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PROCESSES FOR MAKING SERD TRICYCLIC COMPOUNDS HAVING A
SUBSTITUTED PHENYL OR PYRIDINYL MOQIETY

CROSS REFERENCE TO RELATED APPLICATIONS

{00017 This application claims the benefit of U.S. Provisional Patent Application Number
§3/046218, filed 30 Juns 2020, and is incorporated harsin by reference in its entirsty and

for ail purposes.
FIELD OF INVENTION

{0002} Provided herein are processes for synthesis of GDC-8545 and intermediates
related to large scale manufacture of (R)-1-{1H-indol-3-ylipropan-2-aming and (R)-3-{(1-

{1H-indol-3-yhpropan-2-ylamino)-2,2-diftuoropropan-1-ol.
BACKGROUND

[0003} Fused tricydic compounds comprising a substituled phenyl or pyridiny! moisty
within the scope of the present disclosure are useful as estrogen recepior ('ER”) targsting

agents.

{0004} The ER is a ligand-activated transcriptional regulatory protein that mediates
induction of a variely of biological effects through its interaction with endogencus
esirogens. Endogenous estrogens include 178 (beta)-estradiol and estrones. ER has
been found to have two isoforms, ER-a {alpha) and ER-F (beta). Estrogens and esirogen
receptors ars implicated in a number of diseases or conditions, such as breast cancsr,
lung cancer, ovarian cancer, colon cancer, prostate cancer, endometrial cancer, utering
cancer, as well as others diseases or conditions. ER-q {argeting agents have particular
activity in the sefting of metasiatic disease and acquired resistance. ER-a targeting agents
are disclosed in U8, Publication Number 2016/0175288.

{0005} Useful processes for preparing fused tricyclic compounds such as GDC-8545
comprising a substituted pheny! or pyridiny! moisty are disclosed in U.8. Patent Number
5,980,947 and U.8. Patent Fublication Number US2020/0002331. However, it is known
that scals-up of chemical processes can resuit in unexpscted conditions such as, for
sxample, increasad impurities or decreased vields., Accordingly, there is a need for
improved processes for the synthesis of GDC-0545 that increase yislds and/or decrease

impurities. As compared fo currently known processes, the processes of the present
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disciosure advantageously provide improvements in, for example, process conditions,

reagent selection, complexity of required unit operglions, scalability, and the like.
SUMMARY
{0006} Provided hersin are solutions o these problems and more,

{00077 [n one aspect provided herein is g process for the preparation of a compound of
formula (D) as describad herein, the process comprising (&) contacting a compound of
formula (i) as described herein with a sulfonic acid to form a compound of formula (lila)
as described herein; (b} contacling the compound of formula ({iia) with a base {o form
compound of formula (IV) as described herein, hydrogenating the compound of formula
{IV} to form a compound of formula (V) as described herein; and contacting the compound
of formula (V) with a compound of formula (V1) described herein, thereby synthesizing the

compound of formula ().

{0008} In anocther aspect provided hersin is a process for the preparation of a compound
of formula (i) as described herain, the process comprising {a) contacting a compound of
formula (V) as described herein with a compound of formula (V1) as described hersin to
make a compound of formula (Vila) as described herein; {b) contacling the compound of
formuia (VHa) with an acid thereby synthesizing a compound of formula (Vb)) as
described herein; contacting the compound of formula (Viib) with 1, 1-carbonyldiimidazols
thereby synthesizing a compound of formula (V¢ as described hersin; contacting the
compound of formula (Viic) with a compound of formula (VI as described hersin fo make
a compound of formula (Va) as described herein; and contacting the compound of formula

{(Va) with a base followed by an acid thereby making the compound of formula (i),

{0009} In another aspect provided herein is a process for the preparation of a compound
of formuia (i) as described hersin, the process comprising contacting a compound of
formula (V) as described herein with a compound of formula (V1) as described herain,
wherein the compound of formula (V) is prepared by: (a) contacting a compound of formuia
{(Vllp) as described herein with a compound of formula (Vill) as described herein 1o make
a compound of formula (Vb) as described herein; and (b} contacting the compound of

formula {(Vb) with an acid thereby making the compound of formula (V).

{0010} In another aspect provided herein is a process for the preparation of a compound
of formuia (1}, the process comprising (a) contacting alanine with a compound of formula
(IX} as described herein to formy a compound of formula (X1} as described herein; b)

contacting the compound of formula () with a chlorinating agent, a compound of formula
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o
(R;ﬁ%’k?\s}
s " and an organoaluminum compound {o form a compound of formula (Vc) as

described herein; and {¢} contacting the compound of formula (V¢ with a reducing agent

thereby forming a compound of formuia (i1).

{0011} in another aspect provided herein is a process for the synthesis of a compound
of formula (1), the process comprising contacting a compound of formula (2) (synthesized

according to any of the processes described herein) with a compound of formula (10).

[0012] In one aspect provided herein is a method of treating cancer by administering an
sffective amount of a compound of formula {0} or pharmaceutically acceptable salt thersof
synthesized according o any of the processes described herein {0 a patient having

cancer.

[0013] in ancther aspsct provided herein is a method of freating lung cancer, ovarian
cancer, endometrial cancer, prostale cancer, uterine cancer, or breast cancer by
administering an sffective amount of a compound of formula {§} or pharmaceutically
acceptable sall thereof synthesized according to any of the processes described hersin to

a patient having said cancer.

{0014} In another aspect provided herein are methods of treating breast cancer in a
patient having breast cancer by administering an effective amount of a compound of
formula () or pharmaceutically acceptiable salt thersof synthesized according lo any of the

processes described herein.
DETAILED DESCRIPTION

[0015} Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by those of ordinary skill in the art {o which the
invention belongs. See, e.g., Singleton et al., DICTIONARY OF MICROBIOLOGY AND
MOLECULAR BIOLOGY 2nd ed., J. Wiley & Sons (New York, NY 1994); Sambrook ef al |
MOLECULAR CLONING, A LABORATORY MANUAL, Cold Springs Harbor Press {Cold
Springs Harbor, NY 1989). Any methods, devices and materials similar or equivalent {o

those described hersin can be used in the practice of this invention.

[0016] The foliowing dsfinitions are provided o facilitate understanding of certain terms
used frequently herein and are not meant o iimit the scope of the present disclosure. All

references referred {o herein are incorperated by reference in their enfirety.
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[0017} As used herein, the term “alkyl” refers fo an aliphatic straight-chain or branched-
chain saturated hydrocarbon moiety having 1 to 20 carbon (Ci.oo) atoms. in particuiar
embediments the alkyl has 1 to 10 carbon {Ci.0) atoms. In particular embodiments the
alkyl has 1 {0 8 carbon (Cq) atoms. In particular embodiments the alkyl has 1 to 4 carbon
{C1.4) atoms. In particular embodiments the alkyl has 1 to 3 carbon (Cq.3) atoms, Alkyd
groups may be optionally substiluted independently with one or more substituents

described herein.

[0018} As used herein, the term “substituted” refers {o the replacement of af least one
of hydrogen atom of a compound or moiely with another substituent or moiely. Exampies
of such substituents include, without limitation, halogen, -OH, -CN, oxo, alkoxy, alkyl,
alkylens, aryl, heteroaryl, haloalkyl, haloalkoxy, coycloalkyl and heterocvcle. In one
embodiment, substituted as used herein can refer o replacement of at least one hydrogen

atormn of a compound or moiety described herein with halogen or alkyl.

[0019] As used herein, the term “alkoxy” refers to a group of the formula -G-R’, whersin
R’ is an alkyl group. Alkoxy groups may be oplionally substituled independently with one
or more substituents described herein. Examples of alkoxy moieties include methoxy,

ethoxy, isopropoxy, and tert-butoxy.

[0020] As used herein, the term "haloalkyl” refers fo an alkyl group wherein one or mors
of the hydrogen atoms of the alkyl group has been replaced by the same or different
halogen atoms, particularly fluoring and/or chiorine atoms. Examples of haloalkyl include
monoflucre-, difflucre- or trifluoro-msthyl, -ethyl or -propyl, for example 3,33
friftuoropropyl,  2-fluorcethyl, 2,2 2-trifluorosthyl,  fluoromethy!,  difluoromethyl  or

friffluoromethyl.

{0021} As used herein, the {erms “halo” and “halogen” are interchangeably and refer {o

a substifuent fluoring, chiorineg, bromine, or iodins.

{0022} As used herein, the term “cycloalkyl” means a saturated or partially unsaturated
carbocyclic moisty having mono-, bi- {including bridged bicyclic) or tricyclic rings and 3 to
10 carbon atoms in the ring. The cycloalkyl moiety can optionaily be substituted with one
or more substituents. In particular embodiments cycloalkyl contains from 3 to 8 carbon
atoms {i.e., {Cs-Cajoycloalkyl). In other particular embodiments cycloalkyt contains from 3
o 8 carbon atoms (i.e., (Cx-Celoycloaikyl). Examples of cycloalkyl moieties include, but
are not limited {o, cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptvl, and
partially unsaturated (cycloalkenyl) derivatives thersof {e.g. cyclopentenyl, cyclohexenyt,

and cycloheptenyl), bicycloll.1.0thexanyi, bicyclo[3.1.0thexenyl, bicyclo{3.1.11haeptanyl,
de
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and bicyclo[3.1.1Jheplenyl. The cycloalkyl molely can be altached in a “spirocycloalkyl”

{0023} “Treating” as used hersin, means an alieviation, in whole or in part, of g disorder,

fashion such as “spirocyclopropyl™

disease or condition, or one or more of the symploms associated with a disorder, dissase,
or condition, or slowing or halting of further progression or worsening of those symploms,
or allsviating or sradicating the causs(s) of the disorder, diseass, or condition itself. in one

embodiment, the disorder is a cancer.

[0024] The term “effective amount” or “therapsutically effective amount” refers {o an
amount of a compound described herein capable of treating or preventing a disorder,

disease or condition, or symptloms thereof, disciosad hersin.

[0025] “Patient” or “subject” is defined herein fo include animals, such as mammals,
including, bul not limited to, primates (e.9., humans), cows, sheep, goats, horses, dogs,
cats, rabbits, rats, mice, monkeys, chickens, turkeys, quails, or guinea pigs and the like,
in ong embodiment & mammal, in another smbodiment a human. In one embodiment, a

subject is @ human having or at risKk for cancer,

[0026] As used hersin, the terms "moiety” and "substiiuent” refer to an atom or group of
chemically bonded atoms that is attached 1o another atom or molecule by one or more

chemical bonds thereby forming part of a molecule.

[0027} An “inorganic acid” refers {o acids such as, but not limited to, hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, sulfamic acid, nitric acid, boric acid,

phosphoric acid, and combinations thereof.

{0028} An “organic acid” refers to acids such as, but not limited {o: acetic acid,
friflucroacetic acid; phenylacetic acid; propionic acid; stearic acid; lactic acid; ascorbic
acid; maleic acid; hydroxymaleic acid; isethionic acid; succinic acid; valeric acid; fumaric
acid;, malonic acid; pyruvic acid; oxalic acid; glycolic acid; salicylic acid; oleic acid; palmitic
acid; lauric acid; a pyranosidy! acid, such as glucuronic acid or galaciuronic acid; an alpha-
hydroxy acid, such as mandelic acid, citric acid, or tartaric acid; cysteine sulfinic acid; an
amine acid, such as aspartic acid, glutaric acid or glutamic acid; an aromatic acid, such
as benzoic acid, 2-acetoxybenzoic acid, naphthoic acid, or cinnamic acid; a sulfonic acid,
such as laurylisulfonic acid, p-oluenesulfonic acid, methanesulfonic acid, benzenesulfonic

acid or sthanesulfonic acid, cysieine sulfonic acid; and combinations thereof.

-5
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[0029] The ferms "inorganic base” and “hydroxide base” are used interchangeably and
refer to bases such as, but not limited {0, sodium hydroxide, potassium hydroxide, lithium
hydroxide, ammonium hydroxide, magnesium hydroxide, sodium carbonate, potassium
carbonate, and combinations thereof. In certain embodiments, the inorganic base is an
alkali-metal base {e.g. NaOH, KOH, or LIOH).

{0030] An “organic base” refers to an organic compound containing one or more nifrogen
atoms, and which acls as a base. Examples of organic bases include, but ars not imited
to, terliary amine bases. Examples of organic bases include, bul are not limited to, 1,8-
Diazabicyclo[5 4. 0lundec-7-ene {FDBUM, N-methyi-morpholine {NMRM]},
diisopropylethylamine (DIPEA), tristhylamine (TEA), a #buloxide (e.g., sodium,

potassium, calciurm or magnesium feri-butoxide).

[0031] Compounds described herein may be present in a salt form that encompasses
pharmaceutically acceptable salls and non-pharmaceutically accepiable salts. As used
herein, the term “pharmaceutically accepiable salts” refers 1o those salis that retain the
biological effectiveness and properties of the free bases or free acids, which are not
biclogically or otherwise undesirable. in addition fo pharmacsutically acceptable salts, the
compounds of the present disclosure may bs in the form of non-pharmaceutically
acceptable salts that can be useful as an intermediate for isolating or purifying said

compounds.

{0032] Exemplary acid salis of the compounds of the present disclosure include, but are
niot imited, 1o sulfale, cilrate, acetate, oxalale, chioride, bromide, iodide, nitrate, bisuifals,
phosphate, acid phosphats, isonicolinale, lactate, salicylate, acid citrate, tarirate, oleale,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
gluconats, glucuronats, saccharate, formate, benzoale, glutamate, methanesulfonate
"mesylate”, ethanesulfonate, benzenesulfonate, p-icluenesulfonate, and pamoasate (i.e,
1, -methylene-bis-(2-hydroxy-3-naphthoats)) salts. A pharmaceutically acceptable salt
may involve the inclusion of ancther molecule such as an acstale ion, a succinate ion or
other counter ion. The counter ion may be any organic or inorganic moiety that stabilizes
the chargs on the parent compound. Furthermore, a phammaceutically acceptable salt may
have more than one charged atom in #s structure. Instances where mulliple charged
atoms are part of the pharmaceutically acceptable salt can have multiple counter ions.
Hence, a pharmaceutically accepiable salt can have one or more charged atoms and/or

one of more counter ion.
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[0033] Exemplary base salts of the compounds of the present disclosure inciude, but
are not limited to, inorganic salts formed from sodium, polassium, ammonium, calcium,
magnesium, fron, Zing, copper, manganese, and aluminum cations. Organic salts formed
from cations including primary, secondary, and lertiary amines; substituled amines
including naturally ccourring substituted amines; cyclic amines; basic ion exchangs resins,
isopropylamine;  timethylamine;,  disthylamine;,  itrimethylamine;  tripropylamine;
ethanolamine,; 2-diethylamincethano!l; trimsthamineg; dicyclohexylamine; ysing; argining;
histidine; caffeine; procaine; hydrabamine; choling; betaine; ethvlenediamine;
glucosamine; methyiglucamine; theobromine; purines; piperazine; piperiding; N-

ethylpipsridine; and polyamine resins.

{0034} Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangament of their atoms in space are termed
“isomers.” isomers that differ in the arrangement of their atoms in space are termed
“sterecisomers.” Diastereomers are slerecisomers with oppoesite configuration at one or
more chiral centers, which are not enantiomers. Slerecisomers bearing one or mors
asymmetric centers that are non-superimposable mirror images of each other are termed
‘enantiomers.” When a compound has an asymmetric cenler, for example, if a carbon
atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
can be characierized by the absolute configuration of ifs asymmetric center or centers and
is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner in which the moleculs rotates the plane of polarized light and designated as
dextrorotatory or levorofatory (L.e., as {(+) or {+) isomers raespectively}. A chiral compound
can exist as either individual enantiomer or as a mixture thersof. A mbdure containing
equal proportions of the enantiomers is called a “racemic mixture”. In certain
embodiments, the compound is snriched by at least about 80% by weight with a single
diastersomer or enantiomer. In other embodiments the compound is enriched by at least

about 85%, 98%, or 99% by weight with a single diastereomer or enantiomer,

{0035} Certain compounds and pharmaceutically acceptable salts thereof described
herein possess asymmetiic carbon aloms {optical centers) or double bonds; ths
racemates, diastersomers, regicisomers and individual isomers (s.g., separate
enantiomers) are all intendsd {o be encompassed within the scope of the present

disclosure.

[0036] The compounds and pharmaceutically acceptable salts thereof described herein

may contain asymmetric or chiral cenfers, and therefore exist in different sterecisomeric
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forms. H is iniended that all stersoisomeric forms of the compounds of the invention,
including but not limiled o, diastersomers, enantiomers and alropisomers, as wall as
mixitures thereof such as racemic mixtures, form part of the pressnt invention. In some
instances, the stereochemistry has not been determined or has been provisionally
assigned. Many organic compounds exist in optically aclive forms, 8., they have ths
abiiity to rofale the plane of plane polarized light In describing an oplically active
compound, the prefixes D and L, or R and §, are used {0 denole the absoluts configuration
of the molecule about s chiral center(s). The prefixes d and | or (+) and {~) are employed
o designate the sign of rotation of plane-polarized light by the compound, with () or 1
meaning that the compound is levorotalory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these slerecisomers are identical except
that they are mirror images of one another. A specific sierecisomer may also be referred
{0 as an enantiomer, and a mixiure of such isomers is often called an enantiomeric
mixiurs. A 50:50 mixture of enantiomers is referred 1o as a racemic mixiure or a racemats,
which may occur where there has been no stereoselection or sterecspecificity in a
chemical reaction or process. The terms “racemic mixture” and "racemate” refer {0 an
equimolar mixture of two enantiomeric species, devoid of oplical activity. Enantiomers
may be separated from a racemic mixture by a chiral separation method, such as
supsercritical fluid chromatography (SFC). Assignment of configuration at chiral centers in
separated enantiomers may be tentative while sterecchemistry is definitively established,

such as from x-ray crystallographic data.

[0037] Provided herein are processes for the preparation of compounds useful in the
freatment of cancer. Compounds of formula (1}, including compound 1 and compound A,
are exemplified in, for example, U.S. Patent Number 5,080,947 and U.S. Patent
Publication Number US2020/0002331. The processes described herein improve product

purity and vislds of the final producis as well as key intermediates in the synthesis thereol.

{0038} Provided herein are processes for the preparation of a compound of formula (11}

or a salf thereot:

CHa |
R:a
RN O
@C ke
N
H

7
{2y
‘\R im

{13,
wherein
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each of R* and R is independently hydrogen, halogen, unsubstituted Ci.z alkyl,
unsubstituted Cqz haloalkyl, unsubstituted Cq.3 alkoxy, ~ON, unsubstituied Case
cycloalkyl, or unsubstituted Cas spirocycioalkyl;

each R? is independently halogen, hydroxyl, -CN, unsubstituted Cya alkyl,
unsubstituted Cqs haloalkyl, or unsubstituted Ci.a alkoxy;

mis 0, 1or2; and

nist, 2, or3.

[0039] inone aspect provided hereinis a process {P1) for the preparation of a compound
of formula (1) or g salt thereof where the process comprises the steps:

{a} contacting a compound of formula (i} or a sall thereof,

- OH
, f’(NHZ
PN
i g H
(R (i

with a sulfonic acid (o form a compound of formula (Hia) or a salt thersof;

(iHa)
(b} contacting the compound of formula (Illa) or a salt thereof with a base to

form compound of formula (IV} or a salt thereof,

{0
; H

(R} )

{c} hydrogenating the compound of formula (IV) or a salt thereof o form a
compound of formuia (V) or a sall thereof, and
St

&NHQ
o

S H
R=
{ )m )
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contacting the compound of formula (V) or a salt thereof with & compound

{d)
of formula (V1);
o 0
N
G'/ \O

it
R"Kﬁb (V1)

wherein R and R™ are as describad herein, thereby forming a compound of formula

(.

{0040}
formula (1) is a salt of formula:

in one embodiment of the process {(P1) described herein, the compound of

Jm
)

In one such embodiment, the salt is a mesyiate (MeB0s) salt.

[0041}
[0042] n one embodiment of the process (P1) described herein, the compound of
formuda (1) has formula:

_-OH i,,..C}H

O

o

H (32),

or a stersoisomer or salt thereof.

{00431 in one embodimsant of the process (P1) described herein, the compound of

formula (i) has formula:

-4~



WO 2022/005943 PCT/US2021/039325

f,OH o ~OH o
Lo o Ko F b
N ANH?‘ é) © ~ - NH; &)
\/N S ~
H (3%), H (3x7,

or g sterecisomer or salt thersof,

{0044} In one embodiment of the process {P1) described herein, the compound of

formula ({l{a) has formula:

080, 080,
£ A,
H. H.
¢ e 2
SN
(3at), H (3a2), or
080,
PR #<%H3
o~
NN
F
H (3a3),

or a sterecisomer or salf thersof.

{00451 in one smbodiment of the process (P1) described herein, the compound of

formula (V) has formula:

» r‘”'él\NH

< ¢ <
{4}, H

{4a),

e

-
/\{/<\

F’\

A e

(4}, or

IZ\/

{4c),
or a sterecisomer or salf thersof.

{0046] in one embodiment of the process (P1) described herein, the compound of

formula (IV} has formula:

-14-
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g
H (4).
{0047} In one embodiment of the process (P1) describad herein, the sulfonic acid is

HaSO4 or CISC:H. In ancther embodiment, the sulfonic acid is HaS04. In still ancther

ambodiment, the sulfonic acid is CISOsH.

[0048] In one embodiment of the process (P1) described herein, the base is an alkall-
metal hydroxide base. In one smbodiment, the base is a hydroxide base. In one
smbodiment, the base is KOM, NaOH, or LIOH. in one preferred ambodiment, the base is

NaOH or KOH. In one embodiment, the base is NaOH.

{0049} In one embodiment of the process {P1) described herein, the hydrogenation of
step (¢} is performed using a calalyst comprising Pd, Pt, or Ni. In one such embodiment,
the catalyst is Pd/C, PYC, or Raney Ni. In another such embodiment, the catalyst is a Pd
catalyst selectsd from the group consisting of Pd{OH)z, Pd{OAc);, PdCl, PAdCL{MeCN)z,
Pd{dba),, Pdy{dba);, Pd{TFA);, [Pd{aliyhCil,, [PdicinammyhCil, and (n3-Ally(ns-
cyclopsntadienylpaliadium(ll). In one smbodiment, the Pd catalyst is Pd{OH),.

{0050} In ancther embodiment of the process (F1) described herein, the hydrogenation

of step (¢} is performed using calalytic transfer hydrogenation in the presence of

isopropanol, formic acid, formate, or ammonium.

{0051} [n anocther embodiment of the process {(P1) described herein, the compound of

formula (V) has formula

CH3 CH3
F - e
N \f” R
H (5x), H (8y), or
CHg
e
= : AN
e v
H {52)

or a sterecisomer or salf thersof.

[0052} In another such embodiment of the process of P1, the compound of formula (i)

is a compound of formula (3%); the compound of formula (llla) is a compound of formula

42
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{3a); the compound of formula (V) is a compound of formula (4); and the compound of

formula (V) is a compound of formula (8).

{0053} in another such embodiment of the process of P14, the compound of formula (i)
is a compound of formula (3x*); the compound of formula (ia) is a compound of formula
(3at}; the compound of formula (V) is a compound of formula (4a); and the compound of

formula (V) is a compound of formula {(8x).

{0054} In another such embodiment of the process of P1, the compound of formula (i)
is a compound of formula (3y*}; the compound of formula (1Ha) is a compound of formula
(3a2}; the compound of formula IV} is a compound of formula (4b); and the compound of

formuia (V) is a compound of formula {8y).

[0055} in another such embodiment of the process of P1, the compound of formula ()
is a compound of formula (32%}; the compound of formuia (lHa) is a compound of formula
(3a3); the compound of formula (1V) is a compound of formula (4¢); and the compound of

formuia (V) is & compound of formula {5z},

{0056} Further provided herein is a process (P2) for the preparation of a compound of
formula (1), where the process comprises:
{a} contacting a compound of formuda (Vi) or a stersoisomer or salt thereof,

)
=

Z.5i" Sty

wherein each Z is independently Cis alkyl or phenyl, with a compound of formula (Vi),
Q

Ny

o o
\;)jﬂ

1’, ik
NG (Vi)
wherein R'® and R' are as described herein, thereby synthesizing a compound of
formuia (Viia) or & salt thereof;
H R13 R1b

/f/r N P _-B80H
{ff/
2,817 i
¢ ? (Viia)
{b} contacting a compound of formula (Vila) or a stereoisomer or salt thereof

with an acid thereby synthasizing a compound of formula (Viib) or a salt thersof;

13-
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R’:a R’:b

H
) N X _OH
/?;f/
Z,Si Ha

(Viib)
{e} contacting the compound of formula (Vith) or a sterecisomer or salt
thereof with 1, V-carbonyidiimidazole thereby synthesizing a compound of formula

{WViic) or a sall thereof;

R R (yiie)
{d} coniacting the compound of formula (Vlc) or a sterecisomer or salt

thersof with a compound of formula (VIID or & salt thereof,

];;ﬁ/NHZ

RZ
(%) (Vi

wherein R? and m are as describad hersin, to make a compound of formula (Va) or a

salt thereof, and

(R H (Va)
{e} contacting the compound of formula {(Va) or a sterecisomer or salf thereof
with @ base followsd by an acid thereby making the compound of formula ((hora

sterecisomer or sall thereof.

[0057} In one embodiment of the process described herein, R? is halogenand mis 1. In

another embodiment, R?is F and m is 1. In one preferred embaodiment, mis O,

{0058} In one embodiment of the process (P2) described hersin, step (a) further

_NHBoc
P g
z c;-/,’/& /\IH
s 3 (Viip) or a

stersoisomer or salf thereof io make the compound of formula (VL) or a salt thereof.

comprises deprotecting a compound of formula

-4~
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[0059] In one embodiment of the process (P2} described herein, the compound of

formula (Va) has formula:

fib Rib R
wta_| Ria Rm«}_\
Q < & o
< )
’—/ o A F ,’-J«
Iy’\w/\g- TH, %’L}r,& TH; \r;f'\(,\g TH;
\\\/ﬁ\g\; -8iZ, &\/L\N iz, MN —5iZ,
H {8a-1) H (Bat-1), H {(5a2-1), or

{5a3-1)
or a salt thereof.
{0060] in one embodiment of the process (P2) described herein, the compound of

formula (Va) has formula:

F F F
S - . - . -
- o O
\\/f;\N SiEt, R\/ M pSE \/ ’k‘*N’ —SiEt,
H (5a), H {(5at), H (5a2), ot
F
F
o,
/%
r{,}{{ms
Ffl\\%/&\N\ -SiEL,
H (5a3)

or a salt thereof.
{00611 Inone embodiment of the process (P2) described herein, each Z is independently
Ciq alkyl. in another embodiment, each Z is methyl, each Z is ethyl, sach Z is isopropyl

or wherein 8iZa is Si(PhMey) or Si{t-BuMey}. In another embodiment, each Z is ethyl
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[0062} in one embodiment of the process (P2} described hersin,

formulda (Vi) has formula:

=y g A1

7

or a salt thereof.

{0063} In one embodiment of the process (P2) described herein,

formula (Via) has formula:

H F F
/Z/\T,,N%DS%H
B, CH

* (7a)

or a salt thereof.

{0064} in one smbodiment of the process {P2) describsd herein,

formuia (Viib) has formula:

H FF .
P WN\VX\/OH
B8

O

Ha (7b)

or a salt thereof.

{0065} In one embodiment of the process (P2} described herein,

formuia (VHic) has formula;
Et,Si CHy O

= = (?CE

or a salt thereof.

[0066] In one embodiment of the process (P2) described herein,

formula (VI has formula;

Br

Br E}r
N NN PN
O™ O 0
S @, = B8a), £ (8b), or

or a salt thereof.

PCT/US2021/039325

the compound of

the compound of

the compound of

the compound of

the compound of

{8¢c)

[0067} In one sembodiment of the process (P2) described herein, the acid of step () is

an inorganic acid. in one such embediment, the acid is H80,4.
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{0068} In one embodiment of the process (P2) described herein, the base of step (e) is
an incrganic base such as NaOH, KOH, or LIOH. In one such embodiment, the base of
step (@) is LIOH. In one embodiment of the process (P2) described herein, the acid of siep

{e} is an inorganic acid. in one such embodiment, the acid is HCL

{00691 In one embodiment of the process (P2} described herein, step (d) further
comprises a palladium calalyst. In one such embodiment, the palladium catalyst is
Pd{dppfiCl-DCM. iIn one embodiment of the process (P2} described herein, the acid is
HCL

{0070} Inone embodiment of the process (P2) described herein, the process comprises
synthesizing a compound of formula (2} or a salt thersof, the process comprising:

{a} contacting the compound of formula (7) or a salt thereof with a compound
of formula (8) o make a compound of formula (7a) or a salt thereof,

{b} condacting the compound of formula (7a) or a salt thereof with an acid as
described herein thereby synthesizing a compound of formula (7h) or a salt thereof,

{c} contacting the compound of formula (7b) or a salt thereof with 1,1~
carbonyldiimidazole thereby synthesizing a compound of formula (7¢) or a salt
thersof:

{ch} contacting the compound of formula (7¢) or a salt thereof with & compound
of formula (8} or a salt thereof in the presence of a Pd catlalyst described hersin
thereby synthesizing a compound of formula (53) or a salt thereof; and

{a) contacting the compound of formula (&) or a sall thereof with a base as
described hersin followed by an acid as described herein thereby synthesizing a

compound of formula (2) or a salt thersof.

[0071] Further providad herein is a process (PS) for the preparation of a compound of

formuia (I or a salt thereof, where the process comprises contacting a compound of

formula (),
OHa
NH,
©TN
i
{Rz.‘;m

(V)
or a salt thereof

wherein R2 and m are as describad hersin, with a compound of formula (Vi)
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(O o]
e
\Sy

o Yo
LA
R1a'i b (Vi:)
wherein R and R are as described herein and
wherein the compound of formula (V) or a salt thereof is prepared by:

{a) contacting a compound of formula (Viip},

P P NHBoc
P
2,817 Ha A
3 {(Viip)

or a stereoisomer or sait thereof, wherein each 2 is as described herein, with a

compound of formula (ViHD,
8r

@NHZ

(R, \
VID

or a sall thereof, thereby synthesizing a compound of formula (Wb}, and

s::H3

NHBOL

(R),
(Vo)

{b} contacting the compound of formula (Vb) or a sterecisomer or salt thereof

with an acid thereby making the compound of formula (V) or a salt thereof

{0072} in ons embodiment of the process (P3) described herein, each Z is ethyl. In one
embodiment of the process (P3) described herein, m is 0. In one embodiment of the
process (P3) described herein the acid of step b is an inorganic acid. In one such

embodiment, the acid is HCL

{0073} In one embodiment, the compound of formula (Vilp) has formulg;

L /fNHBGC
/:{,’3"
Et,Si S
3 ¢ (7p)

[0074] in one smbodiment of the process {P3) described hersin, step (a) further
comprises a palladium catalyst. In one such embodiment, the palladium calalyst is
Pd{dppf)ClesDCM.
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[0075} In one embodiment of the process (P3) described herein, the compound of

formulda (V) has formula:
CH; & Chg CHy

£ —~ F
o HBoo NHBocC NN HBoc
f siz | rjﬁ/\y—s&zﬁ ! ”\FJ\Q
Ny ° R N 3

N
K\\\‘/,J\ 3
N N
H {5b-1), H {(5b1-1), H {(5b2-1), or

{Sb3-1)
or a sall theveof.
{0076} In one embodiment of the process (P3} described herein, the compound of

formula (V) has formula:

CH, . CH, CHy
4 | — E /“(
2 HBoo rzf)\r { HBoc o iHBoC
p
- i Nes i Ne
L\\\vmns;gg g /IL\E}M&E@S \/ij'\N SiEy
H (5b}, H (3b1), H (5b2), or
CH,
e - HBoc
A S siet,
F N
H (503}

or a salt thersof.
{0077} In one embodiment of the process (P1}, (P2), and (P3) described herein, the

compound of formula (Vi) comprises formula:

D D O Q‘\S/’Q o0 o S”C} O\}g/@ O‘\S‘f’g
O, \0 o \O O\ /O e [e i) o0
S\i] K}f ,J : P P P
7F @, F e H‘(Gb >\ 60, "< S ga), M (ge), N (o,

\\S:/ ,‘ \Qe// O\ /O
oo o ”‘G oo oo

X K( 7
H C YFegany, S an, or NK (6}), or a sterecisomer thersof.

{0078} In one embodiment of the process {(P1), (P2), and (P3) described herein, the
compound of formula (V) comprises formula (8), (Ba), or (Bb). In ons embodimesnt of the

process (F1), (P2), and (P3) describad herein, the compound of formula (V1) comprises

40
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formula (Gg), (8d), or (Be). In one embodiment of the process (P1), (P2}, and (P3)
desoribed hersin, the compound of formula (V) comprises formula (Gf), (6g), (6h), (Gi), or
(&), In one embodiment of the process (P1), (P2), and (P3) described herein, the

compound of formula (Vi) comprises formula (8).

{00797 Further provided herein is a process (P4) for the preparation of a compound of
formula (1) or a sali thereof, the process comprising the steps:

{a} contacting alaning with a compound of formula (1X),

Ria
o F
HaCO ( CCH,
Ve )
Ri® (1)
wherein R'2 | R and n are as describsd herein, {o form a compound of formula (XI);
O

Ao,
HO ,LT Rm’l R’E;JF
i g
CH

b} contacting the compound of formula (X or a salt thereof with (i) a

(X

or a salt thereof

. , (R .
chiorinating agent, (i) a compound of formula = " M wherein R? and m are as
described herein, and (i} an organcaluminum compound to form a compound of

formula (Vc}; and
O

== P CH
m U\(R'Iaz R‘:hF
R, N e %F
ek ?3/* ¢

Hs (vey
or a salt thereof
{c} confacting the compound of formuia (Vo) or a salt thereof with a reducing

agent thereby forming a compound of formula (1) or a sall thereof.

{00807 In one embodiment of the process (P4) described herein, the organoaluminum
compound has the formula XGAlL, where X is independently Cl or Cis alkyl. In one such
embodiment, X is independently methyl, ethyl, n-propyl, isopropyl, n-butyl, or iscbutyl. In
another embodiment of the process (P4) described herein, the the organoaluminum

compound is irimethyl aluminum, tiethyl aluminum, triscbulyl aluminum, dimethyi

20~
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aluminum chioride, disthyl aluminum chioride, or sthyl aluminum dichloride. In one such

smbodiment, the organcaluminum compound is trimethy! aluminum.

{0081} In one embodiment of the process (P4) described herein, the reducing agent is
sodium aluminum hydride or sodium bis(Z-methoxyethoxyaluminum dihydride. In one
such embodiment, the reducing agent is sodium aluminum hydiide. In one such

embodiment, the reducing agent is sodium aluminum hydride in the presence of methanol.

{0082} In one embodiment of the process {(P4) described herein, the chiorinating agent
is SOCL, methyl chioroformate, ethyl chioroformats, iscbutyl chioroformate, pivaloyl
chioride, or oxalyl chioride. In one such embodiment, the chiorinating agent is oxalyl
chioride. in another such embodiment, the chiorinating agent is oxalyl chioride in the

presence of N-formyl pyrrolidine or N, N-dimethylformamide.

{00837 In one embodiment of the process (P4} described herein, the compound of

formula (IX) has formula

or a salt thereof.

{0084} In one embodiment of the process (P4) described herein, the compound of

formula (Xi) has formula:

or a salt thereof.

{00857 In ons embodiment of the process (P4) described herein, the indole of step b)

- E
[_#/,\X = 7= -
Oy Oy Oy A
, H 4 H L or 3 )

has formula:

H

or g salt thereof.

{0086} In one embodiment of the process (P4) described herein, the compound of

formula (V¢) has formula:

-24-
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o
CHs

!/\\i:FFF
¥ ﬁ./hs\‘m ;:

E/ Chy

{5c)

or a sall thereof.

{00871 in one embodiment of the processes describad herein, sach of R and R is
independently hydrogen, halogen, unsubstituted Cqz alkyl, unsubstituled Cis haloalkyl, or

unsubstituted Cy.a alkoxy.

[0088] in one embodiment of the processss described herein, sach of R and R™ is

independently hydrogen, halogen, or unsubstituted G alkyl

[0089] in ons embodiment of the processes describsd hersin, R™ and R™ are
independently hydrogen, halogen, cyano, unsubsiituted Ciz alkyl, or cyclopropyl. In
another smbodiment of the processes described herein, R and R ars independently
hydrogen, halogen, or methyl. In another embodiment of the processss described herein,
R'® is hydrogen and R'™ is halogen, methyl, cyano, or cyclopropyl. in still another
smbodiment of the processes described hsrsin, R' is hydrogen and R' is halogen. In
stili another embodiment of the processes described herein, R'2 ig hydrogen and R is
methyl. in still ancther embodiment of the procssses described herein, R'2 is methy! and
R'™ is halogen, methyl, cyano, or cyclopropyl. in another embodiment of the processes

described hersin, R is halogen and R is halogen, methyl, cvang, or cyclopropyl.

[0090] In one embodiment of the processes described herein, R™ and R™ are
indspendently halogen, or methyl. In another embediment of the processes described
herein, R is halogen and R is methyl. In one preferred embodiment of the processes
described herein, R is halogen and R is halogen. in a preferred embodiment of the

processes described herein, R and R™ arg F.

[0091} In one embodiment of the processes described herein, sach of R'3 and R is
independently hydrogen, halogen, unsubstituted Cq alkyl, unsubstituted Cy. haloalkyl, or

unsubstituted Cia alloxy.

[0092] In one embodiment of the processes described herein, each of R and R is
unsubstituted Cas cycloalkyl or unsubstiuled Cag spirocycloatkyl I still another

embeodiment of the processes described herein, R? is halegen and mis 1.

{0093} In one preferred embodiment of the processes described herein, mis 0.

PP
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[0034] in one embodiment of the processes described herein, each R? is independently
halogen or unsubstituted Ca3 alkyl In another embodiment of the processes described

herein, R? is halogen or Cis alkyl and mis 1,

[0095] In another embodiment of the processes described herein, each R? is

independently unsubstituted Cq haloalkyl, or unsubstituted Ci.3 alkoxy.

{0096] In one embodiment of the processes described herein, nis 1 or 2. In one
preferred embodiment of the processes described hersin, nis 3. In one such embodiment,
it is 3 where each R and R is independently hydrogen, halogen, methyl, cvano, or
cyclopropyl. In ancther such embodiment of the processes described herein, nis 3 where
each R and R is independently hydrogen or halogen. In ancther such embodiment of
the processes described herein, nis 3 where gach R and R is independently hydrogen
or methyl. In ancther such sembodiment of the processes described hersin, n is 3 whers

each R and R™ is indepsandently hydrogen or cyclopropyl.

[0097} In one embodiment of the processes described herein, the compound of formula

(i1} prepared according to process P1, P2, P3, or P4 has formula:
CHy CHa CHy

A H O p .{"{s—x@
ZN FTL o ”:\&/\\ Cd o g\il\ ~\% "OH

H i oh H
(R

(2¢), {2d), {2e),

CH; CH, CHy
N o A S
4 H H H

{ R4} { R¢ R?)
3 im 21_.)) )m (29): ar )m
{2h},

or a sterecisomer or salt thereof,

{0098} In one embodiment of the processes described herein, the compound of formula
(I} or a sterecisomer or sall thereof prepared according to process P, P2, P3, or P4 has

formula (2}, {2a), or (2B}, In ancther embodiment of the processes described herein, the
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compound of formula (i) prepared according o process P1, P2, P38, or P4 has formula
(2¢) or (24}, In another embodiment of the processes described herein, the compound of
formula (1) or a sterecisomer or sall thereof prepared according fo process P1, P2, P3, or
P4 has formula (2e) or (21}, In still ancther embodiment of the processes described herein,
the compound of formula (1} or a sterecisomer or salt thereof prepared according o

process P1, P2, P3, or P4 has formula (2g).

{0099} In one preferred embodiment of the processes described herein, the compound
of formula (D) or a slerecisomer or salt thereof prepared according o process P1, P2, P3,

or P4 has formula:

or a salt thereof.

{0100} In one embodiment, the compound of formula (2) is prepared according to the
process Pl as described herein. In anothsr embodiment, the compound of formula (2) is
prepared according to the process F2 as described herein. In another embodiment, the
compound of formula {2) is prepared according o the process P3 as described hersin. in
another smbodiment, the compound of formula (2) is prepared according to the process

P4 as described herein.

{0101} Further provided herein is a process (P5) for the preparation of a compound of
formula (i)
e

\ 4
-QN

or a pharmacsutically acceptable salt thereof,
wherein R, R, and n are as described herein,
the procsss comprising contacting a compound of formula (1) or a stersoisomesr
or salt thereof prepared according o the process P1, P2, P3, or P4 as described

herein or a sal thereof as describad harsin with a compound of formula OO

P
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CHOQ

@(R%p

L
Th e
™S00
or a stersoisomer or salt thereof, wherein
ring A is phenyt or pyridinyl;
each R? is indepsandently hydrogen, halogen, or Ci.z alkyl;
R* is halogen or -CN; and

pis 1or2.

{0102} In one embodiment of the process (P5H) described herein, the process further
comprises the pressnce of tartaric acid.

[0103] in one embodimant of the process (P8} described herein, the compound of

formuia X has formula:

CHO CHO cHO
i :%’F i % )\\\
i P P P
HNW/}Q HN\\T\ Hri:\\:ﬂ
N~F o), NooF (10a), ’hv”\/?(mb).
CHO CHO CHO
NP e AL HeG. A _.CHa
# ' d
HN }\E HN - HN \
\\i_ o~ (100 \(,ﬂm\/\vF(md)! \E o~ F
CHO cHO CHO
ch\iifﬁ NC\T\ N/Lj
E\Tf/’ AN J\?/
HA X HN HN \
(10e), NP o, \E'N»’“\f'r:(mg), \ENV’\«"F
cHO CHO CHO
£ F F F
N7 Y%/ Yl\ﬁ
HN HN HN
O O N
(10h), =SS 00, T (10)), NP N

"5



WO 2022/005943
CHO QHQ
- N
I\IY,,; ﬁl\,f,,;
HN HN
Th = Ayt
(10K}, ~NeoF o, -

CHG

?HO
HN\i HN

CHQ CHO

a—"\\ H \\»-—‘
\\"N\/\»’CN (10w}, or “"'\N

N\/’”\./‘F {10m),

Vo e X en
T N 10, TN (100),

{0104} In one such embodiment, the sall thereof is a tartrate sait.

PCT/US2021/039325

O (10w}, or a salt thereof.

[0105} in one embodiment of the process (P§) described hersin, the compound of

formula X or a salt thereof has formula (10}, (10a), or (10b). In ancther embodiment of the

process (P§) described hersin, the compound of formula X or a salt thereof has formula

{10¢), {(10d), or {10&). In another embodiment of the process (P5) described herain, the

compound of formula X or a salt thereof has formula {(106-(10m}. In ancther embodiment

of the process (P3) describad herein, the compound of formula X or a salt thereof has

formuia (10n)-(10w).

{01061 In one embodimant of the process (P§) described herein, the compound of

formuda () has formula:
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"{/ /’/ \\ (/ \

\\ ] /\ri ; \/ N \< U 3\/ N Y ) o
Fo T : ) ;
O 9

H\"(’ HN
Nt i, = Nonet 1), Mo

2 C Cia

(\/_%\\E:/’Y%F = ‘(;\,\/‘I:YLH'“ P
H/\\EIN S X /QH w\H ;,N\//E\/Oi-i
= /’;\\/F E ;‘;\\/F

ik HN
(1b), E‘“‘v’\f (1c), U‘v\« (19,

7 CH 2R\ H y

<>~%|/V 3F o &1{}(\ & o %/\Y'é i CHy

\H \E/,N\//\‘\/O:-: NS X HJ\/-\\ oM
F@; y{@/? E\L”’i\” F
X N A
HIN HN oy

AN {1e}, \E’l’\/\f (19, D‘ NN
/jf &/O-—e %f\//,\ﬁ\/f CHjy OH
F. > /_F f‘\// F
0 Y
X \\//
H\i\rl HN
{1g). Ty, \R\m\, (i),

7 CHy CH —

&/:‘ \).\”/Y* o p s /Y N & \g\\ P ClHy o

x\/N\/ o ;N\/J\/o;‘; \:ﬁdi\f ;f\v/ a
}—\”; \ﬂ’F F\Y’/’EE’F “\;’\/F
E\/ fy \/

:\[ ;\Nr HN
I R ] . 1 -
LN\/\" 1, LN\/\’F (1), 1”\/\*' (1,
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& UH S Nﬂ% Y R Oy /\j> f\f
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Eo T—N
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- \/\K\r@ F CH,
N N < OH
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]
D
HI

NN
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(1u),
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N
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AT (w), T i, or

R

a

s

H/‘\\E/ \// /
F_ A F
\(Q

HN

Ok

NN (1y),

or a pharmaceutically acceptable salt thereof.

{0107} In one such smbodiment, the pharmaceutically acceptable salt thereof is a

fartrate sait.

{0108} In one embodiment of the process {P5) described herein, the compound of
formula () or a pharmacsutically acceptable salt thereof has formuia (1), {1a), (1b), or
(1d). In another embodiment of the process (P5) described herein, the compound of
formula (1) or a pharmaceutically acceptable salt thersof has formula (¢}, or (1e)-(1j). In
another embodiment of the process (P5) described herein, the compound of formula () or
a pharmaceutically acceptable salt thereof has formula (1K), In another smbodiment of the
process (F5) described herein, the compound of formula (1) or a pharmaceutically
acceptable salt thereof has formula (11}-{1n}. In another embodiment of the process (PS5}
described herein, the compound of formula () or a pharmaceutically acceptable salt
thereof has formula (1o3-(11). In another embodiment of the process (P5) described hersin,
the compound of formula (I} has or a pharmaceutically acceptable salt thereof formula
{1u}. In another embodiment of the process (P5) described herein, the compound of

formula (I} or & pharmaceutically acceptable salt thereof has formula (1v)-(1y).

{0109} In one embodiment, the compound of formula (i) has formula:
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Qh ’ \:L
~

H AN,

o N
\/ ‘“‘\ .
¥ ,
or a pharmaceutically acceptable salt thereof.

[0110} In another embodiment, the compcund of formuda () has formula:

OH

\‘: (A).

01111 In anocther aspect provided hersin is a process (P8) for the synthesis of a

compound having the formula (1)

* {1}

or & pharmaceutically acceplable salt thereof, the process comprising:

{a} confacting a compound of formula {2} or a salt thersof,
OHy

ort Aw

wherein the compound of formula (2) is synthesized acmrciang to process P1, P2, P8, or

P4 as described herein;
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{I} with @ compound of formula (10) or a sait thereof,
CHO

F /'\ﬁ/F
S
HN_
\\f‘ NN (10)
thereby making a compound of formula (1) or a pharmaceutically acceptable sall thereof

{0112} In one preferrad embodiment of the process {(P8) described herein, the

compound of formula (2) or salt thereof is prepared using process P2 or P3.

{01131 In anocther aspect provided harsin is a process (P7) for the synthesis of a

compound having the formula (A}

\: {A}.
the process comprising:

{a} contacting a compound of formula (2),
O,

XQN”\/\
~ g<> : Fk OH
Qg (2)

or a salt thereof, wherein the compound of formula (2) or sal thersof is synthesized
according to process P11, P2, P3, or P4 as described herein,
b} with @ compound of formula (10} or a sall thereof in the presences of

tartaric acid,

HN

Thor (10).

thereby making a compound of formula {A).
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[0114] In one embodiment of the process (P7) described herein, step (b) includes EIOH.

in one such embodiment, the reaction takes place at about 70 °C.

{0115} Inone embodiment of the process {(P8) and (P7) described herein, the compound
of formula (2) or salt thereof is prepared according to the process P1, P2, P3, or P4 as
described herein. In one embodiment of the procsss {(P8) and (P7) described herein, ths
compound of formula {2) or salt thereof is prepared according io the process P1, P2, P3,
or P4 as described hersin. in one embodiment of the process (P6) and {(P7) described
herein, the compound of formula (2) or salt thereof is prepared according to the process
FZ or F3 as described herein. in one embodiment of the process (P6) and (P7) described
herein, the compound of formula (2) or salt thereof is prepared according o the process
P1 as described hergin. In another embodiment of the process (F8) and (P7) described
herein, the compound of formula (2} or salt thereof is prepared according to the process
P2 as described hersin. In another embodiment of the process (P8) and (P7) described
herein, the compound of formula (2} or sall thereof is prepared according to the process
P3 as described herein. In another embodiment of the process (P8) and (P7) described
hersin, the compound of formula (2) or sall thereof is prepared according to the process

P4 as described herein.

[0116} In one embodiment of the process (P8} and (F7) described herein, the compound

of formula (8) is prepared by:

{a} contacting a compound of formula (12a8)
g O
Hsco‘)?{i\ocm
Ha80y to make a compound of formula {12b};

) reducing the compound of formula {(12b) {0 make a compound of formula

5 (12a) with

HO™ o
N b5
{c} cyclizing the compound of formula in the presence of SOCH {o make the

O
i

o0
compound of formula © T (12d); and
{d} contacting the compound of formula (124} with FeCls, NaOC! and a base,

thereby making the compound of formula (G).
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[0117}  In one such embodiment, the base of step (d) is NaOH, KOH, or LiOH. In one
such embodiment, the base of step {d) is NaCH. In one embodiment, step {d} is carried

out in DCM and watsr,

[0118} In ancther embodiment of the process (P8) and (P7) described herein, the
processes independently further comprise recrystallization according to Scheme A or B

below:

{01191 Scheme A

/{} f’\\[fF F = F £ F
LT WY
SN \/ﬁ ST N
H
F - 1 on

: H :

/\j s F g OH oH

NS Hoe % veon O * ho,e O
H OH i E1OH HN OH
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{01207 Scheme B
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N
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Fuan P OH o . HF\E,%’:= FooOH oy
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{0121] The compound of formula (I} and pharmacsutically acceptable salis thereof
synthesized according {0 any of the processes described herein can be administered in

an sffective amount {e.g. an amount as described herein) for {reating cancer,

{0122} Inone aspect provided herein is a method of treating cancer by administering an
effective amount of a compound of formula (I} or pharmaceutically accaptable sall thereof
synthesized according {0 any of the processes described herein 10 a patient having

cancer. In one embodiment, the compound is a compound of formula (1) or formula (A}

{0123] In another aspect provided herein is a method of treating lung cancer, ovarian
cancer, endomstrial cancer, prostate cancer, wlerine cancer, or breast cancer by

administsring an effective amount of a compound of formula () or pharmaceutically
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acceptable sali thereof synthesized according 1o any of the processes described herein to
a patient having said cancer. In one embodiment, the cancer is ovarian cancer or

endomstrial cancer. In one embodiment, the cancer is breast cancer.

[0124] Further provided herein are methods of treating breast cancer in a patient having
breast cancer by administering an sffective amount of a compound of formula () or
pharmaceutically accepiable salt thereof synthesized according to any of the procssses
described herein. in one such embodiment, the compound is Compound (1) or Compound

{A) as described herein.

{0125} The compound of formula (1) or pharmaceutically acceptable salt thereof
synthesized according to any of the processes described herein can be used in the

manufaciure of a medicament for use in reating breast cancer as described herein.

[0126] The methods of treating breast cancer provided herain comprise freatment whers
the breast cancer can be hormone receplor positive breast cancer (e.q. ER+ breast
cancer), HERZ-positive breast cancer, HERZ-negative breast cancer, or triple negative
braast cancer {(TNBC).

{0127} In one embodiment, the breast cancer is HER2-negative breast cancer. HER2-
negative breast cancer can be defined herein as, for exampls, a HERZ IHC score of O or
1+, or an IHC score of 2+ accompanisd by a negative fluorescence, chromogenic, or silver
in situ hybridization test indicating the absence of HERZ-gene ampiification, or a
HERZ/CER1T ratic of < 2.0, or local clinical guidelines. In one embodiment, the breast
cancer is ER+/HERZ- breast cancer. The breast cancer can be stage §, |, §, Hl, or IV as

undersiced in the art.

{0128} In another embodiment, the breast cancer is locally advanced or metastatic

braast cancer (mBC).

{0129] In one embodiment, the compound of formula () or pharmaceutically acceptable
salt thereof synthesized according o any of the processss described hersin can be
administered as a component of adjuvant therapy. In another embodiment, the compound
of formula () or pharmacsutically acceptable sall thereof synthesized according to any of
the processes described hersin can be administered as a component of neoadjuvant

therapy.

{0130} Breast cancer palients described herein may be premenopausal before

freatment with a compound or solid form as described herain. Breast cancer patients
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described herein may be postmenocpausal before treatment with a compound or solid for

as described herein.

[0131}] The methods provided herein include administering an effective amount of a
compound of formula (I} or pharmaceutically acceptable salt thereof synthesized
according to any of the processes described hersin {0 the patisnt at an amount as set Torth
herein. The effective amount can be, for example, an amount of about 10 myg, 30 my, 50
mg, 90 mg, 100 mg, 125 mg, or 250 mg. In one embediment of the methods provided
herain, the compound of formula (1) or pharmaceutically acceptable salt thereof
synthesized according 1o any of the processes described herein is administered orally. In
one embodiment, the compound of formula (1) or pharmaceuiically accsptable salt thereof
synthesized according to any of the processes described herein is adminisiered as a tablet
{e.Q. a coated or non-coaled tablet). In another embodiment, the compound of formula ()
or pharmaceutically acceptable salt thersof synthesized according o any of the processes
described hersin is administered as a capsule. Thus, provided herein are compositions
suitable for administration 1o a breast cancer patient where such compositions comprise
an amount of a compeund of formula {I) or pharmaceutically acceptable sall thereof
synthesized according to any of the processes describad herein of about 10 mg, 30 myg,

50 mig, 80 mg, 100 mg, 125 myg, or 250 mg in a tablet or capsuie as set forth herein,

{0132} Systemic chemotherapy is considered as one standard of care (SOC) for patients
with mBC, although no standard regimen or sequence exists. Fatients of the methods
described herein may have had previous reatment with one or more anti-cancer agents
or radiation therapy. For example, in one embodiment, a patient may have been previously
freated (e.g. with a 1L, 2L, 3L or more line therapy) with doxorubicin, pegylated liposomal
doxorubicin, epirubicin, paclitaxel, albumin-bound paclitaxsl, docstaxel, S-fluorouraci,
cyclophosphamide, cisplatin,  carbopiatin,  vinorelbing, capecilabine, gemcitabine,
ixabepilone, sribulin, olaparib, methotrexate, anastrozole, exemesians, loremifene,
letrozole, tamoxifen, 4-hydroxy tamoxifen, raloxifene, droloxifene, tricxifene, keoxifene,
fiutamide, nilutamide, bicalutamide, lapatinib, vinblastine, goserelin, leuprolids,

pagfilgrastim, filgrastim, or venetociax.

{0133} In another embodiment, a patient may have been previously reated (e.g. with a
1L, 2L, 3L or mors line therapy) with an AKT inhibitor, & CDR4/8 inhibitor, a PARP inhibitor,
or an aromatase inhibitor. In one embodiment, the AKT inhibifor is ipatasertib (GDC-00E8).
in ons embodiment, the CDK4/8 inhibitor is abemaciclib, ribociclib, or palbociclih. In

certain instances, a patient may have been previously treated with: {1} abemaciclib,
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ribociclib, or palbociclb; (2) ipataseriib; (3) everolimus or fulvestrant; (4) trastuzumab
smiansing, f{rastuzumab, pertuzumab, or atezolizumab;, or (8} alemiuzumab,
bevacizumab, cstuximab, panilumumab, riluximab, iositlumomab, or a combination
thereof. Patienis described herein may have had surgery prior to freaiment with

Compound (A} or the solid form thereof.

[0134] In one embodiment of the methods described herein, a patient described herein
may have undergons surgical treatment such as, for sxample, surgery that is breast
conserving {(i.e., a lumpectomy, which focuses on removing the primary fumor with a
marging, or more extensive (i.e., masteciomy, which aims for complete removal of all of
the breast tissus) prior {0 administration of a combination therapy described herein. In
ancther embodiment, a patient described herein may undergo surgical trealment following

treatment with a combination therapy described herein,

{0135] Radiation therapy is also administered post-surgery to the breast/chest wall
and/or regional lymph nodes, with the goal of killing microscopic cancer ceils left post-
surgery. In the case of a breast conserving surgery, radiation is administered to the
remaining breast tissue and sometimes to the regional lymph nodes (including axiliary
lymph nodes). in the case of a mastsctomy, radiation may still be administered if factors
that predict higher risk of local recurrence are present. In some embodiments of the
methods provided herein a patient described hersin may have received radiation therapy
prior o administration of a combination therapy described herein. In other embodiments
of the methods provided herein a patient described herein may have receive radiation

therapy following administration of a combination therapy described hersin,

{0136} In another embodiment, a patient herein may be refraciory {o one or more anti-
cancer therapigs. For example, a patient herain may be refraciory to aromatase inhibitors.
In ancther example, a patient herein may be refraciory to0 a selective estrogen receptor
degrader (SERD) such as, for example, fulvestrant. in still ancther excample, a patient may
be refraciory to one or more endocring therapies such as, clomifene, foremifens,
raloxifene, anordrin, bazedoxifene, broparssirol, cyclofenil, lascfoxifene, ommeloxifens,
acolbifene, slacestrant, brilanestrant, clomifenoxide, droloxifene, efacstil, or cspemifene.
in ancther embodiment, a patient may be refractory o abemaciclib, anastrozole,
exemestans, fulvesirant, gossrelin, Istrozols, leuprorelin, msgestrol, palbocidlil,
tamoxifen, or foremifene. In another example, a patient may be refractory 1o treatment
with trastuzumab emtansine, trasiuzumab, pertuzumab, atezolizumab, pembrolizumab,

durvalumab, avelumab, or nivolumab.
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[0137} Also provided herein are methods of treating ER+, HERZ- 1aBC or mBC in a
patient having such a cancer. In one embodiment, the methods include treating ER+,
HERZ2- 1aBC or mBC in a patient having such a cancer by administering o the patient a
compound of formula () or pharmaceutically acceptable salt thereof synthesized

according to any of the processes described hersin ovsr a 28-day cycle,

{0138] The compound of formula () or pharmmaceutically acceptable sali thereof
synthesized according to any of the processes described hersin can also be used in
methods  comprising  inhibiting ERalpha in a patienl. Such methods compriss

administering an amount of such a compound to the patient.

[0139] The compound of formula (I} or phammaceutically acceptable sall thereof
synthesized according to any of the processes described herein can be administerad in
combination with one or more anti-cancer agents. Administration “in combination” as set
forth herein includes sequential adminisiration (in any order) of a compound described
herein and one or more anti-cancer therapies as weall as simultanecus administration.
Accordingly, provided herein are methods of freating breast cancer in a patient having
breast cancer, such methods comprising administering compound of formula () or
pharmaceutically acceptable salt thereof synthesized according to any of the procssses
described herein in combination with one or more additional anti-cancer therapies. In one
embodiment, the anli-cancer therapy comprises doxorubicin, pegylated Hposomal
doxorubicin, epirubicin, paclitaxel, albumin-bound paclitaxel, docetaxel, S-flucrouracil,
cyciophosphamide, cisplatin, carbopiatin,  vinorelbine, capecitabine, gemcitabing,
ixabepilone, eribulin, olaparib, methotrexate, anastrozols, exemestans, toremifene,
letrozole, tamoxifen, 4-hydroxy tamoxifen, raloxifens, droloxifene, trioxifene, keoxifene,
fiutamide, nilulamide, bicalulamide, lapatinib, vinblasting, goserelin, lsuprolide,

pagfilgrastim, filgrastim, or venetodiax.

{01401 In one embodiment provided herein is a msthod of treating breast cancer in a
patient having breast cancer by administering an effective amount of compound of formula
{1y or pharmacsutically acceptable salf thereof synthesized according o any of the
processes described hersin in combination with doxorubicin, psgyiated liposomal
doxorubicin, epirubicin, paclitaxe!l, albumin-bound pachitaxel, docetaxel, 5-flucrouraci,
cyclophosphamide, cisplatin, carbopiatin, vinorelbine, capscitabine, gemciiabing,
xabepilone, eribulin, olaparib, methotrexate, anastrozole, exemestane, toremifens,

etrozole, tamoxifen, 4-hydroxy famoxifen, raloxifene, droloxifene, trioxifene, keoxifene,
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flutamide, nilutamide, Dbicalutamide, lapatinib, vinblastine, goserslin, leuprolide,

pagfilgrastim, filgrastim, or venetociax.

{0141} In ancther aspect provided herein is a method of ireating breast cancer in a
patient having breast cancer by administering an effective amount of compound of formuta
Iy or pharmaceutically acceptable salt thersof synthesized according to any of ths
processes described herein in combination with pacdiitaxel, albumin-bound paclitaxel,
methotrexate, anastrozole, exemestane, loremifene, letrozole, famoxifen, 4-hydroxy
tamoxifen, raloxifens, droloxifens, trioxifens, keoxifene, or venetodlax. In still another
aspect provided herein is a method of treating breast cancer in a patient having breast
cancer by administering an effective amount of compound of formula () or
pharmaceutically acceptable salt thereof synthesized according {o any of the processes
described herein in combination with fulvesirant, paclitaxel, albumin-bound paclfaxel,
clomifene, toremifene, raloxifene, anordrin, bazedoxifene, broparesirol, cyciofenil,
lascfoxifene, ormsloxifene, acclbifene, elacssirant, brilanestrant,  clomifenoxide,

droloxifene, elacstil, or ospemifens.

{0142} In still ancther aspect provided herein is a method of trealing breast cancerin a
patient having breast cancer by administering an effective amount of a compound of
formuia (1) or pharmaceutically accepiable sall thereof synthesized according {o any of the
processes described herein in combination with a CDK4/8 inhibitor, a PARP inhibitor, or

an aromatase inhibitor.

{0143} In a further aspect provided herein is a8 method of treating breast cancer in a
patient having breast cancer where the method comprises administering an effective
amount of a compound of formula (1) or pharmaceutically acceptable salt thereof
synthesized according to any of the processes described hersin in combination with a
CDK4/G inhibitor where the CDKA/E inhibitor is abemaciclib, ribociclib, or palbociclib. in
one embodiment, the method comprises administering Compound {A) in combination with
palbocichib, In still another ambodiment, the method comprises administering Compound
{A) in combination with abemaciclib or ribociclib. In another aspect provided hersinis a kit
comprising (i} a compound of formula () or pharmaceutically accsptable salt thereof
synthesized according io any of the processes described herein; (i} 8 COK4/6 inhibitor
{e.g. paibociclib} in & second unit dosage form; and a container containing sach dosage

form.

{0144} The dose of abemaciclib may be 50 mg to 500 mg daily, or 150 mg to 450 myg

daily and the dosing can be daily in 28 day cycles or less than 28 days per 28 day cycles
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such as 21 days per 28 day cycle or 14 days per 28 day cycle or 7 days per 28 day cycles.
in one embodiment,, abemaciclib is dosed once daily or preferably on a bid schedule
where dosing is oral. In the case of bid dosing, the doses can be separated by 4 hours. 8
hours or 12 hours. in cerfain embodiments. abemaciclib is dosed at 150 mg orally bid
where sach doss is administered about 12 hr apart. In certain embodiments, the dose of

abemaciclib is adminisiered in accordance with a package insert.

{0145} The dose of ribociclib may be 200 mg to 1,000 mg daily; or 250 mg o 750 mg
daily and the dosuig can be daily in 28 day cycles or less than 28 days per 28 day cycles
such as 21 days per 28 day cycie or 14 days per 28 day cvcle or 7 days per 28 day cycles.
in one embodiment,, ribociclib is dosed once daily whers dosing is oral. In certain

embodiments, the dose of ribociclib is administerad in accordance with a package insert.

[0146] The dose of patbociclib may be 25 mg to 250 mg daily or 50 mg to 125 mg daily
or from 75 mg to 125 mg daily or 75 mg daily to 100 myg daily or 125 mg daily. The dosing
can be daily in 28 day cycles or less than 28 days per 28 day oycles such as 21 days per
28 day cycle or 14 days per 28 day cycle or 7 days per 28 day cycles. in one embodiment,
palbociclib is dosed once daily where dosing is oral. In certain embodiments, the dose of

patibbocichb is administsred in accordance with a packags insert.

[0147} Further provided herein is a method of treating ER+, HERZ- aBC or mBC in a
patient having such a cancer where the method comprises administering to the patient a
combination therapy comprising a compound of formula (1) or pharmacsutically acceptable
salt thereof synthesized according o any of the processes described hersin and
palbociclib, whersin said combination therapy is administered over one or more 28-day

cyelas,

{0148} Stift further provided herein is a method of freating ER+, HERZ- 1aBC or mBC in
a patient having such a cancer where the method comprises administering to the patient
a combination therapy described herein comprising a dosing regimen comprising: (i)
administering & compound of formula (I} or pharmaceutically acceptable sall thereof
synthesized according {0 any of the processes described herein QD on days 1-28 of a first

28-day cycle; and (i) administering palbociclib QD on days 1-21 of the first 28-day cycle.

{0149} In one such embodiment, a compound of formula (1) or pharmaceutically
acceptable salt thereof synthesized according {0 any of the processes described herein is
administsred as a fixed dose or QD administration. In another such embodiment, the
administration is oral (PO}, where compound of formula () or pharmaceutically acceptable

salt thereof synthesized according to any of the processas described herein is formulaied

-
-30-
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as a tablet or capsule. In another such embodiment, such a compound is administered at
an amount of about tmg-180mg, 1mg-50mg, tmg-30mg, 10mg-100mg, 10mg-50mg, or
10mg-30mg QD. In another such embodiment, such a compound is administered at an
amount of about 10, 30, 50, or 100 mg. In still another such embodiment, palbociclib is
administered according o a package inssrt. In a preferred embodiment, palbociclib is

administed at an amount of 125 mg.

[0150] The methods of trealing breast cancer as provided herein can include
adminsitration of the combination therapy described herein as pari of a dosing regimen.
in one embodiment, the dosing regimen comprises one or more oycies. In another
embodiment, the dosing regimen comprises at Isast 2 cycles. In another aspsct provided
herein is the dosing regimen comprises 2, 3,4, 5, 8,7, 8,8, 10, 11,12, 13, 14, 15,16, 17,
18, 19, 20, 21, 22, 23, 24, 30, 38, 42, 48, 54, 80, 88, or 72 cycles. in still another
smbodiment, dosing regimen comprises about 2-72, 2-66, 2-680, 2-54, 2-48, 2-42, 2-36, 2-
30, 2-24, 2-18, or 2-12 cycles.

[0151] In another aspect provided hersin the methods described herein comprise
administering an effective amount of compound of formula (I} or pharmaceutically
acceptable salt thersof synthesized according to any of the processss described herein in
combination with an aromatase inhibitor (Al), where the Al is letrozole, anastrozole,

sxamestane, or tesiolacione.

{0152] In yst another aspect provided hersin is a method of ireating breast cancer in a
patient having breast cancer by administering an effective amount of compound of formula
{(y or pharmaceutically acceptable salt thersof synthesized according o any of the
processaes described hersin in combination with a cancer immunotherapy (8.g. an
antibody}). In one embodiment, In one embodiment, a compound of formula () or
pharmaceutically acceptable salt thersof synthesized according to any of the processes
described herein is administered in combination with trastuzumab emtansine,
frastuzumab, perluzumab, atezolizumab, pembrolizumab, durvalumab, avelumab, or
pivolumab, or a combination thersof. In one embodiment, a compound of formula () or
pharmacsutically acceptable salt thereof synthssized according {o any of the processes
described herein is administered in combination with a cancer immunoctherapy comprising
PD-1 or PD-L1 inhibitor, where the cancer immunotherapy is atezolizumab,

pembrolizumab, or nivolumab,

{0153} Also provided hersin are methads of inhibiting fumor growth or producing tumor

regression in a patient described herein by administering a compound of formula () or

40~
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pharmaceutically acceptable salt thereof synthesized according to any of the processes
desoribed herein. In one such esmbodiment, the method includes administering a second

agent such as palbociclib.

[0154] In one embodiment provided herein is a method of producing or improving fumor
regression in a patient having mBC described herein by administering a compound of
formula (1) or pharmaceutically acceptable salt thereof synthasized according to any of the
processes described herein. In one such embodiment, the method includes administering

a second agent such as patbociclib.
PHARMACEUTICAL FORMULATIONS

{0155} The compound of formula (I} or pharmaceulically acceptable sali thereof
synthesized according to any of the processes described herein can be administered, for
sxample, orally, mramuscularly,  suboculaneously, intravenously, intradermally,
percutaneously,  intraarterially,  intraperitoneally, iniralesionally, intracranially,
intraarticularly, intraprostatically, intrapleurally, intratracheally, intrathecally, intranasally,
intravaginally, intrarectally, topically, intratumorally, peritoneally, subconjunctivally,
intravesicutarly, mucosally, intrapericardially, intraumbilically, intraccularly, intraorbitally,
intravitreally {e.g., by intravitreal injection), by sve drop, topically, transdsmmally,
parentsrally, by inhalation, by injection, by implantation, by infusion, by continuous
infusion, by localized perfusion bathing target cells directly, by catheter, by lavage, in
creams, or in lipid compositions. Compounds of formula (1) or pharmacsutically acceptable
salt thereof synthesized according o any of the processes described hersin can be
formulaied in pharmacsutical compositions as provided herein suilable for oral
administration. In anocther embodiment, a compound of formula (1) or pharmaceutically
acceptable sall thersof synthesized according o any of the processes described hersin
can be administered intramuscularly. In one preferred embodiment, the compound is
Compound (A).

{0156] In one embodiment, compounds of formula () or pharmaceutically acceptable
salt thereof synthesized according to any of the processes described herein are
administsred as pharmaceutical compositions capable of being administered to a subject
orally or parenterally. Fharmaceutical compaositions of the compound of formula (i) or
pharmaceutically acceptable sall thereof synthesized according {o any of the procssses
described herein can be prepared as oral dosage forms such as, for exampls, capsules,
microcapsules, tablels {coated and non-coated tablets), granules, powders, pills, or

supposiiories. The compound of formula (1) or pharmaceutically acceptable salt thereof

44



WO 2022/005943 PCT/US2021/039325

synthesized according 1o any of the processes described herein can be formulated for
fopical or parenteral use where the compound is dissolved or otherwise suspended in a
solution suilable for injections, suspensions, syrups, creams, ointments, gels, sprays,

solutions and emulsions. In one preferred embodiment, the compound is Compound (A}

{01571 Phamnaceutical compositions described  herein  include one or more
pharmaceutically accepiable excipienis such as, but not limited tor sucross, starch,
mannitol, sorbitol, laclose, glucose, celluiose, ialc, calcium phosphate or calcium
carbonate, cellulose, methylceliulose, hydroxymsthylcellulose, hydroxypropylceliulose,
carboxymethylceliulose, hydroxypropyistarch, polypropyipyrrolidone,
polyvinvipyrrolidone, gelatin, gum arabic, polvethyleneglyeol (PEG), starch, sodium
bicarbonate, calcium citrate, magnesium  stearate, sodium lauryl suifate, sodium
benzoals, sodium bisulfite, meihylparaben, propylparaben, cifric acid, sodium ciirate or
acetlic acid, polyvinyl pyrroliclone, aluminum slearate), water, and cocoa butler. Uses as,
for example, diluenis, binders, lubricanis and disintegrators of such excipients is well

known in the art.

[0158] The pharmaceutical compositions described herein include an effective amount
of the compound of formula (I} or pharmaceutically acceptable salt thersof synthesized
according to any of the processes described herein. The dose of the compound (e.g.
Compound {A}) described herein can be a measure of a specific amount of the compound
(2.g. a standard dose amount) or can be measured as & function of, for example, a
patient’s body weight. In one embodiment, a compound described herein is administered
in an amount equivalent to about 0.1, 8.5, 0.75, 1, 2, 3, 4, 5, 10, 15, 20, 30, 50, 75, 100,
200, or 250 mg/kg. In another embodiment, a compound of formula () {e.g. Compound
{A)) or pharmaceutically acceptable salt thereof synthesized according o any of the
processes described herein is administerad in an amount of about 0.1 mg/kg to about 1
mg/kg; about 0.5 mg/kg fo about 2 mg/kg; about 1 my/kg to about § mglkg; about 3 mg/kyg
1o abouwt 10 mg/kg,; about 8 my/kg o about 18 mg/kg; or about 15 mg/kg to about 30 mg/kg.
in still another smbodiment, a compound of formula (I} or phamacsutically accepiable
salt thereof synthesized according fo any of the processes described herein is
administered in an amount less than about 100 mg/kg, less than about 50 mg/ikg, less

than about 30 mg/kg, less than about 10 mg/kg, or less than about 1 mg/kg.

{0159} In one embodiment, a compound of formula (I} or pharmaceutically acceptable
sailt theveof (e.q. Compound {A)) synthesized according o any of the processes described
herein is administerad at an amount of about 1, 5, 10, 20, 25, 30, 50, 60, 75, 80, 100, 120,

P
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150, or 250 mg. In another embodiment, a compound of formula () or pharmacsutically
acceplable sall thereof (8.g. Compound {(A}) synthesized according o any of the
processes described herain is administerad in an amount of about 10 myg. In still another
embodiment, a compound of formula (I} or pharmaceutically acceptable salt thereof (s.g.
Compound (A} synthesized according to any of the processes described herein is
administered in an amount of about 30 myg. In still ancther embodiment, a compound of
formula (I} or pharmacsutically acceptable salt thereof (8.g. Compound {A)) synthesized
according to any of the processes describad hersin is administered in an amount of about
90 mg. In one embodiment, the pharmacsutical compaosition comprising the compound of
formuia (1) or pharmacsutically acceptable salt thereof {g.g. Compound (A)) synthesized
according to any of the processes described herein is administered in an amount

prescribsd above once per day (QD).

{0160} In another embodiment, a compound of formula () or pharmaceutically
acceptable salt thersof (e.g. Compound (A} synthesized according to any of the
processes described herein is administered at an amount of abouwt 1 mg o about 10 mg;
about 10 mg to about 30 myg; about 10 mg to about 80 myg; about 30 myg to about 80 mg;
or about 80 mg fo about 250 mg. In one embodimeant, the compound of formula (1) or
pharmaceutically acceptable sall thereof {e.q. Compound {A)) synthesized according o
any of the processss described herein at an amount of about 1, 10, 30, 80, 80, 100, or
150 mg. The doses of a compound of formula {1} or pharmaceutically acceptable salt
thereof {e.g. Compound (A)} synthesized according {o any of the processes described
herain can be provided as a single dose {8.g. a single tablet or capsule of the given dosage
amount) or can be provided as multiple doses given over a period of ime (8.g. 2 or morse
fablets or capsules equating to the dosage amouni). in one embodiment, the compound
is Compound {1} or Compound {A}.

{0161} Pharmaceutical compositions described hersin can bs administered once daily
(QDY; twice daily (BID), thrice daily (TID), every other day (Q20), every three days (Q3D),
or once a week Further, doses of pharmaceutical compositions provided herein
comprising a compound of formula (1) or pharmaceutically acceplable salt thereof (e.q.
Compound {A)) synthesized according to any of the processes described herein can be
administered before food {(ac), after food {pc), or with food. In one smbodimant, a
compound of formula (1) or pharmaceutically acceptable salt thereof (e.g. Compound (A))
synthesized according to any of the processes described herein is administered QD for a

freatment period (a period of fime where the drug is administered to a patlient described

43
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herain) followed by a rest period {a period of fime where the drug is not administered io a
patient described hersin). Rest pericds may include administration of anti-cancer agenis
other than a compound described herein. In one embodiment, a compound of formula (i)
or pharmacsutically acceptable sall thereof (e.g. Compound (A} synthesized according
to any of the processes described herein is formulated for oral administration as provided
herein and is administered QD for 20-28 days followed by a 3-10 day rest period. in
another smbodiment, the compound of formula {1} or pharmaceutically acceptable salt
thereof {e.g. Compound (A}) synthesized according to any of the processes described

herein is administered QD with no rest pericd.

{01621 Prefsrably a compound of formula (I} or pharmaceutically acceptable salt thereof
{e.q. Compound {A)} synthesized according {0 any of the processes describad herein is
formulaied for oral administration. Oral administration can promote patient compliance in
faking the compound {e.g. formulated as a pharmaceutical composition), thereby
increasing compliance and efficacy. Cral pharmaceutical compositions comprising a
compound of formula (1) or pharmaceutically acceptable salt thereof (e.g. Compound {A))
synthesized according to any of the processss described hersin include, but are not limited
fo, tablets {(e.g. coated, non-coated and chewable) and capsules (e.g. hard gelatin
capsules, soft gelatin capsules, enteric coaled capsules, and sustained release capsules).
Tablsts can be prepared by direct compression, by wet granulation, or by dry granulation.
QOral pharmaceutical compositions comprising a compound of formula () or
pharmaceutically acceptable salt thereof {e.g. Compound {A)} synthesized according o
any of the processes described herein can be formulated as undersiood in the arl for

delayed or prolonged release.
EMBODIMENTS
[0163] Provided below are exemplary embodiments of the invention described herein.

[0164] Embodiment No 1. A process for the preparation of a3 compound of formula (1)

CHa
R']a
HN O
Iy

(R%),, .
()

or a sterecisomer ¢r sall thereof,

~d
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each of R* and R is independently hydrogen, halogen, unsubstituted Ci.z alkyl,

unsubstituted Cqz haloalkyl, unsubstituted Cq.3 alkoxy, ~ON, unsubstituied Case

cycloalkyl, or unsubstituted Cas spirocycioalkyl;
each R? is independently halogen, hydroxyl, -CN, unsubstituted Cya alkyl,

unsubstituted Cqs haloalkyl, or unsubstituted Ci.a alkoxy;
mis 0, 1or2; and
nist, 2, 0r3;

the process comprising:
{a} contacting a compound of formula (i} or a sterecisomer or salt thereof,

Ey\év/\N
(R%),
h (i)

with a sulfonic acid to form a compound of formula (lHa) or a sterecisomer or salt

thersof;

EY
(b} contacling the compound of formula (Hia) or a stersoisomer or sait thereof

with a base to form compound of formula (IV) or a sterecisomer or salt thereof,

(REY
{ fm (!V)
(¢} hydrogenating the compound of formula (IV) or a sterecisomer or salt thereof

to form a compound of formula (V) or a sterecisomer or salt thersof, and

CH;
T ONH,
;f”] N
3
H
{2
\R im {V)

~4 5.
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{dy contacting the compound of formula (V) or a sterecisomer or salt thereof with

o
ti?
i ';ri
RH‘/ 1 (V!)

thereby forming a compound of formula (i) or a stersoisomer or salt thereof.

a compound of formula (Vi);

{0165] Embodiment 1a. The process of embodiment 1, wherein the compound of

formuia (i) is a compound of formula (1),

[0166] Embodimant 1b. The process of embodiment 1 or 1a, whersin the compound of
formula (1) is a compound of formula (37, 3%, 3y*, or 3z%).

{01677 Embodiment No 2. The process of embodiment 1, 1a, or 1b, wherein the sulfonic
acid is Ha804 or CISO;5H.

{0168} Embodiment No 3. The process of embodiment 1, 1a, or b, wherein the base

is a hydroxide bass.

[0169} Embodiment No 4. The process of embodiment 3, wherein the base is KOH,
NaCH, or LIOH.

[0170] Embodiment No §. The process of any one of embodiments 1-4, wherein the

hydrogenation is performed using a catalyst comprising Fd, Pt or Ni.
[0171] Embodiment No 8. The process of embaodiment §, wherein the catalyst is Pd/C,
PYC, or Raney Ni.

{0172} Embodiment No 7. The process of any one of embodiments 1-4, wherein the
hydrogenation is performed using calalytic fransfer hydrogenation in the presence of

isopropanol, formic acid, formate, or ammonium.

[0173} Embodiment No 8. A process for the preparation of @ compound of formula (i)

CH;
«S Rk—}

/<§ \\ Rk}

st

(R*)n

{th
or a steregisomer or salt thereof;

A6
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each of R* and R is independently hydrogen, halogen, unsubstituted Ci.z alkyl,
unsubstituted Cqz haloalkyl, unsubstituted Cq.3 alkoxy, ~ON, unsubstituied Case
cycloalkyl, or unsubstituted Cas spirocycioalkyl;

each R? is independently halogen, hydroxyl, -CN, Cis alkyl, or Cis haloalkyl, Cis
alkoxy;

mis 0, 1or2; and

nist, 2or3;

the process comprising:

{a} contacling a compound of formula (Vil),

N
Porg
S s \
3 VN

or a stereoisomer or salt thereof, wherein each Z is independently Cq.a alkyl or phenyi

with & compound of formula (V1)

O
7
o o
A
/s’i
R‘Ea/k“]b (Vi)

wherein R and R agre as described herein, thereby synthesizing a compound of

formuda (Vila);

b Ris Rib
N_ K OSOH
Z Y ’

or a stereoisomer or saif thereof
(b} contaciing a compound of formula (Vila) or a sterecisomer or salt thereof with

an acid thereby synthesizing a compound of formula (Viib),

H R'ia R":b
) N OH
4
L3S Ha (Vilb)

or a sterecisomer or sail thersof
{¢} contacting the compound of formula (VD) or a sterecisomer or sall thereof

with 1, P-carbonyidiimidazole thereby synthesizing a compound of formula (Viic);

.
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CHy

\A\NA\

R R“’ (Viic)

or a steregisomer or salt thereof

{d} contacting the compound of formuia (Viic) or a sterecisomer or sall thereof
with @ compound of formula (Vill) or a sterecisomer or sait thersof

8Br

N,
Y

o~

/

(Vi
to maks a compound of formula (Va) or a sterecisomer or salt thereof;, and

R'lb

R'a wlm

\; O

— h%

F” TH,
L\N\ -i‘>|£3
R )m H (Va)

{g) contacling the compound of formula (Va) or a slerecisomer or salf thereof

with a base followad by an acid thereby making the compound of formula (D ora
stersoisomer or salt thereof.

{0174} Embodiment No 8. A process for the preparation of a compound of formula (i)

CHs,
? ‘R']a
N
[ AN pon
4
"t
(R W

or a stersoisomer or salt thereof

each of R and R is independently hydrogen, halogen, unsubstituted

, i C*,.g, aikyt,
unsubstituted Cq.z haloalkyl, unsubstituted Cqs alkoxy, ~CN, unsubstituted Cas
cycloalkyl, or unsubstituled Css spirocycioalkyl

gach R? is independently halogen, hydroxyl, -CN, Ci.s alkyl, or Cis haloalkyl, Cis
alkoxy;
mis 0, 1or2; and

nist, 2or3;

~4 8-~
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the process comprising contacting a compound of formula (V);
CHy

7

™
e
PN
Y H
\Rﬁm

or a sterecisomer or salt thereof, with a compound of formuia (V1)

(V)

O
o
P

o

o o
X
Qtd Rib )

or a sterecisomer or salt thereof, wherein the compound of formula (V) is prepared by:

{a) contacling a compeound of formula (Vilp)
/NHBOC

P

e
=
LB - .
L5841 CHy (P
or a sterecisomer or salt thersof, wherein each Z is independsntly Ci.z alkyl or phenyl,

with & compound of formula (X1},
Br

@fﬁii-iz
. o

(R )ET‘! (V“E)

or a salt thereof, to make a compound of formula (Vb); and
CHg

(S

(R},
{Vb)

or a sterecisomer or salt thersof
{b}y contacting the compound of formuia (V) or a sterecisomer or sait thereof

with an acid thereby making the compound of formula (V) or a sterecisomer or salt

thereof.

[0175] Embodiment No 10, The process of embodiment 8 or 9, wherein each L is

indspendently Ci.4 atkyl.
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[0176] Embodiment No 11. The process of embodiment 8 or 8, wherein each Z is

methyl, each Z is sthyl, each Z is isopropyl or wherein SiZs is Si(PhMes) or Sit-BuMess).
[0177] Embodiment No 12, The process of embodiment 8 or 8, wharein sach Z is ethyl.

{0178} Embodiment No 13. The process of any ong of embodiments 1-12, wherein the

compound of formula (VE) is:

5
o0 o\\S,fa y o\ o QS//O O P owlo o\\ L 0.0
w’ \0 oG o’ el -5 oo o7 o o ~0 %o Q’ \0
xﬂ: Hy 5 ‘c H,

ey el

G’\S/‘O L‘J:S*Q

L uy
szF or N?:g

{0179] Embodiment No 14, A process for the preparation of a compound of formula (i)

, including stersoisomers thereof.

f‘jﬁm-ﬁ-}' LOH
R1 R
N

H

K (i
or a stersoisomer of sait thereof
each of R* and R is independently hydrogen, halogen, unsubstituted Ci.; alkyl,
unsubstituted Cq.z haloalkyl, unsubstituted Cqs alkoxy, ~CN, unsubstituted Cas
cycloalkyl, or unsubstituted Cas spirocycioatkyl;
each R?is independently halogen, hydroxyl, -CN, Ci.s alkyl, or Ci5 haloalkyl, Cis
alkoxy;
mis 0, 1or2;
nist, 2or3;
the process comprising
{a} contacling alanins with a compound of formula {1X},

R’:a

in
R (%)

or a sterecisomer or salt thereof, to form a compound of formula (X,
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¢

HU’H”WJ RmF
QCH, (XD

(b} contacting the compound of formuila (X or a sterecisomer or salt thereof with

(98]

{R%
L VN .
a chiorinating agent, a compound of formula i H o and an organcaluminum

or a stersoisomer or salt thereof

compound to form a compound of formula (Vo); and

or a stersoisomer of sait thereof
(¢} contacting the compound of formula (V) or a stereoisomer or salt thereof
with a reducing agent thereby forming a compound of formuia (i) or a stersoisomer

or salt thereof.

{0180} Embodiment No 15, The process of embodiment 14, wherein the
organcaluminum compound has the formula XaAl where X is independently Gl or Gy

alkyl.

{0181} Embodiment No 16. The process of smbodiment 14, wherein X is indspendently

meathyl, ethyl, n-propyl, isopropyl, n-butyl, or isobutyl,

{0182} LEmbodiment No 17. The process of any one of embodiments 14-18, wherein the
organcaluminum  compound is  trimethyl aluminum, iriethyl aluminum, triisobutyl
aluminum, dimethyl aluminum chioride, diethyl aluminum chioride, or sthyl aluminum
dichlorids.

[0183] Embodiment No 18, The process of any one of embodiments 14-17, whersin the

organcaluminum compound is trimethyl aluminum.

[0184] Embodiment No 19, The process of any one of embodiments 14-18, wherein the

reducing agent is sodium aluminum hydride,
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[0185] Embodiment No 20, The process of any one of embodiments 14-18, wherein the
chiorinating agent is S0OChk, methyl chioroformate, ethyl chioroformate, isobutyl

chioroformate, pivaloyl chiorids, or oxalyl chioride.

[0186] Embodiment No 21. The process of embodiment 20, wherein the chiorinating

agent is oxaly! chloride.

{0187} Embodiment No 22. The process of embodiment 21, wherein the chiorinating

agent is in the presence of N-formyl pyrrolidine or N N-dimethyiformamide.

[0188] Embodiment No 23. The process of any one of embodiments 1-22, wherein R'?
and R'™ are independently hydrogen, halogen, cyano, unsubstituted Ciz alkyl, or
cyclopropyl.

[0189] Embodiment No 24, The process of any ons of embodiments 1-22, whersin R'#

and R'® are independently hydrogen, halogen, or methyl.

[0190] Embodiment No 28, The process of any one of embodiments 1-22, wherein R'®

is hydrogen and R is halogen, methyl, cvano, or cyclopropyl.

[0181] Embodiment No 28. The process of any one of embodiments 1-22, wherein R'2
is hydrogen and R is halogen.
[0192] Embodiment No 27. The process of any one of embodiments 1-22, wherein R

is hydrogen and R is methyl.

{01931 Embodiment No 28. The process of any one of embodiments 1-22, wherein R'2

is mathy! and R is halogen, methyl, cyano, or cyclopropyl.

[0194] Embodiment No 28. The process of any one of embodiments 1-22, wherein R1?

is halogsn and R'" is halogen, msthyl, cyano, or eyclopropyl.

[0195] Embodiment No 30, The process of any one of embodiments 1-22, wherein R1#

and R™ are independently halogen, or methyl.

[0196] Embodiment No 31. The process of any one of embodiments 1-22, wherein R'2

is halogen and R is methyl.

[0187] Embodiment No 32, The process of any one of smbodiments 1-22, whersin R'#

is hatogen and R ig halogen.

[0198] Embodiment No 33, The process of any one of embodiments 1-22, wherein R1@
and R™ are F.



WO 2022/005943 PCT/US2021/039325

[0199] Embodiment No 34, The process of any one of embodiments 1-33, wherein sach

R? is independently hydrogen, halogen, hvdroxyl, -CN, or Ci alkyl.

{0200} Embodiment No 35. The process of any one of embodiments 1-34, wherein m
is 0.
{0201} Embodiment No 36. The process of any one of embodiments 1-34, whersin m
is 1.
[0202] Embodiment No 37, The process of any one of embodiments 1-34, wherein R?

is halogen or Cis alkyl and mis 1.

{0203] Embodiment No 38. The process of any one of smbodiments 1-34, wherein R?

is halogenand mis 1.

[0204] Embodimant No 38. The process of any one of embodiments 1-38, wherein the

compound of formula (1) is:

CHa CHy CHy
T /N {0 N
XS TPre S T e g o
7 ~N ; X Fi' )’\é‘/\g
(”), (R2), (R),

9 ] nd
; 5%” H . Zzé/ N nl
&R }."ﬂ RR&)FH (R )W‘
OH, CHy
'/—{:\i r“’(

or a stersoisomer or salt thereof,

{0205} Embodiment No 40. The process of any one of embodiments 1-35, wherein the

compound of formula (i1} is:
CHs

1
Nl,,.
X

H {2

or & salt thereof.
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[0206} Embodiment No 41. The process of any one of embodiments 1-40, wherein the
compound of formula (1) or a sterecisomer or salt thereof is contacted with a compound

having formula (X):

or a stersoisomer or salt thereof
ring A is phenyt or pyridinyl;
each R° is independently hydrogen, halogen, or Cia alkyl,
R* is halogen or -CN; and
pis1or2;

to form a compound of formula ()

or a stersoisomer or pharmaceutically accepiable salt thersof.

{0207} Embodimeant No 42, The process of embodiment 41, wherein the compound of

formuia (X} is:

CHO CHO CHO
RO ¢ >
2 N X
HN_ HN_ N
\{,,\?\i\//\/F ’ \K)\l\/\vp | \;N\/\Vz’: |
CHO CHO CHO
C\T o C ol 1’% H,C g /-\\j/c:»s3
4 (;; P L/
AN HN_ HI -
\&N\V/\/F | \C\N\f F \LN\/\VF ,
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CHO CHO
> N
N s
HN\M\N H&\\’\N
= N N ,or S \/\fCN, or a salt thereof.

[0208] Embodiment No 43. A process for the synthesis of a compound having the

formuia (1), the process comprising:
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or a pharmaceutically acceptable salt thereof

{a) confacting a compound of formula (2}
ChHa

{ /{g-m

e

Qe
H (2)

or a salt thereof, wherein the compound of formula (2) is synthesized according to the
process of embodiment 1, 8, or 12 and wherein the compound of formula (V) has

formula {§)

or a sal thereof and the compound of formula (Vi) has formula (8):

N\
<

o0

%
TP (B)

{b} with a compound of formula (10}
CHO

HN

T

or a sali thersof thereby making a compound of formula (1) or a pharmaceutically

F

acceptable salt thersof.

{02091 Embodiment No 44. The process of embodiment 43, wherein the compound of

formula {B) is prepared by
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F R

cho\gx{% F

{a) contacting a compound of formula (12a) CHs {12a) with

9 9

HBCOJKJ\OCHS
Ho804 to make & compound of formula {(12b};

{b) reducing the compound of formula {12b) to maks a compound of formula

HO \/\OH

Py {12¢);
{c} cyclizing the compound of formula in the presence of SOCKL {o make the
Q
O’g‘O
J

-

compound of formuta £ F (124); and
{cd} coniacting the compound of formula (12d) with FeCl;, NaQC! and a base,

thersby making the compound of formula 8.
[02101 The following Examples are presented by way of illustration, not limitation.
EXAMPLES

[0211] Synthesis of Compounds described herein. All reagenis and solvenis were
purchassd from commercial suppliers and used with no additional purification. Anhydrous
solvent (dichloromethane) was utilized. Commercially available solvents were not further

purified.

{0212} Example 1:

/,,036;

CISO,H

SO, A NaOH(ag) r,dé\NH

NHS “““““““““““ faud P If
ACN/THF A |= R anisole o’f\m
\f’;\Ni \\Q, ;

Stop 1 H Sfep 2 H

(3% {3a} {4}

[0213] Step 1: (8)-2-ammonio-3-{1H-indol-3-yiipropyl suifate Compound 3a

{0214} Acelonitrile and THF were charged {0 a reactor and the {emperature was setto -
5-5°C. Compound 3* {1 equiv.) and CISOsH {1.13 equiv.) were alternatively charged to
the reaction in 5 portions at ~5-5°C and the reaclion was stirred for at least 30 min. The
resulting suspension was filtered and the filter cake washed with THF. Reactions were

performed at 30 g and 75 kg scale of Compound 3%,

57
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[02157 Siep 2: (8)-3-(aziridin-2-yimethy-1H-indole Compound 4

The THF wet product 3a was dissolved in 3.1 eguiv. aqueous NaOH (10%-w/w) and.
Anisole (4V relative to 3%} was added and THF was distilled off until a temperature of 83-
87°C. The biphasic reaction mixture was stirred for § h at 93-97°C {o effect formation of
aziridine 4. The phases were separated and the aqueous layer discarded. To the
organic layer was added 1V butanol (with respect {o 3%) and the organic layer was
washed twice with water at §5-75 °C. 3 V of butano! {with respsect to 3*) was added o
the organic layver and the solulion cooled o 20-30 °C before telescoping info Siep 3.
Alternatively, following separation of the phases, the organic layer is washed at 36 °C

onge.

[0216] Step 3 (R)-1-{1H-indol-3-ylipropan-Z-amine Compound &

&) < & ” &
. L PA(OHR/C ! ,,4\4
/ NH 446 bar H, ."'/\NH;»“ MSA | N&OH (ac , NH,
& Y anisole/t-butanol (1:1) E’ i BN ' \8q) ( T
> MsOH S L momPon @y N

5

4 .
i Step 3 Step 4 {

[0217} Compound 4 telescoped from Step 2 in anisole/l-butanol (1:1-v/v) and
PA(OH)/C catalyst {(8%-wiw with respect to 3%} were suspendsd in anisole/t-butanol
After inertisation and change of almosphere 1o hydrogen, the temperature was set to 75-
85 *C and a hydrogen pressure of 14-18 bar was applied. Hydrogenation was continued
for about 2 h at 75-85°C until complste. Alternatively, a hydrogen pressure of 12 bar was
applied and the hydrogenation carried out for 5-6 h. The temperature was set {o 20-30°C
and the catalyst was filtered off. Ths filter cake was washed with butanol and the filirats is

used for further processing.

[0218] The product from Step 3 was then crystallized as alpha-mehtyliryptamine
mesylate, which purges the majory impurities including dimer byproduct. After
concentration of the product solution to remove residual water, methanesulionic acid {(1.65
&g, based on fotal amount of amine bases) was added over at least 1 h at 75-85°C. Ths
suspension was ieft for at least 1 h at 75-85°C, cooled o 20- 30°C over at least 2 h and
finally left for at lsast 1 h at 20- 30°C. The suspsnsion was filtered and the filler cake
washed with anisole/1-butanol (1:1-v/v). Waler was applied followad by azeolbropic
distiltation at 80-100 °C and aimospheric pressure. The solution was then cooled to 15-25
°C before adding propanc! to give a 4:1-v/v mixiure of water/propanci. Sodium hydroxide

solution (30% aqueous) was added to a pH of > 11 and the suspension was left for at least

~5&-



WO 2022/005943 PCT/US2021/039325

1 h at 15-25 °C. The suspension was filtered and the filer cake washed with 4:1-viv
water/propanct followed by a slurry wash with water. Dried the product at 35-45 °C in

vacuo to afford the final product as a white {o slighily yellow solid.

{02191 (R}-3-((1-(1H-indol-3-ypropan-2-yllaminoe}-2, 2-diffluoropropan-1-of Compound
2
o QO

Vel
2

o7 N0

CHj 6 CHy
//QNHZ >< ./{

Gl
H

1) K2C05, MeCN
2) plEhHO
{8} 3

[0220] Compound 5 (25 g, 0.14 mol}) was mixed with compound 8 (27.0 g, 0.18 mol,
1.10 eq) and § volumes aceloniirile {(with respect {o Compound &) at internal temperalure
of 15-25°C. The mixture was healed {o internal temperature of 7585 °C. Polassium
carbonate {(13.8 g, 0.10 mol, 0.7 eq) was added at this temperature in 4 portions over 1 h
and the mixture was stirred for another 2 h. Moderate gas development was observed,
The conversion was checked. The mixlure was then cooled {0 internal temperature of 30-
40 °C and filtersd. The filter cake was displacement-washed with 25 mbL aceloniiriie each.
Afterwards, the mibdure was heated to internal temperature of 75-85°C, a soiulion of 28.8
g (016 mol, 1.1 eq) p-toluenssulfonic acid in 1 volume of deionized water were added
during 1 h and the biphasic mixture was stirred for 2 h. The conversion was checked for

completeness.

{0221] The mixture was then cooled o internal temperature of 0-10°C and qusnched
onto 8 volumes of purified water during 10 min. The pH was adjusted 1o 9 by adding 3.5
volumes of saturated sodium carbonate solution in purified water at inlernal temperaturs
of 0-10°C. The mixiure was then stirred at internal temperature of 0-10°C for 30 min. A
shight gas development was observed. Subssquently, the mixture was warmed {0 internal
temperature of 15-25°C and the pH was readjusted to 9 using sodium carbonate solution.
The mixture was then extracted two fimes with § volumes of isopropy! acetale sach at
internal temperature of 15-25°C and the combined organic phases were afterwards
washed with § volumes of deionized water {0 remove residual sails. The product stayed
in the organic phase. After concentration of the organic phase at internal tempsrature of
35-45°C and 200-300 mbar to approx. 5 volumes, 16 volumes of methano! were added in

paraliel {o distillation. After disiiliation of approx. 17 volumes of disiillate, the complstensss

-5Q-

e
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of the solvent swap was checked. Thres volumes of purified waler were then added at
internal temperature of 35-45°C during at least 1 h and the brown solution was sesded.
The crystallization was monitored. After the crystallization staried, another 5 volumes of
purified water were added at internal temperature of 35-45°C during at ieast 1 h, the
suspension was cooled to internal temperature of 0-10°C during at least 2 h and stirred at
this temperature for at least 1 h. The wet product was collected by filtration, slurry-washed
twice with 2 volumes of purifisd water each and dried in vacue at iternal temperaturs of
55-85°C.

{0222} Example 2:

O ©
Ny
oo .
. e
NHy
S ’\/’Nga\k de-protection /w FF
TS CH, ¢ Step 1 TMS CHy Step 2
7
£
N_ K DSOH F
P 3 M8y N O
e G z
™S CHy T™MET  GH
Step 3 3
7a b

Br

™S CH, O
2 T Ny :
col N l)\\\]f :N'%
Step 4 I\) 7 N &
. j ’\X

F Pd{dpphiClz Sl Srms
LICHE Na,CO0,, DMF ; ﬁ
100 °C
ic Step 5 Sa
FF FF
O %jv\m
H H
T e ./l ...... 1/
| 4 2 .
base I THy | N ok W G
EIOH Y i N\ T™S N
H H
2
Step €

{02231 Stsp 1: (R)-S-(trimsthyisilylipent-dyn-2-amine  Compound 7

B0~
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H
i i . (ry N,
/,;?f/@ N Wo’/ﬁ\é/f de-protection //g///\lv
} H ke
™S CHy TMS CHy
¥

[0224] Starting material tert-butyl (R}-(5-(trimethylsiypent-d-yn-2-ylicarbamats (288 g,
91.4 A%, 84 wi¥%, 94.2 mimol, 1.0 equiv.} was dissolved in DCM (140 mb, 5 vol) and EA
{28 mL, 1 vol). The solution was cooled to 0 °C, then TFA (84.4 g, 5865.2 mmol, 8.0 equiv.)
was added dropwise at 0~5 °C. Upon the completion of addition, the mixiure was warmed
{0 ambient temperature and stirred for additional 16 h. The reaction mixiure was
concentrated undsr vacuum at 38 °C for 1 h to provide ~80.5 g of crude compound 7 (~51
w%) in 89% vield {corrected). The crude product was used {o nexi step without further

purification.

{0225} Step 28 (R)-2 2-difluoro-3-((5-(Irimethylsilylipent-4-yn-2-yijaminojpropyl

hydrogen sulfate Compound 7a

(e ]
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™S S, TME” &,
¥ 7a

{0226} Toluene (70 mi x 3) was added info crude compound. 7 (~87.0 g, 88.6 mmol,
1.0 equiv.). The resulting solution was concenirated under vacuum at 38 °C for 30 min o
give ~37.8 g of the crude. The crudes was dissolved in MeCN/tolusns (210 mi, 10 vol.).
The mbdurs was stirred at 45-50°C. KaC0s (30.5 g, 221.5 mmol, 2.5 squiv.) was added
portion-wise into the mixture. Compound 8 (15.8 g, 83.0 mmol, 1.05 equiv.) was added.
Upon the compietion of addition, ths midure was heated to 75-80 °C and stirred for
additional 4 h.

{02271 10% citric acid (~500 ml) was added to adjust pH=3~4 and the mixture was
extracted with EiOAc (200 mL x 2). The combined organic phase was washed with brine
(200 mi) and then dried with NazS0,. Fillered and the cake was washed with EA the
combined fillrate & washes was concentrated under vacuum at 38 °C for 30 min to givs
the crude (~26.0 g, 89.4 wit%).

[0228} The crude was slurried in Et0Ac/n-heptane (2 vol.: 2 vol., 100 mi) at 0-5°C for

1 h. Fillered and the cake was washed with EtOCAc/n-heptans (131, 2 vol., ~80 ml), the
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cake was dried under vacuum at 38 °C for 2 h, followed by high vacuum dryving o provide
151 g of cpd. 7a as a pale vellow solid in 50% correcied over three steps.
{02291 Stsp & (R)-2,2-difluore-3-((5-{trimethylsilyhpent-4-yn-2-yllamino)propan-1-of

Compound b

oG _ F
/g/\@ N \K’,C}SO@‘E B N, A OH
™SS CH, " TMs” GH
7a b

{0230] Compound Ta {0754144, 28.0 g, 79.0 mmol, 1.0 squiv.} was dissolved in THF
{260 mi, 10 vol.} and then H20 (17.0 g, 848.0 mmol, 12.0 equiv.) was added. Hz504(7.75
g, 79.0 mmol, 1.0 squiv.} was added drop-wiss. The reaction mixture was stirred at 20-25
oG for 16h.

[0231} NauCls (solid, 5.3 g, 1.5 equiv.) was added, the resulling mixture was stirred at
~25°C for 10 min. Nax804{15.0 g)was added. The suspension was filtered and the cake
was washed with THF (30 mi}, the filirate was concentrated under vacuum o provide

18.4 g of cpd. 7h as a gray jelly in 98% isolated vield.

{0232} Step 4: 5 5-diftuoro-3-(&-(trimethyisilyhipent-4-yn-2-yh)-1,3-oxazinan-2-one

Compound 7o

™S S ©
F
UK o Sl
,;’ff’/\; TN CDi i
TMS CH, e
b 7e

{0233} Compound Tk (3.5 g, 14.0 mmol, 1.0 equiv.) was dissolved in THF (35 mi, 10
vol.y under No. COH{2.64 g, 15.4 mmol, 1.1 equiv)), DMAP (175 mg, 1.4 mmol, 0.1 equiv)
was added. The reaction mbdure was heated to reflux and stirred for 18 h. The mbdure
was diluted with EtOAc, then the mixiure was washed with saturated NH.CI solution (50
mbL x 2.

[0234] After phase ssparation, the organic phase was washed with brine, dried with
Na:8Q4. After filtration, the filirate was concentraled under vacuum 1o obtained ~5.0 g of
crude product. The cruds was purified by column (n-heptane/EA=1:0 to 20:1) to provide

~3.4 g of compound Te in 80% vyield (uncorrected).
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[0235} Step 5: (R)-5,5-difluoro-3-(1-(2-(frimethyisilyl)- 1 H-indoh-3-ylipropan-2-yi)-1,3-

oxazinan-2-one  Compound Sa

FOF
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N S ? 3 i ,NH:,: ﬁ\l ;
\/\ /lL\ A
N0 i i ¢
E =48 T
x P(dophCla \ i &T;\??
LICH, MagCOy, DMF S ¥
thole H
7o 53

{02367 Compound 7o (400 myg, 1.45 mmol, 1.0 equiv.) was dissclved in DMF (8.0 miL,
20 vol) under Na. Na:C0O: (307 mg, 2.9 mimol, 2.0 equiv.), LiCH (80 mg, 1.45 mmeol, 1.0
squiv.), Pd{dpphCh (88 mg, .12 mmol, 8 moi%) and 2-bromoaniline (300 mg, 1.74 mmol,
1.2 equiv.) was added quickly. The reaction mixture was purged with Nz for 4-5 times, then
heated to 100 °C and stirred for 3 h. IPC1.

{02371 The reaction mixiure was cooled to ~25 °C gradually. EA (B0 mb) and brine (80
mi) were added and fwo phases were separated. The agueous was extracted with EA
{80 mL), then the organic phass was dried over Na:80, and the filirate was concentrated
to dryness. The crude was purified by column to provide ~320 mg of compound 8a (82

A% purity) in ~60% vield (uncorrectsd).
{0238} Stsp & (R)-3-((1-(1H-indol-3-yipropan-2-yliamino}-2, 2-difluoropropan-1-ol
Compound 2

FF FoF
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N H
A 5a 2

{0239} Crude 8a (50 mg, 0.14 mmol, 1 equiv.), LIOH.HO {15.4 mg, .35 mmol, 2.5
equiv.) and MO (0.5 mLYEIOH (0.5 ml) were added to a vial (10 ml). The resulting
mixiure was heated to 50-55 °C and stirred for 2 h. Aquecus HCIH BN, 6.5 mL) was added
o above mixiure and the resulting mixture was stirred for 1 h. The mixiure was cooled to
~20 °C. Filtered and the cake was dried under high vacuum at 35-40 °C for 1 h {o provide
~38 mg of crude product (~80 A%) in 100% vyield.

{0240} Example 3:
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i imidazole, S30C! Boo O Boco
Ho»’\rr\}“‘BGC 2, TEA O“S’ Oxone, RuCly YN
H o o=
CH, DOM &Gt DCR é\)"'CHz
step 1 I step 2

{02411 Stsp 1 tert-butyl (4R}-4-msthyl-1,2, 3-oxathiazolidine-3-carboxyiate 2-oxids

[0242] 7o a solution of imidazole (437 g, 6.4 mol, 1.5 eguiv.) in DCM (8.5 L, 7.5 vol)
was added SOCh (7863 g, 6.4 mol, 1.5 equiv.) dropwise at -5 to 0 °C under Nz in a pericd
of 2 h. The reaction mixture was stirred for 0.5 h at -5 to 0 °C. Starting material fert-butyl
{(Ry-(t-hydroxypropan-2-yvijcarbamate (740 g, 4.3 mol, 1.0 equiv.y in DCM (5.5 L, 7.5 vol}
was added dropwise at -& {o 0 °C over 2 h. The reaction mixture was stirred for 0.5 h, at -
2 1o 0 °C. ELN {865 g, 8.6 mol, 2 equiv)) was added dropwise at -5 {0 0 °C and then the

mixiure was stirred for 2 h.

[0243} Upon the completion of reaclion, waler (8 L) was added at 0~20 °C and two
phases were separated. The agqueous was exiracted with DCM (8§ L), The combined
organic phase was washed with 10 w% citric acid (5 L}, ag. NaHCOz (8 L) and brine (5 L),

The organic phase was cooled to 0~10%C.
[0244] Siep 2 tert-buiyl (R)-4-methyl-1,2 3-oxathiazolidine-3-carboxylale 2,2-dinxide

{0245] H0 (13 L) and RuCl.xH0 (8.8 g) was added successively, and then oxone (4.0
kg, 6.4 mol, 1.5 equiv.) was added. The reaction midure was warmed o 30-33 °C
gradually and the reaction was stirred for 4 h. The reaction mixfure was fillered through
500 g of celite and the cake was washed with DCM (5 L), two phases (the filirate) were

separated.

[0246} Then the agueous was exiracted with DCM, the combined crganic phase was
washed with sat. Nax8:03 (5 L x 3) and brine (& L x 2} and then dried with Na,80s (1 kg).
Filtered and the cake was washed with DCM (3 L), the combined filirate & washes was
concentrated under vacuum at 30 °C {o provide ~850 g of tert-butyl (R)-4-methyl-1,2,3-
oxathiazolidine-3-carboxylate 2, 2-dioxide with 88 wi% by gNMR in ~85% isolated yield.

{0247} Step 3: tert-butyl (R)-(&-{triethyisilylipent-d-yn-Z-yhcarbamate

-

Z
Et,81
O Boe .
N N /\VNHBOL
0*’3 SouCH,  Ei = T
- Ety S CH,
ip
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[0248] Tristhyl{ethynylsilane (928 g, .66 mol, 1.3 sguiv.) was dissolved in THF (1580
mb), then the solution was cooled {0 -8 {o 0 *C. n-Bulli (265 mL, 2.5 M, 1.3 equiv.) was

added drop~wise over 1 h. The reaction mixiure was stirred for 30 min at -5 {o 0 °C.

{0249} Tert-butyl (R)-4-methyl-1,2 3-oxathiazolidine-3-carboxylate 2 2-dioxide {120 g,
0.51 mol, 1.0 equiv.) was dissolved in THF (800 mL} under N2, The reaction mixiure was
cooled o -10 °C to 0 °C. The prepared TESCoLI (~500 mi, 0.68 mol, 1.3 equiv.) was
added drop-wisse at -10 °C 1o 0 °C over 1 . Ths reagction mixiure was stirred for 2 h at -5
“Cio 0 °C,

{0250} The reaction was gquenched with saturated NHCH{EB00O mb) at-10°C 0 0 °C. The
mixture was separated and the agueous was extracted with EtCAC (~500 mL x 2). The
organic phases were combined and washed with brine (500 mb x 2}, The organic phase
was dried with NaxSC4 (~30 g} and then filtered.

[0251] The cake was rinssd with EiOAc {(~80 wbl x 2). The filtrate was concentraied
under vacuum at 35 °C for ~2 h o provide about 180 g of crude tert-butyl (R)-(5-
{riethylsiivpent-4-yn-2-yhicarbamats. The crude tert-butyl (R}{8-(triethvisityhpent-4-yn-
2-yhearbamate was purified by column (silica gel, 200~300 mesh, § w} with EIOAdn-
Hepiane (0~10%). Aboui 14 L of desired fraction was collecied. Afler concentration under
vacuum at 35~40 °C, about 105 g of pure tert-butyl (R)-(&-(riethyisilyhpeni-4-yn-2-

yhearbamate (compound 7p) was obtained with 88 A% in 70% isolated yisld.

[0252] Step 4: (R)-1-(1H-indol-3-yhpropan-2-aming  Compound §

N, - S
;’k\\r' : |
NG { PP I Skgos
g S i 531, MeoH ™
8 # SH % H r ' A \/»\ Skl i
3 g (¢ NS | Step 2 \\/
&MBoc |

[02531 Step 4a: tert-butyl (R)-(1-(2-{tristhyisily}- 1 H-indob-3-yhpropan-2-ylicarbamate

{0254] Na:COs (4.5 g, 42 mmol, 2.5 equiv.), Pda{dba); {0.77 g, 0.84 mmol, 0.05 equiv.},
PABUHBF4{0.48 g, 1.88 mmol, 8.1 equiv.}, 2-bromoaniiine (4.3 g, 25.2 mmaol, 1.5 equiv.)
and compound Tp (8.27 g, 16.8 mmol, 1.0 squiv.) were charged into Me-THF (50 miL, 10
vol } under No. The reaction mixiure was purged with Ny for 4-5 times, heated to reflux and
gtirrad for 24 h. The reaction mixture was cooled {o ~25 °C, and 100 mi. of DCM and 100

mi of H20 wers added.
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[0255] Two phases were separated and the agueous was extracted with DCM (~50 mL).
The combined organic phase was washed with HxG (80 mil} and brine (50 ml), and dried
with Na:804 (8 g). Filtered and ths cake was washed with DCM, the combined washes
and filtrate was concentrated under vacuum at 35-40 °C to provide 24.1 g of the crude
(20.4 w%) in 75% yield {correctsd).

{0256} Step 4b: (R)-1-{(1H-indol-3-ylipropan-2-amine  Compound §

[0257} The crude compound (20.4 w%} dissolved in DCM (50 ml) was washed with
about 30 mb of HCI solution (1M} for 4 times. The organic phase was charged info a flask
and HC! gas was bubbled af room temperature (~20 °C) for 1 h. About 30 mb of water
was added and two phasss were separated, the agueous was extracted with DCM (15 mL
x 2. The agueous was adjusted until pH=7~8 with solid NaOH and then exiracted with
DCM (10 mi).

[0258] A solution of NaOH (1.5 g) in water (4 mL) was dropwise inio above agueous
under stirring at room femperature (~20 °C). The aqueocus was extracted with DCM (80
mil) and the organic phase was concentrated under vacuum at 35 °C to provide abowt 2.0

g of Compound § with 86 A% in 80% isolated visld {uncorrected).

[0259] Compound 2 can be made from step 2 according to the methods of Example 1

described herain,

{0260} Example 4. 2 2-difluoromalonate  Compound 12b

\OMXD/ cORC. H,&>=:)g \D/f’\x"[\o‘_/‘
12k

[0261] A PTEE bottom rsactor was charged with 2 Kg of compound 12a, and 2.1 Kg of
concentrated sulfuric acid was added. Then the mixture was heated with stirring for about
4 hours at 45~55 °C (30% agq NaOH scrubber was used o absorb HF generated in ths
reaction). The mixture was then added dropwise to ice water (5 Kkg/S kg). Quench
temperature was maintained at 0 °C. The organic phase was separated and the agueous
laver was extracted with DCM (2L, 1 V) once. The organic layers were combined {ogether
and DCM was removed under vacuum. The oruds sample was purified by vacuum
distillation. Main fraction of compound 12b was coliected at 82~68 °C /20 mmHg. 'H NMR
{400 MHMz, CDCh): 8 = 3.88 ppm (s, 8H); C NMR (100 MMz, CDCh): 8§ = 53.85 ppm (-
CHs), 105,98 ppm (CFr, Tor 2581 Hz), 180.84 ppm (~CO-, 2Jor 30.9 Hz); 9F NMR (188
MHz, CDCls): § = ~112.05 ppm (s, 2F).
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[0262] Example &
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[0263] Step 1:

£ fE

H3CO \‘i/F 8
0 Tl o
HO -~ HO,‘J\K FB
" NaChe, MeOH i F g
2 ag. HO \gﬁkgg
Step 1 CH4
11

[0264] To a round bottom flask squipped with a magnetic stirrer was charged alanins

(100 g, 1.122 mol, 1.00 equiv} and methano! (150 mi). To the resuling suspension sodium
methoxide (30 w% in methanol, 1.235 mol, 1.10 equiv) was added within 2 min. Rinsed
the transfer line with methano! (10 mi). Stirred the reaction until fully dissolved and added
within & min. methy! 2,23, 3-tetrafiuoro-3-methoxypropanocate (173 mi, 1.238 mol, 1.10
squivy, Stirring was continued for 20 minutes, before the reaction mixiure was evaporated
under reduced pressure {o resulf in a ysllow clear ol The oil was diluted with watsr,
foliowed by adding 2M aqueous HCIH (75 mi, 8.15 mol, 0.13 equiv) resulting a pH of approx.
7

{0265] The solution was transferred into an addition funnel and the flask charged with
105.0 g conc. ag. HCH {37%) (89 mi, 1.066 mol, 0.95 equiv}. The content of the addition
funnsl was added {o the ag. HCI under slirring at ambient temperature within 30 min.
Water was added during the addition o allow magnetic stirring, as the product suspension

gets thicker. The white suspension was stirred for 1 h at ambient tempsrature before i
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was fillered. The filter cake was washed with WBI and dried overnight at 10 mbar/70 °C.
Yield: 266 g (95.9% vield) product as white solid. 'H NMR (800 MHz, CDCls): 8 8.98 -
8.77 {m, 1H), 4.74 - 4.85 (m, 1H), 3.71 {s, 3H), 1.58 (d, J = 7.2 Hz, 3H); BC NMR (151
MHz, CDCls): & 175.6, 158.8, 117.4, 108.0, 51.5, 48.3, 17.8.

[0266] Step 2:

N
Nt‘
H
Me,Al, PhMe
10 C
1.{COCH,, Phie, RT

F o p cal. NN Ry Y F

i { A\ | F
i & § \ i k\ y F
HN\g}( - N A0 HN\? KgF

3. 'AmoH, "ProH
Siep 2

[0267] Charged a 1000 mi sulfating flask equipped with a mechanical stirver, addition
funnsl and an Argon bubbler with Indole {(338.3 mmol, 1.048 equivy and added toluens
{120 mi}. The mture was cooled in an ice bath and al inlernal femperaturs of < 14 °C
trimethvlaluminum (2M in toluene, 161.8 mi, 323.7 mmol, 1.04 equiv) within 15 min and

stirred at < 25 °C afier the addiiion is finished until a white suspension was formed.

[0268] Equipped a 350 mi sulfating flask equipped with & mechanical stirrer, addition
funnel and an argon bubbler. Charged the flask with Compound 11 (323.7 mimol, 1.0
equily), followed by toluens (80 mi) and N-formyl pyrrolidine (1,15 mi, 12.1 mmol, 0.037
squivy, At 25 °C oxalyl chioride (29.2 mi, 333.4 mmol, 1.03 equiv) was added within 40
min while stirring. The resulting greenfyeliow turbid solution {(approx. 148 mi) was stirred

for 25 min until gas evolution ceased and the contenis transferred into an addition funnel.

{0269} The suspension of dimethylaluminum indolate prepared above was cooled to -30
{0 -40 °C and the acid chioride solution was added within 10 to 15 min with stirring, so that
the temperature of the mixlure did not exceed -30 °C. After the addition was finished,
trimethylaluminum {(2M in toluens, 184 mi, 388 mmol, 1.2 equiv) was added between -30
fo -40 °C within 23 min and the resulting dark solution was stirred for 2 h at this
temperature. Trimethyvialuminum 2M in tolusne, 20 mi, 40 mmol, 0.12 equiv) was added
and stirring continued for 2 h. The reaction mix was cannulated in 15 min into a 1000 mi
flask containing t-amylalcohol (181 mi. 1681 mmol 5.1 squivy at< 15 °C). The resulling

product suspension was stirred at 25 °C and heated to 65 °C. Heptane (180 mi) was added

-B8-
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and ths mixiure stivred ai 85 °C for min. The mixiure was cooled 1o 40 °C and within 20
min 800 n-Propanol (31.8 mi, mmol, equiv) was added. The mbdure was cooled 10 10 °C

and stirred for 10 min,

{0270} The mixture was cannulated onto a filler over which a stream of argon was
flowing. After filtration, the filter cake was compressed and biiefly mother liguor sucked
out (~150 mi). The filter cake was washed with toluene (80 mi) and residual mother liquor
pushed out using Heptane (80 mi). The filter cake was dried for 15 min (86.2 g} and dried
under reduced pressure at 50 °C to yield 854 g (58.3% yield) product as an orange-ish
solid (98% pure). TH NMR (600 MHz, DMSO-d8): 8 12.07 (brs, 1H), 8.31 (d, v = 7.2 Hg,
TH), 8.42 (d, J = 3.2 Hz, 1H), 818 - .15 {m, 1H), 7.80 - 747 {m, 1H), 7.25 - 7.22 {m,
H), 7.22 - 748 (m, TH), 5.28 - 520 {m, 1H), 3.85 (s, 3H), 141 ({d, J= 7.2 Hz, 3H); °C
NMR (151 MHz, DMSO-B): & 182.3, 157.8, 138.5, 134.0, 128.7, 123.0, 1219, 121.3,
117.5, 113,14, 112.2, 108.0, 51.7, 512, 18.0.

[0271} Step 3

o
/ 6 e NaAKOMa)H, N /KKCES .
- \ HN S HN_
THF, RT10 45 C N _
CH?* Step 3 s H

{0272} Charged a 100 mi Easymax reaclor equipped with a mechanical stirrer and an
argon bubbler with sodium aluminumhydride and at 25 °C added THF (35 mi). The mixiure
was stirred for 15 min before a solution of methano! (7.04 mi. 173.3 mmol, 123 equiv) in
THF {10 mi} was added within 30 min at <45 °C T along the walls of the reactor. The
resulting off-white suspension was stirred for 5 min, before a solution of (R}-N-(1-{1H-
indol-3-yii-1-oxopropan-2-yi}-2,2 3, 3-tetrafluore-3-methoxypropanamids  (14.44 mmol,
1.00 equiv, Compound 5¢)) in THF {20 mi) is added & within 30 min at <35 °C. Ths

resulting vellowish suspension was healed to 45 "C within 30 min and stirred for 19 h.

{0273} Sodium Sulfate (36.1 mmol, 2.50 equiv) was added lo the reaction mbdure,
foliowed by a solution of water (8.50 mi, 381 mmol, 25.C equiv) in THF {(13.5 mb which
was added with 400 rpm stirring within 20 min allowing the temperature {o rise. The
resulting greyish suspension was heated to reflux and ths solvent partially exchanged at
ambient pressure and constant volume {o luene (50 mi). After the exchange was
complsts, the suspension was cooled {o 25 °C within 50 min, filtered and the filter cake

washed with ethyl acetate (20 mi).
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[0274] 10% ag. sulfuric acid (6.0 mi, .54 mmol, 0.45 equiv) was added until the resulting
agueous phase had a pH of 2.1, The organic phase was washed with water {8 mi} and the
water acidified with a few drops of 10% ag. Suifuric acid until a pH of 2.1 was reached.
The combined agueous phases were washed with two portions each of sthyl acetate (20
miy and once with heptane {20 mi). To the aquecus phase was added 2M ag. NaOH (7.22
mi, 14.44 mmol, 1.00 equiv) until & pH 5.3, After stirring for 5 min, NaOH addition was
continued over at least two hours untit the pH of the resulting vellowish suspension stays
constant &t pH 6.5 for at least 30 min The suspension was cooled {o 4 °C 15 | stirred for
1 h, fillered and the filter cake washed after compaction with cold water (& mi}i8 and cold
water/MeOH = 10/1 (& mi). The filter caks was dried under reduced pressure over night to
resuit in an off while solid (2.885 g, 89.3% yield, 99.3% pure}. "H NMR (800 MHz, CDCl:):
§806 {brs, 1H), 7.58 (dd, J=7.9, 0.9 Hz, 1H}, 7.38 (dt, /= 8.2, 0.9 Hz, TH), 7.21 {ddd,
JEBA, T, L HE HH), T3 (ddd, J= 7.9, 7.0, 1.0 Hz, 1H), 7.03 (d, J= 2.3 Hz, 1H}, 3.93
- 374 {m, 2H), 3.28 - 315 {m, 1H), 315 - 3.02 {m, 2H), 285 - 278 {m, 2H), 1.17{d, J=
8.3 Hz, 3H); 1BC NMR (101 MHz, CDChL) 8§ = 138.41, 127 .58, 122 88, 122.87, 122.23,
120.48, 119.51, 118.84, 118.03, 112.62, 111.28, 6512 {t, J = 31.7 Hz, 1T}, 53.48, 50.59
{t, J=29.0 Hz, 1C), 32.85, 20.39.

[0275] Example &

CHO
P F
A
= g F
\%ff’ 18 '/’7"“}‘»{/\{ >!~N\
Chy HIN -, \/&N,\E“ﬁ\{ e O OH
" ST e f;\g " Hoer N OO
?‘;EM\\ H F;>\;A‘OH (+)-Tartaric Acid - . &H
S EIGH, 70°C = ¢
) ~Osy

2 A& \‘*
\

[0276} Charged an inertized reactor with Compound 18 (25.0 g, 1.8 mmol, 1.00 equiv)
and added Compound 2 (30.8 g 114.8 mmol, 1.25 equiv), followead by L-{+} -Tartaric

Acid (20,67 g, 137.7 mimol, 1.80 equiv). Added ethano! and heated the reaction mixturs
to 88-72 °C. Stirred for about 2 h before adding Compound A seed crysials (308.8 myg).

Stirred the mixture for about 46h.

{02771 Added EtOH (95.8 mL) and stirred for 15 min. Cooled the mbdure in about 1 hto
18-25 °C and stirred at this temperaturs for about 2h. Filtered the suspension, rinsed the

reactor with a spray ball using EtOH (85.8 mL) and washed the filter cake with two portions

-70-
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of EIOH. Dried the filer cake at 50 °C under vacuum. Compound A was isolated in ~80%

yield as pale brown powder.
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CLAIMS
1. A process for the preparation of a compound of formula (H):
:CH RM
I %N OH
!
(R9),

{4
or a stereoisomer or sait thereof
each of R and R is independently hydrogen, halogen, unsubstituted Ci.
3 atkyl, unsubstituted Ci.a haloalkyl, unsubstiuted Cqa alkoxy, -CN,
unsubstituted Css cycloalkyl, or unsubstituted Cas spirocycloatkyl;
each R? is independsantly halogen, hvdroxyl, -CN, unsubstituted Ci.s alkyi,
unsubstituted Ci.a haloalkyl, or unsubstituted Ci.; alkoxy;
misQ, 1or2; and
nist, 2, 0r3;
the process comprising:
{a) contacting a compound of formula {1,
- QH

‘<NH2

S
(re),

(i)
or a sterecisomer or salt thereof with a sulfonic acid {o form a compound of formula

{(Hia);

fRZ\
vm (iia)

or a stersoisomer or salt thereof
{b}) contacting the compound of formula (Il1a) or a slerecisomer or salt thereof

with a base to form compound of formula VY,
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Vd
g2
3 )m (E\/)
or a stereoisomer or sait thereof

{c} hydrogenating the compound of formula (V) or a sterscisomer or salt

thereof {o form a compound of formula (V); and

CHy
P N,
o~
Y
(Rg)ln

v}
or a sterecisemer or salt thereof
{d} contacting the compound of formula (V) or a sterecisomer or sall thersof

with a compound of formula {(Vi);

O 0
\%

o o
gid Riv (Vi)
thersby forming a compound of formuda (i) or a sterecisomer or sall thereof.

2. The process of claim 1, wherein the compound of formula (i is a

compound of formula (H1*).

3. The process of claim 2, wherein the compound of formula (M is a
compound of formula (37, (377, 3y™), or (327}

4, The process of claim 2, wherein the compound of formula (1M is a

compound of formula (3%).

8, The process of any one of claims 1-4, wherein the suifonic acid is H2804
or CISCaH.
8, The process of any one of claims 1-5, wherein the base is a hydroxids

base.

7. The process of claim 6, wherein the base is KOH, NaGH, or LiOH,

-7 3.
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8, The process of any ons of claims 1-7, wherein the hydrogenation is

performed using a catlalyst comprising Pd, P, or Ni
8. The process of claim 8, wherein the catalyst is Pd/C, PYC, or Raney Ni.

18, The process of any ong of claims 1-8, whersin the hydrogenation is
performed using cataiviic transfer hydrogenation in the presence of isopropanol, formic

acid, formats, or ammonium.

11. A process for the preparation of a compound of formula (i)

CHy
é R'la
NALOH
o
4

(R,

TZ_ »

()
or a sterecisomer or sailt thereof
gach of R and R [s independently hydrogen, halogen, unsubstituted Cr.
2 atkyl, unsubstituted G5 haloalkyl, unsubstifuted Cis alkoxy, -CN,
unsubstituted Cs.s cycloalkyl, or unsubstituted Css spirocycivalkyt,
each R? is independently halogen, hydroxyl, -CN, Cia alkyl, or Cis
haloalkyl, C1.z alkoxy;
mis 0, 1or2; and
nis i, 2or3;
the process comprising:
{a} contacting a compound of formula (Vi)

N,
-

o
2.8 Oy
or a stereoisomer or sall thereof wherein each Z is independently Cy.z alkyl or phanyl,

with a compound of formula (V1),

O\\g{p
o o

4
pia }:(H) (Vi)

wherein R'? and R are as described herein, thereby synthesizing a compound of

formula (Vila),
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H Ria R?b
PN X O8O
- o .
2,80 H,

(Vila)
or a stergoisomer or sait thereof
{b} contacting a compound of formula (Vila) or a sterecisomer or salt thersof
with an acid thereby synthesizing a compound of formula (Viib);
H R'2 R
. N OH
2,817 Hs (Vi)
or a stereoisomer or sall thereof
{a} contacting the compound of formuia (Vi) or a sterecisomer or salt
thereof with 1, V-carbonyldiimidazole thereby synthesizing a compound of formula
{Viicy;

Z,Si CHy ©

A PSS &
RERY (viie)
or & stereoisomer or sall thereof
{ed} contacting the compound of formula (Vi) or a sterecisomer or salt

thereof with a compound of formula (VHD
3r

@NHZ

(RQJF‘.’: .
(Vi

or a sall thereof to maks a compound of formula (Va); and

'
0 o 5

% /jL\N\}, SiZs
H

Ryt (va)
or a sterecisomer or salt thereof
{a) coniacting the compound of formula (Va) or stereoisomer or sall thereof
with @ base followed by an acid thereby making the compound of formula (I ora

sterecisomer of salt thereof.
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12, A process for the preparation of a compound of formula (i)

CH3
{ mia
. ?EN«{..g--}hoH

@'\ gib
N
H

23
(R im

(i

or a sterecisomer or sait thereof

each of R'™ and R' is independently hydrogen, halogen, unsubstituted Cr.
2 alkyl, unsubstituted Cq.s haloalkyl, unsubstituted Ci.; alkoxy, ~CN,
unsubstifuted Cus cycloalkyl, or unsubstituted Css spirocycioalkyl,

each R? is independently halogen, hydroxyi, -CN, Cia alkyl, or Cya
haloalkyl, T3 alkoxy;

mis 0, 1or2; and

nis i, 2or3;

the process comprising contacting a compound of formula (V)

CH.
; 3
YA
e
»
(Rﬁxm H
" V)

wherein the compound of formula (V) is prepared by:

{a} contacting a compound of formula (Viip)

NHBoc
e
z.5+-" Hy
3 {(Viip}

or a sterecisomer or salt thereof wherein each £ is independently Ciz alkyl or

phenyl, with & compound of formula (Xif},
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(VD
or a sait thereof to make a compound of formula (Vi); and
CH,
NHBoc
o~
a8
KN
RE ’
(R), -

or a sterecisomer or salt thereof

{b} contacting the compound of formula (Vb) with an acid thersby making the
compound of formula (V).

13, The procsss of claim 11 or 12, wherain each Z is independently Crs alkyl,

14, The process of claim 11 or 12, whersin each 2 is methyl, each Z is sthyl,
sach £ is isopropy! or wherein SiZa is Si(PhMey) or Si{t-Bule:).

18, The process of claim 11 or 12, wherein each Z is athyl.

18, The process of any ons of claims 1-15, wherein the compound of formula

(Vi is:
O O O O O O oo \ S” Q«,& ‘/”O O O O O O‘\S'}O
C}/ \O Ox \U O/ \.O \gf Qf \O G‘- \C) 0/ \0 ('\-' \O

L J 9 o
;’Q &txm \Z; g:c:Hﬁ\g ﬁ/ x\{g;

rotd

, including sterepisomers thereof.

i7. A process for the preparation of a compound of formula:
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(1
or a stereoisomer or salt thereof
each of R and R" is independently hydrogen, halogen, unsubstituted Ca.
3 aliyl, unsubstituted Cqs haloalky!, unsubstituted Cys alkoxy, ~-CN,
unsubstituted Cas cycloalkyl, or unsubstituted Cas spirocycioalkyl
each R? is independently hatogen, hydroxyl, -CN, Cra alkyl, or Cia
haloalkyl, Cia alkoxy;
misQ 1or2;
nist, 2or3;
the process comprising

{a) contacting alanine with a compound of formula (X,

R‘:a
] / F
HyCO OCH,
in
R (%)
or a sterecisomer or salt thereof to form a compound of formula (X1);

O
CH:
Ao
%NIMN
Lon s o)

{b} contacting the compound of formula (VI with a chiorinating agent, a

oD

compound of formula i H | and an organocaluminum compound {o form a

or a sterecisomer or salt thereof

compound of formula (V¢); and

O
& )J\\rCH?’Y
1a
s
SN e

(ve)

or g sterecisomer or salt thersof
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{c} contacting the compound of formula (Ve) or a stersoisomer or salf thereof
with a reducing agent thereby forming a compound of formula ( or a

sterecisomer or salt thereof.

18,  The process of claim 17, wherein the organoaluminum compound has the

formula XaAL where X is independently G or Crs alkyl

18. The process of claim 17, whersin X is independsntly methyl, ethyi, n-

propyl, isopropyl, n-bulyl, or iscbutyl

28, The process of any one of claims 17-19, wherein the organoaluminum
compound is frimethyl aluminum, tristhyl aluminum, triisobuty! aluminum, dimethyl

aluminum chioride, diethy! aluminum chioride, or ethy! aluminum dichioride.

21. The process of any one of claims 17-20, wherein the organoaluminum

compound is trimethyl aluminum.

22, The process of any one of claims 17-21, wherein the reducing agent is

sodium aluminum hydride.

23 The process of any one of claims 17-22, wherein the chiorinating agent is
SOCIE2, methyl chioroformate, ethyl chioroformalte, isobutyl chioroformate, pivaloyl

chioride, or oxalyl chicride.
24, The process of claim 23, whersin the chiorinating agent is oxalyt chioride.

28, The process of claim 24, wherein the chiorinating agent is in the presence

of N-formyt pyrrolidine or N N-dimethylformamide.

28.  The procsss of any one of claims 1-25, wherein R'% and R are

independently hydrogen, halogen, cvano, unsubsiifuted Cis alkyl, or cyclopropyl.

27, The process of any one of claims 1-25, wherein R'® and R' are

indspendently hydrogen, halogen, or methyl.

28, The process of any ons of claims 1-28, whersin R'2 is hydrogen and R'Fis

halogen, methyl, cyano, or cyclopropyl.

28,  The process of any one of claims 1-25, wherein R'% is hydrogen and R' is

halogen.
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38, The process of any one of claims 1-28, wherein R is hydrogen and R is

methyl

31.  The process of any one of claims 1-25, wherein R is msthyl and R is

halogen, mathyl, cyano, or cyclopropyl.

32. The process of any one of claims 1-25, wherein R is halogen and R* g

halogen, methyi, cyano, or cyclopropyl

33 The process of any oneg of claims 1-28, wherein R'2 and R™ are

independently halogen, or methyl.

34. The process of any one of claims 1-25, wherein R'? is halogen and R is

mathyl

38, The process of any one of claims 1-25, wherein R is halogen and R*™ g

halogen.
38, The process of any ons of claims 1-28, whersin R'2 and R are F.

37. The process of any one of claims 1-38, wherein each R? is independently

hydrogen, halogen, hydroxyl, -CN, or Ci.3 alkyl.
38. The process of any one of claims 1-37, whersin m is Q.
38, The process of any one of claims 1-37, wherein mis 1.

48, The process of any one of claims 1-37, wherein R? is halogen or Cis alkyl

andmis 1.
41, The process of any one of claims 1-37, wherein R2is halogen and mis 1.

42, The process of any ong of claims 1-41, wherein the compound of formula
iy is:

-2~
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CH, CH, cH
T TN AT
”//\;Cf‘} : F>‘F ot ;\j\\g "t on ”j\/\\/} . >\; “oH
. A, A
T ANt 4 H
:\R )m ER&)N {\R >n‘3
{CH CHy CHy
A, . -
oy - Ky
{ RQ}FH (: R2 m (\ Rz}n
CH (gHs
A f’&w\\UH 7 —/\< H z/\OH
/ N y
PO :
(\R )rﬂ ﬂR )m
, OF )

or a sterecisomer or salf thereof.

43, The process of any one of claims 1-38, wherein the compound of formula

(1) is:
CH,
,’rﬂ“{N"
C:‘E" N " F}TF/\OH
S A-H’

{2}

or a salf thereof.

44, The process of any ons of claims 1-43, wherein the compound of formula

(I} is contacted with a compound having formula (X):
CHO

or a stersoisomer or salt thereof
ring A is phenyl or pyridinyd;
aach R is independently hvdrogen, halogen, or Cig alkyl,
R? is halogen or -CN; and
pistore;

to form a compound of formula ()

-1~
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Thomy,

or a sterecisomer or pharmacautically acceptable salt thereof

48, The process of claim 44, wherein the compound of formula (X} is:
CHO QHO CHQ

"~ gij "~ §j {)§j
: e E pr Hy"’
HN

HN HIN
\\i}\i\/\\/F ‘ T‘:\Nv’\\/‘F ! \\’:}\]\/ F :

CHO CHO CHO

Ck\/AQTICE ci ,gj HaC. A SHs
L \K \K,

Y e

HN HR HN

\Ef’\¢/\NxF, \{:k\w/\\/FT \K:N\J/\x/F,
CHO cHO CHO
H\([L\ e AL P
F 7 QT%
HN\ka HM\VMX RN
- \/\/F , L e F N T
CHO CHO CHO
o YT O
L\fﬁ = =
HI HN HN
\{jﬁ\/ﬁ\/r‘ \{:k\w/\v/F \ij\f/\yfr
CHO CHO CHO
fAQTJF r,gj F EJ§T/F
_ (_ VH,,,
M HIN

-R2-
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A N

CHC

P

A
! .
\ijh\/\/CN . of \C'N\/\./CN

48, A process for the synthesis of a compound having the formula (1), the

. or a salf thereof.

Drocess comprising:

or a pharmaceutically accsptable salt thersof,

{a) contacting a compound of formula (2)

C ( X\W

or a salt thereof
wherain the compound of formula (2) is synthesized according to the
process of claim 1, 11, or 12 and wherein the compound of formula (V) has

formula (5)

83~
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H (5
or a sait therecof and the compound of formula (V1) has formula (B}
Q

N

o0

'?&J ®)

{b} with a compound of formula (10}
CHO

""\N\,/\/F )
or a sall thereof thereby making a compound of formula {1} or a pharmacsutically

acceptable salt thersof.

47. The process of claim 48, wherein the compound of formula (8} is prepared

by:

FFe
H, OO (| F

{a) contacting a compound of formula (12a) CHs {12a) with
(SR

H3§:0"*>$L\GGHB
H28Q0, to maks g compound of formula {12b};

{b} reducing the compound of formula (12b) to make a compound of formula

HOX\OH
g
F {(12c);

{c) cyclizing the compound of formula in the presence of S0OCH to make the

o
8
p

F'OF (12d); and

{dd} coniacting the compound of formula (12d) with FeCls, NaOQC! and a base,

compound of formula

thersby making ths compound of formula (8).
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