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METHODS OF SYNTHESIS OF CHIRAL 3,5-DISUBSTITUTED MORPHOLINE
COMPOUNDS AND INTERMEDIATES USEFUL THEREIN

FIELD
{6001} Provided herein are synthetic methods and intermediates for the preparation of
chiral 3,5-disubstituted morpholine compounds, which are useful for the preparation of
compounds useful as mitochondrial-derived activator of caspases (SMAC) mimetics for the

treatment of proliferative diseases such as cancer.

BACKGROUND

{0002} The connection between abnormal protein phosphorylation and the cause or
consequence of diseases has been known for over 20 years. Accordingly, protein kinases have
become a very important group of drug targets. {See Cohen, Nanre, 1:309-315 (2002),
Gaestel er al. Curr.Med Chem 14 2214-223 (2007}, Grimminger et al. Nat. Rev. Drug Disc.
9(12):956-970 (2010)). Various protein kinase inhibitors have been used clinically in the
treatment of a wide variety of diseases, such as cancer and chronic inflammatory diseases,
including rheumatoid arthritis and psoriasis. (See Cohen, Eur. J. Biochem., 268:5001-5010
{2001); Protein Kinase Inhibitors for the Treatment of Disease: The Promise and the Problems,
Handbook of Experimental Pharmacology, Springer Berlin Heidelberg, 167 (2005)).

[8003] Apoptosis plays a critical role in the development and homeostasis of cells in
higher organisms and is a tightly regulated process to eliminate damaged or unwanted cells
(Kerr, I F, et al, BrJ Cancer, 1972, 26, 239-257). Aberrations in the apoptotic process are
implicated in many human diseases, including cancer, autoimmune diseases and inflammation
{(Nicholson, D. W, et al., Nature, 2000, 407, 810-816). Indeed, resistance to apoptosis is a
hallmark of cancer (Hanahan, D, et al | cell 2000, 100, 57-70; Hanahan, I}, et al,, cell, 2011,
144, 646-674).

[6004] Apoptosis can be triggered through either the extrinsic stimulation of death
receptors or the intrinsic stimuli released by mitochondria within the cell (Elmore, S., Toxicol

Pathel, 2007, 35, 495-516). Inhibitors of apoptosis proteins (FAPs) are a class of pivotal negative
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regulators of both extrinsic and intrinsic apoptotic pathways. AP was initially identified in
baculovirus and able to inhibit apoptosis in the infected cells (Birnbaum, M. J., et al., J Virol,
1994, 68, 2521-2528}. The 1APs are characterized by the presence of baculoviral 1AP repeat
(BIR) domains. BIR domain is approximately 70-80 amino acids in length and contains a Zn-
binding motif which can facilitate protein-protein interactions involved in IAP function (Yang,
Y.L, Cell Res, 2000, 10, 169-177). The human {AP family contains eight proteins: neuronal IAP
(BIRC1), cellular IAP] (clAP1, BIRCZ), cellular IAP2 (¢IAP2, BIRC3), X chromosome-linked
IAP (XIAP, BIRC4), survivin (BIRCS), ubiquitin-conjugating BIR domain enzyme apollon
(BIRC6), melanoma FAP (ML-IAP, BIRCT), and IAP-like protein 2 (BIRCS). Among these,
cIAP1, cIAPZ and XIAP play a direct role in apoptosis regulation (Salvesen, (3.S, et al.,, Nat Rev
Mol Cell Bio, 2002, 3, 401-410).

[6005] cIAP] and clAP2 (cIAPs) inhibit caspase-8 dependent extrinsic apoptotic
pathway such as that induced by TNF-a through their ubiquitin ligase activity {Derakhshan, A |
et al., Clin Cancer Res, 2017, 23, 1379-1387). Upon ligation of TNF-g to its receptor TNFRI,
cIAPs, as well as tumor necrosis factor receptor type 1-associated death domain (TRADD),
receptor-interacting serine/threonine kinase 1 (RIPK 1) and TNF receptor-associated factors
{(TRAFs) are recruited to form complex I leading to activation of canonical nuclear factor-«xB
(NF-«B) pathway, well known to promote inflammation, proliferation and cell survival (Samuel
T., et al, ] Biol Chem, 2006, 281, 1080-1090; Vince J. E., et al., J Biol Chem, 2009, 284, 35906-
35915; Wang C, et al., Nature, 2001, 412, 346-351).

[6006] XIAP is the only IAP protein that inhibits both extrinsic and intrinsic apoptotic
pathways by directly counteracting caspase activation through their BIR domains (Deveraux Q.
L., et al, Nature, 1997, 388, 300-304). The BIR2 domain and the preceding hinker region of
XIAP associates to the IAP-binding motif (IBM) and active site of caspase-3 and -7, the
executioner caspases shared by extrinsic and intrinsic apoptosis, and inhibits their function (Chai
1., et al, Cell, 2001, 104, 769-780; Ried] S. 1., et al, Cell, 2001, 104, 791-800). XIAP binds to
pro-caspase-9 via its BIR3 domain and prevents the dimerization and subsequent activation of
caspase-9, the critical initiator caspase in the intrinsic pathway (Shiozaki E N, et al., Mol Cell,
2003, 11, 519-527).

10007} cIAP1, clAP2 and XIAP proteins are broadly expressed in various tumor types.

And positive expression of ciAPs and XIAP is associated with high-grade cancer and poor
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prognosis {Che X, et al., Urol Oncol, 2012, 30, 450-456; Yang C., et al., J Exp Clin Cancer Res,
2016, 35, 158). Moreover, downregulation or depletion of these IAPs has shown to restore
sensitivity to extrinsic or intrinsic apoptotic stimuli (Gu H,, et al., Aging{ Albany NY), 2018, 10,
1597-1608). Taken together, targeting AP proteins provides a potential anti-tumor strategy.
{6693] The second mitochondrial-derived activator of caspases (SMAC), also known as
direct IAP binding protein with low pl (DIABLQO), is an endogenous antagonist of cIAP1, cIAP2
and XIAP to promote apoptosis (Du C,, et al., Cell, 2000, 102, 33-42; Verhagen AL M., etal.,
Cell, 2000, 102, 43-53). SMAC is normally sequestered in the mitochondria and released into
cytosol when cells undergo apoptosis. In cytosol, the N-terminal mitochondria-targeting
sequence of SMAC is cleaved to expose the tetrapeptide (Ala-Val-Pro-lie) that allows SMAC to
interact with the BIR domains of I1APs (Chai 1, et al., Nature, 2000, 406, 855-862). Binding of
SMAC to BIR3 domain of clAPT and ¢IAPZ stimulates their B3 ubiquitin ligase activity and
induces their proteasomal degradation. Loss of cIAP proteins promotes the formation of RIPK1,
caspase-8 and Fas-associated protein with death domain (FADD) containing complex I and
triggers TNF-a mediated apoptosis (Dueber B. C et al, Science, 2011, 334, 376-380).
Dimerized SMAC binds to the BIR2 and BIR3 domains of XTAP and disrupts its interaction with
caspase-3, -7 and -9, ieading to caspase-dependent apoptosis (Micheau, O, et al | Cell, 2003,
114, 181-190; Chai J., et al., Cell, 2001, 104, 769-780: Liu Z., et al., Nature, 2000, 408, 1004-
1008).

{6609] SMAC mimetics are small molecules that contain 4 amino acids that mimic the
N-terminal (Ala-Val-Pro-lle) of SMAC. Similar to SMAC, SMAC mimetics bind to BIR
domains of IAPs and antagonize their function to promote apoptosis in cancer cells (Chai J, et
al., Cell, 2001, 104, 769-780; Dueber E. C, et al| Science, 2011, 334, 376-380; Liu 7., et al |
Nature, 2000, 408, 1004-1008; Verhagen A. M, et al., Cell, 2000, 102, 43-53). Taken together,
SMAC mimetics become a new class of cancer therapeutic candidates.

6010} PCT/CN2021/098123 filed on June 3, 2021 teaches a group of compounds as the
SMAC mimetics and further teaches that a R R-3,5-dimethyl-morpholine moiety is needed in
most of the SMAC mimetics in the application. However, a stereoselective synthetic method
does not appear to be available in the art for the preparation of R R-3,5-dimethyl-morpholine

intermediates useful for the preparation of the SMAC mimetics.
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j0011] Dieter Enders, er al., Syathesis, 1994(01), 66-72, reported a diastereo-random
synthetic route of 3,5-dimethylmorpholine, producing an equimolar mixture of (5,5}~ and meso-
bis{beta~hydroxyisopropyljamine as a synthetic intermediate. G. Cignarella er al., Gazz. Chim.
fral., 1962, 92, 3-16, reported 2,2'-(benzylazanediyl)bis{(propan-1-ol} as an ol with boiling point
of 133-135 °C at 0.2 myn Hg and a diastereo~-random synthetic route of 2,2'-
{benzylazanediyl)bis{(propan-1-ol}. L. Fontanella et al., Il Farmaco, Ed. Sci., 1982, 37(6), 378-
386, reported another diastereo-random synthetic route of 2.2'-(bevzylazanediyl)bis(propan-1-
ol).

[0012] Thus, for purposes of pharmaceutical manufacture, particularly control of drug
quality and cost, there is a need to develop a stereoselective synthetic method to prepare
intermediates useful for the preparation of certain SMAC mimetics.

[6013] Citation or identification of any reference in this section is not to be construed as

an admission that the reference is prior art to the present application.

SUMMARY
[6014] Provided herein are diastereo-selective methods for preparing a compound of
Formula (VI
O
LA
RN vge
(VIID,

pharmaceutically acceptable salts, solid forms, enantiomer, isotopologues, and solvates thereof,
wherein the method comprises contacting a compound of Formula (VI

O

RN‘( 5{/\;;32

E \i

(Vi
with hydrogen (Hz) in the presence of a catalyst in a solvent.

wherein R, and R? are as provided herein.



WO 2023/098882 PCT/CN2022/136254

[0015] In one embodiment, the compound of Formula {VII} is prepared by contacting a

compound of Formula (VI}),

HO =/C}H
R A Qz
H E \ E
a
S
Vi),
with an acid.
{6016} In one embodiment, the compound of Formula (V1) is prepared by contacting a

mixture of a compound of Formula (IV),

HO Oi\?/ﬁ
RN‘“ N/\Rz

{1V}, and

a compound of Formula (V),

o

7N
.

Rf\‘ uZ
IE \I
(‘v)*
with a reducing agent.
0017 In one embodiment, the mixture of a compound of Formula {IV) and a compound
P L P

of Formula (V) is prepared by contacting a compound of Formula (1),
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with a compound of Formula (IIf)

C;)Tf
: ObMe
qu
().
j001 8] In one embodiment, the compound of Formula (11} is prepared by contacting a
compound of Formula (I},
HC)I
R‘Ml NHz
@,
with PhCHO.
[0019] Provided herein are compounds of Formula (V1)

HO OH

poy

(VD,
pharmaceutically acceptable salts, solid forms, enantiomer, isotopologues, and solvates thereof,
wherein R!, and R? are as provided herein.
[6029] Provided herein is Compound 6 having the name of (2R,2'R)-2,2'-
{benzylazanediyl)bis{propan-1-ol} with the following structure:

HG OH

L L
RN

R
Bn( }

6.
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[6021] In one embodiment, Compound 6 is a crystalline form which has an X-ray powder
diffraction pattern comprising peaks at approximately 22.54, 27.09, and 27.30 ° 28.

6022} Provided herein are processes and intermediates useful for the preparation of
SMAC mimetics disclosed in PCT/CN2021/098123 filed on June 3, 2021.

10023] The present embodiments can be understood more fully by reference to the

detailed description and examples, which are intended to exemplify non-limiting embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

0024} Figure 1 depicts a 'H nuclear magnetic resonance (NMR) spectrum of Compound
2.

[06025] Figure 2 depicts a 'H NMR spectrum of Compound 6.

{6626} Figure 3 depicts a 'H NMR spectrum of Compound 7.

{6027] Figure 4 depicts a 'H NMR spectrum of Compound §.

8028] Figure 5 depicts an X-ray powder diffractogram (XRPD) pattern of Compound 6.
16029] Figure 6 depicts a differential scanning calorimetry (DSC) thermogram of
Compound 6.

{6030} Figure 7 depicts a thermogravimetric analysis (TGA) thermogram of Compound
6.

DETAILED DESCRIPTION
DEFINITIONS

{6031} As used herein, and in the specification and the accompanying claims, the
indefinite articles “a” and “an” and the definite article “the” include plural as well as single
referents, unless the context clearly indicates otherwise.
{6032} As used herein, and unless otherwise specified, the terms “about” and
“approximately,” when used in connection with amounts, or weight percentage of ingredients of
a composition, mean an amount, or weight percent that is recognized by one of ordinary skill in
the art to provide a pharmacological effect equivalent to that obtained from the specified amount,
or weight percent. In certain embodiments, the terms “about” and “approximately,” when used
in this context, contemplate an amount, or weight percent within 30%, within 20%, within 15%,

within 10%, or within 5%, of the specified amount, or weight percent.
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[0033] As used herein, and unless otherwise specified, the terms “about” and
“approximately,” when used in connection with a numeric value or range of values which is
provided to characterize a particular solid form, e.g., a specific temperature or temperature range,

such as, for example, that describes a melting, dehydration, desolvation, or glass transition

<,
temperature; a mass change, such as, for example, a mass change as a function of temperature or
humidity; a solvent or water content, in terms of, for example, mass or a percentage; or a peak
position, such as, for exarple, in analysis by, for example, IR or Raman spectroscopy or XRPD;
indicate that the value or range of values may deviate to an extent deemed reasonable to one of
ordinary skill in the art while still describing the solid form. Techniques for characterizing
crystal forms and amorphous solids include, but are not limited to, thermal gravimetric analysis
{TGA), differential scanning calorimetry (DSC), X-ray powder diffractometry (XRPD),
single-crystal X-ray diffractometry, vibrational spectroscopy, e.g., infrared (IR) and Raman
spectroscopy, solid-state and solution nuclear magnetic resonance (NMR) spectroscopy, optical
microscopy, hot stage optical microscopy, scanning electron microscopy (SEM), electron
crystaliography and quantitative analysis, particle size analysis (PSA), surface area analysis,
sotubility studies, and dissolution studies. In certain embodiments, the terms “about” and
“approximately,” when used in this context, indicate that the numeric value or range of values
may vary within 30%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1.5%, 1%, 0.5%, or
25% of the recited value or range of values. For example, in some embodiments, the value of
an XRPD peak position may vary by up to £0.2° 28 {or £0.2 degree 20) while still describing the
particular XRPD peak.
{0034} As used herein, and unless otherwise specified, a crystalline compound that is
“pure,” i.e., substantially free of other crystalline or amorphous solids, contains less than about
10% by weight of one or more other crystalline or amorphous solids, tess than about 5% by
weight of one or more other crystalline or amorphous solids, less than about 3% by weight of one
or more other erystalline or amorphous solids, or less than about 1% by weight of one or more
other crystaliine or amorphous solids.
[0035] As used herein, and unless otherwise specified, a solid form that is “substantially
physically pure” is substantially free from other solid forms. In certain embodiments, a crystal
form that is substantially physically pure contains less than about 10%, 9%, 8%, 7%, 0%, 5%,

4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, or 0.01% of one or more other solid
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forms on a weight basis. The detection of other solid forms can be accomplished by any method
apparent to a person of ordinary skill in the art, including, but not limited to, diffraction analysis,
thermal analysis, elemental combustion analysis and/or spectroscopic analysis.

{00306} As used herein, and unless ctherwise specified, a solid form that is “substantially
chemically pure” 1s substantially free from other chemical corapounds (i.e., chemical impurities).
in certain embodiments, a solid form that is substantially chemically pure contains less than
about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, or
0.01% of one or more other chemical compounds on a weight basis. The detection of other
chemical compounds can be accomplished by any method apparent to a person of ordinary skill
in the art, including, but not limited to, methods of chemical analysis, such as, e.g., mass
spectrometry analysis, spectroscopic analysis, thermal analysis, elemental combustion analysis
and/or chromatographic analysis.

0037} As used herein, and unless otherwise indicated, a chemical compound, solid form,
or composition that is “substantially free” of another chemical compound, solid form, or
composition means that the compound, solid form, or composition contains, in certain
embodiments, less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%,
0.2% 0.1%, 0.05%, or 0.01% by weight of the other compound, solid form, or composition.
[0038] An “alkyl” group is a saturated, partially saturated, or unsaturated straight chain
or branched non-cyclic hydrocarbon having from 1 to 10 carbon atoms, typically from 110 8
carbons or, in some embodiments, from 110 6, 1 to 4, or 2 to 6 or 2 to 4 carbon atoms.
Representative alkyl groups include —methyl, -ethyl, -u-propyl, -n-butyl, -u-pentyl, and -n-hexyl;
while saturated branched alkyls include —isopropyl, -sec-butyl, -isobutyl, -tert-

butyl, -isopentyl, -neopentyl, ~feri-pentyl, -2-methylphenyl, -3-methyiphenyl, -4-

methyiphenyl, -2,3-dimethylbuiyl and the like. Examples of unsaturated alkyl groups include,
but are not limited to, vinyl, allyl, -CH=CH(CH:), -CH=C{CHs),, - C(CH;)=CH,, -
C(CH:)=CH(CH:s), -<C(CH2CH3)=CH,, -C=CH, -C=C(CHs), -C=C(CHCH), -CH.C=CH, -

unsubstituted. When the alkyl groups described herein are said to be “substituted,” they may be
substituted with any substituent or substituents as those found in the exemplary compounds and
embodiments disclosed herein, as well as halogen (chloro, iodo, bromo, or fluoro); alkyl;

hydroxyl; alkoxy; alkoxyalkyl; amino; aikyiamino; carboxy; nitro; cyano; thiol; thioether; imine;
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imide; amidine; guanidine; enamine; aminocarbonyl; acylamino; phosphonate; phosphine;
thiocarbonyl; sulfinyl; sulfone; sulfonamide; ketone; aldehyde; ester; urea; urethane; oxime;
hydroxyl amine; alkoxyamine; aralkoxyamine, N-oxide; hydrazine; hydrazide; hydrazone; azide;
isocyanate; isothiccyanate; cyanate; thiocyanate; B(OH);, or Oalkylyaminocarbonyl.

[6039] A “cycloalkyl” group is a saturated, or partially saturated cyclic alkyl group of
from 3 to 10 carbon atoms having a single cyclic ring or multiple condensed or bridged rings
which can be optionally substituted with from 1 to 3 alkyl groups. In some embodiments, the
cycloalkyl group has 3 to 8 ring members, whereas in other embodiments the number of ring
carbon atoms ranges from 310 5,3 to 6, or 3 to 7. Such cycloalkyl groups include, by way of
example, single ring structures such as cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl,
cycloheptyl, cyclooctyl, T-methyleyclopropyl, 2-methylevelopentyl, 2-methyleyclooctyl, and the
fike, or multiple or bridged ring structures such as 1-bicyclo[1.1.1]pentyl, bicyclof2.1 1thexyl,
bicyclo[2.2. 1theptyl, bicyelo[2.2 2]octyl, adamanty] and the like. Examples of unsaturated
cycloalkyl groups include cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl,
pentadienyl, hexadienyl, among others. A cycloalky! group can be substituted or unsubstituted.
Such substituted cycloatkyl groups include, by way of example, cyclohexanol and the like.
[0040] An “aryl” group is an aromatic carbocyclic group of from 6 to 14 carbon atoms
having a single ring (e.g., phenyl) or multiple condensed rings (e. g., naphthyl or anthryl). In
some embodiments, aryl groups contain 6-14 carbons, and in others from 6 to 12 or even 6 {o

10 carbon atoms in the ring portions of the groups. Particular aryls include pheny!, biphenyl,
naphthyl and the like. An aryl group can be substituted or unsubstituted. The phrase “aryl
groups” also includes groups containing fused rings, such as fused aromatic-aliphatic ring
systems {e.g., indanyl, tetrahydronaphthyl, and the like).

[0041] A “heteroaryl” group is an aryl ring system having one to four hetercatoms as ring
atoms in a heteroaromatic ring system, wherein the remainder of the atoms are carbon atoms. In
some embodiments, heteroary] groups contain 3 to 6 ring atoms, and in others from 6 to 9 or
even 6 to 10 atoms in the ring portions of the groups. Suitable hetercatoms include oxygen,
sulfur and nitrogen. In certain embodiments, the heteroaryl ring system is monocyclic or
bicyclic. Non-limiting examples include but are not limited to, groups such as pyrrolyl,
pyrazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, benzisoxazolyl

{e.g., benzoldlisoxazolyl}, thiazolyl, pyrolyl, pyridazinyl, pyrimidyl, pyrazinyi, thiophenyl,
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benzothiophenyl, furanyl, benzofuranyl, indolyl (e.g., indolyl-2-ony!l or iscindolin-1-onyl),
azaindolyl {pyrrolopyridyl or 1H-pyrroloi2,3-blpyridyl), indazolyl, benzimidazolyl

{e.g., 1H-benzo[dlimidazolyl}, imidazopyridyl (e.g., azabenzimidazoly! or 1H-imidazo{4,5-
blpyridyl), pyrazolopyridyl, triazolopyridyl, benzotriazolyl (e.g., 1H-benzo[d][1,2,3Jtriazolyl),
benzoxazolyl {e.g., benzo[d]oxazolyl), benzothiazolyl, benzothiadiazolyl, 1soxazolopyridyl,
thianaphthalenyl, purinyl, xanthinyl, adeninvl, guaninyl, quinolinyl, isoquinolinyl

{e.g., 3,4-dihydroisoquinolin-1(2H)-ouyl), tetrahydroquinolinyl, quinoxalinyl, and quinazoliny]
groups.

[0042] A “heterocyclyl” is an aromatic (also referred to as heteroaryl) or non-aromatic
cycloalkyl in which one to four of the ring carbon atoms are independently replaced with a
heteroatom from the group consisting of O, S and N. In some embodiments, heterocyclyl groups
include 3 to 10 ring mermbers, whereas other such groups have 3 t0 5, 3 10 6, or 3 to 8 ring
members. Heterocyclyls can also be bonded to other groups at any ring atom (i.e., at any carbon
atom ot heteroatom of the heterocyclic ring). A heterocycloalkyl group can be substituted or
unsubstituted. Heterocycly! groups encompass unsaturated, partially saturated and saturated ring
systems, such as, for example, imidazolyl, imidazolinyl and imidazolidinyl {e.g., imidazolidin-4-
one or imidazolidin-2 4-dionyl) groups. The phrase heterocyclyl includes fused ring species,
including those comprising fused aromatic and non-aromatic groups, such as, for example, 1-and
2-aminotetraline, benzotriazolyl (e.g., 1H-benzo[d][1,2,3 ]triazolyl), benzimidazolyl

{e.g., 1H-benzold}imidazolyl), 2,3-dihydrobenzofl 41dioxinyl, and benzofl 3]dioxolyl. The
phrase also includes bridged polycyclic ring systems containing a heteroatom such as, but not
fimited to, quinuclidyl. Representative examples of a heterocyclyl group include, but are not
Hrotted to, aziridinyl, azetidinyl, azepanyl, oxetanyl, pyrrolidyl, imidazolidiny]

{e.g., imidazolidin-4-onyl or imidazolidin-2,4-dionyl), pyrazolidinyl, thiazolidinyl,
tetrahydrothiophenyl, tetrahydrofuranyl, dioxolyl, furanyl, thiophenyl, pyrrolyl, pyrrolinyl,
imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
benzisoxazolyl (e.g., benzo[dlisoxazolyl), thiazolyl, thiazolinyl, isothiazolyl, thiadiazolyl,
oxadiazolyl, piperidyl, piperazinyl (e.g., piperazin-2-onyl), morpholinyl, thiomorpholinyl,
tetrahydropyranyl (e.g., tetrahydro-2H-pyranyl), tetrahydrothiopyranyl, oxathianyl, dioxyl,
dithianyl, pyranyl, pyndyl, pyrmidyl, pyridazinyl, pyrazioyl, triazinyl, dihydropyridyl,

dihydrodithiinyl, dihydrodithionyl, 1,4-dioxaspiro{4.5decanyl, homopiperazinyl, quinuclidyl,
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indolyl (e.g., indolyl-2-onyl or iscindolin-1-onyl), indolinyl, isoindolyl, iscindolinyl, azaindolyt
{pyrrolopyridyl or 1H-pyrrolofZ,3-blpyridyl), indazolyl, indolizinyl, benzotriazolyl

{e.g. 1H-benzo{d]{1,2,3}triazolyl}, benzimidazolyi {e.g., 1H-benzo{djimidazolyl or
1H-benzo[d]imidazol-2(3H}-onyl), benzofuranyl, benzothiophenyl, benzothiazolyl,
benzoxadiazolyl, benzoxazinyi, benzodithiinyl, benzoxathiinyl, benzothiazinyl, benzoxazolyl
(i.e, benzo[d]oxazolyl}, benzothiazolyl, benzothiadiazolyl, benzofl, 3 {dioxolyl, pyrazolopyridyl
{for example, 1H-pyrazolo|3,4-bipyridyl, 1H-pyrazolo{4,3-blpyridyl), imidazopyridyl

(e.g., azabenzimidazolyl or 1H-imidazo[4,5-bpyridyl), triazolopyridyl, isoxazolopyridyl,
purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl {e.g., 3,4-dihydroisoquinolin-
1(ZH}-onyl}), quinolizinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl,
pteridinyl, thianaphthalenyl, dibydrobenzothiazinyl, dihydrobenzofuranyl, dihydroindolyl,
dibydrobenzodioxinyi, tetrahydroindolyl, tetrahydroindazolyl, tetrahydrobenzimidazolyl,
tetrahydrobenzotriazolyl, tetrahydropyrrolopyridyl, tetrahydropyrazolopyridyl,
tetrahydroimidazopyridyl, tetrahydrotriazolopyridyl, tetrahydropyrimidin-2(1H}-one and
tetrahydroquinolinyl groups. Representative non-aromatic heterocyclyl groups do not include
fused ring species that comprise a fused aromatic group. Examples of non-aromatic heterocyclyl
groups include aziridinyl, azetidinyl, azepanyl, pyrrolidyl, imidazolidinyl (e.g., imidazolidin-4-
onyl or imidazolidin-2 4-dionyl), pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl,
ietrahydrofuranyl, piperidyl, piperazinyl (e.g., piperazin-2-onyl}, morpholinyi, thiomorpholinyl,
tetrahydropyranyl (e.g., tetrahydro-2H-pyranyl), tetrahydrothiopyranyl, oxathianyl, dithianyl,
1,4-dioxaspiro[4.Sldecanyl, homopiperazinyl, quinuclidyl, or tetrabydropyrimidin-2(1H)-one.
Representative substituted heterocyclyl groups may be mono-substituted or substituted more than
once, such as, but not limited to, pyridyl or morpholinyl groups, which are 2-, 3-, 4-, 5~ or
6-substituted, or disubstituted with various substituents such as those listed below.

[0043] A “cycloalkylalkyl” group is a radical of the formula: -alkyl-cycloalkyl, wherein
alkyl and cveloalkyl are as defined above. Substituted cycloalkylalkyl groups may be substituted
at the alkyl, the cycloalkyl, or both the alkyl and the cycloalkyl portions of the group.
Representative cycloatkylalkyl groups include but are not limited to methyleyclopropyl,
methylcyclobutyl, methyleyclopentyl, methylcyclohexyl, ethylcyclopropyl, ethyleyclobutyl,

ethyleyclopentyl, ethyleyclohexyl, propyleyclopentyl, propylcyclohexyl and the like.
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j0044] An “aralkyl” group is a radical of the formula: -alkyl-aryl, wherein alkyl and aryl
are defined above. Substituted aralkyl groups may be substituted at the alkyl, the aryl, or both
the alkyl and the aryi portions of the group. Representative aralkyl groups include but are not
fimited to benzyl and phenethyl groups and fused (cycloalkylaryl)alkyl groups such as
4-cthyl-indanyi.

{6045] An “heterocyclylalkyl” group is a radical of the formula: -atkyl-heterocyelyl,
wherein alkyl and heterocyclyl are defined above. Substituted heterocyclylalkyl groups may be
substituted at the alkyl, the heterocyclyl, or both the alkyl and the heterocycly] portions of the
group. Representative heterocylylaltkyl groups include but are not limited to 4-ethyl-
morpholinyl, 4-propylmorpholinyl, furan-2-yl methyl, furan-3-yl methyl, pyridin-3-y1 methyl,
tetrahydrofuran-2-y1 ethvl, and indol-2-y1 propyl. When the groups described herein, with the
exception of alkyl group, are said to be “substituted,” they may be substituted with any
appropriate substituent or substituents. {llustrative examples of substituents are those found in
the exemplary compounds and embodiments disclosed herein, as well as halogen (chloro, iodo,
bromo, or fluoro}; alkyl; hydroxyl; alkoxy; alkoxvalkyl, amine; alkylamine; carboxy; nitro;
cyano; thiol; thioether; imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylaming,
phosphonate; phosphine; thiocarbonyl; sulfinyl; sulfone; sulfonamide; ketone; aldehyde; ester;

urea; urethane; oxime; hydroxyl amine; alkoxyamine; aralkoxyamine; N-oxide; hydrazine;

B(OH),, Ofalkyhaminocarbonyl; cycloalkyl, which may be monocyclic or fused or non-fused
polveyclic (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl), or a heterocyclyl, which
may be monocyclic or fused or non-fused polycyclic {e.g., pyrrolidyl, piperidyl, piperazinyl,
morpholinyl, or thiazinyl); monocyclic or fused or non-fused polycyclic aryl or heteroaryl

{e.g., phenvl, naphthyl, pyrrolyl, indolyl, furanyl, thiophenvl, imidazolyl, oxazelyl, isoxazolyl,
thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridyl, quinolinyl, isoguinolinyl, acridinyl, pyrazioyl,
pyridazinyl, pyrimidyl, benzimidazolyl, benzothiophenyl, or benzofuranyl} aryloxy; aralkyloxy;
heterocyclyioxy; and heterocyclyl alkoxy.

j0046] A “halogen” is chloro, todo, bromo, or flucro.

10047} A “hydroxyalkyl” group is an alkyl group as described above substituted with one
or more hydroxy groups.

[6048] An “alkoxy” group is -O-{alkyl), wherein alkyl is defined above.

~ i3 -
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[6049] An “alkoxyallkyl” group is -(alkyl}-O-(alkyl), wherein alkyl is defined above.
[6050] An “amine” group is a radical of the formula: -NHz.
{0051} A “hydroxyl amine” group is a radical of the formula: -N(R*YOH or -NHOH,

wherein R*is a substituted or unsubstituted alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
heterocyclyl or heterocyclylalkyl group as defined herein.

[6052] An “alkoxyamine” group is a radical of the formula: -N(R"O-alkyl

or -NHO-alkyl, wherein R*is as defined above.

0053} An “aralkoxyamine” group is a radical of the formula: -N{R*)O-aryl

or -NHO-aryl, wherein R*is as defined above.

j6854] An “alkylamine” group is a radical of the formuia; -NH-alkyl or -N{alkyl},,
wherein each alkyl is independently as defined above.

[B6055] An “aminocarbony!” group is a radical of the

formula: -C(=0)N(R™),, -C(=0INH(R") or -C(=0)NH,, wherein each R” is as defined above.
[0056] An “acylamine” group is a radical of the formula: -NHC{(=O}R") or -N(alkyDC(=0}R),
wherein each alkyl and R” are independently as defined above.

[6057] An “OfalkylDaminocarbonyl” group is a radical of the

formula: -OalkyDCEOINRY,, -OalkyHCEOINHRY) or -O(alkyYC(=0)NH:, wherein each

R*is independently as defined above.

{6058] An “N-oxide” group is a radical of the formula: W™,

{6059] A “carboxy” group is a radical of the formula: -C(=0)OH.

{8060} A “ketone” group is a radical of the formula: -C(=O)R"), wherein R” is as
defined above.

[6061] An “aldehyde” group 1s a radical of the formula: -CH(=0).

[0062] An “ester” group is a radical of the formula: -C(=0)O(R") or -OC(=O)RY),

wherein R” is as defined above.

j0063] A “urea” group is a radical of the formula: -N{alky)C(=O)NR"),
N{alkyYC(=0)NH(R), -N{alkyDC(=0INH,, -NHC(EONR),, -NHC(=0)NH(RH,

or -NHC(=0)NH,", wherein each alkyl and R* are independently as defined above.

[0064] An 7imine” group is a radical of the formula: -N=C(R"); or ~-C(R")=N(R"),

wherein each R” is independently as defined above.

- 14 -
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[0065] An “imide” group is a radical of the formula: -C(=OYWNRHCEOHR™

or -N({(C=0)}R")),, wherein each R” is independently as defined above.

j0066] A “urethane” group is a radical of the formula; -OC(=0N(R"),, -OC(=0INH(RH,
NRACEOYORY), or -NHC(=0)O(R"), wherein each R” is independently as defined above.
j0067] An “amidine” group is a radical of the

formula: -C(=NRHINR),, -CENRMMNHRS), -CENRP N, -

CENHINR Y, -CENHINFIRY), -CENHINH:, -N=CRINR,, -N=C(R*INH(R), -N=C(R")
NHz, -NRHCRH=N(R?), -NHC(R*=NRY), -NRHC(RH=NH, or -NHC(R*y=NH, wherein each
R* is independently as defined above.

[¢0638] A “guanidine” group is a radical of the

formula: -NRFICENRPYNRY,, -NHCENRYNRY),, -NERHC(ENHNRY,, -
NERACENRDINHR?), -NRHCENR )INH,, -NHC(ENHNR ), -NHC(E=N(RY)YNHRY, -
NHC(ENERYNH:, NHCENHINHRY), -NHC(ENH)NH,, -N=C(N(R*):)s, -N=C(NH(R")),,

or -N=C({NH,),, wherein each R” is independently as defined above.

[06069] A “enamine” group is a radical of the

formula: -N(R*IC(RH=C(R"),, -NHCRH=CR),, -CONR )}=C(R"),, -CONH(R")=C(R"), -C(
NH2 =C(R), -CRA=CRHNRD,), -CROH=CRHNHRY)) or -CR=C(RHH(NH,), wherein
each R is independently as defined above.

{6078] An “oxime” group is a radical of the formula: -

CENORA R, -CENOHNRY), -CHENO(RYY), or -CH(=NOH), wherein each R" is
independently as defined above.

0071} A “hydrazide” group is a radical of the

formula: -C(=0)NRNR ), ~-C(=0INHNR),, -C(=0)NRHNHR?), -C(=ONRHNH,, -C(=0
YWWHNH(R?),, or -C{(=0)NHNH,, wherein each R* is independently as defined above.

{0072} A “hydrazine” group is a radical of the

formula: -N(RIN(R ), -NHN(RP),, -NRHNH(R?) -NR*NH,, -NHNH(R),, or -NHNFH,,
wherein each R is independently as defined above.

[8073] A “hydrazone” group is a radical of the formula: -C(=N-

NERRHRY,, -CEN-NHRDYR ), -CEN-NHHR Y, -NROHN=CR™),), or -NH(N=C(R")),
wherein each R”is independently as defined above.

{0074} An “azide” group is a radical of the formula: -Ns.

- 15 -
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[6075] An “isocyanate” group is a radical of the formula; -N=C=0.

{6076} An “isothiocyanate” group is a radical of the formula: -N=C=§,

j0077] A “cyanate” group is a radical of the formula: -OCN.

10078} A “thiocyanate” group is a radical of the formula: -SCN.

j6679] A “thioether” group is a radical of the formula; -S(R”), wherein R¥is as defined
above.

6086} A “thiocarbonyl” group is a radical of the formula: -C(=8)(R"), wherein R is as

defined above.

8081} A “sulfinyl” group is a radical of the formula: -S(=0)R"), wherein R"is as
defined above.

{6082} A “sulfone” group is a radical of the formula; -8(=0%(R"), wherein R*is as
defined above.

0083} A “sulfonylamino” group is a radical of the formula: -NHSO»(R%)

or -N(alkyD)SO»(R"), wherein each alkyl and R” are defined above.

{6084} A “sulfonamide” group is a radical of the formula: -S(=0RNR ).,

or -8(=0RNH(R"), or -S(=0),NH,, wherein each R”is independently as defined above.

[0085] A “phosphonate” group is a radical of the formula: -

P(=0}OR"))2, -P(=0)OH)2.-OP(=C}OR"NRY), or -OP(=0)OH)}R"), wherein each R*is
independently as defined above.

{6086] A “phosphine” group is a radical of the formula: -P(R*),, wherein each R*is
independently as defined above.

j0087] “Tautomers” refers to isomeric forms of a compound that are in equilibrium with
each other. The concentrations of the isomeric forms will depend on the environment the
compound is found in and may be different depending upon, for example, whether the compound
is a solid or 1s in an organic or aquecus solution. For example, in agueous solution, pyrazoles

may exhibit the following isomeric forms, which are referred to as tautomers of each other:

H
N ,NY/
HN N

10088] As readily understood by one skilled in the art, a wide variety of functional
groups and other structures may exhibit tautomerism and all tautomers of Compound 6 are

within the scope of the present invention.
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[6089] Unless otherwise specified, the term “composition” as used herein is intended to
encompass a product comprising the specified ingredient(s) (and in the specified amount(s), if
indicated), as well as any product which results, directly or indirectly, from combination of the
specified ingredient(s) in the specified amount(s). By “pharmaceutically acceptable,” it is meant
a diluent, excipient, or carrier in a formulation must be compatible with the other ingredient(s) of
the formulation and not deleterious to the recipient thereof.

[6090] The term “solid form” refers to a physical form which is not predominantly in a
Hquid or a gaseous state. As used herein and unless otherwise specified, the term “solid form,”
when used herein to refer to Compound 6, refers to a physical form comprising Compound 6
which is not predominantly in a liguid or a gaseous state. A solid form may be a crystalline form
or a mixture thereof. In certain embodiments, a solid form may be a liquid crystal. In certain
embodiments, the term “solid forms comprising Compound 67 includes crystal forms comprising
Compound 6. In certain embodiments, the solid form of Compound 6 is Form A, the amorphous
solid, or a mixiure thereof.

[6091] As used herein and unless otherwise specified, the term “crystalline” when used
to describe a compound, substance, modification, material, component or product, unless
otherwise specified, means that the compound, substance, modification, material, component or
product is substantially crystalline as determined by X-ray diffraction. See, ¢.g., Remington: The
Science and Practice of Pharmacy, 21st edition, Lippincott, Williams and Wilkins, Baltimore,
MD (2005); The United States Pharmacopeia, 23% ed., 1843-1844 (1995).

[68092] The term “crystal form” or “crystalline form” refers to a solid form that is
crystalline. In certain embodiments, a crystal form of a substance may be substantially free of
amorphous solids and/or other crystal forms. In certain emboduments, a crystal form of a
substance may contain less than about 1%, less than about 2%, less than about 3%, less than
about 4%, less than about 5%, less than about 6%, less than about 7%, less than about 8%, less
than about 9%, less than aboui 10%, less than about 15%, less than about 20%, less than about
25%, less than about 30%, less than about 35%, less than about 40%, less than about 45%, or
less than about 50% by weight of one or more amorphous solids and/or other crystal forms. In
certain embodiments, a crystal form of a substance may be physically and/or chemically pure. In

certain embodiments, a crystal form of a substance may be about 99%, about 98%, about 97%,

?

—
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about 96%, about 95%, about 94%, about 93%, about 92%, about 91%, or about 90% physically
and/or chemically pure.

j0093] Unless otherwise specified, the term “amorphous” or “amorphous soitd” means
that the substance, component, or product in question is not substantially crystalline as
determined by X-ray ditfraction. In particular, the term “amorphous solid” describes a
disordered solid form, t.e., a solid form lacking long range crystalline order. In certain
embodiments, an amorphous solid of a substance may be substantially free of other amorphous
solids and/or crystal forms. In certain embodiments, an amorphous solid of a substance may
contain less than about 1%, less than about 2%, less than about 3%, less than about 4%, less than
about 5%, less than about 10%, less than about 15%, less than about 20%, less than about 25%,
fess than about 30%, less than about 35%, less than about 40%, less than about 45%, or less than
about 50% by weight of one or more other amorphous solids and/or crystal forms on a weight
basis. In certain embodiments, an amorphous solid of a substance may be physically and/or
chemically pure. In certain embodiments, an amorphous solid of a substance be about 99%,
about 98%, about 97%, about 96%, about 95%, about 94%, about 93%, about 92%, about 91%,
or about 90% physically and/or chemically pure.

{0094} The term “Dhastereomeric Ratio” or “d.r.” refers to the ratic of the molar
percentage of one diasterecisomer in a mixture to that of the other.

[0095] Unless otherwise specified, the terms “solvate” and “solvated,” as used herein,
refer to a solid form of a substance which contains solvent. The terms “hydrate” and “hydrated”
refer to a solvate wherein the solvent is water. “Polymorphs of solvates” refer to the existence of
more than one solid form for a particular solvate composition. Similarly, “polymorphs of
hydrates” refer to the existence of more than one solid form for a particular hydrate cormposition.
The term “desolvated solvate,” as used herein, refers {0 a solid form of a substance which can be
made by removing the solvent from a solvate. The terms “solvate” and “solvated,” as used
herein, can also refer to a solvate of a salt, cocrystal, or molecular complex. The terms “hydrate”
and “hydrated,” as used herein, can also refer to a hydrate of a salt, cocrystal, or molecular
complex.

{06096} As used herein, the term “pharmaceutically acceptable salt(s)” refers to a salt
prepared from a pharmaceutically acceptable non-toxic acid or base including an inorganic acid

and base and an organic acid and base. Suitable pharmaceutically acceptable salts include, but
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are not limited to, those salts which are, within the scope of sound medical judgment, suitable for
use in contact with the tissues of humans and lower animals without undue toxicity, rritation,
allergic response, and the iike, and are commensurate with a reasonable benefit/risk ratio. A
pharmaceutically acceptable salt may be prepared in situ during the final isolation and
purification of the compounds disclosed herein, or separately by reacting the free base function
with a suitable organic acid or by reacting the acidic group with a suitable base.

[6097] 1t should also be noted the compounds can contain unnatural proportions of
atomic isotopes at one or more of the atoms. For example, the compounds may be radiolabeled
with radioactive isotopes, such as for example tritium (*H), iodine-125 (*%), sulfur-35 (¥S), or
carbon-14 (M*C), or may be isotopicaily enriched, such as with deuterium (*H), carbon-13 (°C),
or nitrogen-15 ('°N}. As used herein, an “isotopologue” is an isotopically enriched

compound. The term “isotopically enriched” refers to an atom having an isotopic composition
other than the natural isotopic composition of that atom. “Isotopically enriched” may also refer
to a compound containing at least one atom having an isotopic composition other than the natural
isotopic composition of that atom. The term “isotopic composition” refers to the amount of each
isotope present for a given atom. Radiolabeled and isotopically enriched compounds are useful
as therapeutic agents, e.g., cancer and inflammation therapeutic agents, research reagents, e.g.,
binding assay reagents, and diagnostic agents, e.g , in vivo imaging agents. All isotopic
variations of the compounds as described herein whether radioactive or not, are intended to be
encompassed within the scope of the embodiments provided herein. In some embodiments, there
are provided isotopologues of the compounds, for example, the isotopologues are deuterium,
carbon-13, or nitrogen-15 enriched compounds.

j0098] In addition, if the stereochemistry of a structure or a portion of a structure is not
indicated with, for example, bold or dashed lines, the structure or portion of the structure is to be

interpreted as encompassing all sterecisomers of it
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METHODS FOR MAKING
j0099] Provided herein are processes and intermediates useful for the preparation of
SMAC mimetics disclosed tn PCT/CNZ2021/098123 filed on June 3, 2021
[00100] By way of example and not limitation, the compound of Formula (V1) can

be prepared as outlined in Scheme 1 shown below, as well as in the examples set forth

herein.
T
HO [
~-OMe o0
L, e B e
HG Rq\\‘ NH “L o N
I PhCHO i N e, R R?
R‘Ly" NH;  Step 4 Step 2 1 | =
. P
i i " v
KO OH o

e , [ j\ PA{OH),/C 0
MaBHy R TIOH ’ R‘-\ N R Hy .E 1\
Step 3 O Step 4 s step5  R" N vge
: L
vi Vit Vil
Scheme 1
80101} Provided herein is a method for preparing a compound of Formula (Vi)

[O
\‘\\\" N]\\y
R H

(VIID),

R2

or a pharmaceutically acceptable salt, solid form, enantiomer, isotopologue, or solvate thereof,

wherein the method comprises contacting a compound of Formula (VII},

(VI
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with hydrogen (Hy) in the presence of a catalyst in a suitable solvent.
yaroeg J P \
00102 In some embodiments, R! and R? are independently unsubstituted or substituted
it y
Cis alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted finear
Cis alkyl. In some embodiments, R' and R* are independently unsubstituted or substituted
branched Ci.s alkyl. In some embodiments, R! and R? are independently unsubstituted linear Ci.s
alkyl. In some embodiments, R' and R? are independently unsubstituted branched C.s alkyl.
00103 In some embodiments, R! and R? are independently unsubstituted or substituted
I 3
Cr.4 alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted finear
Ci.4 alkyl. In some embodiments, R and R® are independently unsubstituted or substituted
branched Ci. alky!l. In some embodiments, R' and R? are independently unsubstituted linear Cy.s
alkyl. In some embodiments, R! and R? are independently unsubstituted branched Ci.4 atkyl.
[00104] In some embodiments, R! and R? are independently unsubstituted or substituted
Ci3 alkyl. In some embodiments, R' and R? are independently unsubstituted or substituted linear
Ci alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted
y P 3
branched Ci5 alkyl. In some embodiments, R' and R? are independently unsubstituted linear C13
alkyl. In some embodiments, R! and R? are independently unsubstituted branched Ci.s alkyl.
Y ! Y ¥
86105 In some embodiments, R! and R? are independently unsubstituted or substituted
P
Cis alkyl. In some embodiments, R! and R? are independently unsubstituted Ci1 alkyl. In some
embodiments, R' and R? are independently substituted Cy.» alkyl.
{00106} In some embodiments, R and R? are independently unsubstituted or substituted
Ci2 alkyl. In some embodiments, R! and R? are independently unsubstituted Cj alkyl. In some
embodiments, R' and R’ are independently substituted C1.2 alkyl.
G007 In some embodiments, R' and R? are independently unsubstituted or substituted
P 3

methy!. In some embodiments, R' and R? are independently substituted methyl.

[60108] In some embodiments, R! and R? are unsubstituted methyl.

[60109] In one embodiment, the solvent is methanol, ethanol, or isopropanol.

{60116 In one embodiment, the catalyst is PA(OHp/C or Pd/C.

[60111] In one embodiment, the contacting proceeds at a temperature from about 25 °Cto

about 55 °C.
[00112] In one embodiment, the pressure of the hydrogen (Hz) is from about 1 to about 10

atm. In one embodiment, the pressure of the hydrogen (H») is from about 1 to about 5 atm. In one
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embodiment, the pressure of the hydrogen (Hy) is from about 1 to about 3 atm. In one
embodiment, the pressure of the hydrogen (Hz) is about | atm.
j00113] in one embodiment, the compound of Formula (Vi) is prepared by contacting a

compound of Formula (VI),

HO =/,CBH
i
RN NG,
:E \\a
(Vi)
with an acid.
[60114] In one embodiment, the acid is TFOH (triflucromethanesulfonic acid).
[00115] In one embodiment, the contacting proceeds at a temperature from about 0 °C to

about 160 °C. In one embodiment, the contacting proceeds at a temperature from about 20 °C to
about 140 °C. In one embodiment, the contacting proceeds at a temperature from about 40 °C to
about 120 °C. In one embodiment, the contacting proceeds at a temperature from about 50 °C to
about 100 °C. In one embodiment, the contacting proceeds at a temperature from about 70 °C to
about 90 °C. In one embodiment, the contacting proceeds at a temperature of about 80 °C.
60116 In one embodiment, the compound of Formula (V1) is prepared by contacting a

mixture of a compound of Formula (1V),

a compound of Formula (V),
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with a reducing agent.
[60117] In one embodiment, the reducing agent is NaBHy and the contacting proceeds in a
solvent selected from the group consisting of methanol, ethanol, isopropanol and a mixture
thereof at a temperature from about 15 °C to about 35 °C.
100118] In one embodiment, R! and R? are methyl and the compound of Formula (V1) is in
a solid form at about 25 °C.
[00119] In one embodiment, the compound of Formula (V1) is in a crystalline form at
about 25 °C.
[601206] In one embodiment, the compound of Formula (V1) has a melting point at a
temperature from about 91 °C to about 93 °C.
[60121] In one embodiment, the mixture of a compound of Formula (IV) and a compound
of Formula (V) is prepared by contacting a compound of Formula (81),

HO

™ UNH

®

(i,
with a compound of Fornula (111)

Tf

annld

//J\?(OMe
R? o}

(I11).
jeo122] in one embodiment, the contacting proceeds at the presence of a suitable basein a
suitable solvent. In one embodiment, the base is 2,6-lutidine. In one embodiment, the solvent is
dichloromethane. In one embodiment, the contacting proceeds at about -10 °C to about 50 °C. In
one embodiment, the contacting proceeds at about 0 °C to about 40 °C. In one embodiment, the
contacting proceeds at about 5 °C to about 20 °C.
[60123] In one embodiment, the compound of Formula (1) is prepared by contacting a

compound of Formula (1),
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HOI
7 TNH,
(1),
with PhCHO.
[60124] In one embodiment, the contacting proceeds at the presence of a suitable base in 2

suitable solvent. In cne embodiment, the base is NaHCOs. In one embodiment, the solvent is
methanol. In one embodiment, the contacting proceeds at about 0 °C to about 120 °C. In one
embodiment, the contacting proceeds at about 20 °C to about 100 °C. 1n one embodiment, the
contacting proceeds at a temperature from about 40 °C to about 80 °C. In one embodiment, the

contacting proceeds at a temperature of about 62 °C.

COMPOUNDS

[60125] Provided herein are compounds of Formula (V1),

V),

pharmaceutically acceptable salts, solid forms, enantiomer, isotopologues, and solvates thereof.

[60126] In one embodiment, a compound of Formula (V1) is a solid form. In one
embodiment, a compound of Formula (VI) is a crystalline form. In one embodiment, provided
herein is a solid form comprising a cormpound of Formula (VI). o one embodiment, provided
herein is a crystalline form comprising a compound of Formula (VI).

{00127] In some embodiments, R! and R? are independently unsubstituted or substituted
Cis alkyl. In some embodiments, R' and R? are independently unsubstituted or substituted finear
Cis alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted
branched Ci.s alky!l. In some embodiments, R and R? are independently unsubstituted linear Cy.s
alkyl. In some embodiments, R' and R? are independently unsubstituted branched Cy.s alkyl.
[00128] In some embodiments, R! and R? are independently unsubstituted or substituted
C1.4 alkyl. In some embodiments, R' and R” are independently unsubstituted or substituted linear
Ci alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted
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branched Ci.4 alkyl. In some embodiments, R! and R? are independently unsubstituted linear C).s
alkyl. In some embodiments, R! and R? are independently unsubstituted branched Ci.4 atkyl.
j00129] In some embodiments, R! and R® are independently unsubstituted or substituted
C13 alkyl. In some embodiments, R' and R” are independently unsubstituted or substituted finear
Cis alkyl. In some embodiments, R! and R? are independently unsubstituted or substituted
branched C1.3 alkyl. In some embodiments, R' and R* are independently unsubstituted linear C1.1
alkyl. In some embodiments, R' and R? are independently unsubstituted branched Ci atkyl.
[00130] In some embodiments, R! and R® are independently unsubstituted or substituted
Ci- alkyl. In some embodiments, R' and R* are independently unsubstituted C.; alkyl. In some
embodiments, R' and R? are independently substituted Ci.» alkyl.

{60131} In some embodiments, R! and R? are independently unsubstituted or substituted
Cy.2 alkyl. In some embodiments, R! and R? are independently unsubstituted Ci. alkyl. In some
embodiments, R! and R are independently substituted Cy., alkyl.

[60132] In some embodiments, R and R? are independently unsubstituted or substituted

methyl. In some embodiments, R and R” are independently substituted methyl.

Compound 6
[00133] Provided herein is Compound 6 having the name of (2R,2'R)-2,2'-

{benzylazanediylbis{propan-1-ol) with the following structure:

HO OH
e e
W N
Bn

&

j00134] In one embodiment, Compound 6 is a solid form. In one embodiment, Compound
6 is a crystalline form. In one embodiment, provided herein is a solid form comprising

Compound 6.

Form A

[60135] In certain embodiments, provided herein is Form A of Compound 6 only by way

of example, and without limitation.
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00136} In one embodiment, Form A is a solid form of Compound 6. In one embodiment,
Form A is an anhydrous solid form of Compound 6. In another embodiment, Form A is
crystalline. In another embodument, Form A has an X-ray powder diffraction pattern comprising
peaks at approximately 22.5, 27.1, and 27.3 ° 26. In another embodiment, Form A has a melting
point at a temperature from about 91 °C to about 93 °C.

[60137] In certain embodiments, Form A provided herein is obtained by recrystallization
experiments and anti-solvent recrystallization experiments. In certain embodiments, Form A is
obtained from certain solvent systems including toluene, heptane, water, methanol and a mixture
thereof.

[00138] in one embodiment, a method of preparing Form A comprises the steps of

1} mixing Compound 6 with a solvent (e.g., toluene) mixture containing n-heptane {e.g., at

feast about 75 % by volume of n-heptane); 2} stirting at a temperature {e.g., from about

0 °C to about 10 °C, such as about 5 °C} for a period of time (e.g., from about 1 hour to

about 6 hours, such as about 3 hours); and 3) collecting solids and optionally drying.

{00139 In one embodiment, a method of preparing Form A comprises the steps of

1} mixing Compound 6 with a solvent {(e.g., methanol} mixture containing n-heptane; 2)

heating to a temperature (e.g., from between about 0 °C to about 75 °C, such as about

50 °C) for a period of time {e.g., from about 1 hour to about 6 hours, such as about 3

hours); 3) cooling to a second temperature (e.g., from between about 0 °C to about 50 °C,

such as about 25 °C); and 4) collecting solids and optionally drying.

[60140] In certain embodiments, a solid form provided herein, e.g., Form A of Compound
6, is substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In
one embodiment, Forrm A has an X-ray powder diffraction pattern substantially as shown in
Figure 5. In one embodiment, Form A has one or more characteristic X-ray powder diffraction
peaks at approximately 9.3, 9.6, 13.6, 138 147, 153, 155 157, 16.7, 168, 17.0, 186, 19.2,
20.6,21.0,22.4,22.5, 240,242,253, 25.9, 26.4,27.1,27.3, 28 4, 28.7, 293, 29.9, 30.1, 31.0,
31.5,34.1,34.8,354,37.1,377, 382, or 39.0° 26 as depicted in Figure 3. In a specific
embodiment, Form A has one, two, three, four, five, six, seven, eight, nine, ten, eleven, or twelve
characteristic X-ray powder diffraction peaks at approximately 13.6, 13.8, 14.7, 153, 15.5, 21.0,
22.4,22°

240,242, 271, or 27.3°28. In another embodiment, Form A has one, two, three,

>

four, five, six, seven, eight, or nine characteristic X-ray powder diffraction peaks at
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approximately 147, 153, 15.5, 224, 22.5,24.0,24.2, 271, or 27.3 ° 28. In another embodiment,
Form A has one, two, three, four, five, or six characteristic X-ray powder diffraction peaks at
approximately 15.3, 22,4, 22,5, 242, 271, or 27.3 ° 28. In another embodiment, Form A has
one, two, or three characteristic X-ray powder diffraction peaks at approximately 22.5, 27.1, or
27.3°28. In another embodiment, Form A has one, two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty,
twenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven,
twenty-eight, twenty-unine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five,
thirty-six, thirty-seven, or thirty-eight characteristic X-ray powder diffraction peaks as set forth
in Table 1.

100141} In one embodiment, provided herein is Form A having a DSC thermogram
substantially as depicted in Figure 6 comprising an endothermic event with an onset temperature
of about 91 °C and a peak temperature of about 92 °C when heated from approximately 25 °C to
approximately 150 °C.

j60142] in one embodiment, provided herein is Form A having a TGA thermograph
corresponding substantially to the representative TGA thermogram as depicted in Figure 7. In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising a total mass
loss of approximately 1 % of the total mass of the sample between approximately 30 °C and
approximately 150 °C when heated from approximately 20 °C to approximately 300 °C. Thus, in
certain embodiments, the crystalline form loses from about 0.1 % to about 5 %, for example,
about 0.5 % or about 3 %, of its total mass when heated from about ambient temperature to about
150 °C.

[00143] In one embodiment, provided herein is Form A having a 'H NMR spectrum
substantially as depicted in Figure 2.

[00144] In still another embodiment, Form A is substantially pure. In certain
embodiments, the substantially pure Form A is substantially free of other solid forms, e.g.,
amorphous solid. In certain embodiments, the purity of the substantially pure Form A is no less
than about 95%, no less than about 96%, no less than about 97%, no less than about 98%, no less
than about 98.5%, no less than about 99%, no less than about 99.5%, or no less than about

99.8%.
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[00145] It should be noted that if there is a discrepancy between a depicted structure and a

name given to that structure, the depicted structure is to be accorded more weight.
EXAMPLES

Abbreviations
[00146] The following Examples are presented by way of ilustration, not limitation. The

following abbreviations are used in descriptions and examples:

DCM: Dichioromethane

DIPEA: N.N-Diisopropylethylamine

MeOH: Methanol

MTBE: tert-Butyl methyl ether

NMP: N-Methyl-2-pyrrolidone

NMR: Nuclear magnetic resonance

Tf: Triflate or trifluoromethanesulfonyl
THO: Trifluoromethanesulfonic anhydride

SYNTHETIC EXAMPLES
(00147} The following synthetic examples, presented by way of illustration and not
fimitation, show methods for the preparation of the compound provided herein. Chemdraw
18.0.0.231 published 2018 (Cambridgesoft, Perkin Elmer, Waltham, MA) was used to draw the

chemical structures and generate names for chemical structures.

.08 .



WO 2023/098882 PCT/CN2022/136254

Example 1: Synthesis of (3R,5R}-3,5-dimethylmorpholine hydrochioride

oTf
HO ’E}WQM@ OMe
‘I@ _PhCHO \L 1
R
N, Stap 4 Y UNHBn Step 2
1 2 4 5
{Ry-Alaninal O Ol Ol

e} Pd{OH)./C O
NaBH, _ \L( (H Je T
-------------------- oy 2 REP
W NN N

Step 3 szeg 4 Bn Step 5 H
-HCH
8 7 8
Crystalline Solid oil Solid
Scheme 2
160148] {R}-2-(benzylamine)propan-1-el 2} Toa 5 L three-necked round-bottomed

flask were added 2.0 L of MeOH (10 V), 200.0 g of PACHO (1.0 eq}, 162.8 g (R)-alanino] (1.15
eq), and 237.6 g of NaHCOs (1.5 eq) with stirring at 25-35 °C to form a suspension solution.
After heating to reflux for 4 hours with the inner temperature at 62 °C, the batch was cooled to
20-25 °C, and filtered to remove undissolved solids, rinsing the filter cake with MeQOH (1 V).
[60149] The filtrate was transferred to a dry and clean 5 L three-necked round-bottomed
flask. To the flask was added 39.2 g of NaBH: (0.55 eq) in portions slowly with controlling the
inner temperature at 25 °C ~ 35 °C. {(Cautions: bubbling and exothermic). The reaction mixiure
was stirred at 10-30 °C for 16 hours.

16015¢] Upen completion of the reaction, as indicated by HPLC, the batch was quenched
with aqueous NHsCH(11.5 gin 11.5 mL of water). The batch was stirred for .5 hour and was
concentrated to ~ 700 mL {~3 V) under vacuum. The reaction mixture was swapped with 500
ml of MTBE to (~2 V). 1.2 L of MTBE was added to the residue and the reaction mixture was
stirred for 0.5 hour at 20-35 °C. The batch was filiered through a celite pad and rinsed with 1.0
L of MTBE. The filtrate was concentrated to dryness under vacuum.

{60151} 295.2 g of (R)-2-(benzylamino)propan-1-ol (2} was obtained as crude oil with

98.2% HPLC purity and an 'H NMR spectrum as provided in Figure 1.
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jo0i52] Methyl N-benzyl-N-{{R}-1-hydroxypropan-2-yi}-D-alaninate (4} and (3R,5R}-
4-benzyl-3,5-dimethylmorphelin-2-one (8):

{60153 To a S L three-necked round-bottomed flask were added 1 8 L of DCM, 2163 ¢
of methyl (§)-(-}-lactate {1.25 eq) and 240.3 g of 2,6-lutidine (1.35 eq) with stirring at 10 to

30 °C. The flask was degassed and re-filled with nitrogen for three times. The batch was cooled
to 40 to 20 °C. 609.9 g of THO (1.3 eq) was added dropwise to the reaction mixture over 1.5
hours with temperature controlling at -35 to -25 °C. The reaction mixture was then warmed to -5
o 0 °C and stirred for 1 hour. 600 mL of ice-water was added into the reaction mixture and the
reaction mixture was stirred for 0.5 hour at 0 °C. The organic phase was separated at 0 °C and
transferred to a 5 L three-necked round-bottomed flask. To the flask was added 430.1 g of
DIPEA (2.2 eq) at 0 °C and then a solution of 295 2 g of crude (R)-2-(benzylamino)propan-1-ol
{23 (1.0 eq) from the above procedure in 600 mL of BCM over 1 hour at 0 °C. The reaction
mixture was warmed to 10 tol5 °C and stirred for 16 hours. The reaction mixture was washed
with water (1 L x 3).

[e0154] The DCM phases were separated, combined, and concentrated under vacuum to
dryness. To the reaction mixture was added 1.2 L of MTBE to dissolve the reaction mixture.
The reaction mixture was stirred at 10 to 20 °C for 0.5 hour and filtered. The cake was rinsed
with MTBE (400 mL). The organic phases were combined and concentrated to dryness under
vacuum to obtain 463.2 g of crude product as a mixture of methyl N-benzyl-N-{{R)-1-
hydroxypropan-2-yi)-D-alaninate (43 (55.1%, a/a) and (3R, 5R}-4-benzyl-3,5-dimethylmorpholin-
2-one (5) (34.1%, a/a) (89.2%, a/a).

[00155] (2R 2'8}-2,2"-(benzylazanedivijbis{propan-1-oi} (6):

[00156] To a S L three-necked round-bottomed tlask were added 2.3 L of MeOH, and
463.2 g of a mixture of methyl N-benzyl-N-{{R}-1-hydroxypropan-2-yl)-D-alaninate (4) and

(3R, 5R}-4-benzyl-3,5-dimethylmorpholin-2-one (5} (1.0 eq). To the reaction mixture was added
146.6 g of NaBH4 (2.0 eq) in portions at 20-30 °C. The reaction mixture was stirred for another
16 hours.

180157} Agueous NHyCl (40 g in 200 mL of H20) was added into the mixture to quench
the reaction. The reaction mixture was concenirated under vacuum to remove most of MeOH,

swapped with 1 L of n-heptane, and then triturated with 1.0 L of water and 2.0 L n-heptane.
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[60158] The reaction mixture was filtered. The cake was rinsed with n-heptane (500 mL),
collected, and dried at 50 °C under vacuum.

[60159] 257.0 g of (2R, 2'R}-2,2'-(benzylazanediylibis(propan-1-ol} (6) was obtained as
yeliow solid in yield ~ 61% for 3 steps. The obtained solid has 97.3% chemical purity with d.».:
99.3:0.7 and gave the '"H NMR provided in Figure 2.

[60160] It is surprising and unexpected that (2R 2'R3-2,2'(benzylazanediyl)bis{propan-1-
ol} (6} is a crystalline solid, which was confirmed as Form AL [t is further surprising and
unexpected that (2R,2'R)-2.2'-(benzylazanedivi)bis(propan-1-ol) (6) crystallized out of the
reaction mixture selectively under the disclosed conditions. This method effectively removed
the undesirable diastereomers and other by-products. Furthermore, this method generated the

desirable diastereomer with high d.r.

{60161} Procedure to improve d.r. of (2R,2'R3-2,2'-(benzylazanediyl}bis{propan-1-ol}
(6):
[60162] To a 1 L three-necked round-bottomed flask were added 127 mL (2 V) of toluene,

035 mL of n-heptane (10 V), and 63.5 g of (2R 2'R)-2,2'-(benzylazanediyl}bis{propan-1-0l) (6)
{1.0eq, dr.:99.4:0.6). The reaction mixture was stirred at 100 °C to form a clear solution and
then stirred at 100 °C for another hour. The reaction mixture was cooled down to 5 °C over 2
hours and stirred for another 1 hour. The reaction mixture was filtered. The collected solid was
sinsed with 127 mL of (2V) n-heptane and dried at 50 °C under vacuum.

{00163} 59.5 g of (2R 2'R)-2,2'(benzylazanediyi)bis(propan-1-ol) (6) was obtained as
yvellow solid in yield ~ 93 %. The obtained solid, which was also confirmed as Form A, has

98.4% chemical purity with >98.5:1.5 d.r.

[00164] {3R,5R})-4-benzyl-3,5-dimethylmorpholine (7):
j00165] To a 500 mL clean and dry three-necked flask were added 180 mL of TfOH (3.0

V), and 58.5 g of (2R 2'R)-2.2'-(benzylazanedivi}bis(propan-1-ol) (6} (1.0 eq, d.r.. >98.5:1 5} in
portions with stirring at 20 to 35 °C. The reaction mixture was stirred at 80 °C for 16 hours and
then cooled down to 20 ~ 30 °C. To the reaction mixture was added dropwise to the 20 %
aqueous NaOH (500 g) slowly with stirring at 0~190 °C (make sure pH > 12). The reaction
mixture was extracted with MTBE (250 mL x 2). The MTBE phases were combined and

filtered. The filtrate was concentrated under vacuum.
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[60166] 51.2 g of (3R, 5R)-4-benzyl-3,5-dimethylmorpholine (7) was obtained as oil in
89% yield and 99.6% purity, > 99.0% e.e., and > 98.5:1.5 d.». and gave material exhibiting the
'H NMR spectrum provided in Figuve 3.

j60167] {3R,5R}-3,5-dimethyimorpholine hydrochloride salt (8):

[00168] To a 500 mL clean and dry three-necked flask were added 255 mL of MeQOH (5
Y}, 51.0 g of 3R,5R)-4-benzyl-3,5-dimethylmorpholine (7) (1.0 eq), and 3.6 g of PA(OH)»/C
(7wt vs. Compound 7, 0.5mol% Pd, moisture content 65%, from Kaili Catalyst Co.). The
autoclave was de-gassed and refilled with hydrogen three times. The reaction mixture was
stirred under 1 atm of hydrogen at 35 to 40 °C for 16 hours. The reaction mixture was filtered
under nitrogen. The collected solid was rinsed with 100 mL of MeOH. To the filtrate was added
100 mL of HCl (4M in 1 4-dioxane) to reach pH <3. The reaction mixture was stirred for 1
hour, concentrated under vacuum and then swapped with isopropanol (150 mL x2). The reaction
mixture was stirred with 51 mL of isopropanoi (1 V) and 102 mL of n-heptane (2 V) for 16
hours. The reaction mixture was filtered. The collected solid was rinsed with 51 mL of -
heptane and dried in an oven under vacuum at 50 °C for 16 hours.

[60169] 32.4 g of (3R, 5R)-3,5-dimethylmorpholine hydrochioride salt (8) was obtained as

solid in 86% yield. The obtained solid showed a '"H NMR spectrum as provided in Figure 4.

FORM A
j00170] Form A is an anhydrous crystatline soitd form of Compound 6. This form was
obtained from recrystallization from a mixture of toluene and n-heptane, or a mixture of
methanol and n-heptane.
j00171] Form A has a crystalline XRPD pattern as shown in Figure 5. TGA and DSC
thermograms of Form A are shown iu Figure 6 and Figure 7, respectively. The DSC
thermogram showed only one major event with an onset temperature of 91.2 °C and a peak
temperature of 92.3 °C, corresponding to melt/decomposition. TGA weight loss of 1 % was
observed up to 150 °C.
[00172] Figure 5 provides an XRPD pattern of Form A. A list of X-Ray Diffraction

Peaks for Form A is provided below in Table 1.

jos
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Table 1. X-Ray Diffraction Peaks for Form A

Two-theta angle (©) d Space {A) Relative Intensily (%)
0.2075 9.51220 1.51
9.6396 9.17542 2.90
13.6186 6.50221 7.06
13.8062 6.41429 6.64
14.6517 6.04600 7.99
15.2771 5.79985 28.53
15,4733 5.72678 21.66
15.6831 5.65061 4.01
16.0494 5.32478 2.27
16.7895 5.28067 3.53
16.9543 5.22970 2.61
18.6213 476514 2.41
19.1938 4.62426 2.33
20.6281 430587 0.53
21.0429 422192 7.24
224030 3.96858 22 86
22.5447 3.943596 37.83
24.0122 3.70615 13.85
24.2412 3.67165 34.10
252864 3.52221 0.32
25,8939 3.44093 1.06
264189 3.37374 0.67
27.0933 329127 100.00
27.3037 3.26638 68.79
28.3526 3.14788 0.38
28.7294 3.10745 1.41
29.2635 3.05194 1.29
29.8656 2.99177 3.04
30.1571 2.96351 1.75
3101381 2.88318 0.47
31.5366 2.83696 .66
34.1130 2.62836 0.80
34.8040 2.57775 1.69
354315 2.53352 0.92
37.1286 242152 0.53
37.7086 2.38560 0.95
38.1533 235881 0.42
39.0344 2.30757 1.42

The conditions for measuring the XRPD pattern are provided below in Table 2.
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[00175] Table 2. XRPD measurement conditions
Scan Axis Gonio
Start Position [°20] 3.0131
End Position [°28] 399851
Step Size [°26] 0.0260
Scan Step Time [s] 36.4650
Scan Type Continuous
PSD Mode Scanning
PSD Length [°26] 3.35
Offset [°28] 0.0000
Divergence Slit Type Fixed
Divergence Slit Size [°] 0.1799
Specimen Length [mm] 10.00
Measurement Temperature [°C] 25.00
Anode Material Cu
Intended Wavelength Type K-Alpha
K-Alphal [A] 1.54060
K-Alpha2 [A] 1.54443
K-Beta [A] 1.39225
K-A2 / K-Al Ratio 0.50000

Generator Settings

40 mA, 45 kV

Diffractometer Type

0000000011254373

Diffractometer Number 0
Goniometer Radius [mm] 240.00
Dist. Focus-Diverg. Slhit [mm] 60.50
Incident Beam Monochromator No
Spinning Yes

[80176]
herein by reference in their entirety.

A number of references have been cited, the disclosures of which are incorporated
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CLAIMS
What is claimed is:
1. A compound of Fornula (V1)
HO\]\ OH
R““" NL\Rz

(VD,
or a pharmaceutically acceptable salt, solid form, enantiomer, isotopologue, or solvate thereof]
wherein

R and R? are independently unsubstituted or substituted Cy.5 atkyl.

2. The compound of claim 1, wherein R' and R? are independently unsubstituted or
substituted Ci.4 alkyl.

3. The compound of claim 1, wherein R! and R? are independently unsubstituted linear Ci4
alkyl.

4, The compound of claim 1, wherein R' and R? are independently unsubstituted branched
Ci4 alkyl

5. The compound of claim 1, wherein R! and R? are methyl.

6. A solid form comprising the compound of any one of claims 1-5.

7. A crystal form comprising the compound of claim 5,

wherein the crystal form has an X-ray powder diffraction pattern comprising one, two or

three peaks at 22.5, 27.1, or 27.3 £0.2 7 28.
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& A crystal form of claim 7, wherein the X-ray powder diffraction pattern further comprises

one, two or three peaks at 153,224, 0or 242+ 0.2° 26

9. The crystal form of claim 7 or 8, wherein the crystal form has a melting pointata

temperature from about 91 °C to about 93 °C.

10.  The crystal form of any one of claims 7 to 9, wherein the crystal form is anhydrous.
11. A method for preparing a compound of Formula (VI
O
RN VR
(Vi)

or a pharmaceutically acceptable salt, solid form, enantiomer, isotopologue, or solvate thereof,

wherein the method comprises contacting a compound of Formula (VII):

O
rt ?‘[i/:;”ifz
:E \a
(VID,
with hydrogen (Hz) in the presence of a catalyst in a solvent,
wherein

R! and R? are independently unsubstituted or substituted Ci.s alkyl.

12. The method of claim 11, wherein the solvent is methanol, ethanol, or isopropanol.

13.  The method of claim 11 or 12, wherein the catalyst is PHOH),/C or PA/C.
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14.

I5.

16.

18.

19

The method of any one of claims 11 to 13, wherein the pressure of the hydrogen (Hy) is
about 1 to about 10 atm and the contacting proceeds at a temperature from about 25 °C to

about 55 °C.

The method of claim 14, wherein the pressure of the hydrogen (H;} is about 1 to about 5

atm.

The method of claim 14, wherein the pressure of the hydrogen (H») is about 1 to about 3

atm.

The method of any one of claims 11-16, wherein the compound of Formula (V1I) is

prepared by contacting a compound of Formula (Vi)

HO =/OH
E \i
(VD,

with an acid.

The method of claim 17, wherein the acid is TTOH and the contacting proceeds at a

temperature from about 20 °C to about 140 °C.

The method of claim 17 or 18, wherein the compound of Formula (V1) is prepared by

contacting a mixture of a compound of Formula (IV):

HO 0;7?/()
_ N/\Rz
:l \a
L

{1V}, and

a compound of Formula (V).

w
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with a reducing agent.

The method of claim 19, wherein the reducing agent is NaBH; and the contacting
proceeds in a solvent selected from the group consisting of methanol, ethanol,

isopropanol, and a mixture thereof at a temperature from about 15 °C to about 35 °C.

The method of any one of claims 17-20, wherein the compound of Formula (V1I} is a solid

form.

The method of any one of claims 17-20, wherein R! and R* are methyl.

The method of claim 22, wherein the compound of Formula (V1) is a crystalline form
comprising the compound of Formula (VI), wherein the crystal form has an X-ray
powder diffraction pattern comprising one, two or three peaks at 22.5, 27.1, or 27.3 +

0.2°28.

The method of claim 23, wherein the X-ray powder diffraction pattern further comprises

one, two, or three peaks at 153,224, or 242+ 0.2° 28.

The method of claims 23 or 24, wherein the crystal form has a melting point at a

temperature from about 91 °C to about 93 °C.

The crystal form of any one of claims 23-25, wherein the crystal form is anhydrous.
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The method of any one of claims 11 to 26, wherein the mixture of a compound of

Formula (IV} and a compound of Formula (V) is prepared by contacting a compound of
Formula (i)

HO
R1\\\ NiH
(1,
with a compound of Formula (Ii1):
o
, /ATQMe
R O
(1),
at the presence of a suitable base in a suitable solvent,
23. The method of claim 27, wherein the suitable base is 2,6-lutidine; the suitable solvent is
dichloromethane; and the contacting proceeds at a temperature from about 0 °C to about
40 °C.
29.

The method of claim 27 or 28, wherein the compound of Formula (I} 1s prepared by
contacting a compound of Formula (I),

HO

Rﬂ‘\\“ NH,

@,
with PhCHO at the presence of a suitable base in a suttable solvent.

The method of claim 29, wherein the suitable base is NaHCO;; the suitable solvent is

methanol; and the contacting proceeds at a temperature from about 20 °C to about 40 °C.
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