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SUBSTITUTED PHENYL OXAZOLONE COMPOUNDS

CROSS REFERENCE
This application claims the benefit of U.S. Provisional Application Serial No.
63/500,727 filed May &, 2023 and U.S. Provisional Application Serial No. 63/632.070,

filed Aprif 10, 2024, cach incorporated herein in ifs entirety.

DESCRIPTION
The present mvention generally relates to substituted phenyi oxazolone
compounds that decrease the levels of the fkaros, Helios, Aiolos, and Eos proteins.
Provided herein are substituted phenyl oxazolone compounds, compositions comprising
the compounds, and methods of use. The invention further pertains to pharmaceutical
compositions comprising the compounds according to the invention that arc usetul for the

treatment of proliferative disorders, such as cancer and viral infections,

BACKGROUND OF THE INVENTION

The Tkaros zince finger family (IKZF} of transcription factors (TFs) play critical
roles in lvraphocyte development and function (Heizmann et al., 2018, Curr Opin
Immurol. 51 14-23). Tn mammals, the following five members of this family of TFs are
expressed in imnnune cells: Tkaros {encoded by IKZF1), Helios (IKZF2), Aiolos (IKZF3),
Eos (IKZF4), and Pegasus (IKZF35). The amino acid sequences of these proteins are
highly homologous, with Tkaros and Aiolos, and Helios and Eos being the most
homologous pairs, and Pegasus being the most distantly related IKZF member. These
TFs scrve both overlapping and unique functions in lymphooytes (Read et al., 2020,
Tmmunological Reviews, 300:1). Reductions it the protein levels of IKXF TFs can boost
antitumor T cell responses.

HKZF1 encodes Tkaros, which is broadly and abundantly expressed in human and
mouse B, NK, and T lyraphocyte populations, and moderately expressed m other immune
cell types, including 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 in mcreased oxpression of effector eytokines including IFN-

v, TNF-u, and GM-CSF (Lyon de Ana, ot al., 2019, Journal of immunology 202: 1112~
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1123; Heller et al., 2014, Jownal of Impmunoclogy, 193: 3934-3946); Wang et al., 2020,
Cell Transplantation, 29},

IKZF2 encodes Helios, 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

(31

the National Academy of Sciences USA, 114:E5434-E5443; Thomton and Shevach, 2019,
Immunalogy, 158:161-170).
IKZF3 encodes Ajolos, which is broadly and abundantly expressed in human and
mouse B lymphocytes, and broadly expressed at lower levels in Tand NK cells. In T
16 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 ot al, 2012, Navure fmmunology, 13:770-777, Read et al., 2017
Jowrnal of Immunclogy, 7T:2377-2387), which bave been implicated i tissue inunune
15 responses and, in some cases, antitumor immumnity,
IKZF4 encodes Eos, which is abundantly expressed i Treg cells, and 15 also
broadly cxpressed at low levels among B, NK. and T lymphocytes. In Treg cells, loss of
Fos expression in FoxP3+ Treg cells drives improved antitumor respounses i preclinical
syngeneie tumor models (Gokhale et al., 2019, Journal of Autoimmunity, 105:102300).
20 Additionally, Eos expression levels can increase after T cell activation in conventional
D4+ and CD8+ T cells, where it can lumit effector T cell responses (Rieder et al., 20135,
Journad of Iimmunology, 195:353-563).
Common functions shared among IKZF TFs relate to the suppression of gene
gxpression m cells at specific loct. IKZF TFs can bind to genomie loci either as
25 homodimers or heterodimers, such as Ikaros:Tkaros or Tkaros:Helios, respectively. These
dimeric TFs both bind to DNA and interact with complexes that regulate hustone
acetylation and nucleosomes, which in turn results in gene expression modulation.
Mechanistically, Ikaros, Hellos, and Asolos have cach been shown to interact with the
nuclessome-remodeling and deacetylase (NuRD) and Sin3 histone deacetylase (HDAC)
30 complexes to repress gene expression {Zhang et al., 2011, Nature Inmnunology, 13:86-84;
Georgopoulos et al., 2017, Genes and Development, 31 439-450). Similarly, Ikaros,

Helios, and Asolos all can associate with centromerte heterochromatin and contribute to
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the expression of genes located at centromeric loct (Brown et al,, 1997, Cell, 91:845-854;
Thompson et al., 2007, Immunity, 26:335-344). Eos co-operates with Tkaros, but not
Aiolos, to interact with the transcriptional repressor C-terminal binding protein | (CtBP1)
in lvmphocytes (Kowpally ot al, 2002, Jouwrnal of Biclogical Chemistry, 27727697~
27705); Pan et al., 2009, Science, 325:1142-1146}. Together, the overlapping functions
of IKZF TFs may partially compensate for the loss or degradation of one or several TFs.
Therefore, 1u cells that express multiple IKZF members, broad therapeutic degradation of
this tamily of TFs would be expected to drive a stronger phenotypic change compared to
selective degradation of one or two IKZF TFs.

In T celis and Treg cells, the shared roles of IKZF TFs in regulating a gene locus
important for antitumor tomune responses 1s exemplified by regulation of the gene
encoding intertenkin-2 (1L-2}. tkaros can directly bind to the IL-2 locus in CD4+ T celis
and recnut HDAC complexes; loss of karos results in increased 1L-2 production by
CD4+ and CDE+ T cells (Bandvopadhyay et al., 2007, Blood, 109: 2671-2672; Thomas ot
al., 2007, Journal of Bmmunology, 179 7305-7315; O’ Brien et al, 2014, Journal of
Immunology, 192:5118-5129). Helios directly binds to the IL-2 locas 1 Treg cells to
recruit HDAC complexes and enforce -2 gene silencing (Blaine et al., 2013, Journal of
Tmmunology, 190:1008-1016). Eos also reprosses 1L-2 expression in Treg cells and may
act via a mechanism that mvolves mteractions with the TF FoxP3 (Pan et al., 2009,
Science, 323: 1142-1146; Sharma ct al., 2013, Immunity, 38:998-1012). The role of
direct Aiolos binding to the 1L-2 loss is less clear, but siRNA knockdown of Aiolos in
human Treg cells has been reported to increase 1L-2 production (Gandh et al, 2010,
Neture Immunology, 11:346-853). In summary, the IKZF TFs act to modulate [L-2
production by multiple lymphocyite subtypes, particularly Trog cells in which all four of
these IKZF TFs are abundantly expressed and 11.-2 production is normallv neghigible.

Treg cells, which are marked by expression of the transcription factor FoxP3, are
a subset of immunosuppressive lymphocytes that use several mechanisms to maintain
mmune homeostasis {Sakaguchi et al., 2020, drnual Review of Immunology, 38:541-5366;
Whiblev et al., 2019, Nawre Immunology, 20:386-396). Patients who have deleterious
mutations in the gene encoding FoxP3 lack fimctional Treg cells and exhubit immune
dvsreguiation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, a multi-

organ autotanwme disorder. 1o the tumor microenvironment {TME), the activities of
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Treg cells are co-opted to promote and maintain an immunosappressive state (Plitas and
Rudensky, 2020, Annual Review of Cancer Biology, 4:459-4773. By secreting
suppressive molecules, sequestering cytokines {e.g., 1L.-2), and dircctly impeding T ccll

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

(31

to immunotherapy by modulating multiple axes in the cancer-immunity cyele (Chen and
Mellman, 2013, Immumity, 39:1-10). In preclinical models, ablation of Treg cells results
in the regression of aggressive, established tumors (Bos et al., 2013, Jowrnal of
Fxperimental Medicine, 210:2435-2466).
Once activated by a specific antigen, Treg cells can suppress responder T cells in
16 an antigen-nonspecific and bystander manner in vitro (Takahashi et al., 1998, Iy
Fromurol. 10:1969-80; Thomton et al., 1998, J Fxp. Med 188:287-96),
FoxP3+CD23+CD4+Treg cells are capable of suppressing a wide range of antitumor
e responses involving CD4+ helper T colls, CO8+ T cells, natural killer cells, and
natural killer T cells (Tanaka et al., 2017, Cell Research 27:109-118). In preclinical
15 models, the ntratumoral depletion of CD25+CD4+Treg cells mduced regression of
established tumors with a change in the cytokine milien at tumor sites (Yu et al., 2005, J
Fxp Med, 201: 779-91}. In addition, transfer of Treg cell-depleted CD4+ T cells
markedly augmented antitumor immune responses compared with the transfer of Treg
cell-sufficient CD4+ T cells (Antony et al., 2005, J ol 174:2591-601), Tumor-
20 mfikltrating Treg cells activated by either tumor-derived seif-antigens or tumor-associated
antigens can sinularly suppress specific antitumor IMmune responses.

Chimcally, increased Treg cell frequencies in the TME are correlated with worse
cutcomes in multiple solid tumor indications (Shang et al., 2015, Scientific Reports,
5:15179). Moreover, corrclations between PD-L1+ Treg cell frequencies and responses

25 1o anti-PD-1 therapy i non-smali cell tung cancer (NSCLC) patients (Wu et al, 2018,
Journal of Thoracic Ouncology, 13:521-532) highlight the therapeutic potential of Treg
cell targeting in the TME. Modulation of the activities of key factors to control Treg cell
differentiation could represent a potential therapeutic strategy for the treatment of certain
diseases, including cancer and viral infections.

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

induced anmtitumor T-cell responses (Nishikawa et al., 2010, fnt. J. Cancer 127: 7597673,

suggesting that decreasing Helios levels could be beneficial in boosting the efficacy of
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cancer vaccines. Besides anti-tumor immunotherapy, during viral infections, Treg cells
can limit the immuonopathology resulting from excessive inflammation, yet potentially
inhibit effective antiviral T cell responses and promote virus persistence (Schmitz et al |

2013, PLOS Pathogens 9: ¢1003362). Chronic, but not acute, infection of mice with

(31

Iymphocytic choriomeningitis virus results in a marked expansion of FoxP3+ Treg colls,
mmplying a potential mechanism that certain infectious agents could evade host mnmune
responses by activation and expansion of Treg colls {Punkosdy ot al., 2011, PNAS 108:
3677-3682). Treatment benefits could be achieved by decreasing Helios levels
activated Treg cells in a context relevant to chronic viral infections.

16 Approaches to targeting tumor Treg cells include antibody-mediated depletion
and/or tunctional modulation (Tanaka and Sakaguchi, 2019, European Jowrnal of
Immunclogy, 49: 11401146}, as well as small molecule-mediated “reprogramming” of the
Treg cell immunosuppressive phenotype by altering gene expression in these colls (Kim
ctal, 2013, Science, 350:334-339; Sebastian et al., 2016, Jowrnal of Inrminology,

15 196:144-155). Mice with Treg cells engineered to lack Helios do not develop IPEX-like
immonopathology characteristic of FoxP3-deficieney or complete Treg cell ablation, but
instead have Trog cells that display a more T effoctor-like transcriptional progranm (Fu ot
al., 2012, Narure Immunology, 13: 972-980; Yates et al., 2018, Proceedings of the
National Acadeniy of Scienices USA, 115:2162-2167}. Importantly, Helios controls

20 activities of Treg cells that are critical 1n the TME as mice with Helios-deficient Trog

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

Froceedings of the National Academy of Sciences US4, 113:6248-6253). Therefore,

therapeutic modulation of Helios has the potential to reprogram tamor Treg cells towards

a more effector-like phenotype to drive antitumor inymunity. Notably, Eos also drives

o]
n

immunosuppressive Treg cell activity in the TME m prechinical tumor models, as mice
lacking Eos expression in FoxP3 Treg cells more effectively control syngeneic tumors
compared to controfs {Gokhale et al., 2019, Journal of Autoimmunisy, 105:102300).
Humans with germlive loss-of-function JKZF 2 mutations similarly do not exhibit IPEX-
like symptoms (including diabetes, devmatitis, hepatic mflammation, and systemic

30 lymphadenopathy), bat instead manifest immunophenotvpes related to enhanced T cell
activation and proinflamamatory cytokine production (Hetemdki et al., 2021, Science

Imounology, 6:eabe3454; Shahin et al., 2021, Science Toununology, 6:cabe3981}). These
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data ndicate that reduction of Helios and Eos protein levels in Treg cells would make
them less suppressive of antitumor T cell responses in patients with solid tumors.
Small molecules that degrade Ikaros and Aisolos in Treg cells can also reduce the

suppressive functions of these cells in vitro (Galustian et al, 2008, Cancer Imnmnology,

(31

Immunotherapy, 58:1033-1045). In enginecred mouse models, the Tkaros and Aiolos
degrader lenalidomide can modestly increase antitumor immune responses against highly
mmunogenic syngeneic tumors (Geng et al., 2022, Cell Chemical Biclogy, 29:1260-
1272}, Ikaros- and Aiolos-targeted degraders have also been tested climically n patients
with solid tumors, sometimes resolting in modest responses of stable disease. These
16 studies included avadomide (CC-122) in advanced malignancies {(Rasco ¢t al., 2019, Clin
Cancer Research, 25:90-98), lenalidonmude (Semeraro et al |, 2013, Oncofmpunology,
2:11), and pomalidomide (Cooney et al., 2012, Cancer Chemotherapy and
NK cell functions in preclinical and clivical studies (Hideshuma et al, Leukemia, 2021,
15 D¥Souzaetal, Frontiers in Immunology, 20213,
In summary, the four IKZF TFs, Tkarcs, Helios, Aiolos, and Eos, are abundantly
expressed in Treg cells. Combined reduction of the individual protein fevels of these four
TFs in Treg cells would better reverse the invnunosuppressive program, including
repression of IL-2 transcription, compared to approaches that sclectively target single
20 IKZF TFs or pairs of TFs, 1.¢, Tkaros and Aiolos or Helios and Fos. Beyond Treg cells, a
pan-IKZF -4 degrader would be expected to increase conventional C4+ and CD8+ T
cell effector functions and boost NK cell activity to drive robust antitumor responses
patients.

Thore remains a noed for therapics that can decrease the levels of the four IKZF1-

25 4 proteins Fkaros, Helios, Aiolos, and Hos.
The present mvention fills the foregoing need by providing a compound that is
uscfuil to decrease the levels of the four IKZF1-4 proteins tkaros, Helios, Aiolos, and Hos.
SUMMARY OF THE INVENTION
30 The present invention provides substitated phenyl oxazolone compounds of

Formula (1), including stercoisomers, tautomers, salts, and prodrugs thercof, which are

useful to decrease the levels of the four proteins Ikaros, Helios, Aiolos, and Eos protemn
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levels.

The present invention also provides pharmaceutical compostions comprising a
compound of Formula (), stercoisomers, tautomers, pharmaceutically acceptable salts, or
prodrugs thercof, and a phamaceutically acceptable carrier.

The present mvention also provides a method of treating a disease or disorder by
decreasing the levels of the four IKZF1-4 proteins Hearos, Helios, Aiolos, and Eos, the
method comprising administering to a patient a compound of Formula (1), stereoisomers,
tautomers, pharmaceutically acceptable salts, or prodrugs thereof.

The present mvention also provides processes and intermediates for making the
compounds of Formula (I}, sterccisomers, tautomers, or salts thereof.

The present mvention also provides the use of a compound of Farmula (1), or
sterecisomers, tautomers, pharmaceutically acceptable salts, or prodrugs thereof, for the
manufacture of a medicament to decrease lkaros, Helios, Aiolos, and Fos protein levels,
for the treatment of certain diseases, including cancer and viral infections.

The compounds of Formula (I) and compositions comprising a compound of
Formula (I) may be used m treating, preventing, or cunng vanous proliferative disorders,
such as cancer. Pharmaccutical compositions comprising the compounds are useful in
treating, preventing, or slowing the progression of diseases or disorders in a vanety of
therapeutic areas, such as cancer.

The compounds of Formula (1) and compositions comprising a compound of
Formula (I} may be used m treating, preventing, or curing viral infections.
Pharmmaceutical compositions comprising 3 compound are useful n treating, preventing,
or slowing the progression of diseases or disorders, such as viral infections.

Thoese and other features of the invention will be set forth 1n expanded form as the

disclosure continues.

DETAILED DESCRIPTION
Applicants have found substituted phenyl oxazolone compounds that decreases
the levels of the Tkaros, Helios, Atolos, and Eos proteins. The substituted phenyl
oxazolone compoands are believed to facilitate the mteractions of Hkaros, Helios, Aiolos,
and Eos proteins with the corresponding E3 ubiquitin lgase complex {Cullind-Cereblon,

CULA-CREN), with concomnitant degradation of the Ikaros, Helios, Aiolos, and Eos
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proteins. The compounds decrease the levels of Ikaros protein, Helios protein, Aiolos
protein, and Eos protein. The compounds are usefuld for the treatment of certain diseases,
including cancer and viral infections. The compounds are provided to be useful as

pharmaceuticals with desirable stability, bioavailability, therapeutic index, and toxieity

Ay

values that are important o their drugability.
The first aspest of the present invention provides compounds of Fomula (f):
3 RRR
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ON R O

o

7 NH
N

il o
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N Hy )

=
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4

or stereoisomers, tautomers, or salts thereof, wherein each R is independently is hydrogen
{H) or deuterium (D).
10 One embodiment provides compounds of Formula (I}, or stercoisomers,
tautomers, or pharmaceutically acceptable salts thereof.
Cne embodiment provides compounds of Formala (1), or stereotsomers or
tautomers thereof.
One embodiment provides salts of the compounds of Formula (I}, or sterecisomers
15 or tautomers thereof.
Une embodiment provides pharmaceutically acceptable salts of the compounds of
Formula (1), or sterenisomers or tautomers thereof,
The second aspect of the present invention provides a compound of Formula (1)

having the structure of the compound of Formula (Ia):

HSC:&:\E - Q
N

HaC Y

20 NH, (Ta)

or stereoisomers, tautomers, or salts thereof.
Une embodiment provides a compound of Foromula (Ia), or sterecisomers,

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

stereoisomers or tautomers thereof,

(31

One embodiment provides a pharmaceutically acceptable salt of the compound of
Formulda {Ia), or sicreoisomers or tautomers thereof.
The third aspect of the present mvention provides a compound of Fornula (1)

having the structure of the compound of Formula (Ib):

(ib)
10 or stereoisomers, tautomers, or salts thereof.
One embodiment provides a compound of Formuda (Ib), or stereoisomers,
tautomers, or pharmaceutically acceptable salts thereof.
One embodunent provides a compound of Formula (Ib}, or stereoisomers or

tautomers thereof

[a—
W

Gne embodiment provides a salt of the compound of Formula (Ib), or
stereoisomers or tautomers thereof.
One embodiment provides a pharmaceutically acceptable salt of the compound of
Formula {Ib), or stercoisomers or tautomers thereof,
One embodiment provides a compound of Formula (), or stereoisomers,
20 tautomers, or pharmaceutically acceptable salts thercof wherein at least one Ris D,
One embodiment provides a compound of Formula (1), or sierecisomers,
tautomers, or pharmaceutically acceptable salts thereof wherein at least two R are D,
Oue embodiment provides a compound of Formula (1), or stereotsomers,
tautomers, or pharmaceutically acceptable salts thereof wheremn at least three R are I
25 {One embodiment provides a compound of Fornula (1), or stereoisomers,
tautomers, or pharmaceutically acceptable salts thereof wherein at least four Rare D.
One embodiment provides a compound of Formula (1), or stercoisomers,

tautomers, or salts thereof, wherein said compound is selected from 3-(3-{(4-(6-amino-4,5-
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dimethylpyndin-2-v)-2-flucrophenyl}-2-oxooxazol-3ZH-vDpipendine-2,6-dione and 3-
(3-{4-{6-amino-4,5-dimethylpyridin-2-viy-2-flucrophenvi}-2-oxooxazol-3{2H}-y i)
piperiding-2,6-dione-3,4,4,5,5-ds.

One embodiment provides a compound of Formula (Ja), or tautomers or salts

(31

thereof, wherein said compound is (8)-3-(5-(4-{6-amino-4,3-dimethylpyridin-2-y1}-2-
fluorophenyij-2-oxooxazol-32H}-vpipendine-2 6-dione.  Additionally, included in this
embodiment are one or more pharmaceutically acceptable salts.
One embodiment provides a compound of Formula (Ia), or tautomers or salis
thereof, wherein said compound is {(R)-3-{S-(4-(6-amino-4,5-dimethylpyridin-2-yi)-2-
16 fluorophenyl)-2-oxooxazol-3(2H)-vljpiperidine-2, 6-dione. Additionally, included in this
embodiment are one or more pharmaceutically acceptable salts.

One embodiment provides a compound of Formulda (Ib), or tavdomers or salts
thereof, wherein said compound 18 {(8)-3-(5-(4-{G-amino-4,5-dimethylpyridin-2-yi}-2-
fluorophenyl}-2-oxocoxazol-3(2H-vpiperidine-2. 6-dione-3,4,4.5,5-ds. Additionally,

15 mncluded m this embodiment are one or more pharmaceutically acceptable salts.

One embodiment provides a compound of Formula (b}, or tagtomers or salts
thereof, wherein said compound is (R)-3-{5~(4-(6-amino-4,5-dimethylpyndin-2-yi)-2-
flucrophenyl)-2-oxooxazol-3(2H)-vljpipendine-2,6-dione-3,4,4.5 5-ds. Addutionally,

included in this embodiment are one or more pharmaceutically acceptable salts.

20 Une embodiment provides a compound of Fornmia (1) baving the structure:
O
4.5
&\/N{_\#o
~NH
HaC i ~ . a
HO™ N N
5

N,
or stercoisomers, tautomers, or salts thercof,

One embodiment provides a compound of Formula (I) having the stracture:

10
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or tautomers or salts thercof.
The compounds of Formula (1) or stercoisomers, tautomers, or salts thereof, are

usctul to decrease the levels of the four IKZF 1-4 proteins Tkaros, Helios, Aiwlos, and Fos.

Ui

As used berein, “to decrease the level” of one of the IKZF -4 proteins refers to
reducing the level of the protein by the degradation and/or mactivation and/or inhibition
and/or reducing the expression lovels of the protein, or a combination thereof, compared
to the witial protein level prior to contact or treatroent with a compound of Formula (B) or
stereoisomers, tautomers, or salts thereof.

10 Various methods can be eraployed to measure the decreases in the protein levels
TKZF: Human CD8" T Cell Reprogramming Assay; (1) IKZF2: Jurkat Cellular
Diegradation Assay; (11} IKZF3: Homan D8 T Cell Reprogramming Assay; and {iv)
IKZF4: Human T Regulatory Cell Reprogramming Assay.

5 The present mvention may be embodied in other specific forms without depariing
from the spirit or essential attributes thereof. This invention encompasses all
combinations of the aspects and/or embodiments of the invention noted herein. It is
understood that any and all embodiments of the present invention may be taken in
conjunction with any other embodiment or embodiments to deseribe additional

0 embodiments. Itis also to be understood that each individual element of the

embodiments is meant to be combined with any and all other elements from any

embodiment to descrbe an additional cmbodiment.

The features and advantages of the invention may be more readily understood by
those of ordinary skill in the art upon reading the following detailed deseniption. s to
be appreciated that certain features of the invention that are, for clarity reasous, described
above and below in the context of separate embodiments, may also be combined to form a
single embodiment. Conversely, various features of the invention that are, for brevity

reasons, described in the context of a single embodiment, may also be combined so as to

11
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form sub-combinations thercof. Embodiments identified herein as exemplary or preferred
are intended to be llustrative and not limiting.
Unless specifically stated otherwise herein, references made in the singular may

also include the phwral. For example, “a” and “an” may refer to either one, or one or

(31

more.
As used herein, the phrase “compound and/or salts thereof ™ refers to the

comapound, at least one salt of the compound, or a combination therecof. For example, a

compound of Formula (1) and/or salts thercof includes a compound of Formula (I); a salt

of a compound of Formula (I}; a compound of Formula (I} and one or more salts of a

16 compound of Formula (I}, and two or more salts of a compound of Formula (§).

Uunless otherwise indicated, any atom with unsatisfied valences is assumed to have
hydrogen atoms sufficient to satisty the valences.

The definitions sct forth hercin take precedence aver definitions set forth 1 any
patent, patent application, and/or patent application publication mncorporated herein by

15 reference.

Listed below are definitions of various terms used to descnbe the present
invention. These definitions apply to the terms as they are used throughout the
specification (unless they are otherwise limited n spectfic instances) either individually
or as part of a larger group.

20 Throughout the specification, groups and substituents thereot may be chosen by
one skilled in the ficld to provide stable moicties and compounds.

In accordance with a convention used in the art

-

is used in structural formulas herein to depict the bond that is the point of attachment of

)

25 the moiety or substitaent to the core or backbone structure.

s

The term “amine” refers to the group -NHa.
The term "oxe” refers to the group =0,
The compounds of the present invention include all 1sctopes of atoms occurring n
the present compounds. Isotopes inchide those atoms having the same atomic number but
30 different mass numbers. By way of general example and without limitation, 1sotopes of

hydrogen include deuterium (D) and tritium {T). Tsotopes of carbon include 2C and MC.

Isotopically-labeled compounds of the invention can generally be prepared by

12
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conventional technigues known to those skilled i the art or by processes analogous to
those described herein, using an appropriate isotopically-labeled reagent in place of the
non-labeled reagent otherwise employed.

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

(31

compound that exist together in equilibrivm and are readily interchanged by migration of
an atom or group within the molecule. For example, one skilled in the art would readily

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

N\ /N\
E ‘N L NH
N N

H

1H-1,2,3-trazole 2H-1,2 3-triazole

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

10 depicts only one of them. For example, a compound of Formula () can exist 1 tantomer

forms:
/O R R R
A
Galar
2, -
A JNH
1\)\ ©
H3C N F
Lo
HaC” Y
N
O RRR O RRER
R (R
o A R
N—E-R =0 O\/N R p—OH
- N @ ¥
i:%k HO { )\ 6]
HaCol ™ < £ + Hala ‘ Qﬁf\\\ F
\' 2N i /N
Ha” Y HsC
N, NH,

Likewise, the compound of Formula (a) can exist in tautomer forms:

0
ok s
e Ay ‘Sf e
3 J-NH
N
HaC”

NH,

[
W

13
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A KJN"Q ¥o 2 N ,5>~-o:-|§

HC HO . HsC
3 \T/\\/\F + 3

4

NH, NH,

Other examples of tautomer forms mclude:

O RRR
o R o RRR
N——R =0 R
.y o /
A N \‘N—YRN{:O
HeC Sy 7 F ‘ —— ‘f\ﬁ &
B HyCn Ay 7 F
o AN T
Hao” Y NH
) NH MG Y
{1} NH

HZC/\],NH

NH

The phrase “pharmaceutically acceptable” is emploved herein {o 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 toxieity, irritation, allergic response, or other problem or

10 complication, commensurate with a reasonable benefit/risk ratio.

The compounds of Formula {I) can form salts which are also within the scope of
this invention. Unless otherwise indicated, reference to an mventive compound is
understood to include reference to one or more salts thereof. The term “salt(s)” denotes

acidic salt{s) formed with morgamc and/or organic acids. Pharmaceuotically acceptable

Ju—
v 33

{i.e., non-toxic, physiologically acceptable) sakts are preferred. However, other salts may
be useful, e.g.. inisolation or purification steps which may be emploved during
preparation, and thus, are contemplated within the scope of the mvention. Salts of the
compound of the Formaula (I} may be formed, for example, by reacting the compound of

the Formulda (1) with an amount of acid, such as an equivalent amount, in a medium such
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as one in which the salt precipitates or in an agueous medium followed by lyophihization.

Exemplary acid addition salts inchude acetates (such as those formed with acetic
acid or trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates, ascorbates,
aspartates, benzoates, benzenesulfonates, bisulfates, borates, butvrates, citrates,
camphorates, camphorsulfonates, cvelopentanepropionates, dighuconates, dodecylsul{ates,
cthanesulfonates, fumarates, glucoheptanoates, glveerophosphates, hemisulfates,
heptanoates, hexanoates, hydrochlorndes (formed with hydrochloric acid), hydrobromides
(formed with hydrogen bromide), hydroiodides, maleates (formed with maleic acid), 2-
hvdroxyethanesulfonates, lactates, methaneselfonates (formed with methanesulfonic acid},
Z-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates, persulfates, 3-
phenvipropionates, phosphates, picrates, pivalates, propionates, salicylates, succmnates,
suifates {such as those formed with selfuric acid), sulfonates (such as those mentioned
herein), tartrates, thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the
tike.

The compounds of Formula (I) can be provided as amorphous solids or crystalline
solids. Lyophilization can be employed to provide the compounds of Formula (1) as
solids.

It should further be understood that solvates {e.g ., hydrates) of the compounds of
Formula (I} are also within the scope of the present mvention. The term “solvate” means
a physical association of a compound of Formula (1) with one or more solvent molecules,
whether organic or inorgamic. This physical association includes hydrogen bonding. In
certain mstances, the solvate will be capable of 1solation, for example when one or more
solvent molecules are incorporated in the crystal lattice of the crystalline solid. “Solvate”
encompasses both soletion-phase and isclable solvates. Exemplary sclvates include
hvdrates, ethanolates, ethanolates, isopropanolates, acetoniinie solvates, and ethyl
acetate solvates. Methods of solvation are known n the art.

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

In addition, a compound of Fornuda (I}, subsequent to ifs preparation, can be
1solated 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 tormulated as described herein. Such “substantially pure” compound of Formula (1) is

15
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also contemplated herein as part of the present invention,

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

The terms “IKZF1 degrader” and “Hkaros degrader™ refer to an agent capable of
reducing the level of the IKZF ] protein by degradation and/or inactivation and/or
mhibition and/or reducing the expression levels of the IKZF 1 protein, or a combination
thereof.

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

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

The terms “IKZF4 degrader” and “Eos degrader” refer to an agent capable of
reducing the level of the IKZT4 protein by degradation and/or inactivation and/or
inhibition and/or reducing the expression levels of the IKZF4 protein, or a combination
thercof.

The term “TKZF 14 proteins” refers to the Tharos (JKZF1), Hehos (JKZF2),
Aiolos JKZF3), and Eos (IKZF4) proteins.,

The term “pan IKZF1-4 degrader” refors to an agent capable of decreasing the
protein levels of the four IKAF -4 proteins Tkaros, Helios, Aiolos, and Hos.

As used herein, “Tkaros” protein is encoded by the IKZF! gene. Tkaros is also
konown as IKAROS family zinc finger I, ZNFNIAL zinc finger protein, subfamily 1A 1,
Tkaros family zinc finger protein 1, 1K1, lymphoid transcription factor LyF-1, Hs. 54452,
PPPIROZ, protein phosphatase 1, regulatory subumit 92, PROOTSE, CVID13, and CLL
associated antigen KW-6. “karos™ protein includes isoforms encoded by the following
human isoforms kisted below.

Isoform 1 (UniPort Q13422-1)

16
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MDADEGQDMSQVYSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGHCIGPNVLMVHEKRSHTGERPFQUNQCGASFTOKGNLL
RHIKLHSGEEPFKCHLONY ACRRRDALTGHLRTHSVGKPHK CGYCGRSYRQRS
SLEEHKERCHNYLESMGLPGTLYRVIKEETNHSEMAEDLCKIGSERSLVLDRLAS
NVAKRKSSMPOKFLGDKGLSDTPY DSSASYEKENEMMEKSHYMDQAINNAINYL
GAESLRPLVQTPPGGSEVVPVISPMYQLHKPLAEGTPRSNHSAQDSAVENLLLLS
KAKLVPSEREASPSNSCODSTDTESNNEEQRSGLIYLTNHIAPHARNGLSLKEEHR
AYDLLRAASENSQDALRVVSTSGEQMKVYKCEHCRVLFLDHVMY THHMGCHGF
16 ROPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQ ID NG 1)

Isoform 2 (UniProt 313422-2)
MDPADEGQDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQRSSKSDRVVEG
ERPFQCNQUCGASFTOKGNLERHIKLHSGEKPFKCHLCNY ACRRRDALTGHLRT
HSVGKPHECGY CGRSYKQRSSLEEHKERCHNY LESMGLPGTLY PVIKEETNHSE

15 MAEDLCKIGSERSLVLDRLASNVAKRKSSMPORFLGDKGLSDTPYDSSASYEKE
NEMMESHVMDQAINNAINYLGAESLRPLVQTPPGGSEVVIRVISPMY QLHKPLAE
GTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCOQDSTDTESNNEEQRSGLE
YLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVYSTSGEQMKVYKCEH
CRVLFLDHVMYTIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS

20 {SEQIDNO: 2}

fsoform 3 (UniProt Q13422-3)
MDADEGGDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGOQQOSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGICIGPNVLMVHKRSHTGERPFQUNQUGASFTOKGNLL

25 RHIKLHSGEKPFKCHLONYACRRRDALTGHLRTHSGDEKGLSDTPYDSSASYEKE
NEMMKSHVMDQGAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMYQLHEPLAE
GTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCQDSTDTESNNEEQRSGLE
YLINHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTSGEQMKVYKCEH
CRVLFLDHVMY TTHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS

30 (SEQIDNO: 3)

Isoform 4 (UniProt 313422-4)
MDADEGODMASNVKVETQSDEENGRACEMNGEECAEDLREMLDASGEKMNGS

Ay
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HRDOGSSALSGVGGIRLPNGKLKCBICGHCIGPNVLMVHERSHTGERPFQUNGC
GASFTORGNLLRHIKLHSGEKPFKCHLONY ACRRRDALTGHLRTHSGBKGLSD
TPYDSSASYERKENEMMESHVMDQAINNAINY LGAESLRPLVQTPPGGSEVVPVIS
PMYQLHKPLAEGTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCQDSTDT
ESNNEEQRSGLIYLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTS
GEQMEVYKCEHCRVLFLDHVMY TIHMGCHGFRDPFECNMUGYHSQDRYEFSSH
ITRGEHRFHMS (SEQ ID NG 4)

Isoform 7 (UmProt 313422-7)
MDADEGQDMSGQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVEVETQSDEENGRACEMNGEECAEDLRMEDASGEKMNGSHRDOQGSSALSGY
GGIRLPNGKLKCDICGIICIGPNVLMVHERSHTGERPFQUNQCGASFTOKGNLL
RHIKLHSGEKPFKCHLCNYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SERSLVLDREASNVAKRKSSMPQRKFLGDKGLSDTPYDSSASY EKENEMMKSHY
MDOAINNADNYLGAESLRPLVOTPPGGSEVVIVISPMY QLHKPLAEGTPRSNHS A
QDSAVENLLLLSKAKLVPSEREASPSNSCODSTDTESNNEEQRSGLIYLTNHIAPH
ARNGLSLKEEHRAYDLERAASENSQDALRVVSTSGEQMKVYKCEHCRVLFLDH
VMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQ 1D NO:
5

Isoform 8 (UniProt Q13422-8)
MBADEGGDMSQVSGKESPPYVSDTPDEGDEPMPIPEDLSTTSGGGQOSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMMNGSHRDOQGSSALSGY
GGIRLPNGELKCDICGHCIGPNVLMVHKRSHTGERPFQUNGUGASFTOKGNLL
REIKLHSGEKPFKCHLONYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SEISRAGUTSK (SEQ ID NO: 6)

The “Ikaros” protein isoforms 1, 2, 3, 4, 7, and & histed above includes the degron
FQUNQCGASFTOKGNLLRHIKLH (SEQ ID NG: 22), which 1s the same as the
degron for the “Aiolos” protein. Ikaros protein also inchudes 1soforms encoded by amino
acid sequences Q13422-5 and Q13422- 6.

As used herein, “Helios” protein refers a protein that is a member of the Tkaros
fanuly of zinc finger proteins. In humans, Helios is encoded by the IKZF2 gene. Hehios
is also known as IKAROS fanuly zinc finger 2, ANFIA2, ZNFIAZ, ZNFN1A2, zine

finger protein, subfanily 1 A, 2, and tkaros fanuly zime finger protein 2. As used herein
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Helios protemn mcludes various isoform, which includes the isoforms listed below.
Isoform I (UmProt QOUKSE7-1)

METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGQHASPSHM TS TNSVKLEM(Q

SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGK

LKCDBVCGMVCIGPNVLMVHKRSHTGERPFHUNQUGASFTOKGNLLRHIKLHS

GEKPFKCPFCSYACRRRDALTGHERTHSVGKPHKCONY CGRSYKQRSSLEEHKER

CHNYLONVSMEAAGQOVMSHHEVPPMEDCKEQEPIMDNNISLYPFERPAVIEKLTG

NMGKRKSSTPOGKFVGEKLMRFSYPDIHFDMNLTYEKEAELMQSHMMDBQAINNA

ITYLGAEALHPLMQOQHPPSTIAEVAPVISSAYSQVYHPNRIERPISRETADSHENNM

16 DGPISLIRPKSRPQEREASPSNSCLDSTDSESSHDDHOSY QGHPALNPKRKOSPAY
MEEDVKALDTTKAPKGSLKDIYEKVINGEGEQIRAFKCERCRVLFLDHVMYT
HMGCHGY RDPLECNICGYRSQDRYEFSSHIVRGEHTFH (SEQ ID NO: 7)

fsoform 2 {UniProt QOUKS7-2)
METEAIDGYITCONELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVKLEMQ

15 SDEECDREKPLSREDEIRGHDEGSSLEEPLIESSEVADNREVQELQGEGGIRLPNGE
RPFHCNQUCGASFTORKGNLLRBIKLHSGEKPFKLCPFCSYACRRRDALTGHLRTH
SVGKPHKCNYCGRSYKQRSSLEEHKERCHNYLOQNVSMEAAGQYVMSHHEVPPME
DCKEQEPIMDNNISLVPFERPAVIEKLTGNMGKRKSSTPOKFVGEKLMRFSYPDIH
FDOMNLTYEKEAELMQSHMMDGQAINNAITYLGAEALHPLMGQHPPSTIAEVAPVISS

20 AYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNSCLDSTDS
ESSHDDHQSYQGHPALNPKRKOSPAYMKEDVEKALDTTRAPKGSLKDIYKVENG
EGEQIRAFKCEHCRVLFLDHT/MY TIHMGCHGYRDPLECNICGYRSQDRYE FS
SHIVRG EHTFH (SEQ IB NG: 8}

Isoform 4 (UniProt QOUKS7-4)

25 METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGOQHASPSHMTSTNSVKLEM(Q
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE
RPFHUNQUCGASFTOKGNLLRHIKLHSGEKPFRKCPFUSYACRRRDALTGHLRTH
SYGKPHECNYCGRSYKORSSLEEHKERCHNYLONVSMEAAGQVMSHHGEKLM
RFSYPDIHFDMNLTYEEEAELMQSHMMDGAINNAITYLGAEALHPLMQHPPSTIA

30 EVAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNS
CLDSTDSESSHDDHOSYQGHPALNPKRKOSPAYMEEDVKALDTTKAPKGSLKDI
YRVFENGEGEQRAFKCEHCRVLFLDHVMYTIHMGCHGYRDPLECNICGYRSQDR

Ay
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YEF SSHIVRGEHTFH (SEQ ID NQO: 9

Isoform 6 (UmProt QOUKSE7-6)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGQHASPSHM TS TNSVKLEM(Q
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGK
LKCDBVCGMVCIGPNVLMVHKRSHTGERPFHUNQUGASFTOKGNLLRHIKLHS
GEKPFKCPFCSYACRRRDALTGHERTHSVGKPHKCONY CGRSYKQRSSLEEHKER
CHNYLONVSMEAAGQVMSHHDS (SEQ ID NG: 10}

Isoform 7 (UmProt QOUKST-T)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGOQHASPSHMTSTNSVKLEMQ
16 SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKYVQELQGEGGIRLPNGE

RPFHONQCGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH

SVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTGNMGKRKSSTPOQKFVGEKLMR

FSYPDIHFDMNLTYEKEABLMQSHMMDOQAINNAITYLGAEALHPLMQHPPSTIAE

VAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPSNS
15 CLDSTDSESSHDDHQSYQGHPALNPRREQSPAYMKEDVKALDTTKAPKGSLKDI

YRVFNGEGEQIRAFKCEHCRVLFLDHYVMY TIHMGCHGYRDPLECNICGYRSQDR

Y EFSSHIVRGEHTFH (SEQ 1D NO: 11

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

FHUNQCGASFTOKGNLLRHIKLH (SEQ ID NO: 23). A degron 1s a portion of a

(31

20 protein that plays a role in regulating protein degradation rates. Helios protein also
inchudes 1soforms encoded by amino acid sequences QOUKST-3, QOUKST-5 and
QOUKST-8.

As used herein, “Alolos” protein is encoded by the IKZF3 gene. Aiolos protein is
also known as IKAROS family zine finger 3, ZNFNIA3, zinc finger protein, subfamily 1

25 A3, Haros farnily zine finger protein 3, and AlO. Aiolos protein includes the followng
human isoforms listed below:

Isoform | {UniProt QOUKT9-1}
MEDIQTNAELKSTOEQSVPAESAAVINDYSLTKSHEMENVDSGEGPANEDEDIG
DODSMKVEDEYSERDENVLKSEPMONAEEPEIPYSYSREYNEYENIKLERHVVSFD

30 SSRPTSGKMNCDVUGLSCISENVLMVHKRSHTGERPFQUNQUGASFTRKGNLL
RHIKLHTGEKPFKCHLONY ACQRRDALTGHLRTHSVEKPYKCEFCGRSYK(QRSS
LEEHKERCRTFLOSTDPGDTASAEARHIKAEMGSERALVLDRLASNVAKRESSM

20
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POKFIGEKRHCFDVNYNSSYMY EKESELIQTRMMDBQAINNAISYLGAEALRPLVQ
TPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIHLPEKSVPSERGLSPNNS
GHDSTDTDSNHEERQNHIYQONHMVELSRARNGMPLLKEVPRSYELLKPPPICPRD
SVEVINKEGEVMDVYRCDHCRVLFLDYVMETEHMGCHGFRDPFECNMCGYRSH
DRYEFSSHIARGEHRALLK (SEQ ID NO: 12}

fsoform 3 {UniProt QOUKTI-3}
MEDIQTNAELKSTOEQSVPAESAAVILNDYSLTKSHEMENVDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMGNAEEPEIPY SYSREYNEYENIKLERHVVSED
SSRPTSGKMNCDVUGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTQKGNLL
RHIKLETGEKPFKCHULONYACQRRDALTGHLRTHSASAEARHIKAEMGSERALY
LDRLASNVAKRKSSMPOQKFIGEKRHCFDVNYNSSYMYEKESELIQTRMMDGAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHTY QONHMVLSRARNGMPLEK
EVPRSYELLKPPPICPRDSVEKVINKEGEVMDVYRCDHCRVLFLDYVMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEGQG ID NO: 133

Isoform 4 (UniProt GOUKTS-4)

MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEKVKDEY SERDENVLKSEPMGNAEEPEIPYSYSREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLIMVHERSHTGERPFQUNQCGASFTOKGNLL
RHIKLHTGEKPFKCHLCNYACQRRDALUTGHLRTHSVEKPYKCEFCGRSYKQRSS
LEEHKERCRIFLOQSTDPGDTGEKRRHCFDVNYNSSYMYEKESELIQTRMMDQAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNHIYQONHMVESRARNGMPLLK
EVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRCDHCRYVEFLDY VMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NO: 14)

Isoform 6 (UniProt QOUKT-6}
MEDIQTNAELKSTOEQSVPAESAAVINDYSLTKSHEMENYDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMGNAEEPEIPYSY SREYNEYENIKLERHVVSFED
SSRPTSGEKMNCDVCGLSCISFNVLMVHKRSHTGERPFQURNGUGASFTQKGNLL
REBIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSGEKRHUFDYNYNSSYMYE
KESELIQTRMMDOQAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRA
EMSNGAPQELEKKSIHLPEKSYVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQON
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HMVLSRARNGMPLLKEVPRSYELLEPPPICPRDSVEVINKEGEVMDVYRCDHCR
VLFLDY VMFTIHMGCHGFRDPFECNMOGYRSHDRY EFSSHIARGEHRALLK
(SEQ ID NG: 15)

Isoform 7 {UniProt QOUKT-7}
MEDIQTNAELKSTQEQSVPADDSMEKVKDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGE
RPFQUNQUCGASFTORGNLLRHEIKLHTGERKPFKCHLONYACQRRDALTGHLRT
HSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEMGS
ERALVLDRLASNVAKRKSSMPOKFIGEKRHCFDVNYNSSYMYEKESELIQTRMM
16 DQAINNAISYLGAEALRPLVQTPPAPTSEMVYPVISSMYPIALTRAEMSNGAPQELE

KKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIY QONHMVLSRARNG

MPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRCDHCRVEFLDY VMFTE

HMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK {(SEQ 1D NG 16)
Isoform 8 (UniProt QOUKT9-8)

15 MEDIQTNAELKSTQEQSVPADDSMKVKDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDBVCGLSCISFNVLMYVHKREHTGE
RPFOQUNQUGASFTOKGNLLRBIKLHTGEKPFKCHLONY ACQRRDALTGHERT
HSASAEARHIKAEMGSERALVLDRLASNVAKRKSSMPOKFIGEKRHCFDVNYNS
SYMYEKESELIQTRMMDOQAINNAISYLGAEALRPLVQTPPAPTSEMVYPVISSMYPI

20 ALTRAEMSNGAPQELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNH
IYQONHMVLSRARNGMPLLKEVPRSYELLKPPPICPRDSVEVINKEGEVMDVYR
CDHCRVEFLDY VMFTIHMGCHGFRDPFECNMUGYRSHDRYEFSSHIARGEHRAL
LK (SEQID NG 17

Isoform 9 (UniProt QOUKT9-9)

25 MEDIQTNAELKSTQEQSVPAESAAVINDYSLTKSHEMENVDSGEGPANEDEDIG
GERPFOQUNQCGASFTORGNLLRHIKLHTGEKPFKCHLONYACQRRDALTGHL
RTHSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEM
GSERALVLDRLASNVAKREKSSMPOQRKFIGEKRHCFDVNYNSSYMYEKESELIQTR
MMDQAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAP(Q

30 ELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERGNHIYQONHMVLSRAR
NGMPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRUDHCRVLFLDY VM
FITHMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ D NG 18)

Ay
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Isoform 14 (UniProt Q9UKT9-14)
MEDIQTNAELKSTQEQSVPAESAAVLNDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEVKDEY SERDENVLEKSEPMGNAEEPEIPYSYSREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHERSHTGERPFQCNQCGASFTORGNLL
RHIKLHTGEKPFKCHLCNYACQRRDALTGHLRTHS VEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLQSTOPGDTGTGWGWVELSHLGIRLQDLNVPWCRLH (SEQ ID
NG 19

The "Asolos” protem i1soforms 1, 3,4, 6, 7, 8, 9, and 14 Iisted above mncludes the
degron FQUNQCGASFTORKGNLLRHIKLH (SEQ ID NQG: 24), which 1s the same as
the degron for the “fkaros” protein. Aiolos protemn also inchudes isoforms encoded by
amino acid sequences QOUKTS-2, QOUKTY-3, QOUKTS-10, QOUKTY-11, Q9UKTD-12,
and QOUKTY-13, QOUKTY-15, and QOUKTS-16.

As used herein, “Eos” protein is encoded by the IKZF4 genc and is also known as
TKAROS family zinc finger 4, ZNFNIA4, zine finger protem, subfanuly 1A, 4, Tkaros
family zinc finger protein 4, and KIAAL782. “Eos” protein includes isoforms encoded by
the following two human tsoforms 1 (Q9H259-1) and 2 (Q9H289-2):

Isoform 1 (UniProt 39H259-1}
MHTPPALPRRFQGGGRVRTPGSHROGKDNLERDPSGGCVPDFLPQAQDSNHFTM
ESLFCESSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSANSIKVEMYSDEESSR
LLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRLPNGKLKCDVCGM
VCIGPNVLMVHKRSHTGERPFHUNQCGASFTOKGNLLRHIKLHSGEKPFKCPF
CNYACRRRDALTGHLRTHSVSSPTVGKPYKCNYCGRSYKQQSTLEEHKERCHN
YLOSLSTEAQALAGQPGDEIRDLEMVYVPDSMLHSSSERPTFIDRLANSLTKRKRSTP
QRKFVGEKQMRFSLSDLPYDVNSGGYEKDVELVAHHSLEPGFGSSLAFVGAEHLR
PLRLPPINCISELTPVISSVYTOMOPLPGRLELPGSREAGEGPEDLADGGPLLYRPR
GPLTDPGASPSNGCODSTDTESNHEDRVAGWSLPQGPPPOPPPTIWGRHSPAYAK
EDPKPQEGLLRGTPGPSKEVERWGESGEPVKAFKCEHCRILFLDHYVMFTIHMGCH
GFROPFECNICGYHSQDRYEFSSHIVRGEHKVG (SEQ 1D NO: 20)

Isoform 2 {(UmProt QOH259-2}
MDSRYLOQLQLYLPSCSLLOGSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSAN
SIKVEMYSDEESSRLLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRL
PNGKLKCDVCOGMVCIGPNVLMVHEKRSHTGERPFHUNQUGASFTOKGNLLRHY
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KLHSGEKPFKCPFONYACRRRDALTGHLRTHSVSSPTVGRPYKONY CGRSYKRQ
STLEEHKERCHNYLQSLSTEAQALAGQPGDEIRDLEMVPDSMLHSSSERPTFIDRL
ANSLTERERSTPORKFVGEKQMRFSLSDLPYDVNSGGYEKDVELVAHHSLEPGFG
SSLAFVGAEHLRPLRLPPTNCISELTPVISSVYTOMQPLPGRLELPGSREAGEGPED
LADGGPLLYRPRGPLTDPGASPSNGCQDSTDTESNHEDRVAGWSLPQGPPPOPPP
TIWGRHSPAYAKEDPKPQEGLLRGTPGPSKEVLRWGESGEPVKAFKCEHCR
TEFLDHVMETIHMGCHGFRDPFECNICGYHSQDRYEFSSHIVRGEHKVG (SEQ ID
NG:2H

The "Eos” protein isoforms 1 and 2 listed above mncludes the degron
FHONQCGASFTOKGNLLRBIKLH (SEQ 1D NO: 25), which is the same as the
degron for the “Helios” protein.

As osed herein, “Pegasos” protein is also known as IKARQOS family zinc finger §,
ZNEN1AS, zine finger protein, sebfamily 1A, 3, and lkaros family zine finger protein 5.
Pegasus is encoded by the IKZFS gene.

As used herein, the term "contacting” refers to the bringing together of indicated
moieties in an in vifro system or an in vivo system. For example, "contacting” IKZF1-4
proteins with a compound of Formula (1) includes the adounistration of a compound of
the present invention to an individual or patient, such as a human, having Ikaros protein,
Helios protein, Aiolos protein, and Eos protemn as well as, for example, imtroducing a
compound of Formula (I} into a sample containing a cellular or punified preparation
containing lkaros protein, Helios protein, Aiolos protein, and Eos protein.

The terms “treat,” “treating,” and “treatment,” as used herein, refer to any type of
wtervention or process performed on, or administering an active agent to, the sabject with
the objective of reversing, alleviating, amcliorating, ihibiting, or slowing down or
preventing the progression, development, severity or recurrence of a symptom,
complication, condition or biochenucal indicia associated with a disease. In contrast,
“prophylaxis” or “prevention” refers to administration to a subject who does not have a
disease to prevent the disease from occurring. “Treat,” “treating,” and “treatroent” does
not encompass prophylaxis or prevention,

“Therapeuatically effective amount” i3 intended to include an amount of a
compound of the present invention alone or an amount of a compound of the present

mvention in combination with other active ingredients effective to decrease the levels of
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the IKZF1-4 proteins 1 the cells, or effective to treat or prevent viral imfections and
proliferative disorders, such as cancer.

As used herein, the term "cell” is meant to refer to a cell that is in virro, ex vive or
invive. In some embodiments, an ex vivo cell can be part of a tissue sample excised from
an organism such as a mammal. In some embodiments, an invitro cellcanbe acellina
cell culture. In some embodiments, an in vive cell is a cell living m an organism such as a
mammal.

The term “patient” inchudes human subjects,

The phrase "pharmaceatically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, manufacturning aid {c.g., lubricant, talc magnesium, calcium or
zing siearate, or steric acid}, or solvent encapsulating material, involved in carrying or
transporting the subject compound from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation, including, 7.e., adjuvant,
excipient or vehicle, such as diluents, preserving agents, fillers, flow regulating agents,
disintegrating agents, wetting agents, cmulsifving agents, suspending agents, swoetening
agents, flavoring agents, perfuming agents, antibactenal agents, antifungal agents,
lubricating agents and dispensing agents, depending on the natare of the mode of
administration and dosage forms; and not injurious to the patient.

The term "pharmaceutical composition” means a composition comprising the
compound of the jnvention 1o combination with at least one additional pharmaceutically

acceptable carrier.

UTILITY

The compounds of Formula (I} are useful for the treatment of cancer,

The compounds of Formula (1) are usefidd for the treatment of a viral infection.

i one embodiment, a method 1s provided for the treatment of cancer m a patient
comprising administering to said patient a therapeutically effective amount of a
compound according to Formulda (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof.

In one embodiment, a method s provided for the treatment of a viral mfectionina
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patient comprising administering to said patient a therapeutically effective amount of a
sompound according to Formulda (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof

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

corapound having the structure:

of a stercoisomer, a tautomer, or a pharmaceutically acceptable salt thereof,

One aspect provides a method of treating a disease or disorder by decreasing the
levels of the four IKZF1-4 proteins Tkaros, Helios, Aiclos, and Eos, the method
comprising adminisicring to a patient a therapeutically eftective amount of an agent to
decrease the Tkaros, Helios, Aiolos, and Eos protemn levels, In one embodiment, the
disease or disorder is cancer. In another embodiment, the discase or disorder 15 a viral
infection. In an additional embodiment, the agent is a compound of Formula (I}, a
stereoisomer, a tautomer, or a phammaceutically acceptable salt thereof.

In one embodiment, a method is 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, Aiolos, and Fos protein levels,
wheretn: a) sad Tkaros protein is the amino acid sequence encoded by SEQID NOs: |, 2,
3,4, 5, or 6; by said Helios protein 1s the amino acid sequence encoded by SEQ ID NQOs:
7.8. 9, 10, or 11; ¢} said Aiolos protein is the amino acid sequence encoded by SEQ 1D
NOs: 12, 13, 34, 15, 16, 17, 18, or 19; and d) said Eos protein s the amino acid sequence
encoded by SEQ ID NGs: 20 or 21,

In Embodiment 1, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Ikaros, Helios, Ajolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 30%. (1) said Helios (IKZF2) proten

fevel is decreased by at least 50%: (i) said Aiclos (IKZF3) protein level is decreased by
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at least 30%,; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 50%.
Included in this embodiment 1s 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 n this embodiment is a method wherein the agentis a
compound of Formula (I}, a sterecisomer, a tautomer, or a phanmaceutically aceeptable
salt thereof.

In Embodument 2, a method 1s provided for the treatment of discase or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (1) said
Tkaros (JKZF 1) protein level is decreased by at least 409 (it) said Helios (IKZF2) protein
level is decreased by at least 50%; (i11) sard Asolos (IKZF3) protein level is decreased by
at least 40%; and (1v) said Eos (IKZF4) protein level is decreased by at least 50%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment (s a method wherein the discase or disorder is a viral
mfection. Additionally, included in this embodiment is a wethod wherein the agentis a
compound of Formula (3}, a sterecisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 3, a method is provided for the treatment of disease or disorder m
a patient comprising adminstering to said patient a therapeutically effective 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 50%; (1) said Helios (IKZF2) protein
tevel is decreased by at least 50%: (i) said Adolos (IKZF3) protemn level is decreased by
at least 50%, and (iv) said Eos (IKZF4) protein level 1s decreased by at least 50%.
Included n 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 in this embodiment is a method wherein the agent is a
compound of Formula (1), a stercoisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 4, 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 karos, Helios, Aiolos, and Fos protein levels, wherein: (1) said

Ikaros (JKZF 1) protein level is decreased by at least 60%: (it) said Helios (IKZF2) protein
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tevel is decreased by at least 50%: (in) said Aiolos (IKZF3) protein level is decreased by
at least 60%; and (iv) said Eos (IKZF4) protein level is decreased by at least 50%.
Included i 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 agentis a
corapound of Formula (1), a stereoisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 5, a method 13 provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 30%; (it} said Hehos (TRZF2} protein
level is decreased by at least 60%; {11} said Alolos (IKZF3) protein level is decreased by
at least 30%; and (iv) said Eos (IKZF4) protein level is decreased by at least 60%.
Tacluded 1o this embodiment is a method where the disease or disorder is cancer. Also
mcluded in this embodiment 15 a method wherein the discase or disorder is a viral
infection. Additionally, included in this embodiment ts a method wherein the agentis a
compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof,

In Embodiment 6, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Aiolos, and Eos protein fevels, wherein: (i) said
Tkaros (IKZF 1} protein level s decreased by at least 40%; (1) said Helios {(IKZF2) protein
fevel is decreased by at least 60%; (i) said Aiclos (IKZF3) protein level is decreased by
at least 40%; and {(iv) said Eos (IKZF4) protein level is decreased by at lcast 60%.
Included i 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 agentisa
corapound of Formula (1), a stercotsomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 7, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an

agent to decrease the Tkaros, Helios, Aiolos, and Hos protein levels, wherein: (i) said
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Tkaros (IKZF 1) protein level is decreased by at least 30%; (1) said Helios (IKZF2) protein
fevel is decreased by at least 60%; (ii1) said Aiolos (IKZF3) protein level is decreased by
at least 509 and (v} said Fos (IKZF4) protein level is decreased by at least 60%.
Included mn this embodiment is a method where the disease or disorder is cancer. Also
inchided in thus embodiment is a method wherein the disease or disorder s a viral
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (1}, a stereotsomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 8, a method is provided for the treatment of disease or disorder in
a paticnt comprising adounistering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Hehos, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 60%; (i1} said Helios (IKZF2} protein
levelis decreased by at least 60%; (i) said Alolos (JKZF3) protein level is decreased by
at least 60%,; 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
nrcluded in this embodiment is a method wherein the discase or disorder is a viral
infection. Additionally, mcluded in this embodiment is a method wherein the agent is a
compound of Formula (). a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 9, a method is provided for the treatment of disease or disorder in
a patient coraprsing administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherem: (i) said
Tkaros (JKZF 1} protein level 1s decreased by at least 30%,: (1) said Helios (IKZF2) protein
fevel is decreased by at least 70%; (ii1) said Aiolos (IKZF3) protein level is decreased by
at least 309%:; and (iv) said Fos (IKZF4) protein level is decreased by at least 65%.
Included m 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 in this embodiment is a roethod wherein the agentis a
compound of Formula (1), a stereotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 10, a method is provided for the treatment of disease or disorder

in @ patient comprising administering to said patient a therapeutically effective amount of
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an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF1} protein level is decreased by at least 40%: (it} said Helios (IKZF2) protein
fevel is decreased by at least 70%; (i) said Asolos (IKZF3) protein level is decreased by
at least 409%,; and (v) said Eos (IKZF4) proten level is decreased by at least 65%.
Included i this embodiment is a method where the disease or disorder is cancer. Also
nclided in this embodiment is a method whercin the disease or disorder is a viral
nfection. Additionally, included in this embodiment is a moethod wherein the agentis a
cormpound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 11, a method 1s provided for the treatment of discase or disorder
in a patient compnsing admimstering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF1) protein level is decreased by at least 50%; (1) said Helios (IKZF2) protein
levelis decreased by at least 70%: (i) said Atolos (IKZF3) protein level is decreased by
at least 50%, and (iv) smd Eos (IKZF4)} protein level is decreased by at least 65%.
Included i this embodiment 1s 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 wherein the agentis a
compound of Formula (1), a stereoisomer, a tautomer, or a phannaceutically acceptable
salt thereof.

In Embodiment 12, a method 1s provided for the treatment of discase or disorder
n a patient comprising admmistering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherem: (1) said
Ikaros (JKZF 1} protein level is decreased by at least 60%: (11} said Helios (IKZF2) protein
fevel is decreased by at least 70%; (i) said Asolos (IKZF3) protein level is decreased by
at least 60%,; and (1v) said Eos (IKZF4) proten level is decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included in this embodinment 15 a method whercin the discase or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (1), a sterecisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 13, 2 method 1s provided for the treatment of discase or disorder
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i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 309 (it) said Helios (IKZF2) protein
level is decreased by at least §0%; (i1} sard Asolos (IKZF3) protein level is decreased by

at least 30%;

s and (1v) said Eos (IKZF4) protein fevel is decreased by at least 60%.
Included o this embodiment is a method where the disease or disorder is cancer. Also
ncluded in this embodiment (s a method wherein the discase or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (§), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 14, a method 1s provided for the treatment of discase or disorder
in a patient comprising admimstering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: {1} said
Tkaros (IKZF 1) protein level s decreased by at least 40%; (1) said Helios (IKZF2) protein
tevel is decreased by at least 80%; (i3} said Aiolos (IKZF3) protein level 1s decreased by
at least 40%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included i this embodiment 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
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (1}, a stercoisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 15, a method is 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 Ikaros, Helios, Atolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 509 (it) said Helios (IKZF2) protein
fevel 1s decreased by at least 80%; (1) said Adolos (IKZF3) protein level is decreased by

at least 50%;

; and (iv) said Eos (IKZF4) protein fevel is decreased by at least 60%.
Tochuded 1o this embodiment is a method where the disease or disorder is cancer. Also
mcluded i this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (1), a stercoisomer, a tautomer, or a pharmaceutically acceptable

salt thereof.
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In Embodiment 16, a method 1s provided for the treatment of disease or disorder
i a patient comprising adnunistering to said patient a therapeutically effective amount of
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 60%; (it) said Hehos (TRZF2) protein
level is decreased by at least 80%; {11} said Atolos (JKZF3) protein level is decreased by
at least 60%; and (iv) said Eos (IKZF4) protein fevel is decreased by at least 60%.
Tncluded o this embodiment is a method where the disease or disorder is cancer. Also
ncloded in this embodiment 1s a method wherein the discase or disorder i1s a viral
mnfection. Additionally, included in this embodiment 1s a method wherein the agentis a
compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 17, a method is provided for the treatment of discase or disorder
in a paticnt comprising adminisiering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level 1s decreased by at least 30%,; (1) said Helios (IKZF2) protemn
level is decreased by at least 85%:; (i) said Aiclos (IKZF3) protein level is decreased by
at least 30%; and {(1v) said Eos (IKZF4) protein level is decreased by at least 60%.
Included m this embodiment is a method where the discase or disorder is cancer. Also
included in this embodiment is a method wheren the disease or disorder is a viral
nfection. Additionally, included in this embodiment is a method wherein the agent is a
corapound of Formula (1), a sterectsomer, a tautomer, or a phamaceutically acceptable
salt thereof

In Embodiment 18, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amonnt of
an agent to decrease the tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 409; (it) said Hehios (TKZF2) protein
levelis decreased by at least 85%; (i) said Alolos (JKZF3) protein level is decreased by
at least 40%,; and (1v) said Fos (IK.ZF4) protein level 1s decreased by at least 60%.
Tncluded m this embodiment 1s a method where the disease or disorder is cancer. Also
incladed in this embodiment 13 a method wherein the discase or disorder is a viral
infection. Additionally, included in this embodiment 1s a method wherein the agent is a

compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable
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salt thereof.

In Embodiment 19, 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, Hehos, Aiolos, and Eos proten levels, wherein: (i) said
Tkaros (IKZF1) protein level is decreased by at least 50%; (i1} said Helios (IKZF2} protein
level is decreased by at least 85%; (i) said Alolos (IKZF3) protein level is decreased by
at least 50%; and (iv) said Fos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment i1s a method where the discase or disorder s cancer. Also
inncluded in this embodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula {(I), a sterecisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 20, 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 Tharos, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 60%, (it} said Helios (IKZF2) protein
fevel is decreased by at least 85%; (1i1) said Asolos (IKZF3) protein level is decreased by
at least 60%: and (v} said Fos (IKZF4) protein level is decreased by at least 60%.
Included mn this embodiment is a3 method where the disease or disorder is cancer. Also
nclided mn this embodiment (s a method wherein the disease or disorder is a viral
nfection. Additionally, included in this cmbodiment is a moethod wherein the agentis a
cormpound of Formula (1), a stereotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 21, a method is provided for the treatment of disease or disorder
in a patient comprising adninistering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hehos, Alolos, and Eos protem levels, wherein: (1) said
Tkaros (IKZF1) protein level is decreased by at least 30%; {i1) said Helios (IKZF2} protein
levelis decreased by at least 90%,; (i) said Alolos (IKZF3) protein level is decreased by
at least 30%, and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included m 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. Addiionally, included in this embodiment is a method wherein the agentis a
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cormpound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thercof.

In Embodiment 22, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aislos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF1) protein level is decreased by at least 40%; (1) said Helios (IKZF2) protein
tevel is decreased by at feast 90%; (u1) said Atolos (IKZF3) protein level is decreased by
at least 40%,; 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 i1s 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 agentis a
compound of Formula (I}, a stereoisomer, a tautomer, or a phannaceutically acceptable
salt thercof.

In Embodiment 23, a method 1s provided for the treatment of disease or disorder
in a paticnt 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 by at least 50%: (i1} said Helios (IKZF2) protein
level is decreased by at least 909%; (1) said Aiolos (IKZF3) protein level is decreased by
at least 50%; and (1v) said Eos (IKZF4) protein level is decreased by at least 60%.
Tacluded o this embodiment is a method where the disease or disorder is cancer. Also
included m this embodiment is a method wherein the disease or disorder is a viral
wmifection. Additionally, included in this embodiment 1s a method wherein the agentis a
compound of Formula (1), a sterecisomer, a tautomer, or a pharmaceutically acceptable
salt thercof.

In Embodiment 24, a method 1s provided for the treatment of discase or disorder
in a patient compnising admimsiering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: {i} said
Tkaros (IKZF1) protein level 15 decreased by at least 60%; (1) said Helios (IKZF2) protein
tevel is decreased by at least 90%; (i1} said Aiolos (IKZF3) protein level is decreased by
at least 60%, and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included m this embodiment 1s a method where the discase or disorder is cancer. Also

included in this embodunent 1s a method wherein the disease or disorder is a viral
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mfection. Additionally, included in this embodiment 1s a method wherein the agentis a
sompound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 25, a method 1s provided for the treatment of discase or disorder

(31

in a patient comprising adminisiering to said patient a therapeutically effective amount of

an agent to decrease the fkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said

Tkaros (IKZF1) protein level s decreased by at least 30%; (1) said Helios (IKZF2) protein

level 1s decreased by at least 90%: (i) said Aiolos (IKZF3) protein level is decreased by

at least 30%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 63%.

16 Included i this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment is a method wheren the discase or disorder is a viral
infection. Additionally, incloded in this embodiment is a method wherein the agentis a
compound of Formula (1}, a stereoisomer, a tautomer, or a phamaceutically aceeptable
salt thereof,

5 In Embodiment 26, a method is 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 lkaros, Helios, Atolos, and Hos protein levels, wherein: (1) said
Tkaros (JKZF 1) protein level is decreased by at least 409 (it) said Helios (IKZF2) protein
levelis decreased by at least 90%; (1) said Alolos (IKZF3) protein level is decreased by

20 atleast 40%; and (iv) said Eos (IKZF4) protein level is decreased by at least 65%.
Tacluded 1o this embodiment is a method where the disease or disorder is cancer. Also
mcluded i this embodiment 15 a method wherein the discase or disorder 1s a viral
mnfection. Additionally, included in this embodiment is a method wherein the agentis a
compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable

25 salt thereof

In Embodiment 27, a method 1s provided for the treatment of disease or disorder
in a patient comprising adminisiering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Alolos, and Eos protem levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 30%; (1) said Helios (IKZF2) protein

30 level is decreased by at least 90%, (i1} said Aiolos (IKZF3) protein level is decreased by

at least 50%: 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
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mncloded i this embodiment is a method wherein the discase or disorder 1s a viral
mnfection. Additionally, included in this embodiment 1s a method wherein the agentis a
compound of Formula (), a stercoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 28, a method 1s provided for the treatment of disease or disorder
int a patient comprising adminisiering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Fos protein levels, wherein: (i) said
Tkaros (IKZF1) protein level is decreased by at least 60%,; (i) said Helios (JKZF2) protemn
fevel 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 is decreased by at least 65%.
Included m this embodiment is a2 method where the disease or disorder is cancer. Also
inchided in thus embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agentis a
corapound of Formula (1), a stercotsomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 29, a method is provided for the treatment of disease or disorder
in a paticnt comprising admintstering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Ikaros (IKZF 1) protein level is deereased in the range of 40 to 70%; (i1) said Helios
{(IKZF2) protein level is decreased by at least 50%: (it1) saud Aiolos (IKZF3) protein level
is decreased in the range of 40 to 70%: and (iv) said Eos (JKZF4) protein level is
decreased by at least 50%. Included in this embodiment is a method where the disease or
disorder is cancer. Also tncladed in this embodiment i3 3 method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent 15 a compound of Formula (I}, a stercoisomer, a tautoroer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 30, a method is provided for the treatment of disease or disorder
in a paticnt coraprising 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 18 decreased in the range of 40 to 70%,: (11} said Helios
(IKZF2) protein level is decreased by at least 60%; (i11) said Alolos (JKZF3} protein level

1s decreased i the range of 40 1o 70%; and (v} said Eos (IKZF4) protein level 1s
g , p
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decreased by at least 60%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included n this embodiment is 3 method wherein the discase or
disorder 1s a viral infection. Additionally, included 10 this embodiment ts a method
wherein the agent is a compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

in Embodiment 31, a method 1s provided for the treatment of disease or disorder
in a patient comprising admunistering to said pationt a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased in the range of 40 to 70%, (4} said Helios
(JKZF2) protein level is decreased by at least 70%; (111) said Aiolos (TKZF3) protein level
is decreased in the range of 40 to 70%: and (v} said Fos (IKZF4) protein level s
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included mn this embodiment 1s a method wherein the disease or
disorder 1s a viral infection. Additionally, included in this embodiment is a method
wherein the agent 1s a compound of Formula (), a stereoisomer, a tantomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 32, 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, Hebios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF1) protein level is decreased in the range of 40 to 70%; (1) said Helios
(IK.ZF2) protein fevel 1s decreased by at least 70%; (111) sard Alclos (IKZF3) protein level
1s decreased in the range of 40 to 70%; and (v} said Eos (JKZF4) protem 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 is a method wherein the disease or
disorder 1s a viral infection. Additionally, included 1o this embodiment ts a method
wherein the agent 15 a compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

in Embodiment 33, a method 1s provided for the treatment of discase or disorder
i a patient comprising admmistering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherem: (1) said
Tkaros (JKZF 1) protein level is decreased in the range of 40 to 70%:; (11) said Helios

(KZF2) protein level 1s decreased by at least 80%; (111) said Alolos (TKZ¥F3) proiein level
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1s decreased in the range of 40 to 70%; and (iv) said Eos (JKZF4) protein level is
decreased by at least 65%. 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 1s a viral infection. Additionally, included in this emmbodiment is a method
wherein the agent is a compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodunent 34, a method 1s provided for the treatment of disease or disorder
0 & patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Ikaros (IKZF 1} protein level is decreased in the range of 40 to 70%: (11} said Helios
(KZF2) protein lovel is decreased by at least 90%; (i) said Aiolos (IKZF3) protein level
iz decreased in the range of 40 to 70%:; and {1v} said Eos (KZF4} protein level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent is a compound of Formula (1), a sterecisomer, a tavtomer, or a
pharmaceutically accoptable salt thercof.

In Embodiment 35, a method 1s provided for the treatment of discase or disorder
in a patient compnsing admimsiering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: {i} said
Tkaros (IKZF1) protein level 15 decreased in the range of 50 to 70%; (1) said Helios
(IK.ZF2) protein level 1s decreased by at least 50%,; (1) said Asolos (JKZF3) protein level
1s decreased in the range of 30 to 70%; and (iv} said Eos (IKZF4) protein Jevel is
decreased by at least 50%. Included in this crabodiment is a method where the discase or
disorder 1s cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent is a compound of Fornula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof,

In Embodiment 36, 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 tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) saud

Ikaros (JKZF 1) protein level is decreased in the range of 50 to 70%:; (1) said Helios
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(IKZF2) protein level is decreased by at least 60%; (111) said Arolos (JKZF3) protein level
is decreased in the range of 30 to 70%; and (iv} said Eos (IKZF4) protein level is
decreased by at least 50%. Included in this embodiment is a method where the discase or
disorder 15 cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent is a compound of Formula {1}, a stereoisomer, a tantomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 37, a method 1s provided for the treatment of disease or disorder
it a patient comprising admunistering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Alolos, and Eos protemn levels, wherein: (1) said
Tkaros (IKZF 1) protein level is decreased in the range of 30 to 70%: (11) said Hehos
{(KZF2) protein level is decreased by at least 70%: (11} said Arolos (IKZF3) protein level
is decreased 1n the range of 50 to 70%; and {iv) said Eos (IKZF4) protein level is
decreased by at least 65%. Included in this embodunent is a method where the disease or
disorder is cancer. Also wncluded m this embodiment is a method wherein the discase or
disorder is a viral infection. Additionally, included in this embodiment i3 a method
wherein the agent is a compound of Formula (1), a stercoisomer, a tautomer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 3%, a method 1s provided for the treatment of disease or disorder
in a patient comprising adminisiering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protem levels, wherein: (i) said
Tkaros (IKZF 1} protein level 15 decreased m the range of 50 1o 70%,; (1) said Helios
(IKZF2) protein level is decreased by at least 70%; (11) said Arolos (JKZF3} protein level
is decreased in the range of 30 to 70%,; and (iv} said Eos (IKZF4) protein lovel is
decreased by at least 70%. Included in this emabodiment is a method where the discase or
disorder 15 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 1s a compound of Formula (1}, a stereoisomer, 3 tautonmer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 39, a method is provided for the treatment of disease or disorder
in a patient comprising admintstering to said patient a therapeutically effective amount of

an agent to decrease the tkaros, Helios, Alolos, and Hos protemn levels, wherein: (1) said

39



WO 2024/233514

(31

16

o]
n

30

Tkaros (IKZF 1) protein level 15 decreased n the range of 530 to 70%; (1) said Helios
(KZF2) protein level is decreased by at least 80%; (i1) said Arolos (JKZF3} protein level
is decreased in the range of 50 1o 70%: and (iv) said Eos (IKZF4) protein level s
decreased by at least 65%. Included in this embodiment 1s 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 thus embodiment 1s a method
wherein the agent 1s a compound of Formula (1), a stereoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof,

In Embodiment 40, a method is provided for the treatment of disease or disorder
in a patient comprising adninistering to said patient a therapeutically eftective amount of
an agent to decrease the Tkaros, Hehos, Alolos, and Eos protem levels, wherein: (1) sad
Tkaros (IKZF 1) protein level is decreased in the range of 50 to 70%; (1) said Helios
{(IKZF2) protein level is decreased by at least 90%: (1t1) said Aiclos (IKZF3) protein level
is decreased in the range of 50 to 70%: and (iv) said Eos (JKZF4) protein level is
decreased by at least 90%. Included in this embodiment is a method where the discase or
disorder is cancer. Also incladed in this embodiment is 3 method wherein the disease or
disorder is a viral infection. Additionally, included in this crabodiment is a method
wherein the agent is a compound of Formula (), a stercotsomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiments 1 to 40, the decreases m the protein levels of the IKZF1-4
proteins can be measured using the following assavs described hereinbelow: (1) IKZF 1
Fluman CD8™ T Cell Reprogramming Assay; (i) IKZF2: Jurkat Cellular Degradation
Assay, (i) IKZF3: Homan CDE&" T Cell Reprogramming Assay; and {iv) IKZF4: Human
T Regulatory Cell Reprogramming Assay.

Types of cancers that may be treated with the compounds of Formula (1) include,
but are not limited to, brain cancers, skin cancers, bladder cancers, ovanian cancers, breast
cancers, gastric cancers, pancreatic cancers, prostate cancers, colon cancers, blood
cancers, lung cancers and bone cancers. Examples of such cancer types include
neuroblastoma, intestine carcinoma such as rectum carcinoma, colon carcinoma, familiar
adenomatous polyposis carcinoma and hereditary non-polyposis colorectal cancer,
esophageal carcinoma, labial carcinoma, larynx carcinoma, hvpopharyox carcinoma,

tongue carcinoma, salivary gland carcinoma, gastric carcinoma, adenocarcinoma,
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medullary thyroid carcinoma, papillary thyroid carcinoma, renal carcinoma, kidney
parenchymal carcinoma, Ovarian carcinoma, cervix carcinoma, uiering Corpus Carcmoma,
endometrium carcinoma, chorion carcinoma, pancreatic carcinoma, prostaie carcinoma,
testis carcinoma, breast carcinoma, uninary carcinoma, melanoma, brain tumors such as
ghoblastoma, astrocytoma, meningioma, medulloblastoma and penpheral
neurocctodermal tumors, Hodglan lymphoma, non-Hodgkin Iymphoma, Burkitt
tymphoma, acute lvmphatic leukemia (ALL}, chronic lyraphatic leukemia (CLL), acute
myeloid leukemia {AML), chromic myeloid leukemia (CML), adult T-cell leukenia
lymphoma, diffuse large B-cell lymphoma (BLBCL), hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small cell lung carcimoma, non-small cell lung
carcinoma, multiple myeloma, basalioma, teratoma. retinoblastoma, choroid melanoma,
seminoma, rhabdomyosarcoma, craniopharyngioma, osteosarcoma, chondrosarcoma,
myasarcoma, Hposarcoma, fibrosarcoma, Ewing sarcoma and plasmocytoma.

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

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising admimstering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is fung cancer, including small cell lung
cancer (SCLC) and non-small cell ing cancer (NSCLC).

In one embodiment, a method is provided for the treatment of cancer, i a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Fornwda (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is mesothelioma.

in one embodiment, a method s provided for the treatment of cancer. in a patient
comprising adminisicring to said patient a therapeutically effective amount of the
compound according to Formula (I), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer 18 breast cancer, inclading ductal carcinoma,
invasive ductal carcinoma metastatic breast cancer, triple negative breast cancer, human

epidermal growth factor receptor 2 {HER2) positive breast cancer, estrogen receptor (ER)
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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 (I), or a stereoisomer, 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 s 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 pancreatic cancer, including pancreatic
adenocarcinoma, exocrine pancreatic cancer and neurcendocrine pancreatic cancer.

in one embodiment, a method 15 provided for the treatment of cancey, 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 phammaceutically
acceptable salt thereof, wheretn said cancer is kidney cancer, including renal cell
carcinoma, clear cell renal cell carcinoma, and non-clear cell renal cell carcinomas,
papillary renal cell carcinoma, Wilms tumor, and reval sarcoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (I}, or a stercoisomer, a tautomer, or a phamaceutically
acceptable salt thereof, wheren said cancer 15 gastric cancer, including gastric carcinoma.

In one embodiment, a method is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of the
compound according to Fornwda (I}, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thercof, wherein said cancer is kidoey cancer, including renal carcinoma
and kidney parenchymal carcinoma.

in one embodiment, a method 15 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 pharmaceuntically
acceptable salt thereof, wherein said cancer is liver cancer, including hepatocelialar

Carcinoma.
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In one embodiment, a method s provided for the treatment of cancer, in a patient
comprising admuinistering to said patient a therapeutically effective amount of the
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thercof, wherein said cancer is ovanan cancer, ncluding ovarian
carcinoma.

in one embodiment, a method 1s provided for the treatment of cancer, in a patient
comaprising administering to said pationt a therapeutically effective amount of the
compound according to Formula (I}, or a stereoisormer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is lymphoma, including Hodgkin tymphoma,
non-Hodgkin fymphoma, Burkitt lymphoma, acute lymphatic leukemia (ALL), chronic
Ivmphatic leukemia {(CLL), acute myeloid leukenua (AML), chronic myeloid leukemia
{CML)}, adult T-cell leukemia, and diffuse large B-cell lymphoma (BLBCL).

in one embodiment, a method 15 provided for the treatment of cancey, 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 phammaceutically
acceptable salt thereof, wheretn said cancer is leukemia, incloding acute lvmphatic
feukemia {ALL), chronic lymphatic leukemia ({CLL), acute myeloid leukemia (AML),
chronic myeloid leukenua (CML), adult T-cell leukenua lvinphoma, and diffuse large B-
cell lvmphoma (DLBCL).

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

The compounds for Formula (1) and pharmaceutical compositions comprising a
compound of Formula (I} are useful m treating or preventing any diseases or conditions
that are associated with the activity of IKZF1-4 protemns. These mclude viral and other
nfections {e.g., skin infections, G infection, urinary tract infoctions, genito-urmary
infections, systemic nfections), and proliferative diseases (e.z., cancer). Any method of
administration may be used to deliver the compound or pharmaceutical composttion to
the patient. In certain embodiments, the compounds of Formmda (1) or pharmaceutical
composition comprising a compound of Formula (I} are administered orally. In other

embodiments, the compounds of Formula (I) or pharmaceutical composition comprising a
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compound of Formula (I} are administered parenterally.

In one embodiment, a method 1s provided for the treatment of a viral mfection ina
paticnt comprising administering to said patient a therapeutically effective amount of the
compound according to Formula (1}, or a stereoisomer, a tavtomer, or a pharmaceutically
acceptable salt thereof, wherein said viral infection is caused by exposure to HIV,
hepatitis (A, B, or C), herpes virus {e.g, VZV, HSV-1, HAV-6 HSV-II, and CMV,
Epstein Barr virus), adenovirus, influenza virus, flaviviruses, echovirus, thinovirus,
coxsackie virus, coronavirus, respiratory syncyiial virus, mumps virus, rotavirus, measles
virus, rubella virus, parvovirus, vaccinia virus, HTLV virus, dengue virus,
papitlomavirus, motuscum virus, polioviras, rabies virus, JC viros and arboviral
encephalitis virus.

The compounds of Formula (1) can selectively decrease the protein levels of the
four IKZF | -4 proteing in colls to control Treg differentiation. For example, the
corapounds of Formula (1} 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
11 the cells to control Treg differentiation in a cell or in an individual in need of a
decrease in the protein fovel, decrease in the activity level and/or inhibition of the
expression Jevel of cach of the four IKZF1-4 proteins by adnunistering an cfficacious
amount of the compounds of Formula (I} or a stereoisomer, a tautomer, or a salt thereof,

In one embodiment, the present invention provides a combined preparation of the
corapounds of Formula (1}, and/or a phamaceuticallv acceptable salt thereof; and
additional therapeutic agent{s) for simultaneous, separate or sequential use mn 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 docrease the protem level,
to decrease the protein activity level, and/or to inhibit the expression level of each of the
four IKEF -4 protemns.

In one aspect, a compound of Fornudla (1} is sequentially administered prior to
admuustration of the mmuno-cncology agent. In another aspect, a compound of Formula
(I} 15 adnunistered concurrently with the immuno-oncology agent. In yet another aspect,
a compound of Formulda (I} 18 sequentially administered after admimistration of the
immuno-oncology agent.

In another aspect. a compound of Formula (I} may be co-tformulated with an
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mmuno-oncology agent.
Imnumo-oncology agents include, for example, a small molecule drug, antibody,
or other biologic or small molecule. Examples of biologic immuno-oncology agents

inchide, but are not Hmited to, cancer vaccines, antibodies, and cviokines. In one aspect,
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the antibody is a monoclonal antibody. In ancther aspect, the monoclonal antibody is

humanized or human.

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

Certain of the stimulatory and mbibitory molecules are members of the
imnnmoglobulin super family (IgSF). One important family of membrane-bound heands
that bind to co-stimufatory or co-indubitory receptors is the B7 family, which mcludes B7-
1, B7-2, B7-HI (PD-L1), B7-DC (PD-L2), B7-H2 (ICOS-L), B7-H3, B7-H4, B7-H5

15 (VISTA), and B7-H6. Another fanuly of membrane bound ligands that bind to co-
stimulatory or co-inhibitory receptors is the TNF family of molecules that bind to cognate
TNF receptor family members, which includes CD40 and CD40L, OX-40, OX-40L,
CD70, CD27L, CD30, CD30L, 4-1BBL, CD137 (4-18B), TRAIL/Apo2-L,
TRAILRI/DR4, TRAILR2/DRS, TRAILR3, TRAILR4, OPG, RANK, RANKL,

26 TWEAKR/Fnld, TWEAK, BAFFR, EDAR, XEDAR, TACL APRIL, BCMA, LTBR,
LIGHT, DcR3, HVEM, VEGUTLIA, TRAMP/DR3, EDAR, EDAL, XEDAR, EDAZ,
TNFRI, Lymphotoxin o TNFR, TNFR2, TNFa, LTRR, Lymphotoxin o 1B2, FAS, FASL,
RELT, DR6, TROY, NGFR.

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

25 of Fomula (1) and one or more of (1) an antagonist of a protein that inlubits T cell
activation {¢.g., immume checkpoint inhibttors) such as CTLAA, PD-1, PD-LL, PD-L2,
LAG-3, TIM-3, Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGIT, CD113,
GPRS6, VISTA, 2B4, CD48, GARP, PDIH, LAIRL, TIM-1, and TIM-4, and (1) an
agonist of a protein that stimulates T cell activation such as B7-1, B7-2, CD28, 4-1BB

30 (CD137), 4-1BBL, ICOS, ICOS-L, OX40, OX40L, GITR, GITRL, CD70, CD27, CD40,

DR3 and CD28H.

Other agents that can be combined with a compound of Formula (1) for the
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treatment of cancer inchide antagonists of inhibitory receptors on NK cells or agonists of
activating receptors on NK cells. For example, a compound of Formula (I) can be
combined with antagonists of KIR, such as lirilumab.

Yet other agents for combination therapies include agents that inhibit or deplete
macrophages or monocyies, inclading but not hmited to CSF-1R antagonists sach as
{SF-1R antagonist antibodies mchrding RG7155 (WO11/70024, WO11/1073353,
WO1/131407, WO 13/87699, WO13/119716, WO 13/132044) or FPA-008
(WO11/140249, WO 13169264, WO 14/036357).

In another aspect, a compound of Formula (I} can be used with one or more of
agonistic agenis that ligate positive costimulatory receptors, blocking agents that
attenuate signaling through inhibitory receptors, antagonists, and one or more agents that
increase systemically the frequency of anti-tumor T cells, agents that overcome distinet
e suppressive pathways within the trmor microenvironment {e.g., block inhibitory
receptor engagement {¢.g., PD-L1/PD-1 interactions), 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 IDQ, or reverse/prevent T cell anergy or
exhaustion} and agents that trigger innate immuane activation and/or inflammation at
UM Stes.

In one aspect, the immuno-oncology agent is a CTLA-4 antagonist, such as an
antagomistic CTLA-4 antibody. Suitable CTLA-4 antibodies include. for example,
YERVOY (piltmumab) or tremelimumab,

In another aspect, the immunoc-oncology agent is a PD-1 antagonist, such as an
antagonistic PD-1 antibody. Suitable PD-1 antibodies mehude, for example, OPBIVQ
{nivolumab}, KEYTRUDA (pembrolizumab), or MEDI-0680 (AMP-514;
WO2012/145493). The tunwuno-oncology agent may also include pidilizumab (CT-011),
though s specificity for PD-1 binding has been questioned. Another approach to target
the PD-1 receptor is the recombinant protein composed of the extracellular domain of
PD-L2 (B7-DC) fused to the Fe portion of IgGl, called AMP-224.

In another aspect, the immuno-oncology agent is a PD-L1 antagonist, such as an
antagonistic PD-LT antibody. Saitable PD-L1 antibodies mchude, for example,
MPDL3280A (RG7446; W0O2010/077634), durvalumab (MEDI4736), BMS-936359
{(WO207/005874), and MSBOOI0T18C (WO2013/79174).
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In another aspect, the immuno-oncology agent 1s a LAG-3 antagonist, such as an
antagonistic LAG-3 antibody. Suitable LAG3 antibodics include, for example, BMS-
986016 (WO 10/19570, WO 14/08218), or IMP-731 or IMP-321 (WO08/132601,
WOG9/44273).

(31

In another aspect, the immuono-oncology agent s a CD137 (4-1BB) agonist, such
as an agonistic CD137 antibody. Switable CI¥37 antibodies inchude, for example,
urelumab and PF-05082566 (W(12/32433).

In another aspect, the immuno-oncology agent 1s a GITR agonist, such as an
agonistic GITR antibody. Saitable GITR antibodies inclade, for example, BMS-986153,
16 BMS-936156, TRX-518 (WO06/105021, WO09/009116) and MK-4166 (WO 11/028683).

In another aspect, the momuno-oncology agent is an IDO antagonist. Surtable
IBO antagonists include, for example, INCB-024360 (W3206/1221350, W(07/75598,
WO08/36633, WO08/36642), indoxmmod, or NLG-919 (WO09/73620, WO09/1156652,
WO11/56652, WO12/142237).

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

In another aspoct, the vumuno-oncology agent 1s an OX40L antagonist, such as an
antagonistic OX40 antibody. Suitable OX40L antagonists inchude, for example, RG-7888

26 (WO06/029879).

In another aspect, the immuno-oncology agent 1s a CD40 agonist, such as an
agonistic CD40 antibody. In vet another embodiment, the immuno-oncology agentis a
CD40 antagonist, such as an antagonistic CD40 antibody. Swuitable CD40 antibodies
include, for example, lucatumumab or dacetuzumab.

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

In another aspect, the immuno-oncology agent is MGAZ71 (to BTH3)
{(WO11/109400).

The combination therapy 1s intended to embrace administration of these

30 therapeutic agents in 8 sequential manner, that 13, wherein each therapeutic agent is

administered at a different time, as well as administration of these therapeutic agents, or

at least two of the therapeutic agents, in a substantially simultaneous manner,
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Substantially simultanecous administration can be accomphished, for example, by
administering to the subject 3 single dosage form having 3 fixed ratio of each therapeutic
agent or in multiple, single dosage forms for cach of the therapeutic agents. Sequential or
substantially simultaneous administration of cach therapeutic agent can be effected by
any appropnate route including, but not limited to, oral routes, intravenous routes,
mtramuscular routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be administered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
ntravenous injection while the other therapeutic agents of the combination may be
adounistered orally. Alternatively, for example, all therapeutic agents may be
adounistered orally, or all therapeutic agents may be administered by intravenous
injection. Combination therapy also can embrace the administration of the therapeutic
agents as described above in further combination with other biclogically active
ingredients and non-drug therapies {e.g., surgery or radiation treatment.} Where the
combination therapy further comprises a non~-drag treatment, the non-drug treatment may
be conducted at any switable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and non-drug treatment is achicved. For example,
in appropriate cases, the beneficial effect is still achieved when the non-drug treatroent i1s
temporally removed from the administration of the therapeutic agents, perhaps by days or
cven weeks.

One or more additional pharmaceutical agents or treatment mcthods such as, for
example, anti-viral agents, chemotherapeutics or other anti~cancer agents, innnune
enhancers, immuncesuppressants, radiation, anti-tumor and anti-viral vaccines, cytokine
therapy {e.g., IL2 and GM-CSF}, and/or tyrosine kinase inhibitors can be optionally used
in combination with a corapound of Formula (I} for treatment of TKZF 1 -4 proteins
associated diseases, disorders or conditions. The agents can be combined with the present
compounds in a single dosage form, or the agents can be administered simultaneously or
sequentially as separate dosage forms.

Suitable chemotherapeutic or other anti-cancer agents include, for example,
alkvlating agents (including, without limitation, nitrogen mastards, ethvlenimine
derivatives, alkyl sulfonates, nitrosoureas and triazenes) such as uracil mustard,

chlommethine, cvclophosphamide (CYTOXAN®), tfosfanude, melphalan, chlorambuct,
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pipobroman, tniethylene-melamme, tricthylenctluophosphoramine, busalfan, carmustine,
fomusting, streptozocin, dacarbazing, and temozolomide.

In the treatment of melanoma, suitable agents for use in combination with a
compound of Formula (I} include: dacarbazine (DTIC), optionally, along with other
chemotherapy drugs such as carmustine (BCNU) and cisplatin; the "Dartmouth regimen”,
which consists of DTIC, BUNU, cisplatin and tamoxifen; a combination of cisplatin,
vinblastine, and DTIC, temozolomide or YERVOY™ A compound of Formula (T) may
also be combined with immunotherapy drugs, mcluding cvtokines such as interferon
alpha, interleukin 2, and tamor necrosis factor (TNF) 1n the treatment of melanoma.

The compounds of Formulda (1) may also be used in combination with vaccine
therapy i the treatment of melanoma.  Antimelanoma vaccines ate, i some ways, similar
to the anti-viras vaccings which are used to prevent diseases caused by virnuses such as
polio, measles, and mumps. Weakened melanoma cells or parts of melanoma cells called
antigens may be mjected mto a pationt to stimulate the body's immune systen to destroy
melanoma cells.

Melanomas that are confined to the arms or legs may also be treated with a
combination of agents including a compound of Formula (B), using a hypertheomic
isolated limb perfusion techmique. This treatment protocol teraporarily separates the
circulation of the mvolved himb from the rest of the body and mjects high doses of
chemotherapy into the artery feeding the limb, thus providing high doses to the area of the
tumor without cxposing intemnal organs to these doses that nught otherwise cause severe
side effects. Usually, the fluid 1s warmed to 38.9 °C t0 40 °C. Melphalan is the drug most
often used in this chemotherapy procedure. This can be given with another agent called
tumor necrosis factor (TNF).

Suttable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs,
purine analogs and adenosine deaminase inhibitors) such as methotrexate, 5-fluorouracil,
floxuridine, cytarabine, 6-mercaptopuring, 6-thioguanine, fludarabine phosphate,
pentostatine, and gemeitabine.

Suitable chemotherapeutic or other anti-cancer agents further include, for
gxample, certain natural products and their derivatives (for example, vinca alkaloids,

antitumor antibiotics, enzymes, lymphokines and epipodophylictoxins} such as
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vinblastine, vincristine, vindesine, bleomvein, dactinomyein, daunorubicin, doxombicin,
epirubicin, wdarubicin, ara-C, pachitaxel {Taxol), mithramvein, deoxyco-formyein,
mitomvein-C, L-asparaginase, interferons {especially IFN-a}, etoposide, and teniposide.

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

Also suitable are cytotoxic agents such as epidophvilotoxin; an antincoplastic
enzyme: a topotsomerase inhibitor; procarbazine; mitoxantrone; platinum coordination
complexes such as cisplatin and carboplatin; brological response modifiers; growth
inhibitors; antthormonal therapeutic agents; leucovorin; tegafur; and hasmaiopoietic
growth factors,

Other anti-cancer agent{s} include antibody therapeutics such as trastuzumab
{(HERCEPTIN®), antibodies to costimdatory molecoles such as CTLA-4, 4-1BB and
PD-1, or antibodies to cytokines (JL-10 or TGF-$3).

Other anti~cancer agents also include those that block immume cell nugration such
as antagonists to chemokine receptors, including CCR2 and CCR4.

Other anti-cancer agents also include those that augment the mmune svstem such
as adjuvants or adoptive T cell transfer,

Auti-cancer vaceines mclude dendritic cells, synthetic peptides, DNA vaccines
and recombinant viruses.

The pharmaceutical composition of the mvention may optionally include at least
oune signal transduction inhibitor (ST1). A "signal transduction inhibitor" is an agent that
selectively inhibits one or more vital steps n signaling pathways, in the nommal fanction
of cancer cells, thereby leading 1o apoptosts. Suitable STIs inclade but are not Himited to:
(1) ber/abl kinase wnhibitors such as, for example, ST 371 (GLEEVEC®); (11) epidermal
growth factor (EGF} receptor inhibitors such as, for example, kinase inhibitors
{(IRESSA®, §SI-774) and antibodies (Imclone: €225 [Goldstem et al, Clin. Cancer Res.,
LA3EE-131R (1993}, and Abgenix: ABX-EGF); (it} her-2/neq receptor inhibitors such as
famesyl transferase inhibttors (FTY) such as, for example, 1.-744,832 (Kold et al, Nat.
Med., 1{8).792-797 (1993}}; (1v) mhibitors of Akt family kinases or the Akt pathway,
such as, for example, rapamycin {see, for example, Sekalic ¢t al., Cancer Res., 60:3504-
3513 (200} (v) cell cycle kinase mhibitors such as, for example, flavopiridol and UCN-

O1 {sce, for cxample, Sausvilie, Curr. Med Chem. dnni-Cane. Agents, 3:47-536 (203}
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and {vi) phosphatidy! inositol kinase inhubitors such as, for example, LY 294002 (see, for
example, Viahos et al., J Biol Chem., 269:5241-3248 (1994)}. Alternatively, at least one
ST1 and a compound of Formula (I} may be in scparate pharmaceutical compositions. o
a specific embodiment of the present vention, a compound of Formula (I) and at least
one STI may be administered to the patient concurrently or sequentially. In other words,
at a compound of Formula (I} may be adnunistered first, at least one ST may be
admuustered first, or a compound of Formula (I} and at least one STI may be
admnistered at the same time. Additionally, when a compound of Formula (1) and more
than one ST 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 n a patient comprising a compound of Fommula (I),
optionally, at least one chemotherapeutic drog, and, optionally, at least one antiviral
agent, in a pharmaceutically acceptable carrier.

Also provided is a method for treating a chronic viral infection m a patient by
administering an effective amount of the above phammaceutical composition.

In a specific embodiment of the present invention, a compound of Formaula (1) and
at least one chemotherapeutic agent are administered to the patient concurrently or
sequentially. In other words, a compound of Formula () may be adnunistered first, at
least one chemotherapeutic agent may be admimnistered fisst, or a compound of Formula
{I) and the at least one 8T mav be adnunistered at the same time. Additionally, when
maore than one chemotherapeutic agent 1s used, the corapound and more than one
chemotherapeutic agent may be admnistered n any order. Sumilarly, any antiviral agent
or ST may also be administered at any point in comparison to the administration of a
compound of Formula (I).

Chronic viral infections that may be treated using the present combinatorial
treatment include, but are not limited to, diseases caused by hepatitis C viras (HCV),
human papiioma virus (HPVY), cytomegalovirus ({CMV), herpes simplex virus (HSVY),
Epstein-Barr virus (EBVY), vancella zoster virus, coxsackic virus, human
mmmunodeficiency virus (HIV).

Suitable antiviral agents contemplated for use in combination with 3 compound of
Formula (1) can comprise nucleoside and nucleotide reverse transcriptase inhibitors

{(NRTIs), non-nuclcoside reverse transcuptase inhibitors (NNRTIs), protease inhibitors
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and other antiviral drugs.

Examples of suitable NRTls include zidovadine (AZT); didanosine (ddl);
zalcitabine (ddC); stavudine (d47T); lamivudine (3TC); abacavir (1392189); adefovir
dipivoxal [bis(POM}-PMEA]; lobucavir (BMS-180194); BCH-I0652; emutricitabine {(-)-
FTCY: beta-L-FD¥4 {also called beta-L-D4C and named beta-L-2"3"-dicleoxy-5-fluoro-

(31

cytidene); DAPD, {(-)-beta-D-2 6-diamino-purine dioxolane); and lodenosine (FddA).
Typical suitable NNRTIs include nevirapine (BI-RG-587); delaviradine (BHAP, U-
S(132); etfavirenz (DMP-266); PNU-142721; AG-1549; MEC-442 (I-{cthoxy-methyl}-5-
(I-methylethyh-6-{phenyimethyl}-(2, 41 H 3H-pyrimidinedione); and {(+)-calanolide A

16 (NSC-675451) and B. Typical suttable protease inhibitors include saguinavir (Ro 31-
8959); ritonavir (ABT-538); mdmavir (MK-639); nelfnavir (AG-~1343); amprenavir
{141Wo4); lasinavir (BMS-234475); DMP-450; BMS-2322623; ABT-378; and AG-1549.
Other antiviral agents include hydroxyurea, ribavirin, IL-2, IL-12, pentafuside and
Yissum Project No. 11607,

5 The combination therapy 18 intended to embrace adrmnistration of these
therapeutic agents in a sequential manner, that is, whercin each therapeutic agent is
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 simultaneous adounistration can be accomplished, for example, by

20 adminmistering to the subject a single dosage form having a fixed ratio of cach therapeutic
agent or n multiple, single dosage forms for cach of the therapeutic agents. Seguential or
substantially simultancous administration of each therapeutic agent can be effected by
any appropriate route including, but not himited to, oral routes, mtravencus routes,
intramuscular routes, and direct absorption through mucous membrane tissues. The

25 therapeutic agents can be adonunistered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
intravenous mjection while the other therapeutic agents of the combination may be
administered orally. Altermatively, for example, all therapeutic agents may be
admnistered orally or all therapeutic agents may be admmistered by intravenous

30 mmjection. Combination therapy also can embrace the administration of the therapeutic
agents as deseribed above in further combination with other biologically active

ingredients and non-drug therapies {¢.g., surgery or radiation treatment). Where the
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combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and non-drug treatment is achieved. For example,
in appropriate cases, the beneficial effect is still achicved when the non-drug treatment is
temporally removed from the adounistration of the therapeutic agents, perhaps by days or

cven weeks.

PHARMACEUTICAL COMPOSITIONS

The mvention also provides pharmaceatically compositions which comprise a
therapeutically effective amount of a compound of Formula (1), fornwlated together with
one or more pharmaceutically acceptable carriers (additives) and/or diluents, and
optionally, one or more additional therapeutic agents described above.

The compounds of Formula (I) may be administered by any suttable route,
preferably in the form of a pharmaceutical composttion adapted to such aroute, and in a
dose effective for the treatment itended. The compound and compositions comprising a
compound of Formula (I} can be administered for any of the uses described herein by any
suitable means, for example, orally, such as tablets, capsules (each of which includes
sustained release or timed release formulations), pills, powders, granules, elixirs,
tinctures, suspensions (including nanosuspensions, microsuspensions, spray-dried
dispersions}, syrups, and emulsions; sublingually: bucally; parenterally, such as by
subcutancous, intravenous, intramuscular, or intrastemal injection, or infusion technigues
fe.g., as sterile jectable aqueous or non-agueous solutions or suspensions): nasally,
ncluding administration to the nasal membranes, such as by mhalation spray, topically,
such as in the form of a cream or omtment; or rectally such as 1o the form of
suppositories. They can be adnunistered alone, but generally will be admmnistered with a
pharmaceutical carvier sclected on the basis of the chosen route of admimstration and
standard pharmaceutical practice.

For oral admuustration, the phannaceutical composition may be in the form of, for
example, a tablet, capsule, liquid capsule, suspension, or liquid. The pharmaceutical
composttion 1s preferably made in the form of a dosage unit containing a particular
amount of the active ingredient. For example, the pharmaceutical composition may be

provided as g tablet or capsule comprising an amount of active mgredient in the range of
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from about 0.1 to 1000 mg, preferably from about 0.25 to 250 mg, and more preferably
from about 0.5 t0 100 mg. A suitable daily dose for a human or other mammal may vary
widely depending on the condition of the patient and other factors but can be determined
using routine methods,

Any phamaceutical composition contemplated herein can, for example, be
delivered orally via any acceptable and suitable oral preparations. Exemplary oral
preparations, nchude, but are not linited to, for example, tablets, troches, lozenges,
agueous and oilv suspensions, dispersible powders or granules, emulsions, hard and soft
capsules, higuid capsules, syrups, and elixirs. Pharmaceutical compositions intended for
oral admunistration can be prepared according to any methods known in the art for
manufacturing phamaceutical compositions mtended for oral admnistration. In order to
provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contain at least onc agent selected from swectoning
agents, flavoring ageunts, colonng agents, demulcents, antioxidants, and prescrving agents.

A tablet can, for example, be prepared by admixing a compound of Formula (T)
and/or at Jeast one pharmaceatically acceptable salt thereof with at least one non-toxic
pharmaceutically acceptable excipiont suitable for the manufacture of tablets. Exemplary
excipients mnclude. but are not houted to, for example, mert diluends, such as, for
example, calcium carbonate, sodivm carbonate, lactose, calcium phosphate, and sodium
phosphate; granulating and disintegrating agents, such as, for example, microcrystalline
cellulose, sodium crosscarmellose, com starch, and alginic acid; binding agents, such as,
for example, starch, gelatin, polyvinyl-pyrrohdone, and acacia; and lubricating agents,
such as, for example, magnesium stearate, stearic actd, and talc. Additionally, a tablet
can oither be uncoated, or coated by known techniques to cither mask the bad taste of an
unpleasant tasting drug, or delay disintegration and absorption of the active jngredient in
the gastromtestingl tract thereby sustaining the effects of the active ingredient for a longer
period. Exemplary water-soluble taste masking materials, inclede, but are not limited to,
bydroxypropyl-methylcctiulose and hydroxypropyi-cellulose. Exemplary tune delay
materials, inclade, but are not hmited to, ethyl celtulose and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing a compound of
Formula (1) and/or at least one salt thereof with at least one inert solid diluent, such as, for

¢xarnple, calctum carbonate; calcium phosphate; and kaolin
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Soft gelatin capsules can, for example, be prepared by mixing a compound of
Formula (1) and/or at least one pharmaceatically acceptable salt thereof with at least one
water soluble carrier, such as, for example, polvethviene glyeol; and at least one oil
medium, such as, for example, peanut 01], hguid paraffin, and olive oil.

An agacous saspension can be prepared, for example, by admixing a compound of
Formuda (1) and/or at least one pharmaccutically acceptable salt thercof with at least one
excipient suitable for the manufacture of an agueous suspension. Exemplary excipients
suitable for the manufacture of an aqueous suspension, inclade, but are not hmited to, for
example, saspending agents, such as, for example, sodium carboxymethvicellalose,
methyleetulose, hydroxypropyimethyl-celhulose, sodinm alginate, alginic acid, polyvinyi-
pyvrrolidone, gum tragacanth, and gum acacia; dispersing or wetiing agents, such as, for
example, a naterally-occurring phosphatide, e.g., lecithin, condensation products of
alkvlene oxide with fatty acids, such as, for example, polyoxyethylene stearate;
condensation products of ethylene oxide with long chamn aliphatic alcohols, such as, for
example heptadecacthvlenc-oxycetanol; condensation products of ethvlene oxide with
partial gsters derived from fatty acids and hexitol, such as, for example, polyoxvethyiene
sorbitol monooleate; and condensation producis of ethylene oxade with partial esters
derived from fatty acids and hexitol anhydrides, such as, for example, polyethyiene
sorbitan monocoleate. An agueous suspension can also contain at least one preservative,
such as, for example, ethyl and n-propy} p-hydroxyhenzoate; at least one coloring agent;
at least one flavoring agent; and/or at least one sweetening agent. including but not
limited to, for example, sucrose, saccharin, and aspartame.

Otly suspensions can, for example, be prepared by suspending a 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 coconut oil; or
in mneral oil, such as, for example, liqud paraffin, An oily suspension can also contain
at least one thickening agent, such as, for example, beeswax hard paraffin; and cetyl
alcohol. in order to provide a palatable oily suspension, at least one of the sweetening
agents already described heremabove, and/or at least one flavoring agent can be added to
the oily suspension. An oily suspension can further contain at least one preservative,
including, but not limited to, for examaple, an anti-oxidant, such as, for example, butylated

hvdroxyanisol, and alpha-tocopherol.
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Dispersible powders and granules can, for example, be prepared by admixing a
sompound of Formula (3} and/or at least one pharmaceutically aceeptable 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, weiting agents, and suspending agents are
as already descnbed above. Exemplary preservatives include, but are not Hmited to, for
cxample, anti-oxidanis, ¢.g., ascorbic acid. In addition, dispersible powders and granules
can also contain at least one excipient, including. but not limited to, for example,
sweetening agents; flavoring agents; and coloring agents.

An emulsion of a compound of Formula (I} and/or at least one phammaceutically
acceptabie salt thereof can, for example, be prepared as an oil-in-water emaulsion. The
oily phase of the cmoulsions comprising a compound of Formula (I) may be constituted
from known ingredients in 8 known manner. The oil phase can be provided by, but is not
liraited to, for example, a vegetable il such as, for example, olive ol and arachis oil; a
nuneral oi, such as, for example, liquid paraffin: and mixtures thereof. While the phase
may comprise merely an emulsifier, it roay comprise a mixture of at least one emulsifier
with a fat or an oil or with both a fat and an oil. Suitable emulsifving agents include, but
are not limited to, for example, naturally-occurring phosphatides, ¢.g., sovbean lecithin;
esters or partial esters derived from fatty acids and hexitol anhydrides, such as, for
example, sorbitan monooleate; and condensation products of partial esters with ethviene
oxide, such as, for example, polyoxyethylene sorbitan monooleate. Preferably. a
bydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oif and a fat. Together, the emudsifier(s)
with or without stabilizer(s) make-up the so-called ennudsifying wax, and the wax together
with the o1l and fat make up the so~called emulsifying omtment base which forms the oily
dispersed phase of the cream formulations. An cmulsion can also contain a sweetening
agent, a flavoring agent, a preservative, and/or an antioxidant.  Emulsifiers and emudsion
stabilizers suitable for use m the formuldation of the present invention include Tween 60,
Span 80, cetostearyl alcobol, myristyl aleohol. glyceryl movostearate, sodrn lauryl
sulfate, glycery] distearate alone or with a wax, or other matenals well known in the art.

The compounds of Formuda (I} and/or at least one pharmaceutically acceptable
salt thereof can, for exaraple, also be delivered intravenously, sebeutaneously, and/or

ntramuscularly via any pharmmaceutically acceptable and suitable injectable form.
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Exemplary mjectable forms include, but are not limited to, for example, sterile agueous
solutions comprising acceptable vehicles and solvents, such as, for example, water,
Ringer’s solution, and isotonic sodium chlonde solution; stenile oil-im-water
microemulsions; and agueous or oleaginous suspensions.

Formulations for parenteral administration may be in the form of agueous or non-
agueous isotonic sterile mjection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of the
carriers or diluents mentioned for use m the formulations for oral adounistration or by
using other suitable dispersing or wetting agents and suspending agents. The compounds
may be dissolved in water, polvethylene glycol, propylene glycol, ethanol, com oil,
cottonseed oil, peanut odl, sesame oil, benzyl alcohol, sodium chlonde, tragacanth gum,
and/or various buffers. Other adjuvants and modes of administration are well and widely
known in the pharmmaceutical art. The active ingredient may also be administered by
mjoction as a composition with suttable carmers tncluding saline, dextrose, or water, ot
with eyelodextrin {(i.c., Captisol}, cosolvent solubihization (i.e., propylene glveol) or
micellar solubilization {i.e., Tween 80}.

‘The sterile injectable preparation may also be a sterile ingectable solution or
suspension in a non-~toxic parenterally acceptable diluent or solvent, for example asa
solution m 1,3-butanediol. Among the acceptable vehicles and solvents that may be
emploved are water, Ringer’s solution, and isotonic sodium chioride solution. In
addition, stertle, fixed oils are conventionally emploved as a solvent or suspending
medium. For this purpose, any bland fixed o1 may be emploved, mcluding synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables.

A stenile injectable oil-in~water nucroemulsion can, for example, be prepared by
1} dissolving a compound of Formula (I) 1o an otly phase, such as, for example, a mixture
of sovbean oil and fecithin: 2) combining a compound of Formula (I) containing oif phase
with a water and glveerol mixture; and 3) processing the combination to form a
microemulsion,

A stertle aqueous or oleaginous suspension can be prepared in accordance with
methods already known in the art. For example, a sterile aqueous solution or suspension

can be prepared with a non-toxic parenterallv-acceptable diluent or solvent, such as, for
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example, 1,3-butane diol; and a sterile oleaginous suspension can be prepared with a
sterife non-toxic acceptable solvent or suspending medium, sach 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 o a nomber of
factors well within the purview of those of ordinary skill in the art. These include,
without limitation: the type and nature of the active agent bemng fornulated; the subject to
which the agent-containing composition 18 o be administered; the intended route of
administration of the composition; and the therapeutic indication being targeted.
Pharmaceutically acceptable carriers include both agueous and non-agueous liguid media,
as well as a varety of solid and semu-solid dosage forms. Such carriers can include a
number of different ingredients and additives in 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, ctc., well known to those of ordinary skill inthe
art. Descriptions of suitable pharmaceutically acceptable carriers, and factors mvolved in
their selection, are found in a variety of readily available sources such as, for example,
Allen, L. V. Jr. et al. Remingion: The Science and Practice of Pharmacy (2 Volumes),
22nd Edition (2012), Pharmaceutical Press.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the phamaceutical compositions of this mvention include, but are not limited to, 1on
cxchangers, aluming, aluminum stearate, lecithin, seif-emulsifying drg delivery systems
{(SEDDS) such as d-alpha~tocopherol polyethylencglveol 1000 succinate, surfactants used
i pharmaceutical dosage forms such as Tweens, polyethoxylated castor oil such as
CREMOPHOR surfactant {BASF), or other similar polymeric delivery matrices, seram
proteins, such as human serurn albumin, buffer substances such as phosphates, glycine,
sorbic actd, potassium sorbate, partial glveeride mixtares of saturated vegetable fatty
acids, water, salts or clectrolytes, such as protamine sulfate, disodiom hydrogen
phosphate, potassium hydrogen phosphate, sodium chioride, zine salts, coliordal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene
glveol, sodiom carboxymethyicellulose, polyacrylates, waxes, polyethylene-
polyoxypropylene-black polymers, polyethvlene glycol and wool fat. Cyclodextrins such

as alpha-, beta-, and gamma-cyclodextrin, or chemically modified derivatives such as
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hvdroxvalkyleyclodextring, including 2- and 3-hydroxypropyl-cyclodextrins, or other
solubilized derivatives may also be advantageously used to enhance delivery of
compounds of the formulae described herein.

The pharmaceutically active compounds of this invention can be processed in
accordance with conventional methods of pharmacy to prodace medicinal agents for
adrinistration to paticnts, inchuding humans and other mammals. The pharmaceutical
composttions may be subjected to conventional pharmaceutical operations such as
sterilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
weiting agents, ennlsifiers, buffers etc. Tablets and pills can additionally be prepared
with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfunung agents,

For therapeutic purposes, the active compounds of this invention are ordinarily
combined with one or more adjuvants appropriate to the indicated route of adounistration.
If admmistered orally, the compounds may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, cellidose alkvl esters, tale, stearic acd,
magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and
sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidone, and/or
polyvinyl alcohol, and then tablcted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlied-release formulation as may be provided i a
dispersion of active compound in hydroxypropyimethyl cellulose.

The amounts of the corapound that is admiunistered and the dosage regimen for
treating a disease condition with the compounds and/or compositions of this mvention
depends on a variety of factors, including the age, weight, sex, the medical condition of
the subject, the type of disease, the soverity of the disease, the route and frequency of
adounistration, and the particular compound emploved. Thus, the dosage regimen may
vary widely, but can be determined routinely using standard methods. A daily dose of
about 0.001 to 100 mg/ke body weight. preferably between about 0.0025 and about 50
mg/kg body weight and most preferably between about 0.003 to 10 mg/kg body weight,
may be appropriate. The daily dose can be administered in one to four doses per day.
Other dosing schedules include one dose per week and one dose per two-day ¢ycle.

Pharmaceutical compositions of this invention comprise a compound of Formula

(I and/or at least onc pharmaceutically acceptable salt thereof, and optionally an
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additional agent selected from any pharmaceutically 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 phammaceutically acceptable carrier,
adjavant, or vehicle.

The present invention also includes pharmaceutical kits useful, for example, in the
treatment or prevention of IKZF1-4 protein-associated discases or disorders, and other
discases referred to herein which include one or more containers containing a
pharmaceutical composition comprising a therapeutically effective amount of a
compound of Formula (I}, Such kits can further inchude, if 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. Instructions, either as inserts or as labels,
indicating guantitics of the components to be administered, guidelines for administration,
and/or guidelines for mixing the components, can also be included in the kit

The dosage regimen for the compounds of the present invention will, of course,
vary depending upon known factors, sach as the pharmacodynamic characteristics of the
particular agent and its mode and route of administration; the species, age, sex, health,
medical condition, and weight of the recipient; the nature and extent of the symptoms; the
kind of concurrent treatment; the frequency of treatment; the route of administration, the
renal and hepatic function of the patient, and the effect desired.

By way of general guidance, the daily oral dosage of cach active ingredicnt, 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 230 mg per day. Intravenously, the most preferred doses will range
from about 0.01 to about 10 mg/kg/minute during a constant rate mfusion. A compound
of Formula (I} mayv be admimstered in a sigle daily dose, or the total daily dosage may
be administered in divided doses of two, three, or four times daily.

The compound 1s typically admimstered in an adouxture with suttable
pharmmaceutical diluents, excipients, or carriers (collectively referred to herein as
pharmaceutical carriers} suitably selected with respect to the intended form of
adnunistration, e.g., oral tablets, capsules, elixirs, and svrups. and consistent with

convertional phammaceutical practices.
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Dosage forms {(pharmaceuntical compositions) suitable for administration may
contain from about 1 milligram to about 200 milligrams of active ingredient per dosage
unit. In these pharmaceutical compositions the active ingrediont will ordinarily be
present in an amount of about .1-95% by weight based on the total weight of the
Composition.

A tvpical capsule for oral administration containg a compound of Formula (§) (250
mg}, lactose (75 mg). and magnesium stearate (15 mg). The nuxture is passed through a
60-mesh sieve and packed into a No. 1 gelatin capsule.

A typical injectable preparation is produced by aseptically placing a compounnd of
Formula (1) (250 mg} into a vial, aseptically freeze-drving and sealing. For use, the
contents of the vial are miuxed with 2 mL of physiclogical saline, to produce an mjectable
preparation.

The present vention includes within its scope pharmaceutical compositions
coraprising, as an active ingredient, a therapeutically effective amount of a compound of
Formula (1}, alone or in combmnation with a pharmaceutical carrier. Optionally, a
compound of Formula (I} can be used in combination with one or more other therapeutic
ageni(s), .g., an anticancer agent or other pharmaceutically active material.

Regardless of the route of administration selected, a compound of Fommula (1),
which may be used n a suitable hvdrated 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 i the art.

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

The selocted dosage level will depend upon a vanety of factors including the
activity of a compound of Formula (8} employed, or the ester, salt or amide thereof, the
route of adnunistration, the time of adounistration, the rate of excretion or metabolism of
the particular compound being emploved, the rate and extent of absorption, the duration
of the treatment, other drugs, compounds and/or materials used 1 combination with the
particular compound employed, the age, sex, weight, condition, general health and prior

medical bistory of the patient being treated, and like factors well known m the medical
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arts.
A physician or veterinarian having ordinary skill 1o the art can readily determine
and preseribe the effective amount of the pharmaceutical coraposition reguired. For

example, the phvsician or vetennanan could start doses of a compound of Formula (3)

(31

emploved in the pharmaceutical composttion at levels lower than that required i order to
achieve the therapeutic effect and gradually increase the dosage until the effect is
achieved.

In general, a surtable daily dose of a compound of Formula (F) will be that amount
of the compound which is the lowest dose effective to produce a therapeutic effect. Such
16 an effective dose will generally depend upon the factors described above. Generally, oral,

intravenous, mtracercbroventricular and subcutancous doses of a compound of Fornmula
(I} for a patient will range from about 0.01 to about 50 mg per kilogram of body weight
per day.
If desired, the effective daily dose of the active compound may be administered as
15 two, three, four, five, six or more sub-doses adnunistered separately at appropriate
ntervals throughout the day, optionally, in wunit dosage forms. In certain aspects of the
invention, dosing is one administration per day.
While it is possible for a compound of Formula (1) to be adnunistered alone, i 1s
preferable to administer the compound as a pharmaceutical formulation {composition).
20 The above other therapeutic agents, when emaploved in combination with a
corapound of Formula (1), may be used, for example, in those anmounts indicated n the
Physicians” Desk Reference (PDR) or as otherwise determined by one of ordmary skill in
the art. In the methods of the present invention, such other therapeutic agent(s) may be

adnunistered prior to, stmmktancously with, or following the administration of the

o]
n

inventive compounds,

METHODS OF PREPARATION
The compound of the present invention can be prepared 1n a number of ways well
known to one skilled i the art of organic synthesis. The compound of the present
30 invention can be synthesized asing the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereon as

appreciated by those skilled inthe art. Preferred methods include, but are not luuored to,
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those described below. All references cited herem are hereby incorporated by reference
i their entirety,
The compound of this invention may be prepared using the reactions and

technigues described in this section. The reactions are performed n solvents appropriate

(31

to the reagents and matenals emploved and are suitable for the transformations being
cffected. Also, in the description of the synthetic methods described below, 1t isto be
understood that all proposed reaction conditions, mcluding choice of solvent, reaction
atmosphere, reaction terperature, duration of the expeniment and work up procedures, are
chosen to be the conditions standard for that reaction, which should be readily recognized
16 by one skilied in the art. It is understood by one skilled in the art of organic synthesis that
the functionality present on varntous portions of the molecule must be compatible with the
reagenis and reactions proposed. Such restrictions {o the substituents that are compatible
with the reaction conditions will be readily apparent to one skilled in the art and altemate
methods must then be used. This will sometimes require a judgoent to modify the order
15 ofthe synthetic steps or to select one particular process scheme over another in order o
obtain a compownd of the invention. It will also be recognized that another major
constderation in the planning of any synthetic route in this ficld is the judicious choice of
the protecting group used for protection of the reactive functional groups present 1 the
compounds described in this invention. An authoritative account deseribing the many
20 alternatives to the trained practitioner 1s Greene and Wuts (Protective Groups In Organic

Syuthesis, Fourth Edition, Wiley and Sons, 207},

EXAMPLES

The following examples illustrate the particular embodiments of the prescnt

o]
n

mvertdion and do not lunit 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 specified. Additional abbreviations employed in the
Examples section and elsewhere m this application are defined below. The compound of
the Exarnple and mtermediates are identified by the example and step in which they were
30 prepared{e.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, “1” denotes the title

compound of Example 1}, In some mnstances, alternate preparations of intermediates or
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examples are described. Frequently chemists skilled in the art of synthesis may devise
altemative preparations which may be destrable based on one or more considerations such
as shorier reaction time, less expensive starting materials, ease of operation or isolation,
improved vicld, amenable to catalysis, avoidance of toxic reagents, accessibility of
specialized instrumentation, and decreased number of linear steps, ete. The intent of
describing alternative preparations is to further enable the preparation of the examples of
this twvention. In some instances, some functional groups in the outlined examples and
claims may be replaced by well-known bioisosteric replacements known i the art, for

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

ABBREVIATIONS
ACN acetonitrile
BISPIN bigip
CatacXium-PD-G3  Mesvlate[(di(! -adamantyl)-n-butyvlphosphine)-2-(2"-anino-1,1'-
biphenyt}ipalladium{I0)

H

AT
iAo }horon

Chi carbonylditmidazole

DBU 1,8-diarabicyclo5 4.0lundec-T-ene
DCM dichloromethane

DIPEA N N-ditsopropylethylamine

DME dimethvi ether

DMF dimethyiformamide

DMSO dimethyi sulfoxide

dppf bis{diphenylphosphmo ferrocene
EtQAc cthyl acctate

HPLC High Performance Liquid Chromatography
Me methyl

MeOH methanol

min minute(s)

ml milliliter(s)

NCS N-chlorosuccinimide

NH4OAC ammoniwm acetate

NMP N-methylpyrrolidinone
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Pd{dppfiCh f1,17-bis(diphenviphosphinoYerrocene idichloropalladium(il)
SEM-(1 2-trimethylsilyljethoxymethyl chloride
TEA tricthylamine
TFA trifluoroacetic acid
5 THF tetrahyvdrofaran

Analytical LCMS conditions
Method A: ACQUITY UPLC® BEH CI8 (3.0 x 50 mun) 1.7 um; Mobile Phase
A 95:5 wateracetomirnile with 2.5 mM NHiOAc; Mobile Phase B: 53:95 wateracetonitrile

16 with 2.5 mM NHiOAc, Temperature: 40 °C; Gradient: 20 %B to 100 %B over 2 min;
flow: (.7 mL/min; Detection: MS and UV {220 nm).

Method B: Column-Kinetex XB-C18 {75 X 3 mm-2.6 um}; Mobile Phase A: 10
mM NHaCOOH in water, Mobile Phase B: Acetonttrile; Gradient: 20 %8B to 100 %B over
4.6 mun, Flow: 1.0 mi/min.

5 Method C: Column: Waters Acquity BEH CI8 1.7 pm 2.1 x 50 mm; Start % B: §;
Final % B: 100; Gradient Time: 1.0 min; Stop Time: 1.50 min; Flow Rate: 1.0 mL/min;
Solvent A: A2=0.05% TFA in CHaCN: Water (5:95); Solvent B: BZ=0.05% TFA in
CH3CN: Water (95:5); Oven Temperature: 50 °C

20 INTERMEDIATE A
3-(5-(2-Fluoro-4-(4,4,5 S-tetramethyi- 1,3, 2~dioxaborolan-2-vlphenvi}-2-oxooxazol-

3CZH--I{{(2+ trimethvisiiVi)eihoxy}me thylipipenidine-2,6-dione

fi:’?ci a- A\_}*&N\//[\ ~ ,qu

HaC" CH3
HsC G (Int-A)
Preparation of Intermediate Al 2-bromo-1-(4- bromo-2-~ flucrophenyliethan-{-one
2
Br :

PN
F Br(Int-Al)

)
h

To a stured solution of 1-{(4-bromo-2-fluorophenyljethan-i-one (44 g, 203 nunoh
w EtOAc (1000 mL), was added copper(Il} bromide (91 g, 405 mmol} at room

temperature. The reaction mixture was heated at 60 °C for 16 h under argon, cooled to
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room temperature, and filtered through a celite pad. The filtrate was concentrated under
vacuo. The crude product obtained was purified by flash chromatography (8102, 330 g
columan, 0-10% EtOAc/pet ether) to afford 2-bromo-1-(4-bromo-2-fluorophenvliethan-1-
one (32.8 g, 51%). 'TH-NMR (400 Mz, CDClz): § 4.50 (s, 20}, 7.40-7 48 (m, 2H), 7 83~
7.87 (m, 1H).

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

oxoethyhamino ypiperidine-2,6-dione

b 9
ouss
PN TR Ny

H {Int-A2)

To a stirred solution of 3-aminopiperidine-2,6-dione, HC1(22.25 g, 135 mmol) n
THF (200 mL) was added K:C0s (20 g, 145 nunol). The reaction mixture was stirred for
15 min ander nitrogen.  2-Bromo-1-{(4-bromo-2-fluorophenyliethan-1-one 20 g, 67.6
mmol} was added in portions and reaction mixture was heated at 70 °C for 2 h. The
reaction mixture was cooled to room temperature, concenirated under vacue and diluted
with water {200 mL). The separated solid was filtered and dried under vacuo to afford 3-
{{2-(4-bromo-2-fluorophenyl}-2-oxoethyDamino)piperidine-2,6-dione (19 g, 71%).

LCMS (Method A): retention time 0.863 nun, [M+H[" 344.0.

Preparation of Intermediate A3 3-(5-(4- bromo-2- fluorophenvi}- 2-oxooxazol-3(2H)- yhH

piperidine? 6-dione

N
H {int-A3)

To a stirred solution of 3-((2-(4-bromo-2-fluorophenyl}-2-oxoethvlaming}
piperidine-2, 6~dione (30 g, 87 mmol) in THF (300 mL), were added KoC (05 (12.08 ¢, 87
mmol} and CDI (28 .4 g, 175 mmol) at room temperature. The reaction mixture was
stirred at the same temaperature for 16 b, concentrated under vacuo and diluted with water
{400 mL}. The solid precipitate formed was filtered through Buchner funnel and dried

wnder vacuo to afford 3-(5-{4-bromo-2-fluorophenyly-2-oxooxazol-3(2H)- yl)piperidine-
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2.6-dione (21.1 g, 50%). LCMS (Method A): retention time 1.79 min, [M+H]" 370.0.

Preparation of Intermediate Ad: 3-(5-(4-bromo-2-flucrophenyi}-2-oxooxazol-3(2H)-v1)-1-

{(2-(trimethylsilyDethoxy ymethypiperidine-2,6-dione

Pt )\ r‘:}
Br ¢ ?7 1] H.O
N/ NN N _CH-
F;J/\O/\/Sf
=N Ch3

o 7 (Int-Ad)

To a stirred solution of 3-(5-{(4-bromo-2-fluorophenyi}-2-oxooxazol-3(2H)-y1)
piperidine-2 6-dione (10 g, 27.1 mmol} in THF (100 mL), were added DBU (6.12 mL,
40.6 romaol} and SEM-CI (5.77 mi., 32.5 nuvol) at -50 “C under mirogen. The reaction
was continued at same temperature for 1 b and quenched with water. The reaction
10 mixture was extracted with EtOAc (3 x}. The combined organic layer was washed with
brine, dried over anhiydrous sodium sulfate, filicred and concentrated under vacue. The
residue was purified by column chromatography (8102, 0-60% EtQAc/pet ether} to afford
3-{&-(4-bromo-2-flucrophenyi)-2-oxcoxazol-3(2H}-y1}-1{(2- {tnmethylsilvlethoxy)
methylipipendine-2.6-dione (6.2 g, 45%;). LCMS {(Method A): retention time 1.68 min,
[MAHHT 3001,

Ju—
(o

Preparation of Intermediate A:
To a stirred solution of 3-(5-(4-bromo-2-flucrophenyi}-2-oxooxazol-3(2H-yh-1-
((2-(tnmethylsilyDethoxyimethylpiperidine-2 6-dione (7 g, 14.0 mmol} in anhvdrous 1,4
20 dioxane (70 mL) were added BISPIN ¢5.34 g, 21.02 mmol} and potassium acetate (1.651
2. 16.82 mmol} at room temperature. The reaction mixture was purged with argon for 10
min, Pd{dppHCl DCM complex (1.026 g, 1.40 mmol) was added under argon and the
resulting mixture was heated for 1 h at 80 °C. The reaction mixture was cooled to room

temperature, diluted with EtQAc (70 mL}, filtered through celite pad and the filtrate was

2
W

concentrated under reduced pressure. The residue was purified by flash chromatography
{8102, 120 g colurmn, 0-70% EtOAc/pet cther). Isolated product was stitred with dicthyl
cther for 1 h, filtered and dried under vacuo to afford 3-(5-2-fluoro-4-(4,4.5 .5~
tetramethyi-1,3,2-dioxaborolan-2-yipheny)-2-oxooxazol -3 2H)-y - 1-{{2-(trimethylsidy

cthoxyymethylpipendine-2,6-dione (4.853 g, 63%) as a white solid. LCMS (Method A}
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retention time 2,16 min, [M-H]" 545.2; *H NMR (CHLOROFORM-d, 300 MHz) 5 7.5-
7.6 (m, 2H), 7.44 (4, 1H, J= 11.7 Hz), 6.90 (d, 1H. J= 2.3 Hz), 5.17(d, 2H, J = 12.5 Hz),
482 (dd, 1H,J =59, 127 Hz), 3.56 (. 2H, J= 8.1 Hz), 2.9-3.1 (m, 1H), 2.7-2.9 (m, 1H),
2.31 (brs, 2H), 1.28 (s, 12D, 0.8-0.9 (m, 2H), -0.07 (s, 9H).

(31

EXAMPLE 1
3-{5-(4~-(6-Arno-4.5-duvethyipyridin-2-v1}-2-fluoropheny-2~-oxooxazol-3{ 2 H)-vi}
piperidine-2,6-dione

O

A

0
f’/’\x‘)wch}/;N}:O
2 F

NH, (O
10 Preparation of Intermediate 1A 3-(3-(2-fluoro-4-(4.4,5 S-tctramethyl-1,3 2-dioxaborolan-

2-yhphenyl}-2-oxcoxazol-3(2H}-y- 1« (2-(trimethyisityllethoxymethyhpiperidine-2,6-

dione
HG F o
H,C- O\B {:3_{_:\?;» o "
s . i 3%
“}3(3 70 \ <<<<< / \—"N\V/J”\ N ° »CHQ
HaC !\/N& oS
CH;
& (1A}

To a vial, 6-chloro-3,4-dimethylpyridin-2-amine (1.24 g, 7.91 mmol}, 3-(5-(2-

15 fluoro-4-(4,4,5, 5-tetramethvl-1,3 2 -disxaborolan-2-yUphenyi}-Z-oxooxazcl-3(2H)-vi)-1-
({(2-(tnmethylsilyhethoxy ymethylpiperidine-2,6-dione (Int-A, 3.93 g, 7.19 numol},
cestum carbonate (3.51 g, 10.79 mmol}, dioxane (32 mL) and water (80 uL) were added
at room temperatore. The reaction mixture was purged with argon for 10 min, and
CatacXyum Pd G3 (0.157 g, 0.22 nunol) was added. The reaction nuxture was heated at

20 100 °C for 8 h. The reaction mixture was cooled 1o room temperature, diluted with
EtOAc and filtered through celite pad. The filtrate was washed with brine, dried over
anhydrous NaxSQs, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography (S10:, 80 g column, 0-4% MeOH/MDCM) and the

isolated product was recrystallized from EtQAc¢ to afford 3-(5-(4-(6-amino-4,5-
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dimethylpyndin-2-yl)-2-flucrophenyl})-2-oxooxazol-3(2H 3-v)- 1 -((2-(tnmethylsilvl
ethoxyymethyvlipiperidine-2, 6-dione {2.10 g, 54%;) as a white solid. LCMS (Method A):
retention time 1.86 min, [M+H]" 541.3; 'H NMR (CHLOROFORM-d, 300 MHz) 8 7.76
{brd, 2H, J=10.6 Hz), 7.6-7.7 {1, 1H), 6.9-7.0 {m, 2H}, 5.2-53 {m, 2H), 4.89 (dd, 1H, J

5 =60, 12.5Hz), 446 {brs, 2H), 3.6-3.7 (u, 2H}, 3.0-3.1 {m, 1H), 2.8-3.0 (m, 1H}, 2.3-25

{m, 2H), 2.30 (s, 3H), 2.10 (s, 3H), 0.9-1.0 {m, 2H), 0.00 (s, 9H).
Preparation of Intermediate 18! 3-(5-(4-(6-amino-4,S-dunethvipyndin-2-yH-2-
fluorophenyl)-2-oxooxazol-3(2H)-v1}-1-(hydroxymethylpiperidine-2. 6-dione

HaC F

— a0
HaC p/
\_y7 NN
HoN . ]
Q ?f/%()
AN
10 OH (1B}

To a stirred solation of 3-(5-(4-(6-amino-4,S-dimethyvlpyndm-2-yi}-2-
flucrophenyl)-2-oxooxazol-3(2H)-v1)-1-{(2-(trimethylsiyicthoxy ymethylpiperidine-2,6-
dione (7.13 g, 13.18 numol} in DCM (78 ml)} was added TFA (20.3 mL, 264 vunolj at O
°C. The reaction mixture was warmed to room temperature, stirred for 1 h at room
15 temperatore, concentrated under reduced pressure, and co-evaporated with BDME (4

times). LCMS (Method B): retention time .38 min, [M+H]™ 4415,

Example §:
To a stirred solation of 3-(5-{4-(6-amino-4, 5-dimethylpyndin-2-yi-2-

20 fluorophenyl)-2-oxooxazol-3(2H)-v1)- 1 -(bydroxymethypiperiding-2,6-dione (1.385 g,
3.14 mmol} in anhydrous DME (21 mL} was added NN -dimethylethylenediamine {(1.692
mb, 15.7 mmel) at 0 °C under nitrogen. The reaction mixture was warmed to room
temperature and stivred for 30 min. The reaction mixture was cooled to 0 °C, acidified

with acetic acid (1.8 mb, 31.4 munol) and concentrated under reduced pressure (bath temp

N
(1]

<30 °C). The residue was purified by flash chromatography ($102, 40 g column, (-6%
MeOH/DCM) and the isolated product was recrystallized from EtOAc/diethyl ether to
afford 3-(5-(4-(6-amino-4,5-dimethvipyndin-2~v}-2-fluorophenyl)-2-oxooxazol-3(2H)-

vhipipenidime-2,6-dione (0.48 g, 37 %) as a white solid. LCMS (Method C): retention
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time 1.33 min, [M+HT 411,15 T NMR (DMSO-ds, 400 MHz) 3 11.13 (br s, 1H), 7.5~
8.0 (m, 2F). 7.6-7.6 (m, 2H), 7.11 (s, 1H), $.74 (s. 2H), 5.07 (dd, 1H, J= 53, 13.0 Hz),
2.8-2.9 (m, 1H), 2.6-2.7 (m, 2K, 2.23 (s, 3H), 2.1-2.2 (m, 1H), 2.02 (s, 3H).

(31

EXAMPLE 2
3-{5-(4~(6-amino-4,5-dimethylpyridin-2-yi)-2-tfluoropheny}-2-oxooxazol-3(ZH)-vi)

piperidine-2.6-dione-3,4.4,5,5-Ds

O nDp
. o
;
¥ N—ED =0
== NH
Vi
o d
HzC R F
! \‘g‘-
AL
e Y
NH, %)

Preparation of Intermediate 2A: rert-butyl 4,5-diamino-3-oxopentanocate-2,2,3,3,4-Ds
16 hydrochlornide
CHy O s}
Hye] 0 O

HaC O’Dg(%%mm

D NH, e 2A)

tfert-Butyl 4, 5-diamino-3-oxopentanoate-2,2,3,3,4-Ds hydrochloride was prepared

according to the general method disclosed in WO2014116573 AL

IS Preparation of Intermediate 2B: rerr-butyl S-amino-4-{5-(4-bromo-2-fluorophenyi}-2-

oxooxazol-32Hpvi3-S-oxopentancate-2,2.3,3 4-Ds

N (2B}
To a 25 mL round bottorn flask condaining 2-bromo-1-(4-bromo-~2-flucropbenyi)
gthan-1-one {230 mg, 0.77 mumol} and rerr-butyl 4,5-diamino-5-oxopentanoate-2,2 3,3 4~
20 Ds hydrochlonide {208 mg, 0.86 mmol} in anhydrous DMF (2.4 mL), was added Nal (128
mg . 0.86 mmol). The reaction mixture was stirred at 0 °C for 10 min, then DIPEA was

added dropwise at 0 °C {0.35 mi., 1.94 munol). The reaction mixture was stured at 0 °C
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for 3 hours. After 3 h, CDI (315 mg, 1.94 mmol) was added at 0°C, followed by
dropwise addition of TEA {0.54 mL, 3.9 mmol). The reaction mixture was warmed up
slowly to room temperature and stired for 16 hours. The reaction mixture was diluted
with EtQAc {7 mL) and HoO (5 ol and stirred at room temperature for 2 munutes. The
organic layer was separated, and the water was back extracted with EtOAc (1 x 3 mb}.
The combined organic layer was concentrated to drvness and purified by ISCO (24 ¢
Silica gel}, eluted with 100% Hex - 90% EtOAc/Hex: the product ehuted at 40-45%
EtQAc/Hex. The combined fractions contaimng the product were concentrated to dryness
and dried overmight to afford fert-butyl 5-amino-4-(5-(4-bromo-2-fluorophenyi}-2-
oxooxazol-3(2H}-y1)-5-oxopentancate-2,2.3,3,4-Ds as an orange sohid (79 mg, 23%
vield), LOCMS (Method C): retention time 1.006 min, [M+H-Boc]™ 391.8/393.7 (bromude

isotopes).

Preparation of Tntermediate 20 rerf-butyl S-amino-4-(5-(2-fluoro-4-(4,4.3 S-tetramethyl-

1,3,2~dioxaborolan-2-yliphenvl}-2-oxooxazol-32Hy-vi}-5-oxopentanoate-2,2,3,3 4- D5

20)
To a stirred solution of rerr-butyl S-amino-4-(5-(4-bromo-2-flucrophenyl}-2-

oxooxazol-3(2H)-vi}-5-oxopentanoate-2.2.3,3,4-Ds (127 mg, 0.29 ramol} in L 4-dioxane

(2.5 ml} n a 10 mL-reactive vial that was degassed for 5 mun with Nz, were added
bis{pinacolatoydiboron {108 mg, 0.43 mmol} and potassium acetate {56 mg, 0.57 mmol}.
The solution was purged under Na stream for 5 min, then 1,1'-bis{diphenviphosphino}
ferrocenedichloro palladiuoy(Il) dichioromethane complex (21 mg, 0.029 vunol) was
added. The solotion was purged under nitrogen for another 5 min. The reaction mixture
was heated at 80 °C for 16 hours. The reaction mixture was filtered through celite, then
washed with EtOAc. The mother liquor was concentrated to dryness to afford a black o1l
The crude residue was purified by [SC0O (24 g Silica gel), eluted with 100% Hex to 80%

EtOAc/Hex. The product eluted at 70% EtOAc/Hex. Combined fractions containing the
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product were concentrated to dryness and vacoum dried overnight to afford rers-butyl 5-
amino-4-(5-{2-fluorc-4-(4,4,5,3-tetramethyl-1,3, 2-dioxaborolan-2-yljphenyi}-2-

oxooxazol-3(2H)-vi)-S-oxopentanoate-2.2,3,3,4-Ds as a brown foam (98 mg, 69% vield).

LCMS (Method C): retention time §.056 miun, [M+H-Boe]" 439.8.

Preparation of Intermediate 2D ferr-butyl S-amino-4-(5-(4-(6-{bis{tert-butoxycarbonyl)
amine)-4,5-dimethylpyndin-2-yh-2-fluorophenyl)-2-oxooxazol-3(ZH-y-5-

oxopentanoate-2,2,3,3 4-Ds

To the sclution of ferr-butyl S-amino-4-(5-(2-fluors-4-(4,4.5 S-tetramethyl-1.3.2-
dioxaborolan-2-yljphenvi}-2-oxcoxazol-3(2H}-vi}-5-oxopentanoate-2,2,3,3.4-Ds (98 mg,
.2 mmol) and rerr-butyl {fert-butoxycarbonyt{6-chloro~-3 4-dimethylpyridin-2-v)
carbamate (67.2 mg, 0.19 mmol} in a mixture of dioxane (1.6 mL) and water (0.4 mL},
were added KsPOs (120 mg, 0.37 mmol) and XPhos Pd G2 (14 8 mg, 0.019 mmol). The
reaction mixture was degassed vnder N2 for § min. The reaction muxture was heated at 90
°C for 3 hours. After 3 hours, the reaction mixture was cooled to 0 °C. The reaction was
quenched with the addition of FoO (1.8 mL). The reaction mixture was extracted with
EtOAc, the organic layer was separated, dried over NaaSQy, filtered and concentrated to
dryness to aftord a black oil. The resulting crude product was purified by ISCO (i2 ¢
Silica gel}, eluted with 100% Hex to 90% EtOAc/Hex. The product was eluted at 50~
65% EtDAc/Hex. The combined product was concentrated to dryness and vacuum dried
overnight to afford rert-butyl S~amino-4-(5-{4-(6-(bis{tert-butoxycarbonyljamino}-4, 5-
dimethylpyndin-2-vi}-2-flucrophenyl)-2-oxooxazol-3(H)-y1)-5-oxopentanocate-2,2,3.3 4-
D5 as a yellow foam (90 mg, 69% vield). (Method C): retention time §.106 min, [M+H]"

690.1.

Example 2:
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To a solution of rers-butyl S-amino-4-{5-(4-(6-(bis{ferr-butoxycarbonvl}amino)-
4, 5-dimethylpyndin-2-yh-2-fluorophenyl -2 -oxooxazol-3(ZH)-v1}-S-oxopentanoate-
2,2.3.3,4-Ds (90 mg, 0.13 mmol) in anhydrous MeCN (2.1 mL} in a 10 mb-reactive vial,

was added methanesulfonic acid (89 ul., 1.37 mumol}. The reaction vial was sealed and

Ay

heated at 70 °C for 7 b, followed by additional heating for 16 h. The reaction mixture
was cooled to room temperatare and additional methanesulfonic acid (76 pL) was added.
The reaction nuxture was heated at 70 °C for an additional 24 hours. The reaction
mixture was cooled to room temperature, diluted with 0.6 mL MeCUN, and purified by
semi-prep HPLC, (HPLC conditions: Column: Lona C-18 (250 x 10 mm}; Mobile phase
10 A 0.1% TFA in water; Mobile phase B: MeCUN; Flow rate: 5 mU/min; Wavelength 220
nm; Gradient: 0 min: 10% B, 20 min: 60% B, 21 nun: 953% B). The product cluted at 13-
3.5 min. The fractions containing the product were combined and concentrated to
remove all MeCN, then lvophilized overnight to afford 3-(5-(4-(6-amino-4,5-
dimethylpyridin-2-vi)-2-flucrophenyl}-2-oxcoxazol-3(2H 3-vDpiperidine-2 6-dione-
13 3,4.4,5,5-Ds5 (32 mg, 33% vield). (Method C): retention time 0.783 min, [M+H]| 4137,
'H NMR (400 MHz, DMS0-Ds) 8 11.15 (s, 1HD, 7.91 (dd, 1), 7.83 (m, 1H), 7.75 (m,
2H), 7.29 (s, 1H), 5.08 (s, #.25H from partial D to H exchange), 2.35 (s, 3H), 2.12 (s,
3H).

20 COMPARATIVE COMPOUND A

3-(2-oxo-S-phenyvioxazol-3(2H)-yhpiperidine-2. 6-dione

JZ)
O; N‘Q:C‘r
i

O
3-(2~-oxo-5-phenvioxazol-32H-yhipiperidine-2,6-dione s disclosed as compound
namber 33 in WO 2019/060693 AL,
25 Preparation of Intermediate 3A: ferf-butyl S-amino-5-oxo-4-{(2-oxo-2-phenyicthyl)
aminojpentanoate
0O CH,

O
H
N CCH,
RPN
& 07 NH,

(3A)
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To a stirred suspension of 2-bromo-I-phenylethan-1-one (200 mg, 1.0 mmol) and
tert-butyl 4,5-diamino-3-oxopentanocate, HCL (360 mg, 1.5 mmol) in anhydrous
acetonitnle (4.5 mL) was added sodium iodide (181 mg, 1.21 mmol) at 0 °C under argon.
The reaction nuxture was stirred for 5 min at the same temperature. DIPEA (351 pL,
2.01 mmol} was added drop wise to the reaction mixtare. The reaction mixture was
contirued to stir at 0 °C for 2 h. The reaction mixiure was warmed o room temperature
and stirred overnight. The reaction was quenched with the addition of 10% sodium
bisulfite solution. The mixture was extracted with BCM (3 x 10 mL). The combined
orgamc phase was washed with water and brine, dried over anhydroas NaoSQOq, filtered
and concentrated under vacuo to afford rerr-butyi S-amino-S-oxo-4~-{((Z-oxo-2-
phenviethyliamino)pentanoate (322 mg, crude). LOMS (Method A): retention time 1.215
min, [M+H|" 321.1.

Preparation of Tntermediate 3B: rert-butyl S-amino-5-oxo-4-(2-oxo-5S-phenyloxazol-
3QHy-vhipentanoate
Q

¢

o XCHg
(\)\/N ol Mg
Ry =0
S
(3B)

To a stirred solution of feri-butyl 3-amine-3-oxo-4-{{2-oxo-2-phenyviethyvilamine)
pentanoate (322 mg, 1.0 mmol} in anhydrous DMF (7 mL} were added CDI (407 mg, 2.5
mmol) and tricthviamine (420 ul, 3.0 momol) at 0 °C under argon. The reaction mixture
was slowly warmed to room temperature and stirred overnight. The reaction was
guenched with the addition of ice-cold water. The reaction mixture was extracted with
EtOAc (3 x 13 mL). The combined organic phase was washed with water and brine
solution, dred over anhydrous NaxSQOy4, filiered and concentrated under vacue. The
residue was purified by flash chromatography (5102, 24 g column, 0-100% EtOAc/pet
cther) to afford ferr-butyl S-amino-5-oxo-4-(2-oxo-5-phenvioxazol-3(2H)-vijpentanoate
{155 mg, 44%). LOMS (Method A): retention time 1.33 mun, [M+Na]® 369.2; '"H NMR
(DMSO-ds, 300 MHz) § 7.75 (s, 2H), 7.5-7.6 (m, 2HD), 7.42 (. 2H, J = 7.5 Hz), 7.3-7.4
(m, 2H3, 4.50 (dd, 1H, J=43, 101 Hz}, 2.2-2.3 (m, 3H), 2.0-2.1 {m, 1H), 1.38 (s, 9H).
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Comparative Compound A:

To a stirred solution of ferf-butyl S-amino-3-ox0-4-(2-oxo-S-phenyloxazol-3{2/}-
vhpentanoate (150 mg, 0.43 mmol) in acetonitnile (3.0 mL) was added methanesulfonic
acid {42 ul., 0.65 mmol) at room temperature. The reaction mixture was heated at 90 °C
for 1 h, cooled to room temperature, concentrated onder vacuo and the residue was
purified by reverse phase prep-HPLC (X-Bridge Phenyl C18 (2536 ram™* 19 mm) 5 pny;
maobile phase A: 10 mM ammoniom acetate in water, mobile phase B: ACN; flow rate:
20.0 mL/min; gradient Time/%B: /30, 15/43, 15.1/100} to afford 3-(2-0x0-5-

2, 21%}) as a white solid. LCMS
(Method A): retertion time 1.5%2 min, [M+H]" 273.20; 'H NMR (400 MHz, DMSCO-ds) 3
=11.02 (brs, TH), 7.70 (s, 1H), 7.52-7.47 (o, 2H), 7.47-7.42 (m, 2H), 7.35-7.30 (m, 1H).
5.03(dd, /=353, 13.3 Hz, 1H), 2.95-2.84 (m, 1H}, 2.68-2.60 (m, 1H), 2.48-2.35 (m, 1H),
2.21-2.11 (m, 1H}

Analytical LCMS conditions: Method A: ACQUITY UPLC® BEH CIi8 (3.0x 30

mm) 1.7 ym, Mobile Phase A: 955 wateracetomtnile with 2.5 mM NHiOA¢; Mobile

phenyloxazol-3(2H}-yDpiperidine-2,6-dione (25 m

Phase B: 5:95 water:acetonitrile with 2.5 mM NHiQAc: Temperature: 40 °C; Gradient:

20 %58 to 100 %B over 2 min; flow: 0.7 mL/min; Detoction: MS and UV {220 nm).
Method B: Column-Kinetex XB-C18 (75 X 3 mam-2.6 um); Mobile Phase A: 10

mM NHsCOOH in water; Mobile Phase B: Acetomitnile; Gradient: 20 %8B to 100 %8B over

4.6 min, Flow: 1.0 mL/min.

COMPARATIVE COMPOUND B

3-{3-{4-bromo-2-fluorophenyi}-2-oxooxazol-3{(2H)-yDpiperidine-2, 6-dione
8

G\/N 0
N yr-NH
{ O
L
Br F

Preparation of Intermediate 4A: 3-(5-{4-bromo-2-fluorophenyl)-2-oxooxazol-3( 2/ -v1}-1-

(hydroxymethylpipendine-2, 6-dione

e
Ve
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To a stirred solation of 3-{5-{(4-bromo-2-tlucrophenyvl)-2-oxooxazol-3(2H)-yi)-1-
{(2-(tnmethylsilvDethoxyymethylpiperidine-2, 6-dione (200 mg, 0.4 mmol) in ashydrous
DCM (2.0 mL) was added TFA (0.134 mL, 2.0 nunol) at room temperature. The reaction
mixture was stirred at room teraperature for 2 b, concentrated under vacuo and the residue
was co-gvaporated with BDME {4 x} to afford 3-(5-{(4-bromo-2-flucrophenyi}-2-
oxooxazol-3(2H}-vi}-1-(hydroxymethypiperidine-2 6-dione (150 mg, 94%). LCMS

{(Method A): retention time 1.37 puin, [M+Nal* 423 1.

Comparative Compound B

To a stirred solution of 3~(5-{4-bromo-2-flucrophenyvi}-2-oxooxazol-3(2H-yh-1-
{hydroxymethylpipendine-2,6-dione (180 mg, 0.45 mmol} in anbydrous DME (2235 ul)
was added N N'-dimethylethane-1,2-diamine (199 mg, 2.26 mmol) at O °C under mitrogen.
The reaction mixture was warmed to room temperature and stirred for 30 min, cooled to 0
°C, acidified with acetic acid (258 uk., 4.5 vuool) and then concentrated under vacuo
{bath temp < 30 °C). The residue was purified with reverse phase prep-HPLC (method:
column: X-Bridge Phenyl {19 mm x 250 mm™*5 wm); mobile phase A: 10 mM ammoniom
acetate in water, mobile phase B: ACN; flow rate: 20 mL/min; gradient condition
{Time/%BY: 0/30, 14/51, 14.1/100) to afford 3-(5-(4-bromo-2-fluorophenyl}-2-oxooxazol-
3(2H-yhpiperidine-2,6-dione (67 mg, 40%). LCMS (Method A): retention time 2,158
min, [M-H{" 366.8; TH NMR (400 MHz. DMSO-de} 5= 11.13 (brs, 1H), 7.75-7.70 {m.
H), 766 (d, J=30Hz, 1H) 753 (s, 1H), 752(d. J=51Hz 1H),506(dd, /=53,
133 Hz, 1H), 2.94-2.80 (m, 1H), 2.70-2 54 {m, 2H), 2.16-2.08 (m, 1H).

Analytical LCMS conditions

Method A: ACQUITY UPLC® BEH C18 (3.0 x 30 oy 1.7 um; Mobile Phase
A 95:5 water:acetonitrile with 2.3 mM NHs( Ac; Mobile Phase B: 5:93 wateracetonitrile
with 2.5 mM NHuQAc, Temperatare: 40 °C; Gradient: 20 %B to 100 %B over 2 min,
flow: 0.7 mL/mm; Detection: MS and UV (220 am).

Method B: Column-Kinetex XB-CI8 (75 X 3 mm-2.6 wm); Mobile Phase A: 10
mM NH«COOH 10 water; Mobile Phase B: Acetonitrile; Gradient: 20 %B to 100 %B over

4.6 min, Flow: 1.0 mL/min.
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BIOLOGICAL ASSAYS
The pharmacological propertics of the compouands of this invention may be
confirmed by a number of biological assays. The exemplified biological assays, which

follow, have been carried out with compounds of the mvention,

(31

JURKAT CELLULAR DEGRADATION ASSAY
Jurkat cells were plated at 80,000 cells/well 1w 40 pL RPMI + 10% FBS ma 384~

well cell culture plate prior fo using acoustic dispensing technology for adding a
compound of interest. Cell cultures were incubated for 72 h at 37 °C and 5% COz. In

16 orderto facilitate analysis, cell cultures were spun down at 200 rpm for 5 min and the
supernatant was discarded. After shaking the plate to dislodge the cell pellet, cells were
resuspended in 50 gL 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

15 00-5523-00) for 10 min at room temperature. Following permeabilization, cells were
spun down and the supernatant was replaced with 20 ul fluorescently labelled antibodies
against Helios, Tkaros and Aiolos or corresponding Isotype controls in 17
Permeabilization buffer (Tkaros-Alexad88 [Biolegend, Cat #368408, 1.50}, Helios-PE
[CST, Cat #29360, 1:30], Aiolos-Alexad47 [Biolegend, Cat #371106 Biolegend, 1:25})

20 and staming reactions were incubated for 1 h at room temperature while protected from
light. Subsequently, 30 pl of I x Permeabilization buffer was added prior to centrifuging
the cells and discarding the supernatant. Stained cells were resuspended m 25 ul of flow
cytometry staining buffer [PBS + 0.2% bovine serum albumin (BSA}] and analyzed using

an Intellicyt lgue Plus flow cytometer.

25
TABLE A-1
Jurkat Cellular Degradation Assay: Maximum Observed Degradation
IKZF1 IKZF2 IKZF3
fkaros Helios Aiolos
Ex. No
max % deg. max % deg. max % deg.
observed observed observed
I 56% 94% 54%
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Coraparative Compound A 57% 2% 46%
Comparative Compound B 17% 1% 15%

Table A-1 lists the maximum observed degradation of the IKZF1 protein, IKZF2Z
protein, and IKZF3 protein as measured in the Jurkat Cellular Degradation assay. The

results in Table A-I were rounded to two digits. In the Jurkat Celiular Degradation assay,

W

a value of 100% indicated no detectable protein remaining or complete degradation of the
protein; and a value of 0% indicated no detectable degradation of the protein by the test
compound. In the study reported in Table A-1, Example | was observed to degrade
greater than 90% of the IKZF2 (Helios) protein. In contrast, Comparative Compound A
and Comparative Compound B were observed to degrade less than 30% of the IKZF2

10 protetn

TABLE A-2
Jurkat Cellular Degradation Assay: DCso”

[KZF1 IKZF2 IKZF3
Ex. No. tkaros Helos Asolos
DCso (nM) DBCs0 (nM) DCso (nM)
1 1,076 13.6 4,913
Comparative Compound A 1,520 >10,000 >10,000
Comparative Compound B >10,000 >10,000 >10,000

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

15 protein by 50% compared to treatment with BMSO alone.
HUMAN T REGULATORY CELLS DEGRADATION ASSAY
Cryopreserved homan T regulatory cells were thawed 1 RPMI + 10%FBS + 20
ng/mL IL-2. After being spun at 1200 rpm for 5 mins, the cells were resuspended in
20 RPMIH10%FBS+ 20 ng/ml and rested at 37 °C with 5% CO: for 3 hours. The cells were

then plated at 40,000 celis/well in 46 pL RPMI + {0% FBS + 20ng/mL luman IL-2 ina
384 well cell cultare plate prior to using acoustic dispensing technology (ECHQO 353} for
adding compounds of interest. Cell cultures were incubated for 20 hours at 37 °C and 5%

COs. In order to facilitate analysis, cell culiures were spun down at 1200 rpm for §
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minutes and the supematant was discarded using an EL406 plate washer. Afier washing
three times with 70 pL PBS, cell pellets were resaspended in 50 pL of near IR viability
staining solution (Life Technologies, Cat#f 1.34973} and incubated for 30 minutes on ice

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

(31

an EL406 plate washer. After shaking the plate to dislodge the cell pellet, cells were
resuspended m 50 pl of Fixation Buffer {(eBioScience FoxP3 buffer set 00-5523-00} for
60 minutes at room temperature. After centrifuging and discarding the supernatant, cells
were permeabilized with 50 gL of permeabilization buffer (eBioScience FoxP3 buffer set
$0-5523-00) for 10 minutes at room temperature. Following permeabilization, cells were
16 spun down and the supematant was replaced with 30 ubl fluorescently labelled antibodies
against Helios 1 Ix Permeabilization buffer (Helios-APC [BioLegend, Cat# 137222,
1:507) and staming reactions were incubated for 1 hour at room temperature; protected
from light. Subsequently, 30 pb of Ix Permeabilization buffor was added prior to
centrifuging the cells and discarding the supematant. Stained cells were resuspended in
15 30 ul of flow cytometry staining buffer (PBS + 0. 5%BSA) and analvzed using an

Intellicyt Igue Plas flow cytometer.

TABLE B-1
Huoman T Regulatory Cells Degradation Assay: Maximum Observed Degradation

IKZF 1 Tkaros IKZF 2 Helios

Ex. No. ) ,
max % deg. observed max % deg. observed

i 55% 99%

Table B-1 lists the maxaimum observed degradation of the TKZF 1 protein and
IKZF2 protein as measured in the Human T Regulatory Cells Degradation assay. The
results in Table B-1 were rounded to two digits. In the Human T Regulatory assay, a

value of 100% indicated no detectable protein remamning or complete degradation of the

N2
L

protein; and a value of 8% indicated no detectable degradation of the protein by the test
compound. In the study reported in Table B-1. Example 1 was observed to degrade 55%

of the TKZF 1 (Tkaros) protein.
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TABLE B-2

Human T Regulatory Cells Degradation Assay: BCso’

IKZF1 Ikaros IKZF2 Helios
Ex. No. y
DCso (nM) DCso (nM)
1 5,466 5.2

*DC50 15 defined as the concentration of compound required o reduce levels of a

siven protein by 30% compared to treatment with DMSO alone.
g K 3 3

W

HUMAN T REGULATORY CELLS REPROGRAMMING ASSAY
Human CD47 T cells were isolated from fresh healthy leukopaks (Stemeell

Technologies} using the RosctteSep Human CD4™ T cell enrichment cocktail (Stemcell

Technologics) and Ficoll density gradient centrifugation. Leukopaks were diluted with an
10 equal volume of phosphate-buffered saline (PBS [Gibeol) supplemented with 2% fetal

bovine serum (FBS, VWR Lifescience) and incabated with RosetieSep Human CD4' T

cell enrichment cocktail for 20 munutes before layering on Ficoll-Paque Plus solution (GE

Health Care). The cell-nich mterface laver was harvested and washed twice with PBS

supplemented with 2% FBS. Regulatory T cells were then isolated manually using the

[
4

EasySep Human CD4CDIZ7CD25" Regulatory T cell isolation kit {Stemeell
Technologies} according to the manufacturer’s instructions. Cells were rested overnight
it Roswell Park Memonal Institute (RPMI) 1640 media (Gibeo) supplemented with 10%
FBS, Pen/Strep (Gibeo), MEM-NEAA {Gibceo), and sodium pyruvate (Gibeo) ina
humidified incubator {37 °C, 5% (2} Cells were then stained for CD4 {clone: RPA-T4,
20 Biolegend), CD25 (clone: 2A3, BD Biosciences), and CD127 {clone: KiL-7TR-M21, BD
Biosciences). CD4"CDI27%CD25" cells were sorted on a BT FACS Aria Fusion sorter.
Sorted cells were immediately used or crvopreserved for downstream assays.

Fresh or crvopreserved flow sorted CD4CD1279VCD257 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 ((ibco), and sodium

N2
L

pyvruvate {Gibco). Cells were stimulated with Treg Xpander beads (Thermo Fisher) at
cells-to-beads ratio of 1:4 1n the presence of 300 U/ml recombinant human IL-2
{Proleukin}. Compounds were added at titrated doses and cells were meubated at 37 °C,

5% €O for 12-13 days. Recombinant human IL-2 and compound were replenished
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every 2-3 days during the entire culture duration. On day 12 or 13, cells were
restimulated with phorbol 12-myristate 13-acetate (PMA) and 1onomycin before
proceeding with flow cyiometry staining and analysis.

For flow cytometry staining, cells were washed twice with flow cytometry

(31

staining buffer {Thermo Fisher} and incubated in Human Tru-staim Fe block (Biolegend)

for 10 minutes before adding eFluor780 viability dye (Thermo Fisher} and surface marker

anttbody cocktail for 30 minutes at 4 °C. Cells were then fixed and permeabilized by

mcubation with FoxP3 transcription factor staming buffer (Thermo Fisher) for 30 minutes

at 4 °C as per the kit manufacturer’s instructions. Cells were washed twice with the

16 Perm/Wash buffer suppled in the kit as per the manufacturer’s instructions and mcubated
overmnight at 4 °C with an intracellular antibody cocktail comprised of antibodies specific
for the transcription factors shown in Table C. Cells were washed twice with PernyWash
bufter and resuspended in flow cytometry staining buffer {Thermo Fisher} prior to
acquisttion. Sample acquisition and analysis was performed using a BD LSRFortessa

15 (BD Biosciences) flow eytometer. Single stain controls for each fluorochrome were

prepared using UltraComp ¢Bead Compensation Beads (Thermo Fisher). Data were

analyzed using Flowlo version 10 and GraphPad Prism Software.

TABLE
20 Autibodies Used for Flow Sorting and Analysis
Marker Fluorochrome
Viability eFluor780
D3 BUV393
D4 BUVROS
D HTC
D25 BVY606
FoxP3 BV421]
HELIOS PE-Cy7
TABLE C-}

Human T Regulatory Cell Reprogramming Assay-Maximum Observed
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¥

1o

Ju—
¥4

Degradation
IKZF2 Helios IKZF4 Eos
Ex. No. ) )
max % deg. observed | max % deg. observed

I 83% 73%

2 48% 6%
Comparative

1% 0%
Compound A
Comparative

‘ 6% 1%
Compound B

Table C-~1 lists the maximurmn observed degradation of the IKZF2 proten and
IKZF4 protein as measured in the Homan T Regulatory Cells Reprogramming assay. The
results in Table C-1 were rounded o two digits. In the Human T Regulatory Cells
Reprogranuning assay, a value of 100% indicated no detectable protein romainmg or
complete degradation of the protein; and a value of 0% indicated no detectable
degradation of the protein by the test compound. In the study reported in Table D-1,
Examples 1 and 2 reduced the level of the IKZF2 (Helios) protein by at least 83% and the
fevel of the IKZF4 (Fos) protein by at least 73%. Tn contrast, Comparative Compound A
and Comparative Compound B decreased the level of the IKZF2 (Helios) protein by 6%

or less: and decrcased the lovel of IKZF4 (Eos) protein by 11% or less.

TABLE C-2

Human T Regulatory Cell Reprogramming Assay; DCso”

o IKZF2 Helios iKZF4 Eos
£x. No. o
DCs (M) DCso (nM)
1 85 15
2 42 (.63
Comparative
>1000 >1000
Compound A
Comparative
>1000 >1000
Compound B
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*3Cs0 13 defined as the concentration of compound required to reduce levels of a

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

HUMAN CDE" T CELL DEGRADATION ASSAY

Cryopreserved healthy donor haman peripheral blood mononuclear cells (PBMC,

(31

obtained from Stemecell Technologies or Blood Works Northwest) from two healthy

donors were thawed and sceded at 500,000 cells/well of 95-well round bottom plates 1o

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
16 compound for 24 hours at 37 °C, 3% CO: before analyzing by flow cytometry.

For flow cyvtometry staining, cells were washed twice with flow cyiometry
staining buffer {Themmo Fisher} and incubated in Human Tru-staim Fe block (Biolegend)
for 10 minutes before adding oFluor780 viability dyve {Thermo Fisher) and surface marker
anttbody cocktail containing LD-e¥Fluor780, CD3-BUV-395, CD4-BUVR0S, CDR-FITC,

15 CD25-BV60S, FoxP3-BV421, HELIOS-PE-Cy7, EQOS-PE, IKAROS-PECF59%4,
AIOQLOS-AF647 for 30 minutes at 4 °C. Cells were then fixed and permeabilized by
incubation with permeabilization buffer {(cBioscience FoxP3 buffer set 00-3523-00) for
30 munutes at 4 °C as per the kit manufacturer’s nstructions. Cells were washed twice
with the Perm/Wash buffer suppled i the kit as per the mamufacturer’s instructions and

20 mcubated overnight at 4 °C with an intracelular antibody cocktail comprised of
anttbodies specitic for the transcription factors shown in Table €. Cells were washed
twice with Permt/Wash buffer and resuspended in flow cyvtometry staining buffer {Thermo
Fisher} prior to acquasition. Sample acquisition and analysis was performed using a BD
LSRFortessa (BD Biosciences) flow cytometer. Single stain controls for each

25 fluorochrome were prepared using UltraComp eBead Compensation Beads {Thermo

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

TABLE D-

Human CD8" T Cell Reprogramming Assay-Maxumum Observed Degradation

Ex. No. IKZF1 Karos IKZF3 Awolos
1 74%% 7%
2 66% 71%
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Comparative

74% 0%
Compound A
Comparative

17% 0%
Compound B

TABLE D-2

Human CD8" T Cell Reprogramming Assay: DCso”

IKZF] Ikaros | IKZF3 Aiolos
Ex. No. .
DCse (oM) DCso (nM)
i 162 19
2 139 26
Comparative
113 21
Compound A
Comparative
>1000 >1000
Compound B

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

W

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

Table D3-1 lists the maximum observed degradation of the IKZF 1 protein and

IKZF3 protein as measured i the Human CD8" T Cell Reprogramming assay. The

results in Table D-1 were rounded to two digits. In the Human CD8™ T Cell

10

Reprogramnung assay, a value of 100% indicated no detectable protein remaining or

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

degradation of the protein by the test compound.

TABLEE

Comparative Compounds A and B

Maximum Observed Degradation of IKEF1-4: Comparison of Examples 1-2 and

Ex. No.

KZF1™

Tkaros

observed

max % deg.

IKZF2™
Helios
max % deg.

observed

IKZF3™
Aiolos
max % deg.

observed

IKZF4™
Eos
max % deg.

observed
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W

10

1 74% 83% 7% 73%

2 66% 88% 71% 96%
Comparative o N
4% 1% 30% 0%

Compound A

Comparative o )
17% 6% 0% 1%

Compound B

* All data reported as an average of values where N>1.
“IKZF1 and IKZF3: Human CD8 T Cell Reprogranuming Assay {Table D-1)
"IKZF2 and IKZF4: Human T Regulatory Cell Reprogramming Assay (Table C-1)

Examples | and 2 have been compared to Comparative Compound A disclosed in
WO 2019/060693 Al and Comparative Compound B, and have been found to be
especially advantageous. Examples 1 and 2 have the swrprising advantage of decreasing
the levels of the four IKZF1-4 proteins lkarcs, Helios, Aiolos, and Eos. As shown in
Tables C~1 and D~1 m the reported tests: (1) Exaraples 1 and 2 decreased the level of
TKZF | (Tkaros) by 74% and 66%, respectively (Table D-1); (1) Examples 1 and 2
decreased the level of the IKZF2 (Helios) protein by 83% and 88%, respectively (Table
C-1); {u1) Examples 1 and 2 decreased the level of IKZF3 (Aiolos) by 77% and 71 %,
respectively (Table D-1); and (iv) Examples | and 2 decreased the level of IKZF4 (Eos)
by 73% and 96%, respectively {Table C-1}. In contrast, in similar tests, Comparative
Compound A and Comparative Compouand B decreased the level of the IKZF2 (Helios)
protein {Table C-1) by 6% or less; and decreased the level of IKZF4 (Eos) protein (Table
C-1y by 11% or less.

The present mvention {ills the foregoing need by providing compounds that are

useful to decrease the levels of the fowr IKZF1-4 proteins fkaros, Helios, Aiolos, and Eos.
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CLAIMS

What is claimed 1s:

5 1. A compound of Formula (B):

ty
or sterecisomers, tautomers, or salts thereof, wherein each R is independently Hor I,
2. The compound according to claim 1, or sierecisomers, tautomers, or salts thereof]

10 baving the structure:

0 O DDD
7 . /i D
o
%/N =0 ?\ SR =e)
A JrNH i NH
i o \ o
HiCo ™ F G S F
1 2N )‘\,;\.
M Y HaC” Y
NH, or NH,

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

wherein cach R 1s independently H.

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

cach R is independently H.

5. The salt of the compounnd according to claim 1, or stereoisomers or tantomers thereof,

20 whereineach Ris H.

6. The pharmaceutically acceptable salt of the compound according to clavm 1, or

stereoisomers or tautomers thereof, wherein each Ris H
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(31

10

30

7. The compound according to claim 1, or stercoisomers, tautomers, or salts thercof,

wherein each R 1s independently D

8. The compound according to claim 1, or sterecisomers or tautomers thereof, wherein

cach R is independently £

9. The salt of the compound according to claim 1, or stereoisomers or tautomers thereof,

wherein each Ris D.

10. The pharmaceutically acceptabie salt of the compound according to claim |, or

sterecisomers or tautomers thereof, wherem each R is Db,

11. A pharmaceutical composition comprising a compound according to any ong of
claims 1-18, or stercoisomers, tautomers, or a pharmaceutically acceptable salt thereof,

and a pharmaceutically acceptable carmier.

12. A pbarmaceutical composition comprising a compound according to claim 3, or
stereoisomers or tautomers, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

13. A pharmaceutical composition comprising a compound according to clawm 4, or

stereoisomers or tautomers thereof, and a phamaceutically aceeptable carrier.

14. A pbarmaceutical composition comprising & pharmaceutical salt of the compound
according to claim 6, or stereoisomers or tantomers thercof, and a phammaceutically

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

stereoisomers or tautomers, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.
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16. A pharmaceutical composition comprising a compound according to claim 8, or

stercoisomers or tautomers thereof) and a pharmaceutically acceptable carrier.

17. A pharmaceutical composition comprising a pharmaceutical salt of the compound

A

according to claim 10, or stereoisomers or tautomers thereof, and a pharmaceuntically

acceptable carmer.

18. Use of a compound, or stereoisomers, tautomers, or pharmaceutically acceptable salts
thereof, according to any one of claims 1 to 10 for the treatment of cancer.

10
19. The use accordmg to claim I8, 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.

20, The use according to claim 18, wherein said cancer 18 selected from lymphoma,

eukenua, and mudtiple myeloma.

21. The wse according to claim 18 in combination with a second agent, wherein said
20 second agent 18 selected from an antagonist of PDI/PD-L1 axis, an antagonist of CTLA4,

a chemotherapeoutic agent, radiation, or an auti-furvor Vaccing.

22. A method of decreasing karos, Helios, Alolos, and Eos protein levels i cells

comprising contacting said cells with a compound, or a stereoisomer, a tautomer, or a

2
n

pharmmaceutically acceptable salt thereof according to any one of clavms | to 10,
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