WO 2024/254227 PCT/US2024/032683

SPIROCYCLIC SUBSTITUTED OXOISOINDOLINYL PIPERIDINE-2,6-DIONE
COMPOUND

CROSS REFERENCE

(31

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

63/506,618 filed June 7, 2023, which is incorporated herein in iis entirety.

DESCRIPTION
The present mvention generally relates to a spirocyclic substituted oxoisoindolinyl
16 piperidine-2,6-dione compound that decreases the levels of the lkaros, Helios, Atolos, and
Eos proteins. Provided herein is a spirocyclic substituted oxoisoindohinyl pipendine-~2,6-
disnecompound, composttions comprising the compound, and methods of use. The
mvention further pertaing to phammaceutical compositions comprising at the compound
according to the jnvention that is useful for the treatment of proliferative disorders, such

15 as cancer and viral mfections.

BACKGROUND OF THE INVENTION
The Tkaros zinc finger family (JKZF) of transcription factors {TFs) play critical
roles i lvraphocyte development and fonction (Hetzmanu et al., 2018, Curr. Opin.
20 Immunol 51. 14-23). In mammals, the following five members of this family of TFs are
expressed in vnmune cells: Ikaros {encoded by IKZF 1), Helios (IKZF2), Atolos (IKZF3),
Fos (IKZF4}, and Pegasus (IKZF5). The ammo acid sequences of these proteins are
highly homologous, with Tharos and Aiclos, and Helios and Eos being the most
homologous pairs, and Pegasus being the most distantly related IKZF member. These
25 TFsserve both overlapping and unique functions i tyrmaphocytes {(Read et al., 2020,
Tmmunological Reviews, 300:1). Reductions in the protein levels of IKZF TFs can boost
antitumor T cell responses.
IKZF1 encodes Tkaros, which 1s broadly and abundantly expressed in human and
mouse B, NK, and T lymphocyie populations, and moderately expressed in other immume
30 cell types, inchuding myeloid cells. In T cells, loss of Tkaros protein or expression of a
dominant-negative protein relieves repression of loct related to the differentiation of the

effector T cell state, resulting 1n increased oxpression of effector cytokines mchuding TFN-
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v, TNF-g, and GM-CSF {(Lvon de Ana, et al., 2019, Jowrnal of Tmpumology 202, 1112-
1123; Heller et al., 2014, Jowrndd of immunology, 193 3634-3946}, Wang et al., 2028,
Cell Transplantation, 293,

IKZF2 encodes Hehios, which shows a more restricted expression profile limited
to human and mouse regulatory T (Treg) cells, some CD8+ T cells and MAIT cells, and
NK cells {Akimova et al, 2011, PLoS One, 6:¢24226; Dias et al, 2017, Proceedings of
the National Academy of Sciences US4, 114:E5434-E5443; Thomton and Shevach, 2019,
Immunoiogy, 158:161-170).

IKZEF3 encodes Aiolos, which is broadly and abundantly expressed in human and
mouse B lymphocytes, and broadly expressed at lower levels in Tand NK cells. InT
cells, Atolos gene repression targets show a large amount of overlap with tkaros target
genes (Powell et al., 2019, Frontiers in Immunology, 10:1299). Compared to Tkaros,
Aiolos may have a stronger effect on follicolar helper T cell and T helper 17 type
responses {(Quintana ct al |, 2012, Naruwre Immunology, 13.770-777, Read ¢t al., 2017
Jowrnad of Immunclogy, 7:2377-2387), which have been implicated n tissue immune
responses and, in some cases, antifumor immmity.

IKZF4 encodes Eos, which is abundantly expressed in Treg cells, and is also
broadly expressed at low levels among B, NK, and T lymphoeytes. In Treg cells, loss of
Eos expression in FoxP3+ Treg cells drives improved antitumor responses m preclinical
syngencic tumor models (Gokhale et al., 2019, Journal of duioimmunity, 105102300},
Additionally, Eos expression levels can increase after T cell activation in conventional
CD4+ and CD8+ T cells, where it can limit effector T cell responses (Rieder et al., 2015,
Journal of Immunology, 195:553-563).

Common functions shared among IKZF TFs relate to the suppression of gene
expression in cells at spectfic loct. TKZF TFs can bind to genomic loci either as
homodimers or heterodimers, such as Ikaros:Tkaros or Ikaros: Helios, respectively. These
dimeric TFs both bind to DNA and interact with complexes that regulate histone
acetylation and nuclcosomes, which n turm results in gene expression modulation.
Mechanistically, Ikaros, Helios, and Aiolos have each been shown o interact with the
nucleosome-remodeling and deacetylase (NuRD) and Sin3 histone deacetylase (HDAC)
complexes to repress gene cxpression {Zhang ot al | 2011, Nature Immunoclogy, 13:86-94;

Georgopoulos et al., 2017, Genes and Development, 31 439-450). Similarly, Ikaros,

N2
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Helios, and Aiolos all can associate with centromeric heterochromatin and contribute to
the expression of genes located at centromeric loci (Brown et al, 1997, (Cedl, 91:845-854;
Thompson et al., 2007, fmmunity, 26:335-344). Eos co-operates with Tkaros, but not

Aiolos, to interact with the transcriptional repressor C-terminal binding protein 1 (CGiBP1)

A

in lymphocytes (Koipally et al, 2002, Journal of Biological Chemisiry, 27T.27697-
27705y 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 IKZF members, broad therapeutic degradation of
this family of TFs would be expected to drive a stronger phenotypic change compared to
160 selective degradation of one or two IKZF TFs.

In T cells and Treg cells, the shared roles of IKZF TFs in regulating a gene locus
fmportant for antitamor immuane responses is exemplified by regulation of the gene
encoding interlenkin-2 ($L.-2). tkaros can directly bind to the IL-2 locus in CD4+ T cells
and recruit HDAC complexes; loss of Tkaros results in increased 1L-2 production by

15 CDd+ and CD8+ T cells (Bandvopadhyay et al, 2007, Blood, 109: 2671-2672; Thomas et
al., 2007, Journal of Immunclogy, 179: 7305-7313; ’Brien et al., 2014, Journal of
Immunology, 192:5118-5129}. Helios directly binds to the 1L-2 locus in Treg cells to
recruit HDAC complexes and enforce IL-2 gene silencing (Blaine et al., 2013, Journal of
Immunology, 190:1008-1016). Eos also represses 1L-2 expression in Treg cells and may

20 actvia a mechanism that involves interactions with the TF FoxP3 (Pan et al., 2009,
Science, 325 1142-1146; Sharma et al., 2013, Immunity, 38:998-1012). The role of
direet Aiolos binding to the [L-2 loss is less clear, but siRNA knockdown of Aiclos in
human Trog cells has been reported to increase 1L-2 production (Gandhi et al., 2010,
Nature Immunoiogy, 11:8346-853). In summary, the IKZF TFs act to modulate 1L-2

25 production by nultiple lymphocyie subtypes, particulardy Trog cells in which all four of
these IKZF TFs are abundantly expressed and 1L-2 production 1s normally neghgible.

Treg cclls, which are marked by expression of the transcription factor FoxP3, are
a subset of momunosuppressive lvmphocytes that use several mechanisms to maintain
wnmune homeostasis {Sakaguchi et al., 2020, drnnual Review of Immunology, 38:541-566;

30 Whibley et al., 2019, Namre fmmunoclogy, 20:386-396). Patients who have deleterious

mutations in the gene cncoding FoxP3 lack functional Treg cells and exhibit immune

dysregulation. polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, a multi-
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organ autommmune disorder. In the tumor microenvironment {TME), the activities of
Treg cells are co-opted to promote and maintain an immunosappressive state {Phitas and
Rudensky, 2020, dnnual Review of Cancer Biology, 4:459-477). By secreting

suppressive molecules, sequestering cytokines {e.g., 1L-2}, and directly impeding T cell

A

and antigen presenting cell activation, Treg cells can promote TME-mediated resistance

to immunotherapy by modulating muktiple axes in the cancer-immunity cyele (Chen and

Mellman, 2013, Immunity, 39:1-10). Tn preclinical models, ablation of Treg cells resulis

m the regression of aggressive, established tumors (Bos et al., 2013, Journad of

Fxperimental Medicine, 210:2435-2466}.

10 Ouce activated by a specific antigen, Treg cells can suppress responder T cells in
an antigen-nonspecific and bystander manuer in virro (Takahashi et al., 1998, by
Immunol. 10:1969-80; Thomton et al., 1998, J £xp. Med. 188:287-96).
FoxP3+{D25+CD4+Treg cells are capable of suppressing a wide range of antitumor
wnme responses involving CD4+ helper T cells, CD8+ T cells, natural killer cells, and

15 upatural killer T cells (Tanaka et al., 2017, Cell Research 27:109-118). In prechnical
models, the intratumoral depletion of CD25+CD4+Treg cells mduced regression of
gstablished tumors with a change in the cytokine milicu at fumor sites {Yu et al., 2005, .J
FExp Med. 201: 779-91). In addition, transter of Trog celi-depleted CD4+ T cells
markedly augmented anfitimor immune responses compared with the transfer of Treg

20 cell-sufficient CD4+ T cells (Antony ct al, 2005, J Immunci 174:2591-601). Tumor-
nfiltrating Treg cells activated by etther tumor-derived self-antigens or tumor-associated
antigens can similarly suppress specific antitumor immune responscs.

Climically, increased Treg cell frequencies in the TME are correlated with worse
outcomes in muldtiple solid tumor indications (Shang et al, 2015, Scientific Reports,

25 5:15179). Moreover, correlations between PD-L i+ Treg cell frequencies and responses
to anti-PD-1 therapy n 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 1o the TME. Modulation of the activities of key factors to control Treg cell
differentiation and/or fimctional suppressor state could represent a potential therapeutic

30 strategy for the treatment of certain diseases, including cancer and viral infections.

Furthermore, removal of FoxP3+ Treg cells was also reported to enhance vaceine-

induced antitumor T-cell responses (Nishakawa et al,, 2010, fnr. J. Cancer 127, 759-767),
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suggesting that decreasing Helios levels could be beneficial in boostmg the efficacy of
cancer vaccines. Bestdes anti-tumor immunotherapy, during viral infections, Treg cells
can limit the immunopathology resulting from excessive mflammation, vet potentially
inhibit effective antiviral T cell responses and promote viras persistence {Schuz etal
2013, PLOS Pathogens 9. ¢1003362). Chronic, but not acute, infection of mice with
tymphocytic choriomeningitis virus results in a marked expansion of FoxP3+ Treg cclls,
mplying a potential mechanism that certain infectious agents could evade bost munnune
responses by activation and expansion of Treg cells (Punkosdy et al,, 2011, PNAS 108:
3677-3682). Treatment benefits could be achieved by decreasing Helios levels in
activated Treg cells in a context relevant to chronic viral mfections.

Approaches to targeting tumor Treg cells include antibody-mediated depletion
and/or fanctional modulation (Tanaka and Sakaguchi, 2019, European Journad of
Immunology. 49:1140-1146), as well as small molecule-mediated “reprogramming” of the
Treg cell mumunosuppressive phenotype by altering gene expression in these cells (Kim
etal, 2013, Science, 350:334-339; Sebastian et al., 2016, Jowrnal of Immnology,
196:144-155). Mice with Treg cells engineered to lack Helios do not develop IPEX-like
immunopathology characteristic of FoxP3-deficiency or complete Treg cell ablation, but
instead have Treg cells that display a more T effoctor-like transcriptional program (Fu ot
al., 2012, Narure Immunology, 13: 972-980; Yates et al., 2018, Proceedings of the
National Academy of Sciences USA, 115:2162-2167). Importantly, Helios controls
activitics of Treg cells that are critical m the TME as mice with Helios-deficient Treg
cells show mproved control of B16F10 and MC38 tumors (Nakagawa et al, 2016,
Proceedings of the National Academy of Sciences USA, 113:6248-6233). Thercfore,
therapeutic modulation of Helios has the potential to reprogram tumor Trog cells towards
a more effector-hike phenotype to drive antitumor invnunity. Notably, Eos also drives
immunosuppressive Treg cell activity in the TME in prechinical tumor models, as mice
lacking Eos expression in FoxP3 Treg cells more effectively control syngeneic tumors
compared to controls {Gokhale et al., 2019, Jowrnal of Autoimmuning, 105102300},
Fumans with germline loss-of-function JKZF2 mutations similarly do not exhibit [IPEX-
like symptoms (including diabetes, dermatitis, hepatic inflammation, and systemic
Ivmphadenopathy), but mstead manifest immunophenotypes related to enhanced T cell

activation and pronflammatory cytokine production (Hetermdki et al., 2021, Science
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Immunology, 6:eabe3454; Shahin et al,, 2021, Science Tnmunology, 6:¢abe3981). These
data mdicate that reduction of Helios and Eos protein levels in Treg cells would make
them fess suppressive of antitumor T cell responses in patients with solid tumors,

Small molecules that degrade Tkaros and Asolos in Treg cells can also reduce the

A

suppressive functions of these cells in vitro (Galustian et al., 2008, Cancer Immunology,
dmmunotherapy, 58:1033-1045). In engincered mouse models, the Ikaros and Alolos
degrader lenalidonude can modestly increase antitunor inunune responses against highly
mmmunogenic syngeneic tumors {Geng et al., 2022, Cell Chemical Biology, 29:1260-
1272). Ikaros- and Alolos-targeted degraders have also been tested clinically in patients
10 with solid tumors. sometimes resulting in modest responses of stable disecase. These
studies included avadomide (CC-122) in advanced malignancies {(Rasco et al,, 2019, Clin
Cancer Research, 25:90-98), lenalidomide {Semeraro et al., 2013, Oncolmmunology,
2:11}, and pomalidomide {(Cooney et al., 2012, Cancer Chemotherapy and
Pharmacology, 70, 755). Adduonally, lenalidomide bas been shown to augment T and
15 WK cell functions i preclinical and clinical studies (Hideshima et al., Leukemia, 2021,
¥Souza et al, Frontiers in Immunology, 2021).
In summary, the IKZF TFs, Hkaros, Helios, Aiolos, and Eos are abundantly
expressed in Treg cells. Combined reduction of the individual protein levels of these four
TFs in Treg cells would better reverse the immunosuppressive program, including
20 repression of IL-2 transcription and other T celf effector genes, compared to approaches
that sclectively target single IKZF TFs or pairs of TFs, 1.¢., Ikaros and Atolos or Helios
and Eos. Bevond Treg cells, a pan-IKZF1-4 degrader would be expected to ncrease
conventional CD4+ and CD8+ T cell effector fimetions and boost NK cell activity to
drive robust antitumor rosponses in paticnts.
25 There rematns a need for therapies that can decrease the levels of the four IKEF1-
4 proteins tkaros, Hehios, Aiolos, and Eos.
The present nvention fills the foregoing need by providing a compound that is

usetul 1o decrease the levels of the four IKZF 1-4 proteins Ykaros, Helios, Atolos, and Hos.

30 SUMMARY OF THE INVENTION
The present mvention provides a spirocyclic substiited oxoisomdolinyt

piperidine-2,6~dione compound of Formula (1), including stercoisomers, tautomers, salts,

6
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and prodrugs thereof, which s useful to decrease the levels of the four protems Ikaros,
Helios, Aolos, and Eos.

The present mvention also provides pharmaceutical compositions comprising the
compound of Formula (I}, sterecisomers, tautomers, phanmaceutically acceptable salts, or
prodrugs thereof; and a pharmaceutically acceptable carrier.

The present invention also provides a method of treating a disease or disorder by
method comprising admimstering to a patient the compound of Formula (I},
stereoisomers, tantomers, pharmaceutically acceptable salts, or prodrugs thereof.

The present mvention also provides processes and intermediates for making the
compound of Formula (1), stereoisomers, tautomers, or salts thercof.

The present wvention also provides the use of the compound of Formula (B, or
stereoisomers, tautomers, pharmaceutically acceptable salts, or prodrugs thercof, for the
manufacture of a medicament to decrease karos, Helios, Aiolos, 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 (1) may be used in treating, preventing, or curing various proliferative disorders,
such as cancer. Pharmaceutical compositions comprising the compound are uscful in
treating, preventing, or slowing the progression of diseases or disorders in a variety of
therapeutic arcas, such as cancer.

The compound of Formula (1) and compositions comprising the compound of
Formula (I} may be used n treating, preventing, or cunng viral infoctions.
Pharmaceuatical compositions comprising the compound are useful in treating, preventing,
or slowing the progression of discases or disorders, such as viral mfections.

These and other features of the invention will be st forth 1n expanded form as the

disclosure continues.

DETAILED DESCRIPTION
Applicants have found a spirocyclic substituted oxoisoindolinyl pipendine-2,6-
dione compound that decreases the levels of the Tkargs, Helios, Aiolos, and Eos proteins.
The substitited oxazolone compound is believed to facilitate the interactions of tkaros,

Helios, Aiolos, and Eos proteins with the corresponding E3 ubiguitin higase complex

~3
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{Cullind-Cereblon, CUL4-CRBN}, with concomitant degradation of the Tkaros, Helios,
Aiolos, and Eos proteins. The compound decreases the levels of Tkaros protein, Hehios
protein, Atolos protein, and Eos protein. The compound is useful for the treatment of
certain diseases, including cancer and viral mfections. The compound 1s provided to be
aseful as pharmaceaticals with destrable stability, bicavatlability, therapeutic index, and
toxicity values that are important to their druggability.

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

)
or sterecisomers, tautomers, or salts thereof.

One embodiment provides a compound of Formula (1), or stercoisomers,
tautomers, or pharmaceutically acceptable salts thereof,

One embodiment provides a compound of Formula {I), or stereoisomers or
tautomers thereof,

One cmbodiment provides a salt of the compound of Formula (1), or sterenisomers
ot tautomers thereof,

One embodiment provides a pharmaceustically acceptable salt of the compound of
Formula (1), or stercoisomers or tautomers thercof,

One embodiment provides a compound of Formula (I), or tautomers or salts
thereof, wherein said compound is {8)-3-(5-(3-{{6-oxa-2-azaspiro|{3.S nonan-2-y1}
methyl}-6-aminopyridin-2-y1j-4-fluoro-1-oxoisoindolin-2-yhipiperidine-2 6-dione.
Included 1o this embodiment arc one or more phammaccutically acceptable salts.

One embodiment provides a compound of Formula (I}, or tautomers or salts
thereof, wherein said compound is {R)-3-{5-(3-{¢{6-oxa-2-azaspiro{ 3.5 nonan-2-v1}
methyl)-6-aminopyridin-2-vi}-4-fluoro-1-oxoisoindolin-2-yijpiperidine-2,6-dione.
Included m this embodiment are one or more pharmaceutically acceptable salts.

One embodiment provides a compound of Formula (I) having the structure:
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or stereotsomers, tautomers, or salts thereof.
One embodiment provides a compound of Formula (I) having the structure:

7 o

T W o
Vi

O

3 or stereotsomers, tautomers, or salts thereof

One embodiment provides a compound of Formula (I} having the structure:

OF Stereoisomers, tautomers, or salts thereof.
The compound of Formela (1) or sterecisomers, tautomers, or salts thereof, is
16 useful to decrease the levels of the four IKZF1-4 proteins lkaros, Helios, Aiolos, and Eos.
As used herein, “to decrease the fevel” of one of the TKZF -4 proteins refers to
reducing the level of the protein by the degradation and/or mactivation and/or inlubition
and/or reducing the expression levels of the protein, or a combination thereof, compared
o the initial protein level prior to contact or treatment with the compound of Formula (£}

13 or stereotsomers, tautomers, or salts thereof.
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Various methods can be employed to measure the decreases in the protein levels
of the IKZF1-4 proteins, including the following assays described herernbelow: (i}
IKZF1: Human CDHRT T Cell Reprogranuning Assay: (it) IKZF2: Jurkat Cellular
Degradation Assay, (61} IKZF3: Human CD8™ T Cell Reprogramming Assay; and (iv)
IKZF4: Human T Regulatory Cell Reprogramming Assay.

The present invention may be embodied in other specific forms without departing
from the spirit or cssential atirtbutes thercof. This invention cucompasses all
combinations of the aspects and/or embodiments of the invention noted herein. [t is
wnderstood that any and all embodiments of the present invention may be taken in
conjunction with any other embodiment or embodiments to describe additional
embodiments. 1t is also to be understood that each individual element of the
embodiments is meant to be combined with any and all other clements from any
cembodiment to describe an additional embodiment.

The features and advantages of the mvention may be more readily understood by
those of ordinary skill in the art apon reading the following detailed description. Tisto
be appreciated that certain features of the mvention that are, for clarity reasons, described
above and below in the context of separate embodiments, may also be combined to form a
single embodiment. Conversely, vatious features of the tvention that are, for brovity
reasons, described in the context of a single embodiment, may also be combined so as o
forn sub~-combinations thereof. Embodiments identified herein as exemplary or preferred
arc intended to be illustrative and not himiting.

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 one or
more.

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

Unless otherwise indicated, any atom with unsatisfied valences is assumed to have
hvdrogen atoms sufficient to satisfy the valences.

The definitions set forth herem take precedence over definitions set forth in any

10
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patent, patent application, and/or patent application publication incorporated herein by
reference.
Listed below are definitions of varous temms used 1o describe the present

invention. These definitions apply to the terms as they are used throughout the

5 specification (unless they are otherwise limited in specific instances) either individually
or as part of a larger group.
Throughout the specification, groups and substituents thercof may be chosen by
one skilled in the field to provide stable moieties and compounds.
In accordance with a convention used in the art,
10 g_
is used in structural formulas herein to depict the bond that is the pomnt of attachment of
the moiety or sabstituent to the core or backbone stractore.
The term “aminc” refers to the group ~NH:.
The temm "oxo” refers 1o the group =0.
5 The compound of the present invention includes all 1sctopes of atoms occurring n

the present compound. Isotopes include those atoms having the same atomie number buot
different mass numbers. By way of general example and without limitation. isotopes of
hydrogen include deuterrum () and tritium (T). Isotopes of carbon include PC and MC.
Isotopically-labeled compounds of the invention can generally be prepared by

20 conventional techmigues known to those skilled i the art or by processes analogous to
those described herein, using an appropriate isotopicallv-labeled reagent in place of the
non-labeled reagent otherwise emploved.

As used herein, the term “tautomer” refers o each of two or more isomers of a

compound that exist together in equilibrivm, and are readily interchanged by migration of

joe)
L

an atoro or group within the molecule. For example, one skilled in the ant would readily

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

N\ /‘Ni
PN E NH
N N
H
1H-1,2 3-triazole 284-1,2,3-triazole

Thus, this disclosure is intended to cover all possible tagtomers even when a structure

depicts only one of them. For example, the compound of Formulda (I} can exist in

i1
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tautomer forms:

The phrase “pharmaceutically acceptable” is employed heren 1o refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, Uritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The compound of Formula (I} can form salts which are also within the scope of
this ravention. Unless otherwise indicated, reference to an mventive compound is
understood 1o include reference to one or more salts thereof. The term “salt{s)” denotes
acidic salt{s) formed with morganmc and/or organic acids. Pharmaceuntically acceptable

{i.e., non-toxic, physiologically acceptable) salts are preferred. However, other salis may

)
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be useful, e.g., in isolation or purification steps which may be employed during
preparation, and thus, are contempiated within the scope of the invention. Salts of the
compound of the Fornwla (1) may be formed, for example, by reacting the compound of
the Formula (I} with an amount of acid, such as an equivalent amount, in a medium such
as one in which the salt precipitates or in an agueous medium followed by tvophilization.

Exemplary acid addition salts mclude acetates (such as those formed with acetic
acid or trthaloacetic acid, for example, trifluoroacetic acid), adipates, alginates, ascorbates,
aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates, citrates,
camphorates, camphorsulfonates, cyclopentanepropionates, diglaconates, dodecvisulfates,
cthanesulfonates, fumarates, gluccheptanoates. glvcerophosphates, hemisulfates,
heptanoates, hexanoates, hvdrochlorides (formed with hydrochloric acid), hvdrobronudes
{formed with hydrogen bromide}, hyvdroiodides, maleates (formed with maleic acid), 2~
hydroxyethanesulfonates, lactates, methanesulfonates {formed with methanesulfonic acid),
2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates, persulfates, 3-
phenylpropionates, phosphates, picrates, pivalates, propionates, salicylates, succinates,
sulfates (such as those formed with sulfuric acid}, sulfonates {such as those mentioned
heretn}, tartrates, thiocyvanates, tolucnesulfonates such as tosylates, undecanocates, and the
fike.

The compound of Formula (I} can be provided as amorphous solids or erystalline
solids. Lyophilization can be emploved to provide the compound of Formula (1) as a
solid.

It should further be understood that solvates {¢.g., hydrates) of the compound of
Formula (I) are also within the scope of the present invention. The term “solvate”™ means
a physical association of a compound of Formula (I} with one or more solvent molecules,
whether organic or mnorganic. This physical association includes hydrogen bonding. In
certain instances, 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”
cncompasses both solution-phase and isolable solvates. Excmplary solvates include
hydrates, ethanolates, methanolates, isopropanclates, acetonitrile solvates, and ethyl
acetate solvates. Methods of solvation are known i the art.

Various forms of prodrugs are well known in the art and are described in Rautio,

I et al, Nature Review Divug Discovery, 17, 559-587 (2018).

i
(5]
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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 to or
greater than 99% of a compound of Formula (1) (“substantially pure™), which is then used
or formulated as described herein. Such “substantially pure”™ compound of Formula (Th s
also contemplated herein as part of the present invention.

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

The terms “IKZF1 degrader” and “Tkaros degrader” refer to an agent capable of
reducing the level of the IKZF1 protein by degradation and/or tnactivation and/or
inhibition and/or reducing the expression levels of the IKZF1 protein, or a combination
thereof.

The tenus “IKZF?2 degrader” and “Helios degrader” refer to an agent capable of
reducing the level of the TKZF2 protein by degradation and/or inactivation and/or
inhibition and/or reducing the expression levels of the IKZF2 protein, or a combination
thereof.

The terms “TIKZF3 degrader” and “Aioclos degrader” refer to an agent capable of
reducing the level of the IKZF3 protein by degradation and/or inactivation and/or
mhibition and/or reducing the expression levels of the IKZF3 protein, or a combination
thercof.

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
thereof.

The term “IKZF1-4 protemns” refers to the Tkaros (IKZF1), Helios JKZF2),
Aiolos (IKZF3), and Eos (IKZF4) proteins.

The term “pan IKZEF1-4 degrader” refers to an agent capable of decreasing the
protein levels of the four TRZF -4 proteins Tkaros, Hehos, Aiolos, and Eos.

As used herein, “Tkaros” protein is encoded by the IKZF! gene. Tkaros is also
known as IKAROS family zine finger |, ZNFNIAL zinc finger protein, subfamily 1A, |

Ikaros family zinc finger protein 1, IK 1, lymphoid transcription factor LyF-1, Hs. 54432,
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PPPIR9Z, protein phosphatase |, regulatory subunit 92, PRO0O758, CVID13, and CLL
associated antigen KW-6. “Tkaros” protein includes isoforms encoded by the foliowing
human 1soforms listed below

Isoform 1 {UniPro 313422-1)
MDADEGODMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGRQSSKSDRVVA
SNYKVETQSDEENGRACEMNGEECAEDL RMLDASGEKMNGSHRDOQGSSALSGY
GGIRLPNGKLKCDICGUCIGPNVLMVHKRSHTGERPFQUNGUGASFTORGNLL
RHIKLHSGEKPFRCHLONYACRRRDALTGHLRTHSVGKPHKCGYCGRSYKQRS
SEEEHKERCHNYLESMGLPGTLYPVIKEETNHSEMAEDLCKIGSERSLYLDRLAS
NVAKRKSSMPQKFLGDKGLSDTPYDSSASYEKENEMMKSHYMDGQAINNAINYL
GAESLRPLVQTPPGGSEVVEVISPMY QLHKPLAEGTPRSNHSAQDSAVENLLLLS
KAKLVPSEREASPENSCODSTDTESNNEEQRSGLIYLTNHIAPHARNGLSLKEEHR
AYDLLRAASENSQDALRVVSTSGEQMEVY KCEHCRVEFLDHVMY TIHMGCHGE
RDPFECNMCGYHSODRYEFSSHITRGEHRFHMS (SEQID NG b

Isoform 2 (UniProt Q13422-2)
MDADEGQDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRYVG
ERPFQUNQCGASFTOKGNLLRHIKLHSGEKPFKCHLONYACRRRDALTGHLRT
HSVGKPHKCGYCGRSYRKQRSSLEEHKERCHNY LESMGLPGTLYPVIKEETNHSE
MAEDLCKIGSERSLVLDRLASNVAKRKSSMPOKFLGDKGLSDTPYDSSASYEKE
NEMMEKSHVMDQAINNAINY LGAESLRPLVQTPPGGSEVVPVISPMYQLHKPLAE
GTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCOQDSTDTESNNEEQRSGLY
YLTNHIAPHARNGLSLEKEEHRAYDLLRAASENSQDALRVVSTSGEQMEKVYKCEH
CRVLFLDHVMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS
(SEQID NG 2)

Isoform 3 {(UniProt (313422-3)
MDADEGQDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMEDASGEKMNGSHRDOQGSSALSGY
GGIRLPNGKLKCDICGUCIGPNVLMVHKRSHTGERPFQUNQUCGASFTORGNLL
RHIKLHSGEKPFRCHLONYACRRRDALTGHLRTHSGDKGLSDTPYDSSASYEKE
NEMMESHVMDQAINNAINYLGAESLRPLV(TPPGGSEVVPVISPMY QLHKPLAE
GTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCODSTDTESNNEEQRSGLE
YLTNHIAPHARNGLSLKEEHRAYDLLRAASENSGDALRVVSTSGEOMKVYKCER
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CRVLFLDHVMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS
(SEQ D NG: 3)

Isoform 4 {(UniProt (313422-4)
MBPADEGODMASNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGS
HRDOGSSALSGVGGIRLPNGKLECDICGHCIGPNVEMVHKRSHTGERPFQUNGC
GASFTOKGNLERHIKEHSGEKPFKCHLCNYACRRRDALTGHLRTHSGDKGLSD
TPYDSSASYEKENEMMESHYVMDQAINNAINYLGAESLRPLVQTPPGGSEVVEVIS
PMYQLHKPLAEGTPRSNHSAQDSAVENLLLLAKAKLVPSEREASPSNSCQDSTDT
ESNNEEQRSGUIYLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVYSTS
GEQMKVYKCEHCRVLFLDHYVMY TIHMGCHGFROPFECNMCGYHSQDRYEFSSH
ITRGEHRFHMS (SEQ ID NG 4)

Isoform 7 {UniProt $13422-7)
MDADEGGDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDGGSSALSGY
GGIRLPNGELKCDICGHCIGPNVLMVHEKRSHTGERPFQUNGUGASFTQKGRNLL
RBIKLHSGEKPFKCHLONYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SERSLVEDREASNVAKRKSSMPOKFLGDKGLSDTPYDSSASYEKENEMMEKSHY
MDOQAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMY QLHKPLAEGTPRSNHSA
QDSAVENLLLLSKAKLVPSEREASPSNSCQDSTDTESNNEEQRSGLIVLTNHIAPH
ARNGLSLKEEHRAYDLLRAASENSQDALRVVESTSGEQMKVYKCERCRVLFLDH
VMY TIHMGCHGFRDPFECNMCOGYRBSQDRYEFSSHITRGEHRFHMS (SEQ ID NO:
5}

Isoform & (UniProt (313422-8)
MDADEGODMSGQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGOQSSKSDRYVVA
SNVEVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGHCIGPNVLMVHERSHTGERPFQUNQCGASFTOKGNLL
RHIKLHSGEKPFKCHLONYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SEISRAGQTSK (SEQ ID NO: 6)

The "Tkaros” protein soforms 1, 2, 3, 4, 7, and 8 listed above mnchudes the degron
FOQUNQCGASFTORGNLLREBIKLEH (SEQ 1D NG: 22}, which is the same as the
degron for the “Aiolos” protein. Ikaros protein also includes isoforms encoded by amino

acid sequences 313422-5 and Q13422- 6.
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As used herein, “Helios” protein refers a protein that 1s a member of the Tkaros
family of zinc finger proteins. In humans, Helios is encoded by the IKZF2 gene. Hehios
is also known as IKAROS fanuly zine finger 2, ANFIA2, ZNFI1AZ, ZNFN1A2, zinc

finger protein, subfamily 1 A, 2, and Tkaros fanuly zinc finger protein 2. As used herein

A

Helios protein inchedes various isoform, which includes the isoforms listed below,
Isoform 1 {UniProt QOUKS7-1)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVKLEMO
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRRKVQELQGEGGIRLPNGK.
LKCDVOGMVCIGPNVLMVHKRSHTGERPFHCNQCGASFTQKGNLLRHIKLHS
10 GEKPFKCPFCSYACRRRDALTGHLRTHSVGKPHKONYCGRSYKQRSSLEEHKER
CHNYLONVSMEAAGQVMSHHEVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTG
NMGKRESSTPORKFVGEKLMRFSYPDIHFDMNLTYEKEAELMQSHMMDQAINNA
ITYLGAEALHPLMOHPPSTIAEVAPVISSAY SOVYHPNRIERPISRETADSHENNM
DGPISLIRPKSRPOEREASPSNSCLDSTDSESSHDDHOQSY QGHPALNPRREKQSPAY
15 MKEDVKALDTTKAPKGSLKDIYKVFNGEGEQIRAFKCEHCRVLFLDHVMYT
IHMGCHGY RDPLECNICGYRSQDRYEFSSHIVRGEHTFH (SEGQ IDNO: 7)

Isoform 2 (UniProt Q9UKS7-2)
METEAIDGYITCONELSPEREHSNMAIDLTSSTPNGGHASPSHMTSTNSVKLEM
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE

20 RPFHCNQCGASFTOKGNLLRHIKLHSGEKPFKCPFUSYACRRRDALTGHLRTH
SVGKPHECNYCGRSYKQORSSLEEHKERCHNYLONVSMEAAGQVMSHHVIPPME
DCKEQEPIMDNNISLVPFERPAVIEKLTGNMGKRKSSTPOQEFVGEKLMRESYPDIH
FDMNLTYEKEAELMQSHMMDOGAINNAITY LGAEALHPLMQHPPSTIAEVAPVISS
AYSQVYHPNRIERPISRETADSHENNMBDGPISLIRPKSRPOEREASPSNSCLDSTDS

25 ESSHDDHOQSYOQGHPALNPKREQSPAYMKEDVKALDTTKAPKGSLEDIYEVENG
EGEQIRAFKCEHCRVLFLDHT/MYTIHMGCHGYRDPLECNICGYRSQDRYE FS
SHIVRG EHTFH (SEQ 1D NO: 8)

Isoform 4 (UniProt QOUKS7-4)
METEAIDGYITCDNELSPEREHSNMAIDETSSTPNGQHASPSHMTSTNSVKLEMG

30 SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE

RPFHCONQUGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH

SYGKPHKCNYCGRSYKQRSSLEEHKERCHNY LONVSMEAAGOYMSHHGERKLM
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RFSYPDIHFDMNLTYEKEAELMOQSHMMDOAINNAITYLGAEALHPLMQHPPSTIA
EVAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNS
CLDSTDSESSHDDHOSYQGHPALNPKRKOSFAYMEEDVKALDTTRKAPKGSLKDE
YEVFINGEGEQRAFKCEHCRVLFLDHVMYTIHMGCHGYRDPLECNICGYRSQDR
YEF SSHIVRGEHTFH (SEQ ID NG 9)

Isoform 6 {UniProt QOUKS7-6)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVEKLEMO
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNREVGELQGEGGIRLPNGK
LKCDVOGMVCIGPNVLMVHKRSHTGERPFHCNQCGASFTQKGNLLRHIKLHS
GEKPFKCPFCSY ACRRRDALTGHLRTHSVGKPHKCNY CGRSYKQRSSLEEHKER
CHNYLONVSMEAAGQVMSHHDS (SEQ ID NO: 1)

Isoform 7 {UniProt QOUKST7-7)
METEAIDGYITCDNELSPEREHSNMAIDETSSTPNGQHASPSHMTSTNSVKLEMG
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNREKVGELOGEGGIRLPNGE
RPFHCNQCGASFTQRKGNLLRBIKLHSGEKPFECPFCSYACRRRDALTGHLRTH
SVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTONMGKREKSSTPOKFVGEKLMR
FSYPDIHFOMNLTYEKEAELMOSHMMDGAINNAITY LGAEALHPLMQHPPSTIAE
VAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPOQEREASPSNS
CLDSTDSESSHDDHOSYQGHPALNPKRKGSPAYMKEDVEALDTTRKAPKGSLKDI
YEVENGEGEGIRAFKCEHCRVLFLDHVMY TIHHMGCHGY RDPLECNICGYRSGDR
Y EFSSHIVRGERTFH (SEQIDNO: 1H)

The “Helios” 1soforms 1, 2, 4, 6, and 7 listed above mcludes the degron
FHONQCGASFTOQKGNLLRBIKLH (SEGQG ID NG: 23). A degron is a portion of 3
protein that plays a role in regulating protein degradation rates. Helios protein also
includes isoforms encoded by amine acid sequences Q9UKS7T-3, QOUKST-5 and
QOUKST-8.

As used herein, “Aiolos™ protein is encoded by the IKZF3 gene. Aiolos protein is
also known as IKAROS fanuly zinc finger 3, ZNFNIA3, zine finger protein, subfamily |

A, 3, Tkaros family zine finger protein 3, and AIQ. Ajolos protein includes the following

human 1soforms hsted below:
Isoform 1 (UniProt QOUKTS-1)

MEDIQTNAELKSTQEQSVPAESAAVINDYSLTKSHEMENVDSGEGPANEDEDIG
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DOSMKVEDEYSERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSED
SSRPTSGKMNCDVOGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTQKGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLOSTDPGDTASAEARHIKAEMGSERALVLDRLASNVAKRESSM
POKFIGEKRHCFDVNYNSSYMY EKESELIQTRMMBQAINNAISYLGAEALRPLYV(Q
TPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIHLPEKSYPSERGESPNNS
GHDSTDTDSNHEERQGNREIYQONHMVLSRARNGMPLLKEVPRSYELLKPPPICPRD
SVKVINKEGEVMDVYRCDHCRVLFLDY VMFTIHMGCHGFRDPFECNMCGYRSH
DRYEFSSHIARGEHRALLK (SEQ ID NG 12)

Isoform 3 (UniProt QOUKT9-3)
MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMKVKDEYSERDENVLKSEPMGNAEEPEIPYSY SREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNGCGASFIQKGNLL
REIKLBTGEKPFKCHLONYACQRRDALTGHLRTHSASAEARHIK AEMGSERALY
LDRLASNVAKRKSSMPOKFIGEKRHCFDVNYNSSYMYEKESELIQTRMMDQAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNHIYQONHMVYVLSRARNGMPLLK
EVPRSYELLEPPPICPRDSVKVINKEGEVMDVYRCDHCRVLFLDY VMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NG: 13)

soform 4 (UniProt QOUKT9-4}
MEDIQTNAELKSTOEQSVPAESAAVLNDYSLTKSHEMENVDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSED
SSRPTSGKMNCDVOGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTQKGNLL
RHIKLBHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLOSTDPGDTGEKRHCFDVNYNSSYMY EKESELIQTRMMDGQAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHTY QONHMVLSRARNGMPLLK
EVPRSYELLKPPPICPRDSVEKVINKEGEVMDVYRCDHCRVLFLDY VMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NO: 143

Isoform 6 (UniProt QOUKTS-6)
MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEKVKDEYSERDENVLEKSEPMGNAEEPEIPYSYSREYNEYENIKLERHVVSFD
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SSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNGQUGASFTOQKGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSGEKRHUFDVNYNSSYMYE
KESELIQTRMMDQAINNAISYLGAEALRPLVQTPPAPTSEMVEPVISSMYPIALTRA
EMSNGAPQELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQQN
HMVLSRARNGMPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDYVYRCDHCR
VLFLBYVMFTIHMGCHGFRDPFECNMCGYRSHDRY EFSSHIARGEHRALLK
(SEQ IDNQ: 15)

Isoform 7 (UniProt QOUKTS-T}
MEDIQTNAELKSTQEQSVPADDSMKVKDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHYVSFDSSRPTSGKMNCDVCGLSCISFNVEMYHKRSHTGE
RPFQUNQUCGASFTOKGNLLRHIKLHTGEKPFKCHLONY ACQRRDALTGHLRT
HSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEMGS
ERALVLDRLASNVAKRKSSMPOKFIGEKRHCFDYVNYNSSYMYEKESELIQTRMM
DOAINNAISYLGAEALRPLVOTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELE
KKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQGNHIY QONHMVLSRARNG
MPLLKEVPRSYELLKPPPICPRDSVEVINKEGEVMDVYRCDHCRVLFLDY VMFTE
HMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ 1D NG: 16)

Isoform 8 {(UniProt QOUKTS-8)
MEDIQTNAELKSTQEQSVPADDSMEKVEDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHVVYSFDSSRPTSGKMNCDVCGLSCISFNVEMVHKRSHTGE
RPFQUNQUCGASFTORKGNLLERHIKLHTGEKPFKCHLONYACQRRDALTGHLRT
HSASAEARHIKAEMGSERALVLDRLASNVAKRESSMPOQRFIGEKRHCFDVNYNS
SYMYEKESELIQTRMMDOQAINNAISYLGAEALRPLVTPPAPTSEMVPVISSMYPI
ALTRAEMSNGAPQELEKKSIHLPEKSYPSERGESPNNSGHDSTDTDSNHEERQNH
IYQONHMVLSRARNGMPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYYR
CDHCRVLEFLDY VMFTIHMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRAL
LKA{SEQ ID NG 17)

Isoform 9 (UniProt QOUKTS-9)

MEDIQTNAELKSTQEQSVPAESAAVLNDY SLTESHEMENVDSGEGPANEDEDIG
GERPFQUNQUGASFTQKGNLLRHIKLHTGEKPFKCHLCNYACQRRDALTGHL
RTHSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGD TASAEARHIKAEM
GSERALVLDREASNVAKRKSSMPOKFIGEKRHCFDYNYNSSYMYEKESELIQTR
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MMDQAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQ
ELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQOQNHMVESRAR
NGMPLLEKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRCDHCRVLFLDY VM
FITHMGCHGFRDPFECNMOCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NO: 18)
Isoform 14 (UniProt QYUKTO-14)

MEDIQTNAELKSTOQEQSVPAESAAVINDYSLTKSHEMENYDSGEGPANEDEDIG
DOSMKVEDEYSERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSED
SSRPTSGEKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTOQKGNLL
REHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYKCEFCGRSYKQRSS
10 LEEHKERCRTFLOSTDPGDTGTGWOWVELSHEGIRLODLNVPWCREH (SEGQ 1D

NGO 19)

The "Aiolos” protein soforms 1, 3,4, 6,7, 8, 9, and 14 listed above includes the
degron FQUNQUGASFTOKGNLLRHIKLH (SEQ ID NG: 24), which 15 the same as

A

the degron for the “Tkaros” protein. Aiolos protemn also includes isoforms encoded by
15 amino acid sequences QOUKTS-2, QOUKTO-5, QUUKTS-10, QOUKTe-11, QOUKTe-12,
and QOUKTO-13, QOUKTS-15, and QOUKT9-16.

As used herein, “Hos” protein is encoded by the IKZF4 gene, and is also known as
IKAROS fanuly zinc finger 4, ZNFNIA4, zine tinger protein, subfamily 1A, 4, Tkaros
family zinc finger protein 4, and KIAAI782. “Eos” proten mncludes isoforms encoded by

20 the following two human isoforms 1 (Q9H289-1}) and 2 (Q9H289-2):

Isoform | {(UniProt Q9H289-1)
MHTPPALPRRFQGGGRVRTPGSHRQGKDNLERDPSGGCVPDFLPQAQDSNHFIM
ESLFCESSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSANSIKVEMYSDEESSR
LLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRLPNGKLKCDVCGM

25 VCIGPNVLMVHKRSHTGERPFHONQCGASFTOKGNLLRHBIKLHSGEKPFECPF
CNYACRRRDALTGHLRTHSVSSPTVGRPYKCONY CGRSYKQOQSTLEEHKERCHN
YLOSLSTEAQALAGQPGDEIRDLEMVPDSMLHSSSERPTFIDRLANSLTKRKRSTP
QKFVGEKOMRFSLSDLPY DYNSGGY EKDVELVAHHSLEPGFGSSLAFVGAERLR
PLRLPPTINCISELTPVISSVYTOMOQPLPGRLELPGSREAGEGPEDLADGGPLLYRPR

30 GPLTDPGASPSNGCODSTDTESNHEDRVAGWSLPQGPPPOPPPTIWGRHSPAYAK
EDPKPQEGLLRGTPGPSKEVERWGESGEPVKAFKCEHCRILFLDHVMFTIHMGCH
GFRDPFECNICGYHSQDRYEFSSHIVRGEHKVG (SEQ 1D NO: 20)
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Isoform 2 {(UmProt QOH259-2)
MDSRYLQLOLYLPSCSLLOGSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLEAN
SIKVEMYSDEESSRLLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRL
PNGKLKCDVCGMVCIGPNVLMVHEKRSHTGERPFHONQCGASFTORGNLLRHE
KLHSGEKPFKOPFONY ACRRRDALTGHLRTHSYSSPTVGKPYKONYCGRSYKQQ
STLEEHKERCHNYLOSLSTEAQALAGOQPGDEIRDLEMVYPDSMLHSSSERPTFIDRL
ANSLTKRKRSTPOQKFVGEKOQMRFSLADLPYDVNSGGYEKDVELVAHHSLEPGEFG
SSLAFVGAEHLRPLRLPPINCISELTPVISSVYTOMQOPLPGRLELPGSREAGEGPED
LADGGPLLYRPRGPLTDPGASPSNGUQDSTDTESNHEDRVAGWSLPQGPPPQPFP
TIWGRHSPAY AKEDPKPQEGLLRGTPGPSKEVLRWGESGEPVKAFKCEHCR
LFLDHVMFTIHMGCHGFRDPFECNICGYHSQDRYEFSSHIVRGEHK VG (SEQ 1D
N2

The "Eos” protein isoforms 1 and 2 listed above includes the degron
FHONQCGASFTORKGNLLRHBIKLH (SEQ 1D NO: 23), which is the same as the
degron for the “Helios™ protein.

As used herein, “Pegasus” protein is also known as IKAROS family zinc finger 3,
ZNFNIAS, zine finger protein, subfamily 1A, 5, and Tkaros family zinc finger protein 5.
Pegasus is encoded by the IKZFS gene.

As used herein, the term "contacting” refers to the bringing together of ndicated
maictics in an /7 vifro system or an i vive system. For example, "contacting” IKZF1-4
proteins with a compound of Formula (T} mciudes the admustration of a compound of
the present invention to an individual or patient, such as a human, having Tkaros protein,
Helios protein, Aiolos protein, and Eos protein as well as, for example, introducing a
compound of Formula (1) into a sample containing a cellular or purified preparation
containing fkaros protein, Helios protein, Aiolas protein, and Eos protein.

The terms “treat,” “treating,” and “treatment,” as used herein, refer to any type of
intervention or process performed on, or administering an active agent to, the subject with
the objective of reversing, alleviating, ameliorating, intubiting, or slowing down or
preventing the progression, development, severity or recurrence of a svmptom,
complication, condition or biochemical indicia associated with a discase. In contrast,
“prophviaxis” or “prevention” refers to administration to a subject who does not have a

discase 1o prevent the discase from occurring. “Treat,” “treating,” and “treatment” does
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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
invention in combination with other active ingredients effective to decrease the levels of
the IKZF1-4 protems in the cells, or effective to treat or prevent viral infections and
proliferative disorders. such as cancer.

As used herein, the teom "ccll” is meant to refer to a cell that s i vitro, ex vivo or
invivo. In some emboduments, an ex vive cell can be part of a tissue sample excised from
an organism such as a mammal. In some embodiments, an /n vifro cell canbe acelling
cell culture. In some embodiments, an iz vivo cell is a cell living in an organism such as a
mammal,

The term “patient” inclades human subjects.

The phrase "pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable roaterial, composition or vehicle, such as a ligquid or selid
filler, diluent, excipient, manufacturing aid {e.g., lubrnicant, talc magnesium, calcium or
zimg stearate, or steric acid), or solvent encapsulating material, involved in carrying or
transporting the subject compound from one organ, or portion of the body, to ancther
organ, or portion of the body. Each carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation, including, . ¢., adpivant,
excipiont or vehicle, such as diluents, preserving agents, fillers, flow regulating agents,
distntegrating agents, wetting agents, emulsifving agents, suspending agents, sweetening
agents, flavoring agents, perfuming agents, antibacterial agents, antifungal agents,
lobricating agents and dispensing agents, depending on the nature of the mode of
administration and dosage forms; and not injurious to the patient.

The term "pharmaccutical composition” means a composition comprising the
compound of the mvention in combination with at least one additional pharmaceutically

acceptable carrier.

UTIITY
The compound of Formula (I} is asefud for the treatment of cancer.
The compound of Formula (1) is useful for the treatment of a viral infection.

In one embodiment, a method 1s provided for the treatment of cancer i g patient

(5]
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comprising administering to said patient a therapeutically effective amount of a
compound according to Formuda {I), or a stercoisomer, a tautomer, or a pharmaceuotically
acceptable salt thereof,

In one embodiment, a method s provided for the treatment of a viral infection n a

A

patient comprising admimstering to said patient a therapeutically effective amount of a
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof,

In one embodiment, a method 1s provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of a

10 compound having the structure:

8]
or a stereoisomer, a tautomer, or a pharmaceutically acceptable salt thereof.

Oue aspect provides a method of treating a discase or disorder by decreasing the
levels of the four TRZF1-4 proteins Tkaros, Helws, Aiolos, and Eos, the method

15 comprising admimstering to a patient a therapeutically effective amount of an agent to
decrease the Tkaros, Helios, Atolos, and Fos protein levels. In one embodiment, the
discase or disorder is cancer. In another embodiment, the disease or disorder 1s a viral
mfection. In an additional embodiment, the agent is the compound of Formula (1), a
stercoisomer, a tautomer, or a pharmaceutically acceptable salt thereof.

20 In one embodiment, a method 1s provided for the treatment of a disease or
disorder in a patient comprising admimstering to said patient a therapeutically effective
amount of an agent to decrease the Tkaros, Helios, Aiclos, and Eos protein levels,
wherein: a) said Tkaros protein is the amino acid sequence encoded by SEQ ID NOs: 1, 2,
3.4, 5, or 6; b) sasd Helios protein is the amino acid sequence encoded by SEQ 1D NOs:

25 7.8,9, 10, 0r 11; ¢} said Aiolos protein is the amino acid sequence encoded by SEQ ID
NOs: 12, 13, 14, 15, 16, 17, 18, or 19; and d) said Eos protein is the amino acid sequence
gncoded by SEQ 1D NOs: 20 0r 21
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In Embodiment 1, a method 1s 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, Alolos, and Hos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 309; (1t} said Helios (TKZF2) protein
level is decreased by at least 50%; (111 said Alolos (JKZF3} protein level is decreased by

at least 30%;

; and (iv) said Bos (IKZF4) protein level is decreased by at least 50%.
Tochuded in this embodiment is a method where the disease or disorder is cancer. Also
mcluded in this embodiment is a method wherein the discase or disorder 1s a viral
infection. Additionally, included in this embodiment is a method wherein the agent i the
compound of Formula (1), a stercoisomer, a tavtomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 2, a method is provided for the treatment of discase or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
ageunt to decrease the Tkaros, Helios, Aiolos, and Eos protein fevels, wherctne (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%,; (i) said Helios (JKZF2) protein
fevel is decreased by at least 50%; (i1t} said Aiolos (IKZF3) protein level is decreased by
at least 40%. and (iv) said Hos (IKZF4) protein level is decreased by at least 30%.
Included m this embodiment 1s a method where the discase or disorder is cancer. Also
inchided in this embodiment is a method wherein the disease or disorder s a viral
mfection. Additionally, included in this cmbodiment is a method wherein the agent is the
corapound of Formula (1), a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 3, a method is provided for the treatment of diseasc or disorder in
a paticnt comprising administering to said patient a therapeutically effective amount of an
agent to decrease the tkaros, Helios, Atolos, and Fos protein levels, wherein: (1) said
Tkaros (IKZF 1} protein level s decreased by at least 509, (11) said Hehos (IKZF2) protein
levelis decreased by at feast 50%; (iit) said Alolos (JKZF3) protein level is decreased by
at least 50%; and (i) said Fos (IKZF4) protein level is decreased by at least 50%.
Included in this embodiment is a method where the disease or disorder 1s cancer. Also
incloded 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 stereoisomer, a tautomer, or a pharmaceutically acceptable

)
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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, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 60%; {11} said Helbios (lKZF2} protein
levelis decreased by at least 50%; (iit) said Alolos (JKZF3) protein level is decreased by
at least 60%,; and (iv) said Fos (IKZF4) protein level is decreased by at least 50%.
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
infection. Additionally, included mn 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 5, a method is provided for the treatment of discase or disorder in
a patient comprising administering to said pationt a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Ajolos, and Eos protein levels, wherein: (3} said
Tkaros (JKZF 1} protein level is decreased by at least 30%,; (1) said Helios (IKZF2) protemn
level is decreased by at least 60%; (it1) said Aiclos (IKZF3) protein level is decreased by
at least 30%; and (1v) said Eos (IKZF4) protemn level is decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
inchuded m this crabodiment is 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 Formula (1), a stereoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 6, a method is provided for the treatment of discase or disorder in
a patient comprising adnunistering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Hehos, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%; {i1) said Helios (IKZF2} protein
level is decreased by at feast 60%; (it} said Aiolos (IKZF3) protein level is 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 is cancer. Also
included in this embodiment is a method wherein the discase or disorder is a viral

infection. Additionally, included n this embodiment is a method wherein the agent is the
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compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Erabodiment 7, amethod is provided for the treatment of disease or disorder in
a patient compnsing admimstering to said patient a therapeutically effective amount of an
agent to decrease the aros, Helios, Alolos, and Eos protein levels, wherein: (1} said
Tkaros (IKZF 1) protein level is decreased by at least 50%; (i1) said Helios (IKZF2} protein
level is decreased by at feast 60%; (it} said Axolos (IKZF3) protein level is decreased by
at least 50%, and (iv) said Fos (IKZF4) 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 embodunent is a method wherein the disease or disorder is a viral
infection. Additionally, included n this embodiment is a method wherein the agent 1s the
compound of Formula (1), a sterecisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

in Embodiment 8, a mothod 1s provided for the treatroent of discase 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
Ikaros (JKZF 1) protein level is decreased by at least 60%: (it} said Helios (IKZF2) protein
fevel is decreased by at feast 60%; (it) said Asolos (IKZF3) protein level 1s decreased by
at least 60%,; and (iv) said Eos (IKZF4) protein level is decreased by at least 60%.
Included o this embodiment is a method where the discase or disorder is cancer. Also
included in this emebodiment s a method wherein the discase or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (), a sterecisomer, a tautomer, or a pharmaceutically acceptable
salt thercof.

In Embodiment 9, amethod 1s provided for the treatment of disease or disorder
a patient comprnising administering to said patient a therapeutically offective amount of an
agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level 15 decreased by at least 30%,; (i1) said Helios (IKZF2) protein
level 1s decreased by at least 70%: (i) said Aiolos (IKZF3) protem level 1s decreased by
at least 30%,; and (iv) said Eos (IKZF4) protein level ts decreased by at least 65%.
Included i this embodiment is a method where the disease or disorder is cancer. Also

mncluded 1 this embodiment 1s a method wherein the disease or disorder is a viral

o
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mfection. Additionally, included i this embodiment 1s a method wherein the agent 1s the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 10, a method 1s provided for the treatment of discase or disorder
in a patient comprising admimsiering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiclos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level 15 decreased by at least 40%,; (i1) said Helios (IKZF2) protein
level is decreased by at least 70%: (i1) said Alolos (IKZF3) protem level 1s decreased by
at least 40%; and (iv) said Eos (IKZF4) protein level ts decreased by at least 65%.
Included m thus embodiment 1s a method where the discase or disorder is cancer. Also
included in this embodirent 1s a method wherein the disease or disorder is a viral
infection. Additionally, included 1o this embodiment is a method wherein the agent is the
compound of Formula (1}, a stereoisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 11, a method 1s 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, Alolos, and Fos protein levels, wherein: (1) said
Tkaros (JKZF 1) protein level is decreased by at least 50%; (31} said Helios (IKZF2) protein
levelis decreased by at feast 70%; {11) said Alolos JKZF3} protein level is decreased by
at least 50%,; and (iv) said Eos (IKZF4) protein fevel is decreased by at least 65%.
Tncluded in this embodiment is a method where the disease or disorder is cancer. Also
mcluded in this embodiment is a method wherein the discase or disorder is a viral
mnfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof,

In Embodiment 12, 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 fkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tearos (IKZF 1} protein level is decreased by at least 60%,; (1) saud Helios (JIKZF2) proten
level 1s decreased by at least 70%; (111) said Aiclos (IKZF3) protein level is decreased by
at least 60%. and (iv) said Hos (IKZ¥F4) protein level is decreased by at least 65%.

Included m this embodment 1s a method where the discase or disorder is cancer. Also
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incladed in this embodiment is a method wherein the disease or disorder 1s a viral
mnfection. Additionally, inchuded in this embodiment ts a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

in Embodiment 13, a method is provided for the treatment of discase or disorder
in a pattent comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1} protein level is decreased by at least 30%,; (1) said Helios (IKZF2) protemn
level is decreased by at least 80%; (i11) said Aiclos (IKZF3) protein level is decreased by
at least 30%,; and (1v) said Eos (IKZF4) protemn level is decreased by at least 60%.
Included mn 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
compound of Formula (1}, a stercotsomer, a tautomer, or a pharmaccutically 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 to decrease the Tkaros, Hehios, Atolos, and Eos protein levels, wheremn: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 40%; {11} said Helbios (IKZF2} protein
level is decreased by at feast 80%; (i1t} said Alolos (IKZF3) protein level is decreased by
at least 40%,; and (iv) said Fos (IKZF4) protein level is decreased by at least 60%.
Included in this embodiment 1s a method where the discase or disorder 1s cancer. Also
ncluded 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 13, a method is provided for the treatment of discase or disorder
in a paticnt coraprsing administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (3} said
fkaros (JKZF1} protein level is decreased by at least 50%, (1) said Helios (IKZF2) protein
level is decreased by at least 80%; (1) said Aiclos (IKZF3) protein level is decreased by

at least 50%:; and (1v) said Hos (IKZF4) protein level 1s decreased by at least 60%.
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Included m this embodiment is a method where the discase or disorder is cancer. Also
ncloded in this embodiment is a method wherein the disease or disorder is a viral
mnfection. Adduionally, included mn 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 16, a method is provided for the treatment of discase or disorder
in a patient comprsing administering to said patient a therapeutically effective amount of
an agent to decrease the Tharos, Helios, Aiolos, and Eos protein levels, wherein: (1) said
fkaros (JKZF1} protein level is decreased by at least 60%, (1) said Helios (IKZF2) protein
fevel 1s decreased by at least 80%; (111) said Asclos (AKZF3) protein level is decreased by
at least 60%; and (1v) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Incladed in this embodiment is a method where the disease or disorder is cancer. Also
inchided m this embodiment (s a method wherein the disease or disorder is a viral
miection. Additionally, included in this embodiment is a method wherein the agent ts the
compound of Formula (1), a sterecisomer, a tautomer, or a pharmaceutically acceptable
salt thercof.

In Embodiment 17, a method is provided for the treatment of disease or disorder
in a patient comprising advunistering to said patient a therapeutically effective amount of
an agent to decrease the karos, Hehos, Aiolos, and Eos protein levels, wheremn: (1) said
Tkaros (IKZF1) protein level is decreased by at least 309%,; {u1) said Helios (IKZF2) protein
level is decreased by at feast 85%: (ii1) said Alolos (IKZF3) protein level is decreased by
at least 30%, and (iv) smid 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 discase or disorder is a viral
infection. Additionally, included n this embodiment is a method wherein the agent is the
compound of Formula (I}, a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 18, a method is provided for the treatment of discase or disorder
101 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 (JKZF 1) protein level is decreased by at least 40%: (it} said Helios (IKZF2) protein

level s decreased by at least 85%,; (1) said Aiclos (AKZF3) protein level 1s decreased by
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at least 40%,; and (iv) said Fos (IKZF4) protein level is decreased by at least 60%.
Included i this embodiment 1s a method where the disease or disorder is cancer. Also
included in this embodirnent is a method wherein the discase or disorder is a viral
infection. Additionally, included n this embodiment is a2 method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 19, a method is provided for the treatment of discase or disorder
4 patient comprising admmistering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Alolos, and Eos protein levels, wherein: (3} said
Tkaros (JKZF 1) protein level is decreased by at least 50%; (31} said Helios (IKZF2) protein
level is decreased by at least 85%,; (111) said Asolos (JKZF3} 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 disease or disorder is cancer. Also
mchided m this embodiment 15 a method wherein the discase or disorder 15 a vital
mfection. Additionally, included i this embodiment is a method wherein the agent is the
compound of Formula (), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emobodiment 20, a method 1s provided for the treatment of discase or disorder
in a patient comprsing adminisiering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiclos, and Eos protein lovels, wherein: (1) said
Tkaros (IKZF 1) protein level s decreased by at least 60%,; (i1) said Helios (IKZF2) protein
tevel is decreased by at least 85%; (1) said Aiolos (IKZF3) protemn level is deereased by
at least 60%; 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
included in this embodiment is a method wherein the discase or disorder is a viral
infection. Additionally, included n this embodiment is a method wherein the agent is the
compound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thercof.

In Embodunent 21, a method 1s provided for the treatment of disease or disorder
it a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the karos, Helios, Alolos, and Eos protein levels, wherein: (1) said

Ikaros (IKZF 1) protein level is decreased by at least 30%; (it} said Helios (IKZF2) protein

(5]
—



WO 2024/254227 PCT/US2024/032683

level 1s decreased by at least 90%; (i11) said Aiolos (IKZ¥F3) protein level 1s decreased by
at least 30%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included i this embodiment is a method where the discase or disorder is cancer. Also

inchuded in this embodument is a method wherein the disease or disorder is a viral

A

infection. Additionally, incloded 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 22, a method is provided for the treatment of disease or disorder
it a patient comprising administering to said patient a therapeutically effective amount of
10 an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said

Ikaros (IKZF 1) protein level is decreased by at least 40%; (it} said Helios (IKZF2) protein
level s decreased by at feast 90%; {(i1) said Alolos (JKZF3} protein level is decreased by
at least 40%,; and (iv) said Eos (IKZF4) protein level is decreased by at least 60%.
Included 1o this embodiment ts a method where the discase or disorder is cancer. Also

15 ncluded 1n this embodiment is a method wherein the disease or disorder is a viral
mnfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula {3}, a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 23, a method 1s provided for the treatment of discase or disorder

20 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: (i) said
Tkaros (IKZF 1) protein level 1s decreased by at least 50%, (1) said Helios (JKZF2) proten
level is decreased by at least 90%; (1) said Aiclos (IKZF3) protein level is decreased by
at least 50%; and (1v) said Eos (IKZF4) protein level is decreased by at least 60%.

25 Included in 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
infection. Additionally. included in this embodiment is a method wherein the agent is the
corapound of Formula (1), a stercoisomer, a tautomer, or 3 phammaceutically acceptable
salt thereof.

30 I Embodiment 24, 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, Hehios, Alolos, and Eos protein levels, wherein: (1) said
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Tkaros (IKZF 1) protein level 15 decreased by at least 60%,; (11) said Helios (JKZF2) protem
level is decreased by at least 90%; (1) said Aiclos (IKZF3) protein level is decreased by
at least 60%:; and (iv) said Fos (IKZF4) protein level 1s decreased by at least 60%.
Included m 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 15 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 3 phammaceutically acceptable
salt thereof.

In Embodiment 25, 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 lkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 309, {i1) said Helios (IKZF2} protein
levelis decreased by at feast 90%; (i) said Alolos (JKZF3) protein level is decreased by
at least 30%,; and (iv) said Fos (IKZF4) protein level is decreased by at least 63%.
Included m this embodiment is a method where the disease or disorder is cancer. Also
included 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, or a pharmaceutically acceptable
salt thereof.

In Embodiment 26, 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 decrease the Tkaros, Helios, Aiolos, and Hos protein levels, wherein: (1) said
fkaros (JKZF 1} protein level is decreased by at least 40%, (11) said Helios (IKZF2) proten
fevel is decreased by at least 90%; (111} said Aiolos (IKZF3) protein level is decrcased by
at least 40%:; and (iv) said Eos (IKZF4) protein level is decreased by at least 65%.
Included mn this embodiment is a method where the disease or disorder is cancer. Also
nchided i this embodiment (s a method wherein the disease or disorder is a viral
infection. Additionally, included 1o this embodiment is a method wherein the agent 1s the
cormpound of Formula (1}, a stereoisomer, a fautomer, or & pharmaceutically acceptable
salt thereof.

In Embodiment 27, a method s provided for the treatment of discase or disorder

in a patient comprising adounistering to said patient a therapeutically eftective amomnt of
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an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (JKZF 1} protein level is decreased by at least 50%,; (1) said Helios (IKZF2) protemn
level is decreased by at least 90%,; (1) said Aiclos (AKZF3) 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
nclided i 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
corpound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emobodiment 28, a method 1s provided for the treatment of discase or disorder
in a patient comprising adminsiering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hebos, Aiclos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 60%; (i1} said Helios (IKZF2} protein
level is decreased by at feast 90%; (i) said Alolos (IKZF3) protein level is decreased by
at least 60%,; and (iv) said Eos (IKZF4) protein level is decreased by at least 65%.
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
infection. Additionally, included m this embodiment is a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, or a phamaceutically acceptable
salt thercof.

In Embodiment 29, a methad is 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, Alolos, and Eos protein levels, wherein: (1) said
Ikaros (JKZF 1} protein level i3 decreased in the range of 40 to 70%: (11) said Helios
(JKZF2) protein level is decreased by at feast 50%; (i) said Aiolos (JK.ZF3) protein fevel
is decreased n the range of 40 to 70%; and (iv) saxd Eos (IKZF4) protein level 1s
decreased by at least 50%. Included in 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 infection. Additionally, included in this embodiment is a method
wheretn the agent 1s the compound of Formula (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In HErabodiment 30, a method is provided for the treatment of discase or disorder
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0 2 patient comprising administering to said patient a therapeutically effective amowunt of
an agent to decrease the tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Ikaros (IKZF 1} protein level is decreased in the range of 40 to 70%: (it} said Helios
(JKZF2) protein level is decreased by at least 60%; (111} said Alolos JKZF3) protein level
iz decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4} protein level is
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 discase or
disorder is a viral infection. Additionally, included in this embodiment is a method
wheretn the agent 1s the compound of Formula (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thercof

In Embodiment 31, a method 1s provided for the treatment of discase or disorder
in a patient comprising adminisiering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiclos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF1) protein level s decreased in the range of 40 to 70%; (1) said Helios
(IKZF2) protein level is decreased by at least 70%; (111) said Arolos (JKZF3) protein level
is decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) protemn level is
decreased by at least 65%. Included in this embodiment is a method where the discase or
disorder 1s cancer. Also included in this erobodiment ts 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 Formula (1), a sterecisomer, a tavtomer, ora
pharmaceutically acceptable salt thereof,

In Embodiment 32, 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 lkaros, Helios, Adolos, and Eos protein levels, wherein: (1) said
Ikaros (IKZF 1} protein level is decreased in the range of 40 to 70%:; (11} said Helios
(IKZF2} protein lovel is decreased by at least 70%; (in1) said Aiclos (IKZF3) protein leve
is decreased in the range of 40 to 70%; and {iv) said Eos (IKZF4) protein level is
decreased by at least 70%. Included in 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 infection. Additionally, included in this embodiment is a method
wherein the agent is the compound of Formula (I}, a stercoisomer, a tautomer, or a

pharmaceutically acceptable salt thercof.
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In Embodiment 33, a method is provided for the treatment of disease or disorder
i 3 patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Hehios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased in the range of 40 to 709 (1) said Helios
(JKZF2) protemn level is decreased by at least 80%; (111} said Alclos (IKZF3) protein level
is decreased in the range of 40 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 embodiment 1s 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 (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 34, a method is 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, Aiolos, 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 90%; (iii) said Arolos (IKZF3) protein fevel
is decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) protemn level is
decreased by at least 63%. Included in this emobodiment s 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 infection. Additionally, 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 35, a method is provided for the treatment of disease or disorder
in a pationt comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wheren: (1) said
Tkaros (IKZF 1) protein level is docreased in the range of 50 to 70%: (11) said Helos
{(IKZ¥F2) protein level is decreased by at least 50%; (1u1) said Aiclos (IKZF3) protein level
is decreased 1o the range of 50 to 70%; and (1v) said Eos (IKZF4) protemn level is
decreased by at least 50%. Included in this embodiment is a method where the disease or
disorder is cancer. Also incladed in this embodiment is a8 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 Formula (1), a sicreoisomer, a tautomer, or a
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pharmaceutically acceptable salt thereof.

In Embodiment 36, 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 karos, Hehos, Aiolos, and Eos protein levels, wheren: (i) said
Tkaros (IKZF 1) protein level is decreased in the range of 50 to 70%; (11) said Helios
{(IKZ¥F2) protein level is decreased by at least 60%:; (i11) said Arolos (IKZF3) protein level
is decreased 1o the range of 50 to 70%; and (iv) said Eos (IKZF4) protein level is
decreased by at least 60%. Included in this embodiment is a method where the disease or
disorder is cancer. Also incladed in this embodiment is a8 method wherein the disease or
disorder is a viral infection. Additionally, mcluded in this embodiment ts a method
wherein the agent is the compound of Formula (1), a sterecisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

in Embodiment 37, a method is provided for the treatment of discase or disorder
i a patient comprising admunistering to said pationt a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (JKZF 1} protein level is decreased in the range of 50 to 70%; (1) said Helios
(IKZF2) protein level is decreased by at least 70%; (11t} said Arolos (JKZF3) protein fevel
is decreased in the range of 30 1o 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 i this embodiment is a method wherein the discase or
disorder is a viral jnfection. 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 38, a method is provided for the treatment of disease or disorder
i & patient comprising adoinistering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hehos, Aiolos, and Eos proten levels, wherein: 1) said
Tkaros (IKZF1) protein level is decreased in the range of 50 to 70%; (1) said Helios
(IK.2F2) protein level is decreased by at least 70%; (iu) said Atolos (IKZF3) protein tevel
is decreased 1n the range of 30 to 70%; and (1v} said Eos (IKZF4) proten level is
decreased by at least 70%. 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 1s a viral infection. Additionally, included in this erabodiment is a method
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wherein the agent 1s the compound of Formula (I}, a stereoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Erabodiment 39, a method is provided for the treatment of disease or disorder
in 4 patient compnising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiclos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF1) protein level is decreased in the range of 50 to 70%; (1) said Helios
(IK.2F2) protem level is decreased by at least 80%; (iu) said Asolos (IKZF3) protein level
1s decreased in the range of 30 to 70%; and (1v} said Eos (IKZF4) protemn level is
decreased by at least 65%. 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 infection.  Additionally, included in this embodiment is a method
wherein the agent 18 the compound of Formula (1), a stereoisomer, atastomer, or a
pharmaceutically acceptable salt thereof.

In Embodunent 40, 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: (1) said
Ikaros (JKZF 1) protein level is decreased in the range of 50 to 70%; (i1) said Helios
(IKZF2) protein lovel is decreased by at feast 90%, (U1} said Alolos (IKZF3) protein level
is decreased in the range of 50 to 70%:; and {iv} said Eos (IKZF4} protein level is
decreased by at least 90%. Included in this embodiment is a method where the discase or
disorder is cancer. Alse included in this embodiment 1s a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wheretn the agent is the compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thercof.

In Embodiments | to 40, the decreases i the protem levels of the IKZF 14
proteins can be measured using the following assays described herembelow: (1) IKZF1:
Heman CD&' T Cell Reprogranuming Assay: (it) IKZF2: Human Regulatory T Cell
Reprogramning Assay; {11} IKZF3: Hinan CD8' T Cell Reprogramunung Assay; and
(v} IKZF4: Hhuman Regulatory T Cell Reprogramming Assay.

Types of cancers that may be treated with the compound of Formala (I} include,
but are not limited to, brain cancers. skin cancers, bladder cancers, ovarian cancers, breast

cancers, gasttic cancers, pangreatic cancers, prostate cancers, colon cancers, blood
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cancers, lung cancers and bone cancers. Examples of such cancer types include
neuroblastoma, intestine carcinoma such as rechum carcinoma, colon carcinoma, anal
cancer, fanuliar adencmatous polyvposis carcinoma and hereditary non-polyposis
colorectal cancer, esophageal carcinoma, nasopharyngeal carcinoma, labial carcinoma,
larynx carcinoma, hypopharynx carcinoma, tongae carcinoma, salivary gland carcinoma,
thymic carcinoma, csophagogasiric cancer, gastric carcinoma, adenocarcinoma,
medullary thyroid carcinoma, papillary thyroid carcinoma, renal carcinoma, kidney
parenchymal carcinoma, ovarian carcinoma, ¢ervix carcinoma, utering Corpus carcinoma,
endometriwm carcinoma, chorion carcinoma, pancreatic carcinoma, prostale carcinoma,
testis carcinoma, breast carcinoma, urinary carcinoma, melanoma, brain tumors such as
ghioblastoma, astrocytoma, meningioma, medulioblastoma and peripheral
neuroectodermal tumors, Hodghin lymphoma, nos-Hodgkin Iymphoma, Burkitt
tymphoma, acute tvmphatic leukemia (ALL), chronic lymphatic leukemia (CLL), acute
myeloid leukenia (AML), chronic myveloid leukemia (CML), adult T-cell leukemia
tymphoma, diffuse large B-cell lvmnphoma (DLBCL), hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small cell lung carcinoma, non-small cell lung
carcinoma, mesothelioma, multiple myeloma, basalioma, teratoma, retinoblastoma,
choroid melanoma, seoinoma, rhabdomyosarcoma, craniopharyngioma, osteosarcoma,
chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma and
plasmocytoma.

o one embodiment, a method 1s 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 pharmaceuotically
acceptable salt thereof. wheremn said cancer is melanoma.

In one embodiment, a method 1s provided for the treatment of cancer, i a paticnt
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a sterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is fung cancer, imncluding small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC).

I one embodiment, a method 1s 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 stercoisomer, a tautomer, or a pharmaceutically
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acceptable salt thereof, wheren said cancer is 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 (1}, or a sterecisomer, a tavtomer, or a pharmaceutically
acceptable salt thereof, wherem said cancer is breast cancer, mchuding ductal carcinoma,
mvasive ductal carcinoma metastatic breast cancer, triple-negative breast cancer, human
cpidermal growth factor receptor 2 (HERZ)-positive breast cancer, estrogen receptor
{(ER-posttive 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
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a sterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is prostate cancer, including adenocarcinoma
of the prostate and castration-resistant prostate cancer.

In one embodiment, a method 1s provided for the treatment of cancer, in a patient
comprising admunistering to said patient a therapeutically effective amount of the
compound according to Formula (I}, or a stercaisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is pancreatic cancer, including pancreatic
adenocarcinoma, exocrine pancreatic cancer and neurcendocrine pancreatic cancer.

in one embodiment, a method is provided for the treatment of cancer, i a patient
comprising administering to said pationt a therapeutically effective amount of the
compound according to Formula (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wheretn said cancer is kidnev cancer, including renal cell
carcinoma, clear cell renal cell carcinoma, and non-clear cell renal cell carcinomas,
papillary renal cell carcinoma, Wilms tumor, and renal sarcoma.

In one embodiment, a method is provided for the treatment of cancer, n a patient
comprising administering to said pationt a therapeutically effective amount of the
corapound according to Formaula (I), or a stercoisomer, a tautomer, or a phammaceutically
acceptable salt thereof, wherein said cancer is gastric cancer, inchiding gastric carcinoma.

I one embodiment, a method 1s 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 stercoisomer, a tautomer, or a pharmaceutically
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acceptable salt thereof, wherem said cancer 18 kadney cancer, including renal carcinoma
and kidney parenchymal carcinoma.

In one embodiment, a method 1s provided for the treatment of cancer, i a patient
comprising admimstering to said patient a therapeutically effective amount of the
compound according to Formula (I), or a sterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is liver cancer, including hepatoceilular
carcinoma.

In one embodiment, a method 1s 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 stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is ovarian cancer, including ovarian
carcinoma.

in one embodiment, a method is provided for the treatment of cancer. in a patient
comprising administering to said pationt a therapeutically effective amount of the
compound according to Formula (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is lymphoma, including Hodgkin lymphoma,
non-Hodgkin fymphoma, Burkitt lymphoma, acute lymphatic leukemia (ALL), chronic
Iymphatic leukemia (CLL), acute myeloid leukenua (AML), chronic myelowd leukemia
(CML)}, adult T-cell leukemia, and diffuse large B-ccll lymphoma (DLBCL).

in one embodiment, a method is provided for the treatment of cancer, i a patient
comprising administering to said pationt a therapeutically effective amount of the
compound according to Formula (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is leukemia, inclading acute lvmphatic
feukemia {ALL)}, chronic lymphatic leukemia {CLL}, acute myeloid leukemia (AML),
chronic myeloid leukemia (CML), adult T-cell leukenua lvmphoma, and diffuse large B-
cell lymphoma (DLBCL).

In one embodiment, a method is provided for the treatment of cancer, in a patient
corprising administcring to said patient a therapeutically effective amount of the
compound according to Formula (I), or a stercoisomer, a tautomer, or a phammaceutically
acceptable salt thereof, wherein said cancer is multiple myeloma.

The compound for Formula (I} and pharmaceutical compositions comprising the

compound of Formula (I} are useful m treating or preventing any discases or conditions
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that are associated with the activity of IKZF1-4 proteins. These include viral and other
nfections {e.g., skin infections, G1 wnfection, urinary tract mfections, genifo-urmary
infections, systemic infections), and proliferative diseases {e.g., cancer). Any method of
admuinistration may be used to deliver the compound or pharmaceutical composition to
the patient. In certain embodiments, the compound of Formula (I} or phammaceutical
composition comprising the compound of Fornuula (1) 1s administered orally. In other
cmbodiments, the compound of Fornwla (1) or pbarmaceutical composition comprising
the compound of Formula (I} s administered parenterally.

In one embodiment, a method 1s provided for the treatment of a viral infection in a
patient comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thercof, wherein said viral infection is caused by exposure to HIV,
hepatitis (A, B, or C), herpes viras {e.g, VZV, HSVY-1, HAV-6, HSV-H, and CMV,
Epstein Barr virus}), adenovirus, influenza virus, flaviviruses, echovirus, thinovirus,
coxsackie virus, coronavirus, respiratory syncyiial virus, nyumps virus, rotavirus, measles
viras, rubella virus, parvovirus, vaceinia virus, HTLV virus, dengue virus,
papitiomavirus, moHluscum virus, polioviras, rabies virus, JC virus and arboviral
encephalitis virus.

The compound of Formula (I} can selectively decrease the protein levels of the
four IKZ¥F -4 proteins in cels to control Treg differentiation and/or the immune
regulatory state. For example, the compound of Formula (B can be used to selectively
decrease the protein level, decrease the activity level and/or inhibit the expression level of
each of the four IKZF1-4 proteins in the cells to control Treg differentiation and/or the
immune regolatory state in a cell or in an individueal in need of a decrease in the protein
fevel, decrease in the activity Jovel and/or inhibition of the expression level of cach of the
four IKZF1-4 proteins by administering an efficacious amount of the compound of
Formula (I} or a stereoisomer, a tautomer, or a salt thereof.

In one embodiment, the present invention provides a combined preparation of the
cormpound of Formula (I}, and/or a pharmaceutically acceptable salt thereof; and
additional therapeutic agent{s) for simultaneous, separaie or sequential use in the
treatment and/or prophylaxis of multiple diseases or disorders associated with the activity

of IKZF1-4 proteins. The combined preparation can be used to decrease the protein level,
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to decrease the protem 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) is sequentially administered prior to
adounistration of the immuno-~oncology agent. Tn another aspect, the compound of
Formulda (I} is admimstered concurrently with the immuono-oncology agent. In yet
another aspect, the compound of Forowula (1} is sequentially administered after
admiunstration of the mmuno-oncology agent.

In another aspect, the compound of Formula (I) may be co-formulated with an
tmmuno-oneology agent.

Immuno-oncology agents include, for example, a small molecule drug, antibody,
or other biologic or small molecule. Examples of biologic immuno-oncology agents
inchude, but are not limited to, cancer vaccines, antibodies, and cvtokines. In one aspect,
the antibody s a monoclonal antibody. In ancther aspect, the monoclonal antibody is
bumanized or human.

In one aspect, the immuno-~oncology agent 1s (1) an agonist of a stimulatory
(including a co-stinlatory} receptor of (it} an antagonist of an inhibitory (ncluding a co-
inhibitory) signal on T cells, both of which resuit in amphifying antigen-specific T cell
responses (often referred to as vwmune checkpomt regulators).

Certain of the stimulatory and mhibitory molecules are members of the
imanunoglobulin super family (1g8F). One important family of membrane-bound ligands
that bind to co-stimulatory or co-inthibitory receptors is the B7 family, which mncludes B7-
1, B7-2, B7-HI (PD-L1), B7-DC (PD-L2), B7-H2 (JCOS-L), B7-H3, B7-H4, B7-H5
(VISTA), and B7-H6. Ancther family of membrane bound ligands that bind to co-
stinulatory or co-inhibitory receptors is the TNF family of molecules that bind to cognate
TNF receptor family members, which includes CD40 and CD40L, 0X-40, OX-40L,
CD70, CD27L, CD30, CD30L, 4-1BBL, CD37 (4-1BB), TRAIL/Apo2-L,
TRAILRI/DR4, TRAILRZ/DRS, TRAILR3, TRAILR4, OPG, RANK, RANKL,
TWEAKR/Fnld4, TWEAK, BAFFR, EDAR, XEDAR, TACL APRIL, BCMA, LTAR,
LIGHT, DeR3, HVEM, VEGUTL1A, TRAMP/DR3, EDAR, EDAL, XEDAR, EDAZ,
TNFRI, Lymphotoxin o TNFB, TNFR2, TNFo, LTBR, Lymphotoxin o 1B2, FAS, FASL,
RELT, DR6, TROY, NGFR.

In one aspect, T cell responses can be stimulated by a combination of the

i,
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compound of Formula (I} and one or more of (i) an antagonist of a protein that inhibits T
cell activation {e.g., immume checkpoint inhibitors) such as {TLA-4, PD-1, PD-L1, PD-
L2, LAG-3, TIM-3, Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGIT, CD1I3,
GPR36, VISTA, 2B4, CD438, GARP, PDIH, LAIRI, TIM-1, and TIM-4, and (11} an
agonist of a protein that stimnidates T cell activation such as B7-1, B7-2, CD2§, 4-1BB
{CD137), 4-1BBL, ICOS, ICOS-L, 0X40, OX40L, GITR, GITRL, D70, CD27, CD40,
DR3 and CD2SH.

A

Other agents that can be combined with the compound of Formula (I} for the

treatment of cancer nchide antagonists of inhibitory receptors on NK cells or agonists of
10 activating receptors on NK cells. For example, the compound of Formula (I} can be
combined with antagonsts of KIK, such as liriturnab.

Yet other agents for combination therapies include agents that inhibit or deplete
macraphages or monocytes, including but not limited to CSF-1R antagonists such as
CSF-1R antagomnist antibodics inclading RGTI55 (WO LU/70024, WO11/107553,

15 WOTI/131407, WOI3/87699, W0 13/119716, WO 13/132044) or FPA-008
(W011/140249. W0 13169264, W(14/036357).

In another aspect. the compound of Formula (1) can be used with one or more of
agonistic agents that ligate posttive costimulatory receptors, blacking agents that
attenuate signaling through mhibitory receptors, antagomists, and one or more agents that

20 increase systemically the frequency of anti-tumor T cells, agents that overcome distinet
mmune suppressive pathways within the tumor microenvironment {¢.g., block inhibitory
receptor engagement {¢.g., PD-LI/PD-~1 nteractions), deplete or inhibit Tregs {¢.g., using
an anti-CD25 monoclonal antibody (e.g., daclizumab) or by ex vivo anti-CD25 bead
depletion), inhibit metabolic enzymes such as IDO, or reverse/prevent T cell ancrgy or

25 exbaustion) and agents that trigger mnate iovnune activation and/or inflanunation at
tumor sites.

In one aspect, the immunoc-oncology agent 1s a CTLA-4 antagonist, such as an
antagomstic CTLA-4 antibody. Suitable CTLA-4 antibodies include, for example,
YERVOY (ipilimumab} or tremelimumab.

30 I another aspect, the mmuno-oncology agent is a FB-1 antagonist, such as an
antagonistic PD-1 antibody. Suitable PD-1 antibodies melude, for example, OPBIVO
(ivolumab), KEYTRUDA {(pembrolizunab), MEDI-0680 (AMP-514;
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W02012/145493), LIBTAY O (cemiplimab), JEMPERLI (dostarlimab), and ZYNYZ
(retifanlimab} The immunoc-oncology agent may also include piditizumab {(CT-011),
though its specificity for PD-1 binding has been questioned. Another approach to target
the PD-1 receptor is the recombinant protein composed of the extracellular domam of

PD-L2 (B7-DC) fused to the Fe portion of 1gG1, called AMP-224.

A

In another aspect, the immunc-oncology agent is a PD-L1 antagomist, such as an
antagomstic PD-L1 antibody. Suitable PD-L1 antibodics mnclude, for example,
MPDL3280A (R(G7446;, W2010/077634), durvalumab (MEDI4736), BMS-936359
(WO207/005874), MSBOOIO718C (W(2013/79174), TECENTRIQ {Atezolizumab), and

10 BAVENCIO (avelumab).

In another aspect, the immuno-cucology agent is a LAG-3 antagonist, such as an
antagonistic LAG-3 antibody. Suitable LAG3 antibodies include, for example, BMS-
086016 (WO10/19570, WO 14/08218), or IMP-731 or IMP-321 {(WG08/132601,
WO09/44273).

5 In another aspect, the immumo-oncology agent 1s a CDN37 (4-1BB) agonist, such
as an agonistic CD37 antibody. Suitable CD137 antibodies inchude, for example,
wrelumab and PF-05082366 (W(12/32433).

In another aspect, the momuno-oncology agent is a GITR agonist, such as an
agonistic GITR antibody. Suitable GITR antibodies include, for example, BMS-986153,

20 BMS-986156, TRX-518 (W006/105021, WO09/009116) and MK-4166 (WO 11/028683).

v another aspect, the immuno-oncology agent ts an IDO antagonist. Suitable
1D antagonists include, for example, INCB-024360 (WQO206/122150, WO07/75598,
WO08/36633, W(08/36642), indoximod, or NLG-819 {W{9/73620, W((9/1156632,
WO11/56652, WO12/142237}.

25 In another aspect, the tmmuno-oncology agent is an OX40 agomst, such as an
agonistic 0X40 antibody. Suitable OX40 antibodies include, for example, MEDI-6383 or
MEDI-6469.

In another aspect, the mumuno-oncology agent is an OX40L antagonist, such as an
antagomstic OX40 antibody. Suitable OX40L antagomsts include, for example, RG-7888

30 (WO06/029879).

In another aspect, the immmno-oncology agent is a CDM4O agonist, such as an

agonistic CDM40 antibody. In yet another embodiment. the immuno-oncology agentis a
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CD40 antagonist, such as an antagonistic CD40 antibody. Suitable CD40 antibodies
nclude, for example, lacatumumab or dacetuziomab.

In another aspect, the immuno-oncology agent is a CD27 agonist, such as an
agonistic {UD27 antibody. Switable CD27 antibodies include, for example, varhilumab.

in another aspect, the immuno-oncology agent is MGAZ271 (1o BTH3)
{W011/109400).

In another aspect, the immuno-oncology agent s an anti-TIGIT agent. Suitable
anti-TIGIT agents mnclude antibodies such as an BMS-986207, tiragolumab, or MK-7684,
In another aspect, the immuno-oncology agent 1s a KRAS G12¢ mhibitor.
Suitable KRAS G12C inhibitors include LUMAKRAS (sotorasib) or KRAZATE

{adagrasib}.

The combination therapy is tntended to embrace admimistration of these
therapeutic agents in a sequential manner, that is, wherein cach therapeutic agent is
adrmwistered at a different time, as well as adnunistration of these therapeutic agents, or
at least two of the therapeutic agents, in a substantially simuliancous manner.
Substantially simultancous administration can be accomplished, for example, by
aduunistering to the subject a single dosage form having a fixed ratio of each therapeutic
agent or in multiple, single dosage forms for cach of the therapeutic agents. Scquential or
substantially sinuttaneous administration of each therapeutic agent can be effected by
any appropriate route including, but not limited to, oral routes, intravenous 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 sclected may be administered by
intravenous injection while the other therapeutic agents of the combination may be
admunistered orally. Alternatively, for example, all therapeutic agents may be
advunistered orally or all therapeutic agents may be administered by intravenous
injection. Combination therapy also can embrace the admuinistration of the therapeutic
agents as described above i further combination with other biologically active
mgredients and non-drug therapies (e g, surgery or radiation treatment.) Where the
combination therapy further comprises a non-drog treatment, the non-drug treatment may
be conducted at any suitable time sc long as a beneficial effect from the co-action of the

combination of the therapeutic agents and non-drug treatment 1s achicved. For example,
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0 appropriate cases, the beneficial effect 1s st:ill achieved when the non-drug treatment 1s
temporally removed from the admimistration of the therapeuatic agents, perhaps by days or
even weeks.

Oue or more additional pharmaceutical agents or treatment methods such as, for
example, anti-viral agents, chemotherapeutics or other anti-cancer agents, immune
enhancers, immunosuppressants. radiation, anti-tumor and anti-viral vaceines, cytokine
therapy (e.g.. 1L-2 and GM-CSF), and/or tyrosine kinase inlubitors can be optionally used
w combination with the compound of Formula (I} for treatment of TKZF 1-4 proteins
assoctated diseases, disorders or conditions. The agents can be combined with the present
compound in a single dosage form, or the agents can be administered simultancousty or
sequentially as scparate dosage forms,

Suitable chemotherapeutic or other anti-cancer agents include, for example,
alkylating agents {including, without limitation, nitrogen mustards, ethylenimine
dertvatives, alkyl sulfonates, nitrosourcas and triazenes) such as uracil mustard,
chliormethine, cyclophosphamide (CYTOXAN®RY, ifosfamide, melphalan, chlorambucil,
pipobroman, tnethyvlenc-melamine, tricthylencthiophosphoramine, busulfan, camnustine,
lomustine, streptozocin, dacarbazing, and temozolomide.

In the treatment of melanoma, suitable agents for use in combination with the
compound of Formula (I} include: dacarbazine (DTIC), optionally, along with other
chemotherapy drugs such as carmustine (BCNU) and cisplatin; the "Dartmouth regimen”,
which cousists of DTIC, BONU, cisplatin and tamoxtifen; a combimation of cisplatin,
vinblastine, and DTIC, temozolomide or YERVOY ™. The compound of Formula (1)
may also be combined with immunotherapy drags, inchuding cvtokines such as interforon
alpha, interloukin 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 1n the treatment of melanoma. Antimelanoma vaccines are, in some ways, similar
to the anti-virus vaccines which are used to prevent discases caused by viruses such as
polio, measles. and mumps. Weakened melanoma cells or parts of melanoma cells called
antigens may be injected mto a patient to stinuilate the body's inunune system to
recognize and destroy melanoma cells.

Melanomas that are confined to the arms or legs may also be treated with a

combination of agents including the compound of Fornwla (1}, using a hyperthermic
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isolated limb perfusion technigue. Thas treatment protocol temporarily separates the
circulation of the involved limb from the rest of the body and injects high doses of
chemotherapy into the artery feeding the imb, thus providing high doses to the area of the
tumor without exposing intemal organs to these doses that might otherwise cause severe
side effects. Usually, the fluid 1s warmed to 38.9 °C 1o 40 °C. Melphalan is the drug most
often used in this chemotherapy procedure. This can be given with ancther agent called
tuwmor necrosis factor {TNF).

Suitable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (includimg, without limitation, folic acid antagonists, pyrinidine analogs,
purine analogs and adenosine deaminase mhibitors} such as methotrexate, 5-fluorouracil,
floxuniding, cytarabine, 6-mercaptopurine, S-thioguanine, fludarabine phosphate,
pentostatine, and gemcitabing.

Suitable chemotherapeutic or other anti-cancer agents further include, for
example, certain natural products and their denvatives (for example, vinca alkalods,
antitumor antibiotics, enzymes, lvmphokines and epipodophyilotoxing) such as
vinblastine, vincristine, vindesine, bleomyein, dactinomycin, daunorebicin, doxonibicin,
epirubicin, idarubicin, ara-C, paclitaxel (Taxol), mithramvein, deoxyco-formyein,
mitomyein-C, L-asparaginase, interferons {especially IFN-alpha), etoposide, and
teniposide.

Other cvtotoxic agents include navelbene, CPT-11, anastrazole, letrazole,
capecitabine, reloxafine, and droloxafine.

Also suitable are cyiotoxic agents such as epidophyllotoxin; an antincoplastic
enzyvme; a fopoisomerase inhibitor; procarbazine; mitoxantrone; platimum coordination
complexes such as cisplatin and carboplatin; biological response modifiers; growth
inhtbitors; antihormonal therapeutic agents: leucovoring tegafur; and haematopoictic
growth factors,

Other anti-cancer agent{(s) include antibody therapeutics such as trastuziunab
(HERCEPTIN®R), antibodics to costinulatory molecules such as CTLA-4, 4-1BB and
PD-1, or antibodies to cviokines (IL-10 or TGF-f}.

Other anti-cancer agents also include those that block immaone cell migration such
as amtagonists to chemokine receptors, mcluding CCRZ and CCR4.

Other anti-cancer agents also include those that angment the omune system such
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as adjuvants or adoptive T cell transfer.
Anti-cancer vaccnes include dendritic cells, synthetic peptides, DNA vaccines
and recombinant vinses.

The pharmaceutical composition of the invention may optionally include at least

A

one signal transdaction inhibitor (8TI). A "signal transduction inhibitor” is an agent that

selectively mhibits one or more vital steps in signaling pathways, in the nommal function

of cancer cells, thereby leading to apoptosis. Suitable STis mclude. but are not limited to:

(1} bor/abl kinase inhibitors such as, for example, STI 571 {GLEEVEC®); (1) epidermal

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

10 (IRESSA®, SSI-774) and antibodies (Imelone: C225 [Goldstein et al., Clin. Cancer Res.
FA3EE-1318 (1995}, and Abgenix: ABX-EGF): (iu) her-2/nen receptor inhibitors such as
farnesyl transferase inhibitors (FT1} such as, for example, 1-744 832 (Kohl et al., Nar.
Med., 1{8):792-797 {1995}); (v} nhibitors of Akt fanuly kinases or the Akt pathway,
such as, for example, rapamycin (sce, for example, Sckulic ot al., Cancer Res., 60:3504-

5 3513 (200} {v) cell cycle kinase mhibitors such as, for example, flavopiridol and UCN-
(1 (see, for example, Sausville, Curr. Med Chem. Anti-Canc. Agenis, 3:47-36 (203}},
and (vi} phosphatidyl inositol kinase inhibitors such as, for example, LY294002 {sce, for
example, Viabos et al., J Biol Chem., 269:5241-5248 (1994)). Aliernatively, at least one
STI and the compound of Formula (I) may be in separate pharmaceutical compositions,

20 In aspecific embodiment of the present mvention, the compound of Formula (1) and at
least one STI may be administered to the patient concurrently or sequentially. In other
words, at the compound of Formula (I} may be admimstered first, at least one ST mav be
administered fisst, or the compound of Formuda (1} and at least one ST may be
administered af the same time. Additionally, when the compound of Formula (1) and

25 more than one STI 1s used, the compounds may be administered in any order.

The present mvention further provides a pharmaceutical composition for the

treatment of a chronic viral infection 10 a patient comprising the compound of Formula
(1), optionally, at least one chemotherapeutic dmg, and, optionally, at least one antiviral
agent, in a pharmaceutically acceptable carrier.

30 Also provided is a method for treating a chronic viral infection in a patient by

administering an effective amount of the above pharmaceutical composition.

In a specific embodiment of the present invention, the compound of Formaula (I}
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and at least one chemotherapeutic agent are administered to the patient concurrently or
sequentially. In other words, the compound of Formula (I) may be administered first, at
icast one chemaotherapeutic agent may be admunistered first, or the compound of Formula

{1} and the at least one STI may be adrmmnistered at the same time. Additionally, when

A

more than one chemotherapeutic agent is used, the compound and more than one
chemotherapeutic agent may be administered i any order. Similarly, any antiviral agent
or ST may also be administered at any point in comparison to the adounistration of the
corpound of Foroula (I},
Chronic viral infections that may be treated using the present combinatorial
10 treatment include, but are not limited to, diseases caused by hepatitis C virus (HCV),
human papilloma virus (HPV), cytomegalovirus ({CMV), berpes simplex virus (HSV),
Epstein-Barr virus (EBV}, varicella zoster virus, coxsackie virus, and haman
mmunodeficiency virus (HIV).
Suitable antiviral agents contemplated for use 1n combination with the compound
15 of Formula (I} can comprise nucleoside and nucleotide reverse transceriptase inhibitors
{(NRTIs}, non-nucicoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors
and other antiviral drugs.
Examples of suttable NRTIs mclude zidovudine {AZT); didanosine {(ddl};
zalcitabine (ddCy; stavudine (d4T); lamivadine (3TC); abacavir (1592U89); adefovir
20 dipivoxil {bis{POM)}-PMEA]; lobucavir (BMS-180194}; BCH-10652; enmitricitabine [(-)-
FTCY beta-L-FD4 (also called beta-L-D4C and named beta-1-2',3'-dicleoxy-5-tluoro-
cytidene); BAPD, ({~}-beta-D-2,6-diamino-punine dioxolane); and lodenosine (FddA).
Typical suitable NNRTIs include nevirapine (BI-RG-587); delaviradine (BHAP, U-
90152}, efavirenz (DMP-266); PNU-142721; AG-1549; MKC-442 (1-(cthoxy-methyl}-3-
25 (I-methyiethyl)-6-{phenvimethyl)-(2 4(1H 3H}-pynimidinedione); and (+)-calanolide A
(NSC-675451) and B. Typical suitable protease inhibitors include sagquinavir (Ro 31-
8959} ritonavir (ABT-53R8); indinavir (MK-639}; nelfnavir (AG-1343); amprenavir
(141W94); lasinavir (BMS-234475); DMP-4530, BMS-2322623; ABT-378; and AG-1549.
Other antiviral agents mnclade hydroxyurea, nbavirin, IL-2, IL-12, pentafuside and
30 Yisswm Project No.11607.
The combination therapy is intended to embrace administration of these

therapeutic agents in a sequential manner, that is, wherein cach therapeutic agent s
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administered at a different time, as well as administration of these therapeutic agents, or
at least two of the therapeutic agents, in a substantially simultancous manner.
Substantially simultancous adounistration can be accomplished, for example, by
administering to the subject a single dosage form having a fixed ratio of cach therapeutic
agent or i multiple, single dosage forms for cach of the therapeutic agents. Sequential or
substantially stmultancous administration of cach therapeutic agent can be effected by
any appropriate route including, but not limited to, oral routes, intravenous routes,
wtramuscuolar routes, and divect 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
mntravenous ingection 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
mjection. Combination therapy also can embrace the adninistration of the therapeutic
agents as deseribed above in further combination with other biologically active
mngredients and pon-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 effect from the co-action of the
combination of the therapeutic agents and non-drug treatment 1s achieved. For example,
in appropriate cases, the beneficial effect is still achieved when the non-doug treatment is
temporally removed from the adounistration of the therapeutic agents, perhaps by days or

even weeks.

PHARMACEUTICAL COMPOSITIONS

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

The compound of Formula (I} may be adounistered by any suitable route,
preferably m the form of a phannaceutical composttion adapied to such avoute, and in a
dose effective for the treatment mntended. The compound and compositions of the

compound of Formula (I} can be adounistered for any of the uscs described herein by any
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suitable means, for example, orally, such as tablets, capsules {each of which mcludes
sustained release or timed release formulations), pills, powders, gramules, elixirs,
tinctures, suspensions {including nanosuspensions, nucrosuspensions, spray-dred
dispersions}, syrups, and emulsions; sublingually; bucally: parenterally, such as by
subcutaneous, infravenous, inframuoscular, or intrasternal injection, or infusion techniques
{e.g., as sterile ijectable aqueous or non-agueous solutions or suspensions); nasally,
including adrinistration to the nasal membranes, such as by inhalation spray; topicatly,
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 adminstered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and
standard phammaceutical practice.

For oral administration, the pharmaceutical composition may be in the form of, for
cxample, a tablet, capsule, liquid capsule, suspension, or liquid. The pharmaceutical
composition 1s preferably made in the foum of a dosage untt contaiung a particular
amount of the active ingredient. For example, the pharmaceutical 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
from about 0.5 to 100 mg. A suitable daily dose for a2 human or other mammal may vary
widely depending on the condition of the patient and other factors, but can be determine
using routine methods.

Any phamaceutical composition contemplated herein can, for example, be
dehivered orally via any acceptable and suttable oral preparations. Exemplary oral
preparations, include, but are not limited to, for example, tablets, troches, lozenges,
aqueous and oily suspensions, dispersibic powders or granules, enulsions, hard and sof
capsules, liquid capsules, svrups, and elixirs. Pharmaceutical compositions intended for
oral adminustration can be prepared according to any mwethods known in the art for
manufacturing pharmaceutical compositions intended for oral adounistration. In order to
provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contamn at least one agent selected from sweetening
agents, flavoring agents, coloring agents, dermudcents, antioxidants, and preserving agents.

A tablet can, for example, be prepared by admixing the compound of Forouula (1)

and/or at least one pharmaccutically acceptable salt thercof with at least one non-toxic
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pharmaceutically acceptable excipient suntable for the manufacture of tablets. Exemplary
excipients inchede, but are not limited to, for example, mert diluents, such as, for
exaraple, calcium carbonate, sodivm carbonate, lactose, calcium phosphate, and sodium
phosphate; granulating and disintegrating agents, such as, for example, microcrystailine
cellulose, sodium crosscarmellose, corn starch, and alginic acid; binding agents, such as,
for example, starch, gelatin, polyvinyi-pyrrolidone, and acacia; and lubricating agents,
such as, for example, magnesium stearate, stearic acid, and talc. Additionally, a tablet
can either be uncoated, or coated by known technigues to either mask the bad taste of an
wnpleasant tasting drog, or delay disintegration and absorption of the active ingredient in
the gastromiestinal tract thereby sustaining the effects of the active ingredient for a longer
period. Exeraplary water soluble taste masking materials, include, but are not limited to,
hydroxypropyl-methvicelivlose and hydroxypropyl-celluiose. Excmplary time delay
materials, include, but are not limited to, ethyl cellulose and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing the compound of
Formula (1) and/or at least one salt thereof with at least one nert solid diluent, such as, for
example, calcium carbonate; caleium phosphate; and kaolin,

Soft gelatin capsules can, for exampie, be prepared by mixing the compound of
Formula () and/or at least one pharmaceutically acceptable sali thereof with at feast one
water soluble carrier, such as, for example, polvethylene glveol; and at least one o1l
medium, such as, for cxample, peanut otl, liquid paratfin, and olive oil.

An agueous suspension can be prepared, for exaraple, by admixing the compound
of Formula (T} and/or at least one phammaceutically acceptable salt thereof with at least
one excipient suitable for the manufacture of an agueous suspension. Exemplary
excipients suitable for the manufacture of an aqueocus suspension, inchude, but are not
linuted to, for example, suspending agents, such as, for example, sodium
carboxymethyleelhidose, methyleethulose, hvdroxypropyimethyi-celiulose, sodium
alginate, alginic acid, polyvinyl-pyrrolidone, gum tragacanth, and gum acacia; dispersing
or wetling agents, such as, for example, a naturally-occurring phosphatide, ¢.g., lecithin;
condensation products of alkvlene oxide with fatty acids, such as, for example,
polvoxvethvlene stearate; condensation products of ethylene oxide with long chain
aliphatic alcohols, such as, for example heptadecacthylene-oxveetanol; condensation

products of ethvlene oxide with partial esters derived from fatty acids and hexitol, such
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as, for example, polyoxvethyiene sorbitol monooleate; and condensation products of
ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, such as,
for example, polyethylene sorbitan monocoleate. An agueous suspension can also contain
at least one preservative, such as, for example, ethyl and n-propy! p-hydroxybenzoate; at
least one coloring agent; at least one flavoring agent; and/or at least one sweetening
agent, including but not imited to, for example, sucrose, saccharin, and aspartame.

Oily suspensions can, for example, be prepared by suspending the compound of
Formula (1) and/or at least one pharmaceutically acceptable salt thereof in cither a
vegetable oil, such as, for example, arachis oil; olive oil; sesame oil; and cocomut gil; or
in mineral oil, such as, for example, Hquid paraffin. An oily suspension can also contain
at least one thickening agent, such as, for example, beeswax; bard paraffin; and cetyl
alcohol. In order to provide a palatable oily suspension, at feast one of the sweetening
agents already described hercinabove, and/or at least one flavoring agent can be added to
the oily suspension. An oily suspension can further contain at least one preservative,
nclading, but not hmited to, for example, an anti-oxidant, such as, for example, butvlated
hvdroxyanisol, 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. Suitable dispersing agents, wetting agents, and suspending agents are
as already descnbed above. Exemplary preservatives include, but are not himited to, for
example, anti-oxidants, e.g., ascorbic acid. In addition, dispersible powders and granules
can also contain at least one excipient, including, but not imited to, for example,
sweetening agents; flavoring agents; and coloring agents.

An emulsion of the compound of Formula (1) and/or at least one pharmaceutically
acceptable salt thercof can, for example, be prepared as an oil-in-water emulsion. The
oily phase of the emulsions comprising the compound of Formula (1) may be constituted
from known ingredients in a known manuncer. The otl phase can be provided by, but 1s not
limited to, for example, a vegetable oil, such as, for example, olive il and arachisoil; a
mineral oil, such as, for example, liguid paraffin; and mixtures thereof. While the phase
may comprise mercly an eomulsifier, #t may comprise a mixture of at least one emulsifier

with a fat or an o1 or with both a fat and an o1l. Suitable emulsifying agents include, but
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are not limited to, for example, naturallv-occurring phosphatides, e.g., sovbean lecithin;
esters or partial esters derived from fatty acids and hexitol anhydrides, sach as, for
exaraple, sorbitan monooleate; and condensation products of partial esters with ethylene
oxide, such as, for example, polyoxyethviene sorbitan monooleate. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the emulsificr(s)
with or without stabilizer{s) make-up the so-calied emulsifying wax, and the wax together
with the o1l and fat make up the so-called emulsifying ointment base which forms the oily
dispersed phase of the cream formulations. An emulsion can also contain a sweetening
agent, a flavoring agent, a preservative, and/or an antioxidant. Emulsifiers and emulsion
stabilizers suitable for use in the formulation of the present invention include Tween 60,
Span 80, cetostearyl alcohol, myristyl alechol, glyceryl monostearate, sodium lauryl
sulfate, 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 phammaceutically acceptable salt
thereof can, for example, also be delivered ntravenously, subcutaneously, and/or
ntramuscelarly via any pharmaceutically acceptable and suitable injectable form.
Exemplary mjectable forms include, but are not limited to, for example, sterile aqueous
solutions comprising acceptable vehicles and solvents, such as, for example, water,
Ringer’s solution, and isofonic sodium chlonde solution; sterile oil-im-water
microemulsions; and aqueous or olcaginous susponsions.

Formulations for parenteral adounistration may be in the form of agueous or non-
agueous isotonic stenle mjection sohutions 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 formulations for oral administration or by
using other suitable dispersing or wetting agenis and suspending agents. The compound
may be dissolved in water, polvethylene glyeol, propylence glveol, ethanol, com oil,
cottonseed oil, peamut oil, sesame oil, benzyl alcohol, sodium chioride, tragacanth gum,
and/or varicus buffers. Other adjuvants and modes of admunustration are well and widely
known n the pharmaceutical art. The active ingredient may also be adminustered by
injection as a composition with suitable carners inchuding saline, dextrose, or water, or
with cyclodextrin (i.¢., Captisol), cosolvent solubilization (i.2., propylene glycol) or

miccllar solubilization (i.c., Tween 80).
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The sterile mjectable preparation may also be a stenle mjectable solution or
suspension in a non-toxic parenterally acceptable diluent or solvent, for example as a
solution in 1,3-butancdiol. Among the acceptable vehicles and solvents that may be
emploved are water, Ringer’s solution, and isotonic sodium chlonde solution. In
addition, sterile, fixed otls are conventionally emploved as a solvent or suspending
mediun. For this purpose, any bland fixed od may be emploved, mehading synthetic
mono- or diglyeerides. In addition, fatty acids such as oleic acid find use mn the
preparation of injectables.

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

A stenile aqueous or oleaginous suspension can be prepared in accordance with
methods already known in the art. For example, a sterile agueous solufion or suspension
can be prepared with a non-toxic parenterally-acceptable dituent or solvent, sach 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, e.g., synthetic mono- or diglycerides; and fatty acids, such as, for example,
oleic acid.

Phamaceutically acceptable carriers are formulated according to a number of
factors well within the purview of those of ordinary skill in the art. These include,
without Hmitation: the type and natore of the active agent being fornmudated; the subject to
which the agent-containing composition is to be adminustered; the intended route of
adounistration of the compasition; and the therapeutic indication being targeted.
Pharmaccutically acceptable carmers include 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 wn addition to the active agent, such
additional mgredients being included in the formulation for a variety of reasons, e.g.,
stabilization of the active agent, binders, etc., well known to those of ordinary skill m the
art. Descriptions of suitable pharmaceutically acceptable carriers, and factors nvolved in

their selection, are found i a vanety of readily available sources such as, for example,
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Allen, L. V. Jr. er al. Remingion: The Science and Practice of Pharmacy {2 Volmes),
22nd Edition (2012}, Pharmaceutical Press.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the pharmaceutical compositions of this invention nclude, but are not limited to, ion
exchangers, alumina, alaminum stearate, lecithin, self-emolsifying drug delivery systems
{(SEDDS) such as d-alpha-tocophero! polyethyieneglvect 1000 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polvethoxylated castor oil such as
CREMOPHOR surfactant (BASF)}, or other similar polymeric delivery matnices, serum
proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or elecirolvies, such as protamine sulfate, disodium hyvdrogen
phosphate, potassivm hydrogen phosphate, sodium chioride, zine salts, colloidal silica,
maguesiom trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene
glveol, sodmm carboxymethylcellulose, polyacrylates, waxes, polvethylene-
polyoxvpropylene-block polvmers, polvethviene glycol and wool fat. Cyclodextrins such
as alpha-, beta-, and gamma-cyclodexirin, or chemically modified derivatives such as
hvdroxyatkyleyelodextrins, including 2- and 3-hvdroxypropyl-cyclodextring, or other
solubilized derivatives may also be advantageously used to enhance delivery of
compound of the formulae described heremn.

The pharmaceutically active compound of this invention can be processed in
accordance with conventional methods of pharmacy to produce medicinal agents for
admnistration to patients, mcluding humans and other mammals, The phammaceutical
compositions may be subjected to conventional pharmaceutical operations such as
sterifization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers, buffers cte. 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 ordinanly
combined with one or more adjuvants appropriate to the indicated route of adounistration.
If administered orally, the compound may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, celhulose alkyl esters, tale, stearic acid,

magnesiim stearate, magnesiwm oxide, sodiur and calcium salts of phosphoric and
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sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinvlpyrrolidone, and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contamn 3 controlied-release formulation as may be provided in a
dispersion of active compound 1o hydroxypropvimethyl cellulose.

The amounts of the compound that 1s administered and the dosage regimen for
treating a disease condition with the compound and/or compositions of this invention
depends on a varety of factors, including the age, weight, sex, the medical condition of
the subject, the type of disease, the seventy of the disease, the route and frequency of
administration, and the particular compound employed. Thus, the dosage regimen may
vary widely, but can be determuned routinely using standard methods. A daily dose of
about 0.001 to 100 mg/kg body weight, preforably between about 0.0023 and about 50
mg/kg body weight and most preferably between about 0.005 to 10 mg/kg body weight,
may be appropriate. The daily dose can be administered in one to four doses per dav.
Other dosing schedules include one dose per week and one dose per two day cvcle.

Pharmaceutical compositions of this invention comprise the compound of
Formula (I) and/or at least one pharmaceutically acceptable salt thereof, and optionally an
additional agent sefected from any pharmaceuntically acceptable carrier, adjuvant, and
vehicle. Alternate compositions of this invention comprise the compound of the Formula
(I} described herein, or a prodrug thereof, and a pharmaceutically acceptable carvier,
adjuvant, or vehicle.

The present invention also includes pharmaceutical kits useful, for example, inthe
treatrent or prevention of IKZF1-4 protemn-associated diseases or disorders, and other
diseases referred to herein which inchude one or more containers confaining a
pharmaceutical composition comprising a therapeutically effective amount of the
compound of Formula (I}, Such kits can further include, f desired, one or more of
various conventional pharmaceutical kit components, such as, for example, containers
with one or more pharmaceutically acceptable carriers, additional containers, as will be
readily apparent to those skilled in the art. {nstmactions, either as inserts or as labels,
mdicating quantities of the components to be adnunistered, guidelines for administration,
and/or guidelines for mixing the components, can also be meluded in the kit

The dosage regimen for the compound of the present mvention will, of course,

vary depending upon known factors, such as the phannacodynamic characteristics of the
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particular agent and s mode and route of admimstration; the species, age, sex, health,
medical condition, and weight of the recipient; the nature and extent of the symptoms; the
kind of concurrent treatroent; the frequency of treatment; the route of administration, the
renal and hepatic function of the patient, and the effect desired.

By way of general gindance, the daily oral dosage of each active ingredient, when
used for the indicated effects, will range between about 0.001 to about 5000 mg per day,
preferably between about 0.01 to about 1000 mg per day, and most preferably 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/keg/minute during a constant rate infusion. The
compound of Formula (I) may be administered in a single daily dose, or the total daily
dosage may be administered in divided doses of two, three, or four times daily,

The compound is typically administered in an admixture with suitable
pharmaceutical diluents, excipients, or carriers {collectively referred to herein as
pharmaceutical carriers) suntably selected with respect to the intended form of
administration, e.g., oral tablets, capsules, elixirs, and syrups, and consistent with
conventional phamaceutical practices.

Dosage forms {pharmaceutical compositions) suitable for administration may
countain from about 1 mulligram to about 200 pulligrams of active ingredicut per dosage
unit. In these pharmaceutical compositions the active ingredient will ordinarily be
present in an amount of about 0.1-95% by weight based on the total weight of the
corposition.

A typical capsule for oral admimstration contains the compound of Formula (1)
(230 mg), tactose {75 mg), and magnesium stearate {15 mg). The mixture is passed
through a 60 mesh sicve and packed into a No. | gelatin capsule.

A typical injectable preparation is produced by aseptically placing the compound
of Formula (I} (250 mg) into a vial, aseptically freeze-drving and sealing. For use, the
contents of the vial are mixed with 2 mL of physiological saling, to produce an injectable
preparation.

The present imvention includes within its scope pharmaceutical compositions
comprising, as an active ingredient, a therapeatically effective amount of the compouand
of Formula (1), alone or in combination with a pharmaceutical carrier. Optionally, the

compound of Formula (I) can be used in combination with one or more other therapeutic
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agent(s), e.g., an anticancer agent or other phammaceutically active material.

Regardless of the route of admumistration selected, the compound of Foromuda (I3,
which may be used i a suttable bydrated form, and/or the pharmaceutical compositions
of the present invention, are formulated mto pharmaceutically acceptable dosage forms by
conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of this invention may be varied so as to obtain an amount of the active ingredient which 1s
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 (I} employed, or the ester, salt or amide thereof, the
route of administration, the time of administration, the rate of excretion or metabolism of
the particular compound being employed, the rate and extent of absorption, the duration
of the treatment, other drugs, compounds and/or materials used m combination with the
particular compound employed, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like factors well known 1 the medical
arts.

A physician or veternarian having ordinary skill in the art can readily determine
and preseribe the effective amount of the pharmaceutical composition required. For
cxample, the physician or veterinarian could start doses of the compound of Formula (1)
emploved in the pharmaceutical composition at levels lower than that required in order to
achieve the therapeutic effect and gradually increase the dosage until the effect 1s
achieved.

In general, a suitable daily dose of the compound of Formula () will be that
amount of the compound which 1s the lowest dose effective to produce a therapeutic
effect. Such an effective dose will gencrally depend upon the factors desceribed above.
Generally, oral, mtravenous, intracerebroventricular and subcutaneous doses of the
compound of Formula (1} for a patient will range from about .01 to about 50 mg per
kilogram of body weight per day.

H desired, the effective daily dose of the active compound may be admimstered as
two, three, four, five, six or more sub-doses administered separately at appropriate

intervals throughout the day, optionally, 1 unit dosage forms. In certam aspects of the
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mvention, dosing 1s one admmistration per day.

While it is possible for a compound of Formulda (I} to be adonunistered alone, it 1s
preferable to admunister the compound as a pharmaceutical formulation {(composition}.

The above other therapeutic agents, when emploved in combination with the
compound of Formula (I}, may be used, for example, in those amounts indicated 1n the
Physicians’ Desk Reference (PDR) or as otherwise determined by one of ordinary skill in
the art. In the methods of the present wvention, such other therapeutic agent(s) may be
adrmwmistered prior to, sinmftancousty with, or following the admnistration of the

nventive compourndd.

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
mvention can be synthesized using the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereon as
appreciated by those skilled in the art. Preferred methods include, but are not limited to,
those described below. All references cited herein are hereby incorporated by reference
in their entirety.

The compound of this invention may be prepared using the reactions and
techniques described in this section. The reactions are performed in solvents appropriate
to the reagents and matenials emploved and are suitable for the transformations being
effected. Also, in the description of the synthetic methods desenbed below, 1t is to be
understood that all proposed reaction conditions, including choice of solvent, reaction
atmosphere, reaction temporature, duration of the experiment and work up procedures, are
chosen to be the conditions standard for that reaction, which should be readily recognized
by one skilled i the art. It 1s understood by one skilled 1n the art of organic synthesis that
the functionality present on vartous portions of the molecule must be compatible with the
reagends and reactions proposed. Such restrictions to the substituents that arc compatible
with the reaction conditions will be readily apparent to one skilled in the art and alternate
methods must then be ased. This will sometimes require a judgment to modify the order
of the svnthetic steps or o select one particular process scheme over ancther in order to

obtain a compound of the invention. It will also be recognized that another major
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consideration 1n the planning of any synthetic route m this field 1s 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
altematives to the trained practitioner is Greene and Wuts (Protective Groups In Grganic

Syathesis, Fourth Edition, Wiley and Sons, 206073,

EXAMPLES

The following example Hustrates the particular embodiments of the present
invention and do not limit the scope of the present invention. Chemical abbreviations and
symbols as well as scientific abbreviations and symbols have their usual and customary
meanings unless otherwise specificd. Additional abbreviations emploved in the
Examples section and elsewhere 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 {¢.g., “1-A” denotes the Example 1, step A), or by the example only where the
compound is the title compound of the example (for example, ©17 denotes the title
compound of Example 1}. In some instances, alternate preparations of intermediates or
examples are described. Frequently chemists skifled in the art of synthesis may devise
altemative preparations which may be destrable based on one or more considerations such
as shorter reaction time, less expensive starfing materials, ease of operation or isolation,
improved vield, amenable to catalysis, avoidance of toxic reagents, accessibility of
specialized mstrumentation, and decreased number of linear steps, etc. The intent of
descrnibing alternative preparations is to further enable the preparation of the examples of
this invention. In some instances, some functional groups in the outlined examples and
claims may be replaced by well-known bioisosteric replacements known in the art, for

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

ABBREVIATIONS
ACN acetonitrile
DCM dichloromethane
DME dimethyl ether
DMF dimethylformamide
DMSO dimethyl sulfoxade
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dppt bis{diphenylphosphino)ferrocene
EtGAc cthyl acctate

HPLC High Performance Liquid Chromatography
Me methyl

MeOH methanol

min mimute(s)

ml milliliter(s)

NaHMDS sodium bis{trimethyisiiyilamide
n-Bali n-butyl lithiam

NHsQOAC ammonium acetate

TEMED tetramethylcthylenediamine
TFA triflucroacetic acid

THF tetrabydrofuran

Analytical LCMS conditions

Method A: ACQUITY UPLCR®R BEH CI8 (3.0 x 50 num} 1.7 poy; Mobile Phase
A:95:5 water: acetonitrite with 2.5 mM NHaOAc; Mobile Phase B: 5:95 water:
acetomtnile with 2.5 oM NHeOAc; Temperature: 40 °C; Gradient: 20 %8B to 100 %

over 2 min; flow: 8.7 mL/mn; Detection: MS and UV (220 nm).

INTERMEDIATE A

tert-butyl (6-chloro-3-formylpyndin-2-yljcarbamate

O
X,
CF” N7 UNH CHs

of’L\o/% o

CHy (Int-A)
To a stirred solution of ferr-butyl (6-chloropynidin-2-y1} carbamate (20 g, 87
mmol} and TEMED (32.8 i, 219 mmol} in anhvdrous THF (300 mL) was added L6 M
solution of n-Bult i hexanes (137 mL, 219 mamol}) dropwise for about 30 minutes at -78
°C under nitrogen. The reaction mixture was slowly warmed to -10 °C and kept at -10 °C
for 2 h. The reaction nixture was cooled agan to -78 °C. DMF (33.9 mL, 437 mmol}
was added and the reaction mixture was slowly wanmed t¢ room temperature and stirred
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for 2 h. The reaction mixture was diluted with EtOAc (1 L) and 1 N hydrochloric acid
{01.5 L), stirred for 13 min and the organic phase was separated. The orgamic phase was
washed with water and saturated NaHCGOs solution, dred over anhvdrous NaxSQOq,

filtered and concentrated under vacue. The residue 1s muxed with 10% IPA in petroleum

A

cther and the separated solid was filtered and dried under vacuo to afford rerr-butyl (6~
chioro-3-formylpyridin-2-yl} carbamate (15 g, 67%) as a pale schid. LUMS (Method A):
retention time 1.45 pun, [M-56]" 201.1; "H NMR (300 MHz, CHLOROFORM-d) 3 10.17
(brs, TH}, 9.90 (s, 1H), 794 (brd, J= 8.3 Hz, 1), 7.26-7.02 {(m, 1H), 1.55 (s, OH)}.

10 INTERMEDIATE B
rere-Butyl (8)-5-amino-4-(S-(6~{(rerr-butoxycarbonvhammno}-3-formylpyridin-2-vi}-4-
fluoro-1-oxoiscindolin-2-vI}-S-oxopentanoate
G

ICHy

o\7<CH3
CHy
H3C (Int-B}

Preparation of Intermediate B-1: 5-bromo-4-fluoro-3-hvdroxyisobenzofuran- H{3H }-one

Foooon
Br P
i o

N

[—
W

G ({at-B-1)

To a stirred solution of 2,26, 6-tetramethylpiperidine (7.07 mL, 41.6 mmol) n
anhyvdrous THF (1530 mL) was added 2.5 M solution of n-Buli in hexanes (16 mL, 40
mmol) at 0 °C. The reaction mixture was stirred for 30 min at 0 °C, cooled to =50 °C and
a solution of 4-bromo-3-fluorchenzoic acid (3.5 g, 15.98 mmol) in anbydrous THF (100
20 mL) was added dropwise at same temperature under nitrogen. The reaction mixture was
stirred for 3 hat -50 °C ander nitrogen. Anhvydrous DMF (2.48 mb, 32 mmol) was added
at -50 °C and the reaction mixture was slowly warmed to room temperature and stirred

for 16 h. The reaction was quenched with the addition of 1.5 N HCH (100 ;). The
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reaction mixture was extracted with EtOAc (3 x 36 mL). The combined organic laver
was washed with brine, dried over anhydrons NaxSQ4, filtered and evaporated under
vacno. The residue was purified by flash chromatography (5102, 120 g colunm, 0-50%
EtQAc/pet-ether) to afford 5-bromo-4-fluore-3-hydroxyisobenzofuran-1GH-one (1.0 g,
23%;) as a vellow solid. LCMS (Method A} refention time 0,48 min, [M-H|" 2451,
247 1; 'H NMR (400 MHz, acetonitrile-ds) § 7.93 (dd, /=80, 55 Hz 1H), 759 (d. J=
8.0 Hz, 1H), 6.74 (brs, {H), 5.94 (brs, iH).

A

Preparation of Intermediate B-2: rers-butyl (8)-3-amino-4-(S-bromo-4-fluoro-1-

10 oxoisoindolin-2-yi-5-oxopentancate

(Int-B-2}
To a stirred solution of 5-bromo-4-fluors-3-hydroxyisobenzofuran-1{3H)-one (1.7
2. 6.88 mmol} and ferr-butyl (5)-4,5-diamino-3-oxopentanoate HCI (1.67 g, 8.26 nunol)

in DM (306 mL), was added sodium triacetoxyborohydnde (3.65 ¢, 17.21 mmoly at 0 °C

=
U

under nitrogen. The reaction mixture was warmed to room tomperature and stirred for 438
h. The reaction mixture was diluted with ice water (30 mL) and resulting white solid was
filtered and dried under vacuo to afford tert-butyl (S)-5-amino~4-(5-bromo-4-fluoro~ 1~
oxoisoindolin-2-yI}-5-oxopentancate {1.6 g, 50%;) as a white solid. LCMS (Method A}
retention time 1.39 min, [M-H]" 413.9; 1H NMR (400 MHz, DMSO-de} 8 783 (dd, /=
20 8.0,6.0Hz 1H), 7.5%9 (brs, 1H), 751 (d, /= 8.0 Hz, 1H), 7.23 (brs, 1H), 4.77-4.59 (m,
3H), 2.26-2.13 (m, 3H), 2.08-1.96 {m, 1H), 1.34 (s, 9H).

Preparation of Intermediate B-3: rerr-butyl (8)-5-amino-4-(4-flucrs-1-0x0-5-(4,4,5.5-

tetramethyl-1,3 . 2-dioxaborolan-2-vinsoindolin-2-vi}-5-oxopentanoate

N
HaC gy
HCTN 6 F
O Q
© CHy o CHy
25 HsC CHa  (Ing-B-3)
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A mxture of fert-butyl {8)-3-amino-4-(5-bromo-4-flucro-1-oxoisoindolin-2-v1}-3-
oxopentanoate (10.0 g, 24.1 mmol), potassium acetate {0.355 g, 3.61 mmol} and Bispin
(7.95 g, 31.3 mmol} 1 anbvdrous DME (15 mi) was purged with argon for 1¢ minat
room temperature. Pd{dppHCh-BCM complex {(1.97 g, 2.4 numol) was added under
argon atmosphere, the vial was sealed, and the reaction mixtore was heated at 80 °C for
16 h. The reaction mixture was cooled to room temperature, filtered through celite pad
and the filtrate was concentrated under vacue. The residue obtained was dissolved in
diethy! cther, filered through celite pad and the filtrate was concentrated under vacuo to
afford fer-butyl (5)-5-amino-4-(4-fluoro-1-ox0-3-(4.4,5,5-tetramethy1-1,3 2~
dioxaborolan-2-viyiscindohin-2-yij-5-oxopentanoate (11.0 g, crude). LCMS (Method A):

retention thime 1.6 min, [M+H]" 463 1.

Preparation of Intermediate B:

To a stured solution of rerr-butyl (S)-3-avuno~4-(4-fluoro-i-oxo-5-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yhisomdolin-2-vi)}-S-oxopentanoate {11.0 g, 23.8
mmol} in dioxane (200 mL) was added ferr-butyl (6~ chloro-3-formyipyridin-2-v1)
carbamate (7.42 g, 28.9 mmol) and 3 M agueous solution of potassium phosphate {24.08
mi. 72.2 nuwol) at room temperatre. The reaction mixture was purged with nitrogen for
10 min, methanesulfonato{2-dicyclohexviphosphing-2' 4 6'-tn-i-propyl-1, I'-biphenyi}2'-
methylamino-1,1' biphenyl-2-vipaliadium(d) (1.556 g, 1 81 mumol) was added under
nitrogen and the reaction mixture was heated at 85 °C for 2 h. The reaction mixture was
cooled 1o room temperature, diluted with EtGAc¢ (300 mL} and washed with brine. The
orgamc layer was separated and dried over anhydrous sodium sulfate, filtered and

gvaporated uader vacuo. The crude compound was purified by flash chromatography

{5)-S-ammo-4-(5-{6-{{reri-butoxyvearbonylamino -5 -formylpyvrdin-2-yt-4-flucro-1-
oxotsoindolin-2-vii-5-oxopentanoate {7 4 g, 35 % vield) as a vellow sohid. LLMS
{Method A): retention time 1.62 min, [M+H]" 557.2; 'H NMR (300 MHz,
CHLOROFORM-d) 8 10.08 (brs, 1H}, 9.97 (s, 1H), 834 (brt, /=72 Hz, 1H), 8.0% (br
d, J=T6Hz, 1H), 778 (brd, J= 7.6 Hz, ZH), 6.37 (brs, 1H}, 494 (brt, J= 6.8 Hz, 1H),
472 {brd, J=174Hz H), 438 (brd, /=178 Hz, 1H), 2.46-2.11 (m. 4H), 1.70-1.62 {m,
9H), 1.53-1.37 (o, 9H).
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EXAMPLE 1
3-(5-(5-{(6-Oxa-2-azaspiro[3 Sjnonan-2-vhmethyl}-6-aminopyridin-2-vi}-4-fluoro- | -

oxoisoindohin-2-yhpiperiding-2,6-dione

N NHp

O )

L

Preparation of Intermediate 1A ferf-butyl (83-4-(5-(5-((6~0xa-2-azaspiro]3 Sinonan-2-y1)

methyl)-6-{{rert-butoxycarbonvljaninolpyridin-2-yi)-4-fluoro- f -oxotscindolin-2-y1)-3~

0
PPN B S VITH
N
Jes
O
L NF

amine-3-oxopentanoate

/)\\/

( Hfil 0 O °
b >CHs
O CHs 1€ CHg

{~CH;

C

O (Int-1 A}

10 To a stirred solution of 6-oxa-Z-azaspiro{3.5inonane, HCI (3.533 g, 21.56 munol)
and ferf-butyl (S}-5-amino-4~(5-(6-({rert-butoxycarbonyhamino)-3-formylpyridin-2-vi}-4-
fluoro-1-oxoisoindolin-2-yi}-3-oxopentancate (8.0 g, 14.37 mmol) in BCE (130 mL} and
DMF (20 ;b)) was added acetic acid (0.411 mL, 7.19 mumol). The reaction mixture was
stirred overmight at room temperatare. MP-Cyanoborohvdnde (8.0 g) was added and the

15 reaction mixtare was stirred overnight at room temperature. The reaction mixture
through celite pad and concentrated under vacuo. The residue was purified by flash
chromatography (8102, 220 g column, 10-100% EtQAc {containing 15% EtOH)/DCM) to
afford rers-butyl (8)-4-(5-(5-({6-0xa-2-azaspiro] 3. Snonan-2-vimethyl)-6-{{tert-
butoxycarbonyvilamino)pyridin-2-viy-4-fluoro-1-oxotsoindolin-2-y1}-3-amimo-3-

20 oxopentavoate (5.5 g, 519} as a yellow solid. LCMS (Method A}): rotention time 1.79
min, [M+HJ' 668.3; TH NMR (300 MHz, DMSO0-de) 3 10.07 (s, 1H), .18 (brt, J=T74
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He, 1H), 7.80 (brd, J= 7.9 Hz, 1H), 7.72-7.57 (m, 3H), 7.25 (br s, 1H), 4.51-4.61 (m,
3H). 3.68 (s, 3H), 3.61 (s, 2FH), 3.49 (br d, J = 3.4 Hz, 2H). 3.05 (br d, J = 6.4 Hz, 2H),
2.86 (brd.J=7.2Hz, 2H), 2.21 (brs, 5H). 1.72 (brd, J = 4.5 Hz, 2H), 1.48 (s, 10H),

1.34 (s, SH).

Example |1 3-(5-(5-((6-oxa-2-azaspira|3 5 lnonan-2-yhimethyh)-G-aminopyridin-2-yij-4-
fluoro-1-oxoisoindolin-2-yDpiperidine-2,6-dione

To a stirred solution of rerr-buty! ($)-4-(5-(5-{{6-0xa-2-azaspiro]3 . Snonan-2-v1}
methyl}-6-{{ferr-butoxycarbonylaminoypyridin-2 -y i)-4-fluoro- 1 -oxotsoindohin-2-y1}-5-
amino-S~-oxopentanaate (2.5 g, 3.74 mumol) in acetonitrile (150 mL) was added
benzenesulfonic acid {1.480 g, 9.36 mmol} at room temaperature. The reaction nuxture
was heated at 90 °C for 16 h, cooled to room temperatore and concentrated onder vacuo.
The residue was quenched with the addition of saturated Nax(COs solution till the pH
reached 7.6, The suspension was extracted with 10% MeOH m DCM (50 oL x 3),
combined organic phase was dried over anhydrous NaxSQ4, filtered and concentrated
under vacuo. The residue was purified by flash chromatography (8102, 220 g column, 0-
10% MeOH/DCM) to afford 3-(5-(5-({(6-oxa-Z-azaspiro{3.5 jnonan-2-yDmethyl}-6-
aminopyridin-2-vl}-4-fluoro- l-oxoisoindolin-2-yhpiperidine-2,6~-dione (1.4 g, 65%) as a
white solid. LCMS (Method A): retention time 1.02 min, [M+H]' 494.3; 'TH NMR (400
MHz, BDMSO-ds) 8 11.01 €5, TH), 806 (1, /=73 Hz, 1H}. 7.65{(d.J=79 Hz, 1H), 743
(d.J=753He, 1HLT702(dd, /=74, 24Hz, [H), 616, 2H), 5 14{dd. J=133,31
Hz, 1H), 4.62(d, =174 Hz, 1H), 445, J=174 Hz, 1H), 3.58 (s, 2H}, 3.54-3.44 {m,
4H), 3.04-2 81 (m, 4H}, 2.66-2.56 {m, 1H), 2.46-2 36 (m, 2H). 2.08-1.99 (m, 1H}, 1.75-
1.67 {m, ZH), 145 (brd, /=54 Hz, 2H).

COMPARATIVE COMPOUND A

3-{4-flacro-1-ox0-5-(4-{(3-phenylazetidin-1-ymethylpyridin-2-vinsoindolin-2-vi}

piperiding-2,6-dione
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Comparative Compound A was prepared according to the procedure described n

WO 2021/101919 (Example 208).

COMPARATIVE COMPOUND B
5 3-{5-(5~(2-azaspiro3.3theptan-2-yDmethyl-6-aminopynidin-2-yl}-T-oxoisoindolin-2-vi)

piperidine-2 6-dione

Comparative Compound B was prepared according to the procedure described in

WO 2022/216573 (HExample 286).

10
BIOLOGICAL ASSAYS
The pharmacological properties of the compound of this invention may be
confirmed by a number of biclogical assayvs. The exemplified biological assays, which
follow, have been carried out with compound of the invention.
13

JURKAT CELLULAR DEGRADATION ASSAY
Jurkat cells were plated at 80,000 cells/well in 40 pl, RPMI + 10% FBS in a 384-
well eell culture plate prior to using acoustic dispensing technology for adding a
compound of interest. Cell cultures were incubated for 72h at 37 °Cand 3% €02 In
20 orderto facilitate analysis, cell cultures were spun down at 200 rpm for 3 nun and the
supernatant was discarded. After shaking the plate to dislodge the cell pellet, cells were
resuspended in 30 ul. of Fixation Buffer (eBioscience FoxP3 buffer set 00-5523-00) for
60 min at room temperature. After centrifuging and discarding the supematant, cells
were permeabilized with 50 ul. of Permeabilization buffer {eBioscience FoxP3 buffer set
25 00-5523-00) for 10 min at room temperapure. Following permeabilization, cells were
spun down and the supernatant was replaced with 20 ul flucrescently labelled antibodies
agamnst Hellos, Tkaros and Atolos or corresponding Fsotvpe controls in §x
Permeabilization buffer (Jkaros-Alexad838 [Biolegend, Cat #368408, 1:50], Hehos-PE

[CST, Cat #29360, 1:50], Alolos-Alexat47 [Biolegend, Cat #371106 Biolegend, 1.25])
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and staining reactions were mcubated for 1 h at room teraperature while protected from
light. Subsequently, 30 uL of 1x Permeabilization buffer was added prior to centrifuging
the celis and discarding the supematant. Stained cells were resuspended in 25 ul. of flow

cytometry staining buffer [PBS + 0.2% bovine serum albunmin (BSA}Y] and analvzed using

A

an Intellicyt Igue Plus flow cytometer.

TABLE A-}

16

Furkat Cellular Degradation Assay: Maximum Observed Degradation

Ex. No.

IKZF1

Tkaros

G/

max % deg. observed

IKZF2

Hehos

max % deg. observed

IKZF3
Aiolos

max % deg. observed

i

0/
53%

51%

33%

Comparative

Compound A

13%

88%

14%

Comparative

Compound B

48%

50%

28%

Tabic A-1 lists the maximum observed degradation of the IKZF1 protein, IKZF2

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

results in Table A-1 were rounded to two digits. To the Jurkat Cellular Degradation assay,

a valae of 100% indicated no detectable protein remaming or complete degradation of the

protein; and a value of 0% indicated no detectable degradation of the protein by the test

compound.

TABLE A-2

Jurkat Cellular Degradation Assay: DCso”

IKZF1 iIKZF2 IKZF3
Ex. No. fkaros Hehios Aiolos
DCso (b)) | DCso (0M) | DCse (nM)
1 6,443 g5 >10,000
Comparative )
>106,000 2.9 >10,000
Compound A
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Comparative
>10,000 8 >16,000
Compound B

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

protein by 30% compared to treatment with DMSO alone.

5 HUMAN REGULATORY T CELL DEGRADATION ASSAY
Cryopreserved human regulatory T cells were thawed in RPMI + 10%FBS + 20

ng/mk IL-2. After being spun at 1200 rpm for 5 mins, the cells were resuspended in
RPMI + 10% FBS+ 20 ng/mL and rested at 37 °C with 5% COq for 3 bours. The cells
were then plated at 40,000 cells/well in 40 ul. RPMI + 10% FBS + 20 ng/mL human [L-2

10 ;2 384 well cell calture plate prior to using acoustic dispensing technology (ECHQO 5353
for adding compounds of interest. Cell cultures were incubated for 20 hours at 37 °C and
5% CO2. In order to facilitate analysis, cell cultures were spun down at 1200 rpm for §
munutes and the supematant was discarded using an EL406 plate washer. After washing
three times with 70 gL PBS, cell policts were resuspended in 50 ub of near IR viability

15 staiving solution {Life Technologics, Cat# 1.34973) and incubated for 30 vunutes on ice
protected from light. Cells were washed three times with 70 pl. PBS + 0.5% BSA using
an EL406 plate washer. After shakang the plate to dislodge the cell pellet, cells were
resuspended i 30 ul. of Fixation Buffer (eBioScience FoxP3 buffer set 00-5323-00) for
60 minutes at room femperature. After contrifuging and discarding the supernatant, cells

20 were permeabilized with 30 pl of permeabilization buffer {eBioScience FoxP3 buffer set
00-5523-00} for 10 minutes at room temperature. Following permeabilization, cells were
spun down and the supernatant was replaced with 30 ul flucrescently labelled antibodies
agamst the mtracellular targets Hehos (Helios-APC [BioLegend, Cat# 137222, 150D,

Aiolos, and Tkaros Ix Permeabilization buffer and staining reactions were incubated for |

25 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 n 30 pL of flow cyvtometry staining buffer
(PBS + 0.5%BSA) and analyzed using an Intelicyt Ique Plos flow cytometer.

30 TABLE B-{
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Human Regulatory T Cell Degradation Assay: Maximum Observed Degradation

IKZF1 Ikaros TKZF2 Helos
Ex. No. » ,
max % deg. observed max % deg. observed
1 49% H00%
Comparative Compound A 19% 161%
Comparative Compound B 37% 97%

Table B~1 hists the maximurn observed degradation of the IKZF 1 proten and

TKZE2 protein as measured 1n the Homan Regulatory Cell T Degradation assay. The

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

Degradation assay. a value of 100% indicated no detectable protem rematning or

complete degradation of the protein; and a value of 0% indicated no detectable

degradation of the protein by the test compound.

TABLE B-2

Human Regulatory T Cell Degradation Assay: DCso”

IKZF1 Ikaros IKZF2 Hehos
Ex. No. )
DCso (nM) BCso (nM}
1 >10,000 10
Comparative Compound A >10,000 2.9
Comparative Compound B >10,000 11

*DBCSO 18 defined as the concentration of compound required to reduce levels of a given

protein by 50% compared to treatment with DMSQO alone.

HUMAN REGULATORY T CELL REPROGRAMMING ASSAY

Human CD47 T cells were isolated from fresh healthy leukopaks (Stemcell

Technologies) using the RosetteSep Human CD4" T cell enrichment cocktail {Stemeel!

Techoologies) and Ficoll density gradient centrifugation. Leukopaks were diluted with an

equal volume of phosphate-buffered saline (PBS [Gibeo]) supplemented with 2% fetal

bovine serum (FBS, VWR Lifescience) and incubated with RosetteSep Homan CD4° T

cell enrichment cocktad for 20 mimtes before layering on Ficoll-Pague Plus solution (GE

Health Care}. The cell-nch interface laver was harvested and washed twice with PBS
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A

16

30

supplemented with 29 FBS. Reguolatory T cells were then isolated manually using the
FasySep Human CD4°CDI27MCD25" Regulatory T cell isolation kit (Stemceli
Tochnologies) according to the manufacturer’s mstructions. Cells were rested overnight
in Roswell Park Memorial Institute (RPMT) 1640 media (Gibeo) supplemented with 10%
FBS, Pen/Strep (Gibeo), MEM-NEAA (Gibco), and sodiom pyruvate (Gibco)ina
bhunudified incubator (37 °C, 5% CO2). Celis were then stained for CD4 (clone: RPA-T4,
Biolegend), CD235 (clone: 2A3, BD Biosciences), and CD127 (clone: hiL-TR-M21, BD
Biosciences). CD4CDI1279YCD25" colls were sorted on a BD FACS Aria Fusion sorter
to a purity of 95% or greater. Sorted cells were immediately used or cryvopreserved for
downstream assays.

Fresh or crvopreserved FACS-sorted CD4CDI27OVCD25™ Treg cells were
cultured at 25 000-30,000 cells/well of 96-well round bottom plates in RPMI 1640 media
{Gibeo) supplemented with 10% FBS, Pen/Strep (Gibeo), MEM-NEAA {Gibeo), and
sodim pyruvate (Gibeo). Cells were stimulated with Treg Xpander beads (Thormo
Fisher} at cells-to-beads ratio of 1:4 i the presence of 560 U/mL recombinant human IL-
2 {(Proleukin). Compounds were added at titrated doses and cells were incubated at 37
°C, 5% CO: for 12-13 days. Recombinant human -2 and compound were replenished
every 2-3 days during the entire culture duration. On day 12 or i3, cells were
restimulated with phorbol 12-mynistate 13-acetate (PMA) and ionomycin in the presence
of the protein transport mhubitors brefeldin A and monensin (cBroscience Cell
Stirnulation Cocktail plus protein transport inhibttors, 500x, Catalog number 00-4975-93)
before proceeding with flow cvtometry staining and analysis.

For flow cytometry staining, cells were washed twice with flow cytometry
staining buffer (Thermo Fisher) and incubated in Human Tru-stain Fo block (Biolegend)
for 10 munutes before adding eFluor780 viability dve (Thermo Fisher) and surface marker
antibody cocktail for 30 nunutes at 4 “C. Cells were then fixed and permeabilized by
incubation with FoxP3 transcription factor staming buffer {Thermo Fisher) for 30 minutes
at 4 °C as per the kit manufacturer’s mstructions. Cells were washed twice with the
Perm/Wash buffer supphed in the kit as per the manufacturer’s instructions and incubated
overmight at 4 °C with an intracellular antibody cocktail comprised of antibodies specific
for the transcription factors shown in Table €. Celis were washed twice with Perm/Wash

buffer and resuspended in flow cytometry staming buffer (Thermo Fisher) prior o

~i
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acquisition. Sample acquisition and analysis was performed using a BD LSRFortessa
{(BD Biosciences) flow cytometer. Single stain controls for each fluorochrome were
prepared using UltraComp eBead Compensation Beads (Thermo Fisher). Data were

analyzed using Flowlo version 10 and GraphPad Prism Software.

5
TABLE C
Auntibodies Used for Flow Sorting and Analysis
Marker Fluorochrome
Viability cFluor780
D3 BUV39s
D4 BUVSOS
DR FiTC
D23 BVa06
FoxP3 BY421
HELIOS PE-Cy7
EOS PE
TABLE C-1
10 Human Regulatory T Cell Reprogranuming Assay-Maximam Observed
Degradation
Ex. No. IKZF2 Helios KZF4 Eos
i 85% 65%
Comparative Compound A 92% 92%
Comparative Compound B 9% 953%
Table C-~1 Dists the maximum observed degradation of the IKZF2 proten and
IKZF4 protein as measured in the Human Regulatory T Cell Reprogramming assay. The
15 results in Table C-1 were rounded to two digits. In the Human Regulatory T Cell

Reprogranuning assay, a value of 100% indicated no detectable protein remaining or
complete degradation of the proteiny; and a value of 0% indicated no detectable

degradation of the protein by the test compound.
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TABLE -2

Human Regulatory T Cell Reprogramming Assay: DCse’

IKZF2 Helios IKZF4 Eos
Ex. No. ,
DCse (nM) BCso (nM)
i 38 3.4
Comparative Compound A 2.2 0.10
Comparative Compound B 25 i

*DCS0 1s defined as the concentration of compound required to reduce levels of a given

protein by 30% compared to treatment with DMSO alone.

HUMAN CDS T CELL DEGRADATION ASSAY

Cryvopreserved healthy donor hwman peripheral blood mononuciear cells (PBMC)
from healthy donors were thawed and seeded at 500,000 cells/well of 96-well round
botton plates in RPMI 1640 media {(Gibeo) supplemented with 10% FBS, Pen/Strep
{Gibeo), MEM-NEAA (Gibeo), and sodium pyruvate {Gibeo}. Cells were treated with
titrated doses of compound for 24 hours at 37 °C, 3% CO» before analyzing by flow
cytometry.

For flow cytometry staining, cells were washed twice with flow cviometry
staining buffer {Thermo Fisher) and mcubated tn Human Tru-stain Fe block (Biolegend)
for 10 minutes before adding eFluor780 viability dve {Thermo Fisher} and surface marker
antibody cocktail confaining LB-eFluor780, CD3-BUV-395, CD4-BUVE0S, CDS-FITC,
and CD25-BV603 for 30 minutes at 4 °C. Cells were then fixed and permeabilized by
mncubation with permeabilization buffer (¢Bioscience FoxP3 buffer set 00-5523-00) for
30 minutes at 4 °C as per the kit manufacturer’s nstructions. Cells were washed twice
with the Permy/Wash buffer supplied in the kit as per the manufacturer’s mstructions and
incubated overnight at 4 °C with an ntraccHular antibody cocktall compnsed of
antibodies specific for the transcription factors (1.e. , Foxp3-BV421, HELIOS-PE-Cy7,
EQS-PE, IKAROS-PECF394, AIOLOS-AF647). Cells were washed twice with
Perm/Wash buffer and resuspended in flow cytometry staining butfer (Thermo Fisher)
prior to acquistiion. Sample acquisition and analysis was performed using 2 BD
LSRFortessa (BD Biosciences) flow cytometer. Single-stain controls for each

fluorochrome were prepared asing UltraComp ¢Bead Compensation Beads (Thermo
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Fisher}. Data were analvzed using Flowlo version 10 and GraphPad Prism Software.

Human CDE T Cell Reprogramming Assay-Maximum Observed Degradation

Ex. No. IKZF1 Ikaros IKZF3 Ajolos
] 64-65% 62-66%
Comparative Compound A 20% 39%
Comparative Compound B 11% 2%
5
TABLE D-2
Human CD8 T Cell Reprogramming Assay: DCso”
IKZF1 Ikaros [KZF3 Atolos
Ex. No.
DCse (nM) DCso (aM)
I 29-43 23-35
Comparative Compound A >1000 >1000
Comparative Compound B >1000 >1000
*DCso 1s detined as the conceutration of compound required to reduce levels of a given
protein by 30% compared to treatment with DMSO alone.

10 Table D-1 lists the maximum observed degradation of the TKZF I proten and
IKZF3 protein as measured in the Human CD8' T Cell Reprogramming assay. The
results in Table D-1 were rounded to twe digits. In the Human CD8 T Cell
Reprograrming assay, a value of 100% indicated no detectable protein remaining or
complete degradation of the protein; and a value of 0% mdicated no detectable

15 degradation of the protein by the test compound.

TABLEE
Maximum Observed Degradation of IKZF1-4: Comparison of Example 1 and

Comaparative Compounds A and B

IKZF1 fkaros IKZF2 Helios IKZF3 Asolos IKZF4 Eos
Ex. No. max % deg. max % deg. max Y deg. max % deg.
observed observed observed observed
i 64-65% 85% 62-66% 63%
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Comparative
Compound 20% 2% 39% 92%
A
Comparative
Compound 11% 0% 2% 95%
B

IKZF1 and IKZF3: Haman CD8+ T Cell Reprogramming Assay (Table D-1}
IKZF? and IKZF4: Human T Regulatory Cell Reprogramming Assay (Table C-1)

As shown 1n Tables C-1 and D-1 i the reported tests: (1) Example 1 decreased the

(43

level of IKZF1 (lkaros) by 64-653% (Table D-1); (¢ Example 1 decreased the level of the
TKZF2 (Helios) protein by 85 % (Table C-1); (iv) Example | decreased the level of
TKZF3 (Arolos) by 62-66% (Table D~1}; and (v} Example 1 decreased the level of TKZF4
(Hos} by 65% (Table C-1). In contrast, in similar tests, Comparative Compounds A and B
decreased the level of IKZF1 (Ikaros} by 20% or less; and Comparative Compound B

16 decreased the level of IKZF3 {Aiolos) by 2%.

The present mvention fills the foregoing need by providing compounds that are

uscful to decrease the levels of the four IKZF1-4 proteins tkaros, Helios, Aiolos, and Eos.

~3
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CLAIMS

‘What is claimed 1s;

5 1. A compound of Formula (I):

or stereoisomers, tautomers, or salts thereof.

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

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

135

5. The compound according to claim 1, or stereoisomers, tautomer, or salts thereof,

having the stracture:

20 6. A pharmaceutical composition comprising a compound according to any one of claims
1-3, or stercoisomers, tautomers, or a pharmaceutically acceptable salt thereof, and a
78
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pharmaceutically acceptable carier,

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

sterecisomers or tautomers; and a pharmaceutically acceptable carmer.

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

acceptable carrier.

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

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

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

cancer, renal cancer, cancer of the head and neck, lyrmphoma, 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 stercotsomer, a tautonicr,

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

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, ovarian
cancer, cervical cancer, renal cancer, cancer of the head and neck, lymphoma, leukemia,

and melanoma.

13. The method according to claim 11 wherein said cancer is selected hvmphoma,

leukemia, and multiple myeloma.

14. The method according to Claim 1 firther comprising administering to said patient a
therapeutically effective amount of a second agent, wherein said second agent is selected
from an antagonist of PD/PD-L1 aas, an antagonist of CTLA4, a chemotherapeutic

agent, radiation, or an anti~lumor vaccine, prior to, stmultancously with or after
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administration of said compound.

15. A method for the treatment of cancer, in a patient compnising administering to said
patient a therapeutically effective amount of an agent 1o decrcase the Tkaros, Helios,
Aiolos, and Eos protein levels, wherein said agent is a compound, or a stereoisomer, 3
tautomer, or a pharmaceutically acceptable salt thercof according to any one of claums 1

o5,

16. The method according to Claim 15, wherein:
a} said Tkaros protein is the amino acid sequence encoded by SEQ TD NOs: 1, 2,3, 4, 5,

or G;

b) said Helios protein is the amino acid sequence encoded by SEQ 1D NGs: 7.8, 9, 10,
or 11;

¢} satd Awolos protein is the amino acid sequence encoded by SEQ 1D NQGs: 12, 13, 14,
15,16, 17, 18, or 19; and

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

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

d) said Eos proten level is decreased by at least 50 %.

18, The method according to claim 13 further comprising administering to said patient a
therapeutically effective amount of a second agent, wherein said second agent 13 selected
from an antagomst of PD1/PD-L1 axig, an antagonist of CTLA4, a chemotherapeutic
agent, radiation, or an anti-flmor vaccine, prior to, sinniltanecusly with or after

admuustration 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 sterecisomer, a tautomer, or a

pharmmaceutically acceptable salt thereof accordmg to any one of claims [ to 5.
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