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SMALL MOLECULE BAX INHIBITORS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional patent application No.
62/469,551, filed on March 10, 2017, the contents of which is herein incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Throughout this application various publications are referred to by number in
parentheses. Full citations for these references may be found at the end of the specification.
The disclosures of these publications, and all patents, patent application publications and
books referred to herein, are hereby incorporated by reference in their entirety into the
subject application to more fully describe the art to which the subject invention pertains.

[0003] Apoptosis is an evolutionarily conserved process that plays a critical role in
embryonic development and tissue homeostasis. The dysregulation of apoptosis is pivotal to
a number of high mortality human pathogenesis including cardiovascular diseases and
neurodegenerative diseases. The pro-apoptotic Bcl-2-associated x-protein (BAX) induces
mitochondrial outer-membrane permeabilization and represents a key gatekeeper and
effector of mitochondrial apoptosis. In addition, BAX facilitates opening of the
mitochondrial inner membrane permeability transition pore, thereby functioning as a pivotal
activator of necrosis. Thus, inhibition of pro-apoptotic BAX impairs the cells’ ability to
initiate premature or unwanted cell death in terminally differentiated cells, including
cardiomyocytes and neurons. BAX is a central mediator of both necrosis and apoptosis (17).
[0004] Myocardial infarction (MI) is a sudden event in which prolonged ischemia
precipitates the deaths of myocardial cells. In ST-segment elevation MI, myocardial
ischemia is precipitated by acute thrombotic occlusion of a coronary artery. In the infarct
zone, necrotic deaths of cardiomyocytes and non-myocytes predominate, beginning within
~1 h of ischemia and continuing for <1 day. In addition, a delayed wave of apoptosis takes
place in the peri-infarct zone peaking at ~24 h in myocardial infarction / reperfusion (MI/R).
Both forms of cell death play important roles in the evolution of the infarct (1-3). Necrosis
is responsible for the drastic decrease in cellularity within the infarct zone and for eliciting
downstream tissue responses such as inflammation, matrix remodeling, and later fibrosis

(4), and apoptosis in the peri-infarct zone is a major component of early post-infarct



WO 2018/165494 PCT/US2018/021644

remodeling (5). The amount of cardiac damage over the first ~24-48 h of MI, “infarct size”,
is the major determinant of post-MI chronic heart failure and mortality in humans and
experimental animals (6,7). As MlIs are the proximate cause of ~50% of heart failure cases,
therapeutic interventions to limit cardiac damage sustained over just the first 24-48 hours
present an opportunity to impact the incidence of heart failure.

[0005] Current treatments for MI include: (a) drugs that reduce myocardial oxygen
demand (e.g. B-adrenergic receptor blockers) (8-10); and (b) reperfusion, usually through
angioplasty/stenting. While both therapies demonstrate efficacy (11-12), considerable
mortality remains. The development of effective treatments has proved challenging.
Unsuccessful examples include anti-oxidants such as superoxide dismutase (13), Na'/H"
exchange inhibitors (14), and various anti-neutrophil antibodies (15,16).

[0006] The present invention address the need for inhibitors of BAX that can be used to
treat MI and other indications in which inhibition of premature or unwanted cell death is

desirable, such as, for example, chemotherapy-induced cardiomyopathy.

SUMMARY OF THE INVENTION

[0007] The invention provides compounds having the structure of formula
Q Q

X)\(C\?Hz)n X)\(C\?Hz)n

compositions comprising the
compounds, and methods of using these compounds for treating a disease or disorder in

which it is desirable to inhibit BAX, such as a cardiovascular disease or disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1. Deletion of BAX in knockout mice reduces myocardial infarct size in
vivo. Number of mice shown in circles. Left column in each pair represents data from wild
type mice, while right column represents data from BAX knock-out mice. AAR - area at
risk, INF - infarct size, LV - left ventricle.

[0009] FIG. 2. Compounds BAI-1 and BAI-2 inhibit membrane permeabilization
induced by tBID-activated BAX. Maximum permeabilization of tBID-induced BAX
activation was recorded at ~ 60%. Maximum permeabilization of BAX alone was recorded

at ~10%. Another compound, BAI-3, was not effective to inhibit tBID-induced BAX
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activation. tBID, BAI-1, BAI-2, and BAI-3 alone do not stimulate fluorophore release (not
shown). Structures of BAI-1 and BAI-2 are illustrated in FIG. 3A; structure of BAI-3
shown in FIG. 3C.

[0010] FIG. 3A-3C. Structures of compounds.

[0011] FIG. 4. NMR CSP-guided docking of BAI-1 with the BAX monomer structure
using Glide (Shrodinger). BAI-1 molecules form a number of hydrophobic contacts, cation-
7 and electrostatic interactions in the proposed binding site, stabilizing interactions of the
hydrophobic core of the BAX structure.

[0012] FIG. 5. Effects of BAI-1 on tBID-induced BAX oligomerization.

[0013] FIG. 6A-6C. BAI-1 potently inhibits primary (A) neonatal and (B) adult
cardiomyocyte death induced by hypoxia and hypoxia/reoxygenation (H/R), respectively.
Cell death was assessed using calcein AM (alive) and ethidium homodimer (dead) staining.
(C) BAII inhibits hypoxia-induced loss of inner mitochondrial membrane potential (Aym)
in neonatal cardiomyocytes.

[0014] FIG. 7. BAI-A19 inhibition of BAX activation in vivo assayed with 6A7
antibody staining.

[0015] FIG. 8. BAI compounds tested in BAX inhibition assay using tBID-induced
BAX activation in liposomal membranes. Structures of the compounds are shown in Fig. 3.
[0016] FIG. 9. BAI-A19 potently inhibits primary neonatal cardiomyocyte death
induced by hypoxia, whereas the inactive analog, BAI1-A20, does not. Cell death was
assessed using calcein AM (alive) and ethidium homodimer (dead) staining.

[0017] FIG. 10. BAI-A22 potently inhibits primary neonatal cardiomyocyte death
induced by hypoxia.

[0018] FIG. 11A-11B. BAI-A22 pharmacokinetics. BAI-A22 was injected
intravenously in male Sprague Dawley® rats at 1 mg/kg dose and blood plasma and heart
tissue were collected at different time points, and drug levels measured by LC-MS/MS. (A)
Average BAI-A22 concentrations in blood plasma. (B) Average BAI-A22 concentrations in
heart tissue.

[0019] FIG. 12. Simulated heart concentration of BAI-A22. Dose Regimen to reach
3000 pg/mL heart concentration: 650 pug of IV bolus and 132 pg/h IV infusion. Dotted lines
indicate the therapeutic window.

[0020] FIG. 13. BAI-1 inhibits tBID-induced BAX mediated cytochrome c¢ release

from isolated cardiac mitochondria. The levels of cytochrome ¢ were quantified in
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mitochondrial and soluble fractions after incubation of mitochondria with tBID, BAX
without and with BAI-1.

[0021] FIG. 14. BAI-1 inhibits TNFa-induced BAX-mediated apoptotic cell death in
mouse embryonic fibroblasts. Inhibition of BAI-1 required BAX but not BAK.

[0022] FIG. 15. BAI-1 inhibits Ionomycin-induced BAX-mediated necrotic cell death
in mouse embryonic fibroblasts as measured by the loss of TMRE fluorescence using FACS
analysis.

[0023] FIG. 16. BAI-1 inhibits doxorubicin-induced cell death in rat neonetal
cardiomyocytes. Cell death was assessed using calcein AM (alive) and ethidium homodimer
(dead) staining.

[0024] FIG. 17. BAI-1 inhibits doxorubicin-induced cell death in human
cardiomyocytes derived from human induced pluripotent stem cells. Cell death was
assessed using annexin V staining.

[0025] FIG. 18. BAI-A22 inhibits doxorubicin-induced apoptosis in mouse embryonic
fibroblasts. Apoptosis was induced with either staurosporine (STS) or pro-apoptotic ABT-
737 drug.

[0026] FIG. 19A-19C. BAX inhibitor effect on heart function in doxorubicin-treated
mice. (A) Effects of doxorubicin with or without BAX inhibitors BAI-1, BAI-A2, and BAI-
A22 on gjection fraction in acute doxorubicin model. Groups were compared using one-way
ANOVA followed by Tukey’s multiple comparisons test. (B) Effect of doxorubicin with or
without BAX inhibitor BAI-1 on ejection fraction in acute doxorubicin model. Groups were
compared using one-way ANOV A followed Dunnett’s multiple comparisons test. (C) Effect
of doxorubicin with or without BAX inhibitor BAI-A22 on ejection fraction in acute
doxorubicin model. Groups were compared using one-way ANOVA followed Dunnett’s
multiple comparisons test.

[0027] FIG. 20A-20B. BAI-1 inhibits cardiomyocyte apoptosis and necrotic cell death.
(A) TUNEL assay was used to measure apoptosis in neonatal rat cardiomyocytes (NRCM)
under normoxia and hypoxia with or without 1 uM BAI-1. Quantification of percentage of
TUNEL positive cells. (B) NRCM were pre-treated with varying concentrations of BAI-1
and cultured under normoxic or hypoxic conditions. BAI-1 dose response. Percentage of
dead cells represents percentage of ethidium homodimer-1(EthD) positive cells.

[0028] FIG. 21A-21C. BAI-Al, BAI-A2 and BAI-A21 inhibit cardiomyocyte necrotic
cell death. NRCM were pre-treated with varying concentrations of BAI-A1 (A), BAI-A2
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(B) or BAI-A21 (C) and cultured under normoxic or hypoxic conditions. Percentage of dead
cells represents percentage of EthD positive cells.

[0029] FIG. 22A-22B. BAI-1 and BAI-A1 inhibit adult cardiomyocyte necrosis. Adult
rat cardiomyocytes were pre-treated with varying concentrations of BAI-1 (A) or BAI-A1
(B) and subjected to hypoxia and reoxygenation (H/R). Percentage of dead cells represents
percentage of EthD positive cells.

[0030] FIG. 23. BAI-A2 inhibits doxorubicin-induced cardiomyocyte necrosis. NRCM
were pre-treated with varying concentrations of A2 and then stimulated with 10 uM
doxorubicin for 18 hr. A2 dose response. Percentage of dead cells represents percentage of
EthD positive cells.

[0031] FIG. 24A-24C. BAI-1 reduces doxorubicin-induced cardiac fibrosis, apoptosis
and necrosis. (A) Hearts were collected from mice in the acute doxorubicin model and
sectioned to measure fibrosis using Masson Trichrome staining. Percentage of area with
blue collagenous stain per field. (B) Hearts were collected from mice in the acute
doxorubicin model and sectioned to stain for apoptosis marker, TUNEL. Percentage of
TUNEL positive nuclei per field. (C) Hearts were collected from mice in the acute
doxorubicin model and sectioned to immunostain for high motility group box 1 (HMGB1),
loss of which indicates necrosis. Percentage of nuclei that lost HMGBI1 per field.

[0032] FIG. 25A-25B. BAI-1 effects on doxorubicin-induced cardiac apoptosis in
chronic model. (A) Hearts were collected from mice in the chronic doxorubicin model and
sectioned to stain for the apoptosis marker, TUNEL. Percentage of TUNEL positive nuclei
per field. (B) Hearts were collected from mice in the chronic doxorubicin model and
sectioned to immunostain for HMGBI1, loss of which indicates necrosis. Percentage of
nuclei that lost HMGB1 per field.

[0033] FIG. 26. Chronic model of doxorubicin and trastuzumab combination therapy.
Experimental scheme for chronic model of doxorubicin and trastuzumab-induced
cardiomyopathy. In doxorubicin group, mice were administered 3 mg/kg doxorubicin for §
injections. In doxorubicin plus trastuzumab group, mice were administered 1 week later
with 2 mg/kg trastuzumab for 6 injections. Echocardiography was performed at week 8
from the start of experiment. Trastuzumab (TRZ).

[0034] FIG. 27. BAI-1 protects the heart against doxorubicin and trastuzumab
combination therapy. Echocardiographic assessment of cardiac function and dimensions

showing significant rescue by BAI-1. Ejection fraction (EF); fractional shortening (FS);
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stroke volume (SV). Trastuzumab (TRZ). Saline, n=6; DOX, n=8; DOX+TRZ, n=8§;
DOX+TRZ+BAI1, n=8 mice.

[0035] FIG. 28. BAI-1 does not inhibit doxorubicin-induced breast cancer cell death.
Human breast cancer cell lines LM2, MDA-MB-231, 3475 and MCF-7 were treated with
doxorubicin without or with varying concentrations of BAI-1. Percentage of cell viability is
relative to 100% viability of an untreated control group (not shown). BAI-1 did not interfere
with doxorubicin-induced killing of any of the breast cancer cells. Cell viability was
assessed using CytoTox-Glo Cytotoxicity Assay (Promega).

[0036] FIG. 29. Effects of BAI-1 on doxorubicin-induced AML cell viability in vitro.
Human AML cell lines THP-1, HL-60 and MOLM-13 were treated with doxorubicin
without or with varying concentrations of BAI-1. Percentage of cell viability is relative to
100% viability of an untreated control group (not shown). BAI-1 did not interfere with
doxorubicin-induced killing of any of the AML cells.

DETAILED DESCRIPTION OF THE INVENTION
[0037] The invention provides a method of treating a disease or condition in a subject in
which it is desirable to inhibit Bcl-2-associated x-protein (BAX) comprising administering
to the subject one or more of the compounds of formula (I) and/or formula (IV) in an
amount effective to treat the disease or condition in a subject, wherein formula (I) and

formula (IV) have the structure

L L
X7 (CHy), X7 (CHy),
\ \
<
1 g 2 2/\ z ? 3
R R® (D, R R™ V),

wherein

A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the
heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the
heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;

the dashed line between A and B indicates an optional bond;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,,
OR4, CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;
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X is H, NH,, OH. O, F, CI, Br, I, CN, SH, NO,, NR4, NR4,, OR, CF;, COOH, R4,
COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4; wherein the bond between
X and the main scaffold is a single bond or a double bond, depending on the definition of X;

R3\Y /\‘
N\ich»m

Qis , (CH2)mN((CH»),R5),, COH, COOH, or CH,NH(CH,)OH

R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, NorCH;

Zis O, S, NR4, CHR4, S(0O),, C(Me); or C(O);

each I, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

[0038] In one embodiment of the methods and compounds disclosed herein, the

compound can have, for example, the structure of formula (IT), (IIT), (IV) or (VI)

R5
3
O )
N\ N\
(CH)m RN Gy
XPCH), X2 \CHay
\ \
=
.2 /\ P
R R? (1) or R' R? (1),
R5
3
O )
N\ N\
(CH)m RN
XJ\(CHZ)H XJ\(CHZ)n
\ \

R? R® (V) or

or a pharmaceutically acceptable salt thereof.
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[0039] In one embodiment of the methods and compounds disclosed herein, there is no
bond between A and B. In one embodiment, R1 and/or R2 are in the para position with

respect to the bond to the N atom.

[0040] In one embodiment of the methods and compounds disclosed herein, the

compound can have a structure, for example, selected from the group consisting of

Br{ JBr Br,
N N
j) HO
N
C
j)N

Br

%{

IS GING

SEN 5 Y

IS

Br

~
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and Ho/\/Q

thereof.

, or a pharmaceutically acceptable salt

[0041] Preferably, the one or more compounds is administered in an amount effective to
inhibit BAX in a subject.

[0042] The invention also provides a method of inhibiting Bcl-2-associated x-protein
(BAX) in a subject comprising contacting the BAX with one or more of the compounds of
formula (I) and/or formula (IV) in an amount effective to inhibit BAX, wherein formula (I)
and formula (IV) have the structure as defined herein.

[0043] Also provided is a method of inhibiting Bcl-2-associated x-protein (BAX)
comprising contacting BAX with one or more of any of the compounds or pharmaceutical
compositions disclosed herein in an amount effective to inhibit BAX. Preferably, the BAX
is in a subject, and the one or more compounds or compositions is administered to the
subject.

[0044] The subject being administered the compound, and being treated, may have, for
example, a disease or condition is selected from the group consisting of hypoxic
cardiomyocytes, cardiac ischemia, cardiac ischemia-reperfusion injury, myocardial
infarction, myocardial infarction and reperfusion injury, chemotherapy-induced
cardiotoxicity, arteriosclerosis, heart failure, heart transplantation, aneurism, chronic
pulmonary disease, ischemic heart disease, hypertension, pulmonary hypertension,
thrombosis, cardiomyopathy, stroke, a neurodegenerative disease or disorder, an
immunological disorder, ischemia, ischemia-reperfusion injury, infertility, a hematological
disorder, renal hypoxia, hepatitis, a liver disease, a kidney disease, an intestinal disease,
liver ischemia, intestinal ischemia, asthma, AIDS, Alzheimer's disease, Parkinson's disease,
Huntington's disease, retinitis pigmentosa, spinal muscular atrophy, cerebellar degeneration,
amyotrophic lateral sclerosis, organ transplant rejection, arthritis, lupus, irritable bowel

disease, Crohn's disease, asthma, multiple sclerosis, diabetes, premature menopause,
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ovarian failure, follicular atresia, fanconi anemia, aplastic anemia, thalassemia, congenital
neutropenia, myelodysplasia, and a disease or disorder involving cell death and/or tissue
damage.

[0045] In the case where the disease or condition is chemotherapy-induced
cardiotoxicity, preferably the compound does not interfere with the ability of the
chemotherapeutic agent to treat cancer. The chemotherapeutic agent can be, for example,
one or more of doxorubicin and trastuzumab. The cancer can be, for example, one or more
of a leukemia, a solid tumor, acute lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), breast
cancer, prostate cancer, lymphoma, skin cancer, pancreatic cancer, colon cancer, melanoma,
malignant melanoma, ovarian cancer, brain or spinal cord cancer, primary brain carcinoma,
medulloblastoma, neuroblastoma, glioma, head-neck cancer, glioma, glioblastoma, liver
cancer, bladder cancer, stomach cancer, kidney cancer, placental cancer, cancer of the
gastrointestinal tract, non-small cell lung cancer (NSCLC), head or neck carcinoma, breast
carcinoma, endocrine cancer, eye cancer, genitourinary cancer, cancer of the vulva, ovary,
uterus or cervix, hematopoietic cancer, myeloma, leukemia, lymphoma, ovarian carcinoma,
lung carcinoma, small-cell lung carcinoma, Wilms' tumor, cervical carcinoma, testicular
carcinoma, bladder carcinoma, pancreatic carcinoma, stomach carcinoma, colon carcinoma,
prostatic carcinoma, genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma,
myeloma, multiple myeloma, adrenal carcinoma, renal cell carcinoma, endometrial
carcinoma, adrenal cortex carcinoma, malignant pancreatic insulinoma, malignant carcinoid
carcinoma, choriocarcinoma, mycosis fungoides, malignant hypercalcemia, cervical
hyperplasia, leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia, chronic
granulocytic leukemia, acute granulocytic leukemia, acute myelogenous leukemia, chronic
myelogenous leukemia, hairy cell leukemia, neuroblastoma, rthabdomyosarcoma, Kaposi's
sarcoma, polycythemia vera, essential thrombocytosis, Hodgkin's disease, non-Hodgkin's
lymphoma, soft tissue cancer, soft-tissue sarcoma, osteogenic sarcoma, sarcoma, primary
macroglobulinemia, central nervous system cancer and retinoblastoma.

[0046] Also provided is a method of treating a myocardial infarction or a myocardial
infarction and reperfusion injury in a subject comprising administering to the subject one or
more of the compounds or pharmaceutical compositions disclosed herein in an amount
effective to treat a myocardial infarction or a myocardial infarction and reperfusion injury in

a subject in need thereof. Preferably, the one or more compounds or the pharmaceutical
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composition is administered in an amount effective to inhibit Bcl-2-associated x-protein
(BAX) in a subject.

[0047] The subject can be, for example, a mammal, and is preferably a human.

[0048] As used herein, “treating” or to “treat” a disease or disorder means to alleviate or
ameliorate or eliminate a sign or symptom of the disease or disorder that is being treated.
When the compound or composition is administered to a subject before or at the onset of a
disease or disorder, the compound or composition can prevent or reduce the severity of the
disease or disorder. For example, administration of the compound to a subject can prevent
or reduce the severity of chemotherapy-induced cardiotoxicity that would occur in the
absence of administration of the compound. Administration of the compound can include
preventive and/or therapeutic administration.

[0049] The compounds and compositions of the present invention can be administered
to subjects using routes of administration known in the art. The administration can be
systemic or localized to a specific site. Routes of administration include, but are not limited
to, intravenous, intramuscular, intrathecal or subcutaneous injection, oral or rectal
administration, and injection into a specific site.

[0050] Preferably, the compounds and compositions disclosed herein are administered
acutely to treat a disease or disorder, due to potential hazards of long-term inhibition of cell
death, e.g. cancer. The therapy can be used in conjunction with effective existing therapies
for treating the disease or disorder, such as, e.g., angioplasty/stenting for cardiovascular
disease.

[0051] The invention provides a compound having the structure of formula (VII)

A

X~ (<\3Hz)n

R’ R? (VID),
wherein
A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the
heteroaromatic ring;
B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;
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R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,,
OR4, CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

Xis H, NH,, OH, O, F, CL, Br, I, CN, SH, NO;, NR4, NR4,, OR, CF5;, COOH, R4,
COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4; wherein the bond between
X and the main scaffold is a single bond or a double bond, depending on the definition of X;

R3\Y/\\
N\£sz>m

Qis . (CH»)mN((CH>),R5),, COH, COOH, or CH>NH(CH,)OH;:

R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, Nor CH;

each I, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

[0052] The compound can have, for example, the structure of formula (VIII) or (IX)

R5

R3

' N
I\/ N R5/\/ N ~

(CH2)m

R’ R? (VL) or R’ R? (IX),
or a pharmaceutically acceptable salt thereof.
[0053] The compound can have, for example, a structure selected from the group

consisting of
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and

>

or a pharmaceutically acceptable salt thereof.

[0054] The invention also provides a compound having the structure of formula (X) or

(XI)

A

X~ (<\3Hz)n

wherein
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A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the
heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the
heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;

with the proviso that at least one of A and B is not pheny];

the dashed line between A and B indicates an optional bond;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,,
OR4, CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

Xis H, NHy, OH, O, F, Cl, Br, I, CN, SH, NO;, NR4, NR4,, OR, CF3;, COOH, R4,
COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4; wherein the bond between
X and the main scaffold is a single bond or a double bond, depending on the definition of X;

R3\Y/\‘

N
~
(CH2)m

Qis "I (CHY)wN((CH2),R5),, COH, COOH, or CH,NH(CH,),0OH;

R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, NorCH;

Zis O, S, NR4, CHR4, S(0O),, C(Me); or C(O);

each I, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.
[0055] In one embodiment, Z is O, NR4, CHR4, S(0O),, C(Me), or C(O).
[0056] Pharmaceutically acceptable salts that can be used with compounds of the
present invention include, e.g., non-toxic salts derived, for example, from inorganic or
organic acids including, but not limited to, salts derived from hydrochloric, sulfuric,
phosphoric, acetic, lactic, fumaric, succinic, tartaric, gluconic, citric, methanesulphonic and
p-toluenesulphonic acids.
[0057] The invention also provides a pharmaceutical composition comprising one or
more of the compounds disclosed herein and a pharmaceutically acceptable carrier.
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
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oil/water or water/oil emulsions. The pharmaceutical compositions can be formulated to be
advantageous for the selected route of administration to a subject.

[0058] As used herein, “BAX” is Bcl-2-associated x-protein. In an embodiment, the
BAX is mammalian. In a preferred embodiment, the BAX is a human BAX. In an
embodiment, the BAX comprises consecutive amino acid residues having the following
sequence:
MDGSGEQPRGGGPTSSEQIMKTGALLLQGFIQDRAGRMGGEAPELALDPVPQDASTKKLSECLKRIG
DELDSNMELQRMIAAVDTDSPREVFFRVAADMFSDGNFNWGRVVALFYFASKLVLKALCTKVPELIR
TIMGWTLDFLRERLLGWIQDQGGWDGLLSYFGTPTWQTVTIFVAGVLTASLTIWKKMG (SEQ ID
NO:1).

[0059] As used herein, small molecule BAX inhibitors are defined as compounds that
bind to BAX and inhibit its function.

[0060] All combinations of the various elements described herein are within the scope
of the invention unless otherwise indicated herein or otherwise clearly contradicted by
context.

[0061] This invention will be better understood from the Experimental Details, which
follow. However, one skilled in the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as described more fully in the

claims that follow thereafter.

EXPERIMENTAL DETAILS

BAX is a therapeutic target for MI/R

[0062] To determine whether BAX provides a therapeutic target for MI/R in vivo, wild
type and BAX knockout (KO) mice were subjected to 45 min ischemia/24 h reperfusion.
These KO mice have a generalized deletion of BAX making them a good model for the
antagonism of BAX in both cardiomyocytes and non-myocytes. Area at risk (AAR) was
measured by Evans blue dye and infarct size by tetrazolium chloride (TTC) staining (Fig.
1). Consistent with a previous study in isolated hearts (18), BAX deletion markedly reduced
infarcts indicating that BAX plays an important role in the pathogenesis of infarction in
vivo. These KO mice have a generalized deletion of BAX making them a good model for

the antagonism of BAX in both cardiomyocytes and non-myocytes.

Identification of a small molecule inhibitor of BAX
[0063] Previously, a small molecule screen using isolated mitochondria, revealed

compounds that inhibit tBID-induced cytochrome c release. These compounds were
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hypothesized, but never shown, to work through BAX inhibition (19, 20). Accordingly, it
was first investigated whether several of these small molecules inhibit BAX-mediated
permeabilization of artificial membranes of similar lipid composition to the outer
mitochondrial membrane (OMM). A liposome release assay (21), in which liposomes that
contain a fluorophore are created, was used. Incorporation of tBID-activated BAX into the
liposome membrane stimulates release of the fluorophore, providing a system to study
BAX-mediated membrane permeabilization in isolation of other mitochondrial and cellular
factors. Using this assay, a lead small molecule, termed BAX Activation Inhibitor 1 (BAI-
1) (Fig. 3A), was shown to inhibit liposomal release of fluorophore in a dose-dependent and
BAX-dependent manner (Fig. 2). Moreover, another compound, BAI-2, inhibited BAX-
induced liposomal release (Fig. 2). These results indicate that inhibition of tBID-induced
cytochrome ¢ release from mitochondria by BAI-1 involves antagonism of BAX.

[0064] Next, it was tested whether BAI-1 binds to recombinant, purified BAX using
1H-NMR, and this was found to be the case (data not shown). To identify the mechanism of
BAI-1 binding to BAX, ""N-"H HSQC NMR analysis of BAX was performed upon titration
of BAI-1. BAI-1 induced significant chemical shift perturbations on HSQC spectra of BAX,
which were localized in the region formed by o-helices 3, 4, and 5 and the loop between a-
helices 3 and 4 (data not shown). A few chemical shift changes in other regions of the
structure were not localized and occurred predominantly in hydrophobic residues at the
hydrophobic core of the BAX structure. These NMR data highlight a binding site for BAI-1
in a region of the BAX structure distinct from the trigger site and for which information
does not currently exist regarding effects on BAX activation. To identify precisely how
BAI-1 binds to and inhibits BAX, NMR data were used to guide molecular docking studies.
Fig. 5 shows a close-up view of the novel BAX binding site and the bound docked structure
of BAI-1.

[0065] It was hypothesized that BAI-1 stabilizes the interactions among these helices
and the BAX structure and, through this mechanism, inhibits BAX conformational
activation by BH3-only proteins. To assess inhibition of BAX activation by BAI-1, BAX
oligomerization (which is downstream of activation) was tested using immunoblotting after
cross-linking with BMH (Fig. 5). BAI-1 inhibited tBID-induced BAX oligomerization (lane
8 versus lane 6). Since BAI-1 does not inhibit the binding of BH3-only activator proteins to
BAX (not shown), the most likely model is that BAI-1 functions as an allosteric inhibitor of
BAX activation.
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BAI-1 mechanism of action

[0066] A key event in BAX activation is exposure of o helix 9 containing a
transmembrane domain that inserts tightly into the outer mitochondrial membrane (OMM).
BAX insertion into the OMM can be assessed by treating isolated mitochondria with strong
alkali, which separates loosely attached proteins from mitochondria but fails to extract
membrane-inserted proteins.  Staurosporine (STS) treatment of mouse embryonic
fibroblasts resulted in a pool of BAX that could not be retrieved by treatment of isolated
mitochondria with strong alkali. Treatment of cells with BAI-1 significantly decreased the
inserted pool. These data indicate that BAI-1 inhibits STS-induced exposure of BAX a
helix 9. One important result of BAX conformational activation is its translocation from
cytosol to mitochondria. Thus, it was also evaluated whether BAI-1 can inhibit STS-
induced BAX translocation. Translocation was assessed by immunostaining for
mitochondrial BAX puncta. BAI-1 significantly decreased BAX translocation to the
mitochondria in a dose-dependent fashion. A similar result was observed with BAI-A22.

(Data not shown.)

BAI-1 inhibits apoptotic cell death and necrotic cell death

[0067] BAI-1 inhibits TNFa-induced BAX-mediated apoptotic cell death in mouse
embryonic fibroblasts (Fig. 14). Inhibition of BAI-1 required BAX but not BAK. Nuclear
fragmentation was also inhibited, as shown using BAI-1 and BAI-A22; externalization of
phosphatidylserine was reduced as shown using BAI-1 (data not shown). BAI-1 also
inhibits lIonomycin-induced BAX-mediated necrotic cell death in mouse embryonic

fibroblasts as measured by the loss of TMRE fluorescence using FACS analysis (Fig. 15).

BAI-1 inhibits cardiomyocyte death

[0068] It was tested if BAI-1 can inhibit cell death in cardiomyocytes challenged with a
noxious stimuli relevant to MI/R. At ~10 nM concentrations, BAI-1 inhibited cell death in
neonatal and adult cardiomyocytes challenged with 18 h of 3% hypoxia and 1h hypoxia/2h
reoxygenation, respectively, both effects occurring in a dose-dependent manner (Fig. 6A,B).
To explore the mechanism by which BAI-1 inhibits cardiomyocyte death, TMRM staining
was used to assess its effect on loss of inner mitochondrial membrane potential (Aym),
which occurs with opening of the mPTP. BAI-1 markedly inhibited loss of Aym (Fig. 6C).
BAI-1 also inhibits tBID-induced BAX mediated cytochrome ¢ release from isolated

cardiac mitochondria. The levels of cytochrome ¢ were quantified in mitochondrial and
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soluble fractions after incubation of mitochondria with tBID, BAX without and with BAI-1
(Fig. 13). It was also demonstrated that BAI-1 inhibits doxorubicin-induced cell death in rat
neonetal cardiomyocytes (Fig. 16) and that BAI-1 inhibits doxorubicin-induced cell death in
human cardiomyocytes derived from human induced pluripotent stem cells (Fig. 17). These
data demonstrate that BAI-1 potently inhibits neonatal and adult cardiomyocyte death and
that mitochondrial mechanisms are involved. BAI-1 inhibits cardiomyocyte apoptosis and
necrotic cell death (Fig. 20A-B). BAI-A2 was also tested and shown to inhibit doxorubicin-

induced cardiomyocyte necrosis (Fig. 23).

BAI-A1 inhibits BAX during MI/R in vivo

[0069] While BAI-1 potently inhibited cell death in isolated cardiomyocytes, it was
discovered that BAI-1 is 99.9% bound to plasma proteins in mouse plasma (not shown).
Based on its chemical structure, BAI-1 was re-engineered by removing both bromines to
lower its hydrophobicity and, thereby, reduce its plasma protein binding. The resulting
BAI-Al1 (Fig. 3A) exhibited 89.4% plasma protein binding. As expected from the
hypothesized role of the bromines in the BAI-1-BAX interaction, BAI-A1 exhibited less
BAX binding than BAI-1 (not shown). Despite this, its ability to protect neonatal and adult
cardiomyocytes against hypoxia and hypoxia/reoxygenation was only modestly decreased
(not shown). Accordingly, the ability of BAI-A1 to inhibit BAX activation during MI/R
was tested in vivo (Fig. 7). BAI-Al potently blocks BAX conformational activation as
assessed by immunostaining with 6A7, an antibody that recognizes only the active
conformer of BAX. This was assessed following 45 min ischemia/6h reperfusion, the time
point that BAX is activated maximally in the absence of drug. It was concluded that BAI-
Al can access myocardial cells and is effective at inhibiting BAX activation during MI/R in
vivo. The pharmacokinetics of BAI-A1 were measured in the mouse by injecting 1 mg/kg
into a cohort of mice and harvesting plasma and heart tissue 0, 1, 6, and 24 h. The half-life
of BAI-A1 was ~3.5 h in both plasma and heart tissue.

Studies with additional compounds

[0070] Fig. 8 and Table 1 show IC50 values for BAI compounds tested in a BAX
inhibition assay using tBID-induced BAX activation in liposomal membranes. The
structures of the compounds are shown in Fig. 3.

[0071] Fig. 9 shows that BAI-A19 potently inhibits primary neonatal cardiomyocyte
death induced by hypoxia, whereas the inactive analog, BAI-A20, does not.
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[0072] Fig. 18 shows that BAI-A22 inhibits doxorubicin-induced apoptosis in mouse
embryonic fibroblasts. Fig. 10 shows that BAI-A22 potently inhibits primary neonatal
cardiomyocyte death induced by hypoxia. Fig. 11 shows BAI-A22 pharmacokinetics in
blood plasma and heart tissue. Pharmacokinetic parameters for BAI-A22 are shown in
Table 2. Plasma protein binding was measured in rats for BAI-A22, which was found to be
95.6% bound. Fig 12 shows the simulated heart concentration of BAI-A22.

[0073]  Compounds BAI-1 (Fig. 22A), BAI-Al (Figs. 21A, 22B), BAI-A2 (Fig. 21B)
and BAI-A21 (Fig. 21C) inhibit necrosis in cardiomyocytes in a dose-dependent manner.
[0074] Pharmacokinetic properties were determined for compounds BAI-1, BAI-A1 and
BAI-A22. Their half-life in plasma was, respectively, 45 hours, 3.5 hours and 5 hours.

In vivo studies

LEffects of BAX inhibitors on chemotherapy-induced cardiotoxicity.

[0075] Doxorubicin is extensively used for both adults and children to treat many types
of cancers, including solid tumors, such as breast cancer, leukemia and lymphomas (27). It
is considered as one of the most potent of the Food and Drug Administration (FDA)-
approved cancer drugs (28). Doxorubicin's clinical use is limited by its severe dose-
dependent and often lethal heart failure (27), even emerging years after termination of
treatment (29).

[0076] Studies using BAX knockout mice showed that deletion of Bax protected mice
from doxorubicin-induced cardiac dysfunction as measured by improvements in fractional
shortening and systolic wall thickening and decreases in apoptotic and necrotic cardiac cell
death (data not shown).

[0077] Doxorubicin-induced cardiotoxicity is known to increase BAX levels and drive
apoptosis in cardiac cells and is a real clinical problem. A number of new chemotherapy
drugs have the same side-effect and cardiotoxicity prevents their use at more effective
doses. Fig. 19A-C illustrates the effects of three BAX inhibitors on heart function in
doxorubicin-treated mice. C57BL/6 male mice 8 weeks of age were purchased from Charles
River Laboratories and randomly grouped (n = 8 to 13). An acute heart failure model was
generated by a single intraperitoneal injection of doxorubicin (20 mg/kg) dissolved in
saline. BAI-1, BAI-A2 and BAI-A22 were administered to mice by a single intraperitoneal
injection of 2mg/kg dose. Both BAI-1 (Fig. 19B) and BAI-22 (Fig. 19C) were
therapeutically effective at the dose used. Similar therapeutic effects were observed with

BAI-21 (data not shown).
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[0078] Hearts were collected from mice in the acute doxorubicin model and sectioned to
measure fibrosis using Masson Trichrome staining, or stained for the apoptosis marker,
TUNEL, or immunostained for HMGBI, loss of which indicates necrosis. BAI-1 reduced

doxorubicin-induced cardiac fibrosis, apoptosis and cardiac necrosis (Fig. 24A-C).

Chronic doxorubicin-induced cardiomyopathy mouse model

[0079] Patients typically receive several “cycles" of doxorubicin administered at lower
doses. The exact protocol depends on the cancer being treated. For example, some
leukemias are treated with 4 cycles of 60 mg/m” (which would be the equivalent of 1.5
mg/kg) IV administered every 21-28 days. Cumulative doxorubicin dose of 20-25 mg/kg
has been shown to induce a clinically relevant cardiomyopathy in mice (30-32). Based on
this experience, a chronic protocol was used in which mice receive 3 mg/kg doxorubicin IP
every other day x 8 doses (i.e. over a two-week period) for a cumulative dose of 24 mg/kg.
[0080] BAI-1 and BAI-A22 were tested for their ability to protect the heart against
doxorubicin-induced cardiomyopathy, using a dose of 2 mg/kg  BAIl and A22
significantly protected the heart from cardiac dysfunction as assessed by fractional
shortening, ejection fraction and systolic wall thickening. Doxorubicin-induced apoptotic
and necrotic cardiac cell death were largely abrogated as tested using BAI-1, as shown by
TUNEL (Fig. 25A) and HMGBI1 loss (Fig. 25B), respectively.

[0081] Trastuzumab is a humanized monoclonal antibody against the human epidermal
growth factor receptor 2 (HER2) receptor and was approved by the FDA in 1998 as a
therapy for HER2-positive breast cancer patients (33, 34). The combination of doxorubicin
with tratuzumab increases treatment efficacy but also is often accompanied by increased
cardiotoxicity (35). The effects of BAI-1 were tested using the chronic doxorubicin model
followed by the initiation one week later of trastuzumab (Fig. 26). Echocardiography was
performed at week 8 following initiation of doxorubicin. Results show that
doxorubicin+trastuzumab induced cardiac dysfunction was inhibited by BAI-1 as assessed

using ejection fraction, fractional shortening and stroke volume (Fig. 27).

BAI-1 does not inhibit doxorubicin-induced cancer cell death
[0082] Fig. 28 illustrates human breast cancer cell lines LM2, MDA-MB-231, 3475 and
MCF-7 treated with doxorubicin without or with varying concentrations of BAI-1. BAI-1

did not interfere with doxorubicin-induced killing of any of the breast cancer cells. Co-
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treatment with BAI-1 also did not compromise the cytotoxic effect of doxorubicin in an in
vivo breast cancer xenograft mouse model (data not shown).

[0083] BAI-1 also did not effect of the ability of doxorubicin to kill acute myeloid
leukemia (AML) cell lines in culture (Fig. 29). Co-treatment with BAI-1 also did not
compromise the cytotoxic effect of doxorubicin in an in vivo AML heterograft mouse model
(data not shown). BAI-1 protected against doxorubicin-induced cardiomyopathy in the same
mice whose leukemia burden was successfully reduced by doxorubicin. These results
indicate that BAI-1 can protect against doxorubicin-induced cardiomyopathy without
interfering with reduction of leukemia burden in the same animals.

[0084] BAX levels were assessed in the adult heart versus the 4 breast cancer and 3
AML cell lines that were studied above. BAX levels were uniformly increased in the cancer
cell lines compared with the heart. Next, to test the functional significance of the high BAX
levels in tumor cells as a mechanism to escape BAI-1 from inhibiting doxorubicin-induced
killing, BAX levels were knocked down in THP-1 AML cells using siRNA. While 73%
reduction in BAX levels did not affect basal killing by doxorubicin, it resulted in BAI-1
interfering with doxorubicin-induced apoptosis (data not shwon). These data suggest that
high BAX levels in tumors compared to the heart may be one mechanism by which BAI-1

protects the heart against doxorubicin without interfering with its killing of tumor cells.



WO 2018/165494 PCT/US2018/021644
24

[0085] Table 1. BAX inhibition activity of BAI compounds in liposomal assays upon
tBID-induced BAX activation.

Inhibitor Predicted IC50/ uM Measured IC 50 /uM
BAI1 4.0 4.0
BAI2 4.8 5.0

BAI-Al >20 40.0
BAI-A2 9.4 9.0
BAI-A4 8.6 -
BAI-A5 9.8 -
BAI-A6 12.8 -
BAI-A7 10.5 -
BAI-A8 14.0 -
BAI-A9 9.7 -

BAI-A10 10.8 -

BAI-Al11 10.4 -

BAI-Al12 8.8 -

BAI-A13 13.8 13.0

BAI-A14 15.3 -

BAI-A15 11.7 6.0

BAI-Al6 - 18.0

BAI-A17 - 27.0

BAI-A18 - 15.0

BAI-A19 - 26.0

BAI-A20 - >>100

BAI-A21 - 4.5

BAI-A22 - 11

IC50 values were measured using liposome release experiments using a minimum of 4
inhibitor concentrations around the IC50. Normalized inhibition values are the percentage
inhibition of each compound normalized to BAII, averaged over 5 and 10 uM inhibitor
concentrations. IC50 were predicted based on of “Normalized inhibition values™ correlated

with measured IC50 values.
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Table 2. BAI-A22 pharmacokinetic parameter estimates from NCA

Parameter Unlts Estimate
tie it .04
g“'ﬁ*\" Q

<. 318

S 318
MRT,., 2.15

o o

Ve 0.5
AUC, + SE 3904 42,7
AUC. 524

Pharmacokinetic parameters from non-compartmental analysis using WinNonLin software.
Co: maximum plasma concentration extrapolated to t=0; tp.: time of maximum plasma
concentration; t;»: half-life; MRT,: mean residence time, calculated to the last observable
time point; CL: clearance; V: steady state volume of distribution; AUCjg: area under the
curve, calculated to the last observable time point; AUC,: area under the curve,

extrapolated to infinity.

Materials and Methods for the Chemical Syntheses

[0086] All chemical reagents and solvents were obtained from commercial sources
(Aldrich, Acros, Fisher) and used without further purification unless otherwise noted.
Anhydrous solvents (tetrahydrofurane, toluene, dichloromethane, diethyl ether) were
obtained wusing a Pure Solv™ AL-258 solvent purification system. N.N-
Dimethylformamide was degassed and dried over freshly activated 4A molecular sieves.
Chromatography was performed on a Teledyne ISCO CombiFlash Rf 2001 using disposable
silica cartridges (4, 12, and 24 g). Analytical thin layer chromatography (TLC) was
performed on aluminum-backed Silicycle silica gel plates (250 um film thickness, indicator
F254). Compounds were visualized using a dual wave length (254 and 365 nm) UV lamp,
and/or staining with CAM (cerium ammonium molybdate) or KMnQ, stains. NMR spectra
were recorded on Bruker DRX 300 and DRX 600 spectrometers. 'H and “C chemical
shifts (8) are reported relative to tetramethyl silane (TMS, 0.00/0.00 ppm) as internal
standard or to residual solvent (CD30D: 3.31/49.00 ppm; CDCl;: 7.26/77.16 ppm; dmso-d:
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2.50/39.52 ppm; acetone-ds: 2.05/29.84 ppm; acetonitrile-ds: 1.94/1.32 ppm). Mass spectra
were recorded on a Shimadzu LCMS 2010EV (direct injection unless otherwise noted).

[0087] 3,6-difluoro-9H-carbazole (22), 3,6-bis(trifluoromethyl)-9H-carbazole (23), 3,6-
dimethyl-9H-carbazole (24) , and tert-butyl piperazine-1-carboxylate (25) were synthesized
according to literature procedures. As an alternative to Pd-catalyzed aminations, requisite

diaryl amnines can be conveniently prepared using Knochel’s procedure (26).

Typical synthetic procedure — synthesis of BAI-A22

0 H
NH B <7 Y ROR RI\N/\\ OH

BocN \) —_— l/\N —_— l\/ N \)\
KoCO3 BocN\/’ NaH

Y N,
acetonitrile THF OR DMF R 'R

TFA R' = Boc
CH2C|2 |: R'=H

Scheme 1: Synthesis of BAI-A22 and its analogs. tert-Butyl piperazine-1-carboxylate was
added to 2-(bromomethyl)oxirane to give intermediate. Amines were deprotonated using
sodium hydride and used to open the epoxide. The resulting secondary alcohol was
subjected to standard Boc deprotection conditions to obtain BAI-A22 and its analogs. (THF
= tetrahydrofurane; DMF = N ,N-dimethylformamide, TFA = trifluoroacetic acid; Boc =
tert-butylcarboxylate)

(\NJ\OJ<

N

HiOH
N
S0
Synthesis of tert-butyl 4-(3-((4-bromophenyl)(phenyl)amino)-2-hydroxypropyl)piperazine-1-
carboxylate. In a flame-dried 60mL Centrifuge tube with septum and stir bar, sodium
hydride (60% dispersion in mineral oil) (258 mg, 6.45 mmol, 1.60 equiv) was suspended in
dry DMF (5.7 mL) under an argon atmosphere. In a separate dry and argon-flushed tube, 4-
bromo-N-phenylaniline (1.50 g, 6.05 mmol, 1.50 equiv) was dissolved in dry DMF (18.4
mL). The NaH-suspension was cooled to 0 °C (ice bath) and the diphenylamine solution
was slowly added over ca 10-15 min. A color change to bright yellow, later green was

observed. After 20 min, the mixture was warmed to room temperatue (RT) and stirred for

an additional 30 min. The mixture then was cooled to 0° C again.
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[0088] A solution of tert-butyl 4-(oxiran-2-ylmethyl)piperazine-1-carboxylate (0.977 g,
4.03 mmol) in dry DMF (2.83 mL) was added over 5 min. The mixture was stirred at 0 °C
for 10 min, then warmed to RT and stirred at this temperature. Thin layer chromatography
(TLC; 1:1 hex:EtOAc) was used to monitor the reaction progress. After TLC indicated full
conversion, the mixture was poured onto satd. aq. sodium bicarbonate (75.0 mL), extracted
with EtOAc (150 mL and 2x75.0mL). Combined organic layers were dried (MgSO,),
filtered and evaporated in vacuo. The crude residue was purified on an Isco CombiFlash
(silica gel, EtOAc in hexanes, 30 % — 60 %) (BAI-A22; 605 mg, 1.23 mmol, 31 %) was
obtained as off-white solid. The corresponding O-acetate (1.01 g) was isolated as a side-
product. The acetate had presumably formed on the loading column from the desired
product and ethyl acetate, triggered by heat formed when DMF remainders in the crude
material came in contact with the silica. This behavior was not observed on a significant
level in smaller scale reactions and can be avoided by more thorough drying of the crude in
high vacuum (10~ mbar). The acetate can be conveniently hydrolyzed by treatment with
potassium carbonate (2.0 equiv) in methanol (0.11 M) for 2h to give another crop of the
desired product (685mg, 35 %).

[0089] TLC: R;0.37 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl3): & 7.32-7.28 (m,
4H), 7.08 (d, J =79 Hz, 2H), 7.03 (1, J=7.4 Hz, 1H), 6.88 (d, J = 8.9 Hz, 2H), 4.00 (dd, J =
10.3, 5.7 Hz, 1H), 3.79-3.71 (m, 2H), 3.44-3.38 (m, 4H), 3.31 (s, 1H), 2.53-2.52 (m, 2H),
2.41(dd, J =124, 3.5 Hz, 1H), 2.34 (m, 3H), 1.45 (s, 9H). >C-NMR (151 MHz, CDCl;): &
154.8, 147.9, 147.8, 132.2, 129.7, 122.9, 122.7, 121.6, 113.2, 80.0, 65.1, 62.27, 56.8, 53.2,
438 (d, br), 28.6. ESI-MS myz (rel int): (pos) 514.1 (IM(*'Br)+Na]’, 18), 512.1
(IM(®Br)y+Na]’, 14), 492.1 ((M(*'Br)+H]", 100), 490.1 (IM(”Br)}+H]", 95), 436.0 (14),
435.0 (18).

@H

N

HiOH
0
Br BAI-A22

[0090] Synthesis of 1-((4-bromophenyl)(phenyl)amino)-3-(piperazin-1-yl)propan-2-ol
(BAI-A22). tert-Butyl 4-(3-((4-bromophenyl)(phenyl)amino)-2-hydroxypropyl)piperazine-1-
carboxylate (605 mg, 1.23 mmol) was dissolved in dichloromethane (20.6 mL). The flask
was purged with argon for a few minutes, and TFA (5.23 mL, 67.8 mmol, 55.0 equiv) was

added at RT and the mixture stirred at the same temperature. TLC analysis of a reaction
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aliquot (micro-workup, satd. aq. NaHCO3/ EtOAc) indicated complete conversion after 1h
05'. The mixture was poured on sodium bicarbonate (6.22 g, 74.0 mmol, 60.0 equiv) in 20.0
mL water and stirred vigorously at RT for 40 min. More sodium bicarbonate was added as
needed to bring the aqueous layer to pH = 8. The layers were separated and the aqueous
layer was extracted with EtOAc (2 x 75.0 mL). The combined organic layers were washed
with satd. ag. NaHCO; (50.0 mL) and brine (50.0 mL), dried (MgSO04), filtered and
evaporated in vacuo. The residue was taken up in CH,Cl,, filtered through syringe filter
(pore size), then evaporated in vacuo and dried in high vacuum (foams heavily!). Ethyl-3-
ox0-3-phenyl-2-(2-(thiazol-2-yl)hydrazono)propanoate (470 mg, 1.20 mmol, 98 %) was
obtained as a sticky, light brown solid.

[0091]  TLC: R;0.09 (95:5, CH,Cl,:MeOH). 'H-NMR (600 MHz, CDCl3): & 7.33-7.28
(m, 4H), 7.09 (dd, J = 8.6, 1.1 Hz, 2H), 7.03 (i, J = 7.3, 1.1 Hz, 1H), 6.89 (d, J = 9.0 Hz,
2H), 4.03-3.98 (m, 1H), 3.78-3.70 (m, J = 5.7 Hz, 2H), 2.94-2.87 (m, 4H), 2.63-2.60 (m,
2H), 2.44-2.38 (m, 3H), 2.30 (dd, J = 12.4, 10.1 Hz, 1H). ®C-NMR (151 MHz, CDCl;): &
1479, 147.8, 132.2, 129.7, 1229, 122.7, 121.6, 113.2, 64.8, 62.7, 56.9, 54.2, 46.0. ESI-MS
vz (rel int): (pos) 392.09 (IM(*'Br)+H]", 100), 389.9 (IM(”Br)+H]", 99).

[0092] Final products can be converted into their (e.g., HCI) salts.

Synthesis of Additional Compounds
[0093] The following compounds were prepared in an analogous fashion.

(\NJ\OJ<

N

HiOH
[0094]  TLC: Rf 0.20 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl5): & 8.10 (dt, J =
7.7, 0.9 Hz, 2H), 7.50-7.46 (m, 4H), 7.26 (ddd, J = 7.7, 6.0, 1.8 Hz, 3H), 440 (d, ] =54
Hz, 2H), 4.28 (m, J = 5.3 Hz, 1H), 3.45-3.36 (m, J = 3.3 Hz, 4H), 2.54-2.45 (m, 4H), 2.32
(s, 2H), 1.44 (s, 9H). "C-NMR (151 MHz, CDCl3): & 154.8, 141.1, 125.9, 123.2, 120.4,

119.3, 109.2, 80.0, 66.5, 62.0, 53.1, 47.2, 43.7 (d, br), 28.5. ESI-MS m/z (rel int): (pos)
432.1 ([M+Na]", 100); (neg) 444.2 (IM+CI]", 100).
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[0095]  TLC: Rf0.24 (95:5, CH,Cl:MeOH). "H-NMR (600 MHz, dmso-ds): & 8.13 (d, J
=7.7Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.18 (. ] = 7.4 Hz, 2H),
4.99-4.91 (m, 1H), 4.48-4.45 (m, 1H), 4.29 (dd, J = 14.8, 6.9 Hz, 1H), 4.10-4.03 (m, 1H),
2.86-2.80 (m, 4H), 2.44-2.32 (m, 6H). “C-NMR (151 MHz, dmso-ds): & 131.0, 115.7,
112.4, 110.3, 108.9, 100.2, 57.36, 52.5, 43.3, 37.9, 34.8. ESI-MS m/z (rel int): (pos) 310.0
(IM+H]', 100).

N

e
[0096]  TLC: Ry 0.29 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl;): & 7.84 (s, 2H),
7.33(d, J=7.1 Hz, 2H), 7.26 (d, J = 7.1 Hz, 2H), 4.37-4.31 (m, 2H), 4.22-4.22 (br s, 1H),
3.39 (brs, 4H), 2.52-2.41 (m, 11H), 2.29 (br s, 2H). ®C-NMR (151 MHz, CDCls): & 154.8,
139.7, 128.4, 127.0, 123.1, 120.4, 108.8, 80.0, 66.5, 62.0, 53.1, 47.2 (br d), 43.6, 28.5, 21.5.
ESI-MS m/z (rel int): (pos) 460.2 ([M+Nal', 34), 438.1 (IM+H]', 100); (neg) 472.3
(IM+C1], 45), 436.4 ((M-H], 10).

‘/\)\JH

N

o
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[0097]  TLC: R;0.02 (95:5, CH,Cl,:MeOH). 'H-NMR (600 MHz, acetone-ds): & 7.86 (s,
2H), 7.49 (d, ] = 8.3 Hz, 2H), 7.23 (dd, J = 8.3, 1.4 Hz, 2H), 4.48 (dd, J = 14.8, 4.7 Hz, 1H),
435 (dd, J = 14.8, 6.6 Hz, 1H), 4.30 (dddd, J = 7.0, 6.6, 5.0, 4.7 Hz, 1H), 3.30-3.25 (m,
4H), 2.85-2.83 (m, 2H), 2.76 (dd, J = 11.4, 6.2 Hz, 2H), 2.62 (dd, J = 12.8, 5.0 Hz, 1H),
2.54 (dd, J = 12.8, 7.0 Hz, 1H), 2.48 (s, 6H). “C-NMR (151 MHz, acetone- ds): & 140.6,
128.4, 127.5, 123.6, 120.6, 110.3, 68.27, 62.5, 51.5, 48.3, 44.37, 21.4. ESI-MS m/z (rel int):
(pos) 338.00 ((M+Na]", 100).
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[0098]  TLC: R¢ 0.29 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCls): & 7.66 (dd, J =
8.7, 2.5 Hz, 2H), 7.39 (dd, J = 8.9, 4.1 Hz, 2H), 7.20 (ddd, J = 8.9, 8.7, 2.5 Hz, 2H), 4.35
(dd, J = 15.3, 4.5 Hz, 1H), 4.29 (dd, J = 15.3, 5.7 Hz, 1H), 4.18 (ddt, J = 9.1, 5.6, 4.6 Hz,
1H), 3.46-3.35 (m, 5H), 2.53 (s, 2H), 2.45-2.39 (m, 2H), 2.30 (s, 2H), 1.44 (s, 9H). "*C-
NMR (151 MHz, CDCl3): 8 157.4 (d, J = 236.4 Hz), 154.8, 138.4, 123.0 (dd, J = 9.5, 4.1
Hz) . 114.3 (d, J = 25.4 Hz), 110.2 (d, J = 8.9 Hz), 106.2 (d, J = 23.4 Hz), 80.0, 66.6, 61.7,
53.1, 47.5, 43.7 (d, br), 28.5. ESI-MS m/z (rel int): (pos) 446.0 ([M+H]", 100); (neg) 480.1
(IM+C1]", 100).

(NH

N
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N
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[0099] TLC: R 0.02 (95:5, CH,Cl,:MeOH). 'H-NMR (600 MHz, acetone-ds): & 7.89
(dd, J=9.1,2.6 Hz, 2H), 7.69 (dd, ] = 9.0, 4.3 Hz, 2H), 7.27 (ddd, J=9.1, 9.0, 2.6 Hz, 2H),
459 (dd, J=15.1, 4.0 Hz, 1H), 4.45 (dd, J = 15.1, 7.0 Hz, 1H), 4.34-4.30 (m, 1H), 3.34—
3.24 (m, 4H), 2.89-2.78 (m, 4H), 2.67 (dd, J =12.8, 5.5 Hz, 1H), 2.56 (dd, J = 12.8, 6.9 Hz,
1H). “C-NMR (151 MHz, acetone-ds): & 157.9 (d, J =233.3 Hz, ), 139.5, 123.5 (dd, 1 =9.9,
43 Hz), 114.6 (d, J =254 Hz), 112.1 (d, J = 8.9 Hz), 106.6 (d, J = 24.1 Hz), 68.4, 62.4 ,
51.7, 48.6, 44.5. ESI-MS nv/z (rel int): (pos) 346.0 ((M+H]", 100).

‘/\NJ\OJ<
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[00100] TLC: R;0.33 (4:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl5): § 8.39 (1, J = 1.0
Hz, 2H), 7.75 (dd, J = 8.6, 1.0 Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H), 4.47 (dd, J = 15.3, 4.0 Hz,

1H), 4.38 (dd, J = 15.3, 5.9 Hz, 1H), 4.21 (dddd, J = 10.2, 6.0, 4.0, 3.8 Hz, 1H), 3.47 (brs,
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1H), 3.50-3.36 (m, J = 4.1 Hz, 4H), 2.58-2.53 (m, 2H), 2.49 (dd, J = 12.3, 3.8 Hz, 1H),
2.41 (dd, J = 12.3, 10.2 Hz, 1H), 2.34-2.30 (m, 2H), 1.44 (s, 9H). "C-NMR (151 MHz,
CDCls): & 154.8, 143.3, 125.1 (q, J = 272.0 Hz), 123.6 (q, J = 3.5 Hz), 122.6 (q, J = 32.5
Hz), 122.4,118.3 (q, J =4.0 Hz), 110.1, 80.1, 66.5, 61.6, 53.1, 47.5, 43.7 (d, br), 28.5. ESI-
MS m/z (rel int): (pos) 546.1 ((M+H]", 100).

N

HiOH
N
F300F3

[00101] TLC: Ry 0.00 (1:1, hex:EtOAc). 'H-NMR (600 MHz, acetone-dy): & 8.74 (t, J =
0.8 Hz, 2H), 7.98 (d, J = 8.7 Hz, 2H), 7.84 (dd, J = 8.7, 1.5 Hz, 2H), 4.76 (dd, J = 15.1, 3.5
Hz, 1H), 4.61 (dd, J=15.1, 7.4 Hz, 1H), 4.38 (dddd, J = 7.4, 6.8, 6.0, 3.5 Hz, 1H), 3.20 (t, J
= 5.1 Hz, 4H), 2.79-2.74 (m, 4H), 2.70 (dd, J = 12.7, 6.0 Hz, 1H), 2.59 (dd, ] = 12.7, 6.8
Hz, 1H). "C-NMR (151 MHz, acetone-ds): & 143.7, 125.5 (q, J = 270.6 Hz), 123.0 (q, J =
3.5Hz), 122.1, 121.3 (g, J = 31.9 Hz), 118.3 (q, J = 4.3 Hz), 111.2, 67.4, 61.7, 52.1, 47.9,
44.3. ESI-MS my/z (rel int): (pos) 446.0 ((M+H]", 100).

Aok
S

O\IH

[00102] TLC: R¢ 0.30 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl;): & (d, J = 7.8 Hz,
1H), 7.30 (d, J =8.2 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 6.94 (s, 1H),
4.15(dd, J = 14.7, 47 Hz, 1H), 4.11 (dd, J = 14.7, 5.5 Hz, 1H), 4.05 (dq, J = 9.5, 4.8 Hz,
1H), 3.48-3.34 (m, 4H), 2.53-2.49 (m, 2H), 2.36-2.30 (m, 7H), 1.44 (s, 9H). “C-NMR
(151 MHz, CDCl;): § 154.8, 137.0, 128. 9, 126.5, 121.7, 119.2, 118.8, 110.9, 109.3, 80.0,
66.6, 61.5, 53.1, 49.7, 43.8 (d, br), 28.5, 9.8. ESI-MS m/z (rel int): (pos) 396.1 ((M+Na]+,
63), 374.0 ((M+H]", 100).
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[00103] TLC: R; 0.03 (95:5, CH,Cl,:MeOH). 'H-NMR (600 MHz, acetone-ds): & 7.49
(dd, J=738,0.8Hz 1H), 743 (d, J=82Hz 1H), 7.12(ddd, J=8.2, 7.1, 1.1 Hz, 1H), 7.07
(s, 1H), 7.02 (ddd, J = 7.8, 7.1, 0.8 Hz, 1H), 4.68-4.64 (m, 1H), 4.32 (dd, J = 14.7, 4.4 Hz,
1H), 4.23 (dd, J =14.7, 7.0 Hz, 1H), 3.98-3.86 (m, 4H), 3.81 (1, ] = 9.7 Hz, 4H), 3.57 (d, J
=12.6 Hz, 1H), 3.39 (dd, J = 12.6, 10.3 Hz, 1H), 2.26 (s, 3H), 2.05 (s, 4H). “C-NMR (151
MHz, acetone-dg): & 137.9, 129.8, 127.5, 122.1, 122.1, 119.4 (2 carbons, confirmed by
HSQC), 110.8, 110.4, 66.4, 61.1, 50.5, 50.3, 41.8, 9.6. ESI-MS m/z (rel int): (pos) 274.1
(IM+H]', 100).

o
(\NJ\OJ<
N
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[00104] TLC: R¢0.46 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl3): § 7.05 (d, J = 8.3
Hz, 4H), 6.91 (d, J = 8.3 Hz, 4H), 4.01 (dtd, J = 9.6, 5.9, 3.5 Hz, 1H), 3.73 (d, J = 5.9 Hz,
2H), 3.43-3.36 (m, 4H), 2.54-2.48 (m, 2H), 2.45 (dd, J=12.5, 3.5 Hz, 1H), 2.37-2.30 (m, J
= 10.2 Hz, 3H), 2.29 (s, 6H), 1.45 (s, 9H). “C-NMR (151 MHz, CDCl3): & 154.8, 146.4,
131.0, 130.0, 121.2, 79.9, 65.3, 62.4, 57.1, 53.3, 43.7 (d, br), 28.6, 20.8. ESI-MS m/z (rel
int): (pos) 462.1 ((M+Na]", 41), 440.1 ((M+H]", 100).

(\]\JH

N
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[00105] TLC: R;0.00 (1:1, hex:EtOAc). 'H-NMR (600 MHz, acetone-ds): & 7.05 (d, J =
8.3 Hz, 4H), 6.96 (d, J = 8.3 Hz, 4H), 4.03 (dddd, J = 7.5, 6.8, 4.9, 4.4 Hz, 1H), 3.91 (dd, J
=14.9, 4.9 Hz, 1H), 3.62 (dd, J = 14.9, 6.8 Hz, 1H), 3.20 (t, J = 5.1 Hz, 4H), 2.83-2.79 (m,
2H), 2.73-2.70 (m, 2H), 2.58 (dd, J = 12.8, 4.4 Hz, 1H), 2.48 (dd, J = 12.8, 7.5 Hz, 1H),
2.25 (s, 6H). >C-NMR (151 MHz, acetone-ds): & 147.4, 131.0, 130.4, 121.9, 66.9, 62.9,
57.7,51.9, 44.6, 20.6. ESI-MS m/z (rel int): (pos) 340.0 ((M+H]", 100).

(\NJ\OJ<
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[00106] TLC: R¢0.60 (1:1, hex:EtOAc). 'H-NMR (600 MHz, CDCl3): § 7.35 (d, J = 7.1
Hz, 4H) 6.94 (d, J = 7.1 Hz, 4H), 3.99-3.95 (m, 1H), 3.75 (dd, J = 15.3, 4.1 Hz, 1H), 3.66
(dd, J=15.3, 7.1 Hz, 1H), 3.44-3.38 (m, 4H), 2.54 (m, 2H), 2.39 (dd, J = 12.4, 3.7 Hz, 1H),
2.36-2.29 (m, 3H), 1.45 (s, 9H). "C-NMR (151 MHz, CDCl;): § 154.6, 147.0, 132.3,
122.9, 114.4, 79.8, 64.7, 62.0, 56.6, 53.1, 43.6 (d, br), 28.4. ESI-MS m/z (rel int): (pos)
568.0 (IM(*'Br,*'Br)+H]",50) 570.0 ((IM(*'Br,””Br)+H]+, 100), 572.1 (IM("’Br,”Br)+H]",
50).

@H

N

H:OH
L
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[00107] TLC: R¢0.00 (1:1, hex:EtOAc). "H-NMR (600 MHz, CD;CN): & 7.38 (d, J = 8.9
Hz, 4H), 7.00 (d, J = 8.9 Hz, 4H), 3.94-3.90 (m, 1H), 3.86 (dd, J = 15.3, 3.7 Hz, 1H), 3.57
(dd, J=15.3, 7.7 Hz, 1H), 3.14 (q, J = 5.9 Hz, 4H), 2.75-2.73 (m, 2H), 2.66-2.64 (m, 2H),
2.46 (dd, J = 12.6, 4.0 Hz, 2H), 2.40 (dd, J = 12.6, 8.1 Hz, 2H). "C-NMR (151 MHz,
CDsCN): 8 148.3, 133.0, 124.1, 114.3, 66.5, 62.1, 57.3, 51.1, 44.4, 1.32, 1.18. ESI-MS m/z
(rel int): (pos) 471.9 (IM(*'Br,*Br)y+H]",50) 469.9 (IM(*'Br,”Br)+H]|", 100), 467.9
(IM(”Br,”Br)+H]", 50).
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What is claimed is:

1. A method of treating a disease or condition in a subject in which it is desirable to

inhibit Bcl-2-associated x-protein (BAX) comprising administering to the subject one or

more of the compounds of formula (I) and/or formula (IV) in an amount effective to treat
the disease or condition in a subject, wherein formula (I) and formula (IV) have the

structure

wherein

A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;

the dashed line between A and B indicates an optional bond;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,, OR4,
CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

Xis H, NH,, OH, O. F, Cl, Br, I, CN, SH, NO», NR4, NR4,, OR, CF;, COOH, R4, COOR4,
NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4; wherein the bond between X and the

main scaffold is a single bond or a double bond, depending on the definition of X;
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R3
\Y/\l
N
(CH2)m

Qis " (CH»)mN((CH»)R5),, COH, COOH, or CH,NH(CH,)OH;
R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, NorCH;

Zis O, S, NR4, CHR4, S(0O),, C(Me); or C(O);

each 1, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

2. The method of claim 1, wherein there is no bond between A and B.

3. The method of claim 1, wherein the compound has the structure of formula (II),

(IID), (V) or (VI):

RB\Y/\‘

or R’ R? (110),
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3
R \Y/\|
N ~ R5/\/ N ~
(CH2)p, (CH2)m

XJ\(C\le)n X~ (<\3Hz)n

rE 7 "\R3 (V) or Rl 7 /\Rz (VI),

or a pharmaceutically acceptable salt thereof.

4. The method of claim 1, wherein the compound is selected from the group consisting

Lib e

e
%
oy
~ <
g



PCT/US2018/021644

WO 2018/165494

40

Br

Br.

Cl

Cl

HO

Br

Br

HO.

HO

Br

Br.



PCT/US2018/021644

WO 2018/165494

CF3

F3C

4 )
T
-
o~ M
o z—
H A’
Z @

Br



WO 2018/165494 PCT/US2018/021644

, or a pharmaceutically acceptable salt thereof.

5. The method of claim 1, wherein the one or more compounds is administered in an

amount effective to inhibit BAX in a subject.

6. The method of claim 1, wherein the disease or condition is selected from the group
consisting of hypoxic cardiomyocytes, cardiac ischemia, cardiac ischemia-reperfusion
injury, myocardial infarction, myocardial infarction and reperfusion injury, chemotherapy-
induced cardiotoxicity, arteriosclerosis, heart failure, heart transplantation, aneurism,
chronic pulmonary disease, ischemic heart disease, hypertension, pulmonary hypertension,
thrombosis, cardiomyopathy, stroke, a neurodegenerative disease or disorder, an
immunological disorder, ischemia, ischemia-reperfusion injury, infertility, a hematological
disorder, renal hypoxia, hepatitis, a liver disease, a kidney disease, an intestinal disease,
liver ischemia, intestinal ischemia, asthma, AIDS, Alzheimer's disease, Parkinson's disease,
Huntington's disease, retinitis pigmentosa, spinal muscular atrophy, cerebellar degeneration,
amyotrophic lateral sclerosis, organ transplant rejection, arthritis, lupus, irritable bowel

disease, Crohn's disease, asthma, multiple sclerosis, diabetes, premature menopause,
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ovarian failure, follicular atresia, fanconi anemia, aplastic anemia, thalassemia, congenital
neutropenia, myelodysplasia, and a disease or disorder involving cell death and/or tissue

damage.

7. The method of claim 6, wherein the disease or condition is chemotherapy-induced
cardiotoxicity, and wherein the compound does not interfere with the ability of the

chemotherapeutic agent to treat cancer.

8. The method of claim 7, wherein the chemotherapeutic agent is one or more of

doxorubicin and trastuzumab.

9. The method of claim 7, wherein the cancer is one or more of a leukemia, a solid
tumor, acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), breast cancer, prostate
cancer, lymphoma, skin cancer, pancreatic cancer, colon cancer, melanoma, malignant
melanoma, ovarian cancer, brain or spinal cord cancer, primary brain carcinoma,
medulloblastoma, neuroblastoma, glioma, head-neck cancer, glioma, glioblastoma, liver
cancer, bladder cancer, stomach cancer, kidney cancer, placental cancer, cancer of the
gastrointestinal tract, non-small cell lung cancer (NSCLC), head or neck carcinoma, breast
carcinoma, endocrine cancer, eye cancer, genitourinary cancer, cancer of the vulva, ovary,
uterus or cervix, hematopoietic cancer, myeloma, leukemia, lymphoma, ovarian carcinoma,
lung carcinoma, small-cell lung carcinoma, Wilms' tumor, cervical carcinoma, testicular
carcinoma, bladder carcinoma, pancreatic carcinoma, stomach carcinoma, colon carcinoma,
prostatic carcinoma, genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma,
myeloma, multiple myeloma, adrenal carcinoma, renal cell carcinoma, endometrial
carcinoma, adrenal cortex carcinoma, malignant pancreatic insulinoma, malignant carcinoid
carcinoma, choriocarcinoma, mycosis fungoides, malignant hypercalcemia, cervical
hyperplasia, leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia, chronic
granulocytic leukemia, acute granulocytic leukemia, acute myelogenous leukemia, chronic
myelogenous leukemia, hairy cell leukemia, neuroblastoma, rthabdomyosarcoma, Kaposi's
sarcoma, polycythemia vera, essential thrombocytosis, Hodgkin's disease, non-Hodgkin's
lymphoma, soft tissue cancer, soft-tissue sarcoma, osteogenic sarcoma, sarcoma, primary

macroglobulinemia, central nervous system cancer and retinoblastoma.
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10. The method of claim 1, where R1 and/or R2 are in the para position with respect to
the bond to the N atom.
11. The method of claim 1, wherein the subject is human.

12. A method of inhibiting Bcl-2-associated x-protein (BAX) in a subject comprising
contacting the BAX with one or more of the compounds of formula (I) and/or formula (I'V)
in an amount effective to inhibit BAX, wherein formula (I) and formula (IV) have the

structure

wherein

A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;

the dashed line between A and B indicates an optional bond;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,, OR4,
CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

Xis H, NH,, OH, O. F, Cl, Br, I, CN, SH, NO», NR4, NR4,, OR, CF;, COOH, R4, COOR4,
NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO>R4; wherein the bond between X and the

main scaffold is a single bond or a double bond, depending on the definition of X;



WO 2018/165494 PCT/US2018/021644
45

R3S,
Y/\\
N
~N
(CH2)m,

Qis " (CH»)mN((CH»)R5),, COH, COOH, or CH,NH(CH,)OH;
R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, NorCH;

Z1s O, S, NR4, CHR4, S(0),, C(Me), or C(O);

each 1, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

13. The method of claim 12, wherein the subject has hypoxic cardiomyocytes, cardiac
ischemia, cardiac ischemia-reperfusion injury, myocardial infarction, myocardial infarction
and reperfusion injury, chemotherapy-induced cardiotoxicity, arteriosclerosis, heart failure,
heart transplantation, aneurism, chronic pulmonary disease, ischemic heart disease,
hypertension, pulmonary hypertension, thrombosis, cardiomyopathy, stroke, a
neurodegenerative disease or disorder, an immunological disorder, ischemia, ischemia-
reperfusion injury, infertility, a hematological disorder, renal hypoxia, hepatitis, a liver
disease, a kidney disease, an intestinal disease, liver ischemia, intestinal ischemia, asthma,
AIDS, Alzheimer's disease, Parkinson's disease, Huntington's disease, retinitis pigmentosa,
spinal muscular atrophy, cerebellar degeneration, amyotrophic lateral sclerosis, organ
transplant rejection, arthritis, lupus, irritable bowel disease, Crohn's disease, asthma,

multiple sclerosis, diabetes, premature menopause, ovarian failure, follicular atresia, fanconi
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anemia, aplastic anemia, thalassemia, congenital neutropenia, myelodysplasia, or a disease
or disorder involving cell death and/or tissue damage.

14. The method of claim 12, wherein there is no bond between A and B.

15. The method of claim 12, wherein the compound has the structure of formula (I1),
1D, (V) or (VI):

R5
3
R\Y/\\ k‘
K/N\ Rs/\/N\
(CH)p, (CH2)p

X~ (<\3Hz)n X~ (<\3Hz)n

R’ R? (1ID),
R5
N ~ Rs/\/ No
(CHo)p, (CH)

X~ (C\le)n X~ (<\3Hz)n

77 Z7 K
R2 R® (V) or R R? (VI),

or a pharmaceutically acceptable salt thereof.

16. The method of claim 12, wherein the compound is selected from the group

consisting of
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, or a pharmaceutically acceptable salt thereof.
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17. The method of claim 12, where R1 and/or R2 are in the para position with respect to
the bond to the N atom.
18. The method of claim 12, wherein the subject is human.

19. A compound having the structure of formula (VII)
Q

X)\(CHZ)H
|

R’ R? (VID),

wherein

A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,, OR4,
CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

Xis H, NH,, OH, O. F, Cl, Br, I, CN, SH, NO», NR4, NR4,, OR, CF;, COOH, R4, COOR4,
NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4; wherein the bond between X and the

main scaffold is a single bond or a double bond, depending on the definition of X;

R3S,
Y/\\
N
~N
(CH2)m,

Qis "I (CH»)mN((CH»),R5),, COH, COOH, or CH,NH(CH,)OH;
R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;
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each R5 is independently OH, SH, NR4, or R4;

Yis O, S, Nor CH;

each 1, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

20. The compound of claim 19 having the structure of formula (VIII) or (IX)

R5
3
e N
K/N\ Rs/\/N\
S:\Hz)m ()C\HZ)m
X7 (CHy), X7 (CHy),
| |

R’ R? (VII) or
or a pharmaceutically acceptable salt thereof.

21. The compound of claim 19 selected from the group consisting of

Br. Br

o0
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HN
, and

LT
g

O
=4
Qf

or a pharmaceutically acceptable salt thereof.

22. The compound of claim 19, where R1 and/or R2 are in the para position with respect

to the bond to the N atom.

23. A pharmaceutical composition comprising one or more of the compounds of claim

19, and a pharmaceutically acceptable carrier.

24, A compound having the structure of formula (X) or (XI)

Q Q
A A

X~ (<\3Hz)n X~ (<\3Hz)n

wherein
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A is phenyl or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring;

B is phenyl, or a 6-membered heteroaromatic ring having 1, 2 or 3 N atoms in the

heteroaromatic ring; or a 6-membered aliphatic ring with up to 3 heteroatoms;
with the proviso that at least one of A and B is not phenyl;
the dashed line between A and B indicates an optional bond;

R1 and R2 are independently none, C1-C5 alkyl, F, Cl, Br, I, CN, NO,, NR4, NR4,, OR4,
CF;, COOH, COOR4, NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO,R4;

X is H, NH,, OH, O, F, Cl, Br, I, CN, SH, NO,, NR4, NR4,, OR, CF3;, COOH, R4, COORA4,

NHR4, OCR4, OCOR4, OR4, SR4, SOR4, or SO>R4; wherein the bond between X and the

main scaffold is a single bond or a double bond, depending on the definition of X;

RS,
Y/\l
N
~
(CH2)m,

Qis "IT | (CHp)mN((CH:)oRS),, COH, COOH, or CH:NH(CH),OH;
R3 is none, H, C1-C6 alkyl, R4(C=0), or (CH»),OH;

R4 is H or C1-C3 alkyl;

each R5 is independently OH, SH, NR4, or R4;

Yis O, S, NorCH;

Zis O, S, NR4, CHR4, S(0O),, C(Me); or C(O);
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each 1, m, n, o and p is independently 1-3;

or a pharmaceutically acceptable salt thereof.

25. The compound of claim 24, wherein Z is O, NR4, CHR4, S(0),, C(Me), or C(0O).

26. A pharmaceutical composition comprising one or more of the compounds of claim

24, and a pharmaceutically acceptable carrier.
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“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date hut later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannul be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

23 April 2018 (23.04.2018)

Date of mailing of the international search report

22JUN 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300
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Box No. 11 Observations where certain claims were found unsecarchable (Continuation of itemn 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 1cquired to be searched by this Authority, namely:

2. D Claims Nos.:

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

3, |___I Claims Nos.:

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 muitiple inventions in this international application, as follows:

-***-Please See Within the Next Supplemental Box-***-

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 intenational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, 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, 3-13, 15-18

Remark on Protest D 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. Il Observations where unily 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 must be paid.
Groups I+, Claims 1-26 (in-part); a compound of formula (I) wherein A is phenyl; B is phenyl; the dashed line is a bond; R1 and R2 are
Br; X is OH connected via a single bond; Q is the first recited moiety wherein mis 1 and R3 is H; and n is 1 (first exemplary compound
structure), and methods associated therewith.

The compound, compositions and methods will be searched to the extent the compound encompasses a compound of formuia (1)
wherein A is phenyl; B is phenyl; the dashed line is a bond; R1 and R2 are Br; X is F connected via a single bond; Q is the first recited
moiety wherein m is 1 and R3 is H; and nis 1 (first exemplary compound structure). Applicant is invited to elect additional compound(s),
with fully specified structure (e.g. no optional or variable atoms or substituents) for each, to be searched. Additional compound(s) will be
searched upon the payment of additional fees. It is believed that claims 1 (in-part), 3 (in-part), 4 (in-part), 5 (in-part), 6 (in-part), 7
(in-part), 8 (in-part), 9 (in-part), 10 (in-part), 11 (in-part), 12 (in-part), 13 (in-part), 14 (in-part), 16 (in-part), 17 (in-part), and 18 (in-part)
encompass this first named invention and thus these claims will be searched without fee to the extent that they encompass a compound
of formula (1) wherein A is phenyl; B is phenyl; the dashed line is a bond; R1 and R2 are Br; X is OH connected via a single bond; Q is
the first recited moiety wherein m is 1 and R3 is H; and n is 1 (first exemplary compound structure). Applicants must specify the claims
that encompass any additionally elected compound structure(s). Applicants must further indicate, if applicable, the claims which
encompass 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. An
exemplary election would be a compound of formula (1) wherein A is a 6-membered heteroaromatic ring having 1 nitrogen atom; B is
phenyl; the dashed line is a bond; R1 and R2 are Br; X is OH connected via a single bond; Q is the first recited moiety wherein m is 1
and R3 is H; and n is 1 (first exemplary elected compound structure).

Groups I+ share the technical features including: compound of formula (1) wherein A is phenyl; B is phenyl; the dashed line is a bond; R1
and R2 are Br; X is OH connected via a single bond; Q i3 the first recited muiely wherein mis 1 and R3 is H; and n is 1, for use in
treating a disease or condition in a subject in which it is desirable to inhibit Bcl-2-associated x-protein (BAX) comprising administering to
the subject a compound of formula (l) in an amount effective to treat the disease or condition in a subject.

However, these shared technical features are previously disclosed by US 2012/0040933 A1 to Halazy, et al. (hereinafter ‘Halazy').
Halazy discloses a method of treating a disease or condition in a subject in which it is desirable to inhibit Bcl-2-associated x-protein
(BAX) (method of treating diseases that are treated by the modulation of BAX function; paragraphs [0216]-[0217]) comprising
administering to the subject a compound of formula (1) in an amount effective to treat the disease or condition in a subject (administering
an effective amount of a compound to a subject; paragraph [0314]), wherein formula (I) has the structure, as shown, wherein A is phenyl,
B is phenyl; the dashed line is a bond; R1 and R2 are Br; X is OH connected via a single bond; Q is the first recited moiety wherein m is
1 and R3is H; and nis 1 (compound administered is 3,6-Dibromo-9-(2-fluoro-3-piperazin-1-yl-propyl)carbazole; paragraphs [0315},
[0487]-[0492); claims 1, 38).

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Halazy reference, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)
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