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TITLE OF THE INVENTION
A compound for anti-cancer therapy that acts by targeting GOF mutant p53 and
stimulates p73 to restore the p53 pathway signaling.

BACKGROUND OF THE INVENTION

Tumor suppressor pS3 protects cells from oncogenesis and promotes
sensitivity to ant-cancer therapy. pS3 protein expression remains low under basal
conditions due to MDM2-mediated feedback inhibition and the E3 ubiquitin ligase
activity of MDM?2 (Wade M et al., Nat Rev Cancer 2013; 13: 83-96). Cellular stresses
such as DNA damage or other cellular stress, hypoxia, viral infection or oncogenic
transformation stimulate the p53 pathway by stabilizing p53 protein and by inducing
its transcriptional activity (Vousden KH, et al. Cell 2009; 137: 413-31).

Active p53 up-regulates the expression of multiple genes, including
p21 (el-Deiry WS, et al., Cell 1993; 75: 8§17-25), Puma (Hikisz P, et al., Cell Mol Biol
Lett 2012; 17: 646-69) and DRS (Wu GS, et al., Adv Exp Med Biol 2000; 465: 143-
51), inducing cell cycle arrest, cell death and DNA repair processes to prevent cellular
transformation and tumor development. Inactivation of p53 occurs most human
tumors due to p53 mutation or down-regulation of p53 expression by various
inhibitors, such as MDM?2 or HPV E6 (Brooks CL, et al., Mol Cell 2006; 21: 307-15;
Olivier M, et al., Cold Spring Harb Perspect Biol 2010; 2: a001008; and Havre PA, et
al., Cancer Res 1995; 55: 4420-4). Deregulation of p53 represents a basic difference
between normal and cancer cells.

Over two decades ago, wild-type p53 was shown to suppress colon
cancer cell colony growth, despite their other genetic alterations including KRAS,
PIK3CA and APC mutation as well as metastasis promoting genes (Baker SJ, et al.,
Science 1990; 249: 912-5; and van Oijen MG, et al., Clin Cancer Res 2000; 6: 2138-
45). Therefore, pS3 pathway restoration remains an outstanding strategy for cancer
therapy, and small molecules continue to represent a reasonable and potentially

feasible strategy to achieve this goal.
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Over 50% of human cancers harbor mutant pS3, which inactivates p533
pathway signaling and its timor suppressor function (van Otjen MG, et al., Clin
Cancer Res 2000; 6 2138-45). The vast majority of pS3 mutations in buman cancer
arc missense point nutations. Most mutations are clustered in the p53 DNA-binding
domain, which causes mutant p33 to lose its DNA binding and transactivation
capability leading to a failure to up-regulate pS3 effector genes (Olivier M, ¢t al,,
Cold Spring Harb Perspect Biol 2010; 2: a001008). p33 DNA mutations vot only
abrogate the p33 tumor suppressor function, but can also endow mutant pS53 with a
gain-of-function (GOF), rendering it a proto-oncogene (Muller PA, et al, Nat Cell
Biol 2013; 15: 2-8; and Oren M, et al., Cold Spring Harb Perspect Biol 2010; 2:
a001107). Delivery of mutant p33 into p33-null mumor cells was found to accelerate
cancer development (Dittmer B, et al., Nat Genet 1993; 4: 42-6; and Olive KP, et al,,
Cell 20045 119: 847-60), suggesting that GOF can exert oncogenic activity. One
property of mutant p53 GOF is to form aberrant protein complexes with rnumerous
interacting protein factors, including a subset of transcription factors such as SP1, NF-
Y, pS3, and p63/p73, to perturb their activitics (Freed-Pastor WA, et al | Genes Dev
2012: 26: 1268-R6). For example, mnactive p73 may coniribute to chemeoresistance.

Many studics from animals and cell-based assays suggest that the GOF
of myutant p33 contributes to tumorigenesis, tumor progression and resistance to
therapy {Oren M, et al., Cold Spring Harb Perspect Biol 2010; 2: a001107). Knocking
down mutant p33 has been found to sensitize cancer cells to chemotherapy (11 D, ot
gl., Ccll Death Differ 2011, 18: 1904-13; and Wang J, ct al., } Ccll Biochem 201 1;
112: 309-19). Therefore, targeting mutant p33 is an attractive strategy to overcome
drug resistance and to sensitize turnors fo cancet therapy. This concept is particularly
further developed and mechanistically explored in the present study with NSC59984.

Some small molecule compounds targeting mutant p353 have been
selected based on putative conformational changes within mutant p33 to restore wild-
type p33. For example, CP31398 (Foster B4, et al., Science 1999; 286: 2507-10},
PRIMA-1 (Bykov Vi, et al., Nat Med 2002; 8: 282-8) and NSC319726 (Yu X, ot al,
Cancer Cell 2012; 21: 614-25) have been proposed to cause a conformational shift
from mutant to wild-type p33, reactivating p33 function | mMoT SUPPTESSION.
Although several small molecules can restore the p33 pathway, the GOF of mutant

P33 can remain in the tumor cell and can represent an obstacle to tumor suppression
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as well as therapeutic efficacy. Elminating mutant p33 is an approach that we decided

to pursue in an attempt to abolish the GOF propertics of mutant p3 in tumor cells,

to stimulate p73, given the ability of mutant p33 to quench the tumer suppressive
activity of p73.

A major difference between wild-type and motant p33 is that mutant
P33 proteins are hyper-stabilized in cells, The molecular chaperones Hsp%0 and
Hsp70 play an important role in keeping mutant p53 protein stable by inhibiting
MDMZ and CHIP (Li D, ot al,, Mol Cancer Res 2811; 9: 5377-88). Fow compounds
have been reported to destabilize mutant p33, including 17AAG, Saha, gambogic acid
and Arsenic (Li D, et al, Cell Death Differ 2011; 18; 1904-13; Wang J, etal., J Cell
Biochem 2011; 112: 509-19; Li D, et al., Mol Cancer Res 2011; 9: 5377-88; and Zhang
Y, et al., J Biol Chem 2011; 286: 16218-28). HDAC mhibitors and gambogic acid
have been reported o destabilize mutant p33 by activating MDM2 or CHIP (i D, et
al., Cell Death Differ 2011; 18 1904-13; and Wang J, et al,, J Cell Biochem 2011;
112: 509-19). However, those compounds are incapable of restoring the p53 pathway
of mutant p33 in tumor cells, and they have many other targets and mechanisrms,
making them non-specific. Thus, small molecuics with the dual capability to restore
the pS3 pathway and deplete mutant pS3 GOF proteins represent a novel strategy for
cancer therapy and appear desirable to pursue for further therapeutic development.

p73, a member of the pS3 family, 18 a ranscription factor with high
structural and scquence homology with p53. p73 has been found to have similar
functions as wild-type p33 (Meling G, et al., Nat Rev Cancer 2002; 2: 605-15). p73
can trapsactivate the vast majority of p83 transcriptional target genes by binding to
their regulatory regions in the same manner as p33, including in heterologous
complexes of p53:p73; thereby impacting on cell growth and cell death pathways
{Tamght P, et al., Chin Cancer Res 2009; 15: 6495-502). Knock-out of p73 contributes
to tumor development, functionally implicating p73 as a tumor suppressor (Tomasini
R, etal, Genes Dev 2008; 22: 2677-91). Unlike p53, p73 is rarely deleted or mutated
in human cancer. p73 is activated by complex signaling pathways tn mammalian cells
under stress. For example, ¢-Abl phosphorylates p73 and p300 acetylates p73 n
response to celhular stress or DNA damage (Conforti F, et al., Cell Death Dis 2012; 3:

e285). Activated p73 induces apoptosis and enhances chemosensitivity. A large



variety of chemotherapeutic agents, such as camptothecin, etoposide and cisplatin,
can up-regulate p73 expression (Irwin MS, et al., Cancer Cell 2003; 3: 403-10).
However, in mutant p53-expressing cancer cells, mutant p53 inhibits p73 activation
by binding with p73 to form an inhibited complex with respect to the transactivation
5  of target genes (Freed-Pastor WA, et al., Genes Dev 2012; 26: 1268-86). Inactivated

p73 promotes chemoresistance. Therefore, p73 provides a legitimate and bona fide
attractive target to restore the p53 pathway in cancer therapy. A peptide, 37AA, has
been found to cause p73 dependent cancer cell apoptosis (Bell HS, et al., J Clin Invest
2007; 117: 1008-18). A small molecule, RETRA, was shown to release p73 by

10 disturbing interaction of p73 and mutant p53 (Kravchenko JE, et al., Proc Natl Acad
Sci USA 2008; 105: 6302-7). These studies support the strategy of bypassing
dysfunctional p53 signaling in cancer therapy through stimulation of p73-dependent
signaling, while at the same time attempting to eliminate mutant p53, as is reported
here.

15 There is a need in the art for small molecule compounds that both
destabilize mutant p53 and restore wild-type p33 pathway via the activation of p73 in

cancer cells. The present invention addresses this unmet need.

SUMMARY OF THE INVENTION

20 Certain exemplary embodiments provide a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a compound of formula (I) or a

salt, solvate, or N-oxide thereof:

(R}, ¢ i (R
e
KT m,
wherein in formula (I):
25 ring A is a monocyclic or bicyclic aryl, a monocyclic or bicyclic heteroaryl, or

a monocyclic or bicyclic heterocyclyl ring, and wherein the aryl, heteroaryl, or
heterocyclyl ring is optionally substituted with 0-5 R! groups;

ring B is a monocyclic or bicyclic aryl, a monocyclic or bicyclic heteroaryl, or
a monocyclic or bicyclic heterocyclyl ring, and wherein the aryl, heteroaryl, or

30  heterocyclyl ring is optionally substituted with 0-5 R? groups;

Date Regue/Date Received 2020-09-24



the bond between carbon 1 and carbon 2 is either a single bond or a double
bond;
each occurrence of R! and R? are independently selected from the group
consisting of -C;-Cs alkyl, -C1-Cs fluoroalkyl, -C;-Ce heteroalkyl, F, Cl, Br, I, -CN, -
5 NO, -OR’ -SR’, -$(=0)R’, -S(=0):R°, -NHS(=0),R’, -C(=0)R?, -OC(=0)R?, -
CO:R’,
-OCO3R?, -CH(R®),, -N(R®),, -C(=0)N(R?),, -OC(=O)N(R’);, -NHC(=0)NH(R?),
-NHC(=O)R’, -NHC(=0O)OR?, -C(OH)(R?)2, and -C(NH2)(R%)2;
R? and R* are each independently selected from the group consisting of H or
10  Ci-Ce alkyl, wherein the alkyl group is optionally substituted with 0-5 R! groups;
each occurrence of R’ is independently selected from the group consisting of
H or Ci-Cs alkyl, wherein the alkyl group is optionally substituted;
X is an integer from O to 5; and

y is an integer from O to 5.

15 The present invention relates to a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a compound of formula (I) or a

salt, solvate, or N-oxide thereof:

(R")x o R (R?)y
e
R? M,
wherein in formula (I):
20 ring A is a monocyclic or bicyclic aryl, a monocyclic or bicyclic heteroaryl, or

a monocyclic or bicyclic heterocyclyl ring, and wherein the aryl, heteroaryl, or
heterocyclyl ring is optionally substituted with 0-5 R groups;

ring B is a monocyclic or bicyclic aryl, a monocyclic or bicyclic heteroaryl, or
a monocyclic or bicyclic heterocyclyl ring, and wherein the aryl, heteroaryl, or

25  heterocyclyl ring is optionally substituted with 0-5 R? groups;

-4a -
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each oecurrence of B! and R? are independently selected from the group
consisting of ~C1-Cs alkyl, -Ci-Cs fluorcalkyl, -C1-Cs heteroalkyl, F, CL, Br, | -ON, -
NOg, -OR?, -8R, -S(=0)R7, -8(=0nR’, -NHY=0OhR’, -C{(=0R’, -OCE=0IRY, -
CORY, -OCORY, -CH(R 2, -N(Rn, -CEOINR? Y, -OC(E=OINER Y, -
NHC(=O)NH(RS), -NHCEOWRS, -NHC(=0)ORS, -C(OH}R ), and -CNH)(R )

R7 and R* are cach independently selected from the group consisting of H or
C1-Cs alkyl, wherein the alkyl group is optionally substituted with 0-5 R! groups;

cach cccurrence of R is independently selected from the group consisting of
H or C1-Ce alkyl, wherein the alkyl group is optionally substituted;

X is an integer from 0 to 5; and

v is gn integer from 0 o S

In one embodiment, ring A is a monocyelic heterocyclyl ring. In another
erobodiment, ting A is piperazinyl. In another embodiment, ring A 1s 4-methyl
piperazinyl. In another embodiment, ring B 1s a monocvcelic heteroarvl ring. In
snother embodiment, ring B is a 5- or 6-membered heterocycelyl or hetercaryl ring. In
another embodiment, the heterocyclyl or hetercaryl ring has one heteroatom, wherein
the heteroatom is alpha to the linkage between ring B and carbon 2. In another
cmbodiment, ring B is furyl In another embodiment, ring B is S-nitrofuryl. In another
embodiment, R® and R* are each hydrogen. In another embodiment, ring A has 1 10 2
ring heteroatoms. In another ermbodirnent, ring A has | to 2 ring nitrogens. In another
embodiment, at least one of R” is an eleciron withdrawing group. In another
embodiment, the at least one R? is seleeted from the group consisting of F, (1, Br, 1, -
CN, -NOz, -C=OMR?, -COoR7, -S{=0IR?, and -5{(=0pR’. In another embodiment, the
at least one R? group is beta to the linkage between ring B and carbon 2. In another
embodiment, the bond between carbon 1 and carbon 2 is a double bond. In another
embodiment, the compound of formula (I} i3 (E)-1-(4-methyipiperazin-1-y1)-3-(5-
nitrofuran-2-yhprop-2-en-1-one (NSC59984)

O
I
N 7 o
In another erabodiment, the compound stinwlates p73 activity, targets

mutant p53 for degradation and extubits anti-tumor effects in vive in a p73-dependent

manney,

(941
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In another embodiment, the compound exhibits anti-tumor activity
against cancers assoctated with a pS3 gain of function (GOF) mutation.
The present invention also includes a method of treating or preventing

cancer in a subject. In one embodiment, the method mcludes administering to the

|94

subyject an effective amount of the composition of the invention. In another

erobodiment, the cancer is associated with a p53 gain of function {GOF) nmtation. In

another erobodiment, the cancer is selected from the group consisting of carcinomas,

sarcomas, lvmphomas, leukemia, blastomas, germ cell cancers, breast cancer, lung

cancer, pancreatic cancey, stomach cancer, bone cancer, ovarian cancer, prostate

13 cancer, bladder cancer, cervical cancer, colon cancer, skin cancer, gliomas,
esophageal cancer, oral cancer, gallbladder cancer, liver cancer, testicular cancer,
uterine cancer, thyroid cancer, and throat cancer. In another embodiment, the method
further includes adminisiering another therapy to the subject. In another embodument,
the other therapy is selected from the group consisting of radiation therapy,

15 chemotherapy, and a combination thercof. In another embodiment, the other therapy

is administered to the subject ai a lower level compared to the level when

adnunistered in the absence of the compound.

BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of preferred embodiments of the

20 invention will be betier undersiood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred. If should be understood,
rowever, that the invention is not limited to the precise arrangements and
instrumentalities of the embodiments shown in the drawings.

25 Figure 1, comprising Figures 1A-1E, depicts the results of experiments
demonstrating the identitication of NSC39984 as a small molecule capable of
restoring pS3-responsive transcriptional activity in fumor cells expressing mutant p33.
{Figure LA). Structure of NSC39984. (Figure 1B). Imaging bioluminescence assay of

p33-responsive transcriptional activity in SW480, DLD-1, HCT16 and HCTHI6 p53-

[
R

/- cells which carry a p53-responsive fuciferase reporter at 24 hr atter NSC59984
treatment. Data are representative of triplicate wells. (Figure 1C). The foldancrease of
P33 responsive bioluminescence (B) in different cell Hines treated with NSC39984.

(Figure 1) mRNA levels of p21, Purna and Noxa ia SW4E0, DLD-1, HCT116 and

.
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p33-null HCT116 cells. Cells were treated with NSC39984 for 3 hours. mRNA levels
were guantified by qRT-PCR. Data were normalized to GAPDH expression and
plotied relative o cells freated with DMBO as control. Data are expressed as roean +
S, *p<0.08 vs. control. (Figure 1E). Changes of the protein levels of p33 target
genes, p21, Puma, BRS and Noxa in SW480, DLD-1, HCT116 and HCT1i6 pS3-/-
cells, Cells were treated with NSCS59984 at different concentrations for 8 hr. Ran
profein expression was included as a loading control,

Figure 2, comprising Figures 2A-2G, depicts the results of experiments
demonstrating that NSCS9984 induces cell death i cancer cells with no genotoxicity.
(Figure ZA}, Cell viability of cells treated with NSC39984 for 72 hr, Cell viability
data were normalized to those of DMSO treatment as control in each cell line and data
analyses were performed using PRISM4 Software (left panel). ECS0 data of
bioluminescence-based ccll viability assay are expressed as mean = SD in normal
fibroblast cells (Normal, n=3), p53 mutant cancer cells (MTp53, n= 9) and cancer
cells with wild-type p53 {WTp53, n=3) (right panel}. (Figure 28). Cell cycie profiles
of SW4RD, DLD-1, HCT116, pS3-null HCT116 and normal MRC-5 and Wi38 cells at
72 hr aftor NRCS59984 treatment. (Figure 2C). Colony formation of cancer cells. Data
represent mean + SD, *p<0.05, (Figure 2D, Cleaved PARP protein level in cells
treated with NSCS9984 for 30 hr, (Figure ZE). Genotoxicty of NSUS9984 in SW4EE
cancer cells. SW4AED cells were treated with NSCS9984 at different concentrations for
R and 16 hr. (Figure 2F). Genotoxicty of NSTS59984 in DLD-1 and HCT116 cells
treated with NSC59984 for 8 hr. (Figure 2G). SW480 cells were treated with
NES{C59984 and DNA damage agent etoposide (EPT) for 8 hr, Genotoxicity was
measured by yHIAX,

Figure 3, comprising Figures 3A-3C, depicts the results of experiments
demonstrating the etfect of NSCS9984 treatment on nuutant p53 and wild-type p43
protein levels, (Figure 3A). Mutant p33 protem levels in mutant p53-expressing
cancer cells treafed with NSC59984. Celis were treated with different concentrations
of NSC59984 for 8 hr. (Figure 3B). Wild-type p53 protein fevel in MRCS normal
fibroblast cells treated with NSC59984 for 8 he. (Figure 3C}. Wild-type 53 proiein
fevel i HCT1 16 cancer cells treated with NSC39984 for 8 hr. Data represent the fold-
induction of p33 protein. The fold indicated is the ratio of p533: Ran as normalized to

the DMSO control.

-3
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Figure 4, comprising Figures 4A-4D, depicts the results of experiments
demonstrating that NSC39984 induces mutant p83 degradation via MDM2-mediated
ubiguitination. (Figure 4A). Mutant pS3 protein levels in SW4S0 cells freated with
10mM MG132 and NSCS59984 for 16 hr. (Figure 4B}, Mutant p53 protein fevels in
SWARD celis treated with SmM of nutlin-3 and 25mM of NSC59984 for 16 hr. (Figure
4C). Ubiquitination (Ub) of mutant p33 in cells treated with NSC59984 and MG132.
Cells were transfected with HA-Ub for 48 by, followed by treatment with 25mM of
NS{C59984 and MG132 for 16 hr. Cell lysates were subjected to immunoprecipitation
with anti pS3 DO-1. Ub-mutant ¢33 in the immunoprecipitates was detected using the
anti-HA antibody. (Figure 403, Mutant p33 mRNA level in SW4B0 cells treated with
difterent concentrations of NSC59984, At 3hr and 16 hr of NSC59984 treatment,
mRNA was quantified by gRT-PCR. Data were normalized to GAPDH and plotted
relative to cells treated with the DMSO control, Diata are expressed as mean = 5B,

Figure 5, comprising Figures SA-3C, deptets the results of experiraents
demonstrating that p73 is required for NSC59984 1o restore the p33 pathway in
mutant p33-expressing tumor cells. (Figure SA). NSC59984-mediated p53-responsive
reporter bioluminescence in p73-overexpressing SW480 cells and in wild-type pS3-
overgxpressing SW480 cells treated with NSC59984, SW4S0 cells were transfected
with Ad-p73 or Ad-pS3, followed by NSCS59984 treatment for & hr, Relative
bicluminescence was normalized to those of SW430 cells treated with DMSO as
control. Data are expressed as mean = SD . *p<0.05. (Figure 5B). NSC39984-
mediated p33-responsive reporter bioluminescence in p73 knock-down SW4E0 cells.
SW4AB0 cells with stable knock-down of p73 were treated with NS{U59984 at different
concenirations for 8hr. Relative bicluminescence was normalized to those of DMSO
treatment. Data are expressed as mean £ SD . *p<1.05. (Figure 5C). Westera blot
analysis of pS3 target gene expression in p73 knock-down DLD-1 cells treated with
NSC59984. DLD-1 and p73-knock-down DLD-1 cells were treated with NSCS59984
for 8 he. p&3 target gooe protein expression was determined by Western blot.

Figure 6, comprising Figures 6A-6F, depicts the resulls of experiments
demonstrating that NSC39984 induces p73-dependent cell death in cancer cells.
{Figure 6A), Cell viability of p73-overexpressing DLD-1 cells treated with
NSC59984. DLD-1 cells were transiently infected with Ad-p73 {(stock titer was
1:10040) with double dilutions (1:2000, 1:4000, 1:8000, 1:16000, 1:32000}) and
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followed with 12uM of NSC59984 treatment for 24 hr, Cell viability was normalized
to DLID-1 cells treated with DMSO as control. Data are expressed as mean = SDx J*
P<0.05. (Figure 6B). Cell viabihity in p73 koock-down DLD-1 and DLD-1 cells
treated with NSC59984. DLID-1 and DLD-1 p73 stable knock-down cells were treated
with different concenirations of NSU39984 for 72 hr. Cell viability was determined
using the CeliTiter-Glo aseay. Cell viability was normalized to DLD-1 cells treated
with DMS0 as control. Data are expressed as raean = 53D, *p<0.08. (Figare 6C). Cell
cycle profiles of DLD-1 and p73 knock-down DLD-1 celis after treatment with
NES{59984 for 72 hr. (Figure 603, Cleaved PARP protein level in DLE-1 and p73
knock-down DLD-1 cells treated with NSC58984 for 24 hr, (Figure 68). Cell viability
in SW48B0 cancer cells, MRC-5 and Wis38 normal fibroblast cells. Cells were ireated
with NSC59984 and CPT-11 for 72 hr. Cell viability in cells treated with NSC59984
and CPTH were normalized to those treated with DMSO as control. Data are
expressed as mean £ SD, ¥p<(.035,

Figure 7, comprising Figures TA-TE, depicts the results of experiments
demonstrating the effects of NSC59684 injection on tumor growth and cell death in
xenograft tumors /s vive. Four million DLD-1 and p73 knock-down DLI3-1 cells were
moculated subcutancously into the flanks of mice. When xenograft tumors reached a
size of 3-5 mm, the mice were treated with NSCS9984 by Lp. injection every § days
for two weeks. (Figare 7A). Relative tumor volumes of the DLD-1 xenograft tumors
(n="7). (Figure 78). Relative tumor vohurnes of the p73-knock-down DLD-1 xenograft
tumors (n=7}. (Figure 7C). Xcnograft tumor weights at day 15 after treatment (n=7).
(Figure 7D} Mouse body weights during the course of NSCS39984 reatment (n=7).
Data are expressed as the percent tumor growth fo A and B and were normalized 1o
tumor volume at the initistion of freatment. Tumor volumes and body weight were
determined every tive days. Tumor volumes were measured by caliper, Data are
expressed as mean = SD, Fp), 05, (Figure 7E). Schematic of NSCS9984-mediated
P33 pathway restoration via the activation of p73 and mutant p33 degradation.

Figure 8 depicts the resulls of experiments demonstrating the cell cycle
profiles of Hop92, RXEF393, SW4E0 and DLD-1 cancer cells at 8 hours afler
NSC59984 treatroent,

Figure 9, comprising Figures 9A-9B, depicts the resulis of experiments

demonstrating the effect of NSC59984 treatment on the conformational change of
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mutant p33 in cancer cells. RXF393 and H460 cells were treated with NSC599%4 for
24 by, (Figure 9A). Imnumohistochemical staining of wild-type p33 and mutant p33
by anti-Pab1620 and anti-Pab240, respectively., H460 cells were used as a positive

control for wild-type p53. (Figure 9B). Immunoprecipitation with anti-Pabl620 was

|94

immmunoblotted with anti-p53 BOG-1 antibody.

DETAILED DESCRIPTION OF THE INVENTION

This tnvention is based on the unexpected identification of novel
compounds that have a favorable therapeutic index, s non-genotoxic at effective

16 doses that il tumor cells, stimulate p73 activity, target mutant p33 for degradation
and display anti-tumor effects /s vive in a p73-dependent manner.

In one embodiment, the invention provides a composition and method
to specifically target motant p33 as a form of anti-cancer therapy that involves the
stimulation of p73 in order o efficiently restore TuMor SUPPTESSION.

15 In one embodiment, the invention provides the use of NSCS59984
[PUAC name is (E}-1-(d-methyipiperazin-1-vI}-3-(S-nitrofuran-2yliprop-2-en-1 -onel
as a lead compound for anti-cancer therapy that acts by targeting GOF mutant p33 and
stimulates p73 to restore the pS3 pathway signaling. Accordingly, the invention
provides analogs and derivatives of NS{T59984 for the use in treating cancer.

24 Drue to their unique mechanisi, the compounds contemplated within
the invention are useful in overcoming the chemoresistance and radioresistance of
human cancers. 1n onc aspect, treatment of a subject with compounds contemplated
within the invention enhances cell sensitivity to radiation treatments or

chernotherapeutic agenis, such as DNA cross-linking agents, cisplatin and mitomycin

b2
W

C. In another aspect, a subject freated with compounds contemplated within the
mvention along with a chemotherapeutic agent and/or radiation enjoys greater overall
efficacy in the cancer treatment and/or prevention, a8 compared lo the efficacy
ohserved with the same dose of chemotherapeutic agent and/or radiation alone. o vet
another aspect, a subject treated with compounds conternplated within the inveation
38 may be treated with lower doses of the chemotherapeutic agent and/or radiation of
choice, and still experience sinular efficacy in cancer treatment and/or prevention, as

compared to the standard dose of chemotherapentic agent and/or radigtion. This has

-0 -
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the advantage of reducing complications due to toxicity from radiation therapy or

chemotherapy, and reducing recovery times for the subject.

Definitions

Asused herein, each of the following terms has the meaning associated
with it in this section.

Unless defined otherwise, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. Generally, the nomenclatare used herein and
the laboratory procedures in biochernistry, analytical chemistry and organic chemistry
are those well-known and commonly emploved in the art. Standard techniques or

modifications thereof are used for chemical syntheses and chemical analyses.

‘ [

The articles “a” and “an” are used herein to refer to one or to more
than one {i.e. to af least one) of the grammatical object of the article. By way of
example, “an element” means one element or more than one element.

The term “about” will be understood by persons of ordinary skill in the
art and will vary o some extont on the context in which it is used.

As used herein, the torm “chemotherapeutic agent™ or
“chemotherapeutic agent” refers to a chemical compound, chemical conjugate,
peptide, protein, antibody and the like that finds use in treating, preventing, or
reducing the symptoms of cancer.

As used herein, the torm “alkyl” by itself or as part of another
substituent means, unless otherwise stated, a straight or branched chain hvdrocarbon
having the number of carbon atoms designated (7.e. Ci-6 means one (o six carbon
atorms) and includes straight, branched chain, or cyclic substituent groups. Examples
mchade methyi, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl,
hexyl, and eyclopropylmethyl. Most preferred is (Ci-Colalkyl, particalarly ethyl,
methyl, isopropyl, isobutyl, n-pentyl, n-hexyl and cyclopropylimethyl.

As used herein, the term “substituted alky!l” means alkyl, as defined
above, substituted by one, two or three substituents selected from the group consisting
of halogen, -OH, alkoxy, -NHz, -N(CHi )k, -C{(=0)OH, trithuoromethyl, ~-C=N, -
CE=0YO(C-Cajalkyl, -CE=ONH, -SONHL, -C(=NH)NH?, and -NGg, preferably

containing one of two substituents selected from halogen, -OH, alkoxy, -NHa,
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tritftuoromethyl, -IN(CHs)z, and -C(=0)OH, more preferably selected fromt halogen,
alkoxy and -OH. Examples of substituted alkyls inchude, but are not Himited to,
2 2-difluoropropyl, 2-carboxycyclopenty! and 3-chloropropyl.

As used herein, the term “alkoxy”™ emploved alone or in combination
with other terms means, unless otherwise stated, an alkyl group having the designated
nomber of carbon atoms, as defined above, connected to the rest of the molecule via
an oxygen atom, such as, for example, methoxy, ethoxy, I-propoxy, 2-propoxy
(isopropoxy) and the higher homologs and isomers. Preferred are (C-Ca) alkoxy,
particularly cthoxy and methoxy.

As used herein, the term “halo™ or “halogen” alone or as part of
another substituent means, unless otherwise stated, a fluorine, chlorine, bromine, or
iodine atom, preferably, fluorine, chlorine, or bromine, more preferably, fluorine or
chlorine.

As used herem, the torm “heteroalkyl” by itself or in combination with
snother term means, unless otherwise stated, a stable straight or branched chain abloyl
group consisting of the stated number of carbon atoms and one or two heleroatoms
selected from the group consisting of O, N, and 8, and wherein the nitrogen and sulfiy
atoms may be optionally oxidized and the nifrogen heteroatom may be optionally
quaternized. The hetercatom(s} may be placed at any position of the heteroalkyl
group, including between the rest of the heteroalkyl group and the fragment to which
it 1s attached, as well as attached to the most distal carbon atom in the heferoalkyl
group. Examples include: -0-CHe-CH2-CHs, -CH2-CH2-CH2-OH,
CHz-CHz-NH-CH;, -CH2-S-CHz-CH;, and -CHzCHz-5¢=0)-CHs. Up to two
heteroatoms oay be consecutive, such as, for example, -CH2-NH-OCH;, or
~CHo-CH2-5-5-CHs

As used herein, the term “aromatic” refers to a carbocyele or
heterocvele with one or more polyunsaturated rings and having aromatic character,
Le. having (dn + 2) delocalized o (pi) electrons, where n is an fnteger.

As used herein, the term “aryl” emploved alone or in combination
with other terms, means, unless otherwise stated, a carboeyelic aromatic system
containing one or more rings (typically one, two or three rings) wherein such rings

may be attached together in a pendent manner, such as a biphenyl, or may be fused,
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such as naphthalene. Examples include phenyl, anthracyl, and naphthyl. Preferred are
phenyi and naphthyl, most preferred s phenyl

As used herein, the term “aryl-(Ci-Csjalkyl” means a functional group
wherein a one to three carbon alkylene chain is attached fo an aryl group, e.g.,
-CHCHz-phenyl Preforred is arvi-CHo- and aryl-CH(CHz3)-. The term “substituted
ary-{C1-Capalky?” means an aryHCi-Calalkyl functional group in which the aryl
group s substituted. Preferred is substituied aryl{(CHo)-. Sirailarly, the term
“heteroaryl-{Ci-C3yalkyl” means a functional group wherein a one to three carbon
alkvlenc chain is attached to a heteroaryl groop, e.g., ~-CHaCHo-pyridyl. Preforred s
heteroaryl-(CH2)-. The term “substituted heteroaryi-(Ci-Cslalkyl” means a
heteroaryl-(Ci-Cs)alkyl functional group in which the heteroaryl group is substituted.
Preferred is substituted hetercaryl-(CHa)-.

As used herein, the term “helerocycle” or “heterocyelyl” or
“heterocyelic” by itself or as part of another substituent means, unless otherwise
stated, an unsubstituted or substituted, stable, mono- or nwlti-cyclic heterocyclic ring
system that consists of carbon atoms and at least one heteroatom selected from the
group consisting of N, O, and §, and wheremn the nitrogen and sulfur heteroatoms may
be optionally oxidized, and the nitrogen atom may be optionally quaternized. The
heterocyelic system may be attached, unless otherwise stated, at any heteroatom or
carbon atorn that affords a stable structure. A heterocycle may be aromatic or non-
aromafic in nature. In one embodiment, the heterocyele is a heteroaryl.

Asused herein, the torm “hetercaryl™ or “heteroaromatic” refers to a
heterocycle having aromatic character. A polycyclic hetercaryl may inchide one or
more rings that are partially saturated. Examples include tetrahydroguinoline and
2.3-dihydrobenzoturyl

Examples of non-aromatic heterocyeles include monocyciic groups
such as aziridine, oxirane, thiirane, azetidine, oxetane, thietane, pyrrotidine, pyreoling,
imidazoline, pyrazolidine, dioxolane, sulfolane, 2,3-dihydroturan, 2,3-dihydroturan,
tetrahydrofuran, thiophane, piperidine, 1,2,3 6-tetrahydropyridine, 1.4-
dihydropyridine, piperazine, morpholine, thiomorpholine, pyran, 2,3-dihydropyran,
tetrahvdropyran, 1.4-dioxane, 1,3-dioxane, homopiperazine, homopiperidine,

1,3-dioxepane, 4,7-dilydro-1,3-dioxepin and hexamethylencoxide,
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Examples of heteroary] groups include pyridyl, pyrazinvl, pyrimidinyl
(particularly 2- and 4-pyrimidinyy, pyridazinyl, thicoyl, furyl, pyrrolyl (particularly
Z-pyrrolyl), imidazolyl, thiazolyl, oxazolyl, pyvrazolyl (particularly 3- and
S-pyrazolyl), isothiazolyl, 1,2, 3-triazolyvl, 1,2 4-triazolyl, 1,3 4d-riazolyl) tetrazolyl,
1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,3,4-thiadiazolyl and 1,3 4-oxadiazolyl
Examples of polycycelic heterocyeles include indolyl (particularly 3-,
4-, 5-, 6- and 7-indolyh), indolinyl, quinolyl, tetrahydroquinolyl, isoquinolyl
{particularly 1- and 5-isequinolyiy, 1,2,3,4-tetrahydroisoquinolyvl, cinnolinyl,
guinoxalimy! (particularly 2- and S-quinoxalinyl}, quinazolinyl, phthalazinyl,
1L &-naphthyridinyl, 1,4-benzodioxanyl, conmarin, dihydrocoumarin,
1

S-naphthyridinyl, benzofuryl {particularly 3-, 4-, 5-, 6- and 7-benzofuryl),
3

2,3-dihydrobenzofuryl, 1 2-benzisoxaralyl, benzothienyl (particularly 3+, 4, 5+, 6,
and 7-benzothienyl), benzoxazolyl, benzothiazolyl (particularly 2-benzothiazolvl and
S-benzothiazolyl), purinyl, benzimidazolyl (particularly 2-benzimidazoiyvl),
benziriazolyl, thioxanthinyl, carbazolyl, carbelinyl, acridinyl, pyrrolizidinyl, and
quinolizidinyl.

The aforementioned listing of heterocyclyl and heteroaryl moicties is
mtended to be ropresentative and not limiting,

As used herein, the term “substituted” means that an atom or group of
atoms has replaced hydrogen as the substituent attached to another group.

As used hereimn, the form “optionally substituted” means that the
referenced group may be substituted or unsubstituted. In one embodiment, the
referenced group is optionally substituted with zero substituents, i.¢., the referenced
group is unsubstituted. In ancther erubodiment, the referenced group is optionally
substituted with one or more additional group(s) individually and independently
selected from groups described herein

For arvl, aryH{C-Cajatkyt and heterocyelvt groups, the term
“substituted” as applied to the rings of these groups refers to any level of substitution,
namely mono-, di-, fri-, tetra-, or penta-substitution, where sech substitution is
permitted. The substituents are independently selected, and substitution may be at any
chemically accessible posttion. In one embodiment, the substituenis vary in number
between one and four, In another embodiment, the substituents vary in number

between one and three. In yet another embodiment, the substituents vary in number
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between one and two. In yet another embodiment, the substituents are independently
selected from the group consisting of Cis alkyl, -OH, Ci¢ alkoxy, halo, amino,
acetarnido and nitro. In yet another embodiment, the substituenis are independently
selected from the group consisting of Cis alkyl, Cie alkoxy, halo, acetamido, and
nitro. As used herein, where a substituent is an alkyl or allcoxy group, the carbon
chain may be branched, straight or cvelic, with straight being preferred.

By the term “specitically binds,” as used herein, is rocant & molecule,
such as an antibody or a small molecule, which recognizes and binds to another
molecule or feature, but does not substantially recognize or bind other melecules or
features m a sample,

The phrase “inhibit,” as used herein, means to reduce a molecuie, a
reaction, an interaction, a gene, an mRNA, and/or a protein’s expression, stability,
function or activity by a measurable amount or to prevent entirely. Intubitors are
compounds that, ¢.g., bind fo, partially or totally biock stimulation, decrease, prevent,
delay activation, inactivate, desensitize, or down reguilate a protein, a gene, and an
mRNA stability, expression, function and activity, e.g., antagonists.

“Effective amount” or “therapeutically effective amount™ are used
mtcrchangeably herein, and refer to an amount of a compound, formulation, material,
or composition, as described herein etfective to achieve a particular biological result.
Such resulis may include, but are not Hmited to, the treatment of a disease or
condition as determined by any means suitable in the art,

Asused herein, the torm “pharmaceutical composition” refers to a
mixture of at least one compound of the invention with other chemical components,
such as carciers, stabilizers, diluents, dispersing agenis, suspending agents, thickening
agents, and/or excipiends. The pharmaceutical composition facilitates administration
of the compound to an organism. Multiple techniques of administering a compound
exist in the art including, but not Hmited to, intravenous, oral, acrosol, parenteral,
ophthalmic, pulmonary and topical admirnistration.

“Pharmaceutically acceptable” refers to those properties and/or
substances which are acceptable to the patient from a pharmacological/texicological
potnt of view and to the manutacturing pharmaceutical chenust from a
physical/chemical point of view regarding composition, formulation, stability, patient

acceptance and bioavailability. “Pharmaceutically acceptable carrier” refers to a
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medium that does not interfere with the effectiveness of the biological activity of the
active ingredient(s) and is not toxic to the host to which it is administered.

As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceutically acceptable material, composition or carrier, such as a liquid or solid
filler, stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening
agent, solvent or encapsulating material, involved in carrying or transporting a
compound useful within the invention within or to the patient such that it may
perform its intended function. Typically, such constructs are carried or transported
from one organ, or portion of the body, to another organ, or portion of the body. Each
carrier must be “acceptable” in the sense of being compatible with the other
ingredients of the formulation, including the compound useful within the invention,
and not injurious to the patient. Some examples of materials that may serve as
pharmaceutically acceptable carriers include: sugars, such as lactose, glucose and
sucrose; starches, such as corn starch and potato starch; cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and
suppository waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, corn oil and soybean oil; glycols, such as propylene glycol; polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; esters, such as ethyl oleate and
ethyl laurate; agar; buffering agents, such as magnesium hydroxide and aluminum
hydroxide; surface active agents; alginic acid; pyrogen-free water; isotonic saline;
Ringer’s solution; ethyl alcohol; phosphate buffer solutions; and other non-toxic
compatible substances employed in pharmaceutical formulations. As used herein,
“pharmaceutically acceptable carrier” also includes any and all coatings, antibacterial
and antifungal agents, and absorption delaying agents, and the like that are compatible
with the activity of the compound useful within the invention, and are physiologically
acceptable to the patient. Supplementary active compounds may also be incorporated
into the compositions. The “pharmaceutically acceptable carrier” may further include
a pharmaceutically acceptable salt of the compound useful within the invention. Other
additional ingredients that may be included in the pharmaceutical compositions used
in the practice of the invention are known in the art and described, for example in
Remington's Pharmaceutical Sciences (Genaro, Ed., Mack Publishing Co., 1985,
Easton, PA).

-16 -
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As used herein, the term “salt” embraces addition salts of free acids or
free bases that are compounds usefu! within the invention. Suitable acid addition salts
may be prepared from an inorganic acid or from an organic acid. Examples of
morganic acids include hvdrochloric, hvdrobromic, hydriodic, nitric, carbonic,
sulfuric, phosphoric acids, perchioric and tetratluoroboronic acids. Appropriate
organic actds may be selected from aliphatic, cyvcloaliphatic, aromatic, araliphatic,
heterocyclic, carboxylic and sulfonic classes of organic acids, examples of which
inchade formie, acetic, propionic, succinic, glveokic, gluconic, lactic, malic, tartaric,
citric, ascorbic, glucuronic, malcic, fumaric, pyruvie, aspartic, glutamic, benzoic,
anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, ethanesulfonic, benzenesulfonic, pantothenic,
trifluoromethanesulfonic, 2-hydroxyethanesubfonic, p-toluenesuifonic, sulfanilic,
cyclohexylaminosulfonic, stearic, alginic, f-hydroxybutyric, salicylic, galactaric and
galacturonic acid. Suitable base addition salts of compounds useful within the
invention inchide, for example, metallic salts including alkal metal, alkaline carth
metal and transition metal salts such as, for example, Hthium, calcium, magnesiom,
potassium, sodium and zine salts. Accepiable base addition salts also include organic
sakts made from basic amines such as, for example, N,N'-dibenzylethylenediamine,
chlovoprocaine, choline, dicthanolamine, cthylencdiamine, meghamine (N-mcthyl-
glucamine) and procaine. All of these salis may be prepared by conventional means
from the corresponding free base compound by reacting, for example, the appropriste
acid or base with the corresponding free base.

An “individual”, “patient” or “subject”, as that term 18 used herein,
inchudes a member of any animal species including, but are not Hmited to, birds,
kumans and other primates, and other mammals inchuding commercially relevant
mammals such as cattle, pigs, horses, sheep, cals, and dogs. Preferably, the subject is
a human.

The term “treat” or “treating”, as used herein, means reducing the
frequency with which symptoms are experienced by a subject or administering an
agent or compound fo reduce the freguency and/or severity with which sympioms are
experienced. As used herein, “alleviate” is used mterchangeably with the term “treat.”
Treating a discase, disorder or condition may or may not inchude complete eradication

or climination of the symptom.

—
-3
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As used herein, the term “container” includes any receptacle for
holding the pharmaceutical composttion. For example, in one embodiment, the
container is the packaging that contains the pharmaceutical compaosition. In other
embodiments, the container is not the packaging that contains the pharmaceutical
composition, i.¢., the container 18 a receptacie, such as a box or vial that contains the
packaged pharmacewtical composition or unpackaged pharmaceutical composition
and the jastructions for use of the pharmaceutical composition. Moreover, packaging
techniques are well known i the art, It should be understood that the instructions for
usc of the pharmaceutical composition may be contained on the packaging containing
the pharmaceutical composition, and as such the fnstructions form an increased
functional relationship to the packaged product. However, it should be understond
that the instructions may contain information pertaining to the compound’s ability to
perform its mtended function, ¢.g., treating or preventing a disease in a subject,

“Instructional material,” as that term is used berein, includes a
publication, a recording, a diagram, or any other medium of expression which can be
used to communicate the usefulness of the composition and/or compound of the
mvention in a kit The instructional material of the kit may, for example, be aftixed to
a containgr that contains the compound and/or compesition of the invention or be
shipped together with a container which contains the compound and/or composition.
Alternatively, the instructional material may be shipped separately from the container
with the intention that the recipiont uses the instructional material and the compound
cooperatively. Delivery of the instructional material may be, for example, by physical
delivery of the publication or other medium of expression communicating the
usefulness of the kit, or may alternatively be achieved by electronic fransmission, for
example by means of a computer, such as by electronic mail, or download froma
website.

Throughout this disclosure, various aspects of the invention can be
preseuted in g range format, It should be undersiood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible sub-ranges
as well as individual mumerical values within that range. For example, description of a

range such as from 1 to 6 should be considered to have specifically disclosed sub-
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ranges such as from 1 10 3, from 1 t0 4, from  to &, from 2 to 4, from 2 10 6, from 3 1o
6 ete., as well as individual numbers within that range, for example, 1,2, 2.7, 3,4, 5,

8.3, and 6. This applies regardiess of the breadih of the range.

Description

The imvention provides NSUS9984 as 3 lead compound for anti-cancer
therapy that acts by targeting gain of function (GOF) mutant p53 and stimulates p73
to restore the p33 pathway signaling. NSC59984 offers a rational bypass mechanism
of pS3 restoration via the activation of p73 to kill cancer cells. NSC59984-mediated
p33 restoration and/or activation of p73 together with depletion of p53 GOF mutand
results in tumor suppression.

The imvention inchides compositions and methods for the treatment of
a p533 related disorder. As used herem, the term “p33 related disorder” refers to any
disease, disorder, or condition which i3 caused or characterized by activity of pS3. In
certain embodiments, the method of the invention is used to treat any disease, disorder
or condition which is caused or charactericed by the activity of p53 gain of function
{GOF) mutations. In certain instances p533 GOF mutations results in the tumor growth
promoting activity of p53 in addition to, or instead of, the inhibition of the normal
ramor suppressive activity of pS3 that may occur in certain p33 mutations. In one
embodiment, the inveniion includes methods for the treatrent of cancer. In another
embodiment, the invention includes methods for the prevention of cancer.

As discussed clsewhere herein, a wide varicty of cancers are, at fcast in
part associated with p53 GOF umor promoting activity, which leads to perpetual
tumor cell growth and tumor formation. In some instances, certain pS3 GOF
rmtations results in the enhancement of epigenctic pathways, including enhancing the
expression and activity of histone modifying enzymes.

In certain embodiments, the method of the mvention 18 used to treat
any cancer associated with p33 GOF. The method is not limited to a particular type of
cancer. Exemplary forms of cancer that is treatable by the method of the present
nvention inchade, but is not limited to, carcinomas, sarcomas, lymphomas, leukemia,
blastomas, and germ cell cancers. For example, the methods of the mvention are
useful for freating or preventing breast cancer, lung cancer, pancreatic cancer,

stomach cancer, bone cancer, ovarian cancer, prostate cancer, bladder cancer, cervical
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cancer, calon cancer, skin cancer, gliomas, esophages! cancer, oral cancer, gallbladder
cancer, liver cancer, testicular cancer, uterine cancer, thyroid cancer, threat cancer,
and the like.

The method of the mvention may be used to treat or prevent cancer in
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any subject. In onc embodiment, the subject is a mammal, including, but not limited

to, a luman, primate, cow, horse, sheep, goat, dog, cat, rodent, and the tike.

Compounds Usetul Within the Invention

In various cmbodiments, the compound is a small molecule. When the
160 compound is a small molecule, a small molecule may be obtained using standard
methods known to the skilled artisan. Such methods include chemical organic
synthesis or biological means. Biological means include purification from a biclogical
source, recombinant synthesis and in vitro translation systems, using methods well
known in the art, In one embodiment, a small molecule compound of the mvention
15 comprises an organic molecule, inorganic molecule, biomolecute, synthetic molecule,
and the like.

Combinatorial libraries of molecularly diverse chemical compounds
potentially uscful in treating a varicty of discases and conditions are well known in
the art as are method of making the libraries. The method may use a variety of

20 techniques well-known {0 the skilled artisan including solid phase synthesis, solution
methods, parallel synthesis of single compounds, synthesis of chemical mixtures,
rigid core structures, flexible lincar sequences, deconvolution strategics, tagging
techniques, and gencrating unbiased molecular landscapes for lead discovery vs.

biased structures for lead development,

b2
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In a general method for small library synthesis, an activated core
molecule is condensed with a number of building blocks, resulting in a combinatorial
Hibrary of covalently linked, core-building block ensembles. The shape and nigidity of
the core defermines the orientation of the building blocks in shape space. The Hbraries
can be biased by changing the core, linkage, or building blocks to target a

TS

38 characterized biological structure (“focused libraries™) or synthesized with less
structural bias using flexible cores,
In one erabodiment, the compound of the invention is a compound of

formula (1), or a salt, solvate, or N-oxide thereot:
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wherein in formula (1)
ring A is a monocyclic or bicyelic aryl, a monocyclic or bicyclic hetercaryl, or
a monacyclic or bicyclic heterocycelyl ring, and wherein the arvl, heteroaryl, or
heterocyelyl ring is optionally substituted with 0-5 R groups;
ring B is a monoeyclic or bicyelie arvl, a monecyelic or bicyclic heteraryl, or
a monoeyelic or bicyelic heterocycelvl ring, and wherein the aryl, heteroaryl, or
heterocyclyl ring is optionally substituted with 0-5 R? groups;
the bond between carbon 1 and carbon 2 is cither g single bond or a double
bond;
each occurrence of R and R are independently selected from the group
consisting of -C1-Cs alkyl, -Ci-Coe fluoroalkyl, -C1-Cs heteroallyl, F, CL Br, | -CN, -
NO», -OR%, -SRY, -S{=0)R°, -S8(=0pR", -NHE=0nR?, -C{=R?, -OC=OR’, -
COzR®, -OCOR?, -CH(R )z, -N{R )2, -C(=OIN(R )z, -OC=OINR R, -
NHCEOWH(RY), -NHC(=O)R?, -NHC(=0)OR?, -C(OHXR ), and -CNH2 MR ),
R? and R* are each independently selected from the group consisting of H or
C3-Cs alkyl, wherein the alkyl group is optionally substituted with 0-5 R! groups;
cach occurrence of R is independently selected from the group consisting of
H or Ci-Cs alkyl, wherein the alleyl group is optionally substituted;
¥ is an integer from 0 to 5; and
y is an integer from 0 to 3.
In one crabodiment, ring A 13 2 monoeyclic heteroeyelyl ring.
In one erabodiment, ring A is a 5- or 6-membered heterocyelyl ring.
In one embodiment, ring A has 1 to 2 ring heteroatoms.
Tn one embodiment, ring A has 1 {o 2 ring nitrogena.
In one cmbodiment, ring A is piperazinyl.
In one embodiment, ring A is 4-methyl piperazinyl.
In one embodiment, ring B 1s 8 monocyclic heteroaryl ring.
In one embodiment, ring B is furyl

In one embodiment, ring B is S-nitrofiryl

2
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In one embodiment, af least one of R is an electron withdrawing
group. Exemplary electron-withdrawing groups inchude halogen atoms, halogenated
hydrocarbon groups such as a friffuoromethy! group, a carboxyl group, an
alkoxycarbonyl group such as a methoxycarbonyl group, an arvioxyearbonyl group
such as a phenoxyearbonyl group, an acyl groups such as an acetyi group, an acvioxy
group such as an acetoxy group, a cyano group, an aryl group, -alkenvl groups, a
nitro group, a sulfo group, an alkanesulfonyl group, an alkanesultiny! group, and an
alkoxysulfony! group. In one embodiment, the electron withdrawing group is selecied
from the group consisting of F, Cl, Br, 1, -CN, -NOz, -C(=0)R”, -CO2R’, -S{(=0R 5,
and -S(=0RR",

In one embodiment, R? is alpha to the linkage between ring B and
carbon 2. Tn another embodiment, R? is beta to the linkage between ring B and carbon
2.

Tn one embodiment, ring B contains at least one R? group, and the at
ieast one R° is selected from the group consisting of F, Ci, Br, I, -CN, -NOg, -
C=O)R?, -CO2R?, -3(=OR’, and -S(=ORR’.

In one ermbodiment, ting B contains at least one R® group, wherein the
at least one R? is selected from the group consisting of F, Cl, Br, L, -CN, -N(O», -
C=0)R?, -COR®, -S(=O)R°, and -S5(=0nR", and the at least one R? group is bata to
the linkage between ring B and carbon 2.

Tn one embodiment, ring B is a 5- or 6-membered heterocyelyl or
heteroaryl ring. In another cmbodiment, the heterocyelyl or hetercaryl ring has one
heteroatom, wherein the heteroatom is alpha to the linkage between ring B and carbon

3

in one embodiment, ring B is a 5- or 6-membered heterocyclyl or
heteroaryl ring, wherein the heterocycelyl or heteroarvl ring has at least one
hetercatom, wherein the at least one hetercatom is alpha to the linkage between ring B
and carbon 2,

In one embodiment, ring B is a 5- or 6-membered heteroaryl ring.

In one embodiment, the bond betwesn carbon 1 and carbon 2 is a
double bond.

In one embodiment, R* and RY are each hydrogen.
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In one embodiment, the compound of fornmla (8} is (E)-1-(4-
methylpiperazin-1-yD-3-(S-nitrofuran-2-ylprop-2-en-1-one (NSC39984)
O
N Z \ 0 h]?
e N / |

In one embodiment, the small molecule compound targets mustant p53

k]

by stimulating p73. For cxample, in one embodiment, the small molecule compound
which targets mutant p33 by stimulating p73 is NSC39984, or a derivative or
analogue thereof.
The small molecule and small molecule compounds deseribed herein
may be present as salts oven if salis are not depicted and 1 is understood that the
10 invention embraces sl salts and solvates of the compounds depicted here, as well as
the non-salt and non-solvate form of the compounds, as is well understood by the
skifled artisan. In some embodiments, the salts of the compounds of the invention are
pharmaceutically acceptable salts,
Where tautomeric forms may be present for any of the compounds
15 deseribed herein, each and every taptomeric form i intended to be included in the
present invention, even though only one or some of the tautomeric forms may be
exphicitly depicted. For example, when a 2-hydroxypyridy! moiety is depicied, the
corresponding 2-pyridone tautomer is also intended.
The imvention also includes any or all of the stereochemical forms,
20 including any enantiomeric or diasteriomeric forms of the compounds described. The
recitation of the structure or name herein is intended to embrace all possible
storeoisomers of compounds depicted. Al forms of the compounds are also embraced
by the invention, such as crystalline or non-crystalline forms of the compounds.

Compositions comprising an compound of the invention are also intended, such as 2

B2
(9]

compeosition of substantially pure compound, inchuding a specific stereschemical form
thereof, or a composition comprising mixtures of compounds of the mvention in any
ratic, including two or more stereochemical forms, such as in a racemic or non-
racernic mixture,

In one embodimeny, the small molecule compound of the invention
30 comyprises an analog or derivative of a compound described herein.
In one embodiment, the small molecules described herein are

candidates for derivatization. As such, m certain instances, the analogs of the small
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molecules described herein that have modulated potency, selectivity, and solubility
are included berein and provide usefol leads for drug discovery and ding
development. Thus, in certatn instances, duting optimization new analogs are
designed considering issues of drug delivery, metabolism, novelty, and safety.

In some mstances, small molecule inhibitors described herein are
derivatized/analogued as is well known in the art of combinatorial and medicinal
chemistry. The analogs or derivatives can be prepared by adding and/or substitufing
functional groups at various locations. As such, the small molecules described
herein can be converted mto derivatives/analogs using well known chomical
synthesis procedures. For example, all of the hydrogen atoms or substituents can be
selectively modified to generate new analogs. Also, the linking atoms or groups can
be modified into longer or shorter linkers with carbon backbones or hetero atoms.
Also, the ring groups can be changed s0 as to have a different number of atoms in
the ring and/or o include hetero atoms. Moreover, aromatics can be converted to
cyclic rings, and vice versa. For example, the rings may be from 3-7 atoms, and may
be homocycles or heterocycles.

EE AR

As used berein, the term “analog,” “analogue,” or “derivative” is
meant to refer to a chomical compound or molecule made from a parent compound
or molecule by one or more chemical reactions. As such, an analogcanbea
structure having a structure similar (o that of the small molecule compounds
described herein or can be based on a scaffold of a small molecule compound
described herom, but difforing from it in respect fo cortain components of structural
makeup, which may have a similar or opposiie action metabolically. An analog or
derivative of any of a small roolecule compound in accordance with the present
invention can be used to reduce skin pigmentation,

In one embodiment, the small molecule compounds described herein
can independently be derivatized/analogued by modifying hydrogen groups
independently from each other into other substituents. That s, each atom on cach
molecule can be independently modified with respect to the other atoms on the same
molecule. Any traditional modification for prodocing a derivative/analog can be
used. For example, the atoms and substituents can be independently comprised of
hydrogen, an alkyl, aliphatic, straight chain aliphatic, aliphatic having a chain hetero

atom, branched aliphatic, substituted aliphatic, cyclic aliphatic, heterocyelic
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aliphatic having one or more hetero atoms, aromatic, heteroaromatic, polyaromatic,
polyvamino acids, peptides, polypeptides, combinations thereof, halogens, halo-
substituted aliphatics, and the Hke. Additionally, any ring group on a compound can
be derivatized to increase and/or decrease ring size as well as change the backbone

atoms to carbon atoms or hetero atoms.

|94

Preparation of the Comnounds of the Tnvention

“ompounds of Formula (3} may be prepared using the synthetic
mcthods known by those skilled 1 the art. The following examples Hhustrate non-
10 limiting embodiments of the invention.
The compounds of the invention may possess one of More
stersocenters, and each stereocenter may exist independently in eitherthe R or S
configuration. In one embodiment, compounds described herein are present in
optically active or racemic forms. It is to be understood that the compounds described
15 herein encompass racemic, optically-active, regioisomeric and stereoisomeric forms,
or combinations thereof that possess the therapeutically useful properties described
herein. Preparation of optically active forms is achieved in any suitable manner,
meluding by way of non-hmiting example, by resolution of the racemic form with
ecrystallization techniques, synthesis from optically-active starting materials, chiral
20 synthesis, or chromatographic separation using a chiral stationary phase. Tnone
embodiment, a nmixture of one or more somer is utilized as the therapeutic compound
described hercin. 1n another embodiment, compounds described herein contain ong or
more chiral centers. These compounds are prepared by any means, including

stereoselective synthesis, enantioselective synthesis and/or separation of a mixture of

b2
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enantiomers and/ or diastereomers. Resolution of compounds and isomers thereof is
achicved by any means inchuding, by way of non-limiting example, chemical
processes, enzymatic processes, fractional crystallization, distillation, and
chromatography.

The methods and formulations described herein include the use of
38 N-oxides (if appropriate), crystalline forms (also known as polymorphs), solvates,
amorphous phases, and/or pharmaceutically acceptable salts of compounds having the
structure of any compound of the invention, as well as metabolites and active

metabolites of these compounds having the same type of activity. Solvates include
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water, ether (e.g., tetrahydrofuran, methyl tert-butyl ether) or alcohol (e.g., ethanol)
solvates, acetates and the like. In one embodiment, the compoumds described herein
exist in solvated forms with pharmaceutically acceptable solvents such as water, and
ethanol. In another embodiment, the compounds described herein exist in unsolvated
form.

In one embodiment, the compounds of the invention may exist a3
tantomers, All tautomers are included within the scope of the compounds presented
herein.

In one embodiment, compounds described herein are prepared as
prodrugs. A "prodrug® refers to an agent that is converted into the parent drug i vive.
In one embodiment, upon i vive administration, a prodrug is chemically converted 1o
the biologically, pharmaceutically or therapeutically active form of the compound. In
another embodiment, a prodrug is enzymatically metabohized by one or more steps or
processes to the biologically, pharmaceutically or therapeutically active form of the
compound.

In one embodiment, sites on, for example, the aromatic ring portion of
compounds of the invention are susceptible to various metabolic reactions.
Incorporation of appropriate substituents on the aromatic ring structurcs may reduce,
minimize or eliminate this metabolic pathway. In one embodiment, the appropriate
substituent to decrease or eliminate the susceptibility of the aromatic ring to metabolic
reactions is, by way of example only, a deuterium, a halogen, or an alkyl group.

Compounds deseribed herein also include isotopically-labeled
compounds wherein one or more atoms is replaced by an atom having the same
atomic number, but an atomic mass or mass number different from the atomic mass or
raass nuraber usually found in nature. Examples of isotopes suitable for inclusion in
the compounds described herein include and are not limited to °H, *H, ''C, BC, ¥C,
360, 1F, 199, 15 BN, PN, B0, 170, 3G, PP, and 8. In one embodiment,
isotopically-labeled compounds are useful in dirag and/or substrate tissue distribution
studies. [n another embodiment, substitution with heavier isotopes such as deuterium
affords greater metabolic stability (for example, increased W vivo half-Efe or reduced
dosage requirements). In vet another embodiment, substitution with positron enuthng
isotopes, such as HC, I8F, PO and N, is useful in Positron Emission Topography

{PET) studies for examining substrate receptor occupancy. Isotopically-labeled

- 26 -
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compounds are prepared by any suitable method or by processes using an appropriate
isotopically-labeled reagent in place of the non-labeled reagent otherwise employed.

In one embodiment, the compounds described herein are labeled by
other means, including, but not limited to, the use of chromophores or fluorescent
moieties, bioluminescent labels, or chemiluminescent labels.

The compounds described herein, and other related compounds having
different substituents are synthesized using techniques and materials described herein
and as described, for example, in Fieser & Fieser's Reagents for Organic Synthesis,
Volumes 1-17 (John Wiley and Sons, 1991); Rodd's Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989);
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991), Larock's
Comprehensive Organic Transformations (VCH Publishers Inc., 1989), March,
Advanced Organic Chemistry 4" Ed., (Wiley 1992); Carey & Sundberg, Advanced
Organic Chemistry 4th Ed., Vols. A and B (Plenum 2000,2001), and Green & Wuts,
Protective Groups in Organic Synthesis 3rd Ed., (Wiley 1999). General methods for
the preparation of compound as described herein are modified by the use of
appropriate reagents and conditions, for the introduction of the various moieties found
in the formula as provided herein.

Compounds described herein are synthesized using any suitable
procedures starting from compounds that are available from commercial sources, or
are prepared using procedures described herein.

In one embodiment, reactive functional groups, such as hydroxyl,
amino, imino, thio or carboxy groups, are protected in order to avoid their unwanted
participation in reactions. Protecting groups are used to block some or all of the
reactive moieties and prevent such groups from participating in chemical reactions
until the protective group is removed. In another embodiment, each protective group
is removable by a different means. Protective groups that are cleaved under totally
disparate reaction conditions fulfill the requirement of differential removal.

In one embodiment, protective groups are removed by acid, base,
reducing conditions (such as, for example, hydrogenolysis), and/or oxidative
conditions. Groups such as trityl, dimethoxytrityl, acetal and t-butyldimethylsilyl are

acid labile and are used to protect carboxy and hydroxy reactive moieties in the

-7 -
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presence of amino groups protected with Chz groups, which are removable by
hydrogenolysis, and Fmoc groaps, which are base labile. Carboxylic acid and
hydroxy reactive moieties are blocked with base labile groups such as, but not limited
to, methyl, ethyl, and acetyl, in the presence of amines that are blocked with acid
fabile groups, such as i-butyl carbamate, or with carbamates that are both acid and
base stable but hydrolytically removable.

I one embodiment, carboxylic acid and bydroxy reactive raoictics arc
blocked with hydrolytically removable protective groups such as the benzyl group,
while amine groups capable of hydrogen bonding with acids are blocked with base
iabile groups such as Fmoc. Carboxylic acid reactive moieties are protected by
conversion to simple ester conpounds as exermplified hereinn, which include
conversion to alkyl esters, or are blocked with oxidatively-removable protective
groups such as 2, 4-dimethoxybenzyl, while co-existing amino groups are blocked
with fluoride labile silvl carbamates.

Allyl blocking groups are useful in the presence of acid- and base-
protecting groups since the former are stable and are subsequently removed by metal
or pi-acid catalysts, For example, an allyl-blocked carboxylic acid is deprotected with
a palladium-catalyzed reaction in the presence of acid labile t-butyl carbamate or
base-labile acetate amine protecting groups, Yet another form of protecting group is a
resin to which a compound or intermediate is attached. As long as the residue is
attached to the resim, that functional group is blocked and does not react. Once
released from the resin, the functional group is available to react,

Typically blocking/protecting groups may be selected fronu
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Other protecting groups, plus a detailed description of techniques
applicable to the creation of protecting groups and their removal are described in
Greene & Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons,
New York, NY, 1999, and Kocienski, Protective Groups, Thieme Verlag, New York,
NY, 1994.

Salts

The compounds described herein may form salts with acids, and such
salts are included in the present invention. In one embodiment, the salts are
pharmaceutically acceptable salts. The term “salts” embraces addition salts of free
acids or bases that are useful within the methods of the invention. The term
“pharmaceutically acceptable salt” refers to salts that possess toxicity profiles within a
range that affords utility in pharmaceutical applications. Pharmaceutically
unacceptable salts may nonetheless possess properties such as high crystallinity,
which have utility in the practice of the present invention, such as for example utility
in process of synthesis, purification or formulation of compounds useful within the
methods of the invention.

Suitable pharmaceutically acceptable acid addition salts may be
prepared from an inorganic acid or from an organic acid. Examples of inorganic acids

include sulfate, hydrogen sulfate, hydrochloric, hydrobromic, hydriodic, nitric,

-29 -
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carbonic, sulturic, and phosphoric acids (including hydrogen phosphate and
dihvdrogen phosphate). Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyelic, carboxylic and sulfonic classes of

organic acids, examples of which include formic, acetic, propionic, suceinic, glyeolic,

|94

chiconic, factic, malic, tartaric, citric, ascorbic, ghicuronic, maleic, fumaric, pyravic,
aspartic, glutamie, benzoie, anthranilic, 4-hvdroxybenzoic, phenylacetic, mandelic,
embonic (pamoic), methanesulfonic, ethanesulfonic, benzenesulfonic, pantothenic,
trifluoromethanesulfonic, 2-hvdroxvethanesulfonic, p-toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, alginic, B-hydroxybutyric, salicylic, galactaric and
16 galacturonic acid.

Suitable pharmaceutically acceptable base addition salis of compounds
of the invention include, for example, metallic salis including alkali metal, alkaline
carth metal and transition metal salts such as, for example, calcium, magnesium,
potassium, sodium and zine salts, Pharmaceutically acceptable base addition salts

15 also include organic salts made from basic amines such as, for example, N,N'-
dibenzylethylene-diamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
meglumine (N-methylglucamine) and procaine.

Al of these salts may be prepared from the corresponding compound

by reacting, for example, the appropriate acid or base with the compound.

20
Combination Therapies
The compounds contemplated within the invention or salts thereot may
be usetul in the methods of present invention in combination with radiation therapy
and/or a compound useful for reating cancer (generally referred to as
25 “chemotherapeutic agent™). These additional compounds may comprise compounds of

the present invention or compounds (such as commercially available compounds)
known to treat, prevent, or reduce the symptoms of cancer. In one embodiment, the
combination of a compound contemplated within the invention and a
chemotherapeutic agent has additive, complementary or synergistic effects in the

38 weatment of cancer in a subject, or prevention of cancer in a subject. In another
embodiment, the combination of a compound contemplated within the wmvention and
radiation therapy has additive, complementary or synergistic effects in the treatment

of cancer in a subject, or prevention of cancer in a subject.

230 -
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Radigtion Therapy

In one aspect, a compound contemplated within the invention or a salt

thereof may be used in combination with radiation therapy.

|94

Radiation therapy, radiation oncology, or radiotherapy, sometimes
abbreviated to XRT, is the medical use of tonizing radiation as part of cancer
treatment to control roalignant cells. Radiotherapy may be used for curative or
adjuvant freatment. It is used as palliative treatment (where cure is not possible and
the aim ts for local discase control or symptomatic reliet) or as therapeutic treatment
16 (where the therapy has survival benefit and it can be curative},

Radiotherapy is used for the treatment of malignant cancer, and may be
used as a primary or adjuvant modality. It is also common to combine radiotherapy
with surgery, chemotherapy, hormone therapy, immunotherapy or a mixbire of the
four. Most coramon cancer types can be treated with radiotherapy in some way. The

15 precise treatment intent {curative, adjuvant, neoadjuvant, therapeutic, or palliative)
will depend on the tumor type, location, and stage, as well as the general health of the
patient.

Radiation therapy is commonly applied to the cancerous tumor, The
radiation ficlds may also include the draining Iymph nodes if they are clinically or

20 radiologically involved with tumor, or if there ie thought 1o be a risk of subclincal
malignant spread. Brachytherapy, in which a radiation source is placed inside or next
to the arca requiring treatment, is another form of radiation therapy that minimizes
exposure 1o healthy tissue during procedures o treat cancers of the breast, prostate
and other organs.

The amount of radiation used in photon radiation therapy is measured

b2
W

in gray {{3v), and varies depending on the type and stage of cancer being treated. For
curative cases, the typical dose for a sohd epithehal timor ranges from 60 to 88 Gy,
while lymphomas are treated with 20 10 40 Gy, Preventative (adjuvant) doses are
typically around 45-60 Gy in 1.8-2 Gy fractions ({or breast, head, and neck cancers.}
38 Many other factors are considered by radiation oncologists when selecting a dose,
meluding whether the patient is receiving chemotherapy, patient cornorbidities,
whether radiation therapy is being administered before or after surgery, and the

degree of success of surgery.
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Chemotherapeuiic Agents

In one aspect of the invention, a compound of the invention or a salt
thereof may be used in combination with a chemotherapeutic agent.

In one embodiment, a compound of the tnvention is co-administered
with a chemotherapeutic agent to the subject in need thereof In another embodiment,
a corapound of the invention and a chemotherapeutic agent are administered o the
subject as part of the same pharmaceutical formulation. In yet another embodiment, a
compound of the invention and a chemotherapeutic agent are administered separately
to the subiect in need thereofl

Most of the approved chemotherapeutic agents may be divided into
alkylating agents, antimetabolites, anthracvclines, plant alkaloids and terpencids,
topoisomerase inhibiiors, antincoplastics and other antitumour agents. These drogs
affect cell division or DNA syathesis and function divectly or mndirectly.

Some newer chemotherapeutic agents do not directly interfere with
DNA synthesis and function. These inchide monocional antibodies and tyrosine
kinase inhibitors e.g. imatinib mesylate (Gleevee or Ghivee), which divectly targets a
molecular abnormality in cortain types of cancer (chronic myclogenous leukemia,
castrointestinal stromal tumors), and are gencrally referred (o as targeted therapies.

In addition, some drugs that modulate tumor cell behavior without
divectly attacking those cells, such as hormones, may be used in the treatment of
cancer.

Non-limiting examples of chemotherapeutic agents are provided

below.

Altvlating Agents:

Allcylating agents alkylate nucleophilic functional groups present in
cells. They tmpair cell function by forming covalent bonds with the amino, carboxyl,
sulfhydryl, and phosphate groups in biologically important molecules, and in
particular by chemically modifying a cell's DNA. Cisplatin, carboplatin, oxaliplatia,
mechlorethamine, cyclophospharide, chiorambucil, and fostamide are alkylating

agents.



CA 02986547 2017-11-20

WO 2016/053938 PCT/US2015/052791

|94

10

24

b2
W

Anti-Metabolites:

Anti-metabolites masquerade as purines {azathioprine,
mercaptopurineg) or pyrimidines, which are building blocks of DNA. By competing
out naturally occurring purines or pyrimidines, anti-metabolites prevent these building
blocks from becoming incorporated into DNA during the “5” phase (of the cell cyele),
thus stopping normal development and division, Anti-metabolites also affect RNA
synthesis. Due to their efficiency, anti-metabolites are the most widely used

cytostatics.

Plant allaloids and terpenoids:

These plant alkaloids block cell division by preventing microtubule
function. Microtubules are vital for cell division, and, without them, cell division
cannot occur. The main examples of plant alkaloids are vinca alkaloids and taxanes.

(a) Vinca alkalcids

Vinca alkaloids bind to specific sites on tubulin, inhibiting assembly of
tubulin inio microtubules (M phase of the cell cycle). The vinca alkaloids include
vincristine, vinblasting, vinorelbine and vindesine.

{b) Podophviiotoxin

Podophyilotoxin is a plant-derived compound said to help with
digestion and used to produce two other cytostatic drugs, etoposide and teniposide.
They prevent the cell from entering the G1 phase (the start of DNA rephcation) and
the replication of DNA (the S phase}. The exact mechanism of its action is unknown,
The substance has been primarily obtained from the American Mayapple
{Podophyilum peliatum). Recently it has been discovered that a rare Himalayan
Mayapple (PodophyHum hexandrum) contains it in a onuch greater quantity, but, as
the plant is endangered, its supply is imited. Studies have been conducted to isolate
the genes involved in the substance's production, so that i could be obtatned
recombinantly.

(¢} Taxares

The prototype taxane is the natural product paclitaxel, originally
known as Taxol and first derived from the bark of the Pacific Yew tree. Docetaxel s a
semi-synthetic analogue of paclitaxel, Taxanes enhance stability of microtubules,

preventing the separation of chromosomes during anaphase.



CA 02986547 2017-11-20

WO 2016/053938 PCT/US2015/052791

|94

10

24

b2
W

Topoisomerase inhibitors:

Topoisomerases are essential enzymes that maintain the topology of
DNA. Inhibition of type | or type Il topoisomerases interferes with both transcription
and replication of DNA by upsctting proper DBNA supercoiling. Type | topoisomerase
inhibitors include camptothecing: irtnotecan and topotecan, Type I inhibitors inchude
arosacrine, etoposide, etoposide phosphate, and teniposide. These are semisynthetic
derivatives of epipodophyHotoxins, atkaloids naturally ocowrring in the root of

American Mayapple (Podophyilum peltatum).

Antineopiastics.
These include the immunosuppressant dactinomycin (which is used in

kidney transplantations), doxorubicin, epirabicin, bleomyein and others.

Anticancer agents working through different cytotoxic mechanisms
may also be contbined in “chemotherapy regimens” in order to target a specific type
of cancer. Chemotherapy regimens are often identified by acronyrus, identifving the
agents used in combination. However, the lotiers uscd are not consistent across
egimens, and in some cases (for example, “BEACOPP”), the same letter combination
is used to represent two different treatments. Non-bimiting examples of combinations
used i chinical settings are Bsted below, in forms of acronyms, compositions and
cancer typoes:

ABVD: Adriamycin (doxorubicin}, bleomycin, vinblastine, dacarbazine
Hodgkin's lymphoma

AC: Adriamycein {doxorubicin), cyclophosphamide — Breast cancer

BEACOPP: Bleomycin, etoposide, Adriamycin (doxorubicin},
cyclophosphamide, Oncovin (vincristine), procarbazine, prednisone — Hodglin's
fymphoma

BEP: Bleomycin, etoposide, platinum agent {cisplatin} — Testicular cancer,
germ cell tumors

CA: Cyclophosphamide, Adnamyem {doxorubicin) {(same as AC) — Breast

Cancer

234 -
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CAF: Cyclophosphamide, Adriamyein (doxorubicin), fluorcuracil (5-FU)
DBireast cancer

CAV: Cyclophosphamide, Adriamaycin {doxorubicin), viveristine — Lung
cancer

CBY: Cyelophosphamide, BOCNU {carmusting), VP-16 {ctoposide} —
Lymphoma

ChIVPP/EVA: Chlorambucil, vineristine (Oncovin), procarbazine,
prednisone, etoposide, vinblastine, Adriamycin {doxorubicin} — Hodgkin's lymphoma

CHOP: Cyclophosphamide, hydroxydoxorubicin {doxorubicin}, vincristing
{Oncoviny, prednisone — Non-Hodglan lymphoma

CHOP-R or R-CHOP: CHOP + rituximab — B cell non-Hodgkin lymphoma

COP or CVP: Cyclophosphamide, Oncovin (vineristine), prednisone — Non-
Hodgkin ymphoma in paticnts with history of cardiovascular disease

CME: Cyelophosphamude, methotrexate, thuorouracil {(5-FU) — Breast cancer

COPP: Cyclophosphamide, Oncovin (vineristine), procarbazine, prednisone —
Non-Hodgkin lymphoma

EC: Epirubicin, cyclophosphamide — Breast cancer

ECF: Hpirubicin, cisplatin, fluorcuracil (5-FU} — Gastric cancer and
esophageal cancer

EP: Eioposide, platinwm agent {cisplatin) — Testicular cancer, germ cell
tumors

EPOCH: Etoposide, prednisone, Uncovin, cyclophosphamide, and
hydroxydaunorubicin — Eymphomas

FEC: Fluovouracil (5-FU), epirubicin, cyclophosphamide — Breast cancer

FL {Also known as Mayo): Fluorouracil (5-FU), leucovorin (folinic acid) —
Colorectal cancer

FOLFOX: Fluorouracil (§-FU), leucovorn (folinde acid), oxaliplatin —
Colorectal cancer

FOLFIRL Fluorouracil (5-FU)Y, levcovorin (folinic acid), irinctecan -
Colorectal cancer

ICE: tfostamide, carboplatin, ctoposide {(VP-16) — Aggressive lvmphomas,
progressive neuroblastoma

ICE-R: ICE + rituximab — High-risk progressive or recurrent iymphomas
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m-BACOD: Methotrexate, bleomycein, Adriamycin (doxorubicin,
cyclophosphamide, Oncovin (vincristine}, dexamethasons — Non-Hodgkin lymphoma

MACOP-B: Methotrexate, leucovorin (folinic acid), Adriamycin
{doxorubicin), cyclophosphamide, Oncovin {vincristine), prednisone, bleomycin —
Non-Hodghkin lymphoma

MOPP: Mechlorethamine, Oncovin (vineristing), procarbazine, prednisone —
Hodgkin's lymphoma

MVAC: methotrexate, vinblastine, adriamycin, cisplatin — Advanced bladder
cancer]?]

PCV: Procarbazine, CCNU (lomustine}, vincristine — Brain tumors

ProMACE-MOPP: Methotrexate, Adriamycin {doxorubicin),
cyclophosphamide, etoposide + MOPP - Non-Hedgkin lymphoma

ProMACE-CytaBOM: Predmisone, doxorubicin (adriamyvcin),
cyclophosphamide, etoposide, cyviarabing, bleomycin, Oncovin {vingristing),
miethotrexate, leucovorin — Non-Hodgkin fymphoma

R-FUCM: Rituximab, fludarabine, cyclophosphamide, mitoxantrone — B cell
non-Hodghkin lymphoma

Stanford V: Doxorubicin, mechlorcthamine, blcomyecin, vinblasting,
vincristine, ctoposide, predanisone — Hodgkin's lymphoma

Thal/Dex: Thalidomide, dexamethasone — Multiple myeloma

TIP: Pachitaxel, ifosfamide, platimam agent cisplatin — Testicular cancer, gorm
celf tumors in salvage therapy

VAC: Vincristine, Actinomycin, Cyclophosphamide — Rhabdomyoesarcoma

VAD: Vincristine, Adrianyein {doxorubicin, dexamethasone — Multiple
myeloma

VAPEC-B: Vincristine, Adriamyein {doxorubicin), prednisone, ctoposide,
cyclophosphamide, bleomycin — Hodgkin's lyraphoma

VIP: Etoposide, ifosfamide, platinum agent cisplatin — Testicular cancer,
zerm cell tumors

A synergistic effect may be calculated, for example, using suitable

methods such as, for example, the Sigraoid-Emex equation (Holford & Scheiner,
190981, Clin, Pharmacokinct. 6 429-453), the equation of Loewe additivity (Loewe &

Muischnek, 1926, Arch. Exp. Pathol Pharmacol. 114: 313-326) and the median-effect

-36 -
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equation {Chou & Talalay, 1984, Adv, Enzyme Regul. 22: 27-55). Each equation
referred to above may be applied to experimental data to generate a corresponding
graph to aid in assessing the effects ot the drug combination. The comresponding

graphs associated with the equations referred to sbove are the concentration-effect

|94

curve, isobologram curve and combination index curve, respectively.

Pharmaceutical Compositions and Therapies

Administration of a compound usefud within the invention may be
achicved in a nomber of difforent ways, using methods known o the art, The

10 therapeutic and prophylactic methods of the invention thus encompass the use of
pharmaceutical compositions comprising the compounds useful within the invention
to practice the methods of the invention. The pharmaceutical compositions useful for
practicing the invention may be administered to deliver a dose of | ng/kg/day to 100
mg/kg/day.

15 The relative amounts of the active ingredient, the pharmaceutically
acceptable carrier, and any additional ingredients in a pharmaceutical composition of
the invention will vary, depending upon the identity, size, and condition of the subject
treated and further depending upon the route by which the composition is to be
administered. By way of example, the composition may comprise between $.1% and

20 100% {(w/w} active ingredient.

Although the deseription of pharmaceutical compositions provided
herein are principally directed to pharmaccutical compositions that are suitable for
ethical administration to humans, it will be understood by the skilled artisan that such

conmpositions are generally suitable for admunistration to animals of all sorts,

b2
W

Meodification of pharmaceutical compositions suitable for administration to humans in
order to render the compeositions suitable for administration to various animals is well
understood, and the ordinarily skilled veterinary pharmacologist can design and
perform such modification with merely ordinary, if any, experimentation, Subjects o
which administration of the pharmaceutical compositions of the invention is

30 contemplated include, but are not limited to, humans and other primates, mammals
meluding commercially relevant mammals such a5 non-human primates, cattle, pigs,

horses, sheep, cats, and dogs.

[o5)
-3
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Typically, dosages which may be administered in a method of the
invention (o an animal, preferably 4 human, range in amount from 0.5 ug to about 53¢
mg per kilogram of body weight of the animal. While the precise dosage administered
will vary depending upon any number of factors, including but not Himited to, the fype
of animal and type of discase state being treated, the age of the animal and the route
of admnistration, the dosage of the compound will preferably vary from about 1 pg to
about 10 mg per kilogram of body weight of the antmal. More preferably, the dosage
will vary from about 3 pg to about 1 mg per kilogram of body weight of the animal.

Pharmaccutical compositions that arc useful in the methods of the
invention may be prepared, packaged, or sold in formulations suitable for oral,
parenteral, topical, buccal, or another route of administration. Other contemplated
formmulations include projected nanoparticles, Hposomal preparations, resealed
erythrocytes containing the active ingredicnt, and immunoclogically-based
formulations.

The formulations of the pharmaceutical compositions described herein
may be prepared by any method known or hereafter developed in the art of
pharmacology. In general, such preparatory methods inchide the step of bringing the
active ingredient into association with a pharmaceutically acceptable carricr or one or
more other accessory ingredients, and then, if necessary or desirable, shaping or
packaging the product into a desired single- or multi-dose unil.

A pharmaceutical composition of the invention may be prepared,
packaged, or sold in bulk, as a single unit dose, or as a plurality of singlc unit doses.
As used herein, 3 “unit dose” is discrete amount of the pharmaceutical composition
comprising a predetermined amount of the active ingredient. The arount of the active
ingredient iz generally equal to the dosage of the active ingredient that would be
administered to a subject or a convenient fraction of such a dosage such as, for
example, one-half or one-third of such a dosage.

In one embodiment, the compositions of the mvention are formulated
using one or more pharmaceutically acceptable excipients or carriers. In one
embodiment, the pharmaceutical compositions of the invention comprise a
therapeutically effective amount of a compound or corgugate of the mventionand a
pharmaceutically acceptable carrier. Pharmaceutically accepiable carriers that are

useful, inciude, but are not limited to, glycerol, water, saline, ethanol and other
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pharmaceutically acceptable salt solutions such as phosphates and salts of organic
acids. Examples of these and other pharmaceutically acceptable camvisrs are deseribed
in Remington’s Pharmaceutical Sciences (1991, Mack Publication Co., New Jersey).

The carrier may be a solvent or dispersion medium containing, for
example, water, cthanol, polyol (for example, glyeerol, propylenc glyeol, and liquid
polyethylene glveol, and the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity roay be maintained, for exaruple, by the use of a coating such as
lecithin, by the maintenance of the required particle size m the case of dispersion and
by the usc of surfactants. Prevention of the action of microorganisms may be achieved
by vartous antibacterial and antifungal agents, for example, parabens, chiorcbutanoi,
phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to
include isotonic agents, for example, sugars, sodium chloride, or polyalcchols such as
rannitol and sorbitol, in the composition. Prolonged absorption of the injectable
compositions may be brought about by including in the conmposition an agent that
delays absorption, for example, alurninum monostearate or gelatin. In one
embodiment, the pharmaceutically acceptable carrier is not DMSO alone.

Formulations may be employed in admixtures with conventional
cxcipients, i.¢., pharmaccutically acceptable organic or inorganic carrier substances
suitable for oral, parenieral, nasal, intravencus, subcutaneous, enteral, or any other
suitable mode of admimistration, known to the art. The pharmaceutical preparations
may be sterilized and i desired muxed with auxiliary agends, e.g., lubricants,
preservatives, stabilizers, wetting agents, enmulsificrs, salts for influencing osmotic
pressure buffers, coloring, flavoring and/or aromatic substances and the like. They
may also be cornbined where desired with other active agenis, ¢.g., other analgesic
agents,

As used herein, “additional ingredients”™ mmchude, but are not himited fo,
one or more of the following: excipients; surface active agents; dispersing agents;
inert dituents; granulating and disintegrating agenis; hinding agents; lubricating
agents; sweetening agents; flavoring agents; coloring agents; preservatives;
physiologically degradable compositions such as gelating aqueous vehicles and
solvents; oily vehicles and solvents; suspending agents; dispersing or wetting agents;
enmisifying agents, demulcents; buffers; salts; thickening agents; fillers; enulsifying

agents; antioxidants; antibictics; antifungal agents; stabilizing agents; and

239 .
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pharmaceutically acceptable polymeric or hydrophobic materials. Other “additional
ingredients” that may be included in the pharmaceutical compositions of the invention
are known in the art and described, for example in Genaro, ed. (1985, Remington’s
Pharmaceutical Sciences, Mack Publishing Co., Easton, PA).

The composition of the invention may comprise a preservative from
about 0.005% to 2.0% by total weight of the composition. The preservative is used to
prevent spoilage in the case of exposure to contaminants in the environment.
Examples of preservatives useful in accordance with the invention included but are
not limited to those selected from the group consisting of benzyl alcohol, sorbic acid,
parabens, imidurea and combinations thereof. A particularly preferred preservative is
a combination of about 0.5% to 2.0% benzyl alcohol and 0.05% to 0.5% sorbic acid.

The composition preferably includes an anti-oxidant and a chelating
agent that inhibits the degradation of the compound. Preferred antioxidants for some
compounds are BHT, BHA, alpha-tocopherol and ascorbic acid in the preferred range
of about 0.01% to 0.3% and more preferably BHT in the range of 0.03% to 0.1% by
weight by total weight of the composition. Preferably, the chelating agent is present in
an amount of from 0.01% to 0.5% by weight by total weight of the composition.
Particularly preferred chelating agents include edetate salts (e.g. disodium edetate)
and citric acid in the weight range of about 0.01% to 0.20% and more preferably in
the range of 0.02% to 0.10% by weight by total weight of the composition. The
chelating agent is useful for chelating metal ions in the composition that may be
detrimental to the shelf life of the formulation. While BHT and disodium edetate are
the particularly preferred antioxidant and chelating agent respectively for some
compounds, other suitable and equivalent antioxidants and chelating agents may be
substituted therefore as would be known to those skilled in the art.

Liquid suspensions may be prepared using conventional methods to
achieve suspension of the active ingredient in an aqueous or oily vehicle. Aqueous
vehicles include, for example, water, and isotonic saline. Oily vehicles include, for
example, almond oil, oily esters, ethyl alcohol, vegetable oils such as arachis, olive,
sesame, or coconut oil, fractionated vegetable oils, and mineral oils such as liquid
paraffin. Liquid suspensions may further comprise one or more additional ingredients

including, but not limited to, suspending agents, dispersing or wetting agents,

- 40 -
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ermulsifying agents, denwlcents, preservatives, buffers, salts, flavorings, coloring
agents, and sweetening agents. Oily suspensions may further comprise a thickening
agent. Known suspending agents include, but are not limited to, sorbitol syrup,
hydrogenated edible fats, sodium alginate, polyvinvlpyrrolidone, gum tragacanth,
cum acacia, and celiulose dertvatives such as sodiim carboxymetivylcellulose,
methyleethulose, hydroxypropyimethylcellolose. Known dispersing or wetting agents
include, but are not Hmited to, naturally-occurring phosphatides such as lecithin,
condensation producis of an alkylene oxide with a fatty acid, with a long cham
aliphatic alcobol, with a partial cster derived from a fatty acid and a hexitol, or with a
partial ester derived from a fatty acid and a hexitol anhvdride {e.g., polvoxyethylene
stegrate, heptadecaethylencoxycetanol, polyoxyethylene sorbitol monooleate, and
polyoxvethviene sorbitan monooleate, respectively). Known emulisifying agents
include, but are not himited to, lecithin, and acacia. Known preservatives imeclude, but
are not limited to, methvl, cthyl, or n-propyl-para- hydroxybenzoates, ascorbic acid,
and sorbic acid. Known swectening agents inchude, for example, glyceral, propylene
glycol, sorbitol, sucrose, and saccharin. Known thickening agents for oily suspensions
include, for example, beeswax, hard paraffin, and cetyl alcohol.

Liquid solutions of the active ingredient in aqucous or oily solvents
may be prepared in substantially the same manner as Hauid suspensions, the primary
difference being that the active ingredient is dissolved, rather than suspended in the
solvent. As used herein, an “otly” liguid is one which comprises a carbon-containing
fiquid molecule and which exhibits g less polar character than water, Liguid solutions
of the pharmaceutical composition of the invention may comprise cach of the
componenis described with regard to Hquid suspensions, if being undersiood that
suspending agents will not necessarily aid dissolution of the active ingredient in the
solvent. Aqueous solvents include, for example, water, and isotonic saline. (ily
solvents include, for example, almond oil, oily esters, ethyl aleohol, vegetable oils
such as arachis, olive, sesame, or coconut oil, fractionated vegetable oils, and mineral
oils such as liguid paraffin,

Powdered and granular formulations of a pharmaceutical preparation
of the invention may be prepared using known methods. Such formulations may be
administered directly to a subject, used, for example, to form tablets, to fill capsules,

or {0 prepare an aguecus or cily suspension or solution by addition of an aqueous or



CA 02986547 2017-11-20

WO 2016/053938 PCT/US2015/052791

1

2

b2

|94

g

{

W

oily vehicle thereto. Each of these formulations may further comprise one or morg of
dispersing or wetting agent, 8 suspending agent, and a prescrvative, Additional
excipients, such as fillers and sweetening, flavoring, or coloring agents, may also be
mcluded in these formulations.

A pharmaceutical composition of the invention may also be prepared,
packaged, or sold in the form of oil-in-water erulsion or @ water-in-oil emulsion. The
oily phase may be a vegetable oil such as olive or arachis oil, a mineral oil such as
liquid paraffin, or a combination of these. Such compositions may further comprise
one or more eniisifying agents such as naturally occurring gums such as gum acacia
or gum tragacanth, naturally-occurring phosphatides such as soybean or lecithin
phosphatide, esters or partial esters derived from combinations of fatty acids and
kexitol anhydrides such as sorbitan monooleate, and condensation products of such
partial esters with ethylene oxade such as polyvoxyethvlene sorbitan monooleate. These
eronlsions may also contam additional ingredients including, for example, sweetening
or flavoring agents.

Methods for impregnating or coating a material with a chemical
composition are known in the art, and inclhade, but are not Imited 1o mothods of
depositing or binding a chemical composition onto a surface, methods of
incorporating a chemical composition into the structure of a material during the
synthesis of the material (i.e., such as with a physiologically degradable material}, and
methods of absorbing an agueous or otly solution or suspension into an absorbent

miaterial, with or without subscquent drying.

Administration/Dosing

The regimen of administration may aftect what constitutes an effective
amount. The therapeutic formulations may be administered to the subject either prior
to or after a diagnosis of disease. Further, several divided dosages, as well as
staggered dosages may be adovnistered daily or sequentially, ot the dose may be
continuously infused, or may be a bolus injection. Further, the dosages of the
therapeutic formulations may be proportionally increased or decreased as indicated by
the exigencies of the therapeutic or prophylactic situation,

Administration of the compositions of the present invention fo a

subject, preferably a mammal, more preferably a human, may be carried out using
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known procedures, at dosages and for periods of time effective to prevent or treat
disease. An effective amount of the therapeutic compound necessary to achieve 4
therapeutic effect may vary according to tactors such as the activity of the particular
compound employed; the time of administration; the rate of excretion of the
compound; the duration of the treatment; other drugs, compounds or materials used in
combination with the compound; the state of the disease or disorder, age, sex, weight,
condition, general health and prior medical history of the subject being treated, and
like factors well-known in the medical arts. Dosage regimens may be adjusted to
provide the optimum therapeutic response. For example, several divided doses may be
administered daily or the dose may be proportionally redoced as indicated by the
exigencics of the therapeutic situstion. A non-limiting example of an effective dose
range for a therapeutic compound of the invention is from about 1 and 5,000 mg/kg of
body weight/per day. Une of ordinary skill in the art would be able to study the
relevant factors and make the determination regarding the effective amount of the
therapeutic compound without undue experimentation.

The compound may be administered to an animal as frequently as
several times daily, or it may be admnistered less frequently, such as once a day,
once g week, once every two weeks, once a month, or cven less frequently, such as
once every several months or even once a year or less. The frequency of the dose will
be readily apparent to the skilled artisan and will depend upon any number of factors,
such as, but not bmited to, the type and severtty of the disease being treated, the type
and age of the animal, ctc. The formulations of the pharmaccutical compaositions
described herein may be prepared by any method known or hereafter developed in the
art of pharmacology. In general, such preparatory moethods include the step of
bringing the active ingredient into association with a carrier or one or more other
accessory ingredients, and then, i necessary or desirable, shaping or packaging the
product into a desired single- or multi-dose unit.

Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this invention may be varied so as o oblain an amount of the active
ingredient that is effective to achieve the desired therapeutic response for a particular
subject, composition, and mode of admirustration, without being toxic to the subject,

A medical doctor, ¢.g., physician or veterinarian, having ordinary skill

in the art may readily determine and prescribe the effective amount of the
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pharmaceutical composition required. For example, the physician or veterinarian
could start doses of the compounds of the invention employed in the pharmaceutical
composition at levels lower than that required in order to achieve the desived
therapeutic effect and gradually increase the dosage until the desired effect is
achieved.

In particular embodiments, i is especially advantageous to formuilate
the compound in dosage unit form for ease of adminisiration and uniformity of
dosage. Dosage unit form as used herein refers to physically discrete units suited as
unttary dosages for the subjects to be treated; each unit containing a predetermined
guantity of therapeutic compound calculated to produce the desived therapeutic effect
in association with the required pharmaceutical vehicle. The dosage unit forms of the
invention are dictated by and directly dependent on (a) the unique characteristics of
the therapeutic compound and the particular therapeutic effect to be achieved, and (b)
the limitations inherent in the art of compounding/formulating such a therapeutic
compound for the treatment of a disease in 2 subject.

In one embodiment, the composttions of the invention are administered
to the subject in dosages that range from one to five fimes per day or more. fn another
cmbodiment, the compositions of the invention arc administered to the subject in
range of dosages that include, but are not limited 10, once every day, every two, days,
every three days to once a week, and once every two weeks. It wili be readily
apparent to one skitled in the art that the frequency of admimistration of the various
combination compositions of the invention will vary from subicct to subject
depending on many factors including, but not Hmited to, age, disease or disorder to be
treated, gender, overall health, and other factors. Thus, the invention should not be
construed 1o be limited to any particular dosage regime and the precise dosage and
composition to be administered to any subject will be determined by the attending
physical taliing all other factors about the subjeet into account,

Compounds of the invention for administration roay be in the range of
from about 0.1 mig to about 1,000 mg, about 0.2 myg to about 950 mg, about 0.4 mg to

g, about 5 mg to about 750 mg, about 20 mg

o2

about 900 mg, about 1 mg to about 830 m
to about 700 mg, about 30 mg to about 600 mg, about 50 mg to about 500 mg, about
75 mg to about 400 mg, about 100 mg to about 300 me, about 120 mg to about 250

mg, and any and all whole or partial increments therebetween.
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In some embodiments, the dose of a compound of the invention is from
about 1 mg and about 2,500 mg In some cmbodiments, a dose of a compound of the
invention used i compositions described herein is less than about 10,000 mg, or less
than about 8,000 mg, or less than about 6,000 myg, or less than about 5,000 mg, or less
than about 3,000 mg, or less than about 2,000 mg, or less than about 1,000 mg, or less
than about 300 mg, or less than about 200 mg, or less than about 30 mg. Similarly, in
some embodimends, a dose of a second corapound (1.e., a drug used for treating the
same or another disease as that treated by the compaositions of the invention) as
deseribed herein is less than about 1,000 mg, or less than about 800 mg, or less than
about 600 mge, or less than about 500 g, or less than about 400 mg, or less than
about 300 mg, or less than gbout 200 mg, or less than about 100 mg, or less than
about 50 mg, or less than about 40 mg, or less than about 30 mg, or less than about 25
g, or less than about 20 mg, or less than about 15 mg, or less than about 10 mg, or
fess than about 5 mg, or less than about 2 mg, or less than about T mg, or less than
sbout 0.5 mg, and any and all whole or partial incremerns thereof,

In one embodiment, the present invention is directed io a packaged
pharmaceutical composition comprising a container holding a therapeutically
cttective amount of a composition of the mvention, along or in combination with a
second pharmaceutical agent; and instructions for using the composition to treat,

prevent, or reduce one or more symptoms of a disease in a subject.

Routes of Administration

Routes of administration of any of the compositions of the invention
include oral, nasal, rectal, pareoteral, sublingual, transdermal, iransmucosal (e.g.,
sublingual, lingual, (trans)buccal, (transyurethral, vaginal (e.g., frans- and
perivaginally), (intrajnasal, and (transjrectal), intravesical, intrapulmonary,
intraducdenal, intragastrical, intrathecal, subcutancous, intramuscular, infradermal,
intra-arterial, intravenous, intrabrongchial, inhalation, and topical admunistration,

Suitable compositions and dosage forms include, for example, tablets,
capsules, caplets, pills, gel caps, troches, dispersions, suspensions, sclutions, syrups,
granules, beads, transdermal patches, gels, powders, pellets, magmas, lozenges,
creams, pastes, plasters, lotions, discs, suppositories, liquid sprays for nasal or oral

administration, dry powder or aerosolized fornmulations for inhalation, compositions



CA 02986547 2017-11-20

WO 2016/053938 PCT/US2015/052791

1

2

b2

|94

O

{

W

and formulations for intravesical administration and the like. It should be understood
that the formulations and compositions that would be useful in the present invention
are not limited to the particular formulations and compositions that are described

herem.

Controlled Release Formulations and Drug Delivery Svstems

Controlled- or sustained-release formulations of a pharmaceutical
composition of the mvention may be made using conventional technology, using for
cxample proteins equipped with pH sensitive domains or protease-cleavable
fragmentis. In some cases, the dosage forms o be used can be provided as slow or
controlled-release of one or more active ingredients therein using, for example,
kydropropyimethyl cellulose, other polymer matrices, gels, permeable membranes,
osmotic systems, multilayer coatings, micro-particles, liposomes, or microspheres or a
combination thereof to provide the desired release protile in varying proportions.
Suitable controlled-release formulations known to those of ordinary skill in the art,
including those described herein, can be readily selected for use with the
pharmaceutical compositions of the invention. Thus, single unit dosage forms suitable
for oral admuinistration, such as tablets, capsules, gel-caps, and caplets, which are
adapted for controlled-release are encompassed by the present invention,

Most controlled-release pharmaceutical products have a common goal
of improving drug therapy over that achieved by their non-controlled counterparts.
ldeally, the usc of an optimally designed controfled-release preparation in medical
treatment is characterized by a minimum of drug subsiance being employed o cure or
conirol the condition in a minimum amount of time. Advantages of controlled-release
formulations include extended aciivity of the drug, reduced deosage frequency, and
mcreased subject compliance. In addition, controlied-release formulations can be used
to affect the time of onset of action or other characteristics, such as blood level of the
drug, and thus can aftect the occurrence of side eftects.

Most controfled-release formulations are designed to initially release
an amount of drug that promptly produces the desired therapeutic effect, and
gradually and contimnally release of other amounts of drug to maintain this level of

therapeutic effect over an extended period of time. In order to maintain this constant

- 46 -
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fevel of drug in the body, the drug must be released from the dosage form at a rate
that will replace the amount of drug being metabolized and excreted from the body.

Controlled-release of an active ingredient can be stimulated by various
mducers, for example pH, temperature, enzvmes, water or other physiological
conditions or compounds. The term “controlied-relcase component” in the context of
the present invention is defined herein as a compound or compounds, inchiding, but
not Himited to, polyniers, polymer matrices, gels, permeable moembranes, liposomes, or
microspheres or a combination thereof that facilitates the controlled-release of the
active ingredient,

In certain embodiments, the formulations of the present invention may

¢, but are not limited to, short-term, rapid-offset, as well as controlled, for exarmple,
sustained release, delaved release and pulsatile release formulations.

The term sustained release s used in its conventional sense o refer to a
drug formulation that provides for gradual release of & drug over an extended period
of tirne, and that may, although not necessarily, result in substantially constant blood
ievels of a drug over an extended time peried. The period of time may be as long as a
month or more and should be a release that 15 longer that the same amount of agent
administered in bolus form.

For sustained release, the compounds may be formulated with a
suitable polymer or hydrophobic material that provides sustained release properties o
the compounds. As such, the compounds for use the method of the invention may be
administered in the form of microparticies, for cxample, by injection or in the form of
waters or discs by implantation.

In a preferred ernbodiment of the invention, the compounds of the
invention are administered to a subject, alone or in combination with another
pharmacecutical agent, using a sustained release formulation.

The term delayed release is used herem n its conventional sense to
refer 0 a drug formulation that provides for an initial release of the drug after some
delay following drug administration and that mat, although not necessarily, includes a
delay of from about 10 minutes up to about 12 hours.

The term pulsatile release 18 used herein n 1ts conventional sense to
refer to a drug formulation that provides release of the drag in such a way as to

produce pulsed plasma profiles of the drug after drug administration.

KN
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The term immediate release is used in its conventional sense to refer 1o
a drug formulation that provides for release of the drug imwnediately after drug
admunistration.

As used herein, short-term refers to any period of time up fo and
mecluding about & howrs, about 7 hours, about 6 hours, about 5 hours, about 4 hours,
about 3 hours, about 2 hours, about 1 hour, about 40 minutes, about 20 munutes, or
about 10 minutes and any or all whole or partial increments thereot after drug
administration after drug administration.

As used herein, rapid-offset refers to any period of time up to and
including about 8 hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours,
about 3 hours, about 2 hours, about 1 hour, about 40 minutes, about 20 minutes, or
about 10 minutes, and any and all whole or partial increments thereot after drug

administration.

Kits of the Invention

The nvention also includes a kit comprising a compound useful within
the methods of the invention and an instructional material that describes, for nstance,
adnunistering the compound to a subject as a prophylactic or therapeutic treatment for
cancer as described elsewhere herein. In an embodiment, the kit further comprises a
{preferably sterile) pharmaceutically acceptable carrier suitable for dissolving or
suspending the therapeutic composition, comprising the compound usehsl within the
mcthods of the invention, for instance, prior to administering the molecule to a
subject. Optionally, the kit comprises an applicator for administering the compound.

Those skitled in the art will recognize, or be able to ascertain using no
more than routine experimentation, munerous equivalents to the specific procedures,
cembodiments, claims, and exampies deseribed herein. Such equivalents were
considered to be within the scope of this invention and covered by the claims
appended hereto. For example, it should be understood, that modifications in resction
conditions, including but not limited to reaction times, reaction size/volume, and
experimental reagents, such as solvents, catalysis, pressures, atmospheric conditions,
e.g., nitrogen atmosphere, and reducing/oxidizing agents, with art-recognized
alternatives and using no more than routine experimentation, are within the scope of

the present application.
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1t is to be understoond that wherever values and ranges are provided
herein, all vahies and ranges encompassed by these vahues and ranges, are meant to be
encompassed within the scope of the present invention. Moreover, all values that fall
within these ranges, as well as the upper or lower Hmits of a range of values, are also
contemyplated by the present application,

The following examples further illustrate aspects of the present
invention. However, they are in no way a limitation of the teachings or disclosure of

the present invention as set forth herein.

EXPERIMENTAL EXAMPLES

The invention is further described in detail by reference to the
foHowing experimental examples. These examples are provided for purposes of
iltustration only, and are not intended fo be hmiting unless otherwise specified. Thus,
the invention should in no way be construed as being Hited to the following
examples, but rather, should be construed to encompass any and all variations which
become evident as a result of the teaching provided herein.

Without further description, it is believed that one of ordinary skill
the art can, using the preceding description and the following illustrative cxamples,
make and utilize the compounds of the present invention and practice the claimed
methods, The following working examples thevefore, specifically point out the
preferred embodiments of the present imvention, and are got to be construed as

fimiting in any way the remainder of the disclosure.

Example 1: Small molecule NSC39984 restores p33 pathway stenaling and an@i-tumor

cffects against colorectal cancer via p73 activation as well as deeradation of mutant

p53 throush effects on Hsp80 and MDM2

The tumor suppressor p33 prevents cancer development via initiating
cell cycle arvest, cell death, repair, or anti-angiogenesis processes. Over 50% of
human cancers harbor cancer-causing mutant p53. p33 mutations not only abrogate its
tumor suppressor fimction, but also endow mutant p53 with a gain-of-function (GOF),
creating a profo-oncogene that contribuies to tumorigenesis, trmor progression and
chemo- or radiotherapy resistance, Thus, targeting mutant p33 to restore 3 wild-type

p33 signaling pathway provides an attractive strategy for cancer therapy. The results

- 49 .
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presented herein are based on the application of small molecule NSC59984 to not
only restore wild-type pS3 signaling, but alse to deplete mmutant pS3 GOF. NSC359984
mnduces nustant pS3 protein degradation via MDM?2 and the ubiquitin-proieasome
pathoray, NSCS59984 restores wild-type p33 signaling via p73 activation specifically
in murtant pS3-expressing colorectal cancer celis. At therapeutic doses, NS{C59934
incduces p73-dependent cell death in cancer cells with minimal genotoxicity and
without evident toxicity towards normal cells. NSCS39984 syuergizes with CPT1 o
induce cell death in mutant p53-expressing colorectal cancer cells and inhibits mutant
p33-associated colon tumor xenograft growth in a p73-dependent manner in vivo,
Without wishing to be bound by any particular theory, it is believed that specific
targeting of nuutant p33 may be essential for anti-cancer strategies that involve the
stimulation of p73 in order to efficiently restore tumor suppression. Taken together,
the data presented herein identity NSC59984 as a lead compound for anti-cancer
therapy that acts by targeting GOF mutant pS3 and stimulates p73 to restore the pS3

pathway signaling.

The materials and methods used in these experiments are now

described.

Materials and Methods

High-Throuchput Screening

Functional cell-based screening for small molecules that can mcerease
p33-transcriptional activity was performed using noninvasive bichurainescence
imaging in humasn colorectal cancer cells (SW4S0, DLD-1, HCT116 and p53-nuil
HCT116) that stably express a p53-regulated reporter, as previously described (Wang
W, et al., Proc Natl Acad Sct USA 2006; 103: 11003-8). Cells were sceded in 96-well
plates at a density of 5 x 104 cells/well. A dose of 10 pM of each compound from the
NCI diversity set U library (1,990 compounds} was added to each well, respectively.
353 ranseriptional activity was evaluated by bioluminescence imaging in cells using
the IVIS imaging svstem {Xenogen, Alameda, CA) at 2, 24 and 72 hr after compound
treatment, as previously described (Wang W, et al,, Proc Natl Acad Sci USA 2006;

103: 11003-8). Cells treated with 5 pM of Prodigiosin were used as a positive control,

R
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and DMSO treatmient was used as a negative contral in each screened plate. The

biohuminescence in cach treatment was normalized to DMSO wreatiment.

Cell lines

SWAR0, DLD-1, HOT116 and pS3-pulf HCT116 cclis which stably
express a p33-regulated tuciferase reporter were generated as previously described
{Wang ¢t al., 2006, Proc. Natl, Acad. Sci. USA 103:11003-11008; Wang et al,, 2003,
Cancer Biol. Ther, 2:196-202). MRCS, Wi3E, Hop®2 and RXF393 were obtained
from ATCUC and cultured as recommended. Cells were regularty authenticated by

broluminescence, growth and morphological observation.

CellTiter-Glo Euminescent Cell Viability Assay

Cells at a concentration of S804 cells/well in 96-well plates were
treated with NSC59984 or other drugs. At seventy-two hours after treatment, cells
were mixed with an equal volume of Celi Titer-Glo reagents {Promega, Madison, W1},
folowing the manufacturer’s protocol, and bisluminescence imaging was measured

using the VIS imager.

Flow Cytometry Assay

Cells were treated with N3CS59984 or other drugs. Seventy-two hours
after treatrmend, the cells were fixed with cthaneol and stained with Propidium fodide
{P1). The samples were then subjected to analysis by an Epics Ehie flow cytometer to

measure the DNA content of the stained cells.

Knocking Down p73 Expression by Retroviral shRNA

Cells were infected with retrovirus containing the pSIREN-REtpeQQ
retroviral vector recombinant with TAp73 RNAJ Cells were cultured with blasticidin
for several weeks, and blasticidin-resistant clones were selected. Knock-down of p73
was detected by measuring p73 protein kevels by Western blot with anti-p73 antibody

{(Bethy! laboratories Inc. USA).

Over-Expression of p73 by Adenovirus Infection

W
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Cells were infected with an adenovirus that expresses p73-beta (Ad-
p73) or wild type p53 (Ad-p33) and cultured for 24 b, as previously described
(Huang C, et al,, Cancer Biol Ther 2009; 8: 2186-93). Then, the infecied cells were

cultured in fresh medium and subjected to different treatments.

Toununoprecipitiation

Five hundred micrograms of cell lysate were incubated with 2 pg of
antibody overnight at 4°C. Then, 25 ul of protein A-Sepharose beads were added to
the lysates. The mmunoprecipitated proteins were elated from protein A-Sepharose

beads by boiling with 2x sample butter and subjected 1o SDS-PAGE.

Western Blot Analvsis

Proteins were extracted from cells and electrophoresed through 4-129%
SDS-PAGE then ransforred to PVDF membranes. The primary antibodies indicated
in the figures were incubated with the transferred PVEF in blocking buffer at 4°C
overnight. Aniibody binding was detected on PVDF with appropriate IRDye-
secondary antibodies (LI-COR Biosciences, USA)Y by the ODYSSEY mnfrared

imaging systent,

RNA Isolation and Semi-Ouaniitative RT-PCR (gRT-PCR)

Total RNA was isolated from cells using RNeasy muni kit (Qiagen,
USA} by the recommended protocol. Reverse transcription used SuperScript I fisst-
strand synthesis system (Invitrogen, USA} with random primers. gRT-PCR reactions
used SYBR green master mix with the Real-Time PCR Detection systems (Bio-Rad,
USAY. Primers for gRT-PCR are (forward) 5°- GAGGTTGGCTCTGACTGTACY
{(SEQ ID NO: 1) and { reverse) 57-TCCGTCCCAGTAGATTACCA-3 (SEQ ID NO:
2} for pS3, (forward) 5°- TGTCCGTCAGAACCCATG-3" (SEQ 1D NO: 3yand
{reverse) 3-AAAGTCGAAGTTCCATCGOT-3” (SEQ D NG 4) for p21, (forward)
F-GACGACCTCAACGCACAGTA-Y (SEQ ID NG 5) and (reverse) 5'-
AGGAGTCCCATGATGAGATTGT-3 (SEQ ID NO: 6) for Puma, (forward} 57~
GCAGAGCTGGAAGTCGAGTG-3” (SEQ 1D NO: 7) and (reverse} 5'-
GAGCAGAAGAGTTTGGATATCAG-3 (SEQ 1D NO: 8) for Noxa, (forward} 5'-
CTGGOCTACACTGAGCACC-3 (SEQ 1D NG: 9) and (reverse) 5%
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AAGTGGTCGTTGAGGGCAATG-3 (SEQ ID NO: 10) for Gapdh, Target gene

expression levels were nornmalized with Gapdh

Colony Formation Assavs

Franken NA, ot al., Nat Protoc 2006; 1: 2315-9), Cancer cells were
plated at 5300 celle/well on 6-well plate, and then treated with NSC59984 next day. At
3 days atter NSC39984 treatment, cancer cells were cultured with drug-free complete
medium for two weeks with fresh medium changed every 3 days, Cells were fixed
with 109% formalin and stained with $.05% crystal violet at the end of two wecks

period of cell colture.

In vive Anti-Tumor Assays

CRL nude mice (female, 4-6 weeks old) were inoculated s.c. in the
opposite flanks with 5 million DLD-1 or p73 knock-down DLD-1 cells in an equal
volume of martrigel. Treatment with NSC59984 (ip. injection) was initiated when the
tumor masses reached a size of 3-5 mm. NSC39984 {45mg/kg) was injecied by i.p.
route every 5 days. Fifteen days after treatment, the mice were euthanized using an

mstitutional animal care and use commiticc-approved animal protocol.

Statistical Analvsis

Al results were obtained from triphcate experiments, unless other
indicated. Statistical analvscs were performed using PRISM4 Software {(GraphPad
Software, Inc., SBan Dicgo, CA, USA), ANOVA and Student’s {-test. Statistical
significances were determined by p<0.03, Combination indices were calculated using

the Chou-Talalay method with CalcuSyn software{ biosoft).

The results of the experiments are now described.

NSC39984 specifically restores p33 pathway sienaline in mutant p33-expressing

human colorectal cancer cells.

To identity small molecules that could restore p33 pathway signaling,
approximately 1990 small molecules were screened from the Mational Cancer

Institute (NCI} chemical diversity libvary H using a functional cell-based assay that

o
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was previcusly described (Wang W, et al,, Proc Natl Acad Sci USA 2006; 103:
11003-8). Using p33-responsive bioluminescence as a readout in mutant p33-
expressing cancer cells that stably express a p53 reporter, a new small molecular
weight compound was found, NSC39984 (QUPAC name is (E}-1-(d-methyipiperazin-
1-vi-3-(S-nitrofuran-2y Dprop-2-en-1-one, Figure 1A}, This compound increases p53-
responsive biohminescence in SW4E0 cells at a concentration of 10 pM, NS{TS59934
was further applied to a panel of cancer cells that harbor different p53 mutations, and
it was found to mcrease p33-responsive reporter activity, as measured as
bichiminescence, in both SW4SB0 (mmutant pS3 R273H, P3059S} and DLD-1{mutant
p33 8241F) cells in a dose-dependent manner (Islope = 31.37 in SW4ES, and 28.73
in DLD1, P<0.01 compared to cells lacking mutant p33) (Figure 1B and 1C).
Consistent with p53 activation, endogenous protein levels of p21, Puma, Noxa and
DR3, target genes of p33 that can mediate cell cvele arrest and apoptosis,
respectively, were significantly up-regulated in SW4KG cells and DED-1 celis in
response to increasing doses of NSC39984 (Figure 1E). Furthermore, mRMA levels of
p21, Noxa and Puma were significantly increased in a dose-dependent manner in
SW4AED and DBLD-1 cells at 3 hours after NSCS9984 treatment (Figure 1D). These
results demonstrate that NSCS59984 restores p33 pathway signaling in mutant p33-
exprassing SW4B0 and DEDT human colorectal cancer cells, To test whether the
effect of NSCS9984 on resioration of the pS3 pathway was mutant pS3-dependent,
HCTH6 cells and p33-null HCT 116 colls (Figure 1) were treated with NSCS9984.
Increasing doses of NSC59984 shightly induced p53-responsive
bioluminescence in p53-null HCT116 cells {1/ slope=102.9), and no significant
increase of pS3-responsive bicluminescence was observed in wild-type p33-
expressing HCT116 cells (1/slope=328.43 (Figure 1B and 1C). Puma and p21 were
not up-regulated at the mRNA level in these two cell lines, which fack mutant p53, in
reaponse to NSC59984 treatment. Noxa mBNA wag slightly increased in response to
25uM of NSCS9984 fo HCTU6 and 12uM of NSCS9984 in p33 ~null HCT116 cells,
However, Noxa mRNA was increased much less in these two cells than in mutand
p33-expressing cancer cells DLD-1 and SW480 (Figure 1D). Consistent with results
showing lack of morease m mRNA levels of p23 target genes, protemn levels of Puma,
DRS and Noxa were not up-regulated in HCT116 and p33-null HCT116 cells treated

with NSC599%84. Although p21 protein was up-regulated in HCT 116 cells and p33-
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mill HCT116 cells (Figure 1E), the mRNA level of p21 was not significantly
increased in response to NSCS59984 treatment (Figure 1), suggesting that
NSC59984-mediated up-regulation of p21 protein occurs at a post-iransiational level
m HOT116 and p53-null HCTU16 cells. Taken together, these results demonstrate that
NSC599%4 restores p33 pathway signaling specifically in mutant p53-expressing

human cancer cells.

MNSC59984 induces cell death in tumor cells but not normal cells with

little or no genotoxicity.,

The effect of NSC39984 on cell death in tumor cells was investigated
because NSC39984 restores the p33 pathway in mutant p33-expressing cancer ceils.
EC50 values for NSC59984 were first determined in CellTiter-Glo luminescent cell
viability assay using a panel of cancer cell hnes bearing different p33 mutations, The
ECS0 of NSCS59984 varted among different cancer cell Hues tested, which harbor
different p33 nwtations. The EC30 of NSCS59984 in most cancer cells was found to be
significantly lower than those of normal cells (Figure 2A}). FACS analysis showed
that 25 pM of NSC59984 increased the sub-G1 DNA content (26-56%) in cancer
cells, but not in normal cells at 72 hr after treatment (Figure 2B), The high dosc of
NSC59984 (50uM) led to a 55-93% cancer cells 1o have sub-G1 content but only 12%
and 30% of DNA content was found to be in Sub-G1 in Wi38 and MRCS normal
human fibroblast cells (Figure 2B). Taken together, these data demonsirate a
favorable therapeutic index between normal and cancer colls. Colony formation
assays further confirmed that NSCS9984 was toxic toward cancer cells. Thus,
NSC59984 significantly reduced colony numbers in cancer cells (Figure 2C). Cleaved
PARP was also examined as 2 hallmark of caspase 3-dependent cell death in cells
treated with NSCS9984 for 30 hours, As shown in Figure 2B, NSC59984 mcreased
PARP cleavage in cancer cells in a dose-dependent manner, bul PARP cleavage was
not observed in normal cells at the same doses. On the basis of these findings, it was
demonstrated that NSC59984 induces cell death in cancer cells but displays Litle or
no cytotoxicity toward normal cells at the doses tested.

1o determine whether NSCS9%E4 has chemical genotoxicity that may
be involved in ceH death and p33 pathway restoration, the level of yH2AX, a marker

of genotoxicity due to DNA double-strand breaks, was examined (Kuo L, et al., In

=4
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Vive 2008; 22: 305-9), No vH2AX was found in SW4E0 and DLD-1 cancer cells
treated with NSC59984 within 24 hr, even at high concentrations of S0uM (Figure
ZE-2G). These data demonstrate that NSCS59934 has little or no genotoxicity at the
doses that effectively kill mutant p33-expressing cancer cells. An increase of YH2ZAX

in HUT116 cells was observed at 8 hours after 12 pM of NSC59984 treatment,

NSCS59984 induces mutant p33 protein degradation throush MDM2-

mediated ublguitination in cancer cells.

Given that NSCS9984 restores pd3 pathway signaling specifically g
moutant p33-expressing cancer cells, mutant pS3 was hypothesized to be the molecular
target in NSCS59%984-treated cancer cells. To address this issue, the effect of
NSC59984 treatment on p53 protein levels was examined in a panel of human tumor
cells that carry different pS3 muutations, including SW4S0 cells {mutant p53 R273H,
P309S), DLD-1 cells (mutant pS3 S241F), Hop22 celis (maatant pS3 RI75L) and
RXF393 cells (mutant p33 RI75H). NSC39984 treatment down-regulated various
mutant p33 proteins in these cancer cell lines in a dose-dependent manner (Figure
3A). By contrast, wild-type p53 protein was up-regulated in MRC-5 normal cells
treated with S0uM of NSC59984 (Figurc 3B} as well as in HCT116 cancer cells
treated with 235 and SOpM of NSC39984 (Figure 3C). The up-regulation of wild-type
P53 proiein was correlated with the increase of vYH2ZAX (Figure 2F) in HCT 116 cells
treated with NRCS59984. These results demonsirate that NSCS9984 specifically down-
regulates the mutant p53 protein. Neither cleaved PARP, an carly marker of cell death
(Figure 3}, nor subGl DNA-content was increased in Hop92 and SW4E0 cells treated
with 25uM and 30pM of NSCS9984 (Figure 8) in the context of reduced mutant pS3
protein expression. [ncreasing dose of NSCS9984 (50uM} slightly increased Sub-Gi
DNA content t0 8.7 and 8.2% from 4.5% and 5.8% of DMSO treatment in RXF393
and DLD-1cells, respectively (Figure 8). At this dose, 23-30% of total mutant p33
profein was degraded in DLD-1 and RXF393 cells treated with NSCS59984 (Figure
3A). Taken together, these results demonstrate that cell death is not o significant
mechanism by which NSC59984 reduces mutant pS3. Without wishing to be bound
by any particular theory, it 1s believed that these results exclude the possibility of cell
death as a major mechanism for the NSC39984-mediated depletion of mutant p53

protein. Ubiquitination is a major mechanism by which p53 protein stability is



CA 02986547 2017-11-20

WO 2016/053938 PCT/US2015/052791

|94

10

24

b2
W

regulated (Brooks CL, et al,, Mol Cell 2006; 21: 307-135). Therefore, it was
investigated whether ubiguitination is involved in the NSCS9984-mediated down-
regulation of mutant pS3. Mulant p33-expressing cancer cells were treated with
MG132, a proteasome inhibitor.

MG132 reatment rescued the NS{U59984-mediated down-regulation of
mutant pS3 (Figure 4A). Moreover, increased ubiquitination of mutant p33 was
detected in cancer cells treated with NSC39984 and MG 132 (Figure 4C). Taken
together, these results demonstrate that NSC359984 causes mutant p23 protein
ubtquitination and proteasomal degradation. To further determine whether p53
transcription contributes to the NSC39984-mediated decrease of nuitant p33, the
mRNA level of mutant p33 was examined in SW480 cancer cells. it was found that
053 mRNA was not decreased in SW480 cells at 3hr or at 16hr of continuous
NSC59984 treatment as compared to the DMSO control (Figure 40}, These results
taken together demonstrate that the effect of NSC59984 on decrease of nuatant pS53
protein occurs mostly at the post-iranstational level,

MDM?2 is a specific E3 ubiguitin ligase that regulates p53 protein
degradation (Wade M et al,, Nat Rev Cancer 2013; 13: 83-96; and Brooks CL, et al.,
Mol Cell 2006; 21: 307-15}. The aberrant accumulation of mutant p33 in cancer cclis
has been attributed in part to reduced MDM2Z expression by the transcriptionally
dysfunctional mutant p33 in the cancer cells (Oren M, et al., Cold Spring Harb
Perspect Biol 2010; 2: aG01107). To investigate the role of MIDM2 in NSC59984-
mediated mutant p33 protein degradation, nutant p33-cxpressing cancer colls were
treated with nutlin-3, an MDM2 inhibitor, Nutlin-3 treatment partially rescued the
NSC59984-induced decrease m mutant p33 (Figure 48). 1t was further found that
rmtant p53 was phosphoryiated at Thr3S and MDM?2 was phosphorylated at Serl166
in response to NSC59984 treatment in SW4AE0 cells (Figure 4A and 4B). Both
phosphorylation of p33 at Thr 55 and phosphorylation of MDM2 at Ser166 are
iraportant protemn modifications which allow p383 degradation via MDM2 (Franken
NA, et al., Nat Protoc 2006; 1: 2315-9; Li HH, et al., Mol Cell 2004; 13: 867-78; and
Meek DW, et al., Mol Cancer Res 2003; 1: 1017-26). Taken together, these results
demonstrate that NSC39984 induces nuutand pS3 protein degradation m part through

an MDMZ2-mediated proteasomal mechanism.
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To determine whether there is a wild-type conformational shift in p33
after NSC39984 treatmuent of mutant p33-expressing cancer cells, the wild-type pS3
protein in RXF393 cells was examined using the Pab1620 antibody, which
specifically recognizes a wild-type pS3 protein epitope in human cells, and cells with
rmutant pS3 do not stain as they lack the wild-type p33 epitope. RXF3I93 contains
mmitant pS3 R175L, which is a mutant that has been previously examined after
exposure of p33 mutant conformation modifying agents (Yu X, et al,, Cancer Cell
2012; 21 614-25). However, immunohistochemistry revealed no staining with
Pabi620 in RXF393 cells betore or after NS{U59984 {reatment. Immunoprocipitation
assays further confirmed that no pS3 protein bound with the Pab1620 antibody in
RXF393 cell reated with NSC39984 (Figure 9. Without wishing to be bound by any
particular theory, it is believed that these results do not support a conformational shift
towards wild-type of muotant p33 1n cells after NSCS59984 treatment, and they also
exchide the possibility that mutant p33 degradation is due to a wild-type 53
conformational change. The results demonstrate that NSC39984 specifically induces
mutant p33 protein degradation, at least in part, via the MDMZ-mediated degradation

through the ubiquitin-proicasome pathway.

NEC59084 restores pS3 pathway signaline through activation of p73.

Because muotant p53 protein is altered by NSC39984, it is possible that
mutant pS3 degradation leads to the release of p73 from their mutual complex.
Theretore, it was hypothesized that p73 function may be stimulated in NSC39984-
treated cancer cells as a mechanism to restore p33 pathway signaling. Te address this
issue, the effect of NSCS9984 on the p83 pathway was examined in mutant p33-
expressing turnor cells in which p73 was either overexpressed by adenovirus infection
or constitutively knocked-down by shRNA. Overexpression of p73 was found to
enhance pS3-responsive reporter expresaion {(Figure SA), consistent with the previous
repotts that p73 binds to p33 target gene promoters o stimulate transactivation
(Dotsch V, et al, Cold Spring Harb Perspect Biol 2010; 2: a004887). Then, p73-
overexpressing cells were further treated with NSCUS59984, and real-time
bichurainescence imaging showed that NSC59984 treatment significantly increased
p33-responsive bioluminescence interestingly to much higher levels in the p73-

overexpressing SW480 cells than in the wild-type pS3-overexpressing SW480 cells

o

wr
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(Figure SA}. NSC39984 treatment was further applied to SW480 cells in which p73
wag constantly knocked-down by shRNA (Figure 5B and SC). The NSC39984-
indoced pS3-responsive bioluminescence was abrogated by knock-down of p73
{Figure 5B). It was consistently observed that NSCS%984-mediated up-regulation of
endogenous of p21,Puma, DRS and Noxa proteins was redaced by p73 knock-down
{Figure SC). However, a small amount of p21 protein induction was still observed in
P73 knock-down DLD-1 cells wreated with 25uM of NSC59984 (Figure 5C).
NS{C59984 was found to up-regulate p21 expression at the protein level m HCT116
cells (Figure 1}, Without wishing to be bound by any particular theory, it is possible
that p21 expression is regulated at transcriptional and protein levels in BLD-1 cells in
which mRNA and protein levels of p21 were increased in response to NSC59984,
although it is believed that only the transcriptional effects are pS3-dependent (Figure
1}. Thus, knock-down of p73 only partially inhibited the NSCS9984-mediated
increase of p21 protetn w DLD-1 cells (Figure 5C). Taken together, these results
demonstrate that p73 appears to be required for NSC39984 to restore the p53 pathway

in mutant p33-expressing cancer cells.

NSC59984 mduces p73-dependent cell apopiosis in cancer,

(iven the role of p73 in the NSC59984 restoration of the p33 pathway,
the impact of p73 on NSCS9954-induced cell death was next investigated. It was
found that NSCS9984 treatment synergized with exogenous p73 to reduce cell
viability in DLD-1 cancer colls (Figurc 6A, Tablc 1), By contrast, ccll viability in p73
knock-down DLE-1 cells was found to be higher than those in DLD-1 cells after
NSC59984 treatment (Figure 6B). FACS assays revealed that the percentage of cells
with sub-G1 content was increased by NSC59984; however, the effect of NSC59984
was significantly reduced by knock-down of p73 (Figure 60}, demonsirating that
deficiency of p73 rescues cells from NSC59984-induced apoptosis. Consistent with
these observations, NSCS9G84-induced PARP cleavage was partially abrogated by
knock-down of p73 in DED-1 cells at 24 hours of NSCS9984 treatment (Figure 6D).
Taken together, these results demonstrate that NSC59984 induces p73-dependent cell

death in mutant p53-cxpressing cancer cells,
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Combinatorial activity in DLD-1cell lines guantified in Figure 64 was assessed by the
5 Chou-Talalay method on cell viability. Combination index {Cl)<1,=1 and >1 indicate
synergism, additive effect and antagonism in drug combination treatmeant.

CPT111s a DNA damaging agent used as cancer therapy i the elinic
to treat colorectal cancer. CPT1 treatment has been reported to increase p73 protein
10 levels in cancer cells (drwin MS, et al,, Cancer Cell 2003; 3: 403-10). To test whether
NS{59984 mediates the cellular sensitivity to conventional chemotherapy, the
combination of NS{U39984 and CPT 11 was applied to cancer cells and normal homan
fibroblast cells. There was synergic activity of combinational treatment with

NSC58984 and CPT11 in SW4RD colon cancer cells as well as in normal fibroblast

L

MRS and WilBeells (Table 2). Cell viability assay showed that combinational
treatment with NSC39984 and CPT11 significantly reduced cell viability in SW4R0

cancer cells as compared to those in MRCS and Wi38 normal cells (Figure 6E).

Table 2: Combination indices for the NSC59984 and CPT-11 treatment on call

20 wiability in celis

- 60 -
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SWA480 cancer cells, MRC-5 and Wis38 normal fibroblast ceils were treated with
NSC59984 and CPT-11 for 72 hr. Combinatorial activity in cells was assessed by the
Chou-Talalay methoed on cell viability. Combination index {Ch<i,=1 and >1 indicate
synergism, additive effect and antagonism in drug combination treatment.

NS(C599%4 represses xenograft tumor growth in vivo.

The potential therapeutic effects of NSC39984 was further tested in
nude mice bearing colon-tumor xenografts, DLD-1 and p73 knock-down DLD-1 cclis
were implanted subcutaneously in the opposite flanks in each mouse. When tumor
masses grew (o a size of 3-5 mam in diameter, NSC59984 was administered intra-
perttoneally every 5 days. NSCS59984 did not cause an obvious change m mouse body
weights (Figure 7D), and no overt toxic cffect of NSC359984 was obscrved in mice
with the tested dose, NSCS59984 wreatment significantly repressed DLD-1 xenograft
tumor growth as compared to the DMSO control (Figure 7A). Tumor weight was
further measured at day 15, the terminal point of the experiment. Tumor weight was
the NSC39984 suppresses tumor growth {(p<0.03, Figure 7Ch By contrast, tumaor
growth suppression was not observed in p73 knock-down DLD-1 xenograft tumors in
response to NSC39984 at the same dose (Figure 7BY, NSC59984 treatment reduced
tumor weight by 18% in 973 knock-down DLD-1 xenograft tumors (Figure 7C).
These resvlts further confirm the observation in virro that p73 18 required for

NSC59984 o induce tumor cell death in DLD-1 cells, Taken together, this study
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demonstrates that NSCS59984 is a candidate compound for further evaluation as a

cancer therapeutic agent,

NSC59984 has the dual ability to restore the p33 pathway and to tareet

mutant p53 for deeradation

Most small molecular weight compounds targeting mutant p33 n
cancer therapy do so by either restoring the p33 pathway or by abolishing mutant p33
to remove GOF. Here, a small molecule with the dual ability to restore the p33
pathway and to target mutant p33 for degradation is reported. NSCS9984 not only
specifically restores the pd3 pathway through p73 but also depletes mutant p53
protein in mutant pi3-expressing cancer cefls, p73 is demonstrated to be required for
NSC59984 to restore the p53 pathway and induce cancer cell death. There are several
thousand mutations of pS3 that have been reported in human cancer (Olivier M, et al,
Cold Spring Harb Perspect Biol 2010; 2: a00 1008}, Mutations can have a varving
effect on nmtant p33 protein structure and function. Most small molecules restoring
the p353 pathway have been identified and tested against a certain mutation of p53. For
exarple, dentification of Phikan083 was based on the Y222C mutation (Boeckler
FM, et al., Proc Nati Acad Sct USA 2008; 105: 10360-5), SCHS29074 was based on
N26ER mutation{38}, PRIMA-1 was based on the mutations at residues 273 and 175
{Bykov VI, et al,, Nat Med 2002; 8: 282-8) and NSC-319726 was based on R175H
mutation (Yu X, et al., Cancer Cell 20172; 21 614-25). Therefore, it has remained a
challenge to develop universal p53-restoring drugs.

In this study, NSC59984-mediated mutant pS3 protein depletion was
not specific to a certain youtant p33 protein. NSC39984 was demonsirated fo cause
degradation of multiple mutant p53 proteins in a variety of lopan cancer cell lines
{Figure 3A)}, showing the versatility of NSCS9984 {0 target various mutants.
Importantly, NSC39984 specifically targets nustant pS3 and the restoration of the p33
pathway tn mutant p33-expressing cancer cells, and may also have p33 pathway-
independent effects in other tumor cell Hnes, i.e. p21 upregulation, that may suppress
their growth. i was found that NSC59984 treatment leads to the degradation of
moutant p33, but not wild-type p33 protein. Wild-type p33 protem was up-regulated by
NSC59984 at high doses in normal cells and cancer cells (Figure 3B and 3C). A

corresponding effect of NSCS59984 was documented to specifically restore the p53

- 62 -
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pathway in mutant p53-expressing colorectal cancer cells, but not reactivation of the
133 pathway in tumor cells with wild-type pS3 or restoration of the p53 pathway in
those that are p33-null. This is based on the findings that: 1) NSC59984 increased
p33-Luec reporter hioluminescence only in mutant p33-exprassing cancer cells SW48%
and DLD-1; 2} expression of the p53 target genes p21, Puma, DRS and Noxa was
significantly up-regulated at the mRNA and the protein levels by NSCS9984 in
mitant pS3-expressing cancer cells SW4R0 and DLD-1 as cormopared fo those in wild-
type p33-expressing HCT116 and p53-ruall HCT116 (Figurel); 3) NS{C59984
signtficantly tncreased p33-reasponsive bioliminescence to much greater levels in p73-
overcxpressing SW4E0 cells than n pS3-overexpressing SW4ARD cancer cells (Figure
3A). These data demonstrate the specificity of NSC39984 for targeting p33 mutant in
cancer. The specificity and versatility of NSCS59984 for targeting muutant p53 show
that NSCS9984 15 a promusing small molecule drug candidate for further development
through targeting restoration of the pS3 pathway in part through degradation of the
nwstant p33 protein

The mutant p33 protein level is high in tumor cells due to its
stabilization (Freed-Pastor WA, et al,, Genes Dev 2012; 26: 1268-86). Stabilization of
mutant p53 is mostly duc to the inability of mutant p53 fo interact with MDOM?Z, an E3
ubiquitin ligase (Oren M, et al,, Cold Spring Harb Perspect Biol 2010; 2: a1 107).
The data demonsirates that NSC59984 induces mutant p53 protein degradation via
MDMZ-mediated ubiquitination and proteasomal degradation (Figure 4). Another
compound, NSC319726, provided s meodel for the wild-type conformational change
from mutant p33 to be sequentially degraded through MDM2-mediated ubiguitination
{Yu X, et al,, Cancer Cell 2012; 21: 614-25).

However, a wild-type p53 conformational change was not found in
tumor cells treated with NSCS9984 (Figure 9) or down-regulation of wild-type p53
protein by NSC359984 treatment (Figure 3B and 3C). These results demonstrate that
NSC359984 mediates the down-regulation of p33 due to mutant p33 degradation rather
than restoration of a less stable wild-type p33 protein.

Hsp90 and hsp70 are two molecular chaperones that stabilize mutant
P33 protein by affecting the MDM2-mediated turnover of mutant p53 (Peng Y, et al,,
J Biol Chem 2001; 276: 40583-90}. Thus, mutant p53 cscapes from MDM2-mediated

degradation, and there are lower levels of MDM?2 in mutant p53-expressing cells due
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to reduced transactivation of the MDMZ gene by p33 {(Oren M, ¢t al,, Cold Spring
Harb Perspect Biol 2010; 2: a001107). Inhibition of Hep%0 by siRNA or small
molecules, such as HDACT or 17AAG, has been shown to destabilize vwutant p53
through MDM2 activity (L1 D, et al,, Cell Death Differ 20171, 18: 1904-13; and 11 I,
ctal., Mol Cancer Res 2011, 9 577-88) It remained unclear whether NSC59984
induces mutant p33 protein degradation through distarbing the MDM2-hsp chaperone
axis. Without wishing to be bound by any particular theory, it is belisved that a
conformational change of mutant p53 is another possible mechanism of mutant p53
degradation by NSC59984. For example, CP31398 induces a wild-type
conformational change in muitant pS3 by modifying the unfolded mutant p33 (Foster
BA, et al., Science 1999; 286: 2507-10). PRIMA causes 3 conformational change by
forming adducts with thiols in the mutant p33 core domain (Lambert IM, et al,
Cancer Cell 2009; 15: 376-88). Although NSC59984 did not restore a wild-type p53
conformation, without wishing to be bound by any particular theory, it is possible that
NSC359984 converts the mutant p33 structure to one more amenable to the MDM2-
mediated ubiquitination to regulate mutant p53 degradation. Phosphorylation of
mutant p33 at Thr 53 and phosphorylation of MIDM?2 at Ser] 66 were found in SW43(
cancer cells treated with NSC59984 (Figure 4}, Phosphorylation of p53 at Thr55 and
phosphorylation of MEM?2 at Ser166 have been reported {0 contribute to p53 protein
ubiguitination (Li HH, ot al., Mol Cell 2004; 13: 867-7&; and Meck DW, et al., Mol
Cancer Res 2003; 1: 1017-26). The rosults demonstrate a possibility that NSC59984
induces mrtant pS3 and MDM?2 protein modifications which contribute to mutant p33
protein degradation.

Mutant p33 protein degradation is an effective means to remove iis
GOF, resulting in release of p73 and other factors from ishibitory complexes with
rmutant pS3. However, many mutant p33 protein targeting small molecules, such as
HDACTE and 17AAG, do not restore the p53 pathway (L4 D, et al., Cell Death Differ
2011; 18; 1904-13; and Li D, et al,, Mol Cancer Res 201 1; 9: 377-88), Unlike these
netand pS3-targeting agents, NSC59984 not only degrades mutant p53 profein to
release p73, but also induces p73-dependent p53 restoration (Figure 1 and Figure §).
Without wishing to be bound by any particular theory, it 1s possible that NSC59584
converts the released p73 to an active form or siabilizes p73. Active p73 functions as

a transcription factor to up-regulate pS3 target genes such as p21, puma and DRS. [t
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was found that NSC59984 significantly induces p73-dependent p33 restoration only
in motant p33-expressing cancer cells (Figire 1 and 5}, but not in pS3-null or wild-
type p33-expressing HCT116 cells that condain wild-type p73 (Figure 1). These
results demonsirate that restoration of the p33 pathway occurs, at least in part, through
the release of p73 in mutant pS3-cxpressing tumor cells. The fraction of released and
active p73 could be increased by mutant p33 degradation. p73 protein levels were not
found to be increased in the routant pS3-expressing fumor cells treated with
NS{C59984 at 8 hours by Western blot assay using anti-p73 antibody (Bethyl
{aboratories Inc.}. Without wishing to be bound by any particular theory, t is possible
that post-translational moditications of p73 protein are induced by NSC39984, and
that such NS{C59984-medisted modifications interrupt the anti-p73 antibody (Bethyl
Laboratories Inc.) recognizing modified p73 protein. It was found that NSC59984
significantly enhanced p73-dependent p53-responsive reporter bioluminescence in the
p73-overexpressing cells (Figure SA), suggesting that active p73 is involved in
NSC359984-mediated p33 restoration. p73 activity is regulated by complex post-
translational modifications and protein-protein interactions. For example, p73 is
activated by phosphorylation and acetylation through different signal pathways. In
addition, activation of p73 is also controlied by interaction with difterent p73
isoforms {Conforti F, et al,, Cell Breath Dis 2012; 3: ¢285). Nevertheless, it was
demonstrated that p73 is required for NSC59984 o induce cell death in addition (o
restoring p33 pathway. Knock-down of p73 was tound to not only rescue cells from
apoptosis induced by NSC59984 in vifro (Figure 6), but also to prevent the
NES{C59984-mediated suppression of xenograft tumor growth in vivo (Figure 7).
Although mutant p33 deletion has been reporied to be sufficient to induce cell death
{(Li D, etal, Cell Death Differ 2011, 18: 1904-13; and Li D, et al., Mol Cancer Res
2011, 6 577-88), these findings demonsirate that NSC59984-induced cell death is
p73-dependent in mutant p33-expressing cancer cells. Activation of p73 is an
iraportant step for p73-induced cell death (Counforti F, et al., Cell Death Dis 2012; 3:
€285). Without wishing to be bound by any particular theory, it is believed that since
p73 is required for both NSC59984-mediated pS3 restoration and cell death, it is
possible that NSCS39984 induces cell death via p73-dependent restoration of the p33
pathway, Thercfore, NSC59984 offers a rational bypass mechanism of p53 restoration

via the activation of p73 to kill cancer cells. Based on these findings, a model is
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provided for NSCS59984 working in cancer cells (Figure7£). NSC39984 releases p73
from the inhubitory complex of mutant pS3 by degrading mutant p33. The released
173 may be further converted to the active forra by NSC59984. Active p73 then
restores the p33 pathway, NSC59984-mediated p33 restoration and/or active p73
together with depletion of GOF may result in tumor suppression (Figure 7E),

NECS9984 induces cell death in mutant p53-expressing cancer cells
with miniral genotoxicity.

Importantly, no cytotoxicity of NSC59984 was found against normal
cells at the doses tested (Figure 23, demonstrating the safety of NSC59984
administration for cancer therapy. Indeed, in vive experiments demonstrate that 1.p.
injection of NSC359984 suppresses xenograft tumor growth (Figure 7}, but was not
toxic toward animals, demonstrating that NSC59984 may be further evaluated for
clinical development. Mutant p33 protein degradation releases mauny factors,
inchiding p73, from the nustant pS3 protein coroplex (Freed-Pastor WA, et al,, Genes
Diev 2012; 26 1268-86), which might result in p73 independent off-target effects.
Because of the specificity of NSC59984 for mutant p33, the potential off-target
etfects may be bmited in mutant p33-expressing cells and may not affect normal cells
containing wild- fype p33. However, the anti-tumor cffect of NSCS9984 on cancer
cells is not limited in pS3-mutant cancer cells (Figure 1). It is noted that NSC59984
induced cell apoptosis in wild-type pS3-expressing as well as pS3-null cancer cells,
demonstrating that the cell death induced by NSC39984 in these cell hines 18 pS3-
independent, It is possible there may be tumeor suppressive effects duc to NSC39984-
mediated up-regulation of p21 protein in these two cell lines (Figure 13 These
findings demounstrate that NSC39984 regulaies p21 expression at the post-
transkational level in BCTHS and p33-null HCT116 cancer celis. p21 regulation at
the post-translational level could be an off-target effect of NSCS9984 in cancer cells.

P73 1s an important determinant of chemosensitivity. In response to
cellular stresses and DINA damage, p73 is activated through different signaling
pathways and enhances chemosensitivity (Conforti F, et al,, Cell Death Dis 2012, 3
£285; and Irwin MS, et al., Cancer Cell 2003; 3: 403-10). However, mutant p53
mhibits p73 activation, resulting i drog resistance, The finding that NSC39984
rescuss p73 activity fo restore the p33 pathway provides a potential application of

NSC59984 to reduce chemoresistance. Indeed, NSC39984 synergizes with CPT11 to

- 66 -



suppress colorectal cancer cell growth (Figure 6E, Table 2). Therefore, NSC59984
warrants further evaluation in combination therapy to reduce the dose of CPT11
required for growth suppression in colorectal cancer. Combinatorial treatment with
NS(C59984 may minimize the side effects of CPT11 chemotherapy and increase its
5 anti-tumor effects in colorectal cancer patients. Taken together, these results

demonstrate that NSC59984 is a candidate therapeutic as both a single agent or in
combination with conventional chemotherapy. Based on the findings in this study,
NS(C59984 is a promising drug candidate that specifically targets mutant p53 via a
mechanism involving both mutant p53 depletion and p73-dependent p53 pathway

10  restoration.

While this invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this invention
may be devised by others skilled in the art without departing from the true scope of

15  the invention. The appended claims are intended to be construed to include all such

embodiments and equivalent variations.
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Claims:

1. A pharmaceutical composition for use in treating a cancer
associated with a p53 mutation, the composition comprising a pharmaceutically

5  acceptable carrier and a compound of formula (I) or a salt, solvate, or N-oxide thereof:

@,
wherein in formula (I):
ring A is a 5- or 6-membered monocyclic heterocyclyl ring;
ring B is a monocyclic heteroaryl, furyl, S-nitrofuryl, or a 5- or 6- membered
10 monocyclic heterocyclyl ring;
the bond between carbon 1 and carbon 2 is either a single bond or a double bond,;
each occurrence of R! and R? are independently -C1-Cs alkyl, -C1-Cs fluoroalkyl, -
C1-Cs heteroalkyl, F, C1, Br, I, -CN, -NO, -OR?, -SR?, -S(=0)R?, -S(=O).R’, -
NHS(=0)R>, -C(=0)R?, -OC(=0)R>, -CO2R>,
15  -OCO2R® -CH(R®), -N(R?), -C(=0)N(R®)2, -OC(=0)N(R?),, -NHC(=O)NH(R>),
-NHC(=0)R?, -NHC(=0)OR?, -C(OH)(R?)2, or -C(NH2)(R*)z;
ring B contains at least one R? group, and each of the at least one R? is
independently F, Cl, Br, I, -CN, -NO2, -C(=0)R’, -CO2R*, -S(=O)R® or -S(=O)2R’
R* and R* are each independently H or C1-Cs alkyl, wherein the alkyl group is
20  optionally substituted with 0-5 R! groups;
each occurrence of R® is independently H or C1-Cs alkyl;
X 1s an integer from 0 to 5; and

y is an integer from 1 to 5.

25 2. The pharmaceutical composition for use as claimed in claim 1,

wherein ring A is a 6-membered monocyclic heterocyclyl ring.
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3. The pharmaceutical composition for use as claimed in claim 1,

wherein ring A is piperazinyl.

4. The pharmaceutical composition for use as claimed in claim 1,

wherein ring A is 4-methyl piperazinyl.

5. The pharmaceutical composition for use as claimed in any one of

claims 1 to 4, wherein ring B is a monocyclic heteroaryl ring.

6. The pharmaceutical composition for use as claimed in claim 5,
wherein the heteroaryl ring has one heteroatom, wherein the heteroatom is alpha to the

linkage between ring B and carbon 2.

7. The pharmaceutical composition for use as claimed in any one of

claims 1 to 4, wherein ring B is a 5- or 6-membered monocyclic heterocyclyl ring.

8. The pharmaceutical composition for use as in claim 7, wherein the
heterocyclyl ring has one heteroatom, wherein the heteroatom is alpha to the linkage

between ring B and carbon 2.

9. The pharmaceutical composition for use as claimed in any one of

claims 1 to 4, wherein ring B is furyl.

10.  The pharmaceutical composition for use as claimed in any one of

claims 1 to 4, wherein ring B is S-nitrofuryl.

11.  The pharmaceutical composition for use as claimed in any one of

claims 1 to 10, wherein R? and R* are each hydrogen.

12.  The pharmaceutical composition for use as claimed in claim 1,

wherein ring A has 1 to 2 ring heteroatoms.

13.  The pharmaceutical composition for use as claimed in claim 1,

wherein ring A has 1 to 2 ring nitrogens.
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14.  The pharmaceutical composition for use as claimed in claim 1,

wherein at least one of R? is an electron withdrawing group.

5 15.  The pharmaceutical composition for use as claimed in any one of
claims 1 to 14, wherein one of the at least one R? group is beta to the linkage between

ring B and carbon 2.

16.  The pharmaceutical composition for use as claimed in any one of

10 claims 1 to 15, wherein the bond between carbon 1 and carbon 2 is a double bond.

17.  The pharmaceutical composition for use as claimed in claim 1,
wherein the compound of formula (I) is (E)-1-(4-methylpiperazin-1-yl)-3-(5-nitrofuran-2-
yl)prop-2-en-1-one (NSC59984)

0
NSO
/'\Q %/N\O‘

or a salt, solvate, or N-oxide thereof.

15

18.  The pharmaceutical composition for use as claimed in claim 17,
wherein the NSC59984, or the salt, solvate or N-oxide thereof, stimulates p73 activity,
20  targets mutant p53 for degradation and exhibits anti-tumor effects in vivo in a p73-

dependent manner.

19.  The pharmaceutical composition for use as claimed in claim 17,
wherein the NSC59984, or the salt, solvate or N-oxide thereof, exhibits anti-tumor

activity against cancers associated with a pS3 gain of function (GOF) mutation.

25 20. The pharmaceutical composition for use as claimed in any one of
claims 1 to 17, wherein the cancer is associated with a p53 gain of function (GOF)

mutation.
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21.  The pharmaceutical composition for use as claimed in claim 20,
wherein the cancer is selected from the group consisting of carcinomas, sarcomas,
lymphomas, leukemia, blastomas, germ cell cancers, breast cancer, lung cancer,
pancreatic cancer, stomach cancer, bone cancer, ovarian cancer, prostate cancer, bladder

5  cancer, cervical cancer, colon cancer, skin cancer, gliomas, esophageal cancer, oral
cancer, gallbladder cancer, liver cancer, testicular cancer, uterine cancer, thyroid cancer,

and throat cancer.

22. The pharmaceutical composition for use as claimed any one of
claims 1 to 21, wherein the composition is for use in combination with one or more other

10  therapy.

23.  The pharmaceutical composition for use as claimed in claim 22,
wherein the one or more other therapy is radiation therapy, chemotherapy, or a

combination thereof.

24.  The pharmaceutical composition for use as claimed in claim 23,
15  wherein the one or more other therapy is for use at a lower level compared to the level

when used in the absence of the compound of formula L.

25.  The pharmaceutical composition for use as claimed in claim 21,

wherein the cancer is colon cancer, lung cancer, and combinations thereof.

26.  The pharmaceutical composition for use as claimed in claim 25,

20  wherein the cancer is colon cancer.

27.  The pharmaceutical composition for use as claimed in claim 25,

wherein the cancer is lung cancer.
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