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METHODS OF PREPARING MELANOCORTIN 4 RECEPTOR AGONISTS

CLAIM OF PRIORITY
The present application claims priority to KR Application No. 10-2024-0008342, filed on
18-Jan-2024; KR Application No. 10-2024-0010985, filed on 24-Jan-2024; KR Application No.
10-2024-0009488, filed on 22-Jan-2024; KR Application No. 10-2024-0008338, filed on 18-Jan-
2024; and KR Application No. 10-2024-0004302, filed on 10-Jan-2024. The entire contents of

each of the foregoing applications are incorporated by reference in their entirety.

BACKGROUND

Melanocortin receptor (MCR) is a type of G-protein coupled receptor (GPCR). The primary
role of G-proteins is to regulate cellular responses to many physiclogical stimuli through signal
transduction by activating secondary messengers. There are five types of melanocortin receptors
that have been discovered so fur. It has been shown that among these melanocortin receptors,
MC4R is deeply involved in pathways that regulate body weight and roetabolism. For example,
knockout studies in mice lacking the MC4R develop obesity due to overeating, In recent years,
small molecule modulators of the MC4R have been developed; however, there is a need for

improved methods of preparing these small molecules.

SUMMARY
The present disclosure features a method for preparing an MC4R agonist and related

compositions thereof. In one aspect, provided herein is a compound of the following Formula (I

O
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Qf* Q y
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Cl , wherein Ry is C2-Cs alkyl. In particular, the present disclosure

features methods for improving the method of syuthesis, wherein a compound of Formula ()

using a compound of Formula (II) baving a roorpholine structure as an intermediate:
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In some embodiments, the present disclosure features a method of preparing a compound of

Formula (X1):
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Cl (X1}, a pharmaceutically acceptable salt thereof, or a solvate thereof,
wherein Ry is C2-Cs alkyl, comprising Step A of reacting Compound 1
O%:,OH
cbz\?\{: 2
OH
1

with an alcohol having 1 to 6 carbon atoms and an acid catalyst to form a compound
of Formula (IV):
OQ“\:/O\ Ry

chz~ N
‘L

OH (1V), wherein R» is C-Cs alkyl. In some embodiments, Ry is methyl, ethyl, propyl,
isopropyl, or butyl. In some embodiments, the acid catalyst of Step A is at least one selected from
the group of HCI, HoSO4, H2SO4 and KF, a combination of AbGs (KF + Al:O3), HaPOy4, p-toluene
sulfonic acid, and scandiuvm(1il) triflate.

In a second aspect, the present disclosure features a method of preparing a compound of

Formula (I):
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wherein R, is C3-Cs alkyl, comprising Step H of reacting Compound 1

(X1}, a pharmaceutically acceptable salt thereof, or a solvate thereof,
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1 with morpholine to form Compound 9:
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. In some embodiments, Step H is facilitated by a coupling agent. Exemplary
coupling agents include  ethyl«(IN' N -dimethylamino)propylcarbodiimide  hydrochloride
(EDC-HCYH, NN -dicyclohexylcarbodiinude (DCC), ditsopropylcarbodiimide (DIC): NN’-
carbonyldiimidazole  (CDI);  N-ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline  (EEDQ);
phosphorus oxychloride; alkoxyacetylene; benzotriazol-1-yvloxy-tris{dimethylamino)-
phosphonium  hexafluorophosphate (BOP), benzotriazol-1-yloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP), bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyl cyano(hydroxyiminojacetato-O?)-tri-( L-pyrrolidinyl)-phosphonium
hexafluorophosphate (PyOxim), 3-(diethoxy-phosphoryioxy)-1,2,3-benzold] triazin-4(3H)-one
(DEPBT): 2-{1H-benzotriazol-1-y1)-N,N, N’ N’ -tetramethylaminium {TBTU)
tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-yD-N,N, N’ N’-
tetramethylaminium hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-oxoethylidene-
aminooxy)-dimethylamino-morpholinoj-uronium  hexafluorophosphate  (COMU). In some

embodiments, Step H with a coupling agent is furrther facilitated by a reaction accelerating additive.
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Exemplary reaction accelerating additives include 1-hydroxybenzotriazole (HOBt) and its
derivatives such as hydroxy-3,4-dihydro-4-ox0-1,2,3-benzo-triazine (HOOB), 1-hydroxy-7-aza-
1H-benzotriazole (HOAL), resin-supported derivatives thereof, and hydrates thereof; N-
hydroxysuccininide (NHS); and 4-dimethylpyridine (DMAP).

In a third aspect, the present disclosure features a method for preparing a compound of

Formula (X1):

{X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,
comprising a step M of reacting a compound of Formula (II):

Formula (1)

o
o\\\:,N\/J
HCI 3
HN
o)

§§ ’
(i1}, or a conjugate base, or a solvate thereof, with Compound 13:

ey

13 . of asalt, or a solvate thereof, wherein R is C»-Cs alkyl. In some embodiments,

Step M further comprises crystallization of the synthesized compound of Formula (XI). In some
embodiments, Step M is facilitated by a coupling agent. Exemplary coupling agents include ethyl-
(N°,N’-dimethylamino)propylcarbodiimide hydrochloride (EDC-HCL, N,N’-
dicyclohexylearbodiimide (DCC), diisopropylcarbodiimide (DIC); N,N’-carbonyldiimidazole
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(CDY); N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ): phosphorus oxychioride;
alkoxyacetylene, benzotriazol-i-yloxy-tris{dimethylamino)-phosphonium hexafiuorophosphate
(BOP), benrotriazoi-1-yvioxy-tripyrrolidino-phos-phonium  hexafluorophosphate  (PyBOP),
bromo-tripyrrolidino-phosphonium hexa-flucrophosphate (PyBrOP), ethyl
cyano(hydroxyiminojacetato-O%)-tri-( 1 -pyrrolidinyl)-phosphonium hexafluorophosphate
(PyOxim), 3-(dicthoxy-phosphoryloxy)-1,2,3-benzofd] triazin-4(3H)-one (DEPBT); 2-(1H-
benzotriazol-1-y1)-IN, NN, N’ -tetramethylaminium (TBTL) tetrafluoroborate/
hexafluorophosphate, 2-(7-aza-1H-benzotriazol- 1 -y1)-N, NN’ N’ -tetramethylaminium
hexafluorophosphate (HATU), and 1-{1-{cyano-2-ethoxy-2-oxoethylidene-aminooxy -
dimethylamino-morpholinoj-uronium hexafluorophosphate (COMU). In some embodiments, Step
M with a coupling agent is further facilitated by a reaction accelerating additive. Exemplary
reaction accelerating additives include 1-hydroxybenzotriazole (HOBt) and its derivatives such as
hydroxy-3,4-dihydro-4-0x0-1,2,3-benzo-triazine  (HOOBt), [-hydroxy-7-aza-1H-benzotriazole
(HOAL), resin-supported derivatives thereof, and hydrates thereof; N-hydroxysuccinimide (NHS);
and 4-dimethylpyridine (DMAP).

In some embodiments, the method including Step M further comprises a Step N of purifying
the compound of Formula (XI), pharmaceutically acceptable salt thereof, or solvate thereof. In
certain embodiments, Step N comprises dissolving the compound of Formula (XI) in an organic
solvent or solvent roixture, stirring, cooling, and stirring again to obtain a purified precipitate.

Tn other embodiments, the method including Step M further comprises a Step O of reacting
the compound of Formula (XI) geverated frorn Step M with HC1 without an additional purification

process to prepare a compound of Formula (XII):

Cl (X1I), pharmaceutically acceptable salt thereof, or solvate thereof,
wherein Ry is a Co-Cs alky] group. In some embodiments, Step O i3 performed in an organic

solvent.
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In a fourth aspect, the present disclosure features a method for preparing a compound of

Formula (X1):

Cl (X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,
wherein Ry is C2-Cs alkyl, comprising Step P of preparing crystalline Form I particles of a
compound of Formula (XI) and wherein

the crystailine Form 11 has the following diffraction angles (28 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
0.18+0.2°, 9.89x0.2°, 10.83+0.2°, 11.4220.2°, 12.92+0.2°, 14.6120.2°, 15.36x0.2°, 15.79+0.2°,
15.95+0.2°,17.37£0.2°, 18.20£0.2°, 18.99+0.2°, 19.340.2°, 19.6920.2°, 20.40£0.2°, 21.66x0.2°,
21.98x0.2°, 22.45x0.2°, 22.85£0.2°, 24.66x0.2°, 25.52+0.2°, 26.55x0.2°, 28.08+0.2°, 29.31x0.2°
and 29.54+0.2°. In some embodiments, Step P is comprised of:

{a) preparing a mixed solution by dissolving the compound of Formula (X1) in a crystallization
solvent comprising water or a mixture of water and an organic solvent;

{b} crystallizing by adding HCl dropwise to the solution; and

() maturing the solution.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a drawing comparing the stereoselectivity effect of performing reductive
aroination of Compound 3 to Compound 4 according to Example 1 and performing reductive
amination of Compound 19 to Compound 11 according to Example 2.

FEG. 2 is a graph of the XRD result of Exarople 5-1.

FEG. 3 is a graph of the DSC result of Example 5-1.

FIG. 4 1s a graph of the TGA result of Example 5-1.

FEGS. SA-5D show SEM images of crystalline Form HI particles prepared in Examples

5-2 to 5-4 and Comparative Examples 2-1 and 2-2.



WO 2025/149985 PCT/1B2025/050327

¥FE(. 6 is a unified scheme illustrating the steps of Scheme 1 and Scheme 2.

DETAILED DESCRIPTION
Provided herein are methods for making an M{U4R agonist, for example, a compound of
Formmula (I). This method entails steps involving deprotection, oxidation, amide coupling,
deprotection, and purification, for example, as show in FIG. 6. In some embodiments, the
methods comprise making a compound of Formula (1) at a large scale, for example, greater than
500 mg, 1 kg, 1.25kg, 1.5kg, 2 kg, 2.5kg, 3kg, 4 kg, Skg, 75kg, 10kg, 125kg, 15kg, or

higher. The details of the various steps of the synthetic routes are described in more detail herein.

Selected Chemical Definitions

Definitions of specific functional groups and chemical terms are described in more detail
below. The chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75% Ed., inside cover, and specific
functional groups are generally defined as described therein. Additionally, general principles of
organic chernistry, as well as specific functional moieties and reactivity, are described in Thomas
Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999; Smith and March,
March'’s Advanced Organic Chemistry, 5% Hdition, John Wiley & Sons, Inc., New York, 2001,
Larock, Comprehensive Organic Transformarions, VCH Publishers, Inc., New York, 1989; and
Carruthers, Some Modern Methods of Organic Synthesis, 3™ Edition, Cambridge University
Press, Camnbridge, 1987.

The abbreviations used herein have their conventional meaning within the chemical and
biological arts. The chermical structures and formulae set forth herein are constructed according
to the standard rules of chemical valency known in the chemical arts.

Wheun a range of values i3 listed, it 1s intended to encompass each value and sab—range
within the range. For example “C;-Cs alky!” is intended to encompass, Ci, Ca, Cs, Cy, Cs, Cs,
Ci-Ce, Ci-Cs, C1-Ca, C1-Cs, T1-Co, $r-Co, Co-Cs, Co-Cu, Co-Cs, T5-Cs, Ca-Cs, C3-Ca, Ca-Cs, Ts-
Cs, and Cs-Cs atkyl.

The following terms are intended to have the meanings presented therewith below and are

usefut! in understanding the description and intended scope of the present invention.
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As used herein, “alkyl” refers to a radical of a straight--chain or branched saturated
hydrocarbon group having from 1 to 24 carbon atoms (“Ci-Coq alkyl”™).  In some embodiments,
an alkyl group has 1 to 12 carbon atoms (“C-Ci2 alkyl™). In some embodiments, an alky! group
has 1 to 8 carbon atoms (“C1-Cg alkyl™). In some embodiments, an alkyl group has 1 to 6 carbon
atoms (“Ci-Cs alkyl”). In some embodiments, an alkyl group has 2 to 6 carbon atoms (“Cz-Ce
alkyl”). In some embodiments, an alkyl group has 2 to 5 carbon atoms (“C2-Cs alky!l”). In some
embodiments, an alkyl group has 1 carbon atom (“C; alky!”). Examples of Ci-Cesalkyl groups
include methyl (Cy), ethyl (Ca), n-propyl (Ca), isopropyl (Cs), n-butyl (Ca), tert-butyl (Ca), sec—
butyl (Ca), iso-butyl (Cy), n-pentyl (Cs), 3-pentanyl (Cs), amy!l (Cs), neopentyl (Cs), 3-methyl-
2-butanyl (Cs), tertiary amyl (Cs), and n—hexyl (Cs). Additional examples of alkyl groups
include n-heptyl (Cr), n—octyl (Cg) and the like. Each instance of an alky! group may be
independently optionally substituted, i.e., unsubstituted {(an “unsubstituted alky!”} or substituted
(a “substituted alky!”) with one or more substituents; e.g., for instance from 1 to 5 substituents, 1
to 3 substituents, or 1 substituent. In certain embodiments, the alkyl group is unsubstituted Ci_
Cio alkyl (e.g., =CHz3). To certain embodiments, the alkyl group is substituted CiCs alkyl.

As used herein, the terms “cyano” or “—~CIN” refer to a substituent having a carbon atom
joived to a nitrogen atom by a triple bond, e.g., C=N.

As used herein, the term “alcohol” refers to a juolecule having froro 1 to 24 carbon atous
that is functiovalized with at least one hydroxyl group, i.e, —OH. In soroe embodiments, an
alcohol has two or more hydroxyl groups. Exemplary alcohols include methanol, ethanol,
propanol, 1sopropanol, butanol, fert-butanol, isobutanol, cyclobutanol, 1-pentanol, 3-pentanol, 1-
hexanol, 1-octanol, 2,2-dimethylbutan-1-0], 2-ethylbutan-1-ol, ethylene glycol, 2-methoxyethan-
1-0l, 2,3-butanediol, glycerol, and 1,10-decanediol. Each instance of an alcohol may be
independently optionally substituted, i.e., unsubstituted {an “unsubstituted alcohol™) or
substitated (a “substituted alcohol”) with one or more substituents; e.g., for instance from 1 to §
substituents, 1 to 3 substituents, or 1 substituent. In certain embodiments, the alcohol has 1-6
carbon atoms and is unsubstituted (e.g., ethanol). In certain embodiments, the alcohol has 1-6
carbon atoms and is substituted {(e.g., 2-methoxyethan-1-ol).

As used herein, the term “acid chloride” refers to a molecule having from 1 to 24 carbon
atoms that is functionalized with at least one chlorocarbonyl group, i.e, ~C{=0)-Cl. In some

embodiments, an acid chloride has two or more chlorocarbonyl groups. Exemplary acid chlorides
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include acetyl chloride, propionyl chloride, butyryl chloride, isobutyryl chloride, pentanoyl
chloride, cyclopentanecarbonyi chloride, acryloyl chloride, oleoyl chloride, benzoyl chloride,
and oxalyl dichloride. Hach instance of an acid chloride may be independently optionally
sithstituted, i.e., unsubstituted {an “unsubstituted acid chloride™) or substituted (a “substituted
acid chloride”) with one or more substituents; e.g., for instance from 1 to 5 substituents, 1 to 3
substituents, or 1 substituent. In certain embodiments, the acid chioride has 3-6 carbon atoms
and is unsubstituted {(e.g., isobutyryl chloride). In certain embodiments, the acid chloride has 3-6
carbon atoms and is substituted (e.g., 3-methoxypropanoyl chloride). In certain embodiments, the
acid chloride ig of the formmla R-C(=0)-Cl, wherein R; is C2-Cs alkyl.

As used herein, the term “oxidizing agent” or “oxidant” is an agent that oxidizes another
substance, 1.e. increases the oxidation state of another substance. In some embodiments, an
oxidizing agent is a chemical compound. In other embodiments, an oxidizing agent may be
composed of two or more chemical compounds. Exemplary oxidizing agents include oxygen
(O, hydrogen peroxide, bromine (Br), nitric acid, sodium hypochlorite, aramonium
perchlorate, potassinm permanganate, pyridinium chlorochromate, sodium dichromate, nitrous
oxide, lead dioxide, ceric ammonium nitrate, aminoxyl radicals such as (2,2,6,6-
Tetramethylpiperidin-1-yhoxyl (TEMPO) and 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl (4-
hydroxy-TEMPQO), mixtures of DMS0 and dicyclohexylcarbodiimide, oxalyl chloride, acetic
anhydride, or phosphorous pentoxide, a complex of pyridine-sulfuric anhydride, transition metal
complexes, and combinations thereof. In some embodiments, an oxidizing agent is a mixture of
TEMPO, NaOC] solution, and other salts.

As used herein, the term “reducing agent” or “reductant” is an agent that reduces another
substance, 1.e. decreases the oxidation state of another substance. In some embodiruents, a
reducing agent is a chemical compound. In other embodiments, a reducing agent may be
composed of two or more chemical compounds. Exemplary reducing agents include hydrogen
(Hy), metals such as sodium, lithium, potassium, zinc, and magnesium, hydrazine, formic acid,
~arbon monoxide, carbon, borohydride complexes such as NaBH{OAc)s, NaBHa, NaBH(CN 3,
and MaBH1CN, aluminum hydride complexes such as lithinm aluminum hydride and
diisobutylaluminum hydride, NaH:PO», transition metals, transition metal complexes, and

combinations thereof. In some embodiments, a reducing agent is NaBH(OAc)s.
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As used herein, the term “coupling agent” or “coupling reagent” is an agent that assists the
formation of an amide bond between an amine and a carboxylic acid. In some embodiments, a
coupling agent is a chemical compound. In some embodiments, a coupling agent may be
composed of two or more chemical substances. Exemplary coupling agents include N, N'-
disubstituted carbodiimides such as ethyl-(N",N’-dimethylamino)propylcarbodiimide
hydrochloride (EDC-HCY), NN -dicyclohexylcarbodiimide (DCC), diisopropyicarbodiimide
(DIC); azolides such as N,N’-carbonyldiimidarole (CDI); N-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline (EEDQ); phosphorus oxychloride; alkoxyacetylene; phosphonium reagents
such as benzotriazol- 1 -yloxy-tris(dimethylamino)-phosphonium hexafluorophosphate (BOP),
benzotriazol-1-yloxy-tripyrrolidino-phos-phonium hexafiuorophosphate (PyBOP), bromo-
tripyrrolidino-phosphonium hexa-fluorophosphate (PvBrOP), ethyl cyano(hydroxyimino)acetato-
(O )-tri-{1-pyrrotidinyl)-phosphonium hexafluorophosphate (PyOxim), and 3-(diethoxy-
phosphoryloxy)-1,2,3-benzold] triazin-4(3H)}-one (DEPBT); and aminium/uropium reagents
sach as 2-(1H-benzotriazol-1-yD-N NN’ N’ -tetramethylaminium (TBTU)
tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-y1)-IN, N, N° N -
tetramethylaminium hexafluorophosphate (HATU), and 1-[1-{(cyano-2-ethoxy-2-oxoethylidene-
arninooxy)-dimethylamino-morpholinoj-uronium hexafluorophosphate (COMU). In some
embodirnents, a coupling agent is EDC-HCL

As used herein, the term “hydrogenation catalyst” is a substance that facilitates the reaction
between hydrogen gas (Hy) and another reactant. In sorne embodiments, the reaction transforms
a double boud into a single bond, wherein the two atoms forming the bond have their newly
formed valencies completed with one hydrogen atom each. In some embodiments, the reaction
cleaves a single bond, wherein the two atoms forming the bond have their newly formed
valencies completed with one hydrogen atom each. In some embodiments, the reaction may
comprise combinations of two or more of the above transformations upon the reactant. In some
embodiments, the hydrogenation catalyst is a chemical compound. In other embodiments, the
hydrogenation catalyst may be composed of two or more chemical substances {(e.g., a fransition
metal supported on a solid). Exemplary hydrogenation catalysts include palladium, palladium
supported on activated carbon, paliadinm(il} hydroxide, palladium(}1) acetate, palladivm(Il)
chloride, platinum, rhodium, ruthenivm, nickel, Lindlar’s catalyst,

chloridotris{triphenylphosphine)rhodium(l)}, cyclooctadiene rhodium chloride dimer, and

10
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Crabtree’s catalyst. In some embodiments, a hydrogenation catalyst is paliadium supported on
activated carbon, with palladium comprising 0.5% to 20% (w/w) of the catalyst.

As used herein, the term “acid catalyst” is a chemical substance that facilitates a reaction
and is capable of either donating a proton or forming an adduct with a heteroatom {(e.g. N, O, P,
5) of a reactant. In some embodiments, the acid catalyst is a chemical compound. In other
embodiments, the acid catalyst is a mixture of two or more substances. Exemplary acid catalysts
include hydrogen chloride, sulfuric acid, combination of sulfuric acid and potassium fluoride,
hydrogen fluoride, alumina, phosphoric acid, p-toluene sulfonic acid, scandium(il) trifiate,
mixtures thereof, and solutions thereof. In some embodiments, the acid catalyst is sulfuric acid.

As used herein, the term “solvent” is a fluid that a compound or mixture of compounds is
dissolved in to form a solution. The dissolved compounds are known as “solutes.” In some
embodiments, a solvent is comprised of one chemical compound. In other embodiments, the
solvent is composed of multiple chemical compounds. Exemplary solvents include water, formic
acid, methanol, ethanol, acetic acid, dimethyl sulfide, dimethylformamide, acetonitrile, acetone,
dichloromethane, tetrahydrofuran, Z-methyltetrahydrofuran, ethyl acetate, 1,4-dioxane,
chloroform, diethyl ether, methyl tert-butyl ether, toluene, benzene, hexanes, heptane,
perfluorcoctane, supercritical carbon dioxide, liquid ammonia, concentrated sulfuric acid, and
mixtures thereof. In some embodiments, a solvent may comprise a mixture of miscible fluids,
some of which aid dissolution of the solute, and others of which hinder dissolution of the solute;
the latter fluid may be referred to as an “anti-solvent.” Addition of anti-solvent to a solution may
aid precipitation or crystallization of a solute.

As used herein, the term “washing solvent” describes a fhiid used to rinse a precipitate in
order to remove impurities.

As used herein, the term “organic selvent” is a solvent containing at least one carbon atom.

As used herein, the term “aprotic solvent” is a solvent that does not contain a hydrogen atom
directly bonded to a heteroatom (e.g., &, N, S).

As used herein, the term “polar solvent” is a solvent with the ability to dissolve salts and/or
compounds with high dipole moments.

As used herein, “oxo” refers to a carbonvl, i.e., -C(O)-.

The symbol “ww"" as used herein in relation to a compound of Formula (I) refers to an

attachment point to another moiety or functional group within the compound.

11
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Alkyl, alcohol, and acid chloride, as defined herein, are optionally substituted. In general,
the term “substituted”, whether preceded by the term “optionally” or not, means that at least one
hydrogen present on a group (e.g., a2 carbon or nitrogen atom) is replaced with a permissible
substituent, e.g., a substituent which upon substitution results in a stable compound, e.g., a
compound which does not spontaneously undergo transformation such as by rearrangement,
cyclization, elimination, or other reaction. Unless otherwise indicated, a “substituted” group has
a substituent at one or more substitutable positions of the group, and when more than one
position in any given structure is substituted, the substituent is either the same or different at
each position. The term “substituted” is contemplated to include substitution with all permissible
substituents of organic compounds, such as any of the substituents described herein that result in
the formation of a stable compound. The present disclosure contemplates any and all such
combinations in order to arrive at a stable compound. For purposes of this invention,
heteroatomns such as nitrogen may have hydrogen substituents and/or any suitable substituent as
described herein which satisfy the valencies of the heteroatoms and results in the formation of a
stable moiety.

The compounds provided herein roay exist in one ot more particular geometric, optical,
enantiomeric, diasteriomeric, epimerie, stereoisomeric, tautomeric, conformational, or anomeric
forms, including but not limited to: cis- and trans-forms; E- and Z-forms; endo- and exo-forms;
R-, S-, and meso-forms; D- and L-forms; d- and I-forms; (+) and {-) forms; keto-, enol-, and
enolate-forms; syn- and anti-forms; synclinal- and antichinal-forrs; o~ and p-forms; axial and
equatorial forms; boat-, chair-, twist-, envelope-, and half chair-forms; and comlinations thereof,
hereinafter collectively referred to as "isomers” {or "isomeric forms").

Compounds described herein can comprise one or more asymmetric centers, and thus can
exist in various isomeric forms, e.g., enantiomers and/or diastereomers. For example, the
compounds described herein can be in the form of an individual enantioraer, diastereomer or
geometric isomer, or can be in the form of a mixture of sterecisomers, including racemic
mixtures and mixtures enriched in one or more sterecisomer. In an embodiment, the
stereochemistry depicted in a compound is relative rather than absolute. Isomers can be isolated
from mixtures by methods known to those skilled in the art, including chiral high-pressure liguid
chromatography (HPLC) and the formation and crystallization of chiral salts; or preferred

isomers can be prepared by asymmetric syntheses. See, for example, Jacques ef af.,

12
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Enantiomers, Racemates and Resolutions {Wiley Interscience, New York, 1981}, Wilen ef al.,
Tetrahedron 33:2725 (1977}, Elel, Stereochemistry of Carbon Compounds (McGraw-Hill, NY,
19623; and Wilen, Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed,,
Univ. of Notre Dame Press, Notre Dame, IN 1972). This disclosure additionally encompasses
compounds described herein as individual isomers substantially free of other isomers, and
alternatively, as mixtures of various isomers.

As used herein, a pure enantiomeric compound is substantially free from other enantiomers
or stereoisomers of the compound (i.e., in enantiomeric excess). In other words, an “S” form of
the compound is substantially free from the “R” form of the compound and is, thus, in
enantiomeric excess of the “R” form. The term “enantiomerically pure” or “pure enantiomer”
denotes that the compound comprises more than 75% by weight, more than 80% by weight,
more than 85% by weight, more than 90% by weight, more than 91% by weight, more than 92%
by weight, more than 93% by weight, more than 94% by weight, more than 95% by weight,
more than 96% by weight, more than 97% by weight, more than 98% by weight, more thas 99%
by weight, more than 99.5% by weight, or more than 99.9% by weight, of the enantiomer. In
certain embodiroents, the weights are based apon total weight of all enantiomers or stereoisoroers
of the compound.

To the corapositions provided herein, an enantiomerically pure compound can be present
with other active or inactive ingredients. For example, a pharmaceutical composition comprising
an enantiomerically pure R—compound can comprise, for example, about 90% excipient and
about 10% enantiomerically pure R—compound. In certain embodiments, the enantiomerically
pure R—compound in such compositions can, for example, comprise, at least about 95% by
weight R—compound and at most about 5% by weight S—compound, by total weight of the
compound. For example, a pharmaceutical composition comprising an enantiomerically pure 8-
compound can comprise, for example, about 90% excipient and about 10% enantiomerically
pure S-compound. In certain embodiments, the enantiomerically pure S—-compound in such
compositions can, for example, comprise, at least about 95% by weight S—compound and at wost
about 3% by weight R-compound, by total weight of the compound.

In some embodiments, a diastereomerically pure compound can be present with other active
or inactive ingredients. For example, a pharmaceutical composition comprising a

diastereometerically pure exo compound can comprise, for example, about 90% excipient and
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about 10% diastereometerically pure exo compound. In certain embodiments, the
diastereometerically pure exo compound in such compositions can, for example, comprise, at
least about 95% by weight exo compound and at most about 3% by weight endo compound, by
total weight of the compound. For example, a pharmaceutical composition comprising a
diastereometerically pure endo compound can comprise, for example, about 90% excipient and
about 10% diastereometerically pure endo compound. In certain embodiments, the
diastereometerically pure endo compound in such compositions can, for example, comprise, at
least about 95% by weight endo compound and at most about 5% by weight exo compound, by
total weight of the compound.

In some embodiments, an isomerically pure compound can be present with other active or
inactive ingredients. For example, a pharmaceutical composition comprising a isomerically pure
exo compound can comprise, for example, about 0% excipient and about 10% isomerically pure
exo compound. In certain embodiments, the isomerically pure exo compound in such
compositions can, for example, comprise, at least about 95% by weight exo compound and at
most about 5% by weight endo compound, by total weight of the compound. For example, a
pharmaceutical composition comprising an isomerically pure endo compound can comprise, for
example, about 0% excipient and about 10% isomerically pure endo compound. In certain
embodiments, the isomerically pure endo compound in such compositions can, for example,
coraprise, at least about 95% by weight endo compound and at most about 3% by weight exo
compound, by total weight of the compound.

In certain embodiments, the active ingredient can be formmudated with Hittle or no excipient or
carrier.

Compound described herein may also comprise one or more isotopic substitutions. For
example, H may be in any isotopic form, including 'H, *H (D or deuterium), and *H (T or
tritium}; C may be in any isotopic form, including "*C, PC, and *C; O may be in any isotopic
form, including *0 and '*0; N may be in any isotopic form, including “N and PN; F may be in
any isotopic form, including BE °F and the like.

The term "pharmaceutically acceptable salt” is meant to include salts of the active
compounds that are prepared with relatively nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein. When compounds of the present

disclosure contain relatively acidic fanctionalities, base addition salts can be obtained by
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contacting the neutral form of such compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base addition
salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monchydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphorie, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from organic acids like acetic,
propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also
included are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, e.g., Berge et al, Journal of Pharmaceutical
Science 66; 1-19 (1977)). Certain specific compounds of the present invention contain both
basic and acidic functionalities that allow the compounds to be converted into either base or acid
addition salts. These salts may be prepared by methods known to those skilled in the art. Other
pharmaceuntically acceptable carriers known to those of skill in the art are suitable for the present
nvention.

Tn addition to salt formus, the present disclosure provides compounds in a prodrug form.
Prodrugs of the compounds described herein are those compounds that readily undergo chemical
changes under physiological conditions to provide the compounds of the present invention.
Additionally, prodrugs can be converted to the compounds of the present invention by chemical
or biochemical methods in an ex vivo environmeunt. For example, prodrugs can be slowly
converted to the compounds of the present invention when placed in a transdermal patch
reservoir with a suitable enzyme or chemical reagent.

The term “solvate” refers to forms of the compound that are associated with a solvent,
usually by a solvolysis reaction. This physical association may include hydrogen bonding.
Conventional solvents include water, methanol, ethanol, acetic acid, DMSO, THF, diethyl ether,
and the like. The compounds of Formula (1) may be prepared, e.g., in crystalline form, and may

be solvated. Suitable solvates include pharmaceutically acceptable solvates and further include
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both stoichiometric solvates and non-stoichiometric solvates. In certain instances, the solvate
will be capable of isolation, for example, when one or more solvent molecules are incorporated
in the crystal lattice of a crystalline solid. “Solvate” encompasses both solution-phase and
isolable solvates. Representative solvates include hydrates, ethanolates, and methanolates.

The term “hydrate” refers to a compound which is associated with water. Typically, the
number of the water molecules contained in a hydrate of a compound is in a definite ratio to the
number of the compound molecules in the hydrate. Therefore, a hydrate of a compound may be
represented, for example, by the general formula R-x H>O, wherein R is the compound and
wherein X is a number greater than 0. A given compound may form more than one type of
hydrates, including, e.g., monohydrates {x is 1), lower hydrates (x is a number greater than § and
smaller than 1, e.g., hemihydrates (R-0.5 Ho2)), and polyhydrates (X is a number greater than 1,
e.g., dihydrates (R-2 HyO) and hexahydrates (R-6 H20)).

The term “tautomer” refers to compounds that are interchangeable forms of a particular
compound structure, and that vary in the displacement of hydrogen atoms and electrons. Thus,
two structures may be in equilibrium through the movement of n electrons and an atom (usually
H). For example, enols and ketones are tastomers because they are rapidly interconverted by
treatment with either acid or base. Another example of tautomerism is the aci- and nitro- forms
of phenylnitromethane that are likewise forred by treatmeunt with acid or base. Tautoroeric
forms may be relevant to the attainmuent of the optimal chemical reactivity and biological activity

of a compound of interest.

Carboxylic Acid Protection Step — Example I, Step A

In one aspect, the present disclosore includes a method of protecting a carboxylic acid, for
example, converting a carboxylic acid to an ester, e.g., by converting Compound 1 to Compound
2. In an emwbodiment, the reaction comprises reacting Compound 1 with an alcohol, e.g., an
alcohol comprising between | and 6 carbon atoms, in the presence of an acid. In one example,
the reaction comprises contacting Compound 1 with methanol in the presence of an acid, such as
HoSO4.

In some embodiments, Compound 1 is provided in a reaction vessel, and the alcchol, e.g., an
alcohol comprising between 1 and 6 carbon atoms (e.g., MeOH), is added to the reaction vessel.

in another embodiment, an alcohol, e.g., an alcohol comprising between 1 and 6 carbon atoms
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(e.g., MeOH), is provided in a reaction vessel, and Compound 1 is added to the reaction vessel.
in some embodiments, the acid (e.g., H2504) is added to Compound 1 dissolved in the alcohol
comprising between 1 and 6 carbon atoms (e.g., MeOH). In another embodiment, the acid is
added to the alcohol prior to addition of Compound 1. In some embodiments, the alcohol
comprising between 1 and 6 carbon atoms (e.g., MeOH) is provided in excess relative to
Compound 1. In other embodiments, the alcohol comprising between 1 and 6 carbon atoms {(e.g.,
MeOH) is provided in approximately a melar ratio of 1:1, 2:1, 3:1, 4:1, 5:1, 1001, 25:1, 50:4,
100:1, 250:1, 500:1 or greater relative to Compound 1. In some embodiments, the acid (e.g.,
Hy804) is provided in approximately a molar ratio of 0.01:1, 0.05:1, 0.1:1, 0.2:1, 0.3:1, 0.4:1,
0.5:1,0.6:1,0.7:1,0.8:1,0.9:1, 111, 1.25:1, 1.5:1, 2:1, or greater relative to Compound 1. In
some embodiments, the acid is provided in a molar ratio between 25% to 50% of the amount of
Corpound 1.

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux teroperature of the reaction. In some
erobodiments, the reaction progress is sampled by any known method, such chromatography or
spectrometry. In some embodiments, once the reaction is completed, the reaction mixture is
extracted between two phases. In some embodiments, there are multiple extraction separations
that are run consecutively, for instance first separating organic (or oil) layer from water layer, and
then mixing that organic layer with 5% (w/w) NaHCOs (aq.) and separating the orgaunic layer
again. In some embodiments, the reaction mixture is concentrated vnder reduced pressure. In
some embodirnents, the reaction mixture 1s {further purified, by chromatography, distillation,
precipitation, or crystallography. In some embodiments, the yield of this reaction is at least 50%,
55%, 60%, 63%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 34%, 95%, 96%, 97%, 98%,

99%, 99.9% or greater.

Oxidation Step — Example 1, Step B and Example 2, Step 1

In another aspect, the present disclosure includes a method of oxidizing an alcohol to a
ketone, e.g., by converting Compound 2 to Compound 3, and/or by converting Compound 9 to
Compound 18. In an embodiment, the reaction comprises reacting the alcohol (e.g., Compound 2
or Compound %) with an oxidizing agent. In one example, the reaction comprises contacting

Compound 2 with TEMPO and NaG{l, in the presence of a base, such as NaH{C (s, and a salt,
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such as NaBr. In another example, the reaction comprises contacting Compound 9 with TEMPO
and NaOCl, in the presence of a base, such as NaHCOs, and a salt, such as NaBr.

In some embodiments, a solution of the alcohol (e.g., Compound 2 or Compound 9} in an
organic solvent {e.g., DCM} is provided in the reaction vessel, and base {e.g., NaHCO3), salt
additive {e.g., NaBr), oxidizing agent component {e.g., TEMPO), and water are added
sequentially to the reaction vessel. In another embodiment, a solution of the alcohol {e.g.,
Compound 2 or Compound %) in an organic solvent (e.g., DCM) is provided in the reaction
vessel, and an agueous solution of base (e.g., NaHCO3), salt additive (e.g., NaBr), oxidizing
agent component (e.g., TEMPO) is added to the reaction vessel. In another embodiment, an
aqueous solution of base (e.g., NaHCO3), salt additive (e.g., NaBr), oxidizing agent component
(e.g., TEMPQO) is provided in the reaction vessel, and a solution of the alcchol (e.g., Compound 2
or Compound 9) in an organic solvent (e.g., DCM) is added to the reaction vessel. In another
embodiment, an agueous solution of base (e.g., NaHCOz), salt additive (e.g., NaBr), oxidizing
agent commponent {e.g., TEMPO) is provided in the reaction vessel, and the alcohol (e.g.,
Compound 2 or Compound %) and an organic solvent (e.g., DCM) are added separately to the
reaction vessel. Tn the above erobodiments, a solution of oxidizing agent (e.g., aqueous NaGCl),
is subsequently added to the reaction mixture. In some embodiments, a base {e.g., NaHCO3) is
dissolved in the oxidizing agent solution {e.g., agueous NaOCl) prior to addition to the reaction
mixture. In some ernbodiments, the sohution of oxidizing agent may be added to the reaction
mixture in multiple portions. In some embodiments, the solution of oxidizing agent may be
added to the reaction mixture via dropwise addition.

In some embodiments, the base {e.g., NaHCO3) is provided in less than one molar
equivalent relative to the alcohol (e.g., Compound 2 or Compound 9). In other embodiments, the
base {e.g., NaHCOz3) is provided in approximately a molar ratio of 0.05:1, 0.1:1, 0.2:1, 0.3:4,
0.4:1,0.5:1, 0.6:1, 0.7:1, 0.8:1, 0.9:1, 111, 1.25:1, 1.5:1, 2:1, or greater relative to the alcohol
(e.g., Compound 2 or Compound 9). In some embodiments, the base (e.g. NaH(CQs) is provided
in a molar ratio of between 25% and 50% relative to the alcohol (e.g., Compound 2 or
Compound 9). In some embodiments, the salt additive (e.g., NaBr) is provided in less than one
molar equivalent relative to the alcohol (e.g., Compound 2 or Compound ). In other
embodiments, the salt additive (e.g., NaBr) is provided in approximately a molar ratic of 0.01:1,

0.05:1, 0.1:1, 0.125:1, 0.15:1, 0.2:1, 0.3:1, 0.4:1, 8.5:1, or greater relative to the alcohol {(e.g.,
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Compound 2 or Compound 2). In some embodiments, the salt additive (e.g., NaBr) is provided
in a molar ratio of between 2% and 15% relative to the alcohol (e.g., Compound 2 or Compound
9). In some embodiments, the oxidizing agent component {e.g., TEMPQ) is provided in less than
0.1 molar equivalent relative to the alcohol {e.g., Compound 2 or Compound 9). In other
embodiments, the oxidizing agent component {e.g., TEMPQ) is provided in approximately a
molar ratio of 0.1%, 0.25%, 0.5%, 0.75%, 1%, 1.5%, 2%, 2.5% , 3%, or greater relative to the
alcohol (e.g., Compound 2 or Compound %). In some embodiments, the oxidizing agent
component (e.g., TEMPO) is provided in molar ratio between 0.1% and 10% relative to the
alcohol (e.g., Compound 2 or Compound %). In some embodiments, an oxidizing agent {e.g..
Na(QCl) is provided in excess relative to the alcohol (e.g., Compound 2 or Compound 98). In other
embodiments, an oxidizing agent (e.g., NaOCl) is provided in approximately a molar ratio of 1:1,
1.025:1, 1.05:1, 1.075:1, L1014, 1.2:1, 1.3:1, 1.5:1, or greater relative to the alcohol (e.g.,
Compound 2 or Compound 9). In some embodiments, an oxidizing agent (e.g., NaOCl) is
provided in molar ratio between 100% to 120% relative to the aleohol {e.g., Compound 2 or
Compouand 9).

o some embodiments, once the reaction is completed, a mild reducing agent (e.g. NazS203)
is added to quench the reaction. In some embodiments, the reaction mixture containing the mild
reducing agent is heated to facilitate quenching. In some embodiments, the mild reducing agent
(e.g., NazS203) 1s added in less than | molar equivalent relative to the starting amount of alcohol
{e.g., Compound 2 or Compound ). In other embodiments, the mild reducing agent (e.g.,
Na»5:03) is added in approximately a molar ratio of 0.01:1, 0.05:1, 0.1: 1, 0.125:1, 0.15:1, 0.2:1,
0.3:1, 0.4:1, 0.5:1, or greater relative to the starting amount of alcohol {e.g., Compound 2 or
Compound 9). In some embodiments, the mild reducing agent (e.g., Nax5,03) is added molar
ratio between 5% to 25% relative to the starting amount of alcohol {e.g., Compound 2 or
Compound 9).

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux temperatare of the reaction mixture. In
some embodiments, the reaction is conducted between -20 and 10 °C or between -5 and 5 °C. In
some embodiments, the reaction progress is sampled by any known method, such
chromatography or spectrometry. In some embodiments, the reaction mixture is extracted

between two phases. In some embodiments, there are multiple extraction separations that are run
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consecutively, for instance first separating organic {(or oil} layer from water layer, and then
mixing that organic layer with 5% (w/w) NaHCO: (aq.) and separating the organic layer again.
In some embodiments, the reaction mixture is concentrated under reduced pressure. In some
embodiments, the reaction mixture is further purified, by chromatography, distiliation,
precipitation, or crystallography. In some embodiments, the yield of this reaction is at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%,

98%, 99.9% or greater.

Reductive Amination Step — Example 1, Step C and Example 2, Step J

In another aspect, the present disclosure includes a method of converting a ketone into a
secondary amine, e.g., by converting Compound 3 into Compound 4, and/or by converting
Compound 18 into Compound 11. In an embodiment, the reaction comprises reacting a ketone
(e.g., Compound 3 or Compound 1) with a primary amine and a reductant. In another
embodituent, the reaction coraprises reacting a ketone (e.g., Compound 3 or Cornpound 16) with
a primary arnmonium salt, a base, and a reducing agent (reductant). Jo one exarople, the reaction
comprises contacting Cornpound 3 with ammmoniwmn salt Compound 12 in the presence of a base,
such as NaQOAc, and a reductant, such as NaBH{OAc)a.

In some embodiments, a solution of primary amine is pre-generated by reacting ammonium
Compound 12 and a base (e.g., NaOAc) in a solvent (e.g., MeCN). In some embodiments, a
solution of reductant and/or a solution of ketone (e.g., Compound 3 or Comnpound 16) are
separately prepared. In some embodiments, the primary amine solution is provided in the
reaction vessel, and subsequent reductant (e.g., NaHB{OAc)) addition is followed by ketone
(e.g., Compound 3 or Compound 1) addition to the reaction vessel. In other embodiments, the
primary amine solution is provided in the reaction vessel, and subsequent ketone (e.g.,
Compound 3 or Compound 1) addition is followed by reductant (e.g., NaHB(OAc):) addition to
the reaction vessel. In some embodiments, the ketone (e.g., Compound 3 or Compound 1) is
contacted with ammmoniuem Compound 12 in the presence of base {e.g., NaQAc), followed by
addition of reductant (e.g., NaHB(OAc):). In some embodiments, the solution of reducing agent
or the solution of ketone may be added to the reaction mixture via dropwise addition.

in some embodiments, the ammonium salt (e.g., Compound 12} is provided in about 90% to

110% molar ratio relative to the ketone (e.g., Compound 3 or Compound 18). In other
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embodiments, Conmpound 12 is provided in approximate molar ratio of 0.8:1, 0.85:1, 0.9:1,
0.95:1, 0.98:1, 1:1, 1.02:1, 1.05:1, L.1:1, 1.15:1, or 1.2:1. relative to the ketone {e.g., Compound
3 or Compound 1§#). In some embodiments, the base {e.g. NaOAc) is provided in about 95 to
105% molar ratio relative to the ammonium salt (e.g., Compound 12). In other embodiments, is
provided in approximate molar ratio of 0.8:1, 0.85:1, 0.9:1, 0.95:1, 0.98:1, 1:1, 1.02:1, 1.05:1,
1.1:1, 1.15:1, or 1.2:1. relative to the ammonium salt {e.g., Compound 12}. In some
embodiments, the reductant (e.g. NaBH({Ac)3) is provided in excess relative to the ketone (e.g.,
Compound 3 or Compound 18). In other embodiments, the reductant {e.g. NaBH(OAc)3) is
provided in approximate molar ratio of 1:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1, 1.5:1, 1.75:1, 2:1, or greater
relative to the ketone (e.g., Compound 3 or Compound 18). In some embodiments, the reductant
(e.g. NaBH(OAc)) is provided in molar ratio between 110% and 140% relative to the ketone
{e.g.. Compound 3 or Compound 1$).

In some embodiments, once the reaction is completed, an agueous solution {e.g., IN NaOH)
is added to quench the reaction. In some ernbodiments, the quenching solution contains an excess
of base (e.g. NaOH) relative to starting amount of reductant (e.g., NaBH(OAc)3). In other
embodiments, the quenching base (e.g., NaOH) is added in approximately a molar ratio of 1:1,
L B200, 130, L4, LS, L7500, 201, or greater relative to the starting amount of reductant
{e.g., NaBH(OACc)3). In some embodiments, the product is further purified by dissolution in a
solvent and treatment with an acid. In some embodiments, the acid (e.g., oxalic acid) is provided
10 excess relative to the starting amount of ketone. In other emnbodiments, the acid {(e.g., oxalic
acid) is provided in approximate molar ratio of 111, L.2: 1, L4:1, 1.6:4, 1L.&1, 2:1, 2.25:1, 2.5:4,
3:1, 501, 10:1 or greater relative to the starting amount of ketone.

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 23 °C, or at the reflux temperature of the reaction mixtiwre. In
some embodiments, the reaction is carried out between -15 and 10 °C. In some embodiments, the
reaction is carried out between 0 and °5 C. In some embodiments, the reaction progress is
sampled by any known method, such chromatography or spectrometry. In some embodiments,
the reaction mixture is extracted between two phases. In some embodiments, there are multiple
extraction separations that are run consecutively, for instance first separating organic {or oil}
layer from water layer, and then mixing that organic layer with 5% (w/w) NaHCO; (ag.) and

separating the organic layer again. In some embodiments, the reaction mixture or combined
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organic extracts are concentrated under reduced pressure. In some embodiments, the reaction
mixture is further purified, by chromatography, distiliation, precipitation, or crystallography. In
some embodiments, the vield of this reaction is at least 50%, 53%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 31%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 89.9% or greater.

N-alkvlation Step — Example 1, Step D and Example 2, Step K

In another aspect, the present disclosure includes a method of N-alkylating a secondary
amiine, e.g. by converting deprotonated Compound 4 to Compound 5, and/or by converting
Compound 11 to Compound 7. In embodiments starting with an ammonium (e.g. Compound 4),
pre-treatment with a base may be necessary to obtain a suitable starting secondary amine. In an
embodiment, the reaction comprises reacting the secondary amine (e.g., Compound 11 or
deprotonated Compound 4) with an acid chloride R-C{=0)-{1, wherein R1is C>-Cs alkyl, in the
presence of base. In one example, ammonium Compound 4 is pre-treated with a base {e.g.
aqueons NHj solution) and purified by solvent extraction to obtain a crude amine, which is then
treated with an acid chloride (e.g., isobutyryl chloride) and base {e.g., TEA) in organic solvent
{(e.g., DCM). In another example, secondary amine Compound 11 is treated with an acid chloride
(e.g., isobutyryl chloride) and base (e.g., DIPEA) in organic solvent (e.g., DCM).

In some embodiments, a solution of starting ammonium (e.g. Compound 4) in an organic
solvent (e.g., BtOAc) is provided in a reaction vessel, and a suitable base {e.g. agueous NH3
solution) is added to the reaction vessel to generate a secondary amine. Tn such embodiments,
quenching progress may be tracked by recording pH measurements. The resulting mixture may
be worked up by selvent extraction with an organic solvent {e.g. EtOAc) and concentration under
reduced pressure to obtain a secondary amine suitable for N-alkylation. In some embodiments,
base {e.g. aqueous NHa solution) is provided in excess relative to the ammonium (e.g.,
Compound 4). In other embodiments, base {e.g. aqueous NHs solution) is provided in
approximate molar ratio of 1:1, 2:1, 3:1, 4:1, 5:1, 10:1, 20:1, 50:1, 100:1, 500:1, 10001, or
greater relative to the ammonium. In some embodiments, the base is provided neat orina
solution. In some embodiments, the base solution is approximately 3%, 10%, 15%, 20%, 25%,
30%, 40%, 50%, or greater (w/w) concentration. In some embodiments, the base solution is

between 10% to 40% (w/w) concentration.
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In some embodiments, a solution of secondary amine (e.g., Compound 11 or deprotonated
Compound 4) in organic solvent (e.g., DCM) is provided in the reaction vessel, and base (e.g.
TEA or DIPEA) and acid chloride (e.g. isobutyryl chloride) are added to the reaction vessel
sequentially. In other embodiments, a solution of base (e.g. TEA or DIPEA) in organic solvent
(e.g., BDCM) is provided in the reaction vessel, and secondary amine (e.g., Compound 11 or
deprotonated Compound 4) and acid chloride (e.g. isobutyryl chloride) are added to the reaction
vessel sequentially. In other embodiments, a mixture of base {e.g. TEA or DIPEA)} and secondary
amine {e.g., Compound 11 or deprotonated Compound 4} is provided in the reaction vessel, and
organic solvent {e.g., DCM) and acid chloride (e.g. isobutyry! chioride) are added to the reaction
vessel sequentially.

In some embodiments, the acid chloride (e.g., isobutyryl chloride) is provided in excess
relative to the secondary amine {e.g., Compound 11 or deprotonated Compound 4). In some
ermbodiments, the acid chioride (e.g., isobutyryl chloride) is provided in approximate molar ratio
of 1:F, L40E, £.2:0, 1301, 1400, 1.5, L7500, 201, 2.25:1, 2.5:1, 3:1, or greater relative to the
secondary amine (e.g., Compound 11 or deprotonated Compound 4). In some enthodiments, the
acid chloride (e.g., isobutyryl chloride) is provided in molar ratio between 150% and 300%
relative to the secondary amine {e.g., Compound 11 or deprotonated Compound 4). In some
embodiruents, the base (e.g., TEA ot DIPEA) is provided in excess relative to the secondary
arnine (e.g., Compound 11 or deprotonated Compound 4). In some embodiments, the base (e.g.,
TEA or DIPEA) 1s provided in approximate molar ratio of 111, 1.2:1, 1.4:1, 1.7:1, 2:1, 2.5:1, 3:1,
4:1, 5:1, or greater relative to the secondary amine (e.g., Compound 11 or deprotonated
Corapound 4). In some embodiments, the base (e.g., TEA or DIPEA) is provided in molar ratio
between 200% and 500% relative to the secondary amine {e.g., Compound 11 or deprotonated
Conpound 4).

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux temperature of the reaction mixture. In
some embodiments, the reaction is carried out between -13 and 10 °C. In some embodiments, the
reaction is carried out between 0 and °5 C. In some embodiments, the reaction progress is
sampled by any known method, such chromatography or spectrometry. In some embodiments,
the reaction mixture is extracted between two phases. In some embodiments, there are multiple

extraction separations that are run consecutively, for instance first separating organic {or oil}
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layer from water layer, and then mixing that organic layer with 5% (w/w) NaHCO; (ag.) and
separating the organic layer again. In some embodiments, the reaction mixture or combined
organic extracts are concentrated under reduced pressure. In some embodiments, the reaction
mixtuare is further purified, by chromatography, distiliation, precipitation, or crystallography. In
some embodiments, the yvield of this reaction is at least 50%, 553%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 7%, 98%, 99%, 99.9% o1 greater.

Ester Deprotection Step ~ Example 1, Step E

In another aspect, the present disclosure includes a method of converting an ester into a
carboxylic acid, e.g., by converting Compound 3 to Compound . In an embodiment, the reaction
comprises reacting Compound 5 with an inorganic base. In an embodiment, the reaction further
comprises sutbsequent treatment with an acid. In one exarple, the reaction comprises contacting
Compound 5 with an inorganic base (e.g., LiOH) in a mixture of water and organic solvents {e.g.
MeOH and/or THF), followed by treatinent with an acid {e.g., HCI agueous solution).

In some ernbodiments, the ester (e.g., Compound 5§} is provided in a reaction vessel with the
organic solvents (¢.g., MeOH and THF), and a solution of jvorganic base {e.g., LiOH) in water is
added to the reaction vessel. In some embodiments, the ester (e.g., Cornpound 8) is provided in a
reaction vessel with the organic solvents (e.g., MeOH and THF) and water, and inorganic base
(e.g., LiOH) 1s added to the reaction vessel. In some embodiments, a solution of inorganic base
{e.g., LiOH) in water is provided in the reaction vessel, and a solution of the ester {e.g.,
Compound 5) dissolved 1n organic solvents {e.g., MeOH and THF) is added to the reaction
vessel. In some embodiments, a mixture of inorganic base (e.g., LiOH) in water and organic
solvents {e.g., MeOH and THF) is provided in the reaction vessel, and ester {e.g., Compound 5)
is added to the reaction vessel.

In some embodiments, the inorganic base {e.g., LiOH) is provided in excess relative to the
ester {e.g., Compound §). In some embodiments, the inorganic base (e.g., LiOH) is provided in
approximate molar ratio of 1:1, 2:1, 3:1, 411, 5:1, 10:1, 20:1, or greater relative to the ester {e.g.,
Compound 5). In some embodiments, the inorganic base (e.g., LIOH) is provided in molar ratio
between 200% and 500% relative to the ester {e.g., Compound §).

After completion of the initial reaction with inorganic base (e.g. LiOH)}, in some

embodiments the mixture is treated with an acid (e.g. HCl). In some embodiments, the acid is
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provided as a solution. In some embodiments, the acid is provided as an agueous solution (e.g.
HCI agueous solution). In some embodiments, the acid solution is approximately (.1, 0.2, 0.3,
0.4,0.5,0.75, 1, 1.5, 2, 3, 4, 5, or greater molarity concentration. In some embodiments, the
subsequent acid (e.g., HCI) is provided in excess relative 1o the ester (e.g., Compound 5). In
some embodiments, the acid {e.g., HCl) is provided in approximate molar ratio of 1:1, 2:1, 3:1,
4:1, 5:1, 10:1, 20:1, or greater relative to the ester (e.g., Compound 5). In some embodiments, the
subsequent acid (e.g., HC) is provided in molar ratio between 200% to 500% relative to the ester
{e.g.. Compound 5). In some embodiments, the addition of acid (e.g., HC1 solution) is tracked by
monitored pH level of the reaction mixture.

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux temperature of the reaction mixture. In
some embodiments, the reaction progress is sampled by any known method, such
chromatography or spectrometry. In some embodiments, the reaction mixture is extracted
between two phases. In some ernbodiments, there are multiple extraction separations that are run
consecutively, for instance first separating organic {(or oil) layer from water layer, and then
mixing that organic layver with 5% (w/w) NaHCOs (aq.) and separating the organic layer again.
In some embodiments, the reaction mixture or combined organic extracts are concentrated under
reduced pressure. In some embodiments, the reaction mixture is further purified, by
chromatography, distillation, precipitation, or crystallography. In some embodiments, the vield of
this reaction is at least 50%, 35%, 60%, 65%, 70%, 75%, 0%, 83%, 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, 99%, 99.9% or greater.

Amide Coupling Step — Example 1, Step I'; Example 2, Step H; Fxample 3 Step M; and Example
4, Step M.

In another aspect, the present disclosure includes a method of converting a carboxylic acid
into an amide, e.g., by converting Compound & to Compound 7, Compound 1 into Compound 9,
and/or Compound 13 into Compound 14. In an embodiment, the reaction comprises contacting a
carboxylic acid (e.g., Compound 6, Compound 1, or Compound 13) with a secondary amine
(e.g., morpholine) or secondary ammonium {e.g., Compound 8) in the presence of a coupling
agent, a reaction accelerating additive, a solvent, and (optionally) a base. In one example, the

reaction comprises Compound 6 reacting with morpholine in the presence of a coupling agent
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(e.g., EDC=HC1}, reaction accelerating additive (e.g., HOBtH0O), organic solvent {e.g., DMF),
and base (e.g., DIPEA). In another example, the reaction comprises Compound 1 reacting with
morpholine in the presence of a coupling agent (e.g., EDCsHCI), reaction accelerating additive
{e.g., HOBtH, (), and organic solvent {e.g., DMF). In a third example, the reaction comprises

Compound 13 reacting with Compound 8 in the presence of a coupling agent {e.g., EDCHC},
reaction accelerating additive (e.g., HOBt=H20), and organic solvent {e.g., DCM or acetone).

In some embodiments, a solution of the carboxylic acid (e.g., Compound ¢, Compound 1, or
Compound 13), reaction accelerating additive (e.g., HOBt*H-0), coupling agent (e.g.,
EDC-HC), and base (e.g. DIPEA) in an organic solvent (e.g., DMF, DCM, or acetone) is
provided in the reaction vessel, and the secondary amine (e.g., morpholine) or secondary
ammonium (e.g., Compound 8) is added to the reaction flask. In some embodiments, a solution
of the carboxylic acid {e.g., Compound 6, Compound 1, or Compound 13}, the secondary amine
(e.g., morpholine) or secondary ammonium {(e.g., Compound 8), reaction accelerating additive
{(e.g., HOBt=H20), and base (e.g. DIPEA) in an orgaunic solvent (e.g., DMF, DCM, or acetone) is
provided in the reaction vessel, and coupling agent (e.g., EDCHCI) is added to the reaction
flask. Tn some embodiments, a solution of the cartboxylic acid (e.g., Compound 6, Compound 1,
or Coropound 13), reaction accelerating additive {e.g., HOBt-H20), and coupling agent {e.g.,
EDCHC) in ap organic solvent {¢.g., DMF, DCM, or acetone) is provided in the reaction vessel,
and the secondary amine {(e.g., morpholine) or secondary ammmonium (e.g., Compound 8) is
added to the reaction flask. In some embodiments, a solution of the carboxylic acid (e.g.,
Compound 6, Compound 1, or Compound 13), the secondary amine {e.g., roorpholine) or
secondary ammoniun {e.g., Compound 8), and reaction accelerating additive (e.g., HOBt<H,QO in
an organic solvent {e.g., DMF, DCM, or acetone) is provided in the reaction vessel, and coupling
agent (e.g., EDCHCY) is added to the reaction flask. In some embodiments, coupling agent {e.g.,
EDCHC) is provided in excess relative to the carboxylic acid (e.g., Compound 6, Compound 1,
or Compound 13). In other embodiments, coupling agent (e.g., EDCsHCI} is provided in
approximate molar ratio of 1:1, 1101, 1.2:1, £.3:1, L4, 1.5:1, 1.75:1, 2:1, 2.5:1, 3:1, or greater
relative to the carboxylic acid (e.g., Compound 6, Compound 1, or Compound 13). In some
embodiments, coupling agent (e.g., EDC+HCI) is provided in molar ratio between 100% and
300% relative to the carboxylic acid {e.g., Compound 6, Compound 1, or Compound 13). In

some embodiments, reaction accelerating additive (e.g., HOBt=Hx(3) is provided in subcess or
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excess relative to the carboxylic acid (e.g., Compound 6, Compound 1, or Compound 13). In
other embodiments, reaction accelerating additive (e.g., HOBteH;0) is provided in approximate
molar ratio of 0.01:1, 0.05:1, 0.1:1, 0.2:1, 0.3:1, 0.4:1, 0.5:1, 0.6:1, 0.7:1, 0.8:1, 0.9:1, 1:1,
1.25:1, 1.5:1, 1.75:1, 2:1, or greater relative to the carboxylic acid {e.g., Compound 6,
Compound 1, or Compound 13). In some embodiments, the reaction accelerating additive (e.g.,
HOBt=H»>O) is provided in molar ratio between 0.5% and 200% relative to the carboxylic acid
(e.g., Compound 6, Compound 1, or Compound 13). In some embodiments, secondary amine
{e.g.. morpholine) or secondary ammonium {e.g., Compound 8) is provided in near equivalent
molar amount relative to the carboxylic acid {e.g., Compound &, Compound 1, or Compound 13).
In other embodiments, secondary amine (e.g., morpholine) or secondary ammonium {(e.g.,
Compound 8) is provided in approximate molar ratic of 0.8:1, 0.85:1, 0.9:1, 0.95:1, 0.98:1, 1:1,
1.02:1, 1.05:1, L.1:1, L15:1, 1.2:1, or greater relative to the carboxylic acid (e.g., Compound 6,
Compound 1, or Compound 13). In some embodiments, secondary amine (e.g., morpholine} or
secondary ammonium (e.g., Compound 8} is provided in molar ratio between 80% and 120%
relative to the carboxylic acid (e.g., Compound 6, Compound 1, or Coropound 13). In some
embodiruents, base (e.g., DIPEA) is absent or provided in excess relative to the carboxylic acid
(e.g., Compound 6, Corapound 1, or Corapound 13). In other ernbodiments, base (e.g., DIPEA)
is provided in approximate molar ratio of 111, 1121, 1.2:1, 1.3:4, 144, L.5:0, L.75:4, 201, 2,504,
3:1, or greater relative to the carboxylic acid (e.g., Compound 6, Compound 1, or Compound
13). In some embodiments, base {e.g., BIPEA) i3 absent or provided in molar ratio between
100% to 300% relative to the carboxylic acid {e.g., Compound 6, Compound 1, or Compound
13).

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 23 °C, or at the reflux temperature of the reaction mixtire. In
some embodiments, the reaction progress is sampled by any known method, such
chromatography or spectrometry. In some embodiments, the reaction mixture is extracted
between two phases. In some embodiments, there are multiple extraction separations that are run
consecutively, for instance first separating organic (or 0il) layer from water layer, and then
mixing that organic laver with 1N HCl (aq.) and separating the organic layer again. In some
embodiments, the reaction mixture or combined organic extracts are concentrated under reduced

pressure. In some embodiments, the reaction mixture is further purified, by chromatography,
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distillation, precipitation, or crystallography. In some embodiments, the yield of this reaction is
at least 50%. 55%, 60%, 65%, 70%, 75%. 80%. 85%, $0%, 91%, 92%, 93%. 94%. 95%, 96%,

7%, 98%, 99%, 99.9% or greater.

Benzyloxvearbonyl Deprotection Step — Example 1, Step G and Example 2, Step G

In another aspect, the present disclosure includes methods of converting a
benzyloxycarbonyl-protected amine into an anunonium salt, e.g. by converting Compound 7 to
Compound 8. In one embodiment, Compound 7 is deprotected under hydrogenation conditions
and then protonated with an acid. In one example, Compound 7 is contacted with hydrogen gas
in the presence of hydrogenation catalyst {e.g., 10% Pd/C) and solvent (e.g., MeOH); subsequent
reaction with acid (e.g., 4M HCI in EtOAc) affords the ammonium salt Compound 8.

In some embodiments, a solution of Compound 7 is provided in the reaction vessel, and
hydrogenation catalyst {e.g. 10% Pd/C} is added to the reaction vessel. In some embodiments, a
solution of Compound 7 is provided in the reaction vessel, and a mixture of hydrogenation
catalyst (e.g. 10% Pd/C) and solvent is added to the reaction vessel. In some embodiments, a
mixture of hydrogenation catalyst (e.g. 10% Pd/C) and solvent is provided in the reaction vessel,
and Compound 7 is added to the reaction vessel. In all embodiments, the reaction vessel is
subsequently pressurized with hydrogen gas. In some embodiments, the deprotected Compound
7 1s dissolved in solvent (e.g., MTBE) in a reaction vessel, and then acid (e.g. 4M HCl in EtOAc
1s added to afford product ammoniur salt Compound 8.

In some embodiments, the hydrogen gas 1s provided in excess relative to Compound 7. In
other embodiments, the hydrogen gas pressure is provided at 0.05, 0.1,0.25,0.5,0.75, 1, 2, 3, 4,
5 bar or higher pressure. In other embodiments, the hydrogen gas pressure is provided at 0.05 to
1 bar pressure. In some embodiments, the reaction vessel is sealed over the duration of the
reaction. In other embodiments, the reaction vessel is repressurized with hydrogen during the
reaction. In some embodiments, the hydrogenation catalyst (e.g. 10% Pd/C) is provided in
subcess relative to Compound 7. In other embodiments, the hydrogenation catalyst {e.g. 10%
Pd/C} is provided in approximate molar ratio of 1%, 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 20%,
25%, or greater relative to Compound 7. In some embodiments, the hydrogenation catalyst {e.g.
10% Pd/C} is provided in a molar ratio of between 5% to 25% of the amount of Compound 7. In

some embodiments, the acid is provided in excess relative to initial amount of Compound 7. In
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other embodiments, the acid is provided in approximate molar ratio of 1:1, 1.2:1, 1.3:1, 1.4:1,
154, 1601, 8701, L8, 1900, 201, 2.5:1, 3:1, or greater relative to initial amount of Compound
7. In some embodiments, the acid is provided in approximate molar ratio between 100% and
200% relative to initial amount of Compound 7.

The reaction may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux temperature of the reaction mixture. In
some embodiments, the reaction is carried out between -15 and 10 °C. In some embodiments, the
reaction is carried out between 0 and °3 C. In some embodiments, the reaction progress is
sampled by any known method, such chromatography or spectrometry. In some embodiments,
the reaction mixture is extracted between two phases. In some embodiments, there are multiple
extraction separations that are run consecutively, for instance first separating organic (or 0il)
layer from water layer, and then mixing that organic layer with 5% (w/w) NaHCOz (aq.) and
separating the organic layer again. In some embodiments, the reaction mixture or combined
organic exiracts are concentrated under reduced pressure. In some embodimoents, the reaction
mixtore is further purified, by chromatography, distillation, precipitation, or crystallography. In
some ermbodiments, the yield of this reaction is at least 30%, 55%, 60%, 65%, 70%, 73%, 80%,

85%, 90Y%, 91%, 92%, 93%, 94%, 95%, 9650, 7%, 98%, 99%, 99.9% or greater.

Benzyloxycarbonyl Deprotection Step —Example 2, Step G, Version 4

Tn another aspect, the present disclosare includes methods of converting a
benzyloxycarbonyl-protected amine into an ammonium salt, e.g. by converting Compound 7 to
Corapound 8. In one erobodiment, Coropound 7 1s initially reacted with acid to deprotect the
amine group. In one example, Compound 12 is contacted with acid (e.g., 35% HCI agueous
solution}; subsequent neutralization with base (e.g., 10N NaOH aqueous solution) and reaction
with HCI affords ammonium salt Compound 8.

In some embodiments, Compound 7 is provided in the reaction vessel, and acid (e.g., 35%
HCl agueous solution) is added to the reaction vessel. In other embodiments, acid {e.g., 35% HCl
aqueous solution) is provided in the reaction vessel, and Compound 7 is added to the reaction
vessel. In some embodiments, after reaction with acid, the reaction mixture is neutralized with

base {e.g., 10N NaOH agueous solution). In some embodiments, the deprotected Compound 7 is
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dissolved in solvent {e.g., MTBE) in a reaction vessel, and then HCl {e.g. 4M solution of H(l in
FrOAc) is added to afford product ammonium salt Compound 8.

In some embodiments, acid {e.g., 35% HCI) is provided in excess relative to Compound 7.
In other embodiments, acid (e.g., 35% HCl) is provided in approximate molar ratio of 1:1, 1.5:1,
2:1, 5.1, 11, 15:1, 20:1, 25:1, 30:1, or higher relative to Compound 7. In some embodiments,
acid (e.g., 35% HCI) is provided in molar ratio between 1500% to 3000% relative to Compound
7. In some embodiments, base (e.g., NaOH) is provided in excess relative to acid {e.g., 35% HCI)
during neutralization. In other embodiments, base (e.g., NaOH) is provided in approximate molar
ratio of 0.7:1:1, 0.8:1, 0.9:1, 111, 1.1:1, 1.2:1, 1.3:1, or higher relative to acid (e.g., 35% HCI)
during neutralization. In some embodiments, base (e.g., NaOH) is provided in molar ratio
between 60% to 140% relative to acid {e.g., 35% HCI) during neutralization. In some
embodiments, after neutralization, HCI (e.g., 4M HCl in EtOAc) is provided in approximately
equal molar amount relative to starting amount of Compound 7. In other embodiments, after
neutralization, HCl (e.g., 4M HCI in EtOAc) is provided in approximate molar ratio of 0.8:1,
0.9:1, 0.95:1, 0.98:1, I:1, 1.02:1, 1.05:1, 1.1:1, or 1.2:1 relative to starting amount of Compound
7. In some embodiments, after neutralization, HC1 (e.g., 4M HCl in EtOAC) is provided in molar
ratio between 90% to 110% relative to starting amount of Compound 7.

The reaction may be carried out at any temperature, for exarnple, below 25 °C, at room
temperature, about 25 °C, above 25 °C, or at the reflux temperatare of the reaction mixture. In
some embodiments, the deprotection reaction with acid (e.g. 35% HC) is carried out at one
temperature range {e.g., 42 to 47 °C), the neutralization is carried out at another temperature
range {e.g., 4 to 25 °C), and the final HCl addition is conducted at agother ternperature range
(e.g. 20 to 25 °C). In some embodiments, the reaction progress is sampled by any known method,
such pH measurement, chromatography or spectrometry. In some embodiments, the reaction
mixtuare is extracted between two phases. In some embodiments, there are multiple extraction
separations that are run consecutively, for instance first separating organic {or oil) layer from
water layer, and then mixing that organic layer with 5% {(w/w) NaH(CO3 (ag.) and separating the
organic layer again. In some embodiments, the reaction mixture or combined organic extracts are
concentrated under reduced pressure. In some embodiments, the reaction mixture is further

purified, by chromatography, distillation, precipitation, or crystallography. In some
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embodiments, the yield of this reaction is at least 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%,

90%, 91%, 92%, 93%. 4%, 95%, 96%, 91%, 98%, 99%. 99.9% or greater.

FPurification of free base of API —Example 3, Step N

In another aspect, the present disclosure includes a method of purifying the free base of the
AP, e.g. by purifying Compound 14 to Compound 15. In one embodiment, Compound 14 is
treated with solvent, anti-solvent, and temperature variation. In one example, Compound 14 is
treated with solvent (e.g., acetone), anti-solvent, (heptane), and cooled (e.g. to O to 5 °Ch to
obtain precipitated Compound 15.

In some embodiments, Compound 14 is dissolved in solvent {e.g., acetone) in a vessel, and
then anti-solvent (e.g., heptane) is added to the vessel. In other embodiments, Compound 14 is
dissolved in mixture of solvent (e.g., acetone) and anti-solvent (e.g., heptane) in a vessel, and
then additional anti-solvent (e.g., heptane) is added to the vessel. In some embodiments, the
mixture of Cormpound 14, solvent (e.g., acetone), and anti-solvent (e.g., heptane) is subjected to
cooling (e.g. to O to 5 °C). In soroe embodiments, the anti-solvent (e.g., heptane) is provided in
excess of the solvent (e.g., acetone). In some embodiments, the anti-solvent (e.g., heptane) is
provided in approximate weight ratio of 111, 2:1, 411, 6:1, &1, 10:1, 16:1, 25:1, or greater
relative to solvent (e.g., acetone). In some embodiments, the anti-solvent (e.g., heptane) is
provided in weight ratio of between 500% and 2500% relative to solvent (e.g., acetone).

The purification may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, or above 25 °C. In some embodiments, the dissolving Compound 14 is
carried out at one temperature range (e.g., around room temperature), and precipitate formation
is conducted at another temperature range (e.g. 0 to 5 °C). In some embodimeuts, the yield of this
purification is at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, 99.9% or greater.

Muaking fydrochloride salt of APT -Example 4, Step O

In another aspect, the present disclosure includes a method of making the hydrochloride salt
of the AP, e.g. by converting Compound 14 to Compound 16. In one embodiment, Compound
14 is treated with HCI in organic solvent while controlling the solution temperature. In one

example, Compound 14 is dissolved in organic solvent (e.g. a mixture of MTBE and heptane),
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cooled (e.g. to -5 to 5 °C), and treated with 4M solution of HCI in EtOAc at another temperature
range {e.g. 0 t0 5 °C).

in some embodiments, Compound 14 is dissolved in a solvent or mixture of solvents {e.g.,
MTBE and heptane) in a vessel, and then HCI (e.g., 4M HCl in EtOAc) is added to the vessel. In
other embodiments, a solution of Compound 14 in a solvent or mixture of solvents (e.g., MTBE
and heptane) is added to a vessel containing HCl (e.g., 4M HCl in EtOAc). In some
embodiments, Compound 14 is dissolved in a solvent {e.g., MTBE) in a vessel, and then HCI
{e.g.. 4M HC in BEtOAc) and a solvent (e.g. heptane) are sequentially added to the vessel. In
some embodiments, the total weight of solvents (e.g., MTBE, heptane, and EtOAc) provided in
the vessel exceeds the weight of Compound 14. In other embodiments, the total weight of
solvents (e.g., MTBE, heptane, and EtOAc) provided in the vessel is 1.5x, 2.5, 5x, 7.5x%, 10x,
12.5%, 15%, 17.5%, 20x, or more relative to the weight of Compound 14. In some embodiments,
the total weight of solvents {e.g., MTBE, heptane, and EtOAc) provided in the vessel is between
S5x to 20x relative to the weight of Compound 14. In some embodiments, HCI is provided in
molar equivalence or excess relative to Compound 14. In other embodirnents, HCI is provided in
approximate molar ratio of 1:1, 1.1:1, 1.2:1, 1.3:0, 1401, 1.5, 1.6, 700 L& L, L9, 20, or
greater relative to Compound 14. In some ernbodiments, HCl is provided in molar ratio between
100% to 180% relative to Compound 14.

The parification may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, or above 25 °C. Tn some embodiments, the dissolving Compound 14 1s
carried out at one temperature range {e.g., around room temperature}, cooling is performed at
another termperature range (e.g. -5 to 5 °C), HCI addition is conducted at another teroperature
range {e.g. 0 to 5 °C), and precipitate formation is conducted at another temperature range {e.g. 0
to 5 °C). In some embodiments, the vield of this purification is at least 30%, 55%, 66%, 65%,
T0%, 753%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.9% or

greater.

Purifying hydrochioride salt of AP ~Example 4, Step P
In another aspect, the present disclosure includes a method of purifying the hydrochloride
salt of the AP, e.g. by converting Compound 16 to Compound 17 and/or by converting

Compound 15 to Compound 17. In one embodiment, Compound 16 subjected to a mixture of
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organic solvent and water while controlling solution temperature to obtain a purified particles. In
another embodiment, Compound 15 is subjected to HC], organic solvent, and water while
controlling solution temperature to obtain a purified particles. In one example, Compound 16 is
dissolved in a mixture of organic solvent (e.g., EtOAc) and water at one temperature {e.g., 60
°C), matured at another temperature {e.g., 3 °C), and filtered to obtain Compound 17. In another
example, Compound 15 is dissolved in a mixture of organic solvent {e.g., BtOAc) and water at
one temperature {e.g., room temperatare), contacted with HCl (e.g., concentrated aqueous
solution) at another temperature {e.g., 20 °C), matured at another temperature {e.g., 10, 13, or 15
°Cy, and filtered at another temperature {e g. 20 °C); repeated cycles of the last two steps
{maturation and filtration) resulted in collection of precipitate Compound 17.

In some embodiments, a mixture of organic solvent {e.g. EtOAc) and water is used to
dissolve Compound 16 or Compound 15 in a crystallizing vessel (crystallizer). In other
embodiments, organic solvent (e.g. EtOAc) is used to dissolve Compound 16 or Compound 15 in
a crystallizer, and water is then added to the crystallizer. In some embodiments, HCI is omitted,
or HCI is added to the solation of Compound 16 prior to crystallization.

o some embodiments, the organic solvent (e.g. BtOAc) is in excess relative to water. In
other ernbodiments, the organic solvent (e.g. EtOAC) is provided in approxirnate volumetric ratio
of 111, 5:1, 1004, 15:4, 20:1, 25:1, 30:1, 35:1, 40:1, 50:1, or greater relative to water. In some
erobodiments, the organic solvent (e.g. EtOA¢) is provided in volumetric ratio between 500%
and 4000% relative to water. In some embodiments, the organic solvent (e.g. EtOAc) 18 in near
gravimetric equivalence or gravimetric excess relative to Compound 16 or Compound 15. In
other embodiments, the organic solvent {e.g. EtOAc) is provided in approximate gravimetric
ratto of 0.5:1, 0.75:1, 111, 1.25:1, 1.5:1, L.75:1, 201, 2.25:1, 2.5:1, 2.75:1, 3:1, 4:1, 5:1, or greater
relative to Compound 16 or Compound 18. In some embodiments, the organic solvent {(e.g.
FtOAc) is provided in gravimetric ratio between 80% and 400% relative to Compound 16 or
Compound 15. In some embodiments, HCl is provided as a solution of 1M, ZM, 4M, 6M, 12M,
or higher concentration. In other embodiments, HCI is provided as a concentrated solation. In
some embodiments, H{I is added in near equimolar amount relative to Compound 15. In other
embodiments, HC! is added in approximate molar ratio of 0.6:1, 0.7:1, 0.8:1, 0.9:1, 111, 1.1:1,
1.2:1, 1.3:1, 1.4:1, or higher relative to Compound 15. In some embodiments, HCI is added in

molar ratio of between 80% to 120% relative to Compound 15.
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The purification may be carried out at any temperature, for example, below 25 °C, at room
temperature, about 25 °C, or above 25 °C. In some embodiments, the temperature may be
adjusted in various phases of the purification process. In some embodiments, the vield of this
purification is at least 50%, 55%, 60%, 65%, 70%, 75%, 0%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, 99.5% or greater.

ENUMERATED EMBODIMENTS

1. A method for preparing a compound of Formula (X1}

j (X1}, a pharmaceutically acceptable salt thercof, or a solvate thereof,

wherein Ry is C2-Cs alkyl, comprising Step A of reacting Compound 1

O ~OH

cbz\N:’ 2

COH
1 with an alcohol having 1 to 6 carbon atoms and an acid catalyst to form a compound
of Formula (V)

O_OR?

cbsz

OH (1V), wherein Rz is C1-Cs alkyl.
2. The method of embodirnent 1, wherein the method further comprises Step B of reacting a

cornpound of Formula (IV) with an oxidizing agent in a solvent to form a compound of Formula

(V)
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O (V), wherein Ry is C1-Cs alkyl.
3. The method of any one of the preceding embodiments, wherein the method further comprises

Step C of reacting a compound of Formula (V) with Compound 12
NH,
jor
HoN
12

O\\V’O‘ R,

CbZ\N .
O

rd

NH

—

, base, and reducing agent in a solvent to form a compound of Formula (VI )

“

(VII"), wherein R» is C;-Cs alkyl.
4. The method of any one of the preceding embodiments, wherein Step C further includes
reacting a compound of Formula (VI') with an acid in an organic solvent.
5. The method of any one of the preceding embodirnents, wherein Step C further includes
reacting a compound of Formula (VII') with oxalic acid in an organic solvent to form a compound

of Formula (VII):

cbz\N: 3
ﬂpN

‘,40
b

=
(COOH),
H

(VIL), wherein Ry is 1-Cs alkyl.
6. The method of any one of the preceding embodiments, wherein the method further comprises
Step D of subjecting a compound of Formula (VI or a compound of Formula (VII") t¢ a reaction
with at least one base and a compound of formula R;-C(=0)-Cl (e.g. isobutyryl chloride) to form

a compound of Formula (VHI):
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Cchz~
0
- ’/<
N

7. The methed of any one of the preceding embodiments, wherein the method further comprises

{VHI}, wherein Ry is Co-Cs alkyl, and Rz is Ci-Cy alkyl.

Step E of reacting a compound of Formula (VII) and inorganic base in a solvent to prepare a
compound of Formula (IX):

O\\\:,.O H

Chz~y \,:;—7
o 40

__§ Ry
37 {IX), or a salt or solvate thereof, wherein Ry is Cy-Cs alkyl
8. The method of any one of the preceding embodiments, wherein the method further comprises
Step F of reacting a compound of Formula (IX) with morpholine to form a compound of Formula
(X

o

O N

chz~ N\j
/ O
’/N 'J/<

)"

§ (X)), or a salt or solvate thereof, wherein Ry is {>-Cs alkyl.

9. The method of any one of the preceding embodiments, wherein Step F is facilitated by a
coupling agent.

10. The method of any one of the preceding embodiments, wherein Step F is further facilitated by
a reaction accelerating additive.

11. The method of any one of the preceding embodiments, wherein Step F includes the use of

base.
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12. The method of any one of the preceding embodiments, wherein the method further comprises
Step G of reacting a compound of Formula (X) in a solvent with a hydrogenation catalyst and Ho
or with deprotecting acid solution, and treatment with HCI solution to form a compound of

Formula (1):

o
Og N
HCI =
HNQ .

?N_(

R4

(1), wherein Ry is Cp-Cs alkyl
13. The method of any one of the preceding embodiments, wherein R: is methyl, ethyl, propyl,
isopropyl, or butyl
14. The method of any one of the preceding embodiments, wherein R is methyl.
15. The method of any one of the preceding embodiments, wherein the acid catalyst of Step A is
at least one selected from the group of HCL, H2S504, H2804 and KF, a combination of AbO; (KF
+ AlO1), HaPOy, p-toluene sulfonic acid, and scandium(IH) triflate.
16. The method of any one of the preceding embodiments, wherein the acid catalyst of Step A is
HoSO4.
17. The method of any one of the preceding embodiments, wherein the acid catalyst of Step A s
0.1 to 1 molar equivalent with respect to Compound 1.
18. The method of any one of the preceding embodiments, wherein the acid catalyst of Step A is
0.2 to 0.5 molar equivalent with respect to Comapound 1.
19. The method of any one of the preceding embodiments, wherein the acid catalyst of Step A is
0.2 to 0.4 molar equivalent with respect to Compound 1.
20. The method of any one of the preceding embodirents, wherein the reaction time of Step A
above is 2 to 5 hours.
21. The method of any one of the preceding embodiments, wherein the solvent of Step B is water
and at least one organic solvent selected from the group consisting of alcohol, toluene, benzene,

tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
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dimethylpropylene urea, dimethyl suifoxide, ethyl acetate, hexamethylphosphoramide, methyl-
tert-butyl ether, pentane, hexane, heptane, ether and diethyi ether.

22. The method of any one of the preceding embodiments, wherein the solvent of Step B is water
and dichloromethane.

23. The method of any one of the preceding embodiments, wherein the solvent of Step C, Step D,
Step E, and/or Step F is at least one independently selected from the group consisting of alcohol,
toluene, benzene, tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile
dimethyiformamide, dimethylpropylene wrea, dimethyl sulfoxide, ethyl acetate,
hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane, heptane, ether and diethyl
ether.

24. The method of any one of the preceding embodiments, wherein the oxidizing agent of Step B
is a combination of a chromic acid compound; a co-oxidizing agent, (2,2.6,6-
tetramethylpiperidinyloxyl free radical (TEMPO) and other salts; a complex of dimethyl sulfoxide
and dicyclohexylearbodiimide, oxalyl chloride, acetic anhydride or phosphorus pentoxide or a
coraplex of pyridine-sulfuric anhydride; or a combination of a transition metal catalyst and oxygen,
or a transition metal catalyst and an organic oxidizing agent.

25. The method of any ovne of the preceding embodiments, wherein the oxidizing agent of Step B
is (2,2,6,6-tetramethy IpiperidinyDoxyl free radical (TEMPO) and other salts.

26. The method of any one of the preceding embodiments, wherein the other salts referenced
wchude at least one of sodivim bromide and sodium hypochlorite.

27. The method of any oue of the preceding embodiments, wherein Step B includes at least one
inorganic base selected from the group consisting of KOH, NaQOH, CaS(y, LiOH, NaH, KH,
NaOCHs, NaOCH2CHz, NaOC(CHa)z, KOC(CHa)s, KaCOs, NapCO3, and NaHCOs.

28. The method of any one of the preceding embodiments, wherein Step B includes NaHCQOa.
29. The wethod of any one of the preceding embodiments, wherein Step B is performed with
reaction temperature between -10 and 10 °C, and the reaction time is 8.5 h or longer.

30. The method of any one of the preceding embodiments, wherein the reducing agent of Step C
is at least one inorganic base selected from the group consisting of NaBH(OAc)s, NaBHs,
NaBH(CN)3, NaBH3CN, and NaHPOs.

31. The method of any one of the preceding embodiments, wherein the reducing agent of Step C

is NaBH{OAC);.
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32. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Cis 1 to 30 °C, and the reaction time is | to 30 hours.

33. The method of any one of the preceding embodiments, wherein the reaction temperatare of
Step Cis 15t 25 °C.

34. The method of any one of the preceding embodiments, wherein the base of Step D is at least
one selected form the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH,
NaQOH, CaS04, LiOH, NaH, KH, NaOCH;, NaOCH2CHs, NaOC(CHa)s, KOC(CHs)s, K2COs,
NaxCOs, and NaHCOs.

35. The method of any one of the preceding embodiments, wherein the base of Step D includes
amimonia aqueous solution for pre-treating the compound of Formula (VII').

36. The method of any one of the preceding embodiments, wherein the base of Step D includes
TEA during reaction with acid chleride.

37. The method of any one of the preceding embodiments, wherein the amount of acid chloride
in Step D is | molar equivalent or more with respect to the compound of Cheraical Formula (V).
38. The method of any one of the preceding embodiments, wherein the amount of acid chloride
in Step D is 1.5 to 3.0 molar equivalent with respect to the compound of Chemical Formula (VII).
39. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step D is | to 30 °C, and the reaction time is 1 to 30 hours.

40. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step D 1s below 28 °C, and the reaction time 1s 5 to 15 hours.

41. The method of any oue of the preceding embodiments, wherein Step E includes at least one
inorganic base selected from the group consisting of KOH, NaQOH, CaS(y, LiOH, NaH, KH,
NaOCHs, NaOCH2CHz, NaOC(CHa)z, KOC(CHa)s, KaCOs, NapCO3, and NaHCOs.

42. The method of any one of the preceding embodiments, wherein Step E includes LiOH as
inorganic base.

43. The method of any one of the preceding embodiments, wherein Step E includes an acidic
workup.

44. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step E is 1 to 30 °C, and the reaction time is 1 to 30 hours.

45. The method of any one of the preceding embodiments, wherein the reaction temperature of

Step E is 1 to 20 °C, and the reaction time is | to 10 hours.
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46. The method of any one of the preceding embodiments, wherein the coupling agent of Step F
is selected from the group consisting of N,N -disubstituted carbodiimides such as ethyl-(N",N'-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCU), N,N’-dicyclohexylcarbodiimide
(DCC), diisopropylcarbodiimide (DIC); azolides such as N,N’-carbonvidiimidazole (CD1I), N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline (EEDQ): phosphorus oxychloride;
alkoxyacetviene; phosphonium reagents such as benzotriazol-1-yloxy-tris{dimethylamino)-
phosphonium  hexafluorophosphate (BOP), benzotriazol-1-yloxy-tripyrrolidine-phos-phonium
hexafluorophosphate  (PyBOP), bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(FyBrOP), ethyl cyano(hydroxyimino)acetato-O?)-tri-{ L-pyrrolidinyl)-phosphonium
hexafluorophosphate (PyOxim), and 3-(diethoxy-phosphoryloxy)-1,2,3-benzofd] triazin-4(3H)-
one (DEPBT); and aminium/uronium reagents such as 2-(1H-benzotriazol-1-yD)-N,N, N’ N’-
tetramethylaminium (TBTU) tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-
y13-IN NN, N -tetramethylaminium hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-
oxoethylidene-aminooxy -dimethylamino-morpholino-uronium hexafluorophosphate (COMU).
47. The method of any one of the preceding embodiments, wherein the coupling agent of Step F
is ethyl-(N° )N -dimethylamino)propylcarbodiimide hydrochloride (EDC-HC).

48. The method of any one of the preceding embodiments, wherein the coupling agent of Step F
is used in an amount of 1 to 2 equivalents with respect to the compound of Chemical Formula (JX).
49. The method of any one of the preceding embodiments, wherein the additive of Step F is
selected from the group consisting of [-hydroxybenzotriazole (HOBt) and its derivatives such as
hydroxy-3,4-dihydro-4-oxo-1,2,3-benzo-triazine  (HOOBY), [-hydroxy-7-aza-1H-benzotriazole
(HOAY), resin-supported derivatives, and hydrates thereof; N-hydroxysaccinimide (NHS); and 4-
dimethvlpyridine (DMAP).

50. The method of any one of the preceding embodiments, wherein the additive of Step F is 1-
hydroxybenzotriazole (HOBU) or its hydrate (HOBt-HO).

51. The method of any one of the preceding embodiments, wherein the additive of Step F is used
in an amount of 0.01 to 2 equivalents with respect to the compound of Chemical Formula (£X).
52. The method of any one of the preceding embodiments, whergin the base of Step F is at least
one selected from the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH,
NaQH, CaSO4, LiOH, NaH, KH, NaOCHj3, NaOCH:CHs, NaOC(CHz)s, KOC(CHas)s, K2COs, and
Nax(COs.
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53. The method of any one of the preceding embodiments, wherein the base of Step F is DIPEA.
54. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Fis 1 to 30 °C, and the reaction time is 1 to 30 hours.

55. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Fis 1 to 20 °C, and the reaction time is 1 to 8 hours.

The method of any one of the preceding embodiments, wherein the hydrogenation catalyst of
Step G is at least one selected from the group consisting of PA/C, PA(OH),, PA(OAc):, PACh and
Pd.

57. The method of any one of the preceding embodiments, wherein the hydrogenation catalyst of
Step G is Pd/C.

58. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step G is | to 50 °C, and the reaction time is 1 to 30 hours.

59. The method of any one of the preceding embodiments, wherein the deprotecting acid solution
of Step G is HCI aqueons solution of >10% {(w/w) concentration.

60. The method of any one of the preceding embodiments, wherein the deprotecting acid solution
of Step G is HCI aqueons solution of >30% (w/w) concentration.

61. A method for preparing a compound of Formula (X1

j (X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,

wherein Ry is Cz-Cs alkyl, comprising Step H of reacting Compound 1

O%’OH

cbz\N :
L

CH

1 with morpholine to form Compound 9:
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62. The method of any one of the preceding embodiments, wherein Step H is facilitated by a
coupling agent.

63. The method of any one of the preceding embodiments, wherein Step H is further facilitated
by a reaction accelerating additive.

64. The method of any one of the preceding embodiments, wherein Step H includes the use of
base.

65. The method of any one of the preceding embodimeunts, wherein the method further comprises

Step I of reacting Cormapound 9 with an oxidizing agent in a solvent to form Compound 1&:

chz~ NA;
\—‘%Q
10

66. The method of any one of the preceding embodiments, wherein the method further comprises

Step J of reacting Compound 19 with Compound 12:

NH,
U HCI

HoN
12 , base, and reducing agent in a solvent to form Compound 11:
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-
Owi\\)
CbZ\N\i\7
gH
§j1'§

67. The method of any one of the preceding embodiments, wherein the roethod further comprises
Step K of reacting Compound 11 with at least one base and an acid chloride compound of formula

Ri-C(=0)-C1 (e.g. isobutyryl chloride) to form a corapound of Formula (X):
s
N\/'

(«QZ\N: :}

5

68. The method of any one of the preceding embodiments, wherein the method further comprises

{X), wherein Ryis Co-Cs alkyl

Step G of reacting a compound of Formula (X) in a solvent with a hydrogenation catalyst and Ho
or with deprotecting acid solution, and treatment with HCI solution to form a compound of

Formula (11):

o
Oy N
Hol :
HN

(1), wherein Ry is Cp-Cs alkyl

69. The method of any one of the preceding embodiments, wherein the coupling agent of Step H
is selected from the group consisting of N,N’-disubstituted carbodiimide such as ethyl-(N",N’-

dimethylamino)propylcarbodiimide hydrochloride (EDC-HCl), N ,N'-dicyclohexylcarbodiimide

43



WO 2025/149985 PCT/1B2025/050327

(DCC), diisopropylcarbodiimide (DIC); azolides such as N,N'-carbonyldiimidazole (CDI); N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ); phosphorus oxychloride;
alkoxvacetylene;, phosphonium reagents such as benzotriazol-1-yloxy-tris{dimethylamino)-
phosphonium  hexaffuorophosphate {(BOP), benzotriazol-1-yloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP),  bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyl cyano(hydroxyiminojacetato-O)-tri-( 1 -pyrrolidinyl)-phosphonium
hexafluorophosphate (PyOxim), and 3-{diethoxy-phosphoryloxy)-1,2,3-benzofd] triazin-4(3H)-
one {DEPBT); and aminium/uronium reagents such as 2-(1H-benzotriazol-1-y1)-N,N,N"N'-
tetramethylaminium (TBTU) tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-
y1-N,NN N -tetramethylaminiom hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-
oxoethylidene-aminooxy }-dimethylamino-morpholino-uronium hexafluorophosphate (COMU).
70. The method of any one of the preceding embodiments, wherein the coupling agent of Step H
is ethyl-(IN°, N’ -dimethylaminojpropyicarbodiimide hydrochloride (EDC-HC).

71. The method of any one of the preceding embodiments, wherein the coupling agent of Step H
15 used in an amount of 1 to 2 equivalents with respect to Compound 1.

72. The method of any one of the preceding embodiments, wherein the additive of Step H is
selected from the group counsisting of 1-hydroxybenzotriazole (HOBY) and its derivatives such as
hydroxy-3,4-dihydro-4-0x0-1,2,3-benzo-triazine  (HOOBt), [-hydroxy-7-aza-1H-benzotriazole
(HOAU), resin-supported derivatives, and hydrates thereof; N-hydroxysuccinimide (NHS) and 4-
dimethylpyridine (DMAP).

73. The method of any one of the preceding embodiments, wherein the additive of Step H is i-
hydroxybenzotriazole (HOB1) or its hydrate (HOBtH,0).

74. The method of any one of the preceding embodiments, wherein the additive of Step H is used
in an amount of 0.01 to 2 equivalents with respect to the compound of Chemical Formula (£X).
75. The method of any one of the preceding embodiments, wherein the base of Step H is at least
one selected from the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH,
Na(OH, CaSQOq4, LiOH, NaH, KH, Na(OCH;, NaOCHCHz, NaOC{CH1)z, KOC(CHa)z, KoCOs, and
NaxCO:s.

76. The method of any one of the preceding embodiments, wherein Step H does not contain any
base among the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaGH,
CaSCs, LiOH, NaH, KH, NaOCH; NaOCH:CH;, NaOC(CHs), KOC(CHaj, KoCOs, and
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NaxCOs.

77. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step H is 1 to 30 °C, and the reaction time is 1 to 30 hours.

78. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step H is 1 to 20 °C, and the reaction time is 1 to 8 hours.

79. The method of any one of the preceding embodiments, wherein the solvent of Step 1 is water
and at least one organic solvent selected from the group consisting of alcohol, toluene, benzene,
tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethyl suifoxide, ethyl acetate, hexamethylphosphoramide, methyl-
tert-butyl ether, pentane, hexane, heptane, ether and diethyl ether.

80. The method of any one of the preceding embodiments, wherein the solvent of Step I is water
and dichloromethane.

81. The method of any one of the preceding embodiments, wherein the solvent of Step H, Step J,
and/or Step K 1s at least one independently selected from the group consisting of alcohol, tohuene,
benzene, tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethyl sulfoxide, ethyl acetate, hexamethylphosphoramide, methyl-
tert-butyl ether, pentane, hexane, heptane, ether and diethyl ether.

82. The method of any oue of the preceding erobodiments, wherein the oxidizing agent of Step 1
i3 a combination of a chromic acid compound; a co-oxidizing agent, (2,2,6,6-
tetramethylpiperidinyDoxyl free radical (TEMPO) and other salts; a complex of dimethyl sulfoxide
and dicyclohexylcarbodiimide, oxalyl chloride, acetic anhydride or phosphorus pentoxide or a
complex of pyridine-sulfuric anhydride; or a combination of a transition metal catalyst and oxygen,
or a transition metal catalyst and an organic oxidizing agent.

83. The method of any one of the preceding ernbodiments, wherein the oxidizing agent of Step 1
is (2,2,6,6-tetramethylpiperidinyhoxyl free radical (TEMPO) and other salts.

84. The method of any one of the preceding embodiments, wherein the other salts referenced
inchude at least one of sodium bromide and sodium hypochlorite.

85. The method of any one of the preceding embodiments, wherein Step I includes at least one
inorganic base selected from the group consisting of KOH, NaOH, CaS0s, LiOH, NaH, KH,
NaOCH:z, NaOCH>CHaz, NaOC(CHa)s, KOC{CHa)s, KpCOs, NaxC0s, and NaHCOs.

&6. The method of any one of the preceding embodiments, wherein Step I inchudes NaHCOs.
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87. The method of any one of the preceding embodiments, wherein Step 1 is performed with
reaction temperature between -10 and 10 °C, and the reaction time is 0.5 h or longer.

88. The method of any one of the preceding embodiments, wherein the reducing agent of Step I
is at least one inorganic base selected from the group consisting of NaBH(OAc):, NaBH.,
NaBH({CN}a, NaBH;CN, and NaH:PO».

89. The method of any one of the preceding embodiments, wherein the reducing agent of Step J
1s NaBH(OAc).

90. The method of any one of the preceding embodiments, wherein the amount of reducing agent
in Step I is more than 1 equivalent relative to Compound 18.

91. The method of any one of the preceding embodiments, wherein the amount of reducing agent
in Step I is 1.01 to 1.2 equivalents relative to Compound 18.

92. The method of any one of the preceding embodiments, wherein the base in Step J is selected
from the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaS0q4,
Li0OH, NaH, KH, NaOCH;, NaOCH:CHs, NaOC(CHa)z, KOC({CHa), KCOs, NapCOs, and
NaQAc.

93. The method of any one of the preceding embodiments, wherein the base in Step J is NaOAc.
94. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Fis | to 30 °C, and the reaction time is 1 to 30 hours.

95. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Jis -3 t0 30 °C.

96. The method of any ove of the preceding embodirents, wherein the base of Step [ is at least
one selected form the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH,
NaOH, CaS04, LiOH, NaH, KH, NaOCH;, NaOCHCHs, NaOC(CHa), KOC(CHs)s, KaCOs,
NayCO;3, and NaHCOa.

97. The method of any one of the preceding embodiments, wherein the base of Step I'is DIPEA.
98. The method of any one of the preceding embodiments, wherein the base of Step [ is TEA.
99. The method of any one of the preceding embodiments, wherein the amount of acid chloride
in Step I is | molar equivalent or more with respect to the compound of Chemical Formula (V1.
100.The method of any one of the preceding embodiments, wherein the amount of acid chloride

in Step 1 is 1.0 to 3.0 molar equivalent with respect to the compound of Chemical Formula (V).
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101.The method of any one of the preceding embodiments, wherein the reaction temperature of
Step Jis 1 to 30 °C, and the reaction time is { to 30 hours.

102.The method of any one of the preceding embodiments, wherein the reaction temperatare of
Step J is below 20 °C, and the reaction time is 5 to 15 hours.

103.The method of any one of the preceding embodiments, wherein the hydrogenation catalyst of
Step G is at least one selected from the group consisting of Pd/C, PA(OH), PA(OAc),, PdCl and
Pd.

104.The method of any one of the preceding embodiments, wherein the hydrogenation catalyst of
Step G is Pd/C.

105. The method of any one of the preceding embodiments, wherein the reaction temperature
of Step G is 1 to 50 °C, and the reaction time is 1 to 30 hours.

106. The method of any one of the preceding embodiments, wherein the deprotecting acid
solution of Step G is HCI agueous solution of >10% (w/w) concentration.

107. The method of any one of the preceding embodiments, wherein the deprotecting acid
solution of Step G is HCI aqueous solution of >30% (w/w) concentration.

108. A method for preparing a compound of Formula (XI) according to any one of the preceding
erobodiments:

?
O N’

A O T
Oy
/ 0
*N.___JZ
; E Ry
Cl (X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,

comprising Step M of reacting a compound of Formula (1)

Formula (I):
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HCI =
HN
S ¢
N
Ry

(II), or a conjugate base, or a solvate thereof, with Compound §3:

13 Cl
, or a salt, or a solvate thereof,

wherein Ry is C3-Cs alkyl

109.The method of any one of the preceding embodiments, wherein Step M is facilitated by a
coupling agent.

110.The method of any one of the preceding emnbodiments, wherein Step M is farther facilitated
by a reaction accelerating additive.

111.The method of any one of the preceding embodiments, wherein Step M includes the use of
base.

112.The method of any one of the preceding embodiments, wherein the coupling agent of Step M
is selected from the group consisting of N,N’-disubstituted carbodiimide such as ethyl-(N",N’-
dimethylamino)propylcarbodiimide hydrochloride (EDC.-HCl), N ,N'-dicyclohexylcarbodiimide
{(DCC), diisopropylcarbodiimide (BIC); azolides such as N,N’-carbonyldiimidazole (CD1); N-
ethoxycarbonyl-2Z-ethoxy-1,2-dihydroguinoline (EED(Q); phosphorus oxychloride;
alkoxyacetylene; phosphonium reagents such as benzotriazol-1-yloxy-tris{dimethylamino)-
phosphonium hexafluorophosphate (BOP), benzotriazol- | -yloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP), bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyl cyano(hydroxyimino)acetato-O%)-tri-(L-pyrrolidinyl)-phosphonium
hexafluorophosphate (PyOxim), and 3-(diethoxy-phosphoryioxy)-1,2,3-benzo{d} triazin-4(3H)-
one (DEPBT); and aminiwro/oroninm reagents such as 2-(1H-benzotriazol-1-vD-N,N, N’ N’-

tetramethylaminium (TBTU) tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-
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y1-NN,N° N -tetramethylaminium hexafluorophosphate (HATU), and 1-[1-{(cyano-2-ethoxy-2-~
oxoethylidene-aminooxy)-dimethylamino-morpholino-uronium hexafluorophosphate (COMU).
113.The method of any one of the preceding embodiments, wherein the coupling agent of Step M
is ethyl-(N° N’ -dimethylamino)propylcarbodiimide hydrochloride (EDC-HCI).

114.The method of any one of the preceding embodiments, wherein the coupling agent of Step M
is used in an amount of 1 to 2 equivalents with respect to Compound 1.

115.The method of any one of the preceding embodiments, wherein the additive of Step M is
selected from the group consisting of 1-hydroxybenzotriazole (HOBt) and its derivatives such as
hydroxy-3,4-dihydro-4-0x0-1,2,3-benzo-triazine  (HOOBt), [-hydroxy-7-aza-1H-benzotriazole
{(HOAU), resin-supported derivatives, and hydrates thereof; N-hydroxysuccinimide (NHS); and 4-
dimethylpyridine (DMAP).

116.The method of any one of the preceding embodiments, wherein the additive of Step M is 1-
hydroxybenzotriazole (HOBU) or its hydrate (HOBt-H,O).

117.The method of any one of the preceding embodiments, wherein the additive of Step M is used
in an amount of 0.01 to 2 equivalents with respect to the compound of Chemical Formula (II).
118.The method of any one of the preceding embodiments, wherein the base of Step M is at least
one selected from the group consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH,
NaOH, CaS04, LiOH, NaH, KH, NaOCH;3, NaOCH>CH3, NaOC(CHa)s, KOC(CHa)s, KoCOs, and
Nax(COs.

119.The method of any one of the preceding embodiments, wherein Step M does not contain any
base among the group consisting of TEA, DIPEA, DARCQO, morpholine, aramonia, KOH, NaOH,
Ca50;, LiOH, NaH, KH, NaOCHs;, NaOCH.CH;z, NaOC(CHzy, KOC(CHz)s, KoCOs, and
NaxCs.

120.The method of any one of the preceding embodiments, wherein the reaction temperature of
Step M is -10 to 30 °C, and the reaction timne is 0.5 to 30 hours.

121.The method of any one of the preceding embodiments, wherein the reaction temperatare of
Step M is 1 to 25 °C, and the reaction time is 0.5 to 6 hours.

122. The method of any one of the preceding embodiments, wherein the reaction solvent of Step
M is selected from the group consisting of ethyl ether, tetrahydrofuran, dioxane, dichloromethane,
chloroform, methyl acetate, ethyl acetate, isopropyl acetate, acetone, methyl ethyl ketone,

acetonitrile, propionitrile, dimethylformamide, dimethylacetamide, dimethyl sulfoxide, and a
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mixed solvent thereof.
123. The method of any one of the preceding embodiments, wherein the reaction solvent of Step
M is acetone.
124. The method of any one of the preceding embodiments, wherein Step M further comprises
crystallization of the synthesized compound of Formula (XI).
125.The method of any one of the preceding embodiments, wherein the crystallization step of Step
M is comprised of the following steps:

a) concentrating the synthesized compound of Formula (X1, dissolving the concentrated
residue using a solvent, and then washing it using a washing solvent;

b) separating an aqueous layer from the product of Step a) above, concentrating the
separated agueous layer, adding H.O, and then cooling it; and

¢) adding a base aqueous solution dropwise and stirring to obtain a crystallized compound
of Formula (XI).
126.The method of any one of the preceding embodiments, wherein the cooling temperature in
Step by is -10 to 30 °C.
127.The method of any one of the preceding embodiments, wherein the cooling temperature in
Stepb)yis Oto 5 °C.
128.The method of any one of the preceding embodiments, wherein the base aqueous solution of
Step ¢} 15 an aqueous solution containing at least one base selected froro the group consisting of
TEA, DIPEA, DABCO, morpholine, ammounia, KOH, NaGH, CaSOs, LiOH, NaH, KH, NaOCH;,
NaOCH2CH;, NaOC(CHa)s, KOC(CHs)s, K2COs, and NaxCOs.
129. The method of any one of the preceding embodiments, wherein the base agueous solution of
Step ¢) is an agqueous solution containing NaOH.
130.The method of any one of the preceding embodiments, wherein the stirring time of Step ¢} is
0.5 0 24 h.
131.The method of any one of the preceding embodiments, wherein the stirring time of Step ¢} is
1to6h
132. The method of any one of the preceding embodiments, wherein Step M further comprises a

step of filtering, washing, or drying the product.
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133.The method of any one of the preceding embodiments, wherein the method further comprises
Step N of purifying a compound of Formula (X1). a pharmaceutically acceptable salt thereof, ora
solvate thereof.
134.The method of any one of the preceding embodiments, wherein Step N comprises dissolving
the compound of Formula (XI) in an organic solvent or organic solvent mixture, stirring the
mixture, cooling it, and stirring the mixture again to obtain purified precipitate.
135.The method of any one of the preceding embodiments, wherein the organic solvent of Step
N is selected from the group consisting of acetone, acetonitrile, dichloromethane,
dimethylformamide, dimethylacetamide, dimethylpropyleneurea, dimethyisulfoxide, ethyl
acetate, hexamethylphosphoramide, tetrahydrofuran, methyl-tert-butyl ether, pentane, hexane,
heptane, ether, toluene, methyl acetate, isopropyl acetate, alcohols with 1 to 6 carbon atoms,
diethyl ether, dichloromethane, chloroform, and a mixture thereof.
136. The method of any one of the preceding embodiments, wherein the organic solvent of Step N
is selected from the group consisting of acetone, pentane, hexane, heptane, or a mixture thereof.
137.The method of any one of the preceding embodirnents, wherein the first stirring timoe of Step
2y of Step N 15 10 hours or roore, the cooling temperature after stirring 1s 0 to 10 °C, and the second
stirring time is 0.5 to 2 hours.
138.The method of any one of the preceding embodimeunts, wherein the method further comprises
Step O of reacting a compound of Formula (XI) generated from Step M with HCY without an
additional purification process to prepare a compound of Formula (X1}
@
Oy N~

. HCI o :
0
! . O
Z ’N_..,{
Oy

Ci (XID), a pharmaceutically acceptable salt thereof, or a solvate thereof.
wherein Ry is a Co-Cs alkyl group.
139. The method of any oue of the preceding embodiments, wherein Step O is carried out through
the preparation of the compound of Formula (XII) by reacting the crude corpound of Chemical

Formula (XI) generated in Step M with HCl in an organic solvent without an additional purification
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process.

140.The method of any one of the preceding embodiments, wherein the organic solvent is selected
from the group consisting of acetone, acetenitrile, dichloromethane, dimethylformamide,
dimethylpropyleneurea,  dimethylsulfoxide, ethyl acetate, hexamethyviphosphoamide,
tetrahydrofuran, methyl-tert-butylether, pentane, hexane, heptane, ether, diethylether, and a mixed
solvent thereof.

141. The method of any one of the preceding embodiments, wherein the reaction temperature of
Step O is -20 °C 1o 100 °C, and the reaction time is 10 minutes or more.

142.A method for preparing a compound of Formula (X1) according to any one of the preceding
embodiments:

o
OVN\/I

ﬁ\m@j\m\il .

= N_{
Cl (X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,

wherein Ry is C:2-Cs alkyl, comprising Step P of preparing crystalline Form fIf particles of a
compound of Fornmla (XI) and wherein

the crystalline Form 111 has the following diffraction angles (28 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.18+0.2°, 9.89+0.27, 10.83+0.2°, 11.4220.2°, 12.92+0.2°, 14.61+0.2°, 15.3620.2°, 15.79+0.2°,
15.9540.2°,17.37+0.2°, 18.20+0.2°, 18.99+0.2°, 19.34+0.2°, 19.69+0.2°, 20.40+0.2°, 21.66+0.2°,
21.98+0.2°, 22.45+0.2°, 22.85+0.2°, 24.660.2°, 25.52+0.2°, 26.55+0.2°, 28.0820.2°, 20.3120.2°
and 29 5440.2°;
143.The method of any one of the preceding embodiments, wherein Step P is comprised of:

(a) preparing a roixed solution by dissolving the compound of Formula (XI) in a crystallization
solvent comprising water or a mixture of water and an orgame solvent;

{b) crystallizing by adding HCl dropwise to the solution; and

{¢) mataring the solution.

144. The method of any one of the preceding embodiments, wherein the organic solvent of the
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crystallization solvent of Step P is a polar aprotic organic solvent.
145.The method of any one of the preceding embodiments, wherein the polar aprotic organic
solvent comprises ethyl acetate, methyl isobutylketone, dimethylsulfoxide, tetrahydrofuran,
acetone, dimethyHformamide, acetonitrile, and the mixtures thereof.
146. The method of any one of the preceding embodiments, wherein the dropwise addition of HCl
is administered through a 4 M HCl solution, a 6 N HC1 solution, or a concentrated HCl(conc. HCI)
solution in water or ethyl acetate.
147.The method of any one of the preceding embodiments, wherein for Step P, the dropwise
addition of HC1 is administered in an amount of 1 equivalent or less to the compound of Formula
{(X1).
148.The method of any one of the preceding embodiments, wherein for Step P, the crystallization
solvent is @ mixed solvent in which water and an organic solvent are mixed in a volume ratio of
1:20 to 1:40.
149.The method of any one of the preceding erobodiments, wherein for Step P, the crystallization
solvent is a mixed solvent in which water and an organic solvent are mixed in a voluroe ratio of
1:27 t0 1:32.
150.The method of any one of the preceding embodiments, wherein for Step P, HCI addition 15
performed at 15 °Cto 25 °C,
151.The maethod of any one of the preceding embodiments, wherein for Step P, maturing the
solution is performed at 10 °C to 20 °C.
152.The method of any one of the preceding embodiments, wherein for Step P, maturing the
solution comprises:

{c-1) maturing at 10 °C to 15 °C until filtrate area decreases to 80% to 85% of the mitial area;
and

{c-2) maturing by raising the temperature to 20 °C until the filtrate area no longer decreases.
153.The method of any one of the preceding embodiments, wherein Step P further comprises:

(d) filtering the solution.
154.The method of any one of the preceding embodiments, wherein the crystalline Form Il
particles formed by Step P are crystalline form particles of a solvate of the hydrochloride salt of
the compound of Formula (XI).

155.The method of any one of the preceding embodiments, wherein the solvate is a hydrate.
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156.The method of any one of the preceding embodiments, wherein the compound of Formula

(XD is Compound 17”:

Q
O\YN

’\JQ .
,N_é_‘
? .

157.The method of any one of the preceding embodiments, wherein the ecrystalline Form III

HCE O
%\N/v;\
ot
O AN

1

particles have a flow function value of at least & under a pressure of 9 kPa.
158.A crystalline Form I particle of a compound of Formula (X1), a pharmaceutically acceptable
salt thereof, or a solvate thereof, prepared by the preparation method according to any one of the
preceding embodiments, wherein

the crystalline Form I has the following diffraction angles (26 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.180.2°, 9.89x0.2°, 10.83£0.2°, 11.42+0.2°, 12.92x0.2°, 14.610.27, 15.36x0.2°, 15.79+0.2°,
15.95£0.2°, 17.37+0.2°, 18.20+0.27, 18.9920.2°, 19.3420.2°, 19.69x0.2°, 20.40x0.2°, 21.66+0.2°,
21.98+0.2°, 22.45+0.2°, 22.8550.2°, 24.66%0.2°, 25.52+0.2°, 26.55+0.2°, 28.08+0.2°, 29.31x0.2°
and 29.34+0.2°; and

the crystalline Form 1 particle has a flow function value of at least & under a pressure of
9 kPa.
159. A pharmaceutical composition for preventing or treating obesity, diabetes, inflanunation or
erectile dystunction, comprising the crystalline Form I particle according to any one of the
preceding embodiments and a pharmaceutically acceptable carrier.
160. The method of any one of the preceding embodiments, wherein the compound of Formula

(X1) is Corpound 14:

54



WO 2025/149985 PCT/1B2025/050327

, of a pharmaceutically acceptable salt, or a solvate thereof.

162.The Compound 18;

Oy N
CbZ\N/\
O

10

163.The Compound 11:
o
O\\%;, N \/E
cbz—~ NQ
%\iH
"

164. A compound of Formula (X) according to any one of the preceding embodiments:
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§ {X), wherein R is C5-Cs alkyl

PCT/1B2025/050327

165.A compound of Formula (1} according to any one of the preceding embodiments:

a
O N
HCI =
HN
O
_J<
Ry

\Q‘b?\‘,

(11, wherein Ryis {2-Cs alkyl.

166. A compound of Formula (1) according to any one of the preceding embodiments, wherein

Ry is isopropyl, e.g., Compound 8:

oA

HOL =
NS
i o
8

167. A method for preparing Formula (IT):
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O
o N
HCl =

HN Y

2)

ol

O

R

(1), including the steps of

Preparing a compound of Formula (IV):

OH (1V), through an alkylation reaction by adding an alcoho! having 1 to
6 carbon atoms and an acid catalyst to Compound 1:

Oy -OH

CIQZ\N; Z

OH
1

Preparing a compound of Formula (V)
C.)\»{;,O\ Ry

chz~ N

G (V), by oxidizing the compound of Formula (IV) obtained in Step 1)
above with an oxidizing agent in a solvent;

Introducing a Compound 12:

NH,
QHCI
HoN

12 , and NaQAc into an organic solvent, adding a reducing agent,

adding a compound of Formula (V) dissolved in the organic solvent dropwise,
stirring, and performing a reductive amination reaction, concentrating and obtaining
a synthesized crude compound, adding an organic solvent to the residue of the crude

compound to prepare a crude compound/organic solvent solution, and adding this
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solution dropwise to a solution in which oxalic acid is dissolved in an organic sclvent

to obtain a compound of Formula (VI):

O\\\%/O\ Ry

Cbz\N g
{COOH),

NH

(VII), which is an oxalate of the crude compound;
4y  Adding an organic solvent to the compound of Forroula (VII) prepared in Step 3)
above, adjusting the pH with a base, adding water to separate the layers, extracting
the aqueous layer with the organic solvent, adding a base after dissolving the
resulting residue obtained after washing, concentrating, and azeotroping along with
the oil layer in an organic solvent, and adding R:-C(=0)-Cl dropwise to perform an

N-acylation reaction to prepare a compound of Formula (VIII:

chz~ NQ
/ O
‘N’[(
N

5) Adding an alcohol having 1 to 6 carbon atoms and an organic solvent to the

¥y

.,i.%“””
o

(VI

compound of Formula (V1il) and then performing dealkylation by adding a solution
containing an inorganic base dropwise to prepare a crude compound of Formula (IX):

GYOH

cbz~ N\j
/ O
"N——{

Ry
(Xn

6y  Adding an organic solvent to the crude compound of Formula (IX) prepared in Step

Sy above and dissolving it, sequentially adding a reaction accelerating additive, a
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base, and a coupling agent, and then adding morpholine dropwise to prepare a

compound of Formula (X):

e
o\\f,ris\)

chz~ NQ
/ O
ffm%

Ry

{(X); and

~1
S

Dissolving the compound of Formula (X)) prepared in Step 6) above in an alcohol
having | to 6 carbon atoms, deprotecting it by adding Pd/C and H», and adding HCl
dissolved in ethyl acetate dropwise to synthesize the compound of Formula (If);
wherein in the above Formulas, Ry is C2-Cs alkyl and Ry is Ci-Cs alkyl.

168.The preparation method of any one of the preceding embodiments, wherein the alcohol having
1 to 6 carbon atoms in Step 1), 5) or 7) above is methanol, ethanol, propanol, isopropanol or
butanol.

169.The preparation method of any one of the preceding embodiments, wherein the acid catalyst
of Step 1) above is at least one selected from the group consisting of HCIL, HzS04, H2S804 and KF,
and a comnbination of AlLOs (KF+ALG:).

170. The preparation method of any one of the preceding embodirnents, wherein the content
of the acid catalyst of Step 1) above 15 0.1 to | equivalent with respect to the Compound 1.

171. The preparation method of any one of the preceding embodiments, wherein the reaction
time of Step 1) above is 2 to § hours.

172.The preparation method of any one of the preceding embodiments, wherein the solvent of Step
23 above is water and at least one organic solvent selected from the group cousisting of alcohol,
toluene, benzene, tetrahydrofiran, acetone, chloroform, dichloromethane, acetounitrile
dimethylformamide,  dimethylpropvlene  wrea, dimethyl sulfoxide, ethyl  acetate,
hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane, heptane, ether and diethyl
ether.

173.The preparation method of any one of the preceding embodiments, wherein the organic

solvent of Step 3}, 4), 5) or 6) above is at least one selected from the group consisting of alcohol,
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toluene, benzene, tetrahydrofuran, acetons, chloroform, dichloromethane, acetonitrile
dimethylformamide, dimethylpropylene wrea, dimethyl sulfoxide, ethyl acetate,
hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane, heptane, ether and diethyl
ether.

174.The preparation method of any one of the preceding embodiments, wherein the oxidizing
agent of Step 2) above is a combination of a chromic acid compound; a co-oxidizing agent,
(2,2,6,6-tetramethylpiperidinyloxyl free radical (TEMPO) and other salts; a complex of dimethyl
sulfoxide and dicyclohexylcarbodiimide, oxalyl chloride, acetic anhydride or phosphorus
pentoxide or a complex of pyridine-sulfuric anhydride; or a combination of a transition metal
catalyst and oxygen, or a transition metal catalyst and an organic oxidizing agent.

175.The preparation method of any one of the preceding embodiments, wherein the base of Step
2) above is at least one inorganic base selected from the group consisting of KOH, NaOH, CaSOq,
LiOH, NaH, KH, NaOCH;z, NaOCHCHs, NaOC(CHs)s, KOC(CHa)s, KoCOaz, and NapCQOa.
176.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 2) above 15 -10 °C to 10 °C, and the reaction time is .5 hour or longer.
177.The preparation method of any one of the preceding ernbodiments, wherein the reducing agent
of Step 3) above is at least one inorganic base selected from the group consisting of NaBH(OAC)s,
NaBHs, and NaBH{(CN)a.

178.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 3) above 1s 1 to 30 °C, and the reaction timae is | to 30 hours.

179.The preparation method of any one of the preceding embodiments, wherein the base of Step
4) above is at least one selected from the group consisting of TEA, DIPEA, BABCQO, morpholine,
ammmonia, KOH, NaOH, CaS04, LiOH, NaH, KH, NaGCH;, NaOCHCHa, NaOC(CHa)s,
KOC(CHa)s, K2COs, and NaxCOs.

180.The preparation method of any one of the preceding embodiments, wherein the content of Ry-
C(=0)-Cl in Step 4) above is 1 equivalent or more with respect to the compound of Chemical
Formula (VII).

181.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 4) above is 1 to 30 °C, and the reaction time is 1 to 30 hours.

182.The preparation method of any one of the preceding embodiments, wherein the inorganic base

in Step 5) above is at least one selected from the group consisting of KOH, NaOH, CaS04, LiOH,

60



WO 2025/149985 PCT/1B2025/050327

NaH, KH, NaGCHs, NaOCH:CH3, NaOC{CHa)a, KOC(CHa)a, KoCOs, and NaxCOs.

183.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 3) above is 1 to 30 °C, and the reaction time is 1 to 30 hours.

184.The preparation method of any one of the preceding embodiments, wherein the coupling agent
of Step 6) above is an N,N'-disubstituted carbodiimide such as ethyl{N,N’-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCI), N, N -dicyclohexylcarbodiimide
(DCC); azolides such as N,N’-carbonyldiimidazole (CDI); N-ethoxycarbonyl-Z-ethoxy-1,2-
dihydroguinoline, phosphorus oxychloride, or alkoxyacetylene.

185.The preparation method of any one of the preceding embodiments, wherein the coupling agent
is used in an amount of 1 to 2 equivalents with respect to the compound of Chemical Formula (IX).
186.The method of any one of the preceding embodiments, further comprising
hydroxybenzotriazole as an additive for increasing reactivity together with a coupling agent.
187.The preparation method of any one of the preceding embodiments, wherein the base of Step
6) above i3 at least one selected from the group consisting of TEA, DIPEA, DABCO, morpholine,
ammonia, KOH, NaOH, CaS0s, LiOH, NaH, KH, NaOCH;, NaOCHCHa, NaOC{CHj)s,
KOC(CHy)3, KoCOs, and NaxCOs.

188.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 6) above is 1 to 30 °C, and the reaction tirne is | to 30 howurs.

189.The preparation method of any one of the preceding embodiments, wherein the Pd catalyst of
Step 7) above is at least one selected from the group consisting of PA/C, PA(OH),, Pd(OAc),, PAClLy
and Pd.

190.The preparation rmethod of any oue of the preceding erbodiments, wherein the reaction
temperature of Step 7) above is 1 to 30 °C, and the reaction time is | to 30 hours.

191. A method for preparing Formula (II) according to any one of the preceding embodiments:

O
O\\«N\}
HCI =
HN 7
5 O

(I1), comprising steps of:

61



WO 2025/149985 PCT/1B2025/050327

L)

2)

preparing Compound 9:
O
Oy N

CbZ\N: -\<

OH

9 , by adding an organic solvent, a reaction accelerating additive, a

base, and a coupling agent to Compound 1:

O’“\\YO H

, and then adding morpholine dropwise;

preparing Compound 16

10 , by oxidizing the Compound 9 prepared in the Step 1) using an

oxidizing agent under the presence of a solvent;

preparing Compound 11:

CbKNN
11

, by adding Compound 12:
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, and NaOAc fo an orgamic solvent, adding a reducing agent,
adding Compound 18 dissolved in the organic solvent dropwise, stirring, aund
performing a reductive amination reaction;

4)  preparing a compound of Formula (X

(X)), by adding an organic solvent to Compound 11 prepared in the
Step 3}, adding Ry-C{=0)-C1 and a base, and performing an N-acylation reaction;
and
5)  synthesizing a compound of Formula (1) by dissolving the compound of Formula
(X) prepared in the Step 4) in an alcohol having 1 to 6 carbon atoms, adding Pd/C
and H» for deprotectection, and adding HCl dissolved in ethyl acetate dropwise;
wherein in the above Formulas, Ry is (>-Cs alkyl.
192.The method of any one of the preceding embodiments, wherein the coupling agent of Step 1)
is an N,N'-disubstituted carbodiimide such as ethyl-(N',N'-dimethylamino)propylcarbodiimide
hydrochloride (EDC-HCl, N,N'-dicyclohexylcarbodiimide (DCC); an arolide such as NN'-
carbonyldiimnidazole (CDI);  N-ethoxycarbonyl-2Z-ethoxy-1,2-dihydrogainoline, phosphorus
oxychloride, or alkoxyacetylene.
193.The method of any one of the preceding embodiments, wherein the coupling agent is used in
an amount of 1 equivalent or more for the Compound 1.
194, The method of any one of the preceding embodiments, further comprising
hydroxybenzotriazole as an additive for increasing reactivity together with a coupling agent.
195. The method of any one of the preceding embodiments, wherein the reaction temperature

of Step 1) is | to 30 °C and the reaction time is 1 to 30 hours.
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196. The method of any one of the preceding embodiments, wherein the organic solvent of
Step 1) is at least one selected from the group consisting of alcohol, toluene, benzene,
tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethy! sulfoxide, ethy! acetate, hexamethylphosphoramide, methyl-
tert-butyl ether, pentane, hexane, heptane, ether, and diethy! ether.

197. The method of any one of the preceding embodiments, wherein the oxidizing agent of
Step 2) is a chromic acid compound; a combination of a co-oxidizing agent, (2,2,6,6-
tetramethylpiperidinylyoxyl free radical (TEMPO) and other salts; a corplex of dimethyl sulfoxide
and dicyclohexylcarbodiimide, oxalyl chloride, acetic anhydride or phosphorus pentoxide or a
complex of pyridine-sulfuric anhydride; or a combination of a transition metal catalyst and oxygen,
or a transition metal catalyst and an organic oxidizing agent.

198. The method of any one of the preceding embodiments, wherein the base of Step 2) is at
ieast one inorganic base selected from the group consisting of KOH, NaOH, CaS0O4, LiOH, NaH,
KH, NaOCHa, NaOCHCH;3, NaOC{CHs)s, KOC(CHa)a, KoCQOs, and Nap(COs.

199. The method of any one of the preceding ermnbodiments, wherein the reaction temperature
of Step 2) s -10 to 5 °C and the reaction tirne is 0.5 hour or longer.

200. The method of any one of the preceding embodiments, wherein the reducing agent of
Step 3) is at least one inorganic base selected from the group consisting of NaBH{(OAc¢):, NaBHy,
and NaBH{CN)a.

201. The method of any one of the preceding embodirsents, wherein the reaction temperature
of Step 3) is 1 to 30 °C and the reaction time is | to 30 howurs.

202. The method of any one of the preceding embodiments, wherein the organic base of the
Step 4) is at least one selected from the group consisting of TEA, DIPEA, DABCQO, morpholine,
and ammonia.

203. The method of any one of the preceding embodiments, wherein the content of Ry-C(=0)-
Clin Step 4 is 1 equivalent or more compared to Compound 11.

204. The method of any one of the preceding embodiments, wherein the reaction temperature
of the 4) i3 1 to 30 °C and the reaction time is 1 to 30 hours.

205. The method of any one of the preceding embodiments, wherein the Pd catalyst of the 5)

is at least one selected from the group consisting of PA/C, Pd(OH),, PA(OAc),, PdClL: and Pd.
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206. The method of any one of the preceding embodiments, wherein the reaction temperature
of the 53 is 1 to 30 °C and the reaction time is 1 to 30 hours.

207.The Compound ¥ according to any one of the preceding embodiments :

G

o A

cbz\N: ‘:{

OH

g

208. The Compound 18 according to any one of the preceding embodiments:

O

o N

cbz\N: z

O

10

209. The Compound 11 according to any one of the preceding embodiments:
9
Oy N
a:bz\N: )

NH
11
210. A compound represented by Formula (X) according to any one of the preceding

embodiments:
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o
Ox m\)

5

211.A method for preparing Chemical Formula (X1} according to any one of the preceding

{X), wherein R is C5-Cs alkyl

embodiments:
0
Oxg- N
N Q -_-—_
%N/}A\N
A — O
;. (N
§ § )
¢ (X1}, comprising the steps of:

1y  reacting Compound 13
O
A
N OH

, and a compound of Formula (11):
9
Og N

HN

. O

-4

Q )
(I, to synthesize a compound of Formula (XI), and then

crystallizing the synthesized compound of Formula (X1); and

2} purifying the compound of Formmula (XI) obtained in Step 1) above;
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wherein in the Formulas above, Ry is C-Cs alkyl.

212.The preparation method of any one of the preceding embodiments, wherein the compound
of Chemical Formula (X1} above is N-{{38,55)-1-((35,4R}-1 -(tert-buty)-4-(4-
chlorophenyhpyrrolidin-3-carbonyl)-5-(morpholine-4-carbonyhpyrrolidin-3-y1)-N-{(1S,4R)-4-
methylcyclohexyhisobutyramide 14:

O
j

213.The preparation method of any one of the preceding embodiments, wherein the synthesis of
Formula (XI) of Step 1) above is carried out by performing acylation reaction between
Compound 13 and the compound of Formula (II) in a reaction solvent using a coupling agent.
214.The preparation method of any one of the preceding embodiments, wherein the coupling agent
used for the acylation reaction is an N,N’-disubstituted carbodiimides, such as ethyl-(IN’,N’-
dimethylamino)propylcarbodiimide hydrochloride {(EDC-HCD and NN -
dicyclohexylcarbodiimide (DCC): an azolide such as NN’ -carbonyldiimidazole (CDI); and N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, phosphorus oxychloride, or alkoxyacetylene.
215.The preparation method of any one of the preceding embodiments, wherein the coupling agent
used for the acylation reaction is used in av amount of 1.0 to 2.0 equivalents relative to Corapound
13.

216.The preparation method of any one of the preceding embodiments, further comprising
hydroxybenzotriazole as an additive for increasing reactivity together with a coupling agent.
217.The preparation method of any one of the preceding embodiments, wherein the reaction
temperature during the synthesis of the compound of Chemical Formuida (XI) in Step 1) above is -
10 °C 1o 30 °C, and the reaction time is 0.5 to 6 hours.

218.The preparation method of any one of the preceding embodiments, wherein the reaction

solvent is selected from the group comsisting of ethyl ether, tetrahydrofuran, dioxane,
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dichloromethane, chloroform, methyl acetate, ethyl acetate, isopropyl acetate, acetone, methyl
ethyl ketone, acetonitrile, propionitrile, dimethylformamide, dimethylacetamide, dimethyl
sulfoxide, and a mixed solvent thereof.
219.The preparation method of any one of the preceding embodiments, wherein the crystallization
step in Step 1) above comprises the following steps of:

a) concentrating the compound of the synthesized Formula (XI), dissolving the
concentrated residue using a solvent, and then washing it using a washing solvent;

b) separating an aqueous layer from the product of Step a) above, concentrating the
separated agueous layer, adding H.O, and then cooling it; and

¢) adding a base aqueous solution dropwise and stirring to obtain a crystallized compound
of Formula (XI).
220.The preparation method of any one of the preceding embodiments, wherein the cooling
temperature in Step b) above is -10 to 30 °C.
221.The preparation method of any one of the preceding embodirnents, wherein the base aqueous
solution in Step ¢) above 18 an agueous solution coutaining at least one base selected from the
group consisting of TEA, DIPEA, DABCO, morpholine, aromonia, KOH, NaOH, CaSO4, LiOH,
NaH, KH, NaOCH3, NaOCHCH;s, NaOC{CHz)s, KOC(CH3)a, KoCQOs, and NayCOs.
222 The preparation method of any one of the preceding embodiments, wherein the stirring time
in Step ¢) above is 0.5 to 24 hours.
223.The preparation wethod of any one of the preceding embodiments, comprising a step of
filtering, washing or drying the product after carrying out Step 1) above.
224 The preparation method of any one of the preceding embodiments, wherein Step 2) above is
carried out by dissolving the crystallized compound of Formula (X1) produced in Step 1) in an
organic solvent, stirring it for the first time, then cooling it, and stirring it for the second time.
225.The preparation method of any one of the preceding embodiments, wherein the organic
solvent is selected from the group consisting of acetone, acetonitrife, dichloromethane,
dimethyiformamide, dimethylpropyleneurea, dimethy! sulfoxide, ethyl acetate,
hexamethylphosphoramide, tetrahydrofuran, methyl-tert-butyl ether, pentane, hexane, heptane,
ether, toluene, methyl acetate, isopropyl acetate, alcohols with 1 to 6 carbon atoms, diethyl ether,
and a mixture thereot.

226.The preparation method of any one of the preceding embodiments, wherein the first stirring
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time of Step 2) above is 10 hours or more, the cooling temperature after stirring is { to 10 °C,
and the second stirring time is 8.5 to 2 hours.

227.A preparation method of Formula (X11) according to any one of the preceding embodiments:

HOL o O N
NSV SN
L W
: N
Cl (X1}, comprising the steps of:

1)  reacting Compound 13:

Cl
13 , with a compound of Formula {II):

Gt {(XD; and

2} reacting the compound of Formula (XI) generated in Step 1) with HCI without an
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additional purification process to prepare a compound of Formula (X11).
wherein in the above Formulas, R is a Co-Cs alkyl group.
228. A preparation method of any one of the preceding embodiments, wherein the
compound of Formula (XII) above is N-((353538)-1-{(384R)-1-(tert-butyl}-4-(4-
chlorophenylipyrrolidin-3-carbonyl)-5-(morpholine-4-carbonylpyrrolidin-3-y1)-N-({18,4R -4~

methylcyclohexylyisobutyramide hydrochloride 16:
o

HCL o O‘*‘M N

%N/\r“ﬂ\w’”\

o/ ./ 0

/im‘g_

229.A preparation method of any one of the preceding embodiments, wherein Step 1) is carried

out by synthesizing the compound of Formula (X1} through an acylation reaction of Compound 13
and the compound of Chemical Formula (II) in a reaction solvent using a coupling agent.

230.A preparation method of any one of the preceding embodiments, wherein the coupling agent
used for the acylation reaction may include N, N'-disubstituted carbodiimides such as ethyl-{(IN',N'-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCD) and NN~
dicyclohexylcarbodiimide (DCC); azolides such as MN.N'-carbonyldiimidazole (CD): and N-
ethoxycarbonyl-2-ethoxy-1,2-dithydroguinoline, oxalyl chloride, or alkoxyacetylenes.

231.A preparation method of any one of the preceding embodiments, wherein the coupling agent
used for the acylation reaction is employed in an armount of 1.0 to 2.0 equivalents relative to
Compound 313,

232.A preparation method of any one of the preceding embodiments, further comprising
hydroxybenzotriazole as an additive for increasing reactivity with a coupling agent.

233 A preparation method of any one of the preceding embodiments, wherein the reaction
temperature of Step 1) 15 -20 °C to 100 °C, and the reaction time is 0.5 to 24 hours.

234 A preparation method of any one of the preceding embodiments, wherein the reaction solvent

is selected from the group consisting of n-hexane, benzene, toluene, ethy! ether, tetrahydrofuran
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dioxine, methanol, ethanol, dichloromethane, chloroform, ethyl acetate, methylacetate, acetone,
methylethyvlketone, acetonitrile, propionitrile, dimethylformamide, dimethylacetamide,
dimethylsuifoxide, and a mixed solvent thereof.

235.A preparation method of any one of the preceding embodiments, wherein Step 2) is carried
out through the preparation of the compound of Formula (X11} by reacting the crude compound of
Chemical Formula (XI) generated in Step 1) with HC1 in an organic solvent without an additional
purification process.

236.A preparation method of any one of the preceding embodiments, wherein the organic solvent
is  selected from the group consisting of acetone, acetonitrile, dichloromethane,
dimethyiformamide, dimethylpropyleneurea, dimethylsulfoxide, ethyl acetate,
hexamethylphosphoamide, tetrahydrofuran, methyl-tert-butylether, pentane, hexane, heptane,
ether, diethylether, and a mixed solvent thereof.

237.A preparation method of any one of the preceding embodiments, wherein the reaction
temperature 18 -20 °C to 100 °C, and the reaction time is 10 minutes or muore, n Step 2).

238. A compound represented by the structure of Formula (IT):

3

(I, wherein Ry is Cr-Cs alkyl.
239 A method of any one of the preceding embodiments for preparing crystalline Forro HI particles
of a compound of Formula (XI):

o
Oxp- N

aogely
®

N
Ry
(X1}, a pharmaceutically acceptable salt thereof, or a solvate thereof,
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wherein Ry is Co-Cs alkyl, and wherein

the crystalline Form 111 has the following diffraction angles {26 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
59.18+0.2°, 9.89+0.2°, 10.83+0.2°, 11.4240.2°, 12.92+0.2°, 14.6120.2°, 15.36:0.2°, 15.79+0.2°,
15.95+0.2°, 17.37+0.2°, 18.20+0.2°, 18.99:+0.2°, 19.3440.2°, 19.69+0.2°, 20.40+0.2°, 21.66+0.2°,
21.98x0.2°, 22.45x0.2°, 22.8520.2°, 24.66x0.2°, 25.52+0.2°, 26.55x0.2°, 28.08x0.2°, 29.31x0.2°
and 29.544:0.2°; and

the preparation method comprises:

{a) preparing a mixed solution by dissolving the compound of Formula (XI) in a crystallization
solvent comprising water or a mixture of water and an organic solvent;

(b} crystallizing by adding HCl dropwise to the solution; and

{c) maturing the solution.
240. The method of any one of the preceding embodiments, wherein the organic solvent of the
crystallization solvent is a polar aprotic orgasic solvent.
241.The ethod of any one of the preceding embodirnents, wherein the polar aprotic organic
solvent comprises ethyl acetate, methyl isobutylketone, dimethylsulfoxide, tetrahydrofuran,
acetone, dimethytormamide, acetonitrile, and the mixtures thereof.
2432, The method of any one of the preceding embodiments, wherein the dropwise addition of
HCl is administered through a 4 M HCI solution or a 6 N HC solation in concentrated HCI (conc.
HCL) solution and ethyl acetate.
243. The method of any one of the preceding embodiments, wherein the dropwise addition of
H{l is administered in an amount of | equivalent or less to the compound of Formula (XI).
244, The method of any one of the preceding embodiments, wherein the crystallization solvent
is a mixed solvent in which water and an orgaunic solvent are mixed in a volame ratio of 1:20 1o
1:40.
245, The method of any one of the preceding embodiments, wherein the crystallization solvent
is a mixed solvent in which water and an organic solvent are mixed in a volume ratio of 1:27 to
1:32.
246.The method of any one of the preceding embodiments, wherein Step (b) is performed at 15 °C
to 25 °C, and Step (c) is performed at 10 °C to 20 °C.

247, The method of any one of the preceding embodiments, wherein the (c} comprises:
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{c-1) maturing at 10 °C to 15 °C until filtrate area decreases to 80% to 85% of the nitial area;
and
{c-2) maturing by raising the temperature to 20 °C untii the filtrate area no longer decreases.
248.The method of embodiment 239 further comprising: (d) filtering the sohution.
249 The method of any one of the preceding embodiments, wherein the crystalline Form 11
particles are crystalline form particles of a solvate of the hydrochloride salt of the compound of
Formula (XI).
250.The method of any one of the preceding embodiments, wherein the solvate i3 a hydrate.
251.The method of any one of the preceding embodiments, wherein the compound of Formula
(X1} is Compound 17”:
?
Og N~

FAa

/ 0
O A N«é»
>xe
Cl
7

252.The method of any one of the preceding embodiments, wherein the crystalline Form III
particles have a flow function value of at least & under a pressure of 9 kPa.
253.A crystalline Form 1 particle of a compound of Formula (X1I), a pharmaceutically acceptable
sait thereof, or a solvate thereof, prepared by the preparation method of any one of the preceding
embodiments, wherein

the crystallive Forro IH has the following diffraction angles (20 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
0.18+0.2°, 9.89£0.2°, 10.83+0.2°, 11.42+0.2°, 12.9220.2°, 14.610.2°, 15.36:0.2°, 15.790.2°,
15.950.2°,17.37+0.2°, 18.20+0.2°, 18.99+0.2°, 19.34:£0.2°, 19.6920.2°, 20.40+0.2°, 21.66+0.2°,
21.98+0.2°,22.45+0.2°, 22.85+0.2°, 24.66x0.2°, 25.52+0.2°, 26.55+0.2°, 28.08+0.2°, 20.31+0.2°
and 29.544:0.2°; and

the crystalline Form I particle has a flow function value of at least 8 under a pressure of

9 kPa.
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254 A pharmaceutical composition for preventing or treating obesity, diabetes, inflammation or
erectile dysfunction, comprising the crystalline Form I particle of any one of the preceding

embodiments and a pharmaceutically acceptable carrier.

EXAMPLES

Abbreviations used in the following examples and elsewhere herein are:

AcOH acetic acid

AP active pharmaceutical ingredient

ag. agueous solution

Boc tert-butyloxycarbonyl

Bn benzyl

Bu butyl

br broad

chz benzyloxycarbonyl

CD:Ch dichloromethane-d;

CDsOD roethanol-day

CDCls chloroforro-d

d doublet

dd doublet of doublets

ddd doublet of doublets of doublets

dt doublet of triplets

DCso half maxirsal degradation concentration
DCM dichloromethane

DIPEA ditsopropylethylamine or N,N-diisopropylethylamine
Dimax maximum level of degradation

DMAc N, N-dimethylacetamide

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

ECsp half maximal effective concentration
EDCH(CI N-(3-dimethylaminopropyl}-N'-ethylcarbodiimide hydrochloride
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EtCH

EnQ

EtzN
EtOAc

b or hr

H»

HO
H>S804
HCl
HOBt=H,O
HPLC

Hz

g

1Cso

IPA or 'PrOH
1PrC{OXCH

w

M
MTBE
Me
MeCN
MeOH
mg
MHz
min
mb
minol

mol

PCT/1B2025/050327

ethanol

diethyl ether

tricthylamine

ethyl acetate

hour(s)

hydrogen (diatomic compound)
water

sulfuric acid

hydrogen chloride
I-hydroxybenzotriazole hydrate
high-performance liguid chromatography
hertz

gram

half maximal inhibitory concentration
isopropyl alcohol

isobutyryi chloride

kilogram

liter

fithiurn hydroxide

multiplet

roolar

methyl tert-butyl ether

methyl

acetonitrile

methanol

milligram

megahertz

minmte{s)

milliliter

millimole

mole
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N
Na25:0s
NaHCOs
NaBH(OAc)
NaBr
Na(}
NaQAc
NaOCh
NaOH
NaxS04
n-Buli
NH:z
NMR
PAR
PasC

4

RH

t

s

{

TEA (NE)
TEMPO
TFA
THF

viv

WiW

PCT/1B2025/050327

normality

sodium thiosulfate

sodium bicarbonate

sodium triacetoxyborohydride
sodinm bromide

sodium chloride

sodium acetate

sodium hypochlorite

sodium hydroxide

sodium sulfate

n-butyllithinm

ammonia

nuclear magnetic resonance
peak area ratio

palladium supported on activated carbon
gquartet

relative humidity

r0Om temperature

singlet

triplet

triethylamine
(2,2,6,6-tetramethylpiperidin-1-yoxyl free radical
trifluoroacetic acid
tetrahydrofuran

volume percentage

weight percentage

General Synthetic Schemes

76



WO 2025/149985 PCT/1B2025/050327

Step C Co OMe
S 3 Sten A 1) reductant b H
O, OH ; tep Oy OhMe Os _OMe 42 CBZ~py
Y MeOH h Step B s OMe (9 -l o _OH
Chzmp ™y {_acidcat_, Gb?-“N"*7 __oxidant (‘bZNN/-\\ NH,CI H o
' — L{_ 2) oxalic acid ~L Ho™S0
O} OH \
1 2 Step D 3 4
Pro(O)c
base |
¥
Oy OMe 0y OH Steﬁ F OQL,NV,J StepS |, g‘vm\/’
CbZ\ND Step £ chz- E\‘j coﬁglrx?]goaig:nt cbz~y Y H?;‘ Pd fIC \ HN/:7
O inorganic base additive el g or HU &aiﬁ-i 0
N B SR gy T N
_,(\ 157 - N &, 2) HCI/ EtOAC -4\, -
§ / 3 /”
/ - =4
7 O
N ]~ oH Step M
:7:; coupling agent
\~2 additive
13 C
j (o o
O N Og N Oy N
} HCE O F sepp y MO oY Y

p ‘Ny\m\j 5 H,0 7\'\1\3)‘ Q Step O %N\D“ﬁ o
M

organic solvent 2,0

ngoI N NJ> _____ A - i \j N >
P \/ / L
14

i Ci
17 18
crysialiine Form lil particles Step N
of hydrochioride salt of AP d

v purification

15
{ purified free base of API E

Scheme 1. Synthesis of Compound 14, or salts or solvates thereof, via intermediate Compound 3.
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Scheme 2. Synthesis of Compound 14, or salts or solvates thereof, via intermediate Compound

16.

General Procedure for Powder X-Ray Diffraction (XRD) Analysis

Powder XRD diffraction patterns were obtained using a PANalytical X'Pert Pro MPD system

equipped with a monochromatized radiation source and Ni filter as a solid-state detector

according to the following method.

About 20 to 30 mg of saraple was placed on a glass sample holder so as to have a flat

surface, and the generator of the instrurent was set to 45 kV (acceleration voltage) and 40 mA

{(filaroent emission), and measurements were made in reflection mode (not-spin). The Bragg

angle (26) in the range of 4 to 40° was reasured under the conditions of a step size of 0.026° and

a time per step of 51 seconds.
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Preparation Example 1: Preparation of methyl (28,48)-4-(N-{{1s 4R }-4-

methvicyclohexyllisobutyramido}pyrrolidine-2-carboxvlate hydrochloride

OO

HEE

x
z
D,u

Sy

The title compound was obtained using the method described in International Publication No.
WO 2008/007930. Specifically, the title compound was obtained through the following steps A,
B C D andE.

Step A Preparation of 1-(tert-butyD) 2-methvl (28 45)-4-azidopyrrolidine- 1. 2-dicarboxylate

1-{tert-butyl) 2-methy! {25, 4R)-4-((methylsulfonylyoxyipyrrolidine-1,2-dicarboxylate (48.5
g, 150 mmol) was dissolved in N A -dimethylformamide (250 ml) under a nitrogen atmosphere,
and sodium azide (19.5 g, 300 ml) was added. After stirring at 80 °C for 16 hours and
concentrating the reaction solvent under reduced pressure, water was added and extraction was
performed twice using ethyl acetate. The organic layer was washed with aqueous sodium
chloride solution and water, then dried over anhydrous magunesium sulfate and filtered. The
filtrate was concentrated under reduced pressure to obtain a crude (39.59 g, 98%}, which was
used in the next step without purification. MS: [M+H] = 271, 'H NMR (400 MHz, CD:0D) §
4.43-4.37 (m, 1H), 4.35-4.27 {br, 1H), 3.77 (5, 1.8H), 3.76 (s, 1.2H}, 3.73-3.66 (m, 1H]}, 3.44-
3.38 (m, 1H), 2.63-2.49 (m, 1H), 2.19-2.11 (m, 1H), 1.50 (s, 4.5H), 1.44 (s, 4 5H).

Step B: Preparation of 1-(teri-butvl} 2-methvi (25 45)-4-aminopyrrolidine-1.2-dicarboxylaie

After 1-{tert-butyl) 2-methyl (28,45}-4-azidopyrrolidine-1,2-dicarboxylate {24.59 g, 91.0
mmol) obtained in step A above was dissolved m tetrahydrofuran (180 mi), 1M
trimethyiphosphine tetrahydrofuran solution (109.2 mi, 109.2 mmol) was slowly added at 0 °C.
Stirring was performed at the same temperature for 1 hour, then at room temperature for 3 hours.
After concentrating the reaction solvent under reduced pressure, dichloromethane (100 ml) and

water {150 ml) were added and stirred for about 30 nminutes. After separating the layers and
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extracting once more using dichloromethane, the organic layer was dried and filtered over
anhydrous magnesium sulfate. The filtrate was concentrated under reduced pressure to obtain a
crude (20.62 g, 93%), which was used in the next step without purification. M8 [M+H] = 245.
TH NMR (400 MHz, CD30D)Y § 4.27 (m, 1H), 3.77 (s, L.8H), 3.76 (s, 1.2H), 3.75-3.67 (m, 1H),
3.50-3.42 (m, 1H), 3.22-3.17 (m, 1H), 2.58-2.47 (m, 1H), 1.82-1.71 (m, 1H), 1.48 (s, 4.5H), 1.42
(s, 4.5H).

Step C: Preparation of 1-{fert-butyl) 2-methyl (25.45)-4-(((1s 4AR)-4-

methvicvelohexyvhamino)pvrrolidine- 1 . 2-dicarboxvlate

{-(tert-butyl) 2-methyl (25,48)-4-aminopyrrolidine-1,2-dicarboxylate (20.62 g, 84.4 mmol}
obtained in step B above was dissolved in dichloroethane (150 ml) and 4-methylcyclohexanone
(9.5 mi, 101.3 mmol) was added. Sodium triacetoxyborohydride (26.8 g, 126.6 mmol) was added
at 0 °C, and stirred at room temperature for 16 hours. The reaction solvent was concentrated
under reduced pressure, water was added, and extraction was performed twice using ethyl
acetate. The organic layer was washed with aqueous sodium chloride solution, then dried and
filtered over anhydrous magnesium sulfate. The filtrate was concentrated under reduced pressure
and purified by column chroratography to obtain the title compound (22.9 g, 80%). MS: [M+H]
=341. 'H NMR (400 MHz, CD:0D) § 4.26 (m, 1H), 3.76 (s, 1.8H), 3.75 (s, 1.2H), 3.78-3.71 (m,
1H), 3.49-3.40 (u, 1H), 3.22-3.16 (m, 1H), 2.69-2.60 (br, 1H), 2.58-2.46 (m, 1H), 1.87-1.77 (m,
1H), 1.73-1.63 (m, 1H), 1.62-1.35 (m, 8H), 1.48 (s, 4.5H), 1.42 (5, 4.5H), 0.96 (d, 3H).

Step D Preparation of 1-(ert-butvi) 2-methvl (28,45)-4-(N-((15.4R)-4--

methyicyclohex vl nsobutyramido)pyrrohidine-1,2-dicarboxyiate

{-(tert-butyl) 2-methyl (25,45)-4-(((15,48)-4-methylcyclobex yDamino)pyrrolidine-1,2-
dicarboxylate (37.29 g, 109.5 mmol) obtained in step C above was dissolved in dichloromethane
(500 m), triethyl amine (61.1 mi, 438.1 mmol) was added, and then isobutyryl chloride (11.7 mj,
219 mamol) was slowly added at 0 °C. After stirring at room temperature for 16 hours, the
reaction solvent was concentrated under reduced pressure, then sodium bicarbonate agueous
solution was added and extracted twice using ethyl acetate. The organic layer was washed with
aqueous sodium chloride solution and water, then dried and filtered over anhydrous magnesium
suffate. The filtrate was concentrated under reduced pressure and purified by column
chromatography to obtain the title compound (38.79 g, 86%). MS: [M+H} = 411. YH NMR (400
MHz, CDs0D) § 4.27 (m, 1H), 3.76 (s, 1.8H), 3.75 (s, 1.2H), 3.78-3.72 {m, 1H}, 3.50-3.41 (i,
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1H), 3.33-3.14 (m, 1H), 2.69-2.60 (m, 2H), 2.57-2.43 (m, 1H), 1.87-1.79 (m, 1H), 1.70-1.61 (m,
1H), 1.60-1.32 (m, 8H), 1.47 (5, 4.5H), 1.41 (s, 4 5H), 1.10 (dd, 6H), 0.99 (d, 3H).
Step E: Preparation of methvl (28.45)-4-{N-{{15.4K)-4-

methvlcvclohexylisobutvramidolpyrrolidine-2-carboxvlate hvdrochloride
After T-{tert-butyl) 2-methy! (28,45}-4-(N-{(15,4R}-4-

methylcyclohexyliisobutyramido)pyrrolidine-1,2-dicarboxylate {(34.0 g, 82.8 mmol)} obtained n

step D above was dissolved in dichloromethane (200 ml), 4N HCI 1 4-dioxane solution {82.8 ml,
331.3 mmol) was added at 0 °C. After stirring at room temperature for 6 hours, the reaction
solvent was concentrated under reduced pressure to obtain a crude (28.7 g, 99%), which was

used in the next step without purification. MS: [M+H] =311

Preparation Example 2: Preparation of (385 4R)-1-(fert-butyl)-4-(4-

chlorephenylipyrrolidine-3-carboxylic acid

The title compound was obtained using the method described in International Publication No.
WO 2004/092126. MS: [M-+H] = 282, '"H NMR. {400 MHz, CE»0D) § 7.43-7.33 (m, 4H), 3.90-
3.69 (m, 3H), 3.59(dd, J = 11.2, 10.0 Hz, 1H), 3.29 (dd, F=11.2, 11.2 Hz, 1H), 3.18-3.09 (m,
1H), 1.44 (5, 9H}.

Preparation Example 3: Preparation of methyl (28,48)-4-(N-{(15,4R}-4-

methylcyciohexylipropioneamido}pyrrolidine-2-carboxylate hydrochloride
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The title compound was obtained through the following steps A and B.

Step A Preparation of 1-{rert-butyl) 2-methyil (25 485)-4-{N-{({(1s,4R3-4~-

The title compound (0.98 g, 84%) was obtained using the same method as in Step D of
Preparation Example 1, using 1-{feri-butyl) 2-methyl (25,48)-4-({(15,48)-4-
methylcyclohexylamino)pyrrolidine-1,2-dicarboxylate (1.0 g, 2.9 mmol) obtained in Step C of
Preparation Example 1 and propionyi chloride {(0.33 g, 3.5 mmol}. MS: [M+Na] = 419.5 (M+23).
H NMR (400 MHz, CD:0D) § 4.33 (m, 1H), 4.00-3.80 (m, ZH), 3.75 (m, 3H), 3.58 (m, 1H),
3.47 (m, 1H), 2.85-2.68 (m, 1H), 2.38 (q, 2H), 2.31 {(m, 1H}, 1.93 (m, 1H), 1.80 (m, 2H), 1.72-
1.58 (m, 4H), 1.45 (1, 2H), 1.45-1.41 (m, 9H), 1.07 (m, 6H).

Step B: Preparation of methvl (2848)-4-(N-{{(15,4K)-4-

methvicvclchexvhpropionamidoipyrrolidine-2-carboxylate hvdrochloride

The title compound (.76 g, 93%) was obtained using the same method as in Step E of

Preparation Example 1, using 1-{zerf-butyl) 2-methy {25, 48)-4-(N-({Is,4R}-4~
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methylcyclohexylpropionanmido)pyrrolidine-1,2-dicarboxylate (0.98 g, 2.4 mmol) obtained in
step A above. MS: [M+H] = 297.4. 'H NMR (400 MHz, DMSO-ds) § 9.95 (br s, 1H), 8.63 (brs,
1H), 438 {m, 1H), 4.21 (m, 1H), 3.77 {5, 3H}, 3.53 {m, 1H}, 3.40 (m, 2H), 2.53 {m, 1H), 2.37 (g,
ZHY, 2.24 (m, 1H), 1.88 (m, 1H), 1.68-1.55 {m, 4H), 1.52 (m, 2H}, 1.40 {m, 2H), 0.97 (m, 6H).

Preparation Example 4: Preparation of methyl (25,48)-4-(N-{(15,4K}-4-

methylcyclohexylipivalamido)pyrrolidine-2-carboxylate hydrochioride

(SN
S
VR

The title compound was obtained through the following steps A and B.

Step A Preparation of 1-(tert-burvi) 2-methvi (28 45-A4-(N-{{15.48)-4--

The title compound was obtained using the method described in International Publication No.
WO 2008/007930. MS: [M+Na] = 447.5 (M+23). '"H NMR (400 MHz, CD:0D) § 4.34 (m, 1H),
3.90-3.75 (m, 2H), 3.73 (m, 3H), 3.45 (m, 2H}, 2.75-2.60 (m, 1H}, 2.30 {m, 1H), 1.95 (m, 1H},
1.88 {m, 2H), 1.66 (1, 4H), 1.50 (m, 2H), 1.45-1.41 (m, 9H), 1.25-1.20 (m, 9H), 1.05 (d, 3H)}.

Step B: Preparation of methvl (28,45)-4-(N-({15 4R)}-4-

methylevclohexvDpivalamido)pvrrolidine-2-carboxylate hvdrochloride
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The title compound (0.68 g, 99%) was obtained using the same method as in Step E of
Preparation Example 1, using 1-{fert-butyl) 2-methyl(25,45)-4-(N-({(1s,4R)-4~
methylcyclohexypivalamido)pyrrolidine-1,2-dicarboxylate (0.80 g, 1 88 mmol) obtained in
Step A above. MS: [M+H] =325.4. 'H NMR (400 MHz, DMSO-ds) § 10.24 (brs, 1H), 8.60 (brs,
1H), 4.41 {m, 1H}, 4.22 (m, 1H), 3.77 (m, 3H), 3.40-3.28 (m, 3H), 2.55 (m, 1H}, 2.20 (m, 1H),
1.87 {m, 1H}, 1.70-1.50 {m, 6H), 1.40 (m, 2H), 1.21-1.10 (m, 9H)}, 1.00 (m, 3H)

Preparation Example 5: Preparation of N-((38.35)-1-((35,4R)-1-(tert-butyl)-4-(4-
chlorophenyi)pyrrolidine-3-carbonyl}-5-(morpheline-4-carbonyl)pyrrolidin-3-yi)-V-

{{1s 4R)-4-methylcyclohexyl)isobutyramide

SN

The title compound was obtained through the following steps A, B, and C.

Step A Preparation of methyl (28 483-1-{{35 4R)- 1 -(zert-buty)-4-(4-

chlorophenvhpverolidine-3-carbony-4-(N-({(15.4R)-4-

methylevelohexyvhisobutvramidooyirolidine-2-carboxylate

Methyl (28,45)-4-(N-{(15,4R)-4-methylcyclohexyliisobutyramidopyrrolidine-2-carboxylate
hydrochloride {28.7 g, 82.73 mmol) obtained in Preparation Example 1, (35 4R)-1-(fers-butyl)-4-
{4-chlorophenypyrrolidine-3-carboxylic acid (24.5 g, 86.87 mmol} obtained in Preparation
Example 2, 1-(3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride (22.2 ¢, 115.83

mmol), and 1-hydroxybenzotriazole hydrate (15.7 g, 115.83 mmol} were dissolved in N, N™
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dimethyformamide (400 mL) and N N -diisopropylethylamine (72.0 mi, 413.66 mmol) was
slowly added. After stirring at room temperature for 16 hours and concentrating the reaction
solvent under reduced pressure, 0.3N agueous sodium hydroxide solution was added and
extraction was performed twice using ethyl acetate. The organic layer was washed twice with
aqueous sodium chloride solution and water, then dried and filtered over anhydrous magnesium
sukfate. The filtrate was concentrated under reduced pressure and purified by column
chromatography to obtain the title compound (41.19 g, 87%). MS: [M+H]} = 575.

Step B: Preparation of (25.45)-1-((3S 4R)-1-(tert-butyD-4-(4-chlorophenvDpvrrolidine-3-

carbonvl)-4-(N-{i 15 4R)-4-methylcvclohexyhisobutyramidopvrrolidine-2-carboxvlic acid

After methyl (25.45)-1-((35,4R)- 1 -(tert-butyl)-4-(4-chlorophenyl)pyrrolidine-3-carbonyl)-4-

(N-((15,4R)-4-methyicyclohexyDisobutyramido)pyrrolidine-2-carboxylate (39.4 g, 68.62 nunol)
obtained in step A above was dissolved in methanol (450 ml), 6N agueous sodium hydroxide
solution (57.2 ml, 343.0% mmol) was added. After stirring at room temperature for 16 hours and
adjusting the pH to about 5 using a 6N agueous HCI solution, the reaction sohition was
concentrated under reduced pressure. After dissolving the concentrate in dichloromethane, the
insoluble solid was filtered through a paper tilter. The filtrate was concentrated under reduced
pressure to obtain a crude (38.4 g, 99%), which was used in the next step without purification.
MS: [M+H] = 561.

Step C: Preparation of N-((38.58)- 13848 -1 -(tert-butyD-4-(4-chlorophenyDpyrroliding-3-

carbonv-S-(morpholine-4-carbounyDovrrelidin-3-y1-N-{{ 1 s 4R)-4-

methyicyclohex vl isobutyramide

(28, 45)-1-((3S 4R)-1 -(tert-butyD)-4-(4-chlorophenyDpyrrolidine-3-carbony}-4-(N-({ 1 5,4 R)-4-

methyleyclohexylyisobutyramido)pyrrolidine-2-carboxylic acid (38.4 g, 68.60 mmol) obtained in
step B above, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (18.4 g, 96.04
mmol), and |-hydroxybenzotriazole hydrate {13.0 g, 96.04 mmol} were dissolved in NN'-
dimethyHormamide {200 ml} and then sequentially morpholine (5.9 ml, 68.80 mmol} and NN~
diisopropylethylamine (59.7 ml, 343.02 mmol) were slowly added. After stitring at room
temperature for 16 hours, the reaction solution was concentrated under reduced pressure, 0.5N
sodinm hydroxide agueous solution was added, and extraction was performed twice using ethyl
acetate. The organic layer was washed twice with aqueous sodivm chloride solution and water,

then dried and filtered over anhydrous magnesium suffate. The filtrate was concentrated under
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reduced pressure and purified by column chromatography to obtam the title compound (37.05 g,

86%). MS: [M+H] = 630.

Preparation Example 6: Preparation of N-({35,38)-1-{(38,4R)-1-(tert-butyl)-4-(4-
chlorephenylipyrrolidine-3-carbopyl}-S-(morpholine-4-carbonyi)pyrrolidin-3-yi}-N-
({15 4R)-4-methylcycliohexyl)propionamide

The title compound was obtained through the following steps A, B, and C.
Step A Preparation of methyl (2848)-1-((35.4R)-1-(rert-butyl)-4-(4-
chlorophenvhpyrrolidine-3-carbonyl}-4-(N-((15.4R)-4-

methvlcyclohexyDoropionamidopyrrolidine-2-carboxvlate

OO
P \N/\[)\ »/ N
2 = .f
=S N
Slats
v ,.f"' \)

EN
Lo

The title compound (0.45 g, 35%) was obtained using the same method as 0 Step A of
Preparation Example 5, using methyl (28,45)-4-(N-{({15,41)-4-
methylcyclohexylpropionamido)pyrrolidine-2-carboxylate hydrochloride (0.76 g, 2.28 mmol)
obtained in Preparation Example 3 and (35,41}~ 1-(ferr-butyl)-4-{4-chlorophenylipyrrolidine-3-
carboxylic acid (0.64 g, 2.28 mmol) obtained in Preparation Example 2. MS: [M+H] = 560.4. 'H
NMR (400 MHz, CD:0D)} § 7.39-7.30 (m, 4H), 445 (m, 1H}, 4.04 (m, 1H), 3.71 (s, 3H), 3.65-
3.35 (m, 6H}), 3.13 (m, 2H), 2.99 (m, 1H), 2.71 (m, 1H}, 2.34 (q, 2H)}, 2.20 (m, 1H), 1.92 {(m,

o e

1H), 1.75-1.55 (m, 6H), 1.42 (m, 2H), 1.22 (m, 9H), 1.03 (m, 6FL).
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Step B: Preparation of (285 45)-1-((38 4H)-1 -(tert-butyl)-4-(4-chlorophenvlpyrrolidine-3-

carbonvi}-4-(N-{{1s 4R}-4-methvicycichexvijpropionamidolpyrrolidine-2-carboxviic acid

The title compound (0.44 g, 99%) was obtained using the same method as 10 Step B of
Preparation Example 5 using methy! (25,45)-1-((35,48)-1-(tert-butyl}-4-(4-
chiorophenylipyrrolidine-3-carbony!)-4-(N-({15,4R)-4-
methyleyclohexylpropionamido)pyrrolidine-2-carboxylate (0.45 g, 0.80 mmol} obtained 1 step
A above MS: [M+H] = 546 4.

Step C: Preparation of N-735.35)-1-((38.4K)-1 -{tert-buivl}-4-{4-chlorophenyDpvrrolidine-3-

carbonv)-5-(morpholine-4-carbonvlipyrrolidin-3-v}-N-({7s 48)-4-

methylevelchexyDpropionamide

.; W
'ﬁ\] /“‘"{ -
Y NS

o} !}

The title compound (0.28g, 53%) was obtained using the same method as in Step C of
Preparation Example 5 using using (25,45)-1-({(38,4K)-1 -(tert-buty [}-4-(4-
chlorophenybhpyrrolidine-3-carbonyD-4-(N-((15,4R}-4-
methylcyclohexypropionanmido)pyrrolidine-2-carboxylic acid (0.44 g, 0.80 mmol} obtained in
Step B above. MS: [M+H] = 615.5. "H NMR (400 MHz, CD:0D) § 7.36 (m, 4H), 4.79 (m, 1H),
418 (m, 1H), 3.80-3.40 {m, 15H), 3.20 {m, 1H), 3.03 (m, 1H), 2.70 (m, 1H)}, 2.33 (g, 2H), 2.15
(m, 1H), 1.93 (m, 1H}, 1.71-1.56 (m, 6H}, 1.40-1.20 (m, 11H)}, 1.00 {m, 6H).
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Preparation Example 7: Preparation of N-{{35,55)-1-((35,4R)-1-(tert-butyl}-4-(4-
chlorophenyl)pyrrolidine-3-carbonyl}-3-(morpheline-d-carbonyljpyrrolidin-3-yi)-NV-

{(1s,4R}-4-methylcyclohexyljpivalamide

The title compound was obtained through the following steps A, B, and C.
Step A Preparation of methvl (28548)-1-{(35 4R)-1 -(rert-buty}-4-(4-

chlorophenylipyrrolidine-3-carbony}-4-(N-{{15 4K)-4-

pyrrolidine-2-carboxylate

The title compound (0.70 g, 66%) was obtained using the same method as 0 Step A of
Preparation Example 5, using methyl (28,45)-4-(N-{{(13,4R}-4-
methyleyclohexylipivalamidopyrrolidine-2-carboxylate hydrochlonde (0.65 g, 1.8 mmol)
obtained in Preparation Example 4 and (35,4R)-1-{fert-buty}-4-{4-chlorophenyDpyrrolidine-3-
carboxylic acid (0.50 g, 1.8 mmol) obtained in Preparation Example 2. MS: [M-+H] = 588.5. 'H
NMR (400 MHz, CD:0D) § 7.40-7.30 {m, 4H), 4.49 (m, 1H), 4.00-3.50 (m, 4H), 3.71 (s, 3H),
3.40 {m, 3H), 3.20-3.05 (m, 2H), 3.00 (m, 1H), 2.70 {m, 1H), 2.27 (m, 1H), 1.90 (m, 1H), 1.73-
1.60 (m, 6H), 1.60-1.35 (m, 2H), 1.25-1.17 (m, 18H), 1.01 (m, 3H).

Step B: Preparation of (25,45)-1-((38,4R)-1-(tert-butv})-4-(4-chlorophenyiipvirolidine-3-

carbony-4-(N-({1s.4R)-4-methvicvclohexyDpivalamidoipyrrolidine-2-carboxvlic acid
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The title compound (0.10 g, 99%) was obtained using the same method as in Step B of
Preparation Example 5 using methyl (25, 45)- 138 4R)-1-{tert-butyly-4-(4-
chlorophenylipyrrohidine-3-carbonyl}-4-{N-{(15,4R)-4-
methyleyclohexylpivalamidojpyrrolidine-2-carboxylate (0.10 g, 0.18 mmol) obtained w step A
above, MS: [M+H] = 574.4,

Step C: Preparation of N-(138.584-1-((358,.4R}-1-{tert-buty}-4-{4-chlorophenyDpvrrolidine-3-

carbonyi-S-{morpholine-4-carbony Dovrrolidin-3-vD-N-({15.4R -4-methyicvclohexyDpivalamide

{f \(?
\ 9 Qy + N~
. f/‘/l\\ N’ =\, N .«“"'\,,}
S e
s b3 <,

The title compound (0.020 g, 17%) was obtained using the same method as in Step C of
Preparation Example 5 using {25,48)-1-((35,4R)-1 -(fert-butyh)-4-(4-chlorophenypyrrolidine-3-
carbonyl}-4-(N-{{15,4R)-4-methylcyclohexyDpivalamido)pyrrolidine-2-carboxylic acid (0.10 g,
0.18 mmol) obtained in step B above. MS: [M+H] = 643.5. '"H NMR (400 MHz, CD;0D) § 7.40-
7.30 (m, 4H), 4.79 (m, TH), 4.17 (m, 1H), 3.80-3.40 (m, 15H), 3.10 (m, 1H), 2.96 (m, 1H), 2.71

{m, 1H), 2.15 (m, 1H), 1.90 (m, 1H), 1.80-1.35 (m, 8H), 1.21-1.15 {m, 18H}, 1.02 (m, 3H}.
Preparation Example 8: Preparation of N-({35,38)-1-((3S4R}-1-(tert-butyl}-4-{4-

chlorophenyljpyrrolidine-3-carboryl}-5-(morpholine-4-carbonyi)pyrrolidin-3-yi}-/V-

({15 4R)-4-methylcyclohexyl)isobutyramide hydrochloride
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MBTE (19 mL) was used to dissolve, at 25 °C, 1 g of N-({38,58)-1-((38,4R}-1 -(tert-butyl}-4-
(4-chlorophenyi)pyrrolidine-3-carbonyl)-S-{morpholine-4-carbonyl)pvrrolidin-3-y1)}-N-(( 15,4R)-
4-methyleyclohexyllisobutyramido as prepared in Preparation Example 5. After the dissolution
was completed, T mL of heptane was added and cooled to -3 to 0 °C. After reaching the set
temperature, 1 equivalent of 4M HCVEtOAc was added dropwise, stirred for about 90 minutes,
and filtered to obtain N-((35,55)-1-((38,4R)}-1-(tert-butyD)-4-(4-chlorophenyDpyrrolidine-3-
carbonyl}-S-(morpholine-4-carbony Dpyrrolidin-3-y1)-N-({1s,4R}-4-

methyleyclohexyhisobutyranide hydrochlonde. {Yield: about 90%;)

Example 1: Making the hydrochloride salt of intermediate N-{{1s 4R }-4-methyicyclohexyl}-
N-{{35,55}-5-(morpholine-4-carbonyijpyrrolidin-3-yl)isobutyramide (8}
Step A: Synthesis of I-benzyl 2-methyl (18, 4R)-4-bydroxypyrrolidine-1, 2-dicarboxylate (2)

Step A
: Ha50 ;.
clz~yy ik Cliz~yy
L.
OH OH
1 2
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After adding MeOH (80.92 L} to (25,4R)-1-({benzyloxy)carbonyl)-4-hydroxypyrrolidine-2-
carboxylic acid (1, 16.18 kg, 61.01 mol), concentrated H>S0O4 (1.11 L, 20.74 mol) was added and
stirred for 4 hours while refluxing. When the reaction was completed, the internal temperature was
cooled to 35 - 40 °C and concentrated under reduced pressure. After that, EtOAc (121 L) and water
(80 L) were added to the residue and stirred, and the layers were separated. After extracting the
water layer with EtOAc (48 L), the combined oil layers were washed with 5% (w/w) NaHCOs
(ag., 80 L) and concentrated under reduced pressure to obtain 1-benzyl 2-methyl (28,4R)-4-
hydroxypyrrolidine-1,2-dicarboxylate (2) (expected amount 15.34 kg, expected yield 90%), which
was used in the next reaction without further purification. 'H NMR (400 MHz, CDCl3) § 7.38-7.23
{m, 5H), 5.20-5.06 (m, 1.5H), 5.00-4.94 (m, 0.53H), 4.52-4.39 (m, 2H), 3.72 (s, 1.4H), 3.61 (s,
1.6H), 3.52 (s, 2H), 2.71 (brs, 1H), 2.34-2.21 (m, 1H), 2.09-1.99 (m, [ H).

Step B: Synthesis of 1-benzyl 2-methyl {5)-4-oxopyrrolidine-1,2-dicarboxylate (3)

Step B
B NaBr, NaOCI
cbz\N — cbz\N
\ 8% NaHCO; (W
O DCM 0
2 3

DCM (46.01 L) was added to Compound 2 (15.34 kg, 54.91 mol), and then it was cooled.
After that, 6% (w/w) NaHCO3 (117 L) was added. NaBr (6.8 kg, 65.89 mol) and TEMPO (0.43
kg, 2.75 mol) were added below 5 °C, and sodium hypochliorite solution (36.26 L, 58.75 mol) was
added dropwise while maintaining the temperature below 5 °C. After stirring for 1 hour at 5 °C or
lower, sodium thiosulfate (5 kg) was added. After 6N HC1 (2.3 L), water (15 L), and DCM (30 L)
were added, the temperature was raised to room temperature, and the layers were separated. The
oil laver was washed with 10% (w/w) NaCl (76.4 L), concentrated under reduced pressure, and
azeotropically treated with acetonitrile to obtain 1-benzyl 2-methyl (S)-4-oxopyrrolidine-1,2-
dicarboxylate (3) (15.6 kg, expected yield 102.5%), which was used in the next reaction without
further purification. '"H NMR (400 MHz, CDCl) 8 7.40-7.26 (m, 5H), 5.26-5.06 (m, 2H), 4.90-
4.77 (m, 1H), 3.92 (s, 2H), 3.74 (s, 1.7H), 3.61 (s, 1.3H), 3.00-2.84 (m, 1H), 2.57 (dd, / = 19.0,
2.6 Hz, 1H).
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Step C: Synthesis of oxalic acid salt of I-benzyl 2-methyl (28,48 )-4-(((15,4R }-4-
methyleyelohexyl jamine Jpyrrolidine-1,2-dicarboxylate (4)
Step €

a) NaBH(OAC), Oy -OMe
NaOAc, MeCN :

bz~ s

Os_OMe EhZ~p

N S U O RN

by NG |
b) oxalic acid §§HO o

G MeCN

3 4

After adding (1s.4s)-4-methyleyclohexan-1-amine hydrochloride (6.98 kg, 46.65 moly and
NaQAc (3.83 kg, 46.63 mol) to acetonitrile (47.04 L) in the reactor, the mixtiire was cooled to §
to 5 °C and stirred for 1 h, and then NaBH(OAc)3 (11.69 kg, 55.14 mol) was added. A solution of
the Compound 3 (11.76 kg, 42.41 mol) in acetonitrile (14.74 L) was added dropwise to the above
sofution at 20 to 25 °C and stirred for 18 hours. 1IN NaQOH (69 L) was added below 15 °C and
stirred for 30 minutes. After that, EtOAc (176 L) was added, and the layers were separated. The
organic layer was washed sequentially with a solution of NaCl (11.76 kg) dissolved in 5% (w/w)
NaHC0:(58.8 L) and then 20% (w/w) Na('l (58.8 L) and concentrated under reduced pressure to
obtain crude intermediate {-benzyl 2-methyl (285,45)-4-({{15,4R)-4-
methyleyclohexyDamino)pyrrolidine- 1,2-dicarboxylate (12.92 kg, crude vield 81%;).

Acetonitrile (129.2 L} was added to the intermediate (12.92 kg, 34.50 mol} prepared above at
room temperature and stirred. Acetonitrile (94.32 L) and oxalic acid (6.34 kg, 70.38 mol) were
added to another reactor and stirred, and then the prepared intermediate / acetonitrile solution was
added dropwise at room temperature. After 3 h, the reaction mixture was filtered, washed four
times using acetonitrile (38 L), and dried with nitrogen to obtain the oxalic acid salt of I-benzy!
2-methyl (25,45)-4-({(1s,4R)-4-methylcyclohexylyamino)pyrrolidine-1,2-dicarboxylate (4} (8.82
kg, yield 55%). 'H NMR (400 MHz, DMSO-de) & 9.83 (s, 2H), 7.49-7.20 (m, SH), 5.19-4.80 (m,
2H), 4.29 (dt, ] = 28.0, 8.4 Hz, 1H), 4.05-3.94 {(m, 1H), 3.94-3.80 (m, 1H), 3.67 (s, 1.4H), 3.56 (s,
1.6H), 3.47-3.32 (m, 1H), 3.12-2.98 (m, 1H), 2.78-2.63 (1o, 1H), 2.12-1.94 (m, 1H), 1.78-1.56 (m,
5.5H), 1.56-1.26 (1, 4.5H), 0.90 (d, J = 5.6 Hz, 3H).
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Step D: Synthesis of 1-benzyl 2-methyl (25,45 }-4-(N-({15,4R }-4-
methyleyelohexyl jisobutyramide jpyrrofidine-1,2-dicarboxylate (5)

; Step D
O -OMe

— a) 25% NH3 (80.) cpze.. A
N EtOA N
O, OH e = 0

NH . N
HO S0
0) PIC(O)C

Et;N, DCM

QVOM&

4 5

Compound 4 (8.5 kg, 18.30 mol) and EtOAc (127.5 L) were added to the reactor at room
temperature, and the pH was adjusted to 10 - 1 using a 25% (w/w) NHa (16 kg) agueous
solution. Water (85 1.) was added and stirred, and the layers were separated. After that, the
agueous layer was extracted with EtOAc (59.5 L). The combined organic extracts were washed
with 5% (w/w) NaCl (85 L), concentrated under reduced pressure, and azeotroped using DCM
(30 L). After dissolving the residue in DCM (68 L), TEA (7.65 L, 54.90 mol) was added, and
then it was cooled. While maintaining the temperature below 20 °C, isobutyryl chloride (3.83 L,
36.60 mol) was added dropwise and stirred for 10 h. After cooling the reaction solution, 1N HCl
(29.75 L) was added dropwise while maintaining the temperature below 20 °C. After that, DCM
(59.5 L) was added and stirred, and the layers were separated. The organic layer was washed
sequentially with 5% NaHCOs3 (59.5 L), IN HC1 (§9.5 L), and 5% (w/w) NaCl (59.5 L), and then
concentrated under reduced pressure to obtain 1-benzyl 2-methyl (25,45)-4-(N-((1s,4R)-4-
methyleyclohexyhisobutyramido)pyrrolidine-1,2-dicarboxylate (§) (theoretical amount 8.14 kg,

theoretical yield 100%), which was used in the next reaction without further purification.

Step E: Synthesis of (25,48)-1-{{benzvioxy jcarbonyl )-4-(N-(({5,4R }-4-

methylcyclohexyl jisobutyramido jpyrrolidine-2-carboxylic acid (6)
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chz~py Step E tbz~py ij
b o

“ LiOH

§ ¢§

§

MeOH (40.68 L) and THF (20.34 L) were added to Cormpound 5 (8.14 kg, 18.30 mol) and
cooled. Then LiOH (2.3 kg, 54.90 mol) / water (20.34 L) solation was added dropwise while
maintaining the temperature below 20 °C. After stirring at room ternperature for 2 b, 3N HCI (16
1) was added dropwise while maintaining the mixture temperature below 20 °C. The mixture
was concentrated ander reduced pressure, EtOAc (105.76 L) and 10% (w/w) citric acid (aq.,
24.41 L) were added to the residue and stirred, and the layers were separated. The organic layer
was washed with water (56.95 L) and then conceuntrated under reduced pressure to obtain
(28,45)-1-({benzvioxy)carbonyl-4-(N-({15,4R)-4-methyvicyclohexyDisobutyramido)pyrrolidine-
2-carboxylic acid {6) (theoretical weight 7.88 kg, theoretical yield 100%), which was used in the

next reaction without further purification.

Step F: Synthesis of benzyl (28,48)-4-(N-({15,4R }-4-methylcyclohexyl isobutyramido )-2-
(morpholine-4-carbonyl)pyrrolidine- I -carboxylate (7)
Step F //\Q

5 morpholine =

bz EDCHCI  cbzey,
N\/‘_? HOBEH,0 N 7

d‘y o S{}

Compound 6 (7.88 kg, 18.30 mol) was dissolved in DMF (31.51 L), and then HOBt-H-O
(4.2 kg, 27.45 mol), DIPEA (4.78 L, 27.45 wol), and EDC-HCI(5.26 kg, 27.45 mol) were
sequentially added. Then morpholine (2.37 L, 27.45 mol) was added dropwise while maintaining

the temperature below 20 °C. After stirring at room temiperature for 4 h, water (94.54 L) was
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added to the mixture dropwise while maintaining the temperature below 25 °C. EtOCAc (894.54 L)
was added and stirred, and the layers were separated. The agueous layer was further extracted
with EtOAc (31.51 L), and the combined organic extracts were sequentially washed with 1IN HCl
(78.78 L) and 5% {(w/w) NaCl (78.78 L) and then concentrated under reduced pressure. The
residue was completely dissolved in THF (39.39 L), and then water (118.18 L) was added
dropwise followed by stirring at room temperature for 16 h. The mixture was then filtered,
washed with a solution of THF (3.94 L) in water (11.82 L), and then dried under a stream of
nitrogen to obtain benzyl (25,45)-4-(N-({1s.4R }-4-methylcyclohexylisobutyramido)-2-
(morpholine-4-carbonyl)pyrrotidine- i -carboxylate (7) {6.36 kg, yvield 70%). 'H NMR (400MHz,
CDCl3y 8 7.50-7.21 (m, 5H), 5.28-4.97 (m, 2H), 4.78-4.50 (m, 1H), 4.50-3.94 (m, 1H), 3.94.3.23
(m, 11H), 3.16-2.66 (m, 2H), 2.66-2.26 (m, 1H), 2.24-1.90 (m, 2H), 1.83-1.70 (m, 1H), 1.70-1.38
{m, 6H), 1.10 (s, 6H), 1.00 (s, 3H).

Step G (version 1): Synthesis of hydrochloride salt of N-((1s,4R)-4-methylcyclohexyl}-N-
((35,58)-5-(morpholine-4-carbonyljpyrrolidin-3-vljisobutyramide (8)
K\)o o
O N O Ne_~
\\‘"2'/ Step G \\{E/ ~

chz~ " g
N . HN: 7
./\? &) Hy, PA/C \ .

O MeOH

N - N
by HCH EtCAC
} MTBE

Compound 7 (6.0 kg, 12.81 mol) was dissolved in MeOH (60 L) in the reactor, and then 10%

7 8

Pd/C (1.8 kg) was added. The reactor was pressurized with Ho gas to 0.1 bar and stirred at room
temperature until reaction completion. Then the mixture was filtered through celite, washed with
MeOH (12 L), and concentrated under reduced pressure. The residue was suspended in MBTE (18
1) and reconcentrated under reduced pressure. The residue was dissolved in MTBE (60 L), and
then 4M HCl in EtOAc (4.5 L, 18.01 mol) was added dropwise at room temperature over 1 h. After
stirring for 16 h, the mixture was filtered, washed with MTBE (12 L), and dried with a stream of

nitrogen to obtain the hydrochloride salt of N-({1s,4R)-4-methylcyclohexyl}-N-{(35,55)-5-
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(morpholine-4-carbonylpyrrolidin-3-yhisobutyramide (8) (4.08 kg, vield 84%). 'H NMR
{400MHz, CDCl) 6 11.18 (s, 1H), 8.03 (s, 1H), 5.21-5.07 (m, 1H), 4.43-4.32 (m, 1H), 3.85-3.34
(m, 11H), 2.75-2.58 (m, 2H), 2.12-2.00 (m, 1H), 1.98-1.88 (m, 1H), 1.83-1.69 {m, 2H), 1.66-1.50
{(m, 4H), 1.44-1.34 (m. 2H), 1.06 (dd, J = 6.8, 0.8 Hz, 6H), 1.00(d, ] =7.2 Hz, 3H).

Example 2: Alternative route for making the hydrochloride salt of intermediate N-({(1s,4R)-
4-methylcyciohexyl}-N-({38,55}-5-(morpholine-4-carbonyijpyrrolidin-3-ylisobutyramido
(8

Step H: Synthesis of benzyl (285,4R }-4-hydroxy-2-(morpholine-4-carbonyl jpvrrolidine-1 -

carboxylate (9)

Step M
holi (\O
morpholine
Q%:/OH EDCHC O%;’N\/J
: HOBtH,0 ;
CbZH N ........................ f....*, CbZ\ N
DOM
OH OH
1 9

(25,4R)-1-((Benzyloxy)carbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (1, 45.0 kg, 169.6
mol), HOBt-HC (2.6 kg, 1 7.0 mol), EDC-HCI(39.0 kg, 203.6 mol), and DCM (450 L) were added
to the reactor and cooled to below 10 °C. Morpholine (16.3 kg, 186.6 mol) was added dropwise,
and then the temperatare was raised to room temperature. After 2 h, the mixture was washed with
5% {(wiw) NaHCOs5 agueous solution (225.0 kg). The separated NaHCOs aqueous solution layer
was extracted with DCM (135 L). The combined organic extracts was washed with a solution of
concentrated HCI (4.7 kg) diluted with HoO (220.3 kg), and the separated aqueous layer was re-
extracted with DUM (135 L) and then combined with the DCM laver. The combined DCM extracts
were concentrated under reduced pressure to obtain benzyl (28 4R }-4-hydroxy-2-(morpholine-4-
carbonylipyrrolidine-1-carboxylate (9) (expected amount 48.2 kg, expected yield 85%}), which was
used in the following reaction without further purification. '"H NMR (500MHz, CDCla) § 7.41-
7.30 (m, 5H), 5.27-4.99 (m, 2H), 4.93-4.75 (dt, 1H), 4.67-4.54 (br d, 1H), 3.91-3.65 (m, 5H), 3.62
(d, J=11.3 Hz, 1H),3.57 (d,J = 134 Hz, 1H), 3.53-3.42 (1, 2H), 3.42-3.25 (m, 1H), 2.30-2.05
{m, 2H).
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Step 1: Svnthesis of benzyl {8)-2-(morpholine-4-carbornyi}-4-oxopyrrolidine- I -carboxylate (18)

Step |
o O
Oxe- N’ TEMPO O\\_/N\/J
R NaBr, NaQCi z
chz~py [ c;bz\N/\\
6% NaHCO4
OH DCM o}
b 10

DCM (169 L) was added to the Coropound 9 (48.2 kg, 144.2 mol) in the reactor, and then
NaHCO: (3.6 kg, 43.3 wmol), NaBr (1.5 kg, 14.4 mol}, TEMPO (0.2 kg, 1.4 mol), and HaO (48 L)
were added while maintaining a mixture temperature below 5 °C. NaHCO3 (1.6 kg, 19.0 mol)
was dissolved in NaQOCl {aq., 85.9 kg, 1154 mol) and added dropwise while maintaining the
temperature below 5 °C. Then more NaHCOs5 (0.5 kg, 6.0 mol) and NaOCl (aq., 27.3 kg, 36.7
mol) were added to complete the reaction. Na:520: (2.3 kg, 14.4 mol) was dissolved in H-0 (9.1
1}, added to the reaction mixture, heated, and then left to stand. After separating the layers and
concentrating the DCM layer, benzyl (8)-2-(morpholine-4-carbony)-4-oxopyrrolidine-1-
carboxylate (19) (expected amount 43.1 kg, expected yield 90%) was obtained and used in the
following reaction without further purification. 'H NMR (500MHz, CDCl) § 7.24-7.14 (m, 5H),
5.22-4.94 {m, 3H), 4.11-3.86 (m, 2H), 3.86-3.69 (m, 2H), 3.69-3.58 (m, 2H), 3.57-3.47 (m, 1 1),
3.47-334 (m, 2H), 3.34-3.14 (m, 1H), 2.76 (ddd, J = 39.6, 17.9, 9.5 Hz, 1H), 2.43 (dd, 1 = 27.5,
18.0 Hz, 1H).

Step J: Synthesis of benzyl (28,48 )-4-({{15,4R )-4-methylcyclohexyljamino }-2-(morpholine-4-

carbonyl)pyrrolidine-1-carboxylate (§1 )
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Step J

o

O N
(\O NaBH(OAc),
NaDAg, MeCN Cbz“‘N

G\YN\) AON x/w

,,,,,,,

cbz\N/j\Z —NH&» I/NH
“ )

O

10 11

DCM (129 L), (1s,4s)-4-methylcyclohexan-1-amine hydrochloride (21 .4 kg, 142.8 mol}, and
NaOAc (11.7 kg, 142.8 mol) were added to the reactor and cooled to below 5 °C. Then
NaBH(OACc)s (35.8 kg, 168.7 mol) was added. A solution of Compound 16 (43.1 kg, 129.8 mol}
in DCM (129 L) was added dropwise to the above solution below 10 °C and then stirred at 20 to
25 °C for 2 h. 1N NaQOH (387.6 kg) was added below 15 °C and stirred for 30 min, and then the
layers were separated. The organic layer was washed sequentially with 7% (w/w) NaBCO;
(258.8 kg) and 10% (w/w) NaCl (129 .4 kg), and then concentrated under reduced pressure to
obtain benzyl (25,45)-4-(({1s,4R)-4-methylcyclohexylamino)-2-(morpholine-4-
carbonyDpyrrolidine- L -carboxylate (11) {expected amount 52.4 kg, expected yield 94%), which
was used in the following reaction without further purification. 'H NMR (500MHz, CDCl3) 8
7.40-7.30 (m, SH), 5.25-4.98 (m, 2H), 4.61 (ddd, J=49.1, 8.8, 5.9Hz, 1H), 4.00-3.82 (m,1H),
3.82-3.70 {(m, ZH), 3.70-3.60 (m, 3H), 3.60-3.16 (m, 6H), 2.72-2.56 (m, 1 H), 2.49-2.33 (m, 1 H),
1.85-1.68 (m, 1H), 1.68-1.56 (m, [H), 1.56-1.38 (m, SH), 1.38-1.27 (m, 2H), 0.96-0.85 (d,
J=6.7THz, 3H).

Step K: Synthesis of benzyl (28,48 )-4-(N-({15,4R)-4-methylcyclohexyl isobutyramido )-2-

(morpholine-4-carbonyl)pyrrolidine-I -carboxylate (12)
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O @]
O%/ @ Step K O\}\z/ @

chz~ /\7 i oy Dz
N i e N
\_/ PrC(C)Cl V) o

- DIPEA N
NH el - \H&

ki §2

Version 1: Compound 11 (52.4 kg, 122.0 mol) and DCM (419 L) were added to the reactor
and then cooled to below 20 °C. Isobutyryl chloride (29.0 kg, 244.0 mol) and DIPEA (37.0 kg,
366.0 mol) were sequentially added below 20 °C, and then stirred at 20 to 25 °C for 2 h. The
reaction solution was cooled and maintained at below 20 °C while HxO (262 L) and IN HCl
(52.5 kg) were sequentially added to wash the solution. The separated organic layer was treated
sequentially with HxO (105 L) and 1N NaOH (52.4 kg) and then washed with 10% {(w/w) NaCl
(aq., 104.8 kg). After the DCM layer was concentrated under reduced pressure, MTBE (367 L)
was added, and the temperatare was raised. After ~3 h of reflux, the mixture was cooled and
filtered. The collected precipitate was washed with MTBE (147 L) and dried under a stream of
pitrogen gas to obtain benzyl (28,48)-4-(N-{(1s,4R)-4-methylcyclohexylyisobutyramido)-2-
(morpholine-4-carbonylpyrrolidine-1-carboxylate (12) (46.9 kg, yield 77%).

Version 2: Compound 11 (39.5 kg, 81.3 mol) and DCM (370.3 kg) were added to the
reactor at room temperature, and then cooled to below 20 °C. Isobutyryl chloride (19.4 kg, 181.6
mol) and DIPEA (24.7 kg, 192.0 mol} were seguentially added below 20 °C, and then stirred at
20 to 25 °C for 3 h. The reaction solution was cooled and maintained below 20 °C, and HyO
(174.7 L) and IN HCI (34.9 kg) were sequentially added to wash the solution. The separated
organic layer was treated sequentially with H2O (69.9 L) and 1N NaOH (39.5 kg), and then
washed with 10% (w/w) NaCl (69.9 kg). After the DCM layer was concentrated under reduced
pressure, isopropyl acetate (100.3 kg) was added. After stirring at 80 t0 90 °C for 0.5 to 1 h, the
mixture was cooled, and then MTBE (85.3 kg) was added dropwise at 60 °C for about 1 h. The
mixture was then refluxed for 1 h, cooled to room temperature, stirred for 16 h, and filtered. The
collected precipitate was washed with MTBE (107.0 kg) and dried under a stream of nitrogen

zas. The residue (29.4 kg) was dissolved in isopropyl acetate (102.2 kg) at 80 to 90 °C, cooled,
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and treated dropwise with MTBE (87.2 kg) at 65 °C. The mixture was then refluxed for .5
hours, cooled to room temperature, stirred for 12 hours, and filtered. The collected precipitate
was washed with MTBE (43.48 kg) and dried under a stream of nitrogen gas to obtain benzyl
(25,48)-4-(N-({15,4R)-4-methylcyclohexylisobutyramido)-2-(morpholine-4-
carbonyl)pyrrolidine-1-carboxylate (12) (25.06 kg, vield 62%).

"H NMR (400MHz, CDCls) § 7.50-7.21 (m, 5H), 5.28-4.97 (m, 2H), 4.78-4.50 (m, 1H),
4.50-3.94 {m, 1H}, 3.94-3.23 (m, L1H), 3.16-2.66 (m, 2H), 2.66-2.26 (m, 1H), 2.24-1 90 (m, 2H),
1.83-1.70 (m, 1H), 1.70-1.38 (m, 6H), 1.10 (s, 6H), 1.00 (s, 3H).

Step G {versions 2 to 4): Synthesis of hydrochloride salt of N-({{s5,4R)-4-meihylcyclohexyl)-N-

((358,58)-5-(morpholine-4-carbonvljpyrrolidin-3-vljisobutyramide (8)

o
OQ\{,N\) Step L O N
- y
cbz\N:’E a) Hy, P_dloii,_i\/ieOH HNiz
w0 35% HCI (aq.) S
N = HCI N
T b} 4M HCH EtOAC o

MBETE

Version 2: Compound 7 (30.0 kg, 60.04 mol) was dissolved in MeOH (300 L) in the
reactor, and then 10% PA/C (9.0 kg) was added. The reactor was pressurized with Haz gas to 0.5
bar and stirred at roorn temperature. After the reaction was completed, the mixture was filtered
through Celite and washed with MeOH (60 L). 4M HCl in EtQAc (22.5 L, 90.1 mol) was added
below 20 °C, and the mixture was concentrated under reduced pressure. After concentration
under reduced pressure, the residue was azeotroped with DCM (45 L), and then DCM (45 L) was
added to the residue to dissolve it. A reactor was loaded with MBTE and a seed portion of
Compound 7 (30.0 g). At room temperature, the DCM solution was added dropwise the reactor
containing seed in MBTE and aged for 2 h. Afier filtration, washing with MTBE (45 L), and
drying under a stream of nitrogen gas, the hydrochloride salt of N-((1s,4R)-4-methylcyclohexyl)-
N-{(35,38)-5-(morpholine-4-carbouyDpyrrolidin-3-yhisobutyramide (8) was obtained (16.8 kg,

yield 70%).
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Version 3: Compound 7 (86.0 kg, 172.1 mol) was dissolved in MeOH (340.6 kg) in the
reactor and dissolved, and then 10% Pd/C (4.3 kg) was added. The reactor was pressurized with
Ho gas at 0.5 to 1.3 bar and stirred at room temperature. After the reaction was completed, the
mixture was filtered through Celite and washed with MeOH (100 L). After concentrating the
filtrate under reduced pressure, the residue was azeotroped with EtOAc (465.4 kg) and MTBE
{422.2 kg) and then dissolved in MTBE (592 kg). 4M HCl in EtOAc (43 L, 172.1 mol) was
added, and the mixture was aged for 2 h, filtered, and washed with MTBE (63.6 kg). Drying
under a stream of nitrogen gas afforded the hydrochloride salt of N-((1s,4R)-4-
methyleyclohexyl)-N-((38,55)-5-(morpholine-4-carbonylpyrrolidin-3-yljisobutyramide (8)
(67.2 kg, vield 97%).

Version 4: Compound 7 (17.8 kg, 35.6 mol} was dissolved in 35% HCl (aq., 94.7 kg) in the
reactor and stirred at an external temperature of 42 to 47 °C for 2 h. After the reaction was
completed, it was washed using heptane (73.1 kg). After cooling the water layer to below 0 °C,
10N NaOH (75 L) was added dropwise while maintaining the temperature below 25 °C to adjust
the pH to approxiroately 11. The mixture was extracted with EtOAc (2 x 64.2 kg). The combined
HtOAc layers were concentrated under reduced pressure at an external temperature of 40 °C.
Then MTBE (21.5 kg) was added and azeotroped. MTBE (131.7 kg) was added to completely
dissolve the residue, and then 4M HCl in EtOAc (8.9 L) was added at an internal temperature of
20 to 25 °C and stitred for ~30 min. The precipitate was collected by filtration, washed with
MTBE (13.2 kg), and dried under a stream of nitrogen gas to afford the hydrochloride salt of N-
((1s,4R)-4-methylcyclohexyl)-N-((35,55)-5-(morpholine-4-carbonyhpyrrolidin-3-
yisobutyramide (8, 12.56 kg, vield 88%).

"H NMR (400MHz, CDCh) 8 11.18 (s, 1H), 8.03 (s, 1H), 5.21-5.07 (m, 1H), 4.43-4.32 (m,
1H), 3.85-3.34 (m, 11H), 2.75-2.58 (m, 2H), 2.12-2.00 (m, TH), 1.98-1.88 (m, 1H), 1.83-1.69 (i,
2H), 1.66-1.50 (m, 4H), 1.44-1.34 (. 2H), 1.06 (dd, T = 6.8, 0.8 Hz, 6H), 1.00(d, I =7.2 Hz,
3H).

Example 3: Making N-((35,55)-1-{(38,4R}-1-(tert-butyl}-4-(d-chlorophenyl)pyrrolidine-3-

carbonyl)-5-(morpholine-4-carbonyl)pyrrolidin-3-yi)-N-({1s 4R }-4-

methylcyclohexyljisobutyramide (15)
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Step M (version 1): Synthesis of crude N-({35,58)-1-({35,4R)-I-(tert-butyl}-4-(4-
chlorophenyl)pyrrolidine-3-carbonyl)-5-(morpholine-4-carbonyl )pyrrolidin-3-yl)-N-({15,4R }-4-

methyleyelohexyl jisobutyramide (141 )

o Step M o
O%\Z/N\/I o {version 1) N\)
: \ ﬁ\
HN ) 7&“@/&% EDC-HCH O&L { 7
[ o / 0

— + HOBt-HoO
HCE N == e /\\
N/ acetone
=
ci \(

8 13 14

Compound 8 (23.43 kg, 79.61 mol), (35,4R)-1-(tert-buty})-4-(4-chlorophenylypyrrolidine-3-
carboxylic acid (13, as afforded by Preparation Example 2, 32.00 kg, 79.61 mol), HOBtsH( (0.61
kg, 3.98 mol), and acetone (1253.38 kg) were added to the reactor, and then the internal temperature
was cooled to 10 to 15 °C. EDC-HCI (16.78 kg, 87.57 mol) was added, and the reactor temperature
was raised to 20 to 25 °C. After 1 h of stirring, H2O (32.07 kg) was added, and then the mixture
was concentrated under reduced pressure. The residue was dissolved completely in HaO (96.00
kg) and washed with isopropy! acetate (167.04 kg). The separated agueous layer was concentrated
under reduced pressure and reconstituted by the addition of H0 (480.00 kg). After cooling to an
internal temperature of 0 to 5 °C, IN NaOH agueous solution (96.00 kg) was added via slow
dropwise addition. After stirring for 3 hours, the precipitate was collected by filtration, washed
with Ho(3 (799.65 kg), and dried under a stream of nitrogen gas to obtain crude N-{((35,55)-1-
((35,4R)-1-(tert-butyl}-4-(4-chlorophenylpyrrolidine-3-carbonyl)-5-(morpholine-4-
carbonyDpyrrolidin-3-y1}-N-((15,4R)-4-methylcyclohexyhisobutyramide (14) (43.70 kg, yield
87%). 'H NMR (400 MHz, CD:Cl) § 7.33-7.16 (m, 4H), 4.64 (t, J = 8.8 Hz, 1H), 4.04 (£, J = 9.4
Hz, 1H), 3.74-3.30 (m, 11H), 3.16 (t, / = 8.4 Hz, 1H), 3.11-2.98 (m, 3H), 2.83 (t, /= 8.2 Hz, 1H)},
275 (¢, J =78 Hz, IH), 2.71-2.58 (m, 2H), 2.02-1.86 (m, 2H), 1.69-1.4% (m, 5H), 1.45-1.33 {1,
2H), 1.29-1.17 (m, 1H), 1.07 (s, 9H), 1.00(d, J = 6.8 Hz, 6H), 0.95 (d, /= 7.2 Hz, 3H).

102



WO 2025/149985 PCT/1B2025/050327

Step N: Preparation of purified N-({35,55)-1-({35,4R -1 -{tert-butyl)-4-(4-
chiorophenyllpyrrolidine-3-carbonyl)-5-(morpholine-4-carbonyl )pvrrolidin-3-ylj-N-{(15,4R }-4-
methyleyelohexyl jisobutyramide (18)
Step N [/“Q
O%/ N \) N._~

7\ Q)L 7 acetone/heptane ﬁ\ Q””L 7
O {purification) O

oo

@Q ” ©;$

(;}ur:faed)

Crude Compound 14 (43.00 kg, 63.33 mol) was dissolved in acetone (35.39 kg) and heptane
(44.12 kg). More heptane (176.47 kg) was added, and after stirring for 12 h or more, the mixture
was cooled to an internal temperature of O to 5 °C and stirred for an additional | h. The resulting
precipitate was collected via filtration, washed with heptane (58.82 kg), and dried under a stream
of nitrogen gas to obtain purified N-((35,55)-1-((35,4R)-1 -{tert-butyl}-4-(4-
chlorophenyhpyrrolidine-3-carbonyl}-53-(morpholine-4-carbonylpyrrolidin-3-y)-N-((15,4R }-4-
methyleyclohexybhisobutyramide (15) (40.68 kg, vield 95%).

Comparative Example 1: Making N-((38,58)-1-({35,4R}-1 -{tert-butylj-4-(4-
chlorophenyDpyrrolidine-3-carbonyl)-5-(morpholine-4-carbonylpyrrolidin-3-y1)-N-
((1s,4R)-4-methylcyclohexyllisobutyramide (14-A)

Step M’: Svnthesis of crude N-{(38,58)-1-((38.4R)-1~(tert-butyl )-4-(4-chiorophenyljpyrrolidine-
3-carbonyl}-5-(morpholine-4-carbonyljpyrrolidin-3-vi}-N-({15.4R )-4-

methylcyclohexyljisobutyramide (14-A )
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Step W' f/\o

SN N N

~ Fyn A FayA
HN NQ)KOH EDC-HCI
DN 3 HOBEH,O :
HCl N == ——— 2
,,,,, N y/ DMAC §j
14-A

Compound 13 (5.61 kg, 19.90 mol), Compound 8 (8.00 kg, 19.90 mol}, HOBt-H,0 (4.57
kg, 29.84 mol), and DMAc (37.60 kg) were added to the reactor, and then the internal temperature
was cooled to § to 5 °C. After cooling, EDC-HCI (572 kg, 2984 mol) was added, and then it was
stirred for 14 h. After the completion of the reaction, H20O (40.00 kg) was added while the internal
temperature was kept below 20 °C, and EtOAc (60.11 kg) was added for washing. The upper
organic layer was allowed to stand while the lower agueous layer was separated, and then a 25%
NHz aqueous solution (7.93 kg) was slowly added dropwise, followed by the addition of EtOAc
(36.08 kg) to carry out the extraction. The combined organic layers were washed sequentially with
a 5% (w/w) NaH{C (s agoeous solution (56.1 kg) and then H=0O (80.00 kg). The separated organic
layer was concentrated under reduced pressure and azeotropically distilled using MTBE (1245
kgy to obtain crude N-{(35,55)-1-{(35,4R)-1-(tert-buty})-4-(4-chlorophenyl)pyrrolidine-3-
carbony!)-3-(morpholine-4-carbonylpyrrohidin-3-yD)-N-{{1s,4R )-4-
methyleyclohexyhisobutyramide (14-A) (11.28 kg, yield 90%), which was used in the next
reaction without any purification process. "H NMR (400 MHz, CDCh) § 7.33-7.16 (i, 4H), 4.64
(t, /= 8.8 Hz, 1H),4.04 {t, /=9.4 Hz, 1H),3.74-3.30 (m, 11H), 3.16 (t, / = 8.4 Hz, 1H), 3.11-2.98
(m, 3H), 2.83 (t, J = 8.2 Hz, 1H), 2.75 (t, / = 7.8 Hz, 1H), 2.71-2.58 (m, 2H)}, 2.02-1.86 (m, 2H),
1.69-1.48 (m, SH), 1.45-1.33 (m, 2H), 1.20-1.17 (m, 1H), 1.07 (s, OH), 1.00 (d, J = 6.8 Hz, 6H),
0.95(d, /=72 Hz, 3H).

Step O': Synthesis of the hydrochloride salt of N-((38,55)-1-{{35,4R)-I-(tert-buryl)-4-(4-
chiorephenyljpyrrolidine-3-carbonyl)-5-(morpholine-4-carbony! )pvrrolidin-3-yl )-N-{{ 15,4R }-4-

methylcyclohexyl jisobutyramide (16-4 )

104



WO 2025/149985 PCT/1B2025/050327

O Step O o,
O‘\g/ N\,) O\\;;, N _~

o3 HCI O 3
s ome om
! . O 40 HC in Et0Ac O
A N

-

o

30 : N
E ‘y MTBE / heptane é%
/l
Ci

Cl

14-A 16-A

The procedure for Step O is identical to that for Step O in Example 4 below.

Example 4;: Making the hydrochloride salt of N-{(35,58)-1-({(38,4R)-1-(tert-butyl)}-4-{4-
chlorophenylpyrrolidine-3-carbonyl)-5-(morpholine-4-carbonyhpyrrolidin-3-yi)-MN-
((15,4R}-4-methylcyclohexylisobutyramide (17)

Step M (version 2): Synthesis of crude N-({38,55)-1-((38,4R)-1-{tert-butyl}-4-(4-
chlorophenylpvriolidine-3-carbonyl}-5-(morpholine-4-carbonyl pyrrolidin-3-vI)-N-((15,4R )-4-

methyleyclohexyljisobutyramide (14-2)

~~
o Step M o
O\\:/N\/l o (version 2) o G%_,N\/J
: \ ii \ i z
. N
. ?\N\M/ OH  EDCeHCH 7L\F\§‘/7A ] o)
W HOBtH0 —i = el
HCH N'é_ C—— N N N
Y/ acetone |
) \ ® =
e Ci
Ci
8 13 14

(35,4R)-1-(Tert-butyl)-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid (13, 23.43 kg,
79.61 mol), Compound 8 (32.00 kg, 79.61 mol), HOBt=H>0 (0.61 kg, 3.98 wol), and acetone
(125.38 kg) were added to the reactor and cooled to 10 to 15 °C. Then EDCHCI (16.78 kg, 87.57
mol) was added, and the reaction temperature was raised to 20 to 25 °C. After | h of stirring, the
mixture was treated with H.O (32.07 kg) and then concentrated under reduced pressure. The
residue was dissolved completely in Ho( (96.00 kg) and washed with isopropyl acetate (167.04
kg). The separated aqueous layer was concentrated under reduced pressure, followed by the
addition of HO (480.00 kg) and cooling to 0 to 5 °C. After siow dropwise addition of 1N NaGOH

agueous solution (96.00 kg) and stirring for 3 h, the precipitate was collected by filtration, washed
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with HaO {799.65 kg), and dried with nitrogen to obtain N-({(35,55)-1-((35,4R)- [ -(tert-butyi)-4-
(4-chlorophenylpyrrolidine-3-carbonyl}-5-(morpholine-4-carbonylpyrrolidin-3-yh-N-((1s5,4R)-
4-methylcyclohexyhisobutyramide (14) (43.70 kg, yield 87%). 'H NMR (400 MHz, CD:Ch) §
7.33-7.16 (m, 4H),4.64 (t, /=8.8 Hz, 1H), 4.04 (t, / = 9.4 Hz, 1H), 3.74-3.30 (m, 11H), 3.16 (, J
= 8.4 Hz, 1H), 3.11-2.98 (m, 3H), 2.83 (t, / = 8.2 Hz, 1H), 2.75 (¢, / = 7.8 Hz, 1H), 2.71-2.58 (m,
2H3, 2.02-1.86 {m, 2H), 1.69-1.49 (m, SH), 1.45-1.33 (m, 2H), 1.29-1.17 (m, 1H), 1.07 (s, OH},
1.00d, F=6.8 Hz, 6H), 0.95 (d, / =7.2 Hz, 3H).

Step O: Synthesis of the hydrochloride salt of N-((38,55}-1-({35,4R)-1-(tert-butvl)-4-{4-
chiorophenyljpyrrolidine-3-carbonyl)-5-(morpholine-4-carbonyl )pvrrofidin-3-yl j-N-({ 15,4R }-4-

methylcyclohexyljisobutyramide (16)

Step O 0
i
Ox N~
e o Y
9\&1 ' N/7
4M HC! in EtOAc R I =
Jo . ’N
MTBE / heptane j Sv
Ci
16

MTBE (15845 kg) and heptane (7.71 kg) were added to the Compound 14 (11.28 kg,
16.94 mol}, then the mixture was cooled to an internal temperature of -5 to 5 °C, followed by the
addition of 4M HCl in EtOAc (4.12 kg). The temperature was then adjusted to 0 to 5 °C, and the
mixture was stirred for at least 30 min. The resulting precipitate was collected by filtration, washed
with heptane (15.42 kg), and dried under a stream of nitrogen gas to obtain the hydrochloride salt
of N-{(35,58)-1-({(35 4R )- 1 -{tert-butyi}-4-(4-chlorophenylpyrrolidine-3-carbonyl)}-5-
{morpholine-4-carbonylpyrrolidin-3-y1}-N-({1s,4R)-4-methylcyclohexyhisobutyramide 16)
(9.38 kg, vield 72%). 'H NMR (400 MHz, CD:Ch) 8 12.91 (s. [H), 7.58 (d, | = 8.4 Hz, 2H), 7.30
{d, ] =84 Hz 2H) 4.57 (1, ] =88 Hz, 1H), 4.14 (1, ] = 9.6 Hz, 1H), 3.93-3.16 (m, 16H)}, 2.98 ¢,
J=82Hz, 1H), 2.68-2.53 (m, 2H), 1.98-1.84 (m, ZH), 1.73-1.64 (m, 1H), 1.62-1.46 (m, 4H), 1.41
{s, 9H), 1.37-1.20 (m, 3H), 1.02 (4, I = 6.8 Hz, 3H}, 0.97 (d, ] = 6.8 Hz, 3H), 092 (d, ] = 7.2 Hz,
3H).
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Example 5: Making crystaliine Form 1 particles of hydrate of hydrochioride salt of N-
{(35,585)-1-{{35 4R }-1-(tert-butyl)-4-(d-chiorophenylipyrrolidine-3-carbonyi)-5-
(morpholine-4-carbonybpyrrolidin-3-yi}-N-{{1s,4R }-d-methylcyclohexyl)isobutyramide (17)
Step P (version 1): Making the crystalline Form {I particles of hvdrate of hydrochloride salt of
N-{(38,55)-1-({35 4R -1 -(tert-butyl)-4-(4-chlorophenvi)pyrrolidine- 3-carbonyl)-5-{morpholine-
4-carbonyl)pyrrolidin-3-y1)-N-((15,4R )-4-methyicyclohexvljisobutyramide (17)

FD o

ON\/’

HOL O 2
Step P }\ Q”’L :
0 _Et0Ac/H0 'é;

{crystaliine Form {1l paricles)

Example 5-1: Compound 16 (1 g) was completely dissolved at 60 °C using | mL of EtOAc
and .15 mL of distilled water. Then the mixture was cooled to 3 °C and stirred for 25 h at that
temperature. The precipitate was collected by filtration under nitrogen pressure to obtain
crystalline Form 1H particles of hydrate of hydrochloride salt of N-({35,55)-1-({35,4R})-1-{tert-
butyl)-4-{(4-chloropheny}pyrrolidine-3-carbonyl}-5-(morpholine-4-carbonyDpyrrolidin-3-y)-N-
{{1s,4R)-4-methvicyclohexylyisobutyramide (17) (Yield: ~80%). Powder XRD pattern exhibited
characteristic peaks (26} at 6.62°, 7.44°, 9.18°, 9.€9°, 10.83°, 11.42°, 12.92°, 14.61°, 15.36°,
15.79°, 15.95°, 17.37°, 18.20°, 18.99°, 19.34°, 19.69°, 20.40°, 21.66°, 21.98°, 22.45°, 22.85",
24.66°, 25.52°, 26.55°, 28.08°, 29.31° and 29.54° and is shown in FIG 2.

Step P {(version 2): Making the crvsialline Form HI particles of hvdrate of hydrochloride salt of

N-{(38,55)-1-({35 4R -1 -(tert-butyl)-4-(4-chlorophenvi)pyrrolidine- 3-carbonyl)-5-{morpholine-

4-carbonyl)pyrrolidin-3-vi)-N-({ 15,4R }-4-methylcyclohexyl)isobutvramide (17}
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é\ Step P na Q
‘N\ N\ HCI 7\*“\3}“L Q
....... ! -0 EtOAc/ HQO P

14
{crystaliine Form il particles)

Example 5-2: Compound 14 (16 g) was added to a 100 mL crystallizer, and 46.464 mL of
EtOAc and 1.477 mL of distilled water were added to dissolve it. After the dissolation was
completed, the internal termperature was set to 20 °C and 2.113 mL (~1 molar equivalent) of
concentrated HCI was added. After the addition was completed, the mixture was matured at 15
°C until particles were formed. The filtrate area was analyzed, and when the filtrate area
decreased to approximately 80 to 85% of the initial area, the internal temperature was raised to
20 °C. The mixture was subjected to alternating cycles of maturing and filtering until the filtrate
area no longer decreased after temperature elevation. The particles collected by filtration are
crystalline Form 1H-1 particles of hydrate of hydrochloride salt of N-({35,55)-1-((35,4R}-1-(tert-
butyl)-4-{(4-chloropheny}pyrrolidine-3-carbonyl}-5-(morpholine-4-carbonyDpyrrolidin-3-y1)-N-
({1s,4R)-4-methylcyclohexyhisobutyramide (17-1). The powder XRD pattern of 17-1 exhibited
characteristic peaks (268) at 6.54°, 7.33°, 9.10°, 9.81°, 18.75°, 11.30°, 12.84°, 14.46°, 15.28°,
15.64°, 15.79°, 17.29°, 18.08°, 18.91°, 19.22°, 19.58°, 20.29°, 21.59°, 21.90°, 22.33°, 22.77",
24.54°, 25.45°, 26.47°, 28.05°, 29.19°, and 29.46°, identifying it as the same crystal form
{crystalline Form 111} as in 7.

Example 5-3: Compound 14 (16 g) was added to a 100 mL crystallizer, and 46.464 mL of
EtOAc and 1.477 mL of distilled water were added to dissolve it. After the dissolution was
completed, the internal temperature was set to 20 °C and 2.113 mL (~1 molar equivalent) of
concentrated HCl was added. After the addition was completed, the mixture was matured at 10
°C until particles were formed. The filtrate area was analyzed and when the filtrate area
decreased to approximately 80 to 85% of the initial area, the internal temperature was raised to
20 °C. The mixtare was subjected to alternating cycles of maturing and filtering until the filtrate

area no longer decreased after temperature elevation. The particles collected by filtration are
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crystalline Form [1I-2 particles of hydrate of hydrochloride salt of N-({35,55)-1-({35,4R)-1-(tert-
butyl)-4-(4-chlorophenyl)pyrrolidine-3-carbonyl)-5-(morpholine-4-carbonylpyrrolidin-3-y1)-N-
({(18,4R)-d-methylcyclohexyh)isobutyramide (17-2). The powder XRD pattern of 17-2 exhibited
characteristic peaks (28} at 6.46°, 7.36°, 9.10°, 9.73°, 10.63°, 11.30°, 12.80°, 14.42°, 15.20°,
15.68°, 15.79°, 17.25°, 18.08°, 18.87°, 19.18°, 19.54°, 20.25°, 21.51°, 21.86°, 22.33°, 22.73°,
24.54°,25.37°, 26.43°, 28.01°, 29.19°, and 29.42°, identifying it as the same crystal form
(crystalline Form III) as in 7.

Example 5-4: Compound 14 (16 g} was added to a 100 mL crystallizer, and 46.421 mL of
EtOAc and 1.708 mL of distilled water were added to dissolve it. After the dissolution was
completed, the internal temperature was set to 20 °C and 2.111 mL {~1 molar equivalent) of
concentrated HCI was added. After the addition was completed, the mixture was matured at 13
°C until particles were formed. The filtrate area was analyzed, and when the filtrate area
decreased to approximately 80 to 85% of the initial area, the internal termperature was raised to
20 °C. The mixture was subjected to alternating cycles of maturing and filtering until the filtrate
area no longer decreased after teroperature elevation. The particles collected by filtration are
crystalline Form [11-3 particles of hydrate of hydrochloride salt of N-((38,58)-1-((35,4R)-1-(tert-
butyh)-4-(4-chlorophenylpyrrolidine-3-carbonyl)-3-(morpholine-4-carbonyDpyrrolidin-3-yi)-N-
{{18,4R)-4-methylcyclohexylisobutyramide (17-3). The powder XRD patiern of 17-3 exhibited
characteristic peaks (28) at 6.42°, 7.29°,9.06°, 9.73°, 10.717, 11.26°, 12.80°, 14.42°, 15.20°,
15.60°, 15.76°, 17.25°, 18.04°, 18.83°, 19.18°, 19.50°, 20.25°, 21.51°, 21.82°, 22.20°, 22.69°,
24.50°, 25.37°, 26.43°, 28.01°, 25.19° and 29.42°, identifying it as the same crystal form

{crystalline Form 1) as in 17.

Comparative Example 2: Making particles of hydrochloride salt of N-({38,55)-1-((35,4R)-1-
{(tert-butyi)-4-(4-chlorophenyDpyrrolidine-3-carbonyi)-5-(morpholine-4-
carbonyl)pyrrofidin-3-yi)-N-((1s,4R)-d-methylcyclohexvlisobutyramide (17"}

Step P’ (version 1): Making particles of hydrochloride salt of N-((358,5S}-1-({35,4R}-1-(tert-
butyl)-4-(4-chlorophenyl)pyrrolidine-3-carbonyi}-5-(morpholine-4-carbonyl jpyrrolidin-3-yl }-N-

((13,4R)}-4-methvicyclohexyl)isobutyramide (17°)
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Comparative Example 2-1: 1 g of Coropound 16 was dissolved using 1 ml of BtOAc at
room teroperature. After the dissolation was completed, stirring contivued for 43 h, but crystals
sirnilar to those in Example 5 were not obtained.

Step P’ (version 2): Making particles of hydrochloride salt of N-((35,58)-1-({35,4R)-1-(rert-

butyl}-4-{4-chlorophenyi)pyrrolidine-3-carbonyi )-5-(morpholine-4-carbonyljpyriolidin-3-yl )-N-

((1s,4R)-4-methvicyclohexyl)isobutyvramide (17°)
O

o QWN\)
9\ : Step P
N N HCH

b [ - O EtOAc / H:O

14

Comparative Example 2-2: 16 g of Compound 14 was added to a 100 mL crystallizer, and
46.464 mL of EtOAc and 0.703 mL of distilled water were added to completely dissolve it. The
internal temperature was set to 20 °C and 2.113 mL (~1 molar equivalent) of conc. HCl was
added. After the addition was completed, the mixture was matured at 10 °C until particles were
formed. The filtrate area was analyzed, and when the filtrate area decreased, the internal
temperature was raised to 20 °C. The mixture was subjected to alternating cycles of maturing and
filtering until the filtrate area no longer decreased after ternperature elevation. The particles
collected by filtration are crystalline Form HI-A particles of hydrochloride salt of N-({35,38)-1-
{(35,4R)-1-{tert-butyl}-4-(4-chlorophenyhpyrrolidine-3-carbonyl)-5-(morpholine-4-
carbonyDpyrrolidin-3-y1)-N-{(15,4R)-4-methyleyclohex yhisobutyranude (17°-A). The powder
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XRD pattern of the prepared crystalline Form - A particles exhibited characteristic peaks (28)
identifying it as the same crystal form (crystalline Form HI) as obtained from Example 5-1.
Comparative Example 2-3: 16 g of Compound 14 was added to a 100 mL crystallizer, and
46.464 mL of EtOAc and 0.440 mL of distilled water were added to completely dissolve it. The
internal temperature was set to 20 °C and 2.113 mL (~1 molar equivalent} of conc. HCI was
added. After the addition was completed, the mixture was matured at 12.5 °C until particles were
formed. The filtrate area was analyzed, and when the filtrate area decreased to approximately 40
to 45% of the initial area, the internal temperature was raised to 20 °C. The mixiure was
subjected to alternating cycles of maturing and filtering until the filtrate area no longer decreased
after temperature elevation. The particles collected by filtration are crystalline Form HI-B
particles of hydrochloride salt of N-({38,55)-1-((35,4R)-1-(tert-butyl}-4-(4-
chlorophenyhpyrrolidine-3-carbonyl)-5-(morpholine-4-carbonyDpyrrotidin-3-y[)-N-{(1s,4R -4~
methyleyclohexyhisobutyramide (17°-B). The powder XRD pattern of the prepared crystalline
Form [11-B particles exhibited characteristic peaks (20) identifying it as the same crystal form

(crystalline Form II) as obtained from Example 5-1.

Experimental Example 1. Comparison of yield of the process of Example 1 with that of
Exarnple 2

Compared to Example |, the preparation method according to Example 2 improves the process
of synthesizing 8 by omitting the methyl-protection and deprotection processes and introducing
morphohine early. As a result, the process was simplified by reducing 2 steps, and the vield also
ncreased.

Table 1. Comparison of vields of Example 1 with those of Example 2

Example 1 {Yield (%) Example2 |Yield (%)
Compound 2 90.0{ Compound 9 85.0
Compound 3 102.5] Compound 18 90.0
Compound 4 44.8{ Compound 11 94.0
Compound § 160.0| Compound 12 76.9
Compound & 100.6; Compound 8 97.14
Compound 7 70.0 - -
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Compound 8 83.7

Total Yield (%) 24.2 Total Yield (%)

1713
o
~4

Experimental Example 2. Comparison of the reductive amination reaction of the process of
Example 1 (Step C) with that of Example 2 (Step )

In the reductive amination reaction of Example 1 (Step ©), about 13% of undesired stereoisomer
was generated during the reductive amination reaction from Compound 3 to Compound 4, and in
order to selectively purify this, there was a problem of poor filterability in the process of creating
an oxalate salt and filtering it, and there was also a problem of low yield of 55%. When reductive
amination is performed with (1s8,4s)-4-methylcyclohexan-1-amine hydrochloride, two
stereoisomers can be generated, and the ratio is determined depending on the direction in which
borohydride is added in the imine reaction intermediate state. If bulkier groups are present on
one side of the cyclic ketone (e.g. morpholine compared to methyl ester), the probability
borchydride will come from the opposite side should increase. Whereas in Step C the product
isomer ratio was 13 to &7, in Step J the ratio was <1 to 99. The resuits of several batch
reproducibility experiments also showed that the minor product isomer of Step J was 0.5 to

0.9%, confirming that the reaction proceeded in a highly stercoselective manner (see FIG. 1).

Experimental Example 3. Comparison of the Conventional Preparation Method According
to Comparative Exampie 1 and the Preparation Method According to Example 3, and
Purity Analysis of the Compounds Prepared by Each Method
The methods according to Comparative Example 1 and Example 3 were compared. The

compounds prepared were analyzed for purity using HPLC (Coluron: CAPCELL PAK, TYPE
UGI20 5 um, 4.5 LD x 250 mun; Manufacturer: Shiseido), and the results are shown in Table 3.

HPLC Pority Analysis Method

1) Coluron Type: CAPCELL PAK C18, TYPE UGI20 5 um, 4.6 LD x 250 mm

2) Injection Volume: 5 pL.

3} Mobile Phase A: Acetonitrile + 0.1% TFA (viv)
43 Mohile Phase B: HzO + 0.1% TFA (viv)

5} Flow Rate: 1.0 mL./ min

&) Concentration Gradient
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- Stop time: 30 min
- Post time: 5 min

Table 2. HPLC solvent program for Experimental Example 3.

Analysis Time (Minutes) Mobile Phase A (%) Mohile Phase B (%)
5.00 30 70
16.00 40 60
18.00 50 50
22.00 100 G
25.00 100 0
30.00 30 70

7y Column Temperature: 25 °C (Left, Right)
§) Detector UV wavelength: 220 nm

Table 3. Reaction yields and HPLC purities of Comparative Example 1 vs Example 3.

Comparative HPLC Purity | Yield HPLC Parity Yield
, , Example 3
Example 1 (PAR %) (%) (PAR %) (%}
Step M )
Step M’ 89.6 (Reaction) 95.6 (Reaction) /
- {Compound 87.2
{Compound 14-A) 97.1 (Crude) ™ 98.4 (Solid)
Step N
Step O ]
97.0 715 {Compound 99.5 94.6
{Compound 16-A)
15)
3 Overall Yield ]
Overall Yield (%) - 71.5 - 82.5
(%)

As confirmed in Table 3, the method of Example 3 affords Compound 15 in higher purity
and yield compared to Compound 16-A afforded by Comparative Example 1. In addition, the
preparation method of Example 3 has the following advantages over the existing preparation
method of Comparative Example [.

Advantages in Step M vs Step M

Reduction of HOBt=H;0 usage: 1.5 eq — 0.05 eg
Reduction of reaction time:; 14dh->1h

Nuniber of work-up extractions: 4 tiroes — 2 tiroes
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Introduction of crystallization process: Isolated compounds of 15 may be introduced.

Advantages in Step N vs Step (I’

Improvement of yield: 71.5% — 88-94.6%

Securing of process reproducibility

Experimental Example 4. Purity Analysis of Compound 14-2 and Compound 16 According
to Example 4.
The purities of Compound 14 and Compound 16, as prepared in Example 4, were measured

as 97.2% and 99.8%, respectively, using HPLC (as detailed in Experimental Example 3).

Experimental Example 5. Differential Scapning Calorimetry (DSC) Analysis of Crystalline
Form [II Particles (A7)

DSC was measured using a Mettler Toledo DSC 1 system. The sample (2 to 5 mg) was
placed in a 40 pl. Alcrucible (a flat-bottomed aluminum pan) with a one pin-hole lid. The sample
was heated from 25 °C to 350 °C at a rate of 10 °C/moin, and DSC data was recorded. During
measurernent, nitrogen gas was supplied to the inside of the equiproent at a rate of 70 mL/min to
prevent the inflow of oxygen and other gases. Data collection and evaluation were performed
using the software STARe.

The results of DSC measurement of the obtained crystalline Form III are shown in FIG. 3.
The first endothermic peak of crystalline Form HI was observed at approximately 42.3 °C
(onset), and the second endothermic peak was observed at approximately 124.7 °C {onset). An
endothermic peak due to decomposition appeared after approximately 220 °C. Temperature

values have a margin of error of +5 °C.

Experimental Example 6. Thermogravimetric Analysis (TGA) of Crystalline Form i
Particles (17)

TGA was measured using a Mettler Toledo TGA/DSC | module. The sample (~4 to 8 mg)
was placed into a 100 pl. Alcrucible (flat-bottomed aluminum crucible). Afterwards, the sample
was heated from 30 °C to 350 °C at a rate of 10 °C/min, and TGA data was measured. During
measurement, nitrogen gas was supplied to the inside of the equipment at a rate of 80 mL/min to

prevent the inflow of oxygen and other gases. Data collection and evaluation were performed

114



wo

using the software STARe.

The results of TGA measurement of the obtained crystalline Form I are shown in FIG. 4. A
weight loss of approximately 2.4% was observed in crystalline Form 11l at temperature below
100 °C. Afterwards, a weight loss of approximately 4.8% occurred at 110 to 150 °C. Weight loss

due to decomposition occurred after approximately 220 °C. Temperature values have a margin of

2025/149985

error of £5 °C.
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Experimental Example 7. Stability Evaluation of Crystalline Form III Particles (17)

Samples weighing approximately 10 to 30 mg were stored in an open state under accelerated
conditions (40 °C, 75% RH) or in a sealed state in an oven at 80 °C for 4 weeks under harsh

conditions. To compare the samples with samples stored at room temperature, HPLC analysis

was performed using the method in Table 2 below.

Table 2

Colonm

temperature

30°C

Mobile phase A

Acetonitrile/Trifluorcacetic acid = 100/0.1 (%, v/v)

Mobile phase B

Acetonitrile/Triflucroacetic acid = 100/0.1 (%, viv)

Gradient system

Time (ruinutes) | Mobile phase A (%) Mobile phase B (%)
0 460 60

10 30 50

13 30 50

I8 44 60

Flow rate I mb/min

Detected UV 214 nro

wavelength

Injection amount |5 pl.

The results of evaluating the stability of the obtained crystalline Form [H are shown in Table

3 below.

Table 3
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Time Example 1-1
accelerated conditions sealed conditions
Initial 99.68
Week 2 99.27 99.11
Week 4 99.26 98.76

As can be confirmed in Table 3 above, the crystallive Form I according to the present
vention showed cherical stability for 4 weeks under accelerated conditions (40 °C, 75% RH)
and sealed conditions {80 °C), confirming that it exhibits excellent stability to heat and huoidity.

The inventors of the present invention conducted subsequent studies and found that when
HCl is added in excess of | molar equivalent, the pH of the solution decreases and particle
formation does not occur easily.

In addition, the inventors of the present invention found that when crystallization is
performed using a mixed solvent of water and an organic solvent, the particle formation rate,
particle size, and degree of fine particle formation vary depending on the ratio of water content
in the solution. Specifically, it was found that when the ratio of water in the solvent is lower than
the appropriate ratio of water, crystalline Form 111 particles can be formed quickly, but the size of
the particles decreases as the particle formation proceeds quickly, and a large number of fine
particles are formed, and when the ratio of water in the solvent is higher than the appropriate
ratio of water, the formation of crystalline Form HI particles itself occurs very slowly or does not
occur at all. It was found that when the ratio of water in the solvent is appropriate, the particle
size is improved as the crystalline Form III particles are produced at an appropriate rate, and the
formation of fine particles is also minimized. The appropriate ratio of water in the mixed solvent
is a volume ratio of water and organic solvent of 1:20 to 1:40, specifically, a volume ratio of 1:27

to 1:32.
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CLAIMS

1. A method for preparing a compound of Formula (XI):

o %
7LN/\—”’LLNA\
[ A VY AR

wherein Ryis C2-Cs alkyl, comprising Step A of reacting Compound 1

OQ\.}—/QH

cbz\Ni:Z

CH
1 with an alcohol having 1 to 6 carbon atoms and an acid catalyst to form a compound
of Formula (IV):
O\\‘*\:’/Q\ Ra

cbsz

OH (1Y), wherein Ro is C1-Cs alkyl.

2. The method of claim 1, wherein the method further comprises Step B of reacting a
compound of Formula (IV) with an oxidizing agent in a solvent to form a compound of Formula
(V)

OYO\Rz

cbz\N

O (V), wherein Rz is Ci-Cs alkyl.

3. The method of clairn 1, wherein the method further comprises Step C of reacting a compound

of Formula (V) with Coropound 12

117



WO 2025/149985 PCT/1B2025/050327

NH,
Q HCI
HoN

12 , hase, and reducing agent in a solvent to form a compound of Formuda (Vi)

(VI"}, wherein Ro is Ci-Cs alkyl.

4. The method of claim 3, wherein Step C further includes reacting a compound of Formula

{(VII') with an acid in an organic solvent.

5. The method of claim 3, wherein Step C further includes reacting a compound of Formula

(VII") with oxalic acid in an organic solvent to form a compound of Formula (Vi)

cbz\N :
{COOH),

NH

(VID), wherein Ry 1s 1-Cs alkyl.

6. The method of claimm 1, wherein the method further comprises Step D of subjecting a
compound of Formula (VII} or a compound of Formula {VII") to a reaction with at least one base
and a compound of formula R;-C(=0})-C1 (e.g. isobutyryl chloride} to form a compound of

Formula (VI
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{VHI}, wherein Ry is Co-Cs alkyl, and Rz is Ci-Cy alkyl.
7. The method of claim 1, wherein the method further comprises Step E of reacting a compound

of Formula (VI and inorganic base in a solvent fo prepare a coropound of Formuala (IX):

O\\\:,.O H

Chz~y \,:;—7
o 40

37 {IX), or a salt or solvate thereof, wherein Ry is Cy-Cs alkyl

& The method of claim 1, wherein the method further comprises Step F of reacting a compound

of Formula (IX) with morpholine to form a compound of Formula (X):

o

O N

chz~ N\j
/ O
’/N 'J/<

)"

§ (X)), or a salt or solvate thereof, wherein Ry is {>-Cs alkyl.

9. The method of claim 8, wherein Step F is facilitated by a coupling agent.

10. The method of claim 9, wherein Step F is further facilitated by a reaction accelerating additive.

11. The method of any one of claims 8-10, wherein Step F includes the use of base.
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12. The method of claim I, wherein the method further comprises Step G of reacting a compound
of Formula (X) in a solvent with a hydrogenation catalyst and H; or with deprotecting acid

sofution, and treatment with HCl solution to form a compound of Formla (11):

o
Og N
HCI =
HNQ .

/N—_‘(
R4
(1), wherein Ry is Cp-Cs alkyl
13. The method of claim 1, wherein R is methyl, ethyl, propyl, isopropyl, or butyl.
14. The method of claim 1, wherein R is methyl.
15. The method of claim 1, wherein the acid catalyst of Step A is at least one selected from the
group of HCI, HaSOu, HzSO4 and KF, a combination of ALOs (KF + A1O3), HiPO4, p-toluene
sulfonic acid, and scandivrn(II1) riflate.

16. The method of claim 1, wherein the acid catalyst of Step A 1s Ha50u.

17. The method of claim 1, wherein the acid catalyst of Step A i3 0.1 to | molar equivalent with

respect to Compound 1.

1§. The method of claim |, wherein the acid catalyst of Step A is 8.2 to 0.5 molar equivalent with

respect to Compound 1.
19. The method of claim 1, wherein the acid catalyst of Step A 15 0.2 to 0.4 molar equivalent with

respect to Compound 1.

20. The method of claim 1, wherein the reaction time of Step A above is 2 to 5 hours.
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21. The method of claim 2, wherein the solvent of Step B is water and at least one organic solvent
selected from the group consisting of alcohol, toluene, benzene, tetrahydrofuran, acetone,
chlorotorm, dichloromethane, acetonitrile dimethyiformamide, dimethylpropylene urea, dimethyl
sulfoxide, ethyl acetate, hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane,

heptane, ether and diethyl ether.

22. The method of claim 2, wherein the solvent of Step B is water and dichloromethane.

23. The method of claim 3, wherein the solvent of Step C, Step D, Step E, and/or Step F is at least
one independently selected from the group consisting of alcohol, toluene, benzene,
tetrahydrofuran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethyl suifoxide, ethyl acetate, hexamethylphosphoramide, methyl-

tert-butyl ether, pentane, hexane, heptane, ether and diethyl ether.

24. The method of claim 2, wherein the oxidizing agent of Step B is a combination of a chromic
acid compound; a co-oxidizing agent, (2,2,6,6-tetramethylpiperidinyloxyl free radical (TEMPO)
and other salts; a complex of dimethyl sulfoxide and dicyclohexylcarbodiimide, oxalyl chloride,
acetic anhydride or phosphorus pentoxide or a complex of pyridine-sulfuric anhydride; or a
combination of a transition metal catalyst and oxygen, or a transition metal catalyst and an organic

oxidizing agent.

25. The wmethod of claim 2, wherein the oxidizing agent of Step B is (2,2,6,6-

tetramethyipiperidinyloxyl free radical (TEMPQO) and other salts.

26. The method of claim 25, wherein the other salts referenced include at least one of sodium

bromide and sodium hypochlorite.
27. The method of claim 2, wherein Step B includes at least one inorganic base selected from the

group consisting of KOH, NaOH, CaSQq4, LiOH, NaH, KH, NalCH;, NaOCHCHa, NaOC(CHzs)s,
KOC{CHa)3, KpCOs, NaxCOs, and NaHCOs.

121



WO 2025/149985 PCT/1B2025/050327

28. The method of claim 2, wherein Step B includes NaH{C (s,

29. The method of claim 2, wherein Step B is performed with reaction temperature between -10

and 10 °C, and the reaction time is (.5 h or longer.

30. The method of claim 3, wherein the reducing agent of Step C is at least one inorganic base
selected from the group consisting of NaBH(OAc)s;, NaBH4, NaBH(CN);, NaBH3;CN, and
NaH:POs.

31. The method of claim 5, wherein the reducing agent of Step C is NaBH(OAc)s.

32. The method of claim 5, wherein the reaction temperature of Step C is 1 to 30 °C, and the

reaction time is 1 to 30 hours.

33. The method of claim 3, wherein the reaction temperature of Step Cis 15 to 25 °C.

34. The method of claim 6, wherein the base of Step D is at least one selected forro the group
consisting of TEA, DIPEA, DABCQO, morpholine, ammonia, KOH, NaOH, CaS0O4, LiOH, NaH,

KH, NaOCH;, NaOCH CH3, NaOC{CHa), KOC(CH3)s, KoCOs, NayCOs, and NaHCOs.

35. The method of claim 6, wherein the base of Step D includes ammonia aqueous solution for

pre-treating the compound of Formula (VIP).

36. The method of claim 6, wherein the base of Step D includes TEA during reaction with acid

chloride.

37. The method of claim 6, wherein the amount of acid chloride in Step D is | molar equivalent

or more with respect to the compound of Chemical Formula (VII}.

38. The method of claim 6, wherein the amount of acid chloride in Step D is 1.5 to 3.0 molar

equivalent with respect to the compound of Chemical Formula (VII).
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39. The method of claim 6, wherein the reaction temperature of Step D is 1 to 30 °C, and the

reaction time is 1 to 30 hours.

40. The method of claim 6, wherein the reaction temperature of Step D is below 20 °C, and the

reaction time is 5 to 15 hours.

41. The method of claim 7, wherein Step E includes at least one inorganic base selected from the
group consisting of KOH, NaOH, CaS0Oq4, LiOH, NaH, KH, NaGCH3, NaOCHCHa, NaOC(CHa)s,
KOC(CHa)z, KoCOs, NapCO3, and NaHCOs.

42. The method of claim 7, wherein Step E includes LiOH as inorganic base.

43. The method of claim 7, wherein Step E includes an acidic workup.

44. The method of claim 7, wherein the reaction temperature of Step E is 1 to 30 °C, and the

reaction time is 1 to 30 houwrs.

45. The method of claim 7, wherein the reaction temperatare of Step E is 1 to 20 °C, and the

reaction time is 1 to 10 hours.

46. The wethod of claim 8, wherein the coupling agent of Step F is selected from the group
consisting of NN -disubstituted carbodiimides such as ethyl-(N° N’-
dimethvlamino)propvicarbodiimide hydrochloride (EDC-HC, NN’ -dicyclohexvicarbodiimide
(DCO), diisopropylcarbodiimide (DIC); azolides such as N, N'-carbonyldiimidazole (CDI); N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline (BEDQ); phosphoras oxychloride;
alkoxvyacetylene; phosphonium reagents such as benzotriazol-1-yloxy-tris(dimethylamino}-
phosphonium  hexaftuorophosphate {BOP), benzotriazol-1-vloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP), bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyl cyano(hydroxyiminojacetato-O”)-tri-(I-pyrrolidinyl)-phosphonium
hexaffuorophosphate (PyOxim), and 3-{diethoxy-phosphoryloxy)-1,2,3-benzold] triazin-4(3H)-

one {DEPBT);, and aminium/uronium reagents such as 2-(1H-benzotriazol-1-y1)-N,N,N"N’-
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tetramethylaminium (TBTU) tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-
y1-N,N, N7, N -tetramethylaminium hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-
oxoethylidene-aminooxy)-dimethylamino-morpholino-ironium hexafluorophosphate (COMU).

47. The method of any one of the preceding embodiments, wherein the coupling agent of Step F

is ethyl-(IN’ N’ -dimethylaminopropylcarbodiimide hydrochloride (EDC-HCI).

48. The method of claim 8, wherein the coupling agent of Step F is used in an amount of 1 to 2

equivalents with respect to the compound of Chemical Formmla (EX).

49. The method of claim 8, wherein the additive of Step F is selected from the group consisting
of 1-hydroxybenzotriazole (HOBt) and its derivatives such as hydroxy-3,4-dihydro-4-oxo0-1,2,3-
benzo-triazine (HOOB1), 1-hydroxy-7-aza-1H-benzotriazole (HOAL), resin-supported derivatives,

and hydrates thereof; N-hydroxysuccinimide (NHS); and 4-dimethylpyridine (DMAP).

50. The method of claim 8, wherein the additive of Step F is {-hydroxybenzotriazole (HOBt) or

its hydrate (HOBtH0).

51. The method of clairo 8, wherein the additive of Step F is used in an aroount of 0.01 to 2

equivalents with respect to the compound of Chemical Formula (EX).

52. The method of claim 8, wherein the base of Step F is at least one selected from the group
consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaSQq, LiOH, NaH,
KH, NaOCH;s, NaOCHCHa, NaOC{CHa)a, KOC(CHz)s, KoCOs, and NaxCOs.

53. The method of claim §, wherein the base of Step F is DIPEA.

54. The method of claim 8, wherein the reaction ternperature of Step F is | to 30 °C, and the

reaction time is 1 to 30 hours.

55. The method of claim &, wherein the reaction temperature of Step F is | to 20 °C, and the

reaction time is 1 to 8 hours.
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56. The method of claim 12, wherein the hydrogenation catalyst of Step G is at least one selected

from the group consisting of PA/C, PA(OH), PA(OAc),, PACL, and Pd.
57. The method of claim 12, wherein the hydrogenation catalyst of Step G is Pd/C.

58. The method of claim 12, wherein the reaction temperature of Step G is 1 t0 30 °C, and the

reaction time is 1 to 30 hours.

59. The method of claim 12, wherein the deprotecting acid solution of Step G is HCI agueous

solution of >10% (w/w) concentration.

60. The method of claim 12, wherein the deprotecting acid solution of Step G is HCI agueous

solution of >30% (w/w) concentration.
61. A method for preparing a compound of Formuula (X1

O
N\‘/

Q“‘J‘ D ¢
j (X1}, a pharmaceuntically acceptable salt thercof, or a solvate thereof,

wherein Ryis C-Cs alkyl, comprising Step H of reacting Compound 1

with morpholine to form Compound %
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(o

O N

cbz-..Ni :

OH

g

62. The method of claim 61, wherein Step H is facilitated by a coupling agent.

63. The method of claim 62, wherein Step H is further facilitated by a reaction accelerating

additive.
64. The method of claim 61, wherein Step H includes the use of base.

65. The method of claim 61, wherein the method further comprises Step I of reacting Compound

8 with an oxidizing agent in a solvent to form Compound 18:

Ow@

chz~ N: 2

O
10

66. The method of claim 61, wherein the method further comprises Step J of reacting Compound

18 with Compound 12:

NH,
HoN

12 , base, and reducing agent in a solvent to form Compound 11:
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o
Owi\\)
chz~ N\j
“NH

O

11

67. The method of claim 61, wherein the method further comprises Step K of reacting Compound
11 with at least one base and an acid chloride compound of formula R;-C{=0)-Cl (e.g. isobutyryl

chloride) to form a compound of Formula (X):
3
O M
chiz~ :
N
O

N4

R,
(X, wherein Ryis Cr-Cs alkyl
68. The method of claim 61, wherein the method farther comprises Step G of reacting a compound

of Formula (X} in a solvent with a hydrogenation catalyst and H» or with deprotecting acid

solution, and treatment with HCI solution to form a compound of Formula (11

o
O N
HCIL =
HMN
O

Q ’
(113, wherein Ryis -Cs alkyl

69. The method of claim 61, wherein the coupling agent of Step H i3 selected from the group
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consisting of NN’ -disubstituted carbodiimide such as ethyl-{N’ )N’-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCI), N\ N’-dicyclohexylcarbodiimide
(DCC), diisopropyicarbodiimide (DIC); azolides such as N,N'-carbonyldiimidazole (CDI); N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline (EEDQ); phosphorus oxychloride;
alkoxyacetylene; phosphonium reagents such as benzotriazol-1-yloxy-tris{dimethylamino}-
phosphonium  hexafinorophosphate (BOP), benzotriazol-1-yloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP),  bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyl cyano(hydroxyimino)acetato-O%)-tri-( L-pyrrolidinyl}-phosphonium
hexafluorophosphate (PyOxim), and 3-(diethoxy-phosphoryloxy)-1,2,3-benzo[d] triazin-4(3H)-
one {DEPBT); and aminium/uronium reagents such as 2-(1H-benzotriazol-1-y1)-N,N,N"N"-
tetramethylaminium (TBTU) tetrafluoroborate/hexafluorophosphate, 2-(7-aza-1H-benzotriazol-1-
y1-N,NN N -tetramethylaminium hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-
oxoethylidene-aminooxy)-dimethylamino-morpholino}-uronium hexafluorophosphate (COMU).

70. The method of any one of the preceding embodiments, wherein the coupling agent of Step H

15 ethyl-(IN° , N’ -dimethylamino)propylcarbodiimide hydrochloride (EDC-HCH.

71. The method of claim 61, wherein the coupling agent of Step H is used in an amountof 1 to 2
equivalents with respect to Compound 1.

72. The method of claim 61, wherein the additive of Step H is selected from the group consisting
of 1-hydroxybenzotriazole (HOBt) and its derivatives such as hydroxy-3,4-dihydro-4-ox0-1,2,3-
benzo-triazine (HOOB®), 1-hydroxy-7-aza-1H-benzotriazole (HOAL), resin-supported derivatives,

and hydrates thereof; N-hydroxysuccinimide (NHS); and 4-dimethylpyridine (DMAP).

73. The method of claim 61, wherein the additive of Step H is |-hydroxybenzotriazole (HOBt) or

its hydrate (HOBteH20).

74. The method of claim 61, wherein the additive of Step H is used in an amount of (.01 t0 2

equivalents with respect to the compound of Chemical Formula (IX).

75. The method of claim 61, wherein the base of Step H is at least one selected from the group
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consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaSQq, LiOH, NaH,
KH, NaOCH;3, NaOCHCHi, NaOC(CHz)s, KOC(CHz)3, KoCOs, and NaxCOs.

76. The method of claim 61, wherein Step H does not contain any base among the group consisting
of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaCH, CaSQ04, LiOH, NaH, KH,
NaOCHs, NaOCH2CHs, NaOC(CHas)z, KOC(CHz)z, KoCO3, and NaxCOa.

77. The method of claim 61, wherein the reaction temperature of Step H is 1 to 30 °C, and the

reaction time is 1 to 30 hours.

78. The method of claim 61, wherein the reaction temperature of Step H is | to 20 °C, and the

reaction time is 1 to § hours.

79. The method of claim 61, wherein the solvent of Step Iis water and at least one organic solvent
selected from the group comsisting of alcohol, toluene, benzeve, tetrahydrofuran, acetone,
chloroform, dichloromethane, acetonitrile dimethyiformamide, dimethylpropylene urea, dimethyl
sulfoxide, ethyl acetate, hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane,

heptane, ether and diethyl ether.

80. The method of claim 61, wherein the solvent of Step 1 is water and dichloromethane.

81. The method of claim 61, wherein the solvent of Step H, Step I, and/or Step K is at least one
independently selected from the group consisting of alcohol, toluene, benzene, tetrahydrofuran,
acetone, chloroform, dichloromethane, acetonitrile dimethylformamide, dimethylpropylene urea,
dimethyl sulfoxide, ethyl acetate, hexamethylphosphoramide, methyl-tert-butyl ether, pentane,

hexane, heptane, ether and diethyl ether.

82. The method of claim 61, wherein the oxidizing agent of Step 1is a combination of a chromic
acid compound; a co-oxidizing agent, (2,2,6,6-tetramethylpiperidinyljoxyl free radical (TEMPQO)
and other salts; a complex of dimethyl sulfoxide and dicyclohexylcarbodiimide, oxalyl chloride,

acetic anhydride or phosphorus pentoxide or a complex of pyridine-sulfuric anhydride; or a
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combination of a transition metal catalyst and oxygen, or a transition metal catalyst and an organic

oxidizing agent.

§3. The method of claim 61, wherein the oxidizing agent of Step 1 is (2,2,6,6-

tetramethyipiperidinyloxyl free radical (TEMPQO) and other salts.

84. The method of embodiment 83, wherein the other salts referenced include at least one of

sodium bromide and sodinm hypochlorite.

85. The method of claim 61, wherein Step I includes at least one inorganic base selected from the
group consisting of KOH, NaOH, CaS0q4, LiOH, NaH, KH, NaOCH;, NaOCH>CH;s, NaOC(CHzs)s,
KOC(CH3)3, KoCOs, NaxCOs, and NaHCOs.

86. The method of claim 61, wherein Step @ includes NaHCOs.

87. The method of claim 61, wherein Step 11s performed with reaction temperature between -10

and 10 °C, and the reaction timne is 0.5 h or longer.

88. The method of claim 61, wherein the reducing agent of Step J is at least one inorganic base
selected from the group counsisting of NaBH(OAc);, NaBH4, NaBH(CN);, NaBH:CN, and
NaH2PO.

&9. The method of claim 61, wherein the reducing agent of Step T is NaBH(OAc).

90. The method of claim 61, wherein the amount of reducing agent in Step | is more than 1

equivalent relative to Compound 16.

91. The method of claim 61, wherein the amount of reducing agent in Step J is 1.01 10 1.2

equivalents relative to Compound 16.
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92. The method of claim 61, wherein the base in Step J is selected from the group consisting of
TEA, DIPEA, DABCQ, morpholine, ammonia, KOH, NaOH, CaS0y, LiOH, NaH, KH, NaOCH;,
NaGCH>CHs, NaOC(CHs)s, KOC{CHa)s, KoCOs, NaxCGs, and NaOAc.

93. The method of claim 61, wherein the base in Step J is NaOAc.

94. The method of claim 61, wherein the reaction temperature of Step J is 1 to 30 °C, and the

reaction time is 1 to 30 hours.

95. The method of claim 61, wherein the reaction temperature of Step J is -5 to 30 °C.

96. The method of claim 61, wherein the base of Step J is at least one selected form the group

consisting of TEA, DIPEA, DABCO, morpholine, amumonia, KOH, NaOH, CaS0y, LiOH, NaH,

KH, NaOCHa3, NaOCHCH;3, NaOC{CHs)s, KOC(CHa)a, KoCOs, Nap(COs, and NaHCOs.

97. The method of claim 61, wherein the base of Step J 1s DIPEA.

98. The method of claim 61, wherein the base of Step J 1s TEA.

89, The method of claim 61, wherein the amount of acid chioride in Step J is 1 molar equivalent

or more with respect to the compound of Chemical Formula (VII).

100.The method of claim 61, wherein the amount of acid chloride in Step J is 1.0 to 3.0 molar

equivalent with respect to the compound of Chemical Formula (VID).

101.Fhe method of claim 61, wherein the reaction temperature of Step I is 1 to 30 °C, and the

reaction time is 1 to 30 howurs.

102.The method of claim 61, wherein the reaction temperature of Step I is below 20 °C, and the

reaction time is 5 to 15 hours.

131



WO 2025/149985 PCT/1B2025/050327

103.The method of claim 61, wherein the hydrogenation catalyst of Step G is at least one selected

from the group consisting of Pd/C, PAOH)», PA(CAc), PACL and Pd.
104.The method of claim 61, wherein the hydrogenation catalyst of Step G is Pd/C.

105. The method of claim 61, wherein the reaction temperature of Step G is 1 to 50 °C, and the

reaction time is 1 to 30 hours.

106. The method of claim 61, wherein the deprotecting acid solution of Step G is HCl aqueous

solution of >10% (w/w) concentration.

107. The method of claim 61, wherein the deprotecting acid solution of Step G is HCI agueous

solution of >30% (w/w) concentration.

108.A method for preparing a compound of Formula (X1

Q
OxgN”’

A Q z
20m0
/ 0
ok
Cl (X1), a pharmaceutically acceptable salt thereof, or a solvate thereof,

comprising Step M of reacting a compound of Formula (1)
Formula (II):
o

OQ}:,N\/J

HCI

HN@

”

N (O
Ry

¢ (ID), or a conjugate base, ot a solvate thereof, with Compound 13:
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Q

13 ¢
, or a salt, or a solvate thereof,

wherein Ry is C3-Cs alkyL
109.The method of claim 108, wherein Step M is facilitated by a coupling agent.

110.The method of claim 109, wherein Step M is further facilitated by a reaction accelerating

additive.
111.The method of claim 109, wherein Step M includes the use of base.

112.The method of claimn 109, wherein the coupling agent of Step M is selected from the group
consisting of NN -disubstituted carbediimide such as ethyl-(N",N’-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HC1), N ,N'-dicyclohexylcarbodiimide
(DCC), diisopropylcarbodiimide (BIC); azolides such as N,N’-carbonyldiimidazole (CDl);, N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EED(Q); phosphorus oxychloride;
alkoxvyacetviene, phosphonitm reagents such as benzotriazol-1-yloxy-tris{dimethylamino)-
phosphonium hexafluorophosphate (BOP), benzotriazol-1-yloxy-tripyrrolidino-phos-phonium
hexafluorophosphate  (PyBOP), bromo-tripyrrolidino-phosphonium  hexa-fluorophosphate
(PyBrOP), ethyi cyano(hydroxyimino)acetato-O%)-tri-( L-pyrrolidinyl)-phosphonium
hexafluorophosphate (PyOxim), and 3-(diethoxy-phosphoryloxy)-1,2,3-benzofd} triazin-4(3H)-
one (DEPBT); and aminium/uronium reagents such as 2-(1H-benzotriazol-1-yD)-N,N, N’ N’-
tetramethylamintum (TBTU) tetraflucroborate/hexafiuorophosphate, 2-(7-aza-1H-benzotriazol-1-
y13-IN NN, N -tetramethylaminium hexafluorophosphate (HATU), and 1-{1-(cyano-2-ethoxy-2-

oxoethylidene-aminooxy }-dimethylamino-morpholino|-uronium hexafluorophosphate (COMU).

113.The method of claim 109, wherein the coupling agent of Step M is ethyl-(N' N’-

dimethylamino)propylcarbodiimide hydrochloride (EDC-HCH).
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114.The method of claim 109, wherein the coupling agent of Step M is used in ap amount of | to

2 equivalents with respect to Compound 1.

115.The method of claim 109, wherein the additive of Step M 1is selected from the group consisting
of 1-hydroxybenzotriazole (HOBt) and its derivatives such as hydroxy-3,4-dihydro-4-ox0-1,2,3-
benzo-triazine (HOOB1), 1-hydroxy-7-aza-1H-benzotriazole (HOAt), resin-supported derivatives,

and hydrates thereof; N-hydroxysuccinimide (NHS); and 4-dimethylpyridine (DMAP).

116.The method of claim 109, wherein the additive of Step M is 1-hydroxybenzotriazole (HOBt)
or its hydrate (HOBt=-H(O).

117.The method of claim 109, wherein the additive of Step M is used in ap amount of 0.01 to 2

equivalents with respect to the compound of Chemical Fornuda (JD).

118.The method of claim 109, wherein the base of Step M is at least one selected from the group
consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaSQy, LiOH, NaH,
KH, NaOCHa, NaOCH2CH;3, NaOC{CHs)s, KOC(CHa)a, KoCQOs, and NaxCOs.

118.The method of clairs 109, wherein Step M does not contain any base among the group
consisting of TEA, DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaS04, LiOH, NaH,

KH, NaOCH3, NaOCHCHs, NaOC({CHa)s, KOC({CHa)s, K2COs, and NaxCOa.

120.The method of claim 109, wherein the reaction temperature of Step M is -10t0 30 °C, and the

reaction time is 0.5 to 30 hours.

121.The method of claim 109, wherein the reaction temperature of Step M is | to 25 °C, and the

reaction time is 0.5 to 6 hours.

122. The method of claim 109, wherein the reaction solvent of Step M is selected from the group

consisting of ethyl ether, tetrahydrofuran, dioxane, dichloromethane, chloroform, methyl! acetate,
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ethyl acetate, isopropyl acetate, acetone, methyl ethyl ketone, acetonitrile, propionitrile,

dimethylformamide, dimethylacetamide, dimethyl sulfoxide, and a mixed solvent thereof.

123. The method of claim 109, wherein the reaction solvent of Step M is acetone.

124. The of claim 109, wherein Step M further comprises crystallization of the synthesized

compound of Fornmula (X1).

125.The of claim 109, wherein the crystallization step of Step M is comprised of the following
steps:

a) concentrating the synthesized compound of Formula (XI), dissolving the concentrated
residue using a solvent, and then washing it using a washing solvent;

b} separating an agueous layer from the product of Step a) above, concentrating the
sepatated aqueous layer, adding HoO, and then cooling it; and

¢) adding a base agueous solution dropwise and stitring to obtain a crystallized compound

of Formula (XI).

126.The method of claim 125, wherein the cooling temperatare in Step h) is -10 to 30 °C.
127.Fhe method of claim 125, wherein the cooling temperatare in Step b) is 0 to 5 °C.

128.The method of claim 125, wherein the base aqueous solution of Step ¢) is an aqueous solution
containing at least one base selected from the group consisting of THA, DIPEA, DABCO,
morpholine, ammonia, KOH, NaOH, CaS0s; LiOH, NaH, KH, NaOCHs;, NaQCH.CH;,

NaOC(CHs ), KOC(CHa)s, KoCOs, and NayCOa.

129. The method of claim 125, wherein the base aqueous sohition of Step ¢) is an agueous sohition

containing NaOH.

130.The method of claim 125, wherein the stirring time of Stepc)is 0.5 to 24 h.

135



WO 2025/149985 PCT/1B2025/050327

131.The method of claim 125, wherein the stirring time of Stepc)is { to6 h.

132. The method of claim 108, wherein Step M further comprises a step of filtering, washing, or

drying the product.

133.The method of claim 108, wherein the method further comprises Step N of purifving a

compound of Formmla (X1}, a pharmaceutically acceptable sait thereof, or a solvate thereof.

134.The method of claim 133, wherein Step N comprises dissolving the compound of Formula
{X1) in an organic solvent or organic solvent mixture, stirring the mixture, cooling it, and stirring

the mixture again to obtain purified precipitate.

135.The method of claim 134, wherein the organic solvent of Step N is selected from the group
consisting of acetone, acetonitrile, dichloromethane, dimethyiformamide, dimethylacetamide,
diiwethylpropyleneurea, dimethylsulfoxide, ethyl acetate, hexarnethylphosphoramide,
tetrahydrofuran, methyl-tert-butyl ether, pentane, hexane, heptane, cther, toluene, methyl acetate,
isopropyl acetate, alcohols with 1 to 6 carbon atoms, diethy! ether, dichloromethane, chioroform,

and a mixture thereof.

136. The method of claimn 133, wherein the organic solvent of Step N is selected from the group

consisting of acetone, pentane, hexane, heptane, or a mixture thereof.

137.The method of claim 133, wherein the first stirring time of Step 2) of Step N is 10 hours or
more, the cooling temperature after stirring is 0 to 10 °C, and the second stirring time is 0.5 10 2

hours.
138.The method of claim 108, wherein the method further comprises Step O of reacting a

compound of Formula (X1) generated from Step M with HC1 without an additional purification

process to prepare a compound of Formula (X1I):
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wherein R is a C2-Cs alkyl group.

(X1I), a pharmaceutically acceptable salt thereof, or a solvate thereof.

139. The method of claim 138, wherein Step O is carried out through the preparation of the
compound of Formula (XII) by reacting the crude compound of Chemical Formula (X1} generated
in Step M with HCI in an organic solvent without an additional purification process.

140.The method according to embodiment 139, wherein the organic solvent is selected from the
group  consisting of  acetone, acetonitrile, dichloromethane, dimethylformamide,
dimethylpropyleneurea,  dimethylsulfoxide, ethyl acetate, hexamethylphosphoamide,
tetrahydrofuran, methyl-tert-butylether, pentane, hexane, heptane, ether, diethylether, and a mixed

solvent thereof.

141. The method of claim 138, wherein the reaction temperature of Step O is -20 °C to 100 °C,

and the reaction time is 10 minutes or more.

142. A method for preparing a compound of Formula (XT):
S
N~

%ﬁa ¢

j (X1}, a pharmaceutically acceptable salt thereof, or a solvate thereof,

wherein Ry is Cr-Cs alkyl, comprising Step P of preparing crystalline Form I particles of a

compound of Formula (X1} and wherein
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the crystalline Form 111 has the following diffraction angles (26 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.1840.2°, 9.89+0.2°, 10.83+0.2°, 11.4220.2°, 12.92+0.2°, 14.614+0.2°, 15.3620.2°, 15.7920.2°,
15.85+0.2°,17.37+0.2°, 18.20:40.2°, 18.99+0.2°, 19.3420.2°, 19.69+0.2°, 20.40+0.2°, 21.66+0.2°,
21.98+0.2°, 22.45+0.2°, 22.85+0.2°, 24.6640.2°, 25.52+0.2°, 26.55+0.2°, 28.08+0.2°, 29.31+0.2°

and 29.54+0.2°;

143.The method of claim 142, wherein Step P is comprised of:

{a) preparing a mixed solution by dissolving the compound of Formula (XI) in a crystallization
solvent comprising water or a mixture of water and an organic solvent;

(b} crystallizing by adding HCl dropwise to the solution; and

{c) maturing the solution.

144. The method of claim 143, wherein the organic solvent of the crystallization solvent of Step P

is a polar aprotic organic solvent.

145.The method of claim 144, wherein the polar aprotic organic solvent comprises ethyl acetate,
methyl isobutylketone, dimethylsulfoxide, tetrahydrofuran, acetone, dimethylformamide,
acetonitrile, and the mixtures thereof.

146. The method of claim 142, wherein the dropwise addition of HCl is administered through a 4
M HCI sohation, a 6 N HCI solution, or a concentrated HCl(conc. HCH) solution in water or ethyl

acetate.

147.The method of claim 142, wherein for Step P, the dropwise addition of HCI is administered

in an amount of 1 eguivalent or less to the compound of Formula (X1).

148.The method of claim 142, wherein for Step P, the crystallization solvent is a mixed solvent in

which water and an organic solvent are mixed in a volume ratio of 1:20 to 1:40.

149.The method of claim 142, wherein for Step P, the crystallization solvent is a mixed solvent in
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which water and an organic solvent are mixed in a volume ratio of 1:27 to 1:32.

150.The method of claim 142, wherein for Step P, HCl addition is performed at 15 °C to 25 °C.

151. The method of claim 142, wherein for Step P, maturing the solution is performed at 10 °C to

20 °C.

152. The method of claim 142, wherein for Step P, maturing the solution comprises:

{c-1) maturing at 10 °C to 15 °C until filtrate area decreases to 80% to 853% of the initial area;
and

{c-2) maturing by raising the temperature to 20 °C until the filtrate area no longer decreases.
153.The method of any one of the preceding embodiments, wherein Step P further comprises:

(d; filtering the solution.

134.The method of claim 142, wherein the crystalline Form HI particles formed by Step P are

crystalline form particles of a solvate of the hydrochloride salt of the compound of Formula (XI).

155.The method of claim 154, wherein the solvate is a hydrate.

156.The method of claim 142, wherein the compound of Formula (X1} is Compound 17

O
. O Nr”
il 9 %
(O
o \ O

7

157.Fhe method of claim 142, wherein the crystalline Form [H particles have a flow function value

of at feast 8 under a pressure of 9 kPa.
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158. A crystalline Form I particle of a compound of Formula (X1), a pharmaceutically acceptable
salt thereof, or a solvate thereof, prepared by the preparation method according to embodiments
142-157, wherein

the crystalline Form HI has the following diffraction angles (26 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.18+0.2°, 9.89x0.2°, 10.83+0.2°, 11.4220.2°, 12.92+0.2°, 14.61x0.2°, 15.36x:0.2°, 15.79+0.2°,
15.95+0.2°,17.37+0.2°, 18.20+0.2°, 18.99+0.2°, 19.3440.2°, 19.69+0.2°, 20.40+0.2°, 21.66+0.2°,
21.98x0.2°, 22.45x0.2°, 22.85x0.2°, 24.66x0.2°, 25.52+0.2°, 26.55x0.2°, 28.08x0.2°, 29.31x0.2°
and 29.5440.2°; and

the crystalliine Form I particle has a flow function value of at least 8 under a pressure of

9 kPa.
159. A pharmaceutical composition for preventing or treating obesity, diabetes, inflammation or
erectile dysfunction, coroprising the crystalline Form I particle according to clairo 158 and a

phariuaceutically acceptable carrier.

160. The method of claim 108, wherein the compound of Formula (X1) is Compound 14

9‘@’*@

Jo2s

161.The Compound 9

Q
\/

, or a pharmaceutically acceptable salt, or a solvate thereof.
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163.The Compound 11:

O\\\E/ O

CbZ\Ni:\}

NH
1 .

164. A compound of Formula (X):

O\YK@\)
Cbi\i\\j

4 ,/{)
§§ R,

165. A corapound of Formula (II):

(X)), wherein Ry is C2-Cs alkyl.
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(Ih), wherein Ry is C2-Cs alkyl.
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166. A compound of Formula (11} according to claim 165, wherein R is isopropyl, e.g., Compound

8:
(o
Oy Nar
HCL =
Hi\a
\ O

167. A method for preparing Formmla (JI):

o

O\\\\\;/N\)

HCI =
0
ﬂ‘}N’{O

§R1

(1), including the steps of:
8)  Preparing a compound of Formula (IV):

GQ\;,D\ R

chz—~ N

2

OH (1V), through an alkylation reaction by adding an alcohol having 1 to

6 carbon atoms and an acid catalyst to Compound 1:
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O -OH

cbz\N/?\
\_(§

OH
1

9}  Preparing a compound of Formula (V)
oy O,

O (V), by oxidizing the compound of Formula (IV) obtained in Step 1)
above with an oxidizing agent in a solvent;

10}  Introducing a Compound 12:

, and NMaOAc into an organic solvent, adding a reducing agent,
adding a compound of Formula (V) dissolved in the organic solvent dropwise,
stirring, and performing a reductive amination reaction, concentrating and obtaining
a synthesized crude compound, adding an organic solvent to the residue of the crude
compound to prepare a crude compound/organic solvent sclution, and adding this
solution dropwise to a solution in which oxalic acid is dissolved in an organic solvent

to obtain a compound of Formula (VI

cbhz~ N -
(COOH),
NH

(VID), which is an oxalate of the crade compound;
11} Adding an organic solvent to the compound of Formula (VII) prepared in Step 3)
above, adjusting the pH with a base, adding water to separate the layers, extracting
the agueous layer with the organic solvent, adding a base after dissolving the

resulting residue obtained after washing, concentrating, and azeotroping along with
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12)

13)

14)

the oil layer in an organic solvent, and adding R,-C{(=0)-Cl dropwise to perform an

N-acylation reaction to prepare a compound of Formula (V1)

Q‘\*‘{O\Rz
cbz\N
(. 0
N-

(Vi
Adding an alcohol having ! to 6 carbon atoms and an organic solvent to the
compound of Formula (VII) and then performing dealkylation by adding a solution

containing an inorgaunic base dropwise to prepare a crude compound of Formula (IX):

O%\?/OH

CbZ\ N
G, O

N._-
Ry

X
Adding an organic solvent to the crude compound of Formula (IX) prepared in Step
5) above and dissolving it, sequentially adding a reaction accelerating additive, a
base, and a coupling agent, and then adding morpholine dropwise to prepare a

compound of Formula (X):

(X); and
Dissolving the compound of Formula (X) prepared in Step 6) above in an alcohol
having | to 6 carbon atoms, deprotecting it by adding Pd/C and Haz, and adding HCl

dissolved in ethyl acetate dropwise to synthesize the compound of Formula (1)
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wherein in the above Formulas, Ry is {-Cs alkyl and R» is Ci-Ce alkyl.

168.The preparation method of claim 167, wherein the alcohol having 1 to 6 carbon atoms in Step

1), 5) or 7) above is methanol, ethanol, propanol, isopropano! or butanol.

169.The preparation method of claim 167, wherein the acid catalyst of Step 1) above is at least
one selected from the group consisting of HCI, H2804, H2804 and KF, and a combination of Al
{(KF+ALO3).

170. The preparation method of claim 167, wherein the content of the acid catalyst of Step 1)

above is 0.1 to 1 equivalent with respect to the Compound 1.

171. The preparation method of claim 167, wherein the reaction time of Step 1) above is 2 to

5 hours.

172.The preparation method of claim 167, wherein the solvent of Step 2) above is water and at
feast one organic solvent selected from the group comsisting of alcohol, toluene, benzene,
tetrahydroforan, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethyl sulfoxide, ethyl acetate, hexamethylphosphoramide, methyl-

tert-butyl ether, pentane, hexane, heptane, ether and diethyl ether.

173.The preparation method of claim 167, wherein the organic solvent of Step 3), 4), 5) or 6)
above is at least one selected from the group consisting of alcohol, foluene, benzene,
tetrahydrofaran, acetone, chloroform, dichloromethane, acetonitrile dimethylformamide,
dimethylpropylene urea, dimethyl suifoxide, ethyl acetate, hexamethylphosphoramide, methyl-

tert-butyl ether, pentane, hexane, heptane, ether and diethy] ether.

174.The preparation method of claim 167, wherein the oxidizing agent of Step 2) above i3 a
combination of a chromic acid compound; a co-oxidizing agent, (2,2,6,6-
tetramethylpiperidinylyoxyl free radical (FEMPO) and other salts; a complex of dimethyl sulfoxide
and dicyclohexylcarbodiimide, oxalyl chloride, acetic anhydride or phosphorus pentoxide or a

complex of pyridine-sulfuric anhydride; or a combination of a transition metal catalyst and oxygen,
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or a transition metal catalyst and an organic oxidizing agent.

175.FThe preparation method of claim 167, wherein the base of Step 2) above is at least one
inorganic base selected from the group consisting of KOH, NaOH, CaS80s, LiOH, NaH, KH,
NaQCHz, NaOCH>CHs, NaOC(CHz)s, KOC(CHa)z, KoCOs, and NayCOs.

176.The preparation method of claim 167, wherein the reaction temperature of Step 2) above is -

10 °C to 10 °C, and the reaction time is 0.5 hour or longer.

177.The preparation method of claim 167, wherein the reducing agent of Step 3) above is at least

one inorganic base selected from the group consisting of NaBH(OAc);, NaBHy, and NaBH(CN)s.

178.The preparation method of claim 167, wherein the reaction temperature of Step 3) above is 1

to 30 °C, and the reaction tirne 1s 1 to 30 hours.

179.The preparation method of claim 167, wherein the base of Step 4) above is at least one selected
from the group consisting of TEA, DIPEA, DABCO, morpholine, ammounia, KOH, NaOH, CaS0,4,
LiOH, NaH, KH, NaOCH:, NaOCH-CHz, NaOC(CHz)z, KOC{CHa)s, KoCOs, and NaxCOs.

180.The preparation method of clairn 167, wherein the content of R-C(=0)-Cl in Step 4) above

is 1 equivalent or more with respect to the compound of Chemical Forrouda (VID.

1&1.The preparation method of claim 167, wherein the reaction temperature of Step 4) above is 1

to 30 °C, and the reaction time is 1 to 30 hours.
182.The preparation method of claim 167, wherein the inorganic base in Step 5) above is at least
one selected from the group consisting of KOH, NaOH, CaSQO4, LiOH, NaH, KH, NaOCHs;,

NaOCH>CH;s, NaOC(CHs)s, KOC(CHa)a, KoCOs, and NaxCOs.

183.The preparation method of claim 167, wherein the reaction temperature of Step 5) above is 1

to 30 °C, and the reaction time is 1 to 30 hours.
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184.The preparation method of claim 167, wherein the coupling agent of Step 6) above isanp N,N’-
disubstituted  carbodiimide such a3 ethyl-(N’,N’-dimethylamino)propylcarbodiimide
hydrochloride (EDC-HCI), N,N’-dicyclohexvicarbodiimide (DCC); azolides such as N,N’-
carbonyldiimidazole (CDI); N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, phosphorus

oxychloride, or alkoxyacetylene.

185.The preparation method of claim 167, wherein the coupling agent is used in an amount of |

to 2 equivalents with respect to the compound of Chemical Formula (IX).

186.The preparation method of claim 167, further comprising hydroxybenzotriazole as an additive

for increasing reactivity together with a coupling agent.
187.The preparation method of claim 167, wherein the base of Step 6) above is at least one selected
from the group consisting of TEA, DIPEA, BABCO, morpholine, ammonia, KOH, NaOH, CaSOyq,

LiOH, NaH, KH, NaOCH3, NaOCHCHs, NaQC{CHa)s, KOC(CHa)s, KoCOs, and NapyCQOa.

188.The preparation method of claim 167, wherein the reaction temperature of Step 6) above is 1

to 30 °C, and the reaction tire is 1 to 30 hours.

189.The preparation method of clairn 167, wherein the Pd catalyst of Step 7) above is at least one

selected from the group consisting of PA/C, PHOH),, PACAC), PACH and Pd.

190.The preparation method of claim 167, wherein the reaction temperature of Step 7) above is 1

to 30 °C, and the reaction time is 1 to 30 hours.

191.A method for preparing Formula (II):
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O
o N
HCl =

HN Y

8)

O

w

R

(1), comprising steps of:

preparing Compound 9:
o
O N

Cbz\N: :

OH

9 , by adding an organic solvent, a reaction accelerating additive, a
base, and a coupling agent to Compound 1

O;\»\E,D H

, and then adding morpholine dropwise;

preparing Compound 16

o

10 , by oxidizing the Compound 9 prepared in the Step 1) using an
oxidizing agent under the presence of a solvent;

preparing Compound 11:
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r”\
o\\;,N\/J
cbz~ \‘Q
“NH

, by adding Compound 12:

, and NaQOAc to an organic solvent, adding a reducing agent,
adding Compound 18 dissolved in the organic solvent dropwise, stirring, and
performing a reductive amination reaction;

9} preparing a compound of Formula (X):

-0

(
.

O

chz~

J<O

Ry

0,0

{X), by adding an organic solvent to Coropound 11 prepared in the
Step 3), adding Ri-C(=0)-C1 and a base, and performing an N-acylation reaction;
and

10}y  synthesizing a compound of Formula (II) by dissolving the compound of Formula
(X) prepared in the Step 4) in an alcohol having 1 to 6 carbon atoms, adding Pd/C
and H; for deprotectection, and adding HCI dissolved in ethy! acetate dropwise;

wherein in the above Formulas, Ry 18 C5-Cs alkyl.

192 The method of claim 191, wherein the coupling agent of Step 1) is an N, N'-disubstituted
carbodiimide such as ethyl-(IN',N'-dimethylamino)propylcarbodiimide hydrochloride (EDC-HC1),
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N, N'-dicyclohexylcarbodiimide (DCC); an azolide such as N,N'-carbonyldiimidazole {CDI); N-

ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, phosphorus oxychloride, or alkoxyacetylene.

193.The method of claim 191, wherein the coupling agent is used in an amount of | equivalent or

more for the Compound .

194. The method of claim 191, further comprising hydroxybenzotriazole as an additive for

increasing reactivity together with a coupling agent.

195. The method of claim 191, wherein the reaction temperature of Step 1) is 1 to 30 °C and

the reaction time is 1 to 30 hours.

196. The method of claim 191, wherein the organic solvent of Step 1) is at least one selected
from the group consisting of alcohol, toluene, benzeve, tetrahydrofuran, acetone, chloroform,
dichloromethane, acetonitrile dimethylformamide, dimethylpropylene urea, dimethyl sulfoxide,
ethyl acetate, hexamethylphosphoramide, methyl-tert-butyl ether, pentane, hexane, heptane, ether,

and diethyl ether.

197. The method of claim 191, wherein the oxidizing agent of Step 2) is a chromic acid
compound; a combination of a co-oxidizing agent, (2,2,6,6-tetramethylpiperidinyDoxyl free
radical (TEMPO) and other salts; a coraplex of dimethyl sulfoxide and dicyclohexylcarbodiimide,
oxalyl chloride, acetic anhydride or phosphorus pentoxide or a complex of pyridine-sulfuric
anhydride; or a combination of a transition rmetal catalyst and oxygen, or a transition metal catalyst

and an organic oxidizing agent.
198. The method of claim 191, wherein the base of Step 2) is at least one inorganic base
selected from the group consisting of KOH, NaOH, CaS50s, LiOH, NaH, KH, NaOCH;,

NaOCH>CH;s, NaOC(CHs)s, KOC(CHa)a, KoCOs, and NaxCOs.

199. The method of claim 191, wherein the reaction temperature of Step 2} is -10 t0 5 °C and

the reaction time is 0.5 hour or longer.
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200. The method of claim 191, wherein the reducing agent of Step 3) is at least one inorganic

base selected from the group consisting of NaBH(OAc), NaBH,, and NaBH(CN)s.

201. The method of claim 191, wherein the reaction temperature of Step 3) is 1 t0 30 °C and

the reaction time is 1 to 30 hours.

202. The method of claim 191, wherein the organic base of the Step 4) is at least one selected

from the group cousisting of TEA, DIPEA, DABCO, morpholine, and ammonia.

203. The method of claim 191, wherein the content of Ri-C{=0)-Cl in Step 4) is 1 equivalent

or more compared to Compound 11.

204. The method of claim 191, wherein the reaction temperature of the 4) is 1 to 30 °C and the

reaction time is 1 to 30 hours.

205. The method of claim 191, wherein the Pd catalyst of the 5) is at least one selected from

the group consisting of Pd/C, PAOH),, PAOAC);, PACh and Pd.

206. The method of claim 191, wherein the reaction termperature of the 5)is 1 1o 30 °C and the

reaction time is 1 to 30 hours.

207.The Compound 9:
o
O N

cbz\N: :2

OH

9

208. The Compound 14

151



WO 2025/149985

cbz—~ N

209. The Compound 11:

210. A compound represented by Formula (X):

-

A

4

211. A method for preparing Chemical Formula (X1}

152

O
Ry
(X)), wherein R is C2-Cs alkyl.

PCT/1B2025/050327
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O
_z{/
Ry

Cl S ------
2y reacting Compound 13

9\ N\‘D'”io H

0
”

=
N

(X1), comprising the steps of:

¢

13 C c T
, and a compound of Formula (11):

(I, to synthesize a compound of Formula (XI), and then
crystallizing the synthesized compound of Formula (XI); and
2}y purifying the compound of Forroula (X1) obtained in Step 1) above;

wherein in the Formuldas above, R is Co-Cs alkyl
212.The preparation method of claim 211, wherein the compound of Chemical Formula (XT)

above is N-((35,55)-1-{(38,4R)-1-(tert-butyl)}-4-{4-chlorophenylpyrrolidin-3-carbonyi}-5-
{morpholine-4-carbonylpyrrolidin-3-y1-N-({15,4R)-4-methylcyclohexylisobutyramide 14:
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213.The preparation method of claim 211, wherein the synthesis of Formula (X1) of Step 1)
above is carried out by performing acylation reaction between Compound 13 and the compound

of Formula (1) in a reaction solvent using a coupling agent.

214.The preparation method of claim 213, wherein the coupling agent used for the acylation
reaction 18 an NN -disubstituted carbodiimides, such as ethyl-(N",N"-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCDH and NN~
dicyclohexylearbodiimide (D{CC); an azolide such as N,N'-carbonyldiimidazole (CDI); and N-

ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline, phosphorus oxychloride, or alkoxyacetylene.

215.The preparation method of claim 213, wherein the coupling agent used for the acylation

reaction is used in an amount of 1.0 to 2.0 equivalents relative to Compound 13.

216.The preparation method of claim 213, further comprising hydroxybenzotriazole as an additive

for increasing reactivity together with a coupling agent.
217.The preparation method of claim 211, wherein the reaction teroperature during the synthesis
of the compound of Chemical Formula (XI) 1n Step 1) above is -10 °C to 30 °C, and the reaction

time 1s 0.5 to 6 hours.

218.The preparation method of claim 213, wherein the reaction solvent is selected from the group

consisting of ethyl ether, tetrahydrofuran, dioxin, dichloromethane, chloroform, methyl acetate,
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ethyl acetate, isopropyl acetate, acetone, methyl ethyl ketone, acetonitrile, propionitrile,

dimethylformamide, dimethylacetamide, dimethyl sulfoxide, and a mixed solvent thereof.

219.The preparation method of claim 211, wherein the crystallization step in Step 1) above
comprises the following steps of:

a) concentrating the compound of the synthesized Formula (XI), dissolving the
concentrated residue using a solvent, and then washing it using a washing solvent;

b) separating an aqueous layer from the product of Step a) above, concentrating the
separated agueous layer, adding H.O, and then cooling it; and

¢) adding a base aqueous solution dropwise and stirring to obtain a crystallized compound

of Formula (XI).

220.The preparation method of claim 219, wherein the cooling temperature in Step b) above is -

10 to 30 °C.

221.The preparation method of claim 219, wherein the base agueous sohution in Step ¢) above is
an agueous solution containing at least ove base selected from the group consisting of THA,
DIPEA, DABCO, morpholine, ammonia, KOH, NaOH, CaS0s, LiOH, NaH, KH, NaOCH;,
NaOQCH-CH;, NaOC(CHz)s, KOC(CH)s, KoCOs, and NaxCOs.

222.The preparation method of claim 219, wherein the stirring time in Step ¢} above is 0.5 to 24

hours.

223.The preparation method of claim 211, comprising a step of filtering, washing or drying the

product after carrying out Step 1) above.
224.The preparation method of claim 211, wherein Step 2) above is carried out by dissolving the
crystallized compound of Formula (X1} produced in Step 1) in an organic solvent, stirring it for

the first time, then cooling i, and stirring it for the second time.

225.The preparation method of claim 224, wherein the organic solvent is selected from the group
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consisting of acetone, acetonitrile, dichloromethane, dimethylformamide,
dimethylpropyleneurea, dimethyl sulfoxide, ethyl acetate, hexamethyiphosphoramide,
tetrahydrofuran, methyl-tert-butyl ether, pentane, hexane, heptane, cther, toluene, methyl acetate,

isopropyl acetate, alcohols with 1 to 6 carbon atoms, diethyl ether, and a mixture thereof.

226.The preparation method of claim 224, wherein the first stirring time of Step 2) above is 10
hours or more, the cooling temperature after stirring is 0 to 10 °C, and the second stirring time is

(.5 to 2 hours.

227 A preparation method of Fornmla (XII):

0
¢l OWN\/’

(f\ 0] y
j {X1I), comprising the steps of:

reacting Compound 13:

j‘\NQ/jEOH
o

e~

13 - :
, with a compound of Formula (IF):
o
o N
HN

. O
N
§,J> ’
(1B, to synthesize a compound of Formula (XI):
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Ci {(XD); and
4y reacting the compound of Formula (XI) generated in Step 1) with HCI without an
additional purification process to prepare a compound of Formula (X11).

wherein in the above Formulas, Ry is a C2-Cs alkyl group.

228. A preparation method of claim 227, wherein the compound of Formula (XII) above
is N-({38,58)-1-((35 4R )- I -(tert-butyl)-4-(4-chlorophenyl)pyrrolidin-3-carbony1}-5-(morpholine-
4-carbonyl)pyrrolidin-3-y1}-N-({(15,4R)-4-methylcyclohexyl}isobutyramide hydrochloride 16:

229.A preparation method of claim 227, wherein Step 1) is carried out by synthesizing the
compound of Formula (XI) through an acylation reaction of Compound 13 and the compound of

Chemical Formula (1) in a reaction solvent using a coupling agent.

230. A preparation method of claim 229, wherein the coupling agent used for the acylation reaction

may include N.N'-disubstituted carbodiimides such as ethyl-(N'IN'-
dimethylamino)propylcarbodiimide hydrochloride (EDC-HCD and NN

dicyclohexylcarbodiimide (DCC); azolides such as N,N'-carbonyldiimidazole (CDI); and N-
ethoxycarbonyl-2-ethoxy-1,2-dihyvdroquinoline, oxalyl chloride, or alkoxyacetylenes.

231.A preparation method according to embodiment 229, wherein the coupling agent used for the
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acylation reaction is employed in an amount of 1.0 to 2.0 equivalents relative to Compound 13.

232.A preparation method of claim 229, further comprising hydroxybenzotriazole as an additive
for increasing reactivity with a coupling agent.
233, A preparation method of claim 227, wherein the reaction temperature of Step 1) is -20 °C to

100 °C, and the reaction time is 0.5 to 24 hours.

234. A preparation method of claim 229, wherein the reaction solvent is selected from the group
consisting of n-hexane, benzene, toluene, ethyl ether, tetrahydrofuran dioxine, methanol, ethanol,
dichloromethane, chloroform, ethyl acetate, methylacetate, acetone, methylethylketone,
acetonitrile, propionitrile, dimethylformamide, dimethylacetamide, dimethylsulfoxide, and a

mixed solvent thereof.

235.A preparation method of claim 227, wherein Step 2) 1s carried out through the preparation of
the compound of Formula (X1 by reacting the crude compound of Chermical Formula (X1)

generated in Step 1) with HCH in an organic solvent without an additional purification process.

236.A preparation method of clairo 235, wherein the organic solvent is selected from the group
consisting of acetone, acetonitrile, dichloromethane, dimethylformamide, dimethylpropyleneurea,
dimethylsulfoxide, ethyl acetate, hexamethylphosphoamide, tetrahydrofuran, methyl-tert-

butylether, pentane, hexane, heptane, ether, diethylether, and a mixed solvent thereof.

237. A preparation method of claim 227, wherein the reaction temperature s -20 °C to 100 °C, and

the reaction time is 10 minates or more, in Step 2).

238.A compound represented by the structire of Formula (1)
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(1), wherein Ry is C2-Cs alkyl.

239.A method for preparing crystalline Form 111 particles of a compound of Formula (XI):

0

, Osp N
S d,

AR UV S

wherein Ry is C2-Cs alkyl, and wherein

the crystalline Form i1 has the following diffraction angles (28 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.18+0.2°, 9.89£0.2°, 10.83+0.2°, 11.4220.2°, 12.92+0.2°, 14.61£0.2°, 15.36x0.2°, 15.79x0.2°,
15.95x0.2°, 17.37+0.2°, 18.20+0.2°, 18.99+0.2°, 19.3420.2°, 19.69x+0.2°, 20.40+0.2°, 21.66+0.2°,
21.98+0.2°, 22.45+0.2°, 22.8550.2°, 24.66x0.2°, 25.52+0.2°, 26.55+0.2°, 28.08+0.2°, 29.31x£0.2°
and 29.54+0.2°; and

the preparation method coroprises:

{(a) preparing a mixed solution by dissolving the compound of Formula (XI) in a crystallization
solvent comprising water or a mixture of water and an organic solvent;

{b) crystallizing by adding HCl dropwise to the solution; and

(¢) maturing the solution.

240. The method of claim 239, wherein the organic solvent of the crystallization solvent is a2

polar aprotic organic solvent.
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241.The method of claim 240, wherein the polar aprotic organic solvent comprises ethyl acetate,
methyl isobutylketone, dimethylsulfoxide, tetrahydrofuran, acetone, dimethylformamide,

acetonitrile, and the mixtures thereof.
242 The method of claim 239, wherein the dropwise addition of HCl is administered through
a 4 M HCI solution or a & N HCI solution in concentrated HCl (conc. HCI) solution and ethyl

acetate.

243, The method of claim 239, wherein the dropwise addition of HCl is administered in an

amount of 1 eguivalent or less to the compound of Formula (X1).

244, The method of claim 239, wherein the crystallization solvent is a mixed solvent in which

water and an organic solvent are mixed in a volume ratio of 1:20 to 1:40.

245, The method of claim 244, wherein the crystallization solvent is a mixed solvent in which

water and an organic solvent are roixed in a voluroe ratio of 1:27 to 1:32,

246.The method of clairo 239, wherein Step (b) is performed at 15 °C to 25 °C, and Step (¢) 1s

performed at 10 °C o 20 °C,
247. The method of claim 246, wherein the {c) comprises:

{c-1) matoring at 10 °C to 15 °C unti filtrate area decreases to 80% to 85% of the inutial area;
and

{c-2) mataring by raising the temperature to 20 °C until the filtrate area no longer decreases.

248.The method of claim 239 further comprising: (d) filtering the solution.

249 The method of claim 239, wherein the crystalline Form IH particles are crystalline form

particles of a solvate of the hydrochloride salt of the compound of Formula (X1},

250.The method of claim 249, wherein the solvate is a hydrate.
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251.The method of claim 239, wherein the compound of Formula (X1) is Compound 17°:

o
o O NS
0
: .0
= ’N
~

17

252 .The method of claim 239, wherein the crystalline Form IH particles have a flow function value

of at least & under a pressure of 9 kPa.

253.A crystailine Form III particle of a compound of Formula (X1), a pharmaceutically acceptable
salt thereof, or a solvate thereof, prepared by the preparation method according to claim 239,
wherein

the crystalline Form I has the following diffraction angles (26 values) in the X-ray powder
diffraction pattern: three or more characteristic peaks selected from among 6.62+0.2°, 7.44+0.2°,
9.180.2°, 9.89x0.2°, 10.83£0.2°, 11.42+0.2°, 12.92x0.2°, 14.610.27, 15.36x0.2°, 15.79+0.2°,
15.95£0.2°, 17.37+0.2°, 18.20+0.27, 18.9920.2°, 19.3420.2°, 19.69x0.2°, 20.40x0.2°, 21.66+0.2°,
21.98+0.2°, 22.45+0.2°, 22.8550.2°, 24.66%0.2°, 25.52+0.2°, 26.55+0.2°, 28.08+0.2°, 29.31x0.2°
and 29.34+0.2°; and

the crystalline Form 1 particle has a flow function value of at least & under a pressure of

9 kPa.

254. A method of making a compound of Formula (I), or a compound of any one of the
preceding claims, wherein the method comprises making greater than about 500 mg, 1 kg, 1.25
kg, 1.5kg, 2 kg, 2.5kg, 3kg, 4 kg, Ske, 7.5 kg, 10 kg, 12.5 kg, 15 kg, or more of a compound of
Formula (1).

255.The method of claim 255, wherein the method comprises making greater than about 500 mg,

Tkg 1.25kg, 1.5 kg, 2 kg, 25 kg, 3kg, 4ke, Skg, 7.5 kg, 10 kg, 12.5 kg, 15 kg, or moore of a
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Compounds 1,2, 3,4,5,6,7,8,9, 10, 11, 13, 14, 15, 16, or 17, or a pharmaceutically acceptable

salt thereof.
256.A pharmaceutical composition for preventing or treating obesity, diabetes, inflammation or

erectile dysfunction, comprising the crystailine Form I particle according to claim 2533 and a

pharmaceutically acceptable carrier.
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