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2-{4-(2(7,8-DIMETHYL-{1.2 4|TRIAZOLO{1,5-A]
PYRIDIN-6-YL)-3-ISOPROPYL-TH-INDOL-3-Y L)PIPERIDIN-1-Y LJACETAMIDE
SALT AND CRYSTALLINE FORMS THEREOF

5 CROSS REFERENCE
This application claims the benefit of U8, Provisional Application Serial No.
63/598,181 filed November 13, 2023 which 1s incorporated herein in s entircty.
FIELD OF THE INVENTION

10 The present invention generally relates to salts of 2-(4-(2-(7 8-dimethvi-[ 1,2 4]
triazolof 1,5-alpyndin-6-y1)-3-isopropyl-1H-indol-3-v)piperidin-T-vhacctamide and
crystalline forms thereof.

BACKGROUND OF THE INVENTION
13 The compound, 2-(4-(2-(7 8-dimethyl-[1,2.4[triazolof 1,5-a]

pyvridin-6-yh-3-sopropyl- 1H-indol-S-v1) pipenidio--yBacetamide has the stracture of

Formula (i)

"l o @
and 1s referred to herein as “Compound (1)”. Compound (1} is disclosed as Example 15 1n
20 WO 2018/005586 Al which s assigned to the present assignee. Compound () bas the
generic name afimetoran,
Compound (I} 1s an inhibitor of Toll-like receptor 7 and 8 (TLR7/8} and 3
currently in chinical trials for the treatment of lupus.

in the synthesis of a chemical compound mtended for pharmaceutical use, it 1s

o]
(4

necessary to isolate and purify the compound at the completion of the synthetic process
and prior to further processing to provide the compound in a phammaceutical formulation.
The isolation and the purification steps, which can be combined or separate consccutive
steps, provide the compound as a punified solid with minimal loss of vield during

isolation from other components of the reaction mixture and/or during purification to
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remnove impurities from the 1solated compound sample.

In preparing a pharmaceutical composition, a salt and/or a form of the active
mgredient is sought that bas a balance of desired propertics, such as, for exaraple,
dissolution rate, solubility, bioavailability, and/or storage stability. For example, a salt
and/or a form of the active ingredient is sought having sufficient stability, sohibility, and
bicavailability to prevent the salt and/or form converting daring manufacture, preparation,
and/or storage of the pharmaceutical corapostiion to asother form having an undesirable
solubility and/or bioavailability profile. For example, a salt is sought that does not
undergo disproportionation. Also sought is 3 orystalline form of the salt that is stable and
has low hygroscopicity at ambient temaperature and humidity conditions.

The usetfuluess of an oral formulation 1s dependent upon, among other things, the
degres to wiich the active agent is bicavailable and consistency in bioavailability among
patients. The bicavailability of orally admimstered drugs is often affected by various
factors mcluding, for example, the solubility of the dmg in the gastrointestinal tract, the
stability of the drug in the gastrointestinal tract, and drag absorption in the gastrointestinal
tract. Further, these factors may be affected by coadminmstration of other drugs and/or the
intake of food, which may lead to variability in the bicavailability of orally adounistered
drugs.

The agucous solubdity and dissolution rate of a compound can be dependent on
the pH ot the aqueous medium. A compound can have a higher or a lower dissolution
rate at pH values below 5 than at a pH value of 7. In the oral admuustration of the
compound, the dissolution rate and hence the bicavailability of the compound can be
affected by the pH of the stomach contents. The normal pH of the stomach s 1 210 1.8
according to C.J. Perigard, Clinical Analysis, Chapter 32, in Remingion: The Science and
Practice of Pharmacy 20 Edition, A.R. Geonaro, editor; 2000, Lippinccott Williams &
Wilkins, Balimore, MD. However, patients often take other medications that can raise
the pH of the stomach, including antacids, proton pump inhibitors, and H2-receptor
antagomnsts such as famotidine, which can lower the dissolution rate of the compound.

¢ pH of the stomach also changes with the consumption of food. Hence, the
solobility, dissolution rate, and bioavailability can vary upon the oral administration of a
compound either before a meal {(fasting state) or after a meal (feed state).

1t 1s desirable to provide a solid form that can be reproducibly produced fron the
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isolation and/or purification steps.

Farther, it 1s destrable to isolate the purified compouand m a sohid form that is
physically and chenically stable at a range of storage conditions, such as at different
conditions of temperature and humidity.

Furthermore, it is desirable to provide a salt of the compound that can be
administered in oral drug compositions that mitigates or minimizes changes in dissolution
rates as a result of vanations in stomach or miestinal pH values.

Sull, furthermore, it is desirable to provide a salt of the compound that can be
administered 0 an oral drug composition in a form that provides reliable and reproducible
plasma concentrations following administration to a patient.

The Applicants have found at least one salt of Compound () that 1s physically and
chemically stable at a range of storage conditions.

Further, the Applicants have found at least one crystalline form of a salt of
Compound () that surprisingly provides Compound (1} in a solid form that is physically
and chemically stable at a range of storage conditions.

The Applicants have found at least one salt of Compound (1} that sarprisingly
reduces the vartability in the bicavailability of Compound (I} and reduces the variability
of the bicavailability of Corapound (1) as a result of vanations in stomach or indestinal pH
values.

The Applicants have found at least one cryvstalline form of a salt of Compound (I}
that surprisingly reduces the variability in the bioavailability of Compound (1), reduces
the variability of the bioavailability of Compound (I} as a resuit of variations mn stomach
or intestinal pH values, and has suitable physically and chemically stable at a range of
storage counditions.

The present invention ts also directed to other important aspects.

SUMMARY OF THE INVENTION
The present invention provides Compound (I} as a benzenesulfonic acid salt, a
hyvdrobromic acid salt, hyvdrochloric acid salt, citric acid salt, and a methane sulfonic acid,
and crystalline forms thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

3
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FIG. 1 shows the observed powder x-ray diffraction pattern (CuKao, X = 1.54178
A at T=235 °C) of erystalline Form A of Compound (1), mono benzencsulfonic acid salt.

FIG. 2 shows a differential scanning calornimetey (DSC) thermogram of crvstalline
Form A of Compound {1}, mono benzenesulfonic acid salt.

FIG. 3 shows a thermogravimetric analysis {TGA) thermogram of the crystalline
Form A of Compound (I}, mono benzenesulfonic acid salt.

FIG. 4 shows a moisture-sorption isotherm for crystathine Form A of Compound
{I3. mono benzenesulfonic acid salt at a temperature of 235 °C.

FIG. 5 shows the “C-"H CPMAS solid state NMR spectrum of crystalline Form A
of Compound (I}, mono benzenesulfonic acid salt at a temperatare of 280 K.

FIG. 6 shows the observed powder x-ray diffraction pattern {CuKo, & = 1 54178
A at T=25 °C) of crystalline Form € of Compound (1), mono benzenesulfonic acid salt.

FIG. 7 shows the observed powder x-ray diffraction pattern (CuKer, & = 1 54178

A at T= 25 °C) of crystalline Form D of Compound (1), mono benzenesuifonic acid salt.
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3. & shows the observed powder x-ray diffraction pattern {CaKo, &= 1 54178

A at T'=25 °C) of crystalline Form E of Compound (I}, mono benzenesulfonic acid salt.

!
et
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3. 9 shows the observed powder x-rav diffraction pattern (CuKear, & = 1 54178
A at T=25 °C) of crystalline Form F of Compound (I}, mono benzenesulfonic acid salt.

F

~

G. 10 shows the observed powder x-ray diffraction pattern (CukKo, A = 1.54178

P

A at T =25 °C) of crystalline Form G of Compound (1), mono benzenesulfonic acid salt.
FIG. 11 shows the observed powder x-ray diffraction pattern (CuKo, & = 154178
A at T'= 25 °C) of crystalline Form H of Compound (1), mono benzenesuifonic acid salt.
FIG. 12 shows the observed powder x-ray diffraction pattern (CuKo, A= 1.5417%
A at T= 235 °C) of erystalline Form I of Compound (1), mono hvdrobromic acid salt.
FIG. 13 shows the observed powder x-ray diffraction pattern (CaKo, &= 1.54178
A at T= 25 °C) of erystalline Form § of Compound (1), mono citric acid salt.
FIG. 14 shows the observed powder x-ray diffraction pattern (CuaKo. & = 154178
A at T=25 °C) of crystalline Form K of Compound (1), mono hydrochloric acid salt.
FIG. 15 shows the observed powder x-ray diffraction pattern (CaKo, & = 1.54178
A at T= 235 °C) of ervstalline Form L of Compound (D), mono hydrochloric acid salt.
FIG. 16 shows the observed powder x-ray diffraction pattern (CaKo, & = 1.54178

A
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A at T =25 °C) of erystalline Form M of Compound (1), mono methane sulfonic acid salt.

DETAILED DESCRIPTION OF THE INVENTION
The features and advantages of the mvention may be more readily understood by
5 those of ordinary skill in the art upon reading the following detailed description. Eisto
be appreciated that certain features of the invention that are, for clarity reasons, described
above and below in the context of separate embodiments, may also be combined to form a
single embodment. Conversely, various features of the invention that are, for brevity
reasons, described in the context of a single embodiment, may also be combined so as to

10 form sub-combinations thereof.

The names used herein to characterize a specific form, e.g., “Form A” etc., are
merely identifiers that are to be interpreted in accordance with the characterization
mformation presented herein and are not to be limited so as to exclade any other
substance possessing similar or identical phvsical and chemical characteristics. The name

15 of a specific form should be understood as a mere identificr that should be iterpreted
according to the characterization information also presented herein,

The definitions set forth herein take precedence over definitions set forth in any
patent, patent application, and/or patent application publication incorporated herein by
reference.

20 All numbers expressing quantities of ingredients, weight percentages,
temperatures, and so forth that are preceded by the word “abowt”™ are 1o be understood as
only approxunations so that slight vanations above and below the stated number may be
used to achieve substantially the same resulis as the stated number. Accordingly, unless

indicated to the contrary, numerical parameters preceded by the word “about” are

b3
4

approximations that may vary depending upon the desired properties sought to be
obtained. Atthe very least, and not as an attempt to hmit the application of the doctrne
of equivalents 1o the scope of the claims, each numerical parameter should at least be
construed in hight of the number of reported significant digits and by applving ordinary
rounding techniques.

30 All measurements are subject to experimental error and are within the spirit of the
mvention.

As used herein, “polymorphs” refer to crystalline forms having the same chemical
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structure but difforent spatial arrangements of the molecules and/or 10ns forming the
crystals.
As used heren, “amorphous” refers to a solid form of a molecule and/or ion that 1s

not crystalline. An amorphous solid does not display a definitive X-ray diffraction

A

pattern with sharp maxima.

>

As used herein, “substantially pure,” when used in reference to a crystatline form,
means a coropound having a purity greater than 90 weight %, including greater than 90,
81,92, 93, 94,95, 96, 97, 98, and 99 weight %, and also including equal to about 1060
weight % of Compound (1), based on the weight of the compound. The rematmng

10 matenal comprises other form({s) of the compound, and/or reaction impurnitics and/or
processing impurities arising from its preparation. For example, a crystalline form of
Compound (I} may be deemed substantially pure in that it has a purity greater than 90
weight Y, as measured by means that are at this time known and generally accepted in the
art, where the remaining less than 10 weight % of matenial comprises amorphous and/or

15 other form{s} of Compound (I} and/or reaction irapuritics and/or processing impurities.

As used herein, a powder x-ray diffraction (PXRD) pattern “comprising” a
nurnber of peaks selected from a specified group of peaks, is intended to include PXRD
pattems having additional peaks that are not included in the specificd group of peaks. For
example, a PXRD pattern comprising four or more, preferably five or more, 28 values

20 selected from: A, B, C, B, E, F, G, and H, is intended to include a PXRD pattern having:
{a) four or more, preferably five or more, 20 values selected from: A, B, C, D E, F. G,
and H: and (b} zero or more peaks that are not one of peaks A, B, C, D, E. F, G, and HL

The presence of reaction impurities and/or processing impurities may be
deternmined by analvtical techuigues known in the art, such as, for example,

25 chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry, and/or
infrared spectroscopy.

As used herein, the wt cell parameter “molecules per unit cell” refers to the
number of molecules of Compound (1} in the unit cell

Benzenesulfonic acid has the structure:

ars

The conjugate base of benzenesulfonic acid is benzenesulfonate. Benzenesulfonic acid

G
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salts are also referred to as besvlate salts. As used herein, the terms “benzenesulfonic
acid salt” and “besylic acid salt” are interchangeable. As used herein, the terms
“benzenesulfonate” and “besylate” are mnterchangeable.

One embodiment provides a benzenesulfonic acid salt of Compound (I} having a

A

stoichiometry of 1.1 and is referred o herein as “mono benzenesalfonic acid salt of

LRI

Compound (1), “Compound (I}, mono benzenesulfonate”, “mono besylic acid salt of
Compound (17, or “Compound (I}, mono besylate™.
In one embodiment, the mono benzenesulfonate salt of Compound (1) 1s provided
as a hydrate.
10 In one embodiment, the mono benzencsulfonate salt of Compound (I) 1s provided
as a solvate.
In one embodiment, the mono benzenesulfonate salt of Compound (I} is provided
as an anhydrate.
In one embodiment, the mono benzenesulfonate salt of Compound (1) is provided
15 asacrystalline material.
In one embodiment, the mono benzenesuifonate salt of Compound (1) 1s provided
as a neat crystalline material.
In one embodiment, the mono benzencsulfonate salt of Compound (I) 1s provided
as a crystalline anhydrate material.
20 In one embodiment, the mono benzenesulfonate salt of Compound (I} is provided
as a crystalline hydrate matenal.
In one embodiment, the mono benzenesultfonate salt of Compound (1) 1s provided
as a crystalline solvate material.
One embodiment provides a hvdrobromic acid salt of Compound (I} having a
25 stoichuometry of ;1 {Compound (1) HBr) and is referred to herein as “mono hydrobromic
acid salt of Compound (I} or “Compound (I}, mono hvdrobromic acid”.
In one embodiment, the mono hydrobromic acid salt of Compound (1} is provided
as an anhydrate.
In one embodiment, the mono hydrobromic acid salt of Compound () 15 provided
30 as acrystalline material.
In one embodiment, the mono hydrobromic acid sakt of Compound (1) is provided

as a neat crystalline matenal,
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In one embodiment, the mono hydrobromic acid salt of Compound (I} is provided
as a crystalline anhydrate material.

One embodiment provides a citric acid salt of Compound (1) having a
storchiometry of 1:1 and is referred {0 herein as “mono citrie acid salt of Compound (I) or
“Compound (1), mono citrate™.

In one embodiment, the mono citric acid salt of Compound (I} s provided as an
anhydrate.

In one embodiment, the mono citrie acid salt of Compound (1) is provided as a
crystalline material.

In one embodiment, the mono citric acid salt of Compound (B) is provided as a
neat crvstalline material.

In one embodiment, the mono citric actd salt of Compound (I is provided as a
crystalline anhydrate material.

One embodiment provides a hydrochloric acid salt of Compound (f) having a
stoichiometry of 1.1 and 1s referred to herein as “mono hydrochloric acid salt of
Compound (8} or “Compound {1}, mono hydrochloric acid”.

In one embodiment, the mono hydrochloric acid salt of Compound (1} is provided
as an anhydrate.

In one embodiment, the mono hydrochloric acid salt of Compound (1) 1s provided
as a crystalline material.

o one embodiment, the mono hydrochloric acid salt of Compound (I) 1s provided
as a neat crystalline material.

In one embodiment, the mong hydrochloric acid salt of Compound (I} is provided
as a crystalline anhydrate material.

One embodiment provides a methane sulfonic acid salt of Compound (1) having a
storchiometry of 1:1 and is referred to herein as “mono methane sulfonic acid salt of
Compound {1} or “Compound (1}, mono methane sulfonate”.

In one embodiment, the mono methane sulfonic acid salt of Compound (1) is
provided as an anhydrate.

In one embodiment, the mono methane sulfonie acid salt of Compound (I} is
provided as a crystalline material.

In ong embodiment, the mono methane sulfonic acid salt of Compound (1} s

8-
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provided as a neat crystalline material.
In one embodiment, the mono methane sulfonie acid salt of Compound (I} is

provided as a crystatline anhydrate material.

Form A of Compound (1), Mono Benzenesulfonate

In one embodiment, the mono benzenesulfonic acid salt of Compound (1) is
provided as a crvstaliine material comprising crystaliine Form A, The crystathne Foro A
of Compound (I}, benzenesulfonic acid salt has a stoichiometry of 1.1 Compound {) o
benzenesulfonic acid. Crystalline Form A is a non-stoichiometric hvdrate. Crystalline

Form A 1s also referred to heremn as “Foon A7,

Table 1
Form A of Compound (1), Mono Benzenesulfonate

Selected PXRI 28 values (CuKa A=1.5418 A) measured at room temperature

6102 § R4x02 [ 101202 | 11142021 121+02 {14502 | 151+02
136402161402 171402 178402182402 { 18702191402
B7+02 1200202 1204+02210+£021217+02(220+£02 225402

34021 257+02 1268402 1266402276402

2364021 244+02

N
W
(93]

In one embodiment, crystalline Form A of Compound (I}, mono benzenesalfonate
is characterized by a powder x-ray diffraction pattern comprising four or more 28 valses
{CuKa 4=1.5418 A) sclected from: 6.1+£02,84+02,101+02,11.1+02, 121202,
B1202, 156£02 178+02, 1824102, and 187+ 0.2, wherein the PXRID pattern
of crystalline Form A is measured at a temperature of about 25 °C.

In one embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattermn comprising five or more 28 values
{CuKo 3=15418 A) sclected from: 6.1£02,84+02,101+02,11.1 %02, 12.1 0.2,
151+02,156+02,178+02,182+ 0.2, and 18.7 4 0.2, wherein the PXRD pattem
of crystalline Form A is measured at a temperature of about 25 °C.

o one cmbodiment, crystalline Fomm A of Compound (1), mono benzenesulfonate
1s characterized by a powder x~ray diffraction pattern comprising six or more 28 values

(CuKo 2=1.5418 A) selected from: 6102, 84:02 101:02, 11102, 121402,

O
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PB1£02, 156202 178202, 182402, and 187 + 0.2, wherein the PXRD pattern
of crystalline Form A is measured at a temperature of about 25 °C.

In ong embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate
is characterized by an observed powder x-ray diffraction pattern substantially as shown in
Figure 1.

In one embodiment, crystalline Form A of Compound (I}, mono benzenesulfonate

is characterized by an endotherm m the range of from 292 °Cto 296 °C.

Table 2
Form A of Conpound (I}, mono benzenesulfonate salt

Observed PC Solid State NMR Peaks measured at 280 K (ppm)

PCT/US2024/055605

37402 177402 § 2184202 | 244402 | 260402 | 267+02
338402 {1 3964062 | 51402 | 53002 | 371402 | 1140602
1162402 1123402 1 1252402 | 1267+£0.2 | 128402 | 1294+£02
35602 1 1399+£02 145802 | 149402 1 1532502 1167202

In one embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate
is characterized by a C solid state NMR spectrum comprising six or more peaks selected
from 137202, 177202, 2184+02,2444+02,260+02,267+£02,338+£02,3%6
02 514402 530402571402, 114002 116202, 1234+02, 1252+
62,1267+02,1204+£02, 1294402, 135.6+02,1399+02, 1458402, 1494+
02,1532+ 02, and 167 2+ 0.2 ppm, wherein the PC solid state NMR spectrum of
crvstalline Form A is measured at a temperature of about 280 K.

In one embodiment, crystalline Form A of Comapound (1}, mono benzenesulfonate
salt, is characterized by a differential scanning calonmetry (DSC) thermogram
substantially as shown in Figure 2.

In one embodiment, crystalline Form A of Compound (1), mono benzenesulfonate
is characterized by (1) a powder x-ray diffraction pattern compnsing the 28 values {CuKa
2=1.3418 A) at 12.140.2 and 15 1+0.2, measured at a temperature of about 25 *C; and (i)
a differential scanning calornimetry {(DSC) theomogram substantially in accordance with
that shown in Figure 2.

In one embodiment, crvstailine Form A of Compound (1), mono benzenesulfonate

is characterized by (1) a powder x-ray diffraction pattern compnsing four or more 28
-10-
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vatues (CuKo 7=1.5415 A) selected from: 6.1 202, §4£02, 101 £0.2, 11.1£0.2, 121
+0.2,151+02, 156402, 178+02, 182402, and 18.7 £ 0.2, wherein the PXRD
pattem of crystaliine Form A 1s measured at a temperature of about 25 °C; and (11} a

melting point in the range of from 292 °C 1o 296 °C.

A

In one embodiment, crystaliine Form A of Compound (I}, mono benzenesalfonate
is characterized by a thermogravimetric analysis {TGA) thermogram having weight loss
of about 5.3 wt % based on the weight of the sample of erystalline Form A, upon being
heated to a temperature of about 150 °C.

In one embodiment, crvstailine Form A of Compound (1), mono benzenesulfonate
10 oxhibits a thermogravimetric analysis (TGA} thermogram substantiaily as shown m

Figure 3.

In one embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate
exhibits a moisture~-sorption isotherm substantially as shown i Figure 4.

In one embodiment, crvstallive Fomm A of Compound (1), mono benzenesulfonate

15 exhibits a BC-TH CPMAS solid state NMR spectrum substantially as shown in Figare 3.

In one embodiment, crystalline Form A of Compound (I}, mono benzenesulfonate
has a stoichiometry of about |.6 to about 2.3 water molecules for each molecule of
Compound (5.

In one embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate

20 has a stoichiometry of about 1.7 to about 2.2 water molecules for cach molecule of
Compound (I}

In one embodiment, crvstalline Form A of Compound (T}, mono benzenesulfonate
has a stoichiometry of about 1.8 {0 about 2.1 water molecules for each molecule of
Compound (1.

25 In one embodiment, crystalline Form A of Compound (1}, mono benzenesulfonate
is a dihvdrate.

In one embodiment, cryvstalline Form A of Compound (1), mono benzenesulfonate
has from 4.5 to 6.5 weight % water.

In one embodiment, crystalline Fomm A of Compound (T}, mono benzenesulfonate

36 has from 4.8 to 6.2 weight % water.
In one embodiment, crvstalline Form A of Compound (1), mono benzenesulfonate

has from 5.0 10 6.0 weight % water.

~1i-
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In one embodiment, crystailine Form A of Compound (I}, mono benzencsulfonate
has from 5.2 to 5.9 weight % water.

In stal vet an cven further emboduuent, crystalline Form A of Compound (1),
mono benzenesulfonate is substantially pure.

In another embodiment, the crystalline form of Compound (1}, mono
benzenesulfonate consists essentially of crystalline Form A, The crystalline form of this
embodiment may comprise at least about 90 wt. %, preferably at least about 95 wi. %,
and more preferably at least about 99 wi. %, based on the weight of the crystalline form,
crystalline Form A of Compound (I}, mono benzenesulfonate salt.

One embodiment provides a composition comprising
2-{4-(2-(7 8-dimethyl-{1,2 4 }triazolof 1,5-a] pyndin-6-v-3-1sopropyl-1H-andol-5-v1)
piperidin-I-vIjacetamide, mono benzenesulfonate salt, wherein at least 95 wt. %,
preferably at feast 97 wt. %, and more preferably at least 99 wt. % of said
2-44-(2-(7 B-dumethyl-[ 1.2 4 tntazolof 1.5-a] pyridin-6-y1}-3-tsopropyl- 1 H-indob-5-y1)

piperidin- -ylacetamide, mono benzencsulfonate is in crvstalline Form A,

Form C of Compound (1), Mono Benzenesulfonate Solvate

In one embodiment, the mono benzencsulfonic acid salt of Compound (1) s
provided as a crystalline material comprising Form €. The crystalline Form C of
Compound {1}, benzenesulfonic acid salt has a stoichiometry of 1:1 Compound (I} to
benzencsulfonic acid. Crystalline Form € 1s a solvate comprising acetone, acetomtrile,
dichloromethane, dimethy! formanude, dimethvisulfoxide, 1sopropanol, isopropy! acetate,
methyl ischutyl ketone, or tetrahydrofuran. Crystalline Form € 18 also referred to heren

as “Form 7.

Table 3
Form € of Compound (1), Mono Benzenesulfonate Tetrahydrofuran Solvate

Selected PXRI 28 values (CuKa A=1.5418 A) measured at room temperature

5102 77+02 §1+02 102402 10.7+0.2 112202
116402 129402 32402 133+£02 141+02 146+02
15002 [53+02 1539+£02 1652032 169£02 176+£02

18202 18602 19302 20202 205£02 210202

“12-
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N2
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b

2052072 26+072 231202 242+£072 248+072
258+02 26.0+072 26702 271072 202+072

301402 306+ 02 309402 319442 - -
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In one embodiment, crystalline Form C of Compound (I}, mone benzenesuifonate
is characterized by a powder x-ray diffraction pattern comprising four or more 28 values
{CuKa 2=1.5418 A) sclected frome: 3.1 £02, 77202, 81£02,102+02, 112+02,
116402, 129+02 141+£02, 146402, 150402, 186+£02 193402, 215
02,231 0.2, and 24 8 + 0.2, wherem the PXRD pattern of crystalline Form C 15
measured at a temperature of about 25 °C.

In one embodiment, crystalline Form C of Compound (1), mono benzencsulfonate
is characterized by a powder x-ray diffraction pattern comprising five or more 28 values
{CuKo 4=1.5418 Ay sclected from: 51202, 7.7+02,81+02,102+02,112+02,
U6202,129202, 141202, 46+02, 150202, 186£02,193x02,215%
02,231 202, and 24.8 £ 0.2, wherewn the PXRD pattern of crystalline Form C is
measured at a temperature of about 25 °C.

In one embodment, crystalline Form C of Compound (]), mono benzenesuifonate
is characterized by a powder x-ray diffraction pattern comprising six or more 28 values
{CuKa h=15418 A) selected from: 5102, 77+02,81+02, 102+02 112+02,
116+202,129+02,141+02,146+02,150+£02,186+£02, 193402, 215+
0.2,231202, and 24.8 £ 0.2, wherewn the PXRD pattern of crystalline Form Cis
measured at a temperature of about 25 °C.

In one embodiment, crystalline Form € of Compound (1), mono benzenesulfonate
ig characterized by an observed powder x-ray diffraction pattern substantially as shown in
Figure 6.

In one embodiment, crystalline Form C of Compound (I}, mone benzenesuifonate
has a stoichiometry of about one solvent molecule for each molecule of Compound (1),
wherein the solvent is acetone, acetonitrie, dichloromethane, dimethviformanide,
dimethyvisulfoxide, and tetrahydrofuran.

In one embodiment, crvstalline Form C of Compound (I}, mono benzenesulfonate
has a stoichiometry of about less than one solvent molecule for cach molecule of

Compound (5}, wherein the solvent 1s isopropanol, isopropy! acetate, and methyl isobutyl

-13-
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In still yet an even further embodiment, crystatiine Form C of Compound (3},
mono benzenesulfonate is substantially pure.

In another embodiment, the crystatline form of Compound (1), mono
benzenesulfonate consists essentially of crystalline Form C. The crystalline form of this
embodiment may comprise at least about 90 wt. %, preferably at least about 95 wt. %,
and more preforably at least about 99 wi. %, based on the weight of the crystathine form,
crystalline Form C of Compound (I}, mono benzenesulfonate salt,

One embodiment provides a composition comprising
2-44-2-¢7 8-dimethv]-[1,2 4ltrazolof1,5-a] pyridin-6-v)-3-isopropyl- 1H-indol-3-v1)
piperidin- I-vijacetamide, mono benzenesulfonate salt, wherein at least 95 wt. %,
preferably at least 97 wi. %, and more preferably at least 89 wi. % of said
2-(4-(2«7 B-dimethyl-{1,2 4 }triazclof | 5-a] pyrnidin-6-y1)-3-tsopropyl-1H-ndol-3-y)

piperidin- [-yacetamide. mono benzenesulfonate is in crystalime Foon C.

Form D of Compound (I3, Mono Benzenesulfonate Anhydrate
In one embodiment, the mono benzenesulfonic acid salt of Compound (1} is
provided as a crystaliine material comprising crystalline Form D). The crystalline Form D
of Compound {1}, benzencsulfonic acid salt has a stoichiometry of 1:1 Compound (I} to
benzenesulfonic acid. Crystalline Form B} is an anhydrate. Crystalline Form D 15 also
referred to herein as “Form D7
Table 4
Form D of Compound (I}, Mono Benzenesulfonate Anhydrate

Selected PXRD 26 values (CuKeo 2=1.5418 A) measured at room temperature

61+02 81402 107402 115402 122402 127402

130402 148+£02 152402 155402 158+042 16702

173£02 179+ 0.2 187402 195402 20102 205402

20602 216202 21402 217+02 223072 226=02

234402 23802 2444072 2438+02 251+02 255+02

3
262402 266+02 271402 2734+02 276+£02 28.04£0.2

284402 285402 30.0£02 309+£02 315:02 319:02

324+02 327402 332402 - - ~

-14-



WO 2025/106462 PCT/US2024/055605

A

16

20

25

30

In one embodiment, crystalline Form D of Compound (1}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattem comprising four or more 28 values
{CuKao 2=15418 A) selected from: 6.1+0.2,8.1+0.2, 10702, 11.7+02,122+0.2,
127402,1304+02,148402,153402,167402,179402, and 195402,
wherein the PXRD pattern of crystaliine Form D is measuored at a temperatore of about 25
°C.

In one embodiment, crvstalline Form D of Compound (T}, mono benzenesulfonate
1s characterized by a powder x-ray diffraction pattern comprising five or more 28 vahlues
(CuKa h=15418 A) selected fromu 6.1 0.2, 81202, 10702, 11702, 122+£0.2,
127+02,130+£02,148+02,155+02,167+02,179+02, and 19.5+0.2,
wherein the PXRD pattern of erystaliine Form D 1s measared at a temperatare of about 25

o one embodiment, crvstallive Fomm D of Compound (I}, mono benzenesulfonate
1s characterized by a powder x~ray diffraction pattern comprising six or more 20 values
(CaKo a=1.5418 A) selected from: 6.1 02, 81:02, 107502 11702, 122402,
1270213002, 148202, 155202, 167202, 17902 and 195+0.2,
wherein the PXRD pattern of crvstalline Form D is measured at a temperature of about 25
°C.

In one embodiment, crystalline Form D of Compound (I}, mono benzenesulfonate
is characterized by an observed powder x-ray ditffraction pattern substantially as shown in
Figure 7.

In still yet an even further embodiment, crystalhine Form B of Compound (),
mono benzenesulfonate is substantially pure.

In another embodiment, the crystaliine form of Compound (). mono
benzenesulfonate consists essentially of erystalline Form D The crystalline form of this
embodiment may comprise at least about 90 wt. %, preferably at least about 95 wt. %,
and more preferably at least about 99 wt. %, based on the weight of the crystatline form,
crystalline Form D of Compound (1}, mono benzenesulfonate salt.

One embodiment provides a composttion comprising
2-4-(2-(7 8-dimethvl-[1,2 4 ftrnazolof1,5-a] pyridin-6-yi}-3-isopropyl-1H-indok-5-v1}

piperidin- l-yDacetanmide, mono benzenesulfonate salt, wherein at least 95 wt. %,

~15-
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preferably at least 97 wit. %, and more preferably at least 99 wt. % of said
2-{4-(2-(7 8-dimethvl-[1,2 4 ftnazolof1,5-a} pyridin-6-yi}-3-isopropyl-1H-indok-5-v1}

piperidin- l-yDacetanude, mono benzenesulfonate 15 m crystaliine Form D).

Form E of Compound (1), Mono Benzenesulfonate Anhvdrate

In one embodiment, the mono benzenesulfonic acid salt of Compound (1) is
provided as a crvstalline matenal comprising crystalline Foouo E. The erystallive Form B
of Compound (I}, benzenesulfonic acid salt has a stoichiometry of 1.1 Compound () o
benzenesulfonic acid. Crystalline Form E is an anhydrate. Crystalline Form E 15 also

referred to herein as “Form E”.

Table 5
Form E of Compound (1), Mono Benzencsuifonate Anhydrate

Selected PXRI 28 values (CuKa A=1.5418 A) measured at room temperature

5802 714202 TH+02 8402 g8+02 11202
11.6+02 234402 127402 130202 135£02 13662
142+02 45102 1B.6+£02 15902 1614£02 167072
165 +02 178402 181402 184402 186402 195402
197012 20102 206+02 205402 3+£02 28702

2235+02 2277402 229+ 0.2 235402 23.9%£02 244:+02
249+02 252402 255402 259+02 262402 266+£0.2
278:02 282402 286402 29202 295402 306402

[3+£02

(75

In one embodiment, crystalline Form E of Compound {1}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattern comprising four or more 28 values
{CuKo 2=1.5418 A) sclected from: 5.8 02, 7.1 £0.2,98+0.2, 123+02, 135+02,
1394£02,159+02,178+02, 181402, 189+ 0.2, and 21.7+ 0.2, wherem the
PXRD pattern of crystalline Form E is measured at 8 temperature of about 25 °C.

In one embodiment, crystaliine Foom E of Compound (1), mono benzencsulfonate
is characterized by a powder x~ray diffraction pattern comprising five or more 28 values

(CuKo 2=1.5418 Ay selected from: 38 £02,71£02,98+£02, 123402, 135£02,

16~
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13902, 1539202 178202 181202, 189402, and 21.7 + 0.2, wherein the
PXRD pattern of crystalline Form E is measured at a temperature of about 25 °C.

In ong embodment, crystalline Form E of Compound (I}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattern comprising six or more 28 values
{CuKa k=15418 A} selected from: 5802, 71+ 02,9802, 123+02 135+02,
139+02,159+02,178+£02,181+02,189+0.2, and 21.7 £ 0.2, wherein the
PXRID pattern of crystalling Form E is rocasured at a temaperature of about 23 °C.

In one embodiment, crvstalline Form E of Compound (I}, mono benzenesulfonate
1s characterized by an observed powder x-ray diffraction pattern substantially as shows m
Figure §.

In still vet an even fusther embodiment, erystalline Form E of Compound (1),
monoe benzenesulfonate is substantially pure.

In another embodiment, the crystalline form of Compound (1}, mono
benzenesulfonate consists essentially of crystalline Fomm E. The crystallive form of this
embodiment may comprise at least about 90 wi. %, proferably at least about 95 wt. %%,
and more preferably at least about 89 wi. %, based on the weight of the crvstalline form,
cryvstalline Form E of Compound (I}, mono benzenesulfonate salt.

One embodiment provides a composition comprising
2-(4-(2«7 &-dimethyl-{1,2 4}triazclof |, 5-a] pynidin-6-y1)-3-tsopropyl-1H-ndol-5-y)
piperidin- I-viacetamide. mono benzencsulfonate salt, wherein at least 95 wt. %,
preferably at least 97 wi. %, and morc preferably at least 99 wt. % of said
2-{4-(2-(7 8-dimethyvi-[1.2,4}tnazolof 1,5-a] pyridin-6-y1}-3-isopropyl- 1 He-mdol-5-vi}

piperidin- l-yHacetamide, mono benzenesulfonate is in crystafiine Form E.

Form F of Compound (1), Mono Benzenesulfonate Ashvdrate

In one embodiment, the mono benzenesulfonic acid salt of Compound (3} 1s
provided as a crystalline material comprising crvstalline Form ¥, The crystalline Form F
of Compound (I}, benzenesulfonic acid salt has a stoichiometry of 1.1 Compound () o
benzenesulfomic acid. Crystalline Form Fis an anhydrate. Crystalline Fomm F s also

referred to herein as “Form F7.

Table 6
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Form F of Compound (I}, Mono Benzenesulfonate Anhydrate

Selected PXRD 20 values (CuKo 2=1.5418 A) measured at room temperature

5602 74402 84402 1034:02 113402 121+£02
3102 13.6£02 149+£02 13602 163+£60.2 17202
84402 200402 203402 213402 220+02 223402
228+02 2354+02 245402 250+482 254+02 26302
27702 287402 295+02 30,002 307+062 314202
317+02 331402 - - ~ -

N

In one embodiment, crystalline Foom F of Compound (I}, mono benzencsulfonate

5 is characterized by a powder x-ray diffraction pattern comprising four or more 20 values

{CuKo 2=15418 A) sclected from: 5.6 02, 7402, 8402, 10302, 11302,

121+£02,131+02,136+02,156+02,184+02,229+02, and 24.5+0.2,

wherein the PXRD pattern of erystalline Form F 1s measored at a temperature of about 23
{0 {n onc embodiment, crystalline Foom F of Compound (1}, mono benzenesulfonate
1s characterized by a powder x~ray diffraction pattern comprising five or more 28 values
(CuKo h=1.5418 A) selected from: 5.6 £02, 74202, 8402 103+02, 113402,
121202, 131202, 13602, 156202, 184420222902 and 245+0.2,
wherein the PXRD pattern of crystalline Form F 1s measured at a temperature of about 23
°C.

(V4

In one embodiment, crystalline Fom F of Compound {§), mono benzenesulfonate
is characterized by a powder x~ray diffraction pattern comprising six or more 28 values
(CuKo 3=1.5418 Ay selected from: 56 £02, 74202, 84202 103£02, 113+0.2,
121402131202 136+£02 15364202 184402229402 and245+£02,

¢ wherein the PXRD pattern of crystalline Form F is measured at a temperature of about 23
°C.

in one embodiment, crystalline Form F of Compound (1}, mono benzenesulfonate
is characterized by an observed powder x-ray diffraction pattern substantially as shown in

Figure 9.

W

In still vet an even further emobodiment, crystalline Form F of Compound (1),

mono benzenesulfonate is substantially pure.

~18-
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In another erbodiment, the crystalline form of Compound (1), mono
benzengsulfonate consists essentially of crystalline Form F. The crystalhne form of this
embodiment may comprise at least about 90 wt. %, preferably at least about 95 wt. %,

and more preferably at least about 99 wt. %, based on the weight of the crystalline form,

A

crvstalline Form F of Compound (1), mono benzencsulfonate salt.

One embodiment provides a conmposition comprising
2-4A442-(7 B-duncthyl-{ 1,2 4inazolof 1.5-a} pyridin-6-y)-3-tsopropyl- 1 Handol-5v1)
piperidin- [-yDacetamide, mono benzenesulfonate salt, wherein at least 95 wi. %,
preferably at least 97 wi. %, and more preferably at least 99 wt. % of said
10 2-(4-2-(7 8-dimethvi-{1.2 4jtriazolof1,3-a] pyridin-6-y)-3-isopropvi- 1 H-indol-5-v1)

piperidin- I-vijacetamide, mono benzenesulfonate is i erystalline Form F.

Form G of Compound (1), Mono Benzenesulfonate Anhvydrate
In one embodiment, the mono benzenesulfonic acid salt of Compound (I) is
15 provided as a crystalline matenial compnising cryvstalline Form G, The crystathine Forn G
of Compound (I}, benzenesolfonic acid salt bas a stoichiometry of 1.1 Compound (I} to
henzenesulfonic acid. Crystalliine Form G is an anhvdrate. Crystalline Form G is also

referred to herein as “Form G,

20 Table 7
Form G of Compound (I}, Mono Benzenesultonate Anhydrate

Selected PXRD 26 values (CuKo d=1.5418 A) measured at room temperature

25

3302 62+072 66+£02 7602 93+£02 D9+072
108+02 114402 126402 125402 128402 13402
1406+02 50£02 155+02 158+02 161£02 165+£62
17202 81402 186+£02 194+02 204 +£02 207+ 02
2874072 221+02 224402 23.0£02 36+02 242+02
249+072 26.1+02 267+02 280+02 30,002 34702
355402 377£02 - - - ~

In one embodiment, crystalline Form G of Compound (I}, mono benzenesulfonate

is characterized by a powder x-ray diffraction pattern comprising four or more 28 values

~19.
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(CuKa 3=1.5418 Ay selected from 3302, 62302, 66+02,79+02,03+02 99
+0.2,1204+02, 1235402, 128402, 13402, 140402, 153.04£02, and 172402,
wherein the PXRD pattern of crystaliine Form G is measured at a temperature of about 25
°C.

In one embodiment, crystaliine Form G of Compound (I}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattern comprising five or more 28 values
(CuKa 2=1.5418 A) selected from 3.3 £02,62+02,66202,79+02,93+02,99
+02,1204+02,1254+02, 128402, 13402, 140+£02,130+£02,and 172402,
wheretn the PXRD pattern of crystalline Form G 1s measured at a temperature of about 235
°C.

In one embodiment, crystalline Form G of Compound (I}, mono benzenesulfonate
is characterized by a powder x-ray diffraction pattern comprising six or more 28 values
{CuKo 4=1.5418 A) sclected from: 33£02.62+0.2,66+02,79+02. 9302 99
+0.2,120+£02, 125402, 128+02, 134202, 140£02,150+£02, and 17.2+0.2,
wherein the PXRD pattern of crystalline Form G 1s measured at a terperature of about 23
°C.

In one embodiment, crystalline Form G of Compound (1}, mono benzenesulfonate
is characterized by an observed powder x-ray diffraction pattern substantially as shown in
Figure 10.

In still vet an even further embodiment, crystaliine Form G of Compound (I},
mono benzenesulfonate is substantially pure.

In another embodiment, the crystalline form of Compound (1), mono
benzenesulfonate consists essentially of crystalline Form G, The crystalline form of this
embodiment may comprise at least about 90 wt. %, preferably at icast about 95 wt. %,
and more preferably at least about 99 wt. %, based on the weight of the crystalline form,
cryvstalline Form G of Compound (I}, mono benzenesulfonate salt.

One embodiment provides a composition comprising
2-44-(2-(7 B-duethyl-{ 1.2 4tnazolof 1.3-a} pyridin-6-v1}-3-tsopropyl- 1 H-indob-5-y1)
piperidin- -y Dacetamide, mono benzenesulfonate salt, wheremn at least 85 wt. %,
preferably at least 97 wi. %, and more preferably at least 99 wt. % of said
2-4-(2-(7 8-dimethvl-[1,2 4 ftrnazolof1,5-a] pyridin-6-yi}-3-isopropyl-1H-indok-5-v1}

piperidin- l-yDacetanude, mono benzenesulfonate 15 m crystaliine Form G.
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Form H of Compound (I3, Mono Benzenesulfonate Anhydrate

In ong embodiment, the mono benzencsulfonic acid salt of Compound (1) 1s
provided as a crystalline material comprising crystalline Form H. The crystatline Form H
of Compound {1}, benzencsulfonic acid salt has a stoichiometry of 1:1 Compound (I} to
benzenesulfonic acid. Crystalline Form H is an anhydrate. Crystalline Form H is also

referred to herein as “Form H”.

Table 8
Form H of Compound (1), Mono Benzenesulfonate Anhvdrate

Selected PXRD 28 values (Culla 3=1.5418 A) measured at room temperature

33+0.2

6O£02

67+072

7102

Wex£02

106:02 114402 120+02 124402 128402 133402
13702 14.1+£02 14402 14802 151602 15602
1504072 16.2+02 168+02 17202 174+£02 179+0.2
1835+02 189+02 197+£02 201202 207+£02 213+£02
21 8+072 222402 227402 23.0£02 234402 237+02
2414072 247402 251402 257+ 02 260+02 264+02
268072 273+£072 219+02 286072 W9+02Z 29802

fn one embodiment, crystallive Form H of Compound (1), mono benzenesulfonate

1s characterized by a powder x-ray diffraction pattern comprising four or more 28 values
(CuKo 2=1.5418 A) selected from: 3002, 33:02 6040267402, 106402,

17420212402 15602 1854202 213402 and 22.7+ 0.2, wherein the

PXRD pattern of erystalline Form H is measured at a temperature of about 25 °C.

In one embodiment, crystalline Form H of Compound (I}, mono benzenesulfonate

is characterized by a powder x-ray diffraction pattern comprising five or more 24 values

{CoKa 2=1.5418 A) selected from: 30202, 33+0.2,60+02,67+02, 10602,

114+02,124+02, 156402, 185+£02,213+02, and 22.7 + 0.2, wherein the

PXRD pattern of crystalline Form H is measured at a temperature of about 25 °C.

In one embodiment, crystalline Form H of Compound (1}, mono benzenesulfonate

is characterized by a powder x-ray diffraction pattem comprising six or more 28 values

D
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(CuKo 2=1.5415 A) selocted from: 3.0£02,33202,60+02,67+02, 106+02,
114+02 124402 156+02 185402, 213402 and 22.7 4+ 0.2, wherein the
PXRD pattern of erystalline Form H 1s measured at a terperature of about 25 °C.

In one embodiment, crystalline Form H of Compound (I}, mono benzenesulfonate
is characterized by an observed powder x-ray diffraction pattern substantially as shown in
Figure 11.

o still vet an even further erabodiment, crystalline Forra H of Compound (),
mong benzenesulfonate is substantiallyv pure.

In another embodiment, the crystalime form of Compound (1}, mono
benzenesulfonate consists essentially of crvstalline Form H. The crystalline fom of this
embodiment may comprise at least about 90 wt. %, preferably at least about 93 wt. %,
and more preferably at least about 99 wt. %, based on the weight of the erystalline form,
crystalline Form H of Compound (I}, mono benzenesulfonate sakt.

One cmbodiment provides a conposition comprising
2-44-(2-(7 8-dwmethyvl-{1,2 4itnazolof 1,5-a} pyridin-6-vi}-3-asopropyl- 1 Handol-5-v1)
piperidin- I-yDacetamide, mono benzenesulfonate salt, wherein at least 95 wi. %,
preferably at least 97 wt. %, and more preferably at least 99 wt. % of said
2-{4-(2-¢7 8-dimethyl-[1,2 4ltrazolof1,5-a] pyridin-6-v1}-3-isopropyl-1H-indol-3-y1)

piperidin- I-vijacetamide, mono benzenesulfonate is 10 erystaliine Form H.

Form I of Compound (), Mono Hydrobromic Acid Salt Monohydrate

In one embodiment, the mono hydrobromic acid salt of Compound () is provided
as a crystalline material comprising crystaliine Form I The crystalline Form [ of
Compound (£}, mono hydrobromic acid salt has a stoichiometry of 1:1 Compound (1) to
hyvdrobromic acid. Crystalline Form s a monohydrate. Crystaliine Form 115 also

referred to herein as “Form {7

Tablc ©
Form [ of Compound (I}, Mono Hydrobromic Acid Monohydrate
Selected PXRD 20 values (CuKo 21,5418 A) measured at room temperature

7102 87402 103402 (18402 140+02 15102

is

~3

+=0.2 163+02 174402 179+42 189+£02 206x02

-
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2832072 219+072 2254202 229+£902 B35+02 244=x02
244402 251402 254402 26002 267402 28102
20002 205+402 6+02 31502 328+£02 342072

3531402 365402 368402 38202 - -

In one embodiment, crystalline Form { of Compound (I}, mono hydrobromic acid
is characterized by a powder x-ray diffraction pattern comprising four or more 28 values
(CuKa h=135418 A) sclected from: 7.1 £02,87+02,103+02, 11.802, 14002,
163+£02,174+£02,179+02, 189402, 213 +0.2, and 22.5+ 0.2, wherein the
PXRD pattern of crystalline Form 1 is measured at a temperature of about 25 °C.

In one embodument, cryvstallive Fom 1 of Compound (I}, mono hydrobronuc acid
1s characterized by a powder x~ray diffraction pattern comprising five or more 28 values
(CuKod=15418 Ay selected from: 7.3 0.2, 87502, 10302 118:02 14002,
163202, 174=02,179x02,1809+£02,213+0.2 and 225+ 0.2, wherein the
PXRD pattern of erystalline Form 1 1s measured at a temperature of about 25 °C.

In one embodiment, crystalline Form | of Compound (I3, mono hydrobromic acid
is characterized by a powder x-ray diffraction pattern comprising six or more 28 values
{CuKa 2=1.5418 Ay sclected from: 712028702, 103202, 118202, 140202,
163402, 174+£02, 179402 189402, 213402 and 22.5+£0.2, wherein the
PXRD pattern of crystalline Form 1 is measared at a temperatere of about 25 °C.

In one embodiment, crystalline Form | of Compound (1), mono hydrobromic acid
is characterized by an observed powder x-ray diffraction patiern substantially as shown in
Figure 12.

In still vet an even further embodiment, crystalline Form | of Compound (1}, mono
bvdrobromic acid s substantially pure.

In another embodiment, the erystatline form of Compound (I}, mono hvdrobronuc
acid consists essentially of crystaline Form I The crystalline form of this embodiment
may comprise at least about 90 wt. %, preferably at lecast about 95 wt. %, and more
preferably at least about 99 wit. 9%, based on the weight of the crystalline form, crystalhing
Form [ of Compound ¢}, mono hvdrobromic acid salt.

One embodiment provides a contposition comprising

2-{4-(2-(7 B-dimethyl-{1.2 4}inazolof |,5-a} pyridin-6-v1}-3-isopropyl-1Haondol-5v1)
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preferably at least 97 wi. %, and more preferably at least 99 wt. % of said
2-{4-(2-¢7 8-dimethvl-{1,2 4 Htnazolof1,5-a] pyridin-6-vi)}-3-isopropyl- 1H-indok-5-v1}

pipendin- L-vilacetamide, mono hydrobromic acid is in crystalline Form 1

Form § of Compound (I}, Mono Citrate Anhydrate

n one cmbodiment, the citrate salt of Compound (8} 15 provided as a crystalline
maternal comprising crystallime Form J. The crystalline Form § of Compound (1), citrate
acid salt has a stoichiometry of 1.1 Compound () to citric acid. Crystalline Form § 1s an

aphydrate. Crystalline Form § is also referred to herein as “Form J7

Table 10
Form J of Compound {1}, Mono Citrate Anhydrate

Selected PXRI 28 values (CuKa A=1.5418 A) measured at room temperature

PCT/US2024/055605

3602 724202 94+02 108+02 123+£0.2 12702

134+02 454902 154+02 162402 185+02 281202

22902 239+072 283+072 - - -

In one embodiment, crystalline Form J of Compound (1}, mono citrate is
characterized by a powder x-ray diffraction pattem comprising four or more 268 values
{CuKo 3=1.5418 A) selected from: 3.6+£02, 72402, 108+02, 127+ 02, 134+0.2,
154+072 and 162 + 0.2, wherein the PXRD pattem of crystalline Form ] is measured at
a temperature of about 25 °C.

In one embodiment, crystalline Form I of Compound (1), mono citrate 1s
characterized by a powder x-ray diffraction pattern comprising five or more 28 values
{CuKo =1.5418 A} selected front: 3.6 02,7202, 10802, 12702, 13402,
154+ 02, and 16.2 £ 0.2, wherein the PXRD pattern of crvstalline Form 1 is measured at
a temperature of about 25 °C.

In one embodiment, crystalline Form § of Compound (1), mono citrate is
characterized by a powder x~ray diffraction pattcm comprising six or roore 20 values
(CoKo 2=1.5418 A) selected from: 3.6 0.2, 72+02, 108+0.2, 127402, 134402,

154202 and 16.2 + 0.2, wherein the PXRD pattern of crystalline Form J is measured at

D
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a temperature of about 25 “C.
In one embodiment, crystalline Form I of Compound (1}, mono citrate is
characterized by an observed powder x-ray diffraction pattern substantially as shown in

Figure 13.

A

In still vet an even further embodiment, erystalline Form § of Compound {1},
mono citrate is substantially pure.

o another erobodiment, the crystalline form of Compound (1), mono citrate
consiats essentially of crystalline Form J. The crystathine form of this embodiment may
comprise at least about 90 wit. %, preferably at least about 95 wt. %, and more preferably
10 at least about 99 wt. %, based on the weight of the crvstalline form, crystalline Form J of

Compound (1), mono citrate salt.
One embodiment provides a composition comprising
2-(4-(2«7 B-dimethyl-{1,2 4 }triazclof | 5-a] pynidin-6-y)-3-isopropyl-1H-ndol-3-y)
piperidin- [-yacetamide, mono citrate salt, wherein at least 95 wt. %, preferably at least
15 97 wt. %, and more preferably at least 99 wi. % of said
2-44-(2-(7 8-dimethyl-{1,2 4{tnazolof 1,5-a] pyridin-6-yi}-3-1sopropyl-1H-indol-5-v1}

piperidin- l-yhacetanide, mono citrate is in orystalline Foom 1.

Form K of Compound (1), Mono Hydrochloric Acid Anhvdrate
20 In one embodiment, the hydrochloric acid salt of Compound (I} is provided as a
crystalline material comprising crystalline Fomm K. The crystalhine Form K of
Compound (I}, hydrochloric acid salt has a stoichiometry of 111 Compound (f) to
hvdrochloric acid. Crystalline Form is an anhydrate. Crystaliine Form K s also referred
to herein as “Form K7
25 Table 11
Form K of Compound (I}, Mono Hydrochloric Acid
Selocted PXRD 26 vatues (CuKa A=1.5418 A) measured at room temperature
58202 87402 1144£02 131442 139402 14302
14602 152+£02 1753202 18002 192+£02 137£02

206+ 0.2 217402 220402 232402 239402 2464 0.2

250072 60+£072 26402 270072 WO£02 29202
30702 320+02 - - - -
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In one embodiment, crvstailine Form K of Compound (I}, mono hvdrochlonie acid
is characterized by a powder x-ray diffraction pattem comprising four or more 28 values
{CuKo 3=15418 A) sclected from: 5.8+02, 87402, 114402, 13.1 %02, 13.9+0.2,
175402,192+02,197+02,206+ 0.2, and 22.0 4 0.2, wherein the PXRD pattern
of crystalline Form K is measured at a temperature of about 25 °C.

o one cmbodiment, crystailine Foom K of Compound (I}, mono hydrochloric acid
1s characterized by a powder x-ray diffraction pattern comprising five or more 28 values
(CuKo h=1.5418 A) selected from: 5.8 £02 87202 11402 13102, 139+02,
175202,192202,197x02,206+02, and 22.0 £ (.2, wherein the PXRD pattern
of crystalline Form K is measured at a temperature of about 25 °C.

In one embodiment, crystalline Form K of Compound (1}, mono hydrochloric acid
is characterized by a powder x-ray diffraction pattern comprising six or more 20 values
{(CuKo 2=1.5418 A) selected from: 58+£02,87+02,114+02, 13102, 13902,
175202192202, 197202, 206102, and 22.0 £ 0.2, wherein the PXRD pattern
of crystalline Form K is measured at a temperature of about 25 °C.

In one embodiment, crystalline Form K of Compound (1}, mono hydrochloric acid
is characierized by an observed powder x-ray diffraction patiern substantially as shown in
Figure 14

In still vet an even further embodiment, crystaliine Form K of Compound (I},
mono hydrochloric acid 1s substantially pure.

In another embodiment, the crystalline form of Compound (I}, mono hvdrochloric
acid consists essentially of crystalline Form K. The crystalline form of this embodiment
may comprise at least about 90 wt. %, preferably at lecast about 95 wt. %, and more
preferably at least about 99 wi. 9%, based on the weight of the crystalline form, crystalline
Form K of Compound (1), mono hydrochlonc acid salt.

One embodiment provides a composition comprising
2-44-(2-(7 B-duethyl-{ 1.2 4tnazolof 1.3-a} pyridin-6-v1}-3-tsopropyl- 1 H-indob-5-y1)
piperidin- [-yacetamide, mono hvdrochlone acid salt, wherein at least 95 wt. %,
preferably at least 97 wi. %, and more preferably at least 99 wt. % of said
2-4-(2-(7 8-dimethvl-[1,2 4 ftrnazolof1,5-a] pyridin-6-yi}-3-isopropyl-1H-indok-5-v1}

pipenidin- l-vhacetanmide, mono hydrochlonie acid 1s in crystaliine Form K

26~
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Form L of Compound (I}, Mono Hydrochloric Acid Monohydrate
In ong embodiment, the hydrochloric acid salt of Compound (I} 1s provided as a
crystalline material comprising crystalline Form L. The crystalline Form L of Compound
(I}, hvdrochloric acid bromide salt has a stoichiometry of 1:1 Compound (I) to
hydrochloric acid. Crystalline Form is a monohydrate. Crystalline Form L is also
referred to herein as “Form L7,
Table 12
Form L of Compound (I}, Mono Hydrochloric Acid Monohydrate

Sclected PXRD 26 values (CuKg 2=1.5418 A) measured at room temperature

PCT/US2024/055605

38202 78+02 129+02 140072 144+02 153202
163+£02 194402 216402 23.24£02 278+02 31.9x02

In one embodiment, crystalline Form L of Compound (I}, mono hydrochloric acid
is characterized by a powder x-ray diffraction pattern comprising four or more 20 values
(CuKo d=1.5418 A) selected from: 3.8 02, 78+ 02, 129+ 0.2, 144+ 02, 15302,
163x02,216x02,232+02,278+0.2, and 31.9£0.2, wherem the PXRD pattern
of erystalline Form L is measured at a temperature of about 25 °C.

in onc embodiment, crystalline Fomm L of Compound (1), mono hvdrochloric acid
is characterized by a powder x~ray diffraction pattern comprising five or more 28 values
(CuKo 2=1.5415 A) selected from: 35202, 78502, 129502, 1444072, 153+£02,
163402 216402 232+02 278402, and 31.9+4 0.2, wherein the PXRD pattern
of crystalline Form L 1s measured at a temperature of about 25 °C.

In one embodment, crystailine Form L of Compound (I}, mono bydrochloric acid
is characterized by a powder x-ray diffraction pattern comprising six or more 26 values
{CuKo 4=1.5418 A) selected from: 3802, 78+0.2,129+0.2,144+0.2, 153 +0.2,
63+202,216202,232+202,278+02, and 31.9 £ 0.2, wherein the PXRID pattem
of crystalline Form L 1s measured at a temperature of about 25 °C.

In one embodiment, crystalline Form L of Compound {1}, mono hydrochloric acid
is characterized by an observed powder x-ray diffraction pattern substantially as shown in
Figure 15

In still vet an even further embodiment, crystalline Form L of Compound (1),

27~
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mono hydrochloric acid 1s substantially pure.
In another embodiment, the erystalline form of Compoand (I}, mono hydrochloric
acid consists essentially of crystalline Form L. The crystalline form of this embodiment

may comprise at least about 90 wt. %, preferably at least about 95 wt. %, and more

A

preferably at least about 99 wi. %, based on the weight of the crystalline form, crystalline
Form L of Compound (1}, mono hydrochloric acid salt.

One embodiment provides a composition comprising
2-{4-(2-(7 8-dimethyvl-[1.2 4}tnazolof |,5-a] pyridin-6-v1}-3-isopropyl- 1 Hemndol-5-vi}
piperidin- 1-yDacetamide, mono hydrochloric acid salt, wherein at feast 93 wt. %,
10 preferably at least 97 wt. %, and more preferably at least 99 wt. % of said
2-{4-(2-(7 8-dimethyl-{1,2 4 }triazolof 1,5-a] pyndin-6-v1)-3-isopropyl- 1H-andol-5-v1)

piperidin-I-vljacetamide, mono hydrochloric acid is in crystalline Form L.

Form M of Compound (1), Mono Methane Sulfonic Acid Salt Monohydrate

15 In one embodiment, the methane sulfonic acid salt of Compound (¥) 1s provided as
a crystalline material comprising crystalline Form M. The crystalline Form M of
Compound (1), methane sulfonic acid bromide salt has a stoichiometry of 1:1 Compound
(I) to methane sulfonic acid. Crystalline Forma M 15 a monobydrate. Crystalline Form M

is also referred to herein as “Form M.

20
Table 13
Form M of Compound (I), Mono Methane Sulfonic Acid Salt Monohydrate
Selocted PXRD 26 values (CoKo h=1.541% A) measared at soom temperature

135402 147402 15302 159+£02 176+£02 20302
281402 21502 22702 232+£02 23.9+£02 24302
250+02 263£02 271402 283402 288+£02 29802
30702 3124£02 317+£02 323x02 332+£02 3Box02
34602 352402 - - - -

23 In one embodiment, crvstalline Form M of Compound (1}, mono methane sulfonic

acid salt is characterized by a powder x-ray diffraction pattern comprising four or more

26 values (CuKea 3=1.5418 A) selected from: 13.5+0.2, 147+0.2, 153402, 159+

Ny
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02,176202 203x02 211+£02,227+02,232:02,239+£02, and 2434072,
wheretn the PXRD pattern of crystalline Form M is measured at a temperature of about
25°C.

In one embodiment, crystalline Form M of Compound (I}, mono methane sulfonic

A

acid salt is characterized by a powder x-ray diffraction pattern comprisimg five or more 28
values (CuKe 2=1.5418 A) selected from: 135402, 147402, 153402, 159402,
176202,203202,211£02,227202,232£02,239202 and 243202,
wherein the PXRD pattern of crystalline Form M 1s measured at a temperature of about
25°C.

16 In one embodment, crystalline Form M of Compound (1), mono methane sulfonic
acid salt is characterized by a powder x~ray diffraction pattern corprising six or more 28
valoes {CuKa 2=1.5418 A) selected from: 135+ 02, 147402, 153402, 159402,
176+£02,203202,211%£02,227+02,232+02,239+202,and 243+02,
wherein the PXRI pattern of crystalline Form M is measured at a temperature of about

15 25°C,

In one embodiment, crystalline Form M of Compound (1}, mono methane sulfonic

4]

i

acid salt is characterized by an observed powder x-ray diffraction patterm substantially as
shown it Figure 16,
In still vet an even further embodiment, erystalline Form M of Compound (),
20 mono methane sulfonic acid salt is substantially pure.

0 another embodiment, the crystalline form of Compound (1}, mono methane
sutfonic acid salt consists essentially of ervstalline Form M. The crystalline form of this
embodiment may comprise at least about 90 wt. %, preferably at least about 95 wt. %,
and more preferably at least about 99 wt. %, based on the weight of the crystaliine form,

25 crystalline Foom M of Compound (1), mono methane sulfonic acid salt.

One embodiment provides a composition compnising
2-{4-2-7 &-dimethvl-{ 1,2 4triazolof1.5-a] pyridin-6-y1)-3-tsopropyi-1H-indol-5-y1)
piperidin- [-yacetamide. mouneo methane sutfonic acid salt, wherein at least 93 wt. %%,
preferably at least 97 wi. %, and more preferably at least 99 wt. % of said

30 2-(4-(2-(7 8-dimethvi-{1,2 4 ltriazolof 1,5-a] pyridin-6-yi}-3-isopropyl- 1 H-indol-5-v1}
piperidin- l-yhacetamide, mono methane sulfonic acid salt is in crystalline Form M.

Crystalline forms may be prepared by a variety of methods, including for

w2
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example, crystathzation or recrystallization from a suitable solvent, sublimation, growth
from a melt, solid state transformation from another phase, crystallization from a
supercritical fluid, and jot spraying. Techniques for crvstallization or recrvstallization of

crystalline forms from a solvent mixture mclude, for example, evaporation of the solvent,

A

decreasing the temperature of the solvent mixture, crystal seeding a supersaturated

solvent mixture of the molecule and/or salt, freeze drying the solvent mixture, and

addition of antisolvents {countersolvents} to the solvent mixture. High throughput
crystallization fechnigques may be employed to prepare cryvstalhine forms including
polymorphs.

10 Crystals of drugs, including polymorphs, methods of preparation, and
characterization of drug crystals are discussed 1 Sofid-State Chemistry of Drugs, S.R.
By, R.R. Pieiffer, and 1.G. Stowell, 2 Edition, SSCI, West Lafayette, Indiana (1999).

For crystallization techunigues that employ solvent, the choice of solvent or
solvents is typically dependent upon one or maore factors, such as solubility of the

15 compound, crystallization technique, and vapor pressure of the solvent. Combinations of
solvents may be employed, for example, the compound may be solubilized mnto a first
solvent to afford a solution, followed by the addition of an antisolvent to decrease the
solubility of the compound in the solution and to afford the formation of crystals, An
antisolvent 1s a solvent in which the compound has low sohubility.

20 In one method to prepare crystals, a compound is suspended and/or stirred in a
suttable solvent to afford a shurry, which may be heated to promote dissolution. The teon
“slurry”, as used herein, means a saturated solution of the compound, which may also
contain an additional amount of the compound to afford a heterogeneous mixture of the
compound and a solvent at a given terperature.

25 Seed crystals may be added to any crystallization mixture to promotie
crvstallization. Sceding may be employed to control growth of a particular polvmorph or
to control the particle size distribution of the crystalline product. Accordimgly,
calculation of the amount of seeds needed depends on the size of the sced available and
the desired size of an average product particle as described, for example, i “Programmed

36 Cooling of Batch Crystallizers,” JW. Mullin and §. Nwvit, Chemical Engineering

Science, 1971,26, 369-377. In general, seeds of small size are needed to controt

effectively the growth of crystals 1o the batch. Seed of small size may be generated by

~30-
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sieving, milling, or micronizing of large crystals, or by nucro-erystallization of solutions.
Care should be taken that mulling or micronizing of crystals does not result in any change
i crystatiinity form the desired crvstal form (1.¢., change to amorphous or 1o another

polymorph).

A

A cooled crystallization mixture may be filtered under vacuum, and the isolated
solids may be washed with a suitable solvent, sach as cold recrystallization solvent, and
dried under a nitrogen putge to afford the desired crystalline form. The isolated solids
may be analvzed by a suttable spectroscopic or analytical technique, such as solid-state
nuclear magnetic resonance, differential scanning calorimetry, powder x-ray diffraction,
10 orthe like, to assure formation of the preferred crvstalline form of the product. The
resubting crystalline form is typically produced 1 an amount of greater than about 70
weight % isolated vield, preferably greater than 90 weight % isolated yield, based on the
weight of the compound originally employed in the crystallization procedure. The
product may be comilled or passed through a mesh screen to delump the product, if

15 wecessary.

Crystalline forms may be prepared directly from the reaction medium of the final

process for preparing Compound (). This may be achieved, for example. by emploving
i the final process step a solvent or a nuxture of solvents from which Compound (1) may
be crystatiized. Alternatively, crystalline forms may be obtained by distillation or solvent

20 addition techniques. Suitable solvents for this purpose include, for example, the
aforementioned nonpolar solvents and polar solvents, including protic polar solvents such
as alcohols, and aprotic polar solvents such as ketones.

The presence of more than one polymorph in a sample may be determined by

techniques such as powder x-ray diffraction (PXRD) or solid-state nuclear maguetic

25 resonance spectroscopy. For example, the presence of extra peaks in the comparison of
an expenmentally measured PXRD pattern with a smulated PXRD pattern may mdicate
more than one polymorph in the sample. The simulated PXRD may be calculated from
single crystal x~ray data. see Smith, DK, “A4 FORTRAN Program for Calculating X-Kay
Powder Diffraction Patterns,” Lawrence Radiation Laboratory, Livermore, California,

30 UCRL-7196 (April 1963).

The forms of Compound (1) may be characterized using various techniques, the

operation of which are well known to those of ordinary skill in the art. The forms may be
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characterized and distinguished using single crystal x-ray diffraction, which is based on
unit cell measurements of a single crystal at a fixed analytical temperatore. A detailed
descrption of unit cells 15 provided n Stout & Jensen, X-Ray Structure Determunation: A
Practical Guide, Macmillan Co., New York {1968}, Chapter 3, which 1s herein
mcorporated by reference. Altematively, another means of characterizing the crystalline
struchire is by powder x-ray diffraction analysis in which the diffraction profile is
compared to a simulated profile representing pure powder matenal, both run at the same
analvtical temperature, and measurements for the subject form characterized as a senes of
28 values (usually four or more).

Other means of characterizing the form may be used, such as solid-state nuclear
magnetic resonance (ssNMR), differential scanning calorimetry, thermal analysis, and
vibrational spectroscopy. These parameters may also be used in combination o

characterize the subject form.

UTILITY

The mono benzenesulfonic acid salt of Compound {I) can be used to isolate
Compound (I} from other components at the completion of the synthesis process; and/or
to puntfy Compound {1} by one or a series of crystallization steps.

Crystaliine Formm A of the mono benzenesulfonic acid salt of Compound (I} can be
used to 1solate Compound (I) from other components at the completion of the synthesis
process: and/or to purify Compound (I} by one or a series of erystallization steps. The
isolation and the purification steps can be combined or practiced as separate process
steps.

The mono benzenesulfonic acid salt of Compound (I} can be formulated into a
pharmaceutical composition suitable for oral administration.

Cryvstalline Form A of the mono benzenesulfonic acid salt of Compound () can be

formulated into a pharmaceutical compostiion suttable for oral administration,

EXAMPLES
The mvention will now be further described by the following working example(s),
which are preferred embodiments of the mvention. All temperatures are in degrees

Celsius (°C) unless otherwise indicated. These examples are itlustrative rather than

37
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limiting and 1t 1s to be understood that there may be other embodiments that fall within
the spirtt and scope of the invention as defined by the claims appended hereto.

The syothesis of Compound (I} is disclosed in WO 2018/005586 as Example 15

Preparation I Free base, Hemihydrate Crystalline Form

Compound ([} (100 mg} was dissolved in 1 mL DMF at 41 °C. Sanple was
cooled to room temperature and 0.2 mL water was added to form a shurry. The shurry was
stitred at room temperature for 2 days. The solids in the slurry were a free base,

hemihydrate crystalline form.

Preparation 2. Free base, Hemihydrate Crystalline Form

Compound (£) (1.15 g ) was dissolved i 95:5 THF: water {vol:vol) at room
temperature. Next, 1 mL of the solotion was transferred to vials. The vials were placed
in a vacuum concentrator to evaporate the solvent from cach of the vials.

To one vial, 1 mL of 90:10 DCM: MeOH (volivol) was added and the shurry was
stirred for 13 days. The solids in the slurry were a free base, hemibydrate crystalline
form.

To ancther vial, 1 mbU of 1 mL MIBK was added and the slurry was stirred for 13

davs. The solids i the slurry were a free base, hemibydrate erystalline form.

Example 1: Preparation of Crystalline Form A of Compound (I}. Mono Benzenesulfonate
Compound (£} (1 g of free base, henibydrate crystalline form) was slurnied in 10
mk of THFwater {0.98:0.02) {volvol}. Next, 1.360 mL of 2 M agueous benzenesulfonic
acid was added dropwise and the mixture was stirred at 700 rpm overnight at 20 °C. The
slurry was dried in a vacuum oven at 65 °C overnight. Next, 150 mg of the dried solids
was shurried i water at 20 “C with stirring. The slurry was placed in a vacuum oven at
65 °C and dried overnight to afford Foom A of Compound (I}, mono benzenesulfonate, as

determined by PXRD.

Example 2: Preparation of Crystalline Form A of Compound (1), Movo Benzenesulfonate
Compound (I} (2 g of free base, hemihydrate crystalline form} was shuned in 10

mL of acctonitrile. The slurry was stirred for 5 mimites at 400 rpm speed at 20 °C. Next,

33
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2 M agueous benzenesulfonic acid (0.6 eq. 1.35 mL) was added to the slurry, The slumry
was stirred for 5 minutes. An additional 0.6 eq. (1.33 mL} of 2 M agueous
benzenesulfonic acid was added. The sturry was stirred for 5 mins, followed by addition
of 0.5 eq. {1.125 mL) of 2 M aqueous benzencsulforuc acid. This slurry was stirred at
400 rpm for 3 hours at 20 °C. The slurry solids were Form A of Compound (1), mono
benzenesulfonate as determined by PXRD. The slurry solids were isolated by filtration,
and washed twice with the mother bquor. The solids were dried at 65 °C in a vacuum
oven with 180 mm Hg vacuum for 2 days to afford Form A of Compound (I}, mono
benzenesulfonate, as determmmed by PXRD. Form A was maintained during the drying of

the slurry under the described drying conditions.

Example 3. General Preparation of Crystatling Form € of Compound (1), Mono
Benzenesulfonate Solvate

A slurry 1s prepared by adding sufficient solids of crystathine Form A of
Compound (I}, mono benzenesulfonate to a solvent (acetone, acetonitrle,
dichloromethane, dimethyl formammde, dimethyisalfoxide, tsopropanol, isopropyl acetate,
methvl isobutyl ketone, and tetrahydrofuran} at a temperature in the range of room
temperature to 60 °C such that undissolved solids are present. The shurry is stirved at
room temperature to 60 °C for 5-13 days. The solids from the slurry are collected via

vacuum filtration and analyzed by PXRD,

Crystallime Form C of Compound (), Monobenzenesulfonate Acetonitrile Solvate

A slurry was prepared by adding sefficient solids of crystalline Form A of
Compound (£}, mono benzenesulfonate to acetonitrile at 60 °C such that undissolved
solids were present. The slurry was stured at room temperature for 13 davs. The solids

from the slurry were collected via vacuum filtration and analvzed by PXRD.

Example 4: Preparation of Crystalline Form D of Compound (1), Mono Benzenesulfonate
Crystalline Form A of Compound (I}, mono benzenesulfonate, was dried n a
vacuum oven set at 70 °C for 3 dayvs to atford crystalline Form D of Compound (1. The

solids were analyzed via PXRD.
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Example 3: Preparation of Crystalline Form E of Compound (1), Mono Benzenesulfonate
Crystalline Form € of Compound (3}, mono benzenesulfonate, was dried in a
vacuum oven set at 535 °C for | day to afford crystalline Form E of Compound (I}, The

sohids were analyzed via PXRD.

Example 6: Preparation of Crystalline Form F of Compound (1), Mono Benzenesulfonate
A sy was prepared by adding sufficient solids of erystathine Form A of
Compound (I}, mono benzenesulfonate, to ethyl acetate at 60 °C such that undissolved
solids were present. The shurry was stirred at 60 °C for 3 days. The solids from the sluery
were collected via vacuum filtration and dried 10 a vacuum oven set at 55 °C for | day.
The solids were analyzed via PXRD.
Example 7: Preparation of Crystalline Form G of Compound (1), Mono Benzenesulfonate
A shurry was prepared by adding sufficient solids of crystaliine Form A of
Compound (I}, mono benzenesulfonate, to methanol at room temperature such that
undissolved solids were present. The shury was stirred at room temperatare for 13 days.
The solids from the slurry were collected via vacuum filtration and dried in a vacuum

oven set at 55 °C for 1 day. The sohids were analyzed via PXRD.

Example 8: Preparation of Crystalline Form H of Compound (I}, Mono Benzenesulfonate
A shurry was prepared by adding sufficient solids of crystalhine Form A of
Compound (I}, mono benzenesulfonate, to ethanol at 60 °C such that undissolved solids
were present. The slurry was stirred at 60 °C for 6 days. In another vial, a shuory of Form
A was prepared by adding sufficient solids to ethanol at room temperatare such that
undissolved solids were present. The shurry was stirred at room temperature for 13 days.
The solids i the two vials were combined in ethanol. The slorry was stirred at 60 °C for
8 days and at room temperatare for 2 davs. The solids from the sharry were collected via
vacuum filiration and dried in a vacuum oven set at 55 °C for | day. The solids were

analvzed via PXRE.

Example 9 Preparation of Crystalline Form [ of Compound (1), Mono Hydrobromic acid

Salt
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Compound (§), free base, hemihydrate crystalline form (1 g) was shurned in 10 mL
of THF water (0.98:0.02) v/v and kept stirring at 20 °C at 700 rpm. Next, 1360 pL of 2
M agqueous hydrobromic acid was added dropwise and the slumy was stured overnight at
20 °C for 12 hours at 700 rpm. The sample was dried n a vacuum oven without filtration

at 65 °C for 12 hours. The solids were characterized by PXRD.

Example 10: Preparation of Crystalline Form § of Compound (1), Mono Crirate
Compound (I}, free base, hemihydrate erystalline form (800 mg) was slumed m 6
mL of THF at 20 °C stirring at 700 rpm. Next, 214 pb of 1 M citric acid monohydrate
{cthanolic) was added dropwise and stirred 12 hours at 700 rpm at 20 °C. The slury was
dried in a vacuum oven without filtration at 65 °C for 12 hours. A sample of the solids
{50 mg)} was shurned it 0.3 mL of acetonitrile at 20 °C while stirnng at 700 rpm for §
dayvs. The sample was dried 1n a vacuum oven without filtration at 65 °C for 12 hours.

Solids were then analyzed by PXRD.

Example 11: Preparation of Crystalline Form K of Compound {I), Hyvdrochloric Acid Salt

Compound (I}, free base, henihydrate erystaliine form (8 mg) and 1 equivalent of
HCI were added to 0.3 mL of THF iv a small vial at room temperature. The solids were
analyzed by PXRD.

Example 12: Preparation of Crystalline Form K of Compound (1), Hydrochloric Acid Sak
Compound (I}, free base, hemihydrate erystalline form (8 mg) and | equivalent of
HCl were added to 6.3 mL of acetonitrile in a small vial at room temperature. The solids

were analyzed by PXRD.

Example 13: Preparation of Crystalhine Form K of Compound (1), Hydrochloric Acid Salt

Compound (I}, free base, hemihvdrate crystalline form (8 mg) and 1 equivalent of
HCl were added 1o 0.3 mL of methanol in a sroall vial at room temperature. The solids
were analyzed by PXRD.

Example 14: Preparation of Crystalline Form L of Compound (1), Hydrochloric Acid Salt

Corapound (), free base, henuhydrate crystatline form (1 g) was shurried in 6 ;b

PCT/US2024/055605



WO 2025/106462 PCT/US2024/055605

A

16

20

25

of tetrahydrofuran. Next, 340 ub of 5 M HCl 1n isopropanol was added dropwise. The
solution was kept stirring for 24 houars at 20 °C at 700 rpm. The shurry was dried ina
vacuum oven without filtration at 65 °C for 48 . A sample of the dried matenal (200
mg) was sharied in 1 mL of water for 12 hours at 20 °C while stirnng at 700 rpm. The
shirry was then dried ip 2 vacuum oven without filtration at 65 °C for 12 hours. The

solids were characterized by PXRD.

Example 15: Preparation of Crystalline Form M of Compound (1), Methane Sulfonic Acid
Salt

Compound (I}, free base, henuhydrate crystalline form (600 mg) was slurried n 4
L of THF at 20 °C stirring at 700 rpm. Next, 108 pL. of methane sulfonic acid (15 M)
was added dropwise and stirred overnight at 700 rpm at 20 °C. The slurry was dried in a
vacuum oven without filtration at 65 °C for 12 hours. A sample of the solid material (23
mg) was slurried 1n 0.5 mL of water at 20 °C whule stirning at 700 rpm. The slurry was
dried in a vacuum oven without filtration at 65 °C for 12 hours. Solids were then

analyzed by PXRD.

Form A: Physical Properties

Table 14: pH-Solubility Profile of Compound (§)

Crystalline Form A, benzenesalfonate salt | Free base, hemihydrate crystatline form
pH mg/mL pH mg/mlL
1 0.2 1.49 7312
2 0.1 4.40 0.010
3 0.1 6.7 <0.001
4 0.3 7.51 <0.001
- - 9.02 <0.001

Solid State Chemical Stability of Compound (I3, Benzenesulfomce Acid Salt Form A
Samples of Form A of Compound (I}, benzenesulfonic acid salt were stored at
different conditions of temperature and humidity for 4 weeks. The physical stability,

characterized by DSC, TGA, and PXRD, were measured at 2 and 4 weeks.
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The solid state stability of Form A was studied by storing samples of Form A at:
(1) 5 °C in a closed container;

(it} 25 °C / 50% relative humidity (RH} i open container;
(111) 40 °C / 75 % relative humidity in an open container; and
{iv} 50 °C in a closed container.

Samples of micronized Form A of Compound (1), benzenesulfonate were stored at
different conditions of tomperature and humidity for 4 weeks. The phvsical stability,
characterized by DSC, TGA, and PXRD, were measured at 2 and 4 weeks, No change in
the physical form was detected in the samples stored for 4 weeks. The data in Table 15§

shows that there were no measurable changes m chemical stability of the samples.

Table 15
Y% Assay
Storage Conditions
2 weeks 4 weeks
5 °C {control} 99.2 992
25 2C/60% relative humidity {closed) 99.2 992
40 °C/75% relative humidity {open} 992 992
50°C 99.2 992
High Intensity Lighv/UV 993 992

Powder X-ray Diffraction (PXRD)

PXRD data for Form A and Form K were collected using a Bruker D8 Discover
DaVine: with XY7Z Stage. The IuS X-ray generator was operated at 50 kV and I mA
with a Cu target (CuKa radiation). Incident beam optics included Montel mirrors with a
0.3 mm collimator. Photons were counted using an Eiger2 R 300K Detectorin 2D, 26
optinized mode. Sample-to~-detector distance was set to 140 mm. The samples were run
for 1000 seconds in transmission, snapshot mode with the incident beam at 0° and the
detector at 17.5°.

XRPD patterns for Forms C, D, E, F, G and H were collected using a PANalytical
X’Pert PRO MPD Diffractometer in reflection or transmission mode, with a scanning
position-sensitive detector (X Celerator} located 240 mm from the sample. Reflection
Mode used an incident bean of Cu Ko radiation produced using a long, fine~-focus source

and a nickel filter. The diffractometer was configured using the symumetric Bragg-
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Brentano geometry. A specimen of the sample was prepared as a thin, circular layer
centered on a silicon zero-background substrate. Antiscatter slits {§8) were used to
mininuze the background generated by air. Soller slhits for the 1ncident and diffracted

beams were used to minimize broadening from axial divergence. Data were collected in

A

reflectance geometry, with a generator operated at 45 kV and 40 mA over a 26 range of
~3-40°, with a step size of $.017°, and a scan speed of 1.2%/minute. Transmission Mode
used an incident bean of Cu radiation produced using an Optix long, tine~-focus source.
An elliptically graded multilayer mirror was used to focus Cu Ko X-rays through the
specimen and onto the detector. A specimen of the sample was sandwiched between 3-
10 pum-thick films and analyzed in transmission geometry. A beam-stop, short antiscatter
extension, and antiscatter knife edge were used to mminize the background generated by
atr. Soller slits for the incident and diffracted beams were used to mimmize broadening
from axial divergence. Data were collected in transmission geometry, with a generator
operated at 45 kV and 40 mA over a 28 range of ~1-490°, with a step size of 0.017°, and a
15 scan speed of 3.2%minute.
XRPD patterns for L, J, L and M were recorded on a Bruker AXS/DE Advance X-
rayv powder diffractometer with Cu Ko radiation. The diffractometer was equipped with a
ceramic tibe which was set at the power level of 40kV and 40mA, and a LYNXEYE
detector. Data were collected in a Theta/2-Theta geometry, whilst spinning at a rotation
20 speed of 15 rpm, over a 28 range of 2-40°, with a step size of 0.05°, and a time/step of 0.5

seconds.

Dhfferential Scanmng Calorimetry (DSC)
Differential scanning calorimetry (DSC) experiments were performed using a TA

25 Instruments Discovery DSC 2500, The sample (about 1-5 mg) was weighed 1n a Tzero

aluminum pan. The weight of the sample was recorded accurately to a hundredth of a

milligram before transferring to the DSC. The mstrument was purged with nitrogen gas at

50 mi/mun. Data were collected between room temperature and 350 °C at a heating rate

of 10 *C/oun. DS plots were generated such that the endothermic peaks pomnted down.
30

Thermal Gravimetric Analysis (TGA)

Thermal gravimetric analysis (TGA) experiroents were performed using a TA
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Instruments Discovery TGA 5500, The sample {about 1-10 mg) was placed n a
previously cleaned and tarred platinum pan. The weight of the sample was measured
accurately and recorded to a thousandth ot a nulligram by the instrument. The fumace
was purged with nitrogen gas at 25 mL/min. Data were collected between room

temperatore and 350 °C at a heating rate of 10 °C/min.

Motsture Sorption {sotherm

Moisture sorption isotherm data were collected on a VT SGA-106 Svmmetric
Vapor Analyzer using approximately 10 mg of sample. The sample was tested at 25 °C
from 93% relative humidity (RH) to 3% RH and then back 10 95% RH at 3% RH
decrements and increments, respectively. Equilibration at cach RH was reached when the

rate of 0.0010 wt.%/min for 60 minutes was achieved or a maximum of 120 minutes.

Solid-State Nuclear Maguetic Spectroscopy {(ssNMR)

Carbon-13 cross polanzation magic angle spinning (CPMAS) solid-state NMR
experiment was condocted on a Bruker NEO instniment operating at a proton frequency
of 400 MHz. Solid samples were spun at 13 kHz in a2 4 mm Zr02 rotor. The contact time
was 1.5 milliseconds. The relaxation delay was maintained at 5x 'H T1 of APL, which
was 20 seconds. Proton decoupling was apphied using a TPPM sequence. The spectral
sweep width was 300 ppm centered at 100 ppm. 2048 data poionts were acquired {giving a
digital resolution of 36 Hz} and zero filled to 8192 prior to apodization. 2048 free
mduction decavs were co-added. The spectrum was referenced indirectly to TMS using
3-methyighitanic acid {D. Barich, E. Gorman, M. Zeli, and E. Munson, So/id State Nuc.
Mag Res. 2006, 30, 125-129). Approxmmately 80 mg of sample was used for the

experiment. The temperature was set to 280 K.

~4{-~
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CLAIMS

What is claimed is:

1. A salt of Compound (I}

o

H
HaC CHsy )
wherein said salt of Compound (I} is a mono benzenesulfonic acid salt, a mono
hvdrobromic acid salt, a citric acid salt, a mono hydrochloric acid salt, or a mono methane

sulfonic acid salt.

2. The salt of Compound (I} according to claim 1, wherein said salt of Compound (T} 15

crystalline.

3. The salt of Compound (1} according to claim 1, wherein said salt of Compound (1) is

said mono benzenesutfomc acid salt of Compound (1),

4. The salt of Compound (I) according to claim 3, wherein said mono benzenesulfonic

acid salt of Compound (I} 1s a crystalline hydrate.

5. The salt of Compound (I} according to claim 4, wherein said crystalline hvdrate has a

stoichiometry of 2 to 2.25 water molecules for ecach molecule of Compound (1)

6. The salt of Compound (I) according to claim 3, wherein said mono benzenesutfonic

acid salt of Compound (I} is in crystalline Form A,

7. The salt of Compound {I} according to claim 6, wherein said crystalline Form A isa

hydrate having from 4.5 to 6.5 weight % water.

8. The salt of Compound (1) according to claim 6, wherein said crystalline Form A is

characterized by a powder x-ray diffraction pattern (PXRD) comprising four or more 28

A f-
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vatues (CuKo 7=1.5415 A) selected from: 6.1 202, §4£02, 101 £0.2, 11.1£0.2, 121
+0.2,151+02, 156402, 178+02, 182402, and 18.7 £ 0.2, wherein the PXRD

pattem of crystaliine Form A 1s measured at a temperature of about 25 °C.

5 9. The salt of Compound (I} according to claim 6, wherein said crystalline Form A s
characterized by a powder x-ray diffraction pattern (FXRD) comprising five or more 26
vatues (CuKa 2=1.5418 A) sclected from:; 6. 1202, 84 £02, 101202, 1112072, 121
+0.2,1514+02,1564+02,178+02, 182402, and 18.7 £ 0.2, wherein the PXRD
pattern of crystalline Form A 1s measured at a temperature of about 25 °C.

16

10. The salt of Compound (I) according to claim 6, wherein said crystalline Form A 18
characterized by a powder x-ray diffraction pattern (PXRD) comprising six or more 20
vatues {(CuKe 3=1.5418 A) selected from: 6.1+02,84+02, 101202, 111202, 12.1
0.2, 151202, 156£02, 178+02, 18202, and 18.7 £ 0.2, wherein the PXRD

15 pattern of crvstalline Form A 1s measured at a temperature of about 25 °C,

11. The sakt of Compound (1) according to claim 6, wherein said crystalline Form A is

characterized by

(i} a powder x-ray diffraction pattern comprising the 28 values {CuKo A=1.5418 Ay at
20 121+ 0.2 and 15.1 + 0.2, measured at 3 temperature of about 25 °C; and

(i1} a meliing point in the range of from 292 °C o0 296 °C.

12. The salt of Compound (1) according to claim 6, wherem said crystalline Form A 1s
characterized by:
25 (i) a powder x-ray diffraction pattern comprising the 28 values (CuKa 2=1.5418 Ay at
1214+ 0.2 and 153.1 £ 0.2, measured at a temperature of about 25 °C; and
(i1} a differential scanning calorimetry {D8C) thermogram substantially 0 accordance

with that shown n Figure 2.

36 13, The salt of Compound (1) according to claim 6, wherein said crvstalling Form A s
charactenized by

{i} a powder x-ray diffraction pattern comprising the 26 vahues (CuKo A=1.5418 A} at

il
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121 £0.2and 15,1+ 0.2, measured at a temperature of about 25 °C; and

(i1} a melting point in the range of from 292 °C to 296 °C.

14. The salt of Compound (I) according to claim 6, wheremn said cryvstalline Form A 1s
characterized by a crystalline Form A of Compound (1), mono benzencsulfonate exhibits

a BC-'H CPMAS solid state NMR spectrum substantially as shown in Figure 3.

15, The salt of Compound (1) according to claim 6, wherein said crystalline Form A is
characterized by a *C solid state NMR spectram comprising six or more peaks selected
from 137202, 177+02,218+02,244+02,260+02,267+02,334+02,396
+£0.2,514£02,530202,3712£02, 1140202, 1162202 1234202, 1252«
02,1267402,1284+02 1204+ 02, 1356+02 1399402 14584+ 02, 1494+
02,1532+ 02, and 167.2 = 0.2 ppm, wherein the 1*C sclid state NMR spectrum of

crystalline Form A is measured at a temperature of about 280 K

16. The salt of Compound () according to claim 3, wherein said mono benzenesalfonic

acid salt of Compound (I} is a crystalline anhydrate.

17. The salt of Compound (I} according to claim 16, wherein said crystalline hydrate is
crystalline Form D characterized by a powder x-ray diffraction pattern comprising four or
mare 26 values (CuKo 2=1.5418 A) sclected from: 6.1 £ 0.2, 81202, 10702, 117+
G2, 122502, 127202, 130+£02, 148:02, 1535502, 167+£02,179+02, and
19.5 £ 0.2, wheremn the PXRD pattern of crystalline Form D is measured at a temperature

of about 25 °C.

18. The salt of Compound (I) according to claim 16, wherein said cryvstalline hydrate 1s
crystalline Form E characterized by a powder x-ray diffraction pattem comprising four or
more 26 values (CoKo 2=1.5418 A) sclected from: 58+ 02,7102, 9802, 123 =
B2, 1383202 13902 13902, 178202 181202, 18902, and 217402,
wherein the PXRD pattern of crystalline Form E 15 measured at a temperature of about 25
°C.

PCT/US2024/055605
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19, The salt of Compound (1) according to claim 16, wherein said erystaliine hydrate is
crystalline Form F characterized by a powder x-ray diffraction pattern comprising foar or
more 20 values (CuKo 24=15418 A) selected fromu 5.6+ 02, 74+02, 8402, 103+

02,113202,121%202,131+02,13.6+02,156=02,184+02,229+0.2, and

A

245 + 0.2, wherein the PXRD pattern of crystaliing Form F is measured at a temperatore

of about 23 °C.

20, The salt of Compound (1) according to claim 16, wherein said crystalline hydrate 1s
crystalline Form G characterized by a powder x-ray diffraction pattern comprising four or

10 more 26 values {CuKo 4=1.5418 A) selected from: 33+£02,62+02.66+0.2, 79+
02,93£02,99+£02 120£02 125402 128402 134402 140202 150+
0.2, and 17.2 + 0.2, wherein the PXRD pattern of erystalline Form G is measured at a

temperature of about 25 °C.

15 21 The salt of Compound (I} according to claim 16, wherem said crystalline hydrate is
crystalline Form H characterized by a powder x-ray diffraction pattern comprising four or
more 26 values (CuKo d=1.5418 A) selected from: 3.0+£02,33402,60+02,67+
02,106x02, 114202, 124=x02,156=x02,185x02,213x02,and227£02,
wherein the PXRD pattern of crystalline Form H s measured at a temperatare of about 25

0 °C.

22. The salt of Compound (1) according to claim 3, wherein said mono benzenesulfonic
acid salt of Compound (I} 15 a crystalline solvate comprising a solvent selected from
acetone, acetoniirile, dichloromethane, dimethyl formamide, dimethyiselfoxide,

25 isopropanol, isopropyl acetate, methyl isobuty] ketone, or tetrahyvdrofuran.

23. The salt of Compound (I} according to claim 21, wherein said crystalline solvate is in
Form € characterized by a powder x-ray diffraction pattern comprising four or more 28
values (CuKa 2=1.5418 A) selected from: 3.1+ 02, 77402, 81+02,102+02, 112
36 £02,116402,129+02,1414+02, 146402, 150402, 186402, 193 +02,
21.5+02 231202 and 248 + 0.2, wherem the PXRD pattern of crystalline Form C is

measured at a teroperature of about 25 °C.

i
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24. The salkt of Compound (I} according to claim 2, wherein said salt of Compound (I} is
a raono hydrobronuc acid salt m crystalline Form | characterized by a powder x-ray
diffraction pattern comprising four or more 20 values (CuKo 2=1.5418 A) selected from:
7140287402 103402 118£02 140402 163+02,174:02 179402,

189+02 213+02, and 22.5 + 0.2, wherein the PXRD patterm of crystalline Form 1 1s

A

measured at a temperature of about 25 °C.

23, The sakt of Compound (I} according to claim 2, wherein said salt of Compound {1} is
16 aecuric acid salt in erystalline Form J characterized by a powder x-ray diffraction pattern

comprising four or more 20 values (CuKo 3=1.5418 A} selected from 3602, 72

02,108+02,127+02,134+02,154+ 0.2, and 16.2 + 0.2, wherein the PXRD

pattern of crvstalline Form J is measured at a temperature of about 25 °C.

15 26, The salt of Compound (I} according to claim 2, wherein said salt of Compound (I) is
aneat hvdrochloric acid salt in erystalline Form K characterized by a powder x-ray
diffraction pattern comprising four or more 20 values (CuKa A=1.5418 A) selected from:
5802, 8702, 14202131202 139202, 175202,192+£02,197+£072,
20.6+ 0.2, and 22.0 + 0.2, wherein the PXRD pattem of crystalline Form K is measured

20 at atemperature of about 25 °C.

27. The salt of Compound (I} according to claim 2, wherein said salt of Compound (I) is
a monchvdrate hydrochioric acid salt in crystatline Form L characterized by a powder x-
rav diffraction pattern comprising four or more 20 vahies (CuKa =1 5418 A) selected
25 from: 3802, 78202 129202, 144202, 153202, 163202, 216202,232%
0.2,278+0.2, and 31.9 % 0.2, wherein the PXRD pattern of crystalline Form L 13

measured at a temperature of about 25 °C.

28. The salt of Compound (I} according to claim 2, wherein said salt of Compound (I} 18
30 amonchvdrate methane sutfonic acid salt m crystalline Form M characterized by a
powder x-ray diffraction pattcrn comprising four or more 26 values {CuKo 4=1.5418 A)

selected fronu 13502, 14702, 1530215902, 1760220302211 %

-45-
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02,227+02,232+02,239+072, and 243 + 0.2, wherein the PXRD pattem of

crystalline Form M is measured at a temperatare of about 25 °C.

A

T



