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SUBSTITUTED OXAZOLONE COMPOUND FOR DECREASING
LEVELS OF IKZF 1-4 PROTEINS

CROSS REFERENCE

This application claims the benefit of U.S. Provisional Apphcation Serial No.

A

63/505,181 filed May 31, 2023, which is incorporated herein in ifs entirety.

DESCRIPTION
The present nvention generally relates to a substituted oxazolone compound that
decreases the levels of the Tkaros, Helios, Aiolos, and Hos proteins. Provided hereinis a
10 substituted oxazolone compound, compositions comprising the compound, and methods
of use. The mvention further pertains to phanmaceutical compositions comprising at the
compound according to the invention that is vseful for the treatment of proliferative

disorders, such as cancer and viral infections.

i3 BACKGROUND OF THE INVENTION
The Tkaros zine finger family (IKZF} of transcription factors {TFs) play critical
rades in bymphocyte development and fonction (Heizmano et al., 2018, Curr Opin
Tmmunol 51 14-23), 1o mammnals, the following five members of this famiy of TFs are
expressed in immune cells: Tkaros {encoded by IKZF 1), Helios (IKZF2), Aiolos (IKZF3},
20 Eos {IKZF4), and Pegasus (IKZF5). The amino acid sequences of these proteins are
bighly homologous, with Tkaros and Aiolos, and Helios and Eos being the most
homologous pairs, and Pegasus being the most distantly related IKZF member. These
TFs serve both overlapping and unigue functions in lymphocytes (Read et al., 2020,
Immunological Reviews, 300:1). Reductions in the protein fevels of IKZF TFs can boost
25 antitumor T cell responses.
IKZF1 encodes Tkaros, which is broadly and abundantly expressed in human and
mouse B, NK, and T lviphocyte populations, and moderately expressed in other immune
cell types. including myeloid cells. In T cells, loss of Ikaros protein or expression of a
donunant-negative protein relieves repression of loci related to the differentiation of the
30 effector T cell state, resulting in increased expression of effector cytokines including IFN-
v, TNF-a, and GM-CSF (Lvon de Ana. et al., 2019, Journal of immunology 202: 1112~
1123; Heller et al., 2014, Journal of Immunclogy, 193: 3934-3946); Wang et al., 2020,

i



WO 2024/249540 PCT/US2024/031532

Cell Transplaniation, 29).

IKZF2 encodes Heltos, which shows a more restricted expression profile linited
to human and mouse regulatory T (Treg) cells, some CDE+ T cells and MAIT cells, and
NK cells (Akimova et al., 2011, PLoS One, 6:224226; Dias et al., 2017, Proceedings of

the National Academy of Sciences USA, 114:E3434-E5443; Thomton and Shevach, 2019,

A

Immunology, 158:161-170).

IKZF3 encodes Aiolos, which is broadly and abundaontly expressed in human and
mouse B lymphocyies, and broadly expressed at lower levels in Tand MK cells. n T
cells, Aiolos gene repression targets show a large amount of overlap with Tkaros target

10 genes (Powell et al., 2019, Frontiers in Impumology, 10:1299). Compared to Ikaros,
Ajolos may have a stronger effect on follicular helper T cell and T helper 17 type
responses (Quintana et al., 2012, Nature Immunclogy, 13.770-777, Read et al., 2017
responses and, in some cases, antiumaor tamunity.

15 [IKZF4 encodes Fos, which is abundantly expressed m Treg cells, and 1s also
broadly expressed at low levels among B, NK, and T Iymphocytes. In Treg cells, loss of
Eos expression i FoxP3+ Treg cells drives improved antitumor responses in preclinical
syngeneic tumor madels (Gokhale et al., 2019, Journal of Autoimmumity, 105:102300).
Additionally, Eos expression levels can increase after T cell activation m conventional

20 CD4+ and D&+ T cells, where it can limit effector T cell responses {(Rieder et al,, 2015,
Journal of Immunclogy, 195:533-563}.

Common functions shared among IKZF TFs relate to the suppression of gene
expression m cells at specific loct. IKZF TFs can bind to genomic loci either as
homodimers or heterodimers, such as Hkaros:karos or Hraros:Helios, respectively. These

25 dimeric TFs both bind to DNA and interact with complexes that regulate histone
acetylation and nucleosomes, which in turn results in gene expression modulation.
Mechanistically, Ikaros, Helios, and Aiolos have each been shown to interact with the
nucleosome-remodeling and deacetylase (NuRD) and Sin3 histone deacetylase (HDAC)
complexes to repress gene expression {Zhang et al., 2011, Nature Immunoiogy, 13:86-94;

30 Georgopoulos et al, 2017, Genes and Development, 31: 439-450). Similarly, Tkaros,
Helios, and Aiolos all can associate with centromeric heterochromatin and contribuie to
the expression of genes focated at centromeric loci (Brown et al., 1997, Cell, 91:845-854;
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Thompson et al., 2007, Immunitv, 26:335-344). Eos co-operates with Tkaros, but not
Aiolos, to nteract with the transcriptional repressor C-terminal binding protein 1 {CtBP1)
m lymphocyvies (Kotpally et al., 2002, Jowrnal of Biclogical Chemistry, 27727697~
27705); Pan et al., 2009, Science, 325:1142-1146). Together, the overlapping functions
of IKZF TFs may partially compensate for the loss or degradation of one or several TFs.
Therefore, 1n cells that express multiple HKZF members, broad therapewutic degradation of
this family of TFs would be expected to dave a stronger phenotypic change compared to
selective degradation of one or two IKZF TFs.

In T cells and Treg cells, the shared rofes of IKZF TFs in regulating a gene locus
important for antitumor immune responses is exemplified by regulation of the gene
encoding mterleukin-2 (JL-2). Tkaros can directly bind to the 1L-2 locus m CD4+ T cells
and recnuit HDAC complexes; loss of Ikaros results in increased [L-2 production by
CD4+ and CD&+ T cells (Bandvopadhvay et al., 2007, Blood, 109: 2671-2672; Thomas ot
al., 2007, Journal of mmunology, 179: 7305-7315; O’Bren et al., 2014, Journal of
Immunclogy, 192:5118-53129}. Helios directly binds to the TL-2 locus n Treg cells to
recruit HBAC complexes and enforce IL-2 gene silencing (Blaine et al., 2013, Jowrnal of
Fmmunology, 190:1008-1016}. Eos also represses 1L-2 expression in Treg cells and may
act via a mechanism that involves mteractions with the TF FoxP3 (Pan et al., 2009,
Science, 325 1142-1146; Sharma et al,, 2013, fmmuizy, 38:998-1012). The role of
direct Aiolos binding to the 1L-2 loss is fess clear, but siRNA knockdown of Aiolos in
buman Treg cells has been reported to increase 1L-2 production (Gandbi et al, 2010,
Neature Immumology, 11:846-853). In summary, the IKZF TFs act to modulate 1L-2
produaction by multiple lymphocvie sabtypes, particularty Treg cells 1o which all four of
these IKZF TFs are abundantly expressed and IL-2 production is normally neghigible.

Treg colls, which arc marked by expression of the transcription factor FoxP3, are
a subset of immunosuppressive lymphocyies that use several mechanisms to maintain
mmune homeostasis (Sakaguchi et al., 2020, Annual Review of Immunology, 38:541-566.
Whiblev et al,, 2019, Nosure fmmunology, 20:386-396), Patients who have deleterious
mutations n the gene encoding FoxP3 lack functional Treg cells and exbubit immune
dvsregulation, polyendocrinopathy, enteropathy, X-hoked (JPEX) syndrome, a muls-
organ autoimmune disorder. In the tumor microenvironment {TME), the activities of
Treg cells are co~opted to promote and maintain an tnnunosuppressive state (Plitas and

~
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Rudensky, 2020, Annual Review of Cancer Biology, 4:459-477). By secreting
suppressive molecules, sequestering cyvtokines {¢.g., IL-2), and directly impeding T cell
and antigen presenting cell activation, Treg cells can promote TME-mediated resistance
to immunotherapy by modulating multiple axes in the cancer-immunity cyele (Chen and
Mellman, 2013, Immumity, 39:1-10). In preclinical models, ablation of Treg cells results
in the regression of aggressive, established tumors (Bos et al,, 2013, Jowrnal of
Experimental Medicine, 210:2435-2466).

Once activated by a specific antigen, Treg cells can suppress responder T cells in
an antigen-nonspecific and bystander manner in vifre {Takahashi et al., 1998, Ins
Fmmunol 10:1969-80; Thornton et al., 1998, J Exp. Med 188:287-96).
FoxP3+CD25+CD4+Treg cels are capable of suppressing a wide range of antitumor
imnmme responses mvolving CB4+ helper T cells, CD8+ T cells, natural killer eells, and
natural killer T cells (Tanaka et al |, 2017, Cell Research 27:109-118). In preclinical

madels, the intratumoral depletion of CD25+CD4+Treg cells induced regression of

oy

established tumors with a change in the eytokine nulien at tumor sites (Yu et al., 2005,
Fxp Med 201: 779-91). In addition, transfer of Treg cell-depleted CD44 T eells
markedly augmented antitumor immune responses compared with the transfer of Treg
cell-sufficient CD4+ T cells (Antony et al., 2005, J Tmmunol 174:2591-601). Tumor-
infiltrating Treg cells activated by either tumor-derived self-antigens or tumor-associated
antigens can similarly suppress specific antitumor immune responses.

Chimically, increased Treg cell frequencies in the TME are correlated with worse
ouicomes in multiple solid tumor indications (Shang et al., 2015, Scientific Reports,
5:15179). Moreover, correlations between PD-L1+ Treg cell frequencies and responses
to anti-PE-1 therapy in non-small cell lung cancer (NSCLC) patients (Wu et al, 2018,
Journal of Thoracic Oncology, 13:521-532) highlight the therapeutic potential of Treg
cell targeting n the TME. Modulation of the activities of key factors to control Treg cell
differentiation and/or functional suppressor state could represent a potential therapeutic
strategy for the treatment of certain discases, including cancer and viral infections,

Furthermore, removal of FoxP3+ Treg cells was also reported to enhance vaccine~
induced antitumor T-cell responses (Nishikawa et al., 2010, nr. J. Cancer 127: 759767},
suggesting that decreasing Helios levels could be beneficial in boosting the efficacy of
cancer vaccines. Besides anti-tumor ramunotherapy, during viral infections, Treg cells
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can hmit the immunopathology resulting from excessive inflammation, vet potentially
inhibit effective antiviral T cell responses and promote virus persistence {Schmitz et al,
2013, PLON Pathogens 9 ¢1003362). Chronic, but not acute, infection of nuce with
Iymphocytic choriomeningitis virus results in a marked expansion of FoxP3+ Treg cclls,
implyving a potential mechanism that certain infectious agents could evade host immune
responses by activation and expansion of Treg cells (Punkosdy etal., 2011, PNAY 108:
3677-3682). Treatment benefits could be achieved by decrcasing Helios levels in
activated Treg cells in a context relevant to chronie viral infections.

Approaches to targeting tumor Treg cells include antibody-mediated depletion
and/or tunctional modulation (Tanaka and Sakaguchi, 2019, European Journal of
Tmmunology, 49:1140-1146), as well as small molecule-mediated “reprogramming” of the
Treg cell mnmunosuppressive phenotype by altering gene expression in these cells (Kim
ctal, 2015, Science, 350:334-339; Schastian et al., 2016, Journal of Immunology,
196:144-155). Mice with Treg celis engmeered to lack Helios do not develop IPEX-like
mmunopathology characteristic of FoxP3-deficiency or complete Treg cell ablation, but
instead have Treg cells that display a more T effector-like transcriptional program (Fu et
al., 2012, Nawure Immunology, 13: 972-980; Yates et al., 2018, Proceedings of the
National Academy of Sciences USA, 115:2162-2167). Importantly, Helios controls
activities of Treg cells that are critical in the TME as mice with Hehos-deficient Treg

cells show mmproved control of B16F10 and MC38 tumors (Nakagawa ct al, 2016,

Proceedings of the National Academy of Sciences USA, 113:6248-6253). Therefore,

therapeutic modulation of Helios has the potential to reprogram tumor Treg cells towards
a more effector-like phenotype to drive antitamor immumty. Notably, Eos also dnves
immunosuppressive Treg cell activity in the TME m preclinical tumor models, as mice
lacking Eos expression i FoxP3 Treg cells more effectively control syngeneic tumors
compared to controls (Gokhale et al |, 2019, Journal of Autoimmurity, 105:102300).
Humans with germline loss-of-function /KZF2 mutations similarly do not exhibit IPEX-
tike symptons {includmg diabetes, dermatitis, hepatic inflammation, and systemic
tymphadenopathy}, but instead mamfest immunophenotypes related to enhanced T cell
activation and proinflammatory cytokine prodaction (Heteméki et al., 2021, Science
Immunology, 6:eabe3454; Shahin et al,, 2021, Science Inununclogy. 6:0abe3981). These
data mndicate that reduction of Helios and Eos protemn levels in Treg cells would make

3
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them less suppressive of antitumor T cell responses i patients with solid tumors,
Small molecules that degrade Ikaros and Aiolos in Treg cells can also reduace the
suppressive functions of these cells in vitro (Galustian et al., 2008, Cancer fmmunology,

Immunotherapy, 58:1033-1045). In engineered mouse models, the Tkaros and Aiolos

A

degrader lenalidomide can modestly increase antitumor immune responses against highly

immunogenic syngeneic tumors (Geng et al., 2022, Cell Chemical Biology, 29:1260-

1272). Ykaros- and Asolos-targeted degraders have also been tested climically m pationts

with solid tumors, sometimes resulting in modest responses of stable disease. These

studies included avadomide (CC-122) in advanced malignancies (Rasco et al., 2019, Ciin

16 Cancer Research, 25:90-98), lenalidomide (Semeraro et al., 2013, Oncolmmunology,
2:11}, and pomalidomide (Cooney et al,, 2012, Cancer Chemotherapy and
Pharmacology, 70, 7553, Additionally, lenalidomide has been shown to avgment T and
NK cell functions in preclinical and clinical studies (Hideshima ot al., Leukemia, 2021,
D’Souza ot al., Frontiers in Immunology, 2021).

i3 In summary, the TKZF TFs, Tkaros, Helios, Awlos, and Eos are abundantly
expressed in Treg cells. Combined reduction of the individual protein levels of these four
TFs in Treg colls would better reverse the immunosuppressive program, including
repression of 1L-2 transcription and other T cell effector genes, compared to approaches
that selectively target single TZF TFs or pars of TFs, 1.e., Tharos and Aiolos or Helios

20 and Eos. Bevond Treg cells, a pan-IKZF1-4 degrader would be expected to increase
conventional CD4+ and CDE+ T cell effector functions and boost NK cell activity to
drive robust anfitimor responses in patients.

There remains a need for therapies that can decrease the levels of the four IKEFI-

4 proteins tkaros, Helios, Aiolos. and Hos.

25 The present invention fills the foregoing need by providing a compound that s

useful to decrease the levels of the four IKZF1-4 protems Ikaros, Helios, Aiolos, and Eos.

SUMMARY OF THE INVENTION
The present invention provides a substituted oxazolone compound of Formula (I},
30 ncluding stercoisomers, tantomers, salts, and prodrugs thereof, which is useful to
decrease the levels of the four proteins fkaros, Helios, Aiclos, and Eos.
The present invention also provides pharmaceutical compositions comprising the
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compound of Formula (I}, stercoisomers, tautomers, pharmaceutically aceeptable salts, or
prodrugs thereof, and a pharmaceutically acceptable camier.
The present mvention also provides a method of treating a discase or disorder by

decreasing the levels of the four IKZF -4 proteins Tkaros, Helios, Alolos, and Eos, the

A

method comprising administering to a patient the compound of Formala (1),
stereoisomers, tautomers, pharmaceutically acceptable salts, or prodrugs thercof.
The present invention also provides processes and jntermediates for making the
compound of Fornmula (1), stercotsomers, tautomers, or salts thereof.
The present invention also provides the use of the compound of Formula (1), or
10 stereoisomers, tautomers, pharmaceutically acceptable salts, or prodrugs thereof, for the
manufacture of a medicament to decrease fkaros, Helios, Aiclos, and Eos protein levels,
for the treatment of certain diseases, including cancer and viral infections.
The compound of Formula (1) and compositions comprising the compound of
Formula (I} may be used in treating, preventing, or curing vartous proliferative disorders,
15 such as cancer. Pharmaceutical compositions comprising the compound are useful in
treating, preventing, or slowing the progression of diseases or disorders in a vanety of
therapeutic areas, such as cancer.
The compound of Formula (1} and compositions comprising the compound of
Formula {I} may be used in treating, preventing, or curing viral infections.
20 Phamaceutical composttions comprising the compound are useful in treating, preventing,
or slowing the progression of diseases or disorders, such as viral infections.
These and other features of the invention will be set forth in expanded form as the

disclosure continues.

25 DETAILED DESCRIPTION
Apphicants have found a substituted oxazolone compound that decreases the levels

of the Ykaros, Helios, Aiolos, and Fos proteins. The substituted oxazolone compound is
believed to facilitate the interactions of Tkaros, Helios, Aiolos, and Hos proteins with the
corresponding E3 ubiquntin ligase complex (Cullind-Cereblon, CUL4-CRBN), with

30 concomitant degradation of the Ikaros, Hehos, Alolos, and Eos proteins. The compound
decreases the levels of Tkaros protein, Helios protein, Aiolos protein, and Eos protein.
The compound 1s useful for the treatment of certain discases, including cancer and viral
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miections. The compound is provided to be uscful as pharmaceuticals with desirable
stability, bioavailability, therapeutic index, and toxicity values that are important to their
drugability.

The first aspect of the present invention provides a compound of Formula (Iy:

O
O’/< ) ™y
AN o
I ~NH
' o

3 E/\( -
HFZC g N

or sterecisomers, tautomers, or salts thereof.

W
=
I

N

¢y

Oue embodiment provides a compound of Foroula (1), ot stereoisomers,
tautomers, or pharmaceutically acceptable salts thereof,
{Une embodiment provides a compound of Formula (I}, or sterecisomers or

10 tautomers thereof,

One embodiment provides a salt of the compound of Formula (1), or stereoisomers
or tautomers thergof.

One embodiment provides a pharmaceutically acceptable salt of the compound of
Formula (), or stercoisomers or tautomers thereof.

i5 {One embodiment provides a compound of Formula (I), or tautomers or salts
thereof, wherein said compound is {(8)-3-(5-(4-{6-amino-5-{(difluoromethoxy}-4-
methylpyridin-2-vi}-2-fluorophenyly-2-oxooxazol-3(2H})-vDpipendine-2,6-dione.
Additionally, included in this embodiment are one or more pharmaceutically acceptable
salts.

20 Oune embodiment provides a compound of Formula (1), or tautomers or salts
thereot, wherein said corapound is (R)-3-(5~(4-{6-anmino-3-(difluoromethoxy)-4~
methylpyndin-2-vi)}-2-fluorophenyl-2-oxooxazol-3(2H)-vhpipenidine-2,6-dione.
Additionally, included in this embodiment are one or more pharmaceutically acceptable
salts.

25 One embodiment provides a compound of Formula (1} baviog the structure:
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or stereoisomers, tautomers, or salts thereof.

One embodiment provides a compound of Formula (1) baving the structure:
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5 ortautomers or salts thercof.

One embodiment provides a compound of Foromula (1) having the structure:

T F
HF,C.. o’\»’} N
NH,
or tautomers or salts thereof.
The compound of Formda (I} or stereoisomers, tautomers, or salts thereof, i3
10 uschul to decrease the levels of the four IKZF1-4 proteins Tkaros, Helios, Aiolos, and Eos.
As used heretn, “to decrease the level” of one of the IKZAF1-4 proteins refers to
reducing the level of the protein by the degradation and/or inactivation and/or inhibition
and/or reducing the expression levels of the protein, or a combination thereof, compared
to the uutial protein level prior to contact or treatrent with the compound of Formula (1)
15 or stereoisomers, tautomers, or salts thereof.
Various methods can be employed to measure the decreases in the protein levels
of the IKZF1-4 proteins, including the following assays described herembelow: (1)
TKZF 1 Human CD8' T Cell Reprogramnung Assay; (i) IKZF2: Jurkat Cellular

9
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IKZF4: Human Regulatory T Cell Reprogramming Assay.

The present mvention may be cmbodied i other specific forms without departing
from the spirt or essential attributes thereof. This invention encompasses all
combinations of the aspects and/or embodiments of the invention noted herein. Itis
understood that any and all embodiments of the present invention may be taken in
conjunction with any other embodiment or embodiments to describe additional
embodiments. Itis also to be understood that cach imdividual element of the
embodiments is meant to be combined with any and all other elements from any
embodiment to describe an additional embodiment.

The features and advantages of the invention may be more readily understood by
those of ordinary skill in the art upon reading the following detailed description. Itisto
be appreciated that certain features of the tnvention that are, for clarity reasons, deseribed
above and below in the context of separate embodiments, may also be combined to form a
single embodiment. Conversely, various features of the imvention that are, for brevity
reasons, described in the context of a single embodiment, may also be combined so as to
form sub-combinations thereof. Embodiments identitied herein as exemplary or preferred
arc mtended to be dlustrative and not lmiting.

Unless specifically stated otherwise herein, references made in the singular may
also include the plural. For example. “a” and “an” may refer to either one, or ong or
more.

As used herein, the phrase “compound and/or salts thereof” refers to the
compound, at least one salt of the compound, or a combination thereof. For example, the
compound of Formula (I} and/or salts thereof includes the compound of Formula (I); a
salt of the compound of Formula (I); a compound of Formula () and one or more salis of
the compound of Formula (I}, and two or more salts of the compound of Formula (1),

Unless otherwise indicated. any atom with unsatistied valences 1s assumed to have
bvdrogen atoms sufficient to satisfy the valences.

The definitions set forth herein take precedence over definttions set forth in any
patent, patent apphication, and/or patent application publication ncorporated herein by
reference.

Listed below are definitions of various tenms used to descube the present

10
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mvention. These definitions apply to the teros as they are used throughout the
specification (anless they are otherwise Hmited tn specific instances} either individaally
or as part of a larger group.

Throughout the specification, groups and substituents thereof may be chosen by
one skilled in the field to provide stable moictics and compounds.

In accordance with a convention used in the art,

S

1s used 10 structural formulas herein to depict the bond that 1s the point of attachment of
the moiety or substituent to the core or backbone structure.

The term “amino” refers to the group -NH:.

The term "oxo” refers to the group =0,

The compound of the present invention includes all isotopes of atoms occurring in
the present compound. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without lmitation, isotopes of
hvdrogen nclude deutertum (D) and trituam (T). Isotopes of carbon inclade ¥C and ¥C.
Isotopically-labeled compounds of the invention can generally be prepared by
conventional techuiques known to those skilled 1o the art or by processes analogous o
those described herein, using an appropriate isotopically-labeled reagent i place of the
non-labeled reagent otherwise emploved.

As vsed herein, the term “tastomer” refers to each of two or more isomers of a
compound that exist together in equilibrium, and are readily interchanged by migration of
an atom or group within the molecule. For example, one skilled i the art would readily

understand that a 1,2 3-triazole exists in two tautomeric forms as defined above:

N =N
B 2
H
1H-1,2 3-triazole 2H-1,2 3-triazole

Thus, this disclosure 15 intended to cover all possible tautomers even when a structure
depicts only one of them. For example, the compound of Formula (I} can exist in

tautomer forms:

i1
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The phrase “pharmacectically acceptable™ is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgroent, suttable for use mn contact with the tissues of human beings and
amimals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The compound of Formula (1) can form salts which are also within the scope of
this invention. Unless otherwise indicated, reference to the inventive compound is
understood to include reference o one or more salts thereof. The term “salt{s)” denotes
acidic salt{s) formed with inorganic and/or organic acids. Phamaceutically acceptable
(i.e., non-toxic, physiclogically acceptable) salts are preferred. However, other salts may
be useful, e.g., in solation or purification steps which may be emploved during
preparation, and thus, are contemplated within the scope of the invention. Salts of the
compound of the Formula (I} may be formed, for example, by reacting the compound of

the Formula (I} with an amount of acid, such as an equivalent amount, i a medium such
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as one in which the salt precipitates or in an agueous medium followed by lyophilization.

Exemplary acid addition salts inchude acetates (such as those formed with acetic
acid or trihaloacetic acid, for example, tafluoroacetic acid}), adipates, alginates, ascorbates,
aspartates, benzoates, benzenesulfonates, bisulfates, borates, butvrates, citrates,
camphorates, camphorsalfonates, cvelopentanepropionates, digluconates, dodecylsulfates,
cthanesulfonates, fumarates, glucoheptancates, glveerophosphates, hemisolfates,
beptanoates, hexanocates, bydrochlorides (formed with hydrochloric acid), hydrobromides
(formed with hydrogen bromide), hydroiodides, maleates (formed with maleic acid), 2-
hvdroxyethanesulfonates, lactates, methanesulfonates (formed with methancsulfonie acid},
Z2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates, persulfates, 3-
phenylpropionates, phosphates, picrates, pivalates, propionates, salicylates, succmates,
sulfates {such as those formed with solfuric acid), sulfonates (such as those mentioned
herein), tartrates, thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the
tike.

The compound of Formula (I} can be provided as amorphous solids or crystalline
solids. Lyophilization can be employed to provide the compound of Formula (T} asa
solid.

1t should further be understood that solvates (e.g., hyvdrates) of the corapound of
Formula {I} are also within the scope of the present invention. The term “solvate” means
a physical association of a compound of Formula {1} with one or more solvent molecules,
whether orgapic or inorgamc. This physical association includes hydrogen bonding. Io
certam mstances, the solvate will be capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal lattice of the crystalline solid. “Solvate™
encompasses both solution-phase and isolable solvates. Exemplary solvates inchude
hvdrates, ethanolates, methanolates, isopropanolates, acetoninle solvates, and ethyl
acetate solvates. Methods of solvation are known m the art.

Various forms of prodrugs are well known in the art and are described in Rautio,
I et al,, Narure Review Drug Discovery, 17, 559-587 (2018).

In addition, the compound of Formula (I}, subsequent to its preparation, can be
tsolated and purified to obtain a composition containing an amount by weight equal o or
greater than 99% of a compound of Formula (1) (“substantially pure™), which is then used
or torroulated as described herein. Such “substantially pure” compound of Formula (1) is
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also contemplated herein as part of the present invention.

“Stable compound” and “stable structure” are meant to indicate a compound that
is sufficicntly robust to survive isolation to a usetul degree of purity from a reaction
mixiure, and formulation into an efficacious therapeutic agent. The present invention is
intended to embody a stable compound.

The torms “IKZFT degrader” and “Tharos degrader” refer to an agent capable of
reducing the level of the IKZF 1 protein by degradation and/or inactivation and/or
mhibition and/or reducing the expression levels of the TKZF1 protein, or a combination
thereof.

The terms “IKZFZ degrader” and “Helios degrader” refer to an agent capable of
reducing the level of the IKZF2 protein by degradation and/or inactivation and/or
inhibition and/or reducing the expression levels of the IKZF2 protein, or a combination
thereof.

The tenms “IKZF3 degrader” and “Aiolos degrader” refer to an agent capable of
reducing the level of the TKZF3 protein by degradation and/or inactivation and/or
mnhibition and/or reducing the expression levels of the IKZF3 protein, or a combination
thereof.

The terms “IKZF4 degrader” and “Eos degrader” refer to an agent capable of
reducing the level of the IKZF4 protein by degradation and/or inactivation and/or
inhibition and/or reducing the expression levels of the IKZF4 protein, or a combination
thercof.

The term “TEZF1-4 proteins” refers to the Tkaros (IKZF1), Helbios JKZF2),
Aidolos (IKZF3), and Eos (IKZF4) proteins.

The term “pan IKZF1-4 degrader” refers to an agent capable of decreasing the
protein levels of the four IKZF1-4 proteins Tkaros, Helbios, Aiolos, and Eos.

As used herein, “Tkaros” protein is encoded by the IKZFl gene. Tkaros 1s also
known as IKAROS family zine finger 1, ZNFNIAL zinc finger protein, subfamily 1A, 1,
fkaros family zine finger protein L, 1K1, lympboid transeription factor LyF-1, Hs. 54432,
PPPIRGZ, protein phosphatase |, regulatory sabunit 92, PROO738, CVIDI13, and CLL
associated antigen KW-6. “Ikaros” protein inclades isoforms encoded by the following
human 1soforms bisted below

Isoforma 1 (UniPort Q13422-1)

14
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MDADEGODMSQVSGKESPPVSDTPBEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGIHCIGPNVLMVYVHERSHTGERPFQUNQUCGASFTOKGNLL
RHIKLHSGEEPFKCHLONYACRRRDALTGHLRTHSVGKPHK CGYCGRSYRKQRS
SEEEHKERCHNYLESMGLPGTLYPVIKEETNHSEMAEDLCKIGSERSLVLDRLAS
NVAKRKSSMPQKFLGDKGLSDTPYDSSASYEKENEMMEKSHYMDOQAINNAINYL
GAESLRPLVQTPPGGSEVVPVISPMY QLHKPLAEGTPRSNHSAQDSAVENLLLELS
KAKLVPSEREASPSNSCODSTDTESNNEEQRSGLIVLTNHIAPHARNGLSLKEEHR
AYDLLRAASENSQDALRVVSTSGEQMEVYKCEHCRVEFLDHVMY TIHMGCHGF
10 ROPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQ ID NO: 1)

Isoform 2 (UniProt 313422-2)
MPADEGQDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGOQSSKSDRVVEG
ERPFQUNQUGASFTOKGNLLREIKLHSGEKPFKCHLCNY ACRRRDALTGHLRT
HSVGKPHKCGYCGRSYKQRSSLEEHKERCHNYLESMGLPGTLY PVIKEETNHSE

15 MAEDLCKIGSERSLVLDRLASNVAKRKSSMPOKFLGDKGLSDTPYDSSASYEKE
NEMMESHYMDOQAINNAINYLGAESLRPLYQTPPGGSEVVPVISPMY QLHKPLAE
GTPRSNHSAQDSAVENLLLLSKAKLYPSEREASPSNSCODSTDTESNNEEQRSGLE
YLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTSGEQMKVYKCEH
CRVLFLDHVMYTIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS

20 {(SEQIDNO: 2}

fsoform 3 (UniProt Q13422-3)
MBADEGODMSQVSGKESPPVSDTPBEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGICIGPNVLMYHKRSHTGERPFQUNQUGASFTQKGNLL

25 RHIKLHSGEEPFKCHLCNYACRRRDALTGHLRTHSGDKGLSDTPYDSSASYEKE
NEMMKSHYMDQAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMYQLHKPLAE
GTPRSNHSAQDSAVENLLLULSKAKEVPSEREASPENSCODSTDTESNNEEQRSGLI
YLTNBIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTSGEQMKVYKCEH
CRVLFLDHYMYTIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS

30 (SEQIDNO: 3)

Isoform 4 (UniProt 313422-4)
MDADEGODMASNYVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGS

15
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HRDOGSSALSGVGGIREPNGRKLKCDICGHCIGPNVLMVHEKRSHTGERPFQUNGC
GASFTOKGNLLRHIKLHSGEKPFKCHLONY ACRRRDALTGHLRTHSGDKGLSD
TPYDSSASYEKENEMMESHVMDOQAINNAINY LGAESLRPLVQTPPGGSEVVPVIS
PMYQLHKPLAEGTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCODSTDT
ESNNEEQRSGLIYLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTS
GEQMEKVYKCEHCRVLFLDHVMY TIHMGCHGFRDPFECNMOGYHSQDRYEFSSH
ITRGEHRFHMS (SEQ ID NG 4)

Isoform 7 (UniProt Q13422-7)
MDADEGQDMSQVSGKESPPVSDTPBEGDEPMPIPEDLSTTSGGQQSSKSDRYVA
SNVEVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGICIGPNVLMYVHERSHTGERPFQUNQCUCGASFTOKGNLL
RHIKLHSGEKPFKCHLCNYACRRRDALTGHERTHSVIKEETNHSEMAEDLCKIG
SERSLVEDREASNVAKRKSSMPOQKFLGDKGLSDTPYDSSASYEKENEMMKSHY
MDOAINNAINYLGAESLRPLVQTPPGGSEVVEVISPMY QLHKPLAEGTPRSNHSA
QDSAVENLLLLSKAKLVPSEREASPANSCODSTDTESNNEEQRSGLIYLTNHIAPH
ARNGLSLKEEHRAYDLLRAASENSQDALRVVSTSGEQMKVYKCEHCRVLFLDH
VMY THHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQ 1D NO:
5)

Isoform 8 (UniProt $13422-8)
MDADEGQDMSQVSGKESPPYVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMMNGEECAEDLRMLDASGEKMNGSHRDOQGSSALSGY
GGIRLPNGELKCDICGHCIGPNVLMVHKRSHTGERPFQUNGQGUGASFTOKGNLL
RHIKLHSGEKPFKCHLONYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SEISRAGUTSK (SEQ ID NO: 6)

The “Tkaros” protein isoforms 1, 2, 3, 4, 7, and 8 hsted above ncludes the degron
FOQUNQUGASFTOKGNLLRHIKLHE (SEQ ID NO: 22), which 1s the same as the
degron for the “Atolos” protein. lkaros protein also includes isoforms encoded by amino
acid sequences Q134225 and Q13422- 6.

As used herein, “Helios” protein refers a protein that is a member of the Tkaros
famuly of zine finger protemns. In humans, Helios is encoded by the IKZF2 gene. Helios
is also known as IKAROS fanuly zinc finger 2, ANFIAZ, ZNFIAZ, ZNFN1TA2, zinc
finger protein, subfanuly 1 A, 2, and tkaros fanuly zinc finger protein 2. As used herein
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Helios proteimn includes various isoform, which includes the isoforms listed below.,

Isoform | (UniProt QOUKST-1)
METEAIDGYITCONELSPEREHSNMAIDLTSSTPNGGHASPSHMTSTNSVKLEMGQ
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGK
LKCDVCOMVCIGPNVLMVHKRSHTGERPFHUNQUGASFTORKGNLLRHIKLHS
GEKPFKCPFCSYACRRRDALTGHLRTHSVGKPHKCONYCGRSYKQRSSLEEHKER
CHNYLONVSMEAAGOVMSHHVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTG
NMGKRKSSTPOKFVGEKLMRFSYPRIHFDMNLTYEREAELMQSHMMDQAINNA
ITYLGAEALHPLMQHPPSTIAEVAPVISSAYSQVYHPNRIERPISRETADSHENNM
DGPISLIRPKSRPQEREASPSNSCLDSTDSESSHDDHOSYQGHPALNPKREKQSPAY
MKEDVKALDTTKAPKGSLKDIYKVFNGEGEQIRAFKCEHCRVLFLDHVMY'T
IHMGCHGY RDPLECNICGYRSQDRYEFSSHIVRGEHTFH (SEQ ID NG: 7)

Isoform 2 (UniProt QOUKS7-2)
METEAIDGYTTCDNELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVKEEMO
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNREVQELQGEGGIRLPNGE
RPFHONQUGASFTORGNLLRBIKLHSGEKPFECPFCSYACRRRDALTGHLRTH
SYGKPHKCNYCGRSYKQRSSLEEHKERCHNYLONVSMEAAGOQVMSHHVPPME
DCKEQEPIMDNNISLVPFERPAVIEKLTGNMGKRESSTPOKFVGEKLMRFSYPDIH
FDMNLTYEKEAELMQSHMMDQGAINNATITYLGAEALHPLMOQHPPSTIAEVAPVISS
AYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNSCLDSTDS
ESSHDDHOSYQGHPALNPKRKQSPAYMKEDVKALDTTRKAPKGSLKDIYKVENG
EGEQIRAFKCEHCRVLFLDHT/MYTIHMGCHGYRDPLECNICGYRSQDRYE FS
SHIVRG EHTFH (SEQ ID NG: 8}

Isoform 4 (UniProt QOUKS7-4)
METEAIDGYTTCDNELSPEREFHSNMAIDUTSSTPNGOQHASPSHMTSTNS VKL EMO
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE
RPFHONQCGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH
SVGKPHECNYCGRSYKORSSLEEHKERCHNYLONVSMEAAGOQVMSHHGEKLM
RFSYPDIHFDMNLTYERKEAELMQSHMMDQAINNAITYLGAEALHPLMQHPPSTIA
EVAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNS
CLDSTDSESSHDDHOSYQGHPALNPKRKQSPAYMEKEDVKALDTTKAPKGSLKDI
YRKVENGEGEQRAFKCEHCRVLFLDEBVMYTIHMGCHGYRDPLECNICGYRSQDR

17
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YEF SSHIVRGEHTFH (SEQ ID NO: 9)
Isoform & (UniProt QOUKST-6)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVKLEMQ
SPEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGK
LKCDVCGMVCIGINVLMVHKRSHTGERPFHUNQUGASFTORKGNLLRHIKLHS
GEKPFKCPFCSYACRRRDALTGHERTHSVGKPHKCNYCGRSYKQRSSLEEHKER
CHNYLOQNVSMEAAGQVMSHHDS (SEQ 1D NO: 10}
Isoform 7 (UniProt QOUKST-7)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGGHASPSHMTSTNSVKLEMQ)
16 SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKYVQELQGEGGIRLPNGE
RPFHCNQUCGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH
SVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTGNMGKRKSSTPQKFVGEKLMR
FSYPDIHFDMNLTYEKEAELMOQSHMMDOAINNAITYLGAEALHPLMOHPPSTIAE
VAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNS

15 CLDSTDSESSHDDHOQSYQGHPALNPRREQSPAYMKEDVKALDTTKAPKGSLKDI
YRVFNGEGEQIRAFKCEHCRVEFLDHYMY TIHMGCHGY REBPLECNICGYRSQDR
Y EFSSHIVRGEHTFH (SEQ 1D NO: 11

A

The “Helios” isoforms 1, 2, 4, 6, and 7 listed above mcludes the degron

FHONGQCGASFTORKGNLLRHIKLE (SEQ ID NG: 23). A degron 1s a portion of a

20 protein that plays a role in regulating protein degradation rates. Helios protein also
mclades isoforms encoded by amino acid sequences QOUKS7-3, QOUKST-5 and
QOUKSRT-8.

As used herein, “Aiolos” protein is encoded by the EKZAF3 gene. Alolos protein is
also known as IKAROS family zine finger 3, ZNFNIA3Z, zinc finger protein, subfamily 1

25 A, 3, Karos famiy zine finger protein 3, and AlO. Awlos protein mcludes the followng
human 1soforms lsted below:

Isoform | {(UniProt QOUKT9-1)
MEDIQTNAELKSTOEQSVPAESAAVINDYSLTKSHEMENVDSGEGPANEDEDIG
DOSMKVKDEY SERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSED

30 SSRPTSGKMNCDVUGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTRKGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYKCEFCGRSYK(QRSS
LEEHKERCRTFLOSTDPGDTASAEARHIKAEMGSERALVLDRUASNVAKREKSSM
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POKFIGEKRHCFDVNYNSSYMYEKESELIQTRMMDBQAINNAISYLGAEALRPLVQ
TPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIHEPEKSVPSERGLSPNNS
GHDSTDTDSNHEERQNHIY QONHMVYLSRARNGMPLLKEVPRSYELLKPPPICPRD
SVEVINKEGEVMDVYRCDHCRVLFLDYVMFTTHMGCHGFRDPFECNMCGYRSH
DRYEFSSHIARGEHRALLK (SEQ IDNG: 12}

Isoform 3 {UniProt QOUKTY-3)
MEDIQTNAELKSTOEQSVPAESAAVINDYSLTKSHEMENYDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVUGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTOQKGNLL
REHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSASAEARHIKAEMGSERALY
LDRLASNVAKRKSSMPOQKFIGEKRHCFDVNYNSSYMY EKESELIQTRMMDQAIN
NAISYLGAEALRPLVQTPPAPTSEMYPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHTY QONHMVYLSRARNGMPLLK
EVPRSYELLKPPPICPRDSVEVINKEGEVMDVYRCDHCRVLFLDYVMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEGQ ID NO: 13)

Isoform 4 (UniProt QOUKTO-4)

MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEVKDEYSERDENVLKSEPMGNAEEPEIPYSYSREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHERSHTGERPFOUCNQCGASFTORGNLL
RHIKLHTGEKPFKCHLCNY ACQRRDALTGHLRTHS VEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLOQSTDPGDTGEKRHACFDVNYNSSYMYEKESELIQTRMMBDQAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNHIYQONHMVLSRARNGMPLLEK
EVPRSYELLKPPPICPRDSVEKVINKEGEVMDYVYRCDHCRVLFLDY VMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NG: 14)

Isoform 6 (UniProt QOUKTS-6}
MEDIQTNAELKSTOEQSVPAESAAVINDYSLTKSHEMENYDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMGNAEEPEIPYSY SREYNEYENIKLERHVVSFD
SSRPTSGEKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNGUGASFTOKGNLL
RHIKLBTGEKPFKCHLONYACQRRDALTGHLR THSGEKRHCFDVNYNSSYMYE
KESELIQTRMMDOQAINNAISYLGAEALRPLVGTPPAPTSEMVPVISSMYPIALTRA
EMSNGAPQELEKKSIHLPERSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQON
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HMVLSRARNGMPLLKEVPRSYELLEPPPICPRBSVEVINKEGEVMDVYRCDHCR
VLFLDY VMFTIHMGCHGFRDPFECNMUGYRSHDRYEFSSHIARGEHRALLK
(SEQID NG 15

Isoform 7 {(UniProt QOUKTS-7}
MEDIQTNAELKSTQEQSVPADDSMEKVKDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDVUGLSCISFNVLMVHKRSHTGE
RPFQUNQUCGASFTORGNLLRHIKLHTGEKPFEKCHLONYACQRRDALTGHLRY
HSVERPYKCEFCGRSYRKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEMGS
ERALVLDRLASNVAKRKSSMPQKFIGEKRHCFDVNYNSSYMYEKESELIQTRMM
DOAINNAISYLGAEALRPLVQTPPAPTSEMVYPVISSMYPIALTRAEMSNGAPQELE
KKSHLPEKSVPSERGLSPNNSGHDS TR TDSNHEERQNHIY QONHMVESRARNG
MPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMBYVYRCDHCRYLFLDY VMFETI
HMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NO. 16)

Isoform 8 (UniProt QOUKTY-8)
MEDIQTNAELKSTQEQSVPADDSMKVKDEYSERDENVLKSEPMGNAERPEIPY S
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDVCGLSCISFNVLMVYHKRSHTGE
RPFOQUNQUGASFTOKGNLLRHIKLHTGEKPFKCHLONY ACQRRDALTGHLRT
HSASAEARHIKAEMGSERALVLDRLASNVAKRKSSMPQKFIGEKRHCFDVNYNS
SYMYEKESELIQTRMMDQAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPE
ALTRAEMSNGAPQELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNH
IYQONHMVLSRARNGMPLLKEVPRSYELLKPPPICPRDSVEVINKEGEVMDVYR
CDHCRVEFLDY VMFTIHMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRAL
LK (SEQIDNG: 17

Isoform 9 (UniProt QOUKTS-9)
MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
GERPFOUNQCGASFTORKGNLLRHIKLHTGEKPFKCHLONYACQRRDALTGHL
RTHSVEKPYKCEFCGRSYKOQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEM
GSERALVLDRLASNVAKRKSSMPORKFIGEKRHCFDVNYNSSYMYEKESELIQTR
MMDQAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQ
ELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNHIYQONHMVLSRAR
NOMPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRUCDHCRVLFLDY VM
FUTHMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ 1D NO: 18)

20



WO 2024/249540 PCT/US2024/031532

Isoform 14 (UniProt QSUKT9-14)
MEDIQTNAELKSTQEQSVPAESAAVLNDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEVKDEYSERDENVLKSEPMGNAEEPEIPYSYSREYNEYEMNIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHERSHTGERPFQUNQCGASFTORKGNLL
RHIKLHTGEKPFKCHLCNYACQRRDALTGHLRTHSVEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLOQSTDPGDTGTGWGWVELSHLGIRLODLNVPWURLH (SEQ ID
NG 19)

A

The "Asolos” protemn 1soforms 1, 3,4, 6, 7, 8, 9, and 14 listed above includes the

degron FQUNQUCGASFTORGNLLRHIKLH (SEQ ID NG: 24), which 15 the same as

10 the degron for the “tkaros” protein. Aiclos protein also mcludes isoforms encoded by
amino acid sequences QOUKTYS-2, QOUKTS-3, QOUKTS-10, QSUKTO-11, QOUKTL-12,
and QOUKTY-13, QOUKTY-135, and QOUKTS-16.

As used herein, “Fos” protein is encoded by the IKZF4 gene, and is also known as
TKAROS family zinc finger 4, ZNFNIA4, zine finger protemn, subfamily 1A, 4, Tkaros

15 fanuly zine finger protein 4, and KTAAT82. “Eos” protein inchudes 1soforms encoded by
the following two human tsoforms 1 (Q9H2S89-1) and 2 (Q9H259-2):

Isoform 1 {UniProt QOH289-1)
MHTPPALPRRFQGGGRVRTPGSHROGKDNLERDPSGGCVPDFLPQAQDSNHFIM
ESLFCESSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSANSIKVEMY SDEESSR

20 LLGPBERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRLPNGKLKCDYVIGM
VCIGPNVLMVHKRSHTGERPFHOCNGCGASFTOKGNLLRHIKLHSGEKPFKCPF
CNYACRRRDALTGHLRTHSVSSPTVGKPYRONY CGRSYKQOSTLEEHKERCHN
YLQSLSTEAQALAGQPGDEIRDLEMVPDSMLHSSSERPTFIDRLANSLTKRKRSTP
QKFVGEKQMRESLSDLPYDVNSGGYEKDVELVAHHSLEPGFGSSLAFVGAEHLR

25 PLRLPPTNCISELTPVISSVYTOMOPLPGRLELPGSREAGEGPEDLADGGPLLYRPR
GPLTDPGASPSNGCQDSTDTESNHEDRVAGWSLPQGPPPOPPPTIWGRHSPAYAK
EDPKPQEGLLRGTPGPSKEVERWGESGEPVKAFKCEHCRILFLDHVMETIHMGCH
GFRDPFECNICGYHSODRYEFSSHIVRGEHKVG (SEQ 1D NO: 20)

Isoform 2 (UniProt QOH259-2)

30 MBSRYLQLOQLYLPSCSLLOGSGDSSLEKEFLGAPVGPSVSTPNSGHSSPSRSLSAN
SIKVEMYSDEESSRLLGPDERLLEKDDSVIVEDSLSEPLGYCDGSGPEPHSPGGIRL
PNGKLKCDVCGMVCIGPNVLMVHKRSHTGERPFHUNQUGASFTOKGNLLRHY
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KLHSGEKPFKCPFCNYACRRRDALTGHLERTHSVSSPTVGEPYKCNY CGRSYKQQ
STLEEHKERCHNYLQSLSTEAQALAGQPGDEIRDLEMVPDSMLHSSSERPTFIDRL
ANSELTEREKRSTPOKFVGEKQMRFSLSDLPYDVNSGGYEKDVELVAHHSLEPGFG
SSLAFVGAEHLRPLRLPPINCISELTPVISSVYTOQMQPLPGRLELPGSREAGEGPED
LADGGPLLYRPRGPLTDPGASPSNGCQDSTDTESNHEDRVAGWSLPQGPPPQPPP
TIWGRHSPAY AKEDPKPQEGLLRGTPGPSKEVLRWGESGEPVKAFKCEHCR
ILFLDRVMFTIHMGCHGFRDPFECNICGYHSQDRYEFSSHIVRGEHKVG (SEQ ID
NG 2h

The "Eos” protein isoforms 1 and 2 listed above includes the degron
FHONGQUGASFTOKGNLLRBEIKLE (SEQ 1D NO: 25), which 1s the same as the
degron for the “Hehios” protein.

As vsed herein, “Pegasas” protein is also known as IKARQOS family zinc finger S,
ZNFN1AS, zinc finger protein, subtamily 1A, 3, and Ikaros family zine finger protein 3.
Pegasus is encoded by the IKZFS gene.

As used herein, the teom "contacting” refers to the bringing together of indicated
moteties in an in vifre system or an i vivo system. For example, "contacting” IKZF1-4
proteins with the compound of Formula (1) includes the administeation of the compound
of the present mvention to an individual or patient, such as a buman, having Ikaros
protein, Helwos protein, Asolos protein, and Eos protein as well as, for example,
introducing the compound of Fornuda (1) into a sample containing a celhular or purified
preparation containing fkaros protein, Helios protein, Aiolos protein, and Eos protein.

The termas “treat,” “treating,” and “treatment,” as used herein, refer to any type of
mtervention or process performed on, or administering an active agent to, the subject with
the obiective of reversing, alleviating, ameliorating, inhibiting, or slowing down or
preventing the progression, development, severity or recurrence of a symaptom,
complication, condition or biochemucal indicia associated with a disease. In contrast,
“prophvlaxis” or “prevention” refers to admunistration to a subject who does nothave a
disease to prevent the discase from occwrring. “Treat,” “treating.” and “treatment” does
not encompass prophylaxis or prevention,

“Therapeutically effective amount” is intended to include an amount of a
compound of the present invention alone or an amount of a compound of the present
mvendion in combination with other active ingredients eftective to decrease the levels of
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the IKZF1-4 proteins m the cells, or effective to treat or prevent viral infections and
proliferative disorders, such as cancer.

As used heren, the term "cell" 18 meant to refer to a cell that is in virre, ex vivo or
invivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from
an organism such as a mammal. In some embodiments, an inviro cell canbeacellina
cell culture. In some embodiments, an in vive cell is a cell living in an organism such as a
mammal.

The term “patient” inchudes human subjects.

The phrase "pharmaceuatically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid
fitler, ditucnt, excipient, manufacturing aid {¢ ., lubricant, talc magnesium, calcium or
zing stearate, or steric acid), or solvent encapsulating material, involved in carrving or
transporting the subject compound from onc organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be "acceptable” in the sense of being
compatible with the other ngredients of the formulation, including, i.e., adjuvant,
excipient or vehicle, such as diluents, preserving agents, fillers, flow regulating agents,
disintegrating agenis, wetting agents, emulsifying agents, suspending agents, sweetening
agents, flavoring agents, perfuming agents, antibactenial agents, antifungal agents,
hubricating agents and dispensing agents, depending on the nature of the mode of
administration and dosage forms; and not injurious to the patient.

The torm "pharmaceutical composition” means a composition comprising the
compound of the invention in combination with at least one additional pharmaceutically

acceptable carrier.

UTHATY

The compound of Formula (I} 15 useful for the treatment of cancer.

The compound of Formula () is useful for the treatment of a viral infection.

In one cmbodiment, 3 method is provided for the treatment of cancer in a patient
comprising adnunistering to said patient a therapeutically effective amount of a
compound aceording to Formulda (1), or a stereoisomer, a tautomier, or a pharmaceustically
acceptable salt thereof.

In one embodiment, a method is provided for the treatment of a viral mfectionina
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patient comprising adnunistering to said patient a therapeutically effective amount of a
compound according to Formuda (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thercof,

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of a

compound having the structure:

Mm e

HF,C. /\\,N
NH2
or a stereoisomer, a tautomer, or a pharmaceutically acceptable salt thereof.

{One aspect provides a method of treating a disease or disorder by decrcasing the
levels of the four IKZF1-4 proteins Ikaros, Helios, Aiolos, and Eos, the method
comprising administering to a paticnt a therapeutically effective amount of an agent to
decrease the Ikaros, Helios, Aiolos, and Eos protein levels. In one embodiment, the
disease or disorder is cancer. In ancther embodiment, the disease or disorder 18 a viral
mnfection. v an additional embodiment, the agent is the compound of Foouula (I}, a
stereoisomer, a tautomer, or a pharmaceutically aceeptable salt thereof.

In one embodiment, a method is provided for the treatment of a disease or
disorder in a patient comprising administering to said paticnt a therapeutically effective
amount of an agent to decrease the tkaros, Helios, Aiolos, and Eos protein levels,
wherein: a) sad Tharos protein is the amino acid sequence encoded by SEQIDNOs: 1,2
3,4, 3, or 6; b} said Helios protein is the amino acid sequence encoded by SEQ ID NOs:

7.8. 9, 10, or 11; ¢} said Aiolos protein is the amino acid sequence encoded by SEQ 1D

MNOs: 12, 13, 14, 13, 16, 17, 18, or 19; and d) said Fos protein is the amino acid sequence

encoded by SEQ ID NGs: 20 or 21,

in Embodiment 1, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said

Tkaros (JKZF 1} protein fevel is decreased by at least 30%; (1) said Helios (IKZF2) protein
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tevel is decreased by at least 50%; (i) said Aiolos (IKZF3) protein level is decreased by
at least 30%; and (iv) said Eos (IKZF4} protein level 1s decreased by at least 30%.
Included i this embodiment is a method where the discase or disorder is cancer. Also
included in this embodiment 1s a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is 2 method wherein the agent is the
compound of Fommula (1}, a stereoisomer, a tautomer, or a pharmmaceutically acceptable
salt thereof,

In Embodiment 2, a method is provided for the treatment of disease or disorder in
a patient comprising adnunistering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Hehios, Atolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 409%; (1) said Helios (IKZF2) protein
level is decreased by at feast 50%; (1) said Alolos (JKZF3} protein level is decreased by
at least 40%; and (1v) saad Eos (IKZF4) protein level is decreased by at least 50%.
Tachuded in this embodiment is a method where the disease or disorder is cancer. Also
mcluded 1o this embodiment i1s a method wherein the disease or disorder 1s a viral
mfection. Additionally, inchided in this embodiment is a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 3, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Ajolos, and Eos protein levels, wherein: (3) said
Tkaros (IKZF 1) protein level 15 decreased by at least 50%; (i1} said Helios (JKZF2) protein
tevel s decreased by at least 50%: (i1) said Aiclos (IKZF3) protein level is decreased by
at least 50%: and (iv) said Hos (IKZF4) protein level is decreased by at least 30%.
Included m this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment 1s a method wherein the disease or disorder is a viral
nfection. Additionally, included in this embodiment is a method wherein the agent is the
corapound of Formula (1}, a stereoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 4, a method is provided for the treatment of disease or disorder in
a patient comprising adounistering to said patient a therapeutically effective amount of an
agent to decrease the tkaros, Hehios, Atolos, and Eos protein levels, wherein: (1) said
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Tkaros (IKZF 1) protein level is decreased by at least 60%; (1) said Helios (JKZF2) protein
level 1s decreased by at least 50%:; (i) said Aiolos (IKZF3) protein level is decreased by
at least 60%; and (1v) said Hos (IKZF4) protein level 1s decreased by at least 50%.
Included m this embodiment is a method where the disease or disorder s cancer. Also
mchided in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (1}, a stercotsomer, a tautomer, or a phammaccutically acceptable
salt thereof.

In Embodiment 5, a method is provided for the treatment of disease or disorder in
a paticnt comprising adounistering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Hehos, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 30%; {11} said Helios (IKZF2}) protein
level 1s decreased by at keast 60%; {iit) said Aiolos (JKZF3) protein level is decreased by
at least 30%; and (i) said Eos (IKZF4) protein level is decreased by at least 60%.
Included in this embodiment 1s a method where the disease or disorder is cancer. Also
incloded in this embodiment is a method wherein the disease or disorder 1s a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (1), a stercoisomer, a tautomer, ot a pharmmaceutically acceptable
salt thereof.

in Embodiment 6, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Ikaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%; (i) said Helios (IKZF2) protein
fevel is decreased by at least 60%: (i1) said Aiolos ({KZF3) protein level is decreased by
at least 40%:; and (v} said Fos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
inchided in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included i this embodiment is a method wherein the agent is the
cormpound of Formula (1}, a stereoisomer, a tawtomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 7, a method is provided for the treatment of disease or disorder in
a patient comprising adounistering to said patient a therapeutically effective amount of an
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agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Hearos (JKZF 1} protein level is decreased by at least 30%,; (i1) said Heligs (IKZF2) protein
fevel 1s decreased by at least 60%; (111} said Arolos (IKZF3) protein level 15 decreased by
at least 509%; and (1v) said Eos (IKZF4) protein level is decreased by at least 60%.
Incladed in this embodiment is a method where the disease or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this cmbodiment is a method wherein the agent is the
compound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 8, amethod is provided for the treatment of disease or disorder in
a patient compnsing admimstering to sad patient a therapeutically effective amount of an
agent to decrease the Haros, Helios, Alolos, and Eos protein levels, wherein: (i) said
fkaros (IKZF1) protein level is decreased by at least 60%; (i) said Helios (iKZF2) protein
level is decreased by at least 60%: (1) said Atolos (IKZF3) protein level is decreased by
at least 60%; and (iv) sad Eos (TKZF4) protein level 1s decreased by at least 60%.
Included i this embodiment 1s a method where the disease or disorder is cancer. Also
included in this embodiment is a method wherein the disease or disorder 1s a viral
mfection. Addiionally, included in this embodinent is a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 9, a method is provided tor the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
tkaros (IKZF 1) protein level is decreased by at least 30%: (it} said Helios (IKZF2) protein
level is decreased by at least 70%; (iu) said Asolos (AKZF3) protein level 15 decreased by
at least 309%; and (1v) said Eos (JKZF4) protein level 1s decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment 15 a method wherein the disease or disorder is a vival
mfection. Additionally, included in this embodiment is a method wherein the agent s the
compound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emabodiment 190, a method 1s provided for the treatment of discase or disorder
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in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Ikaros (JKZF 1) protein level 1s decreased by at least 40%:; (i) said Helios (IKZF2) protein
at least 40%; and (1v) said Eos {IKZF4) protein fevel is decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
meluded m this embodiment 1s a method wherein the discase or disorder is a vital
mfection. Additionally, included in this embodiment 1s a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 11, amethod is provided for the treatment of discase or disorder
in a patient compnsing administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiclos, and Eos protein lovels, wherein: {i) said
Tkaros (IKZF 1) protein level is decreased by at least 50%,; (i) said Helios (JKZF2) protein
tevel is decreased by at least 70%; (i) said Aiolos JKZF3) protein level is decreased by
at least 50%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
mncluded in this embodinent is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is 2 method wherein the agent is the
compound of Fommula (1}, a stereoisomer, a tautomer, or a pharmmaceutically acceptable
salt thereof.

In Embodiment 12, a method 1s provided for the treatment of disease or disorder
1 a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level 1s decreased by at least 60%:; (3t) said Helios (IKZF2) protein
level is decreased by at least 70%; (11) said Asolos (JKZF3) protein level is decreased by

at least 60%;

; and (1v) said Eos (IKZF4) protein level is decreased by at least 65%.
Tnchuded in this embodiment is a method where the disease or disorder is cancer. Also
mcluded 1n this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, inchuded in this embodiment 1s a method wherein the agent 1s the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable

salt thereof
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In Embodiment 13, a method is provided for the treatment of disease or disorder
10 3 patient comprising administering to said patient a therapeutically effective amowunt of
an agent to decrease the Ykaros, Helios, Alolos, and Eos protem levels, wherem: (1) said
Ikaros (IKZF 1) protein level 1s decreased by at least 309%; (1) said Helios (TKZF2) protein
level is decreased by at feast 80%; (i1t} said Aiolos (JKZF3) protein level is decreased by
at least 30%; and (iv) saad Eos (HKZF4) protein level is decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder 1s cancer. Also
included in this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, inchuded in this embodiment 1s a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, ot a phammaceutically acceptable
salt thereof.

In Embodiment 14, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent 1o decrease the Tkaros, Helios, Aiolos, and Eos protein fevels, wherem: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%; (1) said Helios (JKZF2) protein
level is decreased by at least 80%:; (i1) said Aiolos (IKZF3) protein level is decreased by
at least 40%; and (iv) said Hos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
inchided in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
corapound of Formula (1}, a stercoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 15, a method is provided for the treatment of disease or disorder
in 3 patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protemn levels, wherein: (1) said
Ikaros (IKZF 1) protein level 1s decreased by at least 509; (11) said Helios (IKZF2) protein
level is decreased by at least 80%; (ii1) said Alolos (JKZF3) protein level is decreased by
at least 50%; and () sard Hos (HKZF4) protein level is decreased by at least 60%.
Included in this embodiment s a method where the disease or disorder is cancer. Also
incladed in this embodiment is a method wherein the discase or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (), a stercoisomer, a tautomer, ot a pharmaceutically acceptable
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salt thereof.

In Embodiment 16, a method is provided for the treatment of disease or disorder
i a patient comprising adounistering to said patient a therapeuntically effective amount of
an agent to decrease the karos, Hehos, Aiolos, and Eos protemn levels, wheren: (1) said
Tkaros (IKZF 1) protein level 1s decreased by at least 60%; (it} said Helios (IKZF2} protein
level is decreased by at feast 80%; (i) said Alolos (JKZF3} protein level is decreased by
at least 60%; and (iv) saxd Eos (IKZ2F4) protein level s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
mncluded in this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, included i this embodinent is a method wherein the agent is the
compound of Formula (I}, a sterecisomer, a tavtomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 17, a method is provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective anmount of
an agent to deerease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 30%,; (1) said Helios (IKZF2) protein
level is decreased by at least 85%: (i) said Aiolos ({KZF3) protein level is decreased by
at least 30%; and (iv) said Hos (IKZF4) protein level 1s decreased by at least 60%.
Included m this embodiment is a method where the disease or disorder is cancer. Also
inchuded i this emmbodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Fornnla (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 18, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Ikaros, Helios, Aiolos, and Eos proten levels, wherem: (1) said
Tkaros (IKZ¥F1) protein level is decreased by at least 40%; (i) said Helios (JKZF2) protein
level is decreased by at feast 85%; (1t} said Atolos (IKZF3) protein level 1s decreased by
at least 40%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included i this embodiment 1s a method where the disease or disorder 1s cancer. Also
included in this embodiment is a method wherein the disease or disorder is a viral
mfection. Addmionally, included n this embodinent is a method wherein the agent is the
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compound of Formula (I}, a stercotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emabodiment 19, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiclos, and Eos protein fevels, wherein: {i) said
tTkaros (IKZ¥F 1) protein level is decreased by at least 50%; (i) said Helios ({KZF2) protein
tevel 1s decreased by at feast 85%; (t) said Atolos (TKZF3) protein level is decreased by
at least 50%; and (iv) said Eos (IKZF4) protein level is decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder is cancer. Also
included in this embodimnent is a method wherein the disease or disorder 15 a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a phamaceutically acceptable
salt thercof.

In Embodiment 20, a method 1s provided for the treatment of discase or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the taros, Helios, Alolos, and Eos protein levels, wherein: (i) said
tkaros (JKZF 1) protein level is decreased by at least 60%: (it} said Helios (IKZF2) protein
fevel is decreased by at least 85%; (it} said Aiolos (IKZF3) protein level is decreased by
at least 60%; and (iv) said Eos {IKZF4) protein fevel is decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included 1n this embodiment s a method wherein the discase or disorder is a viral
mfection. Additionally, included in this embodiment 1s a method wherein the agent is the
compound of Formula (), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 21, a roethod 1s provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeuntically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein fevels, wherein: {1} said
Tkaros (IKZF 1) protein level is decreased by at least 30%,; (i) said Helios (JKZF2) protein
level is decreased by at least 80%.: (i) said Aiolos (IKZF3) protein level is decreased by
at least 30%. and (1v) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
mcluded in this embodunent is a method wherein the disease or disorder 15 a viral
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mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 22, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein fevels, wherein: (i) said
Tkaros (IKZF 1) protein level 15 decreased by at least 40%; (1) said Helios (JKZF2) protein
level 1s decreased by at least 90%: (1i1) said Aiolos (IKZF3) protein level i1s decreased by
at least 40%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is a viral
ifection. Additionally, incladed in this embodiment is a method wherein the agent is the
compound of Formrula (1}, a stercoisomer, a tautomer, or a pharmmaceutically acceptable
salt thercof.

In Embodument 23, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Fos protem levels, wheren: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 50%:; (i) said Helos (IKZF2) protein
at least 50%; and (iv) said Eos (HKZF4) protein level is decreased by at least 60%.
Tncluded in this embodiment is a method where the disease or disorder is cancer. Also
incladed 1n this embodiment is a method wherein the disease or disorder 1s a viral
nfection. Additionally, inchuded in this embodiment 1s a method wherein the agent 15 the
compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 24, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent 1o decrease the Tkaros, Helios, Alolos, and Eos protein fevels, wherem: (1) said
Tearos (IKZF 1} protein level is decreased by at least 60%; (1) said Helios (IKZF2) protemn
level 1s decreased by at least 90%; (11) said Aiolos (IKZF3) protein level is decreased by
at least 60%; and (iv}) said Hos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder is cancer. Also
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mcluded in this embodiment 1s a method wherein the discase or disorder is a viral
mfection. Additionally, inchided in this embodiment is a method wherein the agent is the
compound of Formula (), a sterecisomer, a tautomer, ot a pharmaceutically acceptable
salt thereof.

In Embodiment 23, a method 1s provided for the treatment of discase or disorder
in a patient compnsing administering to said paticnt a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1} protein level is decreased by at least 30%; (i1} said Helios (JKZF2) protein
fevel is decreased by at least 80%:; (i) said Aiolos (IKZF3) protein level is decreased by
at least 30%. and (iv) said Hos (IKZF4) protein level is decreased by at least 65%.
Included m this embodiment is a method where the discase or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is 3 viral
infection. Additionally, included in this embodiment is 2 method wherein the agent s the
corapound of Formula (1), a stereoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 26, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protemn levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%; {i1) said Helios (IKZF2} protein
levelis decreased by at feast 90%; (iit) said Alolos (JKZF3} protein level is decreased by
at least 40%; and (iv) saxd Eos (IKZF4) protein level s decreased by at least 63%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
incloded in this embodiment is a method wherein the discase or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, ot a pharmaceutically acceptable
salt thereof.

In Embodiment 27, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective anmount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 50%,; (1) said Helios (IKZF2) protein
level is decreased by at least 90%: (in) said Aiclos (IKZF3) protein level is decreased by
at least 50%; and (iv) said Hos (IKZF4) protein level 1s decreased by at least 65%.
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Included in this embodiment 1s a method where the discase or disorder 1s cancer. Also
incloded in this embodiment is a method wherein the disease or disorder is a viral
mfection. Addiionally, included n this embodinent is a method wherein the agent is the
compound of Formula (I}, a sterecisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 2%, a method is provided for the treatment of disease or disorder
i a paticot comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1) protein level is decreased by at least 60%: (1) said Helios (IKZF2) protein
fevel is decreased by at least 90%; (it} said Asolos (IKZF3) protein level 1s decreased by
at least 60%; and (1) said Eos (IKZF4) protein level is decreased by at least 65%.
Included n this embodiment is a method where the disease or disorder s cancer. Also
inchuded m this erabodiment s a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stercotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 29, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hehos, Alolos, and Eos protemn levels, wheren: (i) said
Tkaros (IKZF 1) protein level is decreased in the range of 40 to 70%; {11} said Helios
(IK.ZF2) protein level is decreased by at least 50%; (10) said Aiolos (IKZF3) protein level
is decreased 1 the range of 40 to 70%; and (iv) said Eos (IKZF4) proten level is
decreased by at least 30%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, mcluded in this erobodiment s a method
wherein the agent 1s the compound of Formula (1), a sterecisomer, a tantomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 30, a method 1s provided for the treatment of discase or disorder
m a patient comprising admmistering to said patient a therapeutically effective amount of
an agent to decrease the Haros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1) protein level is decreased in the range of 40 to 70%: (i1} said Helios
(KZF2) protem level is decreased by at least 60%; (ui) said Atolos (TKZF3) protein level
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1s decreased in the range of 40 to 70%; and (v} said Eos (IKZF4) protem level 1s
decreased by at least 60%. Included in this embodiment is a method where the disease or
disorder 1s cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, mmcluded in this embodiment is a method
wherein the agent is the compound of Formula (1), a stercoisomer, a tastomer, ora
pharmaceutically acceptable salt thereof.

In Embodument 31, a method is provided for the treatment of discase or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased 1n the range of 40 to 70%: (i1} said Helios
(IKZF2) protein lovel is decreased by at least 70%,; (11} said Adolos (IKZF3) protein level
is decreased in the range of 40 t¢ 70%; and {1v) said Eos (IKZF4} protem level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodunent is a method
wherein the agent 1s the compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereot.

In Emabodiment 32, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Alolos, and Eos protein levels, wherein: {1} said
Tkaros (IKZF 1) protein level is decreased m the range of 40 to 70%; (1) said Helios
(IKZF2) protein level is decreased by at least 70%; (111) sard Asolos (IKZF3) protein level
1s decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) protemn level is
decreased by at least 70%. Included in this embodiment is a method where the discase or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder 1s a viral infection. Additionally, meluded in this embodiment 15 a method
wherein the agent is the compound of Formula (J), a stereoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 33, a method is provided for the treatment of disease or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protemn levels, wherein: (1) said
Ikaros (JKZF 1) protein level is decreased 1o the range of 40 to 70%: (i1} said Helios
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(IKZF2} protein level is decreased by at least 80%; (iif) sard Arolos (JKZF3) protemn level
ts decreased in the range of 40 to 70%; and (v} said Eos (IKZF4) proten level is
decreased by at least 653%. Included 1o this erabodiment is a method where the discase or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent is the compound of Formula (), a stereoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 34, a method is provided for the treatment of disease or disorder
1 a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is docreased in the range of 40 to 70%: (11) said Hehos
(IKZF2) protemn level s decreased by at least 90%: (i11) said Atolos (IKZF3) protein level
is decreased in the range of 40 to 70%: and {iv) said Fos (IKZF4) protemn level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also mncluded m this embodiment is a method wherein the discase or
disorder is a viral infection. Additionally, inchuded in this embodiment is a method
wherein the agent is the compound of Fornmuda (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thercof.

In Embodiment 35, a method 1s provided for the treatment of disease or disorder
in a patient comprsing administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helbios, Aiolos, and Eos protein fevels, wherein: (1) said
Tkaros (IKZF 1) protein level 15 decreased in the range of 50 to 70%; (31) said Helios
(IKZF2) protem level is decreased by at least 30%; (ii1) said Arolos (JKZF3) protein fevel
is decreased in the range of 30 to 70%; and (iv} said Eos (IKZF4) protein level is
decreased by at least 50%. Included in this crabodiment is a method where the disease or
disorder 18 cancer. Also included m this embodiment 1s a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent 1s the compound of Formmula (B), a stercoisomer, a tautorer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 36, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protem levels, wherem: (1) said
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Tkaros (IKZF 1) protein level is decreased m the range of 50 to 70%; (1) said Helios
(IKZF2) protem level is decreased by at least 60%; (ii1) said Arolos (JKZF3) protein fevel
is decreased in the range of 50 1o 70%; and (iv} said Eos (IKZF4) protein level s
decreased by at least 60%. Included in this embodiment 1s a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infeetion. Additionally, included in this embodiment is a method
wherein the agent 1s the compound of Formula (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof,

In Embodiment 37, a method is provided for the treatment of disease or disorder
i a patient comprising adounistering to said patient a therapeuntically effective amount of
an agent to decrease the Tkaros, Hehos, Aiolos, and Eos protemn levels, wherem: (1) said
Tkaros (IKZF 1) protein level 1s decreased in the range of 50 to 70%; (11} said Helios
{(IKZ¥F2) protein level is decreased by at least 70%: (i) said Asolos (IKZF3) protein level
is decreased 1o the range of 50 to 70%; and (iv) said Eos (IKZF4) protein level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, mcluded in this embodiment is a method
wherein the agent 1s the compound of Formula (1), a stcreoisomer, a tautomer, or a
pharmaceutically acceptable salt thergof.

in Embodiment 3%, a method is provided for the treatment of disease or disorder
in a patient comprising admunstering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased in the range of 50 to 70%; (i1} said Helios
(IKZF2) protein level is decreased by at feast 70%; (Ut) said Aiolos (JKZF3) protein fevel
is decreased i the range of 50 to 70%: and (iv) said Eos (IKZF4) protein level is
decreased by at least 70%. Included in this embodiment 1s a method where the disease or
disorder is cancer. Also included m this embodiment 1s a method wherein the disease or
disorder 1s g viral infection. Addutionally, included in this embodiment is a method
wherein the agent 1s the compound of Formula (1), a stereoisomer, a tautomer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 39, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
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an agent to deerease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Hearos (JKZF 1} protein level is decreased in the range of 50 to 70%,; (1) said Helios
(KZF?) protem level is decreased by at least 80%; (ui) said Atolos (IKZF3) protein level
is decreased in the range of 50 to 70%: and (iv) said Eos (IKZF4} protein level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included n this embodmment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodument 1s a method
wherein the agent 1s the compound of Formula (I}, a sterecisomer, a tautomer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 490, a method ts provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Ikaros, Helos, Alolos, and Eos protein fevels, wherein: {1} said
fkaros (IKZF1) protein level is decreased in the range of 50 to 70%; (it} said Helios
(IK.ZF2) protein level is decreased by at least 90%; (1u) said Aiolos (IKZF3) protein level
1s decreased 1o the range of 50 to 70%; and (v} said Eos (IKZF4) protem level 1s
decreased by at least 90%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder 1s a viral infection. Additionally, included in this erabodiment is a method
wherein the agent is the compound of Formula (1), a stercotsomer, a tautomer, or 3
pharmaceutically acceptable salt thercof.

In Embodiments | to 40, the decreases m the protein levels of the IKZF 14
proteins can be measured using the following assavs described hereinbelow: () IKZF 1
Human CD8" T Cell Reprogramming Assay; {i1) IKZF2: Jurkat Cellular Degradation
Assay; (i) IKZF3: Homan CD8' T Cell Reprogramming Assay; and {iv) IKZF4: Human
Regulatory T Cell Reprogramming Assay.

Types of cancers that may be treated with the compound of Formula (I} include,
but are not limited to, brain cancers, skin cancers, bladder cancers, ovarian cancers, breast
cancers, gastiic cancers, pancreatic cancers, prostaie cancers, colon cancers, blood
cancers, tung cancers and bone cancers. Examples of such cancer types include
neurchlastoma, imtestine carcinoma such as rectum carcinoma, colon carcinoma, anal
cancer, familiar adenomatous polyposis carcinoma and hereditary noa-polyposis
colorectal cancer, esophageal carcinoma, nasopharyngeal carcinoma, labial carcinoma,
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tarynx carcinoma, hypopharynx carcinoma, tongue carcinoma, salivary gland carcinoma,
thymic carcinoma, esophagogastric cancer, gastric carcinoma, adenocarcinoma,
medullary thyroid carcinoma, papillary thyroid carcinoma, renal carcinoma, kidoey
parenchymal carcinoma, ovarnan carcinoma, cervix carcinoma, uterine corpus carcinoma,
endometrium carcinoma, chorion carcinoma, Pancreatic carcinoma, prostate carcinoma,
testis carcinoma, breast carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocytora, menngioma, medulloblastoma and peripheral
neurcectodermal tumors, Hodgkin ymphoma, non-Hodgkin lvmphoma, Burkat
fymphoma, acute lymphatic leukenua {ALL), chronic lymphatic feukenua {CLL), acute
myeloid leukemia (AML), chronic myeloid leukemia (CML), adelt T-cell loukemia
fymphoma, diffuse large B-cell lvmphoma (BLBCL), hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small celf lung carcinoma, non-small cell lung
carcinoma, mesothelioma, multiple myeloma, basalioma, teratoma, retinoblastoma,
choroid melanoma, seminoma, rhabdomyosarcoma, craniopharvngioma, osteosarcona,
chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma and
plasmocytoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (I}, or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer s melanoma.

In one embodiment, a method s provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formulda (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof. wherein said cancer is fung cancer, including small cell fang
cancer (SCLC) and non~-small cell lung cancer (NSCLC).

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
comapound according to Formula (1), or a stereoisomer, a tautomer, or a pharmmaceutically
acceptable salt thereof, wherein said cancer 1s mesothelioma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (I}, or a stereoisomer, a tauntomer, or a pharmaceutically
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acceptable salt thereof, wherein said cancer is breast cancer, mchuding ductal carcinoma,
mvasive ductal carcinoma metastatic breast cancer, triple-negative breast cancer, human
eptdermal growth factor receptor 2 (HER2}-positive breast cancer, estrogen recopior
{ER}-positive breast cancer, hormone receptor-positive breast cancer, and hormone
receptor-negative breast cancer.

in one embodiment, a method is provided for the treatment of cancer, in a patient
corprising administering to said paticnt a therapeutically effective amount of the
compound according to Formula (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptabie salt thereof, wherein said cancer is prostate cancer, inchuding adenccarcinoma
of the prostate and castration-resistant prostate cancer.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising adminstering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wheren said cancer is pancreatic cancer, including pancreatic
adenocarcinoma, exocnne pancreatic cancer and neuroendocring pancreatic cancer,

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stercoisomer, a tautomer, or a pharmmaceutically
acceptable salt thereof, wherein said cancer is kidoey cancer, including renal cell
carcinoma, clear cell renal cell carcinoma, and non-clear cell renal cell carcinomas,
papiliary renal cell carcinoma, Wilms tumor, and renal sarcoma.

In one embodiment, a method s provided for the treatment of cancer, in a patient
comprising adnunistering to said patient a therapeutically effective amount of the
compound according to Formuda (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is gastric cancer, including gastric carcinoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
comapound according to Formula (1), or a stereoisomer, a tautomer, or a pharmmaceutically
acceptable salt thereof, wherein said cancer 1s kidney cancer, mcluding renal carcinoma
and kidney parenchyvmal carcinoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
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compound aceording to Formula (1), or a stereoisorner, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is liver cancer, including hepatocetular
Carcmonma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer ts ovarian cancer, including ovarian
carcinoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a sterenisomer, a tantomer, or a pharmaceutically
acceptable salt thercof, wherein said cancer is lymphoma, incloding Hodghin lymphoma,
non-Hodglkin lymphoma, Burkitt lymphoma, acute lvmphatic leekemia (ALL), chronic
tymphatic leukenua (CLL), acute myelowd leukemia (AML), chronic myeloid leukenua
{CML}, adult T-cell leukemia, and diffuse large B-cell lvinphoma (DLBCL).

In one embodiment, a method is provided for the treatment of cancer, i a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stercoisomer, a tautomer, or a pharmmaceutically
acceptable salt thereof, wherein said cancer is leukemia, including acute lvmphatic
leukemia {ALL}, chronic lvmphatic leukemia (CLL), acote myeloid leukenia (AML),
chromc myeloid leukemia (CML), adult T-cell leukemia lymphoma, and diffuse large B-
cell lymphoma (DLBCL).

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a sterenisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer 1s muliiple myeloma.

The compound for Formula (I} and pharmaceutical compositions comprising the
corapound of Formula (I} are useful m treating or preventing any diseases or conditions
that are associated with the activity of IKZF -4 proteins. These include viral and other
wnfections {e.g., skin mfections, Gl wnfection, wrinary tract infections, genito-urinary
infections, systemie infections), and proliferative diseases (e.g., cancer). Any method of
adounistration may be used to deliver the compound or phanmaceutical composition 1o
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the patient. In certain embodiments, the compound of Formula (I) or pharmaceutical
composition comprising the compound of Formula (1) 1s administered orally. In other
embodiments, the compound of Formaula (I} or pharmaceutical composttion comprising
the compound of Formula (I} is adminstered parenterally.

In one embodiment, a method is provided for the treatment of a viral infection in a
patient comprising administering to said patient a therapeutically effective amount of the
corapound according to Formaula (1), or a stereotsorer, a tautomer, or a phanvaceutically
acceptable salt thereof, wherein said viral imfection 1s caused by exposure to HIV,
hepatitis (A, B, or ), herpes virus {e.g., VZV, H5V-1, HAV-6, HSV-IL and MV,
Epstein Barr virus), adenovirus, influenza viras, flaviviruses, echovirus, rhinoviras,
coxsackic virus, coronavirus, respiratory syncviial virus, moumps virus, rotavirus, measles
virus, rubella virus, parvovirus, vaccinia viras, HTLY viras, dengue virus,
papillomavirus, moluscum virus, poliovirus, rabies virus, JC virus and arboviral
encephalitis virus.

The compound of Formula (I) can selectively docrease the protein levels of the
four IKZF1-4 proteins in cells to control Treg differentiation and/or the immme
regulatory state. For example, the compound of Formula (1) can be used to selectively
decrease the protein level, decrease the activity level and/or inhibit the expression level of
cach of the four TKZF 1-4 proteins in the cells to control Treg differentiation and/or the
immune regulatory state in a celf or in an ndividual in need of a decrease in the protein
tevel, decrease 1n the activity level and/or inbibition of the expression level of cach of the
four TKZF -4 proteins by admimstering an efficacions amount of the compound of
Formula (I) or a stercotsomer, a tautomer, or a salt thereof.

In one embodiment, the present invention provides a combined preparation of the
compound of Formula (), and/or a pharmaceutically acceptable salt thereof: and
additional therapeutic agent(s) for simultancous, separate or sequential use in the
treatment and/or prophviaxis of multiple discases or disorders associated with the activity
of IKZF 1-4 proteins. The combined preparation can be used to decrease the protein level,
to decrease the protein activity level, and/or to inhibit the expression level of each of the
four IKZF1-4 proteins.

In one aspect, the compound of Formula (1} ts sequentially administered prior to
administration of the immunoc-oncology agent. In another aspect, the compound of
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Formula (1) 1s admunistered concurrently with the immumo-oncology agent. In vet
another aspect, the compound of Formula (I} is scquentially admunistered after
administration of the immunoc-oncology agent.

In another aspect, the compound of Formula (I} may be co-formulated with an

A

fnmuno-oncology agent.

Immunoc-oncology agents include, for example, a small molecele drug, antibody,
ot other biclogic or small molecule. Examples of biclogic mmuno-oncology ageuts
mnclade, but are not imited to, cancer vaccines, antibodies, and cvtokines. In one aspect,
the antibody is a monoclonal antibody. In another aspect, the monoclonal antibody 1s
16 humanized or human,

In one aspect, the mununo-oncology agent s (1) an agonist of a stimulatory
{including a co-stimulatory) receptor or (11) an antagonist of an inhibitory (inchuding a co-
inhibitory) signal on T cells, both of which result in amphifying antigen-specific T cell
responses (often referred fo as immune checkpoint regulators).

i35 Certain of the stumulatory and mhibitory molecules are members of the
immaonoglobulin super family JgSF). One important family of membrane-bound ligands
that bind to co-stimulatory or co-inhibitory receptors is the B7 family, which includes B7-
1, B7-2, B7-H1 (PD-L.1), B7-DC (PD-L.2), B7-H2 (ICOS-L), B7-H3, B7-H4, B7-H3
(VISTA}, and B7-H6. Ancther family of memwbrane bound Hgands that bind to co-

20 stimulatory or co-inhibitory receptors is the TNF famuly of molecules that bind to cognate
TNF receptor fanuly members, which mcludes CD40 and CD40L, OX-40, OX-40E.,
CD70, CD27L, D30, CD30L, 4-1BBL, CD137 (4-1BB), TRAIL/Apo2-1,
TRAILRI/DR4, TRAILR2/DRS, TRAILR3, TRAILR4, OPG, RANK, RANKL,
TWEAKR/Fnl4, TWEAK, BAFFR, EDAR, XEDAR, TACI, APRIL, BCMA, LTBR,

25 LIGHT, DcR3, HVEM, VEGI/TLIA, TRAMP/DR3, EDAR, EDA L XEDAR, EDA2,
TNFRI, Lymphotoxin o/ TNFB, TNFR2, TNFo, LTRR, Lymphotoxin o 152, FAS, FASL,
RELT, DR, TROY, NGFR.

In one aspect, T cell responses can be stimulated by a combination of the
cormpound of Formula (I} and one or more of (i} an antagonist of a protein that inhibits T

30 cell activation {¢.g., immune checkpoint mhibitors) such as CTLA-4, PD-1, FB-L1, PD-

L2, LAG-3, TIM-3, Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGIT, CD113,

GPR36, VISTA, 2B4, D48, GARP, PDIH, LAIR], TIM-1, and TIM-4, and (i1} an
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agonist of a protemn that stimulates T cell activation such as B7-1, B7-2, CD28, 4-1BB
(CD137}), 4-1BBL, ICOS, ICOS-L, OX40, OX40L, GITR, GITRL, CD70, CD27, CD40,
DR3 and CD28H.

(ther agents that can be combined with the compound of Formula (I) for the

A

treatment of cancer include antagonists of mhibitory receptors on NK cells or agonists of
activating receptors on NK cells. For example, the compound of Formula (1) can be
combined with antagonists of KIR, such as lirtlumab.
Yet other agents for combination therapies include agents that inhibit or deplete
macrophages or monocytes, including but not limited to CSF-1R antagonists such as
16 CSF-1R antagonist antibodies including RG7135 (WG H1/70024, WO 11/107553,
WOL/131407, WOIL3/87699, WOI3/119716, WO13/132044) or FPA-008
{W{11/140249, W 13169264, W(314/036357).

In another aspect, the compound of Formmila (1) can be used with ong or more of

agonistic agents that ligate positive costimulatory receptors, blocking agents that

15 attenuate signaling through inhubitory receptors, antagonists, and one or more agents that
increase systemically the frequency of anti-bamor T cells, agents that overcome distinet
immune suppressive pathways within the tumor microenviromment {e.g., block inhibitory
receptor engagement {e.g., PD-L1/PD-1 interactions), deplete or mhibit Tregs {e.g., using
an anti-CD23 monoclonal antibody {e.g., daclizumab) or by ex vivo anti-CD235 bead

20 depletion), mhibit metabolic enzymes such as IDG, or reverse/prevent T cell anergy or
exhaustion) and agents that trigger innate vumune activation and/or mflammation at
tamor sites.

In one aspect, the immuno-oncology agent is a CTLA-4 antagonist, such as an
antagonistic CTLA-4 antibody. Suitable UTLA-4 antibodies include, for example,

25 YERVOY (ipihimuamab) or tromehimumab.

In another aspect, the immuno-oncology agent 1s a PD-1 antagonist, such as an
antagomistic PD-1 anttbody . Suitable PD-1 antibodies nclude, for example. OPDIVO
{nivolumab), KEYTRUDA (pemabrolizamab), MEDI-0680 (AMP-3 14;
WO2012/145493), LIBTAYO {(cemiplimab), JEMPERLI (dostarlimab), and ZYNYZ

30 (retifanlimab) The mumunc-oncology agent may alse mnclude pidibizumab (CT-011),
though its specificity for PD-1 binding has been questioned. Ancther approach to target
the PD-1 receptor is the recombinant protein composed of the extracellular domain of
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PD-L2 (B7-DC) fused to the Fe portion of g1, called AMP-224.

In another aspect, the immuno-oncology agent is a PFD-L1 antagonist, such as an
antagonistic PD-L1 antibody. Suitable PD-L1 antibodics mnchude, for example,
MPDL3280A (RG7446; W(2010/077634), durvalumab (MEDI4736), BMS-936559
(WO207/003874), MSBOO10718C (W02013/79174), TECENTRIQ (atezolizumab}, and
BAVENCIO {(avelumab).

A

In another aspect, the iwuno-oncology agent 1s a LAG-3 antagonist, such as an
amtagomstic LAG-3 antibody. Suitable LAGS antibodies mclude, for example, BMS-
986016 (WOL/19570, W(H14/08218), or IMP-731 or IMP-321 (W(08/132601,

16 WO09/44273).

In another aspect, the romuno-oncology agent is a CD137 (4-1BB) agonist, such
as an agonistic CD137 antibody. Swuitable CD137 antibodies include, for example,
urelumab and PF-03082366 (W(12/32433).

In another aspect, the immuno-oncology agent is a GITR agomst, such as an

15 agomstic GITR antibody. Suitable GITR antibodies include, for example, BMS-986153,
BMS-986156, TRX-518 (WO06/105021, WO09/009116) and MK-4166 (WO11/028683).

In another aspect, the mmmmno-oncology agent is an IDQO antagonist. Suitable
IDO antagonists include, for example, INCB-024360 (WO206/122150, WO07/75598,
WOOE/36653, WO0E/36642), indoximod, or NLG-219 (W009/73620, WO09¥/1156652,

20 WO11/56652, W12/142237).

In another aspect, the immuno-oncology agent 1s an OX40 agonist, such as an
agonistic OX40 antibody. Suitable (0X40 antibodies include, for example, MEDI-6383 or
MEDI-6469.

In another aspect, the momuno-oncology agent is an OX40L antagonist, such as an

25 antagonistic OX40 antibody. Suitable OX40L antagonists include, for example, RG-7888
(WO06/029879),

In another aspect, the immuno-oncology agent is a {D40 agonist, such as an
agonistic CD40 antibody. In vt another embodiment, the immunoc-oncology agentis a
CD40 antagonist, such as an antagonistic D40 antibody. Swtable CD40 antibodies

30 nclude, for example, lucatimamab or dacetuzamab.

In another aspect, the immuno-oncology agent is a CD27 agonist, such as an

agonistic CP27 antibody. Suttabie CD27 antibodics include, for example, varhilumab.
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In another aspect, the immuno-oncology agent 1s MGA271 (to BTH3)
(WO11/109400).

In another aspect, the monuno-oncology agent is an aoti-TIGIT agent. Suitable
anti-TIGIT agents include antibodies such as an BMS-9862(7, tiragolumab, or MK-7684.
In anocther aspect, the immuno-cneclogy agent is a KRAS G12C mhibitor,
Suitable KRAS G12C mhibitors include LUMAKRAS (sotorasib) or KRAZATE

{adagrasib).

The combination therapy 1s intended to embrace administration of these
therapeutic agents in a sequential manner, that is, wherein each therapeutic agent is
administered at a different time, as well as administration of these therapeutic agents, of
at least two of the therapeutic agents, in a substantially simultaneous manner.
Substantially simultaneous administration can be accomplished, for example, by
administering to the subject a single dosage form having a fixed ratio of cach therapeutic
agent or m multiple, single dosage forms for cach of the therapeutic agents. Sequential or
substantially simultancous adrmnistration of each therapeutic agent can be effected by
any appropriate rovte inchuding, but not imited to, oral routes, mtravencus routes,
intramuscular routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be administered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be adminstered by
intravenous mjection while the other therapeutic agents of the combination may be
adrowistered orally. Altematively, for example, all therapeutic agents may be
administered orally or all therapeutic agents may be admmnistered by intravenous
mjection. Combination therapy also can embrace the administration of the therapeutic
agents as described above m further combination with other biologically active
gredients and non~drug therapies {(e.g., surgery or radiation treatment.) Where the
combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial effoct from the co-action of the
combination of the therapeutic agents and non-drug treatment s achieved. For example,
m appropriate cases, the beneficial effect 1s still achieved when the non-drag treatment s
temporally removed from the administration of the therapeutic agents, perhaps by days or
even weeks.

One or more additional phamaccutical agents or treatment methods such as, for
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example, anti-viral agents, chemotherapeutics or other anti~cancer agents, inumune
enhancers, immunosuppressants, radiation, anti-tumor and anti-viral vaccines, cytokine
therapy {e.g., {L-2 and GM-CSF}, and/or tyrosine kinase inhibitors can be optionally used
in combmation with the compound of Formula (1) for treatment of IKZF -4 proteins
associated diseases, disorders or conditions. The agents can be combined with the present
compound in a single dosage form, or the agenis can be administered stmultaneously or
sequentially as separate dosage forms.

Suitable chemotherapeutic or other anti-cancer agents include, for example,
alkviating agents {including, without limitation, nitrogen maustards, ethylenimine
dertvatives, alkyl sulfonates, nitrosourcas and triazenes} such as uraci mustard,
chlommethine, cvclophosphamide (CYTOXAN®), ifosfanude, melphalan, chlorambucil,
pipobroman, triethylene-melamine, triethylenethiophosphoramine, busulfan, carmustine,
lomustine, streptozocin, dacarbazine, and femozolomide.

In the treatment of melanoma, suitable agents for use in combination with the
compound of Formula (I} include: dacarbazine (BTIC), optionally, along with other
chemotherapy drugs such as carmuostine (BCNU) and cisplating the "Dartmouth regimen”,
which consists of DTIC, BCNU, cisplatin and tamoxifen; a combmation of cisplatin,
vinblastine, and DTIC, temozolomide or YERVOY ™., The compound of Formula (D)
may also be combined with onumotherapy drugs, mcluding cvtokines such as interferon
alpha, interleukin 2, and tumor necrosis factor {TNF) in the treatment of melanoma.

The compound of Formula (I} may also be used in combination with vaccine
therapy in the treatment of melanoma. Antimelanoma vaccines are, in some ways, similar
to the anti-virus vaccines which are used to prevent diseases caused by viruses such as
polio, measles, and mumps. Weakened melanoma cells or parts of melanoma celis called
antigens may be mjected into a patient to stimulate the body's tumune syster to
recognize and destrov melanoma cells.

Melanomas that are confined to the arms or legs may also be treated with a
comabination of agents including the compound of Formula (), using a hyperthemic
1solated Timb perfusion technique. This treatment protocol temporarily separates the
circolation of the mvolved limb from the rest of the body and njects high doses of
chemotherapy into the artery feeding the limb, thus providing high doses to the arca of the
umor without exposing internal organs to these doses that might otherwise cause severe
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side effects. Usually, the fluid is warmed to 38.9 °C to 40 °C. Melphalan is the drug most
often used in this chemotherapy procedure. This can be given with another agent called
tumor necrosis factor ({TNF).

Suitable chemotherapeutic or other anti-cancer agents include, for example,

A

antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs,
purine analogs and adenosine deaminase inhibitors) such as methotrexate, 5-fluorouracil,
floxundine, cyvtarabine, S-mercaptopurine, 6-thioguanine, fludarabine phosphate,
pentostatine, and gemcitabine.
Suaitable chemotherapeutic or other anti-cancer agents further include, for
16 example, certain natural products and their derivatives (for example, vinca alkaloids,
antitumor antibiotics, enzymes, lymphokmes and epipodophylictoxins) such as
vinblastine, vincristing, vindesine, bleomycin, dactinomycin, daunontbicin, doxorubicin,
eptrubicin, idarebicin, ara-C, paciitaxel (Taxol), mithramaycin, deoxyco-formycin,
mitomyein-C, L-asparaginase, miterferons {especially IFN-alpha), etoposide, and
15 temposide.
Other cytotoxic agents include navelbene, CPT-11, anastrazole, letrazole,
capecitabine, reloxafing, and droloxafine.
Also suitable are cytotoxic agents such as epidophyllotoxin; an antineoplastic
enzyme, atopoisomerase inhibitor; procarbazing; mitoxantrone; platinam coordination
20 complexes such as cisplatin and carboplatin; biclogical response modifiers; growth
inhibitors; antthormonal therapeutic agents; leucovorin; tegafur; and hacmatopoietic
growth factors,
Other anti-cancer agent(s) inchude antibody therapeutics such as trastuzomab
(HERCEPTIN®), antibodies to costimulatory molecules such as CTLA-4, 4-1BB and
25 PD-1, or amtibodies to cytokimes (1L-10 or TGF-B).
Other anti-cancer agents also include those that block immume cell migration such
as antagonists to chemokine receptors, including CCR2 and CCR4.
Other anti~cancer agents also include those that augment the immune system such
as adjuvants or adoptive T cell transfer.
30 Anti-cancer vaccines inchude dendritic cells, synthetic peptides, DNA vaceines
and recombinant vinses.
The pharmaceutical composition of the invention may optionally wnclude at least
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one signal transduction inhibitor (ST, A "signal fransduction inhibitor” is an agent that
seloctively inhibits one or more vital steps in signaling pathways, in the normal fonction
of cancer cells, thereby leading to apoptosis. Sumtable STis include, but are not hmited to:

{1) ber/abl kinase inhibitors such as, for example, ST 571 (GLEEVEC®)); (11} epidermal

A

growth factor (EGF) receptor inhibitors such as, for example, kinase inhibitors

UI3H1-1318 (1995}, and Abgenixt ABX-EGF); (ut) her-2/neu receptor inhibitors such as
famesyl transferase inhibitors (FTT) such ag, for example, L-744,832 (Kohl et al., Nar.
Med., 1(8):792-797 (1995)}; (1v) mhibitors of Akt family kinases or the Akt pathway,
10 such as, for example, rapamycin {see, for example, Sekulic et al., Cancer Res., 60:3504-
3513 (200)); (v} cell cycle kinase miubitors such as, for example, flavopiridol and UCN-
01 (see, for example, Sausville, Curr. Med. Chem. Anti-Cane. Agenits, 3:47-56 {(203));
and {vi) phosphatidyl inositol kinase inhibitors such as, for example, LY 294002 (see, for
example, Viahos et al., J Biol Chem., 269:5241-3248 (1994)). Alternatively, at least one
15 STYand the compound of Formula (1) may be n separate pharmaceutical compositions.
In a specific embodiment of the present invention, the compound of Formula (I and at
least one 8TT may be administered to the patient concurrently or sequentially. In other
words, at the compound of Formula (I} may be admmnistered first, at least one ST may be
administered first, or the compound of Formula (I} and at least one STI may be
20 administered at the same time. Additionally, when the compound of Formula (I} and
mare than one 8T1 15 used, the compounds may be admiunistered m any order.
The present mverntion further provides a pharmaceutical composition for the
treatment of a chronic viral mfection in a patient comprising the compound of Formula
(1), optionally, at least one chemotherapeutic drug, and, optionaliy, at least one antiviral
25 agemt, in a pharmaceutically acceptable carvier.
Also provided 1s a method for treating a chronic viral mfection in a patient by
administering an effective amount of the above pharmaceutical composition.
In a specific embodiment of the present invention, the compound of Formula (1)
and at least one chemotherapeutic agent are administered to the patient concurrently or
30 sequentiadly. In other words, the compound of Formula (I} may be administered first, at
feast one chematherapeutic agent may be administered first, or the compound of Formula
(I} and the at least one ST may be administered at the same time. Additionally, when
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more than one chemotherapeutic agent 1s used, the compound and more than one
chemotherapeutic agent may be admintstered 1o any order. Similarly, any antiviral agent
or STl may also be adounistered at any point it comparison o the administration of the

compound of Formula (T}

A

Chronic viral infections that may be treated using the present combinatorial
treatment mchide, but are not limited to, diseases caused by hepatitis C virus (HCV),
buman papilloma virus (HPV), cytomegalovirus (CMV), herpes simplex vitus (HSV),
Epstein-Barr virus (EBV), vancella zoster virus, coxsackie virus, and human
immuanodeficiency virus (HIV).

10 Suitable antiviral agents contemplated for use in combination with the compound
of Formula (1} can comprse nucleoside and nucleotide reverse transcriptase inhibitors
{(NRTIs}, non-nucleoside reverse transcriptase inhibitors (NNRTIs}, protease inhibitors
and other andiviral drogs.

Examples of suitable NRTIs include zidovudine (AZT); didanosine (ddl);

15 zaleitabine (ddC); stavudine (d4T); lamivudine (3TCY; abacavir (1592U89); adefovir
diptvoxil [bis(POM)-PMEA]; Iobucavir (BMS-180194); BCH-I0652; emitricitabine [(-}-
FTCY; beta-L-FD4 (also called beta-L-D4C and named beta-L-2',3'-dicleoxy-3-flucro-
cytidene); DAPD, ((-)-beta-D-2 6-diamino-punne dioxolanc), and lodenosine (FddA).
Typical suitable NNRTIs include nevirapine (BI-RG-387); delaviradine (BHAP, U-

20 90152y cfavirenz (DMP-266); PNU-142721; AG-1549; MKC-442 (1-{cthoxy-methyl}-5-
{1-methylethyD-6-(phenvimethvD-(2, 41 H, 3H)-pyrimidinedione); and (+)~calanolide A
(NSC-675451) and B. Typical suitable protease inhibitors mnclude saguinavir (Ro 31-
8939}, ritonavir {ABT-338}; indinavir (MK-639}: nelfnavir (AG-1343}; amprepavir
(141W94); lasinavir (BMS-234475); DMP-450; BMS-2322623; ABT-378; and AG-1549.

25 Other antiviral agends include hydroxyurea, ribavirin, 1L-2, 1L-12, pentafuside and
Yissum Project No. 11607,

The conmbination therapy is intended to embrace admimistration of these
therapeutic agents in a sequential manner, that is, wherein each therapeutic agent is
adrmwmistered at a different time, as well as adounistration of these therapeutic agents, or

30 atleast two of the therapeutic agents, in a sabstantially simultancous manner.

Substantially simultancous administration can be accomplished, for example, by

administering to the subiect a single dosage form having a fixed ratio of each therapeutic
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agent or i multiple, single dosage forms for cach of the therapeutic agents. Sequential or
substantially simoltancous adnunistration of each therapeutic agent can be effected by
any appropriate route including, but not imited to, oral routes, mntravenous routes,
intramuscular routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be administered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
mtravenous injection while the other therapeutic agents of the combination may be
administered orally. Alternatively, for example, all therapeutic agents may be
administered orally or all therapeutic agents may be administered by intravenous
injection. Combination therapy also can embrace the administration of the therapeutic
agenis as described above 1 futther cornbination with other biologically active
ingredients and non-drog therapics {e.g., surgery or radiation treatment). Where the
combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and non~drug treatment is achieved. For example,
in appropriate cases, the beneficial effect is still achieved when the non-drag treatment is
temporally removed from the administration of the therapeutic agents, perhaps by days or

gven woeks.

PHARMACEUTICAL COMPOSITIONS

The invention also provides pharmaceutical compositions which comprise a
therapeutically effective amount of the compound of Formuda (I}, formulated together
with one or more pharmaceutically acceptable carviers (additives) and/or dituents, and
optionally, one or more additional therapeutic agents described above.

The compound of Formula (1) may be admimsstered by any suitable route,
preferably i the form of a pharmaceutical composition adapted to such a route, and ina
dose effective for the treatment intended. The compound and compositions of the
corapound of Formula (I} can be admiunistered for any of the uses descrbed herein by any
suttable means, for example, orally, such as tablets, capsules {each of which mcludes
sustained release or timed release formulations), pills, powders, gramudes, elixirs,
tinctures, suspensions {including nanosuspensions, microsuspensions, spray-dried
dispersions), syrups, and enwulsions; sublingually; bucally; parenterally, such as by
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subcutancous, intravenous, intranuiscular, or intrasternal injection, or nfusion technigues
fe.g., as sterile injectable aqueous or non-aqueous solutions or suspensions); nasally,
mcluding adounistration to the nasal membranes. such as by inhalation spray: topically,
such as in the form of a cream or ointment; or rectally such as in the form of
suppositories. They can be administered alone, but generally will be administered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and
standard pharmaceutical practice.

For oral administration, the pharmaceustical composition may be in the form of, for
example, a tablet, capsule, liquid capsule, suspension, or liquid. The pharmaccutical
composition is preferably made in the form of a dosage unit containing a particular
amount of the active ingredient. For example, the pharaceutical composition may be
provided as a tablet or capsule comprising an amount of active ingredient in the range of
from about 0.1 to 1000 mg, preferably from about 0.25 to 250 mg, and more preferably
fron about 0.5 to 100 mg. A suitable daily dose for a human or other mammal may vary
widelv depending on the condition of the patient and other factors, but can be determined
using routine methods.

Any pharmaceutical composition conternplated herein can, for example, be
delivered orally via any acceptable and suitable oral preparations. Exemplary oral
preparations, include, but are not limited to, for example, tablets, troches, lozenges,
agueous and oily suspensions, dispersible powders or granules, emulsions, hard and soft
capsules, liguid capsules, syrups, and elixirs. Phammaceutical compositions intended for
oral adminisiration can be prepared according to any methods known in the art for
manufacturing pharmaceutical compositions intended for oral administration. In order to
provide phammaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contamn at least one agent selected from sweetening
agents, flavoring agents, coloring agents, demulcents, antioxidants, and preserving agents.

A tablet can, for example, be prepared by admixing the compound of Formula (1)
and/or at least one pharmaceutically acceptable salt thereof with at least one non-toxic
pharmaceutically acceptable excipient suitable for the manufacture of tablets. Exemplary
excipients inchide, but are not Hmited to, for example, mert diluents, such as, for
example, calotum carbonate, sodiam carbonate, lactose, calcium phosphate, and sodium
phosphate; granulating and dismtegrating agents, such as, for example, microcrvstailine
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cellulose, sodium crosscarmellose, com starch, and alginie acid; binding agents, such as,
for example, starch, gelatin, polyvinyvi-pyrrolidone, and acacia; and lubricating agents,
such as, for example, magnestum stearate, stearic acid, and tale. Additionally, a tablet
can either be uncoated, or coated by known techniques to either mask the bad taste of an
vapleasant tasting drug, or delay disintegration and absorption of the active ingredient in
the gastrointestinal tract thereby sustaining the effects of the active ingredient for a longer
period. Excmplary water soluble taste masking materials, mnchude, but are not hinuted to,
hvdroxypropyl-methylecliulose and hydroxvpropyl-celiulose. Exemplary time delay
materials, inclade, but are not hmited to, ethyl cellulose and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing the compound of
Formmula (1) and/or at least one salt thereof with at least one jnert sohid diluent, such as, for
example, calciam carbonate; calcium phosphate; and kaolin.

Soft gelatin capsules can, for example, be prepared by mixing the compound of
Formula (1} and/or at least one pharmaceutically acceptable salt thereof with at least one
water soluble camer, such as, for example, polvethyvlene glyeol; and at least one oil
mediam, such as, for example, peanut oil, liquid paraffin, and olive cil.

An agueous suspension can be prepared, for example, by adnuxing the compound
of Formula (1) and/or at least one pharmaceutically acceptable sali thereof with at least
one excipient suitable for the manufacture of an aqueous suspension. Exemplary
excipients suitable for the manufacture of an aqueous suspension, include, but are not
timited to, for example, suspending agents, such as, for example, sodium
carboxymethvicellalose, methvicellulose, hydroxypropylmethyvl-cellulose, sodium
alginate. algintc acid, polyvinyil-pyrrolidone, gum tragacanth, and gum acacia; dispersing
o1 wetting agents, such as, for example, a naturally-oceurring phosphatide, ¢.g., lecithin;
condensation products of atkviene oxide with fatty acids, such as, for example,
polvoxyethylene stearate; condensation products of ethylene oxide with long cham
ahiphatic alcohols, such as, for example heptadecacthyviene-oxveetanol; condensation
products of ethylenc oxide with partial esters derived from fatty acids and hexitol, such
as, for example, polvoxvethylene sorbitol monooleate; and condensation products of
ethyvlene oxide with partial esters dertved from fatty acids and hexitol anhvdrides, sach as,
for example, polyethylene sorbitan monooleate. An agueous suspension can also contain
at least one preservative, such as, for example, ethyl and v-propyl p-hydroxyvbenzoate; at
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teast one coloring agent; at least one flavoring agent; and/or at least one swestenng
agent, including but not limited to, for example, sucrose, saccharin, and aspartame.

(Oily suspensions can, for example, be prepared by suspending the compound of
Formula (I} and/or at least one pharmaceutically acceptable salt thereof in either a
vegetable oil, such as, for example, arachis oil; olive oil; sesame oil; and coconsut oil; or
in mineral oil, such as, for example, hiquid paraffin. An oily suspension can also contain
at least one thickening agent, such as, for example, beeswax; hard paraffin; and cetyl
alcohol. In order to provide a palatable oily suspension, at least one of the sweetening
agents already described heremabove, and/or at feast one flavoring agent can be added to
the oily suspension. An oily suspension can further contain at least one preservative,
imcluding, but not hmited to, for example, an anti-oxidant, such as, for example, butylated
hydroxyamsol, and alpha-tocopherol.

Dispersible powders and granules can, for example, be prepared by admixing the
compound of Formula (I} and/or at least one pharmaceutically acceptable salt thereof with
at least one dispersing and/or wetting agent; at least one suspending agent; and/or at least
one preservative. Switable dispersing agents, wetting agents, and saspending agents are
as already described above. Exemplary preservatives include, but are not imited to, for
exanple, anti-oxidants, ¢.g., ascorbic acid. In addition, dispersible powders and granules
can also contain at least one excipient, including, but not limited to, for example,
swecetening agents; flavoring agents; and coloring agents.

An emulsion of the compound of Formula (I} and/or at least one phammaceutically
acceptable salt thereof can, for example, be prepared as an oil-in~water emulsion, The
oily phase of the emulsions comprising the compound of Formula (I} may be constituted
from koown ingredients in a known manner. The oil phase can be provided by, but is not
linuted to, for example, a vegetable oil, such as, for example, olive o1l and arachis oil; a
mneral oil, such as, for example, liquud paraffin; and mpdtures thereof. While the phase
may comprise merely an emulsifier, it may comprise a mixture of at least one emulsifier
with a fat or an ol or with both a fat and an otl. Suitable emulsifving agents mchude, but
are not limited to, for example, naturallyv-occurring phosphatides, ¢.g., sovbean lecithin
esters or partial esters dertved from fatty acids and hexitol anhydrides, such as, for
example, sorbitan monooleate; and condensation products of partial esters with ethylene
oxide, such as, for example, polyoxyvethviene sorbitan monooleate. Preferably, a
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hvdrophilic emulsifier is included together with a hpophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an ¢il and a fat. Together, the emulsifier(s)
with or without stabilizer(s) make-up the so-called evwmlsitving wax, and the wax together
with the o1l and fat make up the so-called emulsifying omtment base which forms the oily
dispersed phase of the cream formmdations. An enmwldsion can also contain a swectening
agent, a flavoring agent, a preservative, and/or an antioxidant. Emulsifiers and emulsion
stabilizers suitable for use i the formulation of the present invention include Tween 60,
Span 890, cetostearvl aleobol, myristvl aleohol, glveeryl monostearate, sodiom lauryl
suifate, glyceryl distearate alone or with a wax, or other materials well known in the art.

The compound of Formula (I} and/or at least one pharmaceutically acceptable salt
thereof can, for example, also be delivered intravenously, subcutancously, and/or
intramascularly via any phamaceutically acceptable and suitable injectable form.
Exemplary injectable forms mehude, but are not imited to, for example, sterile aqueous
solutions comprising acceptable vehicles and solvents, such as, for example, water,
Rumnger’s solution, and isotonic sodium chlonde solution; sterile oil-in-water
microemulsions; and aqueous or oleaginous suspensions.

Fommulations for parenteral administration may be in the form of agueous or non-
agueous isotouic stertle injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of the
carriers or diluents mentioned for use in the formmulations for oral aduuuistration or by
usimg other suitable dispersing or wetting agents and suspending agents. The compound
may be dissolved 1n water, polvethylene glveol, propylene glyeol, ethanol, com oil,
cottonseed oil, peanut oil, sesame oil, benzyl aleohol, sodium chioride, tragacanth gam,
and/or various buffers. Other adjuvants and modes of administration are well and widely
known in the pharmaceutical art. The active ingredient may also be administered by
injection as a composition with suitable carriers including saline, dextrose, or water, or
with cyclodextrin (i.e., Captisol}, cosolvent solubilization (i ¢, propviene glycol} or
micellar solubilization (1.e.. Tween 80).

The sterile mjectable preparation may also be a stentle injectable solution or
suspension in a non-foxic parenterally acceptable dihuent or solvent, for example as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
emploved are water, Ringer’s solution, and isotonic sodium chloride solution. In
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addition, sterile, fixed oils are conventionally employed as a solvent or suspending
mediam. For this purpose, any bland fixed o1l may be emploved, including synthetic
mono- or diglyeerides. I addition, fatty acids such as oleic acid find use in the
preparation of injectables.

A sterile injectable oil-in-water microemulsion can, for example, be prepared by
1} dissolving the compound of Formula (I} in an oily phase, such as, for example, a
wuxture of sovbean oil and lecithin; 2) combuing the compound of Formula (8)
containing oil phase with a water and glycerol mixture; and 3} processing the
combination to form a microemulsion.

A sterile agueous or oleaginous suspension can be prepared in accordance with
methods already known o the art. For example, a sterile aqueous solution or suspension
can be prepared with a non-toxic parenterally-acceptable diluent or solvent, such as, for
example, 1,3-butane diol; and a sterile oleaginous suspension can be prepared with a
sterile non-toxic acceptable solvent or suspending medium, such as, for example, sterile
fixed oils, ¢.g., synthetic mono-~ or diglveendes; and fatty acids, such as, for example,
oletc acid.

Pharmaceutically acceptable carriers are formulated according to a mumber of
factors well within the purview of those of ordinary skill in the art. These mclude,
without hnutation: the type and nature of the active agent being formulated; the subject to
which the agent-containing composition 1s to be administered; the intended route of
adrowistration of the composition; and the therapeutic indication being targeted.
Pharmmaceutically acceptable cardiers inchude both agueous and non-agueous liguid media,
as well as a variety of solid and semi-solid dosage forms. Such carriers can include a
number of different ingredients and additives in addition to the active agent, such
additional ingredients being included in the formulation for a variety of reasons, e.g.,
stabilization of the active agent, binders, ete., well known to those of ordinary skill m the
art. Descriptions of suitable pharmaceutically acceptable carriers, and factors mvolved in
their selection, are found in a vancety of readily available sources such as, for example,
Allen, L. V. Jr. er al. Remingion: The Science and Practice of Pharmacy (2 Volumes),
22nd Edition (2012}, Pharmaceutical Press.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the pharmaceutical compositions of this invention include, but arc not limited to, ion
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exchangers, alununa, aluminum stearate, lecithin, self-emulsifymng drug delivery systems
(SEDDS) such as d-alpha-tocopherol polvethylencglycol 1600 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polvethoxylated castor ol such as
CREMOPHOR surfactant (BASF), or other similar polymerie delivery matrices, serum
proteins, such as human seram albumin, buffer substances such as phosphates, glveine,
sorbi¢ acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or clectrolytes, such as protanune sulfate, disodium hvdrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zine salts, colloidal silica,
magnesim trisilicate, polyvinyl pyrrolidone, celhulose-based substances, polyethylene
glycol, sodium carboxymethyicellulose, polyacrylates, waxes, polyethylene-
polvoxvpropylene-block polymers, polvethviene glveol and wool fat. Cyeclodextring such
as alpha-, beta-, and gamma-cyclodextrin, or chemically modified derivatives sach as
hvdroxyalkyleyclodextring, including 2- and 3-hydroxypropyi-cyclodextrins, or other
solubilized derivatives may also be advantageously used to enbance delivery of
compound of the formula described heren,

The pharmaceutically active compound of this invention can be processed in
accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, including humans and other mammals. The pharmaceutical
compositions may be subjected to conventional pharmaceutical operations such as
sterilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers, buffors etc. Tablets and pills can additionally be prepared
with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfuming agents.

For therapeutic purposes, the active compound of this invention is ordinarily
combined with one or more adjuvants appropriate to the indicated route of admwnustration.
If administered orally, the compound may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc. stearic acid,
magnesium stearate, maguoesium oxide, sodium and calcium salts of phosphoric and
sulfuric acids, gelatin, acacia gam, sodium alginate, polyvinylpyrrolidone, and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlied-release formulation as may be provided in a
dispersion of active compound 10 hydroxvpropvimethvi cellulose.
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The amounts of the compound that is administered and the dosage regimen for
treating a discase condition with the compound and/or compositions of this invention
depends on a variety of factors, including the age, weight, sex, the medical condition of
the subject, the tvpe of discase, the severity of the discase, the route and frequency of
administration, and the particalar compound emploved. Thus, the dosage regimen may
vary widely, but can be determined routinely using standard methods. A datly dose of
about 0.601 to 100 mg/ke body weight, preferably between about 0.0023 and about 50
mg/kg body weight and most preferably between about 0.003 to 10 mg/kg body weight,
may be appropriate. The daily dose can be admimstered in one to four doses per day.
Other dosing schedules include one dose per week and one dose per two day cycle.

Pharmaceutical compositions of this mvention comprise the compound of
Fornuda {1 and/or at least one pharmaceutically acceptable salt thereof, and optionally an
additional agent selected from any pharmaceutically acceptable carrier, adjuvant, and
vehicle. Aliernate compositions of this invention comprise the compound of the Formula
(T} described herein, or a prodrug thereof, and a pharmaceutically acceptable carrier,
adpuvant, or vehicle.

The present invention also includes pharmaceutical kits useful, for example, in the
treatmient or prevention of IKZF 1-4 protein-associated discases or disorders, and other
diseases referred to herem which include one or more containers containing a
pharmaceutical composition comprising a therapeutically effoctive amount of the
corapound of Formula (1), Such kits can fwther include, if desired, one or more of
various conventional pharmaceutical kit components, such as, for example, containers
with one or more pharmaceutically acceptable carricrs, additional containers, as will be
readily apparent to those skilled in the art. Instructions, either as mserts or as labels,
mdicating quantities of the components to be administered, guidelines for admmnistration,
and/or guidelines for mixing the components, can also be included m the kit

The dosage regimen for the compound of the present invention will, of course,
vary depending upon known factors, such as the pharmacodynamic characteristics of the
particular agent and ts mode and route of administration; the species, age, sex, health,
medical condition, and weight of the recipient; the natore and extent of the symptoms; the
kind of concurrent treatment; the frequency of treatment; the route of administration, the
renal and bepatic function of the patient, and the effect destred.
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Bv way of general guidance, the daily oral dosage of cach active ingredient, when
used for the indicated effects, will range between about 6.001 to about 5000 mg per day,
preferably between about 0.01 to about 1000 mag per day, and most preforably between
about 0.1 to about 250 mg per day. Intravenously, the most preferred doses will range
from about 0.01 to about 10 mg/kg/minute during a constant rate infusion. The
compound of Formula (1} may be administered in a single daily dose, or the total daily
dosage may be adounistered 1o divided doses of two, three, or four times daily.

The compound 1s typically administered in an admixture with suitable
phammaceutical difuents, excipients, or carriers {collectively referred to herein as
pharmmaceutical carriers) suitably selected with respect to the ntended form of
aduunistration, ¢.g., oral tablets, capsules, ehixirs, and svrups, and consistent with
conventional pharmaceutical practices.

Dosage forms {phamaceutical compositions) suitable for administration may
contain from about 1 milligram to about 200 milligrams of active ingredient per dosage
unit. Inthese pharmaceutical compositions the active ingredient will ordinanly be
present in an amount of about 0.1-95% by weight based on the total weight of the
composition.

A tvpical capsule for oral administration contains the compound of Formula (I)
{250 mg), lactose (75 mg), and magnestum stearate (15 mg). The mixture is passe
through a 60 mesh sieve and packed into a No. | gelatin capsule.

A typical tyjectable preparation s produced by aseptically placing the compound
of Formula (T} (250 mg) into a vial, aseptically freeze-drving and scaling. For use, the
contents of the vial are nuxed with 2 mL of physiclogical saline, to produce an imectable
preparation.

The present mvention ncludes within its scope pharmaceutical composttions
comprising, as an active ingredient, a therapeutically effective amount of the compound
of Formula (). alone or in combination with a pharmaceutical carrier. Gptionally, the
compound of Formula (I} can be used i combination with one or more other therapeutic
agent(s}, .., an anticancer agent or other phammaceutically active material.

Regardless of the route of admimistration selecied, the compound of Formula (I3,
which may be used in a suitable hydrated form. and/or the pharmaceutical compositions
of the present invention, are formulated into pharmaceutically acceptable dosage forms by
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conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients i the pharmaceutical compositions
of this invention may be varied so as to obtain an amount of the active ingredient which is
effective to achieve the therapeutic response for a particular patient, composition, and
mode of administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the
activity of the compound of Formula (1) eraployed, or the ester, salt or amude thereof, the
route of adonunistration, the time of adounistration, the rate of excretion or metabolism of
the particular compound being emploved, the rate and extent of absorption, the duration
of the treatment, other drugs, compounds and/or materials used m combination with the
particular compound emploved, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and ike factors well known i the medical
arts.

A physician or veterinarian baving ordinary skill m the art can readily determine
and prescribe the effective amount of the phammaceutical composition required. For
example, the physician or veterinarian could start doses of the compound of Formuda (I}
emploved in the pharmaceutical composition at levels lower than that required in order to
achicve the therapeutic effect and gradually increase the dosage vntil the effect is
achieved.

in general, a suitable daily dose of the compound of Formula (1) will be that
amount of the compound which is the lowest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors described above.
Generally, oral, infravenous, intracercbroventricular and subcutancous doses of the
compound of Formula () for a patient will range from about 8.01 to about 50 mg per
kitogram of body weight per day.

H desired, the effective daily dose of the active compound may be admimnistered as
two, three, four, five, six or more sub-doses administered separately at appropriate
mtcrvals throughout the day, optionally, in unit dosage forms. In certain aspects of the
mvention, dosing 1s one administration per day.

While it is possible for a compound of Formuda (I} to be adnunistered alone, it i
preferable to administer the compound as a pharmaceutical formulation (composition).

The above other therapeutic agents, when employed 10 combination with the
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compound of Formula (I}, may be used, for example, n those amounts indicated in the
Physicians” Desk Reference (PDR) or as otherwise determined by one of ordinary skill in
the art. In the methods of the present invention, such other therapeutic agent(s) may be
administered prior to, simultancously with, or following the admimstration of the

mventive compound.

METHODS OF PREPARATION

The compound of the present invention can be prepared in a number of ways well
known to one skilled in the art of organic synthesis. The compound of the present
inverdion can be synthesized using the methods described below, together with syathetic
methods known 1o the art of synthetic organic chemistry, or variations thercon as
appreciated by those skilled in the ast. Preferred methods inclade, but are not linuted to,
those described below. All references cited herein are hereby incorporated by reference
in their entirety.

The compound of this mvention may be prepared using the reactions and
techniques described in this section. The reactions are performed in solvents appropriate
to the reagents and materials employed and are smitable for the transformations being
effected. Also, in the description of the synthetic methods described below. it isto be
understood that all proposed reaction conditions, including choice of solvent, reaction
atmosphere, reaction temperature, duration of the experiment and work up procedures, are
chosen 1o be the conditions standard for that reaction, which should be readily recognized
bv one skilled i the art. It 1s understood by one skilled in the art of organic synthesis that
the functionality present on various portions of the molecule must be compatible with the
reagents and reactions proposed. Such restrictions to the substituents that are compatible
with the reaction conditions will be readily apparent to one skilled in the art and alternate
methods must then be used. This will sometimes require a judgroent to modify the order
of the svanthetic steps or to select one particular process scheme over another n order to
obtain a compound of the invention. It will also be recognized that another major
consideration in the planning of any synthetic route in this ficld is the judicious choice of
the protecting group used for protection of the reactive functional groups present in the
compound described in this invention. An authoritative account describing the many
ahcmatives to the trained practitioner 1s Greene and Wuts (Protective Groups In Organic
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Synthesis, Fourth Edition, Wiley and Sons, 2007).

EXAMPLES

The following example illustrates the particular embodiments of the present
mvention and do not limit the scope of the present invention. Chemical abbreviations and
symbols as well as scientific abbreviations and symbols have their usval and customary
meanings unless otherwise specified. Additional abbreviations employed i the
Examples section and clsewhere in this application are defined below. The compound of
the Example and intermediates are identified by the example and step in which they were
prepared {e.g., “1-A” denctes the Example 1, step A}, or by the example only where the
compound is the title compound of the example (for example, “1” devotes the title
compound of Example 1}. In some instances, alternate preparations of intermediates or
examples are described. Frequently chemists skilled i the art of synthesis may devise
alternative preparations which may be desirable based on one or more considerations such
as shorter reaction time, less expensive starting materials, ease of operation or isolation,
tmproved yield, amenable to catalysis, avoidance of toxic reagents, accessibility of
specialized instrumendation, and decreased number of linear steps, etc. The intent of
descrbing alternative preparations is to further enable the preparation of the examples of
this vention. In some instances, some functional groups in the outhined examples and
claims may be replaced by well-known bicisosteric replacements known in the art, for

example, replacement of a carboxylic acid group with a tetrazole or a phosphate moiety.

ABBREVIATIONS
ACN acectonitrile
BISPIN bis{pinac

CatacXwm-PD-G3 Mesvlate[(di( 1 -adamantyD-n-butylphosphine)-2-(2-amino-1,1'-

biphenvipalladiomdd])

Chi carbonylditnidazole

DBU 1,8~diazabicyclof 5. 4. 0lundec-7-ene
bBCM dichloromethane

DIPEA N N-diisopropylethylamine

DME dimethyl ether
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DMF
DMSO
dppf
EtDAc
HPLC
Me
McOH
min

mL
NHsQAc
NMP
Pd{dppfi(h
SEM-C
TEA
TFA
THF

PCT/US2024/031532

dimethylformanide

dimethyl selfoxide
bis{diphenylphosphmo)ferrocene

ethyl acetate

High Performance Liquid Chromatography
methyl

methanol

minute{s}

aulliliter{s)

N-chlorosuccinimide

ammonium acetate

Nemethylpyrrolidinone

[1, P -bis{diphenylphosphinciferrocene jdichioropalladium(IT)
2-trirnethylsilyhethoxymethyl chioride
tricthylamine

tnifluoroacetic acid

teteahydrofuran

Analytical LCMS conditions

Method A: ACQUITY UPLC® BEH CI8 (3.0 x 50 mum} 1.7 umy; Mobile Phase
A: 955 wateracctoniirile with 2.5 mM NHiQOAc; Mobile Phase B: 5:95 water:acctontirile
with 2.5 mM NHiOAc; Temperature: 40 °C; Gradient: 20 9B to 100 %B over 2 mun;
flow: 0.7 mL/min; Detection: MS and UV (220 nm).

Method B: Coluomn-Kinetex XB-LC18 (75 X 3 mm-2.6 wm); Mobile Phase A: 10
mM NH«COOH in water; Mobile Phase B: Acctontirile; Gradient: 20 %B to 100 %B over

4.6 mm, Flow: 1.0 mL/min.

INTERMEDIATE A

3-(5-(2-Fluoro~-4-(4,4,3 S-tetramethyl-1, 3 2~-dioxaborolan-2-ylphenyl)-2-oxooxazol-

3CH -2 -{tnmethyisiiviethoxy ymethyDpiperidine-2,6-dione
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HsC a o O o MG
e
HaC 30 (Int-A}
Preparation of Intermediate Al 2-bromo-1-{4- bromo-2- fluorophenylethan-t-one
¢
Br\v &

N
F7O7 TBr(Int-Al)

To a stirred solution of {-{4-bromo-2-fluorophenyllethan-1-one (44 g, 203 mmol)

(¥4

in EtOAc (1000 mL), was added copper(il} bromide (91 g, 405 mumol) at room
temperature. The reaction muxture was heated at 60 °C for 16 b under argon, cooled to
room temperature, and filtered through a celite pad. The filtrate was concentrated under
vacuo. The crude product obtained was purified by flash chromatography (5107, 330 g
column, 0-10% EtOAc/pet cther) to afford 2-bromo-1-{(4-bromo-2-tluorophenvl)ethan-1-
10 one{328g, 51%) "H-NMR (400 MHz, CDCh): §4.50 (s, 2H), 7.40-7 48 (m, 2H), 7.83-
787 (m, 1H).

Preparation of Intermediate A2 3~{({2-(4-bromo-2-fluorophenyl}-2-oxoethyhaming

b0
f\‘”wﬁﬁ
NN FTN gy
H (Int-A2)

To a stirred sohution of 3-amunopiperidine-2,6-dione, HCI (2225 g, 135 mmol) n

piperidine-2,6-dione

15

THF (200 mL) was added K2CGs (20 g, 145 mmol). The reaction mixture was stirred for
15 min under nitrogen. 2-Bromo-1-(4-bromo-2-fluorophenyliethan-1-one (20 g, 67.6
nunol} was added s portions and reaction mixture was heated at 70 “C for 2 . The

20 reaction mixture was cooled to room temperature, concentrated under vacuo and dituted
with water (200 mL). The separated solid was filtered and dried under vacuo to afford 3-
{{2~4-bromo-2-fluorophenyl}-Z-oxocthylaminojpiperidine-2.6-dione {19 g, 71%).
LCMS (Method A): retention time 0.865 yomn, [M+H]" 3440,
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(1)

Preparation of Intermediate A3: 3-(5-(4~ bromo-2-~ fluorophenyvl)- 2-oxooxazol-3(2H)- yh)

-

N
o H

piperidine2 6-dione

{(Int-A3)

To a stirred solution of 3-{((2-(4-bromo-2-flucrophenyl}-2-oxoethyllammo}
piperidine-2 6-dione (30 g, 87 mumol} in THEF (300 mL}, were added Ko 05 (12.08 g, 87
mmol} and CDE (28 4 g, 175 muaol) at room temperature. The reaction mixture was
stured at the same teraperature for 16 h, concentrated under vacuo and diluted with water
(400 mL). The solid precipitate formed was filtered through Bochner funnel and dned
under vacue to afford 3-(5-{(d-bromo-2-fhuorophenyly-2-oxcoxazol-3(2H - yhpiperidine-

2,6-dione (21.1 g, 50%). LCMS (Method A): retention time 1.79 min, [M+H] 370.6.

Preparation of Intermediate Ad: 3-(5-(4-bromo-2-fluorophenyl)-2-oxooxazol-3(2H-vi}-1-
{(2-(trimethylsilyDethoxyymethylpiperidine-2, 6-dione
-

o~

= Ot
O N
Br \\ / \—\iil/ H3C

G h {(Int-A4})

To a stirred sohution of 3-(5-(4-bromo-2-tfluorophenyi}-2-oxooxazol-3(2H)-yh
piperidine-2 6-dione (10 g, 271 mmol) i THF (100 mL), were added DBU (6.12 ml,
40.6 mmol} and SEM-CH {5 77 mL, 32.5 mumnol} at -30 °C under mirogen. The reaction
was continued at same temperature for 1 h and quenched with water. The reaction
mixture was extracted with FtOAc (3 x). The combined organic laver was washed with
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuo. The
residue was purified by colomn chromatography (8102, 0-60% EtQAc/pet ether) to afford
3-{5-{4-bromo-2-fluorophenyl}-2 -oxooxazol-3(2H)-v)-1-{{2~ {nmethyisilvliethoxy)
methylpipendine-2,6-dione (6.2 g, 45%). LCMS (Method A} retention time 1.68 min,
[M+H] 5001,

Preparation of Itermediate A:
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To a stirred solution of 3-(3-{4-bromo-2-fluoropheuyi)-2-oxooxazol-3(2H-y1)-1-
((2<{trnimethylsilvlethoxy)methyDpiperidine-2,6-dione (7 g, 14.0 mmol} in anhyvdrous 1.4
dioxane (70 mL) were added BISPIN (534 g, 21.02 nuuol) and potassium acetate (1,651
g, 16.82 mmol) at room termperature. The reaction mixture was purged with argon for 10
min, Pd{dpph)Ch.DCM complex (1.026 g, 1.40 mmol) was added under argon and the
resulting mixture was heated for 1 h at 80 °C. The reaction mixture was cooled to room
temperature, diuted with EtOAc (70 nol.), filiered through celite pad and the filtrate was
concentrated under reduced pressure. The residue was purified by flash chromatography
(5i0n, 120 g column, 8-70% EtDAc/pet ether). Isclated product was stirred with diethyvl
ether for 1 b, filtered and dried under vacuo to afford 3-(5-(2-fluoro-4-(4.4,3,5
tetramethyi-1,3,2-dioxaborolan-2-vhphenvi}-2-oxooxazol-32 -y~ 1 {2 -{trimethvisily)
ethoxy ymethylpiperidine-2,6-dione {(4.85 g, 63%) as a white solid. LCMS (Method A):
retention time 2.16 nun, [M-H}" 345 2; '"H NMR (CHLOROFORM-d, 300 MHz) § 7.5-
76 ¢0m, 2H), 744 (d, TH.J=117Hz), 690 (d, IH,J=23Hz), 517(d. 2H, /=123 Hz),
482(dd, IH,J=59,127Hz), 3.56 (1, 2H, /=81 Hz), 2.9-3.1 {m, 1H}, 2.7-2.9 (m, 1H),
2.31 {brs, 2F), 1.28 (s. 12H), 0.8-0.9 (m, 2F. -0.07 (s, 9H).

EXAMPLE |

3-{S-(4-{6- Amino-5-{difluoromethoxy }-4-methylpyridin-2-v3-2-Hacrophenyi}-2-

oxooxazaol-3(2H -vlpiperidine-2 6-dione

A, {;_
w/Qr

5(1
HF2Cngy /k/‘\‘

M
Preparation of Intermediate 1A: 2 6-dichloro-4-methylpyridin-3-ol
Ci
OH

N/ |:

oA

To a stirred solution of 4-methylpyridin-3-0] {12.5 g, 115 ramol} m acctoniirile

CHs(14)

(250 mL}) was added NCS (33.6 g, 252 mmol) in small portions at room temperature. The
)
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reaction mixture was stirred at room temperature for 16 h, filtered through cehite and

concentrated under vacuo. The crude product was purified by flash chromatography

ol {10 g, 49%6) as an off-white solid. LCMS (Method A): retention time 1.07 nun,
[MH+H] 177.9; HH NMR (CHLOROFORM-d, 300 MHz) § 7.08 (s, 1H), 5.54 (br s, 1H),
2.31 (s, 3H).

Preparation of Intermediate 1B: 2 6-dichloro-3-(difluoromethoxy }-4-methylpyridine
CHs
;YCWJE\
For SN ey

To a stirred solution of 2,6-dichioro-4-methylpyridin-3-ol (7.0 g, 39.3 mmol) in
DMF (70 mL) was added potassium carbonate (13.59 g, 98 mmol} followed by sodivm
chlorodifluoroacetate (6.59 g, 43 .3 mmol). The reaction mixture was stirred at 100 °C for
2 h, cooled to room temperature and partitioned between water and EtOAc. The layers
were separated and aqueous layer was extracted with EtQAc (2x). The combined organic
phase was washed with brine, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuo to afford crude material which was purified by flash
chromatography {8102, 220 g column, 0-20% EtOAc/pet cther) to afford 2.6-dichloro-3-
(diftuoromethoxy}-4-methylpyridine (4 .67 g, 52%}) as a whitc amorphous solid. LCMS
{(Method A): retention time 1.69 min, [M+H]" 227.%; 'H NMR (CHLOROFORM-d, 300
MHz3 8 7.20 (s, TH}, 6.57 (brt, 1H, /=740 Hz}, 239 (s, 3H).

Preparation of Intermediate 1C: 6-chioro-3-{diflucromethoxy}-N-(2 4-dimethoxybenzyl}-

4-methylpyridin-2-amine

n
H C\ S /CH' .
o SATe

To a stirred solation of 2 6-dichloro-3-{difluoromethoxy)-4-methylpyridine (2.2 g,
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9.65 mmol) in NMP (8 mL) were added (2,4-dimethoxyphenyhmethanamine (1.936 g,
11.6 mmol} and DIPEA (3.37 md, 19.3 mmol) at room temperatare. The reaction
mixture was heated at 170 °C for 4 h 1n a microwave reactor. The reaction mixture was
cooled o room temperature, poured nto ice cold water, stirred for 5 mun and extracted
with EtQAc (30 mL x 3). The combined organic phase was washed with 1 N HC
solution and brine, dried over sodium sulfate, filtered and concentrated under vacuo. The
residuc was first purified by flash chromatograpby (5102, 40 g colunn, 0-20% EtQAc/pet
ether} and then with reverse phase flash chromatography (reverse phase flash method:
sample load: 6 g; colamn size: C18-750g (Silicycle}; buffer: neutral ammonium acetate;
modifier: acetonitrile) to afford 6-chloro-3-(difluoromethoxy}-N-(2,4-dimethoxybenzyl)-
4-methylpyrdin-2-anune (1.6 g, 46%) as an oft-white solid. LCMS (Method A):
retention time 1.92 min, [M+H]" 359.0; 'H NMR (400 MHz, DMSO-ds) 8 = 7.05 (4, 1H,
J=8Hzy, 6.96 (1, 1H, J=T6Hz), 6.75 (brt, ./ =58 Hz, 1H), 6.56 (s, 1H), 653 (s, IH),
6.49-6.41 {m, J=80Hz 1H), 439 (brd, J=55Hz 2H), 374 (s, 3H), 3.32 (5. 3H), 2.17
(s, 3H).

Preparation of Intermediate 1D 3-(5-(4-(5-(difluoromethoxy}-6-((2, 4-dimethoxybenzyl)
amino}~-4-methylpyridin-2-vi)-2-fluorophenyh-2-oxooxazol-3{ 2 H)-v 13- 1 (2~

(trmethyisilviethoxy) methylpiperidine-2,6-dione

H,CO
LCH;
o]
)\\/N\/ \/\SE\
/
HFC oA
HgC (1

To a stirred solution of 6-chloro-3-(difluoromethoxyy-N-(2, 4-dimethoxybenzyi)-4-
methylpyridin-Z-amine {1.0 g, 2.79 mmol) 1o dioxane (14 ml) and water (0.1 mL) was
added 3-(5-(2~fluoro-4-(4,4,5 S-tetramethyl- 1,3 2-dioxaborolan-2-vi}phenvyi)-2-
oxooxazol-3(2H-vi-1-(2-(trimethylsilvljethoxy ymethylipipendine-2,6-dione {1.385 g,
2.53 mmaol} followed by cestum carbonate (1.24 g, 3.80 mumol) at room temperatiure. The
reaction mixture was purged with argon for 10 nun, CatacXum Pd G3 (92 mg, 0.131
mmol} was added under argon and the reaction mixture was heated at 75 °C for 2h. The
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reaction mixture was cooled to room temperature, difuted with EtQAc, dned over
anhydrous NaxSCOs and filtered through celite pad. The filtrate was concentrated vnder
reduced pressure and the residue was purified by flash chromatography (85102, 80 g
column, 0-3% MeOMH/DCM) to afford 3-(5-(4-(S-{difluoromethoxy}-6-((2.4-
dimethoxybenzyllamino}-4-methylpyridin-2-yi}-2-flucrophenyl)-2-oxooxazol-3(2H)-y1}-
1-{(2~(trimethyisitylethoxy methyDpiperidine-2,6-dione (1.1 g, 58%) as a pale
amorphous solid. LCMS (Method A): retention time 2.20 min, [M+AH]™ 743.3; TH NMR
(400 MHz, DMSO-de) § 7.95-7.85 {m. 2H), 7.64-7.58 (m, 2H), 7.21-7.16 (m, 2H), 6.99 (1,
1H, J= 76 Hz}, 6.64-6 55 {1, 2H), 643 (dd, J= 2.3, 8 3 Hz, 1H}, 5.27-53.15 (m, 1H),
5.12-5.04 (m, 2H), 4 56 (d, J = 6.0 Hz, 2H), 3.86 (s, 3H). 3.71 (s, 3H), 3.61-3.49 (m, ZH),
3.10-2.99 (m, 1HD), 2.87-2.77 (m, 1H}, 2.66-2.53 (ra, 1H), 2.25 (5, 3H), 2.22-2.14 (m, 1H),
0.92-0.82 (m, 2H), -0.01 (s, 9H.

Preparation of Tntermediate 1E: 3-(5~{4-(6-amino-5~{difluoromethoxv}-4-methyipyridin-
2-viy-2-fluorophenyl}-2-oxooxazol-3(2 H-vij-1 ~(hyvdroxymethyDpiperidine-2,6-cdione
H4C F

— O\fo 5
\'\—‘&‘Q“‘M‘VNMJJ\ N
[ N oH
\/4{\0 1B

To a stirred solution of 3-(5-{4-(3-{difluoromethoxy}-6-((2 4-dimethoxybenzyl}
amino}-4-methylpyridin-2-vi}-2-floorophenyh}-2-oxooxazol-3(2H)-y1}- 1 -{(2-
(trimethylsilyhethoxymethylpipendine-2,6-dione (7.0 g, 9.42 mmol) i anhydrous
DCM (60 ml) was added TFA (14.5 ml, 188 yomol) at 0 °C under nitrogen. The reaction
was slowly wamed to room temperature and stirred for 2 h. The reaction mixture was
concentrated under reduced pressure and co-evaporated with DME (3 times). The residue
was stitred with dicthvl ether for 30 min at room temperature, separated solid was
filtered, washed with diethyl ether and dried under vacuo to afford 3-(8-(4~(6-anuno-5-
{(difluoromethoxy}-4-methylpyridin-2-vi)-2-tfluorophenyh-2-oxooxazol-3(2H)-v1}-1-
(hydroxymethylpiperidine-2,6-dione which was used as such 1n the next step. LCMS

{(Method A): retention time 1.51 min, [M+H]" 493 1

Example 1
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To a stirred solution of 3-{3-{4-{6-amino-5-(difluoromethoxy)-4-methylpyndin-2-
yi)-2-fluorophenyi)-2-oxooxazol-3(2H)-y1)- 1 -(hydroxymethylipiperidine-2 6-dione (492
mg, 1.0 mmol} m DME (5 mL) was added N N -dunethylethviencdiamime (0.538 mi.,

5.00 mmol} at 0 °C. The reaction mixture was warmed o room temperature and stirred

A

for 1 h. The reaction mixture was cooled to 0 °C. The reaction was quenched with the

addition of acetic acid {0.572 mL, 10 mmol). The reaction mixture was concentrated

under reduced pressure. The residuc was dissolved in DMSO and punitied by reverse
phase prep-HPLC {column: SunFire C18 (150 mm <19 mm ID, 5 ym}, mobile phase A=

10 mM ammonium acetate in water, mobile phase B = acetonitnie, flow 20 mE/min,

16 gradient - 0 miwd0% B, 153 mmn:50% B, 15.1 min: 100% B) to afford 3-(3-{4-(6-amino-5-
(difluoromethoxy}-4-methvilpyndin-2~vl)-2~-fluorophenvyi)-2-oxaoxazol-3(2H)-vl)
piperiding-2 6-dione (110 mg, 23.8%) as a white solid. LCMS (Method B): retention
time 1.29 min, [M+H]" 463.15; "H NMR (400 MHz, DMSO-ds) & 10.90 (br s, 1H), 7.96-
7.93 (m, H), 792(dd. J=14, 7.1 Hz, 1H), 7.67-7.61 {m, ZH), 7.20 (s, 1H}, 7.13-6.73

15 (m, 1H), 6.09(s, 2H}, 5.07 (dd, J= 53, 13.0 Hz, 1H), 2.94-2 82 (m, 1), 2.66-2.54 (m,

2HY, 2.25 (3, 3H3, 2,13 (td, /= 5.0, 10.2 Hz, 1H).

COMPARATIVE COMPOUND A

3-{2-oxo-3-phenvioxazol-3(2H)-vljpiperidine-2 6-dione

A

O
20

3-{2-oxo-S-phenvioxazol-3(2H-ypiperidine-2 6-dione 15 disclosed as compound
number §-33 in WO 2019/060693 Al

Preparation of Intermediate 3A: fert-butyl S-amino-5-0x0-4-{({2-ox0-2-phenylethyl)
25 amincjpentancate

CHg

o 0
N M Acchg

AR
07 "NH, (3A)

To a stirred suspension of 2-bromo-1-phenylethan-1-one (200 mg, 1.0 mmol) and
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tert-butyl 4,5-diamino-3-oxopentanoate, HCL (360 mg, 1.5 mmol) wn anhydrous
acetomitnle (4.5 mL) was added sodium iodide (181 mg, 1.21 mmol} at 0 °C under argon.
The reaction muxture was stirred for 5 min at the same temperature. DIPEA (351 pl.,
2.01 mmol} was added drop wise to the reaction mixture. The reaction mixture was
continued to stir at 0 °C for 2 h. The reaction mixture was warmed (o room temperature
and stirred overnight. The reaction was guenched with the addition of 10% sodium
bisulfite solution. The mixture was extracted with DCM (3 x 10 mL). The combined
organic phase was washed with water and brine, dried over anhvdrous NaxSQu, filtered
and concentrated under vacuo to afford fert-butyl S-amino-S-oxo-4-((2-ox0-2-
phenylethyljaminopentancate (322 mg, crude). LCMS (Method A): retention time 1.215

min, [M+H]" 321 1.

Preparation of Intermediate 3B: fer-butyl S-amino-5-oxo-4-{2-oxo-3-phenvioxazol-

3Q2H)-vhpentanoaie

(3B)

To a stirred solution of ferr-butyl 5-amino-5-ox0-4~{{2-oxo-2-phenylethyvyanmino}
pentanoate {322 mg, 1.0 mmol} in anhydrous DMF (7 mL) were added CDI (407 mg, 2.5
mmol} and triethylamine (420 ul, 3.0 mmol} at 0 °C under argon. The reaction mixtare
was slowly warmed 1o room temperature and stirred overnight. The reaction was
quenched with the addition of ice~cold water. The reaction muxture was extracted with
EtQAc 3 x 15 mL). The combined organic phase was washed with water and brine
solution, dried over anhydrous Na:8Q4, filtered and concentrated under vacuo. The
residue was purificd by flash chromatography (5:10r, 24 g column, 0-100% EtOAc/pet
gther) to afford fert-butyl 5-amino-53-oxo-4-(2-ox0~-3-phenyvloxazol-32H-vhipentanoate
{155 mg, 44%). LCMS (Method A): retention time 1.33 min, [M+Na]™ 369.2; 'H NMR
{(DMSO-ds, 300 MHz} 8 7.75 (5, 2H)}, 7.5-7.6 {m, 2H), 742 (1. 2H. J= 7.5 Hz), 73-7 4
{m, ZH), 4.50 (dd, IH, /=473, 10.1 Hz), 22-2.3 (m, 3H), 2.0-2.1 {m, 1H), 1.38 (s, 9H).
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Comparative Compound A:

To a stirred solation of rers-butyl S-aminc-5-ox0-4-(Z-oxo-5-phenyloxazol-3(2H}-
vhipentanoate {150 mg, 0.43 mmol) 10 acetonitnile (3.0 mL) was added methanesulfonic
acid (42 ul., 0.65 mmol) at room temperatare. The reaction mixture was heated at 90 °C
for 1 h, cooled to room temperature, concentrated vnder vacuwo and the residue was
purified by reverse phase prep-HPLC (X-Bridge Phenyl C18 { 2530 nun* 19 mm) 5 wm:
mabile phase A: 10 mM ammonium acetate in water, mobile phase B ACN; flow rate:
20.0 mL/min; gradient Time/%B: 0/30, 15/43, 15.1/100} to afford 3-(2-0x0-5-
phenyloxazol-3(2H}-vhpiperidine-2 6-dione {23 mg, 21%) as a white solid. LCMS
(Method A): retention time 1.582 min, [M+H]" 273.20; TH NMR (400 MHz, DMSO-d¢) &
= 1102 (brs, 1H), 7.70 (s, 1H), 7.52-7.47 (o, 2H), 7.47-7 .42 {m, 2H), 7.35-7.30 (o, 1H),
503 (dd, S =5.3, 13.3 Hz, 1H), 2.95-2.84 (m, 1H}. 2.68-2.60 (m, 1H), 2.48-2.35 (m, 1},
221-2.31 (m, 1H).

COMPARATIVE COMPOUND B

3+(5-{4-bromo-2-fluorophenyi}-2-oxooxazol-3{2H}-yDpiperidine-2, 6-dione

A
N =0
@H*/ {:ﬁ

/}i\ﬁ’/)\ = ?

Br
Preparation of Intermediate 4A: 3-(5-{4-bromo-2-fluorophenyl)-2-oxooxazol-3(2H)-vi}-1-

(hydroxymethyvipipenidine-2,6-dione

g™
Rases

N7 OH
o (4A)

To a stirred solation of 3-(5-{4-bromo-2-fluorophenyl}-2-oxooxazol-3(2H}3-y1)-1-
({2~{trimethylsilvllethoxy)methyDpiperidine-2 6-dione (200 mg, .4 muncl) in anhydrous
DCM (2.0 mL) was added TFA (0.154 mL., 2.0 nunol) at room temperature. The reaction
mixture was stirred at room temperature for 2 b, concentrated ander vacuo and the residue
was co-gvaporated with BDME (4 ») to afford 3-(5-{4-bromo-2-fluorophenyi-2-
oxooxazaol-3(2H-vi- | -(hydroxymethyDpiperidine-2 6-dione {150 mg, 94%). LCMS
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{Method A): retention time 1.37 min, [M+Naf" 423 1.

Comparative Compound Bt

To a stirred solution of 3-(5-{(4-bromo-2-flucrophenyl)-2-oxcoxazol-3(2H}-vi)- 1~
(hydroxymethvlpiperidine-2,6-dione {180 mg, 0.45 mmol) in anhydrous DME (2255 ul))
was added N N'-dimethylethane-1.2-diamine (199 mg, 226 mmol) at ¢ °C under nitrogen.
The reaction mixture was warmed to room temperature and stivred for 30 min, cooled to 0
°C, acidified with acetic acid (258 ul., 4.3 mmol} and then concentrated under vacuo
{bath temp < 30 °C). The residuc was purified with reverse phase prep-HPLC {method:
colurmn: X-Bridge Phenyl {19 mm x 250 mm™*5 pm); mobile phase A: 10 mM ammoniom
acetate in water, mobile phase B: ACN: flow rate: 20 mL/min; gradient condition
{Time/%BY: 0/30, 14/51, 14.1/100) to afford 3-(5-(4-bromo-2-fluorophenyi}-2-oxooxazol-
3QH-yDpiperidine-2 6-dione {67 mg, 40%;). LCMS {(Mcthod A): retention time 2,155
min, [M-H{™ 366.8; "H NMR (400 MHz, DMSO-ds) §= 11,13 (brs, 1H), 7.75-7.70 {m,
1H), 766 (d,J=30Hz, 1H), 753 (s, 1H), 752 (d. J=5.1 Hz, 1H}, 5.06 (dd, J= 53,
133 Hz, 1H), 2.94-2.80 (m, 1H}, 2.70-2.54 (m, 2H), 2.16-2.08 (m, 1H).

Analytical LCMS conditions

Method A: ACQUITY UPLC® BEH C18 (3.0 x S0 mm} 1.7 wm; Mobile Phase
A 95:5 wateracctoniirile with 2.5 mM NHsOQAc; Mobile Phase B: 5:95 water:acctontirile
with 2.5 mM NHsOAc; Temperature: 40 °C; Gradient: 20 %B to 100 %B over 2 min;
flow: 0.7 mL/mun; Detection: MS and UV (220 nm).

Method B: Colamn-Kinetex XB-C18 (75 X 3 mm-2.6 wm); Mobile Phase A: 10
mM NH«COOH in water; Mobile Phase B: Acctonitrile; Gradient: 20 %B to 100 %B over

4.6 min, Flow: 1.0 mL/mun.

BIOLOGICAL ASSAYS
The pharmacological propertics of the compound of this invention may be
confirmed by a number of biological assays. The exemplified biological assays, which

follow, have been carried out with a compound of the invention.

JURKAT CELLULAR DEGRADATION ASSAY
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Jurkat cells were plated at 80,000 cells/well m 40 pL RPMI + 10% FBS in a 384-
well cell colture plate prior to using acoustic dispensing technology for adding a
compound of nterest. Cell cultures were incubated for 72 hoat 37 °C and 5% CO2. In
order to facilitate analvsis, cell cultures were spun down at 200 rpm for 5 min and the
supernatant was discarded. After shaking the plate to dislodge the cell pellet, cells were
resuspended in 530 ul of Fixation Buffer {(eBioscience FoxP3 buffer set 0-5523-00) for
60 min at room temperature, After contrifuging and discarding the supematant, cells
were permeabilized with 50 L. of Permeabilization buffer (eBioscience FoxP3 buffer set
00-3523-00) for 10 min at room temperatere. Following permeabihization, cells were
spun down and the supematant was replaced with 20 ub fluorescently labelled antibodies
against Helios, Tkaros and Aiolos or corresponding Isotype controls in 1%
Permeabilization buffer (Fkaros-Alexad88 [Biclegend, Cat #368408, 150}, Helios-PE
[CST, Cat #29360, 1:30], Aiolos-Alexa647 [Biolegend, Cat #371106 Biolegend, 1:231)
and staining reactions were incubated for | b at room teraperature while protected from
light. Subsequently, 30 ul. of [ x Permeabilization buffer was added prior to centnfuging
the cells and discarding the supematant. Stained cells were resuaspended in 25 pyl of flow
cytometry staining buffer [PBS + 0.2% bovine serum albumin (BSA)| and analyzed using

an Intellicyt Ique Plus flow cytometer.

TABLE A-1

Jurkat Cellular Degradation Assay: Maximum Observed Degradation

IKZF1 IKZF2 IKZF3
. fkaros Helios Aiolos
Ex. No. ) o o
max % deg. max % deg. max % dog.
observed observed observed

1 70% 93% 52%
Coraparative Compound A 57% 27% 46%
Comparative Compound B 17% 1% 15%

Table A-1 lists the maxuoum observed degradation of the IKZF1 protein, IKZFZ

protein, and IKZF3 protein as measured in the Jurkat Cellular Degradation assay. The

results in Table A-1 were rounded to two digits. In the Jurkat Cellular Degradation assay,
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a value of 100% indicated no detectable protein remaming or complete degradation of the

protein; and a value of (1% indicated no detectable degradation of the protein by the test

compound, o the study reported in Table A-1, Example | was observed to degrade

greater than 90% of the IKZF2 (Helios) protein. In contrast, the Comparative Compound

5 A and Comparative Compound B were observed to degrade less than 30% of the IKZF2
protein.
TABLE A-2
Jurkat Cellular Degradation Assay: DCso”
IKZF1 IKZF2 IKZF3
Ex. No. tkaros Helios Aiolos
DCso (WY DCso (nM) DCso (nM)
i 749 17.9 9,010
Comparative Compound A 1320 >10,000 >10.000
Comparative Compound B >10,060 >10.000 >10,000
*DCso 15 defined as the concentration of compound required fo reduce levels of a given
protein by 30% compared to treatment with DMSO alone.
HUMAN REGULATORY T CELL DEGRADATION ASSAY
Cryopreserved homan regulatory T cells were thawed m RPMI + 10%FBS + 20
5 pg/mb IL-2. After being spun at 1200 rpm for 5 mins, the cells were resuspended in

RPMI + 10% FBS+ 20 ng/mb and rested at 37 °C with 5% COq for 3 hours. The cells
were then plated at 40,000 celis/well in 40 ul RPMI + 10% FBS + 20 ng/mL luman 1L-2

it a 384 well cell culture plate prior to using acoustic dispensing technology (ECHQO 555)

for adding compounds of interest. Cell cultures were incubated for 20 hours at 37 °C and

20 5% CO2 In order to facilitate analysis, cell cultures were spun down at 1200 rpm for 5

minutes and the supematant was discarded using an EL406 plate washer. After washing

three times with 70 uL PBS, cell pellets were resuspended in 50 pL of near IR viability

staining sclution (Life Technologies, Cat#f 134975} and incubated for 30 minutes on ice

protected from light. Cells were washed three times with 70 ul. PBS + 0.5% BSA using

(]

an ELA406 plate washer. After shaking the plate to dislodge the cell pellet, cclls were

resuspended in 50 pl of Fixation Buffer (eBioScience FoxP3 buffer set 00-5523-00) for
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60 mimutes at room temperature. After centrifuging and discarding the supernatant, cells
were permeabilized with 50 ub of permeabilization buffer (eBioScience FoxP3 buffer set
(0-3523-00) for 10 nunuies at room temperature. Following permeabilization, cells were
spun down and the supernatant was replaced with 30 ul. fluorescently labelled antibodies
against the mtracellular targets Helios (Helios-APC [BioLegend, Cat# 137222, 13033,
Aiolos, and Tkaros Ix Permeabilization buffer and staming reactions were incubated for 1
hour at room temperature; protected from light. Subsequently, 30 ul of Ix
Permeabilization buffer was added prior to centrifuging the cells and discarding the
supernatant. Stained cells were resuspended in 30 pL of flow cytometry staining buffer

(PBS + 0.5%B5A} and analvzed using an Intellicyt Ique Plus flow cytometer,

TABLE B-1
Human Regulatory T Cell Degradation Assay: Maximum Observed Degradation
) IKZFT Hkaros IKZF2 Helios
Ex. No.
max % deg. observed max % deg. observed
i 46% 90%
Comparative Compound A 24% 57%
Comparative Compound B 47% 25%

Table B-1 lists the maximum observed degradation of the TKZF | protein and
IKZF2 protein as measured in the Human Regolatory T Cell Degradation assay. The
resufts in Table B-1 were rounded to two digits. in the Human Regulatory T Cell
Degradation assay, a value of 100% indicated no detectable protein remamning or
complete degradation of the protein; and a value of 0% indicated no detectable
degradation of the protein by the test compound. In the study reported  Table B-1,

Exaraple | was observed to degrade 46% of the IKZF | (Ykaros) protem.

TABLE B-2
Human Regulatory T Cell Degradation Assay: DCso”
) IKZF1 Tkaros IKZF2 Helios
Ex. No. !
DCse (nM) DCse (nh)
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i >10,000 0.68
Comparative
‘ >10,000 >10,000
Compound A
Comparative
>10,000 >10,000
Compound B

*DC30 15 defined as the concentration of compound required to reduce levels of a given

protein by 50% compared to treatment with DMSO alone.

HUMAN REGULATORY T CELL REPROGRAMMING ASSAY

Human D47 T cells were isolated from fresh healthy leukopaks {Steracell
Technologies) using the RosetteSep Human CD4™ T cell enrichment cocktail (Stemeell
Technologtes} and Ficoll density gradient centrifugation. Leukopaks were diluted with an
cqual volume of phosphate-buffered saline (PBS {Gibeo}) supplemented with 2% fetal
bovine serum {FBS, VWR Lifescience) and incubated with RosetteSep Human CD4* T
cell ennchment cocktail for 20 nunutes before layering on Ficoli~-Paque Plus solution (GE
Health Care). The cell-nch mierface layer was harvested and washed twice with FBS
supplemented with 2% FBS. Regulatory T cells were then isolated mwanually using the
BasySep Human CD4°CDI27VCD25" Regulatory T cell isolation kit {Stemeell
Technologies} according to the manufacturer’s nstructions. Cells were rested overnight
in Roswell Park Memorial Tnstitute (RPMI) 1640 media (Gibeo) supplemented with 10%
FBS, Pen/Strep (Gibeo), MEM-NEAA (Gibeo), and sodium pyruvate {Gibcoy in a
hunudified meunbator (37 °C, 5% C02). Cells were then stained for CD4 (clone: RPA-T4,
Biolegend}, CD235 {clone: 2A3, BD Biosciences), and CD127 {clone: hiL-7TR-M21, BD
Biosciences). CD4'CDI2T"MID25" cells were sorted on a B[ FACS Arxia Fusion sorter
1o a purity of 95% or greater. Sorted cells were immediately used or cryvopreserved for
downstream assays.

Fresh or cryopreserved FACS-sorted CD4'CDI27VCD25" Treg cells were
cultured at 23,000-50,000 cells/well of 96-well round bottom plates in RPMI 1640 redia
{Gibeo) supplemented with 10% FBS, Pen/Strep (Gibeo), MEM-NEAA (Gibeo), and
sodium pyruvate {Gibeo). Cells were stimulated with Treg Xpander beads (Thermo
Fisher} at cells-to-beads ratic of 1:4 i the presence of 300 U/mL recombinant human IL-
2 (Proleukm). Compounds were added at titrated doses and cells were incubated at 37
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°C, 5% CO2 for 12-13 days. Recombinant human IL-2 and compound were replenished
every 2-3 days during the entire culture doration. On day 12 or 13, celis were
restimulated with phorbol 12-myristate 13-acetate (PMA) and 1onomycin in the presecoce
of the proten transport inhibitors brefeldin A and monensin (eBioscience Cell
Stimulation Cocktail plus protein transport tnhibitors, 500x, Catalog number 00-4975-93)
before proceeding with flow cytometry staining and analysis.

For flow cytometry statning, colis were washed twice with flow cytometry
staining buffer (Themmo Fisher) and incubated in Human Tru-stain Fe block (Biolegend)
for 10 mimutes before adding eFhuor780 viability dye (Thermo Fisher) and surface marker
antibody cocktail for 30 vumites at 4 °C. Cells were then fixed and peomeabilized by
mcubation with FoxP3 transcription factor staiming buffer (Thermo Fisher) for 30 mumutes
at 4 °C as per the kit manufacturer’s instructions. Cells were washed twice with the
Perm/Wash buffer supplied in the kit as per the manufacturer’s tnstructions and incubated
overmight at 4 °C with an intracelivlar antibody cocktail comprised of antibodies specific
for the transceription factors shown in Table €. Cells were washed twice with Perm/Wash
buffer and resuspended in flow cytometry staining buffer (Thermo Fisher) prior to
acquisition. Sample acquisition and analysis was performed using a BD LSRFortessa
(BD Biosciences) flow cytometer. Single stain controls for each flucrochrome were
prepared using UltraComp eBead Compensation Beads {Thermo Fisher}. Data were

analyzed using Flowlko version 10 and GraphPad Prism Software.

TABLEC

Antibodies Used for Flow Sorting and Analysis
Marker Fluorochrome
Viability cFluor780
D3 BUV393
Ch4 BUVS0S
D8 FITC
Co2s BY606
FoxP3 BvV421
HELIOS PE-Cy7
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Marker Fluorochrome

EGS PE

TABLE C-1

Human Regulatory T Cell Reprogramming Assay-Maximum Observed

Degradation
IKZF2 Hehos {KZF4 Eos
Ex. No. )
max % deg. observed max % deg. observed
| 86-92% 68-T1%
Comparative Compound A 1% 0%
Comparative Compound B 6% 1%

(93}

Table C-1 lists the maximurn observed degradation of the IKZF2 protein and

TKZF4 protein as measured in the Human Regulatory T Cell Reprogramming assay. The

results in Table C-1 were rounded to two digits. In the Human Reguolatory T Cell

Reprogranuning assay, a value of 100% indicated no detectable protein remaining or
10 complete degradation of the protein; and a value of 0% indicated no detectable
degradation of the protein by the test compound. In the study reported m Table D-1,
Example | was observed to degrade 86-92% of the IKZF2 (Helios) protein and 68-71%
of the IKZF4 (Eos) protein. In contrast, the Comparative Compound A and Comparative
Compound B were observed to degrade 6% or less of the IKZF2 (Hehos) protein and
11% or less of the IKZF4 (Eos} protein,

[
W

TABLE C-2

Human Regulatory T Cell Reprogramming Assay: DCso”

IKZF2 Helios TKZF4 Eos
Ex. No.
DCso (nM) D0 (nM}
{ 11-14 0.45
Comparative Compound A >10600 >1000
Comparative Compound B >1600 >1000

*DCs0 15 defined as the concentration of compound required to reduce levels of a

20 given protein by 50% compared to treatment with BDMSQ alone.
=
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HUMANCDS T CELL DEGRADATION ASSAY

Crvopreserved healthy donor human peripheral blood mononuciear cells (PBMC)
from healthy donors were thawed and seeded at 500,000 cells/well of 96-well round
bottom plates in RPMI 1640 media {Gibeo) supplemented with 10% FBS, Pen/Strep
{Gibeo), MEM-NEAA (Gibeo), and sodivun pyruvate {(Gibeo). Celis were treated with
titrated doses of coropound for 24 hours at 37 °C, 3% CO; before analyvzing by flow
cytometry.

For flow cytometry staining, cells were washed twice with flow cvtometry
staining buffer (Thermo Fisher) and incubated in Human Tru-stain Fo block (Biolegend)
for 10 minutes before adding eFluor780 viability dve (Thermo Fisher) and surface marker
antibody cocktail containing LD-eFluor780, CB3-BUV-385, CD4-BUVE0S, CDS-FITC,
and CD25-BV6035 for 30 minutes at 4 °C. Cells were then fixed and permeabilized by
mncubation with permeabilization buffer (cBioscience FoxP3 buffer set 00-5523-00) for
30 mintes at 4 °C as per the kit manufacturer’s mstructions.  Cells were washed twice
with the Perm/Wash buffer supplied in the kit as per the manufacturer’s mnstructions and
incubated overnight at 4 “C with an intracellular antibody cocktail comprised of
antibodies specific for the transcription factors (1.¢. . Foxp3-BV421, HELIOS-PE-Cy7,
EGS-PE, IKAROS-PECEF5%4, AIGLOS-AF647). Cells were washed twice with
Perm/Wash buffer and resuspended in flow cyiometry staining butfer (Thermo Fisher)
prioT to acquisition. Sample acquisition and analysis was performed using a BD
LSRFortessa (BD Biosciences) flow cytometer. Single-stan controls for each
fluorochrome were prepared using UltraComp ¢Bead Compensation Beads (Thermo

Fisher}. Data were analyzed using Flowlo version 10 and GraphPad Prism Software.

TABLE D-1

Human CDR" T Cell Reprogramming Assay-Maximum Observed Degradation

Ex. Neo. IKZF1 Tkaros | HCZF3 Aiolos
i 69% 69-74%
Comparative Compound A 74% 80%
Comparative Compound B 17% 0%

80



WO 2024/249540

TABLE D-2

Human CD8" T Cell Reprogramming Assay: DCso”

IKZF1 tkaros | IKZF3 Aioclos
Ex. No. )
DCso (aM) DCso (1M}
1 64-94 22-25
Comparative Compound A 113 21
Comparative Compound B >1000 >1000

*DCs0 15 defined as the concentration of compound required to reduce levels of a

given protein by 50% compared to treatment with DMSO alone.

W

Table D-1 lists the maximum observed degradation of the IKZF1 protein and
IKZF3 protein as measured in the Human CD8" T Cell Reprogranuming assay. The
results in Table D-1 were rounded to two digits. In the Human €D T Cell
Reprogramming assay, a value of 100% indicated no detectable protein remaining or
10 complete degradation of the protein; and a value of 0% indicated no detectable
degradation of the protein by the test compound. Example | was observed o degrade 68~

699% of the IKZF1 (Tkaros) protein, and 69-74% of the IKZF3 protein.

TABLEE
15 Maximum Observed Degradation of TKZF1-4: Comparison of Example | and

Comparative Compounds A and B

PCT/US2024/031532

iKZF1” IKZF2™ IKZF3" IKZF4™
Tkaros Helios Aiclos Eos
Ex. No. ) ,
max % deg. max % deg. max % deg. max % deg.
observed observed observed observed
i 69% R65-92% 69-74% 68-71%
Comparative B
i 74% 1% 80% 0%
Compound A
Comparative
17% 6% 0% 1%
Compound B

TKZF 1 and IKZF3: Human CD8™ T Celi Reprogramming Assay (D-1)
IKZF2 and IKZF4: Fhaman Regulatory T Cell Reprogrammuing Assay (C-1)
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Example 1 has been compared to Comparative Compound A disclosed in WO
2019/060693 Al and Comparative Compound B, and has been found to be especially
advantageous. Example | has the surprising advantage of decreasing the levels of the
four IKZF1-4 proteins tkaros, Helios, Aiolos, and Hos. As shown in Tables C-1 and D1
in the reported tests: (i) Example 1 decreased the level of IKZF1 (Tkaros) by 69% (Table
D-1); (1) Example 1 decreased the level of the IKZF2 (Hehos) protein by 86-92 % (Table

(iv} Example 1 decreased the level of IKZF4 (Eos) by 68-71% {Table C-1}. In contrast,
in similar tests, Comparative Compound A and Comparative Compound B decreased the
fevel of IKZF2 (Helios) protem by 6% or less {Table C-1) and decreased the level of
IKZF4 {Eos) by 11% or less (Table C-1}.

The present invention fills the foregoing need by providing a compound that is

usetuld to decrease the levels of the four IKZF 1-4 proteins Tkaros, Helios, Aiolos, and Eos.
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CLAIMS
‘What 1s claimed 1s:

5 1. A compound of Formuala (I):

Vo o
HaGo Sy " F
&
HFQCNC}H\T&
NH; (D

or sterecisomers, tautomers, or salts thercof.

2. The compound according to claim 1, or stereoisomers or tautomers thereof,

10
3. The salt of the compound according to claim 1, or stercoisomers or tautomers thereof.
4. The pharmaceutical salt of the compound according to claim 1, or stereoisomers or
tautomers thereof.

135

5. The compound according to claim 1, or sterecisomers, tavtomer, or salis thereof,

having the structure:

o]
Q”/(NE% ﬂ>:
S O
Ny X e}

HF2C\ gz N
NHy

20 6. A pharmaceutical composition comprising a compound according to any one of claims
1-5, or stercotsomers, tantomers, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.
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7. A pharmaceutical composition comprising a compound according to claim 2, or

stereoisomers or tautomers; and a pharmaceutically acceptable carrier.

8. A pharmaceutical composition comprising a pharmaceutical salt of the compound
according to claim 4, or stercoisomers ot tautomers thereof; and a pharmaceutically

acceptable carrier.

9. Use of a compound, or stereoisomers, tautomers, or pharmaceutically acceptable salts

thereof. according to any one of claims 1 to 5 for the treatment of cancer.

18, The use of claim 9, wherein said cancer is selected from cancer of the colon, gastric,
pancreatic cancer, breast cancer, prostate cancer, lung cancer, ovarian cancer, cervical

cancer, renal cancer, cancer of the head and neck, lyraphoma, leukemia, and melanoma.

11, A method for the treatment of cancer, in a patient comprising administering to said
paticnt a therapeutically effective amount of a compound, or a stereoisomer, a tautomer,

or a pharmaceutically acceptable salt thereof according to any one of claims 1 to 3.

12. The method according to claim 11 wherein said cancer is selected from cancer of the
colon, gastric, pancreatic cancer, breast cancer, prostate cancer, lung cancer, ovanan
cancer, cervical cancer, renal cancer, cancer of the head and neck, lvmphoma, leukemia,

and melanoma.

13. The method according to clavn 11 wherein said cancer is selected lymphoma,

leukemia, and multiple myeloma.

14, The raethod according to Claua 11 further comprising adounisicring to said patient a
therapeutically effective amount of a second agent, wherein said second agent is selected
from an antagonist of PD/PD-L1 axis, an antagonist of CTLA4, a chemotherapeutic
agent, radiation, or an anti-fumor vaceine, prior to, simultancously with or after
adounistration of said compound.
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15, A method for the treatment of cancer, in a patient comprising administering to said
paticnt a therapeutically effective amount of an agent to decrease the fkaros, Helios,
Aiolos, and Eos protein levels, wherein said agent is a compound, or a stereoisomer, 3
tautomer, or a pharmaceutically acceptable salt thereof according to any one of claims 1

to 5.

16. The method according to Clanmn 15, wherein:
a} sard Tkaros protein 1s the aming acid sequence encoded by SEQID NQOs: 1,2, 3,4, 3,
or &;
b) said Helios protein is the amino acid sequence encoded by SEQ 1D NOs: 7.8, 9, 10,
or 11,
¢} said Aiolos protein is the amino acid sequence encoded by SEQ 1D NOs: 12, 13, 14,
15,16, 17, 18, or 19; and

d) said Eos protein is the amino acid sequence encoded by SEQ ID NOs: 20 or 21,

17. The method according to claim 15, wherein
a} said Tkaros protein level is decreased by at least 30 %,
b) said Helios protein level is decreased by at least 50 %,
¢} said Atolos protein level is decreased by at least 30 %; and

d) said Eos protein level is decreased by at least 30 %.

18. The method according to claim 15 further comprising administering to said patient a
therapeutically effective amount of a second agent, whercin said second agent is selected
from an antagonist of PDI/PD-L1 axis, an antagonist of CTLA4, a chemotherapeutic
agent, radiation, or an anfi-tumor vaceine, prior to, simultancously with or after

administration of said compound.
19. A method of decreasing Ikaros, Helios, Aiolos, and Eos protein levels in cells
comprising contacting said cells with a compound, or a stereoisomer, 8 tautomer, or a

pharmaceutically acceptable salt thercof according to any one of claims | to 5.
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