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METHOD OF PREPARING PRALSETINIB
CROSS-REFERENCE

10001}  This application claims priority to U.S. Provisional Application Mo, 63/121,330

filed December 4, 2020, which is incorporated herein by reference in its entirety.
BACKGROUND

[0002] Targeting oncogentc driver kinases with specifically tailored inhibitors has
transformed the management of a vanety of hematologic malignancies and solid tumors. The
receptor tyrosine kinase, rearranged during transfection {(RET), is an oncogenic driver
activated in multiple cancers inchuding non-small cell lung cancer (NSCLC), medullary
thyroid cancer (MTC), and papillary thyvoid cancer (PTC). Oncogenic RET alterations
promote hgand-independent, constitutive RET kinase activation, which drives tumorigenesis
{c.g.. RET fusions are seen in 10%-20% of PTC, 1%-2% of NSCLC, and multiple other
cancer subtypes).

[8003] Pralsctimb is a ighly potent and selective RET inhibitor designed to overcome
these limitations, through the highly potent and selective targeting of oncogenic RET
alterations, including the most prevalent RET fusions and certain RET activating mutations.
Pralsctinib can also be referred to as: {cis)-N-({S}-1-(6~(4-fluoro- 1 H-pyrazol-1-ylpyrdin-3-
vhethyl)-1-methoxy-4-(4 methyl-6-(5-methyi-1H-pyrazol-3-viamino)pyrinuidin-2-

vhcvelohexanecarboxamide, and has the following chemical structure:

X}
{8604] Clinical trials under NCTO3037385, entitled “Phase 1/2 Study of the Highly-
selective RET Intubitor, Pralsetinib (BLU-667), in Patients With Thyroid Cancer, Non-Smal
Cell Lung Cancer, and Other Advanced Solid Tumors (ARROW),” and NCT04222972,
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entitled “AcceleRET Lung Study of Pralsetimib for 1L RET Fusion-positive, Metastatic

NSCLC” are underway.

{0005]  Pralsetinib is disclosed as one of many RET mhibitor compounds in patent

publication W02017/079140. The successful commercialization of a new therapeutic agent
5 requires an cfficient process for preparing the agent in high vield and purnity. Therefore, there

still exists a need for improved processes for preparing pralsetinib that are more efficient and

surtable for large scale manufacturing processes.
SUMMARY OF THE DISCLOSURE
{6066]  In onc aspect, the prosent disclosure provides a compound of Formula (8):

CN

MeC @
10 Me(O (1,

or a salt thereof,
{6007}  The compound of Formula {I) is a compound of Formula (Ia}:

N

1)

MeO =0
MeO (la).
or a salt thereof,
15 {0608] The compound of Formula (I} is a compound of Formula {Ib}:
CN

Med "75@
MeQ  am),

or a salt thereof.

2
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{8009]  In another aspect, the present disclosure provides a compound of Formula (1)

HN OMe

MeO Q
Me( {13,

or a salt thereof.

{6618} The compound of Formula (11} is a compound of Formula (Ha):

i-{NQY,OMe
Med =0
5 Me( (a),

or a salt thereof.
{8611}  The compound of Formula (31} is a compound of Formula (Ib):

HN%\E/OMG

Meow =0
Me( {IIb},

~

or a salt thereof,
10 {6812} The present disclosure provides, in part, a compound of Formula (Hi):

HiN o L NH,

MeO ©
MaO (1.

or a salt thereof.

(5]
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[8013] The compound of Formula (HI} is a compound of Formula (ffa):

HN g N2

MeO =0
MeQ (1iia).

or a salt thereof.

{6614} The compound of Formula (HI) is a compound of Formula (Iilb):

HNWNHQ

%,

Me ?50
5 MO (Ifib),

or a salt thereof,

[B015]  Also provided herein, 18 an isomeric mixture of cis and frans somers of a

compound of Formula (HH):

HN o NH,

MeO O
MeQ (11,

1¢ orasalt thereof, wherein the ¢is isomer is a compound of Forraula (Ifia):

HN gy NH2

MeQ™ 80
MeO (ila),

or a salt thercof, and the frans isomer is a compound of Formula (THb):
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HN - NH2

MeC ’;;f“»o
MeC (1lih),
or a salt thereof, wherein the ratio of the ois isomer to the srans 1somer 1s greater than or equal

to about 4 to 1.
[8016] Provided herein, in part, is a compound of Formula (IVa):

CH

y

4
x;a<\

N

MeO" 390

3 MeQ {IVay,

or a salt or a tautomer thereof.
{6617} Also provided herein 18 a compound of Formula (IVb):

OH

y

=
e

=

AeO ,,;F;O
MeO {IVb),

or a salt or a tautomer thereof.

10 (0818} The preseunt disclosure also provides an isomeric nuxture of ¢fs and frans isomers of

a compound of Formuda (JV):
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Meoi ;;o

MeO (Iv),
ot a salt thereof, wherein the ¢is isomer is a compound of Formula (IVa):

OH

Me ;‘0

MeO (iva).

:

=

or a salt thereof and the frans 1somer is a compound of Formula (JVb):

OH

y

‘.,,<\
z

Med '?,-,—;o
MeQ (1Vh},
ot a salt thereof, wherein the ratio of the ois 1somer to the srans 1somer is greater than or equal

to about 4 to 1.

{80619} In another aspect, the present disclosure provides a compound of Formulda (V-1

Y

N. N

MeO o
Me( V-1,

6
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or a salt thereof, wherein R 1s an activating group.

{B026]  In some embodiments, the compound of Formula (V-1} is a compound of Formula

V¥

5 orasalt thereof,

{6621} The compound of Formula (V) 1s a compound of Foroula (Va}

MeG" 3‘?

N0
MsC (Va),

or a salt thereof,
{0022]  The compound of Formulda (V} 1s a compound of Formula (Vb

OMs

y

R
>

]

MeQO 'ff'

10 Me( (Vby,

or a salt thercof,

et
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{80231 Also provided herein is an isomeric nuxture of ois and frans 1somers of a compound

of Fornmula (V)

Oblds

Meoi ;:o

MeO V).

y

z
\S
pr

or a salt thereof, wherein the ¢is 1somer is a compound of Formula (Va)

WOMS

5 MeCO (Va),

or a salt thereof and the trans 1somer 18 a compound of Formula (Vb):

\ﬁ,/;\\YUMs

of
MeQ ?"—;Q
Me© {(Vb),
or a salt thereof, wherein the ratio of the cis isomer to the fraps isomer is greater than or equal

to about 4 to 1.

10
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{0624} Provided herein, 1n part, is a coraposition comprising a compound of Formula (VI

MeC {(VI},

ot a salt thereot, wherein the composition is substantially free of a compound of Formula

(Via}:

s
=
D

O

{(Via),
or a salt thereof,

{B025]  The present disclosure also provides a composition comprismg a compound of

Formula (VI
/N\
NH
{(VID.
10 ora salt thercof, wheremn the composition is substantially frec of the compound of Formula
{Vila}:
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‘e

MeO ?’::’

O
(Viia),

O

or a salt thereof.

{0026}  In another aspect, provided herein is a process of preparing a composition
comprising a mixture of ¢fs and frams isomers of a compound of Formula (IV

\C}H

N /i\
MeQ 35"

MeO (Iv),

or a salt or a tautomer thereof, wherein the process comprises

{a} reacting a compound of Formula ({1}

HN OMe
MeC 35‘

MeO 1.
or a salt thereof with an ammonium source in the presence of a solvent, thereby producing a

10 compound of Formula (1)

10
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HN N,

MeO o
MeO {IIL,

or a salt thereof: and
{b} reacting a compound of Formula (1H} with alkyl acetoacetate, thereby producing a
composition comprising a mixture of cis and trany isomers of a compound of Formula (1Y)

having a greater amount of the ¢is 1somer, Formula (IVa):

WOH

N N

g

MeO =0
MeO {IVa),

or a salt thereof as compared to the #ans 1somer, Formula (IVb):

MsC (Vb
or a salt thereof,

{8027} The proscat disclosure provides, i part, a process of preparing a composition

thereof with an increased ratio of the ¢is isomer to the frans isomer:
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HNa L NH,

MeO o
MeO {1,

wheretn the cis isomer 1s a compound of Formula (Jia):

HN gy N2
ved =0

MeCQ (1ila},
or a salt thercof and the frans isomer is a compound of Formula (J1ib):

HN NH

S ?
MeC ﬁaz@
5 MeC {ifTb),

or a salt thercof comprising reacting a compound of Formula ()
HN OMe
Me; ;ﬂﬁ
MeO (i1,

or a salt thereof with an ammonium source in the presence of a solvent, thereby producing a
composition comprising a muxture of ¢is and frans 1somers of a compound of Fornwla (11}

16 with an increased ratio of the ¢is isomer to the rans 1somer.

[8028] Provided herein, in part, is a process of preparing a compound of Fommula (X):
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(X},
or a salt thereof, comprising the steps of

{a} reacting a compound of Formula (II}:

HN Ohde
Me; ;59
MeO (1D,

5 ora salt thereof with an ammonium source, e.g., NHs or NHaCl in the presence of a solvent,

thereby producing a compound of Formula (Ii):

HNo_ L NH,
Me; 250
MeC (810,

{b} reacting a compound of Formola (1) or a salt thereof with alkyi acetoacetate,

or a salt thereof;

10 thereby producing an isomeric mixture of a compound of Formula {(IV} or a salt thereof:
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WQH

N .2N

MeOi ;go

MeQ IV,

wheretn the isomeric mixture of the compound of Formula (IV) has a greater amount of the

cis isomer, Formula (IVa):

MeG {ava),

5 as compared to the frans isomer, Formula (JVb):

g

Med "’;,«%0

MeQ (Ivh),
or a salt thereof,

{c) purtfving the isomeric mixture of the compound of Formula (IV) to obtain the

compound of Formula (iVa);

10 {d} reacting the compound of Formula (TVa}) or a salt thercof with an activating agent,

thereby providing a compound of Formuda (V-1a).
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or a salt thereof;

{2} reacting the compound of Formula (V-1a) or a salt thereof with S-methyl-3-

pyrazolamine, thereby providing a compound of Formula (Vi)

N
i N
~
W M
N
Med O
5 MeO (Vi)

or a salt thereof

{f) reacting the compound of Formula (V1) or a salt thereof with a base, therchy

providing a compound of Formula (VH):

t

N

\

YO
N. _oN S

HO (VI
16 ora salt thercof,

{g} reacting the compound of Formula (VH) or a salt thercof with a compound of
Fornudda (VHI):
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F v,

or a salt thereof, thereby providing the compound of Formula (X or a salt thereof.

Also provided herein, in part, is a process of preparing a compound of Formula (X):

10029]
H
AN N
U
N N M
l’ PN \h F
HaOO TN, N
a o
5 orasalt thereof, comprising the steps of
{a) reacting a compound of Formula (IVa):
WOH
N \":E”/:/ N
MeO =0
MeQ {Iva),

or a salt thereof with an activating agent, thereby providing a compound of Formula (V-1a):
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or g salt thereof,

{b} reacting the compound of Formula (V-1a) or a salt thercof with 5-methyi-3-

pyvrazolamine, thereby providing a compound of Formula (VI):

§
N
OU o
NagN 55
Med™ =0
MeO (V)

3 orasalt thereof,

{c) reacting the compound of Formulda (V) or a salt thereof with a base, thereby

providing a compound of Formula (VH):

§
N
=2
Y\kf M
Mgt
MeD =0
HO (ViI).
or a salt thercof! and
16 {d} reacting a compound of Formula (VII} or a salt thereof with a compound of
Formula (VHI):
NH»
=& N i\i\
<

F (v,

or a salt thereof, thereby providing a salt of a compound of Formula (X).

17
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[8634] Also provided herein is a process of preparing a composition comprising a mixture
of ¢is and frans tsomers of a composition of Formula (X} having a majority of the cis isomer

configuration,

¥
-
Y
o
M
(X},
5 the process comprising:
reacting a compound of Formula (Vil}):
N
N
R
\f\T’ ~NH
Mgt TS
MeC" o
HO (Vi)

or a salt thereof, with a compound of Formuda (VHI):

NH,
|

RO TN
o

10 orasalt thereof, thereby providing a composition comprising a mixture of ¢is and frans

P@?
F Vi),

isomers of the compound of Formula (X) having a majonity of a ¢is isomer configuration.

{8031} Provided herein, in part. is a geometric isomeric mixture comprising a compound

of Formula (X}
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(X},
prepared with a process as deseribed herein, wherein the geometric 1somer mixture has a

cis:trams molar ratio of from about 4:1 10 about 99:1.
DETAILED DESCRIPTION

S {6632] The present disclosure provides, 1n part, novel compounds and compositions useful
for preparing pralsetinib. Also provided herein are processes for preparing pralsetinib that
result in a higher stercoselectivity and vicld of pralsetinib and therefore are more suitable for

large scale manufacturing processes as compared to known methods.

Definttions
16 [8633] “Alkyl” refers to a monovalent radical of a saturated straight or branched
hydrocarbon, such as a straight or branched group of 1-12, 1-10, or 1-6 carbon atoms,
referred to herein as C1-C12 alkyl, C1-C10 alkyl, and C1-C6 alkyl, respectively. Excraplary
alkvl groups mnclude, but are not limited to, methyl, ethyl, propyl, isopropyl,
2-methyl-1-propyl, 2-methyi-2-propvl, Z-methyl-{-buty], 3-methyl-1-butyl, Z-methyl-3-butyl,
15 22-dimethyi-1-propyl, 2-methvi-1-pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyvl,
Z-methyi-2-pentyl, 3-methyl-Z-pentyl, 4-methyl-2-pentyl, 2.2-dimethyl-1-butyl,
3. 3-dimethyl-I-butvl, Z-ethyl-1-butyl, butvl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl,
hexyl, heptvl, octyl, ete.
{6634} Certain compounds of the present disclosure may exist in particular geometric or
20 stereoisomeric forms. The present disclosure contemplates all such compounds, mchuding
cis~ and frans~-isomers, R~ and S-enantiomers, diastercomers, (D-1somers, (Li-isomers, the
racemic mixtures thereof, and other mixtures thereof, as falling within the scope of the
disclosure.
{6635} Geometric isomers can also exast in the compounds of the present disclosuwre. The

25 present disclosure encompasses the varous geometric isomers and mixtures thereof resulting

19
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from the arrangement of substituents around a ring {e.g., carbocychie ring). The arrangement
of substituents around a ring {e.g., carboeyclic ring) are designated as “cis” or “trans.” The
term “ois” represents substituents on the same side of the plane of the ring and the term
“trans” represents substituents on opposite sides of the plane of the ring. Ifthere are two
substituents on a carbon atom of a ring, the substituents are ranked according to Cahn-Ingold
Prelog prority rules {to assign the prority of the aton/group based on the atomic number of
that atorn. A higher atomic murnber has a higher priotity}. Mixtures of conpounds wherein
the substituents are disposed on both the same and opposite sides of plane of the ring can be
designated “cis/trans.”

{0036} The term “geometric 1somernc mixture” as used herein refers to a mixture of the ¢is
and trans 1somers of a compound disclosed herein.

{30371  Unless otherwise indicated, when a disclosed compound is named or depicted by a
structure without specifying the stercochemistry it is understood to represent all possible
stereoisomers of the compound {¢.g., all ¢is and trans isomers).

{86638] The compounds described herein may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radiocactive isotopes, such as for example deuteriim
(2H), tritium (3H), carbon-~13 (13C), or carbou-~14 (14C). Al isotopic vanations of the
compounds disclosed herein, whether radioactive or not, are intended to be encompassed
within the scope of the present disclosure. Inr addition, all tautomeric forms of the
compounds described herein are intended to be within the scope of the disclosure.

{8639} The compound disclosed herein may be useful as the free base oras a salt.
Representative salts inchude the hydrobromide, hydrochloride, selfate, bisulfate, phosphate,
nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate,
tosviate, citrate, maleate, furarate, succinate, tartrate, napthyvlate, mesvlate, glucoheptonate,
lactobionate, and lauryisulphonate salts and the like. (See, for example, Berge et al. (1977}
“Pharmaceutical Salts™, J. Pharm. Sci. 66:1-19)

{0040] The term “tautomers” refer to compounds that are interchangeable forms of a
particular compound structure, and that vary in the displacement of hvdrogen atoms and
clectrons. Thus, two stractores may be i equilibrinm through the movement of r electrons
and an atom {usually H).

{0041} The term “activating agent” refers to an agent that increases the propensity of the

molecule to undergo a specific chemical reaction.

20
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[8042] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, data points {¢.g., geomeirnic isomeric ratio, temperature, angles, ete.} and
so forth used mn the specification and claims are to be understood as being modified v all
mstances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
5 parameters set forth in this specification and attached claims are approximations that may
vary depending upon the desired properties sought to be obtained by the present disclosure.
{08043} Unless otherwise indicated, all numernical ratios used herein to describe 1someric

mixtures are to be understood as molar ratios.

Compounds and Compositions

10 [8844] In onc aspect, the present disclosure provides a compound of Formula (8):

CN

MeaC O
MeC (),

or a salt thereof.

{6045} The compound of Formula (I} is a compound of Formula (Ia):

15 orasalt thereof.
{8846] The compound of Formula (1) 15 a compound of Formuda (Ib}:

N

I}

MeC ’;ﬁ@
MeO (b},

or a salt thereof.

21
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{8047} In another aspect, the present disclosure provides a compound of Formula ()

HN OMe

MeO Q
Me( {13,

or a salt thereof.

{6048} The compound of Formula (i) a compound of Formula (ia):

i-{NQY,OMe
Med =0
5 Me( (a),

or a salt thereof.
{3049]  The compound of Formula (1) is a compound of Formula (ITb):

HN%\E/OMG

Meow =0
Me( {IIb},

~

or a salt thereof,
10 [6858] The present disclosure provides, in part, a compound of Formula (Hi):

HiN o L NH,

MeO ©
MaO (1.

or a salt thereof.
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{80511 The compound of Formula (HI} is a compound of Formula (fa):

HN g N2

MeO =0
MeQ (1iia).

or a salt thereof.

{80652} The compound of Formula (HI) is a compound of Formula (Ilb):

HNWNHQ

%,

Me ?50
5 MO (Ifib),

or a salt thereof,

[B053]  Also provided herein, 18 an isomeric mixture of cis and frans isomers of a

compound of Formula (HH):

HN o NH,

MeO O
MeQ (11,

1¢ orasalt thereof, wherein the ¢is isomer is a compound of Forraula (Ifia):

HN gy NH2

MeQ™ 80
MeO (ila),

or a salt thercof, and the frans isomer is a compound of Formula (THb):

23
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HN,\E/NH2

MeO f‘-ﬂo
MeC (liib),
or a salt thereof, wherein the ratio of the ois isomer to the srans 1somer 1s greater than or equal
to about 4 to 1, greater than or equal to about 511, greater than or equal to about 6.1, greater
than or equal to about 7:1, greater than or equal to abowut 8:1, greater than or equal to about
5 91, greater than or equal to about 3.1, greater than or equal to about 2:1, greater than or equal

to about 75:25, greater than or equal to about 7:3, greater than or equal 1o about 85:15, greater

than or equal to about 653:35, or greater than or equal to about 3:2.

{3054] Provided herein, in part, is a compound of Formula (IV):

WGH

N =N

MeC o
MeO ),

10 orasalt thereof.
{3655}  The compound of Formula (IV} a compound of Formula (IVa):

OH

Y

.
.m<\
=

MeO 9=0
MeO {IVa),

or a salt thercof.

24



WO 2022/120136 PCT/US2021/061754

[8036] The compound of Formula (IV}) 1s a compound of Formula (IVb):

WOH

N N

o

MeO o’ff""o
Me( {IVb).

or a salt thereof.

{8057} The proseat disclosure also provides an isomeric suixture of ofs and frans isomers of

5 acompound of Formula (IV}):

OH

.

pd
N
z

e

MeC ©
MeC (v,
or a salt thereof, wherein the ¢is isomer is a compound of Formula (IVa):

OH

:

,..,4\

MeO B0
MeO (iva},

<

and the frans isomer is a compound of Formula (IVh):
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WOH

N N

o

)

MeQ” =0
MeO Vb,
ot a salt thereof, wherein the watio of the cis isomer to the srans isomer is greater than or equal
to about 4 to 1, greater than or equal to aboat 511, greater than or equal to about 6.1, greater
than or equal to about 7:1, greater than or equal to about 8:1, greater than or equal to about
91, greater than or cqual to about 3.1, greater than or equal to about 2:1, greater than or equal

to about 75:25, greater than or equal to about 7.3, greater than or equal to about 85:15, greater

than or equal to about 65:35, or greater than or equal to about 3:2.
{30638]  In another aspect, the present disclosare provides a compound of Formula (V-1):

R

y

Me( o

MeQ {(V-1),

or a salt thereof, wherein R is an activating group.

{05981 In some embodiments, the activating group is a chemical group introduced to
activate the alcohol for a substitution reaction. In certain embodiments, R is selected from
the group consisting of ~Cl, ~-O-methancsulfonyl, ~O-p-toluencsulfonyl, a phosphute cster,

chlorosulfite, and triflate.
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[0060]

In some embodiments, the compound of Formula (V-1) is a compound of Formula
{V-la):

R

Me ©

MeO

{V-1a},
or a salt thercof, wherein R is an activating group.

~

5 0061

In other embodiments, the compound of Formuda {V-1} is a compound of Formula
{(V-~1b):

MeC
or a salt thereof, wherein R is an activating group.

10062)

(V-1b),

In some embodiments, the compound of Formula (V-1) is a compound of Formula
0 (W

N 2N

Ma( 3—'30

MaO (V).
or a salt thercof.
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{80631 The compound of Formula (V) is a compound of Formula (Va):

WOMS

MeC (Va),

or a salt thereof,

{6054} The compound of Fornwula (V) is a compound of Formula (Vb);

5 MeO Vb3,
or a salt thereof.

{0865} Also provided herein is an isomeric mixture of ois and frans isomers of a compound

of Formula (V)

ii ~
WON&

N 2N

MeC 0
MeD (V).

16 orasalt thereof, wherein the cis isomer is a compound of Formula (Va):
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Y\\T,OMS

MeC {Va),
or a salt thereof and the #rans 1somer 15 a compound of Fornula (Vb):

Ohds

:

2

,<§7

Med” =0
MeO {(Vh),
or a salt thercof, wherein the ratio of the cis isomer to the frans 1somer is greater than or equal
5 toabout 4 to 1, greater than or equal to about 511, greater than or equal to about 6:1, greater
than or equal to about 7:1, greater than or equal to about 8: 1, greater than or equal to about
9:1, greater than or equal o about 311, greater than or equal to about 2.1, greater than or equal
to about 75:25, greater than or equal to about 7.3, greater than or equal fo about 85:15, greater

than or equal to about 63:35, or greater than or equal to about 3:2.

16 [8B66] Provided herein, in part, is a composition comprising a compound of Formula (VI):

H
N
7 7w
N =
MeO =0
MeO (Vi)

or a salt thercof, wherein the composition is substantiaily frec of a compound of Formula
{Via):
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MaC (Via),

or a salt thereof.

{0067} In some embodiments, the composition is substantially free of the compound of
Forraula (Via} or a salt thercof when the ratio of the compound of Formula (V1) or a salt
thereot and the compound of Formula (VIa} or a salt thereof 15 greater than or equal to about
9:1, greater than or equal to about 91:9, greater than or equal to about 92:8, greater than or
cqual to about 93:7, greater than or equal to about 94:6, greater than or equal to about 95.5,
greater than or equal to about 96:4, greater than or equal to about 97 10 3, greater than or
equal to about 99:3, greater than or equal to about 9.1,

{8668}  In other coibodiments, the ratio of the compound of Formula (V1) or a salt thereof
and the compound of Formula (Via) or a salt thereof is detected using HPLC.

{6069} In certain embodiments, the composition comprises less than 10%, 5%, 1%, 0.5%,
or 0.1% of a compound of Formula (VIa) or a salt thereof by weight of a compound of
Formuula (V1 or a salt thereof,

{6078} The present disclosure also provides a composition comprising a compound of

Formula (VI

{(VH),
or a salt thereof, wherein the composition is substantially free of the compound of Formula

(Viiay:
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Me0” =0

O

(Viia),

or a salt thereof.

{6071} In some embodiments, the ratio of the compound of Forawula (V1L or a salt thereof
and the compound of Formula (Via} or a salt thereot is greater than or equal to about 9:1,

5 greater than or equal to about 91:9, greater than or equal to about 92:8, greater than or equal
to about 937, greater than or equal to about 94:6, greater than or equal to about 955, greater

than or equal to about 96:4, greater than or equal to about 97 to 3, greater than or equal o

about 99:3, greater than or equal to about 99: 1.

Process of preparing compounds

16 {86721 o another aspect, provided herein is a process of preparing a composition

comprising a nxture of ois and frans isomers of a compoand of Formula (IV):

NN

MeC 2‘;0

MeO  (iv),
or a salt thereof, wherein the process comprises:

{a) reacting a compound of Formula (I}
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HM CMe
Meﬁ ;]sf-o
MeO {In,

or a salt thereof with an ammonium sousce in the presence of a solvent, thereby producing a

HN
MeO 3";

N,
Q
MeO {1,

compound of Formula (I}

5 orasalt thereof, and
{b} reacting a compound of Formula (I} with alkyl acetcacetate, thereby producing a
composition comprising a mixture of cis and frans isomers of a compound of Forraula (IV)

having a greater amount of the cis isomer, Formula (fVa}.

OH

y

=
.;;g<\

MeD =0
MeO {IVa),

16 orasalt thereof as compared to the #rans isomer, Formula (Vb

MeC (IVh)
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or g salt thereof,

{B073]  The present disclosure provides, in part, a process of preparing a composition
comprising a mixture of ¢is and rrans 1somers of a compound of Formola (BH) or a salt

thereof with an increased ratio of the ¢is isomer to the frans isomer:

HN . NHy

MeO e
5 MeO (T,

wherein the cis isomer is a compound of Formula ($fa):

HN - NH2

MeC O
MeQ (ila),

or a salt thereof and the frans isomer is a compound of Formula (11ib):

HNN g, Nz

g @]

MeQ
MeC (ilib),

10 or a salt thercof, comprising reacting a compound of Formula (II):

HN OMe

MeC G
MeC (1D,



WO 2022/120136 PCT/US2021/061754

or a salt thereof with an ammonmum source in the presence of a solvent, thereby producing a
composition comprising a mixture of ¢is and srans isomers of a compound of Formulda (I}

with increased ratio of the ¢is isomer to the frans isomer.

{6074] Provided herein, in part, is a process of preparing a compound of Formula (X

‘ i
Hi‘{\; N "’\\\\v/, ?\% . ;:;N‘
T 1 e
N N LQ;‘{‘/
: \C?
P
Hyod P 4 N
< MG Xy

or a salt thereof, comprising the steps of

{a} reacting a compound of Formula (i)

HN Ohde
MeC ?‘—'—10
MeO (i,

or g salt thereof with an ammonium source in the presence of a solvent, thereby producing a

HN._ L NH,
MeC 3:';(3’

MeO Ty

10 compound of Formula (1)

or a salt thereof;
{b} reacting a compound of Formula (H) with alkyl acctoacetate, thereby producing

an isomeric nmixture of a compound of Forowlda (V)
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WQH

N

Na_z
MeOi ;go

MeQ IV,

or a salt thereof, wherein the 1someric mixture of the compound of Formuda (IV} has a greater

amount of the cis isomer, Formula (IVa):

MeG {ava),

5 orasalt thereof, as compared to the frans isomer, Forouda (FVb):

WQH

N N

-

MeC ”,’;"”f/' o

MeQ (Ivh),
or a salt thereof,

{c) purtfving the isomerne mixture of the compound of Formula (IV) or a salt thereof

to obtain the compound of Formula (IVa) or a salt thereof]

10 {d} reacting the compound of Formula (TVa} or a salt thercof with an activating agent,

thereby providing a compound of Formuda (V-1a).

(9%
[
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MeO (V-ia),
or a salt thereof, wherein R is an activating group;

{2} reacting the compound of Formula (V-1a) or a salt thereof with S-methyl-3-

pyrazolamine, thereby providing a compound of Formula (Vi)

N
i N
~
W M
N
Med O
5 MeO (Vi)

or a salt thereof

{f) reacting the compound of Formula (V1) or a salt thereof with a base, therchy

providing a compound of Formula (VH):

t

N

\

YO
N. _oN S

HO (VI
16 ora salt thercof,

{g} reacting the compound of Formula (VH) or a salt thercof with a compound of
Fornudda (VHI):
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NH,
W RN
P i\fj;?
—
F(viiD,

or a salt thereof, thereby providing the compound of Formula (X3, or a salt thercof.

{B075] It can be appreciated that in some embodiments, reacting one compound with
another can be in the presence of a solvent or an additional salvent to any solvent noted
5 throughout or associated with a certain reacting step . For example, contemplated solvents

may include appropriate solvents for each e.g., step of a contemplated process or method. In
certain embodiments, R is selected from the group consisting of -Cl, ~O-methanesulfonyl, -0
p-toluenesulfonyl, a phosphite ester, chlorosulfite, and triflate. In some emboduments, Ris -
Clor -OMs,

10 [B076]  In some embodiments, the activating agent is a methanesulfonyi agent and R is -
OMs,

{86777 Also provided herein is a process of preparing a compound of Formula (VI

NH,
o ; Y
s I\f;N?
-
F 2
or a salt thereof, comprising the steps of
15 {a) reacting a compound represented by

or a salt thereof, with {R}-2-methvl-2-propanesulfinamide at between -15 °C and - 25 °C,

thereby providing a compound represented by:
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ol
Eri\
b\
\“T’W NH
. ©
o E g
N LN
NEAN
L::</
F

or a salt thereof, and
{h) reacting the corapound provided 1n step (a) with an acid, thereby providing the

compound of Formula (VIII), or a salt thereof.

5 [0078] Also provided herein, in part, i1s a process of preparing a compound of Formula (X):

H
HO o NN
f T ONH
- ol
S Ay
: Cidy
N ) o
ol
Pk

SR AN S
HLCO i } N r""‘i':}.\ i N
S PN
HC (%),

or a salt thereof, comprising the steps of!

{a) reacting a compound of Formula (IVa):

MeO (IVa),

10 orasalt thereof with an activating agent, thercby providing a compound of Formuula {V-1a).



WO 2022/120136 PCT/US2021/061754

MeO (V-ia),
or a salt thereof, wherein R is an activating group;

(b} reacting the compound of Formaula (V-1a} or a salt thereof with 3-methyl-3-

pyvrazolamine, thereby providing a compound of Formula (Vi)

A
N
N .
YO e
Nag =
Med™ 3=0
5 MaO Vi),

or a salt thereof

{c) reacting the compound of Formula (V1) or a salt thereof with a base, thereby

providing a compound of Formula (VH):

t

N

\

YO
N. _oN S

HO (VI
16 ora salt thereof, and

{d} reacting a compound of Formula (VII} or a salt thereof with a compound of
Fornudda (VHI):
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NH,
W R
P i\fj;?
—
F(viiD,

or a salt thereof, thereby providing a sakt of a compound of Fornuda (3.

{80791 In certain embodiments, R is selected from the group consisting of -Cl, -O-

methanesulfonyl, -O-p-toluenesulfonyl, a phosphite ester, chlorosulfite, and triflate. In some

A

embodiments, R is ~Cl or -OMs. In some crobodiments, the activating agent s a
methanesulfonyl agent and R 15 -0OMa.

{0088] In some embodiments, the last step of the process further comprises reacting a salt
of a compound of Formula (X} with a base, thereby providing a compound of Formula (X).
For example, in some ernbodiments, the salt of a compound of Formula (X) 1s an HCI salt.
16 [0081] The contemplated ratio of the cis isomer to the trans 1somer of a compound of
Formula (I} may be about 4 to 1, at least 4 €0 1, greater than or equal to about 4:1, about 75
to 25, at least 75 1o 25, or greater than or equal to about 75 to 23, The conteraplated ratic of
the cis isomer to the transg isomer of a compound of Formula (IV) may be about 4 to 1, at

least 4 to 1, greater than or equal to about 4 to 1, about 75 to 23, at least 75 to 23, or greater

pot
v

than or equal to about 75 to 25.

{0082} In certain embodiments, the reaction of a compound of Formula (I}, or a

pharmaceutically acceptable salt thereof with an ammoniurn source (such as in certain step

(a} described herein) further comprises heating the solvent (for example to reflux), for

example, step (a) further comprises heating the solvent to about 30°C or to about 40°C or

20 more, for example, to about 50 °C or hugher, e.g., about 55 °C or higher, about 60 °C or
higher, about 63 °C or higher, ¢.g., about 70 °C or higher. In some embodiments of any of the
methods herein which include reacting a compound of Formula (1} with an ammonium
source 1 the presence of solvent, the solvent s a polar solvent 10 which the ammonium
source is soluble, such as, for example, a polar protic solvent or a polar aprotic solvent, or a

25 mixture thereof. In some embodiments, the solvent comprises Ci-CUdalkyl alcohol or mixture

of alcohols. fn some embodiments, the solvent is methanol, or ethanol, or propanol, or

butanol, or dioxane, or a combination thereof. In some embodinents the anunonium source

18 ammoma or ammonium chlonde. In certain embodiments, the solvent 1s methanol and the
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anumonium source is ammonia. In certain embodiments which may include any of the
preceding embodiments, the compound of Formula (11} 1s reacted with the ammonium source
in the presence of solvent at a temperature of at least 30°C, at least 40°C, at least 50°C, at
least 60°C. at least 70°C, at least 80°C, between 30°C to 100°C, between 40°C 1o 90°C,
between 50°C to 80°C, between 60°C to 80°C, or about 60°C to about 70°C. In certain
embodiments, the reaction mixtare is heated to reflux. In some embodiments, the reaction
mixture 15 heated to between about 50°C to about 80°C, and the solvent is a CI-Cdalkyl
alcohol or mixture of alcohols, and the ammonium source 1 anunonia. In certain
embodiments, the solvent is methanol, the ammontum source 1s ammonia, and the reaction
mixture 1s heated to reflux at standard pressure {e.g.. about 65°C). In other embodiments, an
ammonium salt 1s used, such as ammonium chloride.

{3083] In other embodiments, the process further compnses heating the solvent to about
30°C or higher, about 40°C or higher, to abowut 30 °C or higher, e.g_, about 55 °C or higher,
about 60 °C or higher, about 65 “C or higher, ¢.g.. about 70 °C or higher, or ¢.g., heating the
solvent to reflux.

{80841 Insome embodiments, the solvent is a polar organic solvent. For example, the
solvent is an alcohol, e g, methanol, ethanol, or isopropanol. o other embodiments, the
solvent is a polar protic solvent, such as an alcohol, or a mixture of alcohols. In other
embodiments, the solvent is a polar aprotic solvent, such as dioxane.

{3685} The contemplated atkyl acetoacetate may be methyl acetoacetate. The contemplated
atkyl acetoacetate may be ethyl acetoacetate.

{8686] In some embodiments, the arnmonium source 15 a reagent that imtroduces -NH2
group. In certain embodiments, the ammonium source 1s NH3 or NH4CL In some
cmbodiments, the ammonium source provides NH4+ to the reaction mixture, ¢.g., in the form
of an ammonium salt or ammoma added to the reaction nuxture. To some embodiments, the
solvent 1s one in which the ammonium source is soluble, such as a C1-C4alkyl alcohol in
combination with ammaonia, such as methanol, or ethanol, or propanol, or butancl. Dioxane
may also be used m certain embodiments,

{8087} [In other emboduments, the methanesulfonyvl agent is a reagent that introduces a
methanesulfonyl group.

{6088} The methanesulfony! agent may be methanesulfonyl! chioride.

{0089]  In certain embodiments, the base is a metal hydroxide, e.g., sodium byvdroxide.
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[8694]  Also provided herein is a process of preparing a composition comprising a mixture
of cis and trans isomers of a compound of Formula (X)) having a majority of the cis isomer

configuration,

¥
-
Y
o
M
(X},
5 the process comprising:
reacting a compound of Formula (Vil}):
N
N
R
\f\T’ ~NH
Mgt TS
MeC" o
HO (Vi)

or a salt thereof, with a compound of Formuda (VHI):

NH,
|

RO TN
o

10 or a salt thercof, therchy providing the composition comprising a mixtare of cis and rrans

N,—N\
q

F Vi),

isomers of the compound of Formula (X) having a majonity of ¢is isomer configuration.

{86911 Insome embodiments, the composition has a majority of ¢is isomer configuration
has a cis:trans molar ratic of from about 4.1 to about 99: 1, from about 5:1 to about 99:1, from

about 6:1 to about 99:1, from about 7:1 to about 99:1, from about 8:1 to about 99: 1.
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[8092] In some embodiments, increasing the temperature at which the compound of
Formuda (11} 1s reacted with an amumomuam soarce increases the molar ratio of cisifrans in the
resulting mixture of compound of Formula (H1) ¢ e. a greater amount of the corapound of
Formula (a) compared to Formula (b}, In some embodiments, the ratio 1s about 4:1 to
5 about 99:1, from about 3:1 to about 99:1, from about 6:1 to about 99:1, from about 7:1 to
about 99:1, from about &:1 to about 99:1. In some embodiments, performing the same
reaction at room temperature (6.2, about 20°C) produces a 1:1 ratio of cis:trans isomers;
while heating the reaction to, ¢.g., reflux {such as between 60°C to 70°C, or about 65°C)
produces a ratio of cisitrans isomers that is greater than 8:2. This increased ofs:frans ratio
10 can be carried through the next step of the syathetic route to produce a compound of Formula
{1V}, or pharmaceutically acceptable salt thereof, wherein there is a greater cis: frans ratio
{(i.e. a greater amount of the compound of Formula (IVa) compared to Formuala (Vb)) In
certain embodiments, the cis frans ratio is about 4:1 to about 99:1, from about 5:1 to about
991, from about 6:1 to about 99:1, from about 7: 1 to about 99:1, from about 8:1 to about
15 991 Thiss particularly advantageous because the cis isomer can be isolated and taken
further on in the synthetic route to prodace the desired compound of Formula (X}, reducing
the amount of trans compound of Formula (V) (i.e., Formula (Vb)) that is discarded. Thus,
i the methods provided herein, heating the reaction mixture comprising the compound of
Formula (31} or salt thereof, ammonium source, and solvent, {o a temperatare of at least about
20 40°C, at least about 50°C, at least about 60°C, or at least about 70°C {such as 50°C to 80°C,
o1 60°C to 70°C) leads to an unexpected and advantageous shift of the cis:trans ratio in the
resubting compound of Formula (1) or salt thereof (e.g., greater ¢is isomer than trans) that
fmproves the efficiency of the synthesis of the compounds of Formula (Iia}, and (X), or salts
thereof. In certain embodiments, the solvent used in the reaction of the compound of
25 Formula (1) or salt thereof 1s a polar protic solvent or a polar aprotic solvent, or a mixture
thereof. In some embodiments, the solvent comprises C1-Caalkyl alcohol or maxture of
alcohols. In some embodiments, the solvent is methanol, or ethanol, or propanol, or butanol,
or dioxane, or a combination thereof. In some erabodiments the ammountum source is
anunonia or anunonium chloride. In certain embodiments, the solvent 1s methanol and the
30 ammonium source is ammonia.  In some embodiments, the solvent 1s a T;-Caalkyl alechol
{such as methanol)}, the ammonium source is anumonia or anmmonium chiornde, and the
solvent is heated to reflux {e.g., or 60°C to 70°C, or higher depending on the solvent).
{6093]  In other embodiments, the composition has a majonity of ¢is isomer configuration
has a cis:trans molar ratio of from about 97:3 to about 99:3, from about 9:1 to abowt 99:1,
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from about 9:1 (o about 99:3, from about 9:1 to about 97:3, from about 95:5 to about 99:3,
from about 95:5 to about 973, greater than or equal to about 9.1, greater than or equal to
about 91:9, greater than or cqual to about 92:8, greater than or equal to about 937, greater
than or equal to about 4.6, greater than or equal to about 935, greater than or equal {o about
5 96:4, greater than or equal to about 97 to 3, greater than or equal to about 99:3, greater than
or equal to about 99: 1, or for example, about a cisitrans isomer molar ratio of about 8.2 or
more.
[6694] In certain embodiments, the process further comprises a process of preparing the

compound of Formula (VII} or a salt thereof comprising:

10 {a) reacting a compound of Formula (IVa):
WQH
N \_?4 N
MeC =0
MeC {1Va),

or a salt thereot with an activating agent, thereby providing a compound of Formula (V-1a):

MeC" 3/’-0

MO {(V-1a),
or a salt thereof, wherein R 1s an activating group;

15 {b} reacting the compound of Formula (V-1a) or a salt thercof with 5-methyl-3-

pvrazolamine, thereby providing a compound of Formula (VI
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N
N
N
\ﬁ/\Y/ = \NH
NN =5
MG 0
MeO (VI:

or a salt thereof

{c) reacting the compound of Formula (V1) or a salt thereof with a base, thereby

providing the compound of Fornuila (VI} or a salt thereof.

{8693 In certain embodiments, R is selected from the group consisting of -, ~O-
methanesulfonyl, -O-p-toluenesuifonyl, a phosphite ester, chlorosulfite, and triflate. In some
embodiments, Ris -Cl or -OMs. In other embodiments, R is -OMs. In some embodiments,
the activating agent is methanesulfonyl agent (e.g., MsCl).

{B096]  Provided herein, in part, is a geometric isomeric nuxture comprising a compound of
Formula (X}

prepared with a disclosed process, wherein the geometric isomer nuxture has a

cis:trans molar ratio of from about 4:1 1o about 99:1.

{80971 In some embodiments, the geometric isomer mixture has a cisitrans molar ratio of
from about 4:1 to about 99:1, from about 5:1 1o about 99:1, from about 6:1 to about 99:1,
from about 7:1 to about 991, from about 8:1 to about 99:1.

[8098] [In other embodiments, the geometnc isomer muxture has a ois:trans molar ratio of
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about 91:9, greater than or cqual to about 92:8, greater than or equal to about 93.7, greater
than or equal to about 94:6, greater than or equal to about 85.5, greater than or equal to about
96:4, greater than or equal 1o about 97 1o 3, greater than or equal to about 9913, greater than
or equal to about 991,

{B098]  In cortain embodiments, the geometric isomer mixtare has a cisitrans molar ratic of

from about 90:3 to about 99:3.

Pharmaceutical Compositions

{6106]  Also provided herein 1s a phammaceutical composition comprising pralsetinib or a
pharmaceutically acceptable salt thereof and a phammaceutically acceptable excipient or
carrier. The term “pharmaceutically acceptable excipient” or “phammaceutically aceeptable
carrier” refers to a pharmaceutically-acceptable material, composition or vehicle, such as a
frquid or solid filler, diuent, excipient, solvent or encapsulating materal, ievoelved in carrving
or transporting any subject composition or component thereof. Each excipient or carrier must
be “acceptable” n the sense of being compatible with the subject composition and its
components and not injurious to the patient. Some examples of materials which may serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose;
(2) starches, such as com starch and potato starch; (3) cellulose, and 1ts derivatives, such as
sodivm carboxymethyl coltulose, ethyl celtulose and cellulose acetate; (4) powdered
tragacanth; () malt; (6) gelating (7) talc; (8) excipients, such as cocoa butter and suppositorv
waxes; (9} oils, such as peanut o1, cottonseed oil, safflower o1, sesame o1, olive o1, com oil
and soybean oil; {10) glveols, such as propylene glveol; {(11) polvols, such as ghycerin,
sorbitol, mannitol and polyethvlene glycol; {12} esters, such as ethyl oleate and ethyl laurate;
{13} agar; {(14) buffering agents, such as maguesium hydroxide and aluminum hydroxide;
{13} alginic acid; {16) pyrogen-free water; (17) 1sotonic saline; (18) Ringer’s solution; {19)
ethyl alcobol; (20} phosphate buffer solutions; and (21) other non-toxic compatible
substances emploved in pharmaceutical formulations.

{8101} A phammaceutically acceptable excipient may be citric acid, hydroxypropy!
methyvicellulose (HPMC), magnesium stearate, microcrystatline celhdose (MCC),
pregelatinized starch and sodium bicarbonate, a colorant {e.g., Brilliant Blue FCF),
byvpromellose, or titanium dioxide.

{#102] The compositions of the disclosure may be administered orally, parenterally, by
mhalation spray, topically, rectally, nasally, buceally, vaginally or via an implanted reservoir.

The term "parenteral” as used herein includes subcutancous, intravenous, intramuscular,
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ntra-articular, indra~synovial, intrasternal, intrathecal, intrahepatic, intralesional and
intracranial injection or infusion technigues. In some embodiments, the compositions of the
disclosure are adroinistered orally, intraperitoneally or intravenously, Sterile injectable forms
of the compositions of thus disclosure may be agueous or oleaginous suspension. These
suspensions may be formulated according to techniques known in the art using suitable
dispersing or wetting agents and suspending agents. The stenle injectable preparation may
also be a stenile injectable solution or suspension in a non-toxic parenterally acceptable
diluent or solvent, for example as a solution m 1,3-butanediol. Among the acceptable
vehicles and solvents that may be emploved are water, Ringer's solution and isctonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally emploved as a solvent or
suspending mediun.

{3103} For this purpose, any bland fixed oil may be employed mcluding synthetic mono- or
di-glycerides. Fatty acids, such as oleic acid and its glyceride denvatives are usefidd in the
preparation of injectables, as are natural pharmaceutically-acceptable otls, such as olive ol or
castor oil, especially in their polvoxyethylated versions. These o1l solutions or suspensions
may also contain a long-chain alcohol diluent or dispersant, sach as carboxyvmethyl cellulose
or similar dispersing agents that are commonly used in the formulation of pharmaceutically
acceptable dosage forms mcluding emulsions and suspensions. Other coramonly used
surfactants, such as Tween, Spans and other emulsifying agents or bicavailability enbancers
which are commonly used in the manufacture of pharmaceutically acceptable solid, iquid, or
other dosage forms may also be used for the purposes of formulation.

{8104} A composition for oral administration form can be prepared into any suitable dosage
forms, such as capsule, dragee, granule, powder, or tablet. In a particular aspect, the dosage
form is a capsule. In some embodiments, the size of the capsule is 0. In other embodiments,
the size of the capsule is 00. In certain embodunents, the size of the capsule s L.

{3105]  In one aspect, the composition as described hercin comprises about 10 mg, about 20
mg, about 30 mg, about 40 mg, about 30 mg, about 60 mg, about 70 mg, about 80 mg, about
90 mg. or about 100 mg of pralsctinib, or a pharmaccutically acceptable salt thercof. Inone
aspect, the composition as described herein comprises about 110 mg, 120 mg, 130 mg, 140
mg, 150 mg, 200 mg, 300 mg, or 400 mg of pralsetimud, or a pharmaceutically acceptable salt
thereof.

{0106] The pharmaceutically acceptable corapositions of this disclosure may be orally
administered in any orally acceptable dosage form including, but not himited to, capsules,
tablets, aqueous suspensions or selutions. In the case of tablets for oral use, carners
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commonly used include lactose and com starch. Lubricating agents, such as magnesiom
stearate, are also typically added. For oral admimistration in a capsule form, useful diluents
mchide lactose and dried comstarch. When aqueous suspensions arc reguired for oral use,
the active mngredient 1s combined with emulsifving and suspending agents. If desired, cortain
5 sweetening, flavoring or coloring agents may also be added.
{0107} Altematively, the pharmaceutically acceptable composttions of this disclosure may
be adnunistered in the form of suppositories for rectal administration. These can be prepared
by mixing the agent with a suttable non-irritating excipient that is solid at room temperature
but liquid at rectal temperature and therefore will melt 1n the rectum o release the drug. Such
10 materials inclade cocoa butter, beeswax and polyethylene glycols.
{0108] The pharmaceutically acceptable composttions of this disclosure may also be
administered topically, especially when the target of treatment nclades areas or organs
readily accessible by topical application, including diseases of the eye, the skin, or the lower
intestinal tract. Suitable topical formulations are readily prepared for each of these areas or
15 organs. Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above} or in a suitable enema formulation. Topically-
transdermal patches may also be used.
{6109} Fortopical applications, the pharmaceutically acceptable compositions may be
formulated in a suitable ointment containing the active component suspended or dissolved in
20 one or more carriers. Carriers for topical administration of the compounds of this disclosure
include, but are not limited to, nuneral oil, liquid petrolatum, white petrolatum, propyiene
ghveol, polvoxvethylene, polyvoxypropyvlene compound, emulsifyving wax and water.
Alternatively, the phammaceutically acceptable compositions can be formulated in a suitable
lotion or cream countaining the active components suspended or dissolved in ong or more
25 pharmaceutically acceptable carriers. Suttable carriers nclude, but are not limatted to, muneral
o1l, sorbitan monostearate, polysorbate 60, cety] esters wax, cetearyl aleohol, 2-
octyldodecanol, benzyl alcohol and water.
{0118} The pharmaceutically acceptable compositions of thus disclosure may also be
adnunistered by nasal acrosol or inhalation. Such compositions are prepared according to
30 techmques well-known tn the art of phamaceutical formulation and may be prepared as
solutions in saling, emploving benzyl alcohol or other suitable preservatives, absorption
promoters to enhance bioavatlability, fluorccarbons, and/or other conventional solubilizing or

dispersing agents.
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{8111} The amount of the compounds of the present disclosure that may be combined with
the carrier materials to produce a composition in a single dosage form will vary depending

upon the host treated, the particular mode of adnunistration.
Methaods of treatment

{0112} Pralsctinb or a compound of Fornuda (X} can be used in treating 3 RET-altered
cancer. Accordingly, the present disclosure also provides methods of treating a RET-altered
cancer comprising adminisiering to a patient in veed thereof a therapeutically effective
amount of a composition disclosed herein. Another embodiment of the disclosure features a
method of treating a patient with rearranged during transfection (RET)-positive locally
advanced or metastatic non-small cell lung cancer (NSCLC) comprising administering to a
patient in need thereof a therapeutically effective amount of a composition as disclose

herein. In a particular aspect, the (RET)-positive locally advanced or metastatic non-small
cell fung cancer (NSCLC) is detected by an FDA approved test. Another embodiment of the
disclosure features a method of treating a patient with RET-mutation positive locally
advanced or metastatic medullary thyroid cancer (MTC) comprising administering to the
patient 1o need thereof a therapeutically effective amount of a composition disclosed herein.
In a particular aspect, the patient is 12 vears of age or older. Another embodiment of the
disclosure features a method of treating a patient with RET-fusion positive locally advanced
or metastatic thyroid cancer who requires systemic therapy and has no satisfactory alternative
treatment options, comprising administering to the patient in need thereof a therapeutically
effective amount of a composition as disclosed herein. In a particular aspect, the patient is 12
vears of age or older.

{0113}  Asused herein, the term “subject” or “patient” refers to an organism to be treated by
amethod of the present disclosure. Such organisras include, but are not limited 1o, mammals
{c.g., murings, simians, equines, bovines, porcines, canines, felines, and the hike), and in some
embodiments, humans. In a particelar aspeet, the patient or subject 1s saffering from or
suspected of suffermg from a disease or disorder associated with aberrant RET expression
{1e., ncreased RET activity caused by signaling through RET) or biological activity. In
particular, the disease or disorder is cancer. Many cancers have been linked to aberrant RET
expression (Kato et al., Clin. Cancer Res. 23(8}); 1988-97 (2017}, Non-limiting examples of
“cancer” as used herein include hing cancer, head and neck cancer, gastrointestinal cancer,

breast cancer, skin cancer, genitourinary tract cancet, gvnecological cancer, hematological
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cancer, central nervous svstem (CNS) cancer, peripheral nervous system cancer, endometnal
cancer, colorectal cancer, bone cancer, sarcoma, spitzoid neoplasm, adenosquamous
carcinoma, pheochromocytoma (PCC), hepatocellular carcinoma, multiple endocrine
neoplasia (MEN2A and MEN2B), and inflammatory myofibroblastie tumor. For other
examples, see Nature Reviews Cancer 14: 173-86 (2614).

{0114}  "Treat" and "treating” such a disease or disorder refers to ameliorating at least one
symptom of the disease or disorder. These terms, when used in connection with a condition
such as a cancer, refer to one or more of; impeding growth of the cancer, causing the cancer
to shrink by weight or volume, extending the expected survival time of the patient, inhibiting
tumor growth, reducing tumor mass, reducing size or number of metastatic lesions, inhibiting
the development of new metastatic lesions, profonging survival, prolonging progression- froe
survival, prolonging time to progression, and/or enhancing goality of hife,

{0118} The term "therapeutic effect” rofers to a beneficial local or systemic effect in
antwals, particularly mammals, and more particularly humans, caused by administration of a
compound or compostiion of the disclosure. The phrase "therapeutically~-cffective amount”
means that amouant of a compound or composition of the disclosure that 1s effective to treat a
discase or condition caused by over expression of RET or aberrant RET biological activity at
a reasonable benetit/risk ratio. The therapeutically effective amount of such substance will
vary depending upon the subject and disease condition being treated, the weight and age of
the subject, the severity of the disease condition, the manner of administration and the like,

which can readily be determined by one of skill in the art.
EXAMPLES

{3116} The following examples are intended to be illustrative and are not meant in any way
to be limiting.

{81171 Compounds of the disclosure, including salts thereof, can be prepared using known
organic synthesis techmques and can be synthesized according to any of numerons possible
synthetic routes, such as those in the Svathetic Protocols below and in the Examples. The
below Schemes are meant to provide general guidance in connection with preparing the
compounds of the disclosure. One skalled in the art would understand that the preparations
shown in the Schemes can be modified or optimized using general knowledge of organic

chemistry to prepare various compounds of the disclosure.
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Synthesis of methyl 4-cyane-1-methoxyeydlohexane-1-carboxylate (Compound 3}
Synthesis A
CN
G CHBrg (1.6 &) JAA i
' K003 (8 eq) Y@ TR v
MaOH (15 V} ;.13;(1;\;'15\‘/)

TosMIC (1.3eq)
BUOK (2.4eq)
THERO V)

MeQ™ COxMe

7 Step 1 MeO” “COMe  Siep2 Stap3
ia 2a 3
Synthesis A, Step 1. Synthesis of methyl 8-methoxy-1,4-dioxaspive[4.5]decane-8-

carboxylate (Compound 1a}

MeQ” "COsMe
{0118} The reactor was charged with methanol (22.60kg), and the mtemal temperature 18
set between 20--35°C. 1.4-dioxaspirof4 Sldecan-8-one (1.90kg) and potassium carbonate
{13.50kg) were added into the reactor whilst maintaining the temperatare range. Upon
completion of the addition, the mixture was warmed to 35~40°C. Maintaining the
temperature at 353~40°C, tribromomethane {4.94kg) was added dropwise into the mixture at a
rate of 2~dke/h. The mixture was stirred at 35~40°C for the reaction. 4h later, the reaction
mixture was monitored by GC every 1~4h until the area% of 1 4-dioxaspirof4 Sidecan-8-one
is <19. The reaction mixture was cooled to 20~30°C. The mixture was filtered with a filter
funnel, and the filter cake was rinsed with methanol {3.04kg). The filirated was concentrated
at T<50°C ander reduced pressure (P<-0.08MPa) until 1~2 vol left. Maintaining the
temperatare at 20~35°C, ethyl acetate (8.60ke), and purified water (15 20kg) were added into
the reactor. Maintaining the temperature at 15~30°C, the nuxture was stirred for 15~30 min
and settled for 15~30 min before separation. The organic phase was concentrated at T<S0°C
under reduced pressure {(P<-0.08MPa} until 1~2vol left. Obtained 2 86kg light vellow ¢il in

~T0% corrected yield with 92% GC punty.

> Analytical method:
Column: | HP-5, 30m lengthx0.32mmIDx0.25um film

Carrier gas: | Helium gas

Flow rate | 1.9mi/min

Ruan time | 22 Smin
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Temp. progra | 50°C for 2oun; ramp at 20°C/mn to 260°C, hold
m | for 10min

Inlet temp. | 250°C

Betection temp | 300°C

> Retention thmes:

Retention tune, min RRT Chemical name Area, %
774 0.77 Starting Material 1%
9.73 (.97 Elimination impurity 5%
Methyl 8-methoxy-1,4- 92%
10.07 1.00 dioxaspiro[4 Sidecane-8-
carboxvlate

Synthesis A, Step 2. Synthesis of methyl 1-methoxy-4-oxocycichexane-1-carboxylate
{Compound 2a}
.

Meog\ CO Me
{3119 Maintaining the temperature at 10~25°C, Compound 1a {combined a batch
(2.86ke) including 1.96kg of Compound 1a with another batch (2.62ke) including 1.94kg of
Compound 1a) was added nto the reactor and the stirver was started. Maintaing the
temperatare at 10~25°C, 1M hydrochloric acid solotion prepared of concentrated
hydrochloric acid (4.60kg) in purified water {43 12kg) was added dropwise, the rate was
according to the actual teroperature. The nuxture was stitred at 10~23°C for reaction, 4 h
later, the reaction mixture was monitored by GC every 2--0h until the area% of Compound 1a
was <3%. Mamtaining the temaperature at 10~23°C, dichloromethane (10.34kg} was added
nto the mixture and the mixture was settled for 10~150un before separation. The agqueous
phase was extracted with dichloromethane (5.19%g) at 10-23°C, the mixture was stirred for
10~30min and settled for 10~15min before separation. The organic phase was combined. The
combined organic phase was concentrated at T<40°C vader reduced pressure (P<-0.08MPa)
uotil 1~2vol [eft (relative to Compound 1a). Maintaining the temperature at 10~23°C,
tetrabydrofuran (3.47kg) was added mto the reactor and the stirrer was started. Maintaming
the temperature at 10~25°C, 1M hydrochlorie acid solution prepared of concentrated
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hydrochloric acid (2.07kg) in purified water (21 .46kg) was added dropwise, the rate was
according to the actual temperature. The reaction mixture was reacted at 10~25°C, 4h later,
the reaction mixture was mounitored by GC every 2~6h untid the area% of Compound 1a was
<1.0%. Mamtaining the temperature at 10~23°C, dichloromethane (10.34kg) was added mto
the mixture and the mixture was settied for 10~15min before separation. The aqueous phase
was extracted with dichloromethane (5.15kg) at 10~25°C, the mixture was stirred for
10~30min and setiled for 10~15min betore separation. The organic phase was combined.
Anhydrous sodium sulfate {1.95kg)} was added into the organic phase and then the mixture
was filtered with a 10L filter flask. The filter cake was rinsed with dichloromethane {1 95kg).
The filter cake was sampled to analyze the purity by GC. The mixture was concentrated at
T<40°C under reduced pressure (P<-0.08MPa) until 0.5~1vol left (basically no distillate
could be relative to Compound 2a). Obtained 3 40kg (2.58kg corrected) light brown oil in

81.98% vield with 97% GC puity.

> Amalvtical method:
Column: | HP-5, 30m lengthx0.32modDx0.25um film
{Carrvier gas: | Helium gas
Flow rate | 1.9mi/mun
Run time | 22 Smin
Temp. progra | S0°C for Zmin; ramp at 20°C/aun to 260°C, hold for 10min
m
Inlet temp. | 250°C
Detection temp | 300°C

» Retention times:

Retentiqn fme, RRT Chemical name
min
767 080 Elimination tmpurity 1.17
%06 1.00 Compound 2a 97.16
0.44 1.i6 Compound 1a (.41
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Synthesis A, Step 3. Synthesis of methyl 4-cyano-1-methoxycyclohexane-1-carboxylate
{Compound 3)

CN

MeO O
MeC

{6120} The reactor was charged with tetrahydrofuran (20.25kg}. Maintaining the
temperature at 0~23°C, Compound 2a {1.97kg, 1.50kg corrected) was added into the reactor,
followed by TosMIC (2.04kg) and the stirrer was started. The mixture was cooled to -5~0°C,
Maintaining the temperature at -5~0°C, a sclution of potassium tert-butanolate {2.18kg) in
tert-butanol {7 .26kg} and tetrabydrofuran (3 45kg) was added dropwise into the mixture and
then adding rate was according to the temperature control. The mixture was allowed to react
at -5~0°C for 2h and then warm to 5~10°C. 1h later, the mixture was sampled for analysis
gvery 1~3huntil arca% of Compound 2a <1% and 14 4 min (RRT=1 .32} intermediate <1%.
Mamtainmg the teraperature at -5~13°C, a solution of sodium chioride {1.63kg} m purified
water {15.00kg) was added into the mixture dropwise and the actual adding rate was
according to the temperature control. The mixture was stirred for 10~15min and seitied for
10~15min before separation. The aqueous phase was extracted with ethyl acetate (5.41ke)},
the mixture was stirred for 10~15mn and settled for 10~15min before separation. The
aqueouns phase was extracted with ethvl acetate twice (3 .40kg+2.70kg}, the muxture was
stirved for 15~30min and settled for 15~-30min before separation. The organic phase was
combined. The organic phase was concentrated at T<45°C under reduced pressure (P<-
0.08MPa) until 2~4L lefi. Silica gel (0.73kg) was added nto the muxture and stirred to
homogeneous through rotary evaporation, then the nuxture was concentrated to dryness. The
mixture was loaded into the preloaded column chromatographic and then sodium chlonide
{0.75kg) was added on the surface and loaded flatly. Then the column chromatographic was
chited with a prepared solution of ¢thy] acetate (3.00kg} in n-heptane {60.03kg). The chuent
was sampled for purity every 10L until the entire product was washed. The mixtore was
concentrated at T<43°C under reduced pressure (P<-0.08MPa) until the solid precipitated out
without obvious solvent left. The solid was transferred into travs and then was swept with
nitrogen for dryving. Obtained ~700g white powder solid m ~50% corrected vield with

98~99% GC purity.
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> Analytical method:

Column: | HP-5, 30m length=<0.3 200D <025 wm film

Carrier gas: | Helium gas

Flow rate | 1. 9ml/mun

Run time | 22 Smin

Temp. progra | 50°C for 2nun; ramp at 20°C/min to 260°C, hold for 10min
m

Inlet temp. | 250°C

Detection temp | 300°C

» Retention times:

Retention time, min RRT Chemical name
8.08 0.85 Elimivation wnpunty <0.05%
g.68 (.61 Compound 2a <0.05%
9.49 1.00 Compound 3 {major} 5412
938 0.9%8 Compound 3 {minor) 43.35
14.27 1.52 Intermediate <0.05%
{6121} The major and nuvor isomers of Compound 3 were the cis and rrans isomers.

However, the stereochemistry of the major and minor isomers was not assigned.

cN

MeQ'  F===0

MeC

i 3 Trans

jo
[
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Synthesis of methyl 4-cyane-1-methoxyeyddohexane-1-carboxylate (Compound 3}

Synthesis B

A o TosMIC CEN
Y o0 Reagent
O MaoH kyc0, aq. HCY THF p—— ( \J
CHBry ) o £BulOH Qgi)—
i /@—§\O O— AN Y
Step 1 tep 2 Step 3
1a 2a 3

Synthesis B, Step 1. Synthesis of methyl 8-methoxy-1.4-dioxaspire]{4.5]decane-8-
carboxylate {Compound 1a}

{6122} Methanol (15V) and K2 COs (8 eq.) were taken in the vessel at 20°C,
Cyclohexanedione monoethylene acetal (200.0g, 1.0 eq) was added to the mixture. The slurry
was then heated to 35-40°C. Bromofonm (1.6 ¢} was added to the reaction mass dropwise at
35-40°C. The reaction was maindained for 20 brs or unti] the complete conversion of starting
maternial at 35-40°C. After completion consumption of the cvelohexanedione monocethylene
acetal, the reaction was filtered and concentrated to 2 vol. Water and ethyl acetate were added
1o the crude separated the organic layer. The organic layer was distilled to obtain the crude

product as an oil. The vield of the crude: 76 % with 92.07 % purity {(GC Method)

Tesi Content (%)
Bromoform 1.00
Cyelohexanedione monoethylene acetal 0.22
Compound ia 92 07
Elimination impurity 4.79
Dimethoxy impurity ND

Synthesis B, Step 2. Synthesis of methyl l-methoxy-4-oxocyclohexane-1-carboxylate
{Compound 23}

{6123} The crude Compound 1a (500g) was treated with ag. HCL (IN 15V} in THF 2V}
for 16 hrs or unti the completion of starting materal at 25-30°C. The reaction was extracted
with DCM. The organie laver was distilled completely. Aq. HCH (IN 5V) was added followed
by THF (1V) and maintained till completion of Compound 1a. The reaction was extracted
with DCM. The organic laver was washed with 3% NaHCO+, filtered, and concentrated to

obtain the crude product. The vield of the crade: 71.7 % with 94.90 % purity (GC Method).

Test Content (Yo}
Bromoform 1.06
Compound 2a 4.9
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Compound 1a
mpurity

(U RES]
O

o

Synthesis B, Step 3. Synthesis of methyl 4-cyano-1-methoxyeycloshexane-i-carboxylate
{Compound 3}
{1241 Compound 2a (100g, 1.0 eq) was charged to dry RBF followed by TosMIC

5 reagent (1.3 eq) and dimethoxyethane (18V) under nitrogen condition. Potassium fers
butoxide (2.4 eq} was mixed t-butanol (6.25V} in another RBYF to form 3 suspension/shurty.
The slurry/suspension was added slowly to the reaction mass at -3-0°C. The reaction was
maintained for 1-2 hr at 0°C followed by 5 hrs at 25-30°C. After reaction completion, brine

was added to the reaction mass and extracted with DME. The vield of the crude: 41%

10 Synthesis of methyl 4-cyano-1-methoxyeyclohexane-1-carboxylate {Compeund 3)

Syuthesis C

1. HCH(IN, 10 V)
THF (2 V)

TosMIC (1.2 eg)

b, - \
e} BUOK (2.4 eg) CN 2 HCHAN, 5V CN .
i \\ e e A CHBr3 (1.5 eq) »
; DME (20 V THE (2 V DRSS CN
( ) { i HE h(‘..;ﬂ 5’);.1 //k\ o005 (8 eq) |
E = L —_— | | MeOH (15 vV} /\J
o Step 1 <o Step 2 g Step 3 Lx
(- \ ./ o WMa0” COMe
b 2b 3

15 Synthesis C, Step 1. Synthesis of 1,4-Dioxaspiro{4.5]decane-8-carbonitrile (Compound
i%).

CN

Q" o
f—v;

{0125] To a suspension of 1,4-dioxaspiro [4,5] decan-8-one (8.0 kg, 512 mol, 1.0eg.}
and p-toluenesulfonyl methyl isocvamide (13.0 kg, 66.6 mol, 1.3 eq.) in DME {150 L) was

20 added a solution of potassium t-butoxide (13.6 kg, 1212 mol, 2.4 ¢q.) in /BuOH (S0 L) and
DME (25 L) at -3-0°C. The reaction nuxture was stirred for 1 hat 0°C, then 2 hat it The
reaction mixture was allowed fo warm to room temperature and stirred for 5 h. Brine (100 kg
was added and extracted with DME (25L). The combined organic phase was concentrated
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under reduced pressure. The residue was distilled (100~120°C, 5 mm Hg) to give compound

(5.6 kg, 66%) asan ol

Synthesis C, Step 2. Synthesis of 4-oxocyclohexane-1-carbonitrile (2b}.

CN

Q
4-oxocyciohexana-1-carbonitrila

{0126} To a sohution of Compound 1b (3.0kg, 179 mol) m THF (6 L, 2 V) was added
HCL(I N, 10 V) at room temperature. The reaction mixture was stirred at r.t. overnight. The
reaction solution was exiracted with BCM (3 x 3 L). All the crude Compound 2b (contained
some Compound ih) was concentrated and then treated with HCI (1 MV, 5 Vyand THF 3 L, 1
V) again. The resulting raixture was stirred at room temperature for 4 b, and extracted with
DCM (3 x 3 L). The combined organic phases were washed with 5% NaHCO; (5 L} and
dried over anhydrate Na:SO4, filtered and concentrated under reduced pressure to give

Compound 2b (1.7 kg, 78%;) as a yellow oil.

Synthesis €, Step 3. Methyl 4-cyano-1-methoxycycichexanecarboxylate (3).

CN

MeQ” "CO.Me

{8127} To a solution of compound 2b (1.5 kg, 12.2 mol, 1.0 eq.} and CHBr (4.6 kg, 36.6
mol, 1 5eq)in MeOH (2251, 15 V) was added KuCOs (13.5kg, 97.6 mol, 8.0 eq) o
portions at 0°C. The reaction mixture was stirred for 3 h at 0°C then 3d at room temperatore.
The salt was filtered off and the filtrate was concentrated under redaced pressare. The residue
was dissolved in water {12 L, % V) and extracted with EtOAc {7.5 L x 3}. The combined
organic phascs were dried over anhydrate NaxSQ4, filtered and concentrated under reduced
pressure to give crude Compound 3 (2.0 kg, 74% yield) as a solid. The mass spectrum was

analyzed by mass spectrometry with atmospheric pressure chemical ionization (APCD in
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positive 1on mode and shows the measured mass {m/z} 198.1121 is consistent with the

theoretical [M+H]" mass of (m/z) 198.1125.

H Data BC Data 'H Data B¢ Data
{Major Isomer) {Major Isomer) {Minor Isomer) {Minor Isomer)

- 122.01 - 12166
2.58-2.42 (m, 0.6H) | 27.16 2.92-2.81 (m, 0.4H) |2637
1.99-1.42 (m, 2.4H) 2452 1.99-1.42 (o, L.6H) | 23.68
2.16-2.00 {m, 1.2H), | 30.01 2.16-2.00 (m, 0.8H); |28.13
§.99-1.42 (m, 1 2H) 1.99-1.42 (i, 0.81)

7797 77.54
324 (s, L.7TH) 51.84 322 (s, 1.3 51.84

173.80 - 17342
375 (s, 1.7HY 52.33 377 (s, 1.3H) 3231

5 Synthesis of methyl 4-Gmino{methoxyimethyl}-I-methoxyeyclohexane-1-carboxylate

hydrochiovide {Compound 4}

i
O o NH

CN F he
Mathanolf /\
CHLCOC! L
O-_;_-;;\ o OJ —
o) 9
7 /
3 4

Synthesis A,

{3128} Compound 3 (50g, 1.0 eq) was taken in dry round bottom flask (RBF) and added
10 methanol (5V}. Acetyl chloride (5V} was added dropwise to the RBF at 0-3°C. The reaction

was matntained untif the consuraption of the starting material. To the reaction muixture was

added ditsopropyl ether and stirred for | b, The suspension was filtered and dried to obtain

Compound 4. Compound 4 was taken on to the next step without further purification.

[3129] Alternatively, Compound 3 may be dissolved in a solvent or solvent mixture {e.g.,
15 isopropyl ether, methanol}, and HCI gas can be bubbled through the solvent to generate

Compound 4.
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Synthesis B.

(4130]

<

MeO

CN

AeCH(1.5 eq) Sg, O
MeOH (2.5 2q)

3

Co,Me Isolation via crystaiiization.

MeQ” CO,Me
4

PCT/US2021/061754

To a solution of Compound 3 (2.0 kg, 10.1mol, 1.0 eq.) in MeOH (810 g, 25.3

mol, 2.5 eq.) was added AcCl{1.2 kg, 152 mol, 1.5 ¢q.} dropwise under 0°C. The reaction

mixture was stirred at room temperature for 2d. Then iPr20 (6 L) was added and stirred 1 b

The solid was collected by filtration to give Compound 4 (~2.4 kg) as a sohd.

Synthesis C.

[4131]

The reactor was charged with methanol (1.10%g, 4vol}. Mamntaining the

temperature at 0~-25°C, Compound 3 €0.352kg, 1.0eq.) was added into the reactor and the

reactor was stured. The nuxture was cooled to -5-0°C i an ice-bath. Maintaining the

temperature at 0~5°C, acety] chlonde {0.838kg, 6.0cq) was added dropwise into the mixture,

and then the adding rate was according to the temperatare control. The muxture was warm t¢

R slowly in agitating. 10h later, the mixtare was sampled for analysis every 1~3h until

arca’% of Compound 3 <1%. The nixture was concentrated to ~1vol at T<30°C under

reduced pressure (P<-0.08MPa). Then, exchange methanol with 3*2vol methy! tert-butyl

ether (MTBE). To the mixture was added 2vol MTBE and agitating at 0~50{ for Zh. The

mixture was filtered the mixture and the wet cake rinse with 1vol pro-cooling MTBE. The

solid was transferced into travs and then was swept with nitrogen for drving. 12h later. ~315g

offawhite powder solid v ~68% crade yield with 96% GC purity.

[0132]

Compound 4 was analvzed by mass spectrometry with atmospheric pressure

chemical 1onization {APCT) in positive ton mode. The mass spectnan showed the measured

mass {m/z) 230.1393, consistent with the theoretical [M+H]" mass of (m/z) 230.1387.

Analytical method:

Column:

HP-5, 30m lengthx0.32mmiDx0.25um film

Carrier gas:

Helum gas

Flow rate

1.9mi/min

Run time

22 Smiun
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Temp. progra | 30°C for 2oun; ramp at 20°0C/min to 260°C, bold for 10min
m

Inlet temp. | 250°C

Betection temp | 300°C

'H Data® B¢ Data® 'H Data® 13C Data®
{Major Isomer) {Major {somer} {Miuor [somer) {Minor Isomer)
173.9% 17271
2.40-229 tm, 0.7H) | 40.99 3.08-3.02{(m, 0.3H) | 4034
1.96-139¢(m, 2 8H) (2344 1.96-139(m, 12H) 23547
2.18-1.97 (m, 1.4H); {2996 218-197 (m, 0.6H), |31.03
1.96-139 (m, 1 4H) 1.96-1.39 {m, 0.6H)
- 78.83 - 7737
325 (s, 2.0H) 51.94 322 (s, 1.0H 51.88
- 182.26 - 18229
3.74 (s, 2.0H) 3236 3.80 (s, 1.0H) 52.43
431 €5, 2 1H) 60,98 431 (s, 0.9H) 61.11
1247 {s, 0.7H): - 1247 (s, 0.3HD),; -
11.66 (s, 0.7H) 11.66 (s, 0.3H)

Synthesis of methyl 4-carbamimidoyl-1-methoxycycichexane-i-carboxylate (Compound
5} and methyl 4-{d-hydroxy-6-methylpyrimidin-2-yi}-1-methoxycyciochexane- 1~

carboxvlate (Compound 6}
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MeOH 1
MeQ CO,Me Med COMe Mel TO,Me

4 5 {Cis inomer) 5 {Trans isomer)}
6 {cis isomer} 6 {trans isomer}

d.e 1:1 ciatrans Compound 5

T 0 °Cio RT ) -
-E;ﬁer of ) d.e. 1:1 dis:itrans Compound §
smperaiure
for 4 5 d.e. >822 ciaitrans Compound 5
for 4 >

0°C to reflux d.2. >8:2 cig:trans Compound 6

3

Compound 5, Syathesis A

{8133} Compound 4 (from 135g starting material of compound 3} was taken in a dry RBF

¥

and added methanol (2V). The mixture was cooled to 0-3°C and added methanolic ammonia
{10V}, The reaction was maimtained until completion consumption of Compound 4 at 25-
30°C. Heating allowed for cis: frans isomerization to progress further toward the cis-
Compound 3. The reaction mass was distilled completely and swapped twice with methanol

to afford off white color solid {(~2:1 cis:irans).

10 Compound S, Synthesis B
{6134} The reactor was charged with 7N NHiy/MeOH (1.48kg, 10.eq) at 0-25 €, While
mamtaining the teraperature at 0-25°C, Compound 4 (0.35ke, crude) was added into the
reactor. The mixture was warmed to 20-30°C slowly in agitating. After 10h, the mixture was
sampled for analysis every 1~3h vatil area% of Compound 4 <3%. The mixture was warmed

15 1o 55~60°C for 1~2h and sampled to monitor the ratio of cis:srans. The typical ratic for
cisirans was 80:20~85:15. The mixture was concendrated to ~1vel at T<30°C under reduced
pressure (P<-0.08MPa). Then, a solvent exchange of methanol with 3*2vol Heptane was
performed. An additional Zvol heptane was added to the muxture and stirring continued at
0~3°C for 2h. The rixture was filtered and the wet cake rinses with 1vol pre-cooled heptane.

20 The sohd was transforred into trayvs and was swept with nitrogen for drving. Obtamed off-

white powder solid in ~100% crade yvield with 92% HPLC-CAD purity.
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Analytical method:
IPC: HPLC-CAD

Column: | Atlantis T3, 4 6% 150 num, 3.0 um

{olumn 40 °C
Temperature:

Flow rate | 1.0ml/min

fnjection Volume | Sul

. A: 0.1% FA in water
Muobile Phase | 5.0/ pa 10 ACN

Ty 0.6 2.0 120 121 180

Gradient Table B% 0 95 95 0 O

Data Collection Rate: 10Hz
Filter: 1.0

CAD Detection

Run time | 180 min

The ratio of cis:grans: HPLC-UV
Column: | Atlantis T3, 4.6% 150 mm, 3.0 um
‘ Column 20 °C
Temperature;
Flow rate | 1.0ml/min
Injection Volum | Sul
€

Mobile Phase

A 0.1% FA in water

B:0.1% FA in ACN

s Tobia | Uiy 0.0 9.0 120 121 180

Gradient Table o0 0 95 95 0 0
Detection | 210nm

Run time | 180 min

Compound &, Synthesis A,

{6135} The reactor was charged with methanol (1.14kg, 4vol} and Compound § (360g,
1.0 eqg). The reactor was charged with methyl acetoacetate (0.21kg, 1 leg) and KeCOs
{0.81kg, 3.5¢q) at RT. The mass heated to 65~68°C quickly. 1~2b later, the mixture was
sampiled for analvsis every 0.5~1h until area% of Compound 5 <2%. The mixture was cooled
down to RT rapidly after IPC complete. The reaction muxture was filtered, the wet cake was
washed with 2vol MeOH and Zvol DCM. The filtrates and the rinse solvents were combined.
The combined organics were evaporated to 0.5~ vol below T=45°C under vacuum (P<-
0.08MPa} and then HoO (V) was added to the dilute the mixtare. The solution was adjusted
to pH = 5 by HCl (2 N} then added Svol DCM to dissclve. The mixture was allowed to settle
10~15min and the layers were separated. The aqueous phase was extracted with Zvol DCM.

The organics were combined and then washed with an 8vol saturated NaHCOs solution. The
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phases were separated. The organic layer was washed with 8vol water, and the layers were
separated. The organic layer was concentrated to 1~2vol at T<50°C under reduced pressure
(P<-0.08MPa}. Then, a solvent exchange from DCM to EtOAc occurred with 2*¥4vol EA. To
the mixture was added 4vol EA. The mixture was heated to $5~60°C and held for 2h. The
mixtare was cooled to 0~3°C and stirring for Zh. The mixture was filtered and dried to
provide Compound 6. This vielded 250g of Compound 6 as a white solid. 250g off-white
crude was obtained with 99% purnity and cis frans=75:25. The reactor was charged with crude
Compound 6 and 10vol EA (base on crude weight). The mixture was heated to 55~60°C and
agitated for 2h. The mixture was cooled down to 0~57C for 2h. The muxture was filtered and
washed with pre~cocled EA. The cake dried in a vacuum at 45-50°C until KF <0.5% and EA
residuc <0.2%. Obtained ~152g white powder solid in ~32% corrected vield {over 3 steps)

with 100% purity by HPLC. The ratio of the product was 97:3 cis#rans by releasing method.

> Apalytical method:
IPC: HPLC-CAD

Column: | Atlantis T3, 4.6%150 mm, 3.0 um

Column

40 °C
Temperature:

Flow rate | 1.0mVmin

Injection Volum | Sul
€

A: §.1% FA in water

B:0.1% FAin ACN

Mohile Phase

Timiny 0.0 90 120 121 180
B% ¢ 95 6 ¢ ¢

Gradient Table

Drata Collection Rate: 10Hz
CAD Detection
Filter: 1.0

Run time | 180 mmn

Releasing method:

Column: | YMC-Pack pro-CI8, 3um particle size, 4.6rom* 150num

Column

30 °C
Temperature:
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Flow rate | 1.0mVmin

Injection Volum | Sul
€

A 1009% ACN
Mobile Phase
B: 100% water

T{min) & 25 30
Gradient Table | B% 95 15 a5

A% 5 85 95

Detection | 233nm

Run time | 30 min

Compounnd 6, Synthesis B,

{3136] To a solution of Compound 5 (9.0 mol) in MeOH (~7 .4 L} were added methyl 3-
oxobutanoate (1.1 kg, 9.9 mol, 1.1 eq.) and NaOMe/MeOH (30%, 3.6 L) and the reaction
mixture was reflux overnight. The solvent was removed uader reduced pressure and the
residue was diluted with water (12 L, 3 V). The solution was adjusted to pH =5 by HC1 (2 &}
and the solid was collected by filtration then dissolved in DCM (12 L) and washed with
NaHCO: (sat.) (16 L) and Ho( (16 L), separated, the organic was dried over anhydrate
Na:8Q0y, filtered and concentrated under reduced pressure to give Compound 6 (>95:5
cis:ransy. Triturated from EtQAc (800 mil) to give Compound 6 (710 g, 20.8% over 4 steps)
as a white sohid. JTINMR (400 MHz, CDCL): 8 12.738 {5, or 1H), 6.16 (s, 1H), 3.77 (s, 3H),
3.30 (s, 3H}, 2.64-2.67 {m, 1H), 2.31 (s, 3H)}, 2.14-2.18 (m, 2H}, 1 80-1.98 (m, 6H).

{8137} Compound 6 (theoretical m/z 280.1423} was analyzed by mass spectrometry with
clectrospray ionization (ESI), in positive ion mode. ESI-MS shows the main measured mass
{m/z} 281.1504 consistent with the Compound 6 form [M+H]" (10/z) 281.1496. The measured

mass {m/z) 3441609 was consistent with [M+FLO+2Nal”™ (n/z) 344 1319
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H Data B Data
1215 (s, 1H) -
162.54
399 (s, 1H) 116.03
164.23
214 (s, 3H) 2342
- 185.04
2.60-2.51 (m, 1H) 41.16
1.82-1.52 (m, 4FD) 2459
202 (dt J= 112,25 He, | 3026
2H): 1.82-1.52 (m, 2H)
7748
313 (s, 3H) 5116
173.9¢8
3.67 (s, 3H) 51.85

PCT/US2021/061754

Synthesis of methyl (Is,4s)-T-methoxy-4-(4-methyl-6-((methyisulfonyloxypyrimidin-2-

vheycichexane-1-carboxylate (Compound 7)

[0138]

cis: trans »95:3
cis isomer of compound 6 shown

Compound 7 intermediate was prepared by reaction of Compound 6 (1.00 Kg+

1% with methanesulfonyl chloride (6.31 L+ 1%, 1.1 equivalents) and tnethylamine (0.60 L

+ 1%, 1.2 equivalents) in tetrahydrofuran (4.50 L + 5% at a temperature between 0°C and
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10°C to give Compound 7 non-isolated mtermediate (>97:3 cis: trans). This immediate was

carried to the next reaction with no purification.

{3139} Compound 7 (theoretical m/z 358.1199) was analyzed by mass spectrometry with
clectrospray ionization (ES), in positive ion mode. ESI-MS showed the main measured

5 mass {m/z) 359.1284 consistent with the Compound 7 form [M+H] (m/z) 359.1271. The
measured mass (m/z) 381.1136 was consistent with [M+Na]™ (m/z} 381.1096. The measured
mass {m/z) 344.15935 was consistent with | M+-H-CH3]" (m/2) 344.1042. The measured mass

{ov/z) 281.1505 was consisterd with [M-SO:CH;+H01™ (m/z) 281.1496,

1 Data B Data

358 (s, 3H) 4183

- 164,63

678 (s, 1H) 107.93
17133

2.56 (s, 3H) 2431
173.77

2934, J=104,51Hz, 4542

I H)

2.11-1.97 (o, 1HD; 1.97- | 25.88
1.83 {m. 3H)
2.22-2.11 (m, 2H), 1.97- | 31.08
1.83 (m, 1H); 1.83-1.76

{m, 1H}
78.42
3.27 (s, 3H) 51.88
17495
377 (s, 3H) 5223

10
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Synthesis of methyl (1s,4s)-1-methoxy-4-(4-methyl-6-((3-methyl-1 H-pyrazol-3-

yhamino)pyrimidin-2-yheyelohexane-t-carboxylate (Compound 8)

N\\://»;‘\ AL N, ' N\{?{,h o
i e Pt H
THE
MeG o Med o
M Mel
7 8
{3140} To the reaction mixture was then added S-methyl-3-pyrazolamine (0.52 Kg + 1%,

1.5 equivalenis), followed by a tetrabydrofuran (1 .00 L £ 5%) rivse, and the reaction mixture
was heated to reflux temperature to form Compound 8 non-isolated mtermediate. This
intermediate was taken forward with no further purification. Cis:frams ratio was the same as

the input material Compound & with a ratio of >97:3 cis:irans.

{141} S-methvi-3-pyrazolamine can be synthesized from 3-aminocrotononitrie,
hydrazine, and water by methods bike those disclosed in CN10G7980784, W(2014147640,
USE, 08,066, UN104844567, and CN108341782.

{0142] Cormpound 8 (theoretical m/z 359 1957) was analvzed by mass spectrometry with
electrospray ionization (ESI), in positive ion mode. ESI-MS showed the main measured mass

{m/z) 360.2035 consistent with the Compound 8 form [M+H]™ {m/z) 360.2030.
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Synthesis of {1s,4s)-1-methoxy-4-(d-methyl-6-{(S-methyl-1H-pyrazol-3-

yhaminolpyrimidin-2-yheyciohexane-I-carboxylic acid {Compound 9)

H Data B Data
231 4s, 3H) 1175
13817
986 (s, IH) -
148.09
6.08 (s, 1H) 95.62
746 (s, 1H) -
160.06
6.70 (s, 1F) 101.82
166.32
2.36(s, 3H) 2433
172.84
275, /=109 45Hz, {4609
1H)
2.07-197 o, 1H) 1.97- | 2616
178 {m, 3H)
2.22-2.09 (m, 2Hy, 1.97- | 31.33
178 {m, 1H); 1.78-1.72
{m, IH)
78.7%
329 (s, 3H) 51.90
- 175.34
376 (s, 3H) 5221

69

PCT/US2021/061754



WO 2022/120136 PCT/US2021/061754

! N
v \NH

r
\f/
y

T\ N\{///N B
ag. NsOH
———————————
&
el o

/

HO

§ 9

{8143} Upon reaction completion of Compound 8, the reaction mixture was cooled to a
temperatore between 30 °C and 25 °C and a previously prepared solution of deionized water
(9.00 L & 5% and sodium hydroxade 50% wiw (1.34 Kg + 19, 4.7 equivalents) was charged
5 to the reaction mixture to form Compound 9. The reaction mixture was stirred at a
temperature between 30°C and 25°C unul reaction completion and tetrahvdrofuran (5.50 L +
5% was charged at a rate of not more than 4.44 Kg/(h Kg), while maintauing the
temperature between 30°C and 25°C. The suspension was cooled to a temperature between 23
“C and 15 °C with a cooling rate of not more than 6 °C/h. The suspension was stirred for not
10 less than 4 hours and not more than 10 hours at a teraperature between 15°C and 25°C. The
suspension was filtered, and the wet cake was washed with detonized water (2.00 L £5%) at
a temperature between 153°C and 25°C, and twice with acetone (2.00 L + 5%) at the same
temperature. The wet solid was dried under a vacaum at a temperature not more than 40°C
until the content of water by KF was lower or equal to 17% w/w and the content of

15 inethvlamine was lower than 5000 ppm by GC. Yield 65-85% over the 3 steps.

{B144] Compound 9 (theoretical m/z 345 1801} was analyzed by mass spectrometry with
electrospray fonization (ESI), i positive jon mode. ESI-MS showed the main measured mass
{(m/z) 346.1876 consistent with the Compound 9 form [M+H|" (m/z) 346.1874. The gas-
phase ton cbserved at 208.0395 m/z was counsistent with cleavage at the pyrinudine ring,

20 resulting in the proposed protonated fragment and water (m/z) 208. 1193

'H Data BC Data
220 (s, 3H) 10.79

- 138530
12.23 (or s, 1H)
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H Data B Data
- 148.37
6.16 (s, 1H) 9528
9.52 (s, 1H) -
159.82
6.86 (s, 1H}) 10161
- 164.51
224 (s, 3H) 2376
- 17192
261, J=113,38Hz, |[4540
1H)
1O1-1.77 {m, 2H); 1.77- | 2581
1.67 {m, 2H}
2.06-1.91 (o, 2H); 1.77- | 30.56
167 {m, 1H); 1.67-1.61
{m, 1H)
- 7747
3.18(s, 3H) 5098
- 175.56
12.23 (br s, 1H)

Synthesis of 4-fluore-1H-pyrazole hydrochioride (Compound 16)

Synthesis A.
O ] .
£ | e PN 3 i T aa NaoH ; jL E
/ MsCi N - . | ag. NaGH
F. XVGH i/ NA?\ F r/\N" \X/A\F ____________ - /\N/\/ ~g
Y o. ) FF 1® P!
E 2. morpholing 7 (SN i [N F
- & i
CH330;5 CHyS0; |
10 1 12 13
rerpholine
POEN
NN, 2HCH !
HCI H HaNH, 2HC o
o HOU EOH N BIOH, H,0 i
! PO /[ 0 e
L N
G MRTE g Y o F
18 15 14
{6145} Synthesis of Compound 11 A mixture of 10 {2002, 1.0 equiv .}, methane

sulfonyl chloride (1.1 equiv.} in ethyl acetate (3.0 rel. volames) was cooled to 0-3°C before
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tricthvlamine (1.2 equiv.) was added between 0-20°C. After the addition was finished the
reaction mixture was stirred at 20-30°C until the reaction was compiete. To the resuliing
nuxture was added water (3.0 rel. volumes) and the phases were split. Subsequently, the
agueous layer was extracted with ethyl acetate (1.0 rel. volume), then the combined organic
fayers were washed with water (2.0 rel. volumes) before being concentrated in vacuo at 40-
45°C. This generated pure compound 11 when consudering EtQAc content {94.9% area with
4.8% arca EtOAc) m excellent vield (93%). A mixture of compound 13 (29%4¢, | .0 equiv.)
and morpholine (4.0 equiv.} was heated to 130-135°C until the reaction was complete. The
resubting mixture was cooled to 90°C, whersupon water (1.0 rel. volume) was added. The
reaction mass was further cooled to 20-30°C and the phases were split. The resulting agqueous
layer was extracted with ethyl acetate (2x1.0 rel. volume)}. The organic layers were combined
and washed with water (2x1.0 rel. volumes) before being concentrated in vacuo at 40-45°C.
This vielded pure 2 when considering EtOA« content (94.8% arca with 4.7% arca EtQAc) in

excellent vield (91%).

{8146} Synthesis of Compound 12; Methyl methanesulfonate (1.1 equiv.) was heated to
130-135°C before 11 (1.71 kg, 1.0 equiv) was added dropwise. Afier the addition was
finished the reaction mixtore was cooled to 100-105°C and stirred at this temperature until
the reaction was complete. Subsequently, the reaction mixture was cocled to approx. 85°C
and 1sopropy! alcohol (IPA) (1.5 rel. voluraes) was added. The mass was then allowed to cool
1o 0-5°C and stirred for 30 min. The resulting precipitate was filtered, and the sohd was
washed with IPA (0.3 rel. volumes) before being dried in vacuo at 45-30°C. A total of 2.34

kg {88%} off-white solid was obtained.

{6147} Synthesis of Compound 13 and 14: A solution of 12 (1.0 equiv) dissolved in
water (1.9 rel. volume) was heated to 50-60°C, whereupon sodiwm hydroxide (10 M, 115
equiv) was added. Then the mass was stirred at thus temperature until the reaction was
complete. Subscquently, the mass was cooled to 20-30°C and filtered through Celite. The
Celite pad was washed with water (0.2 rel. volumes), and the resulting aqueous sclution was
durectly added to a nuxture of morpholine (1.0 equiv) and TEA (2.0 equiv) that was heated at
70~80°C. This muixture was then stirved at this temperature until the reaction was complete.
Subsequenily, the reaction mixtare was cooled to 20-30°C and difuted with DCM (2.0 rel.
volumes}. The phases were separated, and the agueous layer was extracted with DM (2 x

2.0 rel. volumes). The combined organic layers were washed with a solution of saturated
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potassium carbonate (1.0 rel. volume) then concentrated in vacue at 40-45°C. Afterward,
toloene (2.0 rel. volumes} was added and the distillation recommenced removing 1.0 rel. the
volume of toluene. The resulting slurey was cooled to 0-5°C and filtered. The solid was
washed with toluene (0.2 rel. volumes) and dried i vacue at 45-507C. A total of 1.28 kg
(78%;) brown solid is obtained. HPLC purity: 98.3% arca. GC purity: 994% arcaat RT 21.4

min.

{6148} Synthesis of Compound 15: To (Z)-2-fluoro-3-morpholino-prop-2-enal
{Compound 14, 1.2 kg, 7.5 mol, 1.0 equiv) dissolved io water (2.4 L, 2.0 rel. volumes) was
added hvdrazine dihvdrochlonde (870 g, 8.3 mol, 1.1 equiv). The mass was heated to 50-
35°C and stirred for 2 h, at which point HPLC showed 0.13% area remaining Compound 14.
Subsequently, the reaction mass was cooled to 20-30°C and basified to pH 9-11 using
aqueous sodium carbonate (20%, w/w). Then the muxture was dituted with ethyl acetate (3.6
L, 3 rel. volumes} and filtered through Celite. The mixture was extracted with ethyl acetate (2
x 3.6 L, 2 x 3 rel. volumes), and the combined organic phases were concentrated in vacuo at

40°C. Yield: 1.17 kg (1.10 kg, 85%, adiust for EtQAc content).

{3149} Synthesis of Compound 16 To a mixture of the compound 15 residue (1.1 kg,
12.8 mol, 1.0 equivyin MTBE (2.2 L, 2.0 rel. volumes) was added ethanolic-HC1 (2.3 kg,
30% wiw, 1.5 equav.) at 20-30°C. Subsequently, the reaction mixture was stirred at this
temperatare for 2 h before being cooled and stirred at (-3°C for 1 h. The resudting slurry was
filtered, and the filter cake was washed with MTBE (1.1 L, 1.0 rel. volume} before being
dried at 43-50°C. Yield: 1.2 kg (77%).

'H Data F Data
774 (d, 2H) 18164

12.93 (s, 2H) -
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Synthesis of 4-flusro-1H-pyrazole hydrochloride (Compound 16)

Synthesis B.

S
7 Selacifluor ?r—\\
powoo seEtmus R
N & N
N ACN Sy
H H
HCH
16
{0156] Selectfluor {0.23¢q) was added into a solution of 1H-pyrazole{1.0eq, 20¢). in

ACN {Svol}, and the mixture was stirred and heated to 80-83°C for reaction and the SM linuit
was monitored (22% by area in HPLC). After completion of the reaction, the reaction mixture
was cooled to RT and diluted with ethyl acetate (EA), filtered on a pad of wet stlica gel, and
finally washed the cake with EA. The filtrate was distilled to give crude and dissolved with
EA. The organic layer was washed with HCl (1M) and distilled to get crude matenal. The
crude solid was dissolved in EA and the organic layer was washed with 6.5M HCL, dried with
Na:804 and evaporated. The mixture was redissolved in EA. and the organic layer was
washed with 0.5HCI followed by brine. Finally the organic laver was dried over Na2S0s and
evaporated to give Compound 16 (F-pyrazole) which bad purity 94.6% by HPLC with 3 4g

vield of the desired product.

{8151} Compound 16 (theoretical m/z 86.0280} was analyzed by mass spectrometry with
clectrospray ionization (ES), in positive ion mode. ESE-MS showed the main measured

mass (m/z) 87.03576 consistent with the Compound 16 form [M+H]" (m/z) 87.03530.

'H Data BC Data

770 (d, Jur = 4.5 Hz, 2H) | 12018 (d.J = 21.0
Hz)
14031 (d. J = 239.9
Hz)

11.66 (s. 2H)
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Synthesis of 1-(6-Chloropyridin-3-ylethan-1-one (Compound 17} and 1-(6-(4-Fluoro-
1H-pyrazol-1-ylipyridin-3-ylethan-1-one {Compound 18).

G
o o ﬂH HCI ’\j/k
N ¢
L i
B MgCl /U\o)K e A
! > * /L\\ . i \?!\1 N
i N Toluene ; KGO, 3»:
-5 °C o RT NMP, 85 °C e
17 18

{0152} 1-{6-Chloropyridin-3-yhethan-1-one Compound 17. To a solution of S-bromo-

2-chloropyridine (S0 g

b2

1 eq, 26 mmol) in dry toluene (15 mL} at -5 °C was added isopropyl
magnesium chloride (2 M, 18 ml, 1.4 eq, 36 numol) over 45 . The reaction mixture was

stirred at RT ovemight.

{6153} In a second flask, acetic anhvdride (2.9 mL, 1.2 eq, 31 nunol) was diluted with dry
totuene (15 mL) and the solution was cooled to —5 °C. The Grignard solution was added over
15 pun to the second flask while keeping the temperature between —5 and 6 °C. The reaction

was stirred at that temperature for 2 h.

{6154} The reaction was then quenched with 30 mL of saturated ammonium chioride
solution 1o water and the phases were separated. The aqueous phase was extracted twice with
50 mL of toluene. The combined organic layers were washed with water and brine, dued over

Na:504, and concentrated to afford 4.0 g of Compound 17 as a hight-yellow sohid.
{#155] The material was used in the next step without purification.

{6156} Compound 17 (theoretical monoisotopic mass 155.0138 amu) was analyzed by
mass spectrometry with electrospray lonization (ESI), i positive ion mode. ESI-MS showed
the main measured mass {im/z) 136 021686 consistent with the Compound 17 form [M-+H|"

with monoisctopic mass of 156.02107 amu.
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H Data B Data
- 196.28
2.62 (s, 3H) 27.01
_ 13137
829(dd, /=83, 25Hz, | 138.99
1)

767(dd. =83, 08 Hz, | 12448
1H)

- 154 .06
894 (dd, J=2.5, 0.7 He, | 150.25
1H)

Synthesis of 1-(6-{4-Fluoro-1H-pyrazol-1-yljpyridin-3-yliethan-1-one {Compound 18},
{187] Compound 16 (4-Fluoro-1H-pyrazole hydrochlonide, 500 mg, 1 eq, 4.0

mmol}, Compound 17 (8390 mg, 1.4 eq, 5.7 mmol} and potassium carbonate (1.18 g, 2.1 eq,
8.6 mumol} were dissolved with NMP (5 mb) i a 25 mL flask equipped with a condenser.
The reaction mixiure was stirred at 85 °C for 19 h. After reaction comnpletion, the mixture was
cooled down and 15 mL of water was added. The precipitate formed was filtered over a P4
filter and rinsed with 4 mL of water. The residue was dried ander vacuum. To remove the
minor impurities, the solid was dissolved 1o DCM and treated with charcoal. After stirring at
R for 30 mun the solution was filtered over Celite and concentrated to afford Compound 18

as a hight-brown solid m 86% vield and with good purity.

{6158} Compound 18 (theoretical m/z 205.0651) was analyzed by mass spectrometry
with electrospray ionization (ESI) positive ion mode. Compound 18 was also analyzed by
mass spectrometry with both electrospray ionization {ESI) and atmospheric pressure chemical
wnization {APCH techuigues, both negative jon mode. ESI-MS positive ion mode showed a
measured mass (m/z) 206.0724 consistent with the Compound 18 form [M+H]" (m/z}
206.0735. ESI-MS segative ion mode showed a measured mass (m/z) 206.0 consistent with
the Compound 18 form [M-+HY {(ma/z) 206 0735,

'H Data BC Bata
- 19598
264 (s, 3H) 26.87

~ 13047
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H Data B Data
845¢dd,.J=86,23Hz, 13916

IH)

&.07-7.96 {m, 2H) 11102 (d, /=16 Hz}
- 15278

901 {(d, J=23 Hz, iH) 149.36
877¢d, Jur=45Hz 1H) | 11400{d, J=293

Hz)

- 151.00(d, J=2476
Hz)

8.07-7.96 {m, ZH) 13159, /=151
Hz)

Synthesis of (R}-N-{{8)-1-{6-(4-flnors-1H-pyrazel-1-yijpyridin-3-yijethyh-2-

methyipropane-2-sulfinamide (Compound 20)

NiH2
R}
0 0”8\)<
/Ji\il/\\= ( R}‘s N N F % NH. =N F
LN (R)-2-methipropane- | R}STN /=N e L-Belectride SONEL = Sy
NN 2-sulfinamid A ------ & 2N T / ® W N
l§§>\' sulfinamide JTN S S wohere AN Y W
\ THEF, THOFT),
Compound 18 Compound 20
Compound

18

{0159] Corapound 20 was prepared by reaction of Compound 18 (1.00 Kg £2%, 1.0 eq.)
with (R}-{(+)-2-methyl-2-propane-2-sulfinanude (1. 18 Kg + 2%, 2.00 equivalents) in
tetrahydrofaran (7.00 L = 3%} in the presence of titandum (1Y) isopropoxide (2.77 Kg = 2%,
2.00 equivalents) at temperature between 70 °C and 80 °C to give Compound 19, non-isolated
intermediate. The reaction mixture was cooled to a temperature between -15 °C and - 25°C
and the L-Selectride sobution (6.94 Kg + 2%, 1.60 cquivalents, toluene) was charged while
maintaining the temperature to give Compound 20. N-Heptane may be added to the toluene

to precipitate Compound 20 from solution.

{3166} Compound 28 (theoretical mass 310.1264 AMU) was analyzed by mass
spectrometry with electrospray ionization (ESI), in positive ion mode, ESI-MS showed a

measured mass {m/z} 311.1332 consistent with Compound 28 form [M+H]" {m/z) 3111342,
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H Data B Data
5.544{d, J=54 Hz, IH) -

452 (dq. J=632,632 | 5224
Ha, 1H)

L514¢d, /=67 Hz, 3H) 2420
- 138.67

796(dd. J=8.623Hz, | 13786
1H)

793~ 7.83 (m, 2H) 111.02(d, /=15 Hz)
- 149.71
R4 J=22Hz 1H) | 146.69

.66 {dd, Jur =45 Hz, 11331(d, 7=292
Juw = 0.9 Hz, 1H) He

- 1506.59(d, J=2467
Hz)

7.93 - 783 (m, ZH) 12990 (d, J= 147
Hz)

i 55.09
1.10 (s, SH) 22.59

Synthesis of Compound 21

{8161} Compound 21 was prepared by the addition of Compound 28 (1.00 Kg + 2%)
portion-wise in not less than 1 hour 0 a solution of HCL(0.53 L+ 3% in Acetone (8.00 L +
5% {alternatively, THF can be used instead of acetone} at a temperature between 15 °C and
25°C. A nnse with acstone (2.00 L £ 395} was performed while maintaining the temperature
between 15 °C and 25 °C. The reaction was stirred until the content of Compound 28 relative
to Compound 21 was lower than or equal to 1% arca by UPLC. At the end of the reaction
mixture was filtered and the reactor and solid were washed with acetone (2.00 L = 3%)
previously adjusted to a temperature between 15 °C and 25 °C. The wet solid was dried under
vacawn and nifrogen sweep at a temperature not more than 60 °C antil the content of water
by Karl Fischer was lower than, or equal to, 0.5% w/w and the content of Acetone was lower
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than 5000 ppm by GC. 85-100% vield. Compound 21 {theoretical m/z 206.0968, frec amine)

was analyzed by mass spectrometry with clectrospray ionization (EST), in positive ion mode.

ESE-MS showed a measured mass (m/z) 207 1047 consistent with the compound 21 form
[MHHTT (n/z) 207 1041,

H Data

BC Data

8.75 (s, 3H)

454 (q, J=68Hz, IH) |4733
158(d. J=68He, 3H) | 2011
- 133.35
820(dd, /=86, 23Hz | 13834

1H)

8.00-7.91 (m, 2H)

111.14(d. J= 1.5 Hz)

156.55

863 (d, /=23 Hz, 1H)

147.51

872 (d, Jur=4 5 Hz IH)

1360, /=292
Hz)

150.75(d,J=2472
He

8.00-7.91 (m, 2H)

3046{(d, /=148
Hz)

Synthesis of pralsetinib HCH salt (Compound 22)
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{8162} Compound 22 was prepared by adding a solation of Compound 21 (0.73 kg + 2%,
1.1 eq} in deronized water (103835, 5.0 L + 5%y NMM (N-methyl morpholine} (1.5 L 4 2%
to a suspension previously prepared of Compound ¢ (1.00 kg = 2%, 1.0 eq)), COMT
(103393, 063 kg +2, 1.31 eq) in THF (100960, 5.0 L = 5%)/deionized water (103835, 1.0 L
+ 5%, during not more than 60 minutes and maintaining the temperature between 3 °C and
17°C. The reaction mixtire was stirred at a temperature between 9 °C and 17 °C until the
countent of Compound 9 or Compound 21 was lower thao, or equal to, 0.5% area by HPLC.
When the reaction was complete, the mixture was cooled to 8 — 2 °C and quenched with HCI
{1.2 L & 5%), mamntaining the temperature below 15 °C. After adding about half the amount
of HC, the nuxture crystallizes as agglomerates of noedle-hike particles. Absolute ethanol
(6.0 L £ 59) was then added and the resulting suspension was heated to reflix. The mixture
was distifled at atmospheric pressure until a final volume of 28 L4 3%, or 5 L+ 5% of the
sohvent was distilled. The jacket tomperature used was normally oss than 93 °C and the
mixture temperature was usually between 74 °C and 81 °C. The muxture was cooled to a
temperature below 70 °C. Ethanol (5.0 L + 5%} and sopropano] (6.0 L + 5%) were charged.
The suspension was heated to reflux temperature and stirred for 2 hours. The suspension
obtained was cooled slowly to 25 — 20 °C. The solid was isolated by filtration and washed
twice with a mixture of absolute cthanol (1.0 L = 5%), deionized water (1.0 L + 5%), and
isopropanol {1.0 L+ 5%). A wet solid sample was collected for IPC analysis by HPLC. The
solid was dried under vacuum at a temperature lower than or equal to 50 °C until the water

content by Karl-Fischer was lower than, or equal to, 3.0% w/w.
{6163} Further purification as needed.

{3164} The purification step consists in suspending the wet solid in isopropyl alcohol (6.0
L + 59, absolute ethanol (5.0 L £ 5%, and deionized water (5.0 L + 596}, The suspension
was heated to a temperature between 70 °C and 75 °C, during 1 to 2 howrs, and stirred for |-3
hours at the same temperature range. Then, the suspension was cooled (o a temperature
between 38 °C and 42 °C, during 1 to 2 hours. Heated to a temperature between 70 °C and 75
°C, during | to 2 hours and stured for 1-3 hours at the same temperature range. The resulting
suspension was cooled to a teraperature between 20 °C and 235 °C, durning 3.5 0 4.5 hours,
and stirred for 1.5- 3.5 hoors at the same temperature range. The solid was isolated by

Q7

filtration, washed twice with a mixture of ethanol {1.0 L + 5%y, isopropyl alechol (1.0 L =

5%, and detoruzed water (1.0 L = 5%}, A wet solid sample was collected for IPC analysis by

8C
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HPLC The solid was dried under vacuum at a temperature lower than or equal to 50 °C, unti

the water content by Karl-Fischer was lower than, or equal to, 3.0% w/w. A sample of the dry

solid was collected for assay determination by HPLC,

[0165]

The measured mass of {nv/z) 534.2740 was consigtent with the theoretical mass

{m/z 534.2736) with the expected isotopic distribution for the [MH]" ion. Based on the high-

resolution MS data, the calenlated melecular formula was CorHaFNoO: which was

consistent with that of the pralsetinib protonated molecular ion.

Pos. H Data COSY | HSQC | HMBC B¢ Data
1 2.20 (s. 3H) - 1 2.4.5 10.71
2 - 138.16
3 11.89 (s, [H) - - 2.4.5 -
4 148.72
5 6.20 (s. 1H) 5 95.32
6 951 (s, 1H) - - - -
7 159.78
8 6.85 (s, LH) - 8 - 101.65
9 - - - - 164.33
10 2.23 (s.3H) 10 8.9 23.82
11 - - - 172.02
2 [257(t.J=108. 52Hz 1F) | 13,14 | 12 | 11.13.14 4536
13, | 1.77-167 (m, 2H). 1.88- | 12,15, ] . ot e
¥ 1‘77(@: oM 6| 1314 1113416 25.94,25.98
15 | L67-157 (o, 1H); L77-
(o | 167 (o, IHD; 1.95-1.88 (m, | 13-16 | 15,16 | 13-17.19 30.03, 30.97
1HY; 2.01-1.95 (m, 1H)
17 - - - - 78.62
18 3.13 (s, 3H) 1% 17 50.81
19 -~ - - - 173.47
20 8.47 (d. /=83 Hz, 1H) 21 19.21.22 -
2| 505 =T2Hz Hy l20m | o | 122 45 .41
) 1.46 (d. /=7.1 Hz. 3H) 21 22 21,23 7158
23 - - - - 138.88
24 |799(dd.J=85 23 He 1H) | 25.27 | 24 | 21,2627 137.36
25 | 787(dd, J=84, 08 He 1) | 24 | 25 23,26 | MO (fiz}” s
26 - - - - 149.49
27 8.43(d.J-2.3 He, 1H) 24 27 | 21,2326 146.19
| 867 (dd, Jur=4.6 & i R 11335 (d, Jor=29.2
28 =09 Hz. 1H) 30 28 29,30 b
2 15059 (d, Jor=2467
. 7.90(dd, Jur=4 3 & Ju- " . 12983 (d, Jer=14.6
U }(;:0.9 Hz, 1H) 28 30 28,29 <H;:)

&1
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Synthesis of pralsetinib (Compound 23)

/

o
\
;:/

o§ N "
/ \\ S
\ / ‘\N/

{0166} Pralsetinib was prepared by charging sodium hydroxide solution, previously

[9)

7 Z
Yy, oy, / T

5 prepare with detonized water (5.0 L = 5%, 5.0 Kg + 5%} and sodium hydroxide (30% w/w} (
(.55 L £ 5%, 0.84 Kg = 5%;, to a suspension of Compound 22 ( 1.00 Kg = 2% -~ assay basis)
m dichloromethane { 12.0 L £ 5% 1 15.94 Kg + 5%), in not less than 15 minutes. The
charging system was rinsed with detonized water (1.0 L £ 3% 1.0 Kg + 5%} and the rinse
was charged to the main solution. The mixture was heated to a temperature between 35 °C
1 and 45 °C and stir at this temperature during not less than 2 hours. The pH of the mixture was
verified. Hf the pH was lower than 12, more sodiom hydroxide sclution was charged, in the
same concentration as prepared previously, until the pH is met. It was confirmed if a clear
biphasic mixture was obtained. If solids were present in the mixture, the mixture should be
stirred for not less than 2 hours at a temperature between 35 °C and 45 °C. The phases were
15 separated for not less than 30 minutes. The organic phase 1 (bottom phase} obtained (lower
phase, containing the product} was stored. The agueous phase 1 (upper phase) was kept in the
same reactor. If solids were present, the solids were maintained in the agueous phase.
Dichloromethane (5.0 L & 5% 6.64 Kg + 5%) was charged to agueous phase 1 and stirred for
not less than 30 minutes, maintaining the temperature between 25 °C and 35 °C. The phases
20 were allowed to separate for not less than 30 minutes. The organic phase obtained (organic
phase 2, lower phase) was combined with the previous organic phase (organic phase 1) and if
solids were present were maintained with the organic phase. The aguecus phase 2 (upper
phase} was discarded. Deionized water (6.0 L & 5% 6.0 Kg + 5%} was charged to the
combined organic phase, mautaining the temperature between 23 °C and 35 °C, and then,

25 stirred for not less than 30 nunutes. The phases were allowed to separate for not less than 30
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minutes. The rag layver was maintained with orgamic phase 3 (lower phase) and the aqueous
phase 3 (upper phase) was discharged. The organic phase 3 was washed again with deionized
water (103835; 6.0 L.+ 5% 6.0 Kg + 5%} and stirred for not less than 30 nunutes. The phases
were allowed to separate for not less than 30 minutes. The organic phase 4 obtained (lower
phase) was transfer to a reactor for distillation. The organic phase 4 was distilled at
atmospheric pressure until a fimal volume of 4.0 L + 5%, K was expected that the distillation
occurs at a teroperature between 38 °C and 40 °C. Acctone (9.0 L £ 5% 7.1 Kg = 5%) and
detonized water (1.0 L+ 5% 1.0 Kg + 596} were charged and the mixture is distilled at
atmospheric pressure until a final volume of 8.0 L + 5%. The distiliation occurred at a
temperature between 51 °C and 57 °C. Acetone (8.0 L.£5% 7.1 Kg + 5%} and deionized
water (1.0 L + 5% 1.0 Kg + 5%) were charged again and the muxture s distilled again at
atmospheric pressure until a final volume of 8.0 L + 5%, This distillation occurred at a
temperature between 51 °C and 60 °C. Acetone (9.0 L+ 5% 7.1 Kg + 5% and deionized
water (1.0 L 5% 1.0 Kg + 3%} were charged one more time. The temperature was adjusted
between 40 °C and 30 °C and the mixture was filiered, through a filter with porosity less than
I micron. The previous reactor and transfer lines were rinsed with a mixtare of acetone (3.0 L
+ 5% 2.4 Kg + 5%) and deionized water { 0.2 L = 5% 0.2 Kg + 5%) The mixture was
distilled at atmospheric pressure unti! a final volume of 8.0 L = 5%, This distillation occurred
at a temperatare between 32 °C and 62 °C. The mixture was cooled to a temperature between
50°C and 55 °C. A sample was taken for water content determination by Karl-Fisher. The
water content value, determined by Karl-Fischer volumetric titration as % w/w (using one

decimal place), was used to calculate the deionized water and acetone to be charged.
{0167} Calculation of Acetone Charge = 6.32 x [KF % (w/w)/ 100} = XX Kg

{6168] Calculation of Deionized water Charge = 3.50 — |8 x [KF % (w/wl])/ 100} =YY
Kg

[B8169] Note: According to the equation, for values of water content above 43.7% (w/w)

by Karl-Fisher no water should be added.

{6175 After adjusting the acetone and water, the mixture was cooled o a temperature
between 35 °C and 43 °C, preferentially § °C/h, and then sceded with (0.003 Kg + 5%) or
Compound 23 {0.005 Kg + 5%;) and then the charging system was rinsed with a mixture of

deionized water (0.06 Kg + 5% 0.06 L + 5% and acctone (0.011 Kg+ 5% 0.014 L + 5%),
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Adjust temperature between 40 and 45°C and stirred during not less than 30 minutes, at the
same temperatare range. The seed can also be charged directly to the mixture and the mixture
of deionized water and acetone can be used to rinse the charging systern. Deionized water
(105 L +£5% 10.5 Kg+ 5%, 15 added over 3 fo 5 hours, mamtaining the temperature
between 40 °C and 45 °C. The resulting suspension was heated to reflux temperatare, over 2
to 3 hours, and stir 2 to 3 hours at refhux temperature. The reflux temperature was expected at
about 68 °C. The suspension was cooled to a temperature between 25 °C and 15°C, over Sto
6 hours, and stirred at the same temperature range for 5 {o 6 hours. The sohid was isolated by
filtration, washed with a mixture of acetone (0.7 L £ 5% 0.6 Kg + §%) and deionized water
(1.3 L.=5% 1.3 Kg + 5%, previously filicred through a filter with porosity less thao 1
micron. The sohid was dried under vacuum at a temperature lower than or equal to 50 °C until

the content of water by Karl-Fischer was lower or equal to 4.0% {(w/w). ~87% vicld.

{8171} The measured mass of (m/z} 334.2740 was consistent with the theoretical mass
{m/z 534 2736} with the expected isotopic distribution for the [MH]" ion. Based on the high-
resclution MS data, the calculated molecular formula was Ca7H33FNoO»2 which was

consistent with that of the pralsetinub protonated molecular jon.
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Pas, H Data COSY | HSQC | HMBC B Pata
| 336 (s, 3H) - i 345 16,71
p 13816
3 17,89 (5. 1) - N 7.4.5 -
4 14875
3 630 (5. 1H) 3 5532
6 951 (s 1H) - - - N
7 13978
g 685 (5. 1H) 8 101,65
5 — N N - 16433
1 273 (s, 3H) G 80 738
1 — N N N 17202
13 357 -108 50 e i | 13,14 1 12 T 13 14 4556
13, | 1.77-167 (m. 2H): 1.88- |12, 15| . , UV
o 2t e RENTEINTNERT 25.94, 25 9%
s | L6717 (m, [H), 177-
7167 (m 1H). 1L95-188 (. | 13-16 | 15,16 | 13-17,19 20.03, 30.97
{H). 2.01-1.95 (m. 1H)
17 - - - - 7860
5 313 (o 3H) i3 77 5081
19 17347
20 54T (A =5 Ha, 1) 3 19,2127 N
, P A 19,22, 23,
21| 505(dq =T2Hz Iy 20022 ] 2 e 4541
22 | 146 (d.J=7.1 Hz 3t 0 2 21,23 2158
23 = N N N 135 88
24 799 (dd. /=85, 23 He 1H) | 25.27 | 24 | 21.26.27 1373
25 | 787(dd, J=84 08 Hy 1H) | 24 | 25 23,26 | U4 (sz )“ =13
%% = N N N 149 49
7R3 (33 Hy, 1H) 50 T3 33506 14619
867 (dd. Jer=d 6 & . | . . 11335 (d Jer=20 2
28 ézzog Hz. 1H) 304 28 29,30 (Hz)
o 130,59 (d, Jor=246.7
. Hiz)
700 (dd A 3 & e 1 , - 170,85 {d. Jor=14 6
30 1({:0.9 Hz, 1H) L 28,29 Hz)
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Claims
L A compound of Formula (I):

CN

MeO O

gi>
(6]
O

{1,
or a salt thereof.
5 2 The compound of claim 1, wherein the compound 15 a compound of Fornwula (1a):

ON

O
Me( (Ia),

Me

O, : :

or a salt thereof,
”

3. The compound of claim 1, whercin the compound is a compound of Formula (Ib):

CN

HNa _OMe
Me()z ;]\40

MeO {10y,

16 or asalt thercof.

4. A compound of Formula (11):

or a salt thereof.

5. The compound of claim 4, wherein the compound 1s a compound of Formulda (Ha):



(v

10
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MeO {I1a),
or a salt thereof.
6. The compound of claim 4, whercin the compound is a compound of Formula (Ilb):

HNWOMQ

MeC %?ﬂﬁ
MeO (Iib),
or a salt thereof,
7. A compound of Formula (i}

HN . NH,

MeQ >
MeaO (1,

or a salt thereof.

g The compound of claim 7, wherein the compound is a compound of Formula (I¥a):

HN g, - NHz

Medh =0
MeC  (THa),
or a salt thereof,

9. The compound of claim 7, wherein the compound is a compound of Formula (b}

87
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HN%{ANHE

MeC ﬁfﬁﬁ
Me(O (Iith),

or a salt thercof.
10 An isomeric muxture of ¢is and frans isomers of a compound of Formula (I

HN . NH;

MeC O
MeO (1,

5 ora salt thereof, wheremn the cis 1somer is a compound of Formula (THa):

HNWNHQ

O
MaO (1la),

ot a salt thereof, and the frans isomer 1s a compound of Formula (11Ib):

HN\YNHZ

Med 3ﬂ50
MeC {itb),
or a salt thereof, wherein the ratic of the cis isomer to the frans 1somer 1s greater than or equal
10 toaboutdio L.

1L A compound of Formula (IVa):
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MeO {va),
or a salt thereof.

12, A compound of Formula ({Vb):

MaO (iVb),
5 ora salt thereof.
13. An isomeric mixture of ¢is and frans isomers of a compound of Formula (1V):
WQH
N 2N
Me@i jfo
MaO (Iv),

or a salt thereof, wherein the ofs isomer is a compound of Forpwula (1Va):

MeO  (1va)

16 and the wrans isomer is a compound of Formula (TVb):
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OH

)

MeQ” =0
MeO Vb,
ot a salt thereof, wherein the watio of the cis isomer to the srans isomer is greater than or equal
to about 4 to 1.

14, A compound of Formula V-1

pd
\S
z

> O

MeC O

5 Mel (V-1),
or a salt thercof, wherein R is an activating group.
15, The compound of claim 14, wherein the compound is a compound of Formula V:
Ms
WO
NN
MeO 3“"0
MaO (V)
ot a salt thereof,
10 16 The compound of claim 15, wheretn the compound is a compouand of Fornula {Va):

OMs
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or a salt thereof.
17. The compound of claim 15, wherein the compound is a compound of Formula (Vb):

WOMS

N \?; N
weo” =0
Me( {Vb},

or a salt thercof,
18, An isomernic mixture of ois and rrans isomers of a compound of Formula (V).

OMs

y

MaO
MeO (V)

: prd
\
Qo

or a salt thereot, wherein the ¢is isomer is a compound of Formula (Va)

OMs

y

Med =0

MeQ (Va),

-~

ot a salt thereof, and the frams isomer is a compound of Formula (Vb):

OMs

y

Z

.,,,(&
z

e

Med” =0
MeO (Vhy,
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or a salt thereof, wherein the ratio of the ¢is 1somer to the #rans 1somer is greater than or equal

to about 4 {0 1.

9. A composition comprising a compound of Formula VI

N

N

R N
YOO w

Mg

MeQ =0
Ma( VD,

5 ora sali thereof, wherein the composition is substantially free of a compound of Formula

{(Viay:

Medd =0
MeC (VIa),
or a salt thereof,
20, The composition of claim 19, wherein the tatio of the compound of Fornula (Vijora

10 salt thereof and the compound of Formula (Via) or a salt thereof 1s greater than or equal o

about 97 10 3.

21, The composition of clamm 18 or 19, wherein the ratio of the compound of Formula
(V1} or a salt thereof and the compound of Formula (Via) or a salt thereof 1s detected using
15 HPLC
22, The composition of any one of clims 18-20, wheremn the composttion comprises less
than 0.1% a compound of Formula (Via) or a salt thereof by weight of a compoond of
Fornula (V1) or a salt theroof.
20

23. A composition comprising a compound of Formula (VII):
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‘ N
M
\M/\f ~NH
Nt T
MeT =0
HO (Vil),
or a salt thereof, wherein the composition is substantially free of the compound of Formula
{(Vila):
X
N
AN N
YO
N N g

HO {Viia).
5 orasali thereof.
24 The composition of claim 23, wherein the ratio of the compound of Formula (Vi) or
a salt thereof and the compound of Formula (Via) or a salt thereof is greater than or equal to
about 97 to 3.

25. A process of preparing a composition coroprising a mixture of cis and rrans isomers

WQH

N, 2N
MeO 3‘50

MeQ {Ivy,

10 ofacompound of Formula (IVY:

or a salt thereof, wherein the process comprises:

{a) reacting a compound of Formula ()
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HN OhMe
MeO; ;ﬁc’

MeO (11},

or a salt thereof with an ammonium source in the presence of a solvent, therchy producing a

HN o NH,
MeO; ?;;o

MeO (11,

compound of Formula (I}

5 orasalt thereof, and
{b} reacting a compound of Formula (I} with alkyl acetcacetate, thereby producing a
composition comprising a mixture of cis and frans isomers of a compound of Forraula (IV)

having a greater amount of the cis isomer, Formula (IVa}.

WOH

N N

-

MeD =0
MeO {IVa),

10 orasalt thereof, as compared to the frans isomer, Formula (TVb):

OH

2

z
“,,(\:\

MeC ’}40
MaO (1Vh)
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or g salt thereof,

26, A process of preparning a composition comprising a nuxture of ¢is and frams isomers
of a compound of Formula (I} or a salt thereof with an increased ratio of the ¢is 1somer o
the frans isomer:

HN NHz

Me() O
5 MeO (11D,

wherein the cis isomer is a compound of Fornwla (Ia):

HN g, NHz

veQ  &=0
MeO (ila},

or a salt thereof and the frans isomer is a compound of Formula (ilby:

HN g N2

med” =0
MeQ {11tb),

10 orasalt thereof, comprising reacting a compound of Formuba (11

HN.. _OMe
MeC Q
MeQ (i),
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or a salt thereof with an ammonium source in the presence of a solvent, thereby producing a
composition comprising a mixture of ¢is and frans isomers of 3 compound of Formuda (1) or

a salt thereof with increased ratio of the ¢is isomer to the frans isomer.

27, A process of preparing a compound of Formula (X3
e H
ISR NS ) N
R S N2
M. oK e
(:\ \C:§“§")
- \._\(E §-
e —
Sty ] Y
R ;é 77NN
HaCO  iF ety d
S B b
5 e ),

or a salt thereof, comprising the steps of!

{a) reacting a compound of Formula (1)
HN,__.Ole
MeO ?;:O
MeO {n.

or a salt thereof with an ammonium source in the presence of a solvent, thereby producing a

10 compound of Formula (I

HNy NH,
o

MeO 3—”'

MeO {1,

or a salt thereof;
{h) reacting a compound of Formula (FH) with alkyl acetoacetate, thereby producing

an isomeric mixture of a compound of Formula (IV):
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WQH

N

Na_z
MeOi ;go

MeQ IV,

or a salt thereof, wherein the 1someric mixture of the compound of Formuda (IV} has a greater

amount of the cis isomer, Formula (IVa):

MeG {ava),

5 orasalt thereof, as compared to the frans isomer, Forouda (FVb):

WQH

N N

-

MeC ”,’;"”f/' o

MeQ (Ivh),
or a salt thereof,

{c) purtfving the isomerne mixture of the compound of Formula (IV) or a salt thereof

to obtain the compound of Formula (IVa) or a salt thereof]

10 {d} reacting the compound of Formula (TVa} or a salt thercof with an activating agent,

thereby providing a compound of Formuda (V-1a).

97



WO 2022/120136 PCT/US2021/061754

or a salt thereof;

{2} reacting the compound of Formula (V-1a) or a salt thereof with S-methyl-3-

pyrazolamine, thereby providing a compound of Formula (Vi)

N
i N
~
W M
N
Med O
5 MeO (Vi)

or a salt thereof

{f) reacting the compound of Formula (V1) or a salt thereof with a base, therchy

providing a compound of Formula (VH):

t

N

\

YO
N. _oN S

HO (VI
16 ora salt thercof,
{g} reacting the compound of Formula (VH) or a salt thercof with a compound of

Fornudda (VHI):
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F v,
or a salt thereof, thereby providing the compound of Formula (X or a salt thereof.

28, A process of preparing a compound of Formula (X):

5 CH
S
S AN
H\}CG (;} - .-"-.--f"j\\\\ ’i" 1” E\
Opd
3 (X),

or a salt thereof, comprising the steps of!

{(a) reacting a compound of Formula (IVa):

MeO {(Iva),

MeO (V-1a),
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or a salt thereof, wherein R 1s an activating group;

{b} reacting the compound of Formula (V-1a) or a salt thercof with 5-methyi-3-

pyvrazolamine, thereby providing a compound of Formula (VI):

§
N
OU o
NagN 55
Med™ =0
MeO (V)

3 orasalt thereof,

{c) reacting the compound of Formulda (V) or a salt thereof with a base, thereby

providing a compound of Formula (VH):

§
N
=2
Y\kf M
Mgt
MeD =0
HO (ViI).
or a salt thercof! and
16 {d} reacting a compound of Formula (VII} or a salt thereof with a compound of
Formula (VHI):
NH»
=& N i\i\
<

F (v,

or a salt thereof, thereby providing a salt of a compound of Formula (X).
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29, The process of claim 27 or 28, wherein the last step of the process further comprises
reacting a salt of a compound of Fornuda (X} with a base, thereby providing a compound of

Formula (X).

34 The process of claim 29, wherein the salt of a compound of Formula (X3 is an H{I
salt.
31, The process of any one of clamms 25-27, 29, and 3¢, wherein the ratio of the cis

isomer to the frans isomer of a compound of Formula (Il isat least 4 to 1.

32, The process of any one of claims 25, 27, and 29-31, wherem the ratio of the ¢is
isomer to the frans isomer of a compound of Formula IV) is at least 4 1o 1.

33.  'The process of any one of claims 25, 27, and 29-32, wherein step (a) further
comprises heating the solvent.

34, The process of claim 26 and 30-33, further comprising heating the solvent to reflux.
35. The process of claim 23, 27, and 29-32, wherein step {a) further comprises heating the

solvent to about 40 °C or higher, or to about 50 °C or higher.

36, The process of claim 26 and 30-32, further comprising heating the solvent to about 50
°C or higher.

37.  The process of any one of elaims 25-36, wherein the solvent is a polar organic
sofvent.

38, The process of claim 23-37, wheremn the solvent is an alcohol.

3¢ The process of claim 23-38, wherein the solvent is methanol.

40,  The process of any one of claims 25, 27, and 29-39, wherein the alky] acetoacetate is
methy! acetoacetate.

41. ¢ process of any one of claims 27-40, wherein the activating agentis a

methanesulfonyl agent or methanesulfonyl chloride and R 1s -OMs.

42, 'The process of any one of clamms 27-41, wherein the base is a metal bydroxide.

43, The process of any one of claims 27-42, wherein the metal hyvdroxide 1s sodmum
hydroxide.

44, The process of any one of claims 27-43, wherein the ammonium source 1s NHz or
NH.CL

43, A process of preparing a composition compnsing a mixture of ¢is and frans somers

of a compound of Formula (X) having a majority of the cis isomer configuration:
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(X},
the process comprising:

reacting a compound of Formola (Vi)

HO (VII),
ot a salt thereot, with a compound of Formula (V)

NH,

W NN

F(VHI,

or a salt thereof, thereby providing a composition comprising a mixture of ois and frans

isomers of the compound of Formala (X) having a majority of a cis isomer configuration.

46.  The process of claum 45, wherein the composition } having a majority of the cis

wsomer configuration has a ois:frans molar ratio of from 4:1 to about 99: 1.

47, The process of claim 45 or 46, wherein the composition having a majority of the cfs

isomer configuration has a cis:rrans molar ratio of from about 97:3 to about 99:3.

48.  The process of any one of claims 45-47, further comprising a process of preparing the

compound of Formula (VH} or a salt thereof comprising:
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{a} reacting a compound of Formula (JVa}:

MeO {IVa),

or a salt thereof with an activating agent, thereby providing a compound of Formula (V-1a):

MeO (V-ia},
5 orasalt thercof, wherein R is an activating group;

{b) reacting the cormpound of Formula (V-1a} or a salt thereof with 5-methyl-3-

pyrazolamine, thereby providing a compound of Formula (VI

Nogh 5
MeC =0
MeO (VD
or a salt thereof;
10 {¢} reacting the compound of Formuala (V) or a salt thereof with a base, thereby

providing the compound of Formula (VI} or a salt thereof.

49, The process of claim 48, wherein the activating agent is a methanesulfony] agent and

Ris -OMs.



WO 2022/120136 PCT/US2021/061754

56. A geometric isomeric mixture comprising a cornpound of Formula (X):

{X).
prepared with a process of claim 45 or 46, wherein the geometric isomer mixture has
a cis. frans molar ratio of from about 4:1 to about 99:1.
5 51, The geometric isomeric mixture of claim 50, wherein the geometric isomer mixture
has a cis:irans molar ratio of from abowt 4:1 to about 99:3.
52, The geometric isomeric mixture of claim 30, wherein the geometric 1somer mixture

has a cis rans molar ratio of from about 90:10 to about 99:1.

5 The geometrie isomeric nuxture of claim 50, wherein the geometric isomer mixture

(75

16 has a cis:irans molar ratio of from about 90:3 to about 99:3.
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