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

This application claims the benefit of poonty of US. Prov. Appln. No.

63/317,308, filed March 7, 2022, which is incorporated by reference in s ootirety.

SEQUENCE LISTING
This application contains a Sequence Listing that has been sabmitted
clectronically as an XML file named 20443-0746W01 S ST26.xml. The XML file,
created on March 6, 2023, is 5,121 byvies in size. The matenal m the XML file is

hereby incorporated by reference in its entirety.

TECHNICAL FIELD
This application 15 directed to solid forms and salts of a CDKZ inhibitor,
pharmaceutical compositions thereof, methods of treating a disease or disorder
associated with CDK2 using the same, and processes of preparmg the compound of

Formula (I) and the solid forns and salts.

BACKGROUND

Cyclin-dependent kinases (CDKs) are a family of serine/threonine kinases.
Heterodimenzed with regulatory subunits known as cycling, CDKs become fully
activated and regulate kev cellular processes including cell evele progression and cell
division (Morgan, D. O, Ay Rev Cell Dev Biol, 1997, 13: 261-91). Uncontrolied
proliferation 1s a hallmark of cancer cells. The dercgulation of the CBK activity is
associated with abnormal regulation of cell-cvele, and 18 detected in virtually all
forms of human cancers (Sherr, C. 1., Science, 1996, 274{5253). 1672-7).

CDKZ 15 of particelar interest because deregulation of CDKZ activity occurs
frequently in a vanety of human cancers. CIIKZ plays a crucial role in promaoting
G1/S transition and 8 phase progression. In complex with cyehn E (CONE), CDK2
phosphorylates retinoblastoma pocket protein family members (p107, p130, pRb},
leading to de-repression of EZF transceniption factors, expression of G1/8 transition
related genes and transition from G1 to S phase (Henley, S A and F A Dhck, Celf Iy,
2012, 7(1) p. 10} This in turmn enables activation of CBK2/¢cvelin A, which

PCT/US2023/063875
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phosphorylates endogenous substrates that permit DNA synthesis, replication and
centrosome duplication (Ekholm, 8.V, and S.1 Reed, Curr Opin Cell Biol, 2000,
12(6): 676-84). It bas been reported that the CDIKZ pathway influcnces tumorigenesis
mainly through amplification and/or overexpression of CCNET and mutations that
mactivate CDK2 endogencus inhibitors {e.g., p27), respectively (Xu, X, et al,
Biochemisiry, 1999 38(27): 8713-22).

CCNEL copv-number gain and overexpression have been identified in
ovartan, gastric, endometnal, breast and other cancers and been associated with poor
cutcomes 10 these tumors (Keyomarsi, K| et al | N &gl J Med, 2002 347{20}: 1566-
75; Nakavama, N, ctal, Cancer, 2010, 116(11): 2621-34; Au-Yeung, G, et al,, Clin
Cancer Res, 2017, 23(7y 1862-1874; Rosen, B.G., ¢t al., Cancer, 2006, 106{9): 1925~
32} Amphification and/or overexpression of CCNET also reportedly contribute to
trastuzumab resistance in HERZ+ breast cancer and resistance to CDK4/6 inhibitors
in cstrogen receptor-positive breast cancer {Scaltmty, M, et al., Proc Natl Acad Sci U
S A, 2011 108(9) 3761-6; Herrera-Absreu, M. T, et al., Cancer Res, 2016. 76(&):
2301-13}. Various approaches targeting CDKZ2 have been shown to induce cell cycle
arrest and tumor growth mhibition {Chen, Y.N_, et al., Froc Natl Acad Sci 17§ 4,
1999, B6(8): 4325-9; Mendoza, N, et al., Cancer Res, 2003, 63(5): 1020-43.
Inhibition of CDKZ also reportedly restores sensitivity o trastuzumab treatment in
resistant HERZ2+ breast tumors 1n a preclinical model (Scaltriti, supra).

These data provide a rationale tor considening 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
rewains a need to discover new forms of CBK2 inhibitors and processes of
preparing such inhibitors and solid forms. This application is directed to this need

and others,

SUMMARY
The present disclosure relates to, mier alia, a solid form of a compound of

Formula (i)

]
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which is Form 1, Form I, or Form 1l
The present disclosure further provides a salt of the compound of Foroula (1},
which s selected from:

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

(441

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

a mono-mesylate sait of the compound of Formula (1),

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

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

10 a di~hydrochloride salt of the compound of Formula (1).
¢ present disclosure further provides pharmaceutical compositions

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

15 described herein, and a pharmaceutically acceptable carner.

The present disclosure further provides methods of inhibiting CDK2,
coraprising comacting the CDK2 with a solid form of Formula (1} as desceribed herein.
The present disclosure further provides methods of inhibiting CDK2, compnsing
contacting the CDK2 with a salt of the compound of Formula (1) as described hergin.

20 ‘The present disclosure further provides methods of inhibiting CBKZ tna
paticnt, comprising administering to the pationt a solid form of the compound of
Formula (I) as described herein. The present disclosure further provides methods of
mhibiting CDK?2 in a patient, comprising administering to the patient a salt of the
compound of Foraula (1) as described hergin,

25 The present disclosure further provides methods of treating a disease or
disorder associated with CDK2 0 a patient, comprising administering to the patient a
solid form of the compound of Fornuuda (1) as described herein. The present disclosure
further provides methods of treating a discase or disorder associated with CDKZ wm a
patient, comprising administering to the patient a salt of the compound of Formula {1}

30 as described herein.

sl
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The present disclosure further provides a solid form of the compound of
Formula (8} as described herein for use in any of the methods described herein. The
present disclosure further provides a salt of the compound of Formula (1} as described
herein for use in any of the methods described herem.

The present disclosure further provides uses of a solid form of the compound
of Formula (I} as described herein for the preparation of a medicament for use n 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 m any of the methods described herein

The present disclosure further provides processes of preparing a sohid form of
the compound of Formula (3} as described herem, comprising cooling a solution of the
compound of Formula (I} in a solvent component comprising ethanol and water.

The present disclosure also provides processes of preparing the salts of the
compound of Formula (1} as described heremn.

The present disciosure firther provides processes of preparing a compound of
Formula (8} as described herein, or a pharmaceutically acceptable salt thereof, a solid
form of the compound of Formula (f) as descrbed herein, or a salt of the compound
of Formula {I} as described herein, the process comprising:

reacting a compound of Formula (1e):

(.
O*—(‘ l\
N o
N
N PN )
T e
77N (le},

(1b),
or a salt thereof, via a Buchwald coupling reaction, to form a compound of Formuia

{lak




WO 2023/172921 PCT/US2023/063875

10

ot
(441

20

wherein X! is halo.

DESCRIPTION OF DRAWINGS

Figure 1 shows an XRPD pattemn for Form 1 of crystallme 8-cthoxy-N-
{{3R.45)-3-methyl-1-{methylsulfonyhipipendin-4-v1)-7-{ H-pyrazol-4-yi}-

1.2 4ltriazolo]1, 5-ajpvridin-2-anune (Formula (1)) frec base.

Figure 2 shows a DSC thermogram for Form [ of crystalline 8-ethoxy-N-
{(3R,48}-3-methyl-1-Guethylsulfonyhpiperidin-4-vl)-7-(1 H-pyrazol-4-y1)-

11,2 4{trazolo]l,5-ajpyridin-2-amine {Foromula (I3} free base.

Figure 3 shows a TGA thermogram for Form 1 of ervstalline 8-cthoxy-N-
{{3R,45}-3-methvl-1-(methylsulfonyhpipendm-4-y1)-7-(  H-pyrazol-4-vl}-

(1.2 4jtnazolo|l,5-ajpyridin-Z-amine (Formula (1)) free base.

Figure 4 shows an XRPD patiern for erystalline §-ethoxy-N-{{3R45}-3-
methvi-1-(methyisulfonvhipipendin-4-y1}-7-(1 H-pyrazol-4-v1}-{ 1,2 4 jtriazolof 1, 3-
alpyndim-Z-aming {(Formula (3}) malcate salt.

Figure 5 shows a DS thermogram for crystalline &-cthoxy-N-({3R,45}-3-
methyl-1-{methyisulfonypipendin-d-y)-7-( 1 H-pyrazol-4-v1}-{ 1,2 4 triazolof 13-
ajpyvridin-2-amine {Formula (I)) maleate salt.

Figure 6 shows a TGA thermogram for erystalline 8-cthoxy-N-({3R,45)-3-
methyvi-1-(methylsulfonvhpipendin-4-vi}-7-(1H-pyrazol-4-y1}-{ 1,2 4 jtriazolof 1.3~
alpvridin-2-amine (Forowla (13} maleate salt.

Figure 7 shows an XRPD pattern for ervstalline 8-cthoxy-N-({3R,48)-3-
methyl--{methvisalfonylpipendin-4-y1)-7-(1H-pyrazol-4-y1}-{1.2 4|tnazolof 1,5~
ajpyndim-Z-aming {(Formula (1)) besvlate salt.

Figure 8 shows a DSC thermogram for crystalline 8-cthoxy-N-({3R,45}-3-
methyl-T-(methylsulfonyhpipendin-4-vi3-7-(FH-pyrazol-4-91}-{1.2 4 ltriazolof 1, 5-
ajpyridin-2-amine {Foraula (1)) besvlate salt.

Figure 9 shows a TGA thermogram for crystalling 8-cthoxy-N-({3R,458}-3-
methvi-1-(methyisalfonyDpipendin-4-y1)-7-(TH-pyrazol-4-vi}-{ 1,2 4 }iniazolof 1, 5-
alpyndim-Z-aming {(Formula (I)) besylate salt,

Figurc 10 shows an XRPD pattom for crvstalline 8-ethoxy-N-{({3R.45)-3-
methyl-1-{methyisulfonypipendin-d-y)-7-( 1 H-pyrazol-4-v1}-{ 1,2 4 triazolof 13-

ajpyvridin-2-amine {Formula (1)) mesylate salt.
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Figure 11 shows a DSC thermogram for crystalline 8-cthoxy-N-{{3R,48)-3-
methyl-I-{methyisulfonyvpipenidin-4-y1}-7-({H-pyrazol-4-v1}-{1,2 4 ftriazolof 1, 5-
alpyrdin-Z-amine {(Formula (1)) mesylate salt.

Figure 12 shows a TGA thermogram for erystailine 8-cthoxy-N-{(3R,45)-3-
methyvi-1-(methylsulfonvhpipendin-4-vi}-7-(1H-pyrazol-4-v1}-{ 1,2 4 jtriazolof 1. 5-
ajpyndin-2-amine {Fornwla (1)) mesvlate salt.

Figure 13 shows an XRPD pattern for cryvstalline 8-cthoxy-N-{{3R 48)-3-
methyl-T-{methyvisalfonylpipendin-4-y1-7-(1H-pyrazol-4-vi}-{1,2 4 triazolof 1,5~
ajpyndim-Z-aming {(Formula (1)) tosylate salt.

Figure 14 shows a DSC thermogram for erystalling 8-cthoxy-N-((3R,48)-3-
methyi-T-(methylsulfonylpipendin-4-vi}-7-(1H-pyrazol-4-yi}-{1,2 4}trazolof 1, 5-
alpyridin-2-amine {Formula (1)) tosylate salt.

Figure 15 shows a TGA thermogram for crystailine 8-cthoxy-N-{(3R,48)-3-
methvi-1-(methyisulfonvhipipendin-4-y1}-7-(1 H-pyrazol-4-v1}-{ 1,2 4 jtriazolof 1, 3-
alpyndim-Z-aming {(Formula (1)) tosvlate salt.

Figurc 16 shows an XRPD pattom for crvstalline 8-ethoxy-N-{({3R.45)-3-
methyl-1-{methyisulfonypipendin-d-y)-7-( 1 H-pyrazol-4-v1}-{ 1,2 4 triazolof 13-
alpvrdin-2-amme (Formula (I}) mono-hydrochlonde salt.

Figure 17 shows a DSC thermogram for erystalling S-ethoxy-N-{{3R,45}-3-
methyvi-1-(methylsulfonvhpipendin-4-vi}-7-(1H-pyrazol-4-v1}-{ 1,2 4 jtriazolof 1. 5-
ajpynidin-2-amine {Forowla (1)) mono-hvdrochloride salt.

Figure 18 shows a TGA thermogram for crvstalling 8-gthoxy-N-{{3R.45}-3-
methyl-T-{methyvisalfonylpipendin-4-y1-7-(1H-pyrazol-4-vi}-{1,2 4 triazolof 1,5~
ajpyndin-Z-amine {(Formula (1)) mono-hydrochlonde salt,

Figure 19 shows an XRPD pattemn for crystalline §-ethoxy-N-((3R 45)-3-
methyl-T-(methylsulfonyhpipendin-4-vi3-7-(FH-pyrazol-4-91}-{1.2 4 ltriazolof 1, 5-
ajpyridin-2-amine {Foraula (1)) di-hydrochlonde salt.

Figure 20 shows a DSC thermogram for ervstalline 8-cthoxy-N-((3R,45)-3-
methvi-1-(methyisalfonyDpipendin-4-y1)-7-(TH-pyrazol-4-vi}-{ 1,2 4 }iniazolof 1, 5-
alpyndim-Z-aming {(Formula (1)} di-hydrochloride salt.

Figure 21 shows a TGA thermogramn for erystailine S-ethoxy-N-{(3R,45}-3-
methyl-1-{methyisulfonypipendin-d-y)-7-( 1 H-pyrazol-4-v1}-{ 1,2 4 triazolof 13-

ajpyvridin-2-amine {Formula (1)} di-hvdrochlornide salt.

PCT/US2023/063875
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Figure 22 shows an XRPD pattern for Form U of crystalline 8-cthoxy-N-
({3R,48}-3-methyl-1-(mcthylsulfonyhpipendin-4-yl}-7-(1H-pyrazol-4-y1)-
[1,2 4{tnazolo{1,5-ajpyndin-Z-amine (Formula (I}) free base.

Figure 23 shows a DSC thermogram for Form H of crystalline 8-cthoxy-N-
{{3R 45}-3-methyl-1-{methylsulfonvipiperidin-4-y§-7-{(1H-pyrazol-4-vi}-
1.2 4ltriazolo]1, 5-ajpvridin-2-anune (Formula (1)) frec base.

Figure 24 shows a TGA thermogram for Form I of crystalline 8-cthoxy-N-
{(3R,48}-3-methyl-1-Guethylsulfonyhpiperidin-4-vl)-7-(1 H-pyrazol-4-y1)-
11,2 4{trazolo]l,5-ajpyridin-2-amine {Foromula (I3} free base.

Figure 25 shows an XRPD patiem for Form 11 of crystalline 8-cthoxy-N-
{{3R,45}-3-methvl-1-(methylsulfonyhpipendm-4-y1)-7-(  H-pyrazol-4-vl}-
(1.2 4jtnazolo|l,5-ajpyridin-Z-amine (Formula (1)) free base.

Figure 26 shows a DSC thermogram for Form Hi of crystalline 8-ethoxy-N-
{(3R.45)-3-methyl-1-tmethyisubfonylipipendin-4-v-7-( 1 H-pyrazol-4-vi)-
11,2 4{triazole] 1, 5-alpyridin-2-amine (Foromula (I3) free base.

Figure 27 shows a TGA thermogram for Form Hi of crystalline 8-ethoxy-N-
{{3R,48}-3-methyl-1-Gucthyisulfonyhpipendin-4-y1}-7-(1 H-pyrazol-4-vl}-
I1,2, 4ltnazolo[ 1 5-ajpyndin-Z-amine (Formula (1)) free base.

Figure 28 shows an XRPD pattern for Form [ of crystalline 8-ethoxy-N-
{{3R.45)-3-methyl-1-{methylsulfonyhipipendin-4-v1)-7-{ H-pyrazol-4-yi}-
1.2 4ltriazolo]1, 5-ajpvridin-2-anune (Formula (1)) frec base.

Figure 29 shows a DSC thermogram for Form [ of erystalime 8-ethoxy-N-
{(3R 48}-3-methyl-1-Guethylsulfonyhpiperidin-4-v}-7-(1H-pyrazol-4-y1)-

11,2 4{trazolo]l,5-ajpyridin-2-amine {Foromula (I3} free base.

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

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

In some embodiments, the solid form has at least one XRPD peak, i terms of
2-theta (0.2 degrees), selected from 7.3, 103,128, 145,152, 164,203, 21.3,
216, and 27.0.

In some embodiments, the solid form has at least two XRPD peaks, n terms of
2-theta (4 0.2 degrees), selected from 7.3, 105, 12.8, 145,152, 16 4, 203, 21 .3,
21.6,and 27.0.

In some embodiments, the solid form has at least three XRPD peaks, in terms
of 2-theta (= 0.2 degrees), selected from 7.3, 105, 12.8, 145,152, 164, 203, 213
216, and 27.0.

in some embodiments, the solid form has at least four XRPD peaks, in terms
of Z-theta (= 0.2 degrees), selected from 7.3, 10.5, 12.8, 145, 152, 164,203, 21 .3,
216, and 27.0.

In some embodiments, the solid form hag at least five XRPD peaks, m 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.

In some embodiments, the sohid form has at least ton XRPD peaks, in terms of
2-theta (0.2 degrees), selected from 7.3, 103,128, 145,152, 164,203, 21.3,
216, and 27.0.

In some embodiments, the solid form has at least one XRPD peak, in terms of
2-theta (4 0.2 degrees), selected from 7.5, 13.0, 14.7, 153, 16.2, 16.6, 20.5, 20 8,
214,233,240, and 27 1.

In some embodiments, the sobid form has at least two XRPD peaks, in 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 at least three XRPD peaks, in toros
of 2-theta (& 0.7 degrees), selected from 7.5, 13.0, 147, 153,162, 16.6,20.5, 208,
214,233,240, and 27 1.

In some embodiments, the solid form hag at least four XRBPD peaks, in terms
of 2-theta (= 0.2 degrees), selected from 7.5, 13.0, 14.7, 153, 16.2, 16.6, 20.5, 205,
214,233,240, and 27 1.
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In some embodiments, the solid form has at least five XRPD peaks, in terms
of 2-theta {= 0.2 degrees), selected from 7.5, 13.0, 14,7, 153, 162, 16,6, 205, 208,
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, 162, 16,6, 205, 20.4,
214,233,240, and 27.1.

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

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

In some embodiments, the sobid form has an endothermic peak with an onset
temperatare (£ 3°C) at 191.7°C and a maximam 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 enmbodiments, the solid form has a DSC thermogram substantially as
shown in FIG. 29,

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

The present application also provides a solid form of a compound of Forowila
)
which s Form I Form {1 13 the free base of the compound of Formaula (1), In some
cmbodiments, the solid form s non-sclvated. In some embodiments, the solid form is
crystalline.

In some embodiments, the sohid form has at least one XRPD peak, in terms of
2-theta (= 0.2 degrees), selected from 5.8, 7.6, 114,125, 144,172, 179, and 25 3.

In some embodiments, the solid form has at least two XRPD peaks, 1n terms of
2-theta (+ 0.2 degroes), selected from 5.8, 7.6, 114, 12.5, 144,172, 179, and 253,

In some embodiments, the solid form has at least three XRPD peaks, 1 torms
of 2-theta {= 0.2 dogrees), selected from 58, 7.6, 114,125, 144,172, 179, and

25

)

2

PCT/US2023/063875
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In some embodiments, the solid form hag at least four XRPD peaks, 1 terms
of 2-theta {= 0.2 dogrees), selected from 58,76, 114,125, 144,172, 179, and

25

>

2

In some embodiments, the solid form has at least five XRPD peaks, m terms
of Z-theta (= 0.2 degrees), selected from 58, 7.6, 114,125, 144,172,179, and
253,

In some embodiments, the solid form has at least ten XRPD peaks, in terms of
2-theta (£ 0.2 degrees), selected from 58, 7.6, 114,125, 144,172,179 and 253,

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

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

in some embodiments, the solid form has 3 DSC themmogram substantially as
shown m FIG. 23.

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

The present application also provides a solid foom of a compound of Formula
(0,
which 1s Form Ul Form I is the free base of the compound of Formuda (1}, In some
embodiments, the solid form is solvated. In some embodiments, the solid formisa
1.4-dioxane solvate. In some embodiments, the 1,4~dioxane solvate of the compound
of Formula (I} 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 5.3, 9.8, 10.5, 12,1, 13.8, 163, 193, 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, 0.8, 105, 12,1, 13.9, 16,3, 198, 22.0, 24 4,
and 27.3.

In some embodiments, the solid form has at least three XRPD peaks, 1 torms
of 2-theta {= (.2 degrees), selected from 55,98, 105, 12,1, 139, 163, 198,220,

24.4, and 27 .3,

10
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In some embodiments, the solid form hag at least four XRPD peaks, 1 terms
of 2-theta {= .2 degrees), selected from 5.5, 98, 105, 12,1, 139,163, 198,220,
244, and 273,
In some embodiments, the solid form has at least five XRPD peaks, m terms
5  of 2-theta (& 0.2 degrees), selected from 5.5, 9.8 105, 12,1, 139,163, 198,22 .6,
244, and 273
In some embodiments, the solid form has at least ten XRPD peaks, in terms of
Z-theta (0.2 degrees), selected from 5.5, 9.8, 105, 12.1, 13.9, 163, 198,220, 24 4,
and 273,
10 In some enmbodiments, the solid form hag an XRPD pattern as substantially
shown n FIG. 25,
In some embodiments, the sohid form has an endothermic peak with an onset
temperature (£ 3°C) at 192.6°C and a maximuom at 194.3°C.

In some embodiments, the solid form has a B8C thermogram substantially as

15 shown mn 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
{Iy:
20

which is selected from a mono-maleate salt of the compound of Formula (); a di-
beaylate salt of the compound of Formula {I); a mono-mesvlate salt of the compound
of Formula (I}, a di-tosviate salt of the compound of Formuda (I3, a mono-
bhydrochloride 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 (8). In some embodiments, the mono-maleate salt is crystaliine,
In some embodiments, the mono~-maleate salt has at least one XRPD peak,
terms of 2-theta (+ 0.2 degrees), selected from 104, 11.6, 12,0, 141, 151, 172, 18.1,
30 191,213,219,229, 242 and 25.9.
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In some embodiments, the mono-malcate salt has at least two XRPD peaks, m
terms of 2-theta (= 0.2 degrees), selected from 104, 11,6, 12.0, 141, 151, 172, I8 1,
19.4,21.3,21.9,229, 2472, and 25.9.

In some embodiments, the mono-~-maleate salt has at least three XRPD peaks,
in terms of 2-theta {+ 0.2 degrees), selected from 104, 116,120, 141, 151, 17.2,
181, 191,213,219, 229,242, and 25 .9,

In some embodiments, the mono-maleate saltf at least four XRPD peaks, in
terms of 2-theta (= 0.2 degrees), selected from 104, 11.6,12.0, 141, 151,172, 18 1,
19.1,213.21.9,229,242 and 25.9.

In some embodiments, the mono-~maleate salt has at least five XEPD peaks, in
terms of 2-theta ( 0.2 degrees), selected from 104, 11,6, 12.0, 141, 151, 17.2, I8 1,
191,213,219 229 2472 and 25.9.

in some embodiments, the mono-maleate salt has at least ton XRPD peaks, in
terms of 2-theta (£ 0.2 degrees), selected from 104, 116, 12.0, 14 1, 151, 172, 18.1,
19.1,213,21.9,229, 242, and 259

In some embodiments, the mono-maleate salt bas an XRPD pattern as
substantialty 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 temperature {+ 3°C) at 181 8°C.

in some embodiments, the mono-maleate salf has a DSC thermogram
substantially as shown n FIG. 5.

In some embodiments, the mono-malcate 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 (D). In some embodiments, the di-besvlate salt is crystalline.

In some embodiments, the di-besylate salt hags at least one XRPD peak, in
terms of 2-theta (+ 0.2 degrees), selected from 63,99, 12,1, 126,159, 174, 187,
19.0, 196, and 251,

In some embodiments, the di-besvlate salt has at least two XRPD peaks, in
terms of 2-theta {+ 0.2 degrees), selected from 63,99, 121,126, 159, 174, 187,
19.0, 196, and 25 1.

12
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In some embodiments, the di-besviate salt has at least three XRPD peaks,
terms of 2-theta {+ 0.2 degrees), selected from 63,99, 121,126,159, 17.4, 18.7,
19.0, 19.6, and 25 1.

In some embodiments, the di-besviate salt has at least four XRPD peaks, in
terms of 2-theta (+ 0.2 degrees), selected from 63,99, 12,1, 126,159, 174, 187,
19.0, 196, and 251,

In some embodiments, the di-besviate salt has at least five XRPD peaks, in
terms of 2-theta {+ 0.2 degrees), selected from 63,99, 121,126, 159, 174, 187,
19.0, 196, 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, 12,6, 159,174, 187,
19.0, 196, and 25.1.

in some embodiments, the di-besylate salt has an XRPD pattern as
substantially shown i FIG. 7.

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

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

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

In some embodiments, the salt is a mono-mesylate salt of the compound of
Formula (1), In some embodiments, the mono-mesylate salt 1s crystallime.

In some embodiments, the mono-mesylate salt has at least one XRPD peak, in
terms of 2-theta {+ 0.2 degrees), selected from 4.8, 70, 119, 141 149, 177, 18.9,
20.2,22.1, and 26.1.

In some embodiments, the mono-megsyviate salt has at least two XRPD peaks,
in terms of 2-theta {+ 0.2 degrees), selected from 4.8, 7.0, 119, 141, 149, 177, 189,
202,221, and 261

In some embodiments, the mono-mesylate salt has at least three XRPD peaks,
i terms of 2-theta (= 0.2 degrees), selected from 4.8, 7.0, 11.9, 141, 149,177, 189,
202,221, and 26 1.

[
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In some embodiments, the monc-mesylate salt has at least four XRPD peaks,
i terms of 2-theta {= 0.2 degrees), selected from 4.8, 7.0, 119, 141, 149,177, 189,
202,224, and 26.1.

In some embodiments, the mono-~mesvlate salt has at least five XRPD peaks,
in terms of 2-theta {+ 0.2 degrees), selected from 4.8, 7.0, 119, 141, 149, 177, 189,
202,221, and 261

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, 119, 141, 149, 177, 189,
20.2,22.1, and 26 1.

In some embodiments, the mono-~mesviate salt has an XRPD pattern as
substantially shown in FIG. 10,

In some embodiments, the mono-mesylate salt has a first endothermic peak
with a maxionun temperature (& 3°C) at 61.1°C and a second endothermic peak with
an onsct teraperature (= 3°C) at 134.4°C and a moaximmm temperatore (£ 3°C) at
150.1°C.

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

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

in some embodiments, the salt 1s a di-tosylate salt of the compound of
Foroula (1), In some cmbodiments, the di-tosylate salt 1s ervstatiine.

In some embodiments, the di-tosvlate salt has at least one XRPD peak,
terms of 2-theta {+ 0.2 degrees), selected from 57,78, 81,93, 137, 139, 162, 1&5,
and 20.6

In some embodiments, the di-tosvlate salt has at least two XRPD peaks, in
terms of 2-theta (+ 0.2 degrees), selected from 5.7, 7.8, 8.1, 93,137, 13.9, 162, 18§,
and 20.6.

In some crbodiments, the di-tosvlate salt has at least three XRPD peaks, in
terms of 2-theta {(+ 0.2 degrees), selected from 657, 7.8,8.1,93, 137,139, 162,
18.8, and 20.6.

In some embodiments, the di-tosylate salt has at least four XRPD peaks, in
terms of 2-theta (£ 0.2 degroes), selected from 5.7, 78, 81,93, 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 5.7, 78,811,993, 137 139,162, 188,
and 20.6.

In some embodiments, the di-tosviate salt has at least eight XRPD peaks, in
terms of 2-theta (+ 0.2 degrees), selected from 5.7, 7.8, 81,93, 137, 13.9, 162, 188,
and 20.6.

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

In some embodiments, the di-tosylate salt has an excthermic peak with an
onset temperature (£ 3°C) at 99.6°C and a maximum temperature (£ 3°C)y at 116.5°C,
and an endothermic peak with an onset temperature (£ 3°Cat 216.1°Cand a
maximam temperature {(+ 3°C) at 218.7°C.

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

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

In some embodiments, the salt ts a mono-bydrochlonde salt of the compound
of Formula (I}, In some embodiments, the mono-hydrochlornide salt is crystalline,

In some embodiments, the mono-hydrochloride salt has at least one XRPD
peak, in terms of 2-theta {0 2 degrees), selected from 5.7, 85, 113, 14,1, 150, 184,
193,205,218, 228, and 25.7.

In some embodiments, the mono-hydrochiornide salt has at least two XRPD
peaks, in terms of 2-theta (4 0.2 degrees), selected from 5.7 8.5, 113, 14 1, 150,
184,193,205, 218 228, and 25.7.

In some embodiments, the monoe-hydrochlonide salt has at least three XRPD
peaks, in terms of 2-theta (& 0.2 degrees), sclected from 5.7, 85,113, 14 1, 15.0,
184,193,205, 218,228, and 25.7.

In some embodiments, the mono-hydrochioride 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, 193,205,218 228, and 257

In some embodiments, the mono-hydrochionde salt has at least five XRPD
peaks, 1n torms of 2-theta (= 0.2 degrees), sclected from 5.7, 8.5, 11.3, 14,1, 15.0,

184,193,205, 218,228, and 25.7.
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In some embodiments, the mono-hyvdrochloride sait has at least ten XRPD
peaks, in terms of 2-theta (= 0.2 degrees), selected from 5.7, 8.5 113, 141, 15.0,
184,193,205, 218,228, and 25.7.

In some embodiments, the monoe-hydrochloride salt has an XRPD pattern as
substantially shown i FIG, 16

In some cmabodiments, the mono-hydrochloride salt has an endothemmic peak
with an onset temperature (£ 3°C) at 196.0°C and a maximum temperature (= 3°C) at
212.2°C.

In some embodiments, the mono-hvdrochloride sait has a DSC thermogram
substantially as shown n FIG. 17,

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

in some embodiments, the salt 1s a di-hydrochlornide salt of the compound of
Formula (1}, In some embodiments, the di-hydrochlonde salt is crystalline.

In some embodiments, the di-hydrochloride salt has at least one XRPD peak,
i terms of 2-theta {= G.2 degrees), selected from 9.9, 10,7, 123, 13.0, 140, 152,
199,218,223, and 24.8.

In some embodiments, the di-hydrochlonide salt has at least two XRPD peaks,
int terms of 2-theta {(+ 6.2 degrees), selected from 6.9, 187, 12.3, 13.0, 14.0, 152,
199,218,223, and 24 8.

In some crbodiments, the di-hydrochionide 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,
152,199,21.8,223, and 24 8.

In some embodiments, the di-hydrochloride salt has at least four XRPD peaks,
in terms of 2-theta (= 6.2 degrees), selected from 9.9, 107, 12.3,13.0, 14.0, 152,
199,218,223, and 24.8.

in some cmbodiments, the di-hydrochloride salt has at least five XRPD peaks,
n terms of 2-theta (= 0.2 degrees), selected from 9.9, 107, 12.3,13.0, 140, 152,
199,218,223, and 24 .8,

In some embodiments, the di-hydrochloride salt has at least tenn XRPD peaks,
i terms of 2-theta {= G.2 degrees), selected from 9.9, 10,7, 123, 13.0, 140, 152,

199,218,223, and 24 5.
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In some embodiments, the di-hydrochloride salt has an XRPD pattern as
substantially shown in FIG. 19,

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

In some crabodiments, the di-hydrochlonide salt has a BSC thermogram
substantially as shown in FIG. 20.

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

Different forms of the same substance have different bulk propertics relating
1o, for example, hvgroscopicity, solubility, stabihity, and the Iike. Forms with high
melting points often have good thermodynamic stability which is advantageous in
prolonging shelf-iife drug formulations containing the solid form. Forms with lower
melting points often are less thermodynamically stable, but arc advantageous i that
they have mcreased water solubility, translating to increased drug bioavalabihty.
Forms that are weakly hygroscopic are desirable for their stability to heat and
humidity and are resistant to degradation during long storage.

In some embodiments, the sobid form or the salt of the compound of Formula
{I} provided herein is crystalline. As used herein, “crvstalline” is meant to referto a
certain lattice contiguration of a crvstalline substance. Different crystalline forms of
the same substance tvpically have duferent crystalline lattices (¢ g, vntt cells) which
are attributed to different physical propertics that are characteristic of gach of the
crystalline forms. In some instances, different lattice configurations have different
water or solvent content.

As used herein, “slurrving” 1s meant o refer to forming a mixture of insolable
matter in a hguid.

The solid form and salt forms can be identified by solid state characterization
methods such as by X-rav powder diffraction (XRPD). Other characterization
methods such as differential scanning calonimetry (D5, thermogravimetric analysis
(TGA), dynamic vapor somption {BVE)}, sohd state NMR, and the like further help
identity the form as weli as help determine stability and solvent/water content.

An XRPD pattern of reflections {peaks}) s typically considered a fingerprint of

a particular solid form. It 13 well known that the relative intensities of the XRPD
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peaks can widely vary depending on, infer afia, the sample preparation technigue,
crystal size distnbution, various filters used, the sample mounting procedure, and the
particular nstrument emploved. n some instances, new peaks may be observed or
existing peaks may disappear, depending on the type of the mstrument or the settings.
As used herein, the term “peak” refers to a reflection having a relative height/intensity
of at lgast about 4% of the maxivwm peak height/intensity. 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 nunas about 0.2° (2-theta), and the term
“substantially” and “about” as used in the context of XRPD herein 15 meant to
encorapass the above-mentioned variations.

In the same way, temperature readings i connection with DSC, TGA, or other
thermal experiments can vary about +3°C depending on the instrument, particular
settings, sample preparation, etc. Accordingly, a solid form or a salt reported herein
having a DSC thermogram “substantially” as shown in any of the Figures or the term
“about” 13 understood to accommodate such variation.

In some embodiments, the sohid form or the salts deseribed herein are
substantially isolated. By “substantially isolated”™ is meant that the sohid form or the
salts 19 at least partially or substantially separated from the environment m which it
was formed or detected. Partial separation can mclude, for example, a composition
enriched in the solid form or the salts described herein. Substantial separation can
mchide compositions containing at least about 50%, at least about 60%, at least about
709, at least about 80%, at least about 0%, at least about 93%, at least about 97%, or

at least about 99% by weight of the solid 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 Formula (I in a
solvent comaponent comprising cthano! and water,

In some embodiments, the solvent component comprises about 5% to about
20% water and about 80% to about 95% ethanol. In some embodiments, the solvent
component comprises about 5% to about 10% water and about 90% to about 95%

cthanol. In some crubodiments, the solvent component comprises about 6% water and
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about 94% cthanol. In some embodiments, the solvent component comprises about
10% water and about 90% ethanol.
In some enmbodiments, the solution 18 cooled 1o a temperature of 6°C = 3°C.
In some embodiments, the solution is prepared by heating a shurvy of the
5  compound of Formuia (1} in the solvent component prior to said cooling,

The present application further provides a process for preparing a sohid form,
which is Form I, comprising evaporating at 25°C a solution of the compound of
Formula (1) n a sclvent selected from CH:Cl, CH:CN, EtOH, and IPA. In some
embodiments, the solvent is CH2Ch. In some embodiments, the solvent 1s CHzCN. In

10 some cmbodiments, the solvent is EtOH In some emboduments, the solvent 1s [PA.

The present application turther provides a process for preparing a sohid form,
which is Form 1 comprising evaporating at 25°C a solution of the compound of
Formuda (1) m 1 4-dioxane.

Also provided is a process for preparing Form [l comprising preparing a

ot
(441

satarated or nearly saturated solution of the compound of Formula (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 is Form ITL
The present application further provides a process for preparing a salt form of
the compound of Formula (I}, which is selected from a mono-maleate salt, a di-
20 besylate salt, a mono-mesylate salt, a di-tosylate salt, a mono-hydrochloride salt, and
a di-hydrochlonde salt.
Provided 1n the present application 1s a process for preparing a mono-maleate
salt of a compound of Formula (1}, comprising reacting the compound of Formula (3}
with maleic acid. In some embodiments, about 1 equivalent to about 2 equivalents of
25 maleic acid are utilized relative 1o 1 equivalent of the compound of Formula (). In
some embodiments, about 1 equoivalent to about 1.5 equivalents of maleic acid are
utilized relative 1o 1 equivalent of the compound of Formuda (1), In some
embodiments, 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
30 reacting of the compound of Formula (I} with the maleie acid is conducted in a
solvent component. In some embodiments, the solvent component comprises an
alcohol and a halogenated atkance. In some crabodiments, the solvent cormaponent

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 aicohol. In some embodiments, the solvent component
comprises about 40% to about 0% by weight of a halogenated alkane and about 40%
to about 60% by weight of an alcohol. In some embodiments, the solvent comaponent
comprises about 45% to about 55% by weight of a halogenated alkane and about 45%
1o about 535% by weight of an alechol. In some embodiments, the halogenated atkane
is 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
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 35% by weight of dichloromethane and about 45% to
about 35% by weight of methanol. In some enmbodimenis, the solvent component
comprises 111 dichloromethane:methanol.

In some embodiments, after said reacting of the compound of Formuola (1} with
the maleic acid, the process further comprises removing the sclvent component and
then shurrying the product of said reacting in acetone.

In some embodiments, the process for preparing a mono-maleate salt of the
compound of Formula (I}, comprises reacting the compound of Formula () with
maleic acid 1n a solvent component comprising dichloromethane and methanol, and
then evaporating the solvent cormponent. In some embodiments, the solvent
cornponent comprises 111 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. In some embodiments, the solution is evaporated to
dryness. In some embodiments, evaporating the solvent component results in a solid.
In some embodiments, acetone is added to the resulting solid, followed by filtration.

Provided 1o the present application is a process for preparing a di-besvlate salt
of a compound of Formula (1), comprising reacting the compound of Formulda {I) with
benzenesulfonic acid. In some embodiments, about 1 equuvalent to about 2
aquivalents of benzenesultonic acid are utilized relative to 1 equivalent of the
compound of Formula (1), In some embodiments, about 1 equivalent to about 1.5

equivalents of benzenesulfonic acid are utilized relative to 1 cquivalent of the
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compeund of Formula (1}, In some embodiments, about 1 equivalent to about 1.2
cquivalents of benzenesulfonic acid are uvtilized relative to 1 equivalent of the
compound of Formula (1), In some embodiments, the reacting of the compound of
Formula () with the benzenesulfonic acid 1s conducted 10 a solvent component, In
some embodiments, the solvent component comprises an alcohol and a halogenated
alkane. In some embodiments, the solvent component comprises about 309 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 43% to about 35% 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 abowt 70% by weight of methanol. In
some embodiments, the solvent component comprises about 409% to about 50% by

Q

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 dichioromethane:methanch

In some crbodiments, after said reacting of the compound of Formula (1) with
the benzenesulfonic acid, the process further comprises removing the solvent
component and then slarrying the product of said reacting w acetoniirile.

In some embodiments, after said reacting of the compound of Formula () with
the benzenesulfonic acid, the process further comprises removing the solvent
component and then shirrving the product of said reacting in acetone.

in some embodiments, the process for preparing a di-besylate salt of the
corapound of Formula (1}, comprises reacting the compound of Formula (1) with
benzenesulfonic acid m 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 i the selvent component prior to the

addition of the benzenesulfonic acid. In some embodiments, the solvent component is
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evaporated from the solution at room temperature. In some embodiments, the sohution
is evaporated to a first oil. In some embodiments, acetonitrife 15 added to the first o1l
and the solution is evaporated to a second o1l In some embodiments, the acctonitriie
is evaporated from the solution at room fermnperature. In some embodiments, acetone 18
added to the sccond o1l to form a solution and the solution is slurried to solid. fnn some
embodiments, the solution is slurried at room temperature. In some embodiments, the
solid 1s filtered.

Provided in the present application 1s a process for preparing a mono-mesylate
salt of a compound of Formula (1), comprising reacting the compound of Formula ()
with methanesulfoonic acid. In some embodiments, about 1 cguivalent to about 2
equivalents of methanesulfonic acid are utilized relative to 1 equivalent of the
compound of Formula (1), In some embodiments, about 1 equivalent to about 1.5
cquivalents of methanesulfonic acid are utilized relative to 1 equivalent of the
compound of Fornwula (1), In some embodiments, about 1 equivalent to about 1.2
equivalents of methanesulfonic 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 methanesulfonic acid is conducted 1n 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 alcobol.
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 alkanc and about 45% to about 55% by weight of an alcchol.
In some embodiments, the halogenated alkane s 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 methavol. In
some embodiments, the solvent component comprises about 40% to about 50% by
weight of dichloromethans and about 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 101 dichloromethane methanol.
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In some embodiments, after said reacting of the compound of Formula (1) with
the methanesulfonic 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-mesylate salt of the
compound of Formula (1}, comprises reacting the compound of Formula (1) with
methancsulfonic acid in a solvent coraponent comprisimg 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 (1) is dissclved in the solvent component prior to the
addition ot the methanesulfomic acid. In some embodiments, the solvent component is
gvaporated from the solution at room temperature. In some embodiments, the solution
i3 evaporated to an oil. In some embodiments, acctone is added to the oil to form a
solution and the solution is shurried to sohid. In some embodiments, the solution is
slumed at room temperature. In some embodiments, the solid is filtered.

Provided in the present application s a process for preparing a di-tosvlate salt
of a compound of Formula (1), comprising reacting the compound of Formuda (I} with
p-tolucnesulfonic acid. In some embodiments, the p-toluenesulfonic acid 1s the
monohydrate. In some embodiments, about 1 equivalent to about 2 equivalents of p-
tolucneselfonic acid are atilized relative to 1 equivalent of the compound of Formula
{1}, In some embodiments, about 1 equivalent to about 1.5 equivalents of p-
toluenesulfonic acid are utilized relative to 1 equivalent of the compound of Formula
{I}. In some embodiments, about 1 equivalent to about 1.2 equivalents of p-
tohuencsulfonic acid are utilized relative to 1 equivalent of the compound of Formula
{1} In some embodiments, the reacting of the compound of Formula (8} with p-
tolucnesulfonic acid 1s 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 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 alecohol.
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 s a chlorinated alkane. In some

A
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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 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 35% by weight of methanol. In
some embodiments, the solvent component compnses 1:1 dichloromethane: methanol.

In some embodiments, after said reacting of the compound of Formula () with
the p-toluencsulfonic acid, the process further comprises removing the solvent
component and then shurrving the product of said reacting m acetoniirile.

In some embodiments, after said reacting of the compound of Formula (I} with
the p-toluenesulfonic acid, the process further comprises removing the solvent
component and then slurryving 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 () with p-
tolucnesuifonic acid monohydrate in a solvent component comprising
dichloromethane and methanol, and then evaporating the solvent component. In some
embodiments, the solvent component comprises 1:1 dichioromethane methanol. In
some embodiments, the compound of Formulia (1) is dissolved in the solvent
coraponent prior to the addition of the p-toluencsulfonic acid monchydrate. Io some
embodiments, the solvent component is evaporated from the solution at room
temperature. In some embodiments, the sclution i1s evaporated to an oil. In some
embodiments, acetonitrile is added to the first oif and the solution is evaporated to an
oil/semi-solid. In some embodiments, the acetonitrile 1s evaporated from the solution
at room temperaturs. In some embodiments, acetone 1s added to the oil/semi-solid to
form a solution and the solution is slurried to solid. In some embodiments, the
solution 1s slurried at room temperature. In some crabodiments, the solid is filtered.

Provided in the present application 1s a process for preparing a mono-
hvdrochloride salt of a compound of Formula (1}, comprising reacting the compound
of Formula (1} with hydrochloric acid. I some embodiments, about 1 equivalent to
about 2 equivalents of hvdrochloric acid are utilized relative to 1 equivalent of the

compound of Formula (I). In some embodiments, about 1 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 1 equivalent to about 1.2 equivalents of
hvdrochloric acid are witlized relative to | equivalent of the compound of Formula (1)
In some embodiments, the reacting of the compound of Formula (1) with hydrochloric
acid 15 conducted in a solvent component. fn some embodiments, the solvent
coraponent comprises an alcohol and a halogenated alkane. 1o 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 alcobol. In some ecmbodiments,
the solvent component comprises about 45% to about 55% by weight of a halogenated
alkane and about 43% to about 55% by weight of an alcohol. In some embodiments,
the halogenated alkane is a chlorinated alkane. In some embodiments, the solvent
coraponent comprises dichloromethane and methanol. fo somce erabodiments, 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 crabodiments. the
solvent coraponent comprises 1:1 dichloromethane 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 slurrving the product of said reacting in acetone.

In some embodiments, the process for preparing a mono-hydrochiornide sait of
the compound of Formula (I}, comprises reacting the compound of Formulda (I} with
about 1 to about 1.5 equuvalents of hydrochloric acid in a solvent component
coraprising dichloromethane and methanol, and then evaporating the solvent
cornponent. In some embodiments, the solvent component comprises 1:1
dichloromethane methanol. In some embodiments, the compound of Formula (3} s
dissolved in the solvent component prior to the addition of the hydrochloric acid. In
some cmbodiments, the hvdrochlonic acid 15 6 M agueous hydrochioric acid. In some

embodiments, the solvent component is evaporated from the solution at room
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temperature. In some embodiments, the sclution 1s evaporated to dryness. In some
embodiments, evaporating the solvent component results in a solid.

Provided in the present application s a process for propariog a di-
hydrochlonide salt of a compound of Formula (I}, comprisimg reacting the compound
of Formula {1} with hydrochloric acid. In some embodiments, abowt 2 equivalent to
about 3 equivalents of hydrochlornic acid are utilized relative to 1 equivalent of the
compound of Fornula (I}, In some embodiments, about 2 equivalent to about 2.3
equivalents of hvdrochloric acid are utilized relative to T equivalent of the compound
of Formula (1}. In some embodiments, about 2 equivalent to about 2.2 equivalents of
hvdrochloric acid are utilized relative to | equivalent of the compound of Forraula ().
In some embodiments, the reacting of the compound of Formula () with hvdrochlone
acid i3 conducted in a solvent component. In some embodiments, the sobvent
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 40% to about 60% by weight of a halogenated
alkane and about 40% to about 60% by weight of an alcobol. In some ecmbodiments,
the solvent component comprises about 45% to about 55% by weight of a halogenated
alkane and about 43% to about 55% by weight of an alcohol. In some embodiments,
the halogenated alkane is a chlorinated alkane. In some embodiments, the solvent
coraponent comprises dichloromethane and methanol. fo somce erabodiments, 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 crabodiments. the
solvent coraponent comprises 1:1 dichloromethane 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 slurrving the product of said reacting in acetone.

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

compound of Formula (I}, comprises reacting the compound of Formula (1) with
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about squivalents to about 2.5 equivalents of hydrochlorc acid i a solvent
component comprising dichloromethane and methanol, and then evaporating the
solvent component. In some embodiments, the solvent component comprises 11
dichloromethane methanol. In some embodiments, the compound of Formula (I) 1s
5  dissolved i the solvent component prior to the addition of the hydrochloric acid. In

some embodiments, the hvdrochloric acid 15 6 M agueous hydrochioric acid. In some
embodiments, the solvent component 1s evaporated from the solution at room
temperature. In some embodiments, the solution is evaporated to dryness.

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

10 filtration.

The present apphication also provides processes for preparing a compound of
Formuda (1), or a solid form or a salt thereof. Accordingly, the present application
provides a process of preparing a compound of Forouuda (1), or a phammaceutically

acceptable salt thereof] a solid form of the compound of Fonuula (B, which is Foru L

ot
(441

Form {1, or Form IIL; or any of the salts of the compound of Formula (I} as described
herein, comprising:

reacting a compound of Formulda (¢}

5\“ ’)
\

L\KN\GW {1c},

with a compound of Formula (1b}):

~, SONe

"I . N
\?
Hoi
20 {ib},

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

{la):
s
< Qg
(“‘( J .»S\\Q
P " /"”N
Moo oS
N /R)
R /J\f"N
XN N
N {la},
wherein X! is halo.
25 in some cmbodiments, X' is Br.
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In some embodiments, the compound of Formuda (1b), or the salt thereof, 15
the HCl salt. In some embodiments, the Buchwald coupling reaction comprises
reacting the compound of Formula (1¢) with the corapound of Fommula (1b), or the
salt thereof, n 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-
butylphosphino-3,6-dimethoxy-2" 4",6 -triisopropyi-1, I -biphenvl}-2-(2 -amino-1,1'-
biphenyl palladiom (I} methanesuifonate (t-BuBrett Phos Pd G3), [tBuBrettPhos
PAGHYBOTE(PA-175)}, chloro(2-dicyclohexylphosphing-2' 4" & -trusopropyl-i. -
biphenyh2-(2"-amino-1, 1 ~-biphenyl}jpalladium{(Il} (XPhos-Pd-G2), {{4.5-
bis{diphenvlphosphine)-9,9-dimethvixanthene)-2-(2-amino-1,1'-
biphenyi} fpalladium{ll} methanesulfonate (XantPhos Pd G3), t(BubBrettPhos Pd 3,
SPhos Pd G3, cataC Xiom® A Pd G3, BrettPhos Pd G3, tBuXPhos Pd G3, {(1,3,5.7-
tetramethyi-6-phenyl-2 4, 6-tnoxa-6-phosphaadamantanc)-2~(2~-amino-~1,1'-
biphenyl{palladiom {3} methanesulfonate, JackiePhos Pd G3, CPhos Pd 3, RaPhos
Pd 53, APhos Pd (53, RockPhos Pd 3, AdBretiPhos Pd (33, Neopentyl{t-Bu)2P Pd
G3, TrixiePhos Pd G3, N-XantPhos Pd G3, DTBPF-PA-G3, DPPF Pd G3, DavePhos-
Pd-(3, (t-BupPhP Pd 3, rac-BINAP-PA-G3, CyvlohnPhos Pd G3, MorDalphos Pd
(33, Josiphos SL-J009-1 Pd G3, P{Cy3) Pd (3, Me3(OMe }tBuXPhos-Pd-G3,
4MetBuXPhos Pd (53, (-Bu)PhCPhos Pd G3, CylohnPhos Pd G3, mesylf{tri-t-
butyiphosphine)-2-(2~aminobiphenyl) jpalladium(Ih, DTBPF-PJ-G3, Plo-tol)s 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-Ba)s Pd G4, (+-Bu)Ph{Phos Pd G4,
cataCXium Pd G4, CPhos Pd G4, CyichnPhos Pd G4, DavePhos Pd G4, DPPF Pd
4, EPhos Pd G4, MorDalPhos Pd G4, neopentvl(tBu)2P Pd G4, PCy; Pd G4,
{tBupPMe Pd G4, (1BupPPh Pd G4, 1.3,5, 7-tetramethy-6-phenyl-2 4 6-trioxa-6-
phosphaadamantane Pd G4, (R)-TolBINAP Pd G4, VPhos Pd G4, XantPhos Pd G4,
N-XantPhos Pd G4, t-BubDavePhos Pd G4, XPhos Pd G2, RuPhos Pd G2, SPhos Pd
G2, bisiniphenviphosphinepalladium(If) dichlonide, {BuXPhos Pd G1, RuPhos Pd
Gl methyl t-butyl ether adduct, SPhos Pd G1 methyl t-butyl ether adduct, 2'-
{dimethvlamino)}-2-biphenylyi-palladiim{H) chlonde dinorbomyiphosphine complex,
chloro(n2-P,C-ris(2,4~di-tert-

butviphenylphosphite)(tricvclohexviphosphineypalladium {1, di-p~chlorobisf5-
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chlore-2-{{(4-chlorophenyi(hydroxyimmo-«Nmethyl|phenvl-«Clpalladium dimer,
DavePhos Pd G2, (Ad—BippyPhosiPACh, APhos Pd G2, s5Phos Pd G2, P{t-Buy; Pd
(3, BrettPhos Pd Gl methyl t-buty! ether adduct, dichloro{2-(4,5-dihydro-2-
oxazolyhiguinolineipaliadium(ll}, salicvlaldehvde thicsemicarbazone palladiom{Il)
chioride, XPhos Pd G1, bis{{dicyciohexyl{4-dimethylaminophenyliphosphine}
palladium(i} chloride, bis{di-tert-butyi{4-
dimethylaminophenyljphosphine)dichloropaliadivm(), di-u~chlorobis|S-hydroxy-2-
| I-(hydroxyimino-kNjethvliphenyl-«Clpailadivm (i) dimer, 2-(2'-di-tert-
butylphosphineibiphenyipalladium(ll) acetate, or 2-{(dimethylaminomethyljferrocen-
1-yi-patladium(il) chloride dinorbomylphosphine complex.

In some embodiments, the palladium catalyst or precatalyst i1s XPhos Pd G3.

In some embodiments, the base is an alkali metal alkoxide. In some
embodiments, the base is sodivwm t-butoxide.

In some embodiments, about 1 to about 1.5 equivalents of the compound of
Formula (1b}, or the salt thereof, 1s atilized relative to 1 equvalent of the compound
of Formula (1¢). In some embodiments, about 1.2 equivalents of the compound of
Formula (1b), or the salt thereof, 15 utihized relative to 1 equivalent of the compound
of Formula {1¢).

In some embodiments, about 4 to about 6 equivalents of the base 18 utilized
relative to 1 equivalent of the compound of Formula (Ic).

In some embodiments, about 0.0001 to about 0.1 equivalents of the Buchwald
catalvst or precatalyst is utibized relative to 1 equivalent of the compound of Formula
(ic}. In some embodiments, about 0.01 to about .05 equivalents of the Bachwald
catalyst or precatalyst is utilized relative to 1 equivalent of the compound of Formula
{1c).

In some embodiments, the reacting of the compound of Formmuda {1¢) with the
compaound of Forawula (1h), or the salt thereof, is conducted at a temperature of from
about 80°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, 1s conducted at a
temperature of about 90°C.

In some embodiments, the reacting of the compound of Formula (1¢) with the
compound of Formula {1b}, or the salt thereof, is conducted in a solvent component,

In some embodiments, the solvent component for the reacting of the compound of
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Formula (Ic) with the compound of Formula (1b), or the salt thereof, compnises a
cyclic ether. In some embodiments, the solvent component for the reacting of the
compound of Formula {(1c¢} with the compound of Formula (1b), or the salt thereof,
comprises dioxane.

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

In some embodiments, the organic acid 1s succinic acud.

In some embodiments, the salt of the compound of Formuda (1) is a hemi-
succinnic actd salt of the compound of Formula (1a).

In some embodiments, the process further comprises reacting the compound of
Formula {1a) with succime acid {o form a hemi-succinic acid salt of the compound of
Formuda (1a).

in some embodiments, from about 2 equivalents to about 2.5 equivalents of
succinie acid are uitlized relative to 1 equivalent of the compound of Formula (la}.

In some embodiments, the reacting of the compound of Formala (1a} with
succinnic actd 1s conducted in a solvent component. In some embodiments the solvent
component for the reacting of the compound of Formula {1a) with succinic acid
comprises acetonitrile.

In some embodiments, the reacting of the compound of Formula (1a) with
succinic acid 18 conducted at a temperature of from about 50°C to about 60°C.

In some embodiments, the process further comprises deprotecting the
compound of Fornula (1a)., or a salt thereof, to form the compound of Formula (1),

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

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 embodiments, 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 (1a) is
conducted at a temperature of from about S0°C to about 70°C. In some embodiments,
the deprotecting of the compound of Formula (1a} s conducted at a temperature of

about 60°C.
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In some embodiments, the deprotecting of the compound of Formula (1a) is
conducted 1o a solvent component. In some embodiments, the solvent component for
deprotecting of the compound of Forowla (1a) comprises a cyelic cther. In some
embodiments, the solvent component for deprotecting of the compound of Formula

5 {la) comprises tetrahydrofuran (THF),

In some embodiments, the compound of Formwula (1¢) 1s prepared by a process

comprising:

reacting a compound of Formula (1d):

N R
NK\/L\\ //;L\[:;N

‘ - NHz
™ g,

10 or a salt thereof, with a halogenating agent to form the compound of Formula (Ie).
In some cmbodiments, the halogenating agent (s a brominating agent.
fn some embodiments, the balogenating agent is Cu(X '}
In some embodiments, the halogenating agent 1s CuBi.
In some embodiments, about 1 to about 1.5 equivalents of a halogenating
15 agent is utilized relative to 1 equivalent of the compound of Formula (1d)}, or the salt
thereof. In some embodiments, about 1 to about 1.1 equivalents of a halogenating
agent 1s utihized relative to 1 equivalent of the compound of Formula (14), or the salt
thereof.
in some embodiments, the reacting of the compound of Formula {1d}, orthe
20 salt thereot, 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
{id), or the salt thercof, with the halogenating agent, is conducted at a temperatare of
about 5°C, followed by warming to room temperature.
In some embodiments, the reacting of the compound of Formula (1d}, or the
25  salt thereof, with the halogenating agent, 1s conducted in a solvent component. In
some embodiments, the solvent component for the reacting of the compound of
Forouda {1d}, or the salt thercof, with the halogenating agent comprises acetonitrile.
In some embodiments, the compound of Formula (1d), or the salt thereof, 15
prepared by a process comprising:

30 reacting a compound of Formula He):
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with hvdroxviagune HCl and a base component to form the compound of Formula
{1d), or the salt thereof

In some embodiments, the base component is a terfiary aming. In some
5 embodiments, the tertiary aming is ethyldusopropylamine.

In some embodiments, about T eguivalent to about 2 equivalents of
hydroxylamine HCL are utilized relative to about 1 equivalent of the compound of
Formula {(Ie).

In some cmbodiments, the reacting of the compound of Formula (le), orthe

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

In some embodiments, the reacting of the compound of Formula (1e}, or the

15 salt thereof, with hydroxyviamine H{I and a base component, is conducted in a solvent
coraponent. In some embodiments, the solvent component for the reacting of the
compound of Fornula (1e), or the salt thereof, with hydroxvlamme HCl and a base
component comprises an alcohol. In some embodiments, the solvent component for
the reacting of the compound of Fornmula {ie), or the salt thereof, with hvdroxylamine

20  HCl and a base component comprises an alcohel. In some embodiments, the solvent
component for the reacting of the compound of Formula (1e), or the salt thereof, with
hydroxylamine HCI and a base component comprises ethanol.

In some embodiments, the compound of Formwla (1) 1s prepared by a process

comprising:
25 reacting a compound of Formula (1f):

</
\ '
o~{N . J

Pt %)

N
= 4,)’\ . —NH;
S N (1)

with CHCHOC(03-N=C=S to form the compound of Formulda (1¢).
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In some embodiments, about 1 to about 1.5 equivalents of the CH:CHOC(O3-
N={=8 are used relative to the compound of Formula (16).

In some embodiments, the reacting of the corapound of Formula (1) with
CH:CH20C(0)-K=C=5 15 conducted at a temperature of from about 0°C to about

5 20°C, followed by warming to room femperature. In some embodiments, the reacting

of the compound of Formula (1) with CH;CHOC(0)-N=C=S is conducted at a
temperature of about 10°C, followed by warmung to room temperature.

In some embodiments, the reacting of the compound of Formula (1f) with
CH:CHOC{0)-N=C=8 15 conducted in a solvent component. in some embodiments,

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

CH:CHOC(0)-N=C=5 comprises a cychic ether. In some embodiments, the solvent
component for the reacting of the compound of Formula (1} with CH:CHOC(0)-
N={=8 comprises dioxanc.

In some embodiments, the compound of Formula (1) is prepared by a process

ot
(441

COMpIising:
reacting a compound of Formula {1hy:
,/’\\O
Bra_# E NH

N (lh),

o1 a salt thereof, with a compound of Formula (1g):
N-a

Ne oo

N (g,
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 (1h), or the salt thercof, with the compound of Formula (I1g)
the presence of Buchwald catalyst or procatalyst and a base.

In some embodiments, the Buchwald catalyst or precatalyst is a palladium

25 catalvst. In some embodiments, the palladium catalyst or precatalyst is [(2-di-tert-
butylphosphino-3,6-dimethoxy-2".4",6 -trizsopropyi-1, 1 -biphenvl}-2-(2-amino-1,1'-
biphenyh jpalladiom{Il} methanesulfonate {t-BuBrett Phos Pd 3} [tBuBretiPhos
Pd(allylOTT (Pd-175), chloro(2-dicvclohexylphosphing-2' 4',6'-triisopropyl-i, 1'-

(a4l
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bipheny}2-€2~aming-1, -biphenyl)palladium (31} (XPhos-Pd-G2), {{4,5-
bis{diphenyiphosphine)-9.9-dimethyixanthene}-2-(2'-amine-1,1'-
biphenyijpalladium{Il) methanesulfonate (XantPhos Pd G3), tBuBrettPhos Pd G3,
SPhos Pd G3, catalXaum® A Pd G3, BrettPhos PA G3, tBuXPhos Pd G3, [(1,3,5,7-
tetramethyi-6-phenyl-2 4 6-tricxa-6-phosphaadamantane}-2-(2 -amino-1,1'-

biphenvh [palladium (i) methanesuifonate, JackicPhos Pd G3, CPhos Pd 3, RuPhos
Pd (53, APhos Pd (53, RockPhos Pd (3, AdBrettPhos Pd (53, Neopentvi{i-Bu)2P Pd
(3, TrixicPhos Pd 3, N-XantPhos Pd G3, DTBPF-Pd-G3, BPPF Pd 33, BavePhos-
PA-G3, (t-BupPhP Pd G3, rac-BINAP-Pd-(3, CyiohnPhos Pd G3, MorDalphos Pd
G3, Josiphos SL-J009-1 Pd G3, P(Cy=) Pd G3, Me3(OMetBuXPhos-Pd-(G3,
4MetBuXPhos Pd (3, (-BuyPhCPhos Pd G3, CviohnPhos Pd G3, mesvif{in-i-
butviphosphine}-2-(2-annobiphenvl} ipaliadiom(Ih), DTBPF-PA-G3, Plo-tol); Pd G3,
VPhos Pd (33, 3Phos Pd G3, RuPhos Pd G4, SPhos Pd G4, BretiPhos Pd G4, XPhos
Pd G4, APhos Pd G4, rac-BINAP Pd G4, P(-Bup Pd G4, (t-BuyPhCPhos Pd G4,
cataCXium Pd G4, CPhos Pd G4, CyichnPhos Pd G4, DavePhos P4 G4, DPPF Pd
G4, EPbos Pd G4, MorDalPhos Pd G4, neopentyl(tBu)2P Pd G4, PCys Pd G4,
(tBupPMe Pd G4, (tBupPPh Pd G4, 1.3,3,7-tetramethyl~6-phenyl-2,4,6-trioxa-~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
G2, bis(triphenylphosphinepalladium (i) dichlonde, tBuXPhos Pd G1, RuPhos Pd
G 1 methyl t-butyl ether adduct, SPhos Pd G methyl t-butyl ether adduct, 2'-
(dimethvianmino}-2-biphenyviyl-palladium{Il} chlonde dinorbomylphosplune complex,
chlorotn2-P,C-tnis{2 4-di-tert-

butylphenvliphosphite){tricvelshexylphosphine ypalladivmdi{), di-y-chlorobis|3-
chloro-2-{(4-chlorophenyDihydroxyimino-«MNmethvljphenvi-«Clpalladiim dimer,
BavePhos Pd G2, (Ad-BippyPhos)PdCh, APhos Pd G2, sSPhos Pd G2, P(t-Bujs Pd
3, BrettPhos Pd G1 methyl t-butyl ether adduct, dichloro]2-(4,5-dihydro-2-
oxazolytyguinolineipaliadiom(il}, salicylaldehyde thiosemicarbazone palladuum(il)
chionide, XPhos Pd G 1, bis[{dicyclohexyl}4-dimethylaminophenvliphosphine]
palladiom(i1) chlonde, bis{di-tert-butyl(4-
dimethviaminopbenviphosphine)dichloropaliadimm(Hl), di-p-chiorobisf5-hydroxy-2-

[ 1 -(hydroxymmino-kNethylipheoyi-«Clpalladiumll) dimer, 2-(2'~di-tort-

(P83
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butylphosphine hiphenyipalladivm(1l} acetate, or 2-(dimethylaminomethyliferrocen-
1-vi-paladium(il} chloride dinorbornylphosphine complex.

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

in some embodiments, the Buchwald catalyst or procatalyst, present for the
reacting of the compound of Formula (1h), or the salt thereof, and the compound of
Formula (Ig}, 1s a palladium catalyst. 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 Formulda (1g}, 1s (2-dicyelshexylphosphine-2',47,6'-
triisopropyl-1,1-biphenv}{2-(2-amino- 1,1 ~biphenyvt palladivm 1)
methanesulfonate (XPhos Pd G3).

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

In some embodiments, the reacting of the comapound of Founula (1h), orthe
salt thereof, with the compound of Formula (1g), 1s conducted at a temperature of
from about 75°C to about 95°C. In some embodiments, the reacting of the compound
of Formula {1h}, or the salt thereof, with the compound of Formula {1g), i1s conducted
at a temperature of about 85°C,

In some embodiments, the reacting of the compound of Formula (1h}, orthe
salt thereof, with the compound of Formula (1g), 1s conducted n a solvent
component. In some embodiments, the solvent component for the reacting of the
compound 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 (1g) 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 Formula (Th}.

In some embodiments, about 2 to about 4 equivalents of the base 1s utilized

relative to 1 equivalent of the compound of Formula (1h).
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In some embodiments, about 0.6001 o about 0.1 equivalents of the Buchwald
catalyst or precatalyst is utilized relative to 1 equivalent of the compound of Formula
{ih). In some embodiments, about 0.001 to about 0.005 equivalents of the Buchwald
catalyst or precatalvst 1s utilized relative to 1 equivalent of the compound of Formula
{1h}.

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

reacting a compound of Formula (11}

OH

Bin_ NH;

=N (),
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 ethyl halide is ethyl iodide.

In some embodiments, about | equivalent to about 2 equivalents of the cthyl
hahde 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 Formula (11}, or the salt thereof,

In some embodiments, the base present for the reacting of the compound of
Formula (11}, or the salt thereof, with the ethyl halide 15 a carbonate base. In some
embodiments, the carbonate base is ceshum carbonate. In some embodiments, the
compound of Fornwula (11), or the salt thereof, 1s a HBr salt.

In some embodiments, the reacting of the compound of Formula (11}, or the
salt thereof, with the ethyl halide, 1s condacted at a temperature of from about 55°C to
about 30°C. In some embodiments, the reacting of the compound of Formula (11), or
the salt thereof, with the ethy! halide, 1s conducted at a temperature of about 65°C 1o
about 70°C.

In some embodiments, the reacting of the compouand of Formula (11}, or the
salt thercof. with the othyl halide, is conducted 1n a solvent component. In some
cmbodiments, the solvent component for the reacting of the compound of Formula
(i1}, or the salt thereof, with the ethyl halide comprises acetominle.

In some embodiments, the compound of Formuda {i¢) is prepared by a process
COMprising:

reacting a compound of Formula (2a):

(P83
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with a compound of Formula (Zb):

el
O~ (2w),

to form the compound of Fornmula {ic), in the presence of a Suzuki catalyst and a
base, wherein X' is halo.

In some embodiments, X' is Br.

In some embodiments, about 1 to about 1.5 eqaivalents of the compound of
Forowula (2b) are utilized relative to 1 equivalent of the compound of Formmula {(2a).

In some embodiments, the Suzuki catalyst is a palladium catalyst. In some
embodiments, the Suzuki catalyst 1s formed from a mixture of a phosphine ligand and
a palladivm (1) compound. In some embodiments, the Suzoki catalyst is formed from
a mixture of CataCXium A and palladium acetate.

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

In some embodiments, the reactmg of the compound of Formula (2a) with the
compound of Formula {2b}, 1s conducted at a temperature of from about 40°C to about
60°C. In some embodiments, the reacting of the compound of Formula (2a) with the
compound of Formula (2b), is conducted at a ternperature of about S0°C,

In some embodiments, the reacting of the compound of Formmuda {(2a) with the
compound of Formula (2b), is conducted 1n a solvent component. In some
embodiments, the solvent component for the reacting of the compound of Formula
{2a} with the compound of Formula (Zb) comprises a cyclic ether. In some
embodiments, the solvent component for the reacting of the compound of Formula
{Za} with the compound of Formula (2b) comprises dioxane.

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

reducing a compound of Formula (3a):

(9%}
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to form the compound of Formula (1b}, or the salt thereof.
in some embodiments, the reducing 1s accomplished by reacting the
compound of Fornrula (3a) with hydrogen gas in the presence of a palladium catalyst,
5 In some embodiments, the reducing is accomplished by reacting the compound of
Formula (3a) with hydrogen gas in the presence of a PA(OH}:.
In some embodiments, the reducing of the compound of Formula (3a) is
conducted at room temperature,
In some embodiments, the reducing of the compound of Formula (3a} is
10 conducted in a solvent component. In some embodiments, the solvent component for
the reducing of the compound of Formula (3a) comprises an alcohol. In some
embodiments, the solvent component for the reducing of the compound of Formula
(3a} comprises methanol.
In some embodiments, the compound of Formuda {(3a) is prepared by a process
15 compmising:

reacting a compound of Formula (3¢}
I\T,SOQMe
¢ T

with a compound of Formula (3b):

(3¢},

S 7a NH,

~F {3b},

B

[

20 followed by crvstailization to give the compound of Formula (3a).
In some embodiments, about T to about 2 equivalents of the compound of
Formuda (3b) are utilized relative to 1 equivalent of the compound of Foromulda {(3¢).
in some embodiments, the reacting of the compound of Formmda (3¢} with the
compound of Fornula (3b) 15 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 Formula (3b}, 15 a borohydride. In some
embodiments, the coupling agent, present for reacting of the compound of Formula
(3¢} with the compound of Formuia (3b3, 1s NaBH{QAc). In some embodiments, the

base, present for the reacting of the compound of Formala (3¢} with the compound of
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Formula (3b}, is atertiary amine. In some embodiments, the base, present for the
reacting of the compound of Formula (3¢) with the compound of Formula (3b) s
ditsopropylethviamine.

In some embodiments, the reacting of the compound of Formula (3¢) with the
compound of Fornula (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 Fornula (3b), is conducted at a temperature of about 20°C to about
25°C.

In some embodiments, the reacting of the compound of Formula (3¢} with the
compound of Formula (3b}, 1s conducted 1n 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 cvclic ether. In some
cembodiments, the solvent component for the reacting of the compound of Formula
(3¢} with the compound of Formula (3b) comprises tetrahvdrofuran.

In some embodiments, the crystallization is conducted by dissolving the
product of the reacting of the compound of Formula (3¢) with the compound of
Foraula (3b} in a solvent coraponent and then cooling the solution o form the
compound of Formula (3¢}, In some embodiments, the solvent component for the
dissolving s ethyl acetate (EtQ0AC).

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

reacting a compound of Formula (3d):

/\N,H
A
(3d),
or a salt thereof, with methanesalfonyl chloride to form a compound of Formula (3¢).

In some cmbodiments, the reacting of the compound of Formula (3d) with the
methancsulfonyl chlonde, is conducted 1o the presence of a base. in some
embodiments, the base, present for the reacting of the compound of Formula (3d) with
the methanesulfony! chloride, is a3 tertiary amine. In some embodiments, the base,
present for the reacting of the compound of Formula (3d) with the methanesulfonyi

chloride, 18 ingthvlamine,

|98
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In some embodiments, about T 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 methancsulfony! chloride, is conducted at room temperature.

In some embodiments, the reacting of the compound of Formula (3d) with the
methanesulfonyl chloride, 15 conducted 1 a solvent component. In some
embodiments, the solvent component for the reacting of the compound of Formuula
(3d) with the methanesulfonyl chloride comprises dichioromethane.

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

selected from:
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or a saft thereof,
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In some embodiments, the present application provides a hemi-succinate salt

of a compound of Formula (1a):

AY : L
N’%/\“\i/\rm ;R{i
by 2N
SN (1a).

It 1s further appreciated that certain features of the invention, which are, for
20 clanty, descnbed in the context of separate embodiments, can also be provided i

combination in a single embodiment. Conversely, various features of the invention

4G



WO 2023/172921 PCT/US2023/063875

10

ot
(441

20

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, €1, Br, or | In some embodiments, halo is
F, 1, or Br. In some embodiments, halo 18 F or Cl In some embodiments, halo s F.
In some embodiments, halo 1s CL

In some embodiments, the compounds provided herein, or salts thereof, are
substantially 1solated. By “substantially isolated” is meant that the compound is 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 hersin. Substantial scparation 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 salt thoreof. Methods for 1solating
compounds and their salts are routine m the art,

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

The processes described heroin can also be used to prepare pharmaceutically
acceptable salts of the compound of Formula (). As used hercin, the term
“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 1o a substance that is
acceptable for use i pharmaceutical applications from a toxicological perspective and
does not adversely interact with the active ingredient. Pharmaceutically acceptable
salte, mchiding mono- and bi- salts, include, but are not limited to, those derived from
organic and inorganic acids such as, but vot himited to, acetie, lactic, ciiric, cinnamic,
tartaric, succinic, fumaric, maleic, malonic, mandelic, malic, oxalic, propionic,
hvdrochloric, hydrobromic, phosphoric, nitric, sulfunc, glyeolic, pyruvig,
methanesulfonic, ethanesulfonic, toluenesulfonic, salicylic, benzoic, and similarly
known acceptable acids. Lists of suitable salts are found 1o Remington's

Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985, p.
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1418 and Journal of Pharmaceutical Science, 66, 2 (1977}, each of which 18
mncorporated herein by reference i 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 orgamc
synthesis. Suitable solvents can be substantially non-reactive with the starting
maternials {(reactants), the intermediates or products at the temperatures at which the
reactions are carried out, e. ¢, temperatures which can range from the solvent’s
freezing temperature to the solvent’s botling 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, suitable sotvents for a particular reaction siep can be selected
by the skilled artisan.

The expressions, “ambient temperature” or “room temperature” or “r.t.” as
used herein, are understood in the art, and refor generally 0 a tomperature, 6.2, a
reaction temperature, that is about the temperature of the room in which the reaction
1s 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 various 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, m Kociensks,
Protecting Groups, (Thieme, 2007); Robertson, Frofeciing Group Chemistry, {Oxford
University Press, 2000), Smith ef al., March s Advanced Organic Chemisiry:
Reactions, Mechanisms, and Structure, 60 Bd. {Wiley, 2007); Peturssion ef al
“Protecting Groups 1n Carbohydrate Chemastry,” J. Chem. Educ., 1997, 74(11), 1297,
and Whts ef ol ., Prorective Groups in Organic Synthesis, 4th Ed., (Wiley, 2006},

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

chromatography.
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Methods of Use

The sold form and salts of the present disclosure can inlubit CDKZ and
thercfore are useful for treating diseasecs wherein the underlying pathology 18, wholly
or partially, mediated by CDKZ. Such diseases wclade cancer and other discases with
proliferation disorder. In some embodiments, the present disclosure provides
treatment of an ndividual or a patient i vive using the solid form and salts of the
present disclosure such that growth of cancercus tmors is inhibited. The solid form
and salts described herein can be used to inhibit the growth of cancerous tumors with
aberrations that activate the CDE2 kinase acuivity. These inchude, but are not limited
1o, discase {e.g., cancers) that are characterized by amplification or overexpression of
CCNET such as ovartan cancer, uterine carcinosarcoma and breast cancer and p27
inactivation such as breast cancer and melanomas. Accordingly, in some
cmbodiments of the methods, the patient has been previously determined to have an
amplification of the cyclin E1 (CCNE1) gene and/or an expression level of CONEL in
a biological sample obtained from the human subject that 15 higher than a control
expression fevel of CONEY. Alteroatively, the solid form and salts described herem
can be used m conjunction with other agents or standard cancer treatments, as
described below. In one embodiment, the present disclosure provides a method for
inhibiting growth of tumor cells in vifro. The method mcludes contacting the tumor
cells in vitre with solid form and salts. In another embodiment, the present disclosure
provides a method for inlubiting growth of tumor cells with CONEY amplification and
gverexpression i an individual or a patient. The method includes administering to the
individual or patient in need thereof 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 deseribed herein. In
some embodiments, provided herein is a method of inhibiting CDK2 in a patient,
comprising administering to the patient the solid form and salts described herein,

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

the cancer 1s characterized by amphfication or overexpression of CONEL. In some

.
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embodiments, the cancer s ovarian cancer or breast cancer, characterized by
amplification or overexpression of CCNEL

In some embodiments, provided hercin 1s a method of treating a discase or
disorder assoctated with CDK? in a patient, comprising administering (o the patient a
therapeutically effective amount of the solid form and sakts described herein, In some
cmbodiments, the discase or disorder associated with CDK2 1s associated with an
amplification of the cychn E1 (CONED) gene and/or overexpression of CONE]

In some embodiments, the disease or disorder associated with UDK2 is N-mve
amplified neuroblastoma cells {sce Molenaar, et al., Proc Na#l Acad Sci USA 106(31}):
12968-12973) K-Ras mutant lung cancers (see Hu, 8., et al, Mol Cancer Ther, 2015,
141 1) 2576-85, and cancers with FBW7 mutation and CUNE1 overexpression (sce
Takada, ef ¢l Cancer Res, 2017, 77(18): 4881-4893}.

in some embodiments, the discase or disorder associated with CDK2 s fung
squamous cell carcinoma, lung adenocarcinoma, pancreatic adenocarcinoma, breast
INVASIVE Carcinema, utering Carcinosarcoma, ovarian serous cystadenocarcinoma,
stomach adenocarcinoma, esophageal carcinoma, bladder urothelial carcinoma,
mesothelioma, or sarcoma.

In some embodiments, the disease or disorder associated with CDK2 is hung
adenocarcinoma, hreast Ivasive Carcmoma, Hierne Carcimosarcoma, ovaran serous
cystadenocarcinoma, of stomach adenocarcinoma.

In some embodiments, the disease or disorder associated with CDK2 15 an
adenocarcinoma, carcinoma, or cystadenocarcinoma.

In some embodiments, the discase or disorder associated with CDK2 is uterine
cancer, ovarian cancer, stomach cancer, esophageal cancer, fung cancer, bladder
cancer, pancroatic cancer, or breast cancer.

In some embodiments, the discase or disorder associated with CBK2 is a
cancer.

In some cmbodiments, the cancer is charactenized by amphification or
overexpression of CCNEL In some embodiments, the cancer is ovarian cancer or
breast cancer, characterized by amplification or overgxpression of CCNEL,

In some embodiments, the breast cancer s chemotherapy or radiotherapy resistant
breast cancer, endocnng resistant breast cancer, trastuzumab resistant breast cancer, or

breast cancer demonstrating primary or acquired resistance to CDK4/6 mhubition. In

44



WO 2023/172921

10

ot
(441

20

some embodiments, the breast cancer 1s advanced or metastatic breast cancer.

Examples of cancers that are treatable using the compounds of the present
disclosure mnclude, but are not houted to. bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutancous or miraccular malignant 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 endometrium,
endometrial cancer, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the
vulva, Hodgkin's Disgase, non-Hodgkins lymphoma, cancer of the esophagus, cancer of
the small intesting, cancer of the endocnne system, cancer of the thyroid gland, cancer of
the parathyrowd gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the pewms, chronic or acute leukemias including acute myeloid
leukemia, chronie myeloid leukemia, acute lymphoblastic leukemia, chronic lymphocytic
leukemia, solid tumors of childhood, lymphocytic fymphoma, cancer of the bladder,
cancer of the kidney or urcthra, carcinoma of the renal pelvis, ncoplasm of the contral
nervous system (NS}, primary CNS lymphoma, tumor angiogenesis, spinal axis tumor,
brain stem glioma, priuitary adenoma, Kaposi's sarcoma, epidermoid cancer, squamous
cell cancer, T-cell lvmphoma, eovironmentally induced cancers including those induced
by asbestos, and combinations of said cancers. The compounds of the present disclosure
are also useful for the treatment of metastatic cancers.

in some embodiments, cancers treatable with compounds of the present disclosure
mchide melanoma (e.g., metastatic malignant roelanoma, BRAF and HSP90 intubition-
resistant melanoma}, renal cancer {e.g., clear cell carcinoma)}, prostate cancer {e.g.,
hormone refractory prostate adenocarcinoma), breast cancer, colon cancer, lung cancer
{e.g.. non-small cell fung cancer and small cell lung cancer), squamous cell head and
neck cancer, urothelial cancer {e.g., bladder) and cancers with high microsatellite
instability (MSIMEY) Additionally, the disclosure includes refractory or recurrent
malignancics whose growth may be inhibited using the compounds of the disclosure.

In some embodiments, 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, endometnal cancer, ovarian cancer, uterine cancer,
renal cancer, hepatic cancer, pancreatic cancer, gastric cancer, breast cancer, hing cancer,
cancers of the head and neck, thyroid cancer, glioblastoma, sarcoma, bladder cancer,

gte ), hematological cancers {e.g., lymphoma, leukemia such as acute Ivmphoblastic
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feukemia {ALL}, acute myelogenocus leukemia (AML), chronic lymphocytic keukemia
(CLL), chronic myelogenous leukemia (CML), DLBCL. mantle ccli lymphoma, Non-
Hodgkin lvmaphoma (includimg follicular lvmphoma, mcluding relapsed or refractory
NHL and recurrent follicular), Hodgkin lymphoma or multiple myeloma) and
combinations of said cancers.

In some embodiments, cancers that are treatable using the compounds of the
present disclosure include, but are not hmited {o, cholangiocarcinoma, bile duct cancer,
triple negative breast cancer, rhabdomyosarcoma, small cell hang cancer,
leiomyosarcoma, hepatoccliular carcinoma, Ewing’s sarcoma, brain cancer, bram tumor,
astrocytoma, neuroblastoma, neurofibroma, basal cell carcinoma, chondrosarcoma,
epithelioid sarcoma, eve cancer, Fallopian tube cancer, gastromtestinal cancer,
gastrointestinal stromal tumors, hairy cell leukema, intestinal cancer, 1sket cell cancer,
oral cancer, mowth cancer, throat cancer, laryngeal cancer, hip cancer, mesothelioma,
neck cancer, nasal cavity cancer, ocular cancer, ocular melanoma, pelvic cancer, rectal
canger, renal cell carcinoma, salivary gland cancer, sinus cancer, spinal cancer, fongue
cancer, tubular carcinoma, urethral cancer, and urcteral cancer.

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

In some embodiments, diseases and mdications that are treatable using the
compounds of the present disclosure inchude, but are not limited to hematological
cancers, sarcomas, lung cancers, gastrotntestinal cancers, genitourinary fract cancers,
Liver cancers, bone cancers, nervous systermn cancers, gynecological cancers, and skin
CAncers.

Exemplary hematological cancers include lviaphomas and leukenuas such as
acute lymphoblastic leukemia (ALL}, acute myelogenous leakemia (AML), acute
promyelocytic leukemia {APL), chronic lymphocytic leskemia (CLL), chronic
myelogenous levkemia ({CML), diffuse large B-cell lvmphoma (BLBCL), mantle cell
tvmphoma, Non-Hodgkin lymphoma (including relapsed or refractory NHE and
recurrent follicular), Hodgkin lvimphoma, myeloprohiferative diseases (e.g., primary
myelofibrosis (PMF}, polyevthemia vera (PV), and essential thrombocytosis (ET3),
myclodysplasia syndrome (MDS), T-cell acute lymphoblastic lvmphoma (T-ALL)

and multiple myeloma (MM},
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Exemplary sarcomas inchyde chondrosarcoma, Ewing s sarcoma,
osteosarcoma, rhabdomyosarcoma, angiosarcoma, fibrosarcoma, liposarcoma,
myxoma, rhabdomyoma, rhabdosarcoma, fibroma, ipoma, harmatoma, and teratoma.

Exemplary lung cancers include non-small cell hung cancer (NSCLC), small
cell lung cancer (SCLC), bronchogenic carcinoma, squarous call, undifferentiated
small coll, undiffercntiated large cell, adenocarcinoima, alveolar (bronchiolar)
carcinoma, bronchial adenoma, chondromatous hamartoma, and mesothelioma.

Exemplary gastromtestinal cancers include cancers of the esophagus
(sqpuamous cell carcinoma, adenocarcinoma, leiomyosarcoma, fvmphoma}, stomach
{carcinoma, lvmphoma, lciomyosarcoma), pancreas {ductal adenocarcinoma,
msulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel
{adenocarcinoma, lymphoma, carcingd tumors, Kapost's sarcoma, leiomyoma,
hemangioma, lipoma, neurofibroma, fibroma), large bowel (adenocarcinoma, tubular
adenoma, villous adenoma, hamartoma, lciomvoma), and colorectal cancer.

Exemplary genttourinary tract cancers inclade cancers of the kidney
{adenocarcinoma, Wilm’s tumor {nephroblastomal), bladder and urethra (squamous
cell carcinoma, transitional cell carcinoma, adenocarcinoma), prostate
{adenocarcinoma, sarcoma), and testis {seminoma, teratoma, embryonal carcinoma,
teratocarcinoma, chosiocarcinoma, sarcoma, interstitial cell carcinoma, fibroma,
fibroadenoma, adenomatoid tumors, lipoma).

Exemplary iver cancers iclude hepatoma ¢(hepatocellular carcinomal,
cholangiocarcinorma, hepatoblastoma, angiosarcoma, hepatocctiular adenoma, and
hemangioma.

Exemplary bone cancers include, for example, osteogenic sarcoma
{osteosarcoma), fibrosarcoma, mahignant fibrous histiccvioma, chondrosarcoma,
Ewing’s sarcoma, malignant lvmphoma (reticulum cell sarcoma), muliiple myeloma,
malignant giant cell tumor chordoma, osteochronfroma {osteocartilaginous
cxastoses), benign chondroma, chondroblastoma, chondromyxofibroma, ostenid
osteoma, and giant cell tumors.

Exemplary nervous system cancers include cancers of the skell {osteoma,
hemangioma, graneloma, xanthoma, osteitis deformans), menimges {(meningioma,
meningiosarcoma, gliomatosis), brain {(astrocvtoma, medulloblastoma, glioma,

ependymoma, germinoma (pincaloma}, glioblastoma, ghoblastoma multiform,
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cligodendroghoma, schwanooma, retinoblastoma, congenital tumors), and spinal cord
{ncurcfibroma, meningioma, glioma, sarcoma), as well as neuroblastoma and
Lhermitte-Duclos discase.

Exemplary gynecological cancers include cancers of the uterus (endometrial
carcinomal, cervix {cervical carcinoma, pre -tumor cervical dysplasia), ovaries
{ovarian carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma,
unclassified carcinoma), granulosa-thecal cell tumors, Serioli-Leydig cell tumors,
dvsgerminoma, malignant teratoma), vulva (squamous cell carcinoma, intragpithelial
carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagioa {clear cell carcinoma,
squamous cell carcinoma, botryvoid sarcoma (embryonal thabdomyosarcoma), and
faliopian tubes (carcinoma}.

Exemplary skin cancers include melanoma, basal cell carcinoma, Merkel cell
carcinoma, squamous cell carcinoma, Kaposi’s sarcoma, moles dysplastic nevi,
lipoma, angioma, dermatofibroma, and keloids. fn some embodiments, diseases and
mndications that are treatable using the compounds of the present disclosure include,
but are not limited to, sickle cell disease {e. 2., sickle cell anemia), triple-negative
breast cancer (TNBC), myelodysplastic syndromes, testicular cancer, bile duct
cancer, esophageal cancer, and urothelhial carcinoma.

it 15 believed that the solid form and salts described hergin may possess
satisfactory pharmacological profile and promising biopharmaceutical properties,
such as toxicological profile, metabolism and pharmacokinetic propertics, solubtlity,
and permeability. It will be understood that deternunation of appropriate
biopharmaceutical properties 1s within the knowledge of a person skilled in the art,
e.g., determination of cytotoxicity i cells or inhibition of certain targets or channels
to deternuine potential toxicity.

The terms “mdividual,” “patient,” and “subject” used nterchangeably, refer o
any animal, including 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
compound or pharmaceutical agent that elicits the biological or medicinal response in
a tissue, system, amimal, individual or human that is being sought by a researcher,

veterinarnan, medical doctor or other cluycian,
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As used herein, the term “treating” or “treatment” refers to one or more of (1)
inhibiting the discase; e g, inhibiting a discase, condition or disorder in an individual
who 15 experiencing or displaving the pathology or symptomatology of the discase,
condition or disorder (7.e., arresting further development of the pathology and/or
symptomatology ) and {2} ameliorating the discase; e g., amehiorating a disease,
condition or disorder in an mdividual who is expericncing or displaying the pathology
or sympiomatology of the discase, condition or disorder {V.«., reversing the pathology
and/or symptomatology} such as decreasing the severity of disease.

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

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

Combination Therapies

L. Cancer therapies

Cancer cell growth and survival can be impacted by dystfunction 10 multiple
signaling pathways. Thus, it is useful to combine different enzyme/protein/receptor
ihibitors, exhibiting different preferences in the targets which they modulate the
activities of, to reat such conditions. Targeting more than one signaling pathway (or
more 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 pharmaceutical agents such as, for example,
chemotherapeutics, anti-inflammatory agents, steroids, immunosuppressants,
mnmune-oncology agents, metabolic enzyme mhibitors, 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-IR, RAF, FAK, and
CDK4/6 kinase inhibitors such as, for example, those described in W 2006/056399
can be used in combination with the compounds of the present disclosure for
treatment of CDK2-associated diseases, disorders or conditions. (ther agents such as
therapeutic antibodies can be used i 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 {0 a patient
simuitancously or sequentially.

In some embodiments, the solid form and salis described herein are
admimstered or used in combination with a BCL2 mbibitor or 3 CDE4/6 mhibitor.

The compounds as disclosed herein can be used in combination with one or
maore other enzvme/protein/receptor inhibitors therapies for the treatment of diseases,
such as cancer and other diseases or disorders described herein. Examples of diseases
and indications treatable with combination therapies include those as described
hercin. Exanples of cancers include solid tumors and non-solid tumors, such as Higuid
tumors, and blood cancers. Examples of infections inchude viral infections, bacterial
mfections, fungus nfections or parasite infections. 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, A2, 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, PDGFBR,
PI3K {alpha, beta, gamma, delta, and multiple or selective), CSFIR, KIT, FLE-,
KDRFLK-1, FLK-4, fit-1, FGFR1, FGFR2, FGFR3, FGFR4, ¢-Met, PARP, Ron,
Sea, TRKA, TRKE, TRKC, TAM kinases (Axl, Mer, Tyro3), FLT3, VEGFR/FI2,
Fitd, EpbAL EpbAZ, EphA3, EphB2, EphB4, Tie2, Swc, Fyn, Lok, Fgr, Bik, Fak,
SYK, FRK, 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 combmed with the compounds of the present disclosure for treatment of cancer and
mfections mclude an FGFR inlubitor (FGFRI, FGFRZ, FGFR3 or FGFR4, ez,
pemmgatinib (INCBS4828), INCB62079), an EGFR ishibitor (also known as ErB-1 or
HER-1; e.g., erlotinib, gefitinib, vandetanib, orsimertinth, cetuximab, necitumumab,
or panttumumab), a VEGFR inhibitor or pathway blocker {¢.g. bevacizumab,
pazopanib, sunitinth, sorafenib, axitinib, regorafemb, ponatinib, cabozantinib,
vandetanib, ramucirumab, lenvatinth, ziv-aflibercept), a PARP inhibitor {e. g,
olaparib, rucaparth, vchiparib or niraparib), a JAK mhibitor (JAK ] and/or JAKZ, e g,
ruxohiinib or bancitimb; JAKI, ¢ g, itacttinib (INCB39110), INCB032793, or
INCBO034707), an IDO inhibitor {e.g., epacadostat, NLGO19, or BMS-986205,
MK7162), an LS} inhibitor {e.g., GSK2979552, INCB39872 and INCB60003), a
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TDO inhibitor, a PI3K-delta inhibitor {e.g., parsackisih (INCB30465) or INCBS0797),
a PI3K-gamuma inhibitor such as PI3K-gamma selective inhibitor, a Pim inhibttor
{e.g.. INCB53914}, a CSF1R mbibitor, a TAM receptor tyrosine kinases (Tvro-3, Axl,
and Mer; e.g., INCBO081776), an adenosine receptor antagonist fe.g., A2a/A2b
receptor antagomisty, an HPK 1 mhubitor, a chemokine receptor inhibitor {e.g., CCR2
or CCRS inhubitor), a SHP /2 phosphatase inhibitor, a histone deacetylase ishibitor
(HDAC) such as an HDACR wnlubitor, an angiogenests inhibitor, an interleukin
receptor inhibitor, bromo and extra terminal famly members inhibitors (for example,
bromodomain inhibitors or BET inlubitors such as INCB34329 and INCB37643), ¢-
MET mhibitors {c.g., caproatinib}, an anti-CD19 antibody {c.g., tafasitamab), an
ALKZ imhibitor {e.g., INCB00928); or combinations thereof.

In some embodiments, the solid form and salis described herein ase
administered with a PI3KS inhibitor. In some embodiments, the compound or salt
described herein is administered with a JAK inhibitor. In some emmbodiments, the
solid form and salts deseribed herein ave admimistered with a JAKT or JAKZ inhibitor
{e.g.. baricitinib or ruxolitiub}. In some embodiments, the solid form and salts
described herein are administered with a JAK L inhibitor. In some embaodiments, the
solid form and saks deseribed heremn are adnmunistered with a2 JAKT mhabitor, which is
selective over JAKZ.

Example antibodies for use in combination therapy include, but are not limued
to, trastuzumab {e. 2., anti-HERZ}, ranibizumab {e.g., anti-VEGF-A), bevacizumab
(AVASTIN'™™ ¢ ¢ anti-VEGF), panitumumab {e.g., anti-EGFR), cetuximab (e.g.,
anti-EGFR), rituxan {e.g., anti-CD20), and antibodies directed to o-MET,

Oue or more of the following agents may be used in combination with the
solid form and salis descrnibed herein and are presented as a non-limiting list: a
cytostatic agent, cisplatin, doxorubicin, taxotere, taxol, etoposide, winotecan,
camptosar, topotecan, paclitaxel, docetaxel, epothilones, tamoxifen, S-fluorouraci,
methotrexate, temozolomide, cyclophosphamiade, SCH 66336, R115777, L778,123,
BMS 214662, IRESSA™(gefitinib), TARCEVA™ (erlotinib}, antibodies to EGFR,
wtron, ara-C, adriamyein, eytoxan, gemcitabine, aracil mustard, chlormethine,
tfosfamide, melphalan, chlorambucii, pipobroman, tnethylenemelamine,
tiiethvienethiophosphoranune, busulfan, cammustine, lonwsting, streptozocin,

dacarbazine, floxundine, cvtarabine, 6-mercaptopurine, S-thioguanme, fludarabine
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phosphate, oxaliplatin, leucovinin, ELOXATINTM {oxahiplatin}, pentostatine,
vinblastine, vincristine, vindesing, bicomyein, dactinomycin, daunorubicin,
doxorubicin, epirubicin, darubicin, mithramyvein, deoxyecoformyein, mitomycin-C, L-
asparaginase, teniposide 17 alpha.~cthinviestradiol, dicthyistilbestrol, testosterone,
Prednisone, Fluoxymesterone, Dromostanolone propicnate, tesiclactone,
megestrolacetate, raethyiprednisolone, methyltestosterone, predunisolone,
triamcinolone, chlorotranisene, hydroxyprogesterone, aminoglutethimide,
estramustine, medroxyprogesterongacetate, leuprolide, Hutamide, toremifene,
goserchin, carboplatin, bvdroxyurea, amsacrine, procarbazing, mitotang, mutoxantrone,
levamisole, navelbene, anastrazole, letrazole, capecitabine, reloxafine, droloxafing,
hexamethyimelamine, avastin, HERCEPTIN'™ (trastuzumab), BEXXAR™
{tositurnomab), VELCADE™ (bortezomib), ZEVALIN™ (ibritumomab tiuxetan),
TRISENOX ™ (arsenic trioxide). XELODA™ (capecitabine), vinorelbine, porfimer,
ERBITUX™ (cetuxinab), thiotepa, altretamine, melphalan, trastuzumab, lerozole,
fulvestrant, exemestane, ifosfomide, ritaxamab, €225 {cetuximab), Campath
{alemturzumab), clofarabine, cladribine, aphidicolon, rituxan, sunitinth, dasatinib,
tezacitabine, Smil, fludarabine, pentostatin, triapine, didox, trinudox, anudox, 3-AP,
and MDL-101,731.

The solid form and salts deseribed herein can further be ased in combination
with other methods of treating cancers, for example by chemotherapy, wrradiation
therapy, tumor-targeted therapy, adjuvant therapy, immunotherapy or surgery.
Examples of immunotherapy include cytokine treatment {e.g., interferons, GM-CSF,
G-CSF, IL-23, CRS-207 immunotherapy, cancer vaccing, monoclonal antibody,
bigpecific or multi-specific antibody, antibody drug conjugate, adoptive T cell
transter, Toll receptor agomsts, RIG-I agonists, oncolvtic virotherapy and
rnmunomodulating small molecules, including thalidomide or JAK1/2 inhibitor,
PI3KS inhubitor and the like. The compounds can be adminisicred in combination
with one or more anti-cancer drugs, such as a chemotherapeutic agent. Examples of
chemotherapeutics include any of) abarehx, aldesicukin, alemtuzumab, ahitretinoin,
alloparinol, altretaming, anastrozole, arsenic trioxade, asparaginase, azacitiding,
bevacizamab, bexarotene, baricitintb, bleomycin, bortezomib, busulfan intravenous,
busulfan oral, calusterone, capecitabine, carboplatin, carmustine, cetuximab,

chlorambucil, cisplatin, cladribing, clofarabine, cyclophosphamide, cytarabing,

4
NI

PCT/US2023/063875



WO 2023/172921

10

ot
(441

20

dacarbazine, dactinomycin, dalteparin sodivm, dasatintb, davmorabicin, decitabine,
dentleukin, dentleukin diftitox, dexrazoxane, docetaxel, doxormibicin, dromostanolone
propionate, eculizumab, epirubicin, erlotinib, estramustine, cioposide phosphate,
ctoposide, exemestane, fentanyl citrate, filgrastim, floxuriding, fludarabine,
fluorouracil, fulvestrant, gefitinib, gemcitabine, gemiuzemab orogamicin, goserclin
acctate, histrelin acetate, ibritumomab tiuxetan, idarubicin, tostamide, mmatinib
mesylate, mterferon alfa 2a, innotecan, lapatinib ditosyvlate, lenalidomide, letrozole,
leucovorin, leuprolide acetate, levamisole, lomusting, meclorethamine, megestrol
acetate, melphalan, mercaptopurine, methotrexate, methoxsalen, mitomycin €,
mitotane, mitoxantrone, nandrolone phenpropionate, nelarabine, nofetumomab,
oxaliplatin, paclitaxel, pamidronate, panttumumab, pegaspargase, pegfilgrastim,
pemetrexed disodiom, pentostatin, pipobroman, plicamyein, procarbazine, quinacring,
rasburicase, niuximab, nuxolitinib, sorafemib, stroptozocin, sunitinub, sumtinib
maleate, tamoxifen, temozolomide, teriposide, testolactone, thalidonude, thioguanine,
thiotepa, topotecan, toremifene, tositumomab, trastuzumab, tretinom, uracil mustard,
valrubicin, vinblastine, vincristine, vinorelbine, vorinostat, and zoledronate.

Additional exaroples of chemotherapeutics include proteasome mhibttors {e.g.,
bortezomib), thalidomide, revlimid, and DNA-damaging agents such as melphalan,
doxorubicin, cyclophosphamide, vineristing, etoposide, carmusting, and the hke.

Example steroids include corticosteroids such as dexamethasone or
prednisone.

Example Ber-Abl mhibitors include mmatinib mesylate (GLEEVACT™),
milotintb, dasatinib, bosutinib, and ponatinib, and pharmaceutically acceptable salts.
{Other example suitable Ber-Abl inhibitors include the compounds, and
pharmaceutically acceptable salts thereof, of the genera and species disclosed m U.S.
Pat. No. 5,521,184, W3 04/005281, and U.S. Ser. No. 60/578.491.

Example suitable Flt-3 inhibitors mchide midostaurin, lestaurtini, Linifanib,
sunitinib, sunitinib, maleate, soraferub, quizartinib, crenolanib, pacritinib, tandutinib,
PLX3397 and ASP2215, and their pharmaceutically acceptable salts. Other example
suitable Fit-3 inhibitors include compounds, and their pharmaceutically acceptable
salts, as disclosed 10 WG 03/037347, WO (3/099771, and WO 04/046120.

Example suitable RAF inhibitors inchude dabrafentb, sorafenib, and

vemuratemb, and their pharmaceutically acceptable salts. Other example suitable
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RAF mhubitors inclade compounds, and their pharmaceatically aceeptable salis, as
disclosed m WO 00/09495 and WO 05/028444.

Example suitable FAK inhibitors include V5-4718, VS-3005, V5-6062, VS-
6063, BIRS53520, and GSK2256098, and their pharmaceutically acceptable salts.
Other example suitable FAK inhibitors include compounds, and thewr
pharmaceutically acceptable salts, as disclosed 0 WO 04/080980, WO 04/056786,
W 03/024967, WO 01/064655, W 060/033595, and WO 017014402,

Example suitable CDK4/6 inhibitors include palbociclib, ribociclib, trifacichb,
ferociclib, and abemaciclib, and their pharmaceutically acceptable salts. Uther
exaraple suitable CHK4/6 inhibtiors include compounds, and thewr pharmaceutically
acceptable salts, as disclosed m WO 09/085185, W0 12/129344, WO 11/101409, WQ
03/062236, WO 10/075074, and WO 12/061136.

In some cmbodiments, the sofid form and salts described hercin can be used 1n
corabination with ong or more other kinase inhibttors includimg imatinh, particularly
for treating patients resistant {o imatinib or other kinase mhibitors.

In some embodiments, the solid form and salts described herein can be used in
combination with a chemotherapeutic in the treatment of cancer, and may mmprove the
treatment response as compared to the response to the chemotherapeutic agent alone,
without exacerbation of its toxic effects. In some embodiments, the solid form and
salte described herein can be used in combination with a chemotherapeutic provided
herein. For exanple, additional pharmaceutical agents used 1o the treatment of
multiple mveloma, can mclude, without imitation, melphalan, melphalan plus
predmsonce [MP], doxorubicin, dexamethasone, and Velcade (borteromib). Fusther
additional agents used in the treatment of multiple myecloma nclude Ber-Abl, Fit-3,
RAF and FAK kinase inlubitors. In some embodiments, the agent 1s an alkylating
agent, a proteasome inhubitor, a corticosteroid, or an immunomodulatory agent.
Examples of an afkylating agent include eyclophosphamide (CY), melphalan (MEL),
and bendamustine. In some embodiments, the proteasome mhibitor s carfilzomib. In
some embodiments, the corticosicroid is dexamethasone (DEX). In some
embodiments, the immanomodulatory agent i1s lenalidomide {(LEN} or pomalidomide
(POM;}. Additive or synergistic effects are desirable cutcomes of combining a CDK2

mhibitor of the present disclosure with an additional agent.
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The agents can be combined with sohid form and salts described herein in a
single or continuous dosage form, or the agents can be adounistered simultancously 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 more therapies for the treatment of infections.
Examples of mitections mclude viral infections, bacterial infections, fungus nfections
or parasite infections.

In some embodiments, a corticosteroid such as dexamethasone is administered
o a patient in combination with the solid form and salts described herein where the
dexamethasone 1s admuinistered internutiently as opposed to continuously.

The solid form and salts described herein can be combined with another
mnmunogenic agent, such as cancerous cells, purtfied tumor antigens {including
recombinant proteins, peptides, and carbohyvdrate moleculas), cells, and cells
transfocted with genes encoding immune stimulating cviokines. Non-linvting
examples of tumor vaccings that can be used melude peptides of melanoma antigens,
such as peptides of gp100, MAGE antigens, Trp-2. MARTI and/or tyrosinase, or
tumor cells transfocted to express the cyviokine GM-CSF.

The solid form and salts described herein can be used i combmnation with a
vaccination protocol for the treatment of cancer. In some embodiments, the tumor
cells are transduced to express GM-CSF. In some emmbodiments, tumor vaccines
nchude the proterns from viruses implicated 1o human cancers such as Human
Papilloma Viruses (HPV), Hepatitis Viruses (HBV and HCV) and Kapost’s Herpes
Sarcoma Virus (KHSVY). In some embodiments, the compounds of the present
disclosure can be used in combination with tumor specific antigen such as heat shock
proteins 1solated from tumor tissue itself. In some embodiments, the ¢ solid form and
salts described berein can be combined with dendntic cells immunization to activate
potent anti-funior 1eSponses.

The solid form and salis described herein can be used n combination with
bispecific macrocyclic 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 responsivensss.

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, during, and/or after a bone marrow transplant or stem cell transplant. The sobid
form and sakts described herein can be used 1 combination with bone marrow
transplant for the treatment of a vanety of tumors of hematopoictic origin,

The solid form and salts described herein can be used in combination with
vaccines, to stimulate the immune response to pathogens, toxins, and self -anfigens.
Examples of pathogens for which this therapeutic approach may be particularly useful
melade pathogens for which there 1s currently no effective vaceine, or pathogens for
which conventional vaccines are less than completely effective. These mclude, but are
not limited to, BV, Hepatitis (A, B, & C), Infhuenza, Herpes, Giardia, Malana,
Leishmania, Staphylococcus aureus, Pscudomonas Acruginosa.

Viruses causing infections treatable by methods of the present disclosure
include, but are not limited {o homan papitiomavirus, influcnza, hepatitis A, B, Cor D
viruses, adenovirus, poxviras, herpes simplex viruses, human cvtomegaloviras, severe
acute respiratory syndrome virus, Ebola virus, measles virus, herpes virus {e.g, VEV,
HSV-1, HAV-6, HSV-I, and CMYV, Epstein Barr virus}, flaviviruses, echovirus,
rhinovirys, coxsackie virus, comovirus, respiratory syncytial virus, mumps virus,
rotavirus, measles virus, rubella virus, parvovirus, vaccia virus, HTLY virus,
dengue virus, papilomavirus, molluscum virus, poliovirus, rabigs virus, JC virus and
arboviral encephalitis virus.

Pathogenic bacteria causing infections treatable by methods of the disclosure
mchude, but are not linuted to. chlamydia, nickettsial bacteria, mycobacteria,
staphylococct, streptococet, pneumococet, meningocoeci and conococet, kiebsielia,
proteus, serratia, pseudomonas, legionella, diphthena, salmonella, bacilh, cholera,
tetanus, botolism, anthrax, plague, leptospirosis, and Lyme’s disease bacteria.

Pathogenic fungt causing infections treatable by methods of the disclosure
nclude, but are not limited to, Candida (albicans, kruset, glabrata, tropicalis, etc.},
Cryptococcus neoformans, Aspergillus (fumigatus, niger, etc ), Genus Mucorales
{mucor, absidia, rhizophus), Sporothrix schenku, Blastomyces demmatitidis,
Paracoccidioides brasihiensis, Coccidioides immitis and Histoplasma capsulatum,

Pathogenic parasites cansimg infections treatable by methods of the disclosure
include, but are not limited to, Entamoceha histolytica, Balantidiom coly,
Maeglenafowleri, Acanthamocba sp., Giardia lambia, Cryptosporidium sp.,

Pneumocystis carinii, Plasmodium vivax, Babesia microti, Trypanosoma brucei,

[ 3}
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Trypanosoma cruzi, Leishmania donovam, Toxoplasma gondi, and Nippostrongylus
brasiliensis,

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

Methods for the safe and effective administration of most of these
chemotherapeutic agents are known to those skilled in the art. In addition, their
administration is described in the standard literatare. For example, the admumstration
of many of the chemotherapeoutic agends 1s described in the “Physicians” Desk

Reference” (PDIR, e.g., 1996 edition, Medical Eeonomics Company, Montvale, NI},

the disclosure of which 1s incorporated herein by reference as if set forth in its

cntirety.

. Imouune~checkpouxt therapies

The solid form and salts described herein can be used in combmation with one
or more immune checkpoint inhibitors for the treatment of diseases, such as cancer or
mfections. Exemplary mmune checkpoint inhibitors include wbibitors agamst
mmmumne checkpoint molecules such as CBL-B, CD20, CD2E, CD40, CD70, CD122,
CDos, C073, CD47, COKZ, GITR, CSFIR, JAK, PI3K dekta, PI3K gamma, TAM,
arginase, HPK 1, D137 {also known as 4-1BB), ICOS, AZAR B7-H3, B7-H4,
BTLA, CTLA-4, LAG3, TIM3, TLR (TLRT/&), TIGIT, CDHIZR, VISTA, PD-1, PD-
L1 and PB-L2. In some embodiments, the imnune checkpomt molecule s a
stimmlatory checkpoit molecude selected from CD27, CDZE, CD40, ICOS, GX40,
GITR and CD137. In some embodiments, the immune checkpoint molecule is an
inhibitory checkpomt molecule selecied from AZAR, B7-H3, B7-H4, BTLA, CTLA-
4, 1ID0O, KIR, LAG3, PB-1, TIM3, TIGIT, and VISTA. In some embodiments, the
solid form and salts described herein can be used in combination with one or more
agents selected from KIR inhibitors, TIGIT indubitors, LAIRT inhibitors, CD160
nhibitors, 2B4 mbubitors and TGFR beta mubitors.

In some embodiments, the sclid form and salts described herein can be used in
combination with one or more agonists of immune checkpoint molecules, ¢.g., OX40,

Ch27, GITR, and CB137 (also known as 4-1BB).
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In some embodiments, the ibibitor of an immune checkpoint molecule 1s anti-
P01 antibody, anti-PD-L1 antibody, or anti-CTLA-4 antibody.

In some embodiments, the inhibitor of an immuoe checkpoint molecule 15 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 anii-PD-L1 antibody is nivolumab,
pembrolizumab, atezolizumab, durvalumab, avelumab, cemiplimab, atezolizumab,
avelumab, tislelizumab, spartalizumab (PDRO01), cetrelimab (INJ-63723283),
toripalimab (JS001), camrebizumab (SHR-1210), sintilimab (IBI308), AB122 {(GLS-
010, AMP-224 AMP-ST4/MEDI-0680, BMS936559, JTX-4014, BGB-108, SHR-
1210, MEDI4736, FAZ053, BCD-100, KNO33, CS1001, BATI306, LZMO09,
AKI03, HLX10, SHR-1316, CBT-302 (TQB2450), A167 (KL-Al67), STLALGE
{ZKABOOL), CK-301, BGB-A333, M8B-2311, HLX20, 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, 7943743, 8,008,449, 8 168757, 8.217, 149, WO (3042402, WO
2008156712, WO 2010089411, WO 2010036939, W0 2011066342, WO
2011159877, WO 2011082400, or WO 2011161699, which are cach incorporated
hercin by reference m Hs entuety.

In some embodiments, the antibody 1s an anti-PD-~1 antibody, e.g., an anti-PD-
1 monoclonal antibody . In some emboediments, the anti-PD-1 antibody is nivolumab,
pembrolizumab, cemiplimab, spartalizomab, camrelizumab, cetrelimab, toripalimab,
sintilimab, AB122, AMP-224, JTX-4014, BGB-108, BCD-100, BATI1306, LZMO09,
AKT05, HLX10, or TSR-042. In some embodiments, the anti-PD-1 antibody 1s
mivolumab, pembrolizemab, cemiplimab, spartalizumab, camrelizumab, cetrelimab,
toripalimab, or sintilimab. In some embodiments, the anti-PD-1 antibody is
pembrolizumab. In some embodiments, the anti-PD-1 antibody 13 nivolumab. In some
embodiments, the anti-PD-1 antibody is cemiphimab. In some emvbodiments, the anti-
PD-1 antibody is spartalizumab. in some embodiments, the anti-PD-1 antibody is
camrehizumab. In some embodiments, the anti~PD-1 antibody is cetrelimab. In some
embodiments, the anti-PD-1 antibody is tonpalimab. In some embodiments, the anti-
PD-1 antibody 1s sintilimab. In some embodiments, the anti-FD-1 antibody is AB122.
In some embodiments, the anti-PD-1 antibody is AMP-224. In some embodiments,
the anti-PD-1 antibody 1s FTX-4014. In some embodumenis, the anti-P3-1 antibody is

BGB-108. In some embodiments, the anti-PD-1 antibody 1s BCD-100. In some
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embodiments, the anti-PD-1 antibody 1s BATI306. In some embodiments, the anti-
PD-1 antibody s LZMOGY. In some erubodiments, the anti-PD-1 antibody is AK105.
In some embodiments, the anti-PD-1 antibody 15 HLX10. In some embodiments, the
anti-PB-1 antibody 1s TSR-042. In some embodiments, the anti-PD-1 monoclonal
antibody 1 mivolumab or pembrolizomab. In some embodiments, the anti-PD-1
monoclonal aotibody is MGACG12. In some embodiments, the anti-PD1 antibody is
SHR-1210. Other anti-~cancer agent(s} include antibody therapeutics such as 4-1BB
{e.g., uwrelumab, atomilumab). In some embodiments, the mhibitor of an immune
checkpoint molecule 1 an inhibitor of PD-L1, e.g., an anti-PD-L1 monocional
antibody. In some embodiments, the anti-PR-L.1 monoclonal antitbody 1s
atezolizumab, avelumab, durvalomab, tislelizumab, BMS-935559, MEDI4736,
atezohizamab (MPDL3280A also known as R(7446), avelumab (MSBOO10718C),
FAZOS3, KNO33, C51001, SHR-1316, CBT-502, A167, STI-A101, CK-301, BGB-
A333, MSB-2311, HLX20, or LY 3300054, 1o some embodiments, the anti-PD-L1
antibody 1s atezolizumab, avelumab, durvalumab, or tislelizumab. In some
embodiments, the anti-PD-L1 antibody is atezolizumab. In some embodiments, the
anti-PD-L1 antibody 18 avelumab. In some embodiments, the anti-PB-L1 antibody is
durvalumab. In some embodiments, the anti-PB-L1 antibody is tislelizumab. In some
embodiments, the anti-PD-L1 antibody 1s BMS-933559. In some embodiments, the
anti-PD-L 1 antibody 1s MEDI4736. In some embodiments, the anti-PD-L.1 antibody
is FAZOS53 . In some embodunents, the anti-PD-L1 antibody 15 KNG35. fn some
embodiments, the anti-PD-L1 antibody 1s CS1001 In some embodiments, the anti-
PD-L1 antibody 13 SHR-1316. In some embodiments, the anti-PD-L1 antibody is
CBT-502. In some embodiments, the anti-PD-11 antibody 1s A167. In some
embodiments, the anti-PD-L1 antibody 18 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 embodiments, the anti-PD-L1 antibody is MSB-2311. In some
cmbodiments, the anti-PD-L1 antibody 1s HLX20. In some emboduments, the anti-
PD-L1 antibody is LY3300054,

In some embodiments, the inhibitor of an immune checkpoint molecule isa
small molecule that binds to PD-L1, or a pharmaceutically acceptable salt thergof In
some cmbodiments, the inhibitor of an imoune checkpoint molecule is a small

molecule that binds o and mtemalizes PB-L1, or a pharmaceutically acceptable salt
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thereof. In some embodiments, the inhibitor of an immuone checkpoint moleculs s a
compound selected from those i US 2018/0179201 US 2018/0179197, US
2018/0179179, US 2018/0179202, US 2018/0177784, US 2018/0177870, US Ser. No.
16/369,6534 (filed Mar. 29, 2019}, and US Ser. No. 62/688,164, or a pharmaceutically
acceptable salt thereof, each of which is incorporated herein by reference in its
entiroty.

In some embodiments, the inhibitor of an immune checkpoint molecule 15 an
whibitor of KER, TIGIT, LAIRY, CB160, 2B4 and TGFR beta.

In some embodiments, the inhibitor 1s MCLA-145.

In some embodiments, the inhibitor of an immune checkpoint molecule 15 an
inhibitor of CTLA-4, ¢ g, an anti-CTLA-4 antibody. In some embodiments, the anti-
CTLA-4 antibody 18 ipithmumab, tremehimmab, AGEN1884, or CP-675 206,

in some embodiments, the mhibitor of an immune checkpoint molecule 1s an
inhibttor of LAG3, ¢z, an anti-LAG3 antibody. {n some embodiments, the anti-
LAG3 antibody s BMS-986016, LAGS2S, INCAGNZ2383, or eftilagimod alpha
{(IMP321).

In some embodiments, the inhibitor of an immunce checkpoint molecule 15 an
mhibitor of CD73. In some embodiments, the inhibitor of CD73 15 oleclumab.

In some embodiments, the inhibitor of an immnme checkpoint molecule 1s an
mhibitor of TIGIT. in some ermbodiments, the inhubitor of TIGIT 1s OMP-31M32.

In some embodiments, the mhibitor of an mmune checkpoint molecule 1s an
wnhibitor of VISTA. In some embodiments, the intubitor of VISTA is INJ-61610588
or CA-170.

In some embodiments, the inhibitor of an immune checkpoint molecule is an
mhibitor of B7-H3. In some embodiments, the inhibitor of B7-H3 s enoblituzumab,
MGDO309, or 8HS,

in some embodiments, the mhibitor of an immune checkpoint molecule 1s an
ithibitor of KIR. in some embodiments, the mbubitor of KIR 1s hnlumab or IPH4102.

In some embodiments, the inhibitor of an immune checkpoint molecule 15 an
whibitor of A2aR. In some embodiments, the inhibitor of AZaR 15 UPI-444.

In some embodiments, the inhibitor of an immune checkpoint molecule 1s 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 inhibitor of an immune checkpoint molecule is an
inhibitor of PI3K-gamma. In some embodiments, the inhibitor of PI3K-gamma s 1Pi-
549,

In some embodiments, the inhibitor of an immune checkpoint molecule is an
mhibitor of U347, In some embodiments, the mhibitor of CD47 is HudF9-G4 or TTI-
621,

In some embodiments, the inhibitor of an immune checkpoint molecule 15 an
whibitor of CD73. In some embodiments, the mbubitor of CDB73 1s MEDI9447.

In some embodiments, the inhibitor of an immune checkpoint molecule 1s an
mhibitor of CD70. In some embodiments, the mhibitor of CD70 is cusatuzumab or
BMS-936561.

In some embodiments, the inhibitor of an immnme checkpoint molecule 1s an
inhibitor of TIM3, ¢.g., an anti-TIM3 antibody. In some embodiments, the anti-TIM3
antibody is INCAGN2390, MBG433, or TSRA022,

In some embodiments, the inhibitor of an immune checkpoint molecule 15 an
inhibitor of CD20, 2. an anti-CD20 antibody. In some embodiments, the aoti-CD20
antibody is obtnutuzamab or rituximab.

In some embodiments, the agonist of an immune checkpoint molecule 18 an
agonist of OX40, CD27, CD28, GITR, ICOS, CD40, TLRY/8, and CD137 {also
koown as 4-1BB).

In some embodiments, the agomst of CD 137 is urclumab. In some
embodiments, the agonist of CI¥N37 18 ntonulumab.

In some embodiments, the agonist of an inumane checkpoint molecule 1s an
inhibitor of GITR. In some embodiments, the agonist of GITR 1s TRX518, MK-4166,
INCAGNI876, MK-~1248, AMG228, BMS-986156, GWN323, MEDTI®T3, or
MEDI6469 In some embodiments, the agonist of an immune checkpomt molecule is
an agonist of OX40, ¢ g, OX40 agonist antibody or OX40L fusion protein. In some
embodiments, the anti-OX40 antibody 15 INCAGNO1949, MEDIO562 (tavolimab),
MOXR-0916, PF-04518600, GSK31749098, BMS-986178, or 9B12.. In some
embodiments, the OX40L fusion protem 18 MEDIG3E3.

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

agonist of CD40. in some erabodiments, the agonist of CD40 15 CP-B7(893, ADC-
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1013, COX-1140, SEA-CD40, ROT7009789, INJ-64457107, APX-005M, or Cht Lob
74,

In some embodiments, the agomist of an invnure checkpoint molecule 1s an
agonist of ICOS. In some embodiments, the agonist of ICOS 1s GSK-3359609, ITX-
201, or MEDI-S70.

In some crabodiments, the agomst of an tnmune checkpoint molecule ts an
agonist of CD2E. In some embodiments, the agonist of CD28 1s theralizumab.

In some embodiments, the agomist of an immane checkpoint molecole 1s an
agonist of CD27. in some embodiments, the agonist of CD27 1s vardilumab.

In some embodiments, the agomist of an invnure checkpoint molecule 1s an
agonist of TLR7/8. In some embodiments, the agonist of TLR7/8 1s MEDIB197.

The schid form and salts described herein can be used m combination with
bispecific antibodics. o some embodiments, one of the domains of the bispecific
anttbody targets PD-1, PD-L1, CTLAA, 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 antibady that binds to PD-1 and PD-
Liis MCLA-136. In some emboduments, the bispecific antibody binds to PD-L1 and
CTLA-4. In some embodiments, the bispecific antibody that binds to PD-L1 and
CTLA-4 158 AKI04.

In some cmbodiments, the sofid form and salts described hercin can be used 1n
corabination with ong or more metabolic enzyme whibifors. In some embodiments,
the metabolic cnzyme inhibitor is an inlubitor of 1RO, TDO, or argmase. Examples
of IDOT mhebitors include epacadostat, NLGS19, BMS-986205, PF-06840003,
1OM2983, RG-70099 and LY338196.

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

they can be adounistered simultanecusly or sequentially as separate dosage forms.

Pharmaceutical Forndations and Dosage Forms

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

adminisiered 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, epidenmal, ophthalmic and to mucous membranes including
mitranasal, vaginal and rectal delivery), pulmonary {e.g., by inhalation or insutflation
of powders or acrosols, including by nebulizer; intratracheal or ntranasal), oral, or
parenteral. Parenteral adnunistration includes intravenous, intraarterial, subcutangous,
intraperttoneal mdramuscular or injection or mfusion; or ntracranial, e g, trathecal
or intraventricular, adounistration. Parenteral admimstration 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 adounistration may include
transdermal patches, otndments, lotions, crears, gels, drops, suppositorics, sprays,
hiquids and powders. Conventional pharmaceutical camiers, agqueous, powder or oily
bases, thickeners and the like may be necessary or desirable.

This disclosure also mchudes phammaceutical compositions which contain, as
the active ingredient, solid form and salis described herein in combination with one or
more pharmaceuatically acceptable carriers {excipients). In some embodiments, the
composition is suitable for topical administration. In making the compositions of the
disclosure, the active ingredicunt 15 typically mixed with an excipient, diluted by an
exeipient or enclosed within such a carrier in the form of, for example, a capsule,
sachet, paper, or other container. When the excipient serves as a difuent, itcanbe a
solid, semi-solid, or liquid matenal, which acts as a vehicle, carrier or medium for the
active ingrediont. Thus, the compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, acrosols
{as a solid or in a liquid medium}, ointments containing, for example, up to 10% by
weight of the active compound, soft and hard gelatin capsules, suppositories, sterile
injectabie 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 15 substantially mmsoluble, it can be nulled to a particle size of loss than 200
mesh. If the active compound 1s substantially water soluble, the particle size can be
adjusted by milling to provide a substantially uniform distribution in the formalation,
e.g., about 40 mesh.

The solid form and salts described hercmn maay be milled using known milling

procedures such as wet milling o obtain a particle size appropnate for tablet
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formation and for other formulation types. Fimely divided (nanoparticudate)
preparations of the compounds of the disclosure can be prepared by processes known
m the art, ¢.g., see Imternational App. No. WO 2002/000196.

Some examples of suitable excipients mmclude lactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, nucrocryvstalline cellulose, polyvinvipymrolidone, cellulose,
water, svrup, and methyi cellulose. The formulations can addiionally nclude:
febricating agents such as tale, magnestom stearate, and mineral oll; wetting agents;
emulsifying and suspending agents; preserving agents such as methyl- and
propyvthyvdroxy-benzoates; sweetening agents; and flavoring agents. The compositions
of the disclosure can be formulated so as to provide quick, sustained or delaved
release of the active mgredient after administration to the patient by employing
procedures known in the art.

The compositions can be formulated m a vt dosage torm, cach dosage
containing from about 5 to about 1000 mg (1 g}, or more, such as about 100 to about
500 mg, of the active ingredient. The term “unit dosage forms” refers to physically
discrete units suitable as unitary dosages for human subjects and other mammals, each
anit containing a predetermined quantity of active matenial 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 3
to about 30 mg of the active mngredient. Oune having ordinary skill in the art will
appreciate that this embodies compositions containing about 5 to about 10, about 10
to about 13, about 13 to about 20, about 20 (o about 23, about 25 o about 30, about
30 to about 35, about 35 to about 40, about 40 to about 43, or about 45 to about 50 mg
of the active ingredient.

In some embodiments, the compositions of the disclosure contain from about
50 to about 500 mg of the active ingredient. One having ordinary skill in the art will
appreciate that this embodies coraposttions containing about 50 to about 100, about
100 to about 150, about 150 to about 200, about 200 to about 258, about 250 to about
300, about 330 to about 400, or about 450 to about 500 mg of the active ingredient.

In some embodiments, the compositions of the disclosure contain from about
500 to about 1000 mg of the active ingrediont. Ouoe 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 650, about 650 1o about 700, abowut 700 to
about 750, about 730 to about 800, about 800 to about 850, about 830 1o about 900,
about 900 to about 950, or about 950 to abowt 1000 mg 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. It will be understood,
however, that the amount of the compound actually administered will usually be
determined by a physician, according to the relevant circumstances, inchuding the
condition to be treated, the chosen route of admimstration, the actual compound
adminisiered, the age, weight, and response of the individual patient, the sevenity of
the patient’s symptoms, and the hike.

For preparing solid compositions such as tablets, the principal active
ngredient is mixed with a pharmaceutical excipient 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 typieally dispersed evenly throughout the composition so that the
composition can be readily subdivided into equally effective unit dosage forms such
as tablets, pills and capsules. This solid preformulation s then subdivided mto unit
dosage forms of the type described above containing from, for example, about 8.1 1o
about 1000 mg of the active mgredient of the present disclosure.

The tablets or pills of the present disclosure can be coated or otherwise
compeunded to provide a dosage form affording the advantage of prolonged action.
For example, the tablet or pul can comprise an inner dosage and an outer dosage
component, the Iatter being in the form of an envelope over the former. The two
components can be separated by an enteric laver which serves to resist disintegration
in the stomach and pernit the inner component to pass intact into the duodenum or to
be delaved n relcase. A varicty of maierials can be used for such enteric layers or
coatings, such matenials including a mumber of polymeric acids and mixtures of
polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate.

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

aqueous solutions, suitably flavored svrups, agueous or oil suspensions, and Havored
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emulsions with edible ots such as cottonseed o1l, sesame oil, coconut ot or peanut
oil, ag well as elixirs and similar pharmaceutical vehicles.
Cormpositions for inhalation or msufflation include solutions and suspensions

in pharmaceutically acceptable, agucous or organic solvents, or mixtures thereof, and

powders. The hiquid or solid compositions may contain suifable pharmaceutically
acceptable excipients as described supra. In some embodiments, the compositions are
adrowistered by the oral or nasal resparatory route for local or systemic effect.
Compositions can be nebulized by use of inert gases. Nebulized solutions may be
breathed directly from the nebulizing device or the nebulizing device can be attached
1o a face mask, terd, or intermittent positive pressure breathing machine. Solution,
suspension, or powder compositions can be admunistered orally or nasally from
devices which deliver the formulation in an appropriate manner.

Topical formulations can contain one or more conventional carriers. In some
embodiments, ointments can contain water and one or more hydrophobic carriers
selected from, for example, liquud paraffin, polyoexyvethyiene alkyl ether, propyiene
glycol, white Vaseline, and the ke, Carrier compositions of crearns can be based on
water in combination with glveero! and ore or more other coroponents, e.g.,
glveerinemonostearate, PEG-glycerimemonostearate and cetylstearyl aleohol. Gels can
be formalated using isopropyl alecho! and water, suitably in combination with other
components such as, for example, glveerol, hvdroxyethyl celinlose, and the like In
some embodiments, topical formulations contain at least about 0.1, at least about 0.25,
at least about 0.5, at least about 1, at least about 2, or at least about 5 wt % of the
compeund of the disclosure. The topical formulations can be suitably packaged in
tubes of, for example, 100 g which arc optionally associated with instructions for the
treatment of the select indication, . 2., 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 prophylaxis or therapy, the state of the patient, the manner of admunistration,
and the like. In therapeuntic applications, compositions can be administered to a patient
already suffering from a discase o an amouant sufficient to cure or at least partially
arrest the svmptoms of the disease and its complications. Effective doses will depend

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

The compositions admustered to a patient can be in the form of
phammaceutical compositions described above. These compositions can be sterilized
by conventional sterilization techriques, or may be sterile filtered. Aqueous solutions
can be packaged for use as is, or lyophilized, the lvophilized preparation being
cornbined with a sterile agueous carner prior to adminstration. The pH of the
compound preparations tvpically will be between 3 and 11, more preferably from 5 {o
§ and most preferably from 7 to 8. It will be understood that use of cortain of the
foregoing excipients, carrers, or stabilizers will result in the formation of
pharmaceutical salts.

The therapeutic dosage of the solid form and salts deseribed herein can vary
according to, for example, the particular 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 characteristics {¢.g..
hydrophobicity), and the route of admimistration. For example, the solid form and
salts described herein can be provided in an aqueoas physiological buffer solution
containing about 0.1 {o about 10% w/v of the compound for parenieral administration.
Some typical dose ranges are from about 1 ug/kg to about 1 g/kg of body weight per
day. In sormme embodiments, the dose range 1s from about 0.01 mg/kg to about 100
mg/fke 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 particular patient, the relative biclogical efficacy of the compound selected,
formulation of the excipient, and its route of administration. Effective doses can be
extrapolated from dose-response curves derived from in vifro or arumal mode! test
sysioms.

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

compound, or immunosuppressant, examples of which are listed herem.
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The present disclosure also includes pharmaceutical kits useful, for example,
11 the treatment or prevention of CDK 2-associated discases or disovders (such as, e.g.,
cancer, an inflammatory disease, a cardiovascular disease, or a neurodegenerative
discase} which include one or more containers containing a pharmaceutical
coraposition comprising a therapeutically effective amount of the solid form and salts
descnibed herein. Such kits can further inchude, 1if desired, one or more of various
conventional pharmaceutical kit components, such as, for example, contaimers with
one or more pharmaceutically acceptable carriers, additional containers, ¢ic., as will
be readily apparent to those skilled in the art. Instructions, either ag inseris or as
labels, indicating quantitics of the components to 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 {¢.g., biomaskers and
phammacodyvnamic markers, ¢.g., gene copy number, gene sequence, expression levels,
or phosphorvlation levels) to identify those human subjects having, suspected of
having, or at risk of developing a discase or disorder associated with CBK2 for whom
administering a CDK2 inhibitor ("a CDK2 mbubitor™ as used herein refers to solid
form and salts described herein) s likely to be effective. The disclosure also provides
pharmacodynamic matkers (¢.g., phosphorviation levels) to identity those human
subjects having, suspected of having, or at risk of developing a disease or disorder
assoctated with CDK2 whom are responding to a CDKZ inbibitor. The use of CONE]L,
plo, and Rb S780 15 further deseribed m U.S. Patent Publ. No. 2020/0316064), the
figures and disclosure of which is incorporated by reference hercin in ifs entivety.

The methods are based, at least in part, on the discovery that the functional
status of cyclin dependent kinase mhibitor 2A ("CDKNZA”; also referred to as “pl67)
is a biomarker for predicting sensitivity to CDK 2-targeting therapies m G1/S-specific
cyclin-BE1- ("CONEI-") amplified cells suitable for use m patient stratification. In
addition, the present disclosure is based, at least in part, on the discovery that, n
CCONE-amplified ccli Hines, the level of human retinoblastoma associated protein

{“Rb”) phosphoryiation at the serine corresponding to amino acid position 780 of
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SEQ I3 N3 1s a pharmacodynamie marker for CBK2 activity and 1s suitable for use
i measuring COKZ enzymatic activity in echular assay or preclinical and clinical
applications, such as, e.g., monttoring the progress of or responsiveness to treatment

with a CDK2 inhibitor.

CONET and pi6

CONET and p16 have been wdentified m the Examples as genes, in
combination, useful in predicting responsiveness (2.g., improvement in disease as
evidenced by discase remission/resolution) of a subject having a discase or disorder
assoctated with CDK2 to a CDKZ whibitor.

p16 {also known as cyvelin-dependent kinase mhibitor 24, cvelin-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.
p16 is encoded by the cvelin dependent kinase inhibiror 24 (FCDEKN24™) gene
{GenBank Accession No. NM_000077). The cyvtogenic location of the CDENZ24 gene
1s 9p21.3, which is the short (p) arm of chromosome 9 at position 21.3. The molecular
location of the CDKN24 gene 1s base pairs 21,967,752 10 21,995,043 on chromosome
& (Homo sapiens Annotation Release 109, GRCh38 p12). Genetic and epigenetic
abnormalities in the gene encoding pl6 asre believed to lead to escape from
sengscence and cancer formation {Okamoto et al, 1994, PNAS 91(23):11045-9}.
Nouolimiting exaraples of genetic abnommalitics m the geoe encoding pl6 are
described in Table A, below. The amino acid sequence of human 116 1s provided

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

SSME PSADWLATAA ARGRVEEVRA LLEAGALPNA PNSYGRRPIQ VMMMGSARVA
AREP NCADPATLTR PVHDAAREGE LDTI A GARLDVRDAW GRLPVDLAEE

RAAAGGTRGS NHARIDAAEG PSDIPD (SEQ IR NO:1).

CCNED i3 a cell eyele factor essential for the control of the cell eyele at the
G 1/8 transition {Ohtsubo et al., 1995, Mol. (ell. Biol. 15:2612-2624). CUNET acts as
a regulatory subumit of CDK2, interacting with CDK2 to form a senne/threonine
kinase holoenzyme complex. The CCNE] sobunit of this holoenzyme complex
provides the substrate specificity of the complex (Honda et al, 2005, EMBQO 24:452-
463). CCNEIL is encoded by the cyeflin £7 ("CCNEI™) gene (GenBank Accession No.
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NM 001238} The amino acid sequence of haman CCNED is provided below
{GenBank Accession No. NP 001229/ UniProtKB Accession No. P24864);

1 mprerrerda kerdtmkedg gaefsarsrk rkanvivilg dpdeemakid rtardgogsg
&1 pwdnnavecad pesliptpdk edddrvypns tcokpriisps rgsplpvlisw snreevwkim

121 Inkektylird ghfleghpll gekmrailld wlmevcevyk lhretfvliag dffdrymatq
P AL by P X 4

Y

N

181 envvktligl igisslfiaa kleelyppkl

iy

igfayvidga csgdeiltme Imimkalkwr

241 Ispltivswl nvymgvayln dlhevlipgy pggifigise lldlevidvd clefpvgila
SO o e oo o] I J— S, 5 A . S T T AL PR . s [ B
301 asalyhisss elmgkvsgyq wodiencvkw mvpfamvire tgsskiknfr gvadedahni

361 gthrdsldll dkarakkaml seqnrasple sglltppgsy kkgssguema (SEQ ID

The Examples demonstrate CDK2-knockdown inhibits proliferation of
CONE-amplified cell lines, but not of CONE{ -non-amplified cell ines. Conversely,
the Examples show that CDE4/6 inlubition inhibits proliferation of CCNE1-non-
amplificd cell Hines, but not of CCNEl-amplified cell ines. The Examples further
demonstrate that presence of a normal {¢.g., non-mutated or non-deleted) pl6 gene is
required for the observed imhibition of cell proliferation in CONE-amplified cells
treated with a CDR2-inhibitor. Accordingly, CONE!T and pl6 are, together, a
combination bigmarker: cells that respond to treatment with a CDKZ inhibitor display
an araplification of the CONE1 gene and/or an expression level of CONEI that s
higher than a control expression level of CCNEL and have a nucleotide sequence
{e.g., a gene or an mRNA) that encodes the pl6 protein {e.g., a pl6 protein
comprising the aming acid sequence of SEQ 1D N1} and/or have pl6 protein
present, while control cells that do not respond to treatment with a CBK2 inlubitor do
not have an amplification of the CONE1 gene and/or an expression level of CONET
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 pl16 protein.

Thus, the disclosure provides a method of treating a human subject having,
suspected of having, or at risk of developing a disease or disorder associated with
CDKZ, comprising administering to the human subiect a CBKZ inhibttor, wherein the
human subject has been previously deterrained to: (1) {a) have a nucleotide sequence
encoding a pl6 protein comprising the amino acid sequence of SEQ ID NO: 1, (b)

have a CDKNZA gene lacking one or more inactivating micleic acid sobstitutions
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and/or deletions, and/or {c) express a pl6 protein, and {81} {a} have an amplification of
the CCNET gene and/or (b} have an expression level of CONET m a biological sample
obtained from the human subject that 1s higher than a control expression level of
CCNEL In certain embodiments, the predictive methods described heremn predict that
the subjoct will respond to treatment with the CDK2 inhibitor with at least 50%, at
teast 60%, at least 70%, at least 80%, at lecast 90%, at least 95%, at least 98% or 100%
accuracy. For example, in some embodiments, if the predictive methods described
herein are applied to 10 subjects having, suspected of having, or at risk of developing
a disease or disorder associated with CDKZ, and 8 of those 10 subjects are predicted
to respond to treatment with a CI3KZ indubitor based on a predictive method described
herein, and 7 of those 8 subjects do indeed respond to treatment with a CBK2
inthibitor, then the predictive method has an accuracy of 87 3% (7 divided by 8} A
subject 1s considered 0 respond to the CDK?2 nhibitor if the subject shows any
improvement in discase status as evidenced by, ¢.g., reduction or alleviation in
symptoms, disease remission/resolution, etc.

In some emtbodiments, the subject has a disease or disorder associated with
CDK2. In some embodiments, the human subject has been previously deternuned to:
{1} {a} have a nucleotide sequence encoding a pl6 protein comprising the amine acid
sequence of SEQ 1D NG:1 and/or (b) a CBKN2A gene lacking one or more
inactivating nucleww acid substitutions and/or deletions, and (1) have an amplification
of the CCNE1 gene in a biological sample obtained from the human subject. In some
embodiments, the CDKNZ2A gene encodes a protein comprising the ammo acid
sequence of SEQ ID NO: 1. In specific embodiments, the COKN2A gene encodes a
protein comprising the amino acid sequence of SEQ 1D NO: 1.

In specific embodiments, the one or more inactivating nuclete acid
substitutions and/or deletions in the CDKN2A gene is as described in Table A In
specific embodiments, the one or more inactivating nucleic acid substitutions and/or
deletions m the CDKNZA gene is as described in Yarbrough et al, Journal of the
National Cancer Institute, 91{18):1569-1574, 1999; Liggett and Sidransky, Biology of
Neoplasia, Journal of Oncology, 16(33:1197-1206, 1998, and Cairns ¢t al., Nature
Genetics, 11:210-212, 1993, cach of which 1s incorporated by reference herein in s

entircty.
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Table A. CDKN2A gene substitutions, deletions, and modifications

Description

Reference(s)

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

RefSNP Accession No. 181219613388,
Kamb et al, Science 264 436-440,
1994

19-basepair germiline deletion at aucleotide 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

6-basepair deletion at nucleotides 363-368 of the
CDKN2A gene

ChnVar Accession No.
ROVE0OO016017.2; Lin et al.,
Oncogene 11:405-412, 1995

Mutation at chromosorne 9:21971038 predicted to
substitute ghycine corresponding to armino acid
position 101 of SEQ ID NO: with a tryptophan

RefSNP Accession No. 19104894094,
Ciotti et al, Am. J Hum, Genet. 67:
311-319, 2000

Germiine ntation constifuting an in-frame 3-
bascpair duplication at mucleotide 332 inexon 2
of the CDENZA gene

ClnVar Accession No.
RCVO0O016020.3; Borg et al, Cancer
Res. 56:2497-2500, 1996

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

RefSNF Accession No. 18104894093,
Harland et al., Hum. Molec. Genet. 6:
2061-2067, 1997

Mutation predicted to substitute arginine
corcesponding to amino acid position 24 of SEQ
I NO: 1 with a proding

RefSNP Accession No. rs104894097,
Monzon ¢t al., New Eang. I Med. 338;
879-887, 1998

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

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

G-to-T transversion at nucleotide -34 of the
CDKN2A gene

ChinVar Accession No.
ROVO0G0010024.5; Lin et al., Natare
Genet. 21: 128-132 1999

Deletion of the pl4(ARF)-specific exon l-beta of
CDENZA

ClnVar Accession No.
RCVO0G6010026.2; Randerson-Maoor
¢t al., Hunw Molec. Genet. 10: 55-62,
2001

Mnutation predicted to substitute valine
corresponding to aming acid position 126 of SEQ
1D NO:1 with an isoleucing

RefSNP Accession No. 15104894094,
Goldstein et al, Bnit. 1. Cancer 85:
327-5330, 2001

Trapsition JVS2-105 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 mENA

ChnVar Accession No.
ROVO00010028.3: Harland et al.
Huom. Molee. Genet. 10: 2679-2686,
2001

Mutation predicted to resuolt in substitotion of
glycine corresponding to aming acid position 122
of SEQ 1D NO: 1 with an argining

RefSNP Accession No. 18113798404,
Hewitt et al.,, Hom. Molec. Genet. 11:
12731279, 2002

Mutation predicted to result in substitution of
valine corresponding to aming acid position 59 of
SEQ 1D NO:1 with an arginine

RefSNP Accession No. 15113798404,
Yakobson et al , Mclanoma Res. 11:
369-370, 2001

Tandem germbine339G-C transversion and a
340C-T transition 1o the CDHKN2 A gene resulting
in spbstitution of proline corresponding 0 aming
acid position 114 of SEQ 1D NO:1 with a serine

RefSNP Accession Nos. 113795404
and rs104894104, Kannengiesser ot
al., Genes Chromosomes Cancer 46:
751-760, 2007

Mutation predicted to resolt in substitotion of
sering coreesponding t¢ amine acid position 56 of
SEQ I NO: I with an isolencing

RefSNP Accession No. 15104894109,
Kaonengiesser et al., Genes
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Description

Reference(s)

Chromosomes Cancer 46: 751-760,
2007

Mutation predicted to result 1o substitution of
glycine corresponding to arming acid position 89
of SEQ ID NO: 1 with an aspartic acid

RefSNP Accession No. 181378354599,
Goldstein et al., J. Med. Genet. 45;
284-289 2008

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

ClinVar Accession no.
RCVOG0G022943.3; Binni et al, Clin
Genet. 77: 581-586, 2010

Heterozygous S-bp daplication (19 _23dup) in the
CDENZA gene, resulting in a frameshift and
premature fermination

ChnVar Accession No.
RCVO0G030680.6; Harinck, F., Kluijt
ctal, J. Med. Genet. 49: 362-365,

2012

Mutation predicted to result 1o substitution of
aspartic acid corresponding to amino acid
position 84 of SEG ID NG| with a valine

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

Mutation predicted to result in substitution of
aspartic acid conresponding to anuno acid
position 84 of SEQ ID NO:1 with a glycine

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

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

Yarbrough ¢t al., Journal of the
National Cancer Instituie,
01(18):1569-1574

Mutation predicted to result 1o substitution of
proline corresponding 1o amino acid position 48
of SEQ I3 NO:1 with a leucing

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

Mutation predicted to result in substitution of
aspartic acid conresponding to anuno acid
position 74 of SEQ 1D NO:1 with a asparagine

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

Mutation predicted to resall in substitation of
arginine corresponding {0 annngo acid position 87
of SEQ 1D NO: 1 with a leucine

Yarbrough ¢t al., Journal of the
National Cancer Institute,
SE(18): 15691574

Mutation predicted to result 1o substitution of
asparagine corresponding to aminge acid position
71 of SEQ D NG 1 with a serine

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

Mutation predicted to result in substitution of
argimine corresponding to amino acid position 80
of SEQ 1D NO:1 with a leucine

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

Mutation predicted to resall in substitation of
histidine corresponding to amino acid position 83
of SEQ ID NO: 1 with a tyrosing

Yarbrough ¢t al., Journal of the
National Cancer Institute,
SE(18): 15691574

The disclosure also features a method of treating & hnenan subject having,

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

CDEK2, comprsing: (1) identifving, 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 nactivating

nucleic acid substitutions, and/or (¢} the presenc

¢ of a pl6 protein; (31} identitving, m

a biological sample obtamed from the human subject: (a) an amplification of the

CCNE] gene and/or (b an expression level of CONETD that is higher than a control

-3
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expression level of CONEL and {811} administering a CDK?2 inlubitor to the human
subject. In some embodiments, the subject has a discase or disorder associated with
CDK2. In some embodiments, the subject 15 suspecied of having or is at risk of
developing a disease or disorder associated with CDKZ2. In some embodiments, the
method comprises: (1) identifying, in a biclogical sample obtained from the human
subject: (a} a nucleotide sequence encoding a pl6 protein comprising the anuno acid
sequence of SEQ D NO:1, (b) a CDENZA gene lacking one or more mactivating
nucleie acid substitutions and/or deletions, and/or (¢} the presence of 8 p16 protein;
(it} wlentifving, in a biological sample obtained from the hwman subject: {a) an
amplification of the CCNET geoc: and (i) administeriog 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 CDKZ to a CDK2 mhubitor, comprising: (1) deteomning, from a
biological sample obtained from the human subject: (a) the nucleotide sequence of a
CDKMN2A gene, (b the presence of a CDEKN2A gene lacking one or more mactivating
nucleic acid subsututions and/or deletions, and/or {¢} the presence of a p 16 protein;
and (11} determining, from a biological sample obtained from the haman subject: (a)
the copy number of the CONET gene and/or (b} the expression level of CONEL,
wherein {1} {a) the presence of a CDKN2A gene encoding a pi6 protein comprising
the amino acid sequence of SEQ 1D NO: 1, {b) the presence of a CDEKNIA gene
tacking one or more inactivating nucleic acid substitations and/or deletions, and/or (¢}
the presence of a pl6 protein, and (2) (a} an amplification of the CONE! gene and/or
(b} an expression level of CONETD that is higher than a control expression level of
CCNE]L, 1s predictive that the human subject will respond to the CDKZ inlubitor. In
some embodiments, the subject has a discase or disorder assoctated with CDK2. In
some embodiments, the subject is suspected of having or is af risk of developing a
disease or disorder associated with CDK2. In some emboduments, the method
coraprises: (1) determining, 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 morg inactivating nucleic acid substitations and/or
deletions; and (U) determnuining, from a biclogical sample obtained from the human

subject: {(a} the copy number of the CONET gene, wheremn (1) (a) the presence of a
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CDEKN2A gene encoding a pl6 protein comprising the aming acid sequence of SEQ
1D NG and/or (b} the presence of 3 CBENZA gene lacking one or more inactivating
nucleic acid substitutions and/or deletions, and (2) (a) an amphification of the CONE}
gene, 18 predictive that the human subject will respond to the CDEZ2 inhibiior,

in specific embodiments, the (1) determining of {a) the nucleotide sequence of
a CDENZA gone, (b) the presence of a CIOKNZA gene lacking one or more
mactvating nucleic acid substitutions and/or deletions, and/or {¢) the presence of a
116 protein is performed before (e.g., at least 1 day, at least 2 days, at least 3 days, at
feast 4 days, at least 5 days, at least 6 dayvs, at least 7 davs, 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 1o 24 hours, from 2 days to 3 days, from 2 days to 4 davs, from 2 days fo
5 days, from 2 days to 6 davs, from 2 days to 7 days, from 1 week to 2 weeks, from |
week to 3 weeks, or from 1 week to 4 weeks before} administering o the human
subject the CDK2 inhibitor. In specific embodiments, the (i1} determinung of (a) the
copy number of the CCNET gene and/or (b) the expression level of CONET in the
biological sample obtained from the human subject is performed before (o.g., at least
1 day, at fcast 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 wecks, or at least 4 weeks, or from 6 hours to
16 hours, from 6 hours 1o 20 hours, or from 6 hours to 24 houss, from 2 days to 3
davs, 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 T week to 3 weeks, or from 1 week to 4
weeks before} administering to the human subject the CBR2 nhibitor.

An amphiication of the CCNE1 gene and/or an expression level of CCNE1
that is higher than a control expression level of CUNEL, combined with the presence
of a CDKNZA gene encoding a pl6 protein comprising the amimno acid sequence of
SEQ 1B NO:1, the presence of a CBENZA 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 aniro acid sequence of SEG 1D NG 1), 1s
mdicative/predictive that a human subject having, suspected of having, or at nisk of
developing a discase or disorder associated with CDK2 will respond to a CDK2
inhibitor,

In some enmbodiments, the CONEIT gene is amplified to a gene copy number

from 3 1o 25, In specitic embodiments, the CCNET gene 1s amplified to a gene copy

-}
|4
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number of at least 3. In specific embodiments, the CCNET gene is amplified to a gene
copy number of at least 5. In specific embodiments, the CCNET gene 1s amplified to a
gene copy number of at least 7. In specific embodiments, the CCNET gene s
amplified to a gene copy number of at least 10 In specific embodiments, the CONE]
gene is amplificd to a genc copy number of at least 12, In specific cmbodiments, the
CONED gene 1s amplified to a gene copy number of at least 14. In specific
embodiments, the CCNET gene 1s amplified to a gene copy number of at least 21

In specific embodiments, the expression level of CCNET i the level of
CONET mRNA. In specific cmbodiments, the expression level of CONET is the level
of CCNE1 proten.

In some embodiments of the foregomg 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 CCNETL in
a sample or samples obtained from one or more subjects that have not responded to
treatment with the CDKZ mhibitor.

In some embodiments of the foregoing methods, the expression lovel of
CCNE! is the expression level of COCNET mRNA. In some embodiments of the
foregomg methods, the expression level of CCNE!D 15 the expression level of CONET
protein. In some embodiments in which the expression level of CONELD 15 the
expression level of CCNET mRNA, the cxpression level of CCNET is measured by
RNA sequencing, guanduative polvmerase cham reaction (PCR), 1o situ hybndization,
nucleic acid array or RNA sequencing. In some embodiments 1 which the expression
fevel of CCONEL 1s the expression level of CCNET protein, the expression level of
CCNEL i1s measured by western blot, enzyme-linked mmmimosorbent assay, or

immumohistochemistry staming.

Bb 8780

The disclosure also features a method for assessing the CDRNIA gene and the
CONET gene, comprising determining, from a biological sample or biological
samples obtained from a human subject having a disease or disorder associated with
CDK2Z, (i} {a) the nucleotide sequence of a CDEKNZA genc or (b} the presence of a
CDKMN2A gene lacking one or more inactivating nucleic acid substitutions and/or

deletions, and (i1) the copy number of the CONE] genc.
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The disclosure also features a methed of evaloating the response of a human
subject having, suspected of having, or at risk of developing a disease or disorder
assoctated with CDK2 1o a CDKZ inbibitor, comprising: (a) administering a CHK2
inhibitor to the human subject, wherein the human subject has been previously
determined to bave an amplification of the CCNE1 gene and/or an expression level of
CONET that 1s higher than a control expression level of CONEL; (b measuning, in a
biological sample of obtained from the subject subsequent to the admmistering of step
(a}, the level of retinoblastoma (Rb) protein phosphoryiation at the serine
corresponding to amino acid position 780 of SEQ 1D NG:3, wherein a reduced level
of Rb phosphoryiation at the serine corresponding to anino acid position 780 of SEQ
1D NG:3, as compared to a control level of Rb phosphorviation at the serine
corresponding to amino acid posifion 780 of SEQ ID NO:3, s indicative that the
human subject responds to the CDK2 inhibitor. In some embodiments, the subject has
a disease 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
CDKZ. In some embodiments, the biological sample comprises a blood sample or a
tumaor biopsy sample

Phosphoryiation of Rb at the serine corresponding to amino acid position 780
of SEG 1D NO:3 ¢referred to herein as “Ser7807 or “57807) has been identified mn the
Examples as a pharmacodynamic marker useful in assessing responsiveness {¢.g.,
imhibition by CIK 2} of a human subject having a discase or disorder having CONEL
amplification to a CDK2 inhibitor,

Rb is a regudator of the cell eycle and acts as a tumor suppressor. Rbis
activated upon phosphorylation by cyclin D-COK4/6 at Ser730 and Ser795 and by
cyehn BE/CDE?2 at Ser807 and Scr811. Rb 1s encoded by the RE mranscriptional
corepressor {1 {"RBI7} gene (GenBank Accession No. NM 000321}, The amino acid
sequence of human Rb is provided below (GenBank Accession No. NP (00312 /
UniProtKB Accession No. PO6400) (8780 15 in bold and underdined):

MPPKTPRKTA ATAAAAAALP PAPPPPPEPE EDPEQDSGPE DLPLVRLEFE ETEEPDETAL

pa—

6L COKLKIPDHV RERAWLTWEK VESVDGVLGE YIQRKKELWG ICLFIAAVDL DEMSETFTEL

121 QKNIEISVHK

it}

FNLLKEIDT STKVDNAMSR LLKKYDVLFA LESKLERTCE LIVLTOEPSSS

iy
(o)
i

ISTEINSALY LEKVSWITFLL AKGEVLOMED DLVISFQLML CVLDYFIKLS PPMLLEKEPYK

NVLCK

247 TAVIPINGSP RTPRRGONRS ARIAKQLEND TRII
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301 NSLGLVTSNG LPEVENLSKR YEEIYLKNKD LDARLFLDHED KTLOTDSIDS FETQRTPRKS

LVNVIP PHTPVRTVMN TIQCLMMILN SASDOPSENL ISYENNCTVN PEESILKRVK
421 DIGYIFKEKFE AKAVGQGCVE IGSORYKLGY RLYYRVMESM LKSEEERLSI QONFSKLLNDN

481 IFHMSLLACA LEVVMATYSR DLSFPWILNY LNLKAFDEFYK VIESFIKAEG

541 NLTREMIKHL ERCEHRIMES DLIKQSKDRE GPTDRDHLESAC PLNLPLONNH
601 TAADMYLSPYV RSPKKKGSTT RVNSTANAET QATSAFOTOK PLKSTSLSLE YKKVYRLAYL

461 RILNTLCERLL SEHPELEHII WTLFQCHTLON EYELMRDRHL DOIMMCSMYG ICKVENIDLK

721 FKIIVTAYED LPHAVQETFK RVLIKEEEYD SIIVEYNSVE MORLKTNILY YASTREPTLS
781 PIPHIPRSPY KFPSSPLRIP GGNIYISPLK SPYKISEGLE TPTKMTPRSR ILVSIGESFG
341 TSEKFQKINQ MVCNSDRVLK RSAEGSNPPK PLKKLRFDIE GSDEADGSKH LPEESKFQD

901 LAEMTSTRTR MOKOKMNDSM DTSNKEEK (SE) IB NG:J

0%
s
——r

As stated above, the Examples demonstrate CDEZ2-knockdown inhibis
proliferation in CONE-amplified cell lines, but not i CONE-non-amplified cell
lines. The Examples further demonstrate CDK2-knockdown or inhibition blocks Rb
phosphorylation at the $780 1o CCNE1-amplified cell lines, but not in CONEl-non-
amplitied cell bines. Accordingly, Kb phosphorylation at the serine corresponding to
amino acid position 780 of SEQ ID NG:3 15 a pharmacodynamic marker for assessing
response to UDK2 inhibition in CCNET amplified cancer cells or patients with
discases or disorders having CCNET amplification. Thus, provided hercin are
methods relating to the use of the level of Rb phosphorvlation at the serine
corresponding to amino acid position 780 of SEQ [D NO:3 in a human subject
having, suspected of having, or at risk of developing a discase or disorder associated
with CIIK? as a marker for indicating the response of the human subject to a CDK?2
inhibitor, wherein the human subject has an increased expression level of CCNEL

Thus, the disclosure featares a method for measuring the amount of a protein
in a sample, comprising: (a) providing a biclogical sample obtained from a human
subject having a disease or disorder associated with CDKZ; and (b} measuning the
level of Rb protein phosphoryiation at the serine corresponding to amino acid position
780 of SEQ ID N(:3 n the biological sample. In some embodiments, the biological
sampie comprises a biood sample or a tumor biopsy sample. In a specific
embodiment, provided herein 18 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 inhibitor, comprising: {a) administering a CDK2
inhibitor to the human subject, wherein the human subject has been previously
determined to have an amplification of the CCNE1 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
adrowistering of step (a), the level of Rb phosphoryiation at the serine corresponding
to aming acid position 780 of SEQ 1D NG:3, wherein a reduced level of Rb
phosphorylation at the serine corvesponding to aming acid position 780 of SEQ ID
NG:3, as compared to a control level of Rb phosphorylation at the serine
corresponding to amino acid position 780 of SEQ D NG:3, is indicative that the
human subject responds to the CDK? inhibitor, In specific embodiments, the human
subject has a disease or disorder associated with CDK2.

A redaced level of Rb phosphorvlation at the serine corresponding to amino
acid position 780 of SEQ H3 NO:3, as compared to a control level of Kb
phosphorylation at the serine corvesponding to aming acid position 780 of SEQ ID
NQG:3, combined with an amplification of the CCNE! gene and/or an expression fovel
of CCNE1 that is higher than a control expression lovel of CCNE]L, is indicative that a
human subject having, suspected of having, or at risk of developing a disease or
disorder associated with CDK2 responds to a CDK2 inhibitor. For example, ina
subject having an amplification of the CCNET genc and/or an expression level of
CONE?D that 18 higher than a control expression level of CCNEL, a biological sarople,
obtainced from the subject after treatment with a CDKZ inhibitor, having low {e.g.,
reduced as compared (o a control} or undetectable levels of Rb phosphorviation at
serine corresponding to amino acid position 780 of SE( 1D NG:3 is indicative that the
subject responds to the CDK2 inhibitor,

A biological sample, obtaimed from a sabject after administration of a CDK2
inhibitor to the subject. having a reduced lovel 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 sernine corresponding to amino acid position 780 of
SEQ ID NG:3, combined with: {1} an amplification of the CCNE! gene and/or an
expression level of CONE! that is bigher thao a control expression fevel of CONEL,
and (11} presence of a CDENZA gene encoding a pl6 protein comprsing the amine

acid sequence of SEQ H3 N{O:1, presence of a CDENZA gene lacking one or more
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mactivating nucleic acid substitutions and/or deletions, and/or presence of aplé
protein {e.g., a pl6 protein comprising the amino acid sequence of SEQ ID NGO 1}, s
mdicative that a human subject having, suspected of having, or at risk of developing a
disease or disorder associated with CDK2 responds to a CDK2 inhabitor. For example,
in a human subject having (1} an amplification of the CCNE1 gene and/or an
expression level of CCNE! that is higher than a control expression level of CCNEL,
and (i1} the presence of a CDKNIA gene encoding a pl6 protemn comprising the
anuno acid sequence of SEQ ID NQ:1, the presence of a CDKN2A gene lacking one
oF mOre inactivating nucleic acid substitutions and/or deletions, and/or the presence of
a plé protein {¢.g., a pl6 protein comprising the amino acid sequence of SEQ 1D
N1}, a bwlogical sample, obtamed from the human subject after admimistration of a
CDK2 inhibitor to the subject, having low {¢.g., reduced as compared to a control} or
undetectable levels of Rb phosphoryiation at the senine corresponding to ammo acid
position 780 of SEG 1D NO:3 is mdicative that the human subject responds to the
CDK2 mhibitor.

In some embodiments, the CCNE]L gene is amplified to a gene copy number
from 3 10 235, In specific emboduments, the CCNET gene 1s amplified to a gene copy
munber of at feast 3. In specific embodiments, the COCNE gene 1s amplified to a gene
copy mumber of at least 3. In specific embodiments, the CONEL gene is amplified to a
gene copy number of at least 7. In specific embodiments, the CUNET gene is
amplificd to a gene copy number of at least 10. In specific embodiments, the CCNEL
gene 18 amphified to a gene copy number of at least 12, In specific embodiments, the
CONET gene is amplified to a gene copy number of at least 14, In specific
embodiments, the CCNE1 gene 1s amplified to a genc copy number of at least 21. In
specific embodiments, the expression level of CCNET 15 the level of CONET mRNAL
In specific embodiments, the expression level of CONET 1s the level of CCNEL

protein.

Contvols

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

level of CCNEN, the presence of a CDKN2A gene encoding a pl6 protein comprising
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the amino acid sequence of SEQ 1D NO: 1, the presence of a CDKNZA gene lacking
one of more inackivating nucleic acid substitutions and/or deletions, the presence of a
plo protein {c.g., a p16 protein comprising the asuno acid sequence of SEQ [D
N1}, and Rb phosphorylation at the senne corresponding 1o amino acid position
780 of SEQ 1D NG:3) in a biological sample from a human subject having, suspecied
of having or at risk of developing a disease or disorder associated with CDK2. In
specitic embodiments, the human subject has a disease or disorder associated with
CDK2. In specific embodiments, the human subject is suspected of having or s at risk
of developing a disease or disorder associated with CDKZ. In certain aspects, the level
{c.g.. amplification {c.g., for the CCNEI gene), cxpression level (e.g., for CCNE1 or
p16 protein), or phosphorvlation level {e.g., for Rb}} of one or more biomarkers,
compared to a control fevel of the one or more biomarkers, predicts/mdicates the
response of a human subjoct to treatment conmprising a CDKZ inhibitor. In certain
embodiments, when (i) the CCNE1 gene is amplified and/or an expression level of
CONET that 1s higher than a control expression level of CCNEL, and (31} a CBDKNZA
gene encoding a pl6 protein comprising the amino acid sequence of SEQ 1D NO: 1 is
present, 2 CDRNIA geoe lacking one or more inactivating nucleic acid substitutions
and/or deletions is present, and/or a pl6 protein {e.g., a pl6 protein comprising the
aming actd sequence of SEQ 1D NG: 1) s present, the human subject 1s wlentified as
likely to respond to a CDK2 inhibitor. In other cmbodiments, when (1) the CCNE1
gene 1s amplified and/or an expression level of CONE1 that s higher than a control
expression level of CONEL, and (11} in a biological sample from the human subject
after the hwman sobject has been administered a CDKZ2 mhibitor, the level of Rb
phosphorylation at the serine corresponding to aming acid posttion 780 of SEQ ID
NO:3 15 less than the control level of Rb phosphorylation at the serime correspondng
to aming acid position 780 of SEQ 1D NG:3, the human subject s identified as
responding to a COK2 mhubitor. In vet another crabodiment, when (i) the CUNE]
gene 1s amplified and/or an expression level of CONE1 that s higher than a control
expression level of CONEL (11) a CDKNZA gene encoding a pl6 protem comprising
the amino acid sequence of SEQ 1D NO:1 15 present, a CBRN2A gene lacking one or
more inaciivating nucleic acid substitutions and/or deletions 1s present, and/ora pl6
protein {¢.g., a p 16 protein comprising the anuno acid sequence of SEQ D NGO 1) is

present, and (111} in a biological sample from the human subject after the human
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subject has been administered a CDK2 inhibitor, the level of Rb phosphoryiation at
the serine corresponding to amino acid position 780 of SEQ ID NG:3 1s less than the
control fevel of Rb phosphorviation 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 “conirol” includes a sample (from the same tissug
type) obtained from a human subject who is known to not respound to a CDE2
inhibitor. The term “control” also mncludes a sample (from the same fissue type)
obtained 1n the past from a human subject who s 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 phosphorviation level) fora
particelar biomarker (e.g., CONEL, pl6, or Rb phosphorviation) in a particular cell
type or tissue may be pre-established by an analysis of biomarker level (e.g.,
cxpression level or phosphorvlation levelyinonc ormore (c.g., 2,3, 4,5, 6,7, 8,9,
18, 15, 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 munmber, expression fevel, 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., CCNEL,
016, or Rb phosphorylation) in the comparison with the test samiple. Insuch a
coraparison, the bumarn subject 1s predicted to respord to a CDK2 mhubitor if the
CONET gene is amplified and/or the expression level of CCNE 1s hugher than the pre-
established reference, and a CDKN2A gene encoding a pl6 protein comprising the
amino acid sequence of SEQ 1D NO:1 is present, a CDENZA genc lacking one or
more inactivating nucleic acid substifutions and/or deletions 13 present, and/oraplé
protein {g.g., a pl6 protein comprising the amino acid sequence of SEQ 1D NO: 1) is
present. In another such a comparison, the human subject 1s predicted to respond to a
CDEK2 sohibitor if () CCNE] gene is amplified and/or the expression level of CCNE
ts higher than the pre-established reference, and (11) atter administering to the human
subgect a UBK2 nhibitor, the level of Rb phosphorylation at the serine corresponding
to amino acid position 780 of SEQ 1 NG:3 15 lower than the pre-gstablished
reference. In vet another such a comparison, the hursan subject is indicated to respond

to a CBK2 inlubitor if (1) COCNE] gene 1s amplified and/or the expression level of
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CONE 18 higher than the pre-established reference, (1t} a CDKN2A gene encoding a
p16 protein comprising the amino acid sequence of SEQ 1D NO:1 is present. a
CDKMN2A gene lacking one or more inactivating nucleic acid substitutions and/or
deletions 18 present, and/or a pl6 protein {e.g., a pl6 protein comprising the amino
acid sequence of SEQ 1D NO: 1} is present, and (i1} after admunistering to the human
subject a CDK2 mhibitor, the level of Rb phosphorylation at the serine corresponding
to amino acid position 780 of SEQ ID NO:3 13 lower than the pre-established
reference.

The “control™ level for a particular biomarker 1o a particular cell type or tissue
may alternatively be pre-established by an analysis of biomarker level in one or more
human subjects that have responded to treatment with a CDK2 mhibitor. This pre-
established reference value (which may be an average or median level (e.g.,
cxpression level or phosphorylation level) taken from multiple human subjects that
have responded to the therapy) may then be used as the “control” fevel {e.g.,
expression level or phosphorviation level} in the comparison with the test sample. In
such a comparison, the human subject is indicated to respond to a CDK2 mhibitor if
the level {e.g., copy number of the CONEI gene, expression fevel of CCNEL,
expression level of pl6, or phosphoryiation level of Rb at the serine corresponding to
amino acid position 780 of SEQ ID NG:3) of the biomarker being analyzed is equal or
comparable to {¢.g., at icast 85% but less than 115% of}, the pre-established reference.

In certain embodiments, the “control” s a pre-established cut-off value. A cut-
off value s typically a level (e .g., a copy number, an expression level, ora
phosphorylation level) of a biomarker above or below which 1s considered predictive
of responsiveness of a human subject to a therapy of interest. Thus, in accordance
with the methods and compositions described herein, a reference level (e.g., of
CCNET gene copy nomber, CCNE1 expression, pl6 expression, or Rb
phosphorviation at the serine corresponding to amino acid position 780 of SEQ 1D
NO: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 n the methods
described herein can be compared with, ¢ g, published ranges of concentrations but
can be individualized to the methodology used and patient population.

In some embodiments, the oxpression level of CONEL 1s increased as

compared to the expression level of CCNEL m a control. For example, the expression

ed}
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fevel of CUNE] analvzed can be at least 1.5, at least 2 at least 3, at least 4, at least 3,
at least 6, at lcast 7, at lecast &, at least 9, at least 10, at least 20, at least 25, at least 50,
at least 75, or at least 100 times higher, or at least 10%, at least 20%, at least 30%, at
fcast 40%. at loast 50%, at least 609, at feast 70%, at least 80%, at least 90%. at least
100%, at least 2009, at least 300%. at least 400%, at least 500%, at least 600%, at
teast 700%, at least 800%, at least 900%, at least 1,000%, at least 1.53009%, at least
2.000%, at least 2.500%, at least 3,000%, at least 3,50094, at least 4,0009, at least
4.500%, or at least 5,000% higher, than the expression level of CCNET 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, westem blot, immunchistochemistry,
fluorescence-~activated cell sorting, and enzyme-linked numunoassay. In some
embodiments, a pl6 protein is present at an expression level that i1s within at least 5%,
at least 109%, at least 20%, or at least 30% of the p16 expression level in a healthy
control.

In some embodiments, the level of Rb phosphoryiation at the serine
corresponding to amine acid position 780 of SEQ I NG:3 being analyzed is reduced
as compared to the level of Rb phosphorviation at the serme corresponding to amino
acid position 780 of SEQ I NGO:3 m 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 15, at least 2, at least 3, at least 4, at least 5, at
feast 6, at least 7, at feast 8, at least 9, at least 10, at least 20, at least 23, at least 50, at
feast 73, or at least100 times lower, or at least 109, at feast 20%, at least 30%, at least
4039, at least 530%, at least 60%, at least 70%. at least 8G%, at least 0%, or 100%
fower, than the level of Rb phosphorviation at the serine corresponding to amino acid

position 780 of SEQ 1D NO:3 1n a control.

Biological Samples

Suitable biological samples for the methods described herein include any
sample that contains blood or tumor cells obtained or derived from the human subject
in need of treatment. For example, a biological sample can contain tumor cells from
biopsy from a paticut 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.

PCT/US2023/063875



WO 2023/172921

10

ot
(441

20

A biclogical sample can be obtainged from a human sebject having, suspected
of having, or at risk of developing, a disease or disorder associated with CDK2. In
some embodiments, the disease or disorder associated with CDKZ is a cancer {(such as
those described supra).

Methods for obtaining and/or storing samples that preserve the aciivity or
imtegnty of molecules (o.g., nucleic acids or proteins} in the sample are well known fo
those skilled 1 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 mimumize

changes in the molecules in the sample.

Evaluating Biomarkers and Pharmacodynamic Markers

Expression levels of CONE1 or pl16 can be detected as, ¢.g., RNA expression
of a target gene {1.¢., the genes encoding CONEL or p16). That 1s, the expression level
(amount) of CONEL or pl6 can be determined by detecting and/or measuring the
fevel of mRNA expression of the gene encoding CUNE]L. Alternatively, expression
levels of CONET or pl6 can be detected as, ¢.g., protein expression of target gene
{i.¢., the genes encoding CCNE]L or pl6). That s, the expression level (amount) of
CCNET or pl6 can be determined by detecting and/or measuring the level of protein
cxpression of the genes encoding CUNE] orplé.

In some embodiments, the expression level of CCNET or pl16 is determuned by
measuring RNA levels. A vaniety of suitable methods can be emploved to detect
and/or measure the level of mRNA expression of a gene. For example, mRNA
oxpression can be determined using Northern blot or dot blot analysis, reverse
transcriptase-PCR (RT-PCR; ¢.g., quantitative RT-PCR), in situ hybndization (e .g.,
quantitative 1n situ hybndization), nucleic acid array {e.g., oligonocleotide arrays or
gene chips) and RNA sequencing analysis. Details of such methods are described
below and in, ¢.g.. Sambrook ot 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. (19993 Genome Res., 6{10):995-1001; and
Zhang et al. {2005} Environ. Sci. Technol, 39(8y:.2777-2785; U S, Publication No.

2004086915, European Patent No. 0543942, and U 5. Patent No. 7,101,663; Kukurba

%
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et al. (2015} Cold Spring Harbor Protocols., 2015 (11): 951-69; the disclosures of
cach of which are mcorporated herein by reference 1 their entivety.

In one example, the presence or amnount of one or more discrete mRNA
populations in a biological sample can be determined by isolating total mRNA from
the biological sample {soe, e.g.. Sambrook ¢t al. (supra) and U5, Patent No.
6,812,341} and subjecting the isolated mRNA to agarose gel electrophoresis to
separaie the mRNA by size. The size-separated mRNAs are then transferred (e.g., by
diffusion) to a solid sepport such as a nitrocellulose membrane. The presence or
amount of one or more mRNA populations 1o the biological sample can then be
determined using one or more deteciably-labeled-polvnuclecotide probes,
complementary to the mRNA sequence of miterest, which bind to and thus render
detectable their corresponding mRNA populations. Detectable-labels include, ¢.g.,
fluorescent {e.g., umbeHiferone, fluorescein, fluorescoin isothiocvanate, rhodaming,
dichlorotnazinyvlamme fluorescein, dansyl chioride, allophyeocyanin, or
phycoervthring, laminescent (e.g., curoptum, ferbitm, Qdot™ nanoparticles supplied
by the Quantum Dot Corporation, Palo Alto, CA). radiclogical {e.g., **°1, P, 8, P,
P or 'H), and enzymatic {horseradish peroxidase, alkaline phosphatase, beta-
galactosidase, or acetylcholinesterase) labels.

In some embodiments, the expression level of CCNET or pl6 is determined by
measurning protein kevels, A variety of suitable methods can be employed to detect
and/or measure the level of protein expression of target genes. For example, CONE]
or pl6 protein expression can be determined using western blot, enzyvme-linke
wmaonosorbent assay (CELISA™Y, fluorescence activated cell sorting, or
immunchistochemistry analysis {o.g., using a CUNE1-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 protoin
populations {c.g., CCNE1 or pl6} in a biological sample can be determined by
western blot analysis, e.g., by 1solating total protein from the biological sample {(see,
2.g., Sambrock et al. (supra}} and subjecting the isolated protein to agarose gel
clectrophoresis to separate the protein by size. The size-separated proteins are then
transferred (¢.g., by diffusion) to a solid support such as a nitroceliulose membrane.

The presence or amount of one or more protein populations m the biological sample
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can then be determined using one or more antibody probes, e.g., a first antibody
specific for the protein of interest {e.g., CUNET or plé), and a second antibody,
detectably labeled, specific for the first antibody, which binds to and thus renders
detectable the corresponding protein population. Detectable-labels suitable for use m
western blot analysis are known i the art.

Methods for detecting or measuring gene expression {e.g., mRNA or protein
expression} can optionally be performed n formats that allow for rapid preparation,
processing, and analysis of moltiple samples. This can be, for example, in malt-
welled assay plates (¢, 96 wells or 386 wells) or arrays {e.g.. nucleic 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, distribation, washing, ncubating {¢.g.,
hybnidization}, sample readout, data collection {optical data) and/or analysis
{computer aided Uwage analysis) can be done robotically using commercially
avatlable analysis software, robotics, and defection instrumentation capable of
detecting the signal generated frony the assay. Examples of such detectors include, but
are not limited fo, spectrophotometers, funinometers, fluorimeters, and devices that
measure radioisotope decay. Exemplary high-throughput cell-based assays (¢.g.,
detecting the prasence or level of a target protein in a cell) can atilize ArrayScan®
VT1 HCS Reader or KineticScan® HCS Reader techaology (Cellomies Ing
Pittsburg, PA).

In some embodiments, the presence of a CDKN2A gene encoding apl6
protein comprising the amino acid sequence of SEQ 1D NO:1 and/or the presence of a
CDKN2A gene lacking one or morg inactivating nucleic acid substitations and/or
deletions i3 determined by evaluating the DNA sequence of the CDKN2A gene (c.g,
genomic DNA or ¢cBNA) or by evaluating the RNA sequence of the CDKNZA gene
{cg., RNA, cg., mRNA} Methods of performing nucleie acid sequencing analyses
are known 1 the art and described above. Nonlimiting examples of inactivating
nucleic acid substitutions and/or deletions preventing the CDKN2A gene from
encoding a protein comprising the aming actd sequence of SEQ ID NO: T arg
descrnbed in Table A, above. In specific embodiments, the one or more nactivating
nucleic acid substitutions and/or deletions in the CRKNZA genc 1s as descrbed in

Yarbrough et al., Journal of the National Cancer Institute, 91(18):1569-1574, 1999,



WO 2023/172921 PCT/US2023/063875

10

ot
(441

20

Liggett and Sidransky, Biology of Neoplasia, Journal of Oncology, 16(3):1197-1206,
1998, and Caims ct al, Nature Genetics, 11:210-212, 1995, cach of which 1s
mcorporated by reference herem 1o its entivety.

In some embodiments, the expression level of a gene or the presence of a gene
lacking onc or more mactivating nucleic acid substitutions or deletions is deternined
by evaluating the copy mumber vanation {CNV) of the gene. The CNV of genes {e.g.,
the CCNEI gene and/or the CDKNZ2A gene) can be determined/identified by a variety
of suitable methods. For example, CNV can be determined using fluorescent in situ
hyvbrndization (FISH}, multiplex ligation dependent probe amplification {MLPA),
array comparative genomic hvbridization (aCGH), single-nucleotide polvmorphisms
(SNP) array, and next-generation sequencing {NGS) technologies.

In one example, the copy number vaniation of one or more discrete genes in a
biclogical sample can be determined by MLPA | ¢ g, by extracting BNA specimens
from the binlogical sample (see, ¢.g., Sambrook ¢t al. (supra) and U S, Patent No.
6,812,341}, and amplifying DNA sequence of interest {e.g., CCNEL or CDKN2A}
using a mixture of MLPA probes. Each MLPA probe consists of two shigonucleotides
that hvbridize to immediately adjacent target DNA sequence (c.g., CCNE1 or
CDKN2A)Y in order to be ligated mito a single probe. Ligated probes are amplified
though PCR with one PCR primer fluorescently labeled, enabling the amphification
products to be visualized during fragment separation by capiflary electrophoresis. The
presence, absence or amplification of one or more genes of interest in the biological
sample is calculated by measuring PCR denved fluorescence, quantifying the amount
of PCR product after novmalization and comparing it with control DNA samples.

The level of Rb phosphorylation at the sering corresponding to amino acid
position 780 of SEQ 1D NO:3 can be detected by a vanety of suitable methods. For
example, phosphorylation status can be determined using western blot, ELISA,
fluorescence activated cell sorting, or imomunohistochemistry analysis. Details of such
methods are described below and 1n, ¢.g., Sambrook et al | supra.

As with the methods for detecting or measuring gene expression {above},
methods for detecting or measuring the level of Rb phosphoryiation 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, processing, and analysis of

multiple samples.
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Embodiments
1. A solid form of a compound of Formulda (1)
P
HN
a3, Q{
\/\L )N
s which s Form L
2. The solid form of embodunent 1, which is non-solvated.
3. The sohid form of embodiment 1, which is crystalline.
4, The solid form of embodiment 1, wherein the form has at least one XRPD

peak, in terms of 2-theta (= 0.2 degrees), selected from 7.3, 105, 128, 145, 152,

10 164,203,213,21.6, and 27.0.

5. The solid form of envbodiment 1, wherein the form has at least two XRPD
peaks, 1n torms of 2-theta (= 0.2 degrees), selected from 7.3, 103, 128,145, 152,
164,203,213, 216, and 27.0.

6. The solid form of embodiment 1, wherein the form has at least three XRPD

15 peaks, in terms of 2-theta (= 0.2 degrees), selected from 7.3, 105,128, 145,152
16.4,20.3,21.3,21.6,and 27.0.

7. The solid form of embodiment 1, 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, 203,213,216, and 27 0.

20 3 The solid form of embodiment 1, wherem the form has at least five XRPD
peaks, in terms of 2-theta (& 0.2 degrees}, selected from 7.3, 183, 128, 145, 152,
164,203,213, 216, and 27.0.

9, The solid form of embodiment |, whercin the form has at least ten XRPD
peaks, in terms of 2-theta (£ 0.2 degrees), selected from 7.3, 105, 128, 145, 152,

164,203,213, 216, and 27.0.

(441

14 The solid form of any one of crabodiments 1-9, whercin the form has an
XRPD pattern as substantially shown in FIG. 1
11, 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 maximam at 193.6°C.
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12. The solid form of any one of cmbodiments 1-9, wherein the form has a DSC
thermogram substantially as shown in FIG. 2.

13, The solid form of any one of embodiments 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 s selected from:

a mono-maleate salt of the compound of Formula {I};

a di-besylate salt of the compound of Formula (1)

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

a di-tosylate salt of the compound of Formuda (1);

a mono-hydrochloride salt of the compound of Formula (1), and

a di-hvdrochlonde salt of the compound of Formula (1),
15. The salt of embodiment 14, which 13 3 mono-maleate salt of the compound of
Formula (I).
16. The salt of embodiment 15, which is crystalline.
17. The salt of embodiment 15 or 16, wheren the salt has at least one XRPD peak,
i terms of 2-theta (= 0.2 degrees), selected from 104, 116, 12.0, 141, 151,172,
181,191,213,219,229 242 and 239
8. The salt of embodiment 15 or 16, wherein the salt has at least two XRPD
peaks, i terms of 2-theta (& 0.2 degrees}, selected from 104, 11,6, 12.0, 141, 151,
172,181,191, 213, 219,229,242 and 259,
19, The salt of embodiment 15 or 16, wherein the salt has at least three XRPD
peaks, in terms of 2-theta (£ 0.2 degrees), selected from 104, 116, 12.0, 141, 15.1,
172,181, 19.1,213,219,229, 242 and 259,
20, The salt of embodiment 15 or 16, wherein the salt has at least four XRPD
peaks, 1n torms of 2-theta (= 0.2 degrees), selected from 104, 11.6, 12,0, 141, 151,
172,181, 19,1, 213,21.9,229,242 and 259,

S0
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21. The salt of embodiment 15 or 16, wherein the salt has at least five XRPD
peaks, 1o forms of 2-theta {= 0.2 degrees), selected from 104, 11.6,12.0, 141, 15 1,
172,184,191, 213,21.9,229,242 and 259,

22. The salt of embodiment 15 or 16, wherein the salt has at least ten XRPD
peaks, in torms of 2-theta (4 0.2 degrees), selected from 104, 116,120, 141, 151,
172,181, 19.1,213,219,229,242 and 259,

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

24. The salt of any onc of embodiments 153-23, 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 any one of embodiments 15-23, wheremn the salt has a DSC
thermogram substantially as shown in FIG. 5.

26, 'The salt of anv one of embodiments 13-25, 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 (I).

28, The salt of embodiment 27, which i3 erystalline.

29, The salt of embodiment 27 or 28, wherein the salt hag at least one XRPD peak,
in terms of 2-theta {+ 0.2 degrees), selected from 6.3, 9.9, 12,1, 126,159, 174, 187,
19.0, 196, and 251,

30, The salt of embodiment 27 or 28, wheremn the salt has at least two XRPD
peaks, in terms of 2-theta (& (.2 degrees), selected from 63,69, 121, 12.6, 159,
174,187,190, 196 and 25 1.

31 The salt of embodiment 27 or 28, wherein the salt has at lcast three XRPD
peaks, in terms of 2-theta (& 0.2 degrees), sclected from 6.3, 99,121, 126, 159,
174,187,190, 19.6, and 25.1.

32, The salt of embodiment 27 or 28, wherein the salt has at least four XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 6.3, 9.9, 121, 12.6, 159,
174,187,190, 196, and 25.1.

33. The salt of embodiment 27 or 28, wherein the salt has at least five XRPD
peaks, 1n torms of 2-theta (= 0.2 degrees), sclected from 6.3, 99, 121, 12,6, 159,

174,187,190, 196, and 25 1.

91
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10

ot
(441

20

peaks, in terms of 2-theta {= 0.2 degrees), selected from 6.3, 99,121, 12.6, 159,
174,187,190, 196, and 25. 1.

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

36, The salt of any one of embodiments 27-35, having an endothermic peak with
an onset temperature (= 3°C) at 160.4°C and a maxamum temperature (+ 3°C) at
163.4°C.

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

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

39, The salt of cmbodiment 14, which is a mono-mesylate salt of the compound of
Formula (I).

44, 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,
i terms of 2-theta (= 0.2 degrees), selected from 4.8, 7.0, 119, 14,1, 149, 177, 18.9,
202,221, and 26.1.

42. The salt of embodiment 39 or 40, wherein the salt has at lcast two XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 4.8, 7.0, 119, 14 1, 14 9,
17.7,189,202,22.1, and 26.1.

43, The salt of embodiment 39 or 40, wheremn the salt has at least three XRPD
peaks, in terms of 2-theta (& (.2 degrees), selected from 4.8, 7.0, 119, 14 1, 149,
177,189,202, 221, 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), sclected from 4.8, 70,119, 14 1, 149,
177,189,202, 22 1, 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 (& 0.2 degrees), selected from 4.8, 7.0, 119, 14.1, 149,
17.7, 185,202,221, and 26.1.

46. The salt of embodiment 39 or 40, wherein the salt has at least ten XRPD
peaks, 1n torms of 2-theta (= 0.2 degrees), sclected from 4.8, 7.0, 119, 141, 149,
177,189,202 221, 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

4% '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°CY at 134 4°C and a maximum temperature (£ 3°C) at
150.1°C.

49 The salt of any one of embodiments 39-47, wheremn 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 bas a TGA
thermogram substantially as shown in FIG. 12,

51 The salt of embodiment 14, whach s a di-tosvlate sait of the compound of

Formuda (1),

52, The salt of embodiment 51, which is erystaliing.
33 The salt of embodiment 51 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, 93,137, 139, 162,
1%.8, and 20.6.

54, The salt of embodiment 531 or 52, wherein the salt has at least two XRPD
peaks, in terms of 2-theta (= 0.2 degrees), sclected from 5.7, 7.8, 8.1, 93, 137, 13.9,
16.2, 188, and 20.6.

55, The salt of embodiment 31 or 52, wherein the salt has at least three XRPD
peaks, in torms of 2-theta (= 0.2 degrees), sclected from 657, 7.8, 8.1, 93,137, 139,

162, 18.8, and 20.6.

(s

6. The salt of embodiment 51 or 52, wheremn the salt has at least four XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 5.7, 78, 8.1, 93 137, 139,
16.2, 188, and 20.6.

57. The salt of embodiment 31 or 52, wherein the salt has at least five XRPD
peaks, in terms of 2-theta (& 0.2 degrees), selected from 5.7, 7.8, 8.1, 93, 137, 13 9,
162, i858, and 20.6.

58, The salt of embodiment 51 or 52, wherem the salt has at least cight XRPD
peaks, in terms of 2-theta (4 0.2 degrees), selected from 5778, 8.1, 93, 137 136,
16.2, 188, and 20.6.

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

substantially shown in FIG, 13,

O
(%
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61, The salt of any one of embodiments 51-59, having an exothermic peak with an
onset temperature (£ 3°C) at 99.6°C and a3 maximum temperature (= 3°Cy at 116.5°C,
and an endothermic peak with an onset temperature (= 3°C) ar 216.1°Cand a
maxinnun temperature (£ 3°Cyat 218.7°C.

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

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

63, The salt of embodiment 14, which is a mono-hydrochloride salt of the
compound of Formula (1)

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

63. The salt of embodiment 63 or 64, wherein the salt hag at least one XRPD peak,
in terms of 2-theta {+ 0.2 degrees), selected from 5.7, 8.5, 113, 141, 150, 184, 193,
205,218,228, and 25.7.

66. The salt of embodiment 63 or 64, wheremn the salt has at least two XRPD
peaks, in terms of 2-theta {= 0.2 degres), selected from 5.7, 8.5, 113, 141, 15.0,
184,193,205, 218,228, and 25.7.

67. The salt of embodiment 63 or 64, wherein the salt has at lcast three XRPD
peaks, in terms of 2-theta (& 0.2 degrees), sclected from 5.7, 85,113, 14 1, 15.0,
184,193,205, 218,228, and 25.7.

68, The salt of embodiment 63 or 64, 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, 193,205,218,228 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), sclected from 5.7, 85, 113, 14,1, 15.0,
184,193,205, 218,228, and 25.7.

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), sclected from 5.7, 8.5, 113, 14.1, 15.0,
184,193,205, 218 228, and 257

71 The salt of embodiment 63 or 64, wherein the salt has an XRPD pattem as

substantially shown in FiG. 16,

94
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72. The salt of any ong 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 any one of embodiments 63-71, wheremn the salt has a BSC

5 thermogram substantially as shown i FIG. 17,
74, The salt of any one of embodiments 63-73, wherein the salt has a TGA
thermogram substantially as shown in FIG. 18,
75. The salt of embodiment 14, which 1s a di-hydrochloride salt of the compound
of Formula (§).

10 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,
int terms of 2-theta {(+ 6.2 degrees), selected from 6.9, 187, 12.3, 13.0, 14.0, 152,
199,218,223 and 24 8.

78. The salt of embodiment 75 or 76, wherein the salt has at least two XRPD

(441

peaks, in terms of 2-theta (& 0.2 degrees), selected from 9.9, 107, 123,130, 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, 187, 123, 13.0, 14.0,

152,199,218, 223, and 24 8.

20 80. The salt of embodiment 75 or 76, wherein the salt has at least four XRPD
peaks, in torms of 2-theta (= 0.2 degrees), sclected from 9.9, 107, 12.3, 13.0, 14.0,
152,199,218,223, and 24 8.

51 The salt of embodiment 75 or 76, wherein the salt has at least five XRPD
peaks, 10 terms of 2-theta {= 0.2 degrees), selected from §9, 107 123, 13.0, 14 0,

26 152,199, 218,223, and 24 8.

82. The salt of embodiment 75 or 76, wherein the salt has at least ten XRPD
peaks, in torms of 2-theta (& 0.2 degrees), selected from 9.9, 107, 12.3, 13.0, 14.0,
152,199, 218,223, and 24 8.

33, The salt of embodiment 75 or 76, wheremn the salt has an XRPD pattern as

o substantially shown in FIG. 19

34, 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 maximum temperature (+ 3°C) at

206.4°C.

O
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35, 'The salt of any one of embodiments 73-83, wherein the salt has a DSC
thermogram substantially as shown i FIG. 20
86. The salt of anv one of embodiments 75-85, wherein the salt has a TGA
thermogram substantially as shown in FIG. 21,
87. A pharmaceutical composition compnsing the solid foom of any one of
cmbodiments 1-13 or the salt of any one of crubodiments 14-86, and a
pharmaceutically acceptable carrier,
38, A method of mhabiting 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 mhibuting CDK2 in a patient, comprising administening 1o the
patient the solid form of anv one of embodiments 1-13 or the salt of any one of
embodiments 14-86.
G0, A method of treating a disease or disorder associated with CDKZ in a patient,
coraprising administering to the pationt a therapeutically effective amount of the solid
form of any one of cmbodiments 1-13 or the salt of any one of embodiments 14-36.
91. The method of embodiment 90, wherein the disease or disarder is associated
with an aroplification of the evclin Bl (CUNE1) gene and/or overexpression of
CCNEL
92, Amecthod of treating a human subject having a disease or disorder associated
with cyclin~-dependent kinase 2 ({CDK2), comprising adninistering to the human
subject the solid form of any one of crobodiments 1-13 or the salt of any one of
embodiments 14-86, wherein the human subject has been previously determuned to:

{1

(a) have a mucleotide sequience encoding a pl6 protein comprising the aming
acid sequence of SEQ 1D NGO, and/or

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

(i)

{(a) have an amplification of the cychn E1 (CUNEL) gene; and/or

{b} have an expression level of CONEL i a biological sample obtained from
the human subject that is higher than a control expression level of CONEL
93, A mecthod of treating a human subject having a disease or disorder associated

with cyclin-dependent kinase 2 (CDK2), comprising:

96

PCT/US2023/063875



WO 2023/172921

10

ot
(441

20

(1) identifving, w a biological sample obtained from the human subject:

{(a) a nucleotide sequence cncoding a plo protein comprising the amino
acid sequence of SEQ 1D NO:1; and/or

{b) a cvelin dependent kinase inhibitor 2A {CDKN2A) gene facking
one or more inactivating nucleic acid sabstitutions;

(1) identifving, 1 a biological sarpie obtamed from the human subject:

(a) an amplification of the cychn E1 (CUNEL) gene; and/or
{b} an expression level of CONEL that is higher than a control
expression level of CUNET and

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

o4, The method of embodiment 93, comprising:
(1) identifying, n a biological sample obtained from the human subject
(a} a nucleotide sequence encoding a pl6 protein comprising the amuno
acid sequence of SEQ ID NO:1; and/or
{bya CDKNZA gene lacking one or more inactivating nucleic acid
substitutions and/or deletions;
{11} identifying, in a biological sample obtained from the human subject:
{(a} an amplification of the CCNET gene; and

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

95, Amethod of evaluating the response of a human subject baving a diseasc or
disorder assoctated with cyclin~-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:

(a) adounistenng the compound or the salt, to the human subject, whergin the
human subject has been previously determined to have an amplification of the cychin
E1 {CCNET} gene and/or an expression level of CCNET that is higher than a control
expression level of CCNEL;

(b} measuring, in a biological sample of obtained from the subject subseguent
to the adrunistering of step {(a}, the level of retinoblastoma (Rb} protein
phosphorylation at the serine corresponding to aming acid position 780 of SEQ ID
NG3,

wherein a reduced level of Rb phosphorviation at the serine corresponding to

amino acid position 780 of SEQ 1D NG:3, as compared to a control level of Rb
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shosphorylation at the serine corresponding to amino acid position 730 of §E
phosphorylat t th ponding t 1 position 780 of SEQ ID

NG:3, 1s indicative that the human subject responds to the compound or the salt.

96, The method of cmbodiment 95, wherein the disease or disorder is cancer.
87. A process of preparing a solid form of any one of embodiments 1-13,

comprising cooling a solution of the compound of Formuda (I} in a solvent component
comprising cthanol and water.

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

§g, The process of embodiment 97 or 98, wherein the sohition 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 shivry of the compound of Formuda (I} in the solvent component
prioT to said cooling.

101 A process of preparing a compound of Formula (1), or a pharmaccutically
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 Formulda (¢}
/

4
0~-< L
' N(ﬁ
RN
Qe
N 'N“N

with a compound of Formula (1b}):

{1c),

SO, Me
N et VS
N7
s
G

N
{1b),
or a salt thereof, via a Buchwald coupling reaction, to form a compound of Formula

{la):

‘ O
O~ N,S\«Q
New o (m y
N \ e/
R o N -
Wl
SN (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, whercin the compound of formula
{ib), or the salt thercof, is the HCl salt.

104.  The process of any one of embodiments 101-103, wherein the Buchwald
coupling reaction comprises reacting the compound of Formula {Ic¢} with the
compound of Fornula (1h), or the salt thercof, in the presence of a Buchwald catalyst
or precatalyst and a base.

105 The process of embodiment 104, wherein the Buchwald catalyst or precatalyst
is a palladium catalyst.

106, The process of embodiment 104, wherein the palladium catalyst s [(2-di-tert-
butviphosphino-3,6-dimethoxy-2".4" 6 -trisopropyi-1,1 -biphenyl}-2 (2 -araino-1,1'-
biphenyi} fpalladium{IT) methanesuifonate {(--BuBrett Phos Pd G3) or [{BuBretiPhos
PdiallyD]OTE (Pd-175).

107, The process of any one of erabodiments 104-106, wherein the base is an alkali
metal alkoxide.

108.  The process of any one of embodiments 104-106, wherein the base is sodiom
t-butoxide.

109, The process of any one of emboduments 101-108, further comprising
deprotecting the compound of Formula (1a) to form the compound of Formula (I},
110,  The process of embodiment 109, wherein the deprotecting s accomplished by
reacting the compound of Foromula {1a) with a strong acid.

111, The process of embodiment 110, wherein the strong acid is hydrochlonc acid.
112, The process of any one of embodiments 101-111, wherein the compound of
Formala (Ic} is prepared by a process comprising:

reacting a compound of Formula (1d):

/
<
om( J
Ny

O
N
\/t)’\r/—N}—
S
A AGT Y

or a salt thereof, with a halogenating agent to form the compound of Formula (Ic)
113, The process of embodument 112, wherein the halogenating agentis a
brominating agent.

114, The process of embodiment 112, wherein the halogenating agent is Cu(X' ).

115, The process of erobodiment 112, wherein the halogenating agent is CuBr,
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116, The process of any one of embodimenis 112-115, wherein the compound of
Formula (1d}, or the salt thereof, is prepared by a process comprising:

reacting a compound of Formula He):

/

<b—< ;
N
A j) HoH
N NN O~

MY T

N 0§ 0O (ic)
5 with hydroxylamine HCI ard a base component to form the compound of Formula

{1d}, or the salt thereof.
117 The process of embodiment 116, wherein the base component 1 a tertiary
ATNING.
118 The process of embodument 117, wherein the tertiary amine is

10 ethyvldisopropyvlamine.
119.  The process of any one of embodimenis 116-118, wherein the compound of
Formula (le} is prepared by a process comprising:

reacting a compound of Formula (1)

/
"
0~ J
Je o
N‘Q‘/\ . o T«vNHz
SN

15 with CH;CH OO0 -N=C=5 1o form the compound of Formulda (1e).
120, The process of embodiment 119, wherein the compound of Formula (1) s
prepared by a process comprising:
reacting a compound of Formula (1h):
“p
Brw. )\Er\H,
K/N (1h}.

20 or asali theroof, with a compound of Formula (Ig):

ANNS)

via a Buchwald couple reaction to form the compound of Formula (1f).
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121, 'the process of embodiment 120, wherein the compound of Formula ¢1h), or
the salt thereof] 1s the HBr salt.
122, The process of erobodiment 120 or 121, wherein the Buchwald coupling
reaction comprises reacting the compound of Formula (1h), or the salt thereof, with
the compound of Formula {1g) in the presence of a Buchwald catalyst or precatalyst
and a basc.
123, 'The process of embodiment 122, wherein the Buchwald catalyst or precatalvst,
present for the reacting of the compound of Formuuda (1h), or the salt thereof, and the
compound of Formmia {1g}. is a paliadium 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), 1s (Z-dicvelohexylphosphino-2' 4" 6" triisopropyl-1, 1'-biphenyi) 2-
{2-ammo-1,1 -biphenyl) jpalladium{Il} methancsuifonate (XPhos Pd G3).
125 The process of any oune of erobodiments 122-124, wherein the base, present for
the reacting of the compound of Formmuda {1h}, or the salt thereof, and the compound
of Formula (1g), is an alkali metal phosphate.
126, The process of any one of emboduments 122-124, wherein the base, preseut for
the reacting of the compound of Formula (1h), or the salt thereof, and the compound
of Formula {1g), 1s sodium phosphate tribasic,
127, The process of any one of emnbodiments 120-126, wherein the compound of
Formula (1h), or the salt thereof, is prepared by a process comprising;

reacting a compound of Formula (11):

OH

#N i,

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.

128, The process of embodiment 127, wherein the cthyl halide 1s ethyl iodide.

129, The process of embodiment 127 or 128, wherein the base present for the
reacting of the compound of Formula {(11), or the salt thercof, with the ethyl halide 1s a
carbonate base.

133, The process of embodiment 129, wherein the carbonate base s cosiom

carbonate,
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131, The process of any one of embodiments 127-130, wherein the compound of
Formula (11}, or the salt thereof, 1s a HBr salt.
132, The process of any one of embodimenis 101-111, wherein the compound of
Formula (I¢) 1s prepared by a process comprising:

reacting a compound of Formula (Za);

J

O

Br N

/ - %

2 N ;}—XE
“N {2a),

with a compound of Formula (2b}:

|
-k
1O ),
to form the compound of Formula {1¢), m the presence of a Suzuld catalvst and a
base, wherein X' is halo.
133, The process of embodiment 132, wherein X' is Br.
134,  The process of erobodiment 132 or 133, wherein the Suzuki catalyst is a
palladium catalyst.
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 embodument 132 or 133, wherein the Suzuki catalyst is formed
from a muxture 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 Formula (2b), 1s
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 (Za} and the compound of Formula (Zb), 15
sodium phosphate tribasic.
139, The process of any one of embodiments 132-138, wherein the compound of
Formula (1b}, or the salt thergof, is prepared by a process comprising:
reducing a compound of Formula (3a);

L5C0,Me

(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 Fornuula (3a) with hydrogen gas n the presence of a
palladium catalyst.
141, The process of any one of emnbodiments 139-144, wherein the compound of
Formula (3a) 1s prepared by a process comprising;

reacting a compound of Formula (3¢}

gy SOaMe

!

we

O
{(3c),

with a compound of Formula (3b}:

e (3b),

followed by crystallization to give the compound of Fornula (3a).
142, The process of embodiment 141, wherein the compound of Formula (3¢) 15
prepared by a process comprising:

reacting a compound of Formula (3d):

AL

e

I G,
or a salt thereof, with methanesulfonyl chloride to form a compound of Formula (3¢},

143 A compound selected fromu

J

O
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or a saft thereof,

The invention will be described in greater detail by way of specific examples.
The following examples are offered for illustrative purposes, and are not infended to
Emit the invention i any manner. Those of skill in the art will readily recognize a
variety of non-critical parameters which can be changed or modified to yicld

essentially the same resuits.

EXAMPLES

Expenmental procedures for compounds, solid forms, and salis of the
disclosure are provided below. Preparatory LC-MS purifications of some of the
compounds prepared were performed on Waters mass directed fractionation systems.
The basic equipment setup, protocols, and control software for the operation of these
systems have been described in detail in the iterature. Sec e.g., “Two-Pump at~
Column Dilation Configuration for Preparative LC-MS,7 K. Blom, J Combi. Chem |
4,295 (2002} “Optumizing Preparative LC-MS Configurations and Methods for
Parallel Synthesis Punfication,” K. Blom, R Sparks, §. Doughty, G. Everof, T.
Hague, A, Combs, J Combi. Chem., 3, 670 (2003); and “Preparative LE-MS
Purification: Improved Compound Specific Method Optinnzation,” K. Blom, B.
Glass, R Sparks, A. Combs, J. Combi. Chem , 6, 874-883 (2004}, The separated
compounds were typically subjected to analytical liquid chromatography mass
spectrometry (LCMS) for purity check under the following conditions: Instrument:
Agilent 1100 series, LC/MSD; Column: Waters Sunfire™ Ciz 5 yum particle size, 2.1
x 5.0 muy; Buffers: mobiie phase A: 0.025% TFA 1n 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 hiquid chromatography (RP-HPLC) with MS
detector or flash chromatography {silica gel) as indicated in the Examples. Typical
preparative reverse-phase high performance biquid chromatography (RP-HPLC)
column conditions are as follows:

pH = 2 purifications: Waters Sunfire™ Cig 5 um particle size, 19 x 100 mm
columu, eluting with mobile phase A: 0.1% TFA {tnfluoroacetic acid) in water and

mobile phase B: acetominile; 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 deseribed in the literature (see “Preparative LCMS
Purntfication: huproved 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 mL/minute.
pH = 10 purifications: Waters XBudge Ciz § pm particle size, 19 x 100 om
column, eluting with mobile phase A: 0.15% NHaOH n water and mobile phase B:
acetomitrile; the flow rate was 30 mU/mimute, the separating gradient was optimized
for cach compound using the Compound Specific Method Optimization protocol as
10 descubed in the lderature (See “Preparative LUMS 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 vsed with 30 x 100 mm column
was 60 mL/ounute.
Example 1

Synthesis of §-ethoxy-N-({3R,45}-3-methyl-1-(methylsulfonyipiperidin-4-yi}-7-

ot
(441

{iH-pyrazol-4-yD)-{1,2 4]triazelo{l 5-alpyridin-Z-amine (Formula {I})

O

(/
o (¢ (
N~ , ¢
g o B o
0 AN O N o Ny
. Bl N, Ny
Bz M, & ¢ /\ /L\,T‘w\hf "
N LEDE \ N 506
4 XPhos Pd G2 o

K3 POy, dioxane-H,O

7 .50, Me
N TN
o~ 0~ A
NIL,OH-HCl \\""“ o7 \\ 1 HpN *{ LI
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{ntermediate (8). 3-ethoxy-4-{i-(1-ethoxyethyl}-1H-pyrazol-4-ylipyridin-2-amine

()

S9
TR -NH,
N
8
4-Broma-3-cthoxypyridin-2-amine {4} (prepared according to Exampie 4)
{1.998 kg, 9205 mol, 1 eq) and 1-{1-cthoxyethyl}-4-(4.4,5 S-ictramethyi~-1,3.2-

s dioxaborolan-2-yh-1H-pyrazole (2 .94 kg, 11 .0 mol, 1.2 ¢q) were charged to a 50 L
reactor containing a solution of potassium phosphate tribasic (3.9 kg, 27.6 mmol, 3
eq) inwater {10 L, 3 v}, The slurry was dibuted with dioxane (20 L, 10 v) and
degassed via nitrogen bubbling for 30 mun. The catalyst XPhos Pd G2 (21.7¢, 276
mmol, 0.003 eq) was charged and degassing continued for 13 min followed by the

10 warming at 85°C for 2.5 hrs until complete by HPLC analysis. The reaction mixture
was cooled to rt and the organic layer was separated and washed with brine (6 L, 3 v}
The agueous 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 (1€ 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, 30% vicld, >99%
purity) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 8.38 (s, 1H), 8.00 (s, 1H),
765(d,J=80Hz 1H,L 679, J=80Hxz 1H). 577, 2H), 362 (dd. /=80, 4.0

20 Mz, IHY, 372 (g, J= 80 Hz 2H), 346 (m, 1H}), 3.23 (m, 1H), 1.63(d, J=80 Hz,
3H), 133 ¢, J=8.0Hz 3H), 1.05(t, /= 8.0 Hz, 3H): CiaHaoNuOn, (MW 276.34),
LOMS (ED m/e 277 13 (M7 + H),
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fntermediate (9)

-4 L

N g0 o
PO RN § h ._V/’
ii i

A shurey of 8 (1.0 kg, 3.62 mol, | eq) ndioxane (5 L, 3 v) was cooled to 10°C
and O-cthyl carbonisothiocvanate (512 ml, 4.34 mol, 1.2 eq) was charged m one
5 portion. The addition cassed a mild exotherm from 9.1°C to 21 7°C and the reaction
was agitated at 1t for 16 hrs at which it was deemed complete by HPLC. The reaction
was quenched by the addition of brine (2.5 L, 2.5 vy and water {1 L, I v} and the
tayers were separated. The agueous laver was extracted with ethyl acetate (251,25
v} and the organic layers were combined and concentrated to dryness. The crude 9
10 {assumed 1.475kg, quant) was used directly m the next reaction as a thick orange oil.
T WMR (400 MHz, DMSO) 8 1156 (s, 1TD, 1143 (5, THD), 852 (s, 1H, 8.17¢(d, J =
SEHz IH), 813 (e, I, 763 (L, J=5 1 Hz 1HL365{q, J=59Hz 1H), 424 {q. ¥
=7 1Hz 2H).L. 389{q. J=7.0Hz 2H), 348(dq, J =96, 7.0Hz 1H), 3.25(dg, J =
0.6, 70Hz, 1H), 1.64(d,J=6.0Hz, 3H), 129 (m, 6H), 1.06 (1, } =70 Hz, 3H).
15 CisFhsNsOuS, (cale M+ H: 408.1700), LCMS (EI) s/e 408 3 (M + 1)

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

1,2, 4f¢riazolo]l,S-a]pyridin-2-amine

20 Hinig’s base (790 mL, 4.53 mol, 1.25 o) was charged to a slurry of
bvdroxyamine hydrochlonde (377 g, 543 mol, 1.5 eq) in ethanol (3 L, 2 v}. A bleach
scrubber was mstalled to capture hydrogen sulfide off-gassing. 9 (1.475 kg, 3.62 mol,

1 eq) in ethanol {4 L, 2.7 v} was charged slowly over 1 hr, and lines were ninsed with
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cthanol {400 mL, 0.3 v}. Off-gassing began immediately with addition, with a mld
exotherm (final temp 28°C). The reaction mixture was warmed to 50°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 precipitated. Water (221, 1.3
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), feaving a shurry of 18 in water. The solids were dissolved in dichloromethane
{7.3 L, 5v) and 30% ammonium hvdroxide 2.9 1, 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% ammoniwm hydroxide (1.5 L, 1 v), back-
extracting the agueous layer with dichloromethane (700 mL, 0.5 v). The combined
organic layers were washed with bring (3 L, 2 v) and the aqueous layer was extracted
with dichloromethane (700 mk, 0.5 v}, The combined organics were concentrated o
~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 shurry was
transterred to a 22 L round bottom flask with 1sopropyl acetate (1 L, 0.7 v}, The shury
was diluted with heptane (3.7 L, 2.5 v) and agitated at 80°C for | hr followed by
cooling to 1t slowly overnight. The shurry was filicred, washed with isopropyl
acetate/heptane (2.1, 700 mb, 0.5 v} and dried mn a vacoum oven at 40°C to afford 19
{920g, 80% vield} as a white solid. "H NMR (400 MHz, DMSO) 5 8.47 (s, 1H). 8.27
(,I=T0Hz, tH), 812, 1H), 717{d, J=70Hz, 1H), 599 (s, 2H), 5.62{q, I=39
Hz, 1H), 436 (q, J=7.1Hz, 2H), 347 (dq, F =96, 70 Hz, 1H), 3.26 (dg, 1 =96, 7.1
Hz, 1H), 1.64(d, J=39Hz 3H), 1.35(, §=7.0Hz 3H), 106, J=70Hz, 3H).
CisHaoNeOz, (cale M+ H: 317.1721), LOMS (I} /e 3171 (MT + H).
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{ntermediate (11}, 2-bromo-8-ethoxy-7-(1-{1-ethoxyethyl}-1H-pyrazol-4-yi}-
11,2, 4}¢riazolol S-alpyridine

i1

Copper (1) bromide (449 g, 2.0 mol, 1.05 eq} was charged to an ambiont
slury of 18 {605 g, 1 9 mol, 1 eq} in acetonitrile {9 L. 15 v}, resulting in a dark
solution. The reaction mixture was cooled to 5°C and tert-butyl mitrite (607 i, 4.6
mol, 2.4 egq) was added m one portion. The reaction mixture was allowed to slowly
warm to rt overnight (allowing the ice 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, 8 v). Acetonitrile (~6-8 L} was removed i vacuo and the
muxture was diluted with dichloromethane (3 L, 5 v}, The layers were separaied and
the agucous portion was extracted with dichloromethane (0.5 L. 1 v} The organics
were washed with 15% ammonium hydroxide (1.8 L, 3 v}, and the agueous layer was
extracted with dichloromethane (0.5 L, 1 v). The hazy orgamic laver was washed twice
with brine (1.2 L, 2 v}, extracting each aqueocus layer with dichloromethane (0.5 L, 1
v}. The organic layer was slarried for 1 hr at rf with SthiaMetS Thiol (150 g, 0.25x
wit}, then filtered through a small bed of Celite and washed with dichloromethane (G x
0.5 L, 1v}. The filtrate was concentrated to 1.2-1.5 L {(~2 - 2.5 v} 1# vacue, and the
resultant slurry was warmed at reflux and diluted with heptane (3 L, 5 v). The slurry
was warmed at 40°C for 1 hr, then cooled to o and aged for 30 vun. The slumry was
filtered, washed with heptane/DCM (2:1, 1.4 L, 2 v}. The solids were dried at 40°C in
a vacuum oven to afford 11 (536 g, 74%) as a white solid. 'H NMR (400 MHz,
DMSO)868.68(d. J=71Hz, 1H), 858 (s, 1H), 821 (s, 1H), 7.38(d, } = 7.1 Hz, 1H),
565(q, J=59Hz 1H),465{(q. J=7.0Hz, 7H), 348{dg, } =96, 70 Hz, 1H), 3.27
(dg, J=96,70Hz 1H), 165, I=60H=3H), 140, 1=70Hz 3H), 107 J=
7.0 Hz, 3H). CisHigBrNsOn, {cale M+ H: 380.0717), LCMS (E1} m/e 380.0717 (M™ +
H).
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{ntermediate (12}, §-ethoxy-7-(1-(1-ethoxyethyl}- 1 Hopyrazol-4-y1-N-((GR 45}-3-

methyl-1-{methylsulfonyl)piperidin-4d-yi}-{1,2 4}triazolo{ L S-a|pyridin-2-amine

Asolution of 11 {1 5 kg, 3.9 mol, 1 eq), 3{1.08 kg, 4.7 mol, 1.2 cg)} {prepared
according to Example 3}, sodium tert-butoxade (1.9 kg, 19.7 mol, 5 egq) and t-
BuBrettPhos PA G3 (101 g, 118 mmol, 0.03 eq) w dioxane was degassed with
mitrogen babbling for 1 hr. The shurry was heated to 90°C, forming a homogeneous
solution, and stirred at that temperatere for 2 hre until complete by HPLC analysis.
The reaction nuxture was cooled to 1t and quenched by the addition of water (7.5 1, 3
v}. The lavers were separated and the aqueous laver was extracted twice with ethyl
acetate (15 Land 7.5 L, 10 v and 5 v). The combined organic layers were treated with
a sohution of N-acetyl cysteine (690 g} and potassivm phosphate tribasic (990 g} in
water {7.5 L) at 60°C for 3 hrs. The wash to remove palladiom was cocled to 1t and
the lavers allowed to separate. The aqueous layer was extracted twice with ethyl
acetate (7.5 L, § v} and the organics were concentrated to ~20 L {13v) in vacuo and
sturnied at t with Carbon C-941 (300 g, .20 wt) and S1iMetS Thiol (300 g, 6.20 wt)
for no longer than 8 hrs. The slurry was filtered through a pad of Celite, nnsing with
cthyl acetate (7.5 L, 5 v). The filtrate was concentrated to afford a crude oil of 12
{assumed quant), which was used directly i the next step. 'H NMR (600 MHz,
DMSO-ds) 6848 (s, 1H), 8.33(d, J=60Hz, 1H), 813 (s, 1H), 718 (d, J=12.0 Hz,
1,676 {d./=60Hz 1H), 562 (g, J=60Hz 1H), 455{g,/=60Hz 2H), 3.88
(m, 1H}, 347 (m, 1H), 3.26 (m, 2H), 3.12 (m, 3H), 2.87 {s, 3H)}, 2 18 {m, IH), 1.85
{m, 1H), 1.76 {m, 1TH), 164 (d, /= 60Hz 3H), 136 (4, /=60Hz 3HL 106 (. J=
6.0 Hz, 3H), 0.93 (d, /= 6.0 Hz, 3H); CoHuN06S, (MW 491.61), LOMS (El) m/e
4922 (M™+H.

11g
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Compound of Fermuda (1), §-ethoxy-N-{{3R48}-3-methyl-1-
{methylsulfonyl)piperidin-4-y1}-7-(1 H-pyrazel-4-yi)-{1,2 4jtriavole{l S-apyridia-

2-amine

Formuia (I}

To a solution of 12 (1 9 kg, 3.9 mol, 1 eq) (or §2 hemi-suecinate) in THF (14
L, 7 v} was added IN hydrochloric acid (9 L, 9.0 mol, 2.3eq) and the solution was
warmmed at 60°C for 2 hrs until complete by HPLC. The reaction mixture was cooled
to 1t and neuiralized with 16% sodium hvdrosade (2 L, 9.3 mol). The reaction maxture
was extracted twice with ethyt acetate {14 L and 8L, 7 v and 4 v} and the combined
organic layers were agitated with activated carbon C-941 (600 g, 0.32 wi) and
StiaMetS thiol (600 g, 0.32 wt} for 16 hrs. The slurry was filicred over a pad of Celte
and washed with cthy] acetate (7.5 L, 5 v). The filtrate was concentrated to ~75 L (3
v} and the slurry was diluted with heptane (4.5 L, 3 v}, agitated for 30 mun at «f, then
conled to 0°C. The solids were filtered and washed with ethyl acetate/heptane (5.3,
1.5 1, 1 v). The sohds were dried on the filter (o afford the crude compound of
Formula (1) (1.312 kg, 30% vield).

Crude compound of Forsuula (I} (1.4 kg, 3.3 mol) was shurried in 6%
water/ethanot {7 L, 3 v) and the slurry was warmed at reflux to obtain a clear solution.
The mixture was cooled slowly to 0°C and filteved, ninsing with ethanol (800 ml,
0.35 v}. The solids were dried at 45°C under vacaum for 3 days to afford the
compound of Formula (8} (1.163 kg, 83% vield) as a white solid. 1H NMR (500
MHz, DMSO-d6) 8 13.10 (s, 1H), 833 (s, 1H), 831 (d. J=100Hz, 1H), 812 (s,
IHL 737 F=100Hz, 1HL 673 (¢, F=100Hz, 1H), 454{dd. ] =150, 100 Hz,
Z2H), 388 (m, 1H}, 326 {m, 1H), 3,17 (m, 3H}, 2.87 {5, 3H}. 2.19 {m, 1H}, 1.85 {m,
THY, 176 (m, iH), 136, J=10.0 Hz, 3H), 0.93(d, I = 5.0 Hz, 3H),
CIBH2INTO3S, (cale M+H: 420.1812), LCMS (EI m/e 4201818 (M+ + H).

Example 2

1l
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Synthesis of §-ethoxy-N-{{3R45}-3-methyl-1-(methylsulfonyl}piperidin-4-yi}-7-
{iH-pyrazol-4-yD)-{1,2 4]triazelo{l 5-alpyridin-Z-amine (Formula {I})
J - / E’;{;\N/ SO, Me
NS e o
e G g
Br )\r;’r\" ey \;'Nl o 3
e }\_?\3}“« Br CaaCXinm A, PAOAD), ‘ %"\i/%N}_B Pd-175. ‘BuCiNa
h VY, T

2-MeTHF

5,00, 1, 4-dioxane/H,O 2w New
'l N

Ox /\
G
HN~y o) HNew OJ N\)
MHEC 7\"‘\\\’/\1\\(/’1\ Recrystallization N’\ i:( i (SRY
e N, e N ‘/Aﬁ”'}\'
LMETHE T " s, BIOH i
\.:/:\\N N ’1\“‘1\"
Forvsuia (I} {(crade) Forpsela (1)

Intermediate (11}. 2-bromo-8-ethoxy-7-{1-(1-ethoxyethyl}-1 H-pyrazol-4-yi}-

5 {1,24}triazolo]1,5-ajpyridine (alternative synthesis)

it

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

CatalCXiom A (25 8 g, 1.1 mol%) under nitrogen and the maxture was evacaated and
refitied with nitrogen three times. The mixiare 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), cesium carbonate (4.26 kg, 2 eq), 1-(1-cthoxvethy!)}-4-(4,4,5.5-
tetramethyl-1,3 2-dioxaborolan-2-yi}- 1H-pyrazole (2.05 kg, 1.2 eq), dioxane (87 L, 5
vl in total including the dioxane utilized for in-situ catalyst formation} and water (5.3
L, 2.3 vol}. The nuxture was next purged with nitrogen for no longer than 30 mm.

15 Afier that period, the above-prepared catalvst was added to the mixture. The
combined mixture was purged with nitrogen for 5 min. The mixture was then heated
1o 50°C for no longer than 10 hrs. The reaction was monitored by HPLC until

coraplete. Next was charged water (15.8 L, 7.5 v} slowly vie an addition funnel. The

1z
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resultant shurry was slowly cooled to 1t and further to 0°C and stirred for no longer
than 30 min. The slurry was filiered and the solid was washed with water 3.2 L), The
solid was dried at no greater than 50°C to give 249 kg of 11

Crude 11 {4.61 kg) was muxed with THF (184 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 slurry was filtered and the solid was washed with
heptane (4.6 L) and dned at no greater than 36°C to obtain 4 91 kg (84%) of 11
>99A% purity. 'H NMR (400 MHz, DMSO-ds) § 8.67 (d. J= 8.0 Hz, 1H), 8.38 (s,
THY 821 (s, 1H)Y, 758(d. J=8.0Hz, 1H), 565(dd. /=120, 80 Hz, 1H), 4.65(dd, ]
=12.0,80Hz, 2H}, 348 {(m, 1H), 327 (m, 1H), 1654, /=8.0Hz 3H), 140 ¢, .=
8.0 Hz, 3K, 1.07 (1, J= &.0 Hz, 3H);, CisHisBrNsGe, (MW 380.23), LCMS {El) m/e
380.0.382.0 (M + H).

fntermediate (12). S-ethoxy-7-(§-(-ethoxyethy-1H-pyrazol-4-y-N-((3R,45)-3-

methyl-1-{methylsulfonyl)piperidin-4d-yi}-{1,2 4}triazolo{ L S-a|pyridin-2-amine

{

{4 1kg 1.0eq) 3{2.71 ke, 1.1 eq} {prepared according to Example 3}, and
NaltBu (3.63 ke, 3.5 oq) 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 bnine {4v}. The organics were then washed with
brine (3 v). The crude 12 in 2-McTHF was concentraied to ~ 10 v and used directly in

the next reaction (assumed guantitative).

Alternative synthesis of intermediate 12 as the hemi-succinate



WO 2023/172921 PCT/US2023/063875

10

ot
(441

20

Alternatively, 31 {10 g, 1.80eq), 3(6.62 g, 1 Teq), and NaGiBu (885 ¢, 3.5
oG} were combined in 2-MeTHY (10 v). The solotion was degassed and Pd-175 (21
mg, 0.001 o) was charged. The solution was further degassed and heated to 70°C
antil complete by HPLC. The reaction was next cooled to room temperature and
quenched by the addition of ammonivm chlonde (ag, 20 wit%, 6v). The organics werg
then washed with brine (6 v). The crude 12 in 2-MeTHF was concentrated to ~5 v and
azeotropically dried by constant distillation with 2-MeTHF antil KF <1.5%.
Acetonitrile {3 v) was charged followed by succinic acid (2.3g, .75 eq) portion-wise
at 35°C. The resultant slurry was aged 1h at 55°C and cooled to 1t ovemnight
Filtration foliowed by washing with acctontrile/2-MeTHF (1.1, 2v) afforded 12
hemi-succinate as a white solid (13.8 g, 85% vield). 1H NMR (406 MHz, DMS0) 8
1218 (s, 1H), 848 (s, 1H)L 833 (d, J =70 Hz, 1H}, 813 (s, IH}, 718 {(d, J = 7.0 Hz,
1H), 675(d, J=86Hz 1H),5062(q, J =59 Hz, 1H), 455(q. J=71Hz 2H), 388
(dp, F =108, 38 Hz, 1H).L347(dq. J=96,70Hz IH),325(dt, ] =98, 69 Hz,
2HY, 313 (m, 3H), 2.86 (s, 3H), 242 (s, 2H), 218 (¢, F = 7.7, 4 3 Hz, IH), 190 1.71
{m, 1H), 1.64(3, F=60Hz 3H), 136 J=71Hz 3H), 106{ J=70Hz 3H)
0.93 {(d, J=6.9 Hz, 3H). C22H33N70485, {calc M+H: 492 2387), LCMS (Ely m/e
407 2389 (M™ + H).

Compound of Formala (1}, 8-ethoxy-N-{(3H 45)-3-methyl-1-
{methyisulfonylpiperidin-4-yl}-7-(1 H-pyrazol-4-yi}-{1,2 4{tviazole]l ,5-a]pyridin-

2-amine {crude)

Formula (I)

To a clean, nerted reactor was charged 12 {or 12 hemi-succinate} in 2-
MeTHF, followed by IN agueous HC1(32.3 L, 3 eq). The muxture was heated to 70 +
5°C while concerdrating the reaction nuxture to reraove 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

1i4
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was extracted twice with IN HCL (2 x 5.3 L, 2 v total) and the combined aqueous
layers were diluted with 2-MeTHF (45 L), The reaction nuxture was neutralized by
the addition of S N sodiwm hydroxide (8.4 1) 1o a pH of ~8-9. The organic laver
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 C-941
{530 g, 20% wiw) and SitliaMetS wnidazole (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-MeTHE (21.2 L}, The filirate containing the product was
washed twice with water (7.95 L). The organic laver was concentrated while charging
2-Me THF at NMT 50°C to remove residual water. The reaction mixture was then
diluted with heptane (10 v), maintaming a temperature of >»45°C. Following aging at
50°C for ~30 min, the reaction mixture was cocled 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 o

give the crude compound of Formula (1),

Solid Form of the Compound of Formula (1), §-ethoxy-N-{{3R,48)-I-methyi-1-
{methvisulfonylpiperidin-4-yl}-7-(1 H-pyrazol-4-vi}-[1,2 4liriazolofl S-alpyridin-

Z-amine (Formula {I})

Formula (8

A 10% agueous ethanol solution (42 L) was prepared n a clean, inerted
reactor. Next, the crude compound of Fermulda (1) (4.2 kg} from the previous step
was charged and the contents of the reactor were heated to 50-80°C until a solution
was observed. The solution was cooled 10 47-37°C and C-941 activated charcoal (420
g} and SithaMeth imidazole (420 g} were added. The mixture was agiiated for no
longer than 12 hrs. The mixture was cooled to 35-30°C and filtered through Celite.
The filtratc was then polish filtered info a clean wnert reactor. Polish filtered ethanol
was charged and distilled to remove water from the solution until Kard Fisher analvsis

met the criterion specified in the batch record. The mixture was cooled to -5-3°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 30°C.

Example 3
Synthesis of (3R,45})-3-methyvl-1-{methyisulfonylpiperidin-4-amine
hydrochioride (3)

E\J@Nm
i’/

P ng:)')‘Pvie
/\NH MsCl N NaBH(OAC)
(}/)\]/J CHCL S
HC ‘
1
Iois 1. Cryst. o
NRAIAL N ; B o~
PR ;}Y 2. PA(OH), /(l\
Hel NH, HCI
2 3

Intermediate {1}, 3-Methyl-1-(methyisulfonyiipiperidin-4-one

O//«\]/

1

To a 3-liter 3-neck round botiom flask with mechanical stirrer and
thermocouple under nitrogen was added 3-methylpipendin-4-one hvdrochionde
(106.2 g. 710 mmol}, DCM {708 mL) and methanesulfony! chlonde (60,4 mb, 781
mmal). The reaction nuxture was stirred and turned mio a solution within a fow
minutes. Tricthviamme (218 mL, 1562 mmol} was slowly added vig an addition
funnel over 30 min. The stirring was continued at room temperature overnight (12
brs). The suspended solids were filtered off as a waste and the solid was rinsed with
DCM (300 mL} in three portions. The filivate was then washed with agueous 0. SN
HCH to remove the TEA residae. The DCM 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% yicld} on a rotary evaporator under reduced pressure. The resulting
crude product, 3-methyl-1-{methyisulfonviipipenidin-4-one (3, 132.1g, 691 mumol, 97
% vield}, was used in the next reaction without further purification. "H NMR (400
MHz, DMSG)Y 8385374 (m, 2H), 3.21 (¢d, I = 11.9, 3.8 Hz, 1H), 2.98 (5, 3H3,
2R S = 115 Hz 1H), 278 - 2,67 (o, 1H)Y, 2.70 - 2539 (m, 1H), 234 (dt, J = 147,
36 Hz, 1H), 0.95({d, } =6.6 Hz, 3H). C:HuiNG:S, {cale M+H: 192 0689}, LCMS (ED
mle §92.5 (M"+ H}.

Intermediate (2). 3R 485)-3-Methyl-1-(methylsulfonyl)-N-({(8)-1-
phenyiethyhpiperidin-4-amine

. -’/\N . SOQI\’EC

: 9,
Ph”?é)\?;"'\f

2

Toasolutionof 1 (132.4 g, 1 eq) m THF (1324 ml, 10 v) was charged {(8)-1~
phenylethan-i-amine (134 mE, 1.5 eq) and DIPEA (145 mL, 1.2 eq). Sodium
triacetoxyborchydride (STAB: 220 ¢, 1.5 ¢q) was added portion-wise while
maintaiming 20-25°C (delaved exotherm can be seen). The reaction mixture was
agitated for 1 h until complete by HPLC, and then quenched by the slow addition of
methanol (132 mL, 1v). The mixture was concentrated to minimal volume and diluted
with dichforomethane (1324 mb, 10 v}. The organics were washed twigce with
saturated sodimm bicarbonate (6 v and 4 v), then brine {2 v), and then concentrated to
near dryvness. The crude was diluted with EtOAc (4 v}, and concentrated to a mimimal
volume to remove residual DUM. The crude solids were then shumed in EtOAc (4 v)
and warmed at 70°C to form a homogeneous mixturg. The reaction mixiire was
cooled to 60°C and seeded with 2, cooled to 50°C, and aged for crystal growth for 6
hrs, followed by slow cooling to 0°C. The solids were filtered, washed with EtOAc¢
{iv}, and dried to afford 2 {115 g, 56.3% yield, 94:0.5:5:5 dr} as a white solid.

A diastercomeric nuxture of 2 (1135 g, 1 eq, 94:0.5:5:3 dr) was warmed at
refhox in EtQAc (693 mL, 6 v) to afford a clear o almost clear sohution. The solution
was cooled at 60°C and seeded as auto sseding was not segen. The mixture was aged at
50-66°C for 5 hrs to afford a thick slarry and continued to cool to t slowly. The

sohids were isolated via filtration, washed with EtOAc {1 v), and dnied in a vacuum
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oven to afford 2 (92 4g, 80% vield, 99.27:0:0.73.0 dr} as a white solid. The
crystallization was repeated until desired dr was obtained {typically two
recrystallizations). 'H NMR (400 MHz, DMSO) 8 739 - 732 (m, 2H), 735 -726
{m, 2H), 725 - 716 (m, 1IH), 3.77 (q. J= 6.6 Hz, 1H), 337 - 327 (m, 1H}, 3.18 (ddd.
F=117 45 18He 1H), 2.75(s, 3H), 270~ 2539 (m, 2H), 237 (dt, J = 9.1, 45 Hz,
H, 199{q. J=48,40Hz 2H), 145(m. 2H), 1.23(d. =66 Hz 3H)L 094 (d. ] =
6.9 Hz, 3H). CisHuMo0oS, {cale M+H: 297.1631), LOMS (ED mfe 297 2 (M™ + H).

Intermediate (3). (3R, 485)-3-Methyl-1-(methylsuifonylpiperidin-4-amine
hydrochloride

?021\46
N

)
DY
s

NH, HCJ
3

To asolution of 2 (10.31 g, 1 ¢q) m methanol (200 mL, 20 v} was charged
PA(OH: (2.4 g, 20%wt) and HCL BN in MeQOH, 11.6 mL., 1 ¢q}. The reaction mixture
was degassed and subjected to Ha {60 psi} for 24 hrs. Additional Pd{OH)2 (.73 g,
20%wt) was charged and the mixture was subject to Hz for an addifional 6 hrs at
which point it was complete by HPLC analysis. The reaction mixture was filtered
through Celite, washing with methanol (3 x 60 mi, 6 v) and concentrated to dryness
in vacuo. The crude solids were triturated in heptane (40 mh., 4 v} at 60°C for Shrs.
The shirry was cooled to rt, filtered, and washed with heptane (20 mL, 2 v} to afford 3
(7.5 g, 94% vield) as the HCI salt. 'H NMR (400 MHz, DMS0) § 8 38 - 8.33 {s, 3H),
349339 (m, 1HL333-324(m, 2H), 3.02¢dd. J=12.1,33 Hz, 1H), 298 - 2.89
(o, IH), 2.87 (s, 3H), 224 - 214 (m, 1H), 1 83 {m, 2H), 0.97 (d, 1 =7.0 He, 3H).
CrHsN2Os8, {cale M+H: 193.10035), LCMS (ET) m/e 193,51 (M" + H).
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Example 4
Synthesis of 2,7-dibromo-8-ethoxy-}1,2, 4itrizenio|1,5-alpyridine (7}
O o o™

H H
Br MHy B, CO/MeCN Ber\/NHz HHOCONCS/DOM Br /J%rx\r_\l OFt

2N HBr LN ZN S0
4 R
0/"‘\\ O,/’\\
HONH; HCL (G eq. DIPEA (2 eq.) CuBry/+-BuONO/MeCN
2 L. X 1 Br o J_,_N 2 Rr i :.:‘1\'
EIOH/MeOH )>-----NH2 0°C - RT /> _____ ;
Xy, N~ N NN N
6 7

s Intermediate {(4}. 4-bromo-3-ethoxypyridin-2-amine

To a5 L round bottomed flask equipped with mechanical stirrer and refhux
condenser under nitrogen environment was combined Z-amino-4-bromopyridin-3-ol
bvdrobromide (245.0 g, 871 mumol), cesium carbonate (368 g, 1743 mmol) and

10 acetomitnle (2000-2500 mL, 711 mmol}. The mixture was stirred 15 mimutes and
rodoethane (105 mL, 1307 mmol) was added. The reaction mixture was heated at 65-
70°C for 18 hrs and was noted to be complete by HPLC analvsis. The reaction
mixture was cooled and allowed to stir at room temperature for 30 nun. The resulting
reaction shurry was filtered over Celite to remove salts and the cake washed with

15 dichloromethane. The filtrate containing the product was concentrated to dryness and
500 mbL methylene chlonde was added. Additional cesium carbonate precipitated and
was removed by filtration. The filtrate was concentrated and subjected to silica plug
using a 750 g Biotage column using a8 gradient of ethyl acetate/dichloromethane from
0 to 25%. Clean fractions were combined and concentrated on a rotary evaporator.

20 The resulting solid was shurried in 1.25 10 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 (4060 MHz,

19
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DMSO) 6 7.53 (d, J = 5.4 Hz, 1H), 6.73 (4, 1= 5.3 He, 1H), 6.13 (s, 2H), 3.91 (g, J =
70 Hz 2H), 1.35 (¢, J = 7.0 Hz. 3H). C-HaBMNO, (cale M+H: 216.9971), LCMS (EH)
mle 216.9 (M™ + H).

Intermediate {5}

To a solution of 4 (44.7 2, 1 eq) in BCM (400 mlL, 9 v} was added
cthoxyearbonyl isothiocyanate (26.7 mL, 1.1 eq), while the temperature was
maintained at 20°C. The reaction mixture was agitated for 16 hrs until complete by
HPLC, then concentrated to dryness o afford 5 {(71.7g, quant.} and used directly in
the next reaction. CuiHusBrNO:S {cale M+H: 348 00123, LOMS (B} m/ie 3481 (M™
+ H).

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

bl’\///l\F“N
i >—NH,
N\ N;/ -

RN
6

To a shurry of hydroxviamine hydrochlonde (42 9g, 3 eq) in methanol (300
mi, 4 v} was added Himig’s base (N, N-disopropyviethylaming) {71 9 mlL., 7 ¢q) and
the mixtare was agitated at vt for 30 min. The reaction muxture was then added to a
separate flask containing 5 (71.7 g. 1 e} in ethanol (300 mL., 4 v) and warmed at
refhux for 2 hrs until complete by HPLC. The reaction mixture was cooled 1o 1t and
concentrated to ~1.5 v. The resultant sharry was cooled to 0°C and quenched by the
addition of ammonimm hydroxide {28%, 37.3 mi, 2 eq) then diluted with water {120
mi, 2 v} The shurry was agitated 15 min, filtered, and washed with water (2 x 100
mL}, and dried to afford 6 (48.8g, 92% yield). 'H NMR (400 MHz, DMSQ) 8 8 25 (d,
F=T70Hz, IHL 703, J=70Hz 1H), 616 (s, 2H), 455 {(q, J = 7.0Hz, 2H), 132
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(t, = 7.1 Hz. 3H). CsHioBNsO, (cale M+ 257.0032), LOMS (ED) mfe 257.0 (M +
H).

Intermediate (7). 2,7-dibromeo-8-ethoxy-[1,2 4]triazelo{l,5-alpyridine

To a mixture of 6 (150 g, 383 mmol) and CuBr: (134 ¢, 600 mmol} in
acctonitrile {1500 mlL} at 0°C was added t-BuONO {1443 g, 1399 mmol) dropwise
over 30 minutes. The resulting mixture was stirred at 0°C for 2 brs followed by 2 fus
at room temperature (TLC indicated that all of starting material was consumed). The
reaction mixture was concentrated under reduced pressure. To the residus was added
DCM (3 L), and stirred for half an hour. The mixture was then passed through a pad
of sthica gel (300 g}, cluting with DCM witd no product was detected by TLC. The
fraction collected was evaporated to afford the desired product (137 g). To the product
{137 gy m EtOAc (1500 mLl) was added charcoal (43 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 EtOQAc (1500 mL). The filtrate was
concentrated under reduce pressare. 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-dried to afford 7 as a pale beige solid (111 ). 'H
NMR (400 MHz, DMSO)Y 8865 (d, I=72Hz, 1H),747(d, I=72Hz, 1H), 465 (g,
F=70Hz, 2H), 1.37 (¢, § = 7.0 He, 3H). CsHyBreNsQ, {calc M+H: 319.9029), LUMS
(Ehm/e 3199 (M™+H).

Example 5
Solid State Characterization of Formula (1)
X-Ray Powder Diffraction (XRPD)
The X-Ray Powder Diffraction {(XRPD) was obtained from Bruker DS
Advance ECO Xeray Powder Enffractometer (XRPD} mmstrument. The general
experimental proceduares for XRPD were: (1) X-ray radiation from copper at 1.5418 A

and LYNXEYE™ detector; (2) X-ray power at 40 kV, 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 degree/min.

Bifferential Scanning Calorimetry (BSC)

The DSC was obtaimed from TA fostruments Differential Scanning
Calorimetry, Discovery DSC2500 with autosampler. The DSC instrument conditions
were as follows: 20-300°C at 10°C/min; Trere aluminum sample pan and hd; and
nitrogen gas flow at 50 mL/min.

Thermogravimetric Analysis {(TGA})

The TGA was obtained from TA Instruments Thermogravimetric Analyzer,
Discovery TGAS300 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 cryvstalline free base of the compound of Formula (1) as obtained 1o
Examples 1 and 2 was characterized and 1s referred to herein as Form I Form § free
basc was characterized by XRPD, DSC, and TGA . The XRPD pattern is shown in
Figure 1 and Figure 28 and the XRPD data are provided 1o Tables 1a and 1b, which
contirms that Form | was a crystalline sohid.

The DSC thermogram is 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 15 believed to be the melting/decomposition teroperature of the
cornpound.

A second DSC was obtained using a Q200 V24 .11 BSC asing a ramp of 10°C
per minute up to 300°C. The DSC is 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 Figore 3. Weight loss of 1.96% was
observed at below 200°C. The compound started to decompose above 200°C.
Table 1a. XRPD Data for Crystalline Free Base Form |
2-Theta (%) Height H%
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7.1 3226 7.4
7.3 21873 30.2
7.5 308 0.7
8.0 236 0.5
8.3 112 0.3
9.7 236 0.5
10.1 1125 2.6
16.5 3691 8.5
11z 348 0.8
115 1164 2.7
12.5 3584 8.2
12.8 35446 813
13.68 1610 3.
13.3 3339 7
13.8 218 0.5
t4.2 2284 5.2
145 4779 IBRY
15.0 2427 3.6
15.2 7743 17.8
15.6 3290 7.5
16.0 11878 272
164 17818 40.9
16.6 1333 3.2
17.68 77 1.8
17.2 1765 4.0
17.4 2257 5.2
17.6 3220 7.4
17.9 283 0.7
18.4 513 1.2
18.6 1093 2.5
19.2 1754 4.0
19.5 386 1.3
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19.8 5167 e
201 2477 57
263 43601 100
20.6 12763 293
213 36858 845
216 15085 346
21.9 1805 4.1
222 3908 9.0
22.6 3592 8.2
23.1 2060 208
239 5713 131
243 325 0.7
246 408 0.9
250 2865 6.6
257 4574 10,3
26.0 348 0.8
26.4 4750 109
26.8 7514 172
27.0 15041 345
278 2548 3.8
279 4947 13
282 213 0.5
28.6 1558 36
288 1661 38
262 1043 24
204 467 I
293 815 1.9

Tabie 1b. XRPD Bata for Crystalline Free Base Form |
2-Theta (%) Height H%
7.5 233900 83.2
10.6 30976 16,9
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13.6 205684 72.6
147 42552 15.8
153 38144 135
162 121679 2.9
166 113132 RERY
176 27894 9.8
205 283366 166
2038 85984 30.3
214 265761 93.8
233 71442 2572
24.0 53028 18.7
252 29928 10.6
239 38144 135
271 136962 48.3
28.0 64762 22.8
284 29217 16.3
30.3 12495 44
328 14303 3.0
373 10129 3.6
394 2725 1O
40.3 8331 84

Formula (1) Maleate Salt

Preparation of Formula (I} maleate sait

574.0 myg of free base was dissolved in 8 mL of 1.1 dichloromethane

(DCM/methanol in a 20 mi clear glass vial with sturing. To the solution, 191.3 mg

of maleic acid (1.2 eq) was added and mixed well. The solution was evaporated

without a cap af room temperature to dryness overnight. To the resudting solid, 5 mL

of acetone was added and stirred for 2 hrs at room temperature. The solid was

collected by filtration, washed with acetone and vacuum dried at 30°C for 2 s, The

salt ratic between the free base and maleic acid was determined to be 1.0 by NMR

analysis,
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The maleate salt was confirmed as a crvstailine solid according to XRPD
analysis, The XRPD pattern is shown in Figure 4 and the peak data are provided in
Table 1.

The DSC thermogram 1s shown in Figure 5. The DSC thermogram revealed a

5  major endothermal event af 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
cornpound.

The TGA thermogram is shown in Figure 6. Weight loss of 19.9% was
chserved between 100-260°C.

10 Tabie 2. XRPD Data for Maleate Salt

2-Theta (%) Height H%
8.5 145 0.8
10.4 11653 66.2
i16 4629 263
12.0 17607 100
141 6311 354
14.4 1058 6.0
14.9 3931 223
151 5917 336
16.3 1769 10.0
16.6 297 1.7
17.2 8252 469
17.4 736 42
18.1 4947 281
191 11887 57.5
19.7 4533 257
20.0 3436 193
20.2 4927 28.0
20.0 6665 379
22 4482 25.5
213 8857 503
215 5610 285
21.9 10453 564
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22.3 151 0.9
22.9 8359 47.3
235 1830 10.4
238 376 2.1
2472 G029 513
249 1581 9.0
252 3574 203
259 6318 359
26.5 369 2.1
26.9 813 4.6
274 736 4.1
276 1693 9.6
231 927 53
284 1539 3.7
139 1018 58
N 3192 184
297 426 2.4

10

15

Formula (I} Besylate Salt

Freparation aof Formula {1} besylate salt

104,98 mg of the free base of Formula (1) was dissolved mn 2 mb of 111
dichloromethane (DCMY/methanol in a 4 mL clear glass vial with stirning, To the
solution, 47.75 mg of benzenesalfonic acid (1.2 eq) was added and mixed well. The
solution was evaporated without a cap at room temperature to oif overnight. To the
resulting oil, I mL of acetonitrile was added to obtain a solution with stirring at room
temperatare. The sclution was svaporated again without a cap af room termperature o
otf svemight. Then 1 mb of acetone was added to the od and slumed to solid for 1-2
brs at room temperature. The besylate salt was collected by filtration, washed with
acctone, and vacuum dried at SO°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 is shown i Figure 7 and the peak data arc provided in
Table 3.
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The DSC thermogram 13 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 which is belioved to be the meking/decomposition temperature of the

compound.

5 The TGA thermogram i1s shown in Figure 9, Weight loss of 1.0% was

observed below 150°C and significant weight loss occurred above 150°C duc to

decomposition of the compound.

Table 3. XRPD Data for Besylate Salt

3-Theta {°) Height H%
5.3 45298 100
4.4 240 0.5
9.9 2592 57
16 367 1.3
119 2520 5.6
121 5502 12.1
12.6 3707 8.2
133 1286 2.8
142 701 L3
148 161 0.4
155 766 17
159 2920 6.4
163 276 0.6
16.5 g56 1.g
17.0 789 1.7
174 3847 8.5
18.0 351 0.8
18.4 3569 7.9
18.7 3638 8.0
19.0 8399 18.5
19.6 4324 9.5
19.9 643 1.4
20.6 333 1.2
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208 1392 31
211 782 1.7
216 2270 5.0
22.2 3312 7.3
231 781 1.7
233 2880 5.4
237 3621 6.7
24.1 1640 3.6
24.4 5§77 1.3
251 4225 9.3
253 1078 24
26.0 2419 53
269 1317 29
2380 991 22
287 994 22
N 210 0.5

(441
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Formula (I} Mesylate Salt

Freparation of Formuda (T} mesylate salt

138.57 mg of the free base of Fornuuda (1) was dissolved n 2 mL of 111
dichloromethane (DCM)/methanc! in a 4 mL clear glass vial with stirning, To the
solution, 202 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
resulbting oil, 1 mL of acetone was added and slarried to solid for 1 hr at room
temperatare. The mesylate salt was collected by filtration, washed with acetone, and
vacuum dried at SO°C for | hr. The salt ratio between the free base and
methanesulfonic acid was determined to be 1.2 by NMR analvsis,

The mesyiate salt was confirmed as a crystalline solid according to XRPD
analysis. The XRPD pattern is shown in Figure 10 and the peak data are provided n
Table 4.

The DSC thermogram is shown i 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 onsct 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 18 shown m Figure 12, Weight loss of 0.65% was

observed below 1235 °C and significant weight loss oceurred above 150°C duc to

5  decomposition of the compound.

Table 4. XEPD Data for Mesylate Salt

2-Theta (%) Height H%
48 34385 213
7.4 8253 504
8.6 699 4.3
9.7 106 0.6
10.6 120 0.7
119 16384 100
128 261 1.6
141 4036 246
14.6 2349 14.3
149 4914 3G.0
16.1 718 4.4
16.2 477 26
17.0 679 4.1
17.3 307 1.9
17.7 3073 188
18.4 1267 7.9
189 4903 299
194 284 1.7
20.2 7937 48.4
20.8 619 3.
213 164 1.0
RARY 3217 19.6
323 7682 46.9
230 3101 189
237 2805 173
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243 2003 122
253 683 4.2
261 4339 293
263 1670 6.5
169 108 0.7
273 833 31
28.2 151 0.9
28.5 1374 8.4
28.8 695 4.2
29.1 736 4.5
294 443 2.7

Formula (I} Tosvlate Salt

Preparation of Formula (1) tosylate salt

121 .81 mg of the free base of Formula (I} was dissolved in 2 mb of 111
dichloromethane (DCMYmethanol 1o a 4 mL clear glass vial with stirnng. To the
solution, 67.03 mg of p-toluenesulfonic acid monohydrate (1.2 ¢q) 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 acetonitrile was added to obtain a sclution
with stirring at room temperature. The solution was evaporated again without a cap at
room temperature to otl/semi-solid overmight. Then 1 ml of acetone was added and
sturried to solid for 1 hr at room temperature. The tosylate salt was collected by
filiration, washed with acetone, and vacuum dried at 50°C for 1 hr. The salt ratio
between the free base and toluenesulfonic acid was determined to be 2.0 by NMR
analysis.

The tosylate salt was confirmed as a cryvstalline solid according to XRPD
analysis. The XEPD paticrn 1s shown in Figure 13 and the peak data are provided in
Table 5.

The DSC thermogram is shown i Figoare 14, The DSC thermogram revealed
one exothermal event at an onset temperatare of 99.6°C with a peak temperature of
110.5°C and one endothermal event at an onset temperature ot 216.1°C with a peak
temperatare of 218.7°C which is believed o be the melting/decomposition

temperatore of the compound.
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The TGA thermogram is shown m Figure 15, Weight loss of 0.76% was
observed below 150°C and significant weight loss occurred above 200°C due to
decoraposition of the compound.

Table 3. XRPD Data for Tosylate Sali

2-Theta (%) Height H%
37 3037 42.4
59 855 119
7. 7161 100
8.1 1663 232
8.4 557 7.8
8.9 645 9.0
93 1691 23.6
9.9 329 4.6
1.2 351 4.9
13 1108 153
119 793 111
125 874 122
135 733 10.2
13.7 1711 239
13.9 2254 315
145 1316 18.4
157 132 1.8
16.2 1961 274
16.5 663 9.3
16.9 1586 22.%
171 1466 20.5
17.5 1318 184
17.8 409 37
18.3 1261 17.6
18.8 1841 257
195 383 33
203 1631 228
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20.6 2753 384
21.0 1567 219
215 1034 144
22.3 g74 122
230 703 9.8
233 522 73
24.0 633 8.8
24.5 1632 231
24.8 1566 210
258 285 4.0
263 g 1.6
27.0 316 4.4
272 421 5.0
277 126 1.7
186 493 5.9
288 5 7

10

Formula (I} Mono-Hydrochloride Salt

Freparation of Formula {1} mono-hydrochioride salt

162.7 mg of the free base of Formula (1) was dissolved in 2 mb of 1.}
dichloromethane (DCMY/methanol in a 4 mL clear glass vial with stivang. To the
solution, 49 uL. of 6 M agueous hvdrochloric acid (1.2 eq) was added and mixed well.
The solution was evaporated without a cap at room temperature to dry solid overnight,
To the resulting solid, 1 mL of acctone was added and slumried for 1 hr at room
temperature. The mono-hydrochlornde salt was collected by filtration, washed with
acetone and vacuum dried at S0°C for 1 hr. The salt ratio between the free base and
hydrochloric acid was determined to be |.08 by ion chromatography analysis.

The mono-hydrochlonde salt was confirmed as a crystalline solid according to
XRPD analysis. The XRPD pattern is shown in Figure 16 and the peak data are
provided in Tablg 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 thermogram 1s shown m Figure 18, Weight loss of 9.4% was
observed below 223°C. Weight loss contimued above 225°C due to decomposition of
5  the compound.

Table 6. XRPD Data for Mono-Hydrochioride Salt

2-Theta (%) Height H%
37 668 413
g5 944 584
16.8 149 9.2
1.3 320 198
13.0 507 314
13.8 1333 82.5
141 1535 95.0
15.0 1483 918
i5.1 1330 823
15.7 639 396
17.3 134 8.3
15.4 1268 785
193 1108 68.6
19.9 261 16.2
20.5 411 255
218 836 518
22.1 784 48.5
22.8 546 36.9
23.7 126 7.8
240 332 20.6
248 358 222
357 1616 100
258 244 151
02 146 9.0

Formula (I} Bi-Hydrochloride Salt
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Preparation of Formala (I} di-hydrochioride salt

164,35 mg of the froe base of Formula (I} was dissolved in 2 mbL of 111
dichloromethane (DCMYmethanol 1o a 4 mL clear glass vial with stirnng. To the
solution, 88 uL of 6 M agueous hydrochloric acid (2.2 eg) was added and mixed well.
The sclution was evaporated without a cap at room temperature to 0.2-0.3 mL with
solid overnight. Then 1 mb of acetone was added and slurried for 1 hr at room
temperature. The di-hydrochlonde salt was collecied by filiration, washed with
acetone, and vacuum dried at SO°C for 1 hr. The salt ratio between the free hase and
hvdrochloric acid was determined to be 1.50 by ion chromatography analysis.

The di-hydrochlonide salt was confirmed as a crystalline sohid according to
XRPD analysis. The XRPD pattemn is shown in Figure 19 and the peak data are
provided in Table 7.

The DSC thermogram is shown in Figure 20. The DSC thermogram revealed
one major endotherual event at an onset teroperature 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 thermogram 1s shown m 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
contined above 240°C due to decomposition of the compound.

Table 7. XRPD Data for Di-Hydrochloride Salt

2-Theta (%) Height H%
72 515 43
8.4 235 20
99 792 5.6
10.7 761 6.4
12.3 1046 g8
12.5 210 1.8
3.0 7663 64.1
134 1204 103
14.0 6209 32.0
14.5 186 1.6
15.2 3901 327
15.7 1789 15.0
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16.0 49Y 4.2
16.5 56 0.5
16.9 723 6.1
17.4 334 4.5
17.6 1838 154
18.2 1535 129
18.6 761 6.4
18.%8 634 3.7
19.6 2681 224
19.9 5945 498
207 434 4.1
213 234 2.1
218 11946 196
22.3 2797 23.4
232 1109 9.3
233 1352 113
237 1635 139
24.0 3439 290
24.4 523 4.4
24.8 7162 50.0
251 1437 120
255 914 7.7
256 1056 8.8
26.2 1731 143
265 349 4.6
6.8 906 7.6
277 218 1.8
28.3 256 2.1
28.8 2439 20.4
29.0 1680 14.1
293 1233 10.3
295 712 6.0
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Example &
Formula (1) Studies
Solubility measurement

The solubility of the compound of Forroula () Form T was measured at 25°C
at 50°C.

The solubiity measurement at 25°C was performed according to the following
procedure. 5 mL of solvent {see Table 8) was added to the mdividual vials, The
compeund of Formula (1} Form T was added to the vials to get a cloudy solution at
25°C. Another approximately 20 mg of the compound of Formula (1) Form § was
added to the cloudy sohution. The mixture was agitated at 25 & 1°C for 48 h, which
was controlicd bv IKA® ETS-DS temperature controler and IKA® RCT basic safety
control. The supematant was filtered using a syringe filter (.22 pum). The saturated
solution was pipetied into HPLC vials and diluted with MeQOH or acetone. The
sampies were analyzed by HPLC and the corresponding solubility was calcufated as
mdicated in Table 8.

The solubility measurement at 50°C was performed according to the following
procedure. 5 mb of solvent (see Table 8) was added to the individual vials. The
compound of Fornula (1) Form 1 was added to the vials to got a cloudy solution at
30°C. Another approxmately 20-23 mg of the compound of Formula (I} Form I was
added. The mixture was agitated at 50 £ 1°C for 24 h. which was controlied by IKA®
ETS-D35 temperature controlier and IKA® RCT basic safety control. The supernatant
was filtered quickly using a warmed syringe filter (0.22 um) at 50 1 1°C. The
satarated solution was pipetted 1o HPLC vials and diuted with MeUOH or acetone.
The samples were analyzed by HPLC and the corresponding solubiity was caleunlated
as indicated m Table 8.

Table 8. Solebility (mg/mL} of the compound of Fermnda (I} Form § in varicus

PCT/US2023/063875

solvenis
Solvent Selubility (258°C) Selubility (80°C)
MeCN 7.5 30.1
Chioroform > 50% > 50%
Dichioromethane 18.5 371
Dimethylformamide > 50% > 5%
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Solvent Solubility (25°() Solubility {506°C)
1. 4-Dhoxane > 50% > 50%
MeOH i8.7 48.1
2-Methoxvethanol > 50¥ > 50%
Methyvl iso-butyl ketone 25 45
Toluene 0.1 G.5
Acetone 361 402
#-BuQOH 39 g7
tert-Butyl methyl ether 0.2 8.3
DBMSO > 30 > 5(%
ExOH 5.8 157
EtOAc 38 6.8
Hthyl formate 118 152
Heptane { G
iso-Butyl acetate i 1.6
iso-Propyi acctate 1.8 30
#-Propanol 4.8 13.1
iso-Propanol (IPA) 33 9.1
Water 0.06 0.2
Methvi ethyi ketone 15.9 253
Tetrabvdrofuran (THEF) > 50% > 50%
2-Methyl THF 9.6 i8.7
2-dMe THF/H2O/Heptane (1:1.5%: 1) 0.2 .6
2-Me THF/H:O/MHeptane (1:3%:1) 0.3 0.4
3% water in EtOH 9.8 20.0
6% water in EtOH 149 364

At 25°C, the compound of Formuda (1) Form I had excellent solubility in > 50

mg/mb} m CHCL, dimethyHormamide (DMF), 1 4-dioxane, 2-methoxyethanol,
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DMSO0, and THFE. It had relatively good solubility (15 mg/mL < solubility <30
mg/mL} in dichloromethane, Me(OH, acetone, methyl ethyl ketone. it was slightly
soluble {1 mg/ml < solubility < 135 mg/mL) in acctonitrile, methyl iso-butyl ketone,
EtOH, n-propanol, fso-propanol, n-butanol, EtOAc, iso-propyl acetate, iso-butvl
acetate, ethyl formate, Z-methyl THF, 3% water in EtOH, and 6% water m EtOH. It
had poor solubility (<1 mg/mlL) i toluene, ferr-butyl methyl ether (MTBE), water, 2-
methvl THFHO0/Heptane (volume ratio 1:1.5%:1), and 2-methyl THF/H2O/Heptane
{(volume ratio 1:3%:1}. It was completely insoluble in heptane.

At 50°C, the compound of Formula (1) Form | had excellent solability in (> 50
mg/mL} in CHCL, dimethyiformanude (DMF), | d-dioxane, 2-methoxvethanol,
DMSO, and THF. It had relatively good solubility (15 mg/mb < solubility < 50
mg/mb} in acctonttrile, dichloromethane, MeOH, EtOH, acetone, methyl ethyl
ketone, ethyl formate, Z-methyl THF, 3% water in EtOH, and 6% water o EtOH It
was shightly soluble (1 mg/ml. < solubility < 135 mg/ml) in methyl! iso-butyl ketone,
p-propanol, iso-propanocl, n-butancl, EtOAce, iso-propyl acetate, and iso-butyl acctate.
It had poor solubility (< 1 mg/mL} n toloene, fer-buiyl methyl ether (MTBE), water,
Z-raethyl THF/H2O/Heptane (volume ratio 1:1.5%:1}, and 2-methvl
THF/H:O/Heptane (volume ratio 1:3%:1}. It was completely msoluble 1 heptanc.
Phase equilibriom

Phase equilibration studies were conducted to identify a predominant crystal
form for phase identification. Based on its solubility in various solvent systems (Table
3}, the compound of Formula (I} Form I was equilibrated in 3 representative groups of
solvents at 25 + 1°C and 50 £ 1°C. To the solvents, the compound of Fornula {1}
Form I was added untif a cloudy solution was obtained, then approximately 20 mg of
the compound of Formula {I) Form { was added to the cloudy solution. The mixture
was gtitred at 25 £ 1°C or 50 £ 1°C for 48 hours or 24 hours, respectively. The sohid
was filtered, dnied m vacuum, and analyzed by XRPD.

The matenal obtained showed as crystalhine Form [ for phase equilibration at
25°C and 50°C in all solvents tested. The results are shown in Table @ (N/A indicates

not tested).
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Tabie 9. Crystalline form for phase equilibration

Selvent Sofid Form Solid Form {88°C)
{25°C)

Me{N I i
Chigroform I N/A
DCM i I
Me(H i I
MIBK i I
Tolugne i I
Acetone I I
n-BuQH I i
MTRBE I i
ErOH I j
HtQAc I j
Ethyi formate I I
Heptane I I
Isobutyl acetate i I
IPAC i I
a-Propancl i I
IPA I I
Water I i
MEK I i
THF I N/A
2-Methyl THF I j
Me-THFH0/Heptane
(1:0.0151) I H
Me-THEF/HO/Heptane (1:0.03:1) I i
3% Hz O in EtOH I i
6% H0 m EtOH I i
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Evaporation studies were carried out to identify the predominant crystalline

form dunng uncontrolled precipitation. XRPD was used to study the sohid-state

morphology of the crystalline forms of the evaporation samples at 25 £ 1°C and 50 £

was too small to be analyzed by XRPD).

Tabie 10, Crystallise form from evaporation

5 1°C. The results are shown in Table 10 (N/A indicates that the amount of precipate

Solvent Solid Form (25°C) Solid Form {(50°C)
MeCN i I
Chloroform N/A N/A
DCM ] I+
DMF N/A N/A
1.4-Dioxane it N/A
Me(OH I i
2-Methoxy-cthanol N/A N/A
MIBK i i
Toluene N/A N/A
Acetone i 1
#-Bu(GH i I
MTBE N/A N/A
DMSO N/A N/A
EtOH ] i
EtOAc I 1
Ethyl formate I i
Heptane N/A N/A
Isobutyl acetate i i
PAc i i
#-Propanol I+ 1
IPA i i
Water N/A N/A
MEK I i
THF N/A N/A
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Selvent Solid Form (28°C) Solid Form (30°C)
2-Methyl THF I i
Me-THF/HO/Heptane

(1:0.015:1) ! 1
Me~THF/HO/Heptane (1:0.03: 1) I I

3% Ha(d in EtOH I I

6% Ha0 in EtOH I i

The solids of the compound of Formula (}) obtained afier evaporation at 25°C
i dichloromethane, acetomitrile, ethanol, and IPA had a different XRPD pattern when
compared to that of the staring material {the compound of Formula {1} Form I} and s
5 referred to as Form H. The solids obtamed after evaporation at 25°C w1 4-dioxane
had a different XRPD pattern when compared to those of Form 1 and Form H and 18
referred to as Form 1L
Anti-sobvent addition
Saturated selutions and nearly saturated solutions of the compound of Formula
10 (8} Form | were prepared 1o the solvents listed in Table 11 at room temperature. An
anti-solvent was added dropwise o induce precipitation. As indicated in Table 11, only
Form | was observed.

Tabie 11. Precipitation from anti-solvent addition

Solvent {mL) Anti-soivent (mL) Solid Form
DMF (1.0 MTBE (1) i
DMF {1.0) Ho 0 (10) 1
L4-Dioxane (1.0} MTBE (1) 1
I 4-Droxane (1.0} HaO (10) I
2-Methoxy-cthanol {1.0) MTBE (10} i
2-Methoxy-ethano! (1.0) H:0 (10} i
THF (1.0} MTEE i
THF (1.0 H0 (10} i

15  Reverse addition
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Satarated solutions and nearly saturated solutions of the compound of Formula
(I} Form 1 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 in Table 12, m the
reverse addition experiments, no new polymorphic forms were identified.

5 Table 12. Precipitation from reverse addition

Sobvent {mL} Anti-solvent {mi} Sohid Form
DMF (1.0} MTBE (8) I
DBMF (1.0 Hz0 (8) i
L4-Dhioxane (1.0} MTBE (8) 1
1 4-Dioxane {1.0) H20 (%) I
2-Methoxy-ethanol {1.0} MTBE (8} i
2-Methoxy-gthano! (1.0} H:0 (8) 1
THF (1.0 MTBE (8} i
THF (1.0} HO(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
solubtlity data rocasured at 25°C and S0°C. As shown in Table 13, Form TH solids
were observed n 1 4-dioxane.

Table 13. Crystal forms from guench cool experiment

Solvent Selid Form
DMF N/A (sticky}
1,4-Doxane il
MeOH i
2-Methoxy-ethanol NIA (sticky}
THF i

15 Crystallization of saturated selutions with heating and cooling cycles
This experiment was condusted 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 30°C and cooled n a bath slowly by using a programmed circulating bath.
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To the clear solution was added about 10 mg of the compound of Formula (I} Form o
give a shurry. The formed sturry was then heated at 50°C over 2 hours and then cooled
down to 3°C over 2 hours. This process was repeated for 3 days and the solid was
filiered for turther analvsis. The solvents used were 1 4-dioxane, methanol, or THF,
The experiments only resualted in Form L
Stability reiationship

The relative stability of the three forms (Forms ) of the compound of
Formula {1} was studied and compared by phase equilibration of suxture experiments
i three sclvent system (3% water {volume ratio} in FtOH using 3 volumes of solvent,
3% water tn EtOH using 5 volumes of solvent, and 6% water in EtOH using 5 volumes
of solvent). The three crystal forms were mixed and shurnied 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 shurry.

Example 7
Characterization of Form H

The compound of Forowla (I} Form {f was prepared by evaporation at 25°C in
CHeCh, CHRON, EiOH, and IPA (sce Example 6, Table 10). Form I {obtained mn
CH2Ch) was characterized by HPLC, 'H NMR, XRPD, DSC, and TGA. The XRPD
pattern 1s shown in Figure 22 and the XRPD data are provided in Table 14,

The DSC thermogram is shownin Figure 23 When comparing the DSC of Form
T and Form i, it was observed that Form I sohids contaimed two peaks (Figure 233, with
the fatter peak onset (& 191.0°C) and Tiax (193 .4°C) similar to the peak onset and T
of Form § (Figure 2} Form I changed to Formy 1 during the heating process {see
Example 6).

The TGA thermogram m shown in Figure 24

Table 14. XRPD Data from Form I

2-Theta (%) Height H%
5.8 29295 17.9
7.6 42830 261
114 29838 18.2
125 163864 100
144 41540 25.4
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162 9896 6.0
172 21335 13.0
179 47812 292
204 12664 77
214 13831 8.4
233 2113 1.3
253 34434 210
271 10735 6.6
23.0 697 04

Example 8

10

15

Characterization of Form {§1

The compound of Formula (I} Form 1 was prepared by evaporation at 25°C

i 1 4-dioxane {sec Example 6, Table 18} and the guench cool experiment in 1,4~

dioxane (see Example 6, Table 13). Form 1 was characterized by HPLC, 'H NMR,
XRPD, B8C, and TGA . The XRPD pattemn 1s shown 1o Figure 25 and the XRPD data

are provided in Table 15,

Quantitative 'H NMR exhibited 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 suggesied that the solids obtained were potentially

a solvate, supported by TGA expenments {up to 5.00% weight loss up to 180°C;

Figure 27). The stoichiometrie ratio of the compound of Formula () 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 Tuax {194.3°C), which are sinular to the peak onset (191.3°C)

and Tinar (193.3°C) of Form 1 (Figure 2). Form 1 changed to Form 1 during the

heating process {sce Example 6).

Table 15, XRPD Data from Form {}

2-Theta () Height H%
26 13884 8.7
55 73711 46.1
9.8 88135 551
10,5 41863 262
116 20638 12.9
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121 35206 22.0
129 20612 12.8
13.9 24238 15.2
136 357 2
16.3 160045 100
194 18150 113
198 50056 313
220 45892 287
234 &600 3.4
244 G1482 57.2
357 17399 16.9
273 24388 15.2
28.9 11277 7.6
30.6 7301 49
358 1441 0.6
395 206 0.1
417 %800 35

10

15

Example A, CDE2/Cyclin E1 HTRF Enzyme Activity Assay

{UBE2/Cyelin BT enzyme activity assavs utihze full-length homan CBK2 co-

expressed as N-terminal GST-agged protein with FLAG-Cyclin ET in a baculovirus

expression system {Camna Product Number 04-165). Assays were conducted in white

384-well polystyrene plates in a final reaction volume of § pl. CDR2/Cychin E1 (025

nh) was meabated with the compounds of the Examples (40 nL serially diluted n
DMSO) in the presence of ATP (50 pM or 1 mM) and 50 nM Ulighs™-iabeled
elF4E-binding protein 1 {THR37/46) peptide (PerkinElmer) 1o assay buffer
{containing S0 mM HEPES pH 7.5, 1 mM EGTA, 10 mM MgClz, 2 mM DTT, 0.05

mg/mb BSA and 0.01% Tween 206} for 60 minutes at room temperature. The

reactions were stopped by the addition of EDTA and Evroptum-labeled anti-phospho-

4E-BP1 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 IBBS XLFit

and GraphPad Prsm 5.0 software using a three or four parameter dose response curve
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to determine ICso for cach 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

FCs0 (nM)

Compound of Formula (I}

+ refers to < 20 oM

Yarious modifications of the invention, ¢ addition to those described herein,

will be apparent to those skilled in the art from the foregoing description. Such

modifications are also intended o fall within the scope of the appended claims. Each

reference, including all patent, patent applications, and publications, cited in the

present application 1s incorporated herem by refercnee in s entivety.
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What is claimed is:

i A sohid form of a compound of Formula (I):
J O:,;\s;’lo
FagiaN
“““ N
AN 09 &

which 1s Form [, which is crystalline.

2. The sohid form of claim 1, wherein the form has at least four XRPD peaks, in terms of
Z-theta (£ 0.2 degrees), selected from 7.3, 105, 12,8 145,152, 164,263,213, 21 .6, and
27.0.

3. The solid form of claim 1, wherein the form has at least four XRPD peaks, n terms of
2-theta (0.2 degrees), selected from 7.5, 13.0, 147 153,162, 16,6, 205, 208,21 4,23 3,
240, and 271

4, The sohid form of claim 1, wherein the form has at least ten XRPD peaks, in terms of
Z-theta (4: 0.2 degrees), selected from 73, 105, 128, 145,152, 16,4, 203, 21 3, 21 6, and
27.0.

5. The solid form of claim 1, wherein the form has at least ton XRPD peaks, m terms of
2-theta (£ 0.2 degrees), selected from 7.5, 13.0, 14.7, 153, 16.2, 166,205,208, 21 4,233
240, and 27.1.

B

6. The sohid form of claim 1, whercin the form has an XRPD pattern as substantially
shown i FIG. L.

7. The sohid form of any one of claims 1-6, having an endothermic peak with an onset
temperature (+ 3°C) at 191.7°C and a maximum at 193.6°C.

8. The sohid form of any one of claims 1-6, whercin the form has a DSC thermogran
substantially as shown m FIG. 2.

9. The sohid form of any one of claims 1-8, wherein the form has a TGA thermogram
substantially as shown n FIG. 3.

10 A solid form of a compound of Formula ()
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which is Form I, which is crystaline.

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 sohid form of claim 10, wherein the form has an XRPD pattern as substantially
shown s FIG. 22

13. The sohid form of any one of claims 10-12, having an endothermic peak with an onset
temperature (4 3°C) at 191.6°C and a maximum at 193.4°C.

14. A solid form of a compound of Forowla (i)

which is Form IH, which is crystalline.

15 The solid form of claim 14, wherein the form has at least four XRPD peaks, in terms
of 2-theta (= 0.2 degrees}, selected from 5.5, 98,105,121, 138, 163, 198,220, 24 4, and
273

16, The solid form of claim 14, wherein the form has an XRPD pattern as substantially
shown s FIG. 25.

17. The sohid form of any one of claims 14-16, having an endothermic peak with an onset

temperature (£ 3°C) at 192.6°C and a maxivwam at 194.3°C.

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

Ox /}Q
J !S\

N o a \j>

N | i
S A ) Y
)\O/ "
SNy (¥,

which is selected from:
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a mono-maleate salt of the compound of Formula (I);

a di-besylate salt of the compound of Formulda {1},

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

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),

18 The salt of claim 18, which i3 a mono-maleate salt of the compound of Formula ().
2. The salt of claim 19, which is crystalling.
21 The salt of claim 19 or 20, wherein the salt has at least four XRPD peaks, in teoms of

2-theta (= 0.2 degrees), selected from 104, 11,6, 12.0, 141, 151, 17.2, 18,1, 191,21 .3, 21.9,
229,242 and 259,
22 The salt of any one of claims 19-21, having an endothermic peak with an onset

o)

emperature (4 3°C) at 180 4°C and a maxinnum temperatare (& 3°C) at 181.8°C

23. The salt of claim 18, which s a di-besylate salt of the compound of Formula (1),
24, The salt of claim 23, which is crystalling.
25, The salt of claim 23 or 24, wherein the salt has at least four XRPD peaks, in teoms of

2-theta {(+ 0.2 degrees), selected from 6.3,99, 12,1, 12,6, 159, 174,187, 19.0, 196, and

251

>4l

¢

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 maximum temperature {& 3°C) at 163 .4°C

27. The salt of claim 18, which s a mono-mesvlate salt of the compound of Formula ().
28. The salt of claim 27, which is crystalling.

29, The salt of claim 27 or 28, wherein the salt has at least four XRPD peaks, in teoms of
2-theta (= 0.2 degrees), selected from 4.8, 7.0, 119, 14,1, 149,177, 189,202, 221, and
26.1.

30, The salt of any one of claims 27-29, having a first endothermic peak with a maximam

temperature (+ 3°C) at 61 1°C and a second endothermic peak with an onset temperature (£

3°Cy at 134.4°C and a maxsmum temperature (£ 3°C) at 156.1°C.

31 The salt of claim 18, which is a di-tosyiate salt of the compound of Formula (I).
32 The salt of claim 31, which is crystalling.
33. The salt of claim 31 or 32, wherein the salt has at least four XRPD peaks, in teoms of

2-theta (+ 0.2 degrees), selected from 5.7, 7.8, 8.1, 93, 137, 139, 162, 18.8, and 20.6.
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34 The salt of any one of claims 31-33, 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
endothermic peak with an onset temperature (= 3°C) at 216.1°C and a maxinum temperature
{(=3°Cyat 218.7°C.

5. The salt of claim 18, which is a mono-hydrochloride salt of the compound of Formula

(0.

3

36. The salt of claim 35

B

which is crystaliine.

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), selocted from 5.7, 835, 113, 141, 150, 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 temperatere {+ 3°C) at 212 .2°C.

39, 'The salt of claim 18, which is a di-hvdrochloride salt of the compound of Formula ().
40 The salt of claim 39, which 1s crystalline,
41 The salt of claim 39 or 40, wherein the salt has at least four XRPD peaks, in terms of

2-theta (= 0.2 degrees). selected from 9.9, 107, 123,130, 140,152,199, 21 %, 223, 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 temperatoere {+ 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 any one of claims 18-42, and a pharmaceutically acceptable carrier.

44, A mecthod of inhibiting CDK2, 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 mbibiting CDKY 1 a patient, comprising adminustermg 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 CDK?2 in a patient,
comprising adounistering to the patient a therapeutically effective amourt of the solid form
of any one of clatms 1-9 or the salt of any one of claims 18-42.

47. The method of claim 45 or 46, wherein the disease or disorder 18 associated with an
amplification of the cyclin E1 {CCNET} gene and/or overexpression of CCNEL

48, A method of treating a human subjoct having a disease or disorder associated with
cvelin-dependent kinase 2 (CDK2), comprising admimstening to 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:
(B
{a} have a nucleotide sequence encoding a p16 protein comprising the asuno acid
sequence of SEQ 1D NO: 1, and/or
{b) have a cyclin dependent kinase inhibitor ZA (CDKNZA} gene lacking one or more
mactivating nucleic acid substinrtions and/or deletions;
(i)
{a) have an amplification of the cyclin E1 (CCNE1} gene; and/or
{b} have an cxpression level of CCNEL in 2 biclogical sample obtained from the
buman subject that 15 higher than a control expression level of CONETL
49, A method of treating a human subject having a disease or disorder associated with
cyclin-dependent kinase 2 (CDR2}, comprising:
(1) identifving, in a biological sample obtained from the human subject:
{(a) a nucleotide sequence encoding a pl16 protein comprising the amino acid
sequence of SEQ ID N1 and/or
(b} a cyclin dependent kinase inhibitor 2A {CDKN2A) gene lacking one or
maore nactivating nucleic acid substitutions;
(11} identifving, in a biological sample obtamed from the human subject:
(a) an amplification of the cvelin EY (CCNEL) gene; and/or
(b} an expression level of CUNE] that is higher than a control expression level
of CONEL and
{11} admimstering the schid form of any one of claims 1-9 or the salt of any one of
claims 18-42 1o the human subject.
50, The method of claim 49, comprising:
(1) identifving, in a biological sample obtaimed from the human subject:
(a) a nucleotide sequence encoding a pl6 protein comprising the amino acid
sequence of SEQ 1D NO: 1 and/or
(b} a CDKN2A gene lacking one or more wnactivating nucleic acid
substitutions and/or deletions;
{11} identifving, i a bioclogical sample obtained from the human subject:
{(a} an amplification of the CCNE] gene; and

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

(4]
[

A method of evaluating the response of a human sebject having a disease or disorder
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associated with cyvclin-dependent kinase 2 (CBKZ} to the solid form of any ong 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 human
subject has been previously determined to have an amphification of the cvelin E1 {CONEL)
gene and/or an expression level 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 (&), the level of retinoblastoma (Rb} protein phosphorvlation at the
sering corresponding to aming acid postiion 780 of SEQ ID NG:3,

wherein a reduced level of Rb phosphorylation at the serine corresponding to aming
acid position 780 of SEQ H3 NO:3, as compared to a control level of Rb phosphorviation at
the serine corresponding to ammo acid position 780 of SEQ ID NQO:3, 15 indicative that the

human subjoct responds to the compound or the salt.

52.  The method of any one of claums 46-51, wherein the disease or disorder is cancer.
53, Aprocess of preparing a sohid form of any one of claims 1-9, comprising cooling a

solution of the compound of Formula {1} in a solvent component comprising ethanol and
water,

54 A process of preparing a solid form of any one of claims 10-13, comprising
evaporating at 23°C a solution of the compound of Formula (]) 10 a solvent selected from
CHoCle, CH3ON, FtOH, and 1PA,

55, A process of preparing a solid form of any one of clavas 14-17, comprising
evaporating at 25°C a solution of the compound of Formula () in 1 4-dioxane.

56, A process of preparing a compound of Formula (1), or a pharmaceutically acceptable
salt thercof! a solid form of any one of claims 1-9; or the sali of any one of claims 18-42,
comprising:

reacting a compound of Formula (1¢):

with a compound of Formula (1b):

::\N L50,Me
HoN N2
{(ib},
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or a salt thereof, via a Buchwald couopling reaction, to form a compound of Formulda (1a):

7
y OQCE/
o(
[ ,J SN ©
[ ¢
; p—NH
NN {1a).
wherem X' is halo.
57.  The process of claim 56, wherein X' is Br.
38, ¢ process of claim 56 or 37, wherem the compound of formula (1b), or the salt
thereof, 1s the HCI salt.
59.  'The process of any onc of claims 56-38, wherein the Buchwald coupling reaction

comprises reacting the compound of Formula (1c) with the compound of Formula {1b), orthe
salt thereof, m the presence of a Buchwald catalyst or precatalyst and a base.

60.  The process of claim 39, wherein the base 1s 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 o 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 Forraula (1) 18 a heou-
succinc acid salt of the compound of Formula (1a}.

64.  The process of any one of claims 36-63, wherein the process further comprises
deprotecting the compound of Fornmula {1a), or a salt thereof, to form the compound of
Foroula ().

65 ¢ process of any one of claims 56-60, further comprising deprotecting the
compound of Formula {1a) to form the compound of Formula ().

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):

£
i
N o
N
A = _,,N>
PN

or a salt thercof, with a halogenating agent to form the compound of Formula (I¢).
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67. The process of claim 66, wherein the compound of Formulda (1d), or the salt thereof, is

prepared by a process comprising:

reacting a compound of Formula 1{e):

{

/

O H

_KzN""\\ o HoH
e

N 8 O (16)

with hydroxyiamine HCI and a base component to form the compound of Formula (id}), or

the salt thereof.
68, A compound selecied from:

J

O

Br &

NN
. NN?\?;}WBY!,

W7 H OH
: N

H Y H H -
N %/\@Y’N‘ﬁf 'W/U\/
NN S O S an d

Ny o7
\ i
%/L\Y;z\r,— NH,

S

or a salt thereof.

69, A hemi-gsuccinate salt of a compound of Formulda (1a)

Y
5 / O\\ﬁ/
o= ) 30

S - /N

O
N (S0
A B
QST
- P—iH
MNpg (1a).
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Sequence Listing

1 Sequence Listing
Information
1-1 File Name 20443-0746WO0O1_SL_ST26.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.2.0
1-5 Production Date 2023-03-06
1-6 Original free text language | en
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP us
Office
2-2 Current application:
Application number
2-3 Current application: Filing
date
2-4 Current application: 20443-0746WO01
Applicant file reference
2-5 Earliest priority application:{US
IP Office
2-6 Earliest priority application:{63/317,308
Application number
2-7 Earliest priority application:{ 2022-03-07
Filing date
2-8en Applicant name INCYTE CORPORATION
2-8 Applicant name: Name
Latin
2-9en Inventor name
2-9 Inventor name: Name Latin
2-10en Invention title SOLID FORMS, SALTS, AND PROCESSES OR PREPARATION OF A CDK2 INHIBITOR
2-11 Sequence Total Quantity |3




Sequences

3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 156
3-1-4 Features Location/ source 1..156
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-1-5 Residues MEPAAGSSMVE PSADW.ATAA ARGRVEEVRA LLEAGALPNA PNSYGRRPI Q VMMMGSARVA 60
ELLLLHGAEP NCADPATLTR PVHDAAREG- LDTLWWLHRA GARLDVRDAW GRLPVDLAEE 120
LGHRDVARYL RAAAGGTRGS NHARI DAAEG PSDI PD 156
3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 410
3-2-4 Features Location/ source 1..410
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-2-5 Residues MPRERRERDA KERDTMKEDG GAEFSARSRK RKANVTVFLQ DPDEEMAKI D RTARDQCGSQ 60
PWDNNAVCAD PCSLI PTPDK EDDDRVYPNS TCKPRI | APS RGSPLPVLSW ANREEVWKI M 120
LNKEKTYLRD QHFLEQHPLL QPKMRAI LLD W.MEVCEVYK LHRETFYLAQ DFFDRYNMATQ 180
ENVVKTLLQL | G SSLFI AA KLEEI YPPKL HQFAYVTDGA CSGDEI LTME LM MKALKWR 240
LSPLTI VSW. NVYMQVAYLN DLHEVLLPQY PQQ FI Q AE LLDLCVLDVD CLEFPYG LA 300
ASALYHFSSS ELMXVSGYQ WCDI ENCVKW MVPFAMVI RE TGSSKLKHFR GVADEDAHNI 360
QTHRDSLDLL DKARAKKAML SEQNRASPLP SGLLTPPQSG KKQSSGPEMA 410
3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 928
3-3-4 Features Location/ source 1..928
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-3-5 Residues MPPKTPRKTA ATAAAAAAEP PAPPPPPPPE EDPEQDSGPE DLPLVRLEFE ETEEPDFTAL 60
COKLKI PDHV RERAW.TWEK VSSVDGVLGG YI QKKKELWG | Cl FI AAVDL DEMSFTFTEL 120
KNI El SVHK FFNLLKEI DT STKVDNAMSR LLKKYDVLFA LFSKLERTCE LI YLTQPSSS 180
| STEI NSALV LKVSW TFLL AKGEVLQMVED DLVI SFQLM. CVLDYFI KLS PPMLLKEPYK 240
TAVI PI NGSP RTPRRGONRS ARI AKQLEND TRI | EVLCKE HECNI DEVKN VYFKNFI PFM 300
NSLGLVTSNG LPEVENLSKR YEEI YLKNKD LDARLFLDHD KTLQTDSI DS FETQRTPRKS 360
NLDEEVNVI P PHTPVRTVMWN Tl QQLMM LN SASDQPSENL | SYFNNCTVN PKESI LKRVK 420
Dl GYI FKEKF AKAVGQGCVE | GSQRYKLGV RLYYRVMESM LKSEEERLSI QNFSKLLNDN 480
| FHVBLLACA LEVVNMATYSR STSONLDSGT DLSFPW LNV LNLKAFDFYK VI ESFI KAEG 540
NLTREM KHL ERCEHRI MES LAW.SDSPLF DL| KQSKDRE GPTDHLESAC PLNLPLQNNH 600
TAADMYLSPV RSPKKKGSTT RVNSTANAET QATSAFQTQK PLKSTSLSLF YKKVYRLAYL 660
RLNTLCERLL SEHPELEHI | WILFQHTLQN EYELMRDRHL DQ MMCSMYG | CKVKNI DLK 720
FKI | VTAYKD LPHAVQETFK RVLI KEEEYD Sl | VFYNSVF MQRLKTNI LQ YASTRPPTLS 780
Pl PHI PRSPY KFPSSPLRI P GGNI YI SPLK SPYKI SEGLP TPTKMIPRSR | LVSI GESFG 840
TSEKFQKI NQ MVCNSDRVLK RSAEGSNPPK PLKKLRFDI E GSDEADGSKH LPGESKFQQK 900

LAEMISTRTR MQKQKMNDSM DTSNKEEK
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