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SOLUBLE PHARMACEUTICAL COMPOSITIONS COMPRISING SALTS OF
DISUBSTITUTED 1, 2, 4-TRIAZINE COMPOUND

[0001] This application claims priority of U.S. Provisional Patent Application No. 63/223,711,

filed July 20, 2021, the entire contents of which are hereby incorporated herein by reference.

[0002] Throughout this application, various publications are referenced, including referenced
in parenthesis. The disclosures of all publications mentioned in this application in their
entireties are hereby incorporated by reference into this application in order to provide
additional description of the art to which this invention pertains and of the features in the art

which can be employed with this invention.

FIELD OF THE INVENTION

[0003] The present invention is directed to, inter alia, pharmaceutical compositions and

processes for producing such pharmaceutical compositions.

BACKGROUND OF THE INVENTION

[0004] US Patent No. 10,029,993 and US Patent No. 10,329,263, the disclosures of which are
incorporated by reference herein in their entirety, describe CYP11B2 beta hydroxylase
inhibitors. To facilitate administration of such inhibitors to human subjects, formulations with

good oral absorption characteristics are needed.

SUMMARY OF THE INVENTION
[0005] Provided herein are pharmaceutical compositions comprising a salt of a compound
having the formula:
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3-[4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethyl]|piperazin-1-y1]-5-(p-tolyl)-1,2,4-triazine

and one or more excipients, wherein the pharmaceutical composition avoids inducing

disproportionation of the salt of the compound.
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[0006] Provided herein are pharmaceutical compositions comprising a salt of a compound

having the formula:

N
X
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QU Y

3-[4-[[trans-4- (acetoammo)cyclohexyl]carbamoylmethyl]plperazm- -yl1]-5-(p-tolyl)-1,2 4-triazine

and one or more excipients, wherein the pharmaceutical composition has a dissolution profile
such that more than 70% of the compound is dissolved in 15 minutes in an in vitro dissolution
test of the pharmaceutical composition using USP Apparatus 2 Paddle Method at 50 rpm in a

dissolution medium of water at 37° C.

[0007] These and other embodiments and aspects of the disclosure are provided in detail

herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1. Powder x-ray diffraction peaks detected from MLS-101 after 3 days of

storage with a metal salt (croscarmellose Na) (storage conditions: 60°C/75% RH).
[0009] Figure 2: Dissolution Test of API (left) and X-Ray Diffraction of API (right).

[0010] Figure 3: Results of a dissolution test of the 10% API capsules under various

conditions.

[0011] Figure 4: Results of a dissolution test of tablet formulations after storage at 25°C in

closed, 40°C/75% RH in open and closed containers.

[0012] Figure S: XRPD diffractograms of final blend and uncoated tablet for DC lot 1.
[0013] Figure 6: XRPD diffractograms of final blend and uncoated tablet for DC lot 4.
[0014] Figure 7: XRPD diffractograms of final blend and uncoated tablet for DC lot 5.

[0015] Figure 8: XRPD diffractograms of at various steps of HSWG manufacturing process
for lot 6.

[0016] Figure 9: XRPD diffractograms of lot 11 final blend, uncoated tablet, and film coated
tablet.

[0017] Figure 10: XRPD diffractograms of lot 13 final blend, uncoated tablet, and film coated
tablet.

[0018] Figure 11: XRPD diffractograms of lot 15 final blend, uncoated tablet, and film coated
tablet.

[0019] Figure 12: XRPD diffractograms of lot 17 final blend, uncoated tablet (Trials #1 & #2),
and film coated tablet (Trials #2).

[0020] Figure 13: XRPD diffractograms of lot 18 final blend, uncoated tablet (Trials #1/#2 &
#3), and film coated tablet (Trials #2).

[0021] Figure 14: Summary of analytical data for prototype formulations.

[0022] Figure 15: Dissolution profile of 12.5 mg, 25 mg, and 100 mg tablet prototypes in 0.1
HCIL.

[0023] Figure 16: Summary of analytical data for prototype formulations.

[0024] Figure 17: Dissolution profile of 12.5 mg tablet prototypes in water.
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[0025] Figure 18: Dissolution profile of 12.5 mg tablet prototypes in 0.1N HCI.
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DETAILED DESCRIPTION OF THE INVENTION
Pharmaceutical Compositions

[0026] Provided herein are pharmaceutical compositions comprising a salt of a compound

by
QU Y

3-[4-[[trans-4- (acetoammo)cyclohexyl]carbamoylmethyl]plperazm 1-y1]-5-(p-tolyl)-1,2 4-triazine

having the formula:

>

and one or more excipients, wherein the pharmaceutical composition avoids inducing

disproportionation of the salt of the compound.

[0027] Also provided herein are pharmaceutical compositions comprising a salt of a compound

having the formula:

N
X
Z

A
QU Y

3-[4-[[trans-4- (acetoammo)cyclohexyl]carbamoylmethyl]plperazm 1-y1]-5-(p-tolyl)-1,2,4-triazine

and one or more excipients, wherein the pharmaceutical composition has a dissolution profile
such that more than 70%, more than 75%, more than 80%, or more than 85% of the compound
is dissolved in 15 minutes in an in vitro dissolution test of the pharmaceutical composition
using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution medium of water at 37° C.
In embodiment, the pharmaceutical composition has a dissolution profile such that more than
70% more than 75%, more than 80%, more than 85%, more than 90%, or more than 95% of

the compound is dissolved in 30 minutes in an in vitro dissolution test of the pharmaceutical
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composition using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution medium of water
at 37° C.
[0028] In embodiments, the salt is an anion salt. In embodiments, the salt is a halogen anion

salt. In embodiments, the salt is an HBr salt. In embodiments, the salt is a salt other than an

HBr salt. In embodiments, the salt is a halogen anion salt other than an HBr salt.

[0029] In embodiments, the pharmaceutical composition does not comprise any of
croscarmellose sodium, and magnesium stearate. In embodiments, the pharmaceutical
composition does not comprise any of dicalcium phosphate, croscarmellose sodium, and
magnesium stearate. In embodiments, the pharmaceutical composition does not comprise any
of dicalcium phosphate, croscarmellose sodium, magnesium stearate, carmellose calcium,
sodium stearyl fumarate, calcium stearate, and anhydrous dibasic calcium phosphate. In
embodiments, the pharmaceutical composition does not comprise a magnesium salt or a sodium
salt. In embodiments, the pharmaceutical composition does not comprise a calcium salt, a
magnesium or a sodium salt. In embodiments, the pharmaceutical composition does not
comprise magnesium or sodium. In embodiments, the pharmaceutical composition does not
comprise calcium, magnesium or sodium. In embodiments, the pharmaceutical composition

does not comprise a metal salt.

[0030] In embodiments where the salt is an HBr salt, the pharmaceutical composition does not
comprise any of croscarmellose sodium, and magnesium stearate. In embodiments where the
salt is an HBr salt, the pharmaceutical composition does not comprise any of dicalcium
phosphate, croscarmellose sodium, and magnesium stearate. In embodiments where the salt is
an HBr salt, the pharmaceutical composition does not comprise any of dicalcium phosphate,
croscarmellose sodium, magnesium stearate, carmellose calcium, sodium stearyl fumarate,
calcium stearate, and anhydrous dibasic calcium phosphate. In embodiments where the salt is
an HBr salt, the pharmaceutical composition does not comprise a magnesium salt or a sodium
salt. In embodiments where the salt is an HBr salt, the pharmaceutical composition does not
comprise a calcium salt, a magnesium or a sodium salt. In embodiments where the salt is an
HBr salt, the pharmaceutical composition does not comprise magnesium or sodium. In
embodiments where the salt is an HBr salt, the pharmaceutical composition does not comprise
calcium, magnesium or sodium. In embodiments where the salt is an HBr salt, the

pharmaceutical composition does not comprise a metal salt.



WO 2023/002407 PCT/1B2022/056709

[0031] In an embodiment where the salt is a salt other than an HBr salt, the pharmaceutical
composition may comprise a metal salt, may comprise calcium, magnesium or sodium, may
comprise a calcium salt, a magnesium salt or a sodium salt, and may comprise dicalcium
phosphate, croscarmellose sodium, and magnesium stearate, carmellose calcium, sodium
stearyl fumarate, calcium stearate, and anhydrous dibasic calcium phosphate. In an alternative
embodiment where the salt is other than an HBr salt, the pharmaceutical composition does not
comprise any of dicalcium phosphate, croscarmellose sodium, and magnesium stearate,
carmellose calcium, sodium stearyl fumarate, calcium stearate, and anhydrous dibasic calcium
phosphate, does not comprise a calcium salt, a magnesium salt or a sodium salt, does not

comprise calcium, magnesium or sodium, or does not comprise a metal salt.

[0032] In embodiments, the salt of the compound is in solid form. In embodiments, the salt of
the compound is in crystalline form. In embodiments the salt of the compound is in amorphous
form. In embodiments the pharmaceutical composition comprises a mixture of the salt of the

compound in crystalline and amorphous forms.

[0033] In embodiments, the pharmaceutical composition comprises one or more
pharmaceutically acceptable excipients selected from the group consisting of microcrystalline
cellulose, lactose, mannitol, polyvinylpyrrolidone, colloidal silicone dioxide, pregelatinized

starch, low-substituted hydroxypropyl cellulose, talc, glyceryl dibehenate, and stearic acid.

[0034] In embodiments, the pharmaceutical composition comprises microcrystalline cellulose

102, mannitol 400DC, pregelatinized starch, and glyceryl dibehenate

[0035] In embodiments the composition comprises from about 0.5 milligrams to about 500
milligrams of the compound. In embodiments, the pharmaceutical composition comprises from
about 5 milligrams to about 150 milligrams of the compound. In embodiments to composition
comprises about 12.5 milligrams to about 100 milligrams of the compound. In embodiments
the pharmaceutical composition comprises 12.5 milligrams, about 25 milligrams, about 50

milligrams, or about 100 milligrams of the compound.

[0036] In embodiments, the pharmaceutical composition comprises:
a) about 30 wt% to about 60 wt% of lactose, mannitol, or a combination thereof’,
b) about 25 wt% to about 50 wt% of microcrystalline cellulose;
c) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or

a combination thereof; and
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d) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

[0037] In embodiments of the pharmaceutical composition, the compound is more soluble in
water than the same compound in an equivalent pharmaceutical composition comprising a
calcium salt, a sodium salt or magnesium salt. In embodiments of the pharmaceutical
composition, the compound is more soluble in water than the same compound in an equivalent

pharmaceutical composition comprising a sodium salt or magnesium salt.

In embodiments of the pharmaceutical composition, the pharmaceutical composition has a
dissolution profile such that more than 70%, more than 75%, more than 80%, or more than
70% of the compound is dissolved in 15 minutes in an in vitro dissolution test of the
pharmaceutical composition using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution
medium of water at 37° C. In embodiment, the pharmaceutical composition has a dissolution
profile such that more than 70% more than 75%, more than 80%, more than 85%, more than
90%, or more than 95% of the compound is dissolved in 30 minutes in an in vitro dissolution
test of the pharmaceutical composition using USP Apparatus 2 Paddle Method at 50 rpm in a

dissolution medium of water at 37° C.

[0038] In embodiments, the pharmaceutical composition avoids disproportionation in excess
of 1% of the salt:
a) when stored at 25 °C +/- 2°C and 60% relative humidity (RH) +/- 5% RH for 6
or 12 months;
b) when stored at 30 °C +/- 2°C and 65% RH +/- 5% RH for 6 or 12 months;
c) when stored at 30 °C +/- 2°C and 75% RH +/- 5% RH for 6 or 12 months; and/or
d) when stored at 40 °C +/- 2°C and 75% RH +/- 5% RH for 6 months.

[0039] In embodiments, the pharmaceutical composition avoids disproportionation in excess
of 5% of the salt:
a) when stored at 25 °C +/- 2°C and 60% relative humidity (RH) +/- 5% RH for 6
or 12 months;
b) when stored at 30 °C +/- 2°C and 65% RH +/- 5% RH for 6 or 12 months;
c) when stored at 30 °C +/- 2°C and 75% RH +/- 5% RH for 6 or 12 months; and/or
d) when stored at 40 °C +/- 2°C and 75% RH +/- 5% RH for 6 months.

[0040] In embodiments, the pharmaceutical composition avoids disproportionation in excess

of 10% of the salt:
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a) when stored at 25 °C +/- 2°C and 60% relative humidity (RH) +/- 5% RH for 6
or 12 months;

b) when stored at 30 °C +/- 2°C and 65% RH +/- 5% RH for 6 or 12 months;

c) when stored at 30 °C +/- 2°C and 75% RH +/- 5% RH for 6 or 12 months; and/or

d) when stored at 40 °C +/- 2°C and 75% RH +/- 5% RH for 6 months.

[0041] In embodiments, the aforementioned storage conditions are in a closed container. In

embodiments, the aforementioned storage conditions are in an open container.

[0042] In embodiments, after storage under any of the aforementioned conditions, the
pharmaceutical composition has a dissolution profile such that more than 70%, more than 75%,
more than 80%, or more than 85% of the compound is dissolved in 15 minutes in an in vitro
dissolution test of the pharmaceutical composition using USP Apparatus 2 Paddle Method at
50 rpm in a dissolution medium of water at 37° C. In embodiment, after storage under any of
the aforementioned conditions, the pharmaceutical composition has a dissolution profile such
that more than 70% more than 75%, more than 80%, more than 85%, more than 90%, or more
than 95% of the compound is dissolved in 30 minutes in an in vitro dissolution test of the
pharmaceutical composition using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution

medium of water at 37° C.

[0043] In embodiments, the pharmaceutical composition comprises from about 5 milligrams
to about 20 milligrams of the compound, preferably from about 10 milligrams to about 15
milligrams of the compound, or more preferably about 12.5 milligrams of the compound. In
embodiments, the pharmaceutical composition comprises:

a) about 1 wt% to about 8 wt% of the compound;

b) about 50 wt% to about 60 wt% of lactose, mannitol, or a combination thereof’,

c) about 25 wt% to about 40 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or

a combination thereof; and
e) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

[0044] In embodiments, the pharmaceutical composition comprises from about 15 milligrams
to about 35 milligrams of the compound, preferably from about 20 milligrams to about 30
milligrams of the compound, or more preferably about 25 milligrams of the compound. In

embodiments, the pharmaceutical composition comprises:
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a) about 5 wt% to about 15 wt% of the compound,

b) about 30 wt% to about 50 wt% of mannitol,

c) about 30 wt% to about 50 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of pregelatinized starch; and

e) about 1 wt% to about 5 wt% of glyceryl dibehenate, colloidal silicone dioxide,

or a combination thereof.

[0045] In embodiments, the pharmaceutical composition comprises from about 80 milligrams
to about 120 grams of the compound, preferably from about 95 milligrams to about 105
milligrams of the compound, or more preferably about 100 milligrams of the compound. In
embodiments, the pharmaceutical composition comprises:

a) about 30 wt% to about 40 wt% of the compound;

b) about 20 wt% to about 30 wt% of mannitol,

c) about 20 wt% to about 40 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of pregelatinized starch;

e) about 1 wt% to about 5 wt% of glyceryl dibehenate, colloidal silicone dioxide,

or a combination thereof.

[0046] In embodiments of any of the above pharmaceutical compositions, the pharmaceutical
composition comprises between 3 wt% and 8 wt% of stearic acid, preferably about 5 wt%

stearic acid.
Tablets

[0047] In embodiments, the pharmaceutical composition is a tablet. In embodiments, the tablet
comprises a coating. In embodiments, the coating comprises hydroxypropylmethyl cellulose,

polyvinyl alcohol, or a combination thereof.
Processes for producing the pharmaceutical compositions

[0048] Provided herein is a process for making a pharmaceutical composition comprising a

salt of a compound having the formula:

10
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3-[4-[[trans-4- (acetoannno)cyclohexyl]carbamoylmethyl]plperazm 1-y1]-5-(p-tolyl)-1,2 4-triazine

and one or more excipients, wherein the pharmaceutical composition avoids inducing
disproportionation of the salt of the compound and/or the pharmaceutical composition has a
dissolution profile such that more than 70%, more than 75%, more than 80%, or more than
85% of the compound is dissolved in 15 minutes in an in vitro dissolution test of the
pharmaceutical composition using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution
medium of water at 37°C, comprising:

a) obtaining a salt of a compound having the formula:

L
QU Y

3-]4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethy l]plperazm 1-y1]-5-(p-tolyl)-1,2 4-triazine

b) mixing the salt with one or more excipients to thereby produce the

pharmaceutical composition.

[0049] In an embodiment, the pharmaceutical composition has a dissolution profile such that
more than 70%, more than 75%, more than 80%, or more than 85% of the compound is
dissolved in 30 minutes in an in vitro dissolution test of the pharmaceutical composition using

USP Apparatus 2 Paddle Method at 50 rpm in a dissolution medium of water at 37°C.

[0050] In an embodiment, the salt is an anion salt. In an embodiment, the salt is a halogen

anion salt. In an embodiment, the salt is an HBr salt.

[0051] In embodiments of the above process, step b) comprises:
1) blending the salt with one or more excipients; and
ii) roller compaction of the product of step i); and

iii) milling the product of step ii).

11
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[0052] In embodiments, one or more excipients of step i) comprises stearic acid, more
preferably about 5 wt% stearic acid. In embodiments, step b) further comprises a step of
blending the product of step iii) with one or more additional excipients, preferably wherein the

one or more additional excipients comprise stearic acid.

[0053] In an embodiment, the process further comprises tableting the pharmaceutical
composition to produce tablet cores. In an embodiment, the process further comprises film-

coating the tablet cores.

[0054] In an embodiment of the process, the one or more excipients do not comprise any of
croscarmellose sodium, and magnesium stearate. In an embodiment of the process, the one or
more excipients do not comprise any of dicalcium phosphate, croscarmellose sodium, and
magnesium stearate. In an embodiment of the process, the one or more excipients do not
comprise any of dicalcium phosphate, croscarmellose sodium, magnesium stearate, carmellose
calcium, sodium stearyl fumarate, calcium stearate, and anhydrous dibasic calcium phosphate.
In an embodiment of the process, the one or more excipients do not comprise a magnesium salt
or a sodium salt. In an embodiment of the process, the one or more excipients do not comprise
a calcium salt, a magnesium salt or a sodium salt. In an embodiment of the process, the one or
more excipients do not comprise magnesium or sodium. In an embodiment of the process, the
one or more excipients do not comprise calcium, magnesium or sodium. In an embodiment of

the process, the one or more excipients do not comprise a metal salt.

[0055] In an embodiment of the process, the salt of the compound is in solid form. In
embodiments, the salt of the compound is in crystalline form. In embodiments, the salt of the
compound is in amorphous form. In embodiments of the process, the pharmaceutical
composition comprises a mixture of the salt of the compound in crystalline and amorphous

forms.

[0056] In an embodiment of the process, the one or more excipients are selected from the group
consisting of microcrystalline cellulose, lactose, mannitol, polyvinylpyrrolidone, colloidal
silicone dioxide, pregelatinized starch, low-substituted hydroxypropyl cellulose, talc, glyceryl

dibehenate, and stearic acid.

[0057] In an embodiment of the process, the one or more excipients comprise microcrystalline

cellulose 102, mannitol 400DC, pregelatinized starch, and glyceryl dibehenate.

[0058] In an embodiment of the process, the pharmaceutical composition comprises:

a) about 30 wt% to about 60 wt% of lactose, mannitol, or a combination thereof;

12
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b) about 25 wt% to about 50 wt% of microcrystalline cellulose;

c) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or
a combination thereof;,

d) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

[0059] In embodiments of the process, the pharmaceutical composition comprises one or more
or all of the following features:

a) between 20 wt% and 30 wt% of microcrystalline cellulose;

b) between 20 wt% and 30 wt% of D-Mannitol; and

c) between 3 wt% and 8 wt% of stearic acid.

Methods and compositions for use

[0060] Also provided herein is a method of treating hypertension and/or reducing blood
pressure in a hypertensive subject, the method comprising administering to the hypertensive

subject any of the compositions described herein.

[0061] Also provided herein is a method of inhibiting CYP112 beta hydroxylase in a subject,
the method comprising administering to the subject the composition of any of the compositions

described herein.

[0062] Also provided herein are any of the compositions described herein for use in treating

hypertension and/or reducing blood pressure in a hypertensive subject.

[0063] Also provided herein are any of the compositions described herein for use in inhibiting

CYP11P2 beta hydroxylase in a subject.
Definitions

[0064] Unless otherwise defined, all technical and/or scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of embodiments of the invention, exemplary
methods and/or materials are described below. In case of conflict, the patent specification,
including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and are not intended to be necessarily limiting.

[0065] In the discussion unless otherwise stated, adjectives such as “substantially” and “about”

modifying a condition or relationship characteristic of a feature or features of an embodiment

13
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of the invention, are understood to mean that the condition or characteristic is defined to within
tolerances that are acceptable for operation of the embodiment for an application for which it
is intended. Unless otherwise indicated, the word “or” in the specification and claims is
considered to be the inclusive “or” rather than the exclusive or, and indicates at least one of

and any combination of items it conjoins.

[0066] It should be understood that the terms “a” and “an” as used above and elsewhere herein
refer to “one or more” of the enumerated components. It will be clear to one of ordinary skill
in the art that the use of the singular includes the plural unless specifically stated otherwise.

[3P T3

Therefore, the terms “a,” “an” and “at least one” are used interchangeably in this application.

[0067] For purposes of better understanding the present teachings and in no way limiting the
scope of the teachings, unless otherwise indicated, all numbers expressing quantities,
percentages or proportions, and other numerical values used in the specification and claims,
are to be understood as being modified in all instances by the term “about.” Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the desired properties sought
to be obtained. At the very least, each numerical parameter should at least be construed in light

of the number of reported significant digits and by applying ordinary rounding techniques.

[0068] In the description and claims of the present application, each of the verbs, “comprise,”
“include” and “have” and conjugates thereof, are used to indicate that the object or objects of
the verb are not necessarily a complete listing of components, elements or parts of the subject
or subjects of the verb. Other terms as used herein are meant to be defined by their well-known

meanings in the art.

[0069] As used herein “ALDSI” and “MLS-101" refers to the hydrobromide (HBr) salt of the

disubstituted 1, 2, 4-Triazine compound which is represented by Formula (A):
k/ \)k \\\\\ : :
3-[4-[[trans-4- (acetoammo)cyclohexyl]carbamoylmethyl]plperazm 1-y1]-5-(p-tolyl)-1,2,4-triazine (A).

14
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[0070] Weights and/or strengths of “ALDSI”, “MLS-101,” and “the compound” of the
invention refer to the weight of the free base in the HBr salt and not the weight of the HBr salt.

[0071] The compound of Formula (A) and pharmaceutically acceptable salts thereof can be
made by processes described, for example, in US Patent No. 10,029,993 and European
Publication No. 3549935, the disclosures of which are incorporated by reference herein in their

entirety.

[0072] This invention relates to the surprising discovery that MLS-101 undergoes
disproportionation when combined with pharmaceutical excipients containing metal salts, in
particular calcium salts, magnesium salts and sodium salts. Accordingly, each pharmaceutical
composition of the invention “does not comprise” excipients containing metal salts (and in
particular “does not comprise” calcium salts, magnesium salts or sodium salts) in order to avoid
disproportionation of MLS-101 and preserve its aqueous solubility. A person skilled in the art
will appreciate that a pharmaceutical composition would be within the scope of the invention
when it contains trace amounts of such metal salts if such trace amounts do not cause
disproportionation above an acceptable threshold limit. Accordingly, the use of the term “does
not comprise” encompasses amounts of metal salts that are low enough so as to not cause
disproportionation above an acceptable threshold limit. As used herein, 10% disproportionation
is the acceptable threshold limit for disproportionation. In some embodiments a lower threshold
limit of disproportionation may be preferred. For example, in embodiments of the invention,
the composition avoids disproportionation in excess of 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or

1%.

[0073] The pharmaceutical compositions of the invention may include a “therapeutically
effective amount” or a “prophylactically effective amount” of a compound of the invention. A
“therapeutically effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic result. A therapeutically effective amount of
the compound may vary according to factors such as the disease state, age, sex, and weight of
the individual. A therapeutically effective amount is also one in which any toxic or detrimental
effects of the compound are outweighed by the therapeutically beneficial effects. A
“prophylactically effective amount” refers to an amount effective, at dosages and for periods
of time necessary, to achieve the desired prophylactic result. Typically, since a prophylactic
dose is used in subjects prior to or at an earlier stage of disease, the prophylactically effective

amount will be less than the therapeutically effective amount.

15
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General

[0074] For the foregoing embodiments, each embodiment disclosed herein is contemplated as

being applicable to each of the other disclosed embodiment.

[0075] As used herein, all headings are simply for organization and are not intended to limit
the disclosure in any manner. The content of any individual section may be equally applicable
to all sections. All combinations of the various elements disclosed herein are within the scope

of the invention.

[0076] Additional objects, advantages, and novel features of the present invention will become
apparent to one ordinarily skilled in the art upon examination of the following examples, which
are not intended to be limiting. Additionally, each of the various embodiments and aspects of
the present invention as delineated hereinabove and as claimed in the claims section below

finds experimental support in the following examples.

[0077] It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described
in the context of a single embodiment, may also be provided separately or in any suitable sub-
combination or as suitable in any other described embodiment of the invention. Certain features
described in the context of various embodiments are not to be considered essential features of

those embodiments, unless the embodiment is inoperative without those elements.

[0078] Examples are provided below to facilitate a more complete understanding of the
invention. The following examples illustrate the exemplary modes of making and practicing
the invention. However, the scope of the invention is not limited to specific embodiments
disclosed in these Examples, which are for purposes of illustration only.

EXAMPLES

Example 1

Risk Assessment of Salt Disproportionation

[0079] ALDSI-derived peaks were detected after 3 days of storage of ALDSI with a metal salt
(croscarmellose Na). (storage conditions: 60°C/75% RH)

[0080] As shown in Figure 1, ALDSI has a high propensity toward disproportionation in the

presence of a metal salt.

16
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Study of Salt Disproportionation and Strategy to Reduce the Disproportionation Risk

[0081] After the discovery of the salt disproportionation of ALDSI in the presence of a metal

salt, a strategy to reduce the disproportionation risk was sought.
Summary of results:

[0082] The risk of salt disproportionation may be reduced by the appropriate selection of

excipients.
Testing the effects of possible factors on salt disproportionation

Temperature and humidity

[0083] Sample: API (ALDSI)

[0084] Storage conditions: 25°C/60% RH, 40°C/75% RH, and 60°C/75% RH (relative

humidity) in an open container
[0085] Sampling time points: 3 days and 1 week

Dissolution Test of ALDSI

[0086] Test method: JP Apparatus for Paddle Method (Apparatus 2)
[0087] Revolutions: 50 rpm for 0-30 min, and 250 rpm for 30 min.

[0088] Dissolution medium: JP Second Fluid for dissolution test (A mixture of phosphate

buffer solution (pH 6.8) and water (1:1), as described in the Japanese Pharmacopoeia.)
Results

[0089] ALDSI showed no delay of dissolution or appearance of new peaks on XRPD (see
Figure 2).

Conclusion

[0090] There is a minimal risk of salt disproportionation due to temperature and humidity in

the absence of excipients.

Pharmaceutical Process

Effect of compression

[0091] API alone was compressed at 300, 600, and 900 kilograms of force (i.e. about 2942,
5884, and 8826 Newtons, respectively) to evaluate dissolution.

a) There were no differences in dissolution among samples.
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b) There were no changes in dissolution over time when samples were stored at
60°C/75% RH (for 3 days or 1 week).
[0092] Conclusion: Compression has minimal effect on the risk of salt disproportionation.

Effect of wet granulation

[0093] API alone was kneaded with large, middle, and small amounts of water to evaluate
dissolution.

a) There were no differences in dissolution among samples.

[0094] Conclusion: Wet granulation conditions have minimal effect on the risk of salt

disproportionation.

Effect of grinding conditions

[0095] API alone was ground for 1, 3, 20, and 30 min to evaluate dissolution.
a) There were no differences in dissolution among samples.
b) There were no changes in dissolution over time when samples were stored at

60°C/75% RH (for 3 days or 1 week).
[0096] Conclusion: Grinding may have minimal effect on the risk of salt disproportionation.

Disproportionation due to commonly used excipients

Formulation conditions

[0097] API and excipient at a ratio of 1:1 (w/w)
[0098] Mixed in a mortar (for about 10 min without applying force)

Storage conditions

[0099] 60°C/75% RH in open container for 1 week
Tests
[0100] X-ray diffraction (XRD)
[0101] Residues after dissolution test:
a) Samples without residues were considered not to undergo disproportionation as
the water solubility markedly decreases after salt disproportionation. Yellow
residues were considered to represent salt disproportionation as ALDSI free

base is yellow in color. White residues were considered an insoluble excipients

and no salt disproportionation as ALDSI free base.
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[0102] Potential risk of salt disproportionation due to interaction with metal salts was shown.

Table 1: Excipients and their effect on salt disproportionation

Residues after
Excipients XRD dissolution
12 Croscarmellose Na (Ac- Metal salt Salt Yellow residue
go Di-Sol) disproportionation
£ Carmellose Ca (ECG505) Metal salt No changes Yellow residue
:‘QZ’ Carmellose (NS-300) — No changes White residue
L-HPC — No changes No residues
Mg Stearate Metal salt Salt Yellow residue
disproportionation
Sodium stearyl fumarate Metal salt Salt Yellow residue
@ disproportionation
g Talc — No changes White residue
é Ca stearate Metal salt No changes Yellow residue
= Stearic acid — No changes No residues
Hydrogenated oil — No changes No residues
Sucrose stearate — No changes No residues
Microcrystalline cellulose — No changes White residue
g
EE Anhydrous Dibasic Calcium Metal salt No changes Yellow residue
Phosphate

Stability Test I of 10% API capsules

Formulation of 10% API capsules

[0103] Metal salt-free excipients were selected.

Formulation method

[0104] D-Mannitol and talc were mixed and sieved. The API was added to the sieved mixture,

blended, sieved, and filled in HPMC capsules.

Table 2: Ingredients in 10% API capsule

Ingredients Content (mg)
ALDSI 11.8 (salt)
D-Mannitol 85.2

(Pearitol 100SD)

Talc 3

Subtotal 100
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Stability Test IT of 10% API capsules

[0105] Figure 3 shows the results of a dissolution test of the 10% API capsules under various

conditions.

[0106] Table 3: Purity Test Results

- St Individual related substances (%) Total
Lot No. cc?ngigt?ons Storage 2;?5; RRT (%) related
container P 0.91] 0.95] 0.96] 098] 1.06] L18| 1.19] 1.34] 1.72] 1.92 |substances
ALDSI -
one Initial B - 0.10| 0.04] 0.11 0.47| 0.03 0.75
Initial _ - 0.11] 0.04] 0.11 0.44 0.70
Glassbottle
60°C Gamber) M 0.09| 0.04] 0.11 0.44 0.68
IM 0.11] 0.04] 0.11 0.44 0.70
ALD1001 Glassbottle
(amben) Tightly| 3M 0.10| 0.04] 0.12 0.44 0.70
el closed 0.05] 0.12] 0.03| 048] 0.02] 0.03| 0.03| 0.02| 089
75% RH 6M 0.11] o. : : . 02| o. 03] o. .
M 0.11] 0.04] 0.12 045 0.72
Glassbottle 3M 0.10] 0.04] 0.11 045 0.70
(amber) Open [N | 0.02] 0.11] 0.05] 0.12] 0.03] 048] 0.02] 0.03] 0.03] 0.02] 0091
Conclusions

[0107] There was no risk of delayed dissolution or increased related substances in three
formulations tested. 10% API capsules formulated with excipients considered not to cause
disproportionation may be a pharmaceutical formulation with a low risk of salt

disproportionation.

Study T of tablets (formulations)

Formulations

[0108] To design a formulation that can avoid the risk of salt disproportionation, low-
substituted hydroxypropyl cellulose (L-HPC) and 3 lubricants were selected, which were
considered not to have risk of salt disproportionation based on the results of the study presented

above (“Disproportionation due to commonly used excipients.”)
Formulation method

[0109] API granules, a disintegrant, and lubricants were mixed in a polyethylene bag. After
confirming pressure dependency, the mixture was subjected to sequential tableting (900

kilogram of force, i.e. about 8826 Newtons).
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Table 4: Formulations

PCT/1B2022/056709

Lot No. A7 A9 A10
Ingredients Grade Manufacturer | Content (mg) Content (mg) Content (mg)
Ground API (Free base 11.8 11.8 11.8
API equivalent) - MTPC (10.0) (10.0) (10.0)
80.2 80.2 80.2
Diluent D-Mannitol JP }SBCIi:eC;l(:::
Binder HPC HPC-SL Nippon Soda 3.0 3.0 3.0
Shin-Etsu
Disintegrant L-HPC LH-B1 Chemical 5.0 3.0 3.0
Stearic acid - Merck 3.0 - -
Mitsubishi-
. i - 3.0 -
Lubricants Sucrose stearate S-370FU Chemical
Foods
. Freund — — 30
Hydrogenated oil Lubriwax® 101 Corporation :
Total 103.0 103.0 103.0

Study IT of tablets (stability test results)

Dissolution Test Results

[0110] Dissolution after storage at 25°C in closed, 40°C/75% RH in open and closed containers

for 1 month: No changes from the initial value in any formulations.

[0111] Reason for reduced dissolution after storage at 60°C: the lubricants in the tablets were

melted as tablets were stored at a temperature near the melting points of the individual

lubricants.

[0112] Figure 4 shows the dissolution test results.

Purity test results

[0113] All formulations showed no change from initial value under all storage conditions

tested.
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Example 2
Introduction

[0114] This example documents the formulation development of 12.5, 25, and 100 mg

MLS-101 film coated tablet dosage form with immediate release characteristics.

[0115] The physicochemical properties of MLS-101 were previously evaluated and no major
issues were identified such that it was suggested that the compound could be formulated either

by direct compression or granulation (dry and wet) processes.

[0116] The information provided from the formulation development activities and laboratory
analyses of different formulations evaluated will determine the more promising approach

identifying a drug product whose manufacturing process could be developed.

Objectives

[0117] To develop an immediate release oral solid dosage (OSD) form of MLS-101 using the
following different approaches:

a) Direct Compression (DC),

b) Roller compaction (RC),

c) High Shear Wet Granulation (HSWG),

[0118] To evaluate stability of dosage form developed.
Materials

[0119] The materials listed in Table 6 were used for this study. All materials were stored at

room temperature (RT).

Table 6: Materials

Ingredient (Trade name) Supplier Function Lot No.

Mitsubishi
MLS-101 (NA) Tanabe Pharma API 001
Microcrystalline cellulose (MCC) type 102 Roguette

(Formerly 1396
(Tabulose 102)

Blanver)
Microcrystalline cellulose (MCC) type 101
(Tabulose 101) Blanver 1162
Lactose monohydrate 80 (Tabletose 80) Meggle Filler 1467
Lactose monohydrate 312 (FastFlo 312) Foremost 1331
Mannitol 100SD (Pearlitol 100SD) Roquette 1365
Mannitol 400DC (Pearlitol 400DC) Roquette 1171
Dicalcium phosphate anhydrous (DCP) TRS Pharma 1447
(Emcompress)
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Ingredient (Trade name) Supplier Function Lot No.
. Roquette

tCroes?f)rmellose sodium Type A (Solutab (Formerly 1366
yp Blanver)
Crospovidone XL (Polyplasdone XL) ISP (Ashland) | Disintegrant | 1531
Pregelatinized starch (Starch 1500) Colorcon 1601
Low substituted Hydroxypropyl cellulose .
(L-HPC, grade NBD-021) ShinEtsu 7128042
Colloidal silicone dioxide (Cab-O-Sil Cabot Glidant 1521
M5P)
Copovidone S-630 (Plasdone S-630) 1574
Povidone type K-29/32 (Plasdone K- ISP (Ashland) | Binder

1459
29/32)
Magnesium stearate (Ligamed MF-2-V) Peter Greven 1212

Imerys talc
Talc (Luzenac Pharma M) (formerly Rio Lubricant 1389
Tinto Minerals)

Glyceryl dibehenate (Compritol 888 ATO) | Gattefossé 175284
Stearic acid Type 50 (NA) Spectrum 1627
Opadry 85F18422 Colorcon Coating 1529

Methods
Crystal State Evaluation

[0120] X-Ray Powder Diffraction— USP <941>: The crystal state of the samples at different
manufacturing steps was studied by X-Ray Powder Diffraction (XRPD), where applicable,
using a Bruker X-ray diffractometer model D2 Phaser (Karlsruhe, Germany), with Cu Ko
radiation (\=1.54184 A) at an increment of 0.01° 20 with a 0.2 second step time (scan rate of
3° 26 / min) over a range of 3—-56° 26, a 0.6 mm divergence slit, 1.0 mm scattering plate, and
3.0 mm receiving window. Samples were analyzed using a low volume sample holder while

the samples were kept under a constant rotation of 15 rpm during analysis.
Formulation Development Approaches

[0121] Table 7 presents the composition of direct compression (DC) formulations lots 1, 2A,
2C, 3A-5; roller compaction (RC) lot 2B; and high shear wet granulation (HSWG) lot 6. Table
8 presents the Placebo blends lots 7-10 (corresponding to the active lots 1, 4-6). Table 8 also
contain the composition of ‘new’ (explanations below) DC formulations prototypes without
excipients containing metallic ions lots 11, 13, and 15 with their respective Placebo lots 12, 14,

and 16, respectively, and additional lots 17 to 19.

[0122] MLS-101 was discovered to be susceptible to salt disproportionation in the presence of

excipients containing metallic salts. Thus, additional ‘new’ DC lots 11, 13, 15, 17, 18, and 19
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(Table 8), without excipients such as dicalcium phosphate, croscarmellose sodium, and

magnesium stearate were proposed to reduce the salt disproportionation risk.

[0123] The 100 mg FB tablet lot 19 was prepared as per lot 18 with MCC replaced by SMCC

and with increased lubricant at 3%.

[0124] The blending of lots 1-5, 11, 13, 15, and 17-19 was performed using a GlobePharma
MaxiBlend 4 qt V-blender model MB-I.

[0125] The Placebos were processed using a Patterson-Kelly BlendMaster 0.5 L V-blender.
All placebo excipients (including Opadry) were de-lumped over a 600 um sieve and blended
for 3 min. The lubricant that was screened over the same sieve, added to the V-blender, and

mixed for an additional 2 min.

25



PCT/1B2022/056709

WO 2023/002407

sze| oor| ste| oor sTe 00L| Tre| oor| ooc| o00r| Tre| o00r| 00€| 00L| 00| 00L 00€ 001 w0
ST'e 1 ST'¢ 1 08¢ LT'T € 960 € 1| IS¢ EIT| ISE|l LTT| ISE| LTI € I AeIe)S Eﬁmoﬁmmz
€1 b €1 v €1 v | s8¢ 4l v| Tr| sse| a v| e v a | WOIPOS SO[[AULEISOI)
SL'6 ¢ T£/6T-3] duopiaod
sToTl Lg T1 ¢ deIpLyouous 0s0Joe
¥8'09| TL'8I 10T DO
71| s8¢ | s8¢ 0£9-S suopraodo)
SL'9TI 6¢ TIT | 8¢'¢E It LE snoxpAque DA
o¢l or 0TI | 9¥'8¢ 74| or| 0Cl or dsSoo0T1 [ouueN
VLI |¢ 08 BNHD%&OEOE 3501268
6079 | TL6L| TLSPL|  oLst| L09s| L6'LT| L09S| 6981| <er| ccev| ser|  sv| ser|  sv|  Lz9s| 607TE 701 DO
I6LIT | 8T9E | 16°LIT | 8T9¢ 86T LO6| €6/LIT| 08°LE|€6LIT 1€°6¢€ [ 6V'6T St6|6v6T| €86|6V6T| €86 eLvl 16v TOT-STN
jun| A/ jun| ay/m Jjun MM 0 jun | A/ jun| /M| un| s/ jun| A/ jun| aym Jjun M/
su| 9| Sw| o /swt /sw % | [dw Y% | Bu|  op| Bw| op| Bur| o /sw %
3 (09 971§ ydegq
asec o0 1y S 001 | 904y ray Bur s | PIEL 5 14V F 001 PIGEL S 1Y B0 ST | 530y Vs oy ——
9 S ¥ as Ve Y4 qz Ve I
OMSH oa o} oa
“ON 107

907 [ STOTIR[QEL 101-S TN JO SUOTE[NIIIO J JUSISJI(] JO UONTSOAWO,) 17 J[qeL,

26



PCT/1B2022/056709

WO 2023/002407

STE| O00L| STE| 00L| sTE[ 00L| STE|[ O0L| STE| O0L| STE| OOL| OOL| O0L| OOL| OOL| 00OL| OOL| 00I ®1o],
$9 z z Proe ouels
SL6 € $9 4 $9 | ¢9 z z QJRUAYAQIP [AIS0K[D
SL'6 £ € JleL
STo1 S S 3so[ny[ad [AdordAXOIpAH pPaymnsqns Mo
$61 9| <6l 9| <6l 9| <61 9 9 ore)s pazmnepgarg
€1 ¥ v TX duopraodsor)
STYT| 9r'L8| SLtL €| 08L| vT| sott 6¢| 81 9g 6 09 D00t [ouue
sTE 1| ste 1| ste I STE 1| ste 1 1 1 OPIXOIp SUODI[IS [EPIO[[0D)
1 1 LT'T 1 JJeIe3)S WINISAUS BN
£ TE/6T-H SUOpIAO]
t v v b WNIPOS 9SO[[OULIBISOL))
9 71 € S1eIpAYOUOW 950108
LS snoIpAque 4D
St dasool 10yuueN
781 9 09 09 08 2IBIPAOUOUI 9SOIJB
¥8'66 | TL0E 06 AH DDINS
¥8'66 | TL0E| TS6ET | €6Th| 66| 9v0E | SSOT | 9T 1€ ge| 9g| 8¢| €86h| st 701 DOIN
LT | ¥SH [T6°LIT | 8TOE [16°LIT | 8TOE | 8Y6T| LOG|9LHT| vS+[oLtT| S+ T0T-STIN
jun| A/ | Jun| A/ | Jun| /| jun | aym|un | ayac|jun | Ay
Bu | on| jSur| op| /S| of| /Sur| of | Bur| op| Bur| o
3 (09 971§ yajeq
wiqeL wiqeL LPAndadsax ‘g ‘ ‘
B Bt | P g gy sy | PR stner | RETERIO R orposs
IdV 3w S'ZT ) 1dV Sw &7 $101 10} 0qaIR|d )
ST 61 | 8T LT €1 | 1t ot +#1] <] or] 6] 8] L
RIqEL DA 0qa3e[d PIPUIIG A1q
‘ON 107

61 0T L STO'T P[AEL, T01-S TN JO SUOHE[NULIO ] JUSIJFI JO UOBISOAWO)) 8 8L,

27



WO 2023/002407 PCT/1B2022/056709

Analytical Testing

[0126] The quality attributes of the drug product were assessed by analytical testing including
appearance, content uniformity, assay, related substances, water content, and dissolution

profile.
Stability Program

[0127] The first R&D stability study was performed on 12.5 mg MLS-101 FCT lot 1, 25 mg
FCT Iot 4, and 100 mg FCT lots 5 and 6.

[0128] A second R&D stability study was performed on 12.5 mg MLS-101 FCT lots 11, 13,
and 15.

[0129] A third R&D stability study was performed on 25 mg and 100 mg MLS-101 FCT lots
17 and 18, respectively.

[0130] The tablets were packaged in Aclar® blister with 10 FCT per blister. The blister
material Pentapharm Aclar PA 160/02 (254/15, Clear, 160 mm width, Color #: 71/9400,
Klockner lot 0075966400) and the foil was a 25 um Aluminium lidding push through
(Constancia AL109CSM.

[0131] A small portion of the tablets were also packaged in 60 cc round white opaque high-
density polyethylene (HDPE) bottles (Drug Plastics & Glass Co.), without caps (so-called

‘open’) to induce worst-case stability conditions.

[0132] The Placebo blends were packaged in 60 cc round white opaque HDPE bottles (Drug
Plastics & Glass Co.) with induction sealed child resistant polypropylene caps (Berry).

[0133] The stability prototypes were incubated under ICH recommendation for intermediate
(30°C/65%RH), long-term (25°C/60%RH), and accelerated (40°C/75%RH) stability
conditions. Extra samples were incubated at 5°C for reference. The blisters and open bottles
were placed in 24/7 monitored chambers as per stability protocols presented in Table 9, Table

10, and Table 11.

28



PCT/1B2022/056709

WO 2023/002407

POz ATBUR puB IQUIBYD WOLJ POAOWAL 9q [[Im sojdwes i 7

"PozATeUR PUR IOQUIBYD UIOL PIAOWISL q [[IM sofdures : x

“A[UO 0=1, D) UOTN[OSSIP PUB JUJUO0D INeM ‘saoue)sqns pajerar ‘Aesse ‘oouereddde 10§ pazATeue 9q 01 sojdwes :x

:10J pazATeue 9q 0} opdures
VIN VIN 74 Z 74 Z v4 VIN VN sdeo (124 8w 001) 9
d (LD 8w 001) §
VIN VIN V/N VIN V/N VIN V/N VIN V/N | uedosmog (104 5w <7)
HAAH 209 | . y
VN VN VN V/N V/N VN V/N VN V/N Uo48wgzn 1
HYA
0, 0,
VN V/N | SH3aM p7 | SYoaM [T | SYdaM L | ow-g') www\ ..cwb &M\ m@o %S9
° ° 1Do0€ [3uidexpeg| (YSua.ng) # 107
Ayprump
(SPoM) syurodomny, dAneRY /dameRdwa],
(9101 10§
VIN VIN X X X X X VIN yN | S®ddd | Pudld 0qa%ld) 01
29D paLds (s 301
uononpuy |10y puarg 0qadeld) 6
X X X X A A VIN A | x| wN |Wmomed 301
HdQH 9909 |10J pudlg 0GIk[d) 8
ur pud[g 3 o (1301
VN VIN A A A A VIN VIN A 107 PTG 0GE%I) /.
VN VN X X X X X VN V/N Mhom wa oo_w 9
s13IsTIg (1048w oo ¢
X X X X A A V/N A | X | VN ®poY (104 Sw <)
VIN VN A X A X V/N VIN J (108w gD 1
HY
HY%SL | HI%09
o 6 ? ¢ ¢ ! 1000 | 10657 | 752 (wBuas)
° ° [200€ [Butsexeg) "L
Nprunyg N30T
(sypuowr) syurodaun J, b
: : dANERY /dame.Rdun],

"SpUS]q 0qad8[J SUTYOJet pUE

T STO[ B[qeT [01-S TN 10F [030103

HIIQBIS -6 SIqEL

29



PCT/1B2022/056709

WO 2023/002407

POz ATBUR puB IQQUIBYD WOLJ POAOWAI 9q [[1m sojdwes i 7

"PIZATEUR PUR JIOqUIBYD WIOL] PIAOWAI 9 [[IM so[duwies : x

“A[UO =1 1D TOnN[OSSIP PUE JUUO0D I ‘SIOUBISANS Pajefal ‘Absse ‘oouereadde 10] pazAJeue oq 03 sojdures X

:10J pazATeue 9q 0} opdures

V/IN V/IN Z Z Z Z 4 VIN V/IN sdes (IDASw ¢z ST
VIN V/N VN VN V/N VN VN VN VN wadp/omog (1048w ez €1
VN VIN VN VN VIN VN VN VN VN 4dH 209 UddBweTD 11
HI%SL | HI%09 i0 |
ow-g*
VN VIN € ¢ ! 0 1060F | /DoST | %S9 /D008
Suideydeg (W3uang) #3071
(sypuown) syurodauur, Aypruny AneRy / amerdwa],
sded (c1101
VN VN X X X X X VN VN dd QM) PAAS | 107 puslg 0gaded) 91
X X X X A A VN A | X VN Hononpul (et 10t
[ apog 10§ pus[g 0qa3e[d) +1
- HdaH 9209 (T1 101
VN VN A A A A VN VN A wpuoig s or | 10§ puo[g 0Gode[d) 71
V/IN VN X X X X X V/IN VIN (g 8w ¢z ST
X X X X A A V/N A X VIN SI9ISTIY B[Oy (LodSw gz €1
VN VN X X X X VN VN X (LA 8w ez 11
HI%SL | HI%09 I
4 6 9 € ¢ ! 1 Do0F 106ST | %89 /000€
SuiBeydeq (3uang) “oN 10T

(sypuown) syurodauury,

Ayprung 2ApeRYy / amerdud ],

SPUS[q 0qa0®[d SUTYOIeW PUE G €1 11 SI0] L0 5W S 2L T01-S 1A 107 [000701

TITIqeIS 0T S198L

30



PCT/1B2022/056709

WO 2023/002407

POz ATBUR pUB I2QUIBYD WOIJ POAOWL 9q [[Im sojdwes i 7

"PozATeUR PUR IOQUIBYD UIOL PIAOWSI 9q [[IM sofdures : x

“A[U0 O=1 (1D TOnN[OSSIP PUE JUUO0D IS ‘SIOUBISNS Pajeal ‘Absse “oouereadde 10] pazAJeue 9q 03 sojdues X

:10J pazATeue 9q 0} opdures
V/N V/N V4 Z 4 4 4 V/N V/N
sdea (L4 Sw oo1) 81
V/IN V/IN VIN VIN V/IN VIN V/IN VIN VIN wdopmod | T e
HddH 9209
VIN V/IN V/IN VIN VIN V/IN VIN VIN V/IN
VN | VN ¢ z Po| oms Tor | T | s deos
° ° i Summpeg | (pSuang) #3107
(sypuowr) syurodouur, Ayprung 2AneERy / amerdwa],
V/N VN X X X X X V/N VN
(LD S go1) 81
\ SIQ)ST] IB[D
X X X X X A VIN A X VIN 1S B[OV (104 5w sD) 11
V/N V/IN A A A A V/N V/IN A
HY%SL H4%09 HY
u 6 ? £ ¢ ! 1200F | 1D0ST | %S9 /D00€
Sudespeq (p3uag) #3071
(sypuowr) syurodouury, Aprung 2AneRy / amerdduwd],

81307 LDASW Q0T Pue LT 30 LDA W §T [01-STIN 10F [090301d AJITIqeIS T 9[qEL

31



WO 2023/002407 PCT/1B2022/056709

Formulation Development

Crystal State Evaluation Results

[0134] The DC lots 1, 4, and 5 (Figure S, Figure 6, Figure 7, respectively) as well as HSWG
lot 6 (Figure 8) (prepared with metal salts containing excipients) each showed a different XRP
diffractogram for the final blends (due to the different excipients used in each formulation) and
presented crystalline characteristic peaks as expected. The uncoated tablet XRPD showed less
intensity for all lots when compared to those from their respective final blend but without any
other noticeable change. For lot 6, samples from various manufacturing steps presented similar

XRPD pattern to that of the final blend.

[0135] For the new DC lots 11, 13, and 15 (Figure 9, Figure 10, and Figure 11, respectively)
prepared without metal salts containing excipients, the XRPD pattern were also different from
each other. Contrary to the previous lots, the uncoated tablets showed higher intensity
crystalline peaks than those of their respective final blend. There were no major changes
observed for the XRPD pattern for the film coated tablet when compared to that of its

corresponding uncoated tablet.

[0136] For the DC lots 17 and 18 (Figure 12 and Figure 13, respectively) prepared with same
excipients as per lot 13 but at ca. 9 and 36% drug load respectively, the XRPD patterns were
in general similar to those of lot 13 with regard to final blend up to uncoated tablet Trial #2
samples (medium or high compression force). However, the XRPD pattern for lot 18 (prepared
at high drug load) presented noticeable reduced intensity of crystalline peaks for tablet from
Trial #3 compressed at the maximum compression force. Again, there were no major changes
observed for the XRPD pattern for the film coated tablet when compared to that of its

corresponding uncoated tablet.
Analytical Testing

[0137] Initial analytical results for appearance, assay, degradation products, and dissolution of
FCT lots 1 and 4-6 can be found in Figure 14 and Figure 15. The drug products presented an
assay comprised between 97-100% and no impurities >0.05%. However, low dissolution in
water was noted with 55, 72, 73, and 86% released, respectively for lots 1, 4, 5, and 6 within
the first 30 minutes. In comparison, the dissolution profiles in 0.1N HCIl showed a release of

96, 94, 90, and 93% for the same lots respectively within the same 30 minutes.

[0138] Further investigations were then carried out using Swedish orange capsule size ‘0’ lots

1A (capsule filled with API only) and 1B (final uncompressed blend from lot 1). The results
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showed fast dissolution in water with 104% released for capsule lot 1A (with API only) within
15 minutes when compared again to low recovery ca. 33% for capsule lot 1B (final blend lot
1) within 30 minutes. It was hypothesized that the metallic ion containing excipients (i.e.,
dicalcium phosphate, croscarmellose sodium, and magnesium stearate) used in the prototypes
evaluated may have induced salt disproportionation thus producing the API free base that is
poorly soluble in water. This hypothesis was revealed as a potential risk which lead to the

second round of prototyping as explained previously.

[0139] The results for new formulation without metallic ion excipients for appearance, assay,
degradation products, dissolution, and content uniformity of FCT lots 11, 13, and 15 (all 12.5
mg MLS-101 free base) can be found in Figure 16, Figure 17, and Figure 18. All drug
products presented no impurities > 0.05%. Lots 11 and 13 presented similar assay results.
Faster dissolution with 98 and 96% released in water and in 0.1N HCI, respectively, within 15
minutes was noted for lot 13 while ca. 87% was released in both media for lot 11 within 15
minutes. Content uniformity results of 98 and 96% LC were obtained for lots 11 and 13,
respectively. On the other hand, Lot 15 prepared with Mannitol contains API in an amount of
88.5%, therefore, Lot 15 presented a low assay of 88.5%, lower dissolution profiles with 92
and 89% released in water and 0.1N HCI, respectively, within 15 minutes and, low content

uniformity of 89.6% LC.
Conclusion

[0140] The final lubricated blend of DC formulation lot 5 prepared at high drug load (36.28%)
with microcrystalline cellulose and dicalcium phosphate presented the lowest bulk density of
0.38 g/cm3 and showed ‘passable’ flow. The highest bulk density of 0.64 g/cm3 was obtained
for DC lot 15 prepared at low drug load (4.54%) with mannitol 400DC and showed ‘good’
flow. All other DC formulations (without regard to the drug load) lots 1, 4, 11, and 13 as well
as HSWG lot 6 presented a bulk density ranging from 0.41-0.58 g/cm3 and showed ‘fair’ flow.

[0141] Most formulations produced tablets that met target weight with an RSD <1.8% (except
lot 3A with RSD 3.7%), and friability <0.5%. In general, DC formulation tablets compressed
at high compression or intermediate force did not show capping, lamination, picking nor
sticking except lot 11 (prepared with talc and without colloidal silicon dioxide). Tablets
compressed at low compression force revealed that a thin film of powder adhered on punches

or even minor picking when chrome tipped punches were used.
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[0142] The disintegration time (DT) for DC formulations was less than 2 min while that of the
HSWG lot 6 was less than 7 minutes. The DT was well within the target <15 min that is

generally accepted for immediate release oral solid dosage forms.

[0143] The initial analytical results for lots 1, 4-6 revealed a potential issue with regards to salt
disproportionation. It was hypothesized that the metallic ion containing excipients (i.e.,
dicalcium phosphate, croscarmellose sodium, and magnesium stearate) used in the prototypes
evaluated may have induced salt disproportionation thus producing the API free base that is
poorly soluble in water. This hypothesis was confirmed as a potential risk which led to the

second round of prototyping.

[0144] Thus newer lots 11, 13, and 15 formulated with Microcrystalline cellulose and/or
Mannitol as fillers; with Crospovidone XL, Pregelatinized starch, and Low substituted
Hydroxypropyl cellulose as disintegrant; and with Talc, Glyceryl dibehenate, and Stearic acid
as lubricant, presented encouraging data for assay, degradation product, dissolution (in both
water and 0.1N HCL). Lots 11 and 13 also presented encouraging data for content uniformity.
Specifically, the formulations demonstrated <10% disproportionation as demonstrated by the

formulations’ dissolution profile and XRPD.

[0145] The results indicate that the DC formulation lot 13 appeared to be promising. Thus, a
25 mg and a 100 mg coated tablet are prepared with excipients comprising microcrystalline

cellulose 102, mannitol 400DC, pregelatinized starch, and glyceryl dibehenate.
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CLAIMS

What is claimed is:

1. A pharmaceutical composition comprising a salt of a compound having the formula:

N
A
P

AN |
(A LTT

3-[4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethyl]piperazin-1-yl]-5-(p-tolyl)-1,2 4-triazine

>
and one or more excipients, wherein the pharmaceutical composition avoids inducing

disproportionation of the salt of the compound.

2. A pharmaceutical composition comprising a salt of a compound having the formula:

N
Sy

PN
QY

3-[4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethyl|piperazin- l-yl] 5-(p-tolyl)-1,2, 4-triazine

b

and one or more excipients, wherein the pharmaceutical composition has a dissolution
profile such that more than 70% of the compound is dissolved in 15 minutes in an in
vitro dissolution test of the pharmaceutical composition using USP Apparatus 2 Paddle

Method at 50 rpm in a dissolution medium of water at 37° C.

3. The pharmaceutical composition of claims 1 or 2, wherein the salt is an anion salt, or

preferably a halogen anion salt, or more preferably an HBr salt.

2

4. The pharmaceutical composition of any one of claims 1 to 3, wherein the
pharmaceutical composition does not comprise any of dicalcium phosphate,
croscarmellose sodium, and magnesium stearate, carmellose calcium, sodium stearyl

fumarate, calcium stearate, and anhydrous dibasic calcium phosphate.
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The pharmaceutical composition of any one of claims 1 to 4, wherein the
pharmaceutical composition does not comprise a calcium salt, a magnesium salt or a

sodium salt.

The pharmaceutical composition of any one of claims 1 to 5, wherein the

pharmaceutical composition does not comprise calcium, magnesium or sodium.

The pharmaceutical composition of any one of claims 1 to 6, wherein the

pharmaceutical composition does not comprise a metal salt.

The pharmaceutical composition of any one of claims 1 to 7, wherein the salt of the

compound is in crystalline form.

The pharmaceutical composition of any one of claims 1 to 7, wherein the salt of the

compound is in amorphous form.

The pharmaceutical composition of any one of claims 1 to 9, wherein the
pharmaceutical composition comprises one or more pharmaceutically acceptable
excipients selected from the group consisting of microcrystalline cellulose, lactose,
mannitol, polyvinylpyrrolidone, colloidal silicone dioxide, pregelatinized starch, low-

substituted hydroxypropyl cellulose, talc, glyceryl dibehenate, and stearic acid.

The pharmaceutical composition of any one of claims 1 to 10, wherein the
pharmaceutical composition comprises microcrystalline cellulose 102, mannitol

400DC, pregelatinized starch, and glyceryl dibehenate.

The pharmaceutical composition of any one of claims 1 to 11, comprising from about
0.5 milligrams to about 500 milligrams of the compound, or preferably from about 5

milligrams to about 150 milligrams of the compound.

The pharmaceutical composition of any one of claims 1 to 11, wherein the

pharmaceutical composition comprises:

a) about 30 wt% to about 60 or 99 wt% of lactose, mannitol, or a combination
thereof;

b) about 25 wt% to about 50 or 99 wt% of microcrystalline cellulose;

c) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or

a combination thereof, and
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d) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

The pharmaceutical composition of any one of claims 1 to 13, wherein the compound
is more soluble in water than the same compound in an equivalent pharmaceutical

composition comprising a calcium salt, a sodium salt or magnesium salt.

The pharmaceutical composition of any one of claims 1 to 14, wherein the
pharmaceutical composition has a dissolution profile such that more than 70% of the
compound is dissolved in 15 minutes in an in vifro dissolution test of the pharmaceutical
composition using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution medium
of water at 37° C.

The pharmaceutical composition of any one of claims 1 to 15, wherein the
pharmaceutical composition avoids disproportionation in excess of 10% when stored at
25 °C and 60% relative humidity for 6 months in a closed container, preferably wherein
the pharmaceutical composition avoids disproportionation in excess of 5% when stored
at 25 °C and 60% relative humidity for 6 months in a closed container, or more
preferably wherein the pharmaceutical composition avoids disproportionation in excess
of 1% of the salt when stored at 25 °C and 60% relative humidity for 6 months in a
closed container when stored at 25 °C and 60% relative humidity for 6 months in a

closed container.

The pharmaceutical composition of any one of claims 1 to 15, wherein after storage at
25°C and 60% relative humidity for 6 months in a closed container, the pharmaceutical
composition has a dissolution profile such that more than 70% of the compound is
dissolved in 15 minutes in an in vitro dissolution test of the pharmaceutical composition
using USP Apparatus 2 Paddle Method at 50 rpm in a dissolution medium of water at
37° C.

The pharmaceutical composition of any one of claims 1 to 17, wherein the
pharmaceutical composition comprises from about 5 milligrams to about 20 milligrams
of the compound, preferably from about 10 milligrams to about 15 milligrams of the

compound, or more preferably about 12.5 milligrams of the compound.
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The pharmaceutical composition of claim 18, wherein the pharmaceutical composition

comprises:

a) about 1 wt% to about 8 wt% of the compound;

b) about 50 wt% to about 60 wt% of lactose, mannitol, or a combination thereof’,

c) about 25 wt% to about 40 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or
a combination thereof; and

e) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

The pharmaceutical composition of claim 19, wherein the pharmaceutical composition
comprises between 3 wt% and 8 wt% of stearic acid, preferably about 5 wt% stearic

acid.

The pharmaceutical composition of any one of claims 1 to 17, wherein the
pharmaceutical composition comprises from about 15 milligrams to about 35
milligrams of the compound, preferably from about 20 milligrams to about 30

milligrams of the compound, or more preferably about 25 milligrams of the compound.

The pharmaceutical composition of claim 21 wherein the pharmaceutical composition
comprises:

a) about 5 wt% to about 15 wt% of the compound,

b) about 30 wt% to about 50 wt% of mannitol;

c) about 30 wt% to about 50 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of pregelatinized starch; and

e) about 1 wt% to about 5 wt% of glyceryl dibehenate, colloidal silicone dioxide,

or a combination thereof.

The pharmaceutical composition of claim 22, wherein the pharmaceutical composition
comprises between 3 wt% and 8 wt% of stearic acid, preferably about 5 wt% stearic

acid.

The pharmaceutical composition of any one of claims 1 to 17, wherein the
pharmaceutical composition comprises from about 80 milligrams to about 120 grams
of the compound, preferably from about 95 milligrams to about 105 milligrams of the

compound, or more preferably about 100 milligrams of the compound.
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The pharmaceutical composition of claim 24, wherein the pharmaceutical composition
comprises:

a) about 30 wt% to about 40 wt% of the compound,

b) about 20 wt% to about 30 wt% of mannitol;

c) about 20 wt% to about 40 wt% of microcrystalline cellulose;

d) about 1 wt% to about 10 wt% of pregelatinized starch;

e) about 1 wt% to about 5 wt% of glyceryl dibehenate, colloidal silicone dioxide,

or a combination thereof.

The pharmaceutical composition of claim 25, wherein the pharmaceutical composition
comprises between 3 wt% and 8 wt% of stearic acid, preferably about 5 wt% stearic

acid.

The pharmaceutical composition of any one of claims 1 to 2625, wherein the

pharmaceutical composition is a tablet.
The pharmaceutical composition of claim 27, wherein the tablet comprises a coating.

The pharmaceutical composition of claim 28, wherein the coating comprises

hydroxypropylmethyl cellulose, polyvinyl alcohol, or a combination thereof.

A process for making a pharmaceutical composition comprising a salt of a compound

having the formula:

N
X

| )\ N
F N
. \ /\ o Y
k/N\)J\ \O/ 0
N
H

3-[4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethyl|piperazin-1-y1]-5-(p-tolyl)-1,2,4-triazine

and one or more excipients, wherein the pharmaceutical composition avoids inducing
disproportionation of the salt of the compound and/or the pharmaceutical composition
has a dissolution profile such that more than 70% of the compound is dissolved in 15

minutes in an in vifro dissolution test of the pharmaceutical composition using USP
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Apparatus 2 Paddle Method at 50 rpm in a dissolution medium of water at 37°C,
comprising:

a) obtaining a salt of a compound having the formula:

N\N
| )\ N
/ N
k/N\)L ‘O/ ©
N
H

3-[4-[[trans-4-(acetoamino)cyclohexyl|carbamoylmethyl|piperazin-1-yl]-5-(p-tolyl)-1,2,4-triazine
b) mixing the salt with one or more excipients to thereby produce the

pharmaceutical composition.

The process of claim 30, wherein the salt is an anion salt, or preferably a halogen anion

salt, or more preferably an HBr salt.

The process of claim 30 or 31, wherein step b) comprises:
i) blending the salt with one or more excipients; and
i1) roller compaction of the product of step i); and

iii) milling the product of step ii).

The process of claim 32, wherein the one or more excipients of step i) comprises stearic

acid, more preferably about 5 wt% stearic acid.

The process of claim 32 or 33, wherein step b) further comprises a step of blending the
product of step iii) with one or more additional excipients, preferably wherein the one

or more additional excipients comprise stearic acid.

The process of any one of claims 30 to 34, further comprising tableting the

pharmaceutical composition to produce tablet cores.
The process of claim 35, further comprising film-coating the tablet cores.

The process of any one of claims 30 to 36, wherein the one or more excipients do not
comprise any of dicalcium phosphate, croscarmellose sodium, and magnesium stearate,
carmellose calcium, sodium stearyl fumarate, calcium stearate, and anhydrous dibasic

calcium phosphate.
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38. The process of any one of claims 30 to 37, wherein the one or more excipients do not

comprise a calcium salt, a magnesium salt or a sodium salt,

39.  The process of any one of claims 30 to 38, wherein the one or more excipients do not

comprise calcium, magnesium or sodium.

40.  The process of any one of claims 30 to 39, wherein the one or more excipients do not

comprise a metal salt.

41. The process of any one of claims 30 to 40, wherein the salt of the compound is in

crystalline form.

42. The process of any one of claims 30 to 40, wherein the salt of the compound is in

amorphous form.

43, The process of any one of claims 30 to 42, wherein the one or more excipients are
selected from the group consisting of microcrystalline cellulose, lactose, mannitol,
polyvinylpyrrolidone, colloidal silicone dioxide, pregelatinized starch, low-substituted

hydroxypropyl cellulose, talc, glyceryl dibehenate, and stearic acid.

44, The process of any one of claims 30 to 43, wherein the one or more excipients comprise
microcrystalline cellulose 102, mannitol 400DC, pregelatinized starch, and glyceryl
dibehenate.

45. The process of any one of claims 30 to 44, wherein the pharmaceutical composition
comprises:
a) about 30 wt% to about 60 wt% of lactose, mannitol, or a combination thereof;
b) about 25 wt% to about 50 wt% of microcrystalline cellulose;
c) about 1 wt% to about 10 wt% of polyvinylpyrrolidone, pregelatinized starch, or
a combination thereof;
d) about 1 wt% to about 10 wt% of talc, glyceryl dibehenate, colloidal silicone

dioxide, or a combination of two or more thereof.

46.  The process of any one of claims 30 to 44, wherein the pharmaceutical composition
comprises one or more or all of the following features:
a) between 20 wt% and 30 wt% of microcrystalline cellulose;
b) between 20 wt% and 30 wt% of D-Mannitol; and
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c) between 3 wt% and 8 wt% of stearic acid, preferably about 5 wt% stearic acid.

A method of treating hypertension and/or reducing blood pressure in a hypertensive
subject, the method comprising administering to the hypertensive subject the

composition of any one of claims 1 to 29.

A method of inhibiting CYP11B2 beta hydroxylase in a subject, the method comprising

administering to the subject the composition of any one of claims 1 to 29.

The composition of any one of claims 1 to 29 for use in treating hypertension and/or

reducing blood pressure in a hypertensive subject.

The composition of any one of claims 1 to 29 for use in inhibiting CYP11P2 beta

hydroxylase in a subject.
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