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SOLID FORMS, SALTS, AND PROCESSES OF PREPARATION OF A CDK2
INHIBITOR

This application claims the benefit of prionty of US. Prov. Appin. No.

63/317,308, tiled March 7, 2022, which is incorporated by reference in #is entirety.

SEQUENCE LISTING
This application contains a Sequence Listing that has been sabmitted
electronically as an XML file named 20443-0746W01_S1 ST26 xmi. The XML file,
created on March 6, 2023, 15 5,121 bytes n size. The maternial in the XML file is

hereby incorporated by reference in its entirety.

TECHNICAL FIELD
This application is directed to solid forms and salts of a CDK2 inhibitor,
pharmaceutical compositions thercof, methods of treating a disease or disorder
assoctated with CDK2 using the same, and processes of preparing the compound of

Formula (I} and the solid forms and salts.

BACKGROUND

Cyclin-dependent kinases (CDKs) are a family of serine/threonine kinases.
Heterodimerized with regulatory subuntts known as cycling, CDKs become fully
activated and regulate kev cellular processes including cell cvcle progression and cell
division (Morgan, B. Q. Annu Rev Cell Dev Biol, 1997, 13: 261-91). Uncontrolled
proliferation is a hallmark of cancer cells. The deregulation of the CBK activity is
assoctated with abnormal regulation of cell-cvele, and 1s detected n virtually all
forms of human cancers (Sherr, C. 1., Science, 1996, 274{(5293): 1672-7).

CDK2 1s of particular interest because deregulation of CIIKZ activity occurs
frequently in a variety of human cancers. CDKZ plays a crucial role in promoting
G1/S transition and S phase progression. In complex with cyelin E (CONE), CDK2
phosphorylates retinoblastoma pocket protein family members {(p107, p130, pRb},
leading to de-repression of E2F transcription factors, expression of G1/8 transition
related genes and transttion from G1 to S phase (Henley, S.A. and F A, Dick, Cell Dy,

2812, 7(1): p. 10). This in tum enables activation of CDK2/cvclin A, which
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phosphorvlates endogenous substrates that permit DNA synthesis, replication and
centrosome duplication (Ekholm, SV, and S.1. Reed, Curr Opin Cell Biol, 2000,
12(6}): 676-84). It has been reported that the CDK2 pathway influcnces fumorigenesis
mainly through amplification and/or overexpression of CCNE! and mutations that
mmactivate CDKZ endogenous imhibitors {e.g., p27), respectively (Xu, X, et al.,
Biochemisrry, 1999 3827y 8713-22}.

CCNEL copy-number gam and overexpression have been identified in
ovarian, gastric, endometnal, breast and other cancers and been assoctated with poor
outcomes in these tumors {Keyomarst, K, et al,, N Engl J Med, 2002, 347(20}: 1566~
75; Nakavama, N, et al, Cancer, 2010, 116(11): 2621-34; Au-Yeung, G, etal., Clin
Cancer Res, 2017, 23(7): 1862-1874; Rosen, B.G, ¢t al., Cancer, 2006, 106(9): 1925~
323 Amplification and/or overexpression of CCNE1 also reportedly contribute to
trastezumab resistance in HER2+ breast cancer and resistance to CDK4/6 inhibitors
in estrogen receptor-positive breast cancer (Scaltnity, M., et al., Proc Natl Acad Sci U
S A, 2011, 108(9): 3761-6; Herrera-Abreu, MT, et al, Cancer Res, 2016, T6(&):
2301-13). Various approaches targeting CDK2 have been shown to induce cell cycle
arrest and tumor growth mhibition {Chen, YN, et al,, Proc Narl Acad Sci U S 4,
1999, 96(8}: 4325-9; Mendoza, N, et al, Cancer Res, 2003 63(5y: 1020-43.
Ishibition of CDK2 also repostedly restores sensitivity o trastuzumab treatment in
resistant HERZ+ breast tumors in a preclinical model (Scaliriti, supra).

These data provide a rationale for considering CDK2 as a potential target for
new drug development in cancer associated with deregulated CDK2 activity. In the
fast decade there has been increasing interest in the development of CDK selective
inhibitors. Despite significant efforts, there are no approved agents targeting CDK2
to date (Cicenas, 1., et al,, Cancers {Basel), 2014, 6(4): p. 2224-42). Therefore it
remains a need to discover new forms of UDK2 inhibitors and processes of
preparing such mhibitors and solid forms. This application is directed to this need

and others,

SUMMARY
The present disclosare relates to, infer alia, a solid form of a compound of

Formula (B
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which is Form I, Form i, or Form HL
The present disclosure further provides a salt of the compound of Forowla (1},

which is selected from:

Pi 4]

a mono-maleate salt of the compound of Formula (1);

a di-besylate salt of the compound of Foromula (I);

a mono~-mesviate salt of the compound of Formula (I);

a di-tosylate salt of the compound of Formula (3);

a mono-hydrochloride salt of the compound of Formula (I); and

10 a di~hydrochloride salt of the compound of Formwla (1),

The present disclosure further provides pharmaceutical compositions

comprising a solid form of the compound of Formuda (I} as described hercin, and a
pharmaceutically acceptable carrier. The present disclosure also provides
pharmaceutical compositions comprising a salt of the compound of Formula (1) as

15 described herein, and a pharmaceutically acceptable camer.

The present disclosure further provides methods of inhibiting CDK2,

conaprising contacting the CDK2 with a solid form of Formula (I} as described herein.
The present disclosure further provides methods of inhibiting CDK2, comprising
contacting the UDK2 with a salt of the compound of Formula (I} as described herein.

20 ‘The present disclosure further provides methods of inhibiting CDKZ ina
paticnt, comprising administering to the patient a solid form of the compound of
Formula (I} as described herein. The present disclosure further provides methods of
inhibiting CDK2 in a patient, comprising administering to the patient a salt of the
compound of Formula (1} as described herein.

25 The present disclosure further provides methods of treating a disease or

disorder assoctated with CDK2 1 a patient, comprising administering to the patient a

solid form of the compound of Formmula (I} as described herein. The present disclosure

further provides methods of treating a discase or disorder associated with CDKZ in a

patient, comprising administering to the patient a salt of the compound of Formula (I)

30 as described herein.
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The present disclosure further provides a solid form of the compound of
Formula (I} as described herein for use in any of the methods described herein. The
present disclosure further provides a salt of the compound of Fornmwula (1} as described
herein for use in any of the methods described herein.

5 The present disclosure further provides uses of a solid form of the compound
of Formula (T} as described herein for the preparation of a medicament for use in any
of the methods described herein. The present disclosure further provides uses of a salt
of the compound of Formula (1) as described herein for the preparation of a
medicament for use i any of the methods described herein.

10 The present disclosure further provides processes of preparing a solid form of
the compound of Formula (I} as deseribed heren, comprising cooling a solution of the
compound of Formula (1} in a solvent component comprising ethanol and water.

The present disclosure also provides processes of preparing the salts of the
corapound of Formula (1} as described herem,

The present disclosure further provides processes of preparing a compound of

-
o

Formula (I} as described herein, or a pharmaceutically acceptable salt thereof, a solid
form of the compound of Formula (f) as descrbed heretn, or a salt of the compound
of Formula (I} as described herein, the process comprising:

reacting a compound of Formula (1)

¢
o~ Lo

"

N%’\\ P
20 SN (1,

with a compound of Formula (1b):

LSO, Me

N
)

G2
HoN

(b},
or a salt thereof, via a Buchwald coupling reaction, to form a compound of Formula

{ia):

25
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wherein X! is halo.

DESCRIPTION OF DRAWINGS

Figure 1 shows an XRPD patiemn for Form T of crystalline 8-ethoxy-N-
{(3R 45)-3-methyl-1-(methylsulfonyhpiperidin-4-y1)-7-{1H-pyrazol-4-vi}-
1,2, 4knazolol 1. 5-alpyridin~-2-anune {Formula (1)) free base.

Figure 2 shows a DSC thermogram for Form I of erystalling 8-ethoxy-N-
((3R,48}-3-methyl-1-(methylsutfonyhpiperidin-d-v1}-7-(1H-pyrazol-4-y1}-
i1,2. 4{triazolof 1, S-ajpyridin-2-amine {Formula (1)) free base.

Figure 3 shows a TGA thermogram for Form I of crystalline 8-cthoxy-N-
((3R458)-3-methvl- I-(methvisulfonvhpipenidin-4-y1)-7-(1 H-pyrazol-4-yl}-

{1,2 4jtriazolof 1, 5-alpyridin-Z-amine {(Formala (1)) free base.

Figure 4 shows an XRPD pattern for crystalline 8-ethoxy-N-{{3R 45)-3~
methyl-1-(methylsulfonvhpipendm-4-y1)-7-( I H-pyrazol-4-vi)}-{ 12,4 }triazolof 1,5~
alpyridin-Z-amine (Formula (1)) malcate salt.

Figure 5 shows a DSC thermogram for crystalline &-ethoxy-N-({3R,48}-3-
methyl-1-(methyisulfonypipenidin-d-y1)-7-( I H-pyrazol-4-vi}-{ 1,2 4 {triazolof 1,5~
ajpvrdin-2-amine (Formula (I)) maleate salt.

Figuare 6 shows a TGA thermogram for crystalline 8-cthoxy-N-((3R,48}-3-
methyl-I-(methylsulfonylpiperdm-4-y1}-7-{ EH-pyrazol-4-y1}-{ 1,2, 4 {triazolof 1 5-
ajpyridin-2-amine (Forowula (1)) maleate salt.

Figure 7 shows an XRPD pattern for crvstalline 8-ethoxy-N-((3R,48)-3-
methyl--{methviselfonyhpiperidin-4-y1)-7-{(1 H-pyrazol-4-y1}-{1,2 4jtnazolof 1,5-
ajpyrdin-Z-aming (Formula (1)) besylate salt.

Figure 8 shows a DSC thermogram for crvstalline 8-ecthoxy-N-{{3R 45}-3-
methyl-1-(methylsulfonylpipenidin-d-v1)-7-(1H-pyrazol-4-v1}-{ 1,2 4 {trtazolof 1,5~
alpyridin-2-amine {Formula (1)} besviate salt.

Figure 9 shows a TGA thermogram for crystalline 8-cthoxy-N-{({(3R,458}-3-
methyl-i-{(methvisalfonyhpipendin-4-y)-7-(1Hpyrazol-d-v1}-[ 1.2 4 trtazolof |, 3-
alpyridin-Z-amine (Formula (1)) besylate salt.

Figure 10 shows an XRFD pattern for crystalline 8-cthoxy-N~((3R.45)-3-
methyl-1-(methvisulfonyUpipendin-4-y)-7-(IH-pyrazol-4-v1}-{ 1,2 4 jtriazolo{ 1,5~

ajpyridin-2-amine {(Formula (1)) mesylate salt.

[
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Figure 11 shows a DSC thermogram for crystalline 8-cthoxy-N-{(3R,45}-3-
methyl-1-{methviselfonypipendin-4-y1)-7-(1H-pyrazol-4-v}-{ 1,2 4 jtriazolo{ 1,5~
alpvadin-Z-amime (Formula (1)) mesvlate salt.

Figure 12 shows a TGA thermogram for crvstailine 8-cthoxy-N-((3R 48)-3-
methyl-1-(methylsulfonyhpipendin-4-y13-7-(1H-pyrazol-4-vy1}-{ 1,2 4 jtriazolof 1. 3-
ajpyridin-2-amine (Fornmula (I} mesvlate salt.

Figure 13 shows an XRPD pattern for crystalline 8-cthoxy-N-{({(3R,45)-3-
methyl-1-{methviselfonylpiperidin-4-y1}-7-( I H-pyrazol-4-v1}-{ 1,2 4 }triazolof 1,5~
ajpyrdin-Z-amine (Formula (1)) tosvlate salt.

Figure 14 shows a DSC thermogram for crystalline §-cthoxy-N~-{(3R,45}-3-
methyl--(methyisulfonylpipendin-d-vI}-7-(IH-pyrazol-4-v1}-{ 1,2 4 }triazolof 1,5~
ajpvridin-2-amine (Formulda (1)) tosylate salt.

Figure 15 shows a TGA thermogram for crystalline &-cthoxy-N~{((3R,45}-3-
methyl-1-(methylsulfonvhpipendm-4-y1)-7-( I H-pyrazol-4-vi)}-{ 12,4 }triazolof 1,5~
alpyridin-Z-amine (Formula (1)) tosylate salt.

Figure 16 shows an XRPD pattern for crystalline 8-ethoxy-N-((3R.45)-3-
methyl-1-(methyisulfonypipenidin-d-y1)-7-( I H-pyrazol-4-vi}-{ 1,2 4 {triazolof 1,5~
ajpvridin-2-amine (Formula (I}) mono-hydrochloride sait.

Figare 17 shows a DSC thermogram for ceystatling S-ethoxy-N-{{3R.45}-3~
methyl-1-(methylsulfonylpiperidin-4-y1}-7-( 1 H-pyrazol-4-v1}-{ 1,2 4 jtriazolof 1 5-
ajpyridin-2-amine {Fornula (1)} mono-hvdrochloride salt.

Figure 18 shows a TGA thermogram for crystalline 8-cthoxy-N-{{(3R,45)-3-
methyl--{methviselfonyhpiperidin-4-y1)-7-(1H-pyrazol-4-v1}-{ 1.2 4 trtazolof 1,5~
ajpyadin-Z-amine (Formula (1)) mono-hydrochloride salt.

Figure 19 shows an XRPD pattem for crystalline 8-ethoxy-N~{(3R.45})-3-
methyl-1-(methylsulfonylpipenidin-d-v1)-7-(1H-pyrazol-4-v1}-{ 1,2 4 {trtazolof 1,5~
alpyridin-2-amine (Formula (1)) di-hydrochloride salt.

Figure 20 shows a DSC thermogram for crystatiine 8-cthoxy-N-{(3R,45}-3-
methyl-i-{(methvisalfonyhpipendin-4-y)-7-(1Hpyrazol-d-v1}-[ 1.2 4 trtazolof |, 3-
alpyridin-Z-amine (Formula (1)} di-hvdrochloride salt.

Figure 21 shows a TGA thermogram for crystalline 8~ethoxy-N-{(3R 45}-3-
methyl-1-(methvisulfonyUpipendin-4-y)-7-(IH-pyrazol-4-v1}-{ 1,2 4 jtriazolo{ 1,5~

ajpyridin-2-amine (Formula (1)) di-hvdrochloride salt.
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Figure 22 shows an XRPD pattern for Form I of crystalline 8-ethoxy-N-
((3R48)-3-methyl-1-(methylsulfonyhpiperidin-4-v1}-7-(1H-pyrazol-4-v1)-
i1,2. 4}tnazolof 1, 5-alpyridin-2-araine {Formula (1)) free base.

Figure 23 shows a DSC thermogram for Form H of crystalline 8-ethoxy-N-
{(3R 45)-3-methyl-1-(methylsulonybpiperidin-4-y1)-7-{IH-pyrazol-4-vi}-
1,2, 4knazolol 1. 5-alpyridin~-2-anune {Formula (1)) free base.

Figure 24 shows a TGA thermogram for Form I of crystalline 8-ethoxy-N-
((3R,48}-3-methyl-1-(methylsutfonyhpiperidin-d-v1}-7-(1H-pyrazol-4-y1}-

i1,2. 4{triazolof 1, S-ajpyridin-2-amine {Formula (1)) free base.

((3R458)-3-methvl- I-(methvisulfonvhpipenidin-4-y1)-7-(1 H-pyrazol-4-yl}-
{1,2 4jtriazolof 1, 5-alpyridin-Z-amine {(Formala (1)) free base.

Figure 26 shows a DSC thermogram for Form HI of crystalline 8-ethoxy-N-
{((3R,45)-3-methyl-1-(methylsulfonybpiperidin-4-v)-7-( 1 H-pyrazol-4-vi}-
{1,2 4triazolof 1, 5-alpyridin-2-amine {Formula (I}} free base.

Figure 27 shows a TGA thermogram for Form Hi of crystalline 8-ethoxy-N-
((3R,48)-3-methyl-1-(methylsulfonyhpiperidin-4-v)-7-(1 H-pyrazol-4-vi}-
{1,2 4}tnazolof 1 S-ajpyridin-2-amine (Formula (T)) free base.

Figare 28 shows an XRPD pattern for Form 1 of crystalline 8-gthoxy-N-
{(3R 45)-3-methyl-1-{methylsulfonyhpiperidin-4-y}-7-{IH-pyrazol-4-vi}-
f1,2 4ltriazolol 1, 5-alpyridin-2-avune (Formula (I)) free base.

Figure 29 shows a DSC thermogram for Form I of crystalline 8-ethoxy-N-
{(3R.,48)-3-methyi-1-(methylsutfonyDpiperidin-d-y1}-7-( 1 H-pyrazol-4-y1}-

i1,2. 4}triazolo{ 1, 5-ajpyridin-2-amine {Formula (1)) free base.

DETAILED DESCRIPTION
Solid Form and Salis
The present application provides, infer alia, a solid form of a corapound of

Formula (8
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which is Form 1. Form 1 is the free base of the compound of Formula (I). In some
embodiments, the solid form is non-solvated. In some embodiments, the solid form is
crystalline.

In some embodiments, the solid form has at least one XRPD peak, mn terms of
2-theta (+ 0.2 degrees), selected from 7.3, 10.5, 12.8, 14.5, 15.2, 164,203,213,
216, and 27.0.

In some embodiments, the solid form has at least two XRPD peaks, in terms of
2-theta {+ 0.2 degrees), selected from 7.3, 10.5,12.8, 14.5,15.2, 164, 203, 21.3,
21.6,and 27.0.

In some embodiments, the solid form has at least three XRPD peaks, in termas
of 2-theta (= 0.2 degrees), selected from 7.3, 10.5, 12.8, 14.5, 15.2, 164, 203, 21 3,
216, and 27.0.

In some cmabodiments, the solid form has at least four XRPD peaks, in terms
of 2-theta (= 0.7 degrees), selected from 7.3, 10,5, 12.8, 145, 152, 164,203, 21.3,
21.6,and 27.0.

In some embodiments, the solid form has at least five XRPD peaks, in terms
of 2-theta (= 0.2 degrees), selected from 7.3, 10.5, 12.8, 14.5, 152, 164, 20.3, 21 .3,
21.6, and 27.0.

In some cmbodiments, the solid form has at least ten XRPD peaks, in terms of
2-theta {+ 0.2 degrees), selected from 7.3, 10.5, 12.8, 14.5, 152, 164,203,213,
216, and 27.0.

In some embodiments, the solid form has at least one XRPD peak, in terms of
2-theta {+ 0.2 degrees), selected from 7.5, 13.0, 14.7, 15.3, 16 .2, 166, 20.5, 208,
214,233,240, and 27 1.

In some embodiments, the solid form has at feast two XRPD peaks, in termas of
2-theta (+ 0.2 degrees), selected from 7.5, 13.0, 14.7, 153, 16.2, 166,205, 20 8,
214,233,240, and 27 1.

In some crabodiments, the solid form has at least three XRPD peaks, in terms
of 2-theta (£ 0.2 degrees), selected from 7.5, 13.0, 147, 153,162, 166,283,208,
214,233,240, and 271,

In some embodiments, the solid form has at least four XRPD peaks, in torms
of 2-theta (= 0.2 degrees), sclected from 7.5, 13.0, 14.7, 153, 16.2, 16,6, 20.5, 208,
214,233,240, and 27 1.

PCT/US2023/063875
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In some embodiments, the solid form has at least five XRPD peaks, in terms
of 2-theta (= .2 degrees), sclected from 7.5, 13.0, 14.7, 153, 16.2, 16.6, 205, 20.8,
214,233,240, and 27 1.

In some embodiments, the solid form has at least ten XRPD peaks, m terms of
2-theta (+ 0.2 degrees), selected from 7.5, 13.0, 14.7, 153, 16.2, 166,205, 20 8,
214,233,240, and 27 .1,

In some embodiments, the solid form has an XRPD pattern as substantially
shown in FIG. 1.

In some embodiments, the solid form has an XRPD pattern as substantially
shown in FIG. 28.

In some embodiments, the solid form has an endothermic peak with an onset
temperatare (+ 3°C) at 191.7°C and a maximuom at 193.6°C.

In some embodiments, the solid form has an endothermic peak with an onset
temperature (£ 3°C) at 191.3°C and a maximum at 193.3°C,

In some embodiments, the solid form has a BSC thermogram substantially as
shown in FIG. 2.

In some embodiments, the solid form has a DSC thermogram substantially as
shown in FIG. 29

In some embodiments, the solid form has a TGA thermogram substantially as
shown in FIG. 3.

The present application also provides a solid form of a compound of Formula
(1.
which is Form I1. Form 11 is the free base of the compound of Formula (8). In some
cmbodiments, the solid form is non-schvated. In some embodiments, the solid form is
crystalline.

In some embodiments, the solid form has at least one XRPD peak, in terms of
2-theta (& 0.2 degrees), selected from 5.8, 76, 114,125, 144,172,179, and 25 3.

In some embodiments, the solid form has at least two XRPD peaks, in terms of
2-theta (£ 0.2 degrees), selected from 5.8, 7.6, 114, 125,144,172, 17.9, and 253,

In some embodiments, the solid form has at least three XRPD peaks, i terms
of 2-theta {+ 0.2 dogrees), sclected from 58, 7.6, 114, 125, 144, 172, 179, and
253,

PCT/US2023/063875



WO 2023/172921

-
o

20

In some embodiments, the solid form has at least four XRPD peaks, in terms
of 2-theta {+ 0.2 dogrees), sclected from 58, 7.6, 114, 125, 144, 172, 179, and

In some embodiments, the solid form has at least five XRPD peaks, i terms
of 2-theta (+ 0.2 degrees), sclected from 5.8, 7.6, 114, 125, 144, 172, 179, and
253,

In some embodiments, the solid form has at least ten XRPD peaks, i terms of
2-theta {+ 0.2 degrees), selected from 5.8, 7.6, 114, 12.5, 144,172, 179, and 253,

In some embodiments, the solid form has an XRPD pattern as substantially
shown in FIG. 22

In some embodiments, the solid form has an endothermic peak with an onset
temperatare (+ 3°C) at 191.0°C and a maximuom at 193 .4°C.

In some embodiments, the solid form has a DSC thermogram substantially as
shown in FIG. 23.

In some embodiments, the solid form has a TGA themmogram substantially as
shown in FIG. 24

The present application also provides a solid form of a compound of Formula
().
which is Form 1. Form [H is the frec base of the compound of Formula (1), In some
embodiments, the solid form is solvated. In some embodiments, the solid form isa
1.4-dioxane solvate. In some embodiments, the 1,4~dioxane solvate of the compound
of Formula (T} has a stoichiometric ratio of 4:1 of the compound of Formula (I to 1,4~
dioxane. In some embodiments, the solid form is crystalline.

In some embodiments, the solid form has at least one XRPD peak, in terms of
2-theta (= 0.2 degrees), selected from 5.5, 9.8, 10.5,12.1, 13.9, 163, 198, 22,0, 24 4,
and 27 3.

In some embodiments, the solid form has at least two XRPD peaks, in terms of
2-theta (£ 0.2 degrees), selected from 5.5, 9.8, 105, 12,1, 139, 163, 198, 22.0, 24 4,
and 273

In some embodiments, the solid form has at least three XRPD peaks, i terms
of 2-theta {+ 0.2 degrees), sclected from 5.5, 98, 105, 12,1, 139, 163, 198, 22.0,

244, and 27 3.

10
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In some embodiments, the solid form has at least four XRPD peaks, in terms
of 2-theta (& .2 degrees), sclected from 5.5, 98, 10,5, 12,1, 13.9, 16.3, 198,22 0,
244, and 273,
In some embodiments, the solid form has at least five XRPD peaks, i terms
5  of Z-theta (= 0.2 degrees), selected from 5.5, 9.8, 16,5, 12.1, 139, 163, 198, 22.0,
244 and 273,
In some embodiments, the solid form has at least ten XRPD peaks, i terms of
2-theta {(+ 0.2 degrees), selected from 5.5, 6.8, 10.5,12.1,13.9, 163,198,220, 24 4,
and 27.3.
10 In some embodiments, the solid form has an XRPD pattern as substantially
shown n FIG. 25
In some embodiments, the solid form has an endothermic peak with an onset
temperatare (£ 3°C) at 192.6°C and a maximum at 194.3°C.

In some cmbodiments, the solid form has a DSC thermogram substantially as

15 shown in FIG. 26.
In some embodiments, the solid form has a TGA theomogram substantially as
shown in FIG. 27.
Also provided in the present application is a salt of a compound of Formula
.
20

which s selected from a mono~-maleate salt of the compound of Formoula (I): a di-
besylate salt of the compound of Formmula (I); 2 mono-mesylate salt of the compound
of Formula (I}, a di-tosylate salt of the compound of Foromda {1}, a mono-
hydrochlonde salt of the compound of Formula (I}; and a di-hydrochloride salt of the
25 compound of Formula (1)
In some embodiments, the salt is a mono-maleate salt of the compound of
Formula (I). In some embodiments, the mono-maleate salt is crystalline.
In some embodiments, the mono-maleate salt has at feast one XRPD peak, in
terms of 2-theta (£ 0.2 degrees), selected from 104, 11,6, 12.0, 14,1, 151, 17.2, 18.1,
30 19.1,213,219,229, 2472 and 259,

i1
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In some embodiments, the mono-maleate salt has at least two XRPD peaks, in
terms of 2-theta (& 0.2 degrees), selected from 104, 11.6, 12.0, 14.1, 15.1, 172, 18.1,
19.1,213,21.9,229, 242 and 259,

In some embodiments, the mono-maleate salt has at least three XRPD peaks,
in terms of 2-theta (& 0.2 degrees), selected from 104, 116, 12,6, 141, 151, 17.2,
18.1,i9.1,213,219,229,242, and 25 9.

In some embodiments, the mono-maleate salt at least four XRPD peaks, in
terms of 2-theta (& 0.2 degrees), selected from 104, 11,6, 12.0, 14.1, 15,1, 172, 18.1,
19.1,213,21.9,22.9,242 and 259

In some embodiments, the mono-~maleate salt has at least five XRPD peaks, in
termas of 2-theta (& 0.2 degrees), selected from 10,4, 11.6,12.0, 14.1, 151,172, 18.1,
191,21.3,219,229, 242 and 25.9.

In some cmbodiments, the mono-maleate salt has at least ten XRPD peaks, in
terms of 2-theta (£ 0.2 degrees), sclected from 104, 116, 12.0, 141, 151, 172, 18.1,
19.1,213,21.9,229,242 and 259

In some embodiments, the mono-maleate salt has an XRPD pattemn as
substantially shown in FIG. 4.

In some embodiments, the mono-maleate salt has an endothermic peak with an
onset temperature (£ 3°C) at 180 4°C and a maximum temperatere {+ 3°C) at 131.8°C.

In some erabodiments, the mono-maleate salt has a DSC thermogram
substantially as shown m FIG. 5.

In some embodiments, the mono-maleate salt has a TGA thermogram
substantially as shown in FIG. 6.

In some embodiments, the salt is a di-besylate salt of the compound of
Formula (I}. In some embodiments, the di-besvlate salt is crystalline.

In some embodiments, the di-besylate salt has at least one XRPD peak, in
terms of 2-theta (+ 0.2 degrees), selected from 6.3, 99, 12,1, 126, 159, 174, 187,
19.0, 196, and 25.1.

In some embodiments, the di-besylate salt has at least two XRPD peaks, in
terms of 2-theta (4 0.2 degrees), selected from 6.3, 9.9, 12.1, 12,6, 159, 174, 187,
19.0, 19.6, and 25 1.
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In some embodiments, the di-besylate salt has at least three XRPD peaks, in
terms of 2-theta {+ 0.2 degrees), selected from 63,99, 121, 126, 159, 174, 18.7,
19.0, 19.6, and 25.1.

In some embodiments, the di-besvlate salt has at least four XRPD peaks, in
terms of 2-theta (£ 0.2 degrees), sclected from 6.3, 99, 12,1, 126, 159, 174, 187,
19.0, 196, and 25.1.

In some embodiments, the di-besvlate salt has at least five XRPD peaks, m
terms of 2-theta (& 0.2 degrees), selected from 6.3, 9.9, 12.1, 12,6, 159, 174, 187,
19.0, 19.6, and 25.1.

In some embodiments, the di-besylate salt has at least ten XRPD peaks, in
terms of 2-theta (+ 0.2 degrees), selected from 63,99, 12,1, 126,159,174, 187,
19.0, 19.6, and 25.1.

In some cmbodiments, the di-besylate salt has an XRPD pattom as
substantially shown w FIG. 7.

In some embodiments, the di-besylate salt has an endothermic peak with an
onset temperatore (£ 3°C) at 160.4°C and a maximum temperature (& 3°C) at 163 .4°C.

In some embodiments, the di-besvlate salt has a DSC thermogram
substantially as shown in FIG. 8.

In some embodiments, the di-besvlate salt has a TGA thermogram
substantially as shown in FIG. 9.

In some cmbodiments, the salt is a mono-mesylate salt of the compound of
Formula (1}, In some embodiments, the mono-mesylate salt is crvstalline,

In some embodiments, the mono-mesylate salt has at least ong XRPD peak, in
terms of 2-theta {+ 0.2 degrees), selected from 4.8, 7.0, 11.9, 14,1, 149, 17.7, 18.9,
202,221, and 26.1.

In some embodiments, the mono-mesylate salt has at least two XRPD peaks,
in terms of 2-theta (4 0.2 degrees), selected from 4.8, 7.0, 11.9, 14,1, 149, 177,189,
202,22 1, and 26.1.

In some embodiments, the mono-mesylate salt has at least three XRPD peaks,
in terms of 2-theta (= 0.2 degrees), selected from 4.8, 7.0, 11.9, 14.1, 149, 177, 18.9,
202,221, and 26 1.

[
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In some embodiments, the mono-mesylate salt has at least four XRPD peaks,
in torms of 2-theta (= 0.2 degrees), selected from 4.8, 7.0, 119, 14,1, 149,177, 18.9,
202,221, and 26.1.

In some embodiments, the mono-mesylate salt has at least five XRPD peaks,
in terms of 2-theta (& 0.2 degrees), selected from 4.8, 7.0, 11.9, 14.1, 149, 177, 189,
202,221, and 26.1.

In some embodiments, the mono-mesylate salt has at least ten XRPD peaks, in
terms of 2-theta (& 0.2 degrees), selected from 4.8, 7.0, 11.9, 14,1, 149, 17.7, 189,
202,221, and 26 1.

In some embodiments, the mono-maesylate salt has an XRPD pattern as
substantially shown n FIG. 10.

In some embodiments, the mono-mesylate salt has a first endothermic peak
with a maximum temperature (= 3°C) at 61.1°C and a second endothermic peak with
an onset tomperature (+ 3°C) at 134.4°C and a maxinwum temperature (£ 3°C) at
15¢.3°C.

In some embodiments, the mono-mesylate salt has a DSC thermogram
substantially as shown 1o FIG. 11,

In some embodiments, the mono-mesylate salt has a TGA thermogram
substantially as shown in FIG. 12,

in some embodiments, the salt is a di-tosylate salt of the compound of
Formula (1}, In some cmbodiments, the di-tosylate salt 1s crvstatline.

In some embodiments, the difosvlate salt has at least one XRPD peak,
terms of 2-theta (4 0.2 degrees), selected from §.7,78,8.1,93, 137, 139, 16.2, 188,
and 20.6.

In some embodiments, the di-tosylate salt has at least two XRPD peaks,
terms of 2-theta (+: 0.2 degrees), selected from 5.7, 7.8, 8.1, 9.3, 13.7, 13,9, 162, 188,
and 20.6.

In some crubodiments, the di-tosvlate salt has at least three XRPD peaks, in
terms of 2-theta (£ 0.2 degrees), selected from 6537, 78, 8.1, 9.3, 13.7, 139, 16.2,
18.8, and 20.6.

In some embodiments, the di-tosylate salt has at least four XRPD peaks, in
terus of 2-theta (£ 0.2 degrees), selected from 5.7, 7.8, 8.1, 9.3, 137, 139, 162, 188,

and 20.6.
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In some embodiments, the di-tosylate salt has at least five XRPD peaks, in
terms of 2-theta {+ 0.2 degrees), selected from 57, 78, 8.1, 93, 137, 139, 162, 1838,
and 20.6.

In some embodiments, the di-tosvlate salt has at least eight XRPD peaks, in
terms of 2-theta (£ 0.2 degrees), sclected from 5.7, 7.8, 8.1, 9.3, 13.7, 13.9, 162, 188,
and 20.6.

In some embodiments, the di-tosvlate salt has an XRPD pattem as
substantially shown in FIG. 13,

In some embodiments, the di-tosylate salt has an exothermic peak with an
onset temperature (£ 3°C) at 99.6°C and a maximum temperature (x 3°Cy at 110.5°C,
and an endothermic peak with an onset temperature (£ 3°Cyat 216.1°C and a
maximam temperature (= 3°Cyat 218.7°C.

In some cmbodiments, the di-tosylate salt has a DSC thermogram substantially
as shown in FIG. 14

In some embodiments, the di-tosylate salt has a TGA thermogram
substantially as shown in FIG. 15,

In some embodiments, the salt is a mono-hydrochlonde salt of the compound
of Formula (I}. In some embodiments, the mono-hydrochloride salt is erystalline.

In some embodiments, the mono-hydrochioride salt has at least one XRPD
peak, in terms of 2-theta (+ 0.2 degrees), selected from 5.7, 8.5, 11.3, 14,1, 15.0, 184,
193,205,218, 228, and 253.7.

In some embodiments, the mono-hydrochionide salt has at least two XRPD
peaks, in terms of 2-theta (+ 0.2 degrees), selected from 5.7, 8.5, 113, 14.1, 13.8,
184,193,205, 21.8,22.8, and 25.7.

In some embodiments, the mono-hydrochioride salt has at least three XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 5.7, 8.5, 113, 14.1, 150,
184,193,205, 218,228, and 25.7.

In some crobodiments, the mono-hydrochioride salt has at least four XRPD
peaks, i terms of 2-theta (£ .2 degrees), selected from 5.7, 8.5, 113, 14.1, 13.0,
184, 193,205,218 228 and 25.7.

In some embodiments, the mono-hydrochioride salt has at least five XRPD
peaks, in torms of 2-theta (= 0.2 degrees), selected from 5.7, 8.5, 113, 14.1, 15.0,

184,193,205, 218,228, and 25.7.
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In some embodiments, the mono-hvdrochioride salt has at least ten XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 8.5, 11.3, 141, 13.0,
184,193,205 218,228, and 25.7.

In some embodiments, the mono-hydrochloride salt has an XRPD patiern as
substantially shown i FIG. 16,

In some cmbodiments, the mono-hydrochlonde salt has an endothemic peak
with an onset temperature (£ 3°C) at 196.0°C and a maxymnum temperature (3 3°C) at
212.2°C.

In some embodiments, the mono-hydrochloride salt has a BSC thermogram
substantially as shown in FIG 17

In some embodiments, the mono-hydrochloride salt has a TGA thermogram
substantially as shown i FIG. 18,

In some cmabodiments, the salt is a di-hydrochloride salt of the compound of
Formula (1}, In some embodiments, the di-hydrochloride salt is erystalline.

In some embodiments, the di-hydrochioride salt has at least one XRPD peak,
in torms of 2-theta (= 0.2 degrees), selected from 9.9, 10.7, 123, 13.0, 14.0, 152,
199,218,223, and 24 8.

In some embodiments, the di-hvdrochionde salt has at least two XRPD peaks,
in terms of 2-theta (& 0.2 degrees), selected from 9.9, 10.7, 123, 13.0, 14.0, 152,
199,218,223 and 24 8.

In some embodiments, the di~hydrochionide salt has at least three XRPD
peaks, in terms of 2-theta (+ .2 degrees), selected from 9.9, 107, 12.3, 13.0, 14.0,
152,199,218 223, and 24 8.

In some embodiments, the di-hydrochioride salt has at least four XRPD peaks,
in terms of 2-theta (= 0.2 degrees), selected from 9.9, 10.7, 12.3, 13.0, 14.0, 152,
199,218,223, and 24.8.

In some embodiments, the di-hydrochioride salt has at least five XRPD peaks,
in terms of 2-theta (= 0.2 degrees), sclected from 9.9, 10,7, 12.3, 13.0, 14.0, 152,
199,218,223, and 24 8.

In some embodiments, the di-hydrochloride salt has at least ten XRPD peaks,
in torms of 2-theta (= 0.2 degrees), selected from 9.9, 10,7, 12.3, 13.0, 14.0, 152,

19.9,21.8, 223, and 24.5.
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In some embodiments, the di-hydrochioride salt has an XRPD pattern as
substantially shown in FIG. 19

In some embodiments, the di-hydrochlornide salt has an endothermic peak with
an onset temperature (£ 3°C) at 182.1°C and a maximum temperature (+ 3°C) at
206 4°C.

In some cmbodiments, the di-hydrochloride salt has a DSC thermogram
substantially as shown in FIG. 20,

In some embodiments, the di-hydrochloride salt has a TGA thermogram
substantially as shown in FIG. 21.

Dhfferent forms of the same substance bave different bulk properties relating
to, for example, hvgroscopicity, solubility, stability, and the like. Forms with high
melting points often have good thermodynamic stability which is advantageous in
prolonging shelf-life drug formulations containing the solid form. Forms with lower
melting points often are less thermodynamically stable, but are advantageous 1 that
they have increased water solubility, translating to increased drug biocavatlabiligy.
Forms that arc weakly bygroscopic are desirable for their stability to heat and
humidsty and are resistant to degradation during long storage.

In some embodiments, the solid form or the salt of the compound of Formula
(I} provided herein 1s crvstalline. As used herein, “crvstalline™ is meant to refer to a
certain lattice configuration of a crystalline substance. Different crystalline forms of
the same substance tvpically have different crystalling lattices {¢.g., unit cells) which
are atinibuted to different phvsical properties that are charactenistic of each of the
crystalline forms. In some instances, different latiice configurations have different
water or solvent content.

As used herein, “slurrving” is meant o refer to forming a mixture of insolable
matter in a hquaid.

The solid forn and salt forms can be identified by solid state characterization
methods such as by X-ray powder diffraction (XRPD). Other characterization
methods such as differential scanning calormmetry (BSC), thermogravimetric analysis
(TGA), dynamic vapor sorption (DVS), solid state NMR, and the like further help
identify the form as well as help determine stability and sclvent/water content.

An XRPD pattern of refiections {peaks} is typically considered a fingerprint of

a particular solid form. It is well known that the relative intensities of the XRPD
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peaks can widely vary depending on, infer afia, the sample preparation {echnigue,
crystal size distribution, various filters used, the sample mounting procedure, and the
particular instrument eraployed. In some nstances, new peaks may be observed or
existing peaks may disappear, depending on the tvpe of the imstrument or the settings.
As used herein, the term “peak” refers to a reflection having a relative height/intensity
of at least about 4% of the maximum peak height/itensity. Moreover, mstrument
variation and other factors can affect the 2-theta values. Thus, peak assignments, such
as those reported herein, can vary by plus or munas about 0.2° (2-theta), and the term
“substantially” and “about” as used in the context of XRPD herein is meant to
encorapass the above-mentioned variations.

In the same way, temperature readings in connection with DSC, TGA, or other
thermal experiments can vary abowt +3°C depending on the instrament, particular
scttings, samplc preparation, otc. Accordingly, a solid form or a salt reported herein
baving a DSC thermogram “substantially” as shown in any of the Figures or the term
“about” is understood to accommodate such variation.

In some embodiments, the solid form or the salts described herein are
substantially isolated. By “substantially 1solated” is meant that the solid form orthe
salts 1s at least partially or substantially separated from the environment in which it
was formed or detected. Partiad separation can imchude, for example, a composition
enriched in the solid form or the salts described herein. Substantial separation can
include compositions containing at feast about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 95%, at least about 97%, or

at least about 99% by weight of the sohd form or the salts described herein.

Processes of Preparation

The present application further provides a process for preparing a solid form,
which is Form 1, comprising cooling a solution of the compound of Formmla (I} in a
solvent component comprising cthanol and water.

In some embodiments, the solvent component comprises about 5% to about
2% water and about 80% to about 95% ethanol. In some embodiments, the solvent
component comprises about 3% to about 10% water and about 90% to about 95%

cthanol. In some crmbodiments, the solvent coraponent comprises about 6% water and
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about 94% ethanol. In some embodiments, the solvent component comprises about
10% water and about 90% ethanol.

In some embodiments, the solution is cooled fo a temperature of (0°C = 3°C.

In some embodiments, the solution 1s prepared by heating a shurry of the
compound of Formula (1} in the solvent component prior to said cooling.

The present application further provides a process for preparing a solid form,
which 1s Form I, comprising evaporating at 25°C a solution of the compound of
Formula (I} in a solvent selected from CHzClz, CH:CON, EfOH, and IPA. In some
embodiments, the solvent is CH2Ch. In some embodiments, the solvent 1s CHaCN. In
some embodiments, the solvent 1s EtOH. In some embodiuments, the solvent 1s [PA.

The present application further provides a process for preparing a solid form,
which is Form i, comprising evaporating at 25°C a solution of the compound of
Forouda (B in 1 4-dioxane.

Also provided is a process for preparing Form [l comprising preparing a
saturated or nearly satarated solution of the compound of Formala (1) in 1 4-dioxane
at 25°C; quench-cooling the solution to a temperature of about -20°C to about -30°C;
and precipitating the solid form, which ts Form IE

The present application further provides a process for preparning a salt form of
the compound of Formuda (I}, which is selected from a mono-maleate sakt, a di-
besylate salt, a mono-mesylate salt, a di-tosylate salt, a mono-hydrochloride salt, and
a di~hydrochloride salt.

Provided in the present application 18 a process for preparing a mono-maleate
salt of a compound of Formulda (I}, comprising reacting the compound of Formula (I)
with maleic acid. In some cmbodiments, about | equivalent to about 2 equivalents of
maleic acid are utilized relative to 1 equivalent of the compound of Formula (). In
some embodiments, about 1 equivalent to about 1.5 equivalents of maleic acid are
uttlized relative to 1 equivalent of the compound of Foromuda (1), In some
cmbodiments, about 1 equivalent to about 1.2 equivalents of maleic acid are utilized
relative to 1 equivalent of the compound of Formula (I). In some embodiments, the
reacting of the compound of Formala (I} with the maleic acid is conducted in a
solvent component. In some embodiments, the solvent component comprises an
alcohol and a halogenated atkane. In some embodiments, the solvent component

comprises about 30% to about 70% by weight of a halogenated alkane and about 30%
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to about 70% by weight of an alcohol. In some embodiments, the solvent component
comprises about 40% to about 50% by weight of a halogenated alkane and about 40%
to about 60% by weight of an alcobol. In some crobodiments, the solvent component
comprises about 45% to about 35% by weight of a halogenated alkane and about 45%
to about 55% by weight of an alechol. In some embodiments, the halogenated alkane
is a chlorinated alkane. In some crobodiments, the solvent component comprises
dichloromethane and methanol. In some embodiments, the solvent component
comprises about 30% to about 70% by weight of dichloromethane and about 30% to
about 70% by weight of methanol. In some embodiments, the solvent component
comprises about 40% to about 50% by weight of dichloromethane and about 40% to
about 50% by weight of methanol. In some embodiments, the solvent component
comprises about 45% to about $5% by weight of dichloromethane and about 45% to
about 35% by weight of methanol. In some cmbodiments, the solvent component
coraprises |11 dichloromethane:methanol.

In some embodiments, after said reacting of the compound of Formula (1) with
the maleic acid, the process further comprises removing the solvent component and
then sturrying the product of said reacting n acetone.

In some embodiments, the process for preparing a mono-~maleate salt of the
compound of Formula (I}, comprises reacting the compound of Formula (1) with
maleic acid in a solvent component comprising dichloromethane and methanol, and
then evaporating the solvent component. In some embodiments, the solvent
component comprises {:1 dichloromethane methanol. In some embodiments, the
compound of Formula (1) is dissolved in the solvent component prior to the addition
of the maleic acid. In some embodiments, the solvent component is evaporated from
the solution at room temperature. Tn some embodiments, the solution s evaporated to
dryness. In some embodiments, evaporating the solvent component resalts in a solid.
iIn some embodiments, acetone is added to the resulting solid, followed by filtration.

Provided in the present application is a process for preparing a di-besylate salt
of a compound of Formula (1), comprising reacting the compound of Formula (I) with
benzenesulfonic acid. In some embodiments, about 1 equuvalent to about 2
equivalents of benzenesulfonic acid are utilized relative to 1 equivalent of the
compound of Formula (I}, In some embodiments, about ¥ equivalent to about 1.5

equivalents of benzenesulfonic acid are utilized relative fo 1 equivalent of the
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compound of Formula (I}. In some embodiments, about 1 equivalent to about 1.2
equivalents of benzenesulfonic acid are utilized relative to 1 equivalent of the
compound of Formula (I}, In some embodiments, the reacting of the compound of
Formula (I} with the benzenesulfonic acid 1s conducted 1 a solvent component. In
some embodiments, the solvent component comprises an alcohol and a halogenated
alkane. In some embodiments, the solvent component comprises about 30% to about
709 by weight of a halogenated alkane and about 30% 1o about 70% by weight of an
alcohol. In some embodiments, the solvent component comprises about 409 to about
60% by weight of a halogenated alkane and about 40% to about 60% by weight of an
alcobol. In some crubodiments, the solvent component comprises about 45% to about
55% by weight of a halogenated alkane and about 45% to about 55% by weight of an
alcohol. In some embodiments, the halogenated alkane s a chlorinated alkane. In
some embodiments, the solvent component comprises dichloromethane and methanol.
in some embodiments, the solvent component comprises about 30% to about 70% by
weight of dichloromethane and about 30% to about 70% by weight of methanol. In
some embodiments, the solvent component comprses about 40% to about 50% by
weight of dichloromethane and about 40% to about 50% by weight of methanol. In
some embodiments, the solvent component comprises about 45% to about 55% by
weight of dichloromethane and about 45% to about 55% by weight of methanol. In
some embodiments, the solvent component comprises 1.1 dichioromethane methanch.

In some embodiments, after said reacting of the compound of Formula (T} with
the benzenesulfonic acid, the process further comprises removing the solvent
component and then slurrying the product of said reacting in acetonitrile.

In some embodiments, afier said reacting of the compound of Formula (1} with
the benzenesulfonic acid, the process further comprises removing the solvent
component and then shirrving the prodact of said reacting in acctone.

In some embodiments, the process for preparing a di-besylate salt of the
corapound of Formula (I}, comprises reacting the compound of Foroula (1) with
benzenesulfomce acid in a solvent component comprising dichloromethane and
methanol, and then evaporating the solvent component. In some embodiments, the
solvent component comprises 1.1 dichloromethane methanol. In some embodiments,
the compound of Fommula (1) is dissolved m the solvent component prior to the

addition of the benzenesulfonic acid. In some embodiments, the solvent component 1s
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evaporated from the solution at room temperatare. In some embodiments, the sohution
is evaporated to a first oil. In some enmbodiments, acctonitrife is added to the first oil
and the solution is evaporated to a second oil. In some crmbodiments, the acctonitrile
is evaporated from the solution at room feraperature. In some embodiments, acetone is
added to the second oil to fornt a solution and the solution is slurried to solid. In some
embodiments, the solution is slurried at room teraperature. In some embodiments, the
solid is filtered.

Provided in the present application is a process for preparing a mono-mesylate
salt of a compound of Formula (1), comprising reacting the compound of Formula (1)
with methanesulfonic acid. In some emboduments, about 1 equivalent to about 2
equivalents of methanesulfonic acid are utilized relative to 1 equivalent of the
compound of Formula (I}, In some embodiments, about T equivalent to about 1.5
cquivalents of methanesulfonic acid are utilized relative to 1 equivalent of the
corapound of Formmula (I}, In some embodiments, about | equivalent to about 1.2
equivalents of methanesulfonic acid are utilized relative to 1 equavalent of the
compound of Formula (I}. In some embodiments, the reacting of the compound of
Formula () with methanesulfonic acid is conducted in a solvent component. In some
embodiments, the solvent component comprises an alcohol and a halogenated alkane.
In some embodiments, the solvent component comprises about 30% to about 70% by
weight of a halogenated alkane and about 30% to about 70% by weight of an alechol.
10 some embodiments, the solvent component comprises about 40% to about 60% by
weight of a halogenated alkane and about 40% to about 60% by weight of an alechol.
In some embodiments, the solvent component comprises abouat 45% to about 55% by
weight of a halogenated alkane and about 45% to about 55% by weight of an alcohol.
In some embodiments, the halogenated alkane is a chlorinated alkane. In some
embodiments, the solvent component compnses dichloromethane and methanol. In
some embodiments, the solvent component comprises about 30% to about 70% by
weight of dichloromethane and about 30% to about 70% by weight of methanol. In
some embodiments, the solvent component comprises about 40% to about 30% by
weight of dichloromethane and abowut 40% to abowt 50% by weight of methanol. In
some embodiments, the solvent component comprises about 45% to about 55% by
weight of dichloromethane and about 45% to about 55% by weight of methanol. In

some embodiments, the solvent component comprises 1:1 dichloromethane methanol.
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In some embodiments, after said reacting of the compound of Formula (I} with
the methanesulfonic acid, the process further comprises removing the solvent
component and then shurrving the product of said reacting in acetone,

In some embodiments, the process for preparing a mono-mesylate salt of the
compound of Formula (1), comprises reacting the compound of Formula (1} with
methanesulfonic acid in a solvent component comprising dichloromethane and
methanol, and then evaporating the solvent component. In some embodiments, the
solvent component comprises 1.1 dichloromethane methanol. In some embodiments,
the compound of Formula (1} is dissolved mn the solvent component prior to the
addition of the methanesulfomc acid. In some embodiments, the solvent component is
evaporated from the solution at room temperature. In some embodiments, the solution
is evaporated to an oil. In some embodiments, acetone 1s added to the oil to form a
solution and the solution is slurried to solid. In some embodiments, the solution is
slurried at room temperature. fo some ombodiments, the solid is filtered.

Provided in the present application is a process for preparing a di-tosylate salt
of a compound of Formula (1), comprising reacting the compound of Formula () with
p-tolucnesulfonic acid. In some cmbodiments, the p-toluencsulfonic acid s the
monohydrate. In some embodiments, about 1 equivalent to about 2 equuvalents of p-
toluenesulfonic acid are vtilized relative to 1 equivalent of the compound of Fosmula
(). In some embodiments, about 1 equivalent to about 1.5 equivalents of p-
toluenesubfonic acid are utilized relative to 1 equivalent of the compound of Formula
(I}. In some embodiments, about | equivalent to about 1.2 equivalents of p-
tohuenesuifonic acid are uttlized relative to 1 equivalent of the compound of Formula
(1). In some embodiments, the reacting of the compound of Formula (1) with p-
toluenesulfonic acid is conducted in a solvent component. In some embodiments, the
solvent component comprises an aleohol and a halogenated alkane. In some
embodiments, the solvent component comprises about 30% to about 70% by weight
of a halogenated alkane and about 30% to about 70% by weight of an alcobol. In
some embodiments, the solvent component comprises about 40% to about 60% by
weight of a halogenated alkane and aboot 40% to about 60% by weight of an alcchol.
In some embodiments, the solvent component comprises about 45% to about 55% by
weight of a halogenated alkane and about 45% to about 55% by weight of an alcohol.

In some embodiments, the halogenated alkane is a chlorinated alkane. In some
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embodiments, the solvent component comprises dichloromethane and methanol. In
some embodiments, the solvent component comprises about 3G% to about 70% by

70%

weight of dichloromethane and about 30% to about 70% by weight of methanol. In

some embodiments, the solvent component comprises about 40% to about 50% by
weight of dichloromethane and about 40% to about 50% by weight of methanol. in
some embodiments, the solvent component comprises about 45% to about 55% by
weight of dichloromethane and about 43% to about 53% by weight of methanol. In
some embodiments, the solvent component compnses 1:1 dichloromethane: methanol.

In some embodiments, afier said reacting of the compound of Formwula (1} with
the p-toluencsulfonic acid, the process further comprises removing the solvent
component and then shirryving the product of said reacting i acctonitrile.

In some embodiments, after said reacting of the compound of Formuda (I} with
the p-tolucnesulfonic acid, the process further comprises removing the solvent
coraponent and then shurrving the product of said reacting in acetone.

In some embodiments, the process for preparing a di-tosylate salt of the
compound of Formula (I}, comprises reacting the compound of Formula (1) with p-
tolucnesulfonic acid monohydrate in a solvent component comprising
dichloromethane and methanol, and then evaporating the solvent component. In some
embodiments, the solvent component comprises 111 dichloromethane methanol. In
some embodiments, the compound of Formula {§) is dissolved in the solvent
component prior to the addition of the p~tolucncsulfonic acid monchydrate. To some
embodiments, the solvent component is evaporated from the solution at room
temperature. In some embodiments, the solotion is evaporated to an oil. In some
embodiments, acetonitrile is added to the first oil and the solution is evaporated to an
oil/semi-solid. In some embodiments, the acetonitrile 1s evaporated from the solution
at room temperature. In some embodiments, acetone ts added to the oil/semi-solid to
form a solution and the solution is slurned to solid. fnn some embodiments. the
solution s slurried at room temperature. {n some embodiments, the solid 1s filtered.

Provided in the present application is a process for preparing a mono-
hvdrochlonde salt of a compound of Formulda (I}, comprising reacting the compound
of Formula (1) with hydrochloric acid. In some embodiments, about | equivalent to
about 2 equivalerds of hydrochloric acid are wiilized relative to 1 equivalent of the

compound of Formula (T}, In some embodiments, about T equivalent to about 1.5
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equivalents of hydrochloric acid are utilized relative to 1 equivalent of the compound
of Formula (1). In some embodiments, about | equivalent to about 1.2 equivalents of
hvdrochloric acid are utilized relative to | cquivalent of the compound of Formula (I).
In some embodiments, the reacting of the compound of Formula (I} with hvdrochlorie
acid is conducted in a solvent component. fn some embodiments, the solvent
comaponent comprises an alcohol and a halogenated alkane. Tn some embodiments, the
solvent component comprises about 30% to about 70% by weight of a halogenated
alkane and about 30% to about 70% by weight of an alcohol. In some embodiments,
the solvent component comprises about 40% to about 60% by weight of a halogenated
alkane and about 40% to about 60% by weight of an alcohol. In some embodiments,
the solvent component comprises about 45% to about 55% by weight of a halogenated
alkane and about 45% to about 55% by weight of an aleohol. In some embodiments,
the halogenated atkane is a chiorinated alkane. In some embodiments, the solvent
component comprises dichloromethane and methanol. In sore embodiments, the
solvent component comprises about 30% to about 70% by weight of dichloromethane
and about 30% to about 70% by weight of methanol. In some embodiments, the
solvent component comprises about 40% to about 50% by weight of dichloromethane
and about 40% to about 50% by weight of methanol. In some embodiments, the
solvent component comprises about 45% to about 33% by weight of dichloromethane
and about 45% to about 55% by weight of methanol. In some embodiments, the
solvent component comprises 111 dichloromethanc:methanol.

In some embodiments, after said reacting of the compound of Formula (I} with
the hydrochloric acid, the process further comprises removing the solvent component
and then slurrying the product of said reacting in acetone.

In some embodiments, the process for preparing a mono-hydrochloride salt of
the compound of Formula (I}, comprises reacting the compound of Fornmula (I} with
about 1 to about 1.5 equivalents of hydrochloric acid in a solvent component
comaprising dichloromethane and methanol, and then evaporating the solvent
component. In some embodiments, the solvent component comprises 1:1
dichloromethane methanol. In some embodiments, the compoond of Formula (I} 13
dissodved in the solvent component prior 1o the addition of the hydrochloric acid. In
some cmbodiments, the hvdrochloric acid 1s 6 M agueous hydrochloric acid. In some

embodiments, the solvent component is evaporated from the solution at room
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temperature. In some embodiments, the solotion is evaporated (o dryness. In some
embodiments, evaporating the solvent component results m a sohid.

Provided in the present application is a process for preparing a di-
hydrochloride salt of a compound of Formula (I}, comprising reacting the compound
of Formula (I} with bydrochloric acid. In some embodiments, about 2 equivalent to
about 3 equivalents of hvdrochloric acid are utilized relative to 1 equivalent of the
compound of Fornula (I}, In some embodiments, about 2 equivalent to about 2.5
equivalents of hydrochloric acid are utilized relative to 1 equivalent of the compound
of Formula (1). In some cmbodiments, about 2 equivalent to about 2.2 equivalents of
hvdrochloric acid are utilized relative to | cquivalent of the compound of Formaula (I).
In some embodiments, the reacting of the compound of Formula (I} with hydrochlornic
acid s conducted in a solvent component. In some embodiments, the solvent
component comprises an alcohol and a halogenated alkane. In some embodiments, the
solvent component comprises about 30% to about 70% by weight of a halogenated
alkane and about 30% to about 70% by weight of an alcohol. In some embodiments,
the solvent component comprises about 409% to about 60% by weight of a halogenated
alkane and about 40% to about 60% by weight of an alcohol. In some embodiments,
the solvent component comprises about 45% to about 55% by weight of a halogenated
alkane and about 45% to about 55% by weight of an aleohol. In some embodiments,
the halogenated atkane is a chiorinated alkane. In some embodiments, the solvent
component comprises dichloromethane and methanol. o sore embodiments, the
solvent component comprises about 30% to about 70% by weight of dichloromethane
and about 30% to about 70% by weight of methanol. In some embodiments, the
solvent component comprises about 40% to about 50% by weight of dichloromethane
and about 40% to about 50% by weight of methanol. In some embodiments, the
solvent component comprises about 45% to about 55% by weight of dichloromethane
and about 45% to about 55% by weight of methanol. In some embodiments, the
solvent component comprises 111 dichloromethane:methanol.

In some embodiments, after said reacting of the compound of Formula (T} with
the hydrochloric acid, the process further comprises removing the solvent component
and then slurrying the product of said reacting in acetone.

In some embodiments, the process for preparing a di-hydrochloride salt of the

compound of Formula (I}, comprises reacting the compound of Formula (I) with
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about equivalents to about 2.5 equivalents of hydrochioric acid in a solvent
component comprising dichloromethane and methanol, and then evaporating the
solvent component. In some embodiments, the solvent component comprises 1:1
dichloromethanemethanol. In some embodiments, the compound of Formula (f) 1s
5  dissolved m the solvent component prior to the addition of the hydrochloric acid. In

some embodiments, the hvdrochloric acid 1s 6 M agueous hydrochloric acid. In some
embodiments, the solvent component is evaporated from the solution at room
temperature. In some embodiments, the solotion is evaporated to dryness.

In some embodiments, acetong is added to the resulting solid, followed by

10 filtration.

The present application also provides processes for preparing a compound of
Forouda {1}, or a solid form or a salt thereof. Accordingly, the present application
provides a process of preparing a compound of Formula (1}, or a phammaccutically

acceptable salt thereof] a solid form of the compound of Fonmula (), which is Formn L

-
o

Form H, or Form I or any of the salts of the compound of Formnda (I} as described
herein, comprising;
reacting a compound of Formula (ic):

0»-( L

N 30

! L
N‘K\/\ AN
™ NNN { 1(3),

with a compound of Formula (1b}:

o~ SO, M
{31 N
)y

20 {1b),
or a salt thercof, via a Buchwald coupling reaction to form a compound of Fommula

{la):

wherein X! is halo.

25 in some cmmbodiments, X' is Br.
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In some embodiments, the compound of Formula (1b}, or the salt thereof, 1s
the HCT salt. In some embodiments, the Buchwald coupling reaction comprises
reacting the compound of Formula (1} with the compound of Formula (1b}, orthe
salt thereof, m the presence of a Buchwald catalyst or precatalyst and a base.

in some embodiments, the Buchwald catalyst or precatalyst is a palladium
catalyst. In some embodiments, the palladium catalyst or precatalyst is [(2-di-tert-
butylphosphine-3,6-dimethoxy-2" 4", 6 -triisopropyl- 1, '-bipheny}-2-(2"-anuno-1,1'-
biphenylpalladiom (31} methanesulfonate (t-BuBrett Phos Pd (3}, [tBuBrettPhos
Pd(aliyBJOTE (Pd-175). chloro(2-dicyclohexylphosphino-2' 4" 6 -triisopropyl-1,1'-
biphenyhi2-02"-amino-1,1 -biphenyl} ipalladivm{IT} (XPhos-Pd-G2), [{4.5-
bis{diphenylphosphino)-9,9-dimethylxanthene)}-2-(2'~avuno-~1,1'-
biphenyhpalladium (i} methanesulfonate (XantPhos Pd G3), tBuBrettPhos Pd G3,
SPhos Pd G3, cataCXium® A Pd G3, BretiPhos Pd G3, tBuXPhos Pd G3, {(1,3,5,7-
tetramethyl-6-phenvl-2, 4,6-trioxa-6~-phosphaadamantane)-2~(2 ~anuno-~ 1, 1'-
biphenyl}palladium(3} methanesuifonate, JackiePhos Pd G3, CPhos Pd G3, RoPhos
Pd 53, APhos Pd G3, RockPhos Pd 63, AdBretiPhos Pd G3, Neopentyl(t-Bu)2P Pd
G3, TrixiePhos Pd G3, N-XantPhos Pd G3, DTBPF-PJ-G3, DPPF Pd G3, DavePhos-
Pd-G3, (1-BupPhP Pd G3, rac-BINAP-PA-G3, CylohnPhos Pd (3, MorDalphos Pd
(3, Josiphos SL~J009-1 Pd G3, P{Cys) Pd (3, Me3(OMe)}iBuXPhos-Pd-G3,
4MetBuXPhos Pd 63, (1-Bu)PhCPhos Pd G3, CylohnPhos Pd G3, mesylf{tri-t-
butylphosphine)-2-(2-aminobiphenyiyipalladivo(ID), DTBPF-PA-G3, P(o-tolys Pd G3,
VPhos Pd G3, QPhos Pd G3, RuPhos Pd G4, SPhos Pd G4, BretiPhos Pd G4, XPhos
Pd G4, APhos Pd G4, rac-BINAP Pd G4, P(t-Bu)s Pd G4, (+-Bu)PhCPhos Pd (4,
cataCXium Pd G4, CPhos Pd G4, CyJohnPhos Pd G4, DavePhos Pd G4, DPPF Pd
(G4, EPbos Pd G4, MorDalPhos Pd G4, neopentyl(tBu)2P Pd G4, PCys Pd G4,
{tBupPMe Pd G4, (1Bu):PPh Pd G4, 1.3,5,7-tetramethyi-6-phenyl-2 4,6-trioxa-6-
phosphaadamantane Pd G4, (R)-TolBINAP Pd G4, VPhos Pd G4, XantPhos Pd G4,
N-XaniPhos Pd G4, t-BubDavePhos Pd G4, XPhos Pd G2, RuPhos Pd G2, SPhos Pd
G2, bis{inphenviphosphine)palladivm(H} dichloride, tBuXPhos Pd G1, RuPhos Pd
G1 methyl t-butyl ether adduct, SPhos Pd G1 methyl t-butyl ether adduct, 2'-
(dimethyviamino)-2-biphenviyl-paliadnun (i} chlonde dinorbomyiphosphine complex,
chloro(n2-P,C~tris(2,4-di-tert-
butviphenylphosphiteX tricvelohexyiphosphine)palladium (1), di-p~chlorobisfS-
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chloro-2-{{4-chlorophenyiihydroxyvimino-«Nimethyl]phenyvl-«Clpalladiom dimer,
DavePhos Pd G2, (Ad—BippyPhos) PACh, APhos Pd G2, s§Phos Pd G2, P{t-Bu); Pd
G3, BrettPhos Pd Gl methyl t-butyl ether adduct, dichloro{2-(4,5-dihydro-2-
oxazolylhiquinolineipalladium(Il}, salicylaldehyde thiosemicarbazone palladium(IT)
chioride. XPhos Pd G1. bisf(dicyclobexyl}{4-dmethylaminophenyl)phosphine]
palladium(IT) chloride, bis{di-tert-butyl(4-
dimethylammophenyliphosphinejdichloropaliadivm(Il), di-p-chiorobis|5-hvdroxy-2-
[ 1-(hydroxyiminc-xNjethyvljphenyl-«Clpalladivm (11} dimer, 2-(2'-di-tert-
butylphosphinebiphenylpalladium(il} acetate, or Z-(dimethylaminomethyljferrocen-
{-yi-paliadium(I}) chlornde dinorbormylphosphine complex.

In some embodiments, the palladium catalyst or precatalyst 1s XPhos Pd G3.

In some embodiments, the base 1s an alkali metal alkoxide. In some
embodiments, the base is sodium t-butoxide.

In some crabodiments, about | to about 1.5 cguivalents of the compound of
Formula (1b}, or the salt thereof, is utihized relative to 1 equivalent of the compound
of Formula (1¢}). In some embodiments, about 1.2 equivalents of the compound of
Formula (1b), or the salt thereof, 1s utilized relative to 1 equivalent of the compound
of Formula (1¢).

In some embodiments, about 4 to about 6 equivalents of the base is utilized
refative to 1 equivalent of the compound of Formula (1c¢).

In some cmbodiments, about 0.0001 to about 0.1 equivalents of the Buchwald
catalvst or precatalyst is utilized relative to 1 equivalent of the compound of Formula
{ic}. In some embodiments, about 0.01 to about 0.05 equivalents of the Buchwald
catalyst or precatalyst is utilized relative to 1 equivalent of the compound of Formula
{ic).

In some embodiments, the reacting of the compound of Fornnuda (1c¢) with the
compound of Formrula (1b), or the salt thereof, is conducted at a temperature of from
about 86°C to about 100°C. In some embodiments, the reacting of the compound of
Formula (Ic) with the compound of Formula (1b), or the salt thereof, is conducted at a
temperature of about S0°C.

In some embodiments, the reacting of the compound of Formula (1c) with the
compound of Formula (b}, or the salt thereot, is conducted in a solvent component.

In some embodiments, the solvent component for the reacting of the compound of
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Formula (1¢) with the compound of Formula (1b}, or the salt thereof, comprises a
cychic ether. In some embodiments, the solvent component for the reacting of the
compound of Formula (1¢} with the compound of Foroula (1b), or the salt thereof,
compriges dioxane,

in some embodiments, the process further comprises reacting the compound of
Formla (1a) with an organic acid to form a salt of the compound of Formula (1a).

In some embodiments, the organic acid is suecinic acid,

In some embodiments, the salt of the compoand of Formula {1} is a hemi-
succinic acid salt of the compound of Formula (1a).

In some embodiments, the process further comprises reacting the compound of
Formula {1a) with succinic acid to form a hemi-succimc acid salt of the compound of
Fornuda {1a).

In some embodiments, from about 2 equivalents to about 2.3 equivalents of
succinic acid are utilized relative to | equivalent of the compound of Formula (a).

In some embodiments, the reacting of the compound of Formula (Ia} with
succinic acid is conducted in a solvent component. In some embodiments the solvent
component for the reacting of the compound of Formula ($a) with succinic acid
comprises acetomirile,

in some embodiments, the reacting of the compound of Formula {1a) with
succinic acid is conducted at a temperatare of from about 50°C to about 60°C.

in some emboduments, the process further comprises deprotecting the
compound of Fornnula (1a},, or a salt thereof, to form the compound of Formula (I).

In some embodiments, the process further comprises deprotecting the
compound of Formula {1a} to form the compound of Formula (I}

In some embodiments, the deprotecting is accomplished by reacting the
compound of Formula (1a} with a strong acid. In some embodiments, the strong acid
is hydrochloric acid.

In some cmbodiments, about 2 to about 3 equivalents of the strong acid is
utilized relative to 1 equivalent of the compound of Formula (1a).

In some embodiments, the deprotecting of the compound of Formula (13} is
conducted at a temperatare of from about 50°C to about 70°C. In some embodiments,
the deprotecting of the compound of Formula (1a} is conducted at a temperature of
about 60°C.
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In some embodiments, the deprotecting of the compound of Formula (13} is
conducted in a solvent component. In some embodiments, the solvent component for
deprotecting of the compound of Fornula (1a) comprises a cvelic cther. In some
embodiments, the solvent component for deprotecting of the compound of Formula
{1a) comprises tetrahydrofitran (THF).

In some cmbodiments, the compound of Formula (1¢) 1s prepared by a process
comprising:

reacting a compound of Formula (1dy:

(< J

No o
N\\»L\ ,/)\FN> "
k“*m’ T d)

or a salt thereof, with a halogenating agent to form the compound of Formula (Ic¢).
in some embodiments, the balogenating agent is a brominating agent.

In some embodiments, the balogenating agent is Cu(X '}z

In some embodiments, the halogenating agent 1s CuBra.

In some embodiments, about 1 to about 1.5 equivalents of a halogenating
agent is utilized relative to | equivalent of the compound of Formula (1d), or the salt
thereof. In some embodiments, about 1 1o about 1.1 equivalents of a halogenating
agent 1s utilized relative to 1 equivalent of the compound of Formula (1d), or the salt
thereof,

in some embodiments, the reacting of the compound of Formula (1d), or the
salt thereof, with the halogenating agent, is conducted at a temperature of from about
0°C to about 10°C. In some embodiments, the reacting of the compound of Formula
(1d), or the salt thereof, with the halogenating agent, is conducted at a temperatare of
about 3°C, followed by warming 1o room temperature.

In some embodiments, the reacting of the compound of Formula {1d), or the
salt thereof, with the halogenating agent, 1s condacted in a solvent component. In
some embodiments, the solvent component for the reacting of the compound of
Formula (1d}, or the salt thercof, with the halogenating agent comprises acetonitrile.

In some embodiments, the compound of Formula (1d3, or the salt thereof, is
prepared by a process comprising:

reacting a compound of Formula o)

(8]
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with hvdroxylanune HCl and a base component to form the compound of Formula
{1d}, or the salt thereof.
In some embodiments, the base component is a tertiary amine. In some
5 embodiments, the tertiary amine is ethyldiisopropylamine.

In some embodiments, about 1 equivalent to about 2 equivalents of
hydroxylamine HCT are wtilized relative to about 1 equivalent of the compound of
Formula {I¢).

In some cubodiments, the reacting of the compound of Formula (e}, or the

10 salt thereof, with hydroxylamine HCl and a base component, 1s conducted at a
temperature of from about 40°C to about 60°C. In some embodiments, the reacting of
the compound of Formula (1e}, or the salt thereof, with hydroxylamine HCl and a
base component, i1s conducted at a teraperature of about S0°C.

In some embodiments, the reacting of the compound of Formuda {1e), or the

15 salt thereof. with hydroxylamine HCI and a base compounent, is conducted in a solvent
component. In some cmbodiments, the solvent component for the reacting of the
compound of Fornmula (1¢), or the salt thereof, with hydroxviamine HCI and a base
component comprises an alcohol. In some embodiments, the solvent component for
the reacting of the compound of Formula {1e), or the salt thereof, with hydroxvlamine

20 HCI and a base component comprises an alcohol. In some emboduments, the solvent
component for the reacting of the compound of Formula (Ie), or the salt thereof, with
hydroxylamine HCI and a base component comprises ¢thanol.

In some cmbodiments, the compound of Formula (1) 1s prepared by a process

comprising:
25 rgacting a compound of Formulda {1}

/
¢
© J

N,N‘m o7

1
\\//I\Yf'l\wal\Hy
~N

with CH>CH2OC(G3-N={=S§ to form the compound of Formula {le).
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In some embodiments, about 1 to abowt 1.5 equivalents of the CH:CH.0C(0)-

In some embodiments, the reacting of the comapound of Fommula (1) with

CH:CH:OC(03-N=C=8 15 conducted at a temperature of from about 0°C to about
5 20°C, followed by warming to room temperature. In some embodiments, the reacting

of the compound of Formula (1) with CHsCH:OC(0)-N=C=S is conducted ata
temperature of about 10°C, followed by warnung to room teraperature.

In some embodiments, the reacting of the compound of Formula (1f) with
CH:CHOC(0)-N=C=8 is conducted in a solvent component. In some cmbodiments,

10 the solvent component for the reacting of the compound of Formula (1) with

CHCH:0C(0)-N=C=8 comprises a cyclic ether. To some embodiments, the solvent
component for the reacting of the compound of Formula (1) with CH:CHOC(0)-
N=(=8 comprises dioxane.

In some cmbodiments, the corpound of Formula (1) 1s prepared by a process

-
o

comprising:
reacting a compound of Formula {1h):

/’\\O

Br\flj/NHz
i
N (“’l),

or a salt thereof, with a compound of Formula (1g):

N

1

AP NS
8
(8}
N {ig)

20 via a Buchwald coupling reaction to form the compound of Formula (1)
In some embodiments, the Buchwald coupling reaction comprises reacting the
compound of Formula (Ih), or the salt thercof, with the compound of Formula (1g) n
the presence of Buchwald catalyst or precatalyst and a base.
In some embodiments, the Buchwald catalyst or precatalyst is a palladimm
25 catalvst. In some embodiments, the palladiom catalyst or precatalyst is [(2-di-tert-
butylphosphine-3, 6-dimethoxy-2' 4’ 6'-triisopropyl-1, U'-biphenyl}-2-(2 -amino-1,1'-
biphenyl}palladiom (i} methanesuifonate {(t-BuBrett Phos Pd G3).{tBuBrettPhos
Pd(allyh]OTf (Pd-175), chloro(Z-dicyclohexylphosphino-2' 4" 6 ~trisopropyl-1, -
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biphenyh{2-(2"-amino-1,1 -biphenvl} palladiom(31} (XPhos-Pd-G2), [{4.5-
bis{diphenyiphosphino}-9,9-dimethylxanthene}-2-(2"-amino-1,1'-

biphenyh ipalladivm (i1} methancsulfonate (XantPhos Pd (53), tBuBrettPhos Pd G3,
SPhos Pd 3, catalXaum® A Pd G3, BrettPhos Pd G3, tBuXPhos PAd G3, [(1,3.5.7-
tetramethyl-6-phenyl-2,4,6-trioxa-6~-phosphaadamantane}-2-(2 ~-anuno-1,1'-
biphenvly]palladium (31} methancsulfonate, JackiePhos Pd G3, CPhos Pd G3, RuPhos
Pd G3, APhos Pd G3, RockPhos Pd 3, AdBrettPhos Pd G3, Neopentvl{t-Bu)2P Pd
G3, TrixicPhos Pd G3, N-XantPhos Pd G3, DTBPF-P4-G3, DPPF Pd (63, DavePhos-
Pd-G3, (-BupPhP Pd G3, rac-BINAP-PA-G3, CylohnPhos Pd G3, MorDalphos Pd
G3, Josiphos SL-J00%-1 Pd G3, P(Cy3) Pd G3, Me3(OMe}tBuXPhos-Pd-G3,
4MetBuXPhos Pd G3, -BuwjPhCPhos Pd G3, CvlohnPhos Pd G3, mesylf{tri-t-
butviphosphine}-2-(2-amunobiphenvlpaliadiva(ih), DTBPF-PA-G3, P{o-iol)s PA G3,
VPhos Pd (53, QPhos Pd (3, RuPhos Pd G4, SPhos Pd G4, BrettPhos Pd G4, XPhos
Pd G4, APhos Pd G4, rac-BINAP Pd G4, P(1-Bu): Pd G4, (+-Bu)PhCFhos Pd G4,
cataCXium Pd G4, CPhos Pd G4, CyJohmPhos Pd G4, DavePhos Pd G4, DPPF Pd
G4, EPhos Pd G4, MorDalPhos Pd G4, neopentyl(tBu)2P Pd G4, PCy; Pd G4,
(tBupPMe Pd G4, (tBukPPh Pd G4, 13,5, 7-ctramethyi-6-phenyl-2.4,6-ttoxa-6-
phosphaadamantane Pd G4, (R}-TolBINAP Pd G4, VPhos Pd G4, XantPhos Pd G4,
N-XantPhos Pd G4, t-BuDavePhos Pd G4, XPhos Pd G2, RuPhos Pd G2, SPhos Pd
(32, bis(triphenyiphosphinejpaliadiom(H) dichlonde, tBuXPhos Pd G1, RuPhos Pd
Gl methvl t-butyl ether adduct, SPhos Pd G methyl t-butyl cther adduct, 2'-
(dimethyvlamino}-2-biphenylyl-paliadium () chlonde dinorbomylphosplune complex,
chloro{n2-P,C-tris(2 4-di-tert-
butylphenylphosphite}tricyelohexylphosphinejpalladivm (1), di-p-chlorobis{5-
chloro-2-{(4-chlorophenvi}{hydroxyimino-cNymethvlphenyl-«Clpalladium dimer,
DavePhos Pd G2, {Ad-BippyPhos)PdCh, APhos Pd G2, sSPhos Pd G2, P(t-Bu)s Pd
(53, BrettPhos Pd G1 methyl t-buivl ether adduct, dichloro{2-(4,5-dihydro-2-
oxazolylyquinolineipalladium(Il}, salicyvlaldehyde thiosemicarbazone palladuum(il)
chlonide, XPhos Pd G 1, bis[{dicyclohexyl}4-dimethylaminophenylphosphine]
palladivm(il) chloride, bis{di-tert-butyi(4-

dimethylaminophenviiphosphine }dichloropalladium(ll), di-p-chlorobis{53-hydroxy-2-

f1-(bydroxyimino-xNjethyvljphenyl-«Clpalladiumly dimer, 2-(2'-di-tert-
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butylphosphine}mphenvipalladivm(il} acetate, or 2-(dimethyvlaminomethyljferrocen-
1-vi-paliadium(l}) chloride dinorbornyiphosphine complex.

In some embodiments, the compound of Formula (1h), or the salt thereot, is
the HBr salt.

in some embodiments, the Buchwald catalyst or precatalyst, present for the
reacting of the compound of Formula (1h), or the salt thereof], and the compound of
Formula (1g), is a palladium catalyst. In some embodiments, the Buchwald catalyst or
precatalyst, present for the reacting of the compound of Formuda (1h), or the salt
thereof, and the compound of Formula {1g), is {(2-dicyclohexyiphosphine-2',4'.6'-
trisopropyl-1,1-biphenyh{2-(2"-amino-1, 1 -biphenyl|palladium 0}
methanesulfonate (XPhos Pd G3}.

In some embodiments, the base, present for the reacting of the compound of
Formula {1h), or the salt thercof, and the compound of Formula {Ig), is an alkali
metal phosphate. In some crmbodiments, the base, present for the reacting of the
compound of Formula (1h), or the salt thereof, and the compound of Formula (1g}, 1s
sodium phosphate tribasic.

In some embodiments, the reacting of the compound of Formula (1h), ot the
salt thereof, with the compound of Formula (1g), is conducted at a temperature of
from about 75°C to about 953°C. In some embodiments, the reacting of the compound
of Formula (1h), or the salt thereot, with the compound of Formula {1g}, is conducted
at a temperature of about 83°C.

In some embodiments, the reacting of the compound of Formula (1h), orthe
salt thereof, with the compound of Formula (1g), is conducted in a solvent
component. In some embodiments, the solvent component for the reacting of the
compornd of Formula (1h), or the salt thercof, with the compound of Formula (1g)
comprises water and a cyclic ether. In some embodiments, the solvent component for
the reacting of the compound of Formula (1h), or the salt thereof, with the compound
of Formula {13} comprises water and dioxanc.

In some embodiments, about | to about 1.5 equivalents of the compound of
Formula (1g} are utilized relative to | equivalent of the compound of Formala (1h).

In some embodiments, about 2 to about 4 equivalents of the base is utilized

relative to | equivalent of the compound of Fornrula ().

(8]
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In some embodiments, about 0.0001 to about 0.1 equivalents of the Buchwald
catalvst or precatalyst is utilized relative to 1 equivalent of the compound of Formula
{1h). To some embodiments, about 0.001 to about 0.003 equivalents of the Buchwald
catalyst or precatalvst 1s utilized relative to 1 equivalent of the compound of Formula
{1h}.

In some cmbodiments, the compound of Formula (1h), or the salt thereof, is
prepared by a process comprising:

reacting a compoand of Formula {11}

OH

Bra_ - N,

- (1),
or a salt thereof, with an ethyl halide in the presence of a base to form the compound
of Formula {1h), or the salt thereof.

in some embodiments, the cthyl halide is ethyl iodide.

In some embodiments, about | equivalent to about 2 equivalents of the ethyl
halide are utilized relative to the compound of Formula (11}, or the salt thereof.

In some embodiments, about 2 equivalent to about 3 equivalents of the base
are utilized relative to the compound of Formulda (11}, or the salt thereof,

In some embodiments, the base present for the reacting of the corapound of
Formula (11}, or the salt thereof, with the cthy] halide is a carbonate base. In some
embodiments, the carbonate base is cesium carbonate. In some embodiments, the
corapound of Formula (11}, or the salt thereof, 15 a HBr salt.

In some embodiments, the reacting of the compound of Formula (11}, or the
salt thereof, with the ethyl halide, is condacted at a temperature of from about 55°C to
about 8¢°C. In some embodiments, the reacting of the compound of Formula (11), or
the salt thercot, with the cthyi halide, 1s conducted at a temperature of about 65°C 1o
about 70°C.

In some embodiments, the reacting of the compouand of Fornmuda (11}, or the
salt thereof, with the ethyl halide, is conducted in a solvent component. In some
cembodiments, the solvent component for the reacting of the compound of Formula
(11}, or the salt thereof, with the ethyl halide comprises acetomitnie.

In some embodiments, the compound of Formula {1¢} is prepared by a process
COMpPrising:

reacting a compound of Formula (2a):

&

(8]
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with a compound of Formula (2b):

L
O N7y Bat
N (2b),

to form the compound of Formula {1¢), in the presence of a Suzuki catalyst and a
hase. wherein X' is halo.

In some embodiments, X! is Br.

In some embodiments, about | to about 1.5 equivalents of the compound of
Formula {2b) arc utilized relative to 1 equivalent of the compound of Formula (2a).

In some embodiments, the Suzuoki catalyst is a palladium catalyst. In some
embodiments, the Suzuki catalyst is formed from a mixture of a phosphine ligand and
a patiadium (11} compound. In some embodiments, the Suzuki catalyst s formed from
a mixture of CataCXium A and palladium acetate.

In some embodiments, the base, present for the reacting of the compound of
Formula {2a) and the compound of Formula (2b), 15 an alkali metal phosphate. In
some embodiments, the base, present for the reacting of the compound of Formula
{2a) and the compound of Formula (Zb), 15 sodium phosphate tribasic.

In some embodiments, the reacting of the compound of Formula (2a) with the
compound of Formula (2b}, is conducted at a temperature of from about 40°C to about
60°C. In some embodiments, the reacting of the corapound of Formula (2a) with the
compound of Formula (2b), is conducted at a temperature of about S0°C.

In some embodiments, the reacting of the compound of Fornmula (2a) with the
compound of Formula (2b), is conducted in a solvent component. In some
cmbodiments, the solvent component for the reacting of the compound of Formula
(2a} with the compound of Formula (2b) comprises a cyclic ether. In some
embodiments, the solvent component for the reacting of the compound of Formula
(2a} with the compound of Formula (2b} comprises dioxane.

In some embodiments, the compound of Formula (1b), or the salt thereof, 18
prepared by a process comprising:

reducing a compound of Formula (3a):

(8]
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to form the compound of Formula (1b}, or the salt thereof.
In some crabodiments, the reducing is accomplished by reacting the

corapound of Formula (3a} with hydrogen gas in the presence of a palladium catalvst.

o

in some embodiments, the reducing is accomplished by reacting the compound of
Formula (3a) with hvdrogen gas in the presence of a PA(OH)..
In some embodiments, the reducing of the compound of Formuba (3a) is
conducted at room temperature.
In some embodiments, the reducing of the compound of Formula (3a} is
10 conducted i a solvent component. In some embodiments, the solvent component for
the reducing of the compound of Formula (3a) comprises an aleohoel. In some
embodiments, the solvent component for the reducing of the compound of Formula
(3a} comprises methanol.
In some embodiments, the compound of Formula (3a} is prepared by a process
15 comprising:

reacting a compound of Formula (3¢):
;\ T,,SOZS\’EE:‘
o \r

with a compound of Formula (3b):

(3¢},

/I’ \\T@“NHZ
S {3b),

20 followed by crvstallization fo give the compound of Formula (3a).
In some embodiments, about 1 1o about 2 equivalents of the compound of
Fornuda (3b) are vtilized relative to 1 equivalent of the compound of Fornuda (3¢).
In some cmbodiments, the reacting of the compound of Formula (3¢) with the
corapound of Formula (3b) 1s conducted in the presence of a coupling agentand a
25 base. In some embodiments, the coupling agent, present for reacting of the compound
of Formula (3¢} with the compound of Formuda (3b), is a borohydride. In some
embodiments, the coupling agent, present for reacting of the compound of Formula
(3¢} with the compound of Formula (3b}, 1s NaBH{OAc):. In some embodiments, the

base, present for the reacting of the compound of Formula (3¢} with the compound of

(8]
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Formula (3b}, 1s aterbary amine. In some embodiments, the base, present for the
reacting of the compound of Formula (3¢} with the compound of Formula (3b) is
ditsopropylethyiamine,

In some embodiments, the reacting of the compound of Formula (3¢) with the
compound of Formula (3b), is conducted at a temperature of from about 10°C to about
35°C. In some embodiments, the reacting of the compound of Formula (3¢) with the
compound of Formula (3b}, 1s conducted at a temperature of about 20°C {0 about
25°¢.

In some embodiments, the reacting of the compound of Formula (3¢} with the
compound of Formula (3b), is conducted in a solvent component. In some
embodiments, the solvent component for the reacting of the compound of Formula
(3¢} with the compound of Formula (3b} comprises a cvelic ether. In some
embodiments, the solvent component for the reacting of the compound of Formula
(3c) with the compound of Formaula (3b) comprises tetrabydrofuran,

In some embodiments, the crystallization is conducted by dissolving the
product of the reacting of the compound of Formula (3¢} with the compound of
Formula (3b) 10 a solvent component and then cooling the solution to form the
compound of Formula (3¢}, In some embodiments, the solvent component for the
dissolving is ethyl acetate (EtQAc).

in some embodiments, the compound of Formula (3¢} is prepared by a process
comprising:

reacting a compound of Formula (3d):

o~y o H

N
(343,

or a salt thereof, with methanesulfonyl chlonde to form a compound of Formula (3¢).
In some embodiments, the reacting of the compound of Formula (3d) with the
methancsulfonyl chlonide, 1s conducted in the presence of a base. {n some
embodiments, the base, present for the reacting of the compound of Formula (3d) with
the methanesulfonyl chloride, is a tertiary amine. o some embodiments, the base,
present for the reacting of the compound of Formula (3d) with the methanesulfonyl

chloride, 1¢ ricthviamine.

€3
&
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In some embodiments, about 1 to about 1.5 equivalents of the methanesulfonyl
chloride are utilized relative to 1 equivalent of the compound of Formula (34}, or the
salt thereof.

In some embodiments, the reacting of the compound of Formula (3d) with the

5 methanesulfonyf chloride, is conducted at room temperature.

In some cmbodiments, the reacting of the compound of Formula (3d) with the
methanesulfonyl chlonde, 1s conducted 1n a solvent component. In some
embodiments, the solvent component for the reacting of the compound of Fornuda
(3d) with the methanesulfonyl chloride comprises dichloromethane.

10 In some embodiments, the present application alse provides a compound

selected from:

Q -{N J

Mo o

N%/u\\/—%r Ny
o

2

or a salt thereof.

=y
o

In some embodiments, the present application provides a hemi-succinate salt

of a compound of Formula (1a):

Ny )\éf% )
HHH
NN (1a).

1t 1s further appreciated that cortain features of the wvention, which are, for
20 clanty, described in the context of separate embodiments, can also be provided in

combination in a single embodiment. Conversely, various features of the wvention
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which are, for brevity, described in the context of a single embodiment, can also be
provided separately or in any suitable subcombination.

As used herein, “halo” refers to F, Cl, Br, or |, In some embodiments, halo is
F. (1, or Br. In some embodunents, halo 18 F or C1. In some embodiments, halo s F.
In some embodiments, halo i1s CL

In some embodiments, the compounds provided herein. or salts thereof, are
substantially isolated. By “substantially 1solated” 13 meant that the compound 1s at
least partially or substantially separated from the environment in which it was formed
or detected. Partial separation can include, for example, a composition enriched in the
compounds provided herein. Substantial separation can include compositions
contaming at least about 50%, at least about 60%, at least about 70%, at least about
80%, at least about 90%, at least about 95%, at least about 97%, or at least about 99%
by weight of the compounds provided herein, or saklt thercof, Methods for isolating
corapounds and their salts are routine n the art,

The phrase “pharmaceutically acceptable™ is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope
of sound medical judgment, suttable for use 1n contact with the tissucs of human
beings and amimals without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable beoefit/risk ratio.

The processes described herein can also be used to prepare pharmaceutically
acceptable salts of the compound of Formula (). As used herein, the teom
“pharmaceutically acceptable salt” refers to a salt formed by the addition of a
pharmaceutically acceptable acid or base to a compound disclosed herein. As used
herein, the phrase “pharmaceutically acceptable” refers {0 a substance that is
acceptable for use in pharmaceutical applications from a toxicological perspective and
does not adversely mteract with the active ingredient. Pharmaceutically acceptable
salts, ncluding mono- and bi- salts, include, but are not mited to, those derived from
organic and inorganic acids such as, but not limited to, acetic, lactic, citric, cinnamic,
tartaric, succinic, fumaric, maleic, malonic, mandelic, makc, oxalic, propionic,
hvdrochlornie, hydrobromic, phosphoric, nitric, sulfuric, glycolie, pyruvic,
methanesulfonic, ethanesulfonic, toluenesulfonic, salicvlic, benzoic, and similarly
known acceptable acids. Lists of suitable salts are found in Remington's

Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Haston, Pa., 1985, p.
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1418 and Journal of Pharmaceutical Science, 66, 2 (1977}, cach of which is
incorporated herein by reference in their entireties.

'The reactions for preparing compounds described herein can be carried out in
suitable solvents which can be readily selected by one of skill in the art of orgamic
synthesis. Suitable solvents can be substantially non-reactive with the starting
materials (reactants), the dermediates or products at the terperatures at which the
reactions are carried out, e.g., temperatures which can range from the solvent’s
freezing temperature {o the solvent’s boiling temperature. A given reaction can be
carried out in one solvent or a mixture of more than one solvent. Depending on the
particular reaction step, suttable solvents for a particular reaction step can be selected
by the skilled artisan.

The expressions, “ambient temperature” or “room temperatare” or “r.t.” as
used herein, are understood in the art, and refer generally 0 a temperature, e.2., a2
reaction temperature, that is about the temperature of the room in which the reaction
is carried out, for example, a temperature from about 20°C to about 30°C,

Preparation of compounds of the invention can involve the protection and
deprotection of varous chemical groups. The need for protection and deprotection,
and the selection of appropriate protecting groups, can be readily determined by one
skilled in the art. The chemistry of protecting groups is described, e.g., in Kociensks,
Profecting Groups, (Thieme, 2007); Robertson, Frotecting Group Chemistry, {Oxford
University Press, 2000); Smith ef of., March's Advanced Organic Chemisiry:
Reactions, Mechanisms, and Structure, 6 Ed. (Wiley, 2007); Peturssion ef al.,
“Protecting Groups in Carbohydrate Chemastry,” J. Chem. Fduc., 1997, 74(11), 1297,
and Wuts er af., Profective Groups in Organic Synthesis, 4th Ed., (Wiey, 2006).

Reactions can be monitored according o anv suitable method known m the
art. For example, product formation can be monitored by spectroscopic means, such
as nuclear magnetic resonance spectroscopy {e.g.. 'Hor 1*(), infrared spectroscopy,
spectrophotometry {e.g., UV-visible}, mass spectrometry or by chromatographic
methods such as high performance liguid chromatography (HPLC), liquid
chromatography-mass spectroscopy (LCMS), or thin layer chromatography (TLC).
Compounds can be purified by those skilled in the art by a variety of methods,
mcluding high performance hguid chromatography (HPLC) and normal phase silica

chromatography.
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Methods of Use

The solid form and salts of the present disclosure can infubit CDKZ and
therefore are useful for treating diseases wherein the underlying pathology 1s, wholly
or partially, mediated by CDK2. Such discases include cancer and other diseases with
proliferation disorder. In some embodiments, the present disclosure provides
treatment of an individual or a patient 77 vivo using the solid form and salts of the
present disclosure such that growth of cancerous tumors 1s inhibited. The solid form
and salts described herein can be used to inhibit the growth of cancerous tumors with
aberrations that activate the CDK2 kinase activity. These include, but are not limited
to, discase {e.g., cancers) that are characterized by amphification or overexpression of
CCNE! such as ovarian cancer, uterine carcinosarcoma and breast cancer and p27
mactivation such as breast cancer and melanomas. Accordingly, in some
cmbodiments of the methods, the paticnt has beon previously determined to have an
amplification of the cychn E1 (CCNEL) gene and/or an expression level of CCNEL in
a biological sample obtained from the human subject that is higher than a control
expression level of CCNET. Alternatively, the solid form and salts described hercin
can be used in conjunction with other agents or standard cancer treatments, as
described below. In one embodiment, the present disclosare provides a method for
inhibiting growth of tumor cells in vifro. The method nchudes contacting the tumor
cells 7 vitro with solid forn and salts. In another embodiment, the present disclosure
provides a method for inhubiting growth of tumor cells with CONET amplification and
overexpression 1n an individual or a patient. The method includes administering to the
individual or patient in need thereot a therapeutically effective amount of solid form
and salts described herein,

In some embodiments, provided herein is a method of mhibiting CDK2,
comprising contacting the CDK?2 with the solid form and salts described herein. In
some embodiments, provided herein is a method of inhibiting CDKZ in g patient,
comprising admunistering to the patient the solid form and salts described herein.

In some embodiments, provided herein is a method for treating cancer. The
method mncludes administering to a patient (in nead thereof), a therapeutically
gffective amount of the solid form and salts described herein. In another embodiment,

the cancer is characterized by amphification or overexpression of CONEL. In some

B
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embodiments, the cancer is ovarian cancer or breast cancer, characterized by
amplification or overexpression of CCNEL
In some embodiments, provided hercin is a method of treating a discase or
disorder associated with CDK2 i a patient, comprising administering to the patient a
5  therapeutically effective amount of the solid form and salts described hercin. In some
embodiments, the disease or disorder associated with CDK2 is associated with an
amplification of the cychn Bl (CCNE1) gene and/or overexpression of CCNEL
In some embodiments, the disease or disorder associated with CDK2 1s N-mye
ampliticd neuroblastoma celis (see Molenaar, et al., Proc Na#l Acad Sci USA 106{31}):
10 129568-12973) K-Ras mutant lung cancers (see Hu, S, et al,, Mol Cancer Ther, 2015,
1411} 2576-85, and cancers with FBW7 mutation and CCNE1 overexpression {sce
Takada, et ¢f., Cancer Res, 2017, T7{(18}: 4881-4893}.
In some cmbodiments, the discase or disorder associated with CDK2 is fung
squamous cell carcinoma, lung adenocarcinoma, pancreatic adenocarcinoma, breast

vasive carcinoma, werine carcinosarcoma, ovasian serous oystadenocarcinoma,

-
o

stomach adenocarcinoma, esophageal carcinoma, bladder wrothelial carcinoma,
mesothelioma, or sarcoma.
In some embodiments, the disease or disorder associated with CDKZ 15 lung
adenocarcinoma, breast invasive carcinoma, uierine Carcinosarcoma, ovarian serous
20 cystadenocarcinoma, or stomach adenocarcinoma.
In some embodiments, the disease or disorder associated with CDK2 15 an
adenocarcinoma, carcinoma, or cystadenocarcinoma.
In some embodiments, the disease or disorder associated with UBK2 is uterine
cancer, ovarian cancer, stomach cancer, esophageal cancer, hung cancer, bladder
25 cancer, pancreatic cancer, or breast cancer.
In some embodiments, the disease or disorder associated with CBK2 is a
cancer.
In some cmbodiments, the cancer is characterized by amphification or
overexpression of CCNEL In some embodiments, the cancer is ovarian cancer or
30 breast cancer, characterized by amplification or overexpression of CCNEL
In some embodiments, the breast cancer is chemotherapy or radiotherapy resistant
breast cancer, endocrine resistant breast cancer, trastuzumab resistant breast cancer, or

breast cancer demonstrating primary or acquired resistance to CDK4/6 inhibition. In
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some embodiments, the breast cancer 1s advanced or metastatic breast cancer.

Examples of cancers that are treatable using the compounds of the present
disclosure mmchude, but are not imited to, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular mahignant melanoma, uterine cancer,
ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, testicular cancer,
uterine cancer, carcinoma of the fallopian tubes. carcinoma of the endometrnium,
endometrial cancer, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the
vulva, Hodgkin’s Disease, non-Hodgkin’s lymphoma, cancer of the esophagus, cancer of
the small intestine, cancer of the endocrine syster, cancer of the thyroid gland, cancer of
the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, chronic or acute leukemias including acute myelod
leskemia, chronic myeloid leukemia, acute lymphoblastic leakenna, chronic lymphocytic
levkemia, solid tumors of childhood, lymphocytic lvmphoma, cancer of the bladder,
cancer of the kidney or urethra, carcinoma of the ronal pelvis, neoplasm of the contral
nervous system (CNS), primary CNS Iymphoma, tamor angiogenesis, spinal axis tumor,
brain stem glioma, priuttary adenoma, Kaposi's sarcoma, epidermoid cancer, squamous
cell cancer, T-cell lvmphomna, covironmentally mnduced cancers including those mnduced
by asbestos, and combinations of said cancers. The compounds of the present disclosure
are also usefid for the treatment of metastatic cancers.

in some embodiments, cancers treatable with compounds of the present disclosure
mclude melanoma (e.g., metastatic malignant moclanoma, BRAF and HSP90 indubition-
resistant melanoma}, renal cancer {e. g, clear cell carcinoma), prostate cancer {e.g.,
hormone refractory prostate adenccarcinoma), breast cancer, colon cancer, lung cancer
{e.g.. non-small cell lung cancer and small cell lung cancer), squamous cell head and
nock cancer, urothelial cancer {e.g., bladder) and cancers with high microsatellite
instability (MSIM) Additionally, the disclosare includes refractory or recurrent
malignancies whose growth may be inhibited using the compounds of the disclosure.

In some cmbodiments, cancers that are treatable using the compounds of the
present disclosure include, but are not himited to, solid tumors {e.g., prostate cancer,
colon cancer, esophageal cancer, endometrial cancer, ovarian cancer, uterine cancer,
renal cancer, hepatic cancer, pancreatic cancer, gastric cancer, breast cancer, lung cancer,
cancers of the head and neck, thyroid cancer, glioblastoma, sarcoma, bladder cancer,

ete.}, hematological cancers {e.g., lvmphoma, leukenia such as acute lymphoblastic

.
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teukemia {ALL}, acute myelogenous leukemia (AML), chronie lymphocytic leukemia
(CLL), chronic myelogenous leukenuia {CML), DLBCL, mantle cell lymphoma, Non-
Hodgkin lymphoma (including follicular lymphoma, including relapsed or refractory
NHE. and recurrent follicular), Hodgkin lymphoma or multiple myeloma) and
combinations of said cancers.

In some cmbodiments, cancers that are treatable using the compounds of the
present disclosure include, but are not hmited to, cholangiocarcinoma, bile duct cancer,
triple negative breast cancer, rhabdomyosarcoma, small cell lung cancer,
leiomyosarcoma, hepatocelular carcinoma, Ewing’s sarcoma, brain cancer, brain tumor,
astrocytoma, neuroblastoma, neurofibroma, basal cell carcinoma, chondrosarcoma,
epithelioid sarcoma, eve cancer, Fallopian tube cancer, gastrointestinal cancer,
gastrointestinal stromal tirmors, hairy cell leukenua, intestinal cancer, 1slet cell cancer,
oral cancer, mouth cancer, throat cancer, laryngeal cancer, Hp cancer, mesothelioma,
neck cancer, nasal cavity cancer, ocular cancer, ocular melanoma, pelvic cancer, rectal
cancer, renal cell carcinoma, salivary gland cancer, sinus cancer, spinal cancer, tongue
cancer, tubular carcinoma, urethral cancer, and ureteral cancer.

In some embodiments, the compounds of the preseut disclosure can be used to
treat sickle cell disease and sickle cell anemua.

In some cmbodiments, diseases and indications that are treatable using the
compounds of the present disclosure include. but are not limited to hematological
cancers, sarcomas, lung cancers, gastrointestinal cancers, genitourinary tract cancers,
liver cancers, bone cancers, nervous system cancers, gynecological cancers, and skin
Cancers.

Exemplary hematological cancers include lymphomas and leukemias such as
acute tymphoblastic leukemia (ALL), acute myelogenous leukenua (AML}, acute
promyelocytic levkemia (APL}, chronic lyvmphocytic leakemia (CLL), chronic
myelogenous leukemia (UML), diffuse large B-cell lymphoma (DLBCL), mantle cell
tvmphoma, Non-Hodgkin lymphoma (including relapsed or refractory NHE and
recurrent follicular), Hodgkin lymphoma, myeloprohferative diseases (e.g., primary
myelofibrosis (PMF}, polycythemia vera (PV), and essential thrombocytosis (ET)),
myelodysplasia syndrome (MDS}, T-cell acute lymphoblastic lymphoma (T-ALL)

and multiple myeloma (MM}
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Exemplary sarcomas include chondrosarcoma, Ewing’s sarcoma,
osteosarcoma, rhabdomyosarcoma, angiosarcoma, fibrosarcoma, liposarcoma,
myxoma, rhabdomyoraa, rhabdosarcoma, fibroma, Hpoma, harmatorna, and teratoma.

Exemplary lung cancers include non-small cell hung cancer (NSCLC), small
cell lung cancer (SCLL), bronchogenic carcinoma, squarnous cell, undifferentiated
small cell, undifferentiated large cell, adenocarcinoma, alveolar (bronchiolar)
carcinoma, bronchial adenoma, chondromatous bamartoma, and mesothelioma,

Exemplary gastrointestinal cancers include cancers of the esophagus
{squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, bymphoma), stomach
{carcinoma, lyvmphoma, lelomyosarcoma), pancreas {(ductal adenocarcinoma,
msulinoma, ghicagonoma, gastrinoma, carcinoid tumors, vipoma}, small bowel
{adenocarcinoma, lymphoma, carcinoid tumors, Kapost's sarcoma, letomyoma,
hemangioma, lipoma, neurofibroma, fibroma), large bowel (adenocarcinoma, tubular
adenoma, vilious adenoma, harnartoma, letomyoma), and colorectal cancer.

Exemplary genttourinary tract cancers include cancers of the kidney
(adenocarcinoma, Wilm's tumor [nephroblastomal}, bladder and urethra (squamous
cell carcinoma, transitional cell carcinoma, adenocarcinoma), prostaic
{adenocarcinoma, sarcoma), and testis {seminoma, teratoma, embryonal carcinoma,
teratocarcinoma, chorigcarcinoma, sarcoma, interstitial cell carcinoma, fibroma,
fibroadenoma, adenomatoid tumors, lipoma).

Exemplary liver cancers include hepatoma (bepatocellular carcinoma),
cholangiocarcinoma, hepatoblasioma, angiosarcoma, hepatocellular adenoma, and
hemangioma.

Exemplary bone cancers include, for example, osteogenic sarcoma
{osteosarcoma), fibrosarcoma, malignant fibrous hustiocytoma, chondrosarcoma,
Ewing’s sarcoma, malignant lvmphoma (reticuium cell sarcoma), multiple myveloma,
malignant giant cell tumor chordoma, osteochronfroma {osteocartilaginous
cxostoses), benign chondrora, chondroblastoma, chondromyxofibroma, osteoid
osteoma, and giant cell tumors.

Exemplary nervous system cancers include cancers of the skall {(osteoma,
hemangioma, granuloma, xanthoma, osteitis deformans), meninges (mmeningioma,
meningiosarcoma, gliomatosis), bram (astrocvioma, medulloblastoma, ghioma,

ependymoma, genmnoma (pinealoma), glioblastoma, ghoblastoma multiform,
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cligodendroghioma, schwannoma, retinoblastoma, congenital tumors), and spinal cord
{neurcfibroma, meningioma, glioma, sarcomay, as well as neuroblastoma and
Lhermitte-Duclos discase.
Exemplary gynecological cancers include cancers of the uterus {endometrial
5 carcinomal, cervix {cervical carcinoma, pre -tumor cervical dysplasia), ovaries
{ovaran carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma,
unclassified carcinoma), granulosa-thecal cell tumors, Sertoli-Leydig cell tumors,
dvsgerminoma, malignant teratoma), vulva (squamous cell carcinoma, intraspithelial
carcinoma, adenocarcinona, fibrosarcoma, melanoma), vagina {clear cell carcinonia,
10 squamous cell carcinoma, botrvoid sarcoma {embryonal rhabdomyvosarcoma), and
fallopian tubes (carcinoma}.
Exemplary skin cancers include melanoma, basal cell carcinoma, Merkel cell
carcinoma, squamous cell carcinoma, Kaposi’s sarcoma, moles dysplastic nevi,
lipoma, angioma, demmatofibroma, and keloids. In some embodiments, discases and

indications that are treatable using the compounds of the present disclosare include,

-
o

but are not limited to, sickle cell disease {e.g., sickle cell anemia), triple-negative
breast cancer (TNBC), myelodysplastic syndromes, testicular cancer, bile duct
cancer, esophageal cancer, and urothelial carcinoma.

it 1s belicved that the solid form and salts described herein may possess

20 satisfactory pharmacological profile and promising biopharmaceutical properties,
such as toxicological profile, metabolism and phammacokinetic propertics, solubility,
and permeability. It will be understood that deterounation of appropuate
biopharmaceutical properties 1s within the knowledge of a person skilled in the art,
e.g.. determination of cytotoxicity in cells or inhibition of certain targets or channels

25 o deternune potential toxicity.

The terms “individual,” “patient,” and “subject” used interchangeably, refer to
any animal, mchuding mammals, preferably mice, rats, other rodents, rabbits, dogs,
cats, swine, cattle, sheep, horses, or primates, and most preferably humans.

The phrase “therapeutically effective amount” refers to the amount of active

50 compound or pharmaceutical agent that elicits the biological or medicinal response in
a tissue, systom, animal, individual or human that is being sought by a rescarcher,

veterinarian, medical doctor or ather clinician.

43



WO 2023/172921

-
o

20

As used herein, the term “treating”™ or “treatment” refers to one or more of (1}
inhibiting the disease; e.g., inhubiting a disease, condition or disorder in an individual
who 15 experiencing or displaying the pathology or symptomatology of the disease,
condifion or disorder (7.e., arresting further development of the pathology and/or
symptomatology ), and {2} ameliorating the disease; e g., ameliorating a disease,
condition or disorder in an individual who s experiencing or displaying the pathology
or symptomatology of the disease, condition or disorder {i.e., reversing the pathology
and/or symptomatology) such as decreasing the severtty of discase.

In some embodiments, the compounds of the invention are useful in
preventing or reducing the risk of developing any of the diseases referred to herein;
e.g., preventing or reducing the risk of developing a discase, condition or disorder in
an individeal who may be predisposed to the disease, condition or disorder but does

not yet cxperience or display the pathology or symptomatology of the disease.

Combination Therapies

1. Cancer therapies

Cancer coll growth and survival can be impacted by dystunction 1o multipie
signaling pathways. Thus, it is aseful to combine different enzyme/proten/receptor
inhibitors, exhibiting different preferences in the targets which they modulate the
activities of, to treat such conditions. Targeting more than one signaling pathway (or
mare than one binlogical molecule involved in a given signaling pathway) may reduce
the hkelihood of drug-resistance ansing in a cell population, and/or reduce the
toxicity of treatment.

One or more additional pharmaccutical agents such as, for example,
chemotherapeutics, anti-inflammatory agents, sterowds, immunosuppressants,
mmnmme-oneology agents, metabolic enzyme imhibitors, chemokine receptor
inhibitors, and phosphatase inhubitors, as well as targeted therapies such as Ber-Abl,
Fit-3, EGFR, HER2, JAK, ¢-MET, VEGFR, PDGFR, ¢-Kit, IGF-1R, RAF, FAK, and
CDE4/6 kinase mhubitors such as, for example, those described in WO 2006/036399
can be used in combination with the compounds of the present disclosure for
treatment of COK2-associated diseases, disorders or conditions. Other agents such as
therapeutic antibodics can be used in combination with the compounds of the present

disclosure for treatment of CDK2-associated diseases, disorders or conditions. The
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one or more additional pharmaceutical agents can be administered to 8 patient
simultancously or sequentially.

In some embodiments, the solid form and salis described herein are
adnunistered or used in combination with a BCL2 inhibitor or a CDK4/6 inhibitor,

The compounds as disclosed herein can be used in combination with one or
more other cnzyme/protein/receptor inhibitors therapies for the treatment of diseases,
such as cancer and other diseases or disorders described herem. Examples of diseases
and indications treatable with combination therapies include those as described
herein. Examples of cancers include solid tumors and non-solid tumors, such as hiquid
tumors, and blood cancers. Examples of infoctions include viral infoctions, bacterial
mfections, fungus mfections or parasiie jnfections. For example, the compounds of
the present disclosure can be combined with one or more inhibitors of the following
kinases for the treatment of cancer: Aktl, Akt2, Akt3, BCL2, CDK4/6, TGF-BR,
PKA, PKG, PKC, CaM-kinase, phosphoryiase kinase, MEKK, ERK, MAPK, mTOR,
EGFR, HER2, HER3, HER4, INS-R, IDH2, IGF-IR, IR-R, PDGFaR, PDGEBRR,
PI3K {alpha, beta, garmoma, delta, and multiple or selective), CSFIR, KIT, FLE-I,
KDR/FLK-1, FLK-4, flt-1, FGFR1, FGFR2, FGFR3, FGFR4, ¢-Met, PARP, Ron,
Sca, TRKA, TRKE, TRKC, TAM kinases (Axt, Mer, Tyro3), FLT3, VEGFR/FIZ,
Flid, EpbAl EpbA2, EphA3, EphB2, EphB4, Tie2, Sre, Fyn, Lok, For, Btk, Fak,
SYE, FRE, JAK, ABL, ALK and B-Raf In some embodiments, the compounds of
the present disclosure can be combined with one or more of the following inhibitors
for the treatment of cancer or infections. Non-limiting examples of inhibitors that can
be combined with the compounds of the present disclosure for treatment of cancer and
infections inclade an FGFR inlubitor (FGFRI, FGFR2, FGFR3 or FGFR4, ez,
pemigatiub (INCBS4828), INCB62079), an EGER inhibitor (also known as ErB-1 or
HER-1; e.g., erlotinih, gefitinib, vandetanib, orsimertinib, cetuximab, necitumumab,
or pamitumumab), a VEGFR mhibitor or pathway blocker (¢.g. bevacizumab,
pazopanib, sunitintb, sorafenib, axitimb, regorafenib, ponatinib, cabozantinib,
vandetanib, ramucirumab, lenvatinib, ziv-aflibercept), a PARP inhibitor {e.g.,
olaparib, rucaparib, veliparih or nirapanb), a JAK ishibitor (JAK1 and/ot JAKZ, e.g.,
ruxolitinib or bancitinib; JAK, e.g., stactiib (INCB39110), INCB032793, or
INCB034707), an ID0O inhibitor (e.g., epacadostat, NLG?19, or BMS-086205,
MK7162), an LSD1 inhibitor {e.g., GSK2979552, INCB39872 and INCB60003), a
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TDO inhibitor, a PI3K-delia inhibitor {e.g., parsaclisib (INCB30465) or INCBSG797),
a PI3K-gamuma inhibitor such as PI3K-gamma seloctive inbibitor, a Pim inhibitor
(e.g., INCB33914), a CSFIR inhibitor, a TAM receptor tyrosine kinases {Tyro-3, Axi,
and Mer; e.g., INCB0R1776), an adenosine receptor antagonist (e.g., AZa/A2b
receptor antagonist), an HPKI mmhibitor, a chemokine receptor inhibitor {e.g., CCR2
or CCR5 miubitor), a SHP /2 phosphatase mlubitor, a histone deacetylase inhibitor
(HDAC) such as an HDACS inhibitor, an angiogenesis inhibitor, an interleukin
receptor inhibitor, bromo and extra terminal family members inhibitors (for example,
bromodomain mhibitors or BET indubitors such as INCBS4329 and INCB57643), ¢~
MET inhibitors {¢.g., capmatinib}, an anti-CD 19 antibody {(c.g., tafasitamab), an
ALKZ mhbitor {e.g., INCBO0928); or combinations thereof.

In some embodiments, the solid form and salts described herein ase
administered with a PI3KS inhibitor. In some embodiments, the compound or salt
desecribed herein is administered with a JAK inhibitor. In some crubodiments, the
solid form and salts described herein are administered with a JAKT or JAK2 inhibitor
{e.g.. baricitinih or nuxolitinib}. In some embodiments, the solid form and salts
described herein are admunistered with a JAK 1 inhibitor. In some embodiments, the
solid form and salts described herem are administered with a JAKT inhabitor, which is
selective over JAKZ.

Example antibodies for use in combination therapy include, but are not limited
to, trastuzumab (e.g., anti-HER2), ranibizumab {e.g., anti-VEGF-A), bevacizumab
(AVASTIN™ ¢ g anti-VEGF), panitumumab (e.g., anti-EGFR), cetxamab (e.g.,
anti-EGFR), rituxan {e.g., anti-CD20), and antibodies directed to ¢-MET.

One or more of the following agents may be used in combination with the
solid form and salts described heremn and are presented as a non-limiting list: a
cytostatic agent, cisplatin, doxorabicin, taxotere, taxol, ctoposide, irinotecan,
camptosar, topotecan, paclitaxel, docetaxel, epothilones, tamoxifen, S-Huorouracil,
methotrexate, temozolomide, cyclophosphamide, SCH 66336, R1153777, L778,123,
BMS 214662, IRESSA™(gefitinib), TARCEVA™ (erlotinib), antibodies to EGFR,
wntron, ara-C, adriamyein, cytoxan, gemcitabine, aracil mustard, chlormethine,
tfosfamide, melphalan, chlorambucil, pipobroman, tricthylenomelamine,
tricthylenethiophosphoranune, busulfan, carmustine, lomusting, streptozocin,

dacarbazine, floxuridine, cvtarabine, G-mercaptopurine, 6-thioguanine, fludarabine
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phosphate, oxabiplatin, leacovinin, ELOXATIN™ {(oxaliplatin}, peniostatine,
vinblastine, vincristine. vindesine, bleomycin, dactinomycin, daunorubicin,
doxorubicin, epirubicin, wdarubicin, mithramyein, deoxycoformayen, mitomyein-C, L-
asparaginase, teniposide 17 alpha ~cthinviestradiol, diethyistitbestrol, testosterone,
Prednisone, Fluoxymesterone, Dromostanolone propionate, testolactone,
megestrolacetate, methylprednisolone, methyliestosterone, prednisclone,
triamcinolone, chlorotrianisene, hydroxvprogesterone, aminoglutethimide,
estramustine, medroxyprogesteronsacetate, leuprolide, flutamide, toremifene,
goserelin, carboplatin, hydroxyurea, amsacrine, procarbazing, mitotane, mitoxantrone,
levamisole, navelbene, anastrazole, letrazole, capecitabine, reloxafine, droloxafine,
hexamethvimelamine, avastin, HERCEPTIN®™ (trastuzumab), BEXXAR™
{tositumomab), VELCADE™ (bortezomib), ZEVALIN™ {ibritumomab tinxetan),
TRISENOX™ (arsenic trioxide), XELODA™ (capecitabine), vinorelbine, porfimer,
ERBITUX™ (cetuxinab), thictepa, altretamine, rmelphalan, trastuzumab, lerozole,
fulvestrant, exemestane, ifosfomide, ritaximab, €223 {cetuximab), Campath
(alemtuzwaly), clofarabine. cladribine, aphidicolon, rituxan, sunitinih, dasatingb,
tezacitabine, Smil, fludarabine, pentostatin, triapine, didox, trinudox, anudox, 3-AP,
and MDL-101,731.

The solid form and salts described herein can further be used in combination
with other methods of treating cancers, for example by chemotherapy, trradiation
therapy, tumor-targeted therapy, adjuvant therapy, immunotherapy or surgery.
Examples of immunotherapy include cytokine treatment {e.g., mterferons, GM-CSF,
G-CSF, IL-2), CRS-207 immumotherapy, cancer vaccine, monocional antibody,
bispecific or multi-specific antibody, antibody drug conjugate, adoptive T cell
transfer, Toll receptor agomsts, RIG-I agonists, oncolyvtic virotherapy and
mnnmmomodulating small molecules, incloding thalidomide or JAK1/2 inhibitor,
PI3KS inhibitor and the like. The compounds can be administered in combination
with one or more anti-cancer drugs, such as a chemotherapeutic agent. Examples of
chemotherapeutics include any of abarehix, aldesleukin, alemtuzumab, alitretinoin,
allopurinol, altretamine, anastrozole, arsenic trioxide, asparaginase, azacitiding,
bevacizumab, bexarotene, baricitinib, bleomycin, bortezomib, busulfan intravenous,
busulfan oral, calusterone, capecitabine, carboplatin, carmustine, cetuximab,

chlorambucil, cisplatin, cladnbine, clofarabine, cyclophosphamide, cyvtarabine,
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dacarbazine, dactinomycin, dalteparin sodium, dasatinib, daumorabicin, decitabine,
denileukin, denileukin diftitox, dexrazoxane, docetaxel, doxonibicin, dromostanolone
propionate, eculizumab, epirubicin, erotimib, estramustine, etoposide phosphate,
ctoposide, exemestane, fentanyl citrate, filgrastim, floxunidine, fludarabine,
fluorouractl, fulvestrant, gefitiub, gemcitabine, gemtuzumab ozogamicin, goserelin
acetate, histrelin acetate, ibritumomnab tiuxetan, wdarubicin, tfosfamide, imatimb
mesylate, mterferon alfa Za, irinotecan, lapatinib ditosviate, lenalidomide, letrozole,
feucovorin, leaprolide acetate, levamisole, lomustine, meclorethamine, megestrol
acetate, melphalan, mercaptopurine, methotrexate, methoxsalen, mitomycin C,
mitotane, mitoxantrone, nandrolone phenpropionate, nelarabine, nofetumomab,
oxaliplatin, paclitaxel, pamidronate, panitumumab, pegaspargase, pegfilgrastim,
pemetrexed disodiom, pentostatin, pipobroman, plicamycin, procarbazine, quinacring,
rasburicase, riuximab, nuxolitinib, sorafentb, streptozocin, sunitinib, sunitinib
maleate, tamoxifen, temozolomide, teniposide, testolactone, thalidonude, thioguanine,
thictepa, topotecan, toremifene, tositumomab, trastuzumab, tretinoin, uracil mustard,
valrubicin, vinblastine, vincristine, vinorelbine, vorinostat, and zoledronate.

Additional examples of chemotherapeutics mclude proteasome inhibitors {e.g.,
bortezomib}, thalidomide, revlimid, and DNA-damaging agents such as melphalan,
doxorubicin, cyvclophosphamide, vincristine, etoposide, carmustine, and the hike.

Example steroids include corticosteroids such as dexamethasone or
predmsone.

Example Ber-Abl mhibitors include imatinib mesylate (GLEEVAC™M),
milotimb, dasatinib, bosutinib, and ponatinib, and pharmaceutically acceptable salts.
Other example suitable Ber-Abl inhibitors include the compounds, and
pharmaceutically acceptable salts thercof, of the genera and specics disclosed m U.S.
Pat. No. 3,521,184, W 04/005281, and U.S. Ser. No. 60/378,491.

Example suitable Flt-3 inhibitors mchude midostaurin, lestaurtinib, lnifanib,
sunitinib, sunitinib, maleate, sorafonib, quizartinib, crenolanib, pacritinib, tandutinib,
PLX3397 and ASP2213, and their pharmaceutically acceptable salts. Gther example
suitable Fii-3 mhibitors include compounds, and their pharmaceutically acceptable
salts, as diselosed 10 WO 03/037347, WO 03/099771, and WO 04/046120.

Example suitable RAF inhibitors include dabrafenth, soratenth, and

vemurafemb, and their pharmaceutically acceptable salts. Other example suitable
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RAF inhibitors inclade compounds, and their pharmaceutically acceptable salis, as
disclosed in WO 00/09495 and WO 05/028444.

Example suitable FAK mbibitors include V8-4718, VS§-50935, V8-6062, VS~
6063, BI®S3520, and GSK2256098, and their pharmaceutically acceptable salts.
Other example suitable FAK inhibitors include compounds, and their
pharmaceutically acceptable salts, as disclosed 1o WO 04/080980, WO 04/056786,
WO $3/024967, WO 01/064655, W 00/053595, and WO 61/014402.

Example suitable CDKA4/6 mnhibitors include palbociclib, ribociclib, trilacichb,
lerociclib, and abemaciclib, and their pharmaceutically acceptable salts. Uther
example suitable CDKA4/6 inhibitors include compounds, and ther pharmaceutically
acceptable salts, as disclosed m WO 09/085185, WO 12/129344, W( 11/101409, WQ
03/062236, WO 10/075074, and W( 12/0611536.

In some cmbodiments, the solid form and salts described herein can be used in
combination with one or more other kinase mhibitors including imatinth, particularly
for treating patients resistant to imatinib or other kinase inhibitors.

In some embodiments, the solid form and salts described herein can be used in
combination with a chemotberapeutic iu the treatment of cancer, and may improve the
treatment response as compared 1o the response to the chemotherapeutic agent alone,
without exacerbation of its toxic effects. In some embodiments, the solid form and
salts described herein can be used in combination with a chemotherapeutic provided
herein. For example, additional pharmaceutical agents used in the treatment of
multiple mveloma, can include, without himitation, melphalan, melphalan phis
predmsone [MP], doxorubicin, dexamethasone, and Velcade (bortezomib). Further
additional agents used in the treatiment of multiple myeloma include Ber-Abl, Fit-3,
RAF and FAK kinase inhtbitors. In some embodiments, the agent 1s an alkvlating
agent, a proteasome inhibitor, a corticosteroid, or an immunomodulatory agent.
Examples of an alkvylating agent mchide cvclophosphamide (CY), melphalan (MEL),
and bendamustine. In some embodiments, the proteasome inthibitor is carfilzomib. In
some embodiments, the corticosteroid is dexamethasone {DEX). In some
embodiments, the immonomodulatory agent 15 lenalidomide (LEN} or pomalidomide
(POM}. Additive or synergistic effects are desirable outcomes of combining a CDK2

mhibitor of the present disclosure with an additional agent.
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The agents can be combined with solid fornt and salts described hereinin a
single or continuous dosage form. or the agents can be administered simultancousty or
sequentially as scparate dosage forms,

The solid form and salts described herein can be used in combimnation with one
or more other inhibitors or one or maore therapies for the treatment of infections.
Examples of infections include viral infections, bacterial infections, fungus infections
ot parasif¢ infections.

In some embodiments, a corticosteroid such as dexamethasone is administered
to a patient in combination with the solid form and salts described herein where the
dexamethasone is admunistered interovtiently as opposed to continuously.

The solid form and salts described herein can be combined with another
mmunogenic agent, such as cancerous cells, punified tamor antigens {including
recombinant proteins, peptides, and carbohydrate molecules), cells, and cells
transfocted with genes encoding vumune stunulating cyvtokines. Noun-limiting
examples of tumor vaccines that can be used mchude peptides of melasoma antigens,
such as peptides of gp100, MAGE antigens, Trp-2, MARTI and/or tyrosinase, or
tumor cells transtected to express the oviokine GM-CSF.

The solid form and salts described herein can be used in combination with a
vaccination protocol for the treatment of cancer. In some embodiments, the tumor
cells are transduced to express GM-CSF. In some embodiments, tumor vaccines
mnclude the proteins from viruses traplicated in human cancers such as Human
Papilloma Viruses (HPV), Hepatitis Viruses (HBV and HCV) and Kaposi’s Herpes
Sarcoma Virus (KHSV). In some embodiments, the compounds of the present
disclosure can be used in combination with tumor specific antigen such as heat shock
proteins isolated from tumor tissue itself. In some embodiments, the ¢ solid form and
salts described herein can be combined with dendritic cells immunization {o activate
potent anti-tumor responses.

The solid form and salis described heren can be used in combination with
bispecific macrocyelic peptides that target Fe alpha or Fe gamma receptor-expressing
effectors cells to tumor cells. The solid form and salts described herein can also be
combined with macrocyclic peptides that activate host immune responsivengss.

In some further embodiments, combinations of the solid form and salts

described herein with other therapeutic agents can be administered o a patient prior
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to, dunng, and/or after a bone marrow transplant or stem cell transplant. The solid
form and salts described herein can be used in combination with bone marrow
transplant for the treatment of a variety of tumors of homatopoietic origin,

The solid form and salts described herein can be used in combmation with
vaccines, 1o stimulate the imumune response to pathogeus, toxins, and self -antigens.
Examples of pathogens for which this therapeutic approach may be particularly useful
inclade pathogens for which there 1s currently no effective vaccine, or pathogens for
which conventional vaccines are fess than completely effective. These mclade, but are
not luoited to, HEY, Hepatitis (A, B, & C), Influenza, Herpes, Giardia, Malaria,
Leishmania, Staphvlococcus aureus, Pscudomonas Acruginosa.

Viruses causing infections treatable by methods of the present disclosure
inchude, but are not limited to haman papiliomavirus, inflacnza, hepatitis A, B, Cor P
viruses, adenovirus, poxvirus, herpes simplex viruses, human cytomegaloviras, severe
acute respiratory syndrome virus, Ebola virus, measles virus, berpes virus {e.g., VZV,
H5V-1, HAV-6, HSV-1I, and CMYV, Epstein Barr virus), flaviviruses, echovirus,
rhinovirus, coxsackie virus, cornovirus, respiratory syacvtial viras, nnuaps virus,
rotavitus, measles virus, rubella virus, parvovirus, vaccinda virus, HTLV virus,
dengue virus, papillomavirus, mollascum virus, poliovirus, rabies virus, IC virus and
arboviral encephalitis virus.

Pathogenic bacteria causing infections treatable by methods of the disclosure
include, but are not hinuted to, chlamydia, ricketisial bacteria, mycobacteria,
staphylocoea, streptococc, preumococci, menmgococeci and conocoect, kiebsiella,
proteus, serratia, pseudomonas, legionella, diphtheria, salmonella, bacilli, cholera,
tetanus, botalism, anthrax, plague, leptospirosis, and Lyme’s disease bacteria.

Pathogeme fung: causing nfections treatable by methods of the disclosure
inchude, but are not limited to, Candida (albicans, krusei, glabrata, tropicalis, etc},
Cryptococcus neoformans, Aspergillus (fumigatus, niger, etc.}, Genus Mucorales
{mucor, absidia, rhizophus), Sporothrix scheunkii, Blastomyees dermatitidis,
Paracoccidioides brasiliensis, Coccidioides mmmitis and Histoplasma capsulatam.

Pathogenic parasites causing infections treatable by methods of the disclosure
include, but are not limited to, Entamoeba histolvtica, Balantidium coli,
Naegleniatowler, Acanthamoeba sp., Giardia lambia, Cryptosporidium sp.,

Pacumocystis carinii, Plasmodiam vivax, Babesia microti, Trypanosoma brucei,
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Trypanosoma cruzi, Leishmania donovam, Toxoplasma gondi, and Nippostrongylus
brasiliensis.

When more than one pharmaceutical agent 1s admunistered to a patient, they
can be admimstered simultaneously, separately, sequentially, or in combination {(e.g.,
for more than two agenis).

Methods for the safe and effective adruustration of most of these
chemotherapeutic agents are known o those skilled in the art. In addition, their
administration is described in the standard literature. For example, the adminmistration
of many of the chemotherapeutic agents is described in the “Physicians’ Desk
Reference” (PDR, e.z.. 1996 edition, Medical Economics Company, Montvale, NIj,
the disclosure of which 1s incorporated herein by reference as if set forth in its

entirety.

I Imozune-checkpount therapies

The solid form and salts described herein can be used 1n combination with one
or more immune checkpoint inhibitors for the treatment of diseases, such as canger or
mnfections. Exemplary invnune checkpoint inhibitors include inlubitors against
immune checkpoint molecules such as CBL-B, CD20, CD28, CD40, CDx70, CD122,
CD%6, CD73, {D47, CBKZ, GITR, CSFIR, JAK, PI3K delta, PI3K gamma, TAM,
argimase, HPK1, CD137 {also known as 4-1BB), ICOS, A2AR, B7-H3, B7-H4,
BTLA, CTLA, LAG3, TIM3, TLR (TLR7/R), TIGIT, CDI12R, VISTA, PD-1, PD-
L1 and PD-L2. In some embodiments, the immune checkpoint molecule is a
stimulatory checkpoint molecule sefected from D27, CD28, D40, ICOS, (X 40,
GITR and CD137. In some embodiments, the inunune checkpoint molecule is an
inhibitory checkpoint molecule selected from A2AR, B7-H3, B7-H4, BTLA, CTLA-
4, IBQ, KIR, LAGS, PD-1, TIMS, TIGIT, and VISTA. In some embodiments, the
solid form and salts described hercin can be used in combination with one or more
agents sclected from KIR inhibitors, TIGIT mbubitors, LAIRT inhibutors, CD160
nhibitors, 2B4 inlubitors and TGFR beta miubitors.

In some embodiments, the solid form and salts deseribed herein can be used in
combination with one or maore agonists of immune checkpoint molecules, e.g., OX40,

CD27, GITR, and CD137 {also known as 4-1BB}.
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In some embodiments, the inhibitor of an immune checkpoint molecule 1s anti-
PD1 antibody, anti-PD-L1 antibody, or anti-CTLA-4 antibody.

In some embodiments, the inhibitor of an tramune checkpoint molecule 1s an
inhibitor of PD-1 or PD-L1, e.g., an anti-PD-1 or anti-PD-L1 monoclonal antibody. In
some embodiments, the anti-PD-1 or anti-PD-L1 antibody is nivolumab,
pembrolizumab, atezolizumab, durvalumab, avelumab, cemiphimab, atezolizumab,
avelomab, tislelizumab, spartalizumab (PDROOD), cetrelimab (INJ-63723283),
toripalimab (JS001), camrelizumab (SHR-1210), sintilimab (IBI308), AB122 {(GLS-
010), AMP-224, AMP-3 14/MEDI-0680, BMS936539, JTX-4014, BGB-108, SHR-
1210, MEDI4736, FAZ053, BCD-100, KNO3S, CS10061, BATI1306, LZMO0Y,
AKI05, HLX10, SHR~1316, CBT-502 (TQB2450), A167 (K1L-A167), STL-A10!
{ZKABGOT), CK-301, BGB-A333, M8B-2311, HEX20, TSR-042, or LY3300054. In
some embodiments, the inhibitor of PD-1 or PD-L1 is one disclosed in U.S. Pat. Nos.
7,488,802, 7,943,743, 8,008,449, 8,168,757, 8,217, 149, WQ 03042402, WO
2008156712, W 2010089411, WO 2010036959, WO 2011066342, WG
2011159877, WO 2011082400, or WO 2011161699, which are each incorporated
herein by reference m s entuety.

In some embodiments, the antibody is an anti-PD-~1 antibody, e.g., an anti-PD-
1 monoclonal antibody. In some embodiments, the anti-PD-1 antibody is nivolumab,
pembrolizumab, cemiplimab, spartalizomab, camrelizumab, cetrelimab, toripalimab,
sintilimab, AB122, AMP-224, JTX-4014, BGB-108, BCD-100, BAT1306, LZMU009,
AK105, HLX10, or TSR-042. In some embodiments, the anti-PD-1 antibody is
mvolumab, pembrolizemab, cemiplimab, spartalizamab, camrelizamab, cetrelimab,
toripalimab, or sintilimab. In some embodiments, the anti-PD-1 antibody is
pembrolizumab, In some embodiments, the anti-PD-~1 antibody i3 nivolumab. In some
embodiments, the anti-FB-1 antibody 1s cemiphimab. In some embodiments, the anti-
PD-1 antibody is spartalizumab. In some embodiments, the anti-PD-1 antibody is
camrelizumab. In some cmbodiments, the anti-PD-1 antibody 1s cetrelimab. In some
embodiments, the anti-PD-1 antibody s toripalimab. In some embodiments, the anti-
PD-1 antibody 1s sintilimab. In some embodiments, the anti-PD-1 antibody is AB122.
in some embodiments, the anti-PD-1 antibody is AMP-224. In some embodiments,
the anti-PD-1 antibody 15 JTX-4014. In some emboduments, the anti-PD-1 antibody 15

BGB-108. In some embodiments, the anti-PD-1 antibody 1s BCD-100. In some

(v
el

PCT/US2023/063875



WO 2023/172921 PCT/US2023/063875

-
o

20

embodiments, the anti-PD-1 antibody 1s BAT1306. In some embodiments, the anii-
PD-1 antibody 1s LZMO0Y. In some embodiments, the anti-PD-1 antibody is AK105.
in some embodiments, the anti-PD-1 antibody 1s HLX10. In some embodiments, the
anti-PD-1 antibody 1s TSR-042. In some embodiments, the anti-PD-1 monoclonal
antibody is nivolumab or pembrolizamab. In some embodiments, the anti-PD-1
monoclonal antibody ts MGAO12. Yo some embodiments, the anti-PD antibody is
SHR-1210. Other anti-cancer agent(s) include antibody therapeutics such as 4-1BB
{e.g., wrelumab, vtomilomab). In some embodiments, the mbubitor of an immune
checkpoint molecule is an inhibitor of PD-L1, ¢.g., an anti-PD-L1 monoclonal
antibody. I some embodiments, the anti~PD-L.1 monocional antibody is
atezolizumab, avelumab, durvalumab, tislelizumab, BMS-935559, MEDI4736,
atezolizumab {MPDL3280A also known as RG7446), avelumab (MSBOO10718C),
FAZOS3, KNO35, C51001, SHR-1316, CBT-502, A167, STI-A101, CK-301, BGB-
A333, MSB-2311, HLX20, or LY3300054. In some embodiments, the anti-PD-L1
antibody is atezolizamab, avelumab, durvalumab, or tislelizumab. In some
embodiments, the anti-PD-L1 antibody is atezolizumab. In some embodiments, the
anti-PD-L1 antibody 1s avelumab. In some embodiments, the anti-PD-L 1 antibody 1s
durvalumab. In some embodiments, the anti-PD-L1 antibody is tislelizumab. In some
embodiments, the anti-PD-L1 antibody s BMS-935559. In some embodiments, the
anti-PD-L1 antibody is MEDI4736. In some embodiments, the anti-PD-L1 antibody
is FAZO53 . In some embodunents, the anti-PD-L 1 antibody 1s KNO35. o some
embodiments, the anti-PD-L1 antibody 1s CS1001. In some embodiments, the anti-
PD-L1 antibody is SHR-1316. In some embodiments, the anti-PD-L1 antibody is
CBT-502. In some embodiments, the anti-PD-L1 antibody is A167. In some
embodiments, the anti-PD-L1 antibody is STI-A101. In some embodiments, the anti-
PD-L1 antibody 1s CK-301. In some embodiments, the anti-PD-L1 antibody 1s BGB-
A333. In some embodimends, the anti-PD-L1 antibody is MSB-2311. In some
cmbodiments, the anti-PD-L.1 antibody 1s HLX20. In some embodiments, the anti-
PD-L1 antibody is LY 3300054,

In some embodiments, the tnhibitor of an immune checkpoint molecule 1s a
small molecule that binds to PD-L1, or a pharmaceutically acceptable salt thereof. In
some cnbodiments, the inhibttor of an nuvune checkpomt molecule is a small

molecule that binds to and internalizes PDB-L 1, or a pharmaceutically acceptable salt
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thereof. In some embodiments, the wnhibitor of an immune checkpoint molecule 1s a
compound selected from those in US 2018/0179201, US 2018/0179197, US
2008/0179179, US 20Gi8/0179202, US 2018/0177784, US 2018/0177870, US Ser. No.
16/369,634 (filed Mar. 29, 2019}, and US Ser. No. 62/688,164, or a pharmaceutically
acceptable salt thereof, cach of which is incorporated herein by reference in its
entirety.

In some embodiments, the mhibitor of an mmune checkpoint molecule 15 an
inhibitor of KIR, TIGIT, LAIRI, {D160, 2B4 and TGFR beta.

In some embodiments, the inhibitor is MCLA-1435.

In some embodiments, the inhibitor of an immune checkpoint molecule is an
inhibitor of CTLA-4, ¢.g., an anti-CTLA~4 antibody. In some embodiments, the anti-
CTLA-4 antibody 1s ipihmumab, tremelimumab, AGEN 1884, or CP-675,206.

In some embodiments, the mhibitor of an immune checkpoint molecule is an
inhibitor of LAG3, ¢ g, an anti-LAG3 antibody. In some embodiments, the anti-
LAG3 antibody s BMS-986016, LAGS2S, INCAGNZ3E5, or eftilagimod alpha
(IMP321).

In some embodiments, the inhibitor of an iamune checkpoint molecule is an
mhibitor of CD73. In some embodiments, the mhibitor of CD73 is oleclumab.

In some embodiments, the inhibitor of an imanme checkpoint molecule is an
inhibitor of TIGIT. In some embodiments, the inhibitor of TIGIT 1s OMP-31M32.

In some embodiments, the mhibitor of an munune checkpoint molecule 15 an
wnhibitor of VISTA. In some embodiments, the inlubitor of VISTA 15 INJ-61610588
or CA-170.

In some embodiments, the inhibitor of an tmmune checkpoint molecule is an
inhibitor of B7-H3. In some embodiments, the inhibttor of B7-H3 is encblituzumab,
MGDO09, or 8HO.

In some embodiments, the mhibitor of an immune checkpoint molecule is an
inhibitor of KIR. fn some embodiments, the nhubitor of KIR 1s linlumab or IPH4102.

In some embodiments, the mhibitor of an immune checkpoint molecule 18 an
wnhibitor of A2aR. In some embodiments, the inhibitor of A2aR 1s TP1-444.

In some embodiments, the inhibitor of an tmmune checkpoint molecule is an

inhibitor of TGF-beta. In some embodiments, the inhibitor of TGF-beta 15

trabedersen, galusertinib, or M7824,
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In some embodiments, the tnhibitor of an immune checkpoint molecule 1s an
inhibitor of PI3K-gamma. In some embodiments, the inhibitor of PI3K-gamma is 1P~
549,

In some embodiments, the inhibitor of an immune checkpoint molecule is an
inhibitor of 347, In some embodiments, the inhibitor of CD47 1s HudF9-G4 or TT1-
621

In some embodiments, the mhibitor of an mmune checkpoint molecule 15 an
inhibitor of CO73. In some embodiments, the inkubitor of CD73 1« MEDI9447.

In some embodiments, the inhibitor of an tramune checkpoint molecule is an
inhibitor of CD70. In some embodiments, the inhibitor of CDB70 is cusatuzumab or
BMS-936561.

In some embodiments, the inhibitor of an immmume checkpoint molecule is an
inhibitor of TIM3, ¢.g., an anti-TIM3 antibody. In some embodiments, the anti-TIM3
antibody is INCAGN2390, MBG4S53, or TSR-022,

In some embodiments, the inhibitor of an immuone checkpoint molecule is an
inhibitor of CD20, e, an anti-CD20 andibody. In some embodiments, the anti-CD20
antibody is obinutuzumab or rituximab.

In some embodiments, the agonist of an immune checkpoint molecule 13 an
agonist of 0X40, CD27, CD2&, GITR, IC0S, CD40, TLR7/8, and CD137 (also
known as 4-1BB}).

In some embodiments, the agonist of CD 37 is urelumab. In some
embodiments, the agonist of CD37 is utomilumab.

In some embodiments, the agonist of an immune checkpoint molecule 15 an
inhibitor of GITR. In some embodiments, the agonist of GITR is TRX518, MK-4166,
INCAGNI876, MK-1248, AMG228, BMS-986156, GWN323, MEDII873, or
MEDI6469.In some embodiments, the agonist of an immune checkpoint molecule i3
an agonist of 0X40, ¢.g, 0X40 agonist antibody or OX40L fusion protein. In some
cmbodiments, the anti-0X40 antibody is INCAGNO1949, MEDIO562 (tavolimab),
MOXR-0916, PF-04518600, GSK3174908, BMS-986178, or 9B12.. In some
embodiments, the OX40L fusion protein 1s MEDIG3E3.

In some embodiments, the agonist of an immune checkpoint molecule is an

agonist of CD40. In some erabodiments, the agomist of CD40 15 CP-870893, ADC-
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1013, CDX-1140, SEA-CD40, RO7009789, INJ-64457107, APX-005M, or Chi Lob
7/4.

In some embodiments, the agonist of an inunune chockpoint molecule s an
agonist of ICOS. In some embodiments, the agonist of ICOS 15 GSK-3359609, JTX-
2011, or MEDE-570.

In some cmbodiments, the agonist of an tumune checkpoint molecule s an
agonist of CD23. In some embodiments, the agonist of CD28 is therahizumab.

In some embodiments, the agonist of an immune checkpoint molecale 1s an
agonist of CD27. in some embodiments, the agonist of CD27 15 varditumab.

In some embodiments, the agonist of an inumune chockpoint molecule 1s an
agonist of TLR7/8. In some embodiments, the agonist of TLR7/8 1s MEDI9197,

The solid form and salts described herein can be ased in combination with
bispecific antibodies. In some embodiments, one of the domains of the bispecific
antibody targets PD-1, PD-L1, CTLA-4, GITR, OX40, TIM3, LAG3, CD137, ICOS,
CD3 or TGFP receptor. In some embodiments, the bispecific antibody binds to PD-1
and PD-L1. In some embodiments, the bispecific antibody that binds to PD-1 and PD-
L1313 MCLA-136. In sonc embodiments, the bispecific antibody binds to PD-L1 and
CTLA-4. In some embodiments, the bispecific antibody that binds to PD-L1 and
CTLA-4 15 AK104,

in some embodiments, the solid form and salts described herein can be used in
combination with one or more metabolic enzyme dubitors. In some emboduments,
the metabolic enzyme inhibitor is an inlubitor of IDG, TDO, or arginase. Examples
of IDO1T inkubitors include epacadostat, NLGO19, BMS-986205, PF-06840003,
1OM2983, RG-70099 and LY 338196,

As provided throughout, the additional compounds, inhibitors, agents, cte. can
be combined with the present compound in a single or continuous dosage form, or

they can be administered simultancously or sequentially as separate dosage forms.

Pharmaceutical Formudations and Dosage Forms

When employed as pharmaceuticals, the solid form and salts described herein
can be administered in the form of pharmaceutical compositions. These compositions
can be prepared in a maonner well known in the pharmaceutical art, and can be

adnunistered by a vanety of routes, depending upon whether local or systemic
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treatment is desired and upon the area to be treated. Administration may be topical
(including transdermal, epidermal, ophthalmic and to mucous membranes including
mtranasal, vaginal and rectal delivery), pulmonary {e.g., by inbalation or insufflation
of powders or acrosols, including by nebulizer; intratracheal or intranasal), oral, or
parenteral. Parcnteral administration includes intravenous, intraarterial, subcutancous,
intraperitoneal tdramuscular or tyjection or infusion; or intracrasial, e.g., intrathecal
or intraventricular, adnunistration. Parenteral administration can be in the form of a
single bolus dose, or may be, for example, by a continuous perfusion pump.
Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppositorics, sprays,
hiquids and powders. Conventional pharmaccutical camiers, agueous, powder or oily
bases, thickeners and the like may be necessary or desirable.

This disclosure also mchudes pharmaceutical compositions which contain, as
the active ingredient, solid form and salis described herein in combination with one or
more pharmacestically acceptable carriers {excipients}. In some embodiments, the
composition is suitable for topical administration. In making the compositions of the
disclosure, the active imgredicnt 18 typically raixed with an excipient, diluted by an
excipient or enclosed within such a carrier in the form of, for example, a capsule,
sachet, paper, or other contamner. When the excipient serves as a difuent, itcan be a
solid, semi-solid, or liquid material, which acts as a vehicle, carrier or medium for the
active ingredient. Thus, the compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulgions, solutions, syrups, asrosols
{as a solid or in a Hauoid medium), ointments containing, for example, up to 10% by
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile
injectable solutions, and sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active
corapound 1is substantially msoluble, it can be nulled to a particle size of less than 200
mesh. If the active compound is substantially water soluble, the particle size can be
adjusted by milling to provide a substantially eniform distribution in the formulation,
e.g., about 40 mesh.

'The solid form and salts described hercin may be mifled using known miling

procedures such as wet milling to obtain a particle size appropnate for tablet
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formation and for other formulation types. Finely divided (nanoparticvdate)
preparations of the compounds of the disclosure can be prepared by processes known
i the art, e.g., sce International App. No. WO 2002/000196.

Some examples of suitable excipients include lactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinvipyrrolidone, cellulose,
waler, svrup, and methyl cellulose. The formulations can additionally include:
fabricating agents such as talc, magnesiom stearate, and mineral o1l wetting agents;
emulsifying and suspending agents; preserving agents such as methyl- and
propylhydroxy-benzoates; sweetening agents: and flavoring agents. The compositions
of the disclosure can be formulated so as to provide quick, sustaned or delayed
release of the active ingredient after administration to the patient by employing
procedures known in the art.

The compositions can be formulated m a unit dosage form, cach dosage
containing from about § to about 1000 mg (1 g), or more, such as about 100 to about
500 mg, of the active ingredient. The torm “unit dosage forms” refers to physically
discrete units suitable as unitary dosages for buman subjects and other mammals, cach
unit containing a predetermined guantity of active material calculated to produce the
desired therapeutic effect, in association with a suitable pharmaceutical excipient.

In some embodiments, the compositions of the disclosure contain from about 5
to about 50 mg of the active ingredient. One having ordinary skill in the art will
appreciate that this embodies compositions containing about 3 to about 10, about 10
to about 13, about 13 to about 20, about 20 to about 23, about 25 to about 30, about
30 to about 35, about 35 to about 40, about 40 to about 45, or about 45 1o about 50 mg
of the active ingredicnt,

In some embodiments, the compositions of the disclosure contain from about
50 to about 500 mg of the active ingredient. One having ordinary skili in the art will
appreciate that this embodies compositions containing about 50 to about 100, about
100 to about 1590, about 150 to about 200, about 200 to about 250, about 250 to about
300, about 350 to about 400, or about 450 1o about 500 mg of the active ingredient.

In some emboduments, the compositions of the disclosure contain from about
500 to about 1000 mg of the active ingredient. One having ordinary skill in the art

will appreciate that this embodies compositions containing about 500 to about 550,
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about 550 to about 600, about 600 to about 630, about 650 to about 700, about 700 to
about 750, about 730 to about 800, about 800 to about 850, about 830 to about 900,
about 9C0 to about 950, or about 950 to about 1000 myg of the active ingredient.

Similar dosages may be used of the compounds described herein in the
methods and uses of the disclosure.

The active compound can be effective over a wide dosage range and is
generally admimstered in a pharmaceutically effective amount. i will be understood,
however, that the amount of the compound actually administered will usually be
determined by a physician, according to the relevant circumstances, including the
condition 1o be treated, the chosen route of admumstration, the actual compound
administered, the age, weight, and response of the individual patient, the severity of
the patient’s symptoms, and the hike.

For preparing solid compositions such as tablets, the principal active
ingredient is nuxed with a pbarmacoutical exciptent to form a solid preformulation
composition containing a homogencous mixture of the solid form and salts described
herein. When referring to these preformulation compositions as homogeneous, the
active ingredient is typically dispersed evenly throughout the composition so that the
composition can be readily subdivided into equally effective umit dosage forms such
as tablets, pills and capseles. This solid preformulation is then subdivided mto unit
dosage forms of the type described above containing from, for example, about 8.1 to
about 1000 mg of the active mgredient of the present disclosure.

The tablets or pills of the present disclosure can be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action.
For example, the tablet or pill can comprise an inner dosage and an cuter dosage
component, the latter being in the form of an envelope over the former. The two
components can be separated by an enteric layver which serves to resist disintegration
in the stomach and permit the inner component o pass intact into the duodenum orto
be delaved in release. A variety of materials can be used for such enteric layers or
coatings, such matenals including a mumber of polymeric acids and mixtures of
polymeric acids with sach materials as shellac, cetyl aleohol, and cellulose acetate.

The liquid forms in which the compounds and compositions of the present
disclosure can be incorporated for administration orally or by injection wnclude

agueous solutions, suitably flavored syrups, aqueous or o1l suspensions, and flavored
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ennlsions with edible oils such as cottonseed oil, sesame oil, coconat oil, or peanut
oil, as well as elixirs and similar pharmaceutical vehicles.

Corapositions for inhalation or insufflation include solutions and suspensions
in pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The liquid or solid compositions may contain suitable pharmaceuntically
acceptable excipients as described supra. In some embodunents, the compositions are
administered by the oral or nasal respiratory route for local or systemic effect.
Compositions can be nebulized by use of mert gases. Nebulized solutions may be
breathed directly from the nebulizing device or the nebulizing device can be attached
10 a face mask, tent, or intormittent posttive pressure breathing machine. Solution,
suspension, or powder composttions can be administered orally or nasally from
devices which deliver the formulation in an appropriate manner.

Topical formulations can contain one or more conventional carriers. In some
cmbodiments, ottments can contain water and one or more hydrophobic carriers
selected from, for example, liquid paraffin, polyoxyethylene alkyl ether, propylene
glycol, white Vaseline, and the like. Carrier compositions of creams can be based on
water in combination with glveero] and one or more other components, e.g.,
glveerninemonostearate, PEG-glycerinemonostearate and cotylstearyl alechol. Gels can
be formulated using isopropyl alcohol and water, suitably in combination with other
components such as, for example, glveerol, hvdroxyethyl celiulose, and the like. fn
some embodiments, topical formulations contain at least about 0.1, at least about 0.25,
at least about 0.3, at least about 1, at least about 2, or at least about 5 wt % of the
compound of the disclosure. The topical formelations can be suitably packaged in
tubes of, for example, 100 g which are optionally associated with instructions for the
treatment of the select indication, e.g., psoriasis or other skin condition.

The amount of active ingredient or composition administered to a patient will
vary depending upon what is being administered, the purpose of the administration,
such as prophvlaxis or therapy, the state of the paticnt, the manner of admmistration,
and the fike. In therapeutic applications, composttions can be adnunistered to a patient
already suffering from a disecase in an amount sufficient to core or at least partially
arrest the symptoms of the disease and its complications. Effective doses will depend

on the disease condition being treated as well as by the judgment of the attending
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chinician depending apon factors sach as the severity of the discase, the age, weight
and general condition of the patient. and the like.

The compositions administered t0 a paticnt can be in the form of
pharmaceutical compositions described above. These compositions can be sterilized
by conventional sterilization techniques, or may be sterile filiered. Agueous solutions
can be packaged for use as is, or Ivophilized, the Ivophilized preparation being
combined with a sterile agqueous carnier prior to administration. The pH of the
compound preparations typically will be between 3 and 11, more preferably from 5 to
9 and most preferably from 7 to 8. It will be understood that use of certain of the
foregoing excipicnts, carriers, or stabilizers will result 1o the formation of
pharmaceutical salts.

The therapeutic dosage of the solid form and salts described herein can vary
according to, for example, the particalar use for which the treatment is made, the
manner of administration of the compound, the health and condition of the patient,
and the judgment of the prescribing physician. The proportion or concentration of a
compound of the disclosure in a pharmaceutical composition can vary depending
upon a number of factors including dosage, chemical charactenistics {c.g.,
hydrophobicity), and the route of administration. For example, the solid form and
salts described herein can be provided in an aqueous physiological buffer solution
containing about 0.1 to about 10% w/v of the compound for parenteral administration.
Some typical dose ranges are from about | ug/kg to about 1 g/kg of body weight per
day. In some embodiments, the dose range 1s from about 0.01 mg/kg to about 100
mg/ke of body weight per day. The dosage is likely to depend on such variables as the
type and extent of progression of the discase or disorder, the overall health status of
the parficular patient, the relative biological efficacy of the compound selocted,
formulation of the excipiont, and its route of administration. Effective doses can be
extrapolated from dose-response curves derived from in virro or animal model test
systes.

The compositions of the disclosure can further mnclude one or more additional
pharmaceutical agents such as a chemotherapeutic, steroid, anti-inflammatory

compound, or tmmunosuppressant, examples of which are listed herein.
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The present disclosure also includes pharmaceutical kits useful, for example,
in the treatment or prevention of CI¥K2-associated discases or disorders (such as, e.g.,
cancer, an inflammatory disease, a cardiovascunlar disease, or a neurodegenerative
disease) which include one or more containers containing a pharmaceutical
coraposition comprising a therapeutically effective amount of the solid form and salts
described herem. Such kits can further include, 1f desired, one or more of various
conventional pharmaceutical kit components, such as, for example, containers with
one or more pharmaceutically acceptable carriers, additional containers, ¢tc., as will
be readily apparent to those skilled in the art. Tastructions, either as inseris or as
labels, indicating quantities of the components o be administered, guidelines for
administration, and/or guidelines for mixing the components, can also be included in

the kit

Biomarkers and Pharmacodynamics Markers

The disclosure further provides predictive markers (e.g., biomarkers and
pharmacodynamic markers, ¢.g., gene copy number, gene sequence, expression levels,
or phosphorvlation levels) to wdentify those human subjects having, suspected of
having, or at risk of developing a disease or disorder associated with CDK2 for whom
administering a CDK2 inhibitor (“a CDK2 mhibitor” as used herein refers to sohid
form and salts described heremn) is Hkely to be effective. The disclosure also provides
pharmacodynamic markers (¢.g., phosphorylation levels) to identify those human

subjects having, suspected of having

0

or at risk of developing a disease or disorder
associated with CDK2 whom are responding to a CDK2 inhibitor. The use of CUNEL,
116, and Rb S780 15 further deseribed in U.S. Patent Publ. No. 2020/0316064), the
figures and disclosure of which is incorporated by reference herein in its entirety.

The methods are based, at least in part, on the discovery that the functional
status of cyclin dependent kinase mnhibitor ZA ("CDKNZA™! also referred to as “pl6™)
is a biomarker for predicting sensitivity to CDR2-targeting therapies in G1/S-specific
cyclin-Ei- ("COCNEIL-") amplified cells suitable for use in patient strafification. In
addition, the present disclosure is based, at least in part, on the discovery that, m
CONE-amphitied cell lines, the level of human retinoblastoma associated protein

{“Rb”) phosphorviation at the serine corresponding to amino acid position 780 of
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SEQ ID N{:3 is a phamacodynamie marker for CDK2 activity and is soitable for use
in measuring CDK? enzymatic activity in cellular assay or preclinical and clinical
applications, such as, ¢.g.. monitoring the progress of or responsiveness o treatment

with a CDEK2 mhibitor,

CONE] and pl6

CCNET and pl16 have been identified in the Examples as genes, in
combination, aseful o predicting responsiveness {e.g., improvement in disease as
evidenced by discase remussion/resolution) of a subject baving a disease or disorder
assoctated with CDK2 to a CDK2 inhibitor,

P16 (also known as cyvchin-dependent kinase mhibitor 24, cyclin-dependent
kinase 4 inhibitor A, multiple tumor suppressor 1, and p16-INK4a) acts as a negative
regulator of the proliferation of normal colls by interacting with CDK4 and CDKS.
pi6 is encoded by the cyvelin dependent kinase inhibitor 24 ("CDEN2A™Y gene
{GenBank Accession No. NM_000077). The cytogenic location of the CDENZA4 gene
is 9p21.3, which is the short (p) arm of chromosome 9 at posttion 213, The molecular
location of the CDKN24 gene is base pairs 21,967,752 to 21,995,043 on chromosome
§ (Homo sapiens Annotation Release 109, GRCK38 p12). Genetic and epigenetic
abnormalities in the gene encoding pi6 are believed to lead to escape from
senescence and cancer formation {Okamoto et al., 1994, PNAS 91(23):11045-9).
Nooliniting exaraples of genctic abnommalitics m the gene encoding pi6 are
described 1 Table A, below. The amino acid sequence of human pl16 1s provided

below {GenBank Accession No. NP_000068 / UniProtKB Accession No. P42771):

ARVA
LPVDLAER

LTR PVHDAA] I A GARLD

S NHARIDAAEG PSDIPD (SEQID NG:1).

CCNEL is a cell eycle factor essential for the control of the cell cvele at the
G1/8 transition (Ghtsubo et al., 1995, Mol. Cell. Biol. 15:2612-2624). CCNE] acts as
a regulatory subumit of CDK2, interacting with CDIKZ to form a serine/throonine
kinase holoenzyme complex. The CCNEI subumt of this holoenzyme complex
provides the substrate specificity of the complex (Honda et al , 2005, EMBO 24:452-
463). CCNE] 1s encoded by the cyelin £1 ("CCNE”Y gene (GenBank Accession No.
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NM_001238). The amino acid sequence of human CCNE!L is provided below
{GenBank Accession No. NP 001229/ UniProtKB Accession No. P24864):

1 mprerrerda kerdtmbedg gsefsarsrk rkanvivilqg dpdeemakid

€1 pwdnnavead pesliptpedk edddrvypns tokpriiaps rgsplpvisw snreeviwkim

121 Inkektylrd ghfleghpll gokmrailld wlmevcevyk lhretfylag dffdrymatq

181 envvktligl igisslfiasa kleelyppkl h csgdeiltme Imimkalkwr

241 lspltivswl nvymgvayln dlhevlipagy pggifigise lldlevidvd clef

301 asalyhisss elmgkvsgyq wodiencvkw mvpfamvire tgsskikhfr gvadedahni

361 gthrdsldll dkarakkaml seqnrasplp sglltppgsg kkgssgpema (SEQ 1B
NG,

The Examples demonstrate CDK2-knockdown inhubits proliferation of
CONE-amplified coll lines, but not of COCNE f-non-amplified cell lines. Conversely,
the Examples show that CDE4/6 inhubition inhibits proliferation of CCNE1-non-~
amplified cell lines, but not of CCNE1-amplified cell lines. The Examples further
demonstrate that presence of a normal {e.g., non~-mutated or non-~deleted) pi6 gene is
required for the observed inhibition of cell proliferation m CONE@-amplified cells
treated with a CDKZ-inhibitor. Accordingly, CONET and pl16 are, together, a
combination biomarker: cells that respond to treatment with a CBKZ inhibitor display
an araplification of the CCNE1 gene and/or an expression level of CONE that is
higher than a control expression level of CONEI, and have a nucleotide sequence
{e.g., a gene or an mRNA) that encodes the pl6 proten (e.g., a pl6 protein
comprising the amino acid sequence of SEQ 1D NO: 1) and/or have pl6 protein
present, while control eells that do not respond to treatment with a CDK2 infubitor do
not have an amplification of the CONE! gene and/or an expression level of CONEL
that is higher than a control expression level of CCNEL, and tend to have a mutated or
deleted gene that encodes the pl6 protein and/or lack expression of pl6 protein.

Thus, the disclosure provides a method of treating a human subject having,
suspected of having, or at nisk of developing a disease or disorder associated with
CDK2, comprising administering to the human subject a CDKZ inhibitor, wherein the
huran subject has been previousty determined to: (1) (a) have a nucleotide sequence
encoding a pl6 protein comprising the aminoe acid sequence of SEQ ID NG: 1, (b)

have a CDKNZA gene lacking one or more inactivating nucleic acid substitutions
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and/or deletions, and/or (¢} express a pl6 protein, and (11} {a} have an amplification of
the CCNE1T gene and/or (b} have an expression level of CONET i a binlogical sample
obtained from the human subject that 1s higher than a control expression level of
CCONEL In certain embodiments, the predictive methods described herein predict that
the subject will respond to treatment with the CDK2 mhibitor with at least 50%, at
teast 60%, at least 70%, at least 8%, at least 80%, at least 93%, at least 98% or 100%
accuracy. For example, in some embodiments, if the predictive methods deseribed
herein are applied to 10 subjects having, suspected of having, or at risk of developing
a discase or disorder associated with CBKZ, and 8 of those 10 subjects are predicted
to respond to treatment with a CDK?2 indubitor based on a predictive method described
herein, and 7 of those 8 subjects do indeed respond to treatment with a CDK2
inhibitor, then the predictive method has an accuracy of 87.5% (7 divided by 83 A
subject is considered to respond to the CDK2 mbubitor if the subject shows any
improvement in discase status as evidenced by, e.g., reduction or alleviation
symptoms, disease remission/resolution, ete.

In some embodiments, the subject has a disease or disorder associated with
CDK2. In some embodiments, the human subject has been previously deternuined to:
{1} {a) have a nucleotide sequence encoding a pl6 protein comprising the amino acid
sequence of SEQ ID NG: 1 and/or (b) a CDKN2A gene lacking one or more
inactivating nucieic acid substitutions and/or deletions, and (i) have an amplification
of the CCNEI gene in a biological sample obtamed from the human subject. In some
embodiments, the CDKN2A gene encodes a protein comprising the amino acid
sequence of SEQ ID NO: 1. In specific embodiments, the CBKN2A gene encodes a
protein comprising the amino acid sequence of SEQ 1B NG 1.

In specific embodiments, the one or more inactivating nucleic acid
substitations and/or deletions in the CDKN2A gene is as described in Table A In
specific envbodiments, the one or more inactivating nucleic acid substitutions and/or
deletions 1 the CDKNZA gene is as described in Yarbrough et al., Journal of the
National Cancer Institute, $1{18):1569-1574, 1999, Liggett and Sidransky, Biology of
Neoplasia, Journal of Oncology, 16(33:1197-1206, 1998, and Cairns et al., Nature
Genetics, 11:210-212, 1993, cach of which is incorporated by reference herein in its

entirety.
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Table A. CDKN2A gene soubstitutions, deletions, and modifications

Description

Reference(s)

C to T transition converting codon 232 of the
CDENZA gene from an arginine codon (o a stop
codon

RefSNP Accession No. 1si121913388;
Kamb et al., Science 264: 436440,
1994

1 9-basepair germline deletion at sucieotide 225
causing a reading-frame shift predicted to
severely truncate plé protein

RefSNP Accession No. 18587776716,
Gruis et al., Nature Genet. 10: 351-
353, 1995

O-basepair deletion al nucleotides 363-368 of the
CDKN2A gene

ChnVar Accession No.
ROVO00010017.2; Lin et al,
Oncogene 11: 405-412, 1995

Mutation at chromosore 9:21971038 predicted to
substitute glycine corresponding to armno acid
position 101 of SEQ 1D NG: 1 with a trvptophan

RefSNP Accession No. rs104894094;
Ciotti et al., Am. J. Hum, Genet. 67:
311-319, 2000

Germline mutation constifuting an in-frame 3-
basepair duplication at nucleotide 332 inexon 2
of the COKNZA gene

ClinVar Accession No.
RCVO00010020.3; Borg et al,, Cancer
Res. $6: 2497-2500, 1996

Mutation predicted to substitute methionine
corresponding to amino acid position 33 of SEQ
1D NO:1 with an isolcucine

RefSKNFP Accession No. rs 1048940695,
Harland et al., Hum. Molec. Genet. 6:
2061-2067, 1997

Mutation predicted to substttute arzinine
cortesponding to amino acid position 24 of SEQ
1D NO: 1 with a proling

RefSNP Accession No. rs104894097,
Maonzoun et al., New Eag. J. Med. 338:
879-887, 1998

24-bascpair repeat inserted at chromosome 9
between 21974795 and 21974796 (forward
strand)

RefSNP Accession No. 18587780668
Pollock et al., Humu Mutat. 11; 424-
431, 1998)

G-1o-T transversion at nucleotide <34 of the
CDKIN2A gene

ChaVar Accession No.
RCVE00010024.5; Lin et al., Nature
Genet. 21; 128-132, 1999

Deletion of the pl4(ARF)-specific exon [-beta of
CDEN2A

ClinVar Accession No.
RCVO0G010026.2; Randerson-Moaor
¢t al., Hum, Molec. Gepet. 10: §5-62,
2001

Mutation predicted to substitute valine
corresponding to amino acid position 126 of SEQ
1D NG:1 with an iscleucine

RefSNP Accession No. 15104894098,
Goldstein et al., Brit. 1. Cancer 85:
527-530, 2001

Trapsition (IVS2-105 A-G) in intron 2 of the
CDKN2A gene creating a false GT splice donor
site 105 bases 3-prime of exon 3 resulting in
aberrant splicing of the mRNA

ClinVar Accession No.
RCVO00010028.3; Harland et al. |
Hum. Molec. Genet. 10: 2679-26806,
2001

Mutation predicted to result in substitution of
glycine corresponding to amino acid position 122
of SEQ 1D NG 1 with an arginine

RefSNP Accession No. 15113798404,
Hewiit et al., Hom. Molec. Genet, 11;
1273-1279, 2002

Mutation predicted to result in substitution of
valine corresponding o amino acid position 59 of
SEQ ID NO:1 with an arginine

RefSNP Accession No. rs113798404;
Yakobson et al., Meclanoma Res. 11:
569-570, 2001

Tandem germbne339G-C transversion and a
340C-T transition o the CDKN2A gene resulting
in sobstitution of proline corresponding to amino
acid position 114 of SEQ 1D NO:1 with a serine

RelSNP Accession Nos. 5113798404
and rs104894104; Kannengiesser et
al., Genes Chromosomes Cancer 46:
751760, 2007

Mutation predicted to result in substitution of
serine corresponding to amino acid position 56 of
SEQ I NO: with an isoleucine

RefSNP Accession No. rsi04894109;
Kasonengiesser et al., Genes
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Description

Reference(s)

Chromosomes Cancer 46; 751760,
2007

Mutation predicted to resudt in substitution of
glycine corresponding to arino acid position 89
of SEQ D NO:1 with an aspartic acid

RelSNP Accession No. 1s137854599;
Goldstein et al | J. Med. Genet. 45:
284-289 2008

Heterozygous A-to-G transition in exon 1B of the
CDKNZA gene, affecting splicing of the
pl4{ARF) isoform

ClinVar Accession no.
RCVO00022943.3; Binni et al., Clin.
Genet. 77: 581-586, 2010

Heterozygous 5-bp duplication (19 23dup) in the
CDENZA gene, resulting in a frameshift and
premature terniination

ClinVar Accession No.
RCVOG0030680.6; Harinck, F., Kluijt
et al., . Med. Genet. 49: 362-365,
2012

Mutation predicted to result in substitution of
aspartic acid corresponding to amino acid
position 84 of SEG D NO: 1 with a valine

Yarbrough et al., Journal of the
National Cancer Institute,
91¢18):1569-1574

Mutation predicted fo result in substitution of
aspartic acid corresponding to amino acid
position 84 of SEQ ID NO:1 with a glveine

Yarbrough et al., Journal of the
National Cancer Institute,
91{18):1569~1574

Mutation predicted to resalt in substitation of
arginine corresponding 1o aming acid position 87
of SEQ 1D NO:1 with a proline

Yarbrough et al., Journal of the
National Cancer Institute,
GF(183:1569-1574

Mutation predicted to result in substitution of
proline corresponding ¢ amino acid position 48
of SEQ D NO: 1 with a leuciog

Yarbrough et al., Journal of the
National Cancer Institute,
01(18):1569-1574

Mutation predicted to result in substitution of
aspartic acid corresponding to amino acid
position 74 of SEQ ID NO:1 with a asparagine

Yarbrough et al., Journal of the
National Cancer Institute,
91{18).1569~1574

Mutation predicted to resalt in substitation of
arginine corresponding to amine acid position 87
of SE(} ID NGO 1 with a leacine

Yarbrough et al., Jourmal of the
National Cancer Institote,
G181 1569-1574

Mutation predicted to result in substitution of
asparagine corresponding to amine acid position
71 of SEQ 1D NGO 1 with a serine

Yarbrough et al., Journal of the
National Cancer Institute,
01(18):1569-1574

Mutation predicted to result in substitution of
arginine corresponding to amino acid position 86
of SEQ 1D NO:1 with a leucine

Yarbrough et al., Journal of the
National Cancer Institute,
91{18).1569~1574

Mutation predicted to resalt in substitation of
histidine corresponding to amine acid position 83
of SEQ 1D NO: 1 with a tyrosing

Yarbrough et al., Jourmal of the
National Cancer Institate,
G181 1569-1574

The disclosure also features a method of treating a human sabject having,

suspected of having, or at risk of developing a disease or disorder associated with

CDEK2, comprising: (1) identifyving, in a biological sample obtamned from the human

subject: (a) a nucleotide sequence encoding a pl6 protein comprising the amino acid

sequence of SEQ 1D NO:1, (b) a CDKNZA gene lacking one or more inactivating

nucleic acid substitutions, and/or (¢} the presence of a pl6 protein; (11} identitying, m

a biological sample obtained from the human subject: (2} an amplification of the

CCNEL gene and/or {b) an expression level of CONE! that is higher than a control
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expression fevel of CONEL and (01} admunistering a CDK2 mhibitor to the human
subject. In some embodiments, the subject has a discase or disorder associated with
CDK2. In some embodiments, the subject 15 suspected of having or is at risk of
developing a disease or disorder associated with CDK2. In some embodiments, the
method comprises: (1) identitying, in a biological sample obtained from the human
subject: {a} a nucleotide sequence encoding a p 16 protein comprising the amino acid
sequence of SEQ IDNO: 1, (b) a CDENZA gene lacking one or more mnactivating
nucleic acid substitutions and/or deletions, and/or (¢} the presence of a p16 protein;
(i) wlentifying, in a biological sample obtained from the huwman sebject: (a) an
amplification of the CCNE1 gene; and (i1} administering a CDK2 ishibitor to the
human subject.

The disclosure also features a method of predicting the response of a human
subject having, suspected of having, or at risk of developing a discase or disorder
associated with CDK2 to a CDK2 mhibitor, comprising: (1} determining, from a
biological sample obtained from the human subject: (a) the nucleotide sequence of a
CDKN2A gene, (b} the presence of a CDBKN2A gene lacking one or more mactivating
nucleie acid substitutions and/or deletions, and/or (¢} the presence of a p 16 protein;
and (11} determining, from a biclogical sample obtained from the human subject: (a)
the copy number of the CONET gene and/or (b} the expression level of CONEL,
wherein (1) {a) the presence of a COKN2A gene encoding a pl6 protein comprising
the amino acid sequence of SEQ ID NO:1, (b) the presence of a CDENZA gene
lacking one or more mactivating nucleie acid substitutions and/or deletions, and/or (¢}
the presence of a pl6 protein, and (2} (a) an amplification of the CONET gene and/or
(b} an expression level of CCNE] that is higher than a control expression level of
CCNEL is predictive that the human subject will respond to the CDKZ inlubitor. In
some embodiments, the subject has a discase or disorder associated with CDK2. In
some embodiments, the subject is suspected of having or is at risk of developing a
disease or disorder associated with CDK2, In some embodiments, the method
comprises: (i) determming, from a biological sample obtained from the human
subject: (a} the nucleotide sequence of a CDKN2A gene and/or (b) the presence of a
CDKN2A gene lacking one or more inactivating nucleic acid substitutions and/or
deletions; and (11} determining, from a biological saraple obtained from the human

subject: {a} the copy number of the CONE1 gene, wherein (1) (a) the presence of a
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CDKNZA gene encoding a pl6 protein comprising the amino acid sequence of SEQ
1D NO: 1 and/or (b} the presence of a CBEKNZA gene lacking one or more inactivating
nucleic acid substitutions and/or deletions, and (2) {(a) an amphitication of the CCNE]
gene, is predictive that the human subject will respond to the CDK2 inhibitor.

in specific embodiments, the (1) determining of (a) the nucleotide sequence of
a CDENZA gene, (b) the presence of a CDKNZA gene lacking one or more
inactivating nucleic acid substitutions and/or deletions, and/or {¢) the presence of a
116 protein is performed before (g.g., at least 1 day, at least 2 days, at least 3 days, at
lcast 4 days, at least 5 days, at least 6 days, at least 7 days, at least 2 weeks, at least 3
weeks, or at least 4 weeks, or from 6 hours to 16 hours, from 6 hours to 20 hours, or
from 6 hours to 24 hours, from 2 days o 3 days, from 2 days to 4 days, from 2 days to
5 days, from 2 days to 6 days, from 2 days to 7 days, from 1 week to 2 weeks, from |
week to 3 woeks, or from | week to 4 wecks before} administering to the human
subject the CDK2 inhibitor. In specific embodiments, the (3t} determining of (a) the
copy number of the CONEI gene and/or (b} the expression level of CONEL in the
biological sample obtained from the human subject is performed before (2.g., at least
1 day, at least 2 days, at least 3 days, at least 4 days, at least 5 days, at least 6 days, at
least 7 days, at least 2 weeks, at least 3 weeks, or at least 4 weeks, or from 6 hours to
16 hours, from 6 hours to 20 hours, or from 6 hours to 24 hours, from 2 daysto 3
dayvs, from 2 days to 4 days, from 2 days to 3 days, from 2 days to 6 days, from 2 days
to 7 davs, from 1 week to 2 weeks, from | week to 3 weeks, or from | week 10 4
weeks before) admimstering to the human subject the CDE2 inhibitor.

An amphification of the CCNET gene and/or an expression level of CCNE1
that s higher than a control expression ievel of CCNEL, combined with the presence
of a CDKN2A gene encoding a pl6 protein comprising the amino acid sequence of
SEQ ID NO:1, the presence of a CDENZA gene lacking one or more inactivating
nucleic acid substitutions and/or deletions, and/or the presence of a pl6 protein (e.g.,
a pl6 protein comprising the anuno acid sequence of SEQ W NG}, is
mdicative/predictive that a human sabject baving, suspected of having, or at risk of
developing a discase or disorder associated with UDK2 will respond to a CDK2
inhibitor.

In some embodiments, the CONET gene 1s amplified to a gene copy number

from 3 o 25, In specific embodiments, the CCNE1 gene 1s amplified to a gene copy
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number of at least 3. In specific embodiments, the CCNEL gene 15 amplified to a gene
copy number of at least 5. In specific embodiments, the CCNE1 gene is amplified to a
gene copy mumber of at least 7. In specific embodiments, the CONEL gene 15
amplified to a gene copy number of at least 10, In specific embodiments, the CONEI
gene is amplified to a gene copy mumber of at least 12. In specific cmbodiments, the
CCNEL geoe s amplified to a gene copy sumber of at least 14. 1o specific
embodiments, the CCNE1 gene 1s amplified to 2 gene copy number of at least 21,

In specific embodiments, the expression level of CCNET is the level of
CCNET mRNA. In specific embodiments, the expression level of CONET is the level
of CCNEL proten.

In some embodiments of the foregoing methods, the control expression level
of CCNE] is a pre-established cut-off value. In some embodiments of the foregoing
methods, the control expression level of CCNEL is the expression level of CCNEL in
a sample or samples obtaied from one or more subjects that have not responded to
treatment with the CBK2 inhibitor.

In some embodiments of the foregomg methods, the expression level of
CCNE!L s the expression level of COCNET mRNA. In some embodiments of the
foregoing methods, the expression level of CCNE! 1s the expression level of CCNE]
protein. In some embodiments in which the expression level of CONE] is the
expression level of CCNEL mRNA . the expression level of CCNE1 is measured by
RNA sequencing, guantitative polvmerase chain reaction (PCR), 1o situ hvbridization,
nucleic acid array or RNA sequencing. In some embodiments 1 which the expression
fevel of CONEI is the expression level of CCNEI protein, the expression level of
CCNET is measured by western blot, enzyme-linked mmmunosorbent assay, or

imnumohistochenustry staming.

Rb 8780

The disclosure also features a method for assessing the CDKNZA gene and the
CONET gene, comprising determining, from a biological sample or biological
samples obtained from a haman subject having a disease or disorder associated with
CDK2Z, (3} {a) the nucleotide sequence of a CDKNZA gene or (b} the presence of a
CDKN2A gene lacking one or more inactivating nucleic acid substitutions and/or

deletions, and (i1} the copy number of the CCNE! gene.
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The disclosare also features a method of evaluating the response of a human
subject having, suspected of having, or at risk of developing a disease or disorder
associgted with CDK2 to a CDKZ mbibitor, comprising: {a) administering 3 CDK2Z
inhibitor to the human subject, wherein the human subject has been previously
determined to have an amplification of the CCNEI gene and/or an expression level of
CCNEL that 1s higher than a control expression level of CONEL (b} measuning, ina
biological sample of obtained from the subject subsequent to the administering of step
(a), the ievel of retinoblastoma (Rb} protein phosphorylation at the serine
corresponding to amino acid position 780 of SEQ 1D NG:3, wherein a reduced level
of Rb phosphorylation at the serine corresponding to amino acid position 780 of SEQ)
1D NG:3, as compared to a control level of Rb phosphorylation at the serine
corresponding to amino acid position 780 of SEQ ID N(G:3, ts indicative that the
human subject responds to the CDK?2 inhibitor. In some embodiments, the subjcct bas
a disease ot disorder associated with CDK2. In some embodiments, the subject is
suspected of having or is at risk of developing a disease or disorder associated with
CDK2. In some embodiments, the biological sample comprises a blood sample ora
tumor biopsy sample.

Phosphoryiation of Rb at the serine corresponding to amino acid position 780
of SEQ 1D NO:3 (referred to herein as “Ser7807 or “S7807) has been identified in the
Examples as a pharmacodynamic marker useful in assessing responsiveness (€.g.,
thibition by CDK2) of a human subject baving a discase or disorder having CONED
amplification to a CDK2 inhibitor.

Rb is a regulator of the cell cycle and acts as a tumor suppressor. Rbis
activated upon phosphoryiation by cyclin B-CDK4/6 at Ser780 and Ser795 and by
cychn E/CDE2 at Ser807 and Ser§11. Rb s encoded by the RE transcriptional
corepressor 1 {"RB17} gene (GenBank Accession No. NM_000321). The amino acid
sequence of human Rb is provided below (GenBank Accession No. NP_000312/

UniProtKB Accession No. P064060) (8780 is 10 bold and underlmed):

MPPKTPRKTA ATAAAAAAEP PAPPPPPPPE EDPEQDSGPE DLPLVRI B ETEEPDFTAL

61 COKLKIPDHV RERAWLTWEK VSSVDGVLGG YIQRKKKELWG ICLFIAAVDL I

MSET

121 QKNIEISVHK FFNLLKEIDT STKVDNAMSR LLKKYDVLFA LFSKLERTCE LIYLTOPSSS

/7 LEVSWITELL AKGEVLOMED DLVISEQLML CVLDYFIKLS PPMLLKEPYK

RTPRRGONRS ARIAKQLEND TRIIEV M CNIDEVKN VYR

NETPEM
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301 NSLGLVTSNG LPEVENLSKR YEEIYLKNKD LDARLFLDHD KTLOTDSIDS FETQRTPRKS

EVNVIPR PHTPVRTVMN TIQOLMMILN SASDOPSENL ISYENNCTVN PRESILKRVEK

421 DIGYIFKEKE AKAVGQGCVE IGSQRYKLGYV RLYYRVMESM LKSEEERLSI ONFSKLLNDN

IMSLLACA LEVVMATYSR STSQONLDSGT

-
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=
(€}
=
o
=
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NV LNLKAFDEFYK VIESFIKAEG

w

541 NLTREMIKHL ERCEHRIMES LAWLSDSPLFE DLIKOSKDRE GPTDHLESAC PLNLPLONNH

01 TAADMYLSPYV RSPKKKGSTT RVNSTANAET K PLRSTSLSLE YKKVYRLAYL

11

661 RLNTLCERLL SEHPELEHII WTLFQHTLON DOIMMCSMYG ICKVENIDLK

721 FRIIVTAYED LPHAVOETFK RVLIKEEEYD SIIVEYNSVE MORLKTNILYG YASTRFETLS

781 PLIPHIPRSPY KEP3SPLRIP GGNIYISPLEK SE

2 OTPTRMTPRSR ILVSIGESEG
KFOKINQ MVCNSDRVLK RSAEGSNEPPK PLKKLREDIE GSDEADGSKH LPGESKFQQK

901 LAEMTSTRTR MOKQKMNDSM DTSNKEEK (SE{} I NG:3

b
bd

As stated above, the Examples demonstrate CDE2-knockdown mhibits
proliferation i CONE L-amplificd cell lines, but not in CONE-non-amplified cell
fines. The Examples further demonstrate CDK2-knockdown or inhibition blocks Rb
phosphorylation at the §780 in CCNEI-amplified cell lines, but not in CCNE1-non-
amplitied cell hines. Accordingly, Rb phosphorylation at the serine corresponding to
amino acid position 780 of SEQ ID NG:3 15 a pharmacodynamic marker for assessing
response to CBK2 inhibition in CONET amplified cancer cells or patients with
discases or disorders having CCNEL amplification. Thus, provided herein are
methods relating to the use of the level of Rb phosphorvlation at the serine
corresponding to amino acid position 780 of SEQ 1D NO:3 in a human subject
having, suspected of having, or at risk of developing a disease or disorder associated
with CDKZ2 as a marker for indicating the response of the humaan subject to a CDK2
ihibitor, wherein the human subject has an increased expression level of CCNEL.

Thus, the disclosure features a method for measuring the amount of a protein
in a sample, comprising: {a) providing a biclogical sample obtained from a hwman
subject having a disease or disorder associated with CDK2; and (b) measuring the
level of Rb protein phosphorviation at the serine corresponding to amino acid position
780 of SEQ ID NG:3 in the biological sample. In some embodiments, the biological
sample comprises a blood sample or a tumor biopsy sample. In a specific
embodiment, provided herein is a method of evaluating the response of a human

subject having, suspected of having, or at risk of developing a discase or disorder
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associated with CDK2 to a CDK2 mbibitor, comprising: {a) administering a CDR2
inhibitor to the human subject, wherein the human subject has been previously
determined to have an amplitication of the CCNEI gene and/or an expression level of
CCNE! that 1s higher than a control expression level of CONEL and (b} measuring,
in a biological sample obtained from the human subject subsequent to the
admotnistering of step (a), the level of Rb phosphorviation at the serine corresponding
to amino acid position 780 of SEQ 1D NO:3, wherein a reduced level of Rb
phosphorylation at the serine corresponding to amino acid position 780 of SEQ ID
NQ:3, as compared to a control level of Rb phosphoryiation at the serine
corresponding to amino acid position 780 of SEQ 1D NGO:3, is indicative that the
human subject responds to the CDK2 inbubitor, In specific embodiments, the human
subject has a disease or disorder associated with CDK2.

A reduced level of Rb phosphorviation at the serine corresponding to amino
acid position 780 of SEQ I3 NO:3, as compared to a control level of Rb
phosphorylation at the serine corresponding to amino acid position 780 of SEQ ID
NQ:3, combined with an amplification of the CCNE! gene and/or an expression level
of CCNET that is higher than a control expression level of CONE]L, 15 judicative that a
human subject having, suspected of having, or at risk of developing a disease or
disorder assoctated with CDK2 responds to a CDK2 inhibitor. For example, ina
subject having an amplification of the CCNE1 gene and/or an expression fevel of
CONEL that is higher than a control expression level of CCNEL, a biological sampie,
obtained from the subject after treatment with a CDK?Z inhibitor, having low {e.g.,
reduced as compared o a control} or undetectable levels of Rb phosphorylation at
sering corresponding to amino acid position 780 of SE() I NG:3 s indicative that the
subject responds to the CDK? inhibitor,

A biological sample, obtained from a subject after admimstration of a CDK2
inhibitor to the subject, having a reduced level of Rb phosphorylation at the serine
corresponding to aming acid posttion 780 of SEQ 1D NO:3, as compared to a control
level of Rb phosphorylation at the serine corresponding to amino acid position 780 of
SEG 1D NO:3, combined with: (1) an amplification of the CCNEI gene and/or an
expression level of CCNE] that is higher than a control expression level of CUNEL,
and (1) presence of a CDKNZA gene encoding a pl6 protein comprising the amino

acid sequence of SEQ ID N1, presence of a CDENZA gene lacking one or more
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mactivating nucleic acid substitutions and/or deletions, and/or presence of apl6
protein {c.g., a p16 protein comprising the aminoc acid sequence of SEQ IDNO: 1}, is
indicative that a human subject baving, suspected of having, or at risk of developing a
disease or disorder associated with CDK2 responds to a CDK2 inlubstor. For example,
in a human subject having (1} an amplification of the CCNE1 gene and/oran
expression level of CONEL that 1s hugher than a control expression level of CONEL,
and (11} the presence of a CDENZA gene encoding a pl6 protein comprising the
amino acid sequence of SEQ ID NG 1, the presence of a CDKNZA gene lacking one
or more inactivating nucleic acid substitutions and/or deletions, and/or the presence of
a plé protein {e.g., a p 16 protein comprising the amino acid sequence of SEQ ID
N1}, a bological sample, obtained from the human subject after administration of a
CDK2 inhibitor to the sabject, having low {g.g., reduced as compared to a control} or
vadetectable fovels of Rb phosphoryiation at the serine corresponding to aming acid
posttion 780 of SEQ 1D N(O:3 1s imndicative that the human subject responds to the
CDK2 inhibitor.

In some embodiments, the CCNET gene is amplified to a gene copy number
from 3 1o 25, In specific embodiments, the CONE] gene 1s amplified to a gene copy
number of at least 3. In specific embodiments, the CCNE1 gene s amplified to a gene
copy number of at least 5. In specific embodiments, the CONE] gene 1s amplified to a
gene copy number of at feast 7. In specific embodiments, the CCNE! gene is
amplificd to a gene copy number of at least 10, fu specific embodiments, the CONEL
gene 18 amphified to a gene copy number of at least 12, In specific embodiments, the
CCNET gene is amplified to a gene copy number of at least 14, In specific
embodiments, the CCNE1 gene is amplified to a genc copy number of at least 21. In
specific embodiments, the expression level of CONET is the level of CCNET mRNA.
In specific embodiments, the expression level of CCNEL 1s the level of CCNEL

protein.

Controls

As described above, the methods related to biomarkers and pharmacodynamic
markers can involve, measuring one or more markers {¢.g., a biomarker or a
pharmacodynamics marker, ¢.g., the amplification of the CUNE! gene, the expression

level of CCNEL, the presence of a CDKNZA gene encoding a plo protein comprising
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the amino acid sequence of SEQ ID NO:1, the presence of a CDENZA gene lacking
one or more inactivating nucleic acid substitutions and/or deletions, the presence of a
P16 protein {c g., a pl6 protein comprising the amino acid sequence of SEQ 1D
N1}, and Rb phosphorylation at the serine corresponding 1o amino acid position
780 of SEQ 1D N(G:3) in a biological sample from a human subject having, suspected
of having or at risk of developing a discase or disorder associated with CDK2. In
specitic embodiments, the human subject has a disease or disorder associated with
CDER2. In specific embodiments, the human subject is suspected of having or is at nisk
of developing a disease or disorder associated with CBKZ. In certain aspects, the level
{c.g., amplification {c.g., for the CCNE1 gene), expression level (e.g.. for CCNE1 or
p16 protein), or phosphorylation level {e.g., for Rb}) of one or more biomarkers,
compared to a control level of the one or more biomarkers, predicts/indicates the
response of a human subject to treatment comprising a CDKZ2 inhibitor. In certain
embodiments, when (i) the CCNE1 gene is amplified and/or an expression lovel of
CCNE! that s higher than a control expression level of CCNET, and (1) a CBKN2A
gene encoding a pl6 protein comprising the amino acid sequence of SEQ ID NO:1is
present, a CDENZA geoe lacking one or more nactivating nucicic acid substitutions
and/or deletions is present, and/or a pl6 protein {e.g., a pl6 protein compnsing the
amine acid sequence of SEQ 1D NO: 1} is present, the human subject is identified as
likely to respond to a CDK2 inhibitor. In other embodiments, when (1) the CCNE1
gene is amplified and/or an expression level of CCNE that ts higher than a control
expression level of CONEL and (1) in a biological sample from the human sabject
after the human sebject has been adnunistered a CDK2 inhibitor, the level of Rb
phosphorylation at the serine corresponding to anuno acid position 780 of SEQ ID
NO:3 is less than the control level of Rb phosphoryiation at the serine corresponding
to aming acid position 780 of SEQ ID NG 3, the homan subject is identified as
responding to a CDK2 mhubitor. In vet ancther embodiment, when (i) the CCNE]
gene is amplified and/or an expression level of CCNE1 that is higher than a control
expression level of CONEL, (1) a CDENZA gene encoding a pl6 proten comprising
the amino acid sequence of SEQ 1D NO:1 1s present, a CDKNZA gene lacking one or
more inactivating nucleic acid substitutions and/or deletions is present, and/ora pl6
protein {¢.g., a p16 protein comprising the anino acid sequence of SEQ D NO: 1} 1s

present, and (i1} in a biological sample from the human subject after the human
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subject has been administered a CBK2 inhibttor, the level of Rb phosphorylation at
the serine corresponding to aming acid position 780 of SEQ ID NG:3 is less than the
control level of Rb phosphorvlation at the serine corresponding to amino acid position
780 of SEQ 1D NO:3, the human subject 1s identified as responding to a CBK2
inhibitor. In this context, the term “control” mcludes a sampie (from the same tissue
type) obtained from a human subject who is known to not respond to a CDK2
inhibitor. The term “control” also includes a sample (from the same tissue type)
obtained in the past from a haman subject who is known to not respond to a CDK2
inhibitor and used as a reference for future comparisons to tost samples taken from
human subjects for which therapeutic responsiveness is to be predicted. The “control”
level (e.g., gene copy number, expression level, or phosphorylation level) for a
particular biomarker (e.g., CONEL, pl6, or Rb phosphorviation) in a particular cell
type or tissue may be pre-cstablished by an analysis of biomarker level (e.g.,
cxpression level or phosphorylation levelj inone ormore {eg.. 2, 3,4, 5,6, 7,8, 9,
10, 13, 20, 23, 30, 35, or 40 or more) human subjects that have not responded to
treatment with a CDK?2 inhibitor. This pre-established reference value {which may be
an average or median level (¢.g.. gene copy number, expression level, or
phosphorviation level} taken from multiple human subjects that have not responded to
the therapy) may then be used for the “control” level of the biomarker (e.g., CONEL,
p16, or Rb phosphorylation) in the comparison with the test sample. In such a
comparison, the buman subjoct 1s predicted to respond to a CDK2 mhibitor if the
CONET gene is amplified and/or the expression level of CCNE 15 higher than the pre-
established reference, and a CDKNZA gene encoding a pl6 protein comprising the
amino acid sequence of SEQ ID NO:1 is present, a CDEKNZA gene lacking one or
more inactivating nucleic acid substitutions and/or deletions is present, and/oraplé
protein (g.g., a pl6 proiein comprising the amino acid sequence of SEQ ID NO: 1) is
present. In another such a comparison, the human subject is predicted to respond to a
CDK2 inhibitor if (1) CCNE1 genc 1s amplified and/or the expression level of CCNE
is hugher than the pre-established reference, and (11) after admunistering to the human
subject a CDKZ inhibitor, the level of Rb phosphorylation at the senne corresponding
to amino acid position 780 of SEQ 1D NO:3 is lower than the pre-established
reference. In vet another such a comparison, the human subject is indicated to respond

to a CDK2 inlubitor if (i} CCNEI gene is amplified and/or the expression level of
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CONE is higher than the pre-established reference, (i1} a CDKN2A gene encoding a
p16 protein comprising the amino acid sequence of SEQ 1D NO:1 is present, a
CDKN2A gene lacking one or more inactivating nucleic acid substitutions and/or
deletions 13 present, and/or a pl16 protein (e.g., a pl6 protein comprising the anmino
acid sequence of SEQ 1D NGO 1} is present, and (111} after aduunistering to the human
subject a CDK2 inhubttor, the level of Rb phosphorylation at the serine corresponding
to amino acid position 780 of SEQ ID NO:3 1s lower than the pre-established
reference.

The “control™ level for a particular biomarker in a particular cell type or tissue
may altervatively be pre-established by an analysis of biomarker level i one or more
human subjects that have responded to treatment with a CDE2 inhibitor. This pre-
established reference vahue (which may be an average or median level {e.g.,
expression level or phosphorylation level) taken from suudtiple human subjects that
have responded to the therapy) may then be used as the “control” level (e g,
expression level or phosphorylation level} in the comparison with the test sample. In
such a comparson, the human subject is indicated to respond to a COK2 inhibitor if
the level {e.g., copy number of the CONE] gene, expression level of CCNEL,
expression level of pl6, or phosphorviation level of Rb at the serine corresponding to
aming acid position 780 of SEQ ID NG:3) of the biomarker being analyzed is equal or
comparable to {¢.g., at least 85% but less than 115% of), the pre-established reforence.

In certain emboduuents, the “control” 18 a pre~established cut-off value. A cut-
off value is typically a level {2 .g., a copy number, an expression level, ora
phosphorylation level} of a biomarker above or below which is considered predictive
of responsiveness of a human subject to a therapy of inderest. Thus, in accordance
with the methods and compositions desenbed heren, a reference level {e.g., of
CCNEL gene copy namber, CCNE1 expression, pl6 expression, or Rb
phosphoryiation at the serine corresponding to amino acid position 780 of SEQ 1D
NG:3) s identified as a cut-off value, above or below of which is predictive of
responsiveness to a CDK2 mhibitor. Cut-off values determined for use in the methods
described herein can be compared with, e.g., published ranges of concentrations but
can be individualized to the methodology used and patient population.

In some embodiments, the expression level of CONE! is increased as

compared to the expression level of CCNE! 1 a control. For example, the expression
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tevel of CONEL analvzed can be at least 1.5, at least 2, at least 3, at least 4, at least 5,
at least 6, at least 7, at least €, at least 9, at least 10, at least 20, at least 25, at least 50,
at least 75, or at least 100 twaes bigher, or at least 10%, at least 20%, at least 30%, at
least 40%, at least 50%, at least 609, at teast 70%, at least 80%, at least 90%, at least
100%, at least 200%, at least 300%, at least 400%, at least 500%, at least 600%, at
feast 700%, at least 800%, at least 900%., at least 1.000%, at teast 1.300%, at least
2,000%, at least 2,500%, at least 3,000%, at least 3,500%, at least 4,0009%, at least
4,500%, or at least 5,600% higher, than the expression level of CONET m a control.

A pl6 protein is present if the protein is detectable by any assay known in the
art or described herein, such as, for example, westemn blot, immunohistochemistry,
fluorescence-activated cell sorting, and enzyme-linked mamunoassay. In some
embodiments, a pl6 protemn is present at an expression level that is within at least 5%,
at least 10%, at least 20%, or at least 30% of the pl16 expression level in a healthy
control.

In some embodiments, the fevel of Rb phosphorylation at the senne
corresponding to amino acid position 780 of SEQ 1D NO:3 being analyzed is reduced
as compared to the level of Rb phosphorylation at the serine corresponding to amino
acid position 780 of SEQ 1D NO:3 in a control. For example, the level of the Rb
phosphorviation at the serine corresponding to amino acid position 780 of SEQ 1D
NG:3 being analyzed can be at least 1.5, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 23, at least 50, at
feast 75, or at least100 times lower, or at least 109, at least 20%, at least 30%, at least
40%, at least 30%, at least 60%, at least 70%, at least 80Y%, at least 90%, or 100%
fower, than the level of Rb phosphorylation at the serine corresponding to amino acid

position 780 of SEQ 1D NG:3 in a control.

Biological Samples

Suitable biclogical samples for the methods described herein include any
sample that contans blood or tumor cells obtained or derived from the haman subject
in need of treatment. For example, a biological sample can contain tomor cells from
biopsy from a paticnt suffering from a solid tumor. A tumor biopsy can be obtained
by a variety of means known in the art. Alternatively, a blood sample can be obtained

from a patients suffering from a hematological cancer.
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A biological sample can be obtained from a human subject having, suspecied
of having, or at risk of developing, a disease or disorder associated with CDK2. In
some embodiments, the disease or disorder associated with CDK?2 is a cancer (such as
those described supray.

Methods for obtaining and/or storing samples that preserve the activity or
ntegrity of molecules (e.g., nucleic acids or proteins) 1n the sample are well known to
those skilled m the art. For example, a biological sample can be further contacted with
one or more additional agents such as buffers and/or inhibitors, including one or more
of nuclease, protease, and phosphatase inhibitors, which preserve or mininuize

changes in the molecules in the sample.

Evaluating Biomarkers and Pharmacodynamic Markers

Expression levels of CCNEL or pl6 can be detected as, ¢.g., RNA expression
of a target gene (1.¢., the genes encoding CONEL or p16). That is, the expression level
(amount) of CCNE!L or pl6 can be determined by detecting and/or measuring the
fevel of mRNA cxpression of the gene encoding CUNE]. Alternatively, expression
fevels of CCNET or p16 can be detected as, ¢.g., protein expression of target gene
{i.c., the genes encoding CCNE! or p16). That is, the expression level (amount) of
CCNEL or pl6 can be determined by detecting and/or measuring the level of protein
expression of the genes encoding CCNE! or plé.

In some embodiments, the expression level of CCNEL or pl6 1s determined by
measuring RNA levels. A variety of suitable methods can be emploved to detect
and/or measure the fevel of mRNA expression of a gene. For example, mRNA
expression can be determined using Northern blot or dot blot analysis, reverse
transcriptase~-PCR (RT-PCR; ¢ g, gquantitative RT-PCR), n situ hybndization {c.g.,
quantitative i situ hybndization}, nacleic acid array (e.g., oligonuclestide arrays or
gene chips) and RNA sequencing analysis. Detatls of such methods are described
below and in, ¢.g.. Sambrook et al., Molecular Cloning: A Laboratory Manual Second
Edition vol. 1, 2 and 3. Cold Spring Harbor Laboratory Press: Cold Spring Harbor,
New York, USA, Nov. 1989; Gibson et al. {1999 Genome Res., 6(10):995-1001; and
Zhang et al. €2005) Environ. Sci. Technol ., 39(8y:2777-27%3; U.8. Publication No.

2004086915, Huropean Patent No. (543942; and U.S. Patent No. 7,101,663; Kukurba

(v
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et al. {2015} Cold Spring Harbor Protocols., 2015 (11): 951-69; the disclosures of
cach of which are incorporated herein by reference 1n their entirety.

In one example, the prosence or amount of one or more discrete mRNA
populations in a biclogical sample can be determined by 1solating total mRNA from
the biological sample (see, ¢.g., Sambrook et al. {supra) and U.S. Patent No.
6,812,341} and subjecting the isolated mRNA to agarose gel electrophoresis to
separate the mRNA by size. The size-separated mRBNAs are then transferred {e.g., by
diffusion) to a solid support such as a nitrocelhulose membrane. The presence or
amount of one or more mRNA populations in the biological sample can then be
determined using one or more detectably-labeled-polynucieotide probes,
complerentary to the mRNA sequence of interest, which bind to and thus render
detectable their corresponding mRNA populations. Detectable-labels inclade, g,
fluorescent {¢.g., ambelliferone, fluorescein, fluorcscein isothiocyanate, thodaming,
dichlorotrazinylamine fluorescein, dansyl chioride, allophyeocyanin, or

phyvcoerythring, lominescent (e.g.

f=2]

europtum, terbium, Qdot™ panoparticles supplied
by the Quantum Dot Corporation, Palo Alto, CA). radiclogical {e.g., %1, P, 38, 7P,
P or °H), and enzymatic (horseradish peroxidase, alkaline phosphatase, beta-
galactosidase, or acetylcholinesterase) labels.

in some embodiments, the expression level of CONET or pl16 18 determined by
measunng protein levels. A variety of suitable methods can be employed to detect
and/or measure the lovel of protein expression of target genes. For example, CCNET
ot pl6 protein expression can be determined using western blot, enzvme-linke
wnmunosorbent assay ("ELISA™}, fluorescence activated cell sorting, or
immunochistochemistry analysis (e.g.. using a CCNEl-specific or pi6-specific
antibody, respectively). Details of such methods are described below and m, ¢ g,
Sambrook et al., supra.

In one example, the presence or amount of one or more discrete protein
populations {¢.g., CCNE! or pl6} in a biological sample can be determined by
western blot analysis, e.g., by isolating total protein from the biological sample (see,
e.g., Sambrock et al. {(supra}} and subjecting the isolated protein to agarose gel
electrophoresis to separate the protein by size. The size-separated proteins are then
transterred (e.g., by diffusion) to a solid support such as a nitroceliulose menmbrane.

The presence or amount of one or more protein populations m the biological sample
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can then be determined asing one or more antibody probes, e.g., a first antibody
specific for the protein of mterest (e.g.. CUNE! or pi6), and a second antibody,
detectably labeled, specitic for the first antibody, which binds to and thus renders
detectable the corresponding protein population. Detectable-labels suitable for use in
western blot anabysis are known in the art.

Methods for detecting or measuring gene expression {e.g., mRNA or protein
expression} can optionally be performed in formats that allow for rapid preparation,
processing, and analysis of maltiple samples. This can be, for example, in malti-
welled assay plates {e.g., 96 wells or 386 wells) or arrays {e.g., mucleic acid chips or
protein chips). Stock solutions for various reagents can be provided manually or
robotically, and subsequent sample preparation {e.g., RT-PCR, labeling, or cell
fixation}, prpetting, diluting, mixing, distribution, washing, incubating (c.g.,
hybndization), sample readout, data collection {optical data) and/or analysis
{coraputer aided tmage analysis} can be done robotically vsing commercially
available analysis software, robotics, and detection instrumentation capable of
detecting the signal generated from the assay. Examples of such detectors include, but
arc pot hinuted fo, spectrophotometers, lununormeters, fluorimeters, and devices that
measure radioisotope decay. Exemplary high-throughput cell-based assays (e.g.,
detecting the presence or fevel of a target protein in a cell) can atilize ArrayvScan®
VTTHCS Reader or KineticScan® HLS Reader technology {Cellomics Ine,
Pittsburg, PA).

In some embodiments, the presence of a CDKN2A gene encoding a plé
protein comprising the amine acid sequence of SEQ 1D NO:1 and/or the presence of a
CDKN2ZA gene lacking one or more inactivating nucleic acid substitutions and/or
deletions is determined by evaluating the DNA sequence of the CDKN2A gene {c.g.,
genomic DNA or ¢cBNA) or by evaluating the RNA sequence of the CBKN2A gene
{cg., RNA, ¢ g, mRNA} Methods of performing nucleie acid sequencing analvses
arc known in the art and deseribed above. Nonlimiting examples of inactivating
nucleic acid substitutions and/or deletions preventing the CDEN2A gene from
encoding a protein comprising the amine acid sequence of SEQ IDNO: T are
described in Table A, above. In specific embodiments, the one or more inactivating
nucleic acid substitutions and/or deletions in the CDKNZA gene is as described in

Yarbrough et al., Journal of the National Cancer Institute, 91{18):1569-1574, 1999,
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Liggett and Sidransky, Biology of Neoplasia, Joumnal of Oncology, 16(3):1197-1206,
1998, and Cairns et al., Nature Genetics, 11:210-212, 1995, each of which is
mcorporated by reference hercin o its entirety.

In some embodiments, the expression level of a gene or the presence of a gene
lacking onc or more inactivating aucleic acid substitutions or deletions is determined
by evaluating the copy number variation (CNV) of the gene. The CNV of genes (e g,
the CCNEI gene and/or the CDKNZA gene) can be determined/identified by a variety
of suitable methods. For example, CNV can be determined using fluorescent in situ
hyvbridization (FISH}, multiplex ligation dependent probe amplification (MLPA),
array comparative genomic hybnidization (aCGH), single-nucleotide polymorphisms
(SNP) array, and next~generation sequencing {(NGS}) technologies.

In one example, the copy number variation of one or more discrete genssin a
bislogical sample can be determined by MLPA, ¢ 2., by extracting DNA specimens
from the biological sample {see, ¢.g., Sambrook et al. (supra} and U.S. Patent No.
6,812,341}, and amplifying DNA sequence of interest {¢.g., CCNE! or CDKNZA}
using a mixture of MLPA probes. Each MLPA probe consists of two oligonuclestides
that hvbridize to invnediately adjacent target DNA sequence (e.g., CCNE1L or
CDKN2ZA) in order to be ligated into a single probe. Ligated probes are amplified
though PCR with onc PCR primer fluorescently labeled, enabling the amplification
products to be visualized during fragment separation by capillary electrophoresis. The
presence, abscuce or amplification of one or more genes of interest in the biological
sample is calculated by measuring PCR derived fluorescence, quantifying the amount
of PCR product after normalization and comparing 1t with control DNA samples.

The level of Rb phosphorylation at the serine corresponding to amino acid
position 780 of SEQ TD NG:3 can be detected by a variety of suitable methods. For
example, phosphorylation status can be determined using western blot, ELISA,
fluorescence activated coll sorting, or immunohistochemistry analysis. Details of such
methods are described below and in, ¢.g., Sambrook et al., supra.

As with the methods for detecting or measuring gene expression (above},
methods for detecting or measurig the level of Rb phosphorylation at the serine
corresponding to amino acid position 780 of SEQ 1D NG:3 can optionally be
performed in formats that allow for rapid preparation, proceossing, and analysis of

multiple samples.
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Embodiments

1. A solid form of a compound of Fornmuia (1)

' )
which is Form L
2. The solid form of embodiment 1, which is non-solvated.
3. The solid form of embodiment 1, which is crystalline.
4, The solid form of embodiment |, wherein the form has at least one XRPD

peak, i terms of 2-theta (+ 0.2 degrees), selected from 7.3, 105, 128, 145, 15.2,
16.4,203,21.3,21.6, and 27.0.

5. The solid form of embodiment I, wherein the form has at least two XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 7.3, 103, 128, 14.5, 152,
164,203,213, 21.6, and 27.0.

6. The solid form of embodiment |, wherein the form has at least three XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 7.3, 105, 12.8, 145, 152,
16.4,203,213,21.6, and 27.0.

7. The solid form of embodiment |, wherein the form has at least four XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 7.3, 105, 12.8, 145,152,
164,203,21.3,21.6, and 27.0.

8. The solid form of embodiment 1, wherein the forn has at least five XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 7.3, 105, 128, 14.5, 15.2,
16.4,203,21.3,21.6, and 27.0.

9, The solid form of embodiment 1, wherein the form has at least ten XRPD
peaks, in terms of 2-theta (£ .2 degrees), selected from 7.3, 105, 12.8, 145, 152,
164,203,21.3,21.6, and 27.0.

10, The solid form of any one of embodiments 1-9, wherein the form hasan
XRPD pattern as substantially shown in FIG. 1.

1. The solid form of any one of embodiments 1-9, having an endothermic peak

with an onset temperature (= 3°C) at 191.7°C and a maximum at 193.6°C.
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12, The solid form of any one of embodiments 1-8, wherein the form has a DSC
thermogram substantially as shown in FIG. 2.

13, The solid form of any one of erabodiments 1-12, wherein the form has a TGA
thermogram substantially as shown in FIG. 3.

14, A salt of a compound of Formula (I}

which 1s selected from:

a mono-maleate salt of the compound of Formula {(F);

a di-hesylate salt of the compound of Formula (I);

a mono-mesylate salt of the compound of Formula (I);

a di-tosylate salt of the compound of Fornuda (1),

a mono-~hvdrochloride salt of the compound of Formula (1); and

a di-hvdrochloride salt of the compound of Formula (1)
15.  The salt of embodiment 14, which is 3 mono-maleate salt of the compound of
Forowula {1}
16, The salt of embodiment 15, which is crystalline.
17. The salt of embodiment 15 or 16, wherein the salt has at least one XRPD peak,
i terms of 2-theta (+ 0.2 degrees), selected from 104, 116, 12.0, 14.1, 151, 172,
18.1,19.1,21.3,21.9,229,24 2 and 259,
18, The salt of embodiment 15 or 16, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 104, 11.6, 12.0, 14.1, 15.1,
172,881, 19.1,213,219,229,242 and 25 9.
19, The salt of embodiment 15 or 16, wherein the salt has at feast three XRPD
peaks, in terms of 2-theta (+ .2 degrees), selected from 104, 11.6, 12.0, 141, 15.1,
172,181, 19.1,213,219,229 242 and 25.9.
28, The salt of embodiment 15 or 16, wherein the salt has at least four XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 104, 11.6, 12.0, 14.1, 151,
17.2,18.1,19.1, 21.3,21.9. 229,242, and 25.9.

S0
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21, The salt of embodiment 15 or 16, wherein the salt has at least five XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 104, 11.6, 12.0, 141, 15 1,
172,181,191, 213,219,229 242, and 259,

22. The salt of embodiment 15 or 16, wherein the salt has at least ten XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 104, 11.6, 12.0, 141, 15.1,
172,181, 19.1,213,219,229,242, and 259

23, The salt of embodiment 15 or 16, wherein the salt has an XRPD pattern as
substantially shown in FIG. 4.

24. The salt of any one of embodiments 15-23, having an endothermic peak with

an onset temperature (£ 3°C) at 180.4°C and a maximum temperature (+ 3°C) at

181.8°C.
25, The salt of anv one of embodiments 15-23, wherein the salt has a BSC

thermogram substantially as shown in FIG. 5.

26, The salt of any one of embodiments 15-25, wherein the salt has a TGA
thermogram substantially as shown in FIG. 6.

27, 'The salt of embodiment 14, which is a di-besylate salt of the compound of
Formula (D).

28. The salt of embodiment 27, which is crystalline.

29, The salt of embodiment 27 or 2&, wherein the salt has at least one XRPD peak,
in terms of 2-theta (& 0.2 degrees), selected from 6.3, 9.9, 12,1, 12,6, 159, 174, 187,
190,196, and 25.1.

30 The salt of embodiment 27 or 28, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 6.3, 9.9, 12.1, 12.6, 139,
174,187,190, 196, and 25.1.

31 The salt of embodiment 27 or 28, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 6.3, 9.9, 12,1, 12.6, 159,
174,187,190, 196, and 25 1.

32, The salt of embodiment 27 or 28, wherein the salt has at least four XRPD
peaks, n terms of 2-theta (£ .2 degrees), selected from 6.3, 9.9, 12.1, 126, 139,
174,187,190, 196, and 25.1.

33, 'The salt of embodiment 27 or 28, wherein the salt has at least five XRPD
peaks, in torms of 2-theta (= 0.2 degrees), selected from 6.3, 99, 12,1, 12.6, 159,
174,187, 19.0, 196, and 25.1.

91
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34, The salt of embodiment 27 or 28, wherein the salt has at least ton XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 6.3, 99, 12,1, 12.6, 139,
174,187, 19.0, 196, and 25.1.

35, The salt of embodiment 27 or 28, wherein the salt has an XRPD patiermn as
substantially shown in FIG. 7.

36, The salt of any one of embodiments 27-35, baviog an endothermic peak with
an onset temperature (+ 3°C) at 160.4°C and a maximum temperature (+ 3°C) at

163 4°C.

37.  'The salt of any one of embodiments 27-35, wherein the salt has a BSC
thermogram substantially as shown in FIG. 8.

38, The salt of any one of embodiments 27-37, wherein the salt has a TGA
thermogram substantially as shown in FIG. 9.

39 The salt of embodiment 14, which is a mono-mesylate salt of the compound of
Formula (1}

40, The salt of embodiment 39, which is crystalline.

41, The salt of embodiment 39 or 40, wherein the salt has at least one XRPD peak,
in terms of 2-theta (= 0.2 degrees), sclected from 4.8, 7.0, 119, 141, 149,177, 18.9,
23.2,22.1, and 26.1.

42, The salt of embodiment 39 or 40, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (+ 0.2 degrees), selected from 4.8, 7.0, 11.9, 141, 149,
177,189,202, 221, and 26.1.

43, The salt of embodiment 3% or 40, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 4.8, 7.0, 11.9, 14.1, 149,
17.7, 189,202, 22.1, and 26.1.

44, The salt of embodiment 39 or 40, wherein the salt has at least four XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 4.8, 7.0, 119, 141, 149,
177,189,202, 221, and 26.1.

45, The salt of embodiment 39 or 40, wherein the salt has at least five XRPD
peaks, in terms of 2-theta (£ .2 degrees), selected from 4.8, 7.0, 11.9, 141, 149,
177,189,202, 22 1, and 26.1.

46. The salt of embodiment 39 or 40, wherein the salt has at least ton XRPD
peaks, in torms of 2-theta (= 0.2 degrees), selecied from 4.8, 7.0, 11.9, 14.1, 14.9,
17.7,189,20.2, 221, and 26.1.
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47.  The salt of embodiment 39 or 40, wherein the salt has an XRPD pattern as
substantially shown in FIG. 10

48 The salt of any one of embodiments 39-47, having a first endothermic peak
with a maximum temperature (£ 3°C) at 61.1°C and a second endothermic peak with
an onset temperature {+ 3°C) at 134.4°C and a maxinmum temperatore (= 3°C) at
150.1°C.

49, The salt of any one of embodiments 39-47, wherein the salt has a DSC
thermogram substantially as shown in FIG. 11,

50 The salt of any one of embodiments 39-49, wherein the salt has a TGA

thermogram substantially as shown in FIG. 12

51, The salt of embodiment 14, which is a di-tosviate salt of the compound of
Formula {I}.

52. The salt of embodiment 31, which is crystalling.

33, The salt of embodiment 31 or 52, wherein the salt has at least one XRPD peak,

i terms of 2-theta (= 0.2 degrees), selected from 5.7, 7.8,8.1,93, 13,7, 139, 16 2,
1%.8, and 20.6.

54. The salt of embodiment 31 or 52, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 3.7, 7.8, 8.1, 93, 137, 13.9,
16.2, 18.8, and 20.6.

35, The salt of embodiment 51 or 52, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (£ 0.2 degrees), selected from 657, 7.8, 8.1, 9.3, 137, 139,
16.2, 188, and 20.6.

36. The salt of embodiment 51 or 52, wherein the salt has at least four XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 7.8, 8.1, 93, 13.7, 13.9,
16.2, 188, and 20.6.

57. The salt of embodiment 51 or 52, wherein the salt hag at least five XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 7.8, 81,93, 137, 13 9,
16.2, i8.8, and 20.6.

58, The salt of embodiment 51 or 52, wherein the salt has at least ¢ight XRPD
peaks, in terms of Z-theta (& 0.2 degrees), selected from 5.7, 7.8, 8.1, 93, 137, 13.9,
162, 188, and 20 6.

59, The salt of embodiment 51 or 52, wherein the salt has an XRPD paticrm as

substantially shown n FIG. 13,

&
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60, The salt of any one of embodiments 51-59, having an exothermic peak with an
onset temperature (£ 3°C) at 99.6°C and a maximum temperature {(+ 3°Cy at 110.5°C,
and an cndothermic peak with an onset temperature (= 3°Cyat 216.1°Cand a
maximum temperature {£= 3°C) at 218.7°C.

61.  The salt of any one of embodiments 51-59, wherein the salt has a BSC
thermogram substantially as shown 1n FIG. 14

62, The salt of any one of embodiments 51-61, wherem the salt has a TGA
thermogram substantially as shown in FIG. 15,

63, 'The salt of embodiment 14, which is a mono-hydrochioride salt of the
compound of Formula (I},

64, The salt of embodiment 63, which is crystalline.

65.  The salt of embodiment 63 or 64, wherein the salt has at least one XRPD peak,
in terms of 2-theta (& 0.2 degrees), selected from 5.7, 8.5, 11.3, 14.1, 150, 184,193,
205,218,228, and 28.7.

66. The salt of embodiment 63 or 64, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 8.5, 11.3, 141, 13.0,
184,193,205, 218,228, and 25.7.

67. The salt of embodiment 63 or 64, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (+ 0.2 degrees}, selected from 5.7, 8.5, 113, 14.1, 150,
184,193,205 218,228, and 257

68. The salt of embodiment 63 or 64, wherein the salt has at least four XRPD
peaks, in terms of 2-theta (+ .2 degrees), selected from 5.7, 8.5, 113, 14.1, 13.0,
184, 193,205,218 228, and 25.7.

69, The salt of embodiment 63 or 64, wherein the sakt has at least five XRPD
peaks, in terms of 2-theta (+ 0.2 degrees), selected from 5.7, 8.5, 11.3, 14,1, 150,
18.4,193,205,218,228, and 257

70. The salt of embodiment 63 or 64, wherein the salt has at least ten XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 8.5, 11.3, 14.1, 150,
184,193,205,218,228, and 257,

71 The salt of embodiment 63 or 64, wheren the salt has an XRPD pattern as

substantially shown in FIG. 16
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72. The salt of any one of embodiments 63-71, having an endothermic peak with
an onset temperature (£ 3°C) at 196.0°C and a maximum temperature (+ 3°C) at
212.2°C.

73, The salt of anv one of embodiments 63-71, wherein the salt has a DSC
thermogram substantially as shown 1n FIG. 17.

74.  The salt of any one of embodiments 63-73, wheremn the salt has a TGA
thermogram substantially as shown 1o FIG. 18,

75. The salt of embodiment 14, which 1s a di-hydrochloride salt of the compound
of Formula (1),

76. The salt of embodiment 75, which is crystalline.

77. The salt of embodiment 75 or 76, wherein the salt has at least one XRPD peak,
in terms of 2-theta (& 0.2 degrees), selected from .9, 10.7, 123, 13.0, 14.0, 15.2,
199,218,223, and 24 8.

78. The salt of embodiment 75 or 76, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 9.9, 107,123, 13.0, 14.0,
152,199,218, 223 and 24 8.

79. The salt of embodiment 75 or 76, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (+ 0.2 degrees), selected from 9.9, 107, 123, 13.0, 14.0,
152,199,218, 223 and 24.8.

80. The salt of embodiment 75 or 76, wherein the salt hag at least four XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 9.9, 107, 123, 13.0, 140,
152,199, 218,223, and 24 8.

31 The salt of embodiment 735 or 76, wherein the salt has at least five XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 9.9, 10.7, 123, 13.0, 14.0,
152,199,218, 223, and 24.8.

82. The salt of embodiment 75 or 76, wherein the salt has at least ten XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 9.9, 10.7, 12.3, 13 0, 14.0,
152,199, 218,223, and 24.8.

83, The salt of embodiment 75 or 76, wherein the salt has an XRPD pattern as
substantially shown in FIG. 19,

84.  'The salt of any onc of embodiments 75-83, having an endothermic peak with
an onset temperature (£ 3°C) at 182.1°C and a maxuoum temperature (+ 3°C) at

206.4°C.

o
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85, The salt of any one of embodiments 75-83, wherein the salt has a DSC
thermogram substantially as shown in FIG. 20.
86.  'The salt of any one of cmbodiments 73-85, wherein the salt has a TGA
thermogram substantially as shown in FIG. 21
87. A pharmaceutical composition comprising the solid form of any one of
embodiments 1-13 or the salt of any one of ewbodiments 14-86, and a
pharmaceutically acceptable carmer,
88. A method of inhibiting CDK2 comprising contacting the CDK2 with the solid
form of any one of embodiments 1-13 or the salt of any one of embodiments 14-86.
89. A method of inlubiting CDK2 in a patient, comprising administering to the
patient the solid form of any one of embodiments 1-13 or the salt of any one of
embodiments 14-86.
090, A mcthod of treating a discase or disorder associated with CDKZ in a patient,
comprising administering to the patient a therapeutically cffective amount of the solid
form of any one of embodiments 1-13 or the salt of any one of embodiments 14-36.
91. The method of embodiment 90, wherein the disease or disorder is associated
with an amplification of the cyclin Bl (CCNEL) gene and/or overexpression of
CONEL
92, Amethod of treating a human subject having a disease or disorder associated
with cyclin-dependent kinase 2 {CDK2), comprising administering to the human
subject the solid form of any ove of embodiments 1-13 or the salt of any one of
embodiments 14-86, wherein the human subject has been previously determined to:

{1

{a) have a mucleotide sequence encoding a pl6 protein comprising the amino
acid sequence of SEQ ID NGO and/or

(b} have a cyclin dependent kinase inhibitor 2A {CDKN2A) gene lacking one
or more inactivating mucleic acid substitutions and/or deletions;

(i)

{a} have an amplification of the cychn Ei (CONEL) gene; and/or

{(b) have an expression level of CONET in a biological sample obtained from
the human subject that s higher than a control expression level of CUNEL.
93, Amecthod of treating a human subject having a disease or disorder associated

with cyclin-dependent kinase 2 (CDK2), comprising:
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(1) identifving, 1 a biological sample obtained from the haman subject:

{a) a nucleotide sequence encoding a pl6 protein comprising the amino
acid sequence of SEQ ID NG and/or

{b} a cyclin dependent kinase inhibitor 2A {CDKN2A) gene lacking
one or more nactivating nucleic acid substitutions;

(1) identifying, in a biological sample obtained from the human subject:

{a) an amplification of the cychin Hi (CCNEIL} gene; and/or
{b}) an expression level of CCNE] that is higher than a control
expression fevel of CONEL and

(111} administering the solid form of any one of erubodiments 1-13 or the salt
of any one of embodiments 14-86 to the human subject.

94, The method of embodiment 93, comprising:
(1) ideotifying, in a biological sample obtained from the human subject:
{(a} a nuclectide sequence encoding a pl6 protein comprising the anuno
acid sequence of SEQ ID NO:1; and/or
{b) a CDKN2A gene lacking one or more inactivating nucleic acid
substitutions and/or deletions;
(11) identifving, n a biological sample obtained from the human subject:
(3} an amplification of the COCNEI gene; and

(111} administering the compound or the salt to the human subject.

95, A roethod of cvaluating the response of a human subject haviog a discase or
disorder assoctated with eyelin-dependent kinase 2 (CDK2) to the solid form of any
one of embodiments 1-13 or the salt of any one of embodiments 14-86, comprising:

{2} administering the compound or the salt, to the human subject, wherein the
human subject has been previously determined to have an amplification of the cyelin
El (CCNE1} gene and/or an expression level of CCNET that is hagher than a control
expression kevel of CCNETL,

{b) measuring, in a biological sample of obtained from the subject subseguent
to the adnunistering of step (a}, the level of retinoblastorma (Rb) protein
phosphorylation at the serine corresponding o amino actd position 780 of SEQ ID
NQG3,

wherein a reduced tevel of Rb phosphorylation at the serime corresponding to

amino acid position 780 of SEQ ID NG:3, as compared to a control level of Rb
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phosphorylation at the serine corresponding to amino acid position 780 of SEQ ID
NQ:3, i3 indicative that the human subject responds to the compound or the salt.

94, The method of embodiment 93, wherein the discase or disorder s cancer.

87. A process of preparing a solid form of any one of embodiments 1-13,
comprising cooling a solution of the compound of Formula (1) in a solvent component
conaprising cthanol and water.

98.  The process of embodiment 97, wherein the solvent component comprises 6%
water and 94% ethanch.

99.  The process of embodiment 97 or 98, wherein the solution is cooled to a
temperature of 0°C + 3°C.

100, The process of any one of embodiments 97-99, wherein the solution is
prepared by heating a shirry of the compound of Formuda (B} in the solvent component
prior to said cooling.

10F. A process of preparing a compound of Formula (), or a pharmaceutically
acceptable salt thereof) a solid form of any one of embodiments 1-13; or the salt of
any one of embodiments 14-86, comprising:

reacting a compound of Formula (ic):

it
‘K\/X\ N
\[\/ Wt
™ NNN {1(,),

with a compound of Formula (1b}:

o~ SO M
31 N
f?w

{1b}.
or a salt thercof, via a Buchwald coupling reaction, to form a compound of Fornwla

{la):

b\\/m; | :)‘\‘:,S'\«O
N~ E
Nj ‘\ & <&) i/\

R

A\

N
<
s
zZ
=Y

>N {1a),
wherein X! is halo.

102, The process of embodiment 101, wherein X' is Br,
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103, The process of embodiment 101 or 102, wherein the compound of formulda
(1b), or the salt thereof, s the HCI salt.
104, The process of anry one of cmboduments 101-103, wherein the Buchwald
coupling reaction comprises reacting the compound of Formula {I¢} with the
compound of Formula (1b), or the salt thereof, in the presence of a Buchwald catalyst
or precatalyst and a base.
105, The process of embodiment 104, wherein the Buchwald catalyst or precatalyst
ts a palladium catalyst.
106, The process of embodiment 104, wherein the palladium catalyst s [{2-di-tert-
butviphosphino-3,6-duncthoxy-2’ 4’6 -triisopropyl-1,1-bipheny}-2-(2"-amino-1,1'-
biphenyl}palladium{I]} methanesuifonate (t-BuBrett Phos Pd G3) or [tBuBrettPhos
Pd{aliyD|OTE (Pd-175).
107, The process of any one of embodiments 104-106, wherein the base is an alkali
metal atkoxide.
108.  The process of any one of embodiments 104-106, whercin the base is sodiam
t-butoxide.
109, The process of any one of emboduments 101-108, further comprising
deprotecting the compound of Fornula (1a) to form the compound of Formula (I).
110, The process of embodiment 109, wherein the deprotecting is accomplished by
reacting the compound of Formula {1a) with a strong acid.
11 The process of embodiment 110, wherein the strong acid is hydrochloric acid.
112, The process of any one of embodiments 101-111, wherem the compound of
Formula (I¢) is prepared by a process comprising:
reacting a compound of Forraula {1d):
(

\N T OJ

Nl\ ! )\\f N
e
PN
\/\&/N\N E(Ed)’

or a salt thereof. with a halogenating agent to form the compound of Formula (lIc)
113, The process of embodiment 112, wherein the balogenating agentisa
brominating agent.

114, The process of embodiment 112, wherein the halogenating agent is Cu{X")2.

115, The process of emabodiment 112, wherein the halogenating agent is CuBr.
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116, The process of any one of embodiments 112-115, wheremn the compound of
Formula (1d), or the salt thereof, is prepared by a process comprising:

reacting a compound of Formula o)

{
/
O
] o on
ANy O
SN § 0O (1c)

5 with hyvdroxviamine HC1 and a base component to form the compound of Formula

{1d), or the salt thereof.
117, The process of embodiment 116, wherein the base component 1s a tertiary
antine.
8. The process of embodiment 117, wherein the tertiary ammne is

10 ethvidiisopropylamine.
119, The process of any one of embodiments 116-118, wheren the compound of
Formula (1) is prepared by a process comprising:

reacting a compound of Formula (1f):

/7

S

;Nl o X

NQ/}\:{;L\T,NHZ
SN

15 with CH3CH20C(O-N=(=8 1o form the compound of Formuda {ie).
120, The process of embodiment 119, wherein the compound of Formula {18 1s
prepared by a process comprising:
reacting a compound of Formula (1h):
g
B /),\'/NHz
Cod
k“‘ (1h),
20 or asalt thereof, with a compound of Forowla {1g):
/
C
0~
N
A
N
%,)\g,ox
(5\&
N (lg)

vig a Buchwald couple reaction to form the compound of Formula (1£).
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121, The process of embodiment 120, wherein the compound of Formula (1h}, or
the salt thereof, is the HBr salt.
122, The process of erabodiment 120 or 121, wherein the Buchwald coupling
reaction comprises reacting the compound of Formula (1h), or the salt thereof, with
the compound of Formuda (1g) in the presence of a Buchwald catalyst or precatalyst
and a base.
123, The process of embodiment 122, wherein the Buchwald catalyst or precatalyst,
present for the reacting of the compound of Formuuda {1h), or the salt thereof, and the
compound of Formula (1g}, 1s a palladium catalyst.
124, The process of embodiment 122, wherein the Buchwald catalyst, present for
the reacting of the compound of Formula {(1h), or the salt thereof, and the compound
of Formula (1g}, is (Z-dicvelohexyiphosphine-2',4".6 -tritsopropyl-1,1'-biphenyl 32~
{2'-amino-1,1-biphenyl) jpalladiom{Il} methancsuifonate (XPhos Pd G3).
125, The process of any one of embodiments 122~124, wherein the base, present for
the reacting of the compound of Fornuula {(1h), or the salt thereof] and the compound
of Formula (1g), is an alkal: metal phosphate.
126, The process of any one of emboduments 122-124, wherein the base, present for
the reacting of the compound of Formula (1h), or the salt thereof, and the compound
of Formuulda {1g), 1s sodium phosphate tribasic.
127, 'The process of any one of embodiments 120-126, wherein the compound of
Formula (1h), or the salt thercof] is prepared by a process comprising:

reacting a compound of Formula (11}

OH

Br\©/m}3
=N,

or a salt thercof, with an ethyl halide in the presence of a base to form the compound
of Formula {1h), or the salt thereof.

128, The process of embodiment 127, wherein the ethyl halide is ethyl 1odide.

129, The process of embodiment 127 or 128, wherein the base present for the
reacting of the compound of Formula (11), or the salt thereof, with the cthyl bahde is a
carbonate base.

139, 'The process of embodiment 129, wherein the carbonate base is cosium

carbonate.
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131, The process of any one of embodiments 127-130, wherewn the compound of
Formula (11}, or the salt thereof, 1s a HBr salt.
132, 'The process of any one of embodunents 101-111, wherein the compound of
Formula {Ic) is prepared by a process comprising:
reacting a compound of Formula (Za):
>
= N
Ny

Br

{2a},

with a compound of Formula (2b}:

;\O"LN}_BOj:‘
O™
to form the compound of Formula {1¢), in the presence of a Suzuki catalyst and a
base, wherein X' is halo.
133, The process of embodiment 132, wherein X' is Br.
134.  The process of embodiment 132 or 133, wherein the Suzuki catalystis a
palladium catalvst,
135, The process of embodiment 132 or 133, wherein the Suzuki catalyst is formed
from a mixture of a phosphine ligand and a palladium (1) compound.
136.  The process of embodiment 132 or 133, wherein the Suzuki catalyst is formed
from amixture of CataCXium A and palladium acetate.
137, The process of any one of embodiments 132-136, wherein the base, present for
the reacting of the compound of Formula {2a) and the compound of Formaula (2b}, 15
an alkali metal phosphate.
138, The process of any one of embodiments 132-136, wherein the base, present for
the reacting of the compound of Formula (2a) and the compound of Fornwla (2b), 1s
sodurm phosphate tribasic.
139, The process of any one of embodiments 132~138, wheremn the compound of
Formula (1b}, or the salt thereof, is prepared by a process comprising;

reducing a compound of Formula (3a):

LECMe

z N
S}

PN ‘
H (3a},
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to form the compound of Formula (1b}), or the salt thereof.
140, The process of embodiment 139, wherein the reducing is accomplished by
reacting the compound of Formula (3a) with hydrogen gas in the presence of a
palladium catalyst.

5 141 The process of any one of embodiments 139-140, wherein the compound of
Formula (3a) is prepared by a process comprising

reacting a compound of Formula (3¢}

- SOz
(3¢},

with a compound of Formuia (3b}:

Cyom
10 e (3b),
followed by crystallization to give the compound of Formula (3a).
142, The process of embodiment 141, wherein the compound of Formula (3¢) is
prepared by a process comprising:
reacting a compound of Formula (3d):
L/\N,H
o7 P
15 1 {3dy,
or a salt thereof, with methanesulfonyl chloride to form a compound of Forauda (3¢).
143, A compound selected fronu
.
Br\%\j{/ N
§ Br
RSN N N/
//
N/ ;
5~ i
N O
S P
!YQ:/ w N N
CvTT
W N 8O Cand
/7
N/
O-—q\. /l
N
N it
NNt i
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or a salt thereof.

The mvention will be described in greater detail by way of specific examples.
The following examples are offered for tllustrative purposes, and are not intended to
limit the invention in any manncr. Those of skill in the art will readily recognize a
variety of non-critical parameters which can be changed or modified to vicld

essentially the same resulis.

EXAMPLES

Experimental procedures for compounds, solid foras, and salts of the
disclosure are provided below. Preparatory LC-MS punifications of some of the
compounds prepared were performed on Waters mass directed fractionation systems.
The basic equipment sctup, protocols, and control software for the operation of these
systems have been described in detail v the literature. See e.g., “Two-Pump at-
Column Dilution Configuration for Preparative LC-MS,” K. Blom, J Combi. Chem.,
4, 295 (2002); “Optimizing Preparative LC-MS Configurations and Methods for
Parallel Synthesis Punification,” K. Blom, R. Sparks, §. Doughty, G. Everdof, T.
Hague, A. Combs, J Combi. Chem., 5, 670 (2003); and “Preparative LE-MS
Purification: Improved Compound Specific Method Optimization,” K. Blom, B.
Glass. R Sparks, A, Combs, J. Combi. Chem., 6, 874-883 {2004}, The separated
compounds were typically subjected to analytical hquid chromatography mass
spectrometry {LCMS) for purnity check under the following conditions: Instrument:
Agilent 1100 series, LC/MSD; Column: Waters Sunfire™ Ciiz 3 jum particle size, 2.1
x 5.0 mm; Buffers: mobile phase A: 0.025% TFA in water and mobile phase B:
acetonitrile; gradient 2% to 80% of B in 3 minutes with flow rate 2.0 mL/minute.

Some of the compounds prepared were also separated on a preparative scale
by reverse-phase high performance hquid chromatography (RP-HPLC) with MS
detector or flash chromatography (silica gel) as mdicated in the Examples. Typical
preparative reverse-phase high performance liguid chromatography (RP-HPLC)
column conditions are as follows:

pH = 2 purifications: Waters Sunfire™ Cis 5 pm particle size, 19 x 100 mm
coluran, eluting with obile phase A: 0.1% TFA {(trifluoroacetic acid) in water and

mobile phase B: acetonitrile; the flow rate was 30 mL/minute, the separating gradient
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was optimized for each compound using the Compound Specific Method

Optimization protocol as described in the literature (see “Preparative LCMS

Purification: Improved Compound Specific Method Optimization,” K. Blom, B.

Glass, R. Sparks, A. Combs, J Comb. Chem., 6, 874-883 (2004}). Typically, the flow

5  rate used with the 30 x 100 mm column was 60 mb/minute.
pH = 10 punifications: Waters XBridge Cis § pm particle size, 19 x 100 rom

column, eluting with mobile phase A: 0.15% NH4OH in water and mobile phase B:

acetomitnle; the flow rate was 30 mL/mimute, the separating gradient was optinnized

for each compound using the Compound Specific Method Optimization protocol as
10 descrbed in the terature (See “Preparative LOMS Purification: Improved Compound
Specific Method Optimization,” K. Blom, B. Glass, R. Sparks, A. Combs, J. Comb.
Chem., 6, 874-883 {2004)). Typically, the flow rate ased with 30 x 100 mm column
was 60 mL/minute.

Example 1

Synthesis of 8-ethoxy-N-{{3RAS}-3-methyl-1-(methylsulfonyl}piperidin-d-y1}-7-
{1H-pyrazol-4-y}-{1,2 4ltriazcle{1,5-alpyridin-2-amine (Formula {I})

-
o

7
{
O
Ny ‘
“0 Ny A o e
B2 h,Ni—iz 0\( \_/)\ 4\, h\, wo\,
R N MBS v W N8 &
4 XPhos Pd G2 9
KPPy, dioxane-H,O
. e .80, Me
. S ,
()._.<\' /J Hom wj(r?.‘rj
N, GH-HCE o9 w Hy 1’ [§e!
5 NeAa AN N
Hunig's base T, _Culiny, 2BUONO T 3
—_— P NHy e }\r Ve B
EtOH, 56°C A AR 5C Xy PN -BuBrettPhos Pd
18 11 Na¥'Bu, dioxane, 90°C
g /
< Chx S § ()“\‘s\
- Sy i 0
RS N ~\I
~<‘A\"‘ ()’l = S UNey o7 o>
N D i Sy ) INHA N b N {Sig)
3 i —%‘P' -
A ;4\,,1\} e THEL0, 60°C “ >Nh
SN J
NN Sy . N
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Intermediate (8). 3-ethoxy-4-(3-(1-ethoxyethyi}-1H-pyrazol-4-ylipyridin-2-amine

(

O
\\“&\ OJ
S )\FNHZ
N
&

4-Bromo-3-cthoxypyridin-2-amine {4} (prepared according to Exaraple 4)
{1.998 kg, 9.205 mol, 1 eq) and 1-(i-cthoxyethyl}-4-{4.4,5 S-tetramethyl-1,3,2-

5 dioxaborolan-2-yH-1H-pyrazole (294 kg, 11.0 mol, 1.2 ¢q) were charged toa S0 L
reactor containing a sohution of potassium phosphate tribasie (3.9 kg, 27.6 mmol, 3
eq) in water (10 L, 3 v). The slurry was diluted with dioxane (20 L, 10 v) and
degassed via nitrogen bubbling for 50 nun. The catalyst XPhos Pd G2 (21.7¢, 276
mmol, 0.003 eq) was charged and degassing continued for 15 min followed by the

10 warming at 85°C for 2.5 hrs until complete by HPLC analysis. The reaction mixture
was cooled to 1t and the organic laver was separated and washed with brine (6 L, 3 v}
The aqueous layers were combined and extracted with ethyl acetate (10 L, 5 v). The
organic layers were combined, filtered through a plug of Celite and concentrated to ~6
L (3 v). The concentrated mixture was diluted with MTBE (18 L, 9 v) and warmed at

15 30°C to form a clear solution. Heptane (18 L, 9 v) was charged slowly over ~10 min
and the solution was cooled to 1°C over 2 hrs. The shurry was filtered, washed with
heptane (4 L, 2 v), and dried on the filter to afford 8 (2.033 kg, 80% vicld, >99%
purity) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § 8.38 (s, 1H), 8.00 (s, 1H),
765(d,J=80Hz, 1H}, 679, J=80Hz, [H),577 (s, 2H)}, 562 (dd, 7=8.0,40

20 Hz, 1H), 3.72{g, J=8.0Hz 2H}, 346 (m, 1H), 3.23 (m, 1H}, 1.63{d, J=8.0 Hz,
3H), 133 (. J=8&0Hz 3H), 1L.O5 (1, J= 8.0 Hz, 3H), CiaHooNaDn, (MW 276 34),
LOMS (BED mife 27713 (MT+ H).
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Intermediate {9)

A slurey of 8 (1.0 kg, 3.62 mol, | eg) in dioxane {5 L, 5 v) was cooled to 10°C
and G-cthyl carbonisothiocvanate (512 mL, 4.34 mol, 1.2 eq) was charged in one
5 portion. The addition caunsed a mild exotherm from 9.1°C to 21.7°C and the reaction
was agitated at rt for 16 hrs at which it was deemed complete by HPLC. The reaction
was guenched by the addition of brine (25 L, 2.5 vy and water (1 L, | v} and the
layers were separated. The agueous laver was extracted with ethyl acetate (251,25
v} and the organie layers were combined and concentrated to dryness. The crude 9
10 {assumed 1.475ke, quant} was used directly in the next reaction as a thick orange o1l
TH NMR (400 MHz, DMSO)} S 1156 (s, 1H), 1143 (s, 1H), 852 (s, 1H}, 8.17(d, I =
53 Hz 1H), 813 (s, 1H),763(d, I=51Hz 1H), 565 {¢, J=59Hz 1H}, 424{q. ]
=7 1Hz 2H}. 389{(q. J=70Hz 2H). 348 (dq. I =9.6, 70 Hz, 1H), 3.25(dg,J =
0.6, 7.0Hz, 1H), 164 (d, J=6.0 Hz, 3H), 1.29 (m, 6H), 1.06 {t, } =70 Hz, 3H).
15 CisFasNsQ4S, {cale M + H: 408.1700), LOCMS (ED) mi/e 4083 (M7 + H).

Intermediate (10}, 8-ethoxy-7-(1-(1-ethoxyethyl}-1H-pyrazol-4-yi}-

{1,2,4}triazolo]1,5-a]pyridin-2-amine

o

N o

NJYLT
=N ,
%N“N%Nﬁz

i
20 Hinig’s base (790 mL, 4.53 mol, 1.25 cg) was charged to a slurry of
bhydroxyamine hydrochlonide (377 g, 5.43 mol, 1.5 eq) in ethanol (3 L, 2 v). A bleach
scrubber was installed to capture hydrogen sulfide off-gassing. 9 (1.475 kg, 3.62 mol,

1 eg) in ethanol (4 L, 2.7 v} was charged slowly over 1 hu, and lines were rinsed with
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ethanol {400 mL, 0.3 v}. Off-gassing began mmmediately with addition, with a nuld
exothern (final temp 28°C). The reaction muxture was warmed to 30°C, and a
homogeneous solution was obtained. Following 3 hrs at 30°C, the reaction was
deemed complete by HPLC and a thick solid product precipstated. Water (22 1L, 1.5
v} was charged to dissolve the product and precipitate any sulfur-containing
byproduct. The reaction mixture was filtered and solids were washed with
ethanol/water (2:1, 700 mL, 0.5v). The filtrate was concentrated to remove ethanol
{(~7L}, leaving a slurry of 18 in water. The solids were dissolved in dichloromethane

7.3 L, 5v) and 30% ammonium hydroxide (2.9 L, 2v) was charged. The layers were
separated, and the agueous laver was extracted with dichloromethane (700 mL, 0.5v).
The organics were washed twice with 15% ammonium hydroxide (1.5 1, 1 v), back-
extracting the agueous layer with dichloromethane (700 mL, 0.5 v). The combined
organic layers were washed with brine (3 L, 2 v) and the aqueous layer was oxtracted
with dichloromethane (700 k., 0.5 v} The combined organics were concentrated to
~4-5 v {removing ~7 L) and isopropyl acetate (6.3 L, 4.3 v} was charged. The
remaining dichloromethane {~3 L} was removed in vacuo and the slurry was
transterred to a 22 L round bottom flask with 1sopropyl acetate (1 L, 0.7 v}, The sturry
was diluted with heptane (3.7 L, 2.5 v} and agitated at 80°C for | br followed by
cooling to 1t slowly overnight. The slurry was filtered, washed with isopropyl
acetate/heptane (2:1, 700 mL, 0.5 v} and dried in a vacuuam oven at 40°C to afford 10
{920g, 80% vicid) as a white solid. "H NMR (400 MHz, DMSO) 5 8.47 (s, 1H), 8.27
(d.1=70Hz 1), 8.12 (s, 1H), 7.17(d, J = 7.0 Hz, 1H), 5.99 (s, 2H), 5.62 (g, 1 =59
Hz, 1H),456{q, J=71Hz 2H), 347 (dq,} =96, 70 Hz, 1H), 326 (dq, 1 =96, 7.1
Hz, 1H), 1.64(d, J = 5.9 Hz, 3H), 1.35 (¢, § = 7.0 Hz, 3H), 1.06 (&, J = 7.0 Hz, 3H).
CistaoNeOy, {cale M +H: 317.1721), LOMS (B} m/e 3171 (M + H).

108

PCT/US2023/063875



WO 2023/172921

—
o

20

Intermediate (11). 2-bromo-8-cthoxy-7-(1-(1-ethoxyethyl}-1H-pyrazol-4-yi}-
1,2, 4}triazole] 1, 5-alpyridine

Copper (1) bromide (449 g, 2.0 mol, 1.05 eq} was charged to an ambient
sturry of 18 (605 g, | 9 mol, 1 eq} in acctonitrile (9 L, 15 v}, resulting in a dark
solution. The reaction mixture was cooled to 5°C and tert-buty] mitrite (607 mi., 4.6
mol, 2.4 ¢q) was added in one portion. The reaction mixture was allowed to slowly
warm to 1t overnight (allowing the tce bath to melt for slower warming}. Following 16
hrs, the reaction was complete by HPLC and was quenched by the addition of 15%
ammonium hydroxide (5 L, § v). Acetonitride (~6-8 L) was removed i vacuo and the
mixture was diuted with dichloromethane (3 L, § v}. The layers were separated and
the aqueous portion was extracted with dichloromethane (0.5 L, 1 v). The organics
were washed with 153% ammonium hydroxide (1.8 L, 3 v}, and the agucous laver was
extracted with dichloromethane (0.5 L, | v}. The bazv organic laver was washed twice
with brine (1.2 L, 2 v}, extracting each agueous layer with dichloromethane (0.5 L, 1
v}. The organic ayer was slurried for 1 hr at st with SiliaMetS Thiol (150 g, 0.25x
wit}, then filtered through a small bed of Celite and washed with dichloromethane (3 x
0.5 L, 1v). The filtrate was concentrated to 1.2-1 5 L (~2 - 2.5 v} in vacuo, and the
resultant sturry was warmed at reflux and diluted with heptane (3 L, 5 v). The sturry
was warmed at 40°C for 1 hr, then cooled to tf and aged for 30 mun. The slurry was
filtered, washed with heptane/DCM {2:1, 1.4 L, 2 v}. The solids were dried at 40°C
a vacuum oven to afford 11 {536 g, 74%) as a white solid. 'H NMR (400 MHz,
DMSO)8868(d. J=7.1Hz, 1H), 838 (s, 1H), 821 (s, 1H), 738 (d, 1 =7.1 Hz, 1H),
565(q. J=59Hz, 1H). 465 (q. J=7.0 Hz, 2H), 348 (dq, § = 9.6, 7.0 Hz, 1H), 3.27
(dg,J=96,70Hz, 1H}, 165{(d, J=60Hz 3H), 140, J=70Hz, 3H}, 107 I=
7.0 Hz, 3H). CisHieBrNs{h, {calc M + H: 380.0717), LCMS (EI) m/e 380.0717 (M +
H).
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Intermediate {12). §-ethoxy-7-(-(1-ethoxyethyl}-1 H-pyrazol-4-yi}-N-{(GR45)-3-

methyl-1-{methylsulfonyDpiperidin-4-yl}-{1,2 4}triazolo{L,S-ajpyridin-2-amine

A solution of 11 {1.5 kg, 3.9 mol, 1 eq), 3{1.08 kg, 4.7 mol, 1.2 og) (prepared
according to Example 3}, sodium tert-butoxide (1.9 kg, 19.7 mol, 5 eg) and t-
BuBrettPhos Pd G3 (101 g, 118 mamol, 0.03 cg) i dioxane was degassed with
mitrogen bubbling for T hr. The shurry was heated to 90°C, fonming a homogeneous
solution, and stirred at that terperature for 2 hrs until complete by HPLC analysis.
The reaction nuxture was cooled to  and quenched by the addition of water (751, 5
v}. The layers were separated and the agueous laver was extracted twice with cthyl
acetate (15 Land 73 L, 10 v and 5 v). The combined organic lavers were treated with
a solution of N-acetyl cysteine (690 g) and potassium phosphate tribasic (990 g} in
water (7.5 L) at 60°C for 3 hrs. The wash to remove palladiun was cooled to rtand
the lavers allowed to separate. The agueous layer was extracted twice with ethyl
acetate (7.5 L, § v} and the organics were concentrated to ~20 L {13v) in vacuo and
sturried at t with Carbon C-941 (300 g, 0.20 wt} and SitliMetS Thiol (300 g, 0.20 wt}
for no longer than 8 hrs, The shurry was filtered through a pad of Celite, ninsing with
ethyl acetate (7.5 L, 5 v). The filirate was concentrated to afford a crude oil of 12
{assumed quant), which was used directly in the next step. 'H NMR (600 MHz,
DMSO-co) 3 8.48 (s, 1H), $.33 (d, /= 6.0 Hz, 1H), 8.13 (s, 1H), 718 (d. /= 12.0 Hz,
1H), 676 (d,/=60Hz, 1H),562 (g, J=60Hz 1H), 455{q,/=6.0H=z, 2H), 388
(m, THD, 3.47 (m, 1FD), 3.26 (m, 2H). 3.12 (m, 3H), 2.87 (s, 3H), 2.18 (m. 1H), 1.55
(m, 1H}, 1.76 (m, 1H), 164 {(d, /= 6.0Hz, 3H), 136 {,./=6.0Hz 3H), 106 {t, /=
6.0 Hz, 3H), 0.93 (d, J = 6.0 Hz, 3H); CoHuN04S, (MW 491.61), LCMS (BD mife
4972 (M™ + H).
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Compound of Formula (1}, §-ethoxy-N-{{3R45}-3-methyl-1-
(methylsulfonylpiperidin-4-y1}-7-(1 H-pyrazel-4-y1)-{1,2 4jtriazolo|l,5-alpyridia-

2-amine

Formula (I}

To a solution of 12 (1.9 kg, 3.9 mol. 1 eq) {or 12 hemi-suecinate) in THF (14
L. 7 v} was added IN hydrochloric acid (9 L, 9.0 mol, 2.3eq} and the solution was
warmed at 60°C for 2 brs untd complete by HPLC. The reaction mixture was cooled
to rt and neutralized with 16% sodium hvdroxide (2 L., 9.3 mol). The reaction mixture
was exiracted twice with ethyl acetate {14 L and 8L, 7 v and 4 v) and the combined
organic layers were agitated with activated carbon €-941 {600 g, 0.32 wt) and
StliaMetS thiol (600 g, 0.32 wt) for 16 hrs. The shurry was filiered over a pad of Celite
and washed with ethyl acetate (7.5 L, 5 v). The filtrate was concentrated to ~7.5 L (3
v} and the slurry was diluted with heptane (4.5 L, 3 v), agitated for 30 nun at rt, then
conled to 0°C. The solids were filtered and washed with ethyvl acetate/heptane (5.3,
L5 L, 1 v). The solids were dried on the filter to afford the crude compound of
Formula (1} (1.312 kg, 80% vicld}.

Crude compound of Forousla (1} (1.4 kg, 3.3 mol) was slurried in 6%
water/ethanot (7 L, 5 v) and the slurty was warmed at reflux to obtain a clear solution.
The mixture was cooled slowly to 0°C and filiered, rinsing with ethanol (560 mL,
0.35 v). The solids were dried at 45°C under vacuum for 3 days to afford the
compownd of Formula (£} (1.163 kg, 83% vieid) as a white solid. 'H NMR (500
MHz, DMSO-d6) S 13.10 (s, 1H), 833 (s, 1H), 831 (d, F=10.0Hz, 1H}, 8.12 (5,
IHY, 717 (0. =100 Hz 1H, 673 {(d, F = 10.0Hz, 1H}, 454 {dd, ] = 15.0, 10.0 Hz,
2Hy, 3.88 (m, 1H), 3.26 {m, 1H), 3.12 (o, 3H}, 2.87 {5, 3H), 2.19 {m, 1H), L83 (m,
1H), 176 (m, 1H), 136 (. J=10.0H=z, 3H), 093(d, I =5.0Hz 3H),
CI8HIZSNTOSS, (cale M+H: 420.1812), LCMS (ED) m/e 420, 1818 (M+ + H).

Example 2
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Synthesis of 8-cthoxy-N-{{3R 48}-3-methyl-1-(methylsulfonyi}piperidin-4-y1}-7-

{1H-pyrazol-4-yl}-{1.2 4{triazclo{1,5-alpyridin-2-amine (Fﬂrmuia 13
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Intermediate (11}, 2-bromo-3-ethoxy-7-(1-(1-ethoxyethyl)-1H-pyrazol-4-yi}-

5 {1,24ltriazolo]1,5-alpyridine (alternative synthesis)

To degassed dioxane {0.84 L) was charged Pd{OAch (735 g, 0.5 mol

Yoy and

CataCXiom A (258 g, 1.1 mol%) ander nitrogen and the mixture was evacoated and

refilied with nitrogen three times. The mixture was stirred at 1t under nitrogen for no

10 longer than 20 min. To a separate reactor was charged 7 (prepared according to

Example 4} (2.10 kg), cosium carbonate (4.26 kg, 2 eg), 1-{I-cthoxyethyl}-4-(4,4,5,5-

tetramethyl-1,3 2-dioxaborolan-2-yl}-1H-pyrazole (2.05 kg, 1.2 eq), dioxanc (3.7 L, 5

vol in total including the dioxane utilized for in-sifu catalyst formation} and water (5.3

L, 2.5 vol}. The nuxture was next purged with nitrogen for no longer than 30 nmun.

15 After that period, the above-prepared catalyst was added to the mixture. The

combined mixture was purged with mitrogen for 5 min. The mixtore was then heated

to 50°C for no longer than 10 hrs. The reaction was monitored by HPLC until

complete. Next was charged water (15.8 L, 7.5 v} slowly via an addition funnel. The
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resultant shurry was stowly cooled to rt and further to 0°C and stirred for no longer
than 30 min. The slurry was filtered and the solid was washed with water (3.2 L). The
solid wag dried at no greater than 50°C to give 249 kg of 11,

Crude 11 {4.61 kg) was mixed with THF (18.4 L, 4 v based on weight of the
isolated solid) and stirred at 50°C to give a clear solution. Heptane (36.8 L, 8 v} was
then charged at 50°C. The resultant slurry was cooled down to 15-30°C slowly, and
then further cooled to 0°C. The shurry was filiered and the solid was washed with
heptane (4.6 L) and dried at no greater than 30°C to obtain 4.91 kg {84%) of 11 in
>99A% purity. ‘H NMR (400 MHz, DMSO-ds) § .67 (d, J= 8.0 Hz, 1H), 8.58 (s,
THY, 821 (s, I1H), 758 (d, J=80Hz, 1H),565(dd, /= 12.0,80Hz, 1H), 465(dd, }
=12.0,8.0Hz 2H), 348 (m, 1H), 3.27 (m, 1H), 1.65(d, J=80Hz, 3H), 1 .40, /=
8.0 Hz, 3H), 1.07 (1, J = £.0 Hz, 3H); CisHisBrNsGa, (MW 380.25), LCMS (ED m/e
380.0, 382.0 (M" + H).

Intermediate (12). S-cthoxy-7-(1-(L-ethoxyethyl-1 Hopyrazol-4-y1}-N-((GR 45}-3-

methyl-1-{methyviselfenyDpiperidin-d-yi}-{1,2 4}¢riazole]l,S-alpyridin-Z-amine

11 {4.1kg, 1.0eq), 3(2.71 ke, 1.1 eq} (prepared according to Example 3}, and
NaOtBu (3.63 ke, 3.5 eq) were combined in 2-MeTHF (10 v). The solution was
degassed and Pd-175 (8.41 g, 0.001 eq) was charged. The solution was further
degassed and heated to 70°C until complete by HPLC. The reaction was next cooled
to rt and quenched by the addition of brine {4v}. The organics were then washed with
brine {3 v). The crude 12 in 2-MeTHF was concentrated to ~10 v and used directly in

the next reaction (assumed guantitative).

Alternative synthesis of intermediate 12 as the hemi-succinate
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Alternatively, 11 {10 g, 1.0eq), 3(6.62 ¢, 1.1 eq), and NaOtBu (885 ¢, 3.3
eq} were combined in 2-MeTHF (10 v). The solution was degassed and Pd-175 (21
mg, 0.001 cq) was charged. The solution was further degassed and beated to 70°C
until complete by HPLC. The reaction was next cooled to room temperature and
quenched by the addition of anunonium chlornide (ag, 20 wit%. 6v}. The organics were
then washed with brine (6 v). The crude 12 n 2-MeTHF was concentrated to ~5 v and
azeotropically dried by constant distillation with 2-MeTHF until KF <1.5%.
Acetonitrile (5 v) was charged followed by succinic acid (2 .3g, .75 eq) portion-wise
at 35°C. The resultant storry was aged 1h at 35°C and cooled to 1 overnight.
Filtration followed by washing with acetomtnile/2-Me THF (11, 2v) afforded 12
hemi-succinate as a white solid (13.8 g, 95% vield). 1H NMR (400 MHz, DMSQO) §
12,18 (s, 1H), 848 (s, 1H), 833 (4, J =70 Hz, 1H), 813 (s, 1H}), 7.18{d, ] = 7.0 Hz,
1H), 675(d, J=86Hz 1H),562(q, I=59Hz 1H), 455 (5, J=71Hz 2H}) 388
(dp, J=108, 38 Hz [1H).347(dq.J=96,70Hz IH).325({dt,1=98, 69 Hz
2H), 313 (m, 3H), 2.86 (s, 3H), 2.42 (s, 2H), 218 (11, F = 7.7, 4 3 Hz, IH), 190 1.71
(m, 1H), 1.64(d J=60Hz 3H), 1364 J=71Hz 3H). 1.06{t, J=7.0Hz 3H)
0.93 (d. =69 Hz, 3H). C22H33N7048, (calc M+H: 492.2387), LCMS (El) ove
4922389 (M~ + H).

Compound of Formula (I}, 3-ethoxy-N-{((3K 45)-3-methyl-i-
{methylsulfonyDpiperidin-4-yi}-7-(1 H-pyrazol-4-yi}-{1,2 4ltriazolofl,S-alpyridin-

2-amine (crude)

Formula (I}

To a clean, merted reactor was charged 12 {or 12 hemi-succinate) in 2-
MeTHF, followed by IN agueous HC1 (32.3 L, 3 eq). The mixture was heated to 70 +
5°C while concentrating the reaction nuxture to remove acetaldehyde until reaction
was complete as indicated by HPLC. Upon completion, the reaction was cooled to 15-

30°C and the aqueous layer containing the product was removed. The organic layer
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was extracted twice with 1IN HCH(2 x 5.3 1, 2 v total) and the combined agueous
fayers were diluted with 2-MeTHF (45 L). The reaction mixture was neutralized by
the addition of 5 N sodium hydroxide (8.4 L} to a pH of ~8-9. The organic layer
containing the product was separated and the aqueous layer extracted with 2-MeTHF
{10.6 L, 2 v}. The combined organic layers were treated at 40°C with carbon £-941
{530 g, 20% wiw) and SitliaMetS imidazole (530 g, 20% w/w) for no longer than 12
hrs. The mixture was cooled to 15-30°C and filtered through Celite. The collected
solids were washed with 2-MeTHF (21.2 L). The filtrate contamning the product was
washed twice with water (7.95 L). The organic layer was concentrated while charging
2-Me THF at NMT 36°C 1o remove residual water. The reaction mixture was then
diluted with heptane (10 v}, maintaining a temperature of >45°C. Following aging at
50°C for ~30 min, the reaction mixtare was cooled to 15-30°C and filtered. The
product was washed with heptane (10.6 L, 2 v} and dried at no greater than 50°C to

give the crude compound of Fermula (I}

Selid Form of the Compound of Formula {I). §-ethoxy-N-{{3IR,48)-I-methyl-1-
{methylsulfonypiperidin-4-yi)-7-(1 H-pyrazel-4-yi}-{1,2 dltriazolofl S-alpyridin-

2-amine (Formula {I}}

Formula (§)

A 10% aqueous ethanol solution (42 L) was prepared in a clean, inerted
reactor. Next, the crude compound of Fermula (1} (4.2 kg) from the previous step
was charged and the contents of the reactor were heated to 50-80°C until a solotion
was observed. The solution was cooled to 47-57°C and C-941 activated charcoal (420
gy and SiliaMetS imidazole (420 g) were added. The mixture was agitated for no
longer than 12 hrs. The mixture was cooled to 35-50°C and filtered through Celite.
The filtrate was then polish filtered tnto a clean inert reactor. Polish filtered ethanol
was charged and distilied to remove water from the solution until Karl Fisher analvsis

met the criterion specified in the batch record. The mixture was cooled to -5-5°C. The
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solids were washed with cold ethanol (4.2 L) and dried 1n a vacuum oven at no greater

than 50°C.

Example 3
Synthesis of (3R,45)-F-methyl-1-{methylsulonylpiperidin-4-amine
hydrochioride (3}

YISy NH,
b

NS0 Me
N e h NaBH(OAc);
o CH,Cl, 07
HC 1

;ISO]EVIC

_ //\N,SO?_Me N\‘
HEBCS. 1. Cryst. o
1>h"ré?§ Y Qﬁ‘e\

3

2. Pd{OH),
HOI NH, HCI

Intermediate (1), 3-Methyi-1-(methylsulfonylipiperidin-4-one

e SOzMe

O/\}/

1

To a 3-liter 3-neck round bottom tlask with mechanical stirrer and
thermocouple under nitrogen was added 3-methylpiperidin-4-one hydrochlonde
(106.2 2. 710 mmol), DCM (708 mL) and methancsulfonyl chlonde (604 mb, 781
mmol}, The reaction nuxture was stirred and turned mto a solution within a few
minutes. Tricthvlamine (218 mi, 1562 mumol) was slowly added vie an addition
funnel over 30 min. The stirring was continued at room temperature overpight (12
brs}. The suspended solids were filtered off as a waste and the sohid was rinsed with
DCM (300 mL} in three portions. The filtrate was then washed with agueous $. 5 N
HCI to remove the TEA residue. The BCM layer was washed further with brine

solution {60 mL}. The DCM layer was then concentrated to dryness as a pale vellow
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solid (132 g, 97% yield) on a rotary evaporator under reduced pressure. The resulting
crade product, 3-methyl-1-(methyisulfonylipipendm-4-one (1, 132.1g, 691 numol, 97
% vield), was used m the next reaction without further purification. 'H NMR (400
MHz, BDMS0O) 8385374 (m, 2H), 3.21 ¢td, F = 11.9, 3.8 Hz, 1H), 2.98 (5, 3H},
288, J=115Hz 1H),2.78 - 2.67 {m, 1H), 270259 {m, 1H), 2.34(dt, J = 147,
3.6 Hz, 1H), 0.95(d, ] = 6.6 Hz, 3H). C:HusNOsS, (cale M+H: 192.0689), LCMS (ED
mie 192, (M* +H).

Intermediate (2). QR 45)-3-Methyl-1-(methylsulfonyl}-N-{({8}-1-

phenylethylpiperidin-4-amine

B -”/\N - SOQ?\’IC
: Lis)
Ph’?g)\N"\jé)
H
2

To asolution of 1 {1324 g, 1 eq) in THF {1324 mL, 10 v) was charged {(8)-1~
phenylethan-1-amine (134 mL, 1.5 eq) and DIPEA (145 mL, 1.2 eq). Sodium
triacetoxvhorohydride (STAB: 220 g, 1.5 eq} was added portion-wise while
maintaming 20-25°C {delayed exotherm can be seen). The reaction mixture was
agttated for | h until complete by HPLC, and then guenched by the slow addition of
methanol (132 mL, 1v). The mixture was concentrated to minimal volume and diloted
with dichloromethane (1324 mL, 10 v}. The organics were washed twice with
saturated sodium bicarbonate (6 v and 4 v), then brine {2 v), and then concentrated to
near dryness. The crude was dituted with EtOAc (4 v), and concentrated to a mmimal
volume to remove residual DUM. The crude solids were then shurmied in EtOAc {4 v)
and warmed at 70°C to form a homogeneous mixture. The reaction mixture was
cooled 1o 60°C and seeded with 2, cooled to 50°C, and aged for crystal growth for 6
hes, followed by slow cooling to 0°C. The solids were filtered, washed with EtQAc
{1v), and dried to afford 2 (115 g, 56.3% yield, 94.0.5:5:5 dr} as a white solid.

A diastereomeric nuxture of 2 (115 g, 1 eq, 94:0.5:5:5 dr) was warmed at
reflux m EtOAc (693 mL, 6 v} to afford a clear to almost clear solution. The solution
was cooled at 60°C and seeded as auto seeding was not seen. The mixture was aged at
50-60°C for 5 hrs to atford a thick shurry and continned to cool to 1t slowly. The

solids were 1solated via filiration, washed with EtOAc (1 v), and dried in a vacuum
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oven (o afford 2 (92 4dg, 80% vield, 99.27:0:0.73:0 dr} as a white solid. The
crystallization was repeated untt desired dr was obtained (typically two
recrystallizations). 'H NMR (400 Mz, DMSO) 3 7.39 - 732 (m, 2H), 735 -7.26
(o, 2H), 725 - 716 {m, 1H), 3.77 {q. I= 6.6 Hz, 1H}, 337 - 3.27 {m, 1H}, 3.18 {ddd,
F=117,45 1.8 Hz 1H), 2.75 (s, 3H), 2.70 - 2.59 (m, 2H}, 237 (dt, J = 9.1, 45 He,
H), 199(q,J =48 40Hz, 2H), 145(m, 2H), 1.23(d, I =66 Hz 3H). 094 ({d. I =
6.9 Hz, 3H). CisHud00S, (cale M+H: 297163 1), LOCMS (EI) /e 297 2 (M7 + H).

Intermediate (3). QR 45)-3-Methyl-I-{(methyisulfonypiperidin-4-amine
hydrochloride

?Ozi\’ie
N

N
o L
g Hivl

NH, HCI
3

To a solution of 2 (10.31 g, 1 ¢g) in methanol (200 mL, 20 v} was charged
PA(OHY: (2.4 g, 20%wi} and HCHGN in MeGH: 11.6 mL, 1 ¢g). The reaction mixture
was degassed and subjected to He {60 psi} for 24 hrs. Additional Pd{OH}2 (0.73 g,
20%wi} was charged and the mixture was subject to Hz for an additional 6 hrs at
which point it was complete by HPLC analysis. The reaction mixture was filtered
through Celite, washing with methanol (3 x 60 mL, 6 v} and concentrated to drvness
in vacuo. The crude solids were triturated in heptane (40 mL, 4 v} at 60°C for 6hrs,
The shurry was cooled to 1, filtered, and washed with heptane (20 mL, 2 v) to afford 3
(7.5 g, 94% yieid) as the HCl salt. 1H NMR (400 MHz, DMSO) 5 8.3% - 8.33 (s, 3H),
349 -339(m, 1H),333-324(m, 2H),302(dd. J=12.1,33Hz 1H), 298288
(o, 1H), 2.87 (s, 3H), 224 - 2.14 (m, 1H), 1 83 (m, 2H), 0.97(d, I =70 Hz, 3H).
CrHieN2 008, {cale M+ 193.1005), LCMS (ET) m/e 1931 (M7 + H)},
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Example 4
Synthesis of 2,7-dibromo-8-ethoxy-{1,2,4ltriazolo]] S-alpyridine (7}
OH o N 0,»\

4
o o™
HONH, HCI (G eq YDIPEA (2 eq.) CuBRry/--BuORMeCN
2 Br o Br A
EtOH/MeOH } NH, 4°C - RT P
! N~ N N N N
6 7

Intermediate {(4). 4-bromo-3-ethoxypyridin-2-amine

To a 5 L round bottomed flask eqaipped with mechanical stirrer and reflux
condenser under nitrogen environment was combined Z-amino-4-bromopyridin-3-ol
byvdrobromide (245.0 g, 871 mumol), cesium carbonate (568 g, 1743 mmol} and
acetomtrile (2000-2500 ml., 711 mmol}. The mixture was stirred 15 minutes and
rodocthane {105 mb, 1307 mmol) was added. The reaction mixture was heated at 65+
70°C for 1% hrs and was noted to be complete by HPLLC analvsis. The reaction
mixture was cooled and allowed to stir at room temperature for 30 min. The resulting
reaction shurry was filtered over Celite to remove salts and the cake washed with
dichloromethane. The filtrate containing the product was concentrated to dryness and
500 mL methylene chloride was added. Additional cestum carbonate precipitated and
was removed by filtration. The filtrate was concentrated and sabjected to silica plug
using a 750 g Biotage column using a gradient of ethyl acetate/dichioromethane from
0 1o 25%. Clean fractions were combined and conceuntrated on a rotary evaporator,

The resulting solid was slurried m 1.25 to 1.5 volumes of heptane and heated
to 98°C. The mixture was then cooled to 0°C. The solid was filtered and washed with
ice cold heptane. The solid was dried by pulling air through the cake. 4-bromo-3-

ethoxypyridin-2-amine (4} was obtained in 70-75% vield. 'H NMR (460 MHz,
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DMSO) § 7.53 (d, § = 5.4 Hz, 1H), 6.73 (&, = 5.3 Hz. 1H), 6.13 (s, 2H), 3.91 (g, I =
7.0 Hz 2H), 1.35 (. J = 7.0 Hz. 3H). CHBMN0, (cale M+H: 216.9971), LCMS (ED)
mfe 216.9 (M* +H).

Intermediate (5)

741

To a solution of 4 (44.7 g, | eq) n DCM (400 mL, 9 v) was added
cthoxycarbonyl isothiocyanate (26.7 mL, 1.1 eq), while the temperature was
maintained at 20°C. The reaction mixture was agitated for 16 hrs until compiete by
HPLLC, then concentrated to dryness to afford 8 (71.7g, quant.} and used directly in
the next reaction. C1iHuBrNa(OsS (cale M+H: 348 0012), LOCMS (Bl m/e 3481 (M©
+H).

Intermediate (6). 7-bromo-8-ethoxy-[1,2 4liriazolo{1,5-alpyridin-2-amine
o™

BI\,/l\rN
-
> NH,
Nep? 2

Ny -
&

To a sturrv of hydroxylamine hydrochlonide (42.9¢, 3 ¢q) in methanol (300
mL, 4 v} was added Himg’s base (N N-diisopropylethylamine) (71.9 mlL, 2 ¢q) and
the mixtore was agitated at rt for 50 min. The reaction mixture was then added to a
separate flask containing 5 (71.7 g, 1 og) in ethanol (300 mL. 4 v} and warmed at
reflux for 2 hrs until complete by HPLC. The reaction mixture was cooled fo rt and
concentrated to ~1.5 v. The resudtant shory was cooled to 0°C and quenched by the
addition of ammonium hydroxide {28%, 37.3 mi., 2 eq) then diluted with water (120
mi, 2 v} The slurry was agitated 15 min, filtered, and washed with water (2 x 100
mL), and dried to afford 6 (48 8g, 92% vield). *H NMR (400 MHz, DMS50) 3 8.25 (4,
Fe=7O0Hz IH), 7.03 (4, F=7.0Hz, 1H), 6.16 (s, 2H}, 4.55¢q, I = 7.0 Hz, 2H}, 1.32
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(t, 3= 7.1 Hz, 3H). CsHioBrNsO, (cale M+H: 257.0032), LOMS (ED) m/e 257.0 (M™ +
H).

Intermediate (7). 2,7-dibromo-8-ethoxy-{1,2,4]iriazolo{1,5-alpyridine

To a mixture of 6 (150 g, 383 mmol) and CuBr: (134 g, 600 mumol} in
acctonitrie (1500 mL} at 0°C was added t-BuONO (1443 ¢, 1399 nunol) dropwise
over 30 nunutes. The resulting mixture was stirred at 0°C for 2 hrs followed by 2 lus
at room temperature (TLC indicated that all of starting material was consumed). The
reaction mixtare was concentrated under reduced pressure. To the residue was added
DCM (3 L), and stirred for half an hour. The mixturc was then passed through a pad
of silica gel (300 g), cluting with DCM untd no product was detected by TLC. The
fraction collected was evaporated to afford the desired product (137 g). To the prodact
{137 g} m EtOAc (1500 mL) was added charcoal (45 g, ~100 mesh particle size), and
the resulting suspension was stirred at room temperature for 2 brs. The mixture was
filtered through a pad of Celite and washed with EtOAc (1500 mL). The filtrate was
concentrated under reduce pressure. To the residue (125 g) was added hexanes (500
mL}, and was stirred. The solid was recovered by filtration and washed with hexanes
(500 mL}. The filter cake was air-dricd to afford 7 as a pale beige solid (111 g). 'H
NMR (400 MHz, DMSO) 8865 (d, F=72Hz, ), 747(d, J =72 Hz, 1H), 465 {q,
F=70Hz, 2H), 1.37 (, 1= 7.0 Hz, 3H). CsHrBrzNaO, (calc M+H: 319.9029), LCMS
(Ehym/e 3199 (M™+ H).

Example 5
Selid State Characterization of Formula (1)
X-Ray Powder Diffraction (XRPD)
The X-Ray Powder Diffraction {(XRPD)} was obtained from Bruker D8
Advance ECO Xeray Powder Enffractometer (XRPD) instrument. The general
experimental procedures for XRPD were: (13 X-ray radiation from copper at 1.5418 A

and LYNXEYE™ detector; (2) X-ray power at 40 k¥, 25 mA; and (3} the sample
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powder was dispersed on a zero-background sample holder. The general measurement
conditions for XRPD were: Start Angle 3 degrees; Stop Angle 30 degrees; Sampling
0.015 degrees; and Scan speed 2 degrec/min.

Bifferential Scanning Calorimetry (DSC)

The DSC was obtained from TA Instruments Differential Scanning
Calorimetry, Discovery DSC2500 with amtosampler. The DSC instrument conditions
were as follows: 20-300°C at 10°C/mm; Tzero aluminum sample pan and hd; and
nitrogen gas flow at 50 mL/min.

Thermeogravimetric Analysis (TGA)

The TGA was obtained from TA Instruments Thermogravimetric Analyzer,
Discovery TGAS500 with autosampler. The general experimental conditions for TGA
were: ramp from 25°C to 300 °C at 10°C/min; nitrogen purge gas flow at 25 mL/min;

platinum sample holder.

Formula (I} Free Base Form [

The crystalline free base of the compound of Formula (I) as obtamed in
Examples 1 and 2 was characterized and is referred to herein as Form I Form 1 free
base was characterized by XRPD, DSC, and TGA. The XRPD pattern is shown in
Figure | and Figure 28 and the XRPD data are provided 1o Tables la and 1b, which
confirms that Form T was a crystalline solid.

The DSC thermogram s shown in Figure 2. The DSC thermogram revealed a
major endothermal event at an onset temperature of 191.7°C with a peak temperature
of 193 .6°C which 1s believed to be the melting/decomposition temperature of the
compound.

A second BSC was obtained using a Q200 V24.11 DSC using a ramp of 10°C
per minute up to 300°C. The DSC 1s shown in Figure 29. The DSC thermogram
revealed a major endothermal event at an onset temperature of 191.3°C with a peak
temperature of 193.3°C which is believed to be the melting/decomposition
temperature of the compound.

The TGA thermogram is shown in Figure 3. Weight loss of $.96% was
observed at below 200°C. The compound started to decompose above 200°C.

Table Ia. XRPD Data for Crystalline Free Base Form |
2-Theta {°) Height H%
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71 3226 7.4
73 21873 562
7.5 368 0.7
8.0 236 0.5
83 112 0.3
97 236 0.5
10.1 1125 2.6
165 3691 8.5
112 349 0.8
115 1164 2.7
12.5 3584 8.2
12.8 35446 813
13.0 1610 3.
133 3339 7
138 218 0.5
t4.2 2284 5.2
145 4779 1190
15.0 2427 5.6
152 7743 178
15.6 3290 7.3
16.0 11878 272
164 17818 40.9
16.6 1383 32
17.0 771 1.8
17.2 1765 4.0
17.4 2257 3.2
17.6 3220 7.4
17.9 283 0.7
18.0 513 1.2
186 10693 2.5
19.2 1754 4.0
19.5 386 1.3
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198 5167 t1e
201 2477 57
203 43601 100
20.6 12763 293
213 36838 R4.5
216 15085 346
219 1805 4.1

222 3908 9.0
22.6 3592 &2
231 S060 20.8
239 5713 131
243 325 0.7
246 408 0.9
250 2865 6.6
57 4574 105
6.0 348 0.8
26.4 4750 109
26.8 7514 172
27.0 15041 3458
278 2548 3.8
279 4947 113
282 213 0.5

286 1558 36

28.9 1661 3.8

292 1043 24

94 467 1

208 815 1.9

Table 1b. XRPD Data for Crystalline Free Base Form §

2-Theta (¢} Height He%
7.5 2335900 832
106 30976 10.9
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13.0 205684 72.6
147 42552 15.0
153 38144 135
162 121679 429
166 113132 389
176 27890 98
205 283366 146
208 35684 303
214 263761 93.8
233 71442 252
24.0 53028 18.7
252 29928 16.6
258 38144 13.5
271 136962 483
28.0 64762 2.8
289 29217 16.3
305 12495 4.4
328 14303 5.0
375 10129 36
394 2725 1.0
403 8331 9.4

Formula (1) Maleate Salt

Preparation of Formula (I} maleate sait

574.0 mg of free base was dissolved in 8 mL of 11 dichloromethane

5 (DCMymethanol in 3 20 mL clear glass vial with sturing. To the solution, 1913 mg
of maleic acid (1.2 eq) was added and mixed well. The sohution was evaporated
without a cap at room femperature to dryness overnight. To the resulting solid, 5 mL
of acetone was added and stirred for 2 hrs at room temperatore. The solid was
collected by filtration, washed with acetone and vacuum dried at 30°C for 2 s, The
10 salt ratio between the free base and maleic acid was determined to be 1.0 by NMR

analysis.
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The maleate salt was confinmed as a crvstalline solid according to XRPFD
analysis. The XRPD pattern is shown in Figure 4 and the peak data are provided in
Table 1.

The DSC thermogram is shown in Figure 5. The DSC thermogram revealed a

5  major endothermal event at an onset temperature of 180.4°C with a peak temperature
of 181.9°C which 1s believed to be the melting/decomposition temperature of the
compound.

The TGA thermogram is shown in Figure 6. Weight loss of 19.9% was
observed between 100-260°C.

10 Table 2. XRPD Data for Maleate Salt

2-Theta (%) Height H%
8.5 145 0.8
10.4 11653 66.2
116 4629 263
12.0 17607 100
14.1 6311 358
14.4 1058 6.0
149 3931 223
151 5917 336
16.3 1769 (0.0
16.6 297 7
17.2 8252 469
17.4 736 42
18.1 4947 8.1
19.1 11887 675
19.7 4533 257
20.0 3436 195
20.2 4927 28.0
2.9 6663 379
212 4482 255
213 8857 503
215 5010 285
219 10453 394
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22.3 151 0.9
229 8359 475
235 1830 10.4
238 376 21
2472 G029 513
249 1581 9.0
252 3574 203
259 6318 359
26.5 369 2.1
269 813 4.6
27.0 730 4.1
276 1693 9.6
281 927 53
234 1539 8.7
8.9 1018 5.8
291 3192 18.%
297 429 2.4

Formula (I} Besylate Salt

FPreparation of Formula (I} besylate salt

104 .98 mg of the free base of Formula (1) was dissolved in 2 mL of 111
dichloromethane (DCMY methanol in a 4 mL clear glass vial with stirring. To the
solution, 47.75 mg of benzenesulfonic acid (1.2 eg) was added and mixed well. The
solution was evaporated without a cap at room temperature to oif overnight. To the
resubting o1l, 1 mL of acetonitrile was added to obtain a solution with stirring at room
temperatare. The solation was evaporated again withoat a cap at room temperature (o
oil overmight. Then 1 mb of acetone was added to the oil and slurried to solid for 1-2
brs at room temperature. The besvlate salt was collected by filtration, washed with
acetone, and vacuum dried at 50°C for 1 hr. The salt ratio between the free base and
benzenesulfonic acid was determined to be 2.0 by NMR analysis.

The besylate salt was confirmed as a crystalline solid according to XRPD
analysis. The XRPD pattern 1s shown in Figure 7 and the peak data are provided in
Table 3.
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The DSC thermogram is shown in Figare 8. The DSC thermogram revealed a

major endothermal event at an onset temperature of 160 .4°C with a peak temperature

of 163 .4°C whach is belicved to be the melting/decomposition temperature of the

compound.

5 The TGA thermogram is shown in Figure 8. Weight loss of 1.0% was

observed below 150°C and significant weight loss occurred above 150°C due to

decomposition of the compound.

Tabie 3. XRPD Bata for Besylate Salt

2-Theta () Height H%
6.3 45298 100
3.4 240 0.5
9.9 2592 57
16 367 13
11.9 2520 5.6
121 5502 124
12.6 3767 8.2
133 1286 2.8
142 701 1.3
148 161 0.4
155 766 1.7
159 2920 6.4
163 279 0.6
16.5 836 1.¢
17.0 789 1.7
17.4 3847 8.5
18.0 351 0.3
18.4 3569 79
18.7 3638 8.0
19.0 8399 18.5
i9.6 4324 9.5
IR 543 1.4
20.6 333 1.2
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20.8 1362 31
211 782 1.7
216 2270 5.0
222 3312 73
231 781 L7
233 2880 5.4
237 3021 6.7
241 1640 3.6
24.4 577 1.3
251 4225 9.3
253 1078 2.4
2690 2419 5.3
269 1317 29
230 991 22
287 994 22
2072 210 0.5

o

Formula (1} Mesylate Salt

Preparation of Foermula (I} mesylate salt

108.57 mg of the free base of Formula (I} was dissolved m 2 mL of 111
dichloromethane (BCMymethanol 1 3 4 mL clear glass vial with stirring. To the
solution, 20.2 ul of methanesulfonic acid (1.2 eq) was added and mixed well. The
solution was evaporated without a cap at room temperature to oil overnight. To the
resulting oil, I mL of acetone was added and slarnied to sohid for | hr at room
temperatare. The mesylate salt was collected by filtration, washed with acetone. and
vacuum dried at S0°C for | hr. The salt ratio between the free base and
methanesulfonic acid was determined to be 1.2 by NMR analysis.

The mesylate salt was confirmed as a crystalline sohd according to XRPD
analysis. The XRPD pattern 1s shown in Figure 10 and the peak data are provided in
Tablc 4.

The DSC thermogram is shown in Figure 11, The DSC thermogram revealed
first dehydration at an onset temperature of 24.6°C with a peak temperature of 61.1°C

and a second endothermal event at an onset temperature of 134.4°C with a peak
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temperature of 150.1°C which is believed to be the melting/decomposition

temperature of the compound.

The TGA thermogran is shown 1n Figure 12, Weight loss of 0.65% was

observed below 125 °C and significant weight loss occurred above 1507C due to

5  decomposition of the compound.

Tabie 4. XRPD Data for Mesylate Salt

2-Theta {°) Height H%
48 3485 213
7.0 8253 304
8.6 699 43
9.7 106 0.6
10.6 120 0.7
119 16384 100
12.9 261 1.6
14.1 4036 246
14.6 2349 14.3
149 4916 30.0
16.1 718 4.4
16.2 477 29
17.0 679 4.1
17.3 307 1.9
17.7 3073 I88
18.4 1297 79
18.9 4903 2699
19.4 284 1.7
202 7937 48 .4
20.8 619 38
213 164 1.0
219 3217 19.6
321 7682 469
23.0 3161 189
237 2805 17.1
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243 2003 122
253 683 4.2
261 483¢ 285
263 1670 6.5
6.9 108 0.7
273 833 31
282 i51 0.9
285 1374 8.4
28.8 695 4.2
291 736 4.5
294 443 2.7

20

Formula (I} Tosylate Salt

Preparation of Formula (I} tosylate salt

121.81 mg of the free base of Formula (I} was dissolved in 2 mi of 111
dichloromethane (DCM)/methanol 10 a 4 miL clear glass vial with sturing. To the
solution, 67.03 mg of p-toluenesulfonic acid monohydrate (1.2 eq) was added and
mixed well. The solution was evaporated without a cap at room temperature to oil
overnight. To the resulting oil, 1 mL of acctonitrile was added to obtain a solution
with stirring at roon tomperature. The solution was evaporated again without a cap at
room temperature to oil/sermi-sohid overnight. Then 1 mb of acetone was added and
slurried to solid for 1 hr at room temperature. The tosvlate salt was collected by
filtration, washed with acetone, and vacuum dried at 50°C for | br. The salt ratio
between the free base and toluenesulfonie acid was determined fo be 2.0 by NMR
analysis.

The tosvlate salt was confirmed as a crystalline solid according to XRPD
analysis. The XKPD patiern 15 shown m Figure 13 and the peak data are provided i
Table 5.

The DSC thermogram is shown in Figure 14. The BSC thermogram revealed
one exothermal event at an onset temperatare of 99.6°C with a peak temperature of
119.5°C and one codotbermal event at an onset temperature of 216.1°C with a peak
temperatare of 218.7°C which is believed to be the melting/decomposition

temperature of the compound.
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The TGA thermogram is shown in Figure 13, Weight loss of 0.76% was
ohserved below 150°C and significant weight loss occurred above 200°C due to
decoraposition of the compound.

Table 5. XRPD Data for Tosylate Salt

2-Theta {7) Height H%
57 3637 42.4
39 855 118
78 7161 100
3.1 1663 232
3.4 557 78
8.9 645 9.0
9.3 1691 236
99 329 4.6
6.2 351 4.9
113 1108 155
L 793 114
125 874 12.2
135 733 16.2
13.7 1711 239
13.9 2254 31.8
14.5 1316 18.4
15.7 132 1.8
16.2 1961 274
16.5 663 93
16.9 1586 221
17.1 1466 20.5
175 1318 184
17.8 405 37
183 1261 17.6
188 1841 57
18.5 383 33
203 1631 22.4
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20.6 2753 384
210 1567 219
215 1034 14.4
233 874 122
73.0 703 9%
233 522 7.3
24.0 633 8.8
245 1652 231
248 1506 21.0
258 785 10
26.3 113 16
27.0 316 4.4
272 421 59
27.7 120 1.7
756 493 5.9
8.8 311 71

o

Formula (I} Mouno-Hydrochloride Salt

Freparation of Formula {I} mono-hydrochloride salt

102.7 mg of the free base of Formula (I} was dissolved in 2 mE of 111
dichloromethane (DCMYmethanol in a 4 ml clear glass vial with stirdng. To the
solution, 49 pL. of 6 M aqueous hydrochloric acid (1.2 eq) was added and mixed well.
The solution was evaporated without a cap at room temperatare to dry solid overnight.
To the resulting solid, 1 mL of acetone was added and slurried for 1 hr at room
temperature. The mono-hydrochloride salt was collected by filtration, washed with
acetone and vacuum dried at 50°C for | br. The salf ratio between the fice base and
hydrochloric acid was determined to be |.08 by 1on chromatography analysis.

The mono-hydrochloride salt was confirmed as a crystalline solid according to
XRPD analysis. The XRPD pattern 1s shown wn Figure 16 and the peak data are
provided in Table 6.

The DSC thermogram is shown in Figure 17. The DSC thermogram revealed

one major endothermal event at an onset temperature of 196.0°C with a peak
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temperature of 212.2°C which is believed to be the melting/decomposition
temperature of the compound.
The TGA thermogran is shown 1n Figure 18, Weiglht loss of 9.4% was
observed below 225°C. Weight loss continued above 225°C due to decomposition of
5  the compound.
Table 6. XRPD Data for Mono-Hydrochieride Salt

2-Theta {°) Height H%
3.7 668 413
g5 944 384
16.8 149 9.2
113 320 198
13.0 307 314
13.8 1333 82.5
14.1 1535 95.0
15.0 1483 918
15.1 1330 823
157 639 3956
17.1 134 83
15.4 1268 785
19.3 1108 68.6
19.9 261 16.2
205 411 255
218 836 518
22.1 784 485
22.8 396 36.9
237 126 7.8
240 332 20.6
248 358 222
257 1616 100
288 244 151
02 146 9.0

Formula (I} Di-Hydrochloride Salt
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Preparation of Formula (I} di-hydrochioride salt

100,35 mg of the free base of Formula (I} was dissolved in 2 mbL of 111
dichioromethane (BCM)/methanol 1o a 4 mL clear glass vial with sturing. To the
solution, 88 L of 6 M aqueous hydrochloric acid (2.2 eq) was added and mixed well.
The solution was evaporated without a cap at room femperature to 0.2-0.3 ml with
solid overnight. Then 1 mL of acctone was added and slurried for 1 hr at room
temperature. The di-hvdrochlonide salt was collected by filtration, washed with
acetone, and vacuum dried at S0°C for 1 hr. The sali ratio between the free base and
hyvdrochloric acid was determined to be 1.50 by ton chromatography analysis.

The di-hydrochlonide salt was confirmed as a crystalline solid according to
XRPD analysis. The XRPD pattern 1s shown in Figure 19 and the peak data are
provided in Table 7.

The BSC thermogram is shown in Figure 20. The DSC thermogram revealed
one major endothermal event at an onset teraperature of 182.1°C with a peak
temperature of 206.4°C which is believed to be the melting/decomposition
temperature of the compound.

The TGA thermogran is shown i Figure 21. Weight loss was observed in
multiple steps: 8.3% below 175°C and 7.3% between 170°C and 240°C. Weight loss
continued above 240°C due to decomposition of the compound.

Table 7. XRPD Bata for Di-Hydrochloride Salt

2-Theta () Height H%
72 315 43
.4 235 2.0
99 792 5.6
10.7 761 6.4
12.3 1046 &8
12.5 210 1.8
13.0 7663 641
13.4 1204 161
14.0 6209 320
14.5 186 1.6
152 3901 327
157 1789 15.0
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16.0 498 42
16.5 36 0.5
169 723 6.1
174 534 45
17.6 1838 154
182 1533 12.9
18.6 761 6.4
188 684 57
196 2681 224
19.9 5945 498
207 484 41
213 254 21
218 11946 100
223 2757 234
232 1109 93
233 1352 113
237 1635 139
240 3439 290
244 23 44
248 7162 60.9
251 1437 129
255 914 7.7
256 1056 838
26.2 1731 143
6.5 549 46
26.8 906 7.6
277 219 18
283 250 2.
288 2439 204
200 1680 14.1
293 1233 103
295 712 6.0
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Example 6
Formula (I} Studies
Solubility measurement
The solubility of the compound of Formula (I) Form I was measured at 25°C
5 at50°C.

The solubility measurement at 25°C was performed according to the following
procedure. 5 mL of solvent {see Table 8) was added to the individual vials. The
compound of Formula (T} Form I was added to the vials {o get a cloudy solation at
25°C. Another approximately 20 mg of the compound of Formula (1) Form { was

10 added to the cloudy solution. The mixture was agitated at 25 & 1°C for 48 h, which
was controlied by IKA® ETS-DI5 temperature controlicr and IKA® RCT basie safety
control. The supematant was filtered using a synnge filter (.22 um). The saturated
solution was pipetted into HPLC vials and diluted with MeOH or acetone. The
samples were analyzed by HPLC and the corresponding solubility was calculated as

15 indicated in Table 8.

The solubility measurement at 50°C was performed according to the following
procedure. 5 mL of solvent {(see Table 8) was added to the individual vials. The
compound of Formula (1) Form 1 was added to the vials to get a cloudy solution at
50°C. Another approximately 20-25 mg of the compound of Formula (I} Form T was

20 added. The mixture was agitated at 50 = 1°C for 24 h, which was controlled by IKA®R
ETS-D3 temperature controlier and IKA® RCT basic safety control. The supernatant
was filtered quickly using a warmed syringe filter (0.22 um) at 50 + 1°C. The
saturated solution was pipetied into HPLC vials and diluted with MeOH or acetone.
The samples were analyzed by HPLC and the corresponding solubility was calculated

25 asindicated in Table 8.

Table 8. Solubility (mg/mL} of the compound of Formuda (I) Form § in various

solvents
Solvent Solubility (25°C) Selubility {86°C}
MeCN 75 30.1
Chioroform > 50% > 50%
Dichloromethane 18.5 371
Duncthylformanude > 50% > 50%
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Selvent Solability (25°C) Solubility {(S8°C}
1,4-Dioxane > 30% > §0%
MeOH 187 481
2-Methoxvethanol > 50% > 50%
Methvi iso-butyl ketone 25 45
Toluene 0.1 0.5
Acctone 301 4072
n-BuOH 3. 2.7
tert-Butyl methyi ether 0.2 33
DMSO > 3(% < G(
ExOH 5.8 157
EtOAc 3.8 6.8
Ethyl formate 118 152
Heptane 0 O
iso-Butyl acctate i1 1.6
iso-Propyl acctate 1.8 30
n-Propanol 4.8 131
iso-Propanol {(IPA) 33 9.1
Water 0.06 0.2
Methy! ethyt ketone 15.9 253
Tetrabhydrofuran (THF) > 50% > 50%
2-Methyl THF 9.6 187
2-Me THE/H:O/Heptaoe (1:1.5%:1) 0.2 0.6
2-Me THE/HO/Heptane (1:3%:1) 6.3 .4
3% water in EtOH 9.8 20.0
6% water i EtOH 149 364

Ax 25°C, the compound of Formula (1) Form T had excellent solubility in (> 50

mg/mL) m CHCL, dimethylformamide (DMF), 1 4-dioxane, 2-methoxyethanol,
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DMSO, and THF. It had relatively good solubility {15 mg/ml < solubility <350
mg/mb) in dichloromethane, MeOH, acetone, methy! ethyl ketone. ft was slightly
soluble (1 mg/mi < solubiity < 15 mg/mkL) in acetonitrile, methyl iso-butyl ketone,
EtOH, n-propanol, iso-propanol, n-butanol, EtOAc, iso-propyl acetate, iso-butyl
acetate, ethyl formate, Z-methyl THFE, 3% water in EtGH, and 6% water in EtOH. It
had poor solubility (< I mg/al)} i tolucne, ferf-buty! methyl ether (MTRE), water, 2-
methyl THFHO/Heptane (volume ratio 1:1.5%:1), and 2-methyi THF/H:O/Heptane
{volume ratic 1:3%:1}. It was completely insoluble in heptane.

At 50°C, the compound of Formula (§) Form | had excellent solubility in (> 50
mg/ml} in CHCL, dimethyiformanude (DMF), | 4-dioxane, 2~methoxyethanol,
DMSG, and THF. It had relatively good solubility (135 mg/mL < solubility < 30
mg/mb} in acctonitrile, dichloromethane, MeOH, EtOH, acetone, methyl ethyl
ketone, cthyl formate, Z-methyl THF, 3% water in BtOH, and 6% water 1o EtOH It
was shightly soluble (1 mg/mL < solubility < 15 mg/mL} m methy! isc-butyl ketone,
p-propanol, iso-propanol, n-butanol, EtOAc, ise-propyl acetate, and iso-butyl acetate.
it had poor solubility (< | mg/mb} n toluene, fer-butyl methyl ether (MTBE), water,
2-maethyl THF/HO/Heptane (volume tatio 1:11.5%:1), and 2-methyl
THFAH:O/Heptane (volume ratio 1:3%:1). It was completely insoluble 1n heptane.
Phase equilibrivm

Phase equilibration studies were conducted to identify a predominant crystal
form for phase identification. Based on 1ts solubility in various solvent systems (Table
8}, the compound of Formula (I} Form I was equilibrated in a representative groups of
solvents at 25 £ 1°C and 50 = 1°C. To the solvents, the compound of Formula (1)
Form [ was added until a cloudy solution was obtained, then approximately 20 mg of
the compound of Formula (I} Form T was added to the cloudy solution. The mixture
was stirred at 25 £ 1°C or 50 £ 1°C for 48 hours or 24 hours, respectively. The solid
was filtered, dried o vacuum, and analyzed by XRPD.

The material obtained showed as crystalline Form [ for phase equilibration at
25°C and 50°C in all solvents tested. The results are shown in Table 9 (N/A indicates

not tested).
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Table 9. Crystalline form for phase equilibration

Solvent Sofid Form Solid Form {56°C}
{25°Ch

MeCN I i
Chlorotorm I N/A
DCM I I
Me(OH | I
MIBK | I
Toluene i I
Acetone I I
n-BuOH I I
MTBE I |
ExOH I i
Et(hAc I I
Ethyl formate I I
Heptane I I
Isobutyl acetate | I
IPAC I I
n-Propanol i I
IPA I I
Water i I
MEK I |
THF I N/A
2-Methyl THF I I
Me-THF/HO/Heptane
(1:0.015:1) I E
Me-THF/HO/Heptane (1:0.03:1) I i
3% HxO m EtOH I |
6% HO i EtOH I |
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Evaporation studies were carried out to identify the predominant crystalline

form during uncontrolied precipitation. XRPD was used to study the solid-state

morphology of the crystalline forms of the evaporation samples at 25 £ 1°Cand S0 £

o

was too small to be analyzed by XRPD).

Table 10, Crystalline form from evaporation

1°C. The results are shown in Table 10 (N/A indicates that the amount of precipate

Solvent Solid Form (23°C) Solid Form {30°C)
MeCN it I+
Chloroform N/A N/A
DCM 1] I+
DMF N/A N/A
I.4-Dioxane it N/A
Me(H I i
2-Methoxy-ethanol N/A N/A
MIBK I 1
Toluene N/A N/A
Acctone i 1
n-BuQOH i i
MTBE N/A N/A
DMSO N/A N/A
EtOH 1] 1
EiQAc I 1
Ethyl formate I i
Heptane N/A N/A
Isobutyl acetate I i
PAC i 1
n-Propanol I+ i
PA it i
Water N/A N/A
MEK I i
THF N/A N/A
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Solvent Sofid Ferm (25°C) Solid Form (30°C)
2-Methyl THF I i
Me-THF/H.O/Heptane

(1:0.015:1) i 1
Me-~-THF/HO/Heptane (1:0.03: 1) I I

3% Ho0 in EtOH I 1

6% Ha0 in EtOH ¥ i

The solids of the compound of Formula (I) obtained afier evaporation at 25°C
i dichloromethane, acetominle, ethanol, and IPA had a different XRPD pattern when
compared to that of the staring material {the compound of Formula (I} Form [} and s
5 referred to as Form 11 The solids obtained afier evaporation at 25°C i | 4-dioxane
had a different XRPD pattern when compared to those of Form 1 and Formo H and s
referred to as Form HiL
Anti-solvent addition
Saturated solutions and nearly saturated solutions of the compound of Formula
10 (I} Form I were prepared in the solvents listed in Table 11 at room temperature. An
anti-solvent was added dropwise to induce precipitation. As indicated in Table 11, only
Foro I was observed.

Table 11. Precipitation from anti-solvent addition

Solvent {mL) Anti-solvent (mL) Sofid Form
DMF (1.0} MTBE (1) i
DMF (1.0) Ho O (10) i
L4-Dioxane (1.0) MTBE (13} I
I,4-Dioxane (1.0} Ha(d (10) i
2-Methoxy-cthana] (1.0) MTBE (10} 1
2-Methoxy-cthanol (1.0) H 0O (10) i
THF (1.0) MTBE i
THF (1.0} Ha0 (10) i

15 Reverse addition
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Saturated solutions and nearly saturated sclutions of the compound of Formula
(1) Form I were prepared in the solvents listed in Table 12 at 25°C and added
dropwise to a larger volume of a miscible anti-solvent. As shown m Table 12, m the
reverse addition experiments, no new polymorphic forms were identified.

5  Table 12. Precipitation from reverse addition

Selvent (mL} Anii-solvent {mL} Solid Form
DMF (1.0 MTBE (8) 1
DMF (1.0} H20 (8) i
L4-Dioxane (1.0) MTBE (8) i
Ld-Bioxane {1.0) H20 (8) 1
2-Methoxy-ethanol (1.0} MTBE (&) i
2-Methoxy-ethanol (1.0} H0 (8) 1
THF (1.0 MTBE (8) 1
THF (1.0} H0O(8) 1

Quench cool of saturated solution
Saturated or nearly saturated solutions of the compound of Formula (I}
prepared at 25°C were quench-cooled to about 20 to about ~-30°C to induce
10 precipitation of higher energy forms. Representative solvents were chosen based on
solubility data measured at 25°C and 50°C. As shown n Table 13, Form IH solids
were observed in 1 4-dioxane.

Table 13. Crystal forms from goench cool experiment

Solvent Selid Form
DMF N/A (sticky}
1.4-Dioxane i
MeOH i
2-Methoxy-ethanol N/A {sticky}
THF i

15 Crystallization of saturated solutions with heating and cooling cydes
This experiment was conducted to identify a more stable form of the compound
of Formula (I} than Form 1. Saturated solutions of the compound of Formula (1) were

prepared at 50°C and cooled in a bath slowly by using a prograromed circulating bath.
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To the clear sohution was added about 10 mg of the compound of Formula (I} Form [ to
give a shurry. The formed slurcy was then heated at 50°C over 2 hours and then cocled
down to 5°C over 2 hours. This process was repeated for 3 dayvs and the solid was
filtered for further analysis. The solvents used were 1 4-dioxane, methanol, or THF.
The experiments only resulted in Form 1
Stability relationship

The relative stability of the three forms (Forms M) of the compound of
Formula (I} was studied and compared by phase equilibration of muxture experiments
in throe solvent system {3% water [volume ratio] i EtOH using 3 volumes of solvent,
3% water 1 EtOH using 5 volumes of solvent, and 6% water in EtOH using 5 volumes
of solvent). The three crystal forms were mixed and sturned at 30°C for more than 6
hours. The mixtures of the three forms were transformed to Form 1 in the three specific

solvents after the six-hour-stirring competitive shirry.

Example 7
Characterization of Form I

The compound of Foroua (1) Form 1] was prepared by evaporation at 25°C n
CHoCh, CHaCN, EiOH, and TPA (see Example 6, Table 10). Form I {obtained n
CHzCh) was characterized by HPLC, 'H NMR, XRPD, DSC, and TGA. The XRPD
pattern is shown in Figure 22 and the XRPD data are provided in Table 14

The DSC thermogram is shown in Figure 23, When comparing the DSC of Form
Tand Form {1, it was observed that Form I solids contained two peaks (Figure 23}, with
the latter peak onset (& 191.0°C) and Tmax {193 .4°C) similar to the peak onset and Twax
of Form { (Figure 2). Form I changed to Form 1 during the heating process (see
Example 6}.

The TGA thermogram n shown in Figure 24,

Table 14. XRPD Data from Form I

2-Theta {*} Height H%
5.8 29295 17.9
7.6 42830 26.1
114 29838 18.2
123 163864 100
14.4 41540 25.4
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162 9896 6.0
17.2 21335 13.0
179 47812 292
20.4 12664 77
214 13831 84
233 213 1.3
253 34434 21.0
271 10735 8.6
280 697 (.4

Example 8

Characterization of Form il

The compound of Formula (I} Form I was prepared by evaporation at 25°C

in 1,4-dioxane (see Example 6, Table 10} and the quench cool experiment tn 1,4~

dioxane (see Example 6, Table 13). Form 1 was characterized by HPLC, 'H NMR,
XRPD, DSC, and TGA. The XRPD pattern is shown in Figure 25 and the XRPD data

are provided 1 Table 15.

Quantitative 'H NMR extibited that the residual 1 4-dioxane in the solids

(wt%) was approximately 4.98%. The residual solvent could not be removed by

conventional drying methods. This suggested that the solids obtained were potentially

a solvate, supported by TGA experiments (up 1o 5.00% weight loss up to 180°C;

Figure 27). The stoichiometric ratio of the compound of Formula (1) and 1,4-dioxane

could be be 4:1. The DSC of the solid (Figure 26) contained a peak onset latter peak

onset (= 192.6°C) and Thax (194.3°C}, which are sinular to the peak onset (191.3°C)

and Tmax (193.3°C) of Form I (Figure 2). Form I changed to Form | during the

heating process {sce Example 6).

Table 15. XRPD Data from Form I

2-Theta () Height H%
29 13884 8.7
55 73711 46.1
9.8 88136 351
10.5 41865 26.2
11.6 20638 iz.9
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121 35206 22.0
129 20612 12.8
138 24258 1532
15.6 357 2
163 160045 100
19.1 18156 113
1938 50056 313
22.0 45892 287
234 4600 54
244 91482 572
257 17399 10.9
273 24388 152
28.9 11277 7.0
30.6 7301 4.9
358 1441 0.9
383 206 0.1

41.7 4809 35

Example A, CDKZ/Cychin E1 HTRF Enzyme Activity Assay

CDK2/Cyelin E1 enzyme activity assavs utilize full-length homan CDKZ2 co-
expressed as N-terminal GST-tagged protein with FLAG-Cyclin E1 in a baculovirus
expression systern {Carna Product Number 04-165}. Assays were conducted in white
384-well polvstyrene plates in a final reaction volame of § pl.. CDE2/Cyclin E1 (.25
1} was incubated with the compounds of the Examples (40 nL serially diluted in
DMSO) in the presence of ATP (50 uM or | oM} and 50 nM Uligh/™-jabeled
cIF4E-binding protein 1 {THR37/46) peptide (PerkmElmer) in assay buffer
{containing 50 mM HEPES pH 7.5, 1 mM EGTA, 10 mM Mg{l, 2 mM DTT, 0.05
mg/mL BSA and 0.01% Tween 20} for 60 minutes at room temperatare. The
reactions were stopped by the addtion of EDTA and Evropium-labeled anti-phospho-
4E-BPT antibody (PerkinElmer), for a final concentration of 15 mM and 1.5 nM,
respectively. HTRF signals were read after 1 hour at room temperature on a
PHERAstar FS plate reader (BMG Labtech). Data was analyzed with IDBS XLFit

and GraphPad Prsm 5.0 software using a throe or four parameter dose response curve
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to determine ICse for each compound. The ICso data as measured for the compound of

Formula (1) at 1 mM ATP in the assay of Example A is shown in Table 16.

Table 16

Example

I (aM)

Compound of Formula ()

+ refers to < 20 oM

Yarious modifications of the invention, n addition to those described herein,

will be apparent to those skilled in the art from the foregoing description. Such

modifications are also mtended to fall within the scope of the appended claims. Each

reference, including all patent, patent applications, and publications, cited i the

present application 15 incorporated herem by reference in s entirety.
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What is claimed is:

1. A sohid form of a compound of Formula ()

which 1s Form I, which is crystalline.

2. The solid form of claim I, wherein the form has at least four XRPD peaks, in terms of
2-theta (£ 0.2 degrees), selected from 7.3, 105, 12,8, 145, 152, 16.4, 203, 213, 21 .6, and

27.0.

3. The solid form of claim 1, wheremn the form has at least four XRPD peaks, in terms of
2-theta (= 0.2 degree cted from 7.3, 13.0, 14.7, 153,162, 16.6,20.5,20.8, 21 4,23 .3,

240, and 27.1.

4. The solid form of claim 1, wherein the form has at least ten XRPD peaks, in terms of
2-theta (= 0.2 degrees), selected from 7.3, 105, 12.8, 143,152, 16 4,203, 21.3, 21 .6, and
27.0.

5. The solid form of claum 1, wheren the form bas at least ten XRPD peaks, 1o terms of
2-theta (+ 0.2 degrees), selected from 7.3, 13.0, 147, 153, 162, 16.6,20.5,20.8,21.4, 233,
240, and 27 1.

6. The solid form of claim 1, wherein the form has an XRPD pattern as substantially
shown in FIG. 1

7. The solid form of any one of claims 1-6, having an endothermic peak with an onset
temperature {+ 3°CY at 191.7°C and a maximum at 193.6°C.

3. The solid form of any one of claims 1-6, wherein the form has a DSC thermogram
substantially as shown in FIG. 2.

9. The solid form of any one of claims 1-8, wherein the form has a TOA thermogram
substantially as shown in FIG. 3.

10 A sohid form of a compound of Formula (1)

148



WO 2023/172921 PCT/US2023/063875

which s Form I, which s crystalline.

i1 The solid form of claim 10, wherein the form has at least four XRPD peaks, in terms
of 2-theta (= 0.2 degrees). selected from 5.8, 7.6, 114,125 144,172 179, and 25 3.

12, The solid form of claim 10, wherein the form has an XRPD pattern as substantially
shown 1n FIG. 22,

13, The solid form of any one of claims 10-12 having an endothermic peak with an onset
temperature {+ 3°C) at 191 .0°C and a maximum at 193.4°C.

14, A solid form of a compound of Forowla (1)

which 1s Form I, which is crystalline.

15. The solid form of claum 14, wherein the form has at least four XRPD peaks, in terms
of 2-theta (+ 0.2 degrees), selected from 3.5, 9.8, 103, 12,1, 139, 16.3, 198, 22.0, 24 4, and
273

16. The sohid form of claim 14, wherein the form has an XRPD pattern as substantially
shown 1n FIG. 25,

17.  The solid form of any one of claims 14-16, having an endothermic peak with an onset
temperatire (= 3°C) at 192.6°C and a maximum at 194.3°C.

18, A salt of a compound of Formula (I}

O ”P

S
HN J /'""‘\

NQ%,N }m?
NH
= N*N/>‘ (.

Z. 4

which 1s selected from:
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a mono-maleate salt of the compound of Formuda (1),

a di-besylate salt of the compound of Formula (1},

a mono-mesylate salt of the compound of Formula (B,

a di-tosylate salt of the compound of Formula (I);

a mono-hydrochloride salt of the compound of Formula (1); and

a di-hvdrochlonde salt of the compound of Formula (1)

19, The salt of claim 18, which 15 a mono-maleate salt of the compound of Formula (I).
28, The salt of claim 19, which is crystalline.
21 The salt of claim 19 or 20, wherein the salt has at least four XRPD peaks, in torms of

2-theta (= 0.2 degrecs), selected from 104, 11,6, 12,0, 14,1, 151, 172, 18.1, 19.1,21.3, 21.9,
229,242, and 259,
22, The salt of any one of claims 19-21, having an endothermic peak with an onset

5

temperature (= 3°C) at 180.4°C and a maximum temperature (& 3°C) at 181 8°C

23, The salt of claim 18, which 15 a di-besylate salt of the compound of Formula (1)
24, The salt of claim 23, which is crystalline.
25, The salt of claim 23 or 24, wherein the salt has at least four XRPD peaks, in torms of

2-theta (£ 0.2 degrees), selected from 6.3, 9.9, 2.1, 12,6, 159,174, 187, 19.0, 196, and

25.1.

26.  The salt of any one of claims 23-25, having an endothermic peak with an onset

o

temperature (+ 3°C) at 160 4°C and a maximua temperature {+ 3°C) at 163 .4°C

27, The salt of claim 18, which is a mono-mesylate salt of the compound of Formula (1),
28. The salt of claim 27, which is crystalline.
29 The salt of claim 27 or 28, wherein the salt has at least four XRPD peaks, in torms of

2-theta (£ 0.2 degrees), selected from 4.8, 7.0, 119, 14,1, 149, 177,189, 202, 221, and
261

30, The salt of any one of claims 27-29, having a first endothermie peak with a maximum
temperature (4 3°C) at 61 1°C and a second endothermic peak with an onset temaperature (£
3°Cy at 134.4°C and a maximum temperature (£ 3°Cy at 150.1°C.

31, The salt of claim 18, which is a di-tosviate salt of the compound of Formula ().

32, The salt of claim 31, which is crystaliine.

33, The salt of claim 31 or 32, wherein the salt has at least four XRPD peaks, in terms of

2-theta ( 0.2 degrees), selected from 5.7, 7.8, 8.1, 93, 13.7, 139, 162, 18 8, and 20.6.
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34, The salt of any one of claims 31-33, having an exothernuic peak with an onset
temperature (£ 3°C) at 99.6°C and a maximum temperature (+ 3°Cy at 110.5°C, and an
endothermic peak with an onset temperature (= 3°C) at 216.1°C and a maxunum temperature
(3°Cyat 218.7°C.

5. ‘The salt of claim 18, which is a mono-hydrochloride salt of the compound of Fornula

.

(SN

36.  The salt of claim 35, which is crystalline.

37.  The salt of claim 35 or 36, wherein the salt has at least four XRPD peaks, in terms of
2-theta (+ 0.2 degrees), selected from 5.7, 8.5, 113, 14 1, 15.0, 184,193,205, 21.8, 22 8,
and 25.7.

38, The salt of any one of claims 35-37, having an endothermic peak with an onset
temperature (& 3°C) at 196 .0°C and a maximum temperatare (& 3°C) at 212.2°C.

39, The salt of claim 18, which is a di-hydrochloride salt of the compound of Formula (3).
40, The salt of claim 39, which is crystalline.

41, The salt of claim 39 or 40, wheren the salt has at least four XRPD peaks, in terms of
2-theta (+ 0.2 degrees), selected from 9.9, 107, 123, 13.0, 14.0,15.2, 19.9,21 8,22 3, and
24.8.

42, The salt of any one of claims 39-41, having an endothermic peak with an onset
temperature (+ 3°C) at 182.1°C and a maximum temperatare {+ 3°C) at 206 .4°C.

43. A pharmaceutical composition comprising the solid form of any one of claims 1-17 or
the salt of anv one of claims 18-42, and a pharmaceutically acceptable carrier.

44, A method of inhibiting UDK2, comprising contacting the CDK2 with the solid form
of any one of claims 1-9 or the salt of any one of claims 18-42.

45 A method of inhibiting CDKZ2 in a patient, comprising administering to the patient the
solid form of any one of claims 1-9 or the salt of any one of claims 18-42.

46, A method of treating a disease or disorder associated with CDK2 in a patient,
comprising administering to the patient a therapeutically effective amount of the solid form
of any one of claims 1-9 or the salt of any one of claims 18-42.

47. The method of claim 43 or 46, wherein the disease or disorder is associated with an
amplification of the cyclin E1 (CCNET) gene and/or overexpression of CCNEL

48, A method of treating a human subject having a disease or disorder associated with
cyclin-dependent kinase 2 (CDEZ2}, comprismg adminstering 1o the human subject the solid

form of any one of claims 1-9 or the salt of any one of claims 18-42, wherein the human
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subject has been previously determined to:
{1}
{a} have a nucleotide sequence encoding a pl6 protein comprising the anuno acid
sequence of SEQ ID NG, and/or
{b) have a cyclin dependent kinase inhibitor ZA (CBKNZA) gene lacking one or more
mactivating nucleic acid substitutions and/or deletions;
(i)
{a) have an amplification of the cyclin E1 (CCNE1} gene; and/or
(b} have an expression level of CCNEL in a biological sample obtained from the
buman subject that is higher than a control expression level of CONE].
49 Aethod of treating a human subject having a disease or disorder associated with
cyclin-dependent kinase 2 (CDK2), comprising:
(1) identifving, in a biclogical sample obtained from the human subject:
(a) a nucleotide sequence encoding a pid protein comprising the amino acid
sequence of SEQ ID NG 1; and/or
(b} a cyclin dependent kinase inhibitor 2A ({CDKN2A) gene lacking one or
more jnactivating nucleie acid substitutions;
(11} identifving, in a biological sample obtained from the lniman subject:
{(a) an amplification of the cyvclin E1 ¢CCNE1) gene: and/or
(b} ant expression level of CUNE] that is higher than a control expression level
of CCNEL and
{111} administering the solid form of any one of claims 1-9 or the salt of any one of
claims 1%-42 to the human subject.
50, The method of claim 49, comprising:
(1) wdentifving, n a biological sample obtained from the haman subject:
(a) a nucleotide sequence encoding a pi6 protein comprising the amino acid
sequence of SEQ 1D NG:I; and/or
(b) a CDKN2A gene lacking one or more inactivating nucleic acid
substitutions and/or deletions;
(11} identifving, in a biological sample obtained from the haman subject:
{a} an amaplification of the CCNE1 gene; and
(111} administering the compound or the salt to the human subject,

51 A method of evaluating the response of a human subject having a disease or disorder
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associated with cyclin-dependent kinase 2 (CDK2) to the solid form of any one of claims 1-9
or the salt of any one of claims 18-42, comprising:

{a) admuustering the compound or the salt, to the human subject, wherein the hwman
subject has been previously determined to have an amphification of the cyclin E1 (CONED)
gene and/or an expression fevel of CCNE! that is higher than a control expression level of
CCNEL

{b) measuring, in a biological sample of obtained from the subject subsequent to the
administering of step (a), the level of retinoblastoma (Rb} protein phosphorylation at the
serine corresponding to aming acid posttion 780 of SEQ ID N3,

wherem a reduced level of Rb phosphorviation at the serine corresponding to amino
acid position 780 of SEQ 1D NO:3, as compared to a control level of Rb phosphorvlation at
the serine corresponding to amino acid position 780 of SEQ ID NG:3, is indicative that the

human subject responds to the compound or the salt.

52. The method of any one of claims 46-51, wherein the discase or disorder is cancer.
33. A process of preparing a solid form of any one of claims 1-9, comprising cooling a

solution of the compound of Formmuda (1) in a solvent component comprising cthanol and
watet.
54. A process of preparing a solid form of any one of claims 10-13, comprising
evaporating at 23°C a solotion of the compound of Formela (1) in a solvent selected from
CHCl, CH3CN, EtOH, and IPA.
55, A process of preparing a solid form of any one of claums 14-17, comprising
evaporating at 25°C a solution of the compound of Formula (I} in 1,4-dioxane.
56, A process of preparing a compound of Formula (1), or a pharmaceutically acceptable
salt thereof, a solid form of any one of ¢laims 1-9; or the salt of any one of claims 18-42,
comprising:

reacting a compound of Formula {ic):

e
(1L

,NN‘,\
N \\/l\b,}N}
g
SN (o),

LS0,ffe
e

)
(7

with a compound of Fornuda (1b}:

Hh
(1b},
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or a salt thereof, via a Buchwald coupling reaction, to form a compound of Formula (1a):

/ 7
(\ O‘EC_;/
Q*‘( J . N’ ‘}O
N - /
N’ i o (S} )]
y L
R ')\FN :
; p—NH
R NN (ld)
wherein X! is halo.
537.  The process of claim 56, wherein X' is Br.

58. The process of claim 56 or 37, wherem the compound of formula (1b), or the salt
thereof, 1s the H{I salt.

59, The process of any onc of claims 56-38, wherein the Buchwald coupling reaction
comprises reacting the compound of Formula (Ic) with the compound of Formula (1b), orthe
salt thereof, n the presence of a Buchwald catalyst or precatalyst and a base.

60.  The process of claim 59, wherein the base is an alkali metal alkoxide.

61, The process of any one of claims 36-60, wherein the process further comprises

reacting the compound of Formula (1a) with an organic acid to form a salt of the compound

of Formula (1a}.
62.  The process of claim 61, wherein the organic acid is succinic acid.
63, The process of claim 62, wherein the salt of the compound of Formaula (1) 15 a henu-

succinic acid salt of the compound of Formula (1a}.

64.  The process of any one of claims 56-63, wherein the process further comprises
deprotecting the compound of Formula (1a), or a salt thereof, to form the compound of
Formula (1),

65, ¢ process of any one of claims 56-60, further comprising deprotecting the
compound of Formula {1a) to form the compound of Formula {I}.

66, The process of any one of claims 36-63, wherein the compound of Formula (1¢) is
prepared by a process comprising:

reacting a compound of Formula (1d):
</
o—( J
N— o
N, i
R N

iy
S ),

or a salt thereof, with a halogenating agent to form the compound of Formuda (1c).
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67. The process of claim 66, wherein the compound of Formuda (1d), or the salt thereof, is

prepared by a process comprising:

reacting a compound of Fomula 1{e}:

/
Y A
. N
!\gh ‘;‘:\ 8] H H
SN
oy N 8 e} { 16)

with hydroxylamine HCI and a base component to form the compound of Formula (1d}, or

the salt thereof.

68. A compound selected from:

J

Q

Br N
e
Br
2 Nwi\{>_

“«"L\Yf’i\r' N,
N

or a salt thereof.

69 A hemi-succinate salt of a compound of Formula {(1a):
( Ost
O"\/ | F30
. —N
N /
N & )
j )
SN, L
; P—NH
SN (la).



