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SUBSTITUTED PHENYL OXOOXAZOLYL PIPERIDINE DIONE COMPOUNDS

CROSS REFERENCE
This application claims the benefit of Indian Provisional Application Senal No.

202311058935 filed September 2, 2023, incorporated herein in its entirety.

DESCRIPTION
The present invention generally relates to substituted phenyl oxooxazolyl
piperidine dione compounds that decrease the fevels of the Ikaros, Helios, Aiclos, and
Eos proteins. Provided herein are substituted phenyl oxooxazolyl piperidine dione
compounds, compositions comprising such compounds, and methods of their use. The
invention further pertains to phanmaceutical compositions comprising at least one
compound according to the invention that are useful for the treatment of proliferative

disorders, such as cancer and viral infections.

BACKGROUND OF THE INVENTION

The Tkaros zinc finger family (IKZF} of transeription factors {TFs) play critical
roles in lyraphocyte development and fonction (Hetzmann et al., 2018, Curr Opin
Immunel 51 14-23). In mammals, the following five members of this family of TFs are
expressed in immune cells: lkaros {encoded by IKZF1), Helios (IKZF2}, Aiolos (IKZF3),
Fos (TKZF4), 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 serve both overlapping and unique functions in lymphocytes (Read et al,, 2020,
Tmmunological Reviews, 300:1). Reductions in the protein fevels of IKZF TFs can boost
antitumor T cell responses.

HKCZF1 encodes fkaros, which is broadly and abundantly expressed in human and
mouse B, NK, and T lymphocyie populations, and moderately expressed i other immune
cell types, including myelowd cells. In T cells, loss of Tkaros protem or expression of a
dominant-negative protein relicves repression of loct related to the differentiation of the
effector T cell state, resulting m increased expression of effector eytokines including IFN-

v, TNF-a, and GM-CSF (Lyoun de Ana, et al., 2019, Journal of Immunology 202 1112-
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1123; Heller et al., 2014, Jowrnal of Immunoclogy, 193: 3934-3946);, Wang et al., 2020,
Cell Transplantation, 29).

IKZF2 encodes Helios, which shows a more restrcted expression profile linuted
to human and mouse regulatory T (Treg) cells, some CD8+ T cells and MAIT cells, and
NK cells (Akimova et al, 2011, PLoS One, 6:¢24226; Dias et al., 2017, Proceedings of
the National Academy of Sciences USA, 114:E5434-E5443; Thornton and Shevach, 2019,
Immunoclogy, 158:161-170}.

IKZF3 encodes Ajolos, which s broadly and abundantly expressed in human and
mouse B lymphocytes, and broadly expressed at lower levels in T and NK cells. In T
cells, Atolos gene repression targets show a large amount of overlap with Ikaros target
genes (Powell et al,, 2019, Frontiers in Immunology, 10:1299). Compared to Tkaros,
Aiolos may have a stronger effect on follicalar helper T cell and T helper 17 type
responses (Quintana ot al | 2012, Narure fmmunology, 13:770-777, Read et al., 2017
Journal of Immunclogy, T:2377-2387}, which have been implicated in tissue inunune
responses and, in some cases, antitumor mmunity.

IKZF4 encodes Eos, which is abundantly expressed o Treg cells, and 1s also
broadly expressed at low levels among B, NK. and T lymphocytes. In Treg cells, foss of
Eos expression in FoxP3+ Treg cells drives improved antitumor respounses n preclinical
syigeneic tumor models (Gokhale et al, 2019, Journal of Autoimmunity, 105:102300).
Additionally, Eos expression levels can increase after T cell activation in conventional
CD4d+ and CD8+ T cells, where it can lonit effector T cell responses (Rieder et al., 2015,
Jowrnal of Immunology, 195:533-563).

Common functions shared among IKZF TFs relate to the suppression of gene
expression in cells at specific loci. IKZF TFs can bind to genomic loci either as
homodimers or heterodimers, such as Tkaros:Tkaros or Tkaros:Helios, respectively. These
dimeric TFs both bind to DNA and interact with complexes that regulate histone
acetylation and nucleosomes, which in turn resuls in gene expression modulation.
Mechanistically, Ikaros, Helios, and Aiolos have cach been shown to interact with the
nucleosome-remodeling and deacetylase (NuRD) and Sin3 histone deacetylase HDAC)
complexes to repress gene expression {Zhang et al., 2011, Nature Inmnunology, 13:86-94;
Georgopoulos et al., 2017, Genes and Developmeni, 31: 439-450). Similarly. Tkaros,

Helios, and Aiolos all can associate with centromenic 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, Immunitv, 26:335-344). Eos co-operates with Tkaros, but not
Ajolos, to interact with the transcrptional repressor C-tenminal binding protein 1 (GIBP L)
in lvmphocyvies (Kowpally et al., 2002, Journal of Biological Chemistry, 277:27697-
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, 1o cells that cxpress multiple IKZF members, broad therapeutic degradation of
this family of TFs would be expected to drive a stronger phenotypic change compared to
selective degradation of one or two IKZF TFs.

In T cells and Treg cells, the shared rofes of IKZF TFs in regulating a gene locus
mmportang for antitumor tnmune responses is exemplified by regulation of the gene
encoding nterlenkin-2 (JL-2). tkaros can directly bind to the IL-2 locus in CD4+ T cells
and recruit HDAC complexes; loss of Tkaros results in increased 1L-2 production by
CDd+ and CDE+ T cells (Bandvopadhyay et al., 2007, Blood, 109: 2671-2672; Thomas ot
al., 2007, Journal of mmunology, 179: 7305-7315; ' Brien et al., 2014, Jowrnal of
Immunology, 192:5118-5129}. Helios directly binds to the IL-2 locas i Treg cells to
recruit HDAC complexes and enforce IL-2 gene silencing (Blaine et al |, 2013, Journal of
Ifmmunology, 190:1008~-1016). Hos also represses [L-2 expression in Treg cells and may
act via a mechanism that involves interactions with the TF FoxP3 (Pan et al., 2009,
Science, 325: 1142-1146; Sharma et al., 2013, Immumity, 38:998-1012). The role of
direct Aiolos binding to the [L-2 loss is less clear, but siRNA knockdown of Awlos in
human Treg cells has been reported to increase 1L-2 production (Gandhi et al., 2010,
Neature Immunology, 11:846-853). In summary, the IKZF TFs act to modelate 1L-2
production by nudtiple lymphocvie subtypes. particulady Treg cells in which all four of
these IKZF TFs are abundantly expressed and 11.-2 production is normally negligible.

Treg cells, which are marked by expression of the transcription factor FoxP3, are
a subset of mmmunosuppressive lymphocytes that use several mechanisms to maintain
mmune homeostasis (Sakaguchi et al., 2020, Arnual Review of fmmunology, 38.541-5366;
Whiblev et al,, 2019, Nature Immunology, 20:386-396). Patients who have deleterious
muotations in the gene encoding FoxP3 lack functional Treg cells and exhibit immuone
dysregulation, polyvendocrinopathy, enteropathy, X-linked (IPEX) syndrome, a mult-

organ autotmuwne disorder. In the tumor microenvironment { TME), the activities of
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Treg cells are co-opted to promote and mamntain an invnunosuppressive state (Plitas and
Rudensky, 2020, Annual Review of Cancer Biology, 4:459-477). By secreting
suppressive molecules, sequestering cytokines {e.g., IL.-2), and directly mmpeding T cell
and antigen presenting cell activation, Treg cells can promote TME-mediated resistance
to immunotherapy by modulating multiple axes in the cancer-immunity cyele (Chen and
Mellman, 2013, Immunity, 39:1-10}. In preclinical models, ablation of Treg cells results
n the regression of aggressive, established tumors (Bos et al., 2013, Jouwrnal of
Fxperimental Medicine, 210:2435-2466).

Once activated by a specific antigen, Treg cells can suppress responder T cells in
an antigen-nonspecific and bystander manner in virro (Takahashi et al., 1998, o
Immunol. 10:1969-80; Thomton et al., 1998, .7 Fxp. Med. 188:287-96).
FoxP3-+{CD23+CD4+Treg cells are capable of suppressing a wide range of antitumor
impnne responses involving CD4+ helper T cells, CD8+ T cells, natural kaller cells, and
natural kaller T cells (Tanaka et al., 2017, Cell Research 27:109-118). In prechinical
maodels, the miratumoral depletion of CD25+CD4+Treg cells nduced regression of
established tamors 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 Treog
cell-sufficient CD4+ T cells (Antony ot al., 2005, J Immunol 174:2591-601). Tumor-
mfiltrating Treg cells activated by either tumor-derived self-antigens or tumor-associated
antigens can sinilarly suppress specific antitumor Immune 1esponses.

Climeally, 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, correlations between PD-L 1+ Treg cell frequencies and responses
1o anti-PD-1 therapy in non-small cell lung cancer (NSCLC) patients (Wu et al, 2018,
Foummnal of Thoracic Oncology, 13:521-532) highlight the therapeutic potential of Treg
cell tarpeting 1o the TME. Modulation of the activities of key factors to controd Treg cell
differentiation and/or functional suppressor state could represent a potential therapeutic
strategy for the treatment of certain diseases, ncluding cancer and viral mfections.

Furthermore, removal of FoxP3+ Treg cclls was also reported to enhance vaceine-
induced antitumor T-cell responses (Nishukawa et al., 2010, fnt. J. Cancer 127. 759767},

suggesting that decreasing Helios levels could be bereficial in boosting the efficacy of
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cancer vaccines. Besides anti-tumor mmmunotherapy, during viral infections, Treg cells
can himit the immuonopathology resulting from excessive inflammation, yet potentially
mhibit effective antiviral T cell respounses and promote virus persisience {(Schiotiz et al
2013, PLOS Pathogens 9 ¢1003362). Chronic, but not acute, infection of nuce with
Iymphoeyiic choriomeningitis virus results in 8 marked expansion of FoxP3+ Treg cells,
implying a potential mochanism that certain infectious agents could evade host immune
responses by activation and expansion of Treg cells (Punkosdy ct al., 2011, PNAS 108:
3677-3682). Treatment benefits could be achieved by decreasing Helios levels in
activated Treg cells in a context relevant to chronic viral imfections.

Approaches to targeting tumor Treg cells nclude antibody-mediated depletion
and/or functional modulation (Tanaka and Sakaguchi, 2019, Furopean Journal of
Immunciogy, 49:1140-1146), as well as small molecule-mediated “reprogramming” of the
Treg cell mmmunosuppressive phenotype by altering gene expression in these colls (Kim
ctal, 2013, Science, 350:334-339; Scbastian et al., 2016, Jowrnal of Immunology,
196:144-155). Mice with Treg cells engineered to lack Helios do not develop IPEX-like
immaonopathology characteristic of FoxP3-deficieney or complete Treg cell ablation, but
instead have Trog cells that display a more T effector-like transcriptional program (Fu ot
al, 2012, Nature Immmumology, 13: 972-980; Yates et al., 2018, Proceedings of the
National Academy of Sciences USA, 115:2162-2167). Importantly, Helios controls
activities of Treg cells that are critical in the TME as mice with Helios-deficient Treg
cells show mmproved control of B16F10 and MC38 tumors (Nakagawa et al | 2016,
Proceedings of the National Academy of Sciences US4, 113:6248-6253). Thercfore,
therapeutic modulation of Helios has the potential to reprogram tamor Treg cells towards
a more ¢ffector-like phenotype to drive antitumor inugunity. Notably, Eos also daves
mmmunosuppressive Treg cell activity 1 the TME m preclinical tumor models, as muce
lacking Eos expression in FoxP3 Treg cells more effectively control syngeneic tamors
compared to controls (Gokhale et al., 2019, Journal of Autoimmurity, 105:102300).
Humans with germline loss-of-function IKZF 2 mutations similarly do not exhibit IPEX-
tlike symptoms (including diabetes, dermatitis, hepatic mflammation, and systemic
lymphadenopathy), bot instead manifest immunophenotypes related to enhanced T cell
activation and proinflamamatory cytokine production (Hetemiki et al., 2021, Science

Imownology, 6:¢cabe3454; Shabin et al,, 2021, Science Tovounology, 6:eabe3981}, These

o
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data indicate 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 tkaros and Aiolos in Treg cells can also reduce the
suppressive functions of these cells in vitro (Galustian et al.| 2008, Cancer Immunology,
Immunotherapy, 38:1033-1045). In enginecred mouse models, the Haros and Alolos
degrader lenalidomide can modestly increase antitumor inunune responses against highly
mmunogenic syogencic tumors (Geong et al, 2022, Cell Chemical Biology, 29:1260-
1272}, Ikaros- and Asolos-targeted degraders have also been tested clinically n patients
with solid tumors, sometimes resulting in modest responses of stable discase. These
studies included avadomide (CC-122) in advanced malignancies (Rasco et al., 2019, Ciin
Ceancer Research, 25:90-98), lenalidonude (Semeraro et al, 2013, Oncofmmunology,
2:11), and pomalidomide (Cooney et al., 2012, Cancer Chemotherapy and
NK cell functions in preclinical and clinical studies (Hideshima et al., Leukemia, 2021,
¥ Souza et al., Frontiers in Immumology, 2021).

In summary, the IKZF TFs, Taros, Helios, Alolos, and Eos are abundantly
expressed in Treg cells. Combined reduction of the individual protein levels of these four
TFs in Treg cells would betier reverse the ioununosuppressive program, including
repression of IL-2 transcription and other T cell effector genes, compared to approaches
that selectively target single IKZF TFs or pairs of TFs, 1.2, tkaros and Aiclos or Helios
and Hos. Bevond Treg cells, a pan-IKZF1-4 degrader would be expected to mcrease
conventional CD4+ and CD8+ T cell effector functions and boost NK cell activity to
drive robust antitimor responses in patients.

There remains a need for therapics that can decrease the levels of the four IKZFI-
4 proteins Fkaros, Helios, Aiolos, and Eos.

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

usefutl to decrease the levels of the four IKZF -4 proteins Fkaros, Helios, Aiolos, and Fos.

SUMMARY OF THE INVENTION
The present mvention provides substituted phenvl oxooxazolyl piperiding dione
compounds of Formula (B, including sterecisomers, tautomers, salts, and prodrugs

thereof, which are useful to decrease the levels of the four proteins fkaros, Helios, Aiolos,
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and Hos.

The present tnvention also provides pharmaceutical compositions comprising a
compound of Formula (), sterecisomers, tautomers, pharmaceutically acceptable salts, ot
prodrugs thereof, and a pharmaceutically 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 karos, Helios, Aiolos, and Eos, the
method comprising adminustering to a patient a compound of Formula (F), stereoisomers,
tautomers, pharmaceutically acceptable salts, or prodrugs thereof.

The present mvention also provides processes and intermediates for making the
compounds of Formula (B, stereoisomers, tautomers, or salis thercof.

The present invention also provides the use of the compounds of Formula (I}, or
stereoisomers, tautomers, pharmaceutically acceptable salts, or prodrugs thereof, for the
manufacture of a medicament to decrease karos, Helios, Alolos, and Eos protein levels,
for the treatment of certain diseases, including cancer and viral infections.

The compounds of Formula {I) and compostitions comprising the compounds of
Formula (I) may be used m treating, preventing, or curing vartons proliferative disorders,
such as cancer. Pharmaceutical compositions comprising these compounds are useful in
treating, preventing, or siowing the progression of discases or disorders in a varicty of
therapeutic areas, such as cancer.

The compounds of Formula (I} and compositions comprising the compounds of
Formula (1) may be used i treating, preventing, or curing viral infections.
Pharmaceuvtical compositions comprising these compounds are useful in treating,
preventing, or slowing the progression of diseases or disorders, such as viral infections.

These and other features of the invention will be set forth in expanded form as the

disclosure continues.

DETAILED DESCRIPTION
Applicants have found substituted phenyl oxooxazoly] pipenidine dione
cormpounds that decrease the levels of the Taros, Helios, Atolos, and Eos protemns. The
substituted phenyl oxooxazolyl piperidine dione compounds are believed to facilitate the
interactions of Tkaros, Helios, Aiclos, and Eos proteins with the corresponding E3

ubiquitin ligase complex (Cullind-Cereblon, CULA-CRBN), with concomitant
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degradation of the Tkaros, Helios, Aolos, and Eos proteins. These compounds decrease
the levels of Tkaros protein, Helios protein, Aiolos protein, and Eos protein. These
compounds are uscful for the treatment of certain discases, mcluding cancer and viral

ifections. The compounds are provided to be useful as pharmaceuticals with desirable

A

stability, bicavailability, therapeutic index, and toxicity values that are important {o their
drugability.
The second aspect of the present mvention provides at least one compound of

Formula (I

O
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The second aspect of the present invention provides at least one compound of

15 Formula (I}

or sterecisomers, tautomers, or salts thereof, wherein:

Ris:
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or

One embodiment provides a compowund of Formula (1), or stereoisomers,

tautomers, or pharmaccutically acceptable salts thereof.

w

Oue erabodiment provides a compound of Formula (1), or stereoisomers or
tautomers thereof,

One embodiment provides a salt of the compound of Formula (), or stereoisomers
or tautomers thereof,

One cmbodiment provides a pharmaccutically acceptable salt of the compound of
10 Formula (), or stercoisomers or tautomers thercof,
One embodiment provides a compound of Formula (I) or stercoisomers,

tautomers, or salts thereof, wherein R is:

HyC=0
7‘7 HsG H
L
H

ol Ny Ooﬂw{yg AN ;
_—-N <

HsCO

=N =N

HoN HoN or
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15 One embodiment provides a compound of Formula (§) or stercoisomers,

tautomers, or salts thereof, wherein R s
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Included i this embodiment is a compound of Foroula (§) or a pharmaceutically
acceptable salt thereof. Also, included in this embodiment 1s a compound of Formula (I).

Additionally, included in this embodiment 1s a pharmaceutically acceptable salt of a

5 compound of Formula (1}.
One embodiment provides a compound of Formula (1} having the structure:
or sterecisomers, tautomers, or salts thergof.
One embodiment provides a compound of Formula {I) having the structure:
10
or sterecisomers, tautomers, or salts thereof.
{One embodiment provides a compound of Formula {I) having the structure:
HaC o
OO
Hon F YA\!’
) O/ N’”\\}O
H
or stereoisomers, tagtomers, or salts thereof,
15 One embodiment provides a compound of Formula (1) having the structure:

10
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or stereoisomers, tautomers, or salts thereof.
One embodiment provides a compound of Formula (1) having the structure:

H.CQ

O

O
oot

HoN F
<:F’{\N/§«
H

or sterecisomers, tautomers, or salts thereof.

Oue erbodiment provides a compound of Formula (1), or stereoisomers,

tautomers, or salts thereof, wherein said compound is:

3-(5-{4-(T-amino-2 2-dimethyl-2 3-dihvdrofiro|2,3-cjpyridin-3-91}-2-fluoropheny i)~
2-oxooxazol-3(2H)-vpiperidine-2,6-dione (1},

trans 3-{5-{4-{G-amino-3-(3-methoxyeyclobutoxy)-4-methyvipyndim-2-y1)-2-
fluorophenyl}-2-oxooxazol-3(2H)-vDpiperidine-2,6-dione {2);

3-{S-{4d~(6-amino-4-methyl-S-({(tetrahydro-2H-pyran-4-yhmethyDaminoypyridin-2-
yi)-2~flucrophenyl)-2-oxooxazol-3(2H -y Dpiperidine-2 6-dione (3);

3-{5-(4-(6-amimno-3-({4-methoxypipendin- I-yhmethvhpyndin-2-v1)-2-fluorophenyl})-
2~oxooxazol-3(2H)-vhipiperidine-2 6-dione {4}; or

3-(5-{4-(6-anuno-d-methyl-3-{{{tctrahydro-2H-pyran-4-yoxy methyDpyridin-2-vi}-
2-fluorophenyl)-2-oxooxazol-3(2H)-yhipiperidine-2.6-diove.

One embodiment provides a compound of Formula (1), or stereoisomers,
tautomers, or salts thereof, wherein said compound is 3-(5-(4-(7-amino-2 2-dimethy1-2,3-
dibydrofure|2,3-¢lpyridin-S-vi}-2-fluorophenyi}-2-oxooxazol-3(2H)-v1) piperidine-2.6-
dione. Included in this embodiment arc one or more phammaceutically acceptable salts,

{One embodiment provides a compound of Formula (1), or tautomers or salts

thereof, wherein said compound is (J3-3-(5-{4-(7-amino-2 2-dimethyl-2 3-

i
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dihydrofuro|2,3-clpyridin-5-y}-2-fluorophenvi)-2-oxooxazol-3(2H)-ypipenidine-2,6-
dione. Included in this embodiment are one or more pharmaceutically acceptable salts.

One embodiment provides a compound of Formula (f), or tautomers or salis
thereof, wherein said compound is {(8)-3-(5-(4-(7-amino-2,2~-dimethy]-2,3~
dihydrofure{2 3-clpyridin-3-y-2-fluorophenyly-2-oxooxazol-3(2H)-vipipendine-2,6-
dione. Included in this embodiment are one or more phamaceutically acceptable salts.

One emboduuent provides a compound of Forowla (1), or stereoisomers,
tautomers, or salts thereof, whereimn said compound is frams 3-(5-(4-(6-amino-5-(3-
methoxycyclobutoxy p-d-methylpyridin-2-v1}-2-Huorophenyl}-2-oxooxazol-3(2H}-v1)
piperidine~2,6-dione. Included in this embodiment are one or more pbarmaceutically
acceptable salts.

{Ome embodiment provides a compound of Formula (I}, or tautomers or salts
thereof, wherein said compound 1s frans (R)- 3-(5-(4-(6-amino-3-(3-
methoxyeyelobutoxyy-4-methylpyridin-2-v1}-2-fluorophenyl)-2-oxcoxazol-3(ZH}-vi}
piperidine-2,6~dione. Included in this embodiment are one or more pharmaceutically
acceptable salts.

Oue embodiment provides a compound of Formula (1), or tautomers or salts
thereof, wherein said comapound is rans (S)-3~(5-{4-{6-amino-5-(3-
methoxyeyclobutoxyy-4-methyvlpyridin-2-y1}-2-fluorophenyl)-2-oxooxazol-3(ZH}-vi}
piperidine-2,6-dione. Included in this embodiment are one or more pharmaceutically
acceptable salts,

One embodiment provides a compound of Formula (1), or stereoisomers,
tautomers, or salts thereof, wherein said compound 8 3-{5-(4-(6-ammo-4-methyi-5-
{{{(tetrahydro-2H-pyvran-4-yimethyl jaminojpyridin-2-y)-2-fluorophenyl)-2-oxooxazol-
3(2H)-yhpiperidine-2,6~diove. Included in this embodiment are one or more
pharmaceutically acceptable salts.

One embodiment provides a compound of Formula (1), or tautomers or salts
thereof, wherein said compound is {(#3-3-(5-(4-(6-amino~4-methyl-5-({(tetrahydro-2H-
pyran-d-viimethyvhaminopyridin-2 -y -2 -fluorophenyl}-2-oxooxazol-3(2H)-v1)
piperidine-2 6-dione. Inchided in this embodiment are one or more pharmaceutically
acceptable salts.

One embodiment provides a compound of Formula (I), or tautomers or salis

i2
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thereof, wheren said compound 18 (S)-3-{53-{(4~(6~amno-d-methyl-5~-({{tetrabydro-25-
pyvran-d-vimethyljaminojpyridin-2-y1}-2-flucrophenyl}-2-oxcoxazol-3(2H}-
vhpipendine-2,6-dione. Tocluded in this embodmment are one or more phammaceutically
acceptable salis.

{One embodiment provides a compound of Formula (1), or stercoisomers,
tautomers, or salts thercof, wherein said compound is 3-(5-{4-(6-amino-5-{{(4-
methoxyptperidin~ L -yDmethyDpyndin-2-yh-2-tluorophenyh)-2~oxooxazol-3(ZH)-
vipipenidine-2,6-dione. Included in this embodiment are one or more phamaceutically
acceptable salts,

One embodiment provides a compound of Formula (), or tautomers or salts
thereof, wherein said compound is (J03-3-(5-(4~(6-amino-3-{{4-methoxypipenidin-1~
yhmethyDpyridin-2-y1)-2-fluorophenyi}-2-oxooxazol-3(2H}-y Dpiperidine-2 6-dione.
Included in this embodiment are one or more phammaceutically acceptable salts.

One embodiment provides a compound of Formula (I}, or tautomers or salts
thereof, wheren said compound is (S)-3-(3-{(4~(6-amino-5-({(4~methoxypipendin-1-
yhmethyvhpyridin-2-y1}-2-fluorophenyl}-2-oxooxazol-3(2H}-vipiperidine-2 6-dione.
Included in this embodiment are one or more pharmaceutically acceptable salts.

Oue embodiment provides a compound of Fonuula (D), ot stereoisomers,
tavtomers, or salts thereof, wherein said compound 1s 3-(5-(4-{(6-amino-4-methyi-3-
{{{tetrabydro-2H-pyran-4-yDoxyimethyDpyridin-2-v1-2-fluorophenyi)-2-oxooxazol-
3QH-vhpiperidine-2,6-dione. Included i this embodiment are one or more
pharmaceutically acceptable salts.

Gue embodiment provides a compound of Formula (B), or tautomers or salts
thereof, wherein said compound is {£}- 3~(53-{4-(6¢-amino-4-methyl-5-{{{tetrahydro-24-
pyran-4-yhoxy)methyDpyodin-2-y-2-flucrophenyl)-2-oxooxazol - 3(2H-vpiperidine-
2,6-dione. Included in this embodiment are one or more pharmaceutically acceptable
salts.

One embodument provides a compound of Formula (I}, or tautomers or salts
thereof, wheremn said compound 1s {S)- 3-(8-{(4-{6-amuino-4~methyl-5-{{{tetrahydro-2H-
pyvran-d-vioxyimethyDpyridin-2-y1-2-fhuorophenyly-2-oxooxazol-32H-vIipipendine-
2.6-dione. Inchided in this embodiment are one or more pharmaceutically acceptable

salts,

PCT/US2024/044574
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One embodiment provides a compound having the structure;

or stercoisomers, tantomers, or pharmaceutically acceptable salts thereof.

One embodiment provides a compound having the structure:

HsG

HSC\\

(¥ 4]

or tautomers or pharmaceotically acceptable salts thereof.

Ouoe embodiment pmvides a compound having the structure:

Hu

Q /

ot tautomers or pharmaceutically acceptable salts thereof.

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

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof.

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

14
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ch‘”g

or tautomers or pharmaceutically acceptable salts thereof.

{One embodiment provides a compound of Fornmuda {I) having the stractore:

HQLJ )
3‘“7&13(,
_— 0.0
7N "D
NN
- W ,N\?/\
HyN F .
O N”
N" o

5 ortagtomers or pharmaceutically acceptable salts thereof.

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

ﬁ%?“ 0

ey N
H Zr\s P A i\\
O N o
e
ot stereotsomers, tautomers, or pharmaceutically acceptable salts thereof,

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

o Hy
ijv\
HN«&

10
or tautomers, or pharmaceutically acceptable salts thereof.

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

HoN F 094\ J&

o1 tautomers or pharmaceutically acceptable salts thereof.

i3
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One embodiment provides a compound having the structure;

H3CO

O

N L= O O
e NN T
H,N F ‘CFJ\N&O
H

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof.
One embodiment provides a compound having the structure:

HyCQ

3
o1 tautomers or pharmaceutically acceptable salts thereof.
{One embodiment provides a compound having the structure:
Hi CO
. o
O
— N =
N ..
FHoN /\?
Ay 5
H
or tawtomers or pharmaceutically acceptable salts thereof.
10

One cmbodiment provides a compound having the structure:

HoN F O%\N"&

ot stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,

Oune embodiment provides a compound having the structure:

i6
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or tautomers or pharmaceutically acceptable salts thereof

{One embodiment provides a compound having the stractare:

W

or tautomers or pharmaceutically acceptable salts thereof.

Oue erbodiment provides a salt of a compound of having the structure:

or stereoisomers or tauwtomers thereof, Included in this embodiment are one or more
pharmaceutically acceptable salts of the compound.
10 One embodiment provides a salt of a compound having the structure:
i

HyC~Q

or stereoisomers or tawtomers thereof, Included in this embodiment are one or more
pharmaceutically acceptable salts of the compound.

One embodiment provides a salt of a compound having the structure:

HaG
OQ}N{\
.--N’

H

AN
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or stereotsomers or tautomers thereof. Included m this embodiment are one or more
pharmaceutically acceptable salts of the compound.
Oue embodiment provides a salt of a compound having the structure:

HaCO

H
5 or sterecisomers or tautomers thereof. Included in this embodunent are one or more
pharmaceutically acceptable salts of the compound.

{One embodiment provides a salt of a compound having the structure:

or stercoisomers of tautomers thereof. Included in this cmbodiment are one or more

16 pharmaceutically acceptable salts of the compound.

The compounds of Formula (I} or stercoisomers, tautomers, or salts thereof, are
pseful to decrease the levels of the four IKZF1-4 proteins Tkaros, Helios, Aiolos, and Hos.

As used herein, “to decrease the level” of one of the IKZF1-4 proteins refers to
reducing the level of the protein by the degradation and/or inactivation and/or mhibition

15 and/or reducing the expression levels of the protein, or a combination thereof, compared
to the initial protein level prior to contact or treatment with the compound of Formula (1)
or sterecisomers, tautomers, or salts thereof.

Various methods can be emploved to measure the decreases 1 the protem levels
of the IKZF1-4 proteins, including the following assays described herembelow: (i)

20 IKZF1 Human CD8' T Cell Reprogramming Assay; (i) IKZFZ: Jurkat Cellular
Degradation Assay; () IKZF3: Human CDR™ T Cell Reprogramming Assay: and (iv}
IKZF4: Human Regulatory T Cell Reprogranuning Assay.

The present invention may be embodied in other specific forms without departing
from the spirit or essential attributes thereof. This invention encompasses all

25 combinations of the aspects and/or embodiments of the invention noted herein. ¥ is
i8
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understood that any and all embodiments of the present invention may be taken
conjunction with any other embodiment or embodiments to describe additional
embodiments. 1t is also to be understood that each ndividual element of the

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

A

embodiment to describe an additional embodiment.

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

reasons, described n the context of a single embodiment, may also be combined so as to
form sub-combinations thereof. Embodiments identified herein as exemplary or preferred
are intended to be illustrative and not imiting.

Undess specifically stated otherwise herein, references made 1o the singular may

15 also include the plural. For example, “a” and “an” may refer to cither one, or one or
mote.

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

20 compounds of Formula (I); a salt of a compound of Formula (1); a compound of Formula
{T) and one or more salts of the compound of Formula (1}, and two or more salts of a
compound of Formula (I).

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

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

Listed below are definitions of various terms used to describe the present
mvention. These definitions apply to the terms as they are used throughout the

30 apecification (anless they are otherwise limited in specific instances) either individually

or as part of a larger group.

Throughout the specification, groups and substrtuents thereof may be chosen by

i9
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one skilled in the ficld to provide stable moicties and compounds.
In accordance with a convention used in the art,

-

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

(¥

the moiety or substitucnt to the core or backbone structure.

The term “anuno” refers to the group -NHz.

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

The compounds of the present invention imelude all isotopes of atoms occurring in
the present compounds. Isotopes include those atoms having the same atonic number but
10 different mass numbers. By way of general example and without imitation, isotopes of

hvdrogen include deuterum (D) and tritium (T). Isotopes of carbon include BC and (.

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

conventional techoiques known to those skilled in the art or by processes analogous to

those described herein, using an appropnate isotopicallv-labeled reagent in place of the
15 pon-labeled reagent otherwise employed.

As used herein, the term “tautomer” refers to cach of two or more isomers of a
comapound that exist together in equilibrium, 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~rtazole exists in two tautomeric forms as defined above:

N\ /N\
i \'N [ E ;N H
N

N
H
20 1H-1,2 3-lriazole 2H-1,2,3-triazols )

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

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

L —
R Qb .
NN vl

tautomer forms:

]
PN

Ho?
<
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- \f\r/\ﬁ . /“2 \\\\:‘\TI\
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Ho/!\;\y*\\@ O NN

Other examples of tautomer forms include:

25
2
G
Ho
1
HaCG—0
W
[
2}
L,
3}
HsCO HaCO
; u
/7
- -
OOt — ot
PalahS e e ®
2 o -
4) ok ﬁ‘&o Q H“"&\\o

The phrase “pharmaceutically acceptable” is emploved berein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use 1 contact with the tissaes of haman beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
coraplication, commensurate with a reasonable benefit/risk ratio.

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

acidic salt{s) formed with imorganic and/or organic acids. Tn addition, the term “salt{s)

21

PCT/US2024/044574



WO 2025/049840 PCT/US2024/044574

A

10

30

may include zwitterions {(joner salts), .., when a compound of Formula () contains both
a basic motety, such as an amine or a pyndine or imidazole ring, and an acidic moiety,
such as a carboxylic acid. Pharmmaccutically acceptable (f.e., non-toxic, pbysiclogically
acceptable) salts are preferred, such as, for example, acceptable metal and anune salis n
which the cation docs not contribute significantly to the toxicity or biological activity of
the salt. However, other safts may be useful, e g, in isolation or purification steps which
may be emploved during preparation, and thus, are conteraplated within the scope of the
mvention. Salts of the compounds of the formula (I) may be formed, for example, by
reacting a compound of the Formuala (I) with an amount of acid or base, such as an
cguivalent amount, in a medium such as one in which the salt precipitates or in an aqueous
medium followed by lyophilization,

Exemplary acid addition salis incluade acetates (such as those formed with acetic
acid or trihaloacetic acid, for example, trifluorcacetic acid), adipates, alginates, ascorbates,
aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates, citrates,
camphorates, camphorsulfonates, cvelopentanepropionates, digluconates, dodecylsulfates,
ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates, hemisulfates,
heptanoates, hexanoates, hvdrochlorides (formed with hydrochloric acid), hydrobromides
(formed with bydrogen bromide), hydrotodides, malcates (formed with maleic acid), 2-
hydroxyethanesulfonates, lactates, methanesulfonates {formed with methanesulfonic acid),
2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates, persulfates, 3-
phenyipropionates, phosphates, picrates, pivalates, propionates, salicylates, succinates,
sulfates (such as those formed with sulfuric acid), sulfonates (such as those mentioned
herein}, tartrates, thiocvanates, toluenesulfonates such as tosylates, undecanoates, and the
fike.

The compounds of Formula (1) can be provided as amorphous solids or crystalline
solids. Lyophilization can be emploved to provide the compounds of Formula (F as a
solid.

It should further be understood that sclvates {¢.g., hydrates) of the compounds of
Formula (I} are also within the scope of the present invention. The term “solvate” means
a physical association of a compound of Formala () with one or more solvent molecules,
whether organic or inorganic. This physical association includes hydrogen bonding. In

certain nstances, the solvate will be capable of 1solation, for exaraple when one or more

22
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solvent molecules are mcorporated in the crystal lattice of the crystathine solid. “Solvate”
encompasses both solation-phase and isolable solvates. Exemplary solvates inchude
hvdrates, ethanolates, methanolates, isopropanolates, acctoniinile 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 etal, Nature Review Drug Discovery, 17, 559-587 (2018).

In addition, compounds of Formula (1), subsequent to their preparation, can be
isolated and purified to obtain a composition containing an amount by weight equal o or
greater than 99% of 3 compound of Formuda (I3 (“substantially pure™), which 1s then ased
or formulated as described herein. Such “substantially pure” compounds of Formula (1)
are also contemplated herein as part of the present invention,

“Stable compound” and “stable structure” are meant to indicate a compound that
is sufficiently 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
miended to embody stable compounds.

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

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

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

The tenms “IKZF4 degrader” and “Eos degrader” refer to an agent capable of
reducing the level of the TKZF4 protein by degradation and/or inactivation and/or
mhibition and/or reducing the expression levels of the IKZF4 protein, or a combination

thereof.

o
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Asolos JKZF3), and Eos (IKZF4) proteins.

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

As used herein, “Tkaros” protein ts encoded by the IKZF! gene. Tkaros is also
known as IKAROS family zine finger 1, ZNFNIAL zinc finger protein, subfamily 14| I,
fkaros family zinc finger protein [, IK1, lymphoid transcription factor LyF-1, Hs. 54452,
PPPIRYZ, protein phosphatase |, regulatory subunit 92, PROOTSS, CVIDI3, and CLL
associated antigen KW-6. “Tkaros” protein includes 1soforms encoded by the following
human isoforms listed below

Isoforma | (UniPort 313422-1)
MDADEGODMSQVSGKESPPYVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA
SNVKVETQSDEENGRACEMNGEECAEDL RMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGUCIGPNYLMVHKRSHTGERPFQCNQGCGASFTQRGNLL
RHIKLHSGEKPFRKCHLONYACRRRDALTGHLRTHSVGKPHKCGY CGRSYKORS
SLEEHKERCHNYLESMGLPGTLYPVIREETNHSEMAEDLCKIGSERSLVLDRLAS
NVAKRKSSMPOQRKFLGDKGLSDTPYDSSASY EKENEMMESHVMDQAINNAINYL
GAESLRPLVQTPPGGSEVVPVISPMY QLHKPLAEGTPRSNHSAQDSAVENLLLLS
KAKLYPSEREASPSNSCQDSTDTESNNEEQRSGLIVETNHIAPHARNGLSLKEEHR
AYDLLRAASENSQDALRVVSTSGEQMKVYKCEHCRVLFLDHVMY TIHMGCHGF
RDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQIDNG: )

fsoform 2 (UniProt Q13422-2)
MDADEGODMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQQOSSKSDRVVG
ERPFQUNQCGASFTOKGNLLRHIKLHSGEKPFKCHLONYACRRRDALTGHLRT
HSVGKPHKCGYCGRSYKQRSSLEEHRKERCHNY LESMGLPGTLY PVIKEETNHSE
MAEDLCKIGSERSLVLDRLASNVAKRKSSMPOKFLGDKGLSDTPYDSSASYEKE
NEMMKSHYMDGQAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMYQLHEPLAE
GTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPSNSCQDSTDTESNNEEQRSGLI
YLTNHRIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVYSTSGEQMKVYKCEH
CRVLFLDHYMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS
(SEQ IR NG 2)

Isoform 3 (UniProt 313422-3)
MDADEGODMSQVSGKESPRVSDTPDEGDEPMPIPEDLSTTSGGQQSSKSDRVVA

24
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SNVKVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGIICIGPNVLMVYVHKRSHTGERPFQUNQUGASFTOKGNLL
RHIKLHSGEEPFKCHLONY ACRRRDALTGHLRTHSGDRKGLSDTPYDSSASYEKE
NEMMKSHYMDQAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMYQLHKPLAE
GTPRENHSAQDSAVENLLLLSKAKLVPSEREASPSNSCODSTDTESNNEEQRSGLI
YLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTSGEQMEKVYKCEH
CRVLFLDHVMYTIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS
(SEQID NG 3)

Isoform 4 (UniProt (313422-4)
MDADEGODMASNVKVETQSDEENGRACEMNGEECAEDLEMLDASGEKMNGS
HRDOQGSSALSGVGGIRLPNGKLECDICGHCIGPNVEMVHKRSHTGERPFQUNQC
GASFTOKGNLERHIKEHSGEKPFKCHLCNY ACRRRDALTGHLRTHSGDKGLSD
TPYDSSASYEKENEMMKSHVMBQAINNAINY LGAESLRPLYQTPPGGSEVVYPVIS
PMYQLHKPLAEGTPRSNHSAQDSAVENLLLLSKAKLVPSEREASPENSCQDSTDT
ESNNEEQRSGLIYLTNHIAPHARNGLSLKEEHRAYDLLRAASENSQDALRVVSTS
GEQMEVYKCEHCRVLFLDHVMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSH
ITRGEHRFHMS (SEQ ID NG 4)

Isoform 7 (UniProt (313422-7)
MPADEGQDMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGQOSSKSDRVVA
SNVKVETQSDEENGRACEMMNGEECAEDLRMLDASGEKMNGSHRDGGSSALSGY
GGIRLPNGKLKCDICGHCIGPNYVLMVHKRSHTGERPFQCNQUGASFTOKGNLL
RHEIKLHSGEKPFRCHLONYACRRRDALTGHLRTHAVIKEETNHSEMAEDLCKIG
SERSLVLDREASNVAKRKSSMPOKFLGDKGLSDTPYDSSASYEKENEMMKSHY
MBDQAINNAINYLGAESLRPLVQTPPGGSEVVPVISPMYQLHKPLAEGTPRSNHSA
QDSAVENLLLLSKAKLVPSEREASPSNSCODSTDTESNNEEQRSGLIYLTNHIAPH
ARNGLSLKEEHRAYDLLRAASENSGDALRVVSTSGEQMEVYKCEHCRVLFLDH
VMY TIHMGCHGFRDPFECNMCGYHSQDRYEFSSHITRGEHRFHMS (SEQ ID NO:
3}

Isoform & (UniProt Q13422-8)
MDADEGQODMSQVSGKESPPVSDTPDEGDEPMPIPEDLSTTSGGOQOSSKSDRVVA
SNVEVETQSDEENGRACEMNGEECAEDLRMLDASGEKMNGSHRDQGSSALSGY
GGIRLPNGKLKCDICGIHCIGPNVLMVYVHERSHTGERPFQUNQUGASFTOKGNLL

25
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RHIKLHSGEKPFRCHLONYACRRRDALTGHLRTHSVIKEETNHSEMAEDLCKIG
SEISRAGQTSK (SEQ ID N 6)

The “lkaros” protewn 1soforms 1, 2, 3, 4, 7, and 8 histed above inchudes the degron
FOQUNQUGASFTOKGNLLRHIKLE (SEQ ID NG: 22), which 1s the same as the
degron for the “Atolos™ protein. Ikaros protein also includes isoforms encoded by amino
acid sequences Q13422-5 and Q13422- 6.

As used berein, “Helios” protein refers a protein that 1s a member of the Tkaros
family of zine finger proteins. In humans, Helios 1s encoded by the TRKZF2 gene. Helios
1s also known as IKARQOS family zine finger 2, ANFIAZ, ZNFIAZ, ZNFNTA2, zing
finger protein, subfanuly 1 A, 2, and Ikaros fanily zinc finger protein 2. As used herein
Helios protein includes various isoform, which includes the isoforms histed below,

Isoform | {UniProt QOUKS7-1)
METEAIDGYITCDNELSPEREHSNMAIDETSSTPNGQHASPSHMTSTNSVKLEMG
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGK
LKCDVCOMVCIGPNVEMVHKRSHTGERPFHONQCGASFTORKGNLLRHIKLHS
GEKPFKCPFUSYACRRRDALTGHLRTHSVGKPHKCNY CGRSYKQRSSLEEHKER
CHNYLONVSMEAAGQVMSHHVPPMEDCKEGEPIMDNNISLVPFERPAVIEKLTG
MNMGERESSTPOQRKFYGEKLMRFSY PDIHFDMNL TYEKEAELMOSHMMDGQAINNA
ITYLGAEALHPLMOHPPSTIAEVAPVISSAYSQVYHPNRIERPISRETADSHENNM
DGPISLIRPKSRPOEREASPSNSCLDSTDSESSHDDHOQSY QGHPALNPKRKQSPAY
MEKEDVEALDTTRKAPKGSLEKDIYKVINGEGEQIRAFKCEHCRVLFLDHVMYT
HMGCHGY RDPLECNICGYRSQDRYEFSSHIVRGEHTFH (SEQ ID NG 7)

Isoform 2 (UnmiProt QOUKSE7-2)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGGHASPSHM TS TNSVKLEMO
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE
RPFHUNQCGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH
SYGKPHKCNYCGRSYKQRSSLEEHKERCHNYLONYVSMEAAGQVMSHHVPPME
DCKEQEPIMDNNISLYPFERPAVIEKLTGNMGKRKSSTPOEKFVGEKLMRFSYFPDIH
FDMNLTYEKEAELMQSHMMDQAINNAITYLGAEALHPLMQHPPSTIAEVAPVISS
AYSQVYHPNRIERPISRETADSHENNMBGPISLIRPKSRPQEREASPSNSCLDSTDS
ESSHDDHOQSYOQGHPALNPKRKQSPAYMKEDVKALDTTKAPKGSLKDIYEVFENG
EGEQIRAFKCEHCRVLFLDHT/MYTIHMGCHGYRDPLECNICGYRSQDRYE FS

26
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SHIVRG EHTFH (SEGIDNQG: 83

Isoform 4 (UniProt QOUKS7-4)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGOQHASPSHMTSTNSVRLEMQ
SDEECDRKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVQELQGEGGIRLPNGE
RPFHCNQCGASFTOKGNLLRHIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH
SYGKPHKONYCGRSYKOQRSSLEFHKERCHNYLONYVSMEAAGQVMSHHGEKLM
RFESYPDIHFDMNLTYEKEAELMQSHMMDQOAINNAITYLGAEALHPLMQHPPSTI
AEVAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPQEREASPS
NSCLPSTDSESSHBDHOQSY QGHPALNPRKRKQSPAYMKEDVEKALDTTKAPKGSLK
DIYKVFNGEGEQRAFKCEHCRVLFLDEVMYTIHMGCRGYRDPLECNICGYRSQD
RYEF SSHIVRGEHTFH (SEQ 1D NO: 9)

Isoform 6 (UniProt QOUKS7-6)
METEAIDGYITCDNELSPEREHSNMAIDLTSSTPNGOHASPSHMTSTNSVKLEMO
SDEECDREKPLSREDEIRGHDEGSSLEEPLIESSEVADNRRKVGELQGEGGIRLPNGK
LKCDVCOMVCIGPNVLMVHERSHTGERPFHCNQCGASFTORKGNLLRHIKLHS
GEKPFRKCPFCSYACRRRDALTGHERTHSVGKPHKCNYCGRSYKQRSSLEEHKER
CHNYLONVSMEAAGQVMSHHDS (SEQ ID NOG: 10)

Isoforma 7 (UniProt QOUKS7-T)
METEAIDGYTTCDNELSPEREHSNMAIDLTSSTPNGQHASPSHMTSTNSVKLEMQ
SDEECDREKPLSREDEIRGHDEGSSLEEPLIESSEVADNRKVGQELQGEGGIRLPNGE
RPFHCNQUCGASFTORGNLLRBIKLHSGEKPFKCPFCSYACRRRDALTGHLRTH
SVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTGNMGERKSSTPQRKFVGEKLMR
FSYPDIHFDMNLTYEKEAELMQSHMMDQAINNAITYLGAEALHPLMQHPPSTIAE
YVAPVISSAYSQVYHPNRIERPISRETADSHENNMDGPISLIRPKSRPOEREASPSNS
CLDSTDSESSHDDHOSYQGHPALNPKRKOSPAYMKEDVEALDTTRAPKGSLKDI
YERVFNGEGEQIRAFKCEHCRVLFLDHVMY TIHMGCHGY RDPLECNICGYRSQDR
Y EFSSHIVRGEHTFH (SEQ ID NGO 1)

The “Helios” 1soforms 1, 2, 4, 6, and 7 listed above mehades the degron
FHCNQCGASFTORKGNLLRBIKLH (SEQ TD NO: 23}, A degron is a portion of a
protein that plays a role in regulating protein degradation rates. Helios protein also
includes isoforms encoded by aming acid sequences QYUKST7-3, QOUKST-5 and

QOUKST-8.
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As used herein, “Atolos” protein is encoded by the IKZF3 gene. Aiolos protein is
also known as IKAROS family zine finger 3, ZNFNIAS, zine finger protein, subfamily 1
A, 3, Tkaros family zine finger protemn 3, and A0, Aiolos protein includes the followmng
human 1soforms listed below:

Isoform 1 {UniProt QOUKTY-1}
MEDIQTNAELKSTOHEQSVPAESAAVINDYSLTKSHEMENYVDSGEGPANEDREDIG
DOSMKVEDEYSERDENVLKSEPMOGNAEEPEIPYSY SREYNEYENIKLERHVVSED
SSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTQKGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYKCEFCGRSYKQRSS
LEEHKERCRTFLOSTDPGDTASAEARHIKAEMGSERALVEDRLASNVAKREKSSM
PQEFIGEKRHCFDVNYNSSYMYEKESELIQTRMMDQAINNAISYLGAEALRPLV(
TPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIHLPEKSVPSERGLSPNNS
GHDSTDTDSNHEERQNHIY QONHMVLSRARNGMPLLKEVPRSYELLKPPPICPRD
SVKVINKEGEVMDVYRCDHCRVLFLDY VMFTIHMGCHGFRDPFECNMCGYRSH
DRYEFSSHIARGEHRALLK (SEQ ID NG: 12)

Isoform 3 (UniProt QOUKTS-3)

MEDIGTNAELKSTQEQSVPAESAAVLNDY SLTKSHEMENVDSGEGPANEDEDIG
DDSMEVKDEYSERDENVLKSEPMGNAEEPEIPYSYSREYNEYENIKLERHVVSFD
SSRPTSGKMNCDYVCGLSCISFNVLMVHRKRSHTGERPFQCNQCGASFTQRGNLL
RHIKLHTGEKPFKCHLCNY ACQRRDALUTGHLRTHSASAEARHIKAEMGSERALY
LDRLASNVAKRKSSMPOKFIGEKRHACFDVNYNSSYMY EKESELIQTRMMDQAIN
NAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELEKKSIH
LPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQONHMVLSRARNGMPLLK
EVPRSYELLKPPPICPRDSVEKVINKEGEVMDYVYRCDHCRVLFLDY VMFTIHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NG: 13)

Isoform 4 (UniProt QOUKTS-4}
MEDIQTNAELKSTQEQSVPAESAAVINDYSUTK SHEMENVDSGEGPANEDEDIG
DDSMKVEDEYSERDENVLKSEPMONAEEPEIPYSY SREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNQUGASFTOKGNLL
RHIKLBTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYRKCEFCGRSYKQRSS
LEEHKERCRTFLOSTDPGDTGEKRHCFDVNYNSSYMYEKESELIOTRMMDGQAIN
NAISYLGAEALRPLYQTPPAPTSEMVYPVISSMYPIALTRAEMSNGAPQELEKKSIR
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LPEKSVPSERGLSPNNSGHDSTDTDSNHEEROQNHIY QONHMVLSRARNGMPLLE
EVPRSYELLKPPPICPREDSVRKVINKEGEVMDVYRCDHCRVLFLDY VMEFTHHMGC
HGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ ID NG: 14

Isoform 6 {(UniProt QOUKTY-6}
MEDIQTNAELKSTOQEQSVPAESAAVINDYSLTKSHEMENYDSGEGPANEDEDIG
DDSMEKVKDEYSERDENVLKSEPMGNAEEPEIPYSY SREYNEYENIKLERHVVSFD
SSRPTSGKMNCDVCGLSCISFNVLMVHKRSHTGERPFQUNGCGASFTOKGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSGEKRHCFDVYVNYNSSYMYE
KESELIQTRMMDGAINNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRA
EMSNGAPQELEKKSTHLPEKSVPSERGLSPNNSGHDSTDTDSNHEEROQNHIYQGN
HMVLSRARNGMPLLEEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYRCDHCR
VLFLDY VMFTIHMGCHGFRDPFECNMCGYRSHDRY EFSSHIARGEHRALLK
{(SEQ ID NO: 15}

Isoform 7 (UniProt QOUKTY-T)
MEDIQTNAELKSTQEQSVPADDSMKVKDEYSERDENVLKSEPMGNAERPEIPY S
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDVCGLSCISFNVLMVYHKRSHTGE
RPFOQUNQUGASFTOKGNLLRHIKLHTGEKPFKCHLONY ACQRRDALTGHLRT
HSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEMGS
ERALVLDRLASNVAKRKSSMPOKFIGEKRHCFDYNYNSSYMYEKESELIQTRMM
DOAINNAISYLGAEALRPLVOTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQELE
KKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQOQNHMVLSRARNG
MPLLKEVPRSYELLKPPPICPRDSVEVINKEGEVMDVYRCDHCRVLFLDY VMFTI
HMGCHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ IDNG: 16)

Isoform & (UniProt QOUKTS-8)
MEDIQTNAELKSTQEQSVPADDSMKVEDEYSERDENVLKSEPMGNAEEPEIPYS
YSREYNEYENIKLERHVVSFDSSRPTSGKMNCDVCGLSCISENVLMVHKRSHTGE
RPFQUNQCGASFTOKGNLLRHIKLHTGEKPFKCHLCNYACQRRDALTGHLRY
HSASAFARHIKAEMGSERALVLDRLASNVAKRESSMPOQKFIGEKRHCFDVNYNS
SYMYEKESELIQTRMMDQAINNAISYLGAEALRPLVOQTPPAPTSEMVPVISSMY PI
ALTRAEMSNGAPQELEKKSIHLPEKSYPSERGLSPNNSGHDSTDTDSNHEERQNH
IYQONHMVYLSRARNGMPLLKEVPRSYELLKPPPICPRDSVKVINKEGEVMDVYR
CDHCRVEFLDYVMFTIHMGCHGFRDPFECNMCGYRSHDRY EFSSHIARGEHRAL
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LK (SEQIDNO: 17)
Isoform 9 (UniProt GOUKTS-5)
MEDIQTNAELKSTQEQSVPAESAAVINDY SLTKSHEMENVDSGEGPANEDEDIG
GERPFOQUNQCGASFTOKGNLLRHIKLHTGEKPFKCHLONYACQRRDALTGHL
RTHSVEKPYKCEFCGRSYKQRSSLEEHKERCRTFLOSTDPGDTASAEARHIKAEM
GSERALVLDRLASNVAKRKSSMPOKFIGEKRHCFDVNYNSSYMYEKESELIQTR
MMDOADNNAISYLGAEALRPLVQTPPAPTSEMVPVISSMYPIALTRAEMSNGAPQ
ELEKKSIHLPEKSVPSERGLSPNNSGHDSTDTDSNHEERQNHIYQONHMVELSRAR
NGMPLLKEVPRSYELLKPPPICPRDSVEVINKEGEVMDVYRCDHCRVLFLDY VM
FTIHMGCRHGFRDPFECNMCGYRSHDRYEFSSHIARGEHRALLK (SEQ 1D NO: 18)

Isoform 14 {UniProt Q9UKTS-14)
MEDIQTNAELKSTQEQSVPAESAAVINDYSLTKSHEMENVDSGEGPANEDEDIG
DDSMKVKDEYSERDENVLKSEPMGNAEEPEIPYSY SREYNEYENIKLERHVVSFD
SSRPTSGEKMNCDVCGLSCISFNVLIMVBEKRSHTGERPEQUNGUGASFTQRGNLL
RHIKLHTGEKPFKCHLONYACQRRDALTGHLRTHSVEKPYRCEFCGRSYRQRSS
LEEHKERCRTFLOSTDPGDTGTGWOGWVELSHLGIRLDLNVPWCRLH (SEQ ID
NO: 19}

The "Asolos” protein isoforms 1, 3, 4, 6, 7, 8, 9, and 14 listed above includes the
degron FQUNQUGASFTQRKGNLLRHIKLH (SEQ ID NG: 24), which is the same as
the degron for the “Tkaros” protein. Aiolos protein also includes isoforms encoded by
aming acid sequences QOUKTY-2, QOUKTO-3, QOUKTY-10, QOUKTS-11, QOUKTS-12,
and QOUKT-13, QUUKTS-15, and QOUKT9-16.

As used herein, “Eos” protein is encoded by the IKZF4 gene, and is also known as
IKAROS fanuly zinc finger 4, ZNFNIA4, zinc finger protein, subfamily 1A, 4. tkaros
fanuly zinc finger protein 4, and KIAAI782. “Eos” protem mcludes isoforms encoded by
the following two human isoforms 1 (QOH259-1) and 2 (QOH259-2):

Isoform | {UniProt Q9H289-1)

MHTPPALPRRFQGGGRVRTPGSHROQGK DNLERDPSGGCVIPDFLPOQAQDSNHFIM
ESLFCESSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSANSIKVEMY SDEESSR
LLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRLPNGKLKCDVCGM
VCIGPNVLMVHKRSHTGERPFHUNQUGASFTOKGNLLRHIKLUHSGEKPFKCPF
CNYACRRRDALTGHLRTHSVSSPTVGRPYKCONYCGRSYRQOQSTLEEHKERCHN
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YLQSLSTEAQALAGQPGDEIRDLEMVPDSMLHSSSERPTFIDRLANSLTKRKRSTP
QRFVGEKQMRFSLSDLPYDVNSGGYEKDVELVAHHSLEPGFGSSLAFVGAEHLR
PLRLPPTNCISELTPVISSVYTOMOPLPGRLELPGSREAGEGPEDLADGGPLLYRPR
GPLTDPGASPSNGCQDSTDTESNHEDRVAGWSLPQGPPPOPPPTIWGRHSPAYAK
EDPKPQEGLLRGTPGPSKEVERWGESGEPVKAFKCEHCRILFLDHVMFTIHMGCH
GFRDPFECNICGYHSQDRYEFSSHIVRGEHKVG (SEQ 1D NG: 203

fsoform 2 (UniProt Q9H2589-2)
MDSRYLQLOQLYLPSCSLLOGSGDSSLEKEFLGAPVGPSVSTPNSQHSSPSRSLSAN
SIKVEMYSDEESSRLLGPDERLLEKDDSVIVEDSLSEPLGY CDGSGPEPHSPGGIRL
PNGKILKCDVCGMVCIGPNVLMVHKRSHTGERPFHUNQUGASFTOKGNLLRHY
KLHSGEKPFKCPFONY ACRRRDALTGHLERTHSVSSPTVGKPYRONYCGRSYRQQ
STLEEHKERCHNYLQSLSTEAQALAGQOPGDEIRDLEMVYPDSMLHSSSERPTFIDRL
ANSLTKRKRSTPOKFVGEKOQMRFSLSDLPY DVNSGGY EKDVELVAHHSLEPGFG
SSLAFVGAEHLRPLRLPFINCISELTPVISSVYTOMOPLPGRLELPGSREAGEGPED
LADGGPLLYRPRGPLTDPGASPSNGCODSTDTESNHEDRVAGWSLPQGPPPQPPP
TIWGRHSPAY AKEDPKPOQEGLLRGTPGPSKEVLRWGESGEPVKAFKCEHCR
LFLDHYMFTIHMGCHGFRDPFECNICGYHSQDRYEFSSHIVRGEHK VG (SEQ ID
NGO 21

The "Eos™ protcin isoforms 1 and 2 hsted above imncludes the degron
FHONQUCGASFTORKGNLLRHIKLH (SEQ ID NO: 25), which is the same as the
degron for the “Helios” protem.

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

As used herein, the term "contacting” refers to the bringing together of tndicated
moteties in an i vitro system or an in vive system. For example, "contacting” IKZF (-4
proteins with a compound of Formula (I} mchudes the administration of a compound of
the present fnverntion to an individual or patient, such as a human, having Ikaros protein,
Helios protein, Aiolos protein, and Fos protein as well as, for example, introducing 2
compound of Formula (I} into a sample containing a cellular or purified preparation
containing fkaros protein, Helios protein, Aiolos protein, and Eos protein.

The terms “treat,” “treating,” and “treatment,” as used herein, refer to any tvpe of
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mtervention or process performed on, or administering an active agent to, the subject with
the objective of reversing, alleviating, ameliorating, inhibiting, or slowing down or
preventing the progression, development, severity or recurrence of a sympton,
complication, condition or biochemuical 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 “treatment”™ does
not encompass prophylaxis or prevention,

“Therapeutically effective amount” is intended to include an amount of a
compound of the present invention alone or an amount of the combination of compounds
claimed or an amount of a compound of the present invention n combination with other
active ingredients effective to decrease the levels of the IKZF1-4 proteins 1o the cells, or
effective to treat or prevent viral infections and proliferative disorders, such as cancer.

As used herein, the term "cell” is meant o refer to a cell that is i vifre, ex vivo or
invivo, In some embodiments, an ex vive cell can be part of a tissue sample excised from
an organism such as a mammal. In some embodiments, an in vire cell can be acell ina
cell culture. In some embodiments, an 77 vivo cell 15 a cell hving in an orgamism such as a
mammal.

The term “patient” inchudes human subjects.

The phrase "pharmaceutically acceptable camrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liguid or solid
filler, diluent, excipient, manufacturing aid {e.g., lubricant, talc magnesium, calcium or
zing stearate, or steric acid), or solvent encapsulating material, mvolved in carrving 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 foomulation, including, 7 2., adjuvant,
excipient or vehicle, such as diluents, preserving agents, fillers, flow regulating agents,
disurtegrating ageunts, wetting agents, enulsifying agents, suspending agents, swectening
agents, flavoring ageuts, perfuming agents, antibacterial agents, antifungal agents,
tubricating agents and dispensing agents, depending on the nature of the mode of
administration and dosage forms; and not injurious to the patient.

The term "pharmaceutical composition” means a composition comprising a

compound of the invention in combination with at least one additional pharmaceutically

s
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UTILITY
The compounds of Formula (1) are useful for the treatment of cancer.
3 The compounds of Formula () are useful for the treatment of a viral infection.
in one embodiment, a method is provided for the treatment of cancer in a patient
coraprising administering to said patient a therapeutically effective amount of a
compound according to Formula (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptabie salt thereof
10 In one embodiment, a method is provided for the treatment of a viral mfection ina
patient compnsing adminstering to said patient a therapeutically effective amount of a
compound according to Formula (I}, or a sterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof.
In one embodiment, a method s provided for the treatment of cancer, in a pationt
15 comprsing adnunistering to said patient a therapeutically effective amount of a

compound having the structure:

or a stereoisomer, a tautomer, or a pharmaccutically acceptable salt thercof.
In one embodiment, a method 1s provided for the treatment of cancer, in a pationt
20 comprsing adnunistering to said patient a therapeutically effective amount of a

compound having the structure:

AN O
0& A Y
=N \r/\\y
HoN Fooo Y
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or a stereoisomer, a tautomer, or a pharmaceutically acceptabie salt thereot.

In one embodiment, a method s provided for the treatment of cancer, in a patient

N2
W

comprising administering to said patient a therapeutically effective amount of a

i~y
33



WO 2025/049840 PCT/US2024/044574

10

compound having the structure:
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or a stereotsomer, a tautomer, or a phamaceutically acceptable salt thereof.

In onc embodiment, a method is provided for the treatment of cancer, in a patient
coraprising administering to said patient a therapeutically effective amount of a
compound having the structure:

HsCOQ

Z\/

O
7NN
= N\ 4 \N/
HoN F ;z\
O g’ o

or a steresisomer, a tautomer, or a pharmaceutically acceptable salt thereof.

Oue aspect provides a method of treating a discase or disorder by decreasing the
fevels of the four IKZF1-4 proteins tkaros, Helios, Aiolos, and Eos, the method
comprising adminstering 1o a patient a therapeutically effective amount of an agent to
decrease the Ikaros, Helios, Aiolos, and Eos protein levels. In one embodiment, the
disease or disorder is cancer. In another embodiment, the disease or disorder is a viral
infection. In an additional crobodiment, the agent is a compound of Formula (1), a
stereoisomer, a tautomer, or a pharmaceutically acceptable salt thereof.

In one embodiment, a method is provided for the treatment of a disease or
disorder in a patient comprising admivistering to said patient a therapeutically effective
amount of an agent to decrease the karos, Helios, Aiolos, and Eos protein levels,
wherein: a) said Iaros protein is the amino acid sequence encoded by SEQ ID NGs: 1, 2,
3.4, 5, or 6; b) said Helios protein is the amino acid sequence encoded by SEQ 1D NOs:
7.8, 9, 10, or 11; ¢) said Aiolos protein is the amino acid sequence encoded by SEQ 1D
NQGs: 12, 13, 14, 15, 16, 17, 18, or 19; and d) said Hos protein is the amino acid sequence
encoded by SEQ ID NOs: 2001 21,

In Embodiment 1, 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
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agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Hearos (JKZF 1} protein level is decreased by at least 30%,; (i1) said Heligs (IKZF2) protein
fevel 1s decreased by at least 50%; (111} said Arolos (AKZF3) protein level 15 decreased by
at least 30%; and (1v) said Eos (IKZF4) protein level is decreased by at least 56%.
Incladed 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
mfection. Additionally, included in this cmbodiment is a method wherein the agent is the
compound of Formula (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 2, amethod is provided for the treatment of disease or disorder in
a patient compnsing admimstering to sad patient a therapeutically effective amount of an
agent to decrease the Haros, Hehos, Alclos, and Eos protein fevels, wherein: (i} said
Tkaros (IKZF1) protein level is decreased by at least 40%; (i) said Helios (iKZF2) protein
level is decreased by at least 50%: (1) said Atolos (IKZF3) protein level is decreased by
at least 40%; and (iv) sad Eos (TKZF4) 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 emrbodiment is a method wherein the disease or disorder is a viral
mfection. Addiionally, included n this embodinent is a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a pharmmaceutically acceptable
salt thereof.

In Embodiment 3, a method is provided tor the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
tkaros (IKZF 1} protein level is decreased by at least 50%: (it} said Helios (IKZF2) protein
fevel is decreased by at least 50%; (1) said Asolos (AKZF3) protein level 15 decreased by
at least 50%; and (1v) said Eos (JKZF4) protein level 1s decreased by at least 56%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment 15 a method wherein the discase or disorder is a vival
mfection. Additionally, included in this embodiment is a method wherein the agent s the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Erobodiment 4, a method is provided for the treatment of disease or disorder in
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a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (1) said
Ikaros (JKZF 1) protein level 1s decreased by at least 60%; (i) said Helios (IKZF2) protein
at least 60%; and (iv) said Eos {IKZF4) protein fevel is decreased by at least 50%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
meluded m this embodiment 1s a method wherein the discase or disorder is a vital
mfection. Additionally, included in this embodiment 1s a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 5, a method 1s provided for the treatment of discase or disorder in
a patient compnsing administering to said patient a therapeutically effective amount of an
agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 30%,; (i) said Helios (JKZF2) protein
tevel is decreased by at least 60%; (it} said Aiolos (JKZF3) protein level is decreased by
at least 30%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
mncluded in this embodinent is a method wherein the disease or disorder 15 a viral
mfection. Additionally, included in this embodiment is 2 method wherein the agent is the
compound of Formula (1}, a stereoisomer, a tautomer, or a pharmmaceutically acceptable
salt thereof.

In Embodiment 6, a method is provided for the treatment of disease or disorder in
a patient comprising adnunistering to said patient a therapeutically effective amount of an
agent o decrease the karos, Helios, Alolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level 1s decreased by at least 40%:; (1) said Helios (IKZF2) protein
level is decreased by at least 60%; (111) said Asolos (JKZF3) protein level is decreased by
at least 40%; and (1v) said Eos (HKZF4) protein level is decreased by at least 60%.
Tnchuded in this embodiment is a method where the disease or disorder is cancer. Also
mcluded 1 this embodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, inchuded in this embodiment 1s a method wherein the agent 1s the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable

salt thereof
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In Embodiment 7, a method is provided for the treatroent of disease or disorder in
a patient comprising adnunistering to said patient a therapeutically effective amount of an
agent to decrease the tkaros, Hehios, Atolos, and Eos protein levels, wherein: (1) said
Ikaros (IKZF 1) protein level 1s decreased by at least 509%; (1) said Helios (TKZF2) protein
level is decreased by at feast 60%; (i1t} said Aiolos (JKZF3) protein level is decreased by
at least 50%; and (iv) said Eos (HKZF4) protein level is decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder 1s cancer. Also
included in this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, inchuded in this embodiment 1s a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, ot a phammaceutically acceptable
salt thereof.

In Embodiment 8, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 60%; (1) said Helios (JKZF2) protein
level is decreased by at least 60%; (i1) said Aiolos (IKZF3) protein level is decreased by
at least 60%: and (iv) said Hos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
inchided in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
corapound of Formula (1}, a stercoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 9, a method is provided for the treatment of disease or disorder in
a patient comprising administering to said patient a therapeutically effective amount of an
agent to decrease the Tkaros, Hehos, Atolos, and Eos protein levels, wherein: (1) said
Ikaros (IKZF 1) protein level 1s decreased by at least 309; (11) said Helios (IKZF2) protein
level is decreased by at least 70%; (i) said Alolos (JKZF3) protein level is decreased by
at least 30%; and () said Hos (HZF4) protein level is decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
incladed in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the

compound of Formula (), a stereoisomer, a tautomer, ot a pharmmaceutically acceptable
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salt thereof.

In Embodiment 10, 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, Helos, Aiclos, and Eos protemn levels, wheren: (1) said
Tkaros (IKZF 1) protein level 1s decreased by at least 40%; (it) said Helios (IKZF2} protein
level is decreased by at feast 70%; (i) said Alolos (JKZF3) protein level is decreased by
at least 40%; and (iv) saxd Eos (IKZ2F4) protein level s decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
mncluded in this embodiment is a method wherein the discase or disorder is a viral
mfection. Additionally, included i this embodinent is a method wherein the agent is the
compound of Formula (I}, a sterecisomer, a tavtomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 11, a method is provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective anmount of
an agent to deerease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 30%,; (11) said Helios (IKZF2) protein
level is decreased by at least 70%: (i) said Aiolos ({KZF3) protein level is decreased by
at least 50%; and (iv) said Hos (IKZF4) protein level 1s decreased by at least 65%.
Incladed in this embodiment is a method where the disease or disorder is cancer. Also
inchuded i this emmbodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Fornnla (1}, a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 12, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Ikaros, Helios, Aiolos, and Eos proten levels, wherem: (1) said
Tkaros (IKZF1) protein level is decreased by at least 60%; (i1} said Helios (JKZF2) protein
level is decreased by at feast 70%; (1t} said Atolos (IKZF3) protein level is decreased by
at least 60%; and (iv) said Eos (IKZF4) protein level 1s 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 disease or disorder is a viral

mfection. Addmionally, included n this embodinent is a method wherein the agent is the
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compound of Formula (I}, a stercotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emobodiment 13, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Aiclos, and Eos protein levels, wherein: (i) said
Tkaros (IKZ¥F 1) protein level is decreased by at least 300%; (it} said Helios ({KZF2) protein
tevel 1s decreased by at feast 80%; (t) said Atolos (TKZF3) protein level is decreased by
at least 30%; and (iv) said Eos (IKZF4) protein level is decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder i1s cancer. Also
included in this embodimnent is a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stereoisomer, a tautomer, or a phamaceutically acceptable
salt thercof.

In Embodiment 14, a method 1s provided for the treatment of discase or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the taros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1) protein level is decreased by at least 40%: (11} said Helios (IKZF2) protein
fevel is decreased by at least 80%; (i1t} said Aolos (IKZF3) protein level is decreased by
at least 40%; and (iv) said Eos {IKZF4) protein fevel is decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
meluded m this embodiment 1s a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment 1s a method wherein the agent is the
compound of Formula (), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Ermobodiment 15, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeuntically effective amount of
an agent to decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: {1} said
Tkaros (IKZF 1) protein level is decreased by at least 50%,; (i) said Helios (JKZF2) protein
level is decreased by at least 80%: (11) said Aiolos (IKZF3) protem level is decreased by
at least 50%; and (1v) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also

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

In Embodiment 16, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level 15 decreased by at least 60%; (1) said Helios (JKZF2) protein
level 1s decreased by at least 80%: (1) said Aiolos (IKZF3) protein level i1s decreased by
at least 60%; and (iv) said Eos (IKZF4) protein level 1s decreased by at least 60%.
Included in this embodiment is a method where the discase or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is a viral
ifection. Additionally, incladed in this embodiment is a method wherein the agent is the
compound of Formrula (1}, a stercoisomer, a tautomer, or a pharmmaceutically acceptable
salt thercof.

In Embodument 17, 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 Ykaros, Helios, Aiolos, and Eos protem levels, wheren: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 30%:; (i) said Helios (IKZF2) protein
at least 30%; and (iv) said Eos (HKZF4) protein level is decreased by at least 60%.
Tncluded in this embodiment is a method where the disease or disorder is cancer. Also
incladed 1n this embodiment is a method wherein the disease or disorder is a viral
nfection. Additionally, inchuded in this embodiment 1s a method wherein the agent 15 the
compound of Formula (), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof,

In Emmbodiment 18, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent 1o decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherem: (1) said
Tearos (IKZF 1} protein level is decreased by at least 40%; (1) said Helios (IKZF2) protemn
level 1s decreased by at least 85%; (111) said Aiolos (IKZF3) protein level is decreased by
at least 40%; and (iv}) said Hos (IKZF4) protein level 1s decreased by at least 60%.

Included mn this embodiment 1s a method where the discase or disorder is cancer. Also
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mcluded in this embodiment 1s a method wherein the discase or disorder is a viral
mfection. Additionally, inchided in this embodiment is a method wherein the agent is the
compound of Formula (), a sterecisomer, a tautomer, ot a pharmaceutically acceptable
salt thereof.

In Embodiment 19, a method 1s 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 fkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1} protein level is decreased by at least 50%; (i1} said Helios (JKZF2) protein
fevel s decreased by at least 85%: (i1) said Aiolos (IKZF3) protein level is decreased by
at least 50%; and (iv) said Fos (IKZF4) protein level 1s decreased by at least 60%.
Included mn this embodiment is a method where the disease or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is 2 method wherein the agent s the
corapound of Fommula (1), a stereoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 20, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protein levels, wheren: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 609%; {1} said Helios (JKZF2)} protein
levelis decreased by at feast 83%; (iit) said Alolos (JKZF3} protein level is decreased by
at least 60%; and (iv) said Fos (TKZF4) protein level 1s decreased by at 60%. Included in
this embodiment is a method where the disease or disorder is cancer. Also included in
this embodiment is a method wherein the discase or disorder is a viral infection.
Additionally, included in this embodiment is a method wherein the agent is the compound
of Formula (1), a stereotsomer, a tautomer, or a phammaceutically acceptable salt thereof,

In Emmbodiment 21, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent 1o decrease the Tkaros, Helios, Aiolos, and Eos protein levels, wherem: (1) said
Tkaros (IKZF 1} protein level is decreased by at least 30%; (1) said Helios (IKZF2) protemn
level 1s decreased by at least 90%; (11) said Aiolos (IKZF3) protein level is decreased by
at least 30%; and (iv}) said Hos (IKZF4) protein level 1s decreased by at least 60%.

Included mn this embodiment 1s a method where the discase or disorder is cancer. Also
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mcluded in this embodiment 1s a method wherein the discase or disorder is a viral
mfection. Additionally, inchided in this embodiment is a method wherein the agent is the
compound of Formula (), a sterecisomer, a tautomer, ot a pharmaceutically acceptable
salt thereof.

In Embodiment 22, a method 1s provided for the treatment of discase or disorder
in a patient compnsing administering to said paticnt a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1} protein level is decreased by at least 40%; (i1} said Helios (JKZF2) protein
fevel is decreased by at least 80%; (it1) said Aiolos (IKZF3) protein level is decreased by
at least 40%:; and (iv) said Fos (IKZF4) protein level 1s decreased by at least 60%.
Included mn this embodiment is a method where the disease or disorder is cancer. Also
inchuded in this embodiment is a method wherein the disease or disorder is a viral
infection. Additionally, included in this embodiment is 2 method wherein the agent s the
corapound of Fommula (1), a stereoisomer, a tautomer, or a phammaceutically acceptable
salt thereof.

In Embodiment 23, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protein levels, wheren: (1) said
Tkaros (IKZF 1) protein level is decreased by at least 50%; {i1) said Helios (IKZF2} protein
levelis decreased by at feast 90%; (iit) said Alolos (JKZF3} protein level is decreased by
at least 50%; and (iv) saxd Eos (IKZF4) protein level s decreased by at least 60%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
incloded in this embodiment is a method wherein the discase or disorder is a viral
infection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (1), a stereoisomer, a tautomer, ot a pharmaceutically acceptable
salt thereof.

In Embodiment 24, a method is provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective anmount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1} protein level is decreased by at least 60%,; (11) said Heligs (IKZF2) protein
level is decreased by at least 90%: (i) said Aiolos (IKZF3) protein level is decreased by

at least 60%; and (iv) said Hos (IKZF4) protein level 1s decreased by at least 60%.
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Included in this embodiment 1s a method where the discase or disorder 1s cancer. Also
incloded in this embodiment is a method wherein the disease or disorder is a viral
mfection. Addiionally, included n this embodinent is a method wherein the agent is the
compound of Formula (I}, a sterecisomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodiment 23, a method is provided for the treatment of disease or disorder
i a paticot comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1) protein fevel is decreased by at least 30%: (1) said Helios (IKZF2) protein
fevel is decreased by at least 90%; (it} said Asolos (IKZF3) protein level is decreased by
at least 309%; and (1) said Eos (IKZF4) protein level is decreased by at least 65%.
Included n this embodiment is a method where the disease or disorder s cancer. Also
inchuded m this erabodiment s a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment is a method wherein the agent is the
compound of Formula (I}, a stercotsomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Embodiment 26, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hehos, Aiolos, and Eos protein levels, wherein: {1} said
Tkaros (IKZF 1) protein level is decreased by at least 40%; (it} said Helios (IKZF2) protein
level is decreased by at least 90%: (int) said Alolos (TKZF3) protein level is decreased by
at least 40%; and (iv) sard Eos (IKZF4) protein level is decreased by at least 65%.
Included i this embodiment is a method where the discase or disorder is cancer. Also
included in this embodiment is a method wherein the disease or disorder is a viral
mfection. Additionally, included mn this embodiment is a method wherein the agent is the
compound of Formula (I}, a sterecisomer, a tautomer, or a pharmaceutically aceeptable
salt thereof.

In Embodiment 27, a method 1s provided for the treatment of discase or disorder
m a patient comprising admmistering to said patient a therapeutically effective amount of
an agent to decrease the aros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (JKZF 1) protein level is decreased by at least 50%: (it} said Helios (JIKZF2) protein

fevel is decreased by at least 90%; (i1t} said Arolos (IKZF3) protein level is decreased by
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at least 50%,; and (iv) saxd Eos (TKZF4) protein level 1s decreased by at least 65%.
Included in this embodiment 1s a method where the disease or disorder 1s cancer. Also
mcluded in this embodinent is a method wherein the disease or disorder is a viral
mfection. Additionally, included 1n this embodiment is a method wherein the agent is the
compound of Formula (I}, a stereotsomer, a tautomer, or a phamaceutically acceptable
salt thereof.

In Embodument 28, a method is provided for the treatment of discase or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased by at least 60%: (1) said Helios (IKZF2) protein
level 1s decreased by at least 90%; (i) said Asolos (JKZF3) protein level is decreased by
at least 60%; and (1v) said Eos {(IKZF4) protein level is decreased by at least 65%.
Included in this embodiment is a method where the disease or disorder is cancer. Also
included in this embodiment 15 a method wherein the disease or disorder is a viral
mfection. Additionally, included in this embodiment 1s a method wherein the agent s the
compound of Formula (1), a stereoisomer, a tautomer, or a pharmaceutically acceptable
salt thereof.

In Emabodiment 29, a method 1s provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the fkaros, Helios, Alolos, and Eos protein levels, wherein: {1} said
Tkaros (IKZF 1) protein level is decreased m the range of 40 to 70%; (1) said Helios
(IK.ZF2) protein level 1s decreased by at least 50%; (111) said Arolos (IKZF3) protem level
1s decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) protemn level is
decreased by at least 30%. Included in this embodiment is a method where the discase or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder 1s a viral infection. Additionally, mcluded in this embodiment 15 a method
wherein the agent is the compound of Formula (1), a sterecisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.,

In Embodiment 30, a method is provided for the treatment of disease or disorder
i a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protemn levels, wherein: (1) said

Ikaros (JKZF 1) protein level is decreased 1o the range of 40 to 70%: (i1} said Helios
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(IKZF2} protein level 1s decreased by at least 60%,; (1) saxd Asolos (IKZF3) protein level
ts decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) proten level is
decreased by at least 60%. Included 1o this erabodiment is a method where the discase or
disorder is cancer. Also included i this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent is the compound of Formula (), a stereoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 31, a method is provided for the treatment of disease or disorder
1 a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiolos, and Eos protein levels, wherein: (1) said
Tkaros (IKZF 1) protein level is docreased in the range of 40 to 70%: (11) said Hehos
(IKZF2) protein level s decreased by at least 70%; (i) said Aiclos (IKZF3) protein level
is decreased in the range of 40 to 70%: and (v} said Fos (IKZF4) proten level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also mncluded m this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, inchuded in this embodiment is a method
wherein the agent is the compound of Formula (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 32, a method 1s provided for the treatment of disease or disorder
in a patient comprsing administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helbios, Aiolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level 15 decreased in the range of 40 to 70%; (31) said Helios
(IKZF2) protem level is decreased by at least 70%; (ii1) said Asolos (IKZF3) protein level
is decreased in the range of 40 to 70%; and (iv} said Eos (IKZF4) protein level is
decreased by at least 70%. Included in this crabodiment 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 infection. Additionally, included in this embodiment is a method
wherein the agent is the compound of Formula (J), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 33, a method is provided for the treatment of disease or disorder
in a patient comprising administering to said patient a therapeutically effective amount of

an agent to decrease the tkaros, Helios, Aiolos, and Eos protemn levels, wheremn: (1) said
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Tkaros (IKZF 1) protein level is decreased m the range of 40 to 70%; (1) said Helios
(IKZF2) protem level is decreased by at least 80%; (1i1) said Asolos (IKZF3) protein fevel
is decreased in the range of 40 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 infeetion. Additionally, included in this embodiment is a method
wherein the agent 1s the compound of Formula (1), a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof,

In Embodiment 34, a method is provided for the treatment of disease or disorder
i a patient comprising adountstering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Hehos, Aiolos, and Eos protemn levels, wherem: (i) said
Tkaros (IKZF 1) protein level is decreased in the range of 40 to 70%; (11} said Helios
{IKZ¥F2) protein level 1s decreased by at least 90%; (i1} said Aiolos (IKZF3) protein level
is decreased 1o the range of 40 to 70%; and (iv) said Eos (IKZF4) protein level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also incloded in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, mcluded in this embodiment is a method
wherein the agent 1s the compound of Formula (1), a sicreoisomer, a tautomer, or a
pharmaceutically acceptable salt thergof.

in Embodiment 35, a method is provided for the treatment of disease or disorder
in a patient comprising admunstering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Atolos, and Eos protein levels, wherein: (i) said
Tkaros (IKZF 1) protein level is decreased in the range of 50 to 70%; (i1} said Helios
(IKZF2) protein level is decreased by at least S0%; (i) said Aiolos (JKZF3) protein fevel
is decreased i the range of 50 to 70%: and (iv) said Eos (IKZF4) protein level is
decreased by at least 50%. Included in this embodiment 1s a method where the disease or
disorder is cancer. Also included m this embodiment 1s a method wherein the disease or
disorder 1s g viral infection. Addutionally, included in this embodiment is a method
wherein the agent 1s the compound of Formula (I}, a stereoisomer, a tautomer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 36, a method is provided for the treatment of disease or disorder

in a patient comprising administering to said patient a therapeutically effective amount of
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an agent to deerease the Tkaros, Helios, Aiolos, and Eos protein levels, wherein: (i) said
Hearos (JKZF 1} protein level is decreased in the range of 50 to 70%,; (1) said Helios
(KZF?) protem level is decreased by at least 60%; (ui) said Atolos (IKZF3) protein level
is decreased in the range of 50 to 70%: and (iv) said Eos (IKZF4} protein level is
decreased by at least 60%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included n this embodmment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodument 1s a method
wherein the agent 1s the compound of Formula (I}, a sterecisomer, a tautomer, ora
pharmaceutically acceptable salt thereof.

In Embodiment 37, a method ts provided for the treatment of discase or disorder
in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Ikaros, Helos, Alolos, and Eos protein levels, wherein: {1} said
fkaros (IKZF1) protein level is decreased in the range of 50 to 70%; (it} said Helios
(IK.ZF2) protein level is decreased by at least 70%; (1u) said Aiolos (IKZF3) protein level
1s decreased in the range of 30 to 70%; and (v} said Eos (IKZF4) protemn level 1s
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder 1s a viral infection. Additionally, included in this erabodiment is a method
wherein the agent is the compound of Formula (1), a stercotsomer, a tautomer, or 3
pharmaceutically acceptable salt thercof.

In Embodiment 38, a method is provided for the treatment of discase or disorder
0 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 in the range of 50 to 70%:; (i1} said Helios
(IKZF2) protem level is decreased by at least 70%: (ut) said Aiolos (TKZF3) protein fevel
is decreased in the range of 50 to 70%; and (1v} said Eos (IKZF4) protein level is
decreased by at least 70%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additonally, included in this embodiment is a method
wheretn the agent 1s the compound of Formula (I}, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereot.

In Emabodiment 39, a method 1s provided for the treatment of discase or disorder
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in a patient comprising administering to said patient a therapeutically effective amount of
an agent to decrease the Tkaros, Helios, Alolos, and Eos protein levels, wherein: (i) said
Ikaros (JKZF 1) protein level is decreased 1o the range of 50 to 70%: (i1} said Helios
(JKZF2) protem level 1s decreased by at least 80%.: (1t} said Aiolos (JKZF3) protein leve
is decreased in the range of 50 to 70%: and {iv) said Eos (IKZF4} protein level is
decreased by at least 65%. Included in this embodiment is a method where the disease or
disorder is cancer. Also included i this embodment is a method whetein the disease or
disorder 1s a viral infection. Additionally, included in this embodiment i3 a method
wheretn the agent is the compound of Formula (I3, a stercoisomer, a tautomer, or a
pharmaceutically acceptable salt thereof.

In Embodiment 40, a method is provided for the treatment of discase or disorder
in a patient compnsing administering to said patient a therapeutically effective amount of
an agent to decrease the tkaros, Helios, Aiclos, and Eos protein lovels, wherein: {i) said
Tkaros (IKZF1) protein level 15 decreased in the range of 50 to 70%; (it) said Helios
(TKZF2} protein level is decreased by at least 90%; (3if) sard Arolos (JKZF3) protemn level
ts decreased in the range of 30 to 70%; and (iv} said Eos (IKZF4) protein level is
decreased by at least 90%. Included in this embodiment is a method where the disease or
disorder 1s cancer. Also included in this embodiment is a method wherein the disease or
disorder is a viral infection. Additionally, included in this embodiment is a method
wherein the agent 18 the compound of Formula (), a stercoisomer, a tagtomer, ora
pharmaceutically acceptable salt thereof.

In Embodiments 1 to 40, the decreases m the protem levels of the IKZFi-4
proteins can be measured using the following assays described hereinbelow: (1) IKZF 1
Human CD8' T Cell Reprogramming Assay; (i) IKZF2: Jurkat Cellular Degradation
Assay; (it)) IKZF3: Homan CDR™ T Cell Reprogranmuming Assay; and (iv) IKZF4: Human
Regulatory T Cell Reprogramming Assay.

Types of cancers that may be treated with the compound of Forruda (1) include,
but are not imited to, bran cancers, skin cancers, bladder cancers, ovarian cancers, breast
cancers, gastric cancers, pancreatic cancers, prostate cancers, colon cancers, blood
cancers, lung cancers and bone cancers. Examples of such cancer types inclade
neurcblastoma, imtestine carcinoma such as rectum carcinoma, colon carcinoma, anal

cancer, familiar adenomatous polyposis carcinoma and hereditary nov-polyposis
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colorectal cancer, esophageal carcinoma, nasopharyngeal carcinoma, labial carcinoma,
farynx carcinoma, hypopharynx carcinoma, tongue carcinoma, salivary gland carcinoma,
thynuc carcinoma, esophagogastric cancer, gastric carcinoma, adenocarcinoma,
medullary thyroid carcinoma, papillary thyroid carcinoma, renal carcinoma, kidney
parenchymal carcinoma, ovarian carcinoma, cervix carcinoma, utering corpus carcinoma,
endometrium carcinoma, chorion carcinoma, pancreatic carcinoma, prostate carcinoma,
testis carcinoma, breast carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocytoma, memngioma, medulioblastoma and peripheral
neurcectodermal tumors, Hodgkin fymphoma, non-Hodgkin lymphoma, Barkagt
fymphoma, acute lymphatic leukemia (ALL), chronic lyvmphatic leukenua (CLL}, acute
myveloid leukemia (AML), chronic myeloid leukemia (CML), adult T-cell leukemia
tymphoma, diffuse large B-cell ymphoma (BEBCL), hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small celf lung carcinoma, non-small cell lung
carcinoma, mesothelioma, multiple myeloma, basalioma, teratoma, retinoblastoma,
choroid melanoma, semimoma, rhabdomyosarcoma, craniopharyngioma, osteosarcoma,
chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma and
plasmocytoma.

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

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

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

In one embodiment, a method is provided for the treatment of cancer, in a patient

comprising administering 1o said patient a therapeutically effective amount of a
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compound aceording to Formula (1), or a stereoisorner, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is breast cancer, mncluding ductal carcinoma,
mvasive ductal carcinoma metastatic breast cancer, triple-negative breast cancer, human
eptdermal growth factor receptor 2 (HER2)-posifive breast cancer, estrogen receptor
{(ER}-positive breast cancer, hormone receptog-positive breast cancer, and hormone
receptor-negative breast cancer.

In onc embodiment, a roethod is provided for the treatment of cancer, in a patient
comprising administering to said patient a therapeutically effective amount of a
compound aceording to Formula (1), or a stercoisomer, a tautomer, or a pharmaceustically
acceptable salt thereof, wherein said cancer is prostate cancer, including adenocarcinoma
of the prostate and castration-resistant prostate cancer.

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

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

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

In one embodiment. a method is provided for the treatment of cancer, in a patient
coraprising administering to said patient a therapeutically effective amount of a
compound according to Formula (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer 18 kidney cancer, incloding renal carcinoma
and kidney parenchymal carcinoma.

In one embodiment, a method is provided for the treatment of cancer, i a patient

Hy
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comprising administering to said patient a therapeutically effective amount of a
compound according to Formuda (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is fiver cancer, including hepatocellular
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 a
corapound according to Formaula (1), or a stereotsorer, a tautomer, or a phanvaceutically
acceptable salt thereof, wherein said cancer 1s ovarian cancer, including ovarian
carcinoma.

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

In one embodiment, a method s provided for the treatment of cancer, in a patient
comprising administering 1o said patient a therapeutically effective amount of a
compound according to Formula (1), or a sterecisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is leukemia, inchuding acute Iymphatic
teukemia {ALL}, chronic lymphatic leukemia (CLL), acute myeloid leukenua (AML),
chromc myeloid leukemia (CML), adolt T-cell leukemia lymphoma, and diffuse large B-
cell lymphoma (DLBCL).

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 a
compound according to Formula (1), or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein said cancer is multiple myeloma.

The compounds for Foraula (I} and pharmmaceutical compositions comprising at
least one compound of Formula (I) are useful n treating or preventing any diseases or
conditions that are associated with the activity of IKZF1-4 proteins. These include viral
and other infections {(e.g.. skin infections, GI infection, urinary tract nfections, genito-

urinary mfections, systemic infections), and proliferative diseases {e.g., cancer). Any
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method of administration may be used to deliver the corapound or pharmaceutical
composition to the patient. In certain embodiments, the compound of Formula (3} or
pharmaceutical composition comprising at least compound of Formula (1) is admnistered
orally. In other embodiments, the Formula (I} or pharmaceutical composition comprising
at least compound of Formula (I} is administered parenteraily.

in one embodiment, a method is provided for the treatment of a viral infectionin a
patient coroprising adminisiering to said paticnt a therapeutically effective amount of a
compound according to Formula (I), or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wheren 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, flavivirases, cchovirus, rhinovirus,
coxsackie virus, coronavirus, respiratory syncytial virus, mumps virus, rotavinss, measles
virus, rubella virus, parvovirus, vaccima viras, HTLY virus, dengue virus,
papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus and arboviral
encephalitis virus.

The compounds of Formuda (I} can selectively decrease the protein level of the
four IKZF 14 proteins in cells to control Treg differentiation and/or the mumume
regulatory state. For example, the compounds of Formula (1) can be used to selectively
decrease the protein level, decrease the activity level and/or inhibit the expression level of
cach of the four IKZF1-4 proteins in the cells to control Treg differentiation and/or the
mmmune regulatory state in a cell or in an individual in need of a decrease in the protein
level, decrease m the activity level and/or inhibition of the expression level of each of the
four IKZF1-4 proteins by admimstering an efficacions amount of a compound of Formula
(1) or a sterecisomer, a tautomer, or a salt thereof.

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

In one aspect, the compound(s) of Forowla (1} are sequentially admunistered prior
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to administration of the mamuno-oncology agent. In another aspect, compound(s} of
Formula (1) are administered concurrently with the immuno-oncology agent. In yet
another aspect, compound(s) of Formula (I} are sequentially adounistered after
administration of the immuno-oncology agent.

In another aspect, compounds of Formulda (I} may be co-formulated with an
immuno-oncology agent.

Imrouno-oncology agents mclude, for example, a small molecule drug, antibody,
or other biologic or small molecule. Examples of biologic mmuno-oncology agents
mnclade, bot are not limited to, cancer vaceines, antibodies, and cytokines. In one aspect,
the antibody is a monoclonal antibody. In another aspect, the monoclonal antibody 1s
humanized or human.

In one aspect, the immuono-oncology agent is (i) an agonist of a stamalatory
{including a co-stimulatory) receptor or {i1) an antagonist of an inhibitory {including a co-
inhibitory) signal on T cells, both of wlich result in amphifving antigen-specific T cell
responses (often referred to as immune checkpoint regulators).

Certain of the stimulatory and inhibitory molecules are members of the
immunoglobulin super family (IgSF). One important family of membrane-bound ligands
that bind to co-stimulatory or co-inhibitory receptors is the B7 family, which includes B7-
1, B7-2, B7-HI {PD-L1), B7-D{ (PD-L2}, B7-H2 (8COS-L}, B7-H3, B7-H4, B7-H5
{(VISTA}, and B7-H6. Another family of membrane bound ligands that bind to co-
stimulatory or co-intubitory receptors is the TNF famuly of molecules that bind to cognate
TNF receptor fanuly members, which includes CD40 and CD40L, 0X-40, OX-40L,
CD70, CD27L, D30, CD30L, 4-1BBL, {D137 (4-1BB), TRAIL/Apo2-L,
TRAILRU/DR4, TRAILR2Z/DRS, TRAILR3, TRAILR4, OPG, RANK, RANKL,
TWEAKR/Fuld, TWEAK, BAFFR, EDAR, XEDAR, TACI, APRIL, BCMA, L'TBR,
LIGHT, DcR3, HVEM, VEGU/TLIA, TRAMP/DR3, EDAR, EDAL XEDAR, EDA2,
TNFRI, Lymphotoxin o/ TNFB, TNFR2, TNFeo, LTER, Lymphotoxin o 152, FAS, FASL,
RELT, BDRs6, TROY, NGFR.

Inone aspect, T cell responses can be stimulated by a combination of a compound
of Formala (I} and one or more of {1} an antagonist of a protein that inhibits T cell
activation {e.g.. immune checkpoint inhibitors) such as CTLA4, PD-1, PD-L1, PD-L2,

LAG-3, TIM-3, Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGET, CH113,
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GPRS6, VISTA, 2B4, CD48, GARP, PDIH, LAIRY, TIM-1, and TIM-4, and (1) an
agonist of a protein that stimolates T cell activation such as B7-1, B7-2, D28, 4-1BB
(CD137), 4-1BBL, ICGS, 1ICOS-L, OX40, OX40L, GITR, GITRL, CD70, CD27, Ch40,
DR3 and CD28H.

Other agents that can be combined with compounds of Formulda (I} for the
treatment of cancer include antagonists of inhibitory receptors on NK cells or agonists of
activating receptors on NK cells. For example, compounds of Foruula (J) can be
combined with antagonists of KIR, such as linlumab.

Yet other agents for combination therapies include agents that inhubit or deplete
macrophages or monocytes, including but not himited to CSF-1R amtagonists such as
CSF-1R antagomst antibodies including RG7155 (WO 11/70024, WO /107553,
WOL/131407, WO3/87699, W 13/119716, W{(313/132044) or FPA-008
{(W011/140249, WO13169264, WO 14/036357).

In another aspect, compounds of Formula (1} can be used with one or more of
agownistic agents that ligate positive costimulatory receptors, blocking agents that
attenuate signaling through inlubitory receptors, antagonists, and one or more agents that
increase systemically the frequency of anti-tumor T cells, agents that overcome distinet
mmmune suppressive pathways within the tumor microenvironment {¢.g., block inhibitory
receptor engagement (¢.g., PD-L1/PD-1 interactions), deplete or inhibit Tregs (c.g., using
an andi-CD2 5 monoclonal antibody {e.g., daclizamab) or by ex vive anti-CD25 bead
depletion), mhubit mctabolic enzymes such as IDG, or reverse/prevent T cell anergy or
exhaustion} and agents that trigger innate immune activation and/or inflammation at
fumor sites.

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

In another aspect, the immunoc-oncology agent is a PD-1 antagonist, such as an
antagomstic PD-1 antibody. Suitable PD-1 antibodies include, for example, OPDIVO
{nivolumab}, KEYTRUDA (pembrohizumab), MEDI-0680 (AMP-514;
WO2012/145493), LIBTAYO (cemiplimab), JEMPERLI (dostarlimab), and ZYNYZ
(retifanlimab) The immunc-oncology agent may also include prdilizumab (CT-011),

though s specificity for PD-1 binding has been questioned. Another approach to target
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the PD-1 receptor 1s the recombinant protein composed of the extracellular domain of
PD-L2 (B7-DC) fused to the Fe portion of IgG 1, called AMP-224.

In another aspect, the tamuno-oncology agent is a PD-L.1 antagonist, such as an
antagonistic PD-L1 antibody. Swuitable PD-L1 antibodies mnclude, for example,
MPDL3280A (RG7446; WO2010/077634), durvalumab (MEDI4736), BMS-936559
(WO207/005874), MSBOGLOTISC (WO2013/79174), TECENTRIQ (atezolizumab), and
BAVENCIO (avelumab).

In another aspect, the immuno-oncology agent 1s a LAG-3 antagomnist, such as an
antagonistic LAG-3 antibody. Suitable LAG3 antibodies include, for example, BMS-
986016 (WO10/19370, WO 14/08218), ot IMP-731 or IMP-321 (WO08/132601,
WOG9/44273).

In another aspect, the immuono-oncology agent is a CD137 (4-1BB) agonist, such
as an agonistic U137 antibody. Suitable CI37 antibodices include, for example,
urelumab and PF-G5082566 (W0 12/32433).

In another aspect, the immuno-oncology agent 1s a GITR agowmst, such as an
agonistic GITR antibody. Suitable GITR antibodies include, for example, BMS-086153,
BMS-986156, TRX-518 (WOH6/105021, WO09/009116) and MK-4166 (W(11/028683).

In another aspect, the amuno-oncology agent 1s an IDO antagonist. Suitable
IDO antagonists include, for example, INCB-024360 {(W0206/122150, W(307/75598,
WO0R/36653, WO0R/36642), indoximod, or NLG-919 (WO09/73620, W(O09/1156652,
WO11/36652, W0 12/142237).

In another aspect, the immuno-oncology agent 1s an OX40 agonist, such as an
agonistic OX40 antibody. Suitable O0X40 antibodies include, for example, MEDI-6383 or
MEDI-6469.

In another aspect, the romuno-oncology agent is an OX40L antagonist, such as an
antagonistic OX40 antibody. Suitable OX40L antagonists mclude, for example, RG-7888
{WO06/029879).

In another aspect, the immuno-oncology agent is 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 CD4{ antibodies
include, for example, lucatiimumab or dacetuzumab.

In another aspect, the immuno-oncology agent 1s a CD27 agonist, such as an
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agonistic CD27 antibody. Suitable CD27 antibodies include, for example, varlilumab.
In another aspect, the immuno-oncology agent ts MGA271 (1o B7H3)
(WO 11/109400).

In another aspect, the immuno-oncology agent 1s an anti-TIGIT agent. Swtable
anti-TIGIT agents include antibodies such as an BMS-986207, tiragolumab, or MK-7684.
in another aspect, the immuno-oncology agent is a KRAS G12C miubitor.
Suitable KRAS G12C mhubitors include LUMAKRAS (sotorasib) or KRAZATI

{adagrasib).

The combination therapy is intended to cmbrace adnunistration of these
therapeutic agents in a sequential manner, that is, wherein cach 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 3 substantially stmulianeous manner.
Substantially simultancous administration can be accomplished, for example, by
administering to the subject a single dosage form having a fixed ratio of cach therapeutic
agent or i multiple, single dosage forms for each of the therapeutic agents. Sequential or
substantially simultancous adnunistration of each therapeutic agent can be effected by
any appropriate route including, but not limited to, oral routes, intravenous routes,
mtramuscular routes, and direct absorption through mucous membranc 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 mjection while the other therapeutic agents of the combination may be
administered orally. Alternatively, for example, all therapeutic agents may be
administered orally or all therapeutic agents may be admmistered by intravenous
injection. Combination therapy also can embrace the administration of the therapeutic
agents as described above 1 futther combination with other biologically active
ingredients and non-~drug therapies {e.g., surgerv or radiation treatment.} Where the
combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial eftect from the co-action of the
combination of the therapeutic agents and non-drug treatment s achieved. For example,
i appropriate cases, the beneficial effect is still achieved when the non-drag treatment is
temporally removed from the administration of the therapeutic agents. perhaps by days or

gven woeks.
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One or more additional pharmaceutical agents or treatment methods such as, for
example, anti-viral agents, chemotherapeutics or other anti-cancer agents, immune
enhancers, inununosuppressants, radiation, anti-turaor and anti-viral vaccines, eytokine
therapy {e.g., IL-2 and GM-CSF), and/or tyrosine kinase inhibitors can be optionally use
in combination with the compounds of Formula (1) for treatment of IKZF1-4 proteins
associated discases, disorders or conditions. The agents can be combined with the present
compounds in a single dosage form, or the agents can be adminstered simultancousty or
sequentially as separate dosage forms.

Suitable chemotherapeutic or other anti-cancer agents include, for example,
alkvlating agents (including, without limitation, mitrogen mustards, cthylenimne
dervatives, atkyl sulfonates, nitrosoureas and tnazenes) such as uracil mustard,

3,

pipobroman, tricthylene-melamine, tricthyvlenctluophosphoramine, busulfan, carmusting,

chlomnethine, cyvelophosphamide (CY TOXAN®), ifosfamide, melphalan, chlorambucil,
lomustine, streptozocin, dacarbazine, and ternozolomide.

In the treatment of melanoma, suitable agents for use in combination with the
compounds of Formula (1) inclade: dacarbazine {DTIC), optionally, along with other
chemotherapy drugs such as cammustine {BCNU) and cisplating the "Dartmouth regimen”,
which consists of DTIC, BONU, cisplatin and tamoxifen; a combination of cisplatin,
vinblastine, and DTIC, temozolomide or YERVOY™. Compounds of Formula (I} may
also be combined with mounotherapy drugs, including cytokines such as interferon
alpha, interleukin 2, and twmor necrosis factor {TNF} in the treatment of melanoma.

Compounds of Formula (I} may also be used in combination with vaccine therapy
i the treatment of melanoma. Antimelanoma vaccines are, 1n some ways, similar to the
anti-virus vaccines which are used to prevent discases caused by viruses such as polio,
measles, and mups. Weakened melanoma cells or parts of melanoma cells called
antigens may be mjected into a patient to stimulate the body's mmune system fo
recognize and destroy melanoma cells.

Melanomas that are confined to the arms or legs may also be treated with a
combination of agents including one or more compounds of Formula (T}, using a
hyvperthemmnic 1solated limb perfusion technique. This treatment protocol temporarily
separates the circulation of the involved limb fron the rest of the body and mjects hugh

doses of chemotherapy into the artery feeding the lunb, thus providing high doses to the
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area of the tumor without exposing internal organs to these doses that might otherwise
cause severe side effects. Usually, the fhuid is warmed to 38.9 °C to 40 °C. Melphalan is
the drug most often used v this chemotherapy procedure. This can be given with another
agent called tumor necrosis factor {TNF).

Suitable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs,
purine analogs and adenosine deanunase inhtbitors) such as methotrexate, 5-fluorouracil,
floxundine, cytarabine, 6-mercaptopurine, 6-thioguanine, fludarabine phosphate,
pentostating, and gemcitabine.

Suitable chemotherapeutic or other anti-cancer agents further mclude, for
example, certain natural products and their denvatives (for example, vinca alkaloids,
antitumor antibiotics, enzymes, lymphokines and epipodophyliotoxins} such as
vinblastine, vincristing, vindesine, bleomyein, dactinomycin, daunonibicin, doxorubicin,
cpirubicin, wdarubicin, ara-C, paciitaxel (Taxol}, mithramyem, deoxyeo-formycin,
mitomycin-C, L-asparaginase, mterferons {especially IFN-alpha), etoposide, and
teniposide.

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

Also surtable are cytotoxic agents such as epidophyllotoxin; an antineopliastic
enzyme, a topoisomerase inhibitor; procarbazine; mitoxanirone; platinom coordination
conaplexes such as cisplatin and carboplating biological response modifiers; growth
inhibitors; antthormonal therapeutic agents; leucovorin: tegafur, and haematopoietic
growth factors.

Other anti-cancer agent{(s) include antibody therapeutics such as trastuzamab
(HERCEPTIN®), antibodies to costimulatory molecules such as CTLA-4, 4-1BB and
PD-1, or antibodies to cvtokines (IL-10 or TGF-B).

Other anti-cancer agents also include those that block immune cell nigration such
as antagonists to chemokine receptors. inchuding CCR2 and CCR4.

Other anti-cancer agents also nclude those that augment the immune system such
as adjuvants or adoptive T cell transfer.

Auti-cancer vaccines mclude dendritic cells, synthetic peptides. DNA vaccines

and recombinant viruses.
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The pharmaceutical composition of the invention may optionally mnclude at least
one signal transduction inhibitor (ST, A "signal transduction inhibitor” is an agent that
selectively inhibits one or more vital steps 10 signaling pathways, in the normal function
of cancer cells, thereby leading o apoptosis. Suitable 8Tis mchude, but are not limited to:
(1) ber/abl kinase inhubitors such as, for example, STI 371 (GLEEVEC®}; (i1} epidermal
growth factor (EGF) receptor inhibitors such as, for example, kinase inhibitors
(IRESSA®, S81-774) and antibodies {Imclone: €225 [Goldstein ¢t al., Clin. Cancer Res.,
LI31E-1318 (1995}, and Abgenix: ABX-EGF); (11} her-2/mey receptor inhibitors such as
famesyl transferase inhibitors {FT1) sach as, for example, L-744,832 {Kohl et al., Nar.
Med., 1{8):792-797 (1993} (iv) mhibitors of Akt family kinases or the Akt pathway,
such as, for example, rapamyaemn (see, for example, Sckulic et al, Cancer Res., 60:3504-
3513 (200} (v} cell cyele kinase whibitors sach as, for example, flavopiridol and UCN-
01 (sce, for example, Sausville, Curr. Med Chem. Anti-Canc. Agents, 3:47-56 (203));
and (vi) phosphatidy! inosttol kinase inlubitors such as, for example, LY 294002 (see, for
example, Vighos et al., J Biol Chem., 269:5241-5248 (1994}}). Alternatively, at least one
ST and at least one compound of Fornmuda (1) may be in separate pharmaceutical
compositions. In a specific embodiment of the present invention, at least one compound
of Formula (1) and at least one ST may be adounistered to the patient concurrentlv or
sequentially. In other words, at least one compound of Formulda (I may be administered
first, at feast one STI may be administered first, or at least one compound of Formula (I)
and at least one STI may be admuustered at the same time. Additionally, when more than
one compound of Formula (I} and/or ST1 1s used, the compounds may be adnunistered 1
any order.

The present mvention further provides a pharmaceutical composition for the
treatment of a chronic vival mfection in a patient comprising at least one compound of
Formula (I}, optionally, at least one chemotherapeutic drug, and, optionally, at least one
antiviral agent, in a pharmaceutically acceptable carrier.

Also provided is a mcthod for treating a chronic viral infection m a patient by
adrmwmistenng an effective amount of the above pharmaceutical composition.

In a specific embodiment of the present invention, at least one compound of
Formula (I} and at least one chemotherapeutic agent are administered to the patient

concurrently or sequentially. In other words, at least one compound of Formula (I} may
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be admimstered first, at least one chemotherapeutic agent may be admnistered first, or at
feast one compound of Formula (I} and the at least one STI may be admimstered at the
same time. Additionally, when more than one compound of Formula (1) and/or
chemotherapeutic agent is used, the compounds may be adnunistered 1n any order.
Similarly, any antiviral agent or STI may also be administered at any point in comparison
to the admimistration of the compound of Fornmulda (1),

Chronic viral infections that may be treated using the present combinatorial
treatment include, but are not limited fo, diseases caused by hepatitia C virus (HCV),
human papilloma viras (HPV), cvtomegalovirus (CMV), herpes simplex viras (HSV),
Epstein-Barr virus (EBV), varcella zoster virus, coxsackie virus, and human
mmmunodeficiency virus (HIV).

Suitable antiviral agents contempiated for use in combination with the compound
of Fornmula (I} can comprise nucleoside and nucleotide reverse transcriptase inhibitors
{(NRTls}, non-nucleoside reverse transcriptase inhubitors (NNRTIs), protecase mhibitors
and other antiviral drugs.

Examples of suitable NRTIs inchude zidovadine (AZT); didanosine (ddl);
zaleitabine (ddC); stavudine (d4T); lamivudine (3TC); abacavir (1392U89); adefovir
dipivoxil [his{POM}-PMEA]; lobucavir (BMS-180194); BCH-I0652; emitricitabine [{-)-
FTCY: beta-L-FD4 {also called beta-L-D4C and named beta-L-2' 3'-dicleoxy-5-fluoro-
cytidene); DAPD, {(-)-beta-D-2 6-diamino-purine dioxolane), and lodenosine {FddA}.
Typical suitable NNRTIs include nevirapine (BI-RG-587); delaviradine (BHAP, U-
S0152); efavirenz {DMP-266); PNU-142721; AG-1549; MEKC-442 (1-{ethoxyv-methyi}-5-
(1-methylethyl-6-(phenyimethyl)-(2 4 1H, 3H-pyrimidinedione); and {+}-calanolide A
(NSC-675451) and B. Typical suitable protease inhibitors include saguinavir (Ro 31-
8959); ritonavir {ABT-538); mndinavir (MK-639); nelfnavir {AG-1343); amprenavir
{141W94); lasinavir (BMS-234475);, DMP-450; BMS-2322623; ABT-378; and AG-1549.
Other antiviral agents include hydroxvurea, ribavirin, IL-2, 1L-12_ pentafuside and
Yigsum Project No. 11607,

The combination therapy 18 intended to embrace administration of these
therapeutic agents in a sequential manner, that 13, wherein each therapeuotic 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 simultancous admmistration can be accomphished, for example, by
administering to the subject a single dosage form having a fixed ratio of each therapeutic
agent or in multiple, single dosage forms for each of the therapeutic agents. Sequential or
substantially sinuihtaneous administration of each therapeutic agent can be effected by
any appropriate route incleding, but not imited to, oral routes, intravenous routes,
intramuscudar routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be admunustered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
mtravenous injection while the other therapeutic agents of the combination may be
administered orally. Alternatively, for exampie, all therapeutic agents may be
administered orally or all therapeuntic agents may be admimstered by intravenous
mjection. Combination therapy also can embrace the administration of the therapeutic
agents as described above in further combination with other biologically active
ingredicnts and non-drug therapies {e.g., surgery or radiation treatment). Where the
combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and non-drug treatment 1s achieved. For example,
i appropriate cases, the beneficial effect 1s still achieved when the non-drug treatment is
temporally removed from the admunistration of the therapeutic agents, perhaps by days or

even weeks.

PHARMACEUTICAL COMPOSITIONS

The mvention also provides pharmaceutical compositions which comprise a
therapeutically effective amount of one or more of the compounds of Formula (1),
formulated together with one or more pharmaceutically acceptable carners {(additives)
and/or diluents, and optionally, one or more additional therapeutic agents described
above.

The compounds of Formula (I) may be administered by any suitable route,
preferably m the form of a phammaceutical composition adapted to such aroute, and in a
dose effective for the treatment intended. The compounds and compositions of the
compound of Formula (I} can be administered for anv of the uses described herein by any

suitable means, for example, orally, such as tablets, capsules {cach of which includes
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sustained release or timed release formulations), pills, powders, granules, elixirs,
tinctures, suspensions {including nanosuspensions, microsuspensions, spray-dried
dispersions), syrups, and eowlsions; sublingually; bucally; parenterally, such as by
subcutaneous, intravenous, inframuscular, or intrasternal injection, or infusion techniques
fe.g., as stertle injectable aqueous or non-aguecus solutions or suspensions}; nasally,
including administeation to the nasal membranes, such as by inhalation spray; topically,
such as m the form of a cream or cintment; or rectally such as in the form of
suppostionies. They can be admimistered alone, but generally will be admmmstered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and
standard phammaceutical practice.

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

Any phamaceutical composition contemplated herein can, for exampie. be
delivered orally via any acceptable and suttable oral preparations. Exemplary oral
preparations, include, but are not imited to, for example, tablets, troches, lozenges,
aqueous and oily suspensions, dispersible powders or granules, emulsions, hard and soft
capsules, liquid capsules, syrups, and elixirs. Pharmaceutical compositions intended for
oral admistration can be prepared according to any methods known 1o the art for
manufactoring pharmacentical compositions intended for oral administration. In order to
provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contain at least one agent selected from swectening
agents, flavoring agents, coloring agents, denudcents, antioxidants, and preserving agents.

A tablet can, for example, be prepared by admixing at least one compound of
Formula (1) and/or at least one pharmaceutically acceptable salt thereof with at least one

non-toxic pharmaceutically acceptable excipient suttable for the manufacture of tablets.
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Exemplary excipients include, but are not limited to, for example, mert diluents, such as,
for example, caleim carbonate, sodivm carbonate, lactose, calcium phosphate, and
sodium phosphate; granulating and disintegrating agents, such as, for example,
microerystaliine cellulose, sodium crosscarmellose, com starch, and alginic acid; binding
agents, such as, for example, starch, gelatin, polyvinyi-pyrrolidone, and acacia; and
hubricating agents, such as, for example. magnesium stearate, stearic acid, and tale.
Additionally, a tablet can cither be uncoated, or coated by known technigues to cither
mask the bad taste of an unpleasant tasting drug, or delay disintegration and absorption of
the active ingredient in the gastrointestinal fract thereby sustaining the effects of the
active ingredient for a longer period. Exemplary water soluble taste masking matenials,
include, but are not Himited to, hvdroxypropyl-methyicellulose and hydroxypropyl-
cellulose. Exemplary time delay matenials, include, but are not hmited to, ethyl cellalose
and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing at least one
compound of Formula (I} and/or at least one salt thereof with at least one inert solid
diluent, such as, for example, calciam carbonate; calcium phosphate; and kaolin.

Soft gelatin capsules can, for example, be prepared by mixing at least one
compound of Formula (1) and/or at least one phamaceunically acceptable salt thereof with
at least one water solable carricr, such as, for example, polyethylene glveol; and at least
one oil medium, such as, for example, peanut oil, liguid paraffin, and chive il

An agucous suspension can be prepared, for example, by admixing at least one
compound of Formula (I} and/or at least one phamaceutically acceptable salt thereof with
at least one excipient suitable for the manufacture of an aqueous suspension. Exemplary
excipients suitable for the manufacture of an aqueous suspension, mchude, but are not
linuted to, for example, suspending ageots, such as, for example, sodium
carboxymethylcellulose, methylectiulose, hvdroxypropyimethyl-cellulose, sodiam
alginate, alginic acid, polyvinyl-pyrrolidone, gum tragacanth, and gum acacia; dispersing
or wetting agents, such as, for example, a naturally-occurring phosphatide, ¢.g., lecithin;
condensation products of alkylene oxide with fatty acids, such as, for example,
polyoxyethyiene stearate; condensation products of ethylene oxide waith long chan
aliphatic alcohols, such as, for example heptadecacthylene-oxycetanol: condensation

products of ethvlene oxide with partial esters derived from fatty acids and hexiiol, such
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as, for example, polyoxyethylene sorbitol monooleate; and condensation products of
ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, sach as,
for example, polyethylene sorbitan monooleate. An agueous suspension can also contain
at least one preservative, such as, for example, ethyl and n-propy! p-hydroxyvbenzoate; 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.

Oily suspensions can, for exaraple, be prepared by suspending at least one
compound of Formula (I} and/or at least one pharmaceutically aceeptable salt thereof in
either a vegetable oil, such as, for example, arachis oil; olive oil; sesame il and coconut
oil; or inmineral o, such as, for example, liguid paraftin. An otly suspension can also
contain at least one thickening agent, such as, for example, beeswax; hard paratting and
cetyl alcohol. I order to provide a palatable oily suspension, at least one of the
sweetening agents already described hereinabove, and/or at least one flavoring agent can
be added to the oily suspension. An oily suspension can further contain at least one
preservative, meluding, but not hmited to, for example, an anti-oxidant, such as, for
example, butylated hvdroxyanisol, and alpha-tocopherol.

Dispersible powders and granules can, for example. be prepared by admixing at
least one compound of Formula (1) and/or at least one pharmaceutically acceptable salt
thereof with at least one dispersing and/or wetting agent; at least one suspending agent;
and/or at least one preservative. Surtable dispersing agents, wetting agents, and
suspending agents are as already described above. Exemplary preservatives include, but
are not limited to, for example, anti-oxidants, ¢.g., ascorbic acid. In addiion, dispersible
powders and graneles can also contain at least one excipient, mehuding. but not innted to,
for example, sweetening agents; flavoring ageunts; and coloring agents.

An emulsion of at least one compound of Formula (B and/or at least one
pharmaceuntically acceptable salt thereof can, for example, be prepared as an oil-in-water
emulsion. The oily phase of the emulsions comprising compounds of Formula (1) may be
constituted from known ingredients mn a known masnner. The oil phase can be provided
by, but is not msted to, for example, a vegetable oil, such as, for example, olive oil and
arachis oil; a mineral oil, such as, for example, iquid paraffin; and mixtures thereof.
While the phase may comprise merely an emulsifier, it may comprise a muxture of at least

one enulsifier with a fat or an ol or with both a fat and an oil. Suitable emulsifymg
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agents inclade, but are not himited to, for example, naturally-occurring phosphatides, e g,
soybean lecithin; esters or partial esters derived from fatty acids and hexitol anhvdrides,
such as, for example, sorbitan monooleate; and condensation products of partial esters
with ethylene oxide, such as, for example, polyoxyethviene sorbitan monooleate.
Preferably, a hydrophilic emulsifier is incladed together with a lipophilic emulsifier
which acts as a stalulizer. It is also preferred to include both an oif and a fat. Together,
the eoulsifict(s) with or without stabilizer{s} make-up the so-called emulsifying wax, and
the wax together with the oif and fat make up the so-called emulsifving ointment base
which forms the oily dispersed phase of the cream formulations. An emulston can also
contain a sweetening agent, a flavoring agent, a preservative, and/or an antioxidant.
Emulsifiers and emulsion stabilizers suitable for use in the formulation of the present
imvention inchide Tween 60, Span 80, cetosteary! alcohol, myristyl alcohol, glyceryl
monostearate, sodium lauryl sulfate, glveeryi distearate alone or with a wax, or other
matenals well known in the arnt.

The compounds of Formula {I) and/or at least one pharmaceutically acceptable
salt thereof can, for example, also be delivered intravencusly, subcutaneously, and/or
intramuscularty via any pharmaceutically acceptable and suitable injectable form.
Exeroplary mjectable forms nclude, but are not imited to, for cxample, sterile aqueous
solutions comprising aceeptable vehicles and solvents, such as, for example, water,
Ringer’s solution, and isotonic sodium chloride solution; sterile oil-in~water
microemulsions; and aqueous or oleagmous suspensions.

Formulations for parenteral administration may be in the form of aqueous or non-
aqueous isotonic stertle injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of the
carriers or diluents mentioned for use in the formulations for oral administration or by
using other suitable dispersing or wetting agents and suspending agents. The compounds
may be dissolved in water, polyethylene glyveal, propyiene glyeol, ethanol, cormn ail,
cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium chloride, tragacanth gum,
and/or various buffers. Other adjuvants and modes of admimstration are well and widely
known in the pharmaceutical art. The active ingredient may also be admimstered by
injection as a composition with suitable camers including saline, dextrose, or water, or

with cyelodextrin (1., Captisol}, cosolvent solubilization (i.¢., propylene ghycol) or
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micellar solubilization (Le., Tween 80).

The sterile injectable preparation may also be a stertle injectable solution or
suspension it a non-toxic parcnterally acceptable dilucot or solvent, for example asa
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
emploved are water, Ringer’s solution, and isotonic sodiam chlonde solution. In
addition, sterife, fixed oils are conventionally emploved as a solvent or suspending
medium, For this purpose, any bland fixed otl may be emploved, including synthetic
mono- or diglveerides. Tn addition, fatty acids such as oleic acid find use n the
preparation of injectables.

A sterile ingectable oil~in-water microemulsion can, for example, be prepared by
1} dissolving at least one compound of Formula (I) in an cily phase, such as, for example,
a mixture of soybean oil and lecithin; 2} combining the Formula (3} containing oif phase
with a water and glycerol mixture; and 3} processing the combination to form a
microemulsion.

A stenle agqueous or oleaginous suspension can be prepared m accordance with
methods already known in the art. For example, a sterile agueous solation or suspension
can be prepared with a non-toxic parenterally-acceptable diluent or solvent, such as, for
exanple, 1,3-butane diol; and a sterile oleaginous suspension can be prepared with a
sterile non-toxic acceptable solvent or suspending mediam, such as, for example, sterile
fixed otis, e.g.. synthetic mono- or diglycerides; and fatty acids, such as, for example,
oleic acid.

Pharmaceutically acceptable carriers are formulated according to a number of
factors well within the parview of those of ordinary skill in the art. These mchude,
without limitation: the type and nature of the active agent being formulated; the subject to
which the agent-containing composition is 1o be admuustered; the intended route of
administration of the composition; and the therapeutic indication being targeted.
Pharmmaceutically acceptable carriers include both agueous and non-aqueous liquid media,
as well as a variety of solid and semi-solid dosage forms. Such carriers can clude a
number of different ingredients and additives i addition to the active agent, such
additional wgredients being included in the formulation for a variety of reasons, e.g.,
stabilization of the active agent, binders. otc.. well known to those of ordinary skill in the

art. Diescriptions of suitable pharmaceutically acceptable carriers, and factors involved in
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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.

Pharmmaceutically acceptable carriers, adjuvants, and vehicles that may be used m
the pharmaceutical compositions of this invention include, but are not limited to, ion
exchangers, alumina, alominum stearate, lecithin, self-emulsifying drug delivery systems
{(SEDDS) such as d-alpha-tocophero! polyethyleneglveol 1000 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polvethoxylated castor oil such as
CREMOPHOR surfactant (BASF}, or other similar polymeric deltvery matrices, serum
proteins, such as human senmo albumin, buffer substances such as phosphates, glveme,
sorbic acid, potassium sorbate, partial glveeride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine solfate, disodiam hydrogen
phosphate, potassium hydrogen phosphate, sodium chioride, zine salts, colloidal silica,
maguesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene
glyeol, sodiam carboxvmethvicellulose, polyacrvlates, waxes, polyethyvlenc-
polyoxypropyiene-block polymers, polvethyvlene glyeol and wool fat. Cyclodextring such
as alpha-, beta-, and garmama-cyclodextrin, or chemically moditfied derivatives such as
hvdroxyatkyicyclodextrins, mncluding 2~ and 3-hydroxvpropyl-cyclodextrins, or other
solubilized derivatives may also be advantageously used to enhance delivery of
compounds of the formulac described herein.

The pharmaceutically active compounds of this mvention can be processed 1o
accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, including humans and other mammals. The phamaceutical
compositions may be subjected to conventional pharmaceutical operations such as
sterilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetling agents, emulsifiers, buffers ete. Tablets and pills can additionally be prepared
with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfuming agends.

For therapeutic purposes, the active compounds of this invention are ordinarnily
combined with one or more adjuvants appropriate to the indicated route of administration.
If administered orally, the compounds may be admixed with lactose, sucrose, starch

powder, cellulose esters of alkanoic acids, celludose alkyl esters, tale, stearic acid,

67

G/



WO 2025/049840 PCT/US2024/044574

A

10

30

magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and
sulfuric acids, gelatin, acacia gam, sodium alginate, polyvinylpyrrolidone, and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient admirustration. Such
capsules or tablets may contain a controlled-release formulation as may be provided in a
dispersion of active compound in hydroxypropyvimethyl cellalose.

The amounts of compounds that are administered and the dosage regimen for
treating a discase condition with the compounds and/or compositions of this invention
depends on a variety of factors, including the age, weight, sex, the medical condition of
the sebject, the type of disease, the severity 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/kg body weight, preferably between about 0.0025 and about 30
mg/kg body weight and most preferably between about 0.005 to 10 mg/kg body weight,
may be appropriate. The daily dose can be administered n one to four doses per day.
Other dosing schedules include one dose per week and one dose per two day cyele.

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

The present invention also includes pharmaceutical kits useful, for example, inthe
treatment or prevention of IKZF1-4 protein-associated diseases or disorders, and other
diseases referred to heren 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 mclade, 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 skalled inthe art. Instructions, either as inserts or as labels,
mdicating quantities of the components to be administered, goidehines 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 jnvention will, of course,
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vary depending upon known factors, such 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 symptomns; 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 each active ingredient, when
used for the indicated effects, will range between about 0.001 to about 5000 mg per day,
preferably between about 0.01 to about 1000 mg per day, and most preferably between
about 0.1 to about 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 infusion. Compounds of
Formula (I} may be administered in a single daly dose, or the total daily dosage may be
administered in divided doses of two, three, or four times dady.

The compounds are typically administered in admixture with suitable
pharmaceutical diluents, excipients, or carriers {coliectively referred to herein as
pharmaceutical carriers) suttably selected with respect to the intended form of
administration, e.g., oral tablets, capsales, elixirs, and syrups, and consistent with
conventional pharmaceutical practices.

Dosage forms {pharmaceutical compositions}) suitable for adnunistration may
contain from aboot 1 milligram to about 200 milligrams of active ingredient per dosage
pnit. In these pharmaceutical compositions the active ingredient will ordinarily be
present m an amow of about 0.1-95% by weight based on the total weight of the
compostion.

A typical capsule for oral administration contains at least one of the compounds of
Formula (B} (250 mg}. lactose (75 mg), and magnesium stearate (15 mg). The mixture is
passed through a 60 mesh sicve and packed mto a No. | gelatin capsuie.

A tyvpical injectable preparation is produced by aseptically placing at feast one of
the compounds of Formula (1) (230 mg) nto a vial, aseptically frecze-drying and sealing.
For use, the contents of the vial are mixed with 2 mL of physiological saline, to produce
an ijectable preparation.

The present mvention includes within its scope pharmaceatical compositions
comprising, as an active ingredient, a therapeutically effective amount of at least one of

the compounds of Formula (1), alone or in combination with a pharmaceutical carrier.
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Optionally, compounds of Formula (I} can be used alone, in combination with other
compounds of Formula (1), or in combination with one or more other therapeutic agent{s}),
e.Z.. an aoticancer agent or other phammaceutically active material.

Regardless of the route of admunistration selected, the compounds of Formula (I),
which may be used in a suitable hydrated form, and/or the pharmaceutical compositions
of the present invention, are foromulated into pharmaceutically acceptable dosage forms by
conventional methods known to those of skill in the art.

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

The selected dosage level will depend upon a variety of factors including the
activity of the particular compound of Formula {(I) emplovyed, or the ester, salt or amide
thereof, the route of administration, the time of admunistration, the rate of excretion or
metabolism of the particular cormapound being emploved, the rate and extent of absorption,
the duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compound emploved, the age, sex, weight, condition,
general health and prior medical history of the patient being treated, and like factors well
konown in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily determine
and prescribe the effective amount of the pharmmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds of Formula (I)
emploved in the pharmaceutical composition at levels lower than that required m order to
achicve the therapeutic effect and gradually increase the dosage until the effect is
achicved.

In general, a suitable daily dose of a compound of Formulda (I) will be that amount
of the compound which is the lowest dose effective to produce a therapeutic effect. Such
an cffective dose will generally depend upon the factors described above. Generally, oral,
mtravenous, intracerebroventricular and subcutancous doses of the compounds of
Formula (1) for a patient will range from about 0.01 to about 50 mg per kilogram of body
weight per day.

H desired, the effective daily dose of the active compound may be admmistered as
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two, three, four, five, six or more sub-doses adnunistercd separately at appropriate
mtervals throughout the day, optionally, in umit dosage forms. In certain aspects of the
mvention, dosing 15 one adouunistration per day.

Whle 1t is possible for a compound of Formula (1) to be admumisiered alone, 1t is
preferable to administer the compound as a pharmaceutical formudation {composition).

The above cther therapeutic agents, when employed in combination with the
compounds of Formula (1), may be used, for example, 1n those amounts indicated n the
Phiysicians” Desk Reference (PDR) or as otherwise determined by one of ordinary skall in
the art. In the methods of the present invention, such other therapeutic agent{s) may be
administered prior to, simultancously with, or following the administration of the

imveniive compounds.

METHODS OF PREPARATION

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

The compounds of this invention may be prepared using the reactions and
techniques described in this section. The reactions are performed in solvents appropriate
to the reagents and materials employed and are suitable for the transformations being
effected. Also, in the description of the synthetic methods descubed below, it is to be
understood that all proposed reaction conditions, including choice of solvent, reaction
atmosphere, reaction temperature, duration of the experiment and work up procedures, are
chosen to be the conditions standard for that reaction, which should be readily recognized
by one skilled i the art. it 1s understood by one skilled 1 the art of organic synthesis that
the functionality present on various portions of the molecule must be compatible with the
reagents and reactions proposed. Such restrictions to the substituents that are compatible
with the reaction conditions will be readily apparent to one skilled in the art and alternate

methods must then be used. This will sometimes requue a judgroent to modify the order
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of the synthetic steps or to select ove particular process scheme over another in order to
obtain a compowund of the invention. It will also be recognized that another major
consideration in the planning of any synthetic route in this field s the judicious choice of
the protecting group used for protection of the reactive functional groups present in the
compounds described in this invention. An authoritative account describing the many
alternatives to the trained practitioner is Greene and Wuts (Protective Groups In Organic

Syuthesis, Fourth Editton, Wiley and Sons, 2007},

EXAMPLES

The following examples tlustrate the particular crobodiments of the present
mvention and do not linit the scope of the present invention. Chemical abbreviations and
symbols as well as scientific abbreviations and symbols have their useal and customary
meanings unless otherwise specified. Additional abbreviations emploved in the
Examples and elsewhere n this application are defined above. Conumon intermediates
are generally useful for the preparation of more than one Example. Compounds of the
Examples are identified by the example and step in which they were 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, “17 denotes the title compound of Example 1),
In some instances, alternate preparations of intermediates or examples are described.
Frequently chemists skilled 1n the art of synthesis may devise alternative preparations
which may be desirable based on one or more considerations such as shorier reaction
time, less expensive starting matenals, ease of operation or isolation, improved yield,
amenable to catalysis, avordance of toxic reagents, accessibifity of specialized
instrumentation, and decreased number of linear steps, etc. The intent of describing
altemative preparations s to further enable the preparation of the examples of this
invention. In some instances, some functional groups n the outlined examples and
claims may be replaced by well-known bicisosteric replacements known in the art, for

example, replacement of a carboxvlic acid group with a tetrazole or a phosphate motety.

ABBREVIATIONS
ACN acetontirile

BINAP 2.2-bis(diphenviphosphino}-1,1 -binaphthyl
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Buli

CatacXium PD G3

DI
DBU
DCM
DIAD
DIPEA
DME
DMF
DMSO
dppf
EtOAc
HPLC
Me
MeOH

min

NCS
NHaiOAc
NMP

pet cther
Pdz(dbajs
SEM-(1
TEA
TEMED
TFA
THF
XPhos Pd G2

n-butyl lithiom
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Method A: ACQUITY UPLC® BEH CIR (3.0 x50 nun) 1.7 uny; Mobile Phase
A 955 wateracetomirile with 2.5 mM NHiOAc; Mobile Phase B: 3:95 water:acetonitrile
with 2.5 mM NHiOAc; Temperature: 40 °C; Gradient: 20 %8B to 100 %8B over 2 min;
flow: 0.7 mL/min; Detection: MS and UV (226 num}.

Method B: Column: XBridge BEH XP C18 (30 x 2.1} mm, 2.5 um; Mobile Phase

A: 955 wateracetonitrile with 10 mM NH:OAc; Mobile Phase B: 5:95 water acetonitrile

A

with 10 mM NHaOAc; Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 miyg

Flow: §.1 wL/min; Detection: MS and UV (220 nm}.

10 SYNTHESIS OF OXAZOLONE INTERMEDIATE A
3~(5~(2-Fluoro-4-(4.4,5,5~tetramethyl-1, 3, 2-dioxaborolan-2-vi)phenvl}-2-oxooxazol-

329D 1-{{2-(trimethylsilyBethoxy ymethylpiperidine-2 6-dione

SEM {Int-A)
Preparation of Int-A1: 2-bromo-1-{(4-bromo-2-fluorophenyljethan-1-one

O

X, Br

Br”

-

[
W

F {Int-Al)
To a stirred solution of {-{4-bromo-2-fluorophenyllethan-1-one (7.5 g, 34.6

mmol) in THF (75 sl at 0 °C, pyridine hydrobromide perbronude (13.26 g, 41.47
munol} was slowly added. The reaction mixture was warmed o room temperature and
stirred for 3 h. Then, 20% agqueous sadium bisulfite solution was added, and the reaction

20 wvuxture was stirred for 2 b at room temperature. The reaction mixture was diluted with
water and extracted with FtOAc (3 < 100 mL). The combined orgamic phase was washed
with brine solution, dried over anhydrous NaxSC, filtered, and concentrated i vacuo to
get a crude residue, which was purified by flash column chromatography (5102, 10-30%
DCM n pet ether) to afford 2-bromo-1-{4-bromo-2-fluorophenyljethan-{-one (6.5 g,

25 37%). LCMS (Method A) retention time 1.64 min, {M-HJ" 294 8; 'H NMR (400 MHz,
CDCLs) 5 ppm 7.84 (1, J = 8.0 Hz, 1H). 7.50-7.35 (m, 2H), 4.49 (d, J = 2.5 Hz, 2H).
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Preparation of Int-A2: 3-((2-(4-bromo-2-fluorophenvl}-2-oxocthyhamino) piperidine-2,6~
dione

]

H
Br “FOOY N o

H {Int-A2)

To a stirred solution of 3-anunopiperidine-2,6-dione, HCI (2225 ¢, 135 mmol}
THF (200 mL) at room temperature under mitrogen atmosphere, was added KaCG3 (20 ¢,
145 mmol) and the reaction mixture was stirred for 13 min. Next, 2-bromo-1-{4-bromo-
2-thuorophenvijethan-~1-one (20 g, 67.6 mmol} was added in portions to the reaction
misture and heated at 70 °C for 2 b, Then, the reaction muixture was cooled to room
temperature, and concentrated in vacuo. Water (200 mL) was added to yield a solid
precipitate which was filtered through a Buchner fimnel and dried in vacuo to afford 3-
{{2~{4-bromo-2-fluorophenvi}-2-oxoethvlaninopiperidine-2,6-dione (19 g, 71%) as an

off-white solid. LCMS (Method A): retention time 0.87 mun, [MAH]™ 343 .0,

Preparation of Int-A3: 3-{5-(4-broma-2-flucrophenyl})-Z-oxooxazol-3(2H)-vl} piperidine-

2 o-dione

0-A°
- LA

H © (Int-A3)

To a stirred solution of 3-((2~(4-bromo-2-flucrophenyl)-2~oxocthyllammo)
piperidine-2.6-dione (30 g, 87 mmol} mn THE (300 mL) at room termperature under
mtrogen atmosphere, were added KoCO3 (12.08 g, 87 mmol) and CDI (284 ¢, 175
mmaol}. The reaction mixture was stirred at room temperature for 16 h and then
concentrated i vacuo to remove excess solvent. Water (400 ml) was added to vicld a
solid precipitate which was filtered through a Buchner funuel and dried in vacuo to afford
3-(§-{(4-bromo-2-fluoropheny}-2-oxooxazol-32H)-viipiperidine-2,6-dione (Z1.1 g, 50%)

as a brown solid. LOMS (Method A): retention time 1.79 min, [M+H]" 371.0.

Preparation of Int-A4d: 3-(5-(4-bromo2-flucrophenyt)-2-oxooxazol-3(2H}-y1}-1-((2-
(trimethylsilyhethoxyimethyl) pipenidine-2 6-dione
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SEM  (Int-Ad)

To a stirred sohution of 3-(5-{(4-bromo-2-fluorophenyi}-2-oxooxazol-3(2H)-v1
piperidine-2.6-dione (10 g, 27.1 mmeol} in THF (100 mL) at -48 °C under nitrogen
atmosphere, were added DBU (6.12 mi., 40.6 vuool) and SEM-CL(5.77 mL, 32.5 muwol).
The reaction mixture was stirred at the same temperature for | h. The reaction was
guenched with the addition of water. The reaction mixtare was extracted with EtOAc¢ (3
x 60 mbL}. The combined organic layer was washed with brine, dried over anhydrous
MNazS0q, filtered, and concentrated i vacuo. The resulting residue was purified by flash
column chromatography {Biotage, Si02, 0-60% EtOAc 1n pet ether) to afford 3-(5-(4-
bromo-2-fluorophenyl)-2-oxooxazol-3(ZH-v)-1-{(2-trmethylsilyhethoxyimethyl)
piperidine-2,6-dione (6.2 g, 45%) as a hght brown solid. LOCMS (Method A} retention
time 2.04 min, [M-H]" 4938.0; T NMR (400 MHz, CDCl) S ppm 7.52 (1, /=81 Hz,
1H), 737 (4, J= 85 Hz, 1H), 731 (dd, J= 106, 1.6 Hz, 1H)}, 691 (4. /=25 Hz, 1H),
5.29-5.17 (m, 2H), 4 87 (dd. J = 12.6, 6.1 Hz, 1H}), 3.67-3.38 (m, ZH}, 3.10-3.00 (m, 1H},
2.92-2.78 (m, YH), 2.48-2.30 (m, 2H), 1.02-0.85 (m, 2H), 0.01 (s, 9H).

Preparation of Int-A: 3-(5-(2-flaoro-4-(4,4,5 5-tetramethyi-1,3, 2-dioxaborolan-2-y 1)
phenyh-2-oxooxazol-3Q2H v~ ({2 -(trimethvisiivhethoxymethyDpipeddine-2,6-dione
To a stirred solation of 3-{5-(4-bromo-2-flucrophenyi}-2-oxooxazol-3(2H3-y1)-1-
{{(2-{tnmethylsilvi}ethoxyymethypiperiding-2,6-dione (7 g, 14 mmol} in | 4-dioxane (70
mL} at room temperature, were added 4.4.4'.4°.5.3.5 S-octamethyl-2.2'-bi(1,3,2-
dioxaborolane) (5.34 g, 21 mumol) and potassium acctate (1.65 g, 168 mmol). The
solution was purged with nitrogen for 10 min and charged with {1,17-bis
{diphenviphosphinoerrocencjdichloropaliadiom 3L}, complex with dichloromethane (1.0
2. |4 mmoly. The resulting reaction mixture was heated at 80 °C for 1 h. cooled to room
temperature, and diluted with EtQAc (70 mL). The suspension was filtered through a
celite pad and the filtrate was concentrated /s vacuo. The resulting residue was purified
bv tlash column chromatography {Biotage, 8102, 0-70% EtOAc in pet cther) to afford 3-

(5-(2-fluoro-4-(4,4.5,5-tetramethyi-1,3,2-dioxaborolan-2-vljphenyh-2-oxooxazol-3(2H)-
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v 2-(nmethylsilvhethoxymethylpiperidine-2,6-dione (7 g, 81%) as a white solid.
LCMS (Method A): retention time 2,19 min, [M-H]" 545.2; 'H NMR (400 MHz, CDCls)
Gppro 7.68-7.60 (m, 2H), 751 (d, /=118 Hz, 1H), 6.96(d, /=25 Hz, 1H), 530-5.17
{m, 2H), 4.88(dd, /=126, 6.1 Hz, 1F), 3.67-3.59 (m, 2H}, 3.10-2.99 {m, 1H}, 2.94-2.78
{m, 1H), 2.48-2 30 {m, 2H), 1.36-1.13 (m, 12H}, 1.03-0.85 (m, 2H), 0.07 {s, 9H).

A

SYNTHESIS OF OXAZOLONE INTERMEDIATE B
tfert-Butyl 3-amino~-4-{5-2-fluoro-4-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-

yphenyij-2-oxooxazol- 5(71 {y-vi}-S-oxopentancate

O HiC
H?U }/ B 'rx“\/\, A)( )<(H”
HaG= 70 ;[\

10 HeC 0% NH, (Int-B)

Preparation of Int-Bl: rerr-butyl S-amino-4-((2-(4-bromo-2-fluorophenyl)-2-oxoethyl}

/CIJK/N\ o

(Int-B1)

amino}-S-oxopentanoate

To a stured solution of 2-bromo-1-{4-bromo-2-flucrophenyliethan-1-one (Int-A 1)

15 (2 g, 6.76 mmol) n acetonitnile {15 mL) at room temperature, was added rers-butyl 4,5-
diamino-3-oxopentanocate, HCI (2.42 g, 11.97 mmol}. The reaction mixture was cooled to
0 °C, and sodium iodide (1.22 g. 8.11 mumol) and DIPEA (2.36 mb, 13.52 mumnol} were
added. The reaction mixture was stirred for 5 h. The reaction was guenched with the
addition of 10% sodium bisulphite solution. The reaction mixture was extracted with

20 DCM (3 x25mL). The combined organic phase was washed with water, brine solution,
dried over anbydrous NaxSQq, filtered, and concentrated in vacue to afford ferr-butyl 3-
amino-4-((2-(4-bromo-2-fluorophenyvl}-2-oxoethylamino)-3-oxopentancate {(2.82 g,

crude) as a yellow oil. LCMS {(Method A) retention time 1.43 min, [M+H] 4172,

25 Preparation of hi-B2: tert-butyl S-amino-4-(5-(4-bromo-2-fluorophenyl)-2-oxcoxazol-

3{2H-y1}-5-oxopentanoate
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O Hal CH“J

Q‘&NI\ CH;
07 NHy (Int-B2)

To a stirred solution of rerr-butyl S-amino-4-{(2-(4-bromo-2-tfluorophenyh)-2-
oxoethyhamino)-5-oxopentanoate (2.82 g, 4.53 nuvol) in DMF (28 mL) at 0 °C uvnder
nitrogen atmosphere, were added CDI (1.84 g, 11.32 mmol) and nethylamine (1.89 mL,
13.58 mmol). The reaction mixture was wamed to room temperature and stirred for 3 h.
The reaction muxture was cooled to O °C. The reaction was quenched with the addition of
ice-cold water. The reaction mixture was filtered. The precipitate was washed with ice
cold water, 20% DCM in pet ether, and dried in vacuo to afford fert-butyl S-amino-4-(3-
{4-bromo-2-Rucrophenyl}-Z-oxooxazol-3{2H)-y1}-5-oxopentancate (1.57 g, 66%) asa
Heht brown solid. LCMS (Method A) retention time 1.64 mun, [M-H]"440.8,; "H NMR

300 MHz, DMSO-ds) 6 ppm 7.81-7.68 (m, 2H}, 7.58-7.46 (i, 3H}), 7.44-7.32 {m, 1H),
4.60-4 48 {m, 1H), 2.33-2 06 (m, 4H)}, 1.37 (s, 9H).

Preparation of Int-B: teri-butyl S-amino-4-(5-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yhphenvi}-2-oxooxazol-3(2H)-y1)-S-oxopentanoate

To a stirred sohution of fert-butyl 5-amino-4-(5-(4-bromo-2-fluorophenyl}-2-
oxooxazol-3(2H)-vi}-5-oxopentanoate (1.31 g, 2.75 mmol) in 1 4-dioxane (26 mL} at
room temperature, were added bis{pinacolatojdiboron {103 g, 412 mmol) and potassium
acetate (53.9 g, 550 mmol}. The reaction mixtore was purged with argon for 10 min, and
charged with [1,1"-bis{diphenyiphosphino}ferrocene} dichloropalladinm(il), DCM
complex {0.22 g, 0.27 mmol). The reaction nuxture was heated at 90 °C for 3 h, conled
to room temperature, and filtered through a celite pad. The filtrate was concentrated in
vacuo to get a crude residue, which was purified by flash cohumnn chromatography (8102,
0-40% EtOAc in pet ether) to afford ferr-butyl S-aming-4-(5-(2-fluors-4-{4 4.5 5-
tetramethyl-1.3,2-dioxaborolan-2-yhiphenvi}-2-oxooxazol-3( 2 H)-v1}-3 -oxopentanoate
(01,96 g, 658%) as a pale brown solid. LCMS (Method B} retention time 3.23 mm, [M+H]"
491.15; 'H NMR (300 MHz, DMSO-ds) 8 ppm 7.79 (brs, 1H), 7.63-7.52 (m, 3H), 7.45
(d,. /=113 Hz IH), 740 {brs, 1H), 4.538-4.53 (m, 1H), 2.27-2.11 (o, 4H), 1.36 (s, OH),
131 s, 12H).
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SYNTHESIS OF INTERMEDIATE C

cis-3-(Benzyvloxy jeyclobutan-1-ol
O
=== OB-<>~*=OH ,
{int-C)

Preparation of Int-C: cis-3-(benzyloxycyclobutan-1-of

L

To a stirred solation of 3-(benzvloxyjcvclobutan-1-one (4 g, 22.7 mmol} in
methanol (200 mL) at 6 °C, was added sodiom borchydride (1.35 g, 35.6 mmol) in small
portions. The reaction nuxture was warmed to room temperature and stirred for 16 h.
The reaction muxture was concentrated in vacuo and the resulting residue was diluted
with EtQAc. The organic layer was washed with 10% agqueous ammonium chlonde
10 solution, water, and brine solution. The organic layer was separated, dried over

anhydrous NaxS(., filtered, and concentrated in vacuo to vield a crade residue, which
wags purntfied by flash colamn chromatography (5102, 24g column, 0-70% EtOAc in pet
ether) to afford a mixtare of cis/frans isomers of 3-(benzvloxyicvelobutan-1-of. This
isomeric mixture was purified with prep-SFC [{column: Chiral-f Amylose 3 (250 X
15 50mm, 5 um; %C0z: 90%:; %Co solvent: 109 of 0.2% 7 mM methanolic ammonia in
methanol; total flow: 250 g/oin; back pressure: 100 bar; tep: 40 °C; UV: 220 nm)i to
afford cis-3-(benzyloxyjcyclobutan-1-0l (2.3 g, 57%} as an off-white sohid and frans-3-
(benzyloxyjcyciobutan-1-0l (0.15 g, 4%} as a gummy liquid.
cis isomer: LCMS (Method A) retention time 1.02 min, [M+H]" 179.4; *H NMR.
20 {400 MHz, DMSO-ds) & ppm 7.37-7.25 (m, 53H), 497 (4, J = 5.0 Hz, 1H}, 4.35-4.24 {m,
3H), 4.18-4.11 ¢m, 1H), 2.22-2.14 (m, 2H}, 2.09-1.95 (m, 2H).

trans isomer; LCMS (Method A) retention time 1.06 min, [M+H]"179.0; 'H
NMR (400 MHz, DMSO-ds) 8 ppm 7.37-7.26 (m, 3H), 3.00(d, /= 6.5 Hz, 1H), 434 {5,
2H), 3.73-3.64 (m, 1H}, 3.58-3.49 (1, 1H), 2.57-2.52 (m, 2H), 1.79-1.69 (m, ZH).

N2
W

EXAMPLE 1
3-(5-{4-(7-Anuno-2.2-dimethyi-2,3-dihvdrofurof 2, 3-clpyndin-3-vi)-2~tfluorophenyi)-2-

oxooxazol-3(2H-vhipiperidine-2 6-dione
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Preparation 1A: 3-bromo-2,6-dichloro-4-methylpyridine
HCo o, O
LA
Cl {1A)

To a stured solution of 2,6-dichloro-4-methylpyridin-3-amine (20 g, 113 ouwvol) in
hydrobromic acid (100 mL, 866 mmol) at  °C, a solution of sodium nitrite (21 44 ¢, 124
mmol} in water (20 mbL) was slowly added. The reaction mixture was stirved for an
additional 30 min at same temperatare. Then, a solation of copper(F) bromide (1945 g,
136 mmol} in hydrobromic acid {40 ml) was added dropwise and the reaction mixture
was warnmed 1o room temperature, After 2 h, the reaction mixture was diluted with water
{200 mL} and extracted with EtOAc (3 x 100 mL). The combined organic layer was
washed with brine solution, dried over anhydrous NaxSQ, filtered, and concentrated in
vacuo to get a crude residue, which was punified by flash column chromatography (5i0n,
220 g column, 0-30% EtOAc in pet ether) to atford 3-bromo-2,6-dichloro-4-
methylpyridine (22 g, 81%) as an off-white solid. LECMS (Method A) retention time 1.85
moin, [M+H]' 241.0; 'H NMR (400 MHz, CDCIs) 3 ppm 7.29 (s, [H), 2.48-2.48 (s, 3H).

Preparation 18! 1-(3-bromo-2 6-dichloropyridin-4-y1}-2-methylpropan-2-ol

Cl ( 1 B)
To a stirred solution of ditsopropylamine (9.47 mL, 66.4 mmol} in anhvdrous
THEF (150 mL} at -78 © under nitrogen atmosphere, was added 2.5 M »~Buli in hexanes
{23.25 mL, 38.1 mmol} over a period of 20 min. The reaction mixture was stirred at -78
°C for 30 nun., warmed to 0 °C, and stirred for additional 30 min. The reaction mixture

was again cooled to ~78 °C and a solution of 3-bromo-2,6-dichloro~4-methyipyridine (10

80
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g, 41.5 mmol) in anbyvdrous THF (20 mL) was added. After 1 h, acctone (12.19 ml., 166
mmol} in anhydrous THF (10 mL} was added and the reaction mixture was stirred for
additional 1 b, The reaction was quenched with the addition of 100 mi of ice cold water.
The reaction nuxture was extracted with EtOAc (2 x 100 mL). The combined organic
layer was washed with brine solution, dried over anhydrous Na:SQq, filtered, and
concentrated in vacuo to get a crude residue, which was purified by flash column
chromatography (5:0n, 220g column, 0-70% EtOAc 1n pet ether) to afford 1-(3-bromo-
2, 6-dichloropyridin-4-yi)-2-methylpropan-2-ol (3 g, 24%j) as an off-white solid. LCMS
{Method A) retention time 1.54 min, [M+H]" 297 8; 'H NMR (400 MHz, CDCls) & ppm
7.39 (s, 1H}. 3.08 (s, 2H), 1.41 (brs. 1H), 1.29 (s. 6H).

Preparation 1C: 1-(3-bromo-6-chloro-2-{((2 4- dimethoxybenzyvilaminojpyndin-4-yl}-2-

methylpropan-2-ol

(1)

To a stirred solution of 1-(3-bromo-2 6-dichioropyridin-4-y1}-2-methylpropan-2-ol
(0.6 g, 2.007 mumol) in NMP (30 L} at room temperature, were added (2,4~
dimethoxyphenylmethanamine (0.9 ml, 6.02 mmol) and DIPEA (1 402 mi, 8.03
mmol}. The resulting reaction muxture was heated at 160 °C for 1.5 h in a nucrowave
reactor. The reaction mixture was cooled to room temperatare, difuted with EtOAc,
washed with 1ce cold water and brine solution. The organic layer was dred over
anhydrous NaxS(h, filtered, and concentrated in vacuo to get a crude residue, which was
puritied by flash column chromatography (8102, 40 g column, 0-70% EtOAc 1n pet ether)
to afford §-(3-bromo-6-chloro-2-((2 4-duncthoxybenzyllaminepyridin-4-yi}-2-
methylpropan-2-0l {0.35 g, 419} as a pale vellow liguid (LCMS (Method A) retention
time 1.89 min, [M-+H] 429 .0; 1H NMR (400 MHz, CDCls) § ppm 7.33-7.30 {m, 1H),
6.59 (s, 1H). 6.51(d, /=235 Hz, 1H), 6.49-6.45 {m, 1H), 5.86-5.76 (m. 1H), 458 (d, J=
5.5 Hz, ZH), 3.88 (5, 3H), 3.83 (5, 3H), 2.91 (s, 2H). 1.44 (s, 1H), 1.31 (s, SH)); and 1-(3-
bromo-2-chioro-6-((2,4-dimethoxybenzyaminopyridin-4-vl)-2-methylpropan-2-of {3.15
&, 17%} as a pale vellow Hguid (LCMS (Method A) retention time |.83 min, [M-+H]"
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429 0, 'H NMR (400 MHz, CDC) 8 ppm 7.17-6.96 {m, 1HD, 6.42-6 22 (m, 3H}, 4.99 {br
£, =57 Hz, 1H), 4.57 (s, 1H), 4.29 (s, 2H), 3.75 (s. 3H), 3.72 (s, 3H). 2.85 (s, 2H), 1.26
{s, GH}).

Preparation 1D S-chloro-N-(2 4-dimethoxyvbenzyl)-2, 2-dimethyl-2, 3-dihvdrofure]2,3-¢]

pyndin-7-amine

HAC >< A | LG
HiC 7 Nyt N
HN
o OCH;
)
OCHs (1)

To a stirred solution of 1-(3-bromo-6-chloro-2~((2,4-dimethoxvbenzvllamino)
pvridin-4-yH-2-methylpropan-2-ol {200 mg, 0.465 mupol) in toluene (10mbL)ma
pressure tube at room temperature, were added sodium fers-butoxide (90 mg, 0.93 mmol)
and 1,2.3 .4 5-pentaphenyl-1'-(di-rert-butylphosphincjferrocene (66 mg. 0.093 mumol).
The reaction mixture was purged with argon for 15 nunutes, and charged with Pdx(dba)s
{85 mg, 0.093 mmol} and heated at 90 °C for 2 h. The reaction muxture was cooled to
room temperature, filtered through a celite pad and concentrated in vacuo to vield a crude
residue, which was purified by flash column chromatography (5102, 40 g column, 0-70%
EtOAc mn pet ether) to atford S-chloro-N-(2 4-dimethoxybenzyl}-2 2-dimethyl-2,3-
dibydrofuro[2 3-clpyridin-7-amine {50 mg, 31%} as a colourless viscous liguid. LCMS
{Method A) retention time 1.96 nun, [M+H|" 349 2; IH NMR (300 MHz, CDCls) & ppm
730 (d. J=7.9 Hz, 1H), 6.47-6.3% (m, 3H), 4.67 (brs, 1H), 4,54 (d. J = 5.8 Hz, 2H), 3.83
(s, 3H), 3.80 (s, 3H), 2.90 (s, 2H), 1.44 (s, 6H).

Preparation LE: 3-(5-{4-(7-{{2.4-dimethoxybenzyljamino}-2, 2-dimethyl-2.3-
dihvdrofuro|2,3-clpyndin-5-yl}-2-fluorophenyi}-2-oxooxazol-32H}-v - 1 -{((2-

{trimethylsilyDethoxyimethylpiperidine-2 6-dione
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To a stirred solution of 3-(3-(2-fluoro-4-(4,4,5,3-tetramethyvl-1,3,2-dioxaborolan-
2-ylphenyi)-2-oxooxazol-3(2H}-y1)-1-€(2-(trimethylsilyDethoxyymethypiperidine-2,6-
dione (Int-A) (260 myg, .48 mumol) i 1 4-dioxane {20 mL)-water (0.5 mL} at room
temperatare, were added o6-chloro-N-(2 4-dimethoxyvbenzyl}-2-methyl-2H-
£1,2,3]triazolof4d, 5-clpyridin-d-amine {183 mg, 0.523 mmol} and cesium carbonate (310
mg, 0.952 mmol}. The reaction mixture was purged with argon for 10 min and charged
with Catacxium Pd G3 (34.6 mg, 0.048 mmol}. The reaction mixture was heated at 85 °C
for 3 h, cooled to room temperature, diluted with EtOAc, and filiered through a celite pad.
The filtrate was concentrated in vaeno and the resulting residac was purified by flash
column chromatography {(5i10a2. 330 g column, 0-80% EtOAc in BCM) to afford 3-(5-(4-
(7~{(2 4-duncthoxyhenzyamino)-2,2-dimethyl-2, 3-dihvdrofurn| 2, 3-clpyridin-5-v1}-2-
fluorophenyl)-2-oxooxazol-3C2H-vh-1-((2-(tnmethyisilvijethoxyimethvlpipendine-2,6-
dione (180 mg, 51.6%) as an off-white solid. LCMS (Method A} retention time 2.30 min,
M+H] 7334

Example 1: 3-(§-(4-(7-amino-2 2-dimethyl-2, 3-dihydrofuro]2 3-clpyridin-5-yi}-2-
fluorophenyl}-2-oxooxazol-3(2H)-yhpipendine-2,6-dione

To a stirred solution of 3-(5-{(4-(7-{(2 4-dimcthoxvbenzyDamino)-2,2-duethyl-
2, 3~dihydrofurof2,3-clpyndin-3-y1}-2~-fluorophenyl}-2~oxooxazol-3{2Hy-v1)- 1-{( 2~
{trimethyisilviethoxyimethypiperidine-2 6-dione (0.1 g, #.14 mmol} in
dichloromethane (5 mL) at 0 °C, was added mifluoroacetic acid (5 ml, 54.9 mmal). The
reaction mixture was warmed to room temperature, stirred for 16 h, and then concentrated
in vacuo. The resulting residue was dissolved in DME (5 mL) and cooled to 6 °C. N N-
dimethviethylenediamine {0.07 mL, 0.682 mmol) was added dropwise and the reaction
mixture was stirred for 30 minutes at 0 °C. The reaction was guenched with the addition

of acetic acid (0.5 mL, 8.73 mmol}. The reaction mixture was warmed o room

]

vy
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temperature, and stirred for 30 min. The reaction mixture was concentrated in vacuo to
get a crude residue, which was purified by prep-HPLC {(Colomn: Sun Fire C18
{250*19*5) mobile phase A: 10 mM ammonium acetate v water (pH: 4.5}; maobile phase

B: ACN; gradient: A O-min hold at 10% B, 15-50% B over 10 minutes, then 2-min hold

A

at 50% B: flow rate: 20 mL/min; column temp: 23 °C) to afford 3-(5-(d~(7T-amine-2,2-
dimethyl-2, 3-dihydrofuro|2, 3-clpyridin-5-vi)-2-fluorophenvi}-2-oxooxazol-3(2H}-vi)
piperidine-2,6-dione {40 rog, 65 %) as a white solid. LCMS (Method A} retention time
1.40 min, [M+H]"433.1; TH NMR (400 MHz, DMSO-ds) Sppm 11.13 (brs, 1H), 7.87 (s,
1H), 7.85 (4, J= 5.0 Hz, 1H), 7.62-7.35 (m, 2H), 7.21 (s, 1H), 5.70 (5, 2H}, 5.07 {dd, J =
16 13.0, 53 Hz, 1H}, 3.03 (s, 2H), 2.95-2.82 (m, 1H), 2.65-2.53 {m, ZH), 2.13 (dt. /= 10.4,
5.2 Hz, 1H), 147 (s, 6H).

EXAMPLE 2
trans 3-(5-(4-(d-amino-3-3-methoxyeyclobutoxy}-4-methvipyndin-2-y1)-2-
15 fluorophenyl}-2-oxooxazol-3(2H -y Dpiperiding-2,6-dione
H.C~Q

Preparation 2A: 2,6~-dichioro-4-methylpyridn-3-ol
CHj
HC i X
o N N (2A)
To a stirred solution of 4-methylpyridin-3-0l (12.5 g, 115 mmol) i acetonitrile

20 (250 mL) at 0 °C, was added NCS (33.6 g, 252 mmeol} in small portions. The reaction
mixtore was wanmed to room femperature and stirred overnight. The reaction mixture
was filtered through a celite pad and concentrated in vacuo to get a crude residue, which
was purified by flash column chromatography (8102, 220 g column, 0-50% EitOAc i pet
ether) to afford 2, 6-dichloro-4-methylpyridin-3-0l (10 g, 49%} as a bright yellow sclid.
LCMS {Method A): retention time 1.07 min, {M+H]" 177.9; *H NMR (300 MHz,
CDCLs) dppm 7.08 (s, 1H), 5.54 (brs, 1H), 2.31 (s, 3H).

S
w
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Preparation 2B: rans 3-(3-(benzvioxyleyclobutoxy)-2,6-dichloro-4-methvipyndine
CH,

WO,

ﬁ‘
(’\ﬂ' o o SN e
o (2B)

To a stirred sohution of 2,6-dichloro-4-methylpyridin-3-0l (1.0 g, 5.62 mmol} in
anhiydrous THF (2 mb) at room temperature under nitrogen atmosphere, were added ¢is-
3-(benzyvloxyicyelobutan-1-ol (Int-C) {1.20 g, 6.74 mymol) and triphenyiphosphine (1.77
g, 6.74 mmol}. The reaction mixture was cooled 0 °C and DIAD (1 31 mL, 6.74 mmol}
was added. The reaction mixture was warmed to room temperature and stirred for 16 h
Next, the reaction mixture was concentrated 17 vacuo 1o get a crude residue, which was
purnified by flash column chromatography (510, 24 g column, 0-40% EtOAc in pet cther)
to afford frans 3-(3-(benzyloxy jeyvclobutony)-2 o-dichloro-4-methylpyridine (1.3 g, 68%)
as a colourless iquid. LCMS (Method A) retention time 1.52 min, [M+H]"338.1; 'H
NMR (300 MHz, CDCl) 6 ppmo 7.39-7.28 (m, SH), 7.09 (s, 1H}, 481 (1, /=70, 51 Hz,
1H), 4.44 (s, 2H3, 4 42-4 32 (m, 1H), 2.60-2 40 {m, 4F), 2.30 (s, 3H).

Preparation 2C: trans 3-(3-(benzyloxy)cyciobutoxy}-2,6~-dichloro-4-methylpyridine

3-{(2 6-dichloro-4-methylpyridin-3-yhoxyevelobutan- -0l

CHy

NT TG0

To a stirred solation of rans 3-G-(benzyloxy)cvelobutoxy}-2, 6~-dichioro-4-
methylpvridine (1.3 g, 3.84 mmol} in THF (15 mL) under nitrogen, was added 50% wet
PA/C (10% wiw) (1.08 g, 10,18 nunel). The reaction mixture was flushed with hydrogen
and then stitred at room temperature for 6 h vnder hvdrogen atmosphere. The reaction
mixture was filtered through a celite pad, and celite pad was washed with THF and
MeOH. The combined filtrate was concentrated i vacue and the resulting residue was
purified by flash column clhromatography (5102, 24 g column, 0-50% EtOAc in pet cther)
to afford srans 3-((2,6-dichloro-4-methylpyridin-3-vloxyieyelobutan-1-ol (600 mg, 63%)
as a colourless gammy mass. LCMS (Method A) retention time 1.26 min, [M+H] 248 2;
H NMR (300 MHz, CDCis) 8 ppm 7.09 (s, 1H), 4.85 (i1, J=6.9, 5.0 Hz, 1H), 4.72-4 64
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(m, 1H), 349 (brs, 1H), 2.67-2.54 (m, 2H), 2.39-2.31 (m, ZH), 2.30 (s, 3H).

Preparation 2D srans 3-(3~(benzyloxyjcyclobutoxy}-2.6-dichloro-4-methyipynidine

2, 6~dichloro-3-3-methoxycyclobutoxy }-4-methylpyridine

CHy
5 H3CO o N D)

To a stirred solation of frans 3-((2,6-dichloro-4-methylpyridin-3-yhoxy)
cyclobutan-1-0l {600 mg, 2.42 mmol} in anhydrous THF (§ mL} at 0 °C under nitrogen
atmosphere, was added NaH (60% in mincral oif) (145 mg, 3.63 nunol}. The reaction
mixture was stirred for 30 min at same temperature and methyt todide (0. 151 ml,, 242

10 mmol) was added. The reaction mixture was warmed to room temperature and stirred for
1 h. The reaction was quenched with the addition of ice cold water. The reaction mixture
was extracted with EtOAc (3 x 20 mL). The combined organic layer was washed with
brine solution, dried over NaxS(, filtered, and concentrated in vacuo to get a crude

residue, which was purified by flash column chromatography (8102, 40 g column, $-20%

15 EtOAc in pet ether) to afford frans 2,6-dichloro-3-(3-methoxyevelobutoxy)-4-
methylpyridine (400 mg, 63%;) as an off-white sohid. LUMS (Method A) retention tune
1.74 min, [M+H] 262 2; THNMR (300 MHz, CDCE) Sppm 7.09 (s, 1IHD, 477 (i, J =
7.0,35.3Hz, 1H), 4.14 (i, /= 6.8, 3.6 Hz, 1H), 3.26 (s, 3H), 2.57-2 48 {m, 2H), 2.45-2.35
{m, 2ZH), 2.31 (s, 3H).

20

Preparation 2E: rrans 3-(3-(benzyloxyicyelobutoxy)-2,6-dichloro-4-methylpyridine

&-chloro-N-{2 4-dimethoxyvbenzyl}-3-(3-methoxycyclobutoxy)-4-methylpyridin-2-amine

OCH3
Y CHg
ocH, O |
X
/E ﬁ NTOTCH
PN

To a stirred solution of rrans 2,6-dichlore-3-(3-methoxyeyclobutoxy -4~

25 methylpyndme (400 mg, 1.526 mmol) and (2 4-dimethoxyphenvlimethanamine (255 mg,
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1.526 mmol) m anhydrous 1 4-dioxane (5 mL) at room temperature, was added cesium
carbonate (994 mg, 3.05 mmol). The reaction mixture was purged with argon for 10 min,
and charged with palladium (11} acetate (34 mg, 0.153 mmol) and BINAP (143 mg, 0.229
mmol}. The reaction mixture was heated at 90 °C for 16 h, cooled to room temperature,
diluted with EtOAc, and filtered through a celite pad. The filirate was concentrated in
vacuo and the resulting residue was purified by flash column chromatography (81, 24 ¢
column, 0-50% EtQAc i pet cther) to afford frans 6-chloro-N-(2,4-dimethoxyvbenzyl}-3-
(G-methoxveyclobutoxy }-4-methylpyridin-2-amine (230 mg, 38%) as an off-white solid.
LUMS (Method A) retention time 2.07 min, {M+H]"393.3; ‘H NMR (300 MHz, CDCl3)
& ppm 7.26 (4, = 6 Hz, 1H), 6.47-6.41 (m, 2H), 633 (s, 1H), 523 (brt, J= 5.4 Hz, [H),
4.54-4 45 (m, 3H), 4.06-3.97 (m, 1H), 3.84 (s, 3H}, 3.80 (s, 3H), 3.20 (s, 3H), 2.40-2.23
{m, 4H}, 2.11 (s, 3H).

Preparation 2F: frans 3-(3-(benzyloxyjcyelobutoxy)-2,6-dichioro-4-methyipyndine
tert-butyl S-amino-4-(3-(4-(6~((2 4-dimethoxybenzyljamino}-5-(3-methoxveyelobutoxy -

4-methyipyridin-2-vi}-2-fluorophenyl}-2 -oxooxazol-3(2H)-y1}-5-oxopentanocate

HaCQ
Y
Q\:\f/l 0
N~ A\/’”\
= V QiBu
: 07 “NH,
'
HzCO (2F)

To a stirred solution of frans 6-chloro-N-(2 4-dimethoxvbenzy!)-3-(3-
methoxyeyclobutoxy)-4-methyvlpyridin-2-amine {230 mg, 0.585 mmol) in 1,4-dioxane (8
mL)}-water (2.0 mL} at room temperature, were added fers-butyl S-amince-4-(53-(2~thuoro-
4-(4,4,5, 5-tetramethyl~1,3, 2~dioxaborolan-2-vphenyl}-2-oxooxazol-3(2H)-yi}-5-
oxopentanoate (Int-B) (316 mg, 0.644 mmol} and potassium phosphate, tribasic (311 mg,
1.46 mmol}. The reaction mixtore was purged with argon for 10 min, and charged with
XPhos Pd G2 (46 mg, 0.059 mmol). Then, the reaction mixture was heated at 90 °C for 3
h. The reaction nuxture was cooled to room temperature, difuted with EtQAc¢, dned over
anhydrous NaxS04 and filtered through a celite pad. The filtrate was concentrated in
vacuo to get a orude residue, which was purified by flash chromatography (8102, 12 g

87
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column, 0-4% of MeOH in BCM) to afford rrans rers-butyl S-armmo-4-(5-{4-(6-((2 4~
dimethoxybenzyDamine}-3-(3-methoxycyelobutoxy)-4-methylpyridin-2-yl}-2-
fluorophenyl)-2-oxooxazol-3(ZH)-v1)-3-oxopentanoate (200 mg, 47%) as a light brown
solid. LCMS {(Method B) retention time 2.04 min, [M+H]" 721 4; TH NMR (300 MHz,
DMSC-ds) & ppm 7.95-7.83 (m, 2H}, 7.77 {s, 1H), 757 (¢ J=83 Hz, 1H), 748 (d, /=
29Hz 1H), 740 (s, 1H), 7.19(d, /=83 Hz, IH}. 7.09 (s, 1H). 6 57 {d. /= 2.2 Hz, 1H},
6.44(dd, /=84, 23 Hz, 1H), 6.31 (s, 1H), 4.64 (s, 1H), 4.59-451 (;m, 3H), 4.1 (brdd, J
=4.3,2.9Hz, IH), 3.92 (s, 2H), 3.87 (5, 3H), 3.72 (s, 3H}, 3.15 {5, 3H), 2.47-2.36 (o,
2H), 2.30-2.20 (m, 7TH), 1.38 {s, SH).

Exanple 20 trans 3-(5-(4~(6-amino-5-(G-methoxyeyclobutoxy-4-methylpyridin-2-y1-2-
fluorophenyly-2-oxooxazol-3ZH-vipipendine-2 6-dione

To a stirred solution of trans feri-butyl S-amino-4-(5-(4-(6-{(2 4~
dimethoxybenzyhamino}-5-(3-methoxyeyclobutoxy)-4-methvipyndin-2-yH-2-
fluorophenyi}-2-oxooxazol-32H)-vi}-3-oxopentanocate (200 mg, 0.277 mimol} in
acetomitnle (8 mL} at room temperatare, was added methanesulfonic acid (0.054 mL,
(.832 nmumol) and heated at 90 °C for 3 h. The reaction mixture was cooled to room
temperature, and concentrated in vacue to vield a crude residue, which was purified by
reverse phase prep-HPLC {column: YMC EXRS CI8 (250mm*20mm} 5 pm; mobile
phase A 10 mM ammonum acetate in water pH-4.3; mobile phase B: ACN; flow rate:
20.0 mL/min} to afford rans 3-(5-(4~(6-amino-3-(3-methoxyeyclobutoxy}-4-
methylpyrndin-2-vi)-2-fluorophenyl)-2-oxooxazol-3(2H)-vhipipendine-2,6-dione (530 mg,
36%) as an off-white solid. LCMS (Method B} retention time 1.89 min, [M+H{ 497 15;
TH NMR (400 MHz, DMSO-ds) 8 ppm 11,12 {brs, 1H), 7.91 (s, 1H), 7.89-7 87 (m, 1H},
7.63-7.58 (m. 2H), 7.11 (s, 1H}, 5.81 {(brs, 2H), 5.07 (dd, J = 13.0, 5.3 Hz, 1H}, 4.68-4.61
(o, 1H), 4.14-4.08 (m, 1H), 3.15 (s, 3H), 2.95-2.83 (m, 1H), 2.65-2.53 (m, ZH), 2.46-2.37
(m, 2H), 2.26-2.22 (m, 2H), 2.21 (s, 3H), 2.17-2.10 (m, 1H).

EXAMPLE 3
3-(5-{4-(6-Ammo-4-methyl-5-(({tetrahydro-2H-pyran-4-yDmethylamino)pyndin-2-y1)-2-

fluorophenyl)-2-oxooxazol-32H -vpipenidine-2,6-dione
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Preparation 3A: 2,6-dichloro-4-methvl-N-{(tetrahydro-2H -pyran-4-viimethyjpyridin-3-
amine

Chy

o

T
p!
St ONT CI3A)Y
5 To a stirred solution of 2,6~dichloro-4-methyvipyvridin-3~amine (1 g, 5.65 mmol}
and tetrahydro-2H-pyran-4-carbaldehyde (.96 g, 8.47 mmol} in EtQAc {10 mL} at room
temperature, was added TFA (0.87 mL, 11.3 mmol}. The reaction mixture was stirred for
30 min. Then, sodium triacetoxyborohyvdnde (2.4 g, 11.3 mmol) was added and the
reaction mixture was stitred overnight. The reaction was guenched with the addition of
10 saturate aqueous NaHCO: solution. The reaction mixture was extracted with EtOQAc (2 x
100 mL). The combined organic phase was washed with water and brine, dred over
anhvdrous NazS0s, filtered, and concentrated in vacuo to get a crude residue, which was
purified by flash columm chromatography (810, 40 g column, 0-20% EtOAc in pet ether)
to afford 6-dichloro-4-methyl-N-({tetrabydro-2H -pyran-4-yhmethyDpyridin-3-amine
15 {0.75 g, 48%) as a yellow ol LCMS (Method A} retention time £.65 main, [M+H]"
2752, 'TH NMR (400 MHz, CDCls) Sppm 7.04 (s, 1HD, 4.02 (brdd, J= 113, 4.0 Hz,
2H}, 3.76 (brs, 1H}, 3.46-3.36 {m, 2H), 2.99 (d, J = 6.0 Fz, 2H}, 2.35 (s, 3H}, 1.75-1.71
{rn, 2H}, 1.64-1.57 (m, 1H), 1.48-1.32 {m, 2H).

20 Preparation 3B: 6-chloro-N"-(2,4-dimethoxybenzyl-4-methyl-N’~({tetrahydro-2H-pyran-

4-ybhmethylpynidine-2 3-diamine

N
Nﬁ
s TN
| H
HyCO OCH, (3B)

To a stirred solution of 2,6-dichloro~4-methyl-N-{{(ictrahvdro-2H-pyran-4-vi)
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methylpyridin-3-amine (0.67 g, 2.44 mynol) and 2 4-dimethoxvbenzylamine {0.36 mL,
2.44 mmol} in anhydrous [ 4-dioxane (3 mL) at room temperatare, was added cesium
carbonate (1.6 g, 4.87 nunol). The reaction mixture was purged with argon for 10 nun,
and charged with BINAP (227 mg, £.365 mmol} and paliadium (I} acetate (55 mg, 0.24
mmol). The reaction mixture was heated at 90 °C for 3 b, cooled to room temperatare,
diluted with water, and extracted with EtOA¢ (2 x 50 mL). The combined organic phase
was washed with brine, dried over anhydrous NaxSOs, filtered, and concentrated i vacuo
to vield a crude residue, which was purified by flash cohumn chromatography (Si02, 24 g
cohumn, 0-30% EtOAc in pet ether) to afford 6-chloro-N-(2 4-dimethoxybenzyl)-4-
methyl-N-{{tetrahydro-2H-pyran-4-yDmethylpyridine-2_ 3-diamine (042 g, 43%) as a
vellow syrup. LCMS (Method A) retention time 2.03 nun, [M-H]" 404 1; TH NMR (400
MHz, CDClsy o ppm 728 (d, J= 7.1 Hz, 1H), 648 {5, 1H}, 6.45 {(brd, /= 8.5 Hz, 1H},
6.36 (s, 1H), 5.65 (brs, IH), 454 {(brd, J=355Hz 2H), 3.98 {brdd, /= 11.0,3.5 Hz,
JFD). 3.85 (s, 3H), 3.81 (s, 3H), 3.39 (brt, J = 11.8 Hz. 2H), 2.64 (brd. J = 6.0 Hz, ZH),
244 ¢brs, 1H), 2.14 (s, 3H), 1.70 (br d, /= 11.0 Hz, 3H), 1. 41-1.29 (m, 2H).

Preparation 30 rerr-butyl 5-amino-4-(5-(4-(6-((2 4-dimethoxybenzyljanuno}-4-methyi-5-
{{(tetrahydro-2H-pyran-4-yhmethylJaninopynidin-2-yl)-2-fluorophenyl)-2-oxooxazol-
3(2H y1)-5-oxopentanoate

H:C,
0

S o)
HN— 4 %\f 9 HC
O Qe

NH F A 07 “CHs
=S O7 "N,

HyCO 30
To a stirred solution of 6-chloro-N~(2 4-dimethoxybenzyl)-4-methyl-N-

{(tetrabydro-2H-pyran-4-vlmethyDpyndine-2,3-dianmine (300 mg, 0.739 mmotl), 1,4~
dioxane (2.9 mL)j-water (.74 mL} at room temperature, were added rerr-butyt S-amino-4-
(5-(2-fluoro-4~(4,4 5 S-tetramethyi-1,3-dioxolan-2-yphenvi}-2-oxooxazcl-3(2H -y -5~
oxopertancate (fut-B) (364 mg. 0.739 mumol) and potassium phosphate tribasic (392 mg,
1.848 nunol). The reaction mixture was purged with argon for 10 mun, and charged with
XPhos Pd G2 (58 mg, 0.074 mmol). The reaction mixture was heated at 95 °C for 6 h.

The reaction mixture was cooled to room temperature, diluted with EtOAc, dried over
00
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anhydrous NaxSOs, and filtered through a celite pad. The filtrate was concentrated in
vareno to vield a crude residue, which was purified by flash column chromatography
{8102, 24 ¢ coluran, (-3% MecOH 1in DCM) to afford ferr-buty! S-amino-4-(5-(4-(6-((2,4~

dimethoxybenzylamino}-4-methyl-3-{{{fetrahydro-2H-pyran-4-y hmethylamino)pyridin-

A

2-y1}-2-fluorophenyi}-2-oxooxazol-3(2H}-vi)-5-oxopentanoate {3.45 g, 83%). LCMS
{Mecthod A) retention time 1.92 min, {M+H]" 7345,

Example 3: 3-(5-(4-(6-amimo-4-methyvi-S-({{tetrahydro-2H-pyran-4-yhmethyDamino)
pyridin-2-yH-2-fluorophenyl)-2-oxooxazol-3(2H -y piperidine-2,6~dione

10 To a stirred solution of fert-buty! S~amino-4-(3-(4-(6-((2,4-dimethoxybenzyl}
amino}-4~ncthyl-5-{{{tetrabydro-2H-pyran-4-vhmethyDanino)pyvadin-2-yi)-2-
fluorophenyiy-2-oxooxazol-3(2H-y1}-S-oxopentanoate (300 mg, 0.409 mmol) in
acctonitrile {2 mL) at room temperature, was added methanesulfonie acid (66 pb, 1.02
mmol}. The reaction muxture was heated at 90 °C for 2 h, cooled to room temperature

15 and concentrated in vacuo to afford a crude residue, which was purified by reverse phase
prep-HPLC (Column: YMC Triate ¢18 EXRSIT (250%20%5); mobile phase A 10 mM
anmonium acetate in water; mobile phase B: ACN: Time/%B: 00/20, 15/60, 17/95) to
afford 3-(5-(4-{G-amino-4-methyl-5~({{(tetrabydro-2H-pyran-d-ylmethyhamino jpyridin-
2-yi-2-fluorophenyl)-2-oxooxazol-3(2H)-vijpiperidine-2 6-dione {19 mg, 9%} as an off-

20 white solid. LCMS (Method B) retention time 1.45 min, [M+H]" 510.20; *H NMR (400
MHz, DMSO-ds) S ppm 1112 (brs, 1H), 789 (s, 1H}, 7.86 (d, /= 4.4 Hz, 1H), 7.60-7.35
(m, 2H), 7.10 (s, 1H), 5.63 ¢s, 2H), 5.06 (dd, J=12.9, 5.3 Hz, [H), 3.92-3.82 (m, 3H),
3.28-3.23 (m, 2H), 2.94-2 &3 {m, 1H), 2.76 (brt, J = 6.6 Hz, 2H}, 2.65-2.54 {m  2H), 2.23
(s, 3H), 2.17-2.08 {m, IH). 1.70 {(brd, /= 108 Hz, 3H), 1.26-1.15 (m, 2H}.

EXAMPLE 4

3-{3-{4-(6-Amino-3-({4-methoxypiperidin- I-yhmethvlpyridin-2-y}-2-Huorophenyl}-2-

oxooxazol-3(2H)-yhipiperidine-2.6-dione
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Preparation 4A: feri-batyl {6-chloro-3-formvipyndin-2-y1j carbamate

0

o)
E

HF?E/\N/ ci

Boc (44}

To a stirred solution of ferr-butyl (6-chloropyridin-2-yhcarbamate (20 g, 87
mmol} and TEMED (33 mL, 219 mmol) in anhydrous THF (300 mL) at -78 °C under
nitrogen atmosphere, was added 1.6 M n-Buli in hexane (137 ml, 219 amol) over a
period of 30 min. The reaction mixture was gradually warmed to -10 °C and stirred for 2
b at the same temperature. The reaction mixture was again cooled to =78 °C, anhvdrous
DME (34 mL, 437 mmol) was added and gradeally warm to room temperature. The
reaction mixture was stirred for additional 2 h, quenched with 1 N hydrochloric acid (0.5
L) and diluted with EtOAc (1 L), and stizred for 15 min. The organic phase was washed
with water and saturated NaHCO5 solution, dried over anhydrous Na:SQq, filtered, and
concentrated in vacuo 1o get a crude residue, which was triturated with 10% i-propanc! in
pet cther, filtered, and dried in vacuo to afford terf-butyl {6-chloro-3-formylpyridin-2-vi)
carbamate (13 g, 67%) as an off-white sohd. LCMS (Method A} retention time 143
min, {M-Buj" 201.1; 'H NMR (300 MHz, CDCl) $ pprm 10.17 (brs, 1H), 9.90 {s, 1H),
7.94 (brd,J= 8.3 Hz. 1H), 7.26-7.02 (m, 1H). 1.55 (s, 9H).

Preparation 4B: rerr-butyl S-amino-4-(3-{(4-(6-{{ferr-butoxycarbonyljamino}-5-

formylpyridin-2-y1-2-fluorophenyl}-2-oxooxazol-3(2FH)-vi)-3-oxopentanocate

O
3 \ﬂ Ty /O\f OHC
A \ 17" e

2
HN A 3
70 O "NH,
& xCHs
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To a stirred solation of 3«(5-(2-fluoro-4-(4,4.5, 5-tetramethyl-1,3, 2-dioxaborolan~
2-vhiphenyi}-2-oxooxazol-3(2H)-yh-1«({2-(trimethyisilyDethoxyymethyiypipenidine-2 6-
dione (Int-B) (4.78 g, 9.74 romol} in L 4-dioxane (60 mij-water (4.5 ml) at roomn
temperature, were added 6-chloro-N-(2 4-dimethoxvbenzyl)-2-methyl-2/-

{1,2 3 triazolo4,5-clpyridin-d-amine (2.5 g, .74 mmol} and cestum carbonate {(4.76 g,
14.6 mmol}. The reaction mixture was purged with argon for 10 min and charged with
Catacxiura Pd G3 (0.36 g, 0.49 mmol}. The reaction mixture was heated at 85 °C for 3 h,
cooled o room temperature, diluted with EtQAc, and filtered through a celite pad. The
filtrate was concentrated i vacuo to get a crade residue, which was purified by flash
coluran chromatography (510h, 80 g column, 0-80% EtOAc in pet cther) to afford feri-
butyl S~amino~4-(5-{4-(6~-{{tert-butoxycarbonvhamne)-S-formavipyridin-2-v1)-2-
fluorophenyly-2-oxooxazol-3(2H -vi}-S-oxopentanoate (5.0 g, 88%) as a pale brown

solid. LCMS (Method A} retention time 1.81 min, [M-HJ" 5835
Preparation 4C: ferr-butyl S-anmino-4-{§-(4-(6-({fert-butoxycarbonyJaming }-3-¢(4-

methoxypiperidin-1-yDmethyDpyridin-2-v13-2-fhucrophenviy-2-oxooxazol-3{2H -y 1}-5-

oxopentanoate

______ 00

el N \w/ < OH.C
- SN g Ve
HN F . O CH,
G O7 NH
o CH,
oG CHy 40

To a stured solution of 4-methoxypiperndine (47.3 me, £.41 mmol} and ferr-butyl
S-amino-4-(5-{4-(6-({ferr-butoxycarbonvijamino}-S-formylpyridin-2-v1)-2-fluorophenyl}-
2-orooxazol-3{2H 1yi}-S-oxopentancate (120 mg, .20 mmol) in DCE (5 mL)}-DMF {1
mL} at room temperature, was added triethylamine (0.024 mL, 0.41 mmol). The reaction
mixture was stirred overnight. Then, MP-Cvanoborohydnide (200 mg) was added and the
reaction mixture was again stirred overnight. The reaction mixtare was filiered through a
celite pad and concontrated im vacuo to get a crude residue, which was purified by flash
column chromatography (8102, 12 g coluran, 6—-10% MeQOH in DCM) to afford ters-butyl
S-amino-4-(5-{4-(6-({ferr-butoxycarbonyljamino}-S-({4-methoxvpiperidin- L -vijmethvl)
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pyvridin-2-yH-2-fluoropheny}-2-oxooxazol-3(2H)-vI)-3-oxopentanoate (120 mg, 58%) as

a vellow solid. LCMS (Method A): retention time 2.01 min, [M+H]" 684 5.

Example 4: 3-(5-(4-(6-ammo-5-((4-methoxypiperidin- I-ylymethyDpyridin-2-y1)-2-
fluorophenyly-Z-oxooxazel-3(2H-yhpipendine-2,6-dione

To a stirred sohution of fers-butyl S-amino-4-(5-(4-{6-((fert-butoxyearbonyl)
amino}-S-({(4-metboxypipendin- L-yhmethyDpyndn-2-y)-2-fluoropbenyl}-2-oxooxazol-
3ZED-v1)-5-oxopentanocate {120 mg, 0.18 mmol) in acetonitrile {3 mL) at room
temperature, was added benzenesualfonic acid (0.04 mL,0.36 mmol). The reaction
mixture was heated at 90 °C for 16 b, cooled to room temperature and concentrated in
vacuo to get a erude residue, which was purified by reverse phase prep-HPLC {column:
Waters XBridge C18, 150 mm x 19 mm, S-pm particles; mobile phase A: 5:95
acctonitrile; water with 10 mM ammonium acetate; mobile phase B: 953 acctontrile:
water with 10 ;M ammonium acetate; gradient: O-nun hold at 10% B, 10-48% B over 10
min, then 5-min hold at 48% B, flow rate: 20 mL/min; cohumn temperatare: 25 °Cl o
afford 3-(5-(4-{6-amino-5-{{(4-methoxypiperidin- 1-yDmethyDpyndin-2-y1}-2-
fluorophenyi)-2-oxooxazol-3(2H)-vpipendine-2,6-dione (50 mg, 55%) as a white sohid.
LCMS (Method A)Y; retention time 1.62 min, {M+H]T 510.2; 'H NMR (400 MHz, DMSO-
dey dppm 1113 (s, 1H), 7.98-7.93 {m, 2H), 7.66-7.61 (m, 2H}, 739 {brd, J= 7.5 Hz,
1H), 720 (d,/J=75Hz 1H), 622 (brs,2H), 5.08(dd. /= 129,54 Hz, 1H), 3.45-3.38
(o, ZH), 3.23 (s, 3H), 3.22-3.16 (o, 1H), 2.94-2 84 (m, 1H), 2.69-2.56 {m, 4H), 2.19-2.07
(m, 3H), 1.83 (brs, 2H}, 1.45 (brd, J=9.0 Hz, 2H).

EXAMPLES
3-{5-{4~(6-Anmino-4-methyl-3-({{tctrahydro-2H~pyran-4-vhoxymethyDpyridin-2-y1)-2-
fluorophenyl)-2-oxooxazol-3(ZH)-vhipipenidine-2,6-dione

)
A
A N ,X“TO
el

Preparation SA: {2.6-dichloro-4-methylpyridin-3-yhmethanol
94
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To a stirred solution of 2,6~dichloro-4-methyinicotinic acid (1.0 g, 4. 85 mmol) in

Cl (3A)

anhydrous THF (30 ml) at 0 °C under mitrogen, was slowly added 2 M solution of lithnmm
aluminum hydride in THF (6.07 mi, 12 13 mmol). The reaction mixture was warmed to
room temperature and stired for 2 h. The reaction was quenched at 0 °C with the stow
addition of water (2.3 mL} and then with 13% NaOH solution (2.3 mL}. The rcaction
mixture was stirred for 3 min and then water (6.9 mL) was added followed by THF (50
mL}. The reaction mixture was vigorously stirred for 10 min, dried over anhydrous
MNaz804 and filkered through a celite pad. The filtrate was concentrated i vacuo and the
crude residue obtamed was purified by flash column chromatography (8102, 0-80%
EtQA¢ 1 pet ether) to afford (2,6-dichloro-d-methylpyridin-3-yhimethanol (440 mg,
4795} as a pale amorphous solid. LCMS (Method A): retention time |.03 mun, [M+H}"
192.1; 'THENMR (300 MHz, CDCB) Sppm 7.15 (s, 1FD), 4.83 (s, 2H, 2.49 (s, 31}, 1.95
(brs, 1H).

Preparation 5B: 2.6-dichloro-3-(chloromethyl}-d-methyipyridine
CHs
XL
P
CI” N Gl (5B)

9,25

To a sturred solution of (2.6-dichloro-4-methylpynidin-3-yhmethanol (500 m
mmol} wn anhydrous DCM (26 ml} at room temperature, was added trnethvlamine (0.54
mi. 3.91 muol) followed by DMAP (32 mg. 0.26 mmol). Methanesulfonyl chioride (243
pl., 3.12 mmol) was added at 0 °C under mitrogen. The reaction mixture was warmed to
room temperature and stitred for 16 h. Next, the reaction mixture was concentrated i
vacuo and the crude residue obtained was purified by flash column chromatography
{5102, 0-50% ErOAc in pet ether) to afford 2,6-dichloro-3-{chloromethyh-4-
methylpyridine (345 mg, 63%;) as a ight-yellow o1l LCMS (Method A): retention time
170 min, [MAH] 2101 T NMR (300 MHz, CDCL) S ppm 7.16 (s, 1HD, 4.72 (5, 2H),
2 .49 {s, 3H).
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Preparation 3C: 2,6-dichloro~4-methyl-3-{{{tetrahvdro-2H-pyran-4-yhoxymethyl)

To a stirred sohution of tetrahydro-2H-pyran-4-ol (580 mg, 5.7 mmol} in

pyridine

Y
VA

0/\R
oy

o N e (50)

N

anhydrous THF (30 mL} at 0 °C, was added 60% sodium hydride 1n mineral oif (283 mg,
7.13 mmol}). The reaction mixture was stirred for 30 min at 0 °C. Next, 2,6~dichloro-3-
{chloromethvl}-4-methylpyriding (1 g, 4.75 mmol} was added and the reaction nuixture
was stirred at ¢ °C for 1 h. The reaction was quenched with the addition of ice-cold water
at 0 °C. The reaction muixture was extracted with EtQAc. The combined organic phase
was washed with water and brine, dried over anhyvdrous Na:zSQa, filtered, and
concentrated in vacuo. The crude residue obtained was purified by flash column
chromatography {§iGa, 0-80% EtQAc n pet ether) to afford 2,6-dichloro-4-methyl-3-
{{{(tetrabydro-2H-pyvran-4-yhoxymethvlpyridine (1.1 g, 84%) as a colorless oil. LCMS
{(Method A): retention time 1.48 min, [M+H]" 276.0; 'H NMR (300 MHz, CDCl2) 3 ppn
7.4 {s, 1H), 4.68 {s, 2H), 3.96 (dt, J= 11.7, 4.6 Hz, 2H), 3.62 (dt, J= &35, 4.5 Hz, 1H),
3.53-3.41 (m, 2H), 2.46 (s, 3H), 1.96 (brdd, J = 13.3, 3.9 Hz, 2H). 1.70-1.61 (m, 2H).

Preparation 5D 6-chloro-N-(2 4-dimethoxvbenzy-4-methyl-3-({{tetrabhydro-2H-pyvran-4-

yhoxymethylpyridin-2-amine

9

SN
L

Isans

H,CO™ ™ NocH,

To a stirred solution of 2, 6-dichloro-4-methyi-3-{{{tctrabhydro-2H4-pyran-4-yhoxy}

(3D}

methyDpyndine (1 g, 3.62 mmol} and (2, 4-dimethoxyphenyhmethanamine (0.7 g, 4.16

munol} in anhydrous 1.4-dioxane (12 ml) at room temperatare, was added cestum

carbonate (2.95 g, 9.05 mmol). The reaction mixture was purged with argon for 10 nun at

room temperature. Next, palladium (H) acetate (81 mg, 0.36 mmol) and BINAP (338 mg,

3.54 mmol} were added. The reaction nuxture was heated at 90 °C for 1.5 h and then

cooled o room temperature. The reaction mixture was diluted with EtQAc and filtered
96
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through a celite pad. The filtrate was concentrated in vacuo and the crude residue
obtained was puarified by reverse phase flash column chromatography {Column C18 750
&, mobile phase A ammonium acetate tn water, pH 7; mobile phase B: acctomtrile;
gradient: time {min}/%B — 0/09%, 40/40%, 90/40%, 95/100%;} to afford 6~chlore-N-(2,4-
dimethoxybenzyl}-4-methyl-3-{{{tetrahydro-2H-pyran-4-yoxy ymethypyridin-2-amine
{450 mg, 31%) as a pale gummy solid. LCMS (Method A} retention time |98 min, M-
Hi* 405 .4; '"H NMR (300 MHz, CDCL) S ppro 7.29(d, /= 7.9 Hz, 1H), 6.47-6 38 (m,
SHD, 388 brt, J=54Hz, 1H), 4544, J=5THz, 2H), 447 (5, ZH}, 387 {dt, /=118,
4.5 Hz, 2Hj, 3.82 (s, 3H), 3.79 (s, 3H), 3.49-3.34 (m, 3H), 2.19 (s, 3H), 1.87-1.74 (m,
2H), 1.54-1.46 (m, 2H).

Preparation SE: ferr-butvl S-aming-4-{5-(4-(6-((2.4-dimethoxyvbenzyljamino 3-4-methyi-5-
{{{tetrabydro-2H-pyran-4-yhoxyimethylpyridia-2-yH-2-fluoropheny!)-2-oxooxazol-

3Q2H)-yh-5-oxopentanoate

CiBu

OCH, (5E)

To stirred solution of 6-chlore-N-(2 4-dimethoxybenzyi}-4-methyi-3-
{({tetrahydro-2H-pyran-d-vhoxyvimethyDpyndin-2-amine (150 mg, 0.37 mmol} and feri-
butyl S-amino-4-(5-(2-fluorc-4-(4,4,5 S-tetramethyl-1.3,2-dioxaborolan-2 -yhphenyh-2-
oxooxazol-3(2H)-vI}-S-oxopentanoate (Int-B) (181 mg, 0.37 mmol) in | 4-dioxane (2
mbL}-water (0.5 mL} at room temperature, was added cesiom carbonate (300 mg, 0.92
mmol). The reaction mixture was purged with argon for 10 min. Next, Xphos Pd G2 (29
mg, 0.04 mmol) was added and the reaction mixture was heated at 90 °C for 2.5 h. The
reaction mixture was cooled to room temperature, dilated with EtOAc, dried over

anhydrous NaxSOs and filtered through a celite pad. The filtrate was concentrated in
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vacuo and the crude residue obtammed was purified by flash column chromatography
(5112, 0-100% EtGAc {contains 15% EtOH) in BCM) to afford rers-butyl S-amino-4-(5-
(4-(6-{(2 4-dimethoxybenzyljamino)-4-methyi-5-({(tetrahvdro-2H-pyran-4-vijoxy)
methyDpyndin-2-yh-2-fluorophenyl)-2-oxooxazol-3(2H-vi}-S-oxopentanoate (250 mg,
92%). LCMS (Method A): retention time 2.02 min, [M-H]" 735.5; 'H NMR (300 MHz,
CDCL) 6 ppm 7.92-7.81 (m, 2H). 7.68-7.61 {m, 1H), 731 (d, /=83 Hz, IH), 722{d. J
=29Hz IH), 687 (s, IH)L 648{(d. /=235 Hz, 1H),642(dd, /J=83.25Hz, 1H), 635
(brs, TH}, 580 (t, J=54Hz, 1H), S51 (brs, IH), 478472 (m, 1H), 470 (d, J=54Hz,
2H), 4.58 (3, 2H), 3.88 {3, 2H}, 3.86 (s, 3H}, 3.79 (s, 3H), 3.31 (11, J= 8.7, 4.1 Hz, 1H)},
10 340{ddd,/=118,95 27Hz 2H). 237 {brd, /=3.6 Hz 3H}, 2.30 (s, 3H), 2.23-2.12
(o, 1H), 1.91-1.80 (m, 2H), 1.537 (brd, /=93 Hz, 2H), 1.46 (s, OH).

A

Example 5: 3-(3-(4-(6-amino-4~mothyl-5-{{{tctrahydro-2H-pyran-4-yhoxymethyl}
pyvudin-2-yh-2-flucrophenyvi}-2-oxooxazol-3(2H-vhpiperidime-2,6-dione

i3 To a stirred solution of rerf-butyl S-amino-4-(5-{(4-(6-((2 4-dimethoxybenzyl}
amino}-4-methyl-3-{{{tetrahydro-2H-pyran-4-yhoxy ymethyDpyridin-2-y1}-2-
fluorophenyi)-2-oxooxazol-3(2H)-v1}-3-oxopentancate (230 mg, 0.31 mmol} in
acetonitrile {2 mL)} at room temperature, was added methanesulfonic acad (102 pl, 1.56
mmol). The reaction mixture was heated at 90 °C for 2 h. Next, the reaction mixture was

20 cooled to room temperature, concentrated in vacuo to yicld a crude residue, which was
purnfied by reverse phase prep-HPLC (XSelect CSH C18 (250 mm x 19 mm x 5 um);
mobie phase A: 10 mM ammontum acetate in water (pH 4.5); mobile phase B:
acetonitrile; gradient: T/%B — 0/20%, 3/30%, 15/55%, 13/95%; flow: 20 mL/min} to

afford 3-(5-{(4-(6-amino-4-methyl-5-({{tetrabydro-2H-pyran-4-vlyoxymethypyridin-2-

b
(93]

vi)-2-fluorophenyl}-Z-oxooxazol-3(ZH)-viipiperidine-2.6-dione (37 mg, 27%) as a white
amorphous solid. LCMS (Method B) retention time 1.66 min, [M+H]"511.15; 'THNMR
(400 MHz, DMSO-de) 6 ppm 1101 (s, 1D, 7.97 (5, 1H), 7.96-7.93 (m, 1H), 7.66-7.60
(m, 2H}, 7.14 (s, 1H}, 583 (s, 2H), 5.07 (dd, /= 12.5, 5.1 Hz, 1H), 4 50 (s, 2H}, 3.84-
3.78 {m, ZH), 3.39(dt. S =88, 4.5 Hz, 1H), 3.35 (brs, 2H}, 288 {brd. J=4.5 Hz, 1H},
30 2.69-2.54 (m, ZH), 2.30 (s, 3H), 2.17-2.09 {m, [H}, 1.94-1.86 {m, 2H), 1.50-1.41 (m, ZH).

COMPARATIVE COMPOUND A
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3-(2-oxo-5-phenvioxazol-3(2H)-ylpiperidine-2,6-dione
JO
/\j;% ..... o
= NH
U o
3-{2~oxo-S-phenvioxazol-3(2H-yipiperidine-2,6-dione 1s disclosed as compound
number [-33 1n W0 2019/060693 Al
Preparation 1A ferr-butyl S-amine-5-oxo~-4-({2-oxo~2-phenylethyJamino)pentancate
O CHs

O

I L L
\\T/k\/NWL\Of’(\éf:‘gS
: 2 O/j y

ZNH,

To a stirred suspension of 2-bromo-1-phenylethan-1-one (200 mg, 1.0 mmol) and
tert-butyl 4,5-diamino-5-oxopentanoate, HCI (360 mg, 1.5 mmol) n anhydrous
acetonttrile (4.5 mL) was added sodivm iodide (181 mg, 1.21 vunol) at 0 °C under argon.
The reaction mixture was stirred for 5 min at the same temperatare. DIPEA (351 ul,
2.01 mmol} was added drop wise to the reaction mixture. The reaction mixiire was
continued to stir at 0 °C for 2 h. The reaction mixture was warmed to room temperature
and stirred overnight. The reaction was quenched with the addition of 10% sodium
bisuifite solution. The muxture was extracted with BDCM (3 x 10 mE}. The combined
organic phase was washed with water and brine, dried over anhydrous Na:S04, filtered
and concentrated under vacuo to afford tert-butyl S-ammno-3-oxo-~-4-{{2-oxo-2-
phenylethyhaminopentanoate (322 mg, crude). LCMS (Method A): retention time 1.215
min, {M+H}" 3211

Preparation 1B: rert-butyl S-amino-5-oxo-4-(2-oxo-3-phenyloxazol-3(2H)-vlipentanoate

Q
-3
CHy

O
o“l'( R
R /““'O

t LR

To a stirred solution of ferf-butyl 5-amino-3-0xo-4-{{2-ox0-2-phenylethvilaminoe}
pentanoate (322 mg, 1.0 nunol} in anhydrous BMF (7 mL) were added CDI (407 mg, 2.3

nunol} and tricthyvlamine (420 ul., 3.0 mmol) at 0 °C under argon. The reaction mixture
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was slowly warmed to room temperature and stirred overnight. The reaction was
guenched by the addition of ice-cold water. The reaction mixture was extracied with
EtOAc (3 x 15 mL). The combined organic phase was washed with water and brine

solution, dried over anhvdrous NaxS04, filtered and concentrated under vacue. The

A

residue was purified by flash chromatography (5102, 24 g column, 0-100% EtOAc/pet
cther) to afford ferr-butyl 3-amino-5-oxo-4-2-oxo-3-phenyloxazol-3(2H)-viipentanoate
{155 mg, 44%). LCMS (Method A): retention time 1.33 nun, [M+Na]™ 369.2; 'TH NMR
300 MHz, DMSO-de) S ppm 7.75 (s, 2H}, 7.5-7.6 {m, 2H), 742 (t, 2H, J=7.5 Hz), 7.3~
7.4 {m, 2H), 430 (dd, 1H,J=43, 10.1 Hz), 2.2-2.3 {m, 3H), 2.0-2.1 {m, 1H}, 1.38 (s,
10 9H).

Comparative Compound A:
To a stirred solution of terr-butyl S-amino-5-oxo-4-{2-oxo-3-phenyloxazol-3(2H)-
vlpentanoate (150 mg, 0.43 mmol} in acetonitrile (3.0 ml) was added methanesulfonic
15 acd (42 ul, 0.65 mmol} at room temperature. The reaction mixture was heated at 90 °C
for 1 b, cooled to room temperature, concentrated under vacuo and the residue was
puritied by reverse phase prep-HPLC (X-Bridge Phenyl CI8 (250 mm* 19 mm} § um;
mobile phase A: 10 mM ammonium acctate in water, mobile phase B: ACN; flow rate:
20.0 mL/mun; gradient Time/%B: /30, 13/43, 15.1/100) to afford 3-(Z-ox0-5-
20 phenyloxazol-3(2H}-vhpiperidine-2. 6-dione {25 mg, 21%) as a white solid. LEMS
{Method A): retention time 1.582 nun, [M+H]" 273.20; "H NMR (400 MHz, DMSO-ds) §
ppm 11.02 (brs, THY, 7.70 (s, 1H), 7.52-7.47 (m, 2H), 7.47-7.42 {m, 2H), 7.35-730 (m,
1H), 3.03 {(dd, /=353, 133 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).

COMPARATIVE COMPOUND B

3-{5-{4-bromo-2-fluorophenyl}-2-oxooxazol-3{(ZH)-vi)piperidine-2.6-dione
{
o~
n,\ N

O
/%/L\’ )N
1 3

BF)L\,/AF

Preparation A 3-(5-(4d-bromo-2-fluorophenyhy-2-oxooxazol-3(2H)-vi}-1-
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(hydroxymethyDpiperidine-2,6-dione

_— N~ D
C/ h
/ 0
BFQ&;‘%\})\
N o
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To a stirred sohution of 3-(5-(4-bromo-2-tluorophenyi)-2-oxooxazol-3(2H}-yi-1-
{(2-(trimethylsdylethoxyimethylipiperidine-2,6~dione (200 mg, 0.4 mmol} m anhydrous
DCM (2.0 mL) was added TFA (0.154 mL, 2.0 mmol} at room temperature. The reaction
mixtare was stirred at room temperatare for 2 h, concentrated under vacuo and the residue
was co-gvaporated with DME (4 x) to afford 3-(5~(4-bromo-2-fluorophenyi}-2-
oxooxazol- 32 H-vii- 1 -(hydroxymethypiperidine-2,6-dicune (150 mg, 94%;). LCMS
{Method A): retention time 1.37 min, [M+Naj" 423.1.

Comparative Compound B:

To a stirred solution of 3-(5-{4-bromo-2-flucrophenyl}-2-oxooxazol-3(2H-yi}-1-
(hvdroxymethylpiperidine-2,6-dione (180 mg, 0.45 mmol} in anhvdrous DME (2255 L)
was added N, N'-dimethylethane-1,2-diamine (199 mg, 2.26 mmol) at 0 °C under nitrogen.
The reaction muxiure was warmed to room temperature and stirred for 30 miun, cooled 10 0
°C, acidified with acetic acid (258 ul, 4.5 mmol) and then concentrated under vacuo
{bath temp < 30 °C). The residue was purified with reverse phase prep-HPLC (Method:
colunut X-Bridge Pheoyl (19 mm x 250 mm™*3 ym); mobie phase A: 10 mM ammonium
acetate in water, mobile phase B: ACN; flow rate: 20 mL/mun; gradient condition
(Time/%BY: /30, 14/51, 14.1/100) to afford 3-(5-(4-bromo-2-fluorophenyl}-2-oxooxazol-
3(2Hy-vlpiperidine-2,6-dione (67 mg, 40%). LCMS (Method A} retention time 2,155
min, [M-H]" 366.8; 'H NMR (400 MHz, DMSO-ds} 3 ppm 11.13 (brs, 1H), 7.75-7.70
(o, [H}, 7.66 (¢, 7=3.0Hz, 1H), 753 (s, 1H}, 7.52(d, J=51Hz, 1H), 5.06 (dd, /=53,
13.3 Hz, 1H), 2.94-2 80 {m, 1H}, 2.70-2.534 (m, 2H), 2.16-2.08 (m, 1H}.

BIOLOGICAL ASSAYS
The pharmacological properties of the compounnds of this invention may be
confirmed by a mumber of biological assavs. The exemplified biological assays, which

follow, have beeon carded out with compounds of the invention.
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JURKAT CELLULAR DEGRADATION ASSAY
Jurkat cells were plated at 80,000 cells/well in 40 pL RPMI + 10% FBS 0 a 384~

PCT/US2024/044574

well cell culture plate prior to using acoustic dispensing technology for adding

compound of interest. Cell cultures were ineubated for 24 hat 37 °C and 5% €02 In

order to 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 30 pl of Fixation Buffer (eBioscience FoxP3 buffer set 00-5323-00) for

60 min at room temperature. After centnfuging and discarding the supernatant, cells

were permeabilized with 30 ul of Permeabilization buffer (eBioscience FoxP3 buffer set

(0-3523-00) for 10 min at room teraperature. Following permeabilization, cells were

spun down and the supermnatant was replaced with 20 ul. fuorescently labelled antibodies

against Helios, Tkaros and Aiclos or corresponding Isotvpe controls in 1x

Permeabilization buffer (Hkaros-Alexad488 [Biolegend, Cat #368408, 1.30], Helios-PE
[CST, Cat #29360, 1:50], Alolos-Alexa647 [Biolegend, Cat #371106 Biolegend, 1:25])

and staining reactions were mcubated for 1 h at room temperature while protected from

light. Subsequently, 30 uL of 1 x Permeabilization buffer was added prior to centnifuging
the celis and discarding the supernatant. Stained celis were resuspended 1 25 pl of flow

cytoretry staining buffer [PBS + 0.2% bovine serum albumin (BSA)} and analyzed using

an Intellicyt Ique Plus flow cyvtometer.

TABLE A-}

Jurkat Cellular Degradation Assay: Maximum Observed Degradation

fkaros Helios Aiolos
Ex. No.
max % deg. max % deg. max % deg.
observed observed observed
i 63% 89% 55%
2 64% 92% 48%
3 37% 2% 54%
4 559% % 61%
3 31% 92% 38%
Comparative Compound A 70% 27% 52%
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{ Corparative Coropound B | 24% % 25%

Table A-1 lists the maxtroum observed degradation of the IKZF1 protein, IKZF2
protein, and IKZE3 protein as measured m the Jurkat Cellular Degradation assay. The

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

i

a value of 100% indicated no detectable protein rematning 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, the compounds of the present invention,
as exemplified by Examples 1 to 3, were observed to degrade at least 89% of the IKZF2
{(Helios) protein. In contrast, the Comparative Compound A and Comparative Compound

10 B were observed to degrade less than 30% of the TKZF2 protein.

TABLE A-2
Jurkat Cellular Degradation Assay: DCso”

KZF1 IKZF2 IKZF3
Ex. No. Tkaros Helios Aiolos
BCso (M) DCso {nM} PCso (nM)
1 1503 22 600
2 4380 37 2320
3 3600 36 9490
4 1200 34 3005
5 7900 50 >10,000
Comparative Compound A 1,520 >10,000 >10,000
Comparative Compound B >10,060 >10.000 >10,000

*DCso is detined as the concentration of compound required to reduce levels of a given

protein by 50% compared to treatment with DMSO alone.

i
(]

HUMAN REGULATORY T CELL DEGRADATION ASSAY
Cryopreserved homan regulatory T cells were thawed m RPMI + 10%FBS + 20
ng/mL IL-2. After being spun at 1200 rpm for 3 mins, the cells were resuspended in
RPMI + 10% FBS+ 20 ng/mb and rested at 37 °C with 5% COq for 3 hours. The cells
20 were then plated at 40,000 celis/well 10 40 ul, RPMI + 10% FBS + 20 ng/ml human H.-2
a2 384 well cell culture plate prior to using acoustic dispensing technology (ECHO 555)
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~

for adding compounds of mterest. Cell cultures were incubated for 20 hours at 37 °C and
5% COn. I order to facilitate analysis, cell cultures were spun down at 1200 rpm for 3
minuies and the supermnatant was discarded using an EL406 plate washer. After washing
three times with 70 uL, PBS, cell peliets were resuspended 1n 530 ul of near IR viability
statning solution (Life Technologies, Cat# 134975} and incobated for 30 minutes on ice
protected from light. Cells were washed three times with 70 pL PBS + 0.5% BSA using
an EL406 plate washer. After shaking the plate to dislodge the cell pellet, cells were
resuspended in 50 pL of Fixation Buffer (eBioScience FoxP3 buffer set 00-5523-00) for
60 mimutes at room temperature. After centrifuging and discarding the supernatant, cells
were permeabilized with 50 ul. of permeabiiization buffer (eBioScience FoxP3 buffer sct
00-5523-00) for 10 nunutes at room temperature. Following permeabilization, cells were
spun down and the supernatant was replaced with 30 ul flucrescently labelled antibodies
against the mtracelular targets Helios (Helios-APC {Biolegend, Cat# 137222, 1:301),
Aiolos, and Tkaros Ix Permeabilization buffer and staining reactions were incubated for 1
hour at room temperature; protected from hight. Subsequently, 30 ul of Ix
Permeabtlization buffer was added prior to centrifuging the cells and discarding the
supernatant. Stained cells were resuspended in 30 pL of flow cvtometry staiming buffer

(PBS + 0.5%BSA) and analyzed using an Intellicvt Ique Plus flow cytometer,

TABLE B-1

Human Regulatory T Cell Degradation Assay: Maximum Observed Degradation

IKZF1 IKZF2 IKZF3 IKZF4
Tkaros Helios Ajolos Fos
Fx. No.
max % deg. max % deg. max % deg. moax % deg.
observed observed observed observed
I 35% 98% 22% 36%
2 56% 98% 25% 62%
3 58% 98% 25% 59%
4 67% 98% 35% 62%
3 2% 98% 29% 67%

Table B-1 lists the maxinmun observed degradation of the IKZF 1-4 proteins as
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measured in the Human Regulatory T Cell Degradation assay. The results in Table B-1
were rounded to two digits. In the Human Regolatory T Cell Begradation assay, a value
of 100% indicated no detectable protein rematning ot conplete 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 B-1, the compounds of the present invention,
as exemplified by Examples 1 to 3, were sbserved to degrade {1} 51%, 56%. 58%, 67%,
and 52% of the IKZF 1 (Tkaros) protein, respectively; (it} 98% of TKZF2 (Helios) proteuy
(111} 229, 25%, 25%, 35%, and 299% of the IKZF3 {Aiclos) protein; and (iv} 36%, 62%,

59%, 62%, and 67% of the IKZF4 (Eos) protein.

TABLE B-2

Human Regulatory T Celi Degradation Assav: DCso’

IKZF1 IKZF2 IKZF3 IKZF4
Ex. No. karos Helios Atolos Eos
DCso (M) DCso {(nMM) DCso (nM) DCso (uM}
i 8227 32 >10,000 35
2 930 71 >10000 193
3 6466 51 >10,000 141
4 3788 59 >10,000 203
3 6300 46 >10,000 375

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

given protein by 50% compared fo treatiment with DMSQ alone.

HUMAN REGULATORY T CELL REPROGRAMMING ASSAY
Human CB47 T cells were isolated from fresh healthy leukopaks (Stemeelt
Technologies) using the RosetteSep Human CD47 T cell enrichment cocktail {Stemeell
Technologies) and Ficoll density gradient centrifugation. Leukopaks were diluted with an
equal volume of phosphate-buffered saline (FBS [{Gibco]) supplemented with 2% fetal
bovine serum (FBS, VWR Lifescience) and incubated with RosetteSep Huraan CD4 T
cell enrichment cocktail for 20 minutes before layenng on Ficoli-Paque Plus solution (GE
Health Care}. The cell-rich interface layer was harvested and washed twice with PBS
supplemented with 2% FBS. Regulatory T cells were then tsolated manually using the
EasySep Human CD4°CD127°VCD25" Regulatory T cell isolation kit {Stemeell
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Technologies) according to the manufacturer’s fnstructions. Cells were rested overnight
i Roswell Park Memorial Institute (RPMI} 1640 media (Gibeo) supplemented with 10%
FBS, Pen/Strep {(Gibeo), MEM-NEAA (Gibeo), and sodium pyruvate (Gibco)ina
humidified mncubator (37 °C, 3% C(n). Cells were then stained for CD4 {clone: RPA-T4,
Biolegend), CD23 (clone: 2A3, BD Biosciences), and CP127 {clone: hiL-7R-M21, BD
Biosciences). CD4'CDIZ7"CD25" cells were sorted on a BD FACS Aria Fusion sorter
to a punity of 95% or greater. Sorted cells were imunediately used or cryopreserved for
downstrean assays.

Fresh or ervopreserved FACS-sorted CD47CDI279CD25" Treg cells were
cultured at 25,000-50,000 cells/well of 96-well round bottom plates in RPMY 1640 media
{Gibeo) supplemented with 10% FBS, Pen/Strep (Gibeo), MEM-NEAA (Gibeo), and
sodivm pyruvate {Gibeo). Cells were stimudated with Treg Xpander beads (Thermo
Fisher) at cells-to-beads ratio of 1:4 m the presenee of 300 U/mb recombinant human {1~
2 {Proleukin}. Coropounds were added at titrated doses and cells were incubated at 37
°C, 5% €O for 12-13 days. Recombinant buman IL-2 and compound were replenished
every 2-3 days during the entire culture daration. On day 12 or 13, celis were
restimulated with phorbol 12-myristate 13-acetate (PMA) and 1ionomycin in the presence
of the protein transport inhibitors brefeldin A and moneasin {(eBioscience Cell
Stimulation Cocktail plus protein transport inhibitors, 500x, Catalog number 00-4975-03)
before proceeding with flow cytometry staining and analysis.

For flow cviometry statung, colls were washed twice with flow cytometry
staining buffer (Thermo Fisher) and incubated i Human Tru-stain Fe block (Biolegend)
for 10 mimutes before adding eFhuor70 viability dye (Thermo Fisher) and surface marker
antibody cocktail for 30 munutes at 4 °C. Cells were then fixed and permeabilized by
mcubation with FoxP3 transcription factor statning buffer {Thermo Fisher) for 30 munutes
at 4 °C as per the kit manufacturer’s mnstructions. Cells were washed twice with the
Perm/Wash buffer supplied 1 the kit as per the manufacturer’s instmctions and incubated
overmight at 4 °C with an intracelivlar antibody cocktail comprised of antibodics specific
for the transceription factors shown in Table €. Cells were washed twice with Perm/Wash
buffer and resuspended in flow cytometry staining buffer (Thermo Fisher) prior to
accpuisition. Sample acquisition and analysis was performed using a BD LSRFortessa

{BD Biosciences) flow cvtometer. Single stain controls for each fluorochrome were
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prepared using UltraComyp ¢Bead Compensation Beads (Thermo Fisher). Data were

analyzed using Flowlo version 10 and GraphPad Priam Software.

TABLEC

Antibodies Used for Flow Sorting and Analysis
Marker Fluorochrome
Viability cFluor780
D3 BUV395
Ch4 BUVE0O3
CD¥ FITC
D23 BY606
FoxP3 BV421
HELIOS PE-Cy7

TABLE C-1

Human Regulatory T Cell Reprogramming Assay-Maxamum Observed

Degradation
IKZF2 Helios TKZF4 Hos
Ex. No.
max % deg. observed max % deg. Observed
1 72% 84%
2 74% 2%
3 73% 84%
4 66% R0%
3 - 46%
Comparative Compound A 1% 0%
Comparative Compound B 6% 1%

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

IKZF4 protein as measured in the Human Regulatory T Cell Reprogrammuing assay. The

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

Reprograrmnung assay, a value of 100% mdicated no detectable protein remaming or
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complete degradation of the protein; and a value of 0% indicated no detectable

degradation of the protein by the test compound.

TABLE C-2

Human Regulatory T Cell Reprogramming Assay: DCso”

IKZF2 Helios IKZF4 Eos
Ex. No. .
DCse (nh) DCso (nM)
1 45 2
2 245 3
3 247 4
4 153 4
5 - 7
Comparative
, >1000 >1000
Compound A
Comparative
>1000 >1000
Compound B

W

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

given protein by 50% compared fo treatiment with DMSQO alone.

HUMAN CD8" T CELL DEGRADATION ASSAY
10 Crvopreserved healthy donor human peripheral blood mononuclear cells (PBMC)
from healthy donors were thawed and seeded at 500,000 cells/well of 96-well round
bottom plates m RPMI 1640 media (Gibeo) supplemented with 10% FBS, Pen/Strep
{Gibco), MEM-NEAA (Gibeo). and sodium pyruvate {Gibeo). Cells were treated with
titrated doses of compound for 24 hours at 37 °C, 5% CO: betore analvzing by flow
15 cytometry.

For flow cytometry staining, cells were washed twice with flow cytometry
staining buffer (Themmo Fisher) and incubated in Human Tru-stain Fe block (Biolegend)
for 10 mimites before adding eFhuor780 viability dye (Thermo Fisher) and surface marker
antibody cocktail containing LD-eFluor780, CD3-BUV-393, CD4-BUVS0S, CDE-FITC,

20 and CD25-BV60S for 30 nunutes at 4 °C. Cells were then fixed and permeabilized by
incubation with permeabilization buffer (eBioscience FoxP3 buffer set 00-5523-00) for
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30 minutes at 4 °C as per the kit manufacturer’s mstructions. Cells were washed twice
with the Perm/Wash buffer supplied in the kit as per the manufacturer’s instructions and
mcubated overmight at 4 °C with an intracetular antibody cocktail comprised of
antibodies specific for the transcription factors (1.e. , Foxp3-BV421, HELIOS-PE-Cy7,
EQS-PE, IKAROS-PECF594, AIQGLOS-AF647). Cells were washed twice with

A

Perm/Wash buffer and resuspended in flow cyviometry staining buffer (Thermo Fisher)
prior to acquistiion. Sample acquisttion and analvysis was performed using a BD
LSRFortessa (BD Biosciences) flow cytometer. Single-stain controls for each
fluorochrome were prepared osing UltraComp eBead Compensation Beads (Thermo

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

TABLE B-1
Human D8 T Cell Reprogranmming Assay-Maximum Observed Degradation
Ex. No. IKZFT fkaros IKZF3 Atolos

i 76% 76%

2 52% 58%

3 657% 57%

4 80% T7%

5 36% 72%
Comparative

74% 80%
Compound A
Comparative

17% 0%
Compound B

TABLE B-2

j—
W

Human CD8" T Cell Reprogramming Assay: DCso”

N IKZFT tkaros | IKZF3 Aiolos
Ex. No. ! e
DCso (uM) DCsoe (nM)
! 53 18
2 132 86
3 181 193
4 i3 18
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3 366 131
Comparative Compound A 113 21
Comparative Compound B >1000 >1000

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

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

Table D-1 lists the maximum observed degradation of the IKZF1 protein and

IKZF3 protein as measured in the Haman CD8" T Cell Reprogramming assay. The

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

Reprogranmming assay, 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.

TABLEE

Maxinnun Observed Degradation of IKZF1-4: Comparison of Examples 1-3 and

Comparative Compounds A and B

IKZF1” KZF2™ IKZF3" IKZF4™
o ikaros Helios Ajolos Eos
Ex. No. ) s
max % deg. max % deg. max % deg,. max % deg.
observed observed observed observed
I 76% 89% 76% 84%
2 53% 92% 58% 72%
3 67% 92% 67% 84%
4 20% 91% 77% 0%
S 56% 92% 2% 46%
Comparative _ N y
. 74% 27% 80% 0%
Compound A
Comparative ,
. 17% 11% (% 1%
Componnd B

* IKZF1 and IKZF3: Human CD&" T Cell Reprogramming Assay (D-1)
** IKZF2: hurkat Cellular Degradation Assay (A-1)

#xx IKZF4: Human Reguolatory T Cell Reprogrammung Assay {(C-1)
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Examples 1-5 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 1-5 bave the surprising advantage of decreasing the levels of the
four IKZF1-4 proteins Tkaros, Helios, Aiolos, and Eos. Ags shown in Tables A-1, C-1, and
D-1 in the reported tests: (1} Examples 1-5 decreased the level of IKZF1 (Ikaros) by at
least 53% (Table B-1); () Examples 1-4 decreased the level of the IKZF2 (Helios)
protein by at least 89% (Table A-1); (iu) Examples 1-4 decreased the level of IKZF3
{Aolos) by at least S8% (Table D-13; and (iv) Examples 1-4 decreased the level of TKZF4
{Fos) by at least 46% {Table C-1}. In contrast, in similar tests, the Comparative
Compound A and Comparative Compound B were observed to degrade the TKZF2
{Helios) protein {Table A-1) by 27% or less; and degrade TRKZF4 (Hos) protein {Table C-
Dby H%or fess.

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

usetuld to decrease the levels of the four IKZF 1-4 proteins Tkaros, Helios, Aiolos, and Eos.
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CLAIMS
‘What 15 claimed 1s:
5 1. A compound of Formuala (I):
O
O~
7N
Y
- )
O N"&\*O
H 4y
or stereoisomers, tautomers, or salts thereof, wherein:
Ris:
N3
H
=N
i0
2. The compound according to claim 1, or stereoisomers, tagtomers, or salts thereof,
wherein said compound is:
H:C
HC%C‘ ____________ o O
ol N (N7
— N AT NN
N
HoN F
o] N*"é{\
H o )
i5

3. The compound according to claim 1, or sterecisomers, tautomers, or salis thereof,

wherein said compound is:
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4. The compound according to claim 1, or stereoisomers, tautomers, or salts thereof,

wherein said compound is:

¥4

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

wherein said compound is:

""" N </ Y < \> <S“‘f ©
J7N fN\,/\!
HoN
B F O’ﬁ[\;\r"&\

H O .
10 6. The compound according to claim 1, or stercoisomers, tautomers, or salts thereof,

wheretn said compound is:

7. A pharmaceutical composition comprising a compound according to any one of claims
15 1to 6, or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof: and a

pharmaceutically acceptable carrier.
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8. Usec of a compound, or stereoisomers, tautomers, or pharmacewtically acceptable salts

thereot. according to any one of claims 1 to 6 for the treatment of cancer.

A

9. The use of claim 8, wherein said cancer 1s selected from cancer of the colon, gastric,
pancreatic cancer, breast cancer, prostate cancer, lung cancer, ovarian cancer, cervical

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

10, A method for the treatment of cancer, in a patient comprsing administering to said
16 patient a therapeutically effective amount of a compound, a stereoisomer, a tautomer, ora

pharmaceutically acceptable salt thereof according to any one of claims [ to 6.

11. The method according to claim 10 wherein said cancer is selected from cancer of the
colon, gastric, pancreatic cancer, breast cancer, prostate cancer, lung cancer, ovaran
15 cancer, cervical cancer, renal cancer, cancer of the head and neck, lvmphoma, leokemia,

and melanoma.

12. The method according to claim 10 further comprising administering to said patient a
therapeutically effective amount of a second agent, wherein said second agent is selected

20 frony an antagonist of PD/PD-L1 axis, an antagonist of CTLA4, a chemotherapeutic
agent, radiation, or an anti-tumor vaccine, prior to, simultancously with or after

administration of said compound.

13. The method according to Claim 10, wherein:

j.]
(4]

a} said fkaros protein is the amuno acid sequence encoded by SEQ 1D NOs: 1,2, 3,4, 5,
or 6;

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

¢} sand Arolos protein is the amine acid sequence encoded by SEQ ID NGs: 12, 13, 14,

30 15,16, 17, 18, 0r 19; and

d} said Eos protein is the amino acid sequence encoded by SEQ 1D NOs: 20 or 21,
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14. The method according to claim 13, wherein
a) saxd fkaros protein level is decreased by at least 30 %;
b} said Helios protein level is decreased by at least 50 %

¢} said Aiolos protein level 1s decreased by at least 20 %; and

A

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

15. The method according to claim 14 further comprising adnunistering to said patient a
therapeutically effective amount of a second agent, wherein said second agent is selected
from an antagonist of PDI/PD-L1 aais, an antagonist of CTLA4, a chemotherapeutic

160 agent, radiation, or an anti-tumor vaceine, prior to, sunultancously with or after

admuinistration of said compound.
16. A method of decreasing fkaros, Helios, Aiolos, and Eos protein levels in cells

comprising contacting said cells with a compound according to any one of claims 1 to 6,

15 orastercoisomer, a tautomer, or a pharmaceutically acceptable salt thereof.
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