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PU.1 INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/353,669, filed on June 23, 2016, the content of which is herein incorporated by reference

into the subject application.

STATEMENT OF GOVERNMENT SUPPORT
[0002] This invention was made with government support under grant numbers
GM111749 and AI1064200 awarded by the National Institutes of Health. The government has

certain rights in the invention.

FIELD OF THE INVENTION

[0003] This invention relates to novel inhibitors of myeloid master regulator PU.1.

BACKGROUND OF THE INVENTION

[0004] ETS (E-Twenty-Six) transcription factors are found throughout the body and play a
role in a variety of different physiological functions, including cell differentiation, cell
proliferation, apoptosis, angiogenesis, cell migration, and cell cycle control. They are
implicated in a wide variety of pathophysiologies, including cancer. One member of the ETS
family is designated PU.1, which regulates the expression of receptors such as IL-2Ry, IL-7Ra
and Toll-like receptors. As such, PU.1 is also involved in various autoimmune diseases.
Because sequence specific binding is a necessary step in ETS-mediated gene activation,
inhibition of the ETS-DNA complex can serve as the pharmacological basis for the treatment
of a wide variety of diseases.

[0005] Acute myeloid leukemia (AML) is a cancer of the hematopoietic system,
characterized by the abnormal clonal proliferation of immature cells, following various genetic
and epigenetic alterations. Despite efforts to discover novel therapeutic options, survival in
AML remains poor, with a 5-year overall survival of 25%, with overall outcome being worst
for patients > 60 years of age who represent the vast majority. Especially in this age group,
clinical outcome has not significantly improved in the past 4 decades. AML is a genetically
very heterogeneous disease, characterized by recurrent genetic mutations which often occur in
combination in individual patients (about 30 mutations recur in patients at a frequency of
>1%), and on average patients with AML carry a combination of 3-5 ‘driver mutations’. One
of the major challenges facing currently ongoing ‘precision oncology’ efforts is the low

frequency of a larger number of individual mutations and their combinatorial occurrence.
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Instead of targeting specific genetic aberrations, an alternate strategy for AML treatment
would be targeting of more commonly dysregulated pathways that are implicated in various
AML subtypes and in larger subsets of patients.

[0006] Over the last 15 years, increasing evidence has shown the critical importance of
PU.1, an ETS family transcription factor, in AML. A functionally critical decrease in PU.1
level has been described in FLT3-ITD, RUNXI-ETO and promyelocytic leukemia,
representing 24, 7 and 13% of all AMLs, respectively (cancer.sanger.ac.uk). Additionally,
PU.1 loss of function heterozygous mutations or deletions have been described in AML, and
are found in ~10% of MLL-translocated AML. Homozygosity of a single nucleotide variant in
an upstream regulatory element (URE) of PU.1, lowering PU.1 expression, has been described
in AML with complex karyotype, and a study on highly purified stem cells of patients with
AML showed reduced PU.1 levels in at least 40% of examined cases. Overall, disruption of
PU.1 expression or activity is present in more than half of AML patients and is associated with
a specific transcriptional and epigenetic program, rendering it a very attractive potential
therapeutic target.

[0007] PU.1 is highly conserved between humans and mice and its functions have been
studied using a number of genetically engineered mouse models, which have further proven
PU.1’s crucial role in hematopoiesis. PU.1 is essential for myeloid and lymphoid lineages, as
well as hematopoietic stem cell (HSC) maintenance. Its role in AML development has been
firmly established through mouse models with reduced, but not completely absent, PU.1
expression. Homozygous knockout of an enhancer (URE) located -14kb upstream of PU.1
leads to a decrease in PU.1 expression of 80% and development of a stem cell-derived AML
between 3 to 8 months of age. Enhancer haplodeficiency of PU.1 is not sufficient to induce
leukemia by itself; however it leads to myeloid bias in stem cells and AML development in
combination with cooperating events.

[0008] Thus, PU.1 and its downstream transcriptional network are crucial in
hematopoiesis and leukemogenesis. AML with disruption of PU.1 function is a distinct entity,
associated with specific oncogenes, as well as specific molecular signatures. Thus, targeting
PU.1 in AML could be an appealing option for treatment. In the past, strategies to rescue PU.1
expression in AML cells have been explored. Overexpression of PU.1 is sufficient to trigger
neutrophil differentiation in acute promyelocytic leukemia (APL), and leads to differentiation
and apoptosis of various primary AML samples. Unfortunately, elevation of PU.1 levels or

activity is difficult to achieve pharmacologically. However, as complete loss of PU.1 leads to
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stem cell failure, AML cells may be more vulnerable to further PU.1 inhibition in comparison
to normal hematopoietic cells.

[0009] In addition to hematologic malignancies, PU.1 is also a promising target in a range
of non-malignant diseases with an immunological basis, in which pharmacological inhibition
represents a novel therapeutic strategy. The essential role of PU.1 in the differentiation and
development of myeloid lineages is well established in mouse and human models of
hematopoiesis. PU.1 induces the expression of key receptors such as TLR4 and GM-CSFR,
which sensitize granulocytes and monocytes to endotoxins and specific pro-inflammatory
cytokines. Thus, PU.1 represents an attractive therapeutic target in non-malignant
inflammatory diseases in which granulocytes and monocytes are major cellular mediators.
Examples of such diseases that are mediated, at least in part, by granulocytes/monocytes
include (but are not restricted to) endotoxemia, theumatoid arthritis and neurodegenerative
diseases.

[0010] In mouse models of peritonitis, GM-CSF stimulates differentiation of tissue
macrophages and sensitization to bacterial endotoxins (LPS) in a PU.1-dependent manner that
strongly correlates with mortality and is markedly attenuated in GMCSF-deficient animals. In
other mouse models, endotoxins potently stimulates TLR4 on mature macrophages, leading to
local (e.g., lung) and systemic inflammation that is blunted in PU.1-deficient chimeric
animals.

[0011] The widespread clinical use of anti-TNFa, antibodies has highlighted the central
role of macrophages/monocytes in RA. Up-regulation of PU.1 is a common feature in
activated synovial macrophages and is associated with TLR4 expression. Attention to PU.1 as
a therapeutic target in RA is also increasing owing to its regulation of microRNA expression,
especially miR-155, a pro-inflammatory RA regulator analogous to its role in AML. A recent
observational study has also found elevated PU.1 expression in patients with systemic lupus
erythematosus.

[0012] Recent evidence has brought to light the immunological basis of chronic
neurodegenerative diseases, including Alzheimer’s disease. Specifically, microglial
proliferation, mediated via the PU.1-target gene csflr, is associated with neuronal damage and
disease progression in mouse models of chronic neurodegeneration. A broader involvement of
PU.1 transactivation in microglial development has been identified, and most recently in the

specific case of Alzheimer’s disease.



WO 2017/223260 PCT/US2017/038647

4-

[0013] In addition to its importance as a myelopoietic regulator, PU.1 also plays an
essential role in the function and polarization of certain mature T helper cells. Secretion of IL-
9 by Th9 cells, a major cytokine of in allergic inflammation, is transcriptionally controlled by
PU.1 following induction by TGFp. Evidence is rapidly accumulating that IL-9 is the mediator
in acute contact dermatitis, asthma, inflammatory bowel disease, pediatric atopy, and giant cell
arteritis.

[0014] In addition to ensuring the self-renewal of the hematopoietic stem cell (HSC), PU.1
governs cell fate determination in a dosage- and cell-stage dependent fashion. Elevated PU.1
activity is required to drive differentiation of the HSC towards the myeloid lineages (the
common myeloid progenitor), at which point continued PU.1 activity induces the terminal
development of macrophages and granulocytes, while a tapering of PU.1 activity leads to
erythrocytes. At lower concentrations, PU.1 also drives the initial differentiation of the HSC to
the common lymphoid progenitor, at which stage a switch in PU.1 dosage induces terminal
differentiation into B- (high PU.1) or T-lymphocytes (low PU.1). Since hematopoietic cell fate
decisions require multiple transcription factors, often acting in antagonistic fashion [e.g., |
PU.1/1 Ets-1 during T cell development); | PU.1/1 C/EBPa in regulation of macrophage and
neutrophils], PU.1 inhibitors are expected to be useful in a cocktail of other transcriptional
modulators, to induce the differentiation of appropriate progenitors into desired cell types. The
expected usefulness of PU.1 inhibitors as a cell-reprogramming agent is highlighted by a
reversal in PU.1/Ets-1 antagonism in the specialization of mature T cells into subtypes such as
Tho.

[0015] Typical of ETS-family transcription factors, DNA site recognition by PU.1
requires contact with the major groove, at consensus sites harboring the 5°-GGAA/T-3
sequence specific for the ETS family. Additional contacts with the adjacent DNA minor
groove confer selectivity for certain ETS paralogs, such as AT-rich sequences for PU.1. PU.1
inhibitors targeting DNA in the minor groove, by targeting the AT-rich sequences, therefore
lead to inhibition of PU.1 binding in the major groove via an allosteric mechanism.

[0016] There is a need for novel compounds with enhanced inhibitory potency against
PU.1. There is a need for improved methods for treating cancers, including hematologic
cancers such as leukemia, as well as other conditions associated with PU.1 dysfunction. The

present invention addresses these needs.
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SUMMARY OF THE INVENTION
[0017] Disclosed herein are compounds capable of inhibiting PU.1. In some instances,

the PU.1 inhibitors can be characterized by the following chemical formula:

CT T

R =|=

o

or a pharmaceutically acceptable salt thereof, wherein:
x and x” are each 3;

R is in each case independently selected from R?, OR*, N(R?),, SR*, SO,R?, SO,N(RY),;
COOR? C(O)N(R%,, OC(O)N(RY,, N(RHC(O)N(RY,, F, Cl, Br, I, cyano, and nitro,
wherein R? is in each case independently selected from hydrogen, C;5 alkyl, Cs.g
cycloalkyl, Co.5 heterocyclyl, Ce.12 aryl, and C;.;» heteroaryl, wherein any two or more

of R and R* may together form a ring;

G and G’ are independently selected from Cs.4 cycloalkyl, C, heterocyclyl, Ce.1» aryl, and
C;.12 heteroaryl;

A and A’ are independently selected from NR', O, S, and Se, wherein R', when present, is in
each case independently selected from R®, SO,R®, SO,N(R®),; COOR®, C(O)N(R®),,
wherein R is in each case independently selected from hydrogen, Cy.g alkyl, Cs.5
cycloalkyl, Co.5 heterocyclyl, Ce.12 aryl, and C;.;» heteroaryl, wherein any two or more

of R and R may together form a ring;

B and B’ are independently selected from N and CR;

o has the formula;

Qza
RZa
‘HE)J\N/

||Q33

>

wherein Q is O or NR™, wherein R', R* and R* are independently selected from hydrogen,
Cis alkyl, Css cycloalkyl, Ca.g heterocyclyl, Ce.12 aryl, and Cs.1» heteroaryl; wherein
any two or more of R" R* R* R and R' can together form a ring;

B has the formula:
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wherein Qb 1s O or NR"’, wherein R"’, R2b, and R*® are independently selected from
hydrogen, C;s alkyl, Cs.s cycloalkyl, C,5 heterocyclyl, C.1» aryl, and Cs.1»
heteroaryl; wherein any two or more of R'®, R?® and R*™, R and R! can together form
aring;

wherein Q% and Q® are not both O;

Z is a linking group having the formula:

X-(CR)m-C*~+(CRo)w-Y-;

wherein X and Y are independently selected from: a chemical bond; O, S, Se, and NR*:
wherein R*, when present, is in each case independently selected from R®, SO,R",
SO,N(R),; COOR’, C(O)N(R),, wherein R° is in each case independently selected
from hydrogen, C;5 alkyl, Cs.5 cycloalkyl, C,.5 heterocyclyl, Cs.1» aryl, and Cs.1»
heteroaryl;

Ry is in each case independently H or F or mixtures thereof;

m and n are each an integer independently selected from 0-4;

(% is selected from a chemical bond, O, S, Se, NR*, or C».g heterocyclyl, Cq.12 aryl, and C;.1»
heteroaryl;
wherein when X and Y are both O, C” is not a chemical bond, and when A” is Se, X

and Y are not both a chemical bond.

[0018] The compounds disclosed herein are PU.1 inhibitors, and as such can be used to

treat diseases associated with abnormal PU.1 activity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Fig. 1A-1F. PU.1 knockdown decreases cell growth and increases apoptosis of
murine and human PU.1"% leukemic cells. (A) Cell proliferation assay of URE-/- cells after
transduction with shPU.1 1 and shPU.1 2 (n=4). Cell counting was performed every 24h
during 4 days. Data represent means + SD of technical triplicate from one representative
experiment. (B) Clonogenic capacities of URE-/- cells after transduction with shPU.1 1 and
shPU.1 2 (n= 4). Data represent means = SD of technical triplicate from one representative
experiment. (C) Apoptotic cells (Annexin-V+ Dapi-) fraction in URE-/- cells after
transduction with shPU.1 1 and shPU.1 2 (n=3). Data represent the means = SD of
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independent experiments; fold change compared to shCtrl is shown. (D) Cell proliferation
assay in THP1 cells (n=2) and MOLM13 cells (n=3) after transduction with shPU.1 1 and
shPU.1 2. Cell counting was performed every 24h during 4 days. Data represent means = SD
of technical triplicate from one representative experiment. (E) Clonogenic capacities of THP1
cells (n=4) and MOLM13 cells (n=6) after transduction with shPU.1 1 and shPU.1 2. Data
represent means = SD of technical triplicate from one representative experiment. (F)
Apoptotic cells (Annexin-V+ Dapi-) fraction in MOLMI13 cells after transduction with
shPU.1 1 and shPU.1_2 (n=7). Data represent the means + SD of independent experiments;
fold change compared to shCtrl is shown. * P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
[0020] Fig. 2A-2F. PU.1 inhibition decreases cell growth and increases apoptosis of
PU.1"°" leukemic cells. (A) Chemical structures of heterocyclic diamidines DB1976, DB2115
and DB2313 used in this study. (B) Relative cell viability of URE-/- cells and BAF3 cells
after treatment with increasing concentrations of vehicle or small molecules. Cell viability
was assessed after 48h. Data represent means of technical triplicate from one representative
experiment; fold change compared to Vehicle is shown. (C) Cell proliferation assay of URE-
/- after treatment with DB1976 (n=5), DB2115 (n=3), DB2313 (n=3), of MOLMI13 cells
(n=3), and THP1 cells (n=3). Cell counting was performed every 24h during 4 days. Data
represent means = SD of technical triplicate from one representative experiment. Forward
strand: SEQ ID NO:3, and Reverse strand: SEQ ID NO:4; derived from the 2B motif from
the murine Ig lambda 2-4 enhancer, a known native PU.l-dependent gene and specific
binding site for PU.1. (D) Clonogenic capacities of URE-/- cells after treatment with
DB1976 (n=5), DB2115 (n=3) and DB2313 (n=4) in the first plating, and after serial
replatings (n=3). Data represent means + SD of technical triplicate from one representative
experiment. (E) Apoptotic cells (Annexin-V+ Dapi-) fraction in URE-/- cells after 48h of
treatment with DB1976 (n=6), DB2115 (n=6) and DB2313 (n=3). Data represent the means +
SD of independent experiments; fold change compared to Vehicle is shown. * P<0.05,
**P<0.01, ***P<0.001, ****P<0.0001 (F) Dose dependent inhibitor of PU.1-dependent
transactivation.

[0021] Fig. 3A-3G. Novel inhibitors show on-target PU.1 inhibitory activity. (A)
Quantitative RT-PCR analysis of Csflr, Junb, Sfpil, E2f1 expression after 72h (n=6) and, for
Csflr, after 1h (n=3), 4h (n=7), 8h (n=3) and 24h (n=3) of treatment with the small molecules
in URE-/- cells, expression is normalized to GAPDH expression. Data represent means = SD

of technical triplicate from one representative experiment; fold change compared to Vehicle
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is shown. (B) Chromatin immunoprecipitation assay showing PU.1 occupancy on E2f1, Junb,
Csflr promoters after treatment in Umsh cell line (n=5). 10.10° cells were collected for each
condition after 8h treatment with a double dose of the small molecules (50 uM for DB1976,
1.4 uM for DB2115 and 660 nM for DB2313) or Vehicle; and processed for ChIP using PU.1
monoclonal antibody. Myogenin was used as a negative control, not regulated by PU.1. Data
represent means £ SD of technical triplicate from one representative experiment. (C) Cell
viability after PU.1 rescue in MOLMI13 cells. MOLM13 were transduced with a lentiviral
construct expressing either PU.1-GFP (PU.1, black bar) or GFP as a control (empty, white
bar), sorted on GFP and plated with DB1976 (n=7), DB2115 (n=8), DB2313 (n=6) or
Vehicle. Cell count was performed after 4 days. Data represent means + SD of technical
triplicate from one representative experiment; fold change compared to Vehicle is shown. (D-
() Transcriptome analysis of URE-/- cells after 24h of treatment with DB2313 versus vehicle
(n=3). Differentially expressed genes were determined with a fold change at 1.2 and a P value
< 0.1. (D) Enrichment in genes directly regulated by PU.1 or in genes regulated by the other
ETS transcription factors Etsl, Gabpa, Spi-B, Fli-1, using Ingenuity Knowledge Base. The
red dotted line represents the significance threshold (-log (P value) > 1.3). (E,F) Comparison
analysis of deregulated genes in URE-/- cells after DB2313 treatment and in PUER cells after
PU.1 induction (GSE13125). Deregulated gens in PUER cells were analyzed with a FC at 1.5
and P-value < 0.05. (E) Significant overlap between the 2 datasets, with 484 genes commonly
deregulated. P-value was calculated using the hypergeometric test. (F) Comparative analysis
of deregulated canonical pathways between the 2 datasets (z-score > 2 for PUER dataset).
Colored squares indicate activation z-score. (G) Enrichment of PU.1 binding at promoters of
all, up- and down-deregulated genes after DB2313 treatment. Publically available PU.1 Chip-
seq data in PUER cells (GSE63317) has been used for this analysis and promoters defined as
-1kb before TSS. * P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

[0022] Fig. 4A-4G. PU.1 inhibition decreases cell growth and increases apoptosis of
primary human AML cells. (A-C) Transduced GFP+ human primary mononuclear AML
cells were plated in semi-solid media (150 000 cells per ml of methyl); colony number,
number of viable cells and apoptotic cells were assessed after 14 days of culture. (A, B)
Clonogenic capacities and number of viable cells after transduction with shPU.1 1 and
shPU.1 2 (n=7). (C) Apoptotic cells (Annexin-V+ Dapi-) fraction after transduction with
shPU.1 1 and shPU.1 2 (n=7). (D-F) Human primary mononuclear AML cells were plated in
semi-solid media (150 000 cells per ml of methyl) containing the PU.1 inhibitors DB1976,
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DB2115 and DB2313; colony number, number of viable cells and apoptotic cells were
assessed after 14 days of culture. (D-E) Clonogenic capacities (n=9) and number of viable
cells (n=8) after treatment. (F) Apoptotic cells (Annexin-V+ Dapi-) fraction after treatment
(n=8). (G) Enrichment of PU.1 binding in up- and down-regulated genes. (A-G) Data
represent means + SD, each AML sample is represented by an individual dot. Fold change
compared to shCtrl or Vehicle is shown.

[0023] Fig. 5A-5F. PU.1 inhibitors decrease the granulo-monocytic potential of
hematopoietic stem and progenitor cells, which is rapidly reversible. (A-C) Lin-Scal+c-Kit+
(LSK) cells were plated in semi-solid media containing PU.1 inhibitors. (A) Number of
colony-forming unit granulocyte (CFU-G), monocyte (CFU-M), granulo/monocyte (CFU-
GM), granulo/erythrocyte/monocyte/megakaryocyte (CFU-GEMM), burst or colony forming
unit erythroid (B/CFU-E) and immature colonies after treatment. Detailed histograms of
CFU-GM, CFU-G and CFU-M numbers are shown. Data represent the means £ SD of 3
independent experiments. (B) Cells coming from colony assays after vehicle or DB2313
treatment. Cells were cytospun and stained with May-Grinwald Giemsa. Scale bar is equal to
20 pm. (C) FACS analysis showing the percentage of CD11b+Grl-, CD11b+Grl+, CD11b-
Grl+, CD41+Terl119-, CD41+Ter119+, CD41-Terl 19+ populations after colony assays. Data
represent the means = SD of 4 independent experiments. (D,E) Cells coming from colony
assays treated with DB2313 were replated in the presence (+DB2313) or in the absence of
DB2313 (-DB2313) and the percentage of CD11b+Grl-, CD11b+Grl+ cells was assessed
one week later after culture in semi-solid media. (D) Representative FACS plots (E)
Percentage of CD11b+Gr1- and CD11b+Grl+ populations. Data represent the means + SD of
3 independent experiments; fold change compared to replating with DB2313 is shown. (F)
Serial replating assay with D2313 continuous treatment (n=3). Data represent the means + SD
of technical triplicate from one representative experiment. * P<0.05, **P<0.01, ***P<0.001,
[0024] Fig. 6A-6H. Treatment with PU1 inhibitors increases survival and decreases
tumor burden in vivo. (A) Experimental scheme. URE-/- cells were treated in vitro with
DB2313 or Vehicle and counted after 2 days of culture. 200.10° viable cells per mouse were
injected retroorbitally into sublethally irradiated mice. Mice were sacrificed at 6 weeks or
used for survival analyses. (B) Kaplan-Meier survival analysis of transplanted mice (x
animals for vehicle group, xx for DB2313 group, from 2 independent experiments, p=). (C,D)
Spleen and liver weight 6 weeks after transplant (8 animals for vehicle group, 7 for DB2313

group). Data represent means £ SD, each mouse is represented by an individual dot. (E)
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Chimerism of URE-/- cells in the bone marrow 6 weeks after transplant (14 animals per
group from 2 independent experiments). Data represent means = SD, each mouse is
represented by an individual dot. * P<0.05 AML cell engraftment in the bone marrow was
significantly decreased after treatment with DB2313, with a mean chimerism of 55% for the
vehicle group and 33% for DB2313 group (E, F). Histological analyses revealed severe
blast infiltration with disruption of the splenic architecture and virtually complete loss of
the red pulp in the vehicle group, and significantly less pronounced effects in the DB2313
group (G). Likewise, infiltration of the liver by leukemic blast was substantially reduced in
the DB2313 group in comparison to the vehicle group (H).

[0025] Fig. 7 depicts the effects of PU.1 inhibition of AML and healthy hematopoietic
cells.

[0026] Fig. 8A-8C depicts (A) DB2313 synthesis (B-C) Representative SPR sensorgrams
for compounds binding to the immobilized AB promoter DNA sequence: (B) DB2313 (KD
=7 + 2 nM) and (C) DB1976 (KD = 5 + 2 nM) as previously described (Munde et al.,
2014). The solid black lines are best fit values for global kinetic fitting of the results with a
single binding site function. Similar experiments with DB2115 gave a KD = 1 £ 2 nM. The
plots are for the SPR signal (RU) versus time from injection of the compound over the
sensorchip. From O to 180 seconds, compound is being injected (association) and after
that only buffer flows over the chip. (B) From top to bottom: 10, 30, 40 nM. (C) From
top to bottom: 5, 10, 15 nM.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Before the present methods and systems are disclosed and described, it is to be
understood that the methods and systems are not limited to specific synthetic methods,
specific components, or to particular compositions. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting.

[0028] As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Ranges may
be expressed herein as from “about” one particular value, and/or to “about”™ another particular
value. When such a range is expressed, another embodiment includes from the one particular
value and/or to the other particular value. Similarly, when values are expressed as

approximations, by use of the antecedent “about,” it will be understood that the particular

value forms another embodiment. It will be further understood that the endpoints of each of
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the ranges are significant both in relation to the other endpoint, and independently of the
other endpoint.

[0029] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances where it does not.

[0030] Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises,” means “including but not
limited to,” and is not intended to exclude, for example, other additives, components, integers
or steps. “Exemplary” means “an example of”” and is not intended to convey an indication of
a preferred or ideal embodiment. “Such as™ is not used in a restrictive sense, but for
explanatory purposes.

[0031] Unless stated to the contrary, a formula with chemical bonds shown only as solid
lines and not as wedges or dashed lines contemplates each possible isomer, e.g., each
enantiomer, diastereomer, and meso compound, and a mixture of isomers, such as a racemic
or scalemic mixture.

[0032] The term “alkyl” as used herein is a branched or unbranched hydrocarbon group
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, dodecyl, and the like. The alkyl group can also be substituted or
unsubstituted. Unless stated otherwise, the term “alkyl” contemplates both substituted and
unsubstituted alkyl groups. The alkyl group can be substituted with one or more groups
including, but not limited to, alkoxy, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, nitro, silyl,
sulfo-oxo, or thiol as described herein. An alkyl group which contains no double or triple
carbon-carbon bonds is designated a saturated alkyl group, whereas an alkyl group having
one or more such bonds is designated an unsaturated alkyl group. Unsaturated alkyl groups
having a double bond can be designated alkenyl groups, and unsaturated alkyl groups having
a triple bond can be designated alkynyl groups. Unless specified to the contrary, the term
alkyl embraces both saturated and unsaturated groups.

[0033] The term “cycloalkyl” as used herein is a non-aromatic carbon-based ring
composed of at least three carbon atoms. Examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. The term
“heterocycloalkyl” is a cycloalkyl group as defined above where at least one of the carbon

atoms of the ring is replaced with a heteroatom such as, but not limited to, nitrogen, oxygen,



WO 2017/223260 PCT/US2017/038647

-12-

sulfur, selenium or phosphorus. The cycloalkyl group and heterocycloalkyl group can be
substituted or unsubstituted.  Unless stated otherwise, the terms “cycloalkyl” and
“heterocycloalkyl” contemplate both substituted and unsubstituted cycloalkyl and
heterocycloalkyl groups. The cycloalkyl group and heterocycloalkyl group can be substituted
with one or more groups including, but not limited to, alkyl, alkoxy, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester, ether,
halide, hydroxy, ketone, nitro, silyl, sulfo-oxo, or thiol as described herein. A cycloalkyl
group which contains no double or triple carbon-carbon bonds is designated a saturated
cycloalkyl group, whereas an cycloalkyl group having one or more such bonds (vet is still not
aromatic) is designated an unsaturated cycloalkyl group. Unless specified to the contrary, the
terms cycloalkyl and heterocycloalkyl embrace both saturated and partially unsaturated
systems.

[0034] The term “aryl” as used herein is an aromatic ring composed of carbon atoms.
Examples of aryl groups include, but are not limited to, phenyl and naphthyl, etc. The term
“heteroaryl™ is an aryl group as defined above where at least one of the carbon atoms of the
ring is replaced with a heteroatom such as, but not limited to, nitrogen, oxygen, sulfur,
selenium or phosphorus. The aryl group and heteroaryl group can be substituted or
unsubstituted. Unless stated otherwise, the terms “aryl” and “heteroaryl” contemplate both
substituted and unsubstituted aryl and heteroaryl groups. The aryl group and heteroaryl
group can be substituted with one or more groups including, but not limited to, alkyl, alkoxy,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, nitro, silyl, sulfo-oxo, or thiol as described herein.
[0035] Exemplary heteroaryl and heterocyclyl rings include: benzimidazolyl,
benzofuranyl,  benzothiofuranyl,  benzothiophenyl,  benzoxazolyl, = benzoxazolinyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, 4aH carbazolyl, carbolinyl, chromanyl, chromenyl, cirrnolinyl,
decahydroquinolinyl, 2H,6H~ 1,5,2-dithiazinyl, dihydrofuro[2,3 b]tetrahydrofuran, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, 3H-indolyl, isatinoyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, 1isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methylenedioxyphenyl,
morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2.4-
oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxindolyl,

pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathinyl,
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phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, piperonyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl,
6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2 4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3.4-
thiadiazolyl,  thianthrenyl,  thiazolyl,  thienyl, thienothiazolyl,  thienooxazolyl,
thienoimidazolyl, thiophenyl, and xanthenyl.

[0036] The terms “alkoxy,” “cvcloalkoxy,” ‘heterocycloalkoxy,” “cycloalkoxy,”
“aryloxy,” and “heteroaryloxy™ have the aforementioned meanings for alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, further providing said group is connected via an oxygen
atom.

[0037] As used herein, the term “substituted™ is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, and aromatic and
nonaromatic substituents of organic compounds. The permissible substituents can be one or
more and the same or different for appropriate organic compounds. For purposes of this
disclosure, the heteroatoms, such as nitrogen, can have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisfy the valencies
of the heteroatoms. This disclosure is not intended to be limited in any manner by the
permissible substituents of organic compounds. Also, the terms “substitution” or “substituted
with” include the implicit proviso that such substitution is in accordance with permitted
valence of the substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., a compound that does not spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, etc. Unless specifically stated, a substituent that is
said to be “substituted” is meant that the substituent is substituted with one or more of the
following: alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, nitro, silyl, sulfo-oxo,
or thiol as described herein.

[0038] Unless specified otherwise, the term “patient” refers to any mammalian animal,
including but not limited to, humans.

[0039] Pharmaceutically acceptable salts are salts that retain the desired biological

activity of the parent compound and do not impart undesirable toxicological effects.
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Examples of such salts are acid addition salts formed with inorganic acids, for example,
hydrochloric, hydrobromic, sulfuric, phosphoric, and nitric acids and the like; salts formed
with organic acids such as acetic, oxalic, tartaric, succinic, maleic, fumaric, gluconic, citric,
malic, methanesulfonic, p-toluenesulfonic, napthalenesulfonic, and polygalacturonic acids,
and the like; salts formed from elemental anions such as chloride, bromide, and iodide; salts
formed from metal hydroxides, for example, sodium hydroxide, potassium hydroxide,
calcium hydroxide, lithium hydroxide, and magnesium hydroxide; salts formed from metal
carbonates, for example, sodium carbonate, potassium carbonate, calcium carbonate, and
magnesium carbonate; salts formed from metal bicarbonates, for example, sodium
bicarbonate and potassium bicarbonate; salts formed from metal sulfates, for example,
sodium sulfate and potassium sulfate; and salts formed from metal nitrates, for example,
sodium nitrate and potassium nitrate. Pharmaceutically acceptable and non-pharmaceutically
acceptable salts may be prepared using procedures well known in the art, for example, by
reacting a sufficiently basic compound such as an amine with a suitable acid comprising a
physiologically acceptable anion. Alkali metal (for example, sodium, potassium, or lithium)
or alkaline earth metal (for example, calcium) salts of carboxylic acids can also be made.
[0040] Human Transcription factor PU.1 protein (product of the SPI1 gene is) has the
following amino acid sequence (SEQ ID NO:1) (UniProtKB - P17947):

10 20 30 40 50
MLOACKMEGE PLVPPPSEDL VPYDTDLYQR QTHEYYPYLS SDGESHSDHY
60 70 80 90 100
WDFHPHHVHS EFESFAENNE TELQSVQPPQ LOQLYRHMEL EQMHVLDTPM
110 120 130 140 150
VPPHPSLGHQ VSYLPRMCLQ YPSLSPAQPS SDEEEGERQS PPLEVSDGEA
160 170 180 190 200
DGLEPGPGLL PGETGSKKKI RLYQFLLDLL RSGDMKDSIW WVDKDKGTEQ
210 220 230 240 250
FSSKHKEALA HRWGIQKGNR KKMTYQKMAR ALRNYGKTGE VKKVKKKLTY
260 270
QFSGEVLGRG GLAERRHPPH.

A second isoform has been reported where at position 15,

(UniProtKB - P17947):

10

20

30

40

MLOACKMEGE PLVPPQPSED LVPYDTDLYQ RQTHEYYPYL

60

70

80

90

YWDFHPHHVH SEFESFAENN FTELQSVQPP QLOQQLYRHME

110

120

130

140

P — PQ (SEQ ID NO:2)

50
SSDGESHSDH
100
LEQMHVLDTP
150
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MVPPHPSLGH QVSYLPRMCL QYPSLSPAQP SSDEEEGERQ SPPLEVSDGE
160 170 180 190 200

ADGLEPGPGL LPGETGSKKK IRLYQFLLDL LRSGDMKDSI WWVDKDKGTE
210 220 230 240 250

QFSSKHKEAL AHRWGIQKGN RKKMTYQKMA RALRNYGKTG EVKKVKKKLT
260 270

YQFSGEVLGR GGLAERRHPP H.

[0041] Disclosed herein are bis-heterocyclic PU.1 inhibiting compounds.  The

compounds can be represented by the following Formula 1:
G—z—G. :
\(
vl \

R,
B

[Formula 1]
or a pharmaceutically acceptable salt thereof, wherein:

x and x” are each 3;

R is in each case independently selected from R* OR® N(R"),, SR? SO,R? SO,N(R;:
COOR? C(O)N(RY,, OC(O)N(RY,, N(RYC(O)N(R",, F, Cl, Br, I, cyano, and nitro,
wherein R is in each case independently selected from hydrogen, C;.s alkyl, C;s
cycloalkyl, C,.5 heterocyclyl, Ce.12 aryl, and Cs.j» heteroaryl, wherein any two or more

of R and R* may together form a ring;

G and G’ are independently selected from C;5 cycloalkyl, C, heterocyclyl, Ce.12 aryl, and
C;.12 heteroaryl;

A and A’ are independently selected from NR!, O, S, and Se, wherein R', when present, is in
each case independently selected from R®, SO,R®, SO,N(R®),; COOR®, C(O)N(R"),,
wherein R® is in each case independently selected from hydrogen, Ci.s alkyl, Cs
cycloalkyl, C,.5 heterocyclyl, Ce.12 aryl, and Cs.j» heteroaryl, wherein any two or more

of R and R' may together form a ring

B and B’ are independently selected from N and CR;

o has the formula;
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wherein Q" is O or NR', wherein R', R* and R* are independently selected from hydrogen,
C1g alkyl, Cs.5 cycloalkyl, or Cag heterocyclyl; wherein any two or more of R R*,
R** R and R' can together form a ring;

B has the formula:

1 b
sz
‘z"l,'v/lkN/

|
R3b

>

wherein Q° is O or NR'™, wherein R', R® and R*® are independently selected from
hydrogen, C,.5 alkyl, Cs5 cycloalkyl, and C,.s heterocyclyl; wherein any two or more
of Rlb, R2b, and R3b, R and R' can together form a ring;

wherein Q? and Q® are not both O;

Z is a linking group having the formula:

-X-(CR)m-C*~(CRy)r-Y;

wherein X and Y are independently selected from: a chemical bond; O, S, Se, and NR*:
wherein R*, when present, is in each case independently selected from R°, SO,R",
SO2N(R®)2; COOR®, C(O)N(R®),, wherein R® is in each case independently selected
from hydrogen, C,s alkyl, Cs;s cycloalkyl, C,g heterocyclyl, Cq.;» aryl, and Cs.1»
heteroaryl

Ry is in each case independently H or F or mixtures thereof;

m and n are each an integer independently selected from 0-4;

C? is selected from a chemical bond, O, S, Se, NR*, Cs cycloalkyl, C,g heterocyclyl, Ce.12
aryl, and Cs.1» heteroaryl;
wherein when X and Y are both O, C” is not a chemical bond, and when C”is a

selenium containing heterocycle, X and Y are not both a chemical bond.

[0042] In some embodiments, one or both of X and Y are O.

[0043] In some instances, B and B’ are both N.

[0044] In some instances A and A’ are both NR*, in which R* is either hydrogen or C;

alkyl. In certain embodiments, both of X and Y are O, B and B’ are both N, and A and A’ are

both NR*, in which R* is either hydrogen or C .4 alkyl.

[0045] In certain embodiments, one or both of the o and B groups can be in the 4 position,

eg.,
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/ \T__T/ \
R)F = N

R)3
(0.4 .
[0046] Likewise, in some embodiments, one or both of the o and B groups can be in the 5,
6 or 7 position. In certain embodiments, the phenyl portion of the bicyclic heterocycle
portion of the compound may be substituted only with o and P, that is, each of the R groups
in those rings is hydrogen, for instance a compound having the formula:

T TN

A

o
o p
[0047] In other embodiments, it is preferred that at least one R group is not hydrogen.
For instance, one of the R groups can be an electron donating group in ortho, meta or para
position relative to the « or B substituent. Exemplary electron donating groups include R?
OR%, N(R%),. In other embodiments, one of the R groups can be an electron withdrawing
group in the ortho, meta or para relative to the o or [ substituent. Exemplary electron
withdrawing groups include SO,R?, SO,N(R",; COOR? C(O)N(R%,;, OC(O)N(R%,,
NRHC(O)N(RY,, F, Cl, Br, I, cyano, and nitro.
[0048] In some cases, G and G’ can be an optionally substituted phenyl group or an

optionally substituted heteroaryl. G and G” can be independently selected from:

wherein R° is independently selected from Rd, ORd°, N(Rd)z, SRd, SOsz, SOzN(Rd)z;
COOR’, C(OIN(RY),, OC(O)N(R?),, N(RHC(O)N(RY),, F, CL, Br, L, cyano, and nitro, wherein
R is in each case independently selected from hydrogen, C,5 alkyl, C;g cycloalkyl, C,g
heterocyclyl, Cs.1» aryl, and Cs.;» heteroaryl, wherein any two or more of R and R* may
together form a ring. In certain embodiments, R® is in each case hydrogen. In other

embodiments, G or G’ can be a phenyl or heteroaryl having one or two non-hydrogen groups.
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In certain cases, the non-hydrogen R group can be selected from Rd, ORd°, COORd, F, Cl, Br,
I, cyano, and nitro.

[0049] The four G and G’ systems described above can be designated 1,4 systems by
virtue that the connectivity pattern in the para configuration. In other embodiments, G and
G’ can be optionally substituted phenyl, pyridinyl or 1,3 pyrazine group in the 1,3 or 1,2
configuration. When G or G’ is a 1,4 pyrazine, the substitution pattern can also be in the 1,2
configuration.

[0050] In certain embodiment, o and B are both at the 6 position, and in further
embodiments can have an electron withdrawing group at the 4, 5 or 7 position. In some
embodiments, o and B are both at the 6 position, and in further embodiments have an electron
donating group at the 4, 5, or 7 position.

[0051] In certain instances, Z has the formula:

X-((CR))-C*-(C(R)2)w-Y-,

wherein each R’ is independently selected from hydrogen and F, or mixtures thereof. For
example, Z can be O-CH;-CF,-CF,-CF,-CH,-0-; O-CH;-CF;-CF,-0-; -O-CF;-CF;-CF,-0-;
or -O-CH;-CF,-CH;-0O-.

[0052] In some embodiments, C* can be an optionally substituted phenyl or heteroaryl.

For instance, C* can have the formula:

FHORFCRHC R A
(AP LA (AT~ K

> >

(R)2

H
3

A , wherein

A” is O, S, Se, or NR® wherein R’ is hydrogen, Cisalkyl; Csg cycloalkyl, and Crsg
heterocyclyl; and in other instances C* can have the formula:
R)4 R)3 (R)2
~ ~N
O 0N b
(St J: "D
, N , or A , wherein R and A” have the meanings given
above. However, when A” is Se, X and Y are not both a chemical bond. In some
embodiments, A” can be O. In some embodiments, C* can be an optionally substituted

phenyl or heteroaryl. For instance, C* can have the formula:

(i g TS

> ,Or >
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wherein R is independently selected from hydrogen, F, Cl, Br, I, cyano or nitro. In some
embodiments, C* can have the formula:
R)3

wherein R has the meaning given above. In some embodiments, R can be R’. In certain
embodiments, R can be R, in which R’ is in each case hydrogen. In other embodiments, C*

can be a phenyl group having the formula:

S
L,

wherein R has the meaning given above. In some embodiments, R can be R’. In certain
embodiments, R can be R’, in which R’ is in each case hydrogen. In some cases, C*can be a

phenyl group having the formula:

g >

7
R

wherein R’ can be R, or can be selected from hydrogen, F, CI, Br, I, cyano or nitro,
preferably F.
[0053] C? can be selected from a chemical bond, O, S, Se, NR*, Cs5 cycloalkyl, Cog
heterocyclyl, Ce.12 aryl, and Cj;.1, heteroaryl or a group of the formula:
SR ( (R)z
i/\/jgg/\/ﬁgf/ﬁzi'“/j_ig"_\/’z
\/ \ ) K ) , All

wherein A” is O, S, Se, or NR®; wherein R®is hydrogen, Cisalkyl; Css cycloalkyl, and Cas

>

heterocyclyl, wherein when X and Y are both O, C* is not a chemical bond, and when A” is
Se, X and Y are not both a chemical bond.

[0054] In some embodiments, o has the formula:

* ) zxﬁ BN

,or H
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[0055] In some embodiments, 3 has the formula:

z)k zJ\j zkﬁ /(>

[0056] The compounds disclosed herein may be prepared according to the process
depicted in Fig. 8.

[0057] The compounds disclosed herein may be formulated in a wide variety of
compositions for administration to a patient, for instance, a human patient. The compounds
disclosed herein are especially useful in treating disease states in elderly patients, i.e., those
of sixty years of age or greater. The compounds can be delivered, for example, orally,
intravenously, topically, parentally, subcutaneously, intradermally, or by inhalation.
Exemplary routes of administration include buccal, oral, intravenous, intramuscular, topical,
subcutaneous, rectal, vaginal, parenteral, pulmonary, intranasal, ophthalmic, and the like.
[0058] Also provided is a pharmaceutical composition comprising any of the compounds
disclosed herein and a pharmaceutically acceptable carrier. The term "carrier" is used in
accordance with its art-understood meaning, to refer to a material that is included in a
pharmaceutical composition but does not abrogate the biological activity of pharmaceutically
active agent(s) that are also included within the composition. Typically, carriers have very
low toxicity to the animal to which such compositions are to be administered. In some
embodiments, carriers are inert. Pharmaceutically acceptable carriers and diluents that can be
used herewith encompasses any of the standard pharmaceutical carriers or diluents, such as,
for example, a sterile isotonic saline, phosphate buffered saline solution, water, and
emulsions, such as an oil/water or water/oil emulsions.

[0059] Also provided is a medicament comprising any of the compounds disclosed herein
or any of the pharmaceutical compositions disclosed herein, wherein the compound is in an
amount effective to inhibit PU.1.

[0060] Also provided is a method of inhibiting PU.1, comprising contacting one or more
cells with any of the compounds disclosed herein.

[0061] The compounds and compositions disclosed herein may be used to treat diseases
associated with abnormal PU.1 levels and activity. The compounds can be used to treat
consisting of hematologic cancer, bone cancer, inflammatory disease, inflammatory
disorders, autoimmune disorders, endotoxemia and neurodegenerative disease. Exemplary

such conditions include acute myeloid leukemia, rheumatoid arthritis, contact dermatitis,
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asthma, inflammatory bowel disease, pediatric atrophy, giant cell arteritis, Alzheimer’s
disease, and systemic lupus. The invention provides a method of treating a patient with a
disease associated with abnormal PU.1 function, comprising administering to the patient in
need thereof any of the compounds or compositions disclosed herein in an amount effective
to inhibit PU.1. The patient can be a human patient or a veterinary patient. The human
patient can be, for example, at least 60 years old. As used herein, “treat” a disease means to
ameliorate a sign or symptom of the disease, or to cure the patient of the disease.

[0062] Useful dosages of the compounds of the invention for inclusion in the
pharmaceutical compositions of the invention can be determined by comparing in vitro
activity and in vivo activity of the compounds in appropriate animal models. Generally, the
concentration of the compound(s) of the invention in a liquid composition will range from
about 0.1 % to about 95 % by weight, preferably from about 0.5 % to about 25 % by weight.
The concentration in a semi- solid or solid composition will range from about 0.1 % to 100%
by weight, preferably about 0.5 % to about 5 % by weight. Single doses for intravenous
injection, subcutaneous, intramuscular or topical administration, infusion, ingestion or
suppository will generally be from about 0.001 to about 5000 mg, and be administered from
about 1 to about 3 times daily, to yield levels of about 0.01 to about 500 mg/kg, for adults.
[0063] The compounds can be co-administered with one or more other agents for the
treatment of any of the aforementioned diseases. In certain embodiments, the one or more
other agents is a transcription modulator. The one or more other agents can be
immunosuppressants. The other agents can be formulated separately, and administered either
at the same or different time as the compounds of the instant invention. The other agents can
be co-formulated with the compounds of the instant invention to give a combination dosage
form.

[0064] Disclosed are components that can be used to perform the disclosed methods.
These and other components are disclosed herein, and it is understood that when
combinations, subsets, interactions, groups, etc. of these components are disclosed that while
specific reference of each various individual and collective combinations and permutation of
these may not be explicitly disclosed, each is specifically contemplated and described herein,
for all methods and systems. This applies to all aspects of this application including, but not
limited to, steps in disclosed methods. Thus, if there are a variety of additional steps that can
be performed it is understood that each of these additional steps can be performed with any

specific embodiment or combination of embodiments of the disclosed methods.
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EXAMPLES

[0065] The following examples are set forth below to illustrate the methods and results
according to the disclosed subject matter. These examples are not intended to be inclusive of
all aspects of the subject matter disclosed herein, but rather to illustrate representative
methods, compositions, and results. These examples are not intended to exclude equivalents
and variations of the present invention, which are apparent to one skilled in the art.

[0066] Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.) but some errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient
temperature, and pressure is at or near atmospheric. There are numerous variations and
combinations of reaction conditions, e.g., component concentrations, temperatures, pressures,
and other reaction ranges and conditions that can be used to optimize the product purity and
yield obtained from the described process. Only reasonable and routine experimentation will
be required to optimize such process conditions.

[0067] All solvents and reagents were used without purification as acquired from
commercial sources. Melting points were measured using a capillary melting point
apparatus which are uncorrected. Progress of the chemical reactions were monitored by
thin-layer chromatography on silica gel 60-F254 aluminum plates and detected under UV
light. All NMR spectra were recorded employing a 400 MHz spectrometer, and chemical
shifts (3) are in ppm relative to TMS as internal standard. Electrospray ionization (ESI) Q-
Tof and Orbitrap were used for the mass spectra measurements. Elemental analyses are
within +0.4 of the theoretical values. Compounds reported as salts frequently analyzed for

fractional moles of water; the proton NMR showed the presence of the indicated solvent.

Example 1: Synthesis of DB 2313

\ B P

HN NH
NH4< >—NH

DB 2313
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[0068] 1, 3-Bis (4-formylphenoxymethyl) -2-fluorobenzene. A mixture of 1,3-
bis(bromomethyl)-2-fluorobenzene (1.41 g, 0.005 mole), 4-hydroxybenzaldehyde (1.22 g,
0.01 mole) and anhydrous. K2CO3 (2.07 g, 0.015 mole) in 10 ml DMF was heated at 45°C
for 4 h [tlc (Hexane: EtOAc 8:2) monitored], diluted with ice water 70 ml, the precipitated
white solid was filtered, washed with water, and dried. It was dissolved in DCM (75 ml),

dried over anhydrous MgSO4, filtered, concentrated and triturated with cold hexane, filtered

and dried under reduced pressure to yield a white solid 1.46 g (78%), mp 110-111°C; Iy
NMR (DMSO-d6): 9.89 (s, 2H), 7.90 (d, 4H, J = 8.4 Hz),7.62 (t, 2H, J = 7.6 Hz),7.30

(. 1H, J = 7.6 Hz), 7.26 (d, 4H, J = 8.4 Hz), 531 (s, 4H); 13C NMR (DMSO-d¢): 1918,
163.5, 159.5(JC-F = 248.6 Hz), 132.3, 131.6 (JC-F = 3.7 Hz) 130.5, 125.0 (JC-F = 3.7 Hz),
123.9 (JC-F = 147 Hz) 1155, 64.4 (JC-F = 4.0); MS: HRMS-ESIPOS.: Calcd. For:

C22H17FO4 Na m/Zz 387.1009(M++Na), found m/z 387.1537; Anal. calcd. for:
C22H17F04: C, 72.50; H, 4.70; Found: C,72.49; H,4.72.

[0069] 3-Bis{4[4(5)-N-isopropylamidinobenzimidazolyl [phenoxymethyl ] }-2-
fluorobenzene  tetrahydrochloride. A well stirred solution of 1, 3-bis (4-
formylphenoxymethyl)-2-fluorobenzene (0.182 g, 0.0005 mole), 4- (N-isopropylamidino)-1,
2-phenylenediamine hydrochloride.0.2H20 (46) (0232 g, 0.001 mole) and 1, 4-
benzoquinone (0.108 g, 0.001 mole) in anhydrous ethanol (40 ml) (under nitrogen) was
heated at reflux for 8-10 h. The reaction mixture was cooled, concentrated to 10 ml and
stirred in 50 ml acetone, filtered, washed with dry ether and dried to yield a hydrochloride
salt. This salt was dissolved in a 1:1 mixture of hot ethanol-methanol (50 ml) and filtered,
volume reduced to 20 ml and acidified with HCl-saturated ethanol (3 ml). After stirring
overnight and diluting with anhydrous ether, filtered, washed with ether, and dried under

reduced pressure at 700¢C (12 h) yielding purple-bluish grey solid 0.33 g (75%); mp >
320°C dec.; 'H NMR (DMSO-d¢/65°C): 9.68 (s, 1H), 9.67 (s, 1H), 9.53 (s, 2H), 9.12 (s,
2H), 8.41 (d, 4H. J = 8.4 Hz), 8.08 (s, 2H), 7.86 (d, 2H, J = 8.4 Hz), 7.67 (d, 2H, J = 8Hz),
7.65 (d, 2H, J = 8Hz), 7.37-7.32 (m, 5H), 5.34 (s, 4H), 4.10 (quintet, 2H, J = 6 Hz), 3.37-3.2
(vbs, benzimidazole NH), 1.31(d, 12H, J = 6 Hz); MS: HRMS-ESI-POS.: calc. for
C42H42FNgO?2 mz 709.3415(M++1), found m/z 709.4542; analysis calc. for
C42H41FNg802.4HCL.1.65H20: C, 57.14; H, 5.52; N, 12.70: Found: C,57.35; H,5.67: N,
12.81.



WO 2017/223260 PCT/US2017/038647

24-

[0070] By analogous methods, DB1976 and DB2115 were also prepared:

! \7/@\(\/

Nk B
i+
HN NH
NH, HzN
DB1976
0—(CH),—0
Nﬂ \O\(N
B =
\ hiH fH
HN NH
NH- HoN
DB 2115

[0071] After synthesis DB2115 and DB2313 were dissolved as a 2.5 mM, 70uM and 33
(mouse cells) or 66uM (human) uM stock solutions, respectively, in sterile water and stored

at -20°C.

Example 2: PU.1 knockdown decreases cell growth and clonogenic capacity, and increases
apoptosis of murine and human AML cells.

[0072] To determine whether PU.1 inhibition may be a suitable strategy in AML, we

used an established model of AML driven by reduced PU.1 levels, PU.1 URE_/ ~ AML, in

which PU.1 expression is reduced to ~20% of normal levels by disruption of an upstream

enhancer (URE). Knockdown of PU.1 in PU.1 URE_/ ~ AML cells by two different
shRNAs led to significantly decreased cell growth and colony formation (Fig. 1A, 1B).

Likewise, the percentage of apoptotic cells was significantly increased upon shRNA-

mediated PU.1 knockdown in PU.1 URE”~ AML cells (Fig. 1C). The degree of inhibition
of growth and clonogenicity, as well as apoptosis induction, were greater with the shRNA
leading to more efficient PU.1 knockdown. Knockdown of PU.1 in an immature murine
hematopoietic cell line with normal levels of PU.1 (BaF3) did not show significant effects on

proliferation or apoptosis.
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[0073] We next investigated the effect of PU.1 knockdown on human leukemic cell
lines with different PU.1 levels. MOLMI13 and Kasumi-1 cell lines harbor anomalies
associated with low PU.1 levels (FLT3-ITD mutation for MOLM13 and t(8;21) for Kasumi-
1), while THP1 cells have higher PU.1 levels. PU.1 decrease led to a strong growth-
inhibitory effect on the growth and clonogenic capacity of MOLMI13 and Kasumi-1 cells,
whereas it did not have an effect on THP1 cell growth (Fig. 1A, 1B). Accordingly, the
apoptotic fraction was significantly increased following PU.1 knockdown in MOLM13 and
Kasumi-1 cells, but we observed no effect in THP1 cells (Fig. 1C).

[0074] To determine whether PU.1 inhibition has an effect on primary cells from AML
patients, we seeded mononuclear cells from AML patients in semi-solid media for 2 weeks
and assessed the number of colonies, the number of viable cells and the proportion of
apoptotic cells. Knockdown of PU.1 significantly decreased the number of viable cells
(mean decrease of 18% for shPU.1_1 and 74% for shPU.1_2) (Fig. 1D), as well as the colony
forming capacity of primary human AML cells (mean decrease of 27% for shPU.1 1 and
60% for shPU.1 2, compared to shCtrl) (Fig. 1E). At the same time, the proportion of
apoptotic cells increased on average of 2-fold upon knockdown of PU.1 in primary human
AML cells with the more efficient shRNA (shPU.1_2) (Fig. 1F).

[0075] Taken together, these data show that inhibition of PU.1 decreases cell growth
and clonogenic capacity, and increases apoptosis, in murine as well as human AML, and thus

provide proof-of-concept for PU.1 inhibition as a possible therapeutic strategy in AML.

Example 3

[0076] To test whether these heterocyclic diamidines targeted cognate DNA binding sites
for PU.1, we assessed binding to the AB motif by biosensor-surface plasmon resonance
(SPR). Duplex DNA harboring the AB motif was immobilized on a streptavidin
functionalized sensor chip with a dextran surface as described. The DNA was 5'-end labeled
with biotin and captured on the sensor chip. Based on the known strong AT selectivity of
these heterocyclic diamidines, they are expected to bind to the AT rich AB promoter
sequence at the 5' side of the 5'-GGAA-3' PU.1 conserved recognition sequence.
Sensorgrams obtained from the compounds-DNA association and disassociation reactions
were used to determine equilibrium dissociation constants. The KD values indicate strong
binding by all three compounds to form a 1:1 complex, and a binding KD of 1£2 nM for
DB2115 and 4-7 nM for DB1976 and DB2313 with the B promoter.
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[0077] We next tested the inhibition of PU.1 binding to the AB promoter. Inhibition of
the PU.1 complex with AB was monitored by using the same type of sensorchip described for
the compound binding experiments. Binding of PU.1 to the immobilized B DNA was
monitored as with the compounds and it was found to form a 1:1 complex with a KD of 5.4
nM in good agreement with previous results. For the inhibition experiments, recombinant
PU.1 was added at a concentration sufficient to occupy >95% of the DNA binding sites.
The compounds inhibited PU.1 binding in a concentration dependent manner (Fig. 2B).
The dissociation of PU.1 was readily monitored because the compounds have a lower
molecular weight than the protein. All three compounds potently inhibited PU.1 binding
with IC50 values in the low nanomolar range (Fig. 2B). The IC5¢ values are in the order
DB2115>DB2313>DB1976. The results show that our compounds have strong binding to
the 5'-AT sequence of B suggesting allosteric inhibition of PU.1 binding.

[0078] To probe the allosteric basis of PU.1 inhibition by the three compounds more
directly, we performed DNA footprinting experiments on a DNA fragment harboring the
AB site with or without the three selected compounds. Since DNase 1 activity is sensitive
to local DNA structure, and both enzyme and compounds target the DNA minor groove,
perturbation in the DNase I cleavage pattern would indicate an induced structural effect by
the compounds. DNA fragments were saturated with compounds (1 uM) and analyzed by
capillary electrophoresis following limited DNase I digests. Relative to the compound-free
control, the electropherograms showed significant differences in local DNase I cleavage, in
one or both strands, within the AT-rich subsite occupied by the compounds (Fig. 2C). In
addition, cleavage patterns at positions distal from the A-rich subsites along the
protein/DNA interface were also affected. These perturbations were dependent on the
identity of the compound, but in all cases contrasted sharply with the minor groove
protection produced by the ETS domain of PU.1. Thus, in addition to partial occlusion of
the PU.1/DNA interface, compounds induced distinct DNA conformation and/or dynamic
changes that are incompatible with recognition by PU.1.

[0079] To test if the inhibition of the PU.1/DNA complex by the compounds resulted in
functional inhibition of PU.1 transactivation, we tested the effects of the compounds on the
expression of an EGFP reporter under the control of a .B-based PU.1-dependent promoter
(Fig. 2D). As quantitatively measured by flow cytometry (Fig. 2E), all three of the selected
compounds inhibited PU.1-dependent transactivation in a dose-dependent manner with

similar IC5(0 values between 2 to 5 uM (Fig. 2F). Thus, our compounds inhibit the
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PU.1/DNA complex and its functional activity in live cells, indicating that these compounds
permeate into cells and are available in the cell nucleus.

[0080] We modelled the interaction of the compounds with DNA by in silico docking
studies. As illustrated in Fig. 2G, DB2313 binds to the AT sequence that is on the 5° side of
the central 5°-GGAA-3" conserved PU.1 recognition site. PU.1 has a “winged helix” DNA
recognition motif with the helix in the major groove at the GGAA and wings that contact the
5" AT sequence as well as the 3” side of GGAA. The model shows DB2313 inserts deeply
into the minor groove in a way that locks the DNA structure into a specific conformation.
DB2313 has the ability to recognize 10 consecutive base pairs in the minor groove and
interacts strongly with the DNA base pair edges at the floor of the minor groove. This
interaction interferes with the PU.1 complex in the major groove and causes dissociation

of PU.1 in an allosteric process.
Example 4
[0081] To determine if our PU.1 inhibitors have an effect on PU.11°V-induced AML

cells, we treated the PU.1 URE”™ AML cell line with compounds at different

concentrations. Treatment with the drugs led to a profound decrease in growth of PU.1
URE_/ ~ AML cells after 48h whereas it had only minimal or no effects on control cells
with normal PU.1 levels (BaF3), even at very high doses (Fig. 3A). IC50s in PU.1 URE™

/= AML ranged in the nanomolar to low micromolar range (DB1976: 25 uM; DB2115:
700 nM; DB 2313: 330 nM). Similarly, treatment of human AML cells with low PU.1 levels
(MOLM13) led to significantly decreased cell growth, with no effect on THP1 cells (Fig.
3B). Similar to our observations with PU.1-directed shRNAs, treatment with

pharmacological PU.1 inhibitors led to a significant 1.6-, 2- and 3.5-fold increase of apoptotic

cells with DB1976, DB2115 and DB2313, respectively, in murine PU.1 URE”™ AML cells
(Fig. 3C), and similar effects in human MOLM13 cells.
[0082] PU.1 inhibitors also significantly decreased colony forming capacity of PU.1

URE_/ ~ AML and MOLMI13 cells, but not of THP1 cells (Fig. 3D). To assess the effect of

PU.1 inhibitors on long-term clonogenic capacity (in vitro self-renewal) of PU.1 URE_/ a
AML cells, we performed serial replating assays. Strikingly, treatment with DB2313 led to a

highly significant decrease of clonogenicity in the second and third rounds of plating, and a
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complete disruption of clonogenic capacity in the 4th and higher rounds of plating (Fig. 3D,
right panel).

[0083] We also explored the effect of the small molecule PU.1 inhibitors on primary
human AML cells, and treated 11 samples from AML patients with PU.1 inhibitors. PU.1
inhibitors led to significant decreases in the number of viable cells (mean decrease: 81% for
DB1976, 68% for DB2115, 72% for DB2313) (Fig. 3E), and clonogenic capacity (mean
decrease of 36% for DB1976, 45% for DB2115, 60% for DB23313), in comparison to
vehicle (Fig. 3F). The apoptotic cell fraction increased on average by 1.5-fold with DB1976,
2.2-fold with DB2115 and 2.5-fold with DB2313 (Fig. 3G). Of note, PU.1 inhibition had an
effect on the majority of samples, harboring various genetic and cytogenetic anomalies.
[0084] Taken together, treatment with PU.1 inhibitors leads to decreased cell viability,

1low

colony formation, and increased apoptosis in PU. -induced AML cell lines as well as in

a majority of primary AML cell samples from patients.

Example 5

[0085] To assess on-target activity of our inhibitors in AML cells, we measured transcript

levels of well-known PU.1 targets in PU.1 URE ™~ AML cells. It has been shown that PU.1
positively regulates Csflr, Junb, and autoregulates itself, whereas it represses E2fl. In line
with this, we found a decrease in Csflr, Junb, and PU.1 transcript expression and an increase
in E2f1 expression upon treatment with DB2115, or DB2313 (Fig. 4A, left panel). As Csflr
is one of the most sensitive PU.1 targets in myeloid cells, we assessed its expression at
different time points (1h, 4h, 8h and 24h) after drug treatment. Interestingly, Csflr expression
significantly decreased as early as 4h after treatment (Fig. 4A, right panel), in line with a
direct effect of the drugs on PU.1 transcriptional activity. Furthermore, treatment of bone
marrow mononuclear cells isolated from a PU.1-GFP knock-in reporter mouse model led to a
decrease in GFP reporter expression after treatment with DB1976, DB2115, or DB2313,
further confirming a direct effect of the compounds on PU.1 transactivation (Fig. 4B), and
consistent with PU.1 positive autoregulation. Chromatin-immunoprecipitation (ChIP) assays
revealed that treatment of AML cells with DB1976, DB2115 or DB2313 indeed decreased
PU.1 occupancy on E2f1, Junb and Csflr promoters, confirming that the compounds are
directly interfering with PU.1 binding to chromatin in vivo (Fig. 4C).

[0086] To obtain insight into the genome-wide transcriptional effects following treatment

of AML cells with our inhibitors, we performed gene expression analysis. We found
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dysregulation of 1648 transcripts (out of 34,472 total) by at least 1.2-fold after DB2313

treatment of PU.1 URE_/ ~ AML cells, with 867 probe sets upregulated and 781 probe sets
downregulated. We found highly significant enrichment of known genes directly downstream
of PU.1 (Fig. 4D). Interestingly, enrichment of genes regulated by other ETS family
transcription factors, such as Ets1, Gapba, Spi-B or Fli-1 was much lower to not significant,
suggesting a specific inhibitory effect of our compounds on PU.1 binding, with high
selectivity even within the ETS family. We confirmed dysregulation of some known PU.1
target genes such as Ly96, ClecSa, Cdknla, Itgb2, Fcgr3 and Gfil, by qRT-PCR. Top
canonical pathways and biological functions with significant enrichment identified by IPA
included “hematological system development and function”, “cell death and survival”,
“cellular development”, and “cellular growth and proliferation,” consistent with known

functions of PU.1.
[0087] Lastly, we compared the differentially expressed genes upon PU.1 inhibitor

treatment of PU.1 URE_/ ~ AML cells with publically available data in which the PU.1
regulatory transcriptional network had been identified by tamoxifen-mediated induction of

PU.1 expression in engineered PU.1 null immature hematopoietic cells (PUER) (GSE13125).

Of the 1,334 genes dysregulated after PU.1 inhibitor treatment of PU.1 URE_/ ~ AML cells,
36% (484) overlap with previously identified canonical PU.1 targets in PUER cells (Fig. 4E),
which is highly significant (p<0.0001). Furthermore, the comparative pathway analysis

revealed a significant inverse correlation between PU.1 URE™™ AML cells after treatment
and PU.1 overexpression in PUER cells, suggesting that inhibitor treatment antagonizes
canonical PU.1- regulated pathways (Fig. 4F). In addition, we performed a comparative
analysis with publically available PU.1 ChIP-seq data (GSE63317) and found significant
enrichment of PU.1 binding in the promoters of genes deregulated after treatment with PU.1
inhibitor (Fig. 4G). Up- and down-regulated genes were similarly affected (Fig. 4G), once
again consistent with interference of our drugs with PU.1- chromatin interaction, and

independent of downstream transactivating or repressive mechanisms

Example 6

[0088] In order to determine the effect of our PU.1 inhibitors on normal hematopoietic

differentiation, we sorted immature Lin“Scal c-Kit" (LSK) cells from wildtype mice and
studied their clonogenic potential following treatment with either DB1976, DB2115, or
DB2313. After treatment with PU.1 inhibitors, total numbers of colonies were only slightly
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reduced; however, we saw a significant reduction of the more mature myelo-monocytic
colony types (CFU-GM, CFU-G and CFU-M) (Fig. 5A, right and left panels) and a relative
increase in the number of erythroid B/CFU-E and small immature cell colonies (Fig. SA, left
panel), consistent with PU.1’s known important role in myelomonocytic differentiation. Of
note, one of the compounds (DB1976) appeared to show toxicity on LSK cells, with a
majority of colonies unidentifiable and a majority of dead cells, contrary to the 2 other
compounds (DB2115, DB2313), which we therefore prioritized for further investigation.
Overall, the numbers of viable cells per colony were reduced upon PU.1 inhibitor
treatment, again consistent with an effect of PU.1 inhibition on more mature, differentiating
cells. Consistently, cytomorphologic analysis revealed almost no macrophages, significantly
fewer mature granulocytes, and an increase in immature cells, characterized by a higher
nucleocytoplasmic ratio and basophilic cytoplasm after treatment (Fig. 5B). This was

confirmed by flow cytometric analysis, which revealed a reduction in mature monocytes
(CD11b+Grl') and granulocytes (CD11b+Grl+), and a slight increase in immature
granulocytes (CD11b” Gr1+) and CD41% cells, but no significant difference in erythrocyte

(Ter119+CD41') generation (Fig. 5C). To further explore the granulocytic population and
pinpoint the exact stage of maturation at which the small molecules impact differentiation,
we used a combination of markers and further separated the populations into the
myeloblast/promyelocyte- metamyelocyte/mature stages. After treatment, there was a slight
increase in the proportion of cells at the myeloblast/promyelocyte stage, a strong increase of
metamyelocytes, and a decrease in more mature cells, indicating that our compounds
primarily inhibit later stages of granulocytic differentiation.

[0089] As we had observed a reduction in mature myelomonocytic colonies upon
treatment with PU.1 inhibitors, but persistence or even slight increases in more immature
cells (GEMM, and immature colonies), we wanted to test whether these immature cells were
still functional after drug removal. We focused on the compound with the lowest IC50 and
the least effect on wildtype cells (DB2313). Interestingly, the production of mature
granulocytes and monocytes increased significantly by 4-fold and 22-fold, respectively, after
removing the treatment in the second plating, showing that the effects of PU.1 inhibition on
G/M generation are reversible (Fig. 5D, 5E). In addition, we performed serial replating
assays with continuous treatment with PU.1 inhibitors and found no significant differences

in terms of serial replating capacity, indicating that treatment with PU.1 inhibitors does not
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significantly affect long- term colony-forming potential or in vitro self-renewal capacity of
immature hematopoietic stem and progenitors (Fig. 5F).

[0090] Taken together, these results indicate that treatment with our PU.1 inhibitors leads
to effects on normal hematopoiesis consistent with fundamental roles of PU.1 function during
hematopoiesis. These effects are reversible upon treatment discontinuation and seem to

primarily affect more mature cells.

Example 7: Treatment with PU. 1 inhibitors decreases leukemia progression in vivo
[0091] To assess the effect of PU.1 inhibitors on AML in vivo, we treated PU.1 URE™~

AML cells for 2 days in vitro and injected 2x10° viable cells in sublethally irradiated
recipient mice (Fig. 6A). Recipient mice of vehicle-treated AML cells succumbed to
leukemia with a median latency of 44 days whereas mice receiving DB2313-treated AML
cells survived significantly longer (p=0.0036) with a median latency of 68 days (Fig. 6B).
Assessment of tumor burden 6 weeks post transplantation showed a decrease in spleen
and liver weights after treatment; splenic mean weight was 410 mg for vehicle and 243 mg
for DB2313 (Fig. 6C); liver mean weight was 2,347 mg for vehicle and 1,548 mg for DB2313
(Fig. 6D). AML cell engraftment in the bone marrow was significantly decreased after
treatment with DB2313, with a mean chimerism of 55% for the vehicle group and 33% for
DB2313 group (Fig. 6E, 6F). Histological analyses revealed severe blast infiltration with
disruption of the splenic architecture and virtually complete loss of the red pulp in the
vehicle group, and significantly less pronounced effects in the DB2313 group (Fig. 6G).
Likewise, infiltration of the liver by leukemic blasts was substantially reduced in the
DB2313 group in comparison to the vehicle group (Fig. 6H).

[0092] The following compounds were prepared and tested according to the above

mentioned methods:
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NR = Not Reached

[0093] The compositions and methods of the appended claims are not limited in scope by
the specific compositions and methods described herein, which are intended as illustrations of
a few aspects of the claims and any compositions and methods that are functionally
equivalent are intended to fall within the scope of the claims. Various modifications of the
compositions and methods in addition to those shown and described herein are intended to
fall within the scope of the appended claims. Further, while only certain representative

compositions and method steps disclosed herein are specifically described, other
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combinations of the compositions and method steps also are intended to fall within the scope
of the appended claims, even if not specifically recited. Thus, a combination of steps,
elements, components, or constituents may be explicitly mentioned herein or less, however,
other combinations of steps, elements, components, and constituents are included, even
though not explicitly stated. The term “comprising” and variations thereof as used herein is
used synonymously with the term “including” and variations thereof and are open, non-
limiting terms. Although the terms “comprising” and “including™ have been used herein to
describe various embodiments, the terms “consisting essentially of” and “consisting of” can
be used in place of “comprising” and “including” to provide for more specific embodiments
of the invention and are also disclosed. Other than in the examples, or where otherwise noted,
all numbers expressing quantities of ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood at the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims, to be construed in

light of the number of significant digits and ordinary rounding approaches.
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Munde, M., Wang, S., Kumar, A., Stephens, C.E., Farahat, A.A., Boykin, D.W., Wilson, W.
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heterocyclic diamidines. Nucleic Acids Research. 42: 1379-90.
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What is claimed is:

1. A compound having the formula:

CT T

R =|=

o

or a pharmaceutically acceptable salt thereof, wherein:
x and x” are each 3;

R is in each case independently selected from R?, OR*, N(R?),, SR*, SO,R?, SO,N(RY),;
COOR? C(O)N(R%,, OC(O)N(RY,, N(RHC(O)N(RY,, F, Cl, Br, I, cyano, and nitro,
wherein R? is in each case independently selected from hydrogen, C;5 alkyl, Cs.g
cycloalkyl, C,.5 heterocyclyl, Ce.12 aryl, and C;.;» heteroaryl, wherein any two or more

of R and R* may together form a ring;

G and G’ are independently selected from Cs.4 cycloalkyl, C, heterocyclyl, Ce.1» aryl, and
C;.12 heteroaryl;

A and A’ are independently selected from NR', O, S, and Se, wherein R', when present, is in
each case independently selected from R’ SO,R®, SO,N(R),; COOR®, C(O)N(R),,
wherein R is in each case independently selected from hydrogen, Cy.g alkyl, Cs.5
cycloalkyl, Co.5 heterocyclyl, Ce.12 aryl, and C;.;» heteroaryl, wherein any two or more

of R and R may together form a ring;

B and B’ are independently selected from N and CR;

o has the formula;

|Sa

Qa
RZa
‘HE)J\N/
R

>

wherein Q is O or NR™, wherein R', R* and R* are independently selected from hydrogen,
C1galkyl, Cs5 cycloalkyl, or Ca. heterocyclyl; wherein any two or more of R R*,
R* R and R' can together form a ring;

B has the formula:
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wherein Qb 1s O or NR"’, wherein R"’, R2b, and R*® are independently selected from

>

hydrogen, C;.galkyl, C;5 cycloalkyl, and C,.g heterocyclyl; wherein any two or more
of R R?® and R*® R and R! can together form a ring;

wherein Q% and Q® are not both O;

Z is a linking group having the formula:

X-(CR2)m-C*~(CR2)-Y-;

wherein X and Y are independently selected from: a chemical bond; O, S, Se, and NR*:
wherein R*, when present, is in each case independently selected from R®, SO,R",
SO>N(R®),; COORS, C(O)N(R®),, wherein R¢ is in each case independently selected
from hydrogen, C;5 alkyl, Cs.5 cycloalkyl, C,.5 heterocyclyl, Cs.1» aryl, and Cs.1»
heteroaryl;

Ry is in each case independently H or F or mixtures thereof;

m and n are each an integer independently selected from 0-4; and

C” is selected from a chemical bond, O, S, Se, NR*, C1¢ cycloalkyl, C,5 heterocyclyl, Ce.12
aryl, and Cj;.; heteroaryl, wherein when X and Y are both O, C* is not a chemical
bond, and when C*is Cs.1» heteroaryl having at least one selenium atom, X and Y are

not both a chemical bond.

2. The compound according to claim 1, wherein C” is selected from a chemical bond, O,
S, Se, NR*, Cs4 cycloalkyl, C,.g heterocyclyl, Cq.1» aryl, and C;.1; heteroaryl or a
group of the formula:

(R)z

/R)4 | )R)S N\\/\(R)z N/§/\ 2
\/ (%%EJ i" )i A?/%‘

wherein A” is O, S, Se, or NR®; wherein R®is hydrogen, Cl-galkyl; Cs.s cycloalkyl, and Cy.g
heterocyclyl, wherein when X and Y are both O, C* is not a chemical bond, and when A” is

Se, X and Y are not both a chemical bond.

3. The compound according to claim 1 or claim 2, wherein X and Y are both O.
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4. The compound according to any of claims 1-3, wherein B and B’ are both N.
5. The compound according to any of claims 1-4, wherein A and A’ are both NR*.
6. The compound according to any of claims 1-5, having the formula:
G—z—G. :
Y
x—d \

i
p

7. The compound according to any of claims 1-6, wherein a is in the 7 position.
8. The compound according to any of claims 1-6, wherein a is in the 6 position.
9. The compound according to any of claims 1-6, wherein a is in the 5 position.
10. The compound according to any of claims 1-6, wherein a is in the 4 position.
11. The compound according to any of claims 1-10, wherein [ is in the 7 position.
12. The compound according to any of claims 1-10, wherein [ is in the 6 position.
13. The compound according to any of claims 1-10, wherein [ is in the 5 position.
14. The compound according to any of claims 1-10, wherein [ is in the 4 position.

15. The compound according to any of claims 1-14, wherein C” is:

\/\(R)4 | \)\R)s /(T)z
HORECH AR

>

16. The compound according to any of claims 1-15, wherein C* is
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17. The compound according to any of claims 1-16, wherein C* is:

2

A

N ;”S‘.

18. The compound according to any of claims 1-15, wherein C* is:

S
%
s

£

.,

19. The compound according to any of claims 1-15, wherein C” is:

f@
S

20. The compound according to any of claims 1-15, wherein C* is:

jﬂg:}
i,

>

wherein R is selected from hydrogen, F, Cl, Br, I, cyano or nitro.

21. The compound according to any of claims 1-14 wherein C” is O or NR*.

22. The compound according to any of claims 1-13 wherein C* is NR*, wherein R* is C 14
alkyl.

23. The compound according to claim 1, wherein C* is a chemical bond.
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24. The compound according to any of claims 1-23, wherein Z has the formula:
XA((CR)Dur C-(CR )Y,

wherein R’ is independently selected from hydrogen and F.

25. The compound according to any of claims 1-24, wherein o has the formula:
26. The compound according to any of claims 1-25, wherein  has the formula:

o iR EA@ ﬁ)

27. The compound according to claim 1, wherein the compound is selected from the

H

group consisting of:

O\/\O/\/O
N _N

NH HN

HN NH
NH, H,N
| o)
O\/\N/\/
N\ /N

NH HN

HN NH

NH, HoN



WO 2017/223260 PCT/US2017/038647

-40-
N N
I \
N N
HN NH
NH; HoN
o)
O\/\O/\/
N\ /N
NH HN
HN NH
“
0
N
N N
-~ -
NH HN

HN NH
NH, H,N
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FFFRF
F
N\j/©/ F \©\(/N
NH HN
HN NH
NH, HN
N/
rb¢
N s
HN NH
NH; H,N
N
A\
N
HNY‘: " Q QXQ\(N”
0 N
NH
2 H NH and
FF
o\>$<o
FF
~ e
NH HN
HN NH
NH, H,N Cor

a pharmaceutically acceptable salt thereof.

28. A composition comprising the compound of any of claims 1-27.

29. The composition according to claim 28, wherein the composition comprises at least

one pharmaceutically acceptable carrier.

30. A method of inhibiting PU.1, comprising contacting one or more cells with a

compound according to any of claims 1-27.

31. A method of treating a patient with a disease associated with abnormal PU.1 function,

comprising administering to the patient in need thereof the compound of any of
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32.

33.

34.

-42-

claims 1-27 or the composition of claim 28 or 29 in an amount effective to inhibit

PU.IL

The method according to claim 31, wherein the disease is selected from the group
consisting of hematologic cancer, bone cancer, inflammatory disease, autoimmune

disorders, endotoxemia and neurodegenerative disease.

The method according to claim 32, wherein the disease is selected from the group
consisting of acute myeloid leukemia, rheumatoid arthritis, contact dermatitis, asthma,
inflammatory bowel disease, pediatric atropy, giant cell arteritis, Alzheimer’s disease,

and systemic lupus.

The method according to claim 31, wherein the patient is a human at least sixty years

old.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 4-22, 24-26, 28-34
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheet

Claims 1, 2, and 23 have been analyzed subject to the restriction that the claims read on a compound having the formula of the instant
invention or a pharmaceutically acceptable salt thereof, wherein: x and x’ are each 3; R is in each case independently Ra, wherein Ra is
hydrogen; G and G' are independently C3 cycloalkyl; A and A’ are independently selected from NR1, wherein R1 is Rb, wherein Rb is
hydrogen; B an B' are independently N; Alpha has the shown formula, wherein Qa is NR1a; R1a, R2a, R3a are independently hydrogen,
wherein Alpha is in the 7 position; Beta has the formula shown: wherein Qb is O; wherein R2b and R3b are independently hydrogen,
wherein Beta is in the 7 position; Z is a linking group having the formula shown; wherein X and Y are independently a chemical bond; R2
in each case is H; m and n are each an integer independently 0; and Cz is a chemical bond.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [z No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1,2,23

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continued from Box No. lil Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-3, 23, and 27 are drawn to compounds having the formula of the instant invention.

The first invention of Group |+ is restricted based on the proviso Qa and Qb are not both O; and is restricted to a compound having the
formula of the instant invention or a pharmaceutically acceptable salt thereof, wherein: x and x’ are each 3; R is in each case
independently Ra, wherein Ra is hydrogen; G and G’ are independently C3 cycloalkyl; A and A’ are independently selected from NR1,
wherein R1is Rb, whergin Rb is hydrogen; B an B’ are independently N; Alpha has the shown formula, wherein Qa is NR1a; R1a, R2a,
R3a are independently hydrogen, wherein Alpha is in the 7 position; Beta has the formula shown: wherein Qb is O; wherein R2b and
R3b are independently hydrogen, wherein Beta is in the 7 position; Z is a linking group having the formula shown; wherein X and Y are
independently a chemical bond; R2 in each case is H; m and n are each an integer independently 0; and Cz is a chemical bond. Itis
believed that claims 1, 2, and 23 read on this first named invention and thus these claims will be searched without fee to the extent that
they read on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a compound having the formula of the instant invention or a pharmaceutically acceptable salt
thereof, wherein: x and x' are each 3; R is in each case independently Ra, wherein Ra is hydrogen; G and G’ are independently C3
cycloalkyl; A and A’ are independently selected from NR1, wherein R1 is Rb, wherein Rb is hydrogen; B an B’ are independently N;
Alpha has the shown formula, wherein Qa is NR1a; R1a, R2a, R3a are independently hydrogen, wherein Alpha is in the & position; Beta
has the formula shown: wherein Qb is O; wherein R2b and R3b are independently hydrogen, wherein Beta is in the 6 position; Z is a
linking group having the formula shown; wherein X and Y are independently a chemical bond; R2 in each case is H; m and n are each
an integer independently 0; and Cz is a chemical bond. Additional formula(e) will be searched upon the payment of additional fees.
Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if applicable, the
claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly identify how
any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables A,
A',B,B', G, G, Z R,x,x, Alpha, and Beta.

The Groups I+ share the technical features of a compound having the core structure of formula shown. However, these shared technical
features do not represent a contribution over the prior art.

Specifically, US 2012/0059003 A1 to Bushweller et al. teach a compound having the core structure of formula shown (Para. {0122], Pg.
18, Compound. Al-10-19;...see shown structure...).

The inventions listed in Groups |+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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