5,
21.1,22.3, 23.0,23.8,24.2,24.9,25.6,26.0,27.1,27.5,28.2, 28.6,28.9,29.2, 29 3, 30.3,
31.0,31.2, 31.5, 32.6, 32.8, and 33.2 degrees 2-theta + 0.2 degrees 2-theta.

[0134] Crystalline Form T12 of Valbenazine tosylate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by an XRPD pattern
having peaks at 6.4, 7.6, 12.3, 15.2 and 24.9 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 16. The present disclosure also provides the use of the
solid state form of Valbenazine tosylate for preparing other solid state forms of Valbenazine,
Valbenazine salts and their solid state forms thereof.

[0135] The present invention further encompasses Valbenazine fumarate,
Valbenazine stearate, Valbenazine palmitate, Valbenazine sulfate, and Valbenazine mesylate.

[0136] In one embodiment, the present disclosure further comprises a crystalline form
of Valbenazine fumarate designated as Form F1. The crystalline Form F1 of Valbenazine
fumarate can be characterized by data selected from one or more of the following: an XRPD
pattern having peaks at 4.7, 8.5, 9.5, 11.9 and 15.9 degrees 2-theta + 0.2 degrees 2-theta; an
XRPD pattern as depicted in Figure 17; and combinations of these data. Crystalline Form F1
of Valbenazine fumarate may be further characterized by the XRPD pattern having peaks at
47,8.5,95,11.9 and 15.9 degrees 2-theta = 0.2 degrees 2-theta, and also having one, two,
three, four or five additional peaks selected from 14.5, 17.0, 18.5, 19.0 and 19.9 degrees 2-
theta + 0.2 degrees 2-theta.
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[0137] Crystalline Form F1 of Valbenazine fumarate may be characterized by each of
the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern having
peaks at 4.7, 8.5, 9.5, 11.9 and 15.9 degrees 2-theta = 0.2 degrees 2-theta and an XRPD
pattern as depicted in Figure 17.

[0138]  In another embodiment, the present disclosure further comprises a
crystalline form of Valbenazine stearate designated as Form S1. The crystalline Form S1 of
Valbenazine stearate can be characterized by data selected from one or more of the following:
an XRPD pattern having peaks at 4.0, 6.0, 7.3, 10.0 and 14.1 degrees 2-theta + 0.2 degrees 2-
theta; an XRPD pattern as depicted in Figure 18; and combinations of these data. Crystalline
Form S1 of Valbenazine stearate may be further characterized by the XRPD pattern having
peaks at 4.0, 6.0, 7.3, 10.0 and 14.1 degrees 2-theta = 0.2 degrees 2-theta, and also having
one, two, three, four or five additional peaks selected from 18.2, 20.2, 29.6, 32.6 and 36.8
degrees 2-theta = 0.2 degrees 2-theta.

[0139] Crystalline Form S1 of Valbenazine stearate may be characterized by each
of the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern
having peaks at 4.0, 6.0, 7.3, 10.0 and 14.1 degrees 2-theta = 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 18.

[0140] Inyet another embodiment, the present disclosure further comprises a
crystalline form of Valbenazine palmitate designated as Form P1. The crystalline Form P1 of
Valbenazine palmitate can be characterized by data selected from one or more of the
following: an XRPD pattern having peaks at 4.5, 6.7, 7.3, 11.3 and 15.8 degrees 2-theta+ 0.2
degrees 2-theta; an XRPD pattern as depicted in Figure 19; and combinations of these data.
Crystalline Form P1 of Valbenazine palmitate may be further characterized by the XRPD
pattern having peaks at 4.5, 6.7, 7.3, 11.3 and 15.8 degrees 2-theta + 0.2 degrees 2-theta, and
also having one, two, three, four or five additional peaks selected from 20.9, 21.6, 22.6, 23.7
and 27.2 degrees 2-theta + 0.2 degrees 2-theta.

[0141] Crystalline Form P1 of Valbenazine palmitate may be characterized by
each of the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern
having peaks at 4.5, 6.7, 7.3, 11.3 and 15.8 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 19.

[0142] In a further embodiment, the present disclosure further comprises a
crystalline form of Valbenazine sulfate designated as Form HS1. The crystalline Form HS1
of Valbenazine sulfate can be characterized by data selected from one or more of the

following: an XRPD pattern having peaks at 6.8, 8.9, 12.6, 15.1 and 21.6 degrees 2-theta +
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0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 20; and combinations of these
data. Crystalline Form HS1 of Valbenazine sulfate may be further characterized by the XRPD
pattern having peaks at 6.8, 8.9, 12.6, 15.1 and 21.6 degrees 2-theta + 0.2 degrees 2-theta, and
also having one, two, three, four or five additional peaks selected from 17.8, 20.8, 22.9, 20.0
and 22.4 degrees 2-theta + 0.2 degrees 2-theta.

[0143]  Crystalline Form HS1 of Valbenazine sulfate may be characterized by each
of the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern
having peaks at 6.8, 8.9, 12.6, 15.1 and 21.6 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 20.

[0144] Inyet a further embodiment, the present disclosure further comprises a
crystalline form of Valbenazine mesylate designated as Form MS1. The crystalline Form
MS1 of Valbenazine mesylate can be characterized by data selected from one or more of the
following: an XRPD pattern having peaks at 6.4, 10.3, 11.1, 12.8, and 13.7 degrees 2-theta +
0.2 degrees 2-theta; an XRPD pattern as depicted in Figure 21; and combinations of these
data. Crystalline Form MS1 of Valbenazine mesylate may be further characterized by the
XRPD pattern having peaks at 6.4, 10.3, 11.1, 12.8, and 13.7 degrees 2-theta + 0.2 degrees 2-
theta, and also having one, two, three, four or five additional peaks selected from 15.1, 16.9,
18.8, 23.1, and 24.5 degrees 2-theta + 0.2 degrees 2-theta.

[0145]  Crystalline Form MS1 of Valbenazine mesylate may be characterized by
each of the above characteristics alone/or by all possible combinations, e.g. by XRPD pattern
having peaks at 6.4, 10.3, 11.1, 12.8, and 13.7 degrees 2-theta + 0.2 degrees 2-theta and an
XRPD pattern as depicted in Figure 21.

[0146]  The present disclosure also provides the solid state form of Valbenazine or
Valbenazine salt of the present disclosure for use in the preparation of other solid state forms
of Valbenazine, Valbenazine salts and their solid state forms thereof.

[0147]  The present disclosure further encompasses processes for preparing
Valbenazine salt or solid state forms thereof. The process comprises preparing the solid state
forms of the present disclosure, and converting it to Valbenazine salt. The conversion can be
done, for example, by processes comprising reacting the obtained Valbenazine solid state
form with an appropriate base to obtain the corresponding base-addition salt.

[0148] In another embodiment, the present disclosure encompasses the above
described solid state forms of Valbenazine or Valbenazine salts for use in the preparation of

pharmaceutical compositions and/or formulations, optionally for the treatment of central
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nervous system disorders, particularly involuntary hyperkinetic movement disorders such as
drug-induced tardive dyskinesia and Tourette's syndrome.

[0149]  In another embodiment, the present disclosure encompasses the use of the
above described solid state forms of Valbenazine or Valbenazine salts for the preparation of
pharmaceutical compositions and/or formulations. The present disclosure also provides the
solid state forms of Valbenazine or Valbenazine salts of the present disclosure for use in the
preparation of pharmaceutical compositions and/or formulations.

[01530]  The present disclosure further provides pharmaceutical compositions
comprising the solid state form of Valbenazine or Valbenazine salts according to the present
disclosure.

[0151] Inyet another embodiment, the present disclosure encompasses
pharmaceutical formulations comprising the above described solid state form of Valbenazine
or Valbenazine salts and at least one pharmaceutically acceptable excipient.

[0152] The present disclosure encompasses processes to prepare said formulations
of Valbenazine or Valbenazine salts comprising combining the above solid state form of
Valbenazine or Valbenazine salts and at least one pharmaceutically acceptable excipient.

[0153] The solid state forms of Valbenazine or Valbenazine salts as defined herein,
as well as the pharmaceutical compositions or formulations thereof and at least can be used as
medicaments, particularly for the treatment of central nervous system disorders, particularly
involuntary hyperkinetic movement disorders such as drug-induced tardive dyskinesia and
Tourette's syndrome.

[0154]  The present disclosure also provides methods of treating central nervous
system disorders, particularly involuntary hyperkinetic movement disorders such as drug-
induced tardive dyskinesia and Tourette's syndrome, comprising administering a
therapeutically effective amount of the solid state forms of Valbenazine or Valbenazine salts
in the present disclosure, or at least one of the above pharmaceutical compositions or
formulations, to a subject suffering from central nervous system disorders, particularly
involuntary hyperkinetic movement disorders such as drug-induced tardive dyskinesia and
Tourette's syndrome, or otherwise in need of the treatment.

[0155] The present disclosure also provides use of the solid state form of
Valbenazine or Valbenazine salts of the present disclosure, or at least one of the above
pharmaceutical compositions or formulations for the manufacture of a medicament for
treating central nervous system disorders, particularly involuntary hyperkinetic movement

disorders such as drug-induced tardive dyskinesia and Tourette's syndrome.

23



WO 2018/067945 PCT/US2017/055561

[01536]  The present disclosure also provides processes for the preparation of
Valbenazine or Valbenazine salts and intermediates in the preparation thereof.

[0157]  Description of Method A — Chiral resolution of (£)-Tetrabenazine with (-)-
DPTTA

[0158] The (R,R)- and (S,S)-enantiomers of racemic (£)-Tetrabenazine
(Compound 1) can be efficiently separated by using (-)-Di-p-Toluoyl-Tartaric acid ((-)-
DPTTA) as aresolving agent. Preferably 0.5-5 equivalents, or 0.6-3 equivalents, or 0.7-2.5
equivalents or 0.5-1 equivalent of the resolving agent may be used. Particularly,
"equivalents" as used herein refers to, e.g. 0.5-5 moles of DPTTA per mole of racemic (+)-
Tetrabenazine. Preferably the chiral resolution is carried out in a ketone or cyclic ketone,
alcohol or ether, preferably wherein the solvent comprises a ketone, and more preferably
wherein the solvent is acetone. Preferably, the solvent comprises a Cs-C7-aliphatic ketone
(preferably acetone, methyl ethyl ketone, or methylisobutyl ketone), a Ces-10 cyclic ketone
(preferably cyclohexanone) or a Ci-Cs alcohol (preferably methanol, ethanol, or isopropanol;
or a C4-Cs aliphatic or cyclic ether (preferably THF, Me-THF or methyl tert-butyl ether);
preferably wherein the solvent comprises a C3-Cr-aliphatic ketone, and more preferably
wherein the solvent is acetone. In particular, The reaction can be performed in polar solvents,
preferably in ketones, preferably Cs-Cr-aliphatic ketones, preferably wherein the ketone is
acetone, methyl ethyl ketone, MIBK (methylisobutyl ketone) or in Cs-10 cyclic ketones ,
preferably cyclohexanone; or in alcohols, preferably Ci-Cs alcohols, more preferably
Methanol, Ethanol, or Isopropanol; or in ethers, preferably C4.Cs aliphatic or cyclic ethers,
more preferably THF, Me-THF, or MTBE. Particularly preferred solvent is acetone. The
solvent can be used in 5-20 Volumes (v/wt), or 5-15 Volumes (v/wt), or 5-10 Volumes (v/wt)
per weight of racemic (+)-Tetrabenazine. After precipitation, the isolated product is
neutralized with an inorganic base such as NHsOH, K»COs, NaCOs, or NaHCOs to obtain
the desired (R,R)-enantiomer of Tetrabenazine ((+)-TBZ, Compound 2).

[0159] Compound 2 can be reduced by reducing agents, which favor the formation
of (R,R,R)-Dihydrotetrabenazine ((R,R,R)-DHTBZ, Compound 3) rather than the formation
of the (S,R,R)-Diastereomer of Dihydrotetrabenazine. Typical reducing agents which can be
used are: NaBH4, BHz-complexes (particularly BH3;-THF complex) NaBH(OACc)s, or LiAlHy .
The reaction can be conducted in alcoholic solvents, particularly in C1-C6 alcohols,
preferably Methanol, Ethanol, or Isopropanol, or in ethers, preferably C4.Cs aliphatic or cyclic
ethers, more preferably THF, Me-THF, or MTBE, or in other organic solvents such as Ethyl
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Acetate, or Toluene. The reaction is preferably performed at a range of temperatures from -30
°C to RT, preferably from -25 °C to +5 "C, most preferably from -20 "C to -5 °C.
[0160] Compound 3 can be reacted with an amine-protected Valine amino acid,

Le.:

Me O

Me OH

NH-PG

wherein PG is an amine protecting group, to obtain protected Valbenazine (PG-
Valbenazine, Compound 4) using coupling reagents such as, but not limited to, DCC (N,N'-
dicyclohexylcarbodiimide), EDC (1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide) or DIC
(N.N’-Diisopropylcarbodiimide), preferably with the addition of an appropriate additive such
as, but not limited to, NHS (N-hydroxysuccinimide), HOBt (Hydroxybenzotriazole) or
DMAP (4-Dimethylaminopyridine). The amino group of valine can be protected by
protecting group PGs such as, but not limited to, Boc (fert-butyloxycarbonyl) or Cbz
(carboxybenzyl) protecting groups. Any suitable protecting groups for amines can be used
[e.g. see Greene’s Protective Groups in Organic Synthesis, Fifth Edition (2014), P.G.M. Wuts,
Wiley]. The reaction can be conducted in organic solvents such as, but not limited to, Me-
THF, DCM, EtOAc or DMF in a range of temperatures from 0 “C to 100 "C, preferably from
10 °C to 70°C, most preferably from 20 "C to 30 "C.

[0161]  Amino-protected Valbenazine (Compound 4) can be deprotected to obtain
Valbenazine (Compound 5). This reaction may be performed using a suitable deprotecting
agent in a suitable solvent depending on the nature of the protecting group itself [see
Greene’s Protective Groups in Organic Synthesis, Fifth Edition (2014), P.G.M. Wuts, Wiley].
Conversion of Compound 3 to Compound 5, or a salt thereof, can be performed without
isolation of Compound 4. A further embodiment of the current invention is (+)-
Tetrabenazine-(-)-DPTTA salt ((3R.11bR)-3-isobutyl-9,10-dimethoxy-2-oxo-
1,2.3,4,5,6,7,11b-octahydropyrido|2,1-aJisoquinolin-5-ium (2S,3S)-3-carboxy-2,3-bis((4-
methylbenzoyl)oxy)propanoate). The invention further encompasses the use of (+)-
Tetrabenazine-(-)-DPTTA salt or a crystalline form thereof for the preparation of an amino-

protected Valbenazine (preferably wherein the amino-protecting group is Boc or Cbz),
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Valbenazine or a salt of Valbenazine, preferably Valbenazine di-tosylate, or for the
preparation of (R,R)-Tetrabenazine, or (R,R,R)-Dihydrotetrabenazine.

[0162] Particularly, the present disclosure comprises Tetrabenazine-(-)-DPTTA
salt in crystalline form. Preferably the crystalline form of (+)-Tetrabenazine-(-)-DPTTA salt
is Form I. The crystalline Form I of (+)-Tetrabenazine-(-)-DPTTA salt can be characterized
by data selected from one or more of the following: an XRPD pattern having peaks at 5.7, 7.1,
11.3,17.7 and 19.1 degrees 2-theta = 0.2 degrees 2-theta; an XRPD pattern as depicted in
Figure 27; and combinations of these data. Crystalline Form I of (+)-Tetrabenazine-(-)-
DPTTA salt may be further characterized by the XRPD pattern having peaks at 5.7, 7.1, 11.3,
17.7 and 19.1 degrees 2-theta = 0.2 degrees 2-theta, and also having one, two, three, four or
five additional peaks selected from 16.5, 17.0, 20.7, 22.4 and 23.9 degrees 2-theta+ 0.2
degrees 2-theta.

[0163]  The solid state form of (+)-Tetrabenazine-(-)-DPTTA salt according to the
present disclosure may have advantageous properties selected from at least one of: chemical,
enantiomeric/isomeric, or polymorphic purity, flowability, solubility, dissolution rate,
bioavailability, morphology or crystal habit, stability — such as chemical stability as well as
thermal and mechanical stability with respect to polymorphic conversion, stability towards
dehydration and/or storage stability, a lower degree of hygroscopicity, low content of residual
solvents and advantageous processing and handling characteristics such as compressibility, or
bulk density.

[0164]  Description of Method B — asymmetric transfer hydrogenation (ATH) of
Tetrabenazine

[0165] In afurther aspect, the present disclosure provides a process to obtain
(2R,3R,11bR)-Dihydrotetrabenazine (Compound 3) by an asymmetric transfer hydrogenation
(ATH) of the racemic mixture of (R,R)- and (S,S)-Tetrabenazine using an ATH chiral metal
catalyst such as a chiral Ru(IT), Rh(II), Ir(IT), or Fe(Il) catalyst, preferably a Ru(Il)-Noyori
catalyst, more preferably a Ru(I)-DPEN catalyst (for example RuCl(p-cymene)[(R,R)-Ts-
DPEN)).

[0166]  The asymmetric hydrogenation of racemic Tetrabenazine yields a
diastereomeric mixture of (2R,3R,11bR)-Dihydrotetrabenazine (Compound 3), originating
from the (3R,11bR)-enantiomer of Tetrabenazine, and (2R,3S,11bS)-Dihydrotetrabenazine,
originating from the (3S,11bS)-enantiomer of Tetrabenazine. This diastereomeric mixture can
be further separated to obtain (R,R,R)-Dihydrotetrabenazine, which is a much easier task than

separating a racemic mixture such as (R,R)- and (S,S)-Tetrabenazine (Compound 1) due to
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the different physical properties of a diastereomeric pair in comparison to a racemic pair.
This allows separation using conventional methods such as crystallization or chromatography.

[0167]  The reaction is preferably conducted using from 0.01-1 mole%, preferably
0.1 to 0.8 mole%, most preferably 0.4-0.6 mole% of ATH chiral catalyst relative to the
racemic tetrabenazine starting material. Preferably the chiral catalyst is a Ru(Il) asymmetric
catalyst, typically a Ru(Il)-Cl(arene)(diamine) or Ru(I)Cl2(P Ar)>(diamine) catalyst, in the
presence of a hydrogen donor such as H>, HCO:H or Isopropanol The reaction also employs a
base. In particular the reaction employs an amine base such as Et;N (triethylamine), DABCO
(1,4-Diazabicyclo[2.2.2]octane), or DBU (1,8-Diazabicyclo(5.4.0)undec-7-ene) or an alkali
metal base such as KOH, KO'Bu, or KO'Pr. The reaction is preferably conducted in a suitable
solvent. Suitable solvents may be aprotic solvents such as THF, DMF, or DMSO, or aromatic
solvents such as Chlorobenzene, Toluene, or Benzene. The reaction is preferably carried out
at a temperature between 0°C-100°C, preferably between 20-80°C, most preferably between
30-60°C.

[0168] Having described the disclosure with reference to certain preferred
embodiments, other embodiments will become apparent to one skilled in the art from
consideration of the specification. The disclosure is further illustrated by reference to the
following examples describing in detail the preparation of the composition and methods of
use of the disclosure. It will be apparent to those skilled in the art that many modifications,
both to materials and methods, may be practiced without departing from the scope of the

disclosure.

Analytical Methods
X-ray powder diffraction method (XRPD):
[0169] XRPD analysis was performed on ARL (SCINTAG) powder X-Ray

diffractometer model X’ TRA equipped with a solid state detector. Copper radiation of 1.5418
A was used. Scanning parameters: range: 2-40 degrees two-theta; scan mode: continuous
scan; step size: 0.05°, and a rate of 3 deg/min.

[0170]  Prior to analysis, the samples were gently ground using a mortar and pestle
to obtain a fine powder. Optionally, silicon powder can be added in a suitable amount as
internal standard in order to calibrate the positions of the diffractions. The ground sample was
adjusted into a cavity of the sample holder and the surface of the sample was smoothed using

a cover glass.
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Thermogravimetric Analysis (TGA)
[0171] Heating between 25 —250 °C, heating rate: 10 °C/min.

Sample weight: 7-15 mg.
Crucible: 150 pL alumina crucible.
Purging with 40 ml/min N> flow.

FT-IR spectroscopy
[0172] Thermo FT-IR Spectrometer Nicolet.

The samples were studied in ATR mode.

The spectrum was scanned between 4000-400 cm™.
All the spectra were measured in 16 scans.
Resolution: 4.0 cm™.

BC Solid-state NMR method
[0173] 1C SSNMR was performed at 125MHz using Bruker Avance II+ 500

SB probe using 4mm rotors

Magic angle was set using KBr

Homogeneity of magnetic field checked using adamantane

Parameters for Cross polarization optimized using glycine

Spectral reference set according to glycine as external standard (176.03 ppm for low field
carboxyl signal)

Scanning parameters:

Magic Angle Spinning Rate:11 kHz; Delay time: 3sec.; Number of Scans: 2048 scans;

Temperature: 0°C.

EXAMPLES

[0174]  Valbenazine starting material can be prepared according to methods known
from the literature (for example US 8,039,627).

[0173]  (£)-Tetrabenazine is the active pharmaceutical ingredient of the approved
drug XENAZINE and is commercially available as a racemic mixture of (3R,11bR)-
Tetrabenazine and (3S,11bS)-Tetrabenazine.

[0176]  P-toluenesulfonic acid was purchased from Sigma Aldrich as monohydrate

salt.

Example 1 Preparation of Valbenazine form L1

[0177] Valbenazine was charged in glass vial with magnetic stir (36mg) and

dimethylacetamide (20uL, 1.8 vol). The obtained slurry was heated to 70 °C and clear
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solution was obtained. Water (215 uL, 6vol) was added and precipitation was observed. The
obtained slurry was stirred for 2 hours. The slurry was filtrated and characterized by X-ray

powder diffractogram to give Valbenazine form L1 as depicted in Figure 1.

Example 2: Preparation of Valbenazine form L2

[0178]  Valbenazine (66 mg) and a mixture of 9.5:0.5 dichloromethane/methanol
(3.2 ml, 48.5 vol) were charged in glass vial. The obtained clear solution was evaporated to
give solid that was dissolved again in 9.5:0.5 dichloromethane/methanol (1.6 ml, 24 vol). The
solution was evaporated to give oil that crystallized to give a solid that characterized by X-

ray powder diffractogram to give Valbenazine form L2 as depicted in Figure 2.

Example 3: Preparation of Valbenazine form L3
[0179]  Valbenazine was charged in flask (4g) and dichloromethane was added

(100ml, 25 vol) clear solution was obtained. After a few minutes precipitation was observed.
The crystals were filtrated and characterized by X-ray powder diffractogram to give

Valbenazine form L3 as depicted in Figure 3.

Example 4: Preparation of Valbenazine form L4

[0180] 1gof Valbenazine was charged in flask. Methanol was added (25ml, 25

vol) and clear solution was obtained. The solution was evaporated. The obtained solid was
characterized by X-ray powder diffractogram to give Valbenazine form L4 as depicted in

Figure 4.

Example 5: Preparation of Valbenazine form L2

[0181] Valbenazine (126 mg) was charged in a vial and was heated to 100 °C to
melt. The molten substance, was stored in 100% RH humidity chamber at room temperature
over night to give crystals that were vacuum-dried and characterized by X-ray powder

diffractogram to give Valbenazine form L2 as depicted in Figure 5.

Example 6: Preparation of Valbenazine tosvlate form T1

[0182] Valbenazine (98 mg) was dissolved in methyl ethyl ketone (1ml). P-

toluenesulfonic acid (88mg, 1.86 eq.) was then added and mixed until clear solution was

obtained. After a few minutes precipitation was observed and filtrated. The crystals were
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vacuum-dried and characterized by X-ray powder diffractogram to give Valbenazine tosylate

form T1.

Example 7: Preparation of Valbenazine tosvlate form T1

[0183] Valbenazine (101 mg) was slurried in water (1ml). P-toluenesulfonic acid
(105 mg, 2.25 eq.) was then added and mixed until clear solution was obtained. The solution
was stirred overnight precipitation was observed and filtrated. The crystals were vacuum-

dried and characterized by X-ray powder diffractogram to give Valbenazine tosylate form T1.

Example 8: Preparation of Valbenazine tosvlate form T2

[0184] Valbenazine (112 mg) was dissolved in 1-propanol (1ml). P-toluenesulfonic
acid (119 mg, 2.2 eq.) was then added and mixed until clear solution was obtained. The
solution was stirred overnight, precipitation was observed and filtration was done. The
crystals were vacuum-dried and characterized by X-ray powder diffractogram to give

Valbenazine tosylate form T2 as depicted in Fig. 7.

Example 9: Preparation of Valbenazine tosylate form T2
[0I185] Valbenazine (116 mg) was dissolved in Ethanol (1ml). P-toluenesulfonic

acid (114mg, 2.1 eq.) was then added and mixed until clear solution was obtained. The
solution was stirred overnight, precipitation was observed and filtration was done. The
crystals were vacuum-dried and characterized by X-ray powder diffractogram to give

Valbenazine tosylate form T2.

Example 10: Preparation of Valbenazine tosvlate form T2

[0186] Valbenazine (246 mg) was dissolved in methyl ethyl ketone (2.46ml). P-

toluenesulfonic acid (240 mg, 2.1 eq.) was then added and mixed until clear solution was
obtained. After a few minutes, precipitation was observed and filtration was done. The
crystals were vacuum-dried and characterized by X-ray powder diffractogram to give

Valbenazine tosylate form T2.

Example 11: Preparation of Valbenazine tosylate form T2
[0187] Valbenazine (363 mg) was dissolved in Cyclopentyl methyl ether (3.36ml).

P-toluenesulfonic acid (366mg, 2.1 eq.) was then added and mixed until clear solution was

obtained. The solution was stirred overnight, precipitation was observed and filtration was
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done. The crystals were vacuum-dried and characterized by X-ray powder diffractogram to

give Valbenazine tosylate form T2.

Example 12: Preparation of Valbenazine tosvlate form T3

[0188]  Valbenazine (335 mg) was dissolved in 1,4-dioxane (3.36ml).

P-toluenesulfonic acid (312mg, 2.0 eq.) was then added and mixed until clear solution was
obtained. The solution was stirred over the weekend, precipitation was observed and filtration
was done. The crystals were vacuum-dried and characterized by X-ray powder diffractogram

to give Valbenazine tosylate form T3 as depicted in Fig. 8.

Example 13: Preparation of Valbenazine tosvlate form T3

O
SURE R
Ay ’,
- OH MeO s
Ha, Y NH N
MeO 2 _NH Boc/H Y 5
N Boc MeO PTSA Voo
o _TOR
MeO EDC, DMAP < > N
© MeO 2 X SOS

Compound 1 Compound 2 VLB Ditosylate

[0189] (2R,3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-o0l (10 gr, 0.03 mol, 1 eq) was dissolved in 100 ml of Me-THF (10
V vs. Compound 1 v/w). Then Boc-Val-OH was added (10.21 gr, 0.047 mol, 1.5 eq) followed
by the addition of 4-(dimethylamino)pyridine (DMAP) (1.91 gr, 0.015 mol, 0.5 eq). Finally,
N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC-HCI) was added
(13.21gr, 0.068 mol, 2.2 eq) and the reaction mixture was stirred at RT for 2.5 hours. Upon
completion, 100 ml of water was added to the reaction mixture (10 V vs. Compound 1 v/w).
The phases were separated. The organic phase was washed with Water (10V). The aqueous
phase was removed. Then p-toluenesulfonic acid (PTSA) was added (41.71 gr, 0.21 mol, 7
eq). The reaction mixture was stirred at RT for 16 hours. Upon completion, the precipitated
product was filtered and washed twice with 10 ml of Me-THF (2x1 V vs. Compound 1 v/w).
The obtained product- Valbenazine tosylate was then dried in a vacuum oven at 35°C for 3
days to obtain 11.33 gr of the desired product (47% yield over two steps, 99.58% purity). The
crystalline form of the product was found to be form T3 according to XRPD.

Example 14: Preparation of amorphous Valbenazine tosylate
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[0190] Valbenazine tosylate form T2 (3g) was dissolved in 200ml of
dichloromethane:methanol (1:1 v/v) mixture. A clear solution was obtained and the solution

was evaporated at vacuum to give amorphous Valbenazine tosylate.

Example 15: Preparation of Valbenazine tosvlate form T3

[0191]  Amorphous Valbenazine tosylate (50 mg) was suspended in
tetrahydrofuran (140uL, 3 Vol) and stirred at 0°C overnight. The crystals were vacuum-dried

and characterized by X-ray powder diffraction to give Valbenazine tosylate form T3.

Example 16: Preparation of Valbenazine tosvlate form T3

[0192]  Amorphous Valbenazine tosylate (50 mg) was suspended in methyl ethyl
ketone (140uL, 3 Vol) and stirred at 0°C overnight. The crystals were vacuum-dried and

characterized by X-ray powder diffraction to give Valbenazine tosylate form T3.

Example 17: Preparation of Valbenazine tosvlate form T3

[0193]  Amorphous Valbenazine tosylate (50 mg) was suspended in 1,4 Dioxane
(140uL, 3 Vol) and stirred at 0°C overnight. The crystals were vacuum- and characterized by

X-ray powder diffraction to give Valbenazine tosylate form T3.

Example 18: Preparation of Valbenazine tosvlate form T4

[0194] Valbenazine (100 mg) and p-toluenesulfonic acid (118mg, 2.57 eq.) were
melted at 100 °C; 1.6 ml of water was added to give clear solution. The solution was cooled
at a rate of 5 °C/min; after 1h there was precipitation. The slurry was filtrated and the crystals
were vacuum-dried and characterized by X-ray powder diffractogram to give Valbenazine

tosylate form T4 as depicted in Fig. 9.

Example 19: Preparation of Valbenazine tosylate form T4
[0195] A 250 ml reactor was charged with Valbenazine (2.5g) and p-

toluenesulfonic acid (2.87g, 2.50 eq.) in 20 ml of water . The mixture was heated to 100 °C to
give a clear solution. The solution was cooled to 0 °C during 2h. The crystals were filtered

and characterized by X-ray powder diffractogram to give Valbenazine tosylate form T4.

Example 20: Preparation of Valbenazine tosylate form T5
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[0196] Valbenazine tosylate form T4 (1.5 mg) was dried in a lyophilizer under the
conditions of 50 °C and vacuum of 30ubar for 27 hours. The sample was characterized by X-

ray powder diffractogram to give Valbenazine tosylate form T5 as depicted in Fig. 10.

Example 21: Preparation of Valbenazine tosvlate form T6

[0197] Valbenazine tosylate form T4 (60mg) was charged in a vial with a magnetic
stirrer. THF (36 vol, 2.1 ml) was added and the obtained slurry was stirred at room
temperature overnight. The slurry was filtrated and characterized by X-ray powder

diffractogram to give Valbenazine tosylate form T6 as depicted in Fig. 11.

Example 22: Preparation of Valbenazine tosvlate form T7

[0198]  Valbenazine tosylate form T3 (96mg) was charged in a vial with a magnetic
stirrer. Isobutanol (10.42 vol, 2.1 ml) was added and the obtained slurry was stirred at room
temperature overnight. The slurry was filtrated and characterized by X-ray powder

diffractogram to give Valbenazine tosylate form T7 as depicted in Fig. 12.

Example 23: Preparation of Valbenazine tosvlate form T8
[0199]  Amorphous Valbenazine tosylate (202 mg) was charged in a vial with a

magnetic stirrer. 1,4 Dioxane (3 vol ,0.8 ml ) was added and the obtained slurry was stirred at
0 °C for 3h. The slurry was filtrated and characterized by X-ray powder diffraction to give
Valbenazine tosylate form T8 as depicted in Fig. 13.

Example 24 Preparation of Valbenazine tosylate form T9
[0200] Valbenazine tosylate form T6 (2gr) was dried without freezing in a

lyophilizer at between 30°C to 50°C and less than 100 pbar for 55 hours. The product was
characterized by X-ray powder to give Valbenazine tosylate form T9 as depicted in Fig. 14.

Example 25: Preparation of Valbenazine tosvlate form T10
[0201] Valbenazine tosylate form T9 as prepared according to example 24 was left

in a vial for 3 days at RT without stirring to give a mixture of T9+T10 the mixture was dried
without freezing in a lyophilizer at 50 °C and less than 100 pbar, total time of drying was 22
h. The product was characterized by X-ray powder to give Valbenazine tosylate form T10 as

depicted Fig. 15.
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Example 26: Preparation of Valbenazine tosvlate form T10

[0202] Valbenazine tosylate form T6 (THF solvate, 0.2 gr) was heated in a vacuum
oven for 1 hour, at about 70°C. The solid was tested by XRD, and found to be Valbenazine
tosylate Form T10.

Example 27: Preparation of Valbenazine tosvlate form T12

[0203] (2R,3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-hexahydro-2H

pyrido[2,1-ajisoquinolin-2-o0l (43.6 gr, 136 mmol) was slurried in 1 Vol. di-chloromethane
(DCM,43.6 mL) and charged into a 1L reactor. 4-(dimethylamino)-pyridine (DMAP, 8.3 g,
68 mmol), Boc-Val-OH (44.5 gr, 204 mmol) and 5 Vol. (218 mL) of DCM were added to the
reactor and stirred for 5 min at room temperature. Then N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide HCI (EDC-HCI, 57.6 gr, 300 mmol) was added to the reaction mixture
followed by addition of 1 Vol (43.6 mL) of DCM. The mixture was stirred for 3 hours at
room temperature. After completion of reaction, the reaction mixture was washed with water
(10 Vol.) followed by phase separation. Additional washing with water (10 vol) was carried
out and after phase separation p-Toluenesulfonic acid monohydrate (104 g, 544 mmol) was
added to the organic phase and stirred for 19 hours at 35 °C. 87 ml of the obtained solution
was diluted with additional DCM (13 ml) and MeOH (100 ml). The solvents were evaporated
to obtain an oil. THF (100 ml) was then added to the oil and evaporated. The obtained oil was
dissolved in THF:MeOH (98:2, 5.6 vol) and the solution was cooled to -5 °C. The solution
was then seeded with Valbenazine tosylate form T6 and stirred for 18 hours at -5°C. The
precipitate was collected by vacuum filtration and dried in a vacuum oven at 70 °C (less than
50 mbar) for 72 hours. The hot solid was taken out from the oven directly to room
temperature under nitrogen environment to produce Valbenazine tosylate form T12. Form

T12 was characterized by X-ray powder and its diffractogram is presented in Figure 16.

Example 28: Preparation of seeding crystals Valbenazine tosvlate form T6

[0204]  Amorphous form of Valbenazine tosylate (241 mg) was slurried in
THF/MeOH (0.2 % MeOH, 5.01 ml, 20 vol) at 0°C for 24 hours. The product was isolated by

vacuum filtration to afford Valbenazine tosylate Form T6.

Example 29: Preparation of Valbenazine tosvlate mixture of form T10 and form T12

[0205] Valbenazine tosylate form T10 (100 mg) was heated to 100°C in an oven

for 1 hour. The hot solid was taken out from the oven directly to a sealed vial at room
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temperature for 24 hrs. The solid was characterized by X-ray powder diffractogram to give a
mixture of valbenazine tosylate form T10 and form T12. The diffractogram is presented in

Figure 22.

Example 30: Preparation of Valbenazine tosvlate form T10:

[0206] 501 mg of amorphous valbenazine tosylate was slurried in 5 mL (10 Vol.)
of iso-butanol, cooled to 0 °C and stirred overnight. The slurry was filtered, the resulting
solid was dried under vacuum at 70 °C overnight. The white powder was further dried under

vacuum at 100 °C overnight to afford Valbenazine tosylate form T10.

Example 31: Preparation of Valbenazine tosvlate form T10

[0207] 501 mg of amorphous valbenazine tosylate was slurried in 5ml (10 Vol.) of
dioxane, cooled to 0 °C and stirred over 48h. The slurry was filtered and dried under vacuum

at 70 °C overnight to afford Valbenazine tosylate form T10.

Example 32: Preparation of Valbenazine tosylate form T7

[0208] (2R,3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-hexahydro-2H
pyrido[2,1-ajisoquinolin-2-o0l (21.8 gr, 68 mmol) was dissolved in 1 Vol. (21.8 mL) DCM
and charged into the reactor. DMAP (4.15 gr, 34 mmol), Boc-Val-OH (22 gr, 102 mmol) and

7 Vol. (152.6 mL) DCM were added. The mixture was stirred at RT until complete
dissolution. EDC-HCI (28.8 gr, 150 mmol) in 2 Vol. of DCM was added. The mixture was
stirred over 3 hours at 25 °C followed by washings with H>O (10 Vol. x2). p-Toluenesulfonic
acid monohydrate (52 gr, 272 mmol) was added to the washed mixture and stirred overnight
at 35 °C. Iso-butanol 5 Vol. (109 mL) was added and followed by distillation at 35 °C (under
vacuum conditions) to 5 Vol. of the mixture. The mixture was cooled to 15 °C, followed by
seeding with 1% (w/w) of form T7 of Valbenazine tosylate and cooling to 5°C over 1 h. After
cooling, 2 Vol. (44 mL) of isobutanol were added followed by stirring overnight. The
precipitate was filtered and washed with 2 Vol. (21.8 mL) of isobutanol. A white powder was
obtained (73.55% yield) to afford Valbenazine tosylate form T7.

Example 33: Preparation of Valbenazine fumarate form F1
[0209] A flask was charged with Valbenazine (500 mg) and acetone (2.5ml, 5vol)

and stirred at RT until a clear solution was obtained. Fumaric acid (278mg, 2 eq.) was added

and the mixture was stirred overnight at RT. A thick precipitation was obtained and another 5
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ml of acetone were added. The slurry was filtered and the residue characterized by X-ray

powder diffractogram to give Valbenazine fumarate Form F1 as depicted in Fig. 17.

Example 34: Preparation of Valbenazine stearate form S1

[0210] A flask was charged with Valbenazine (500 mg) and 2-

Methyltetrahydrofuran (Me-THF) (2.5ml, 5vol ) and stirred at RT until a clear solution was
obtained. Stearic acid (856 mg, 2.5 eq.) was added and the mixture was stirred overnight at
RT. The flask was transferred to an ice bath and the solution was cooled for 15 min with
stirring to give a precipitation. The crystals were filtered and characterized by X-ray powder

diffractogram to give Valbenazine stearate Form S1 as depicted in Fig. 18.

Example 35: Preparation of Valbenazine palmitate Form P1
[0211] A flask was charged with Valbenazine (50 mg) and Acetone (500uL, 5vol)

and stirred at RT until a clear solution was obtained. Palmitic acid (153 mg, 2.5 eq.) was
added and the mixture was stirred overnight. The crystals were filtered and characterized by

X-ray powder diffractogram to give Valbenazine palmitate Form P1 as depicted in Fig. 19.

Example 36: Preparation of Valbenazine sulfate Form HS1

[0212] A flask was charged with Valbenazine (50 mg) and n-butanol (500uL,

5vol ) and stirred at RT until a clear solution was obtained. Sulfuric acid (16uL, 2.5 eq.) was
added and the mixture was stirred for 3h at RT. The crystals were filtered and characterized

by X-ray powder diffractogram to give Valbenazine sulfate Form HS1 as depicted in Fig. 20.

Example 37: Preparation of Valbenazine mesvlate form MS1

[0213] To astirred solution of Valbenazine base (2g, 1eq) in a mixture of
Isopropanol (20 ml, 10vol) and diethyl ether (6.5 ml, 3.25 vol), methanesulfonic acid (651uL,
2.10eq) was added and clear solution was obtained. The solution was stirred at RT for 30
minutes. The solution was cooled in an ice bath for 2h and an oil was obtained. The mixture
was stirred at RT overnight. The solid was filtered under nitrogen, washed with 4 ml diethyl
ether and dried in a vacuum oven at 50°C overnight to give Valbenazine mesylate Form MS1.

The product was characterized by XRPD as depicted in Fig. 21.

Example 38: Chiral resolution of Tetrabenazine with (-)-DPTTA (Method A)
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(0]
MeO 1. (-)DPTTA, Acetone MeO
N 2. NH,OH, EtOH
MeO o MeO
Chemical Formula: C19H»7NO3 Chemical Formula: C4gH;7NO3
Exact Mass: 317.20 Exact Mass: 317.20
Tetrabenazine (RR,SS) Tetrabenazine (RR)

Scheme 2: Chiral resolution of (+)-Tetrabenazine with (-)-DPTTA

[0214]  (£)-Tetrabenazine (Compound 1, 200 gr, 0.62 mol, 1 eq) was dissolved in 2
L of Acetone (10 V vs. Tetrabenazine v/wt) in a 3 L glass reactor. Then (—)-O,0'-Di-p-
toluoyl-L-tartaric acid ((-)-DPTTA) was added (243.6 gr, 0.62 mol, 1 eq). The reaction
mixture was stirred at RT for 16 h. The precipitated product was filtrated and washed with
Acetone (2x0.5 V vs. Tetrabenazine v/wt). The mother liquor after precipitation was distilled
off. The obtained residue was dissolved in 1 L of Acetone (5 V vs. Tetrabenazine v/wt) in a 3
L reactor, heated to 60 "C and stirred for 2 hours. The solution was then cooled to RT and
stirred for 16h. The precipitated product was filtrated and washed with Acetone (2x0.5 V vs.
Tetrabenazine v/wt). The precipitated product- (+)-Tetrabenazine-(-)-DPTTA salt from both
steps was combined and dissolved in EtOH (6 V vs. (+)Tetrabenazine-(-)-DPTTA salt v/wt)
in a 3 L glass reactor and cooled to 0°C. The pH was adjusted to pH=8-8.5 with NHsOH.
Water (10V vs. (+)-Tetrabenazine-(-)-DPTTA salt v/wt) was added dropwise and the reaction
mixture was stirred at 0°C for 1 h. The precipitated product was filtrated and washed with
water (2 V, vs. (+)-Tetrabenazine-(-)-DPTTA salt v/wt) to obtain the desired (+)-
Tetrabenazine (R,R) enantiomer (Compound 2, 134 gr, 67% overall yield, 97-98% chiral

purity).

Example 39: Asymmetric transfer hvdrogenation of (+)-Tetrabenazine (Method B)

Q OH
Ru(ll) Catalyst,
: : H
MeO HCOH:EtzN 5:2 Complex MeO MeO
N EEE—" N
Toluene
MeO MeO MeO’
1((+) and (-) TBZ) 3 (R,R,R)-DHTBZ (R,S,8)-DHTBZ

Scheme 3. Asymmetric transfer hydrogenation of (z)-Tetrabenazine
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[0213]  (£)-Tetrabenazine (Compound 1, 3 gr, 0.0095 mol, 1 eq) was dissolved in
18 ml of Toluene (6 V vs. Tetrabenazine v/wt) in a 100 ml round-bottom flask under
Nitrogen atmosphere. RuCl(p-cymene)|(R,R)-Ts-DPEN] was added (0.03 gr, 0.0005 mol,
0.005 eq), followed by the addition of 5:2 HCO>H:Et;N complex (4.37 ml, 0.05 mol, 5.4 eq).
The reaction mixture was heated to 50°C and stirred for 16 h. Upon completion, the reaction
mixture was diluted with 50 ml of water and 50 ml of Ethyl Acetate. The layers were
separated and the organic layer was washed with 50 ml of water. The organic layer was then
dried with Na>SOy, filtered and the solvent was removed under reduced pressure to obtain
(R,R,R)-Dihydrotetrabenazine (Compound 3) and its diastereomer — (R,S,S)-

Dihydrotetrabenazine as a 1:1 mixture.

Example 40: Preparation of (+)-Tetrabenazine ((3R.11bR)-3-isobutyl-9.10-dimethoxy-

1.3.4.6.7.11b-hexahvdro-2H-pvrido|[2.1-ajisoquinolin-2-one).
f0216]  A: (3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.,4,6,7,11b-hexahydro-2H-

pyrido|2,1-a]isoquinolin-2-one, (-)-Di-p-toluoyl-L-tartrate

(-)-Di-p-toluoyl-L-tartaric acid (730.3 g, 1.89 mole), 3-isobutyl-9, 10-dimethoxy-
1,3.4,6,7,11b-hexahydro-2H-pyrido[2,1-aisoquinolin-2-one (600 g, 1.89 mole) and Acetone
(6000 ml, 10 vol) were charged in to reactor vessel at-10°C.The obtained solution was
stirred at -5°C till precipitations were obtained. The reaction mixture was then heated to
25 °C and stirred for 10 hours. The slurry was heated to reflux and stirred for 2 hours at
reflux temperature. The obtained slurry was cooled to 25 °C and stirred for additional 12
hours. The product was isolated by vacuum filtration, washed with Acetone and dried in
vacuum oven at 40 °C to obtain (3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-
hexahydro-2H-pyrido[2,1-a]isoquinolin-2-one, (-)-Di-p-toluoyl-L-tartarate (771 g, 93.3%
chiral purity; 58% yield).

Mother liquor from the previous step was loaded to the reactor vessel; the volume of
the solution was reduced by distillation to total volume of 2 liters. The solution was seeded
with (3R, 11bR)-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-
aJisoquinolin-2-one, (-)-Di-p-toluoyl-L-tartarate (0.44 gr) at 25 °C and stirred for 5 hours.
The obtained slurry was heated to 62 °C, stirred for 2 hours then cooled to 25°C for 2 hours
and stirred at that temperature for 18 hours. The product was isolated by vacuum filtration
washed with Acetone (2* 0.5 vol) and dried in vacuum oven at 40 °C for 16 hours to obtain
(3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-alisoquinolin-
2-one, (-)-Di-p-toluoyl-L-tartarate (265 g, 20 % yield).
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[0217] B: (3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-one

[0218]  (3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-one, (-)-Di-p-toluoyl-L-tartarate (1031 g, 1.466 mole) ,
Ethanol(6186 ml, 6 vol) and water (1031 ml, 1 vol) were charged to reactor vessel, cooled
1o 0°C then NaHCOs (309.3 g, 3.66 mole) and additional amount of water (3093 ml, 3 vol )
were added to the reaction mixture and stirred for 2 hour. Additional water (6186 ml, 6 vol)
was added dropwise and stirred for 15 hours. The product (3R,11bR)-3-isobutyl-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a]isoquinolin-2-one was isolated by
vacuum filtration , washed with water and dried in vacuum oven (422 g, 90.75% yield,

98.42% chiral purity) .

Example 41: Preparation of (R.R.R)-DHTBZ ((2R.3R.11bR)-3-1sobutyl-9.10-dimethoxy-

1.3.4.6.7.11b-hexahydro-2H-pvyrido[2.1-alisoquinolin-2-ol)-

[0219]  (3R,11bR)-3-isobutyl-9,10-dimethoxy-1,3.4,6,7,11b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-one (376 g, 0.945 mole) and THF (3760 ml, 10 vol), were loaded
to the reactor and cooled to -15°C. BH3*THF 1 M solution (1743.6 ml, 1.74 eq) was added
dropwise during 5.5 hours. The reaction mixture was stirred for 2 hours and the reaction
completion was monitored by HPLC. Ammonium hydroxide solution (25%, 4512 ml, 12 vol)
was added dropwise during 3 hours. The solution was heated to 35 °C and stirred for 12
hours. The solution was cooled to 25 °C, NaCl sat. Solution (1880 ml, 5 vol ) and MTBE
(1880 ml, 5 vol) were added. The organic phase was evaporated to reduce the volume to 400-
450 ml and then EtOH (1880 ml, 5 vol) was added. The product was precipitated by dropwise
addition of water (3760 ml, 10 vol) during 1.5 hours and stirred for 16 hours. The product
was collected by vacuum filtration, washed with EtOH/Water 1:4 (940 ml, 2.5 vol) and dried
in vacuum oven at 35 °C for 48 hours to obtain (302 g, 80.4 % yield, 96.3 % purity).
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CLAIMS

1. A solid state form of Valbenazine ditosylate selected from:
(A)crystalline form T10, which is characterized by data selected from one or more of
the following:
(1) an XRPD pattern having peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta
+ 0.2 degrees 2-theta;
(i) an XRPD pattern as depicted in Figure 15;
(iii) a solid state *C-NMR spectrum with peaks at 168.9, 165.5, 147.2, 106.0 and
75.6 ppm £ 0.2 ppm;
(iv) asolid state *C-NMR spectrum having the following chemical shift absolute
differences from a peak at 53.0+ 1 ppmof 1159, 112.5,94.2, 53.0 and 22.6 +
0.1 ppm;
(v) asolid state *C-NMR spectrum substantially as depicted in Figure 23; and
combinations of any of (i)-(v);
or
(B) crystalline form T12 | which is characterized by data selected from one or more of
the following:
(1) an XRPD pattern having peaks at 6.4, 7.6, 12.3, 15.2 and 24.9 degrees 2-theta
+ 0.2 degrees 2-theta;
(i) an XRPD pattern as depicted in Figure 16;
(iii) a solid state >*C-NMR spectrum with peaks at 166.4, 148.1, 126.9, 109.5 and
73.1 ppm £ 0.2 ppm;
(iv) a solid state >*C-NMR spectrum having the following chemical shift absolute
differences from a peak at 54.5+ 1 ppmof 111.9, 93.6, 72.4, 55.0 and 18.6 +
0.1 ppm;
(v) asolid state *C-NMR spectrum substantially as depicted in Figure 25; and
combinations of any of (i)-(v).
2. Crystalline form T10 of Valbenazine ditosylate according to claim 1, which is
characterized by data selected from one or more of the following:
(1) an XRPD pattern having peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta
+ 0.2 degrees 2-theta;
(i) an XRPD pattern as depicted in Figure 15;
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(iii) a solid state *C-NMR spectrum with peaks at 168.9, 165.5, 147.2, 106.0 and
75.6 ppm = 0.2 ppm;

(iv) asolid state *C-NMR spectrum having the following chemical shift absolute
differences from a peak at 53.0+ 1 ppmof 1159, 112.5,94.2, 53.0 and 22.6 +
0.1 ppm;

(v) asolid state >*C-NMR spectrum substantially as depicted in Figure 23; and
combinations of any of (i)-(v).

3. Crystalline form T10 of valbenazine ditosylate according to claim 1 or claim 2,
which is characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 6.4, 8.0, 10.9, 15.9 and 22.4 degrees 2-theta
+ 0.2 degrees 2-theta, and also having one, two, three, four or five additional
peaks selected from 9.8, 13.6, 14.8, 18.7, and 20.5 degrees 2-theta = 0.2
degrees 2-theta;

(i) an FT-IR spectrum having one, two, three, four or more peaks selected from

2953, 2867, 1747, 1613, 1522, 1465, 1262, 1156, 1118, and 1006 cm™ + 2 cm”
1.

>

(iii) an FT-IR spectrum as depicted in Figure 24; and combinations of any of (i)-

(it).
4. Crystalline form T12 of valbenazine ditosylate according to claim 1 which is
characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 6.4, 7.6, 12.3, 15.2 and 24.9 degrees 2-theta
+ 0.2 degrees 2-theta, and also having one, two, three, four or five additional
peaks selected from 10.8, 13.9, 15.8, 18.9 and 22.3 degrees 2-theta £+ 0.2
degrees 2-theta;

(i1) by absence of one, two, three or four peaks selected from 5.3, 5.7, 6.9 and 12.8
degrees 2-theta + 0.2 degrees 2-theta;

(iii) an FT-IR spectrum having one, two, three, four or more peaks selected from

2931, 2740, 2663, 2453, 1748, 1606, 1584, 1452, 1227 and 1008 cm™ % 2 cm
1.

>

(iv) an FT-IR spectrum as depicted in Figure 26; and combinations of any of (i)-
@1v).
5. A pharmaceutical composition comprising a crystalline form according to any one

of claims 1-4.
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6. Use of the crystalline form according to any one of claims 1-4 in the preparation of
pharmaceutical compositions and/or formulations.

7. A pharmaceutical formulation comprising a crystalline form according to any one
of claims 1-4 or the pharmaceutical composition of claim 5, and at least one pharmaceutically
acceptable excipient.

8. The crystalline form according to any one of claims 1 to 4, the pharmaceutical
composition according to claim 5, or the pharmaceutical formulation according to claim 7,
for use as a medicament.

9. The crystalline form according to any one of claims 1 to 4, the pharmaceutical
composition according to claim 5, or the pharmaceutical formulation according to claim 7,
for use in the treatment or prophylaxis of a central nervous system disorder, a symptom of a
neurological disorders, a movement disorder, particularly involuntary hyperkinetic
movement disorders such as tardive dyskinesia, drug-induced tardive dyskinesia and
Tourette's syndrome, and preferably for the treatment or prophylaxis of tardive dyskinesia,
drug-induced tardive dyskinesia and Tourette's syndrome.

10. A method of treating or prophylaxis of a central nervous system disorder,a
symptom of a neurological disorders, a movement disorder, particularly involuntary
hyperkinetic movement disorders such as drug-induced tardive dyskinesia and Tourette's
syndrome, Huntington's disease, chorea associated with Huntington's disease, hernthallismus,
chorea, senile chorea, tic disorders, tardive dyskinesia, mvoclonus, dystonia and Tourette's
syndrome, tremor, dystonia, ballism, tics, akathisia, stereotypies, myoclonus and athetosis,
and preferably for the treatment or prophylaxis of tardive dyskinesia, drug-induced tardive
dyskinesia and Tourette's syndrome, comprising administering a therapeutically effective
amount of a crystalline form according to any one of claims 1 to 4, the pharmaceutical
composition of claim 5 or the pharmaceutical formulation according to claim 7, to a subject
suffering from said disorder, or otherwise in need of the treatment.

11. Use of the crystalline form according to any one of claims 1-4, the pharmaceutical
composition according to claim 5, or the pharmaceutical formulation according to claim 7,
for the manufacture of a medicament for the treatment or prophylaxis of a central nervous
system disorder, a symptom of a neurological disorder, particularly involuntary hyperkinetic
movement disorders such as tardive dyskinesia, drug-induced tardive dyskinesia and
Tourette's syndrome, Huntington's disease, chorea associated with Huntington's disease,
hemuballismus, chorea, semle chorea, tic disorders, tardive dyskinesia, mvoclonus, dystonia

and Tourette's syndrome, tremor, dyvstonia, ballism, tics. akathisia, stereotypies, myocionus
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and athetosis, and preferably for the treatment or prophylaxis of tardive dyskinesia, drug-
induced tardive dyskinesia and Tourette's syndrome.

12. A process for preparing other solid state forms of Valbenazine or salts thereof
comprising preparing a solid state form of Valbenazine according to any one of claims 1-4
and converting it to other crystalline form of Valbenazine or salts thereof.

13. A solid state form of Valbenazine ditosylate selected from:

(A) Valbenazine ditosylate Me-THF solvate,

(B) Valbenazine ditosylate THF-solvate,

(C) Valbenazine ditosylate isobutanol-solvate.

14. A solid state form of Valbenazine ditosylate according to claim 13 selected from:

(A) crystalline form T3 Me-THF solvate, which is characterized by data selected from

one or more of the following:

(1) an XRPD pattern having peaks at 6.1, 9.0, 14.6, 17.3 and 21.6 degrees 2-theta +
0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure §;

(iii) a TGA thermogram showing a mass loss of about 5-7% when heated between
25-250°C;

(iv) containing about 4.5% of Me-THF; and combinations of any of (i)-(iv);

Or

(B) crystalline form T6 THF-solvate, which is characterized by data selected from one

or more of the following:

(1) an XRPD pattern having peaks at 6.3, 12.3, 13.4, 14.0, and 15.5degrees 2-theta
+ 0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure 11;

(ii1) having a TGA showing a mass loss of mass loss of about 6-7.5% when heated
between 25-250 °C; and combinations of any of (i)-(iii);

Or

(C) crystalline form T7 isobutanol-solvate, which is characterized by data selected
from one or more of the following:

(i) an XRPD pattern having peaks at 6.3, 11.7, 13.1, 14.0, and 18.9 degrees 2-
theta + 0.2 degrees 2-theta;

(i) an XRPD pattern as depicted in Figure 12;

(ii1)) TGA showing a mass loss of 7-9% when heated between 25-250 °C;

(iv) containing 7-8% (w/w) of isobutanol; and combinations of any of (i)-(iv).
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15. A process for preparing other solid state forms of Valbenazine or salts thereof
comprising preparing a solid state form of Valbenazine according to claims 13 and 14 and
converting it to another crystalline form of Valbenazine or salts thereof.

16. A process for the chiral resolution of (+)-Tetrabenazine comprising combining
(x)-Tetrabenazine with (-)-0,0'-Di-p-Toluoyl-L-Tartaric acid ((-)-DPTTA) to form (+)-
Tetrabenazine-(-)-DPTTA salt.

17. A process according to Claim 16 further comprising converting the (+)-
Tetrabenazine-(-)-DPTTA salt to: (R,R)-Tetrabenazine, or (R,R,R)-Dihydrotetrabenazine, or
Valbenazine or a salt thereof preferably Valbenazine di-tosylate.

18. A process for the preparation of (R,R,R)-Dihydrotetrabenazine comprising chiral
resolution of (£)-Tetrabenazine using (-)-0,0'-Di-p-Toluoyl-L-Tartaric acid ((-)-DPTTA) as
resolving agent.

19. A process according to any of Claims 16-18 wherein the chiral resolution of (+)-
Tetrabenazine comprises combining (£)-Tetrabenazine with (-)-0,0'-Di-p-Toluoyl-L-Tartaric
acid ((-)-DPTTA) in a solvent to form (+)-Tetrabenazine-(-)-DPTTA salt.

20. A process according to Claim 19, wherein the solvent comprises a ketone or cyclic
ketone, alcohol or ether, preferably wherein the solvent comprises a ketone, and more
preferably wherein the solvent is acetone.

21. A process according to Claim 20, wherein the solvent comprises a C3-C7-aliphatic
ketone (preferably acetone, methyl ethyl ketone, or methylisobutyl ketone), a Ce-10 cyclic
ketone (preferably cyclohexanone) or a C1-Cs alcohol (preferably methanol, ethanol, or
isopropanol; or a C4.Cs aliphatic or cyclic ether (preferably THF, Me-THF or methyl tert-
butyl ether); preferably wherein the solvent comprises a Cs-Cr-aliphatic ketone, and more
preferably wherein the solvent is acetone.

22. A process according to any of Claims 16-21, wherein the (+)-Tetrabenazine-(-)-
DPTTA salt is converted to (R,R)-Tetrabenazine, preferably by treatment with a base, more
preferably by treatment with a base, preferably an inorganic base, and more preferably
NH:OH, K>CO3, NaxCOs3, or NaHCO:s.

23. A process according to claim 22, wherein the (R,R)- Tetrabenazine is further
converted to (R,R,R)-Dihydrotetrabenazine, preferably by treatment with a reducing agent,
preferably wherein the reducing agent is selected from the group consisting of: NaBH4, BH3-
complexes (preferably BHs;-THF complex), NaBH(OACc)s, or LiAlH4.

24. A process according to Claim 23 wherein the (R,R,R)-Dihydrotetrabenazine is

converted to Valbenazine or a salt thereof, preferably Valbenazine di-tosylate.
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25. A process according to claim 24, wherein (R,R,R)-Dihydrotetrabenazine is reacted

with an amino-protected Valine to obtain an amino-protected Valbenazine:

o]

MeQ.

MeO
preferably wherein PG is Boc or Cbz.

26. A process according to Claim 25, wherein the amino-protected Valbenazine is
converted to Valbenazine or a salt thereof (preferably wherein the salt of Valbenazine is
Valbenazine di-tosylate).

27. A process according to Claim 26, wherein the amino-protected Valbenazine is
Boc- or Cbz-protected Valbenazine, which is converted to Valbenazine di-tosylate, by
reaction with p-toluenesulfonic acid.

28. A process according to any of claims 16-27, wherein (+)-Tetrabenazine-(-)-
DPTTA salt is isolated.

29. A process according to claim 28, wherein the (+)-Tetrabenazine-(-)-DPTTA salt is
crystalline.

30. (+)-Tetrabenazine-(-)-DPTTA salt, preferably in crystalline form.

31. A crystalline form of (+)-Tetrabenazine-(-)-DPTTA salt designated as form I
characterized by data selected from one or more of the following:

(1) an XRPD having peaks at 5.7, 7.1, 11.3, 17.7 and 19.1 degrees 2-theta+ 0.2

degrees 2-theta; and/or

(i1) an XRPD pattern as depicted in Figure 27.

32. A crystalline form of (+)-Tetrabenazine-(-)-DPTTA salt according to claim 31
characterized by an XRPD pattern having peaks at 5.7, 7.1, 11.3, 17.7 and 19.1 degrees 2-
theta = 0.2 degrees 2-theta, and also having one, two, three, four or five additional peaks
selected from 16.5, 17.0, 20.7, 22.4 and 23.9 degrees 2-theta + 0.2 degrees 2-theta.

33. Use of (+)-Tetrabenazine-(-)-DPTTA salt or a crystalline form thereof as defined
in any of Claims 30-32 for the preparation of an amino-protected Valbenazine (preferably
wherein the amino-protecting group is Boc or Cbz), Valbenazine or a salt of Valbenazine,

preferably Valbenazine di-tosylate.
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34. Use of (+)-Tetrabenazine-(-)-DPTTA salt or a crystalline form thereof as defined
in any of Claims 30-32, for the preparation of (R,R)-Tetrabenazine, or (R,R,R)-
Dihydrotetrabenazine.

35. A crystalline form of a Valbenazine salt selected from:

(A)  Valbenazine fumarate;

(B)  Valbenazine stearate;

(C)  Valbenazine palmitate;

(D)  Valbenazine sulfate;

(E)  Valbenazine mesylate.

36. A crystalline form of a Valbenazine salt according to claim 35 selected from:

(A) a crystalline form of Valbenazine fumarate designated as Form F1, which is

characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 4.7, 8.5, 9.5, 11.9 and 15.9 degrees 2-theta +
0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure 17; and combinations of these data

Or

(B) a crystalline form of Valbenazine stearate designated as Form S1, which is

characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 4.0, 6.0, 7.3, 10.0 and 14.1 degrees 2-theta +
0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure 18; and combinations of these data,

Or

(C) a crystalline form of Valbenazine palmitate designated as Form P1, which is

characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 4.5, 6.7, 7.3, 11.3 and 15.8 degrees 2-theta +
0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure 19; and combinations of these data,

Or

(D) a crystalline form of Valbenazine sulfate designated as form HS1, which is

characterized by data selected from one or more of the following:

(1) an XRPD pattern having peaks at 6.8, 8.9, 12.6, 15.1 and 21.6 degrees 2-theta +
0.2 degrees 2-theta;

(i1) an XRPD pattern as depicted in Figure 20; and combinations of these data,

Or
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(E) a crystalline form of Valbenazine mesylate designated as Form MS1, which is
characterized by data selected from one or more of the following:
(1) an XRPD pattern having peaks at 6.4, 10.3, 11.1, 12.8 and 13.7 degrees 2-theta
+ 0.2 degrees 2-theta;
(i1) an XRPD pattern as depicted in Figure 21; and combinations of these data.

37. A process for preparing other solid state forms of Valbenazine or salts thereof
comprising preparing a solid state form of valbenazine according to any of claims 35-36 and
converting it to another crystalline form of Valbenazine or salt thereof.

38. A pharmaceutical composition comprising a crystalline form according to any of
claims 35-36.

39. Use of the crystalline form according to claims 35-36 in the preparation of a
pharmaceutical composition and/or formulation.

40. A pharmaceutical formulation comprising a crystalline form according to claim
35-36 or the pharmaceutical composition of claim 38, and at least one pharmaceutically
acceptable excipient.

41. The crystalline form according to claim 35-36, the pharmaceutical composition
according to claim 38, or the pharmaceutical formulation according to claim 40, for use as a
medicament.

42. The crystalline form according to claim 35-36, the pharmaceutical composition
according to claim 38, or the pharmaceutical formulation according to claim 40, for use in the
treatment or prophylaxis of a central nervous system disorder, a symptom of a neurological
disorders, a movement disorder, particularly involuntary hyperkinetic movement disorders
such as tardive dyskinesia, drug-induced tardive dyskinesia and Tourette's syndrome, and
preferably for the treatment or prophylaxis of tardive dyskinesia, drug-induced tardive
dyskinesia and Tourette's syndrome.

43. A method of treating or prophylaxis of a central nervous system disorder, a
symptom of a neurological disorders, a movement disorder, particularly involuntary
hyperkinetic movement disorders such as tardive dyskinesia, drug-induced tardive dyskinesia
and Tourette's syndrome {Huntington's disease, chorea associated with Huntington's disease,
hermballismus, chorea, senile chorea, tic disorders, tardive dyvskinesia, myoclonus, dystonia
and Towretie's syndrome, tremor, dysionia, ballism, tics, akathisia, stereotypies, myocionus
and athetosis, , and preferably for the treatment or prophylaxis of tardive dyskinesia, drug-
induced tardive dyskinesia and Tourette's syndrome, comprising administering a

therapeutically effective amount of a crystalline form according to claim 35-36, the
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pharmaceutical composition of claim 38 or the pharmaceutical formulation according to
claim 40, to a subject suffering from said disorder, or otherwise in need of the treatment.

44. Use of the crystalline form according to claim 35-36, the pharmaceutical
composition according to claim 38, or the pharmaceutical formulation according to claim 40,
for the manufacture of a medicament for the treatment or prophylaxis of a central nervous
system disorder, a symptom of a neurological disorder, particularly involuntary hyperkinetic
movement disorders such as tardive dyskinesia, drug-induced tardive dyskinesia and
Tourette's syndrome, Huntington's disease, chorea associated with Huntington's disease,
hemiballismus, chorea, semie chorea, tic disorders, tardive dyskinesia, myoclonus, dvstonia
and Tourette's syndrome, tremor, dysionia, ballism, tics, akathisia, stereotypies, myoclonus
and athetosis, and preferably for the treatment or prophylaxis of tardive dyskinesia, drug-

induced tardive dyskinesia and Tourette's syndrome.
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Figure 1. An X-ray powder diffractogram (XRPD) of form L1 of Valbenazine
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Figure 2. An X-ray powder diffractogram (XRPD) of form L2 of Valbenazine

2000
1600

1200.

°2theta



WO 2018/067945 PCT/US2017/055561

3/27

Figure 3: An X-ray powder diffractogram (XRPD) of form L3 of Valbenazine
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Figure 4: An X-ray powder diffractogram (XRPD) of form L4 of Valbenazine
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Figure 5: An X-ray powder diffractogram (XRPD) of form L2 of Valbenazine
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Figure 6: An X-ray powder diffractogram (XRPD) of form T1 of Valbenazine tosylate
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Figure 7. An X-ray powder diffractogram (XRPD) of form T2 of Valbenazine tosylate
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Figure 8: An X-ray powder diffractogram (XRPD) of form T3 of Valbenazine tosylate
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Figure 9: An X-ray powder diffractogram (XRPD) of form T4 of Valbenazine tosylate
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Figure 10: An X-ray powder diffractogram (XRPD) of form T5 of Valbenazine tosylate
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Figure 11: An X-ray powder diffractogram (XRPD) of form T6 of Valbenazine tosylate
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Figure 12: An X-ray powder diffractogram (XRPD) of form T7 of Valbenazine tosylate
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Figure 13: An X-ray powder diffractogram (XRPD) of form T8 of Valbenazine tosylate
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Figure 14: An X-ray powder diffractogram (XRPD) of form T9 of Valbenazine tosylate
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Figure 15: An X-ray powder diffractogram (XRPD) of form T10 of Valbenazine tosylate
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Figure 16: An X-ray powder diffractogram (XRPD) of T12 of Valbenazine tosylate
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Figure 17: An X-ray powder diffractogram (XRPD) of F1 of Valbenazine fumarate
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The strong peak at about 28.5 degrees (marked with Si) is attributed to silicon powder added as

an internal standard.
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Figure 18: An X-ray powder diffractogram (XRPD) of form S1 of Valbenazine stearate
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Figure 19: An X-ray powder diffractogram (XRPD) of form P1 of Valbenazine palmitate
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Figure 20: An X-ray powder diffractogram (XRPD) of form HS1 of Valbenazine sulfate
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Figure 21: An X-ray powder diffractogram (XRPD) of form MS1 of Valbenazine mesylate
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Figure 22: An X-ray powder diffractogram (XRPD) of mixture of form T10 and form TI12 of

Valbenazine tosylate
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The peak at about 28.5° is attributed to silicon powder added as an internal standard.
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Figure 23: A solid state *C-NMR spectrum of from T10 of Valbenazine tosylate

10

I I I ‘
150 100 50 (ppm]

Figure 23A C-SS-NMR of Form T10 (0-200ppm)

10

8

[

4

2

0

10

Figure 23C BC-SS-NMR of Form T10 (0-100ppm)



WO 2018/067945 PCT/US2017/055561

24/27

Figure 24: An FT-IR spectrum of form T10 of Valbenazine tosylate
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Figure 25: A solid state >*C-NMR spectrum of from T12 of Valbenazine tosylate

10

8

[

4

2

f, Py
” ¢ Y
Mt bt e

I I T I !
150 100 50 [(ppPmM]

Figure 25A C-SS-NMR of Form T12 (0-200ppm)

/

A \‘ N /
et o ant’

0

10

I
AR

. o W, J'l )
b b St A A ™ R

I I I I '
180 150 140 120 (ppm]

10

A f WY Vi
Moo MY |

Pt |8 / Y, \_/""'“f”lv R
T PR L bspheli=? ot Wl et g,

80 &0 40 20 [ppm]

Figure 25C BC-SS-NMR of Form T12 (0-100ppm)



WO 2018/067945 PCT/US2017/055561

26/27

Figure 26: An FT-IR spectrum of form T12 of Valbenazine tosylate
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Figure 27: X-ray powder diffractogram (XRPD) of form I of (+)-Tetrabenazine-(-)-DPTTA salt
((3R,11bR)-3-isobutyl-9,10-dimethoxy-2-0x0-1,2,3.4,5,6,7.11b-octahydropyrido[2,1-
alisoquinolin-5-ium (2S,35)-3-carboxy-2,3-bis((4-methylbenzoyl)oxy)propanoate)
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