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FIG. 3
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NOVEL ANTHRANILIC AMIDES AND THE
USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/876,645, filed Sep. 11, 2013,
which 1s specifically incorporated by reference herein 1n its
entirety.
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[0002] This invention was made with government support
under grant numbers RO1 CA125806 and R15 CA176496
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FIELD

[0003] The present invention relates to anthranilic amide
compounds useful for the ihibition of MEK kinases, such
as MEKS5 and/or MEK1/2, for example 1n the treatment of
various cancer types.

BACKGROUND

[0004] Cancer 1s the second leading cause of death 1n the
United States, only exceeded by heart disease. Cancer 1s
characterized by uncontrolled proliferation and systemic
dissemination of tumor cells as a result of dys-regulation of
cellular pathways that control normal biological functioning.
Mitogen-Activated Protein Kinases (MAPK) are a family of
protein-serine/threonine kinases. These kinases are major
components of pathways that control embryogenesis, cell
differentiation, cell proliferation, and cell death. Cellular
responses to a wide variety of stimuli, including mitogens,
osmotic stress, heat shock and proinflammatory cytokines,
are directed by MAPKs. The activation of MAPKs requires
complicated intersecting signaling cascades triggering phos-
phorylation events. The MAPK pathway mnvolves a phos-
phorylation cascade where a MAP kinase kinase kinase
(MEKK) phosphorylates the subsequent MAP kinase kinase
(MEK), which then phosphorylates the next downstream
kinase MAP kinase (ERK).

[0005] The MEKDS signaling pathway allows cells to sur-
vive oxidative stress and can be activated by mitogens (EGF
and G-CSF), cytokines (LIF and CT-1), and stress (H,O,, and
sorbitol). ERKS 1s the only known substrate of MEKS5, and
it 1s phosphorylated at Thr and Tyr residues within the
Thr-Glu-Tyr (TEY) activation motif. ERKS5 has a role facili-
tating the G1/S cell-cycle transition for EGF-induced cell
proliferation via a cAMP response element (CRE). ERKS5 1s
significantly up-regulated 1n response to stressors, including
radiation, palyotoxin, and phorbol ester treatment. Studies
show that MEKS 1s overexpressed 1in 50% of tumors and
other cancers; 1t 1s significantly up-regulated 1n squamous
cell carcinoma, prostate and early and triple-negative breast
cancers. MEKS has approximately 87% homology of the

ATP binding pocket with MEK].

[0006] The inter-conversion of epithelial and mesenchy-
mal cell morphology 1s an i1mportant process occurring
during embryonic development, and it 1s believed to be
reactive during cancer development. Cells with an epithe-
lial-like morphology lack motility and are more tightly
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packed whereas cells that exhibit a mesenchymal morphol-
ogy are more fibroblastoid or spindle-shaped and exhibit
high motility.

[0007] Various signaling pathways, including MEK/ERK
pathways, are significantly up-regulated in certain cancer
types and are thought to play a role 1n the transition to a more
invasive phenotype. Small molecules that modily the con-
version of cell types with an EMT (epithelial to mesenchy-
mal) or a MET (mesenchymal to epithelial) transition are
increasingly being sought 1n the context of cancer therapy to
establish a more homogenous population of cancer cells to
optimize current therapy and to prevent conversion of cancer
cells to a more aggressively dividing and invasive pheno-

type.

SUMMARY

[0008] Disclosed are anthranilic amide derivatives having
the formula:
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a primary or tertiary amine, OR,,, or a amino acid, and
wherein the R,;; independently 1s hydrogen, alkyl, alkene,
alkyne; and R,, R, R, R, R, R, Rq, Rg, and R, are each
independently hydrogen, alkyl, alkene, alkyne, halogen,
such as one of fluorine, chlorine, bromine, or 10dine, alkoxy,
such as a C, -C, with or without more or more carbon-carbon
double or triple bonds, cyano group, or nitrile group. In
specific examples an anthranilic amide derivative 1s one of
3.4-ditluoro-2-((2-tluoro-4-10dophenyl Jamino )benzoic acid
(SC-1-180), 3,4-difluoro-2-((2-fluoro-4-10dophenyl)amino)
benzamide (SC-1-151 primary amide), N,N-diethyl-3,4-di-
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fluoro-2-((2-fluoro-4-10dophenyl)amino )benzamide (SC-1-
65), 3,4-difluoro-2-((2-fluoro-4-iodophenyl)amino)-N,N-
dimethylbenzamide (SC-1-69), 3,4-difluoro-2-((2-fluoro-4-
iodophenyl)amino)-N-methylbenzamide (SC-1-72 amide),
Methyl 3,4-difluoro-2-((2-tluoro-4-10dophenyl)amino)ben-
zoate (SC-1-72 ester), Tert-butyl 4-(3,4-difluoro-2-((2-
fluoro-4-10dophenyl)amino)benzoyl)piperazine-1-carboxy-
late (SC-1-75), (3.,4-difluoro-2-((2-tfluoro-4-10dophenyl)
amino )phenyl)(piperazin-1-yl)methanone,  hydrochloride
(SC-1-79), N-ethyl-3,4-ditfluoro-2-((2-tfluoro-4-10dophenyl)
amino )benzamide (SC-1-80), N-(2-(dimethylamino)ethyl)-
3.4-difluoro-2-((2-tfluoro-4-10dophenyl)amino )-Nmethyl-
benzamide hydrochlonide (SC-1-122), 2-((2-fluoro-4-
iodophenyl)amino)benzoic acid (SC-1-14 acid), (2-((2-
fluoro-4-10dophenyl)amino)phenyl }(4-methylpiperazin-1-
yl)methanone hydrochloride (SC-1-24 amide),
2-(phenylamino )benzoic acid (SC-1-39 acid), (4-methylpip-
erazin-1-y1)(2-(phenylamino )phenyl)methanone (SC-1-177
amide), 3,4-difluoro-2-(phenylamino)benzoic acid (SC-1-
175 acid), 3.,4-difluoro-2-(phenylamino)phenyl)(4-meth-
ylpiperazin-1-yl)methanone (SC-1-181), 3,4-ditluoro-2-((2-
fluorophenyl)amino)benzoic acid (SC-2-25 acid), (3,4-
difluoro-2-((2-fluorophenyl yamino )phenyl )(4-
methylpiperazin-1-yl)methanone mono-fumarate (SC-2-
45), 3,4-ditluoro-2-((2-fluorophenyl )Jamino )benzamide (SC-
2-37), or 3.4-difluoro-2-((2-fluoro-4-1odophenyl)(methyl)
amino )benzoic acid (SC-2-32 acid).

[0009] Also disclosed are composition, such as pharma-
ceutical compositions that include the anthranilic amide
derivatives and the use of the anthranilic amide derivatives
for the manufacture of a medicament.

[0010] Also disclosed 1s a method of inhibiting or treating
cancer 1n a subject. The disclosed method includes admin-
istering to the subject an eflective amount of a disclosed
anthranilic amide derivative, thereby inhibiting or treating
cancer. In some examples, the cancer comprises a solid
tumor, such as a squamous cell carcinoma, prostate cancer,
breast cancer or pancreatic cancer. In some examples, the
cancer comprises metastatic cancer.

[0011] Also disclosed 1s a method of inhibiting or revers-
ing an epithelial to mesenchymal cellular transition a sub-
ject. The method includes administering to the subject an
eflective amount of a disclosed anthranilic amide derivative,
thereby inhibiting or reversing the epithelial to mesenchy-
mal cellular transition.

[0012] Also disclosed 1s a method of inhibiting MEK1/2
and/or MEK 5 enzymatic activity 1n a subject. The method
includes administering to the subject an effective amount of
a disclosed anthranilic amide derivative, thereby inhibiting
MEK1/2 and/or MEK 5 enzymatic activity.

[0013] The foregoing and other features, and advantages
of this disclosure will become more apparent from the
following detailed description, which proceeds with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 1s a diagram of the MAPK signaling path-
ways.

[0015] FIG. 2 1s a diagram of the MEKS signaling path-
way.

[0016] FIG. 3 1s a diagram showing the rationale design of

the disclosed compounds.
[0017] FIG. 4 1s an exemplary synthetic scheme for com-
pounds 9a-1 via acid chloride.
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[0018] FIG. 5 1s an exemplary synthetic scheme for com-
pound 15 by EDCI coupling.

[0019] FIG. 6 1s an exemplary synthetic scheme for pri-
mary amides 3, 18 and 19.

[0020] FIG. 7 1s an exemplary synthetic scheme for com-
pounds 23, 24 via acid chlonde.

[0021] FIG. 8 1s an exemplary synthetic scheme for com-
pound 23 by DIC coupling.

[0022] FIG. 91s a set of bar graphs showing a Western blot
analysis of potential MEKS inhibitors. The MDA-MB-231
triple negative breast cancer cell line was pretreated with
compounds (10 uM) for 30 minutes followed by stimulation
with epidermal growth factor (EGF, 30 ng/mL) for 15
minutes. Vehicle-treated cells were pretreated with DMSO
for 30 minutes prior to EGF stimulation for 15 minutes.
Protein visualization and quantification analysis were per-
formed using LI-COR Odyssey Imager. * P<0.05 wvs.
Vehicle, one-way ANOVA followed by Tukey-Kramer test
(n=3).

[0023] FIG. 10 15 a table showing the results of a cellular
assay ol inhibition of EGF-mediated formation of pERK
1soforms.

[0024] FIG. 11 1s a graph showing the results of MDA-MB
231 proliferation studies. MDA-MB 231 cells were used as
they express the triple negative cancer phenotype. Com-
pound 3 was selected due to potency 1n 1nhibition of both

MEK1/2 and MEKS5. MDA-MB 231 cells were plated at
10,000 cells per well 1n a 96 well TC plate in 5% Charcoal-
Dextran stripped media and incubated overnight at 37° C. 1n
3% CO,. The cells were treated with drug or vehicle the
following day. Plates were harvested on days 3, 5 and 7 and
stained with Crystal Violet. Cells were observed for mor-
phological changes under an inverted microscope. The cells
were washed, lysed, and the absorbance of Crystal Violet
sequestered 1n living cells was determined at 630 nM. Wells
were conducted 1n duplicate. Experiments were run in
triplicate. Cells were normalized to initial cell count.
[0025] FIG. 12 1s a set of digital images 1illustrating the
conversion of cells treated with Compound 3 from an
clongated, spiky cellular morphology, characteristic of the
mobile and 1mvasive mesenchymal phenotype, to a more
rounded cellular morphology, characteristic of a less mobile,
less invasive epithelial phenotype.

[0026] FIG. 13 1s a set of bar graphs illustrating the results
of the tests 1n Example 3.

[0027] FIG. 14 1s a set of bar graphs illustrating the results
of the tests 1n Example 3.

[0028] FIG. 15 1s a set of digital images illustrating the
results of the tests 1n Example 3.

[0029] FIG. 16 1s a bar graph illustrating the results of the
tests 1n Example 3.

[0030] FIG. 17 1s a bar graph showing E-cadherin expres-
sion of MDA-MB-231 breast cancer cells after 1 uM treat-
ment. The compounds alter expression of EMT genes in
metastatic breast cancer cells. MDA-MB-231 were grown 1n
5% charcoal-stripped phenol red free DMEM {for 48 hours
and treated with compounds (1 uM). After 24 hours, cells
were collected for gPCR analysis of E-cadherin.

[0031] FIG. 18 1s a bar graph showing that SC-1-151
decreases migration of triple-negative breast cancer cells.
MDA-MB-231 or MDA-MB-1357 cells were cultured 1n 5%
CS phenol free DMEM for 48 hours and treated with
SC-1-151 or vehicle for 3 days, 2.5x10” cells were then

seeded 1n a transwell insert. After 24 hours, cells were fixed
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and stained with crystal violet and the number of migrated
cells counted. Bars represent percent control migrated cells

per 200x field of view £SEM. * p<0.05; **, p<t0.01; *%*,
p<<0.001.

[0032] FIG. 19 1s a bar graph showing that SC-1-151
decreases migration of triple-negative breast cancer cells.
MDA-MB-231 or BT-549 cells were cultured i 5% CS
phenol free DMEM for 48 hours and treated with SC-1-151
or vehicle for 3 days, 2.5x10* cells were then seeded in a
transwell 1nsert. After 24 hours, cells were fixed and stained
with crystal violet and the number of migrated cells counted.
Bars represent percent control migrated cells per 200x field
of view SEM. * p<0.035; **, p<<0.01; ***, p<0.001.
[0033] FIG. 20 1s a bargraph showing that SC-1-151
decreases tumorigenesis in vivo. End point tumor volume
for SCID female mice injected bilaterally with 1x10° MDA -
MB231 cells, n=10. Amimals were treated on day 0 (cell
injection day) with either DMSO or SC-1-151 (25 mg/kg)
Tumor size was measured biweekly for 30 days using a
digital caliper. Bars represent final average tumor volume
+SEM.

[0034] FIGS. 21A and 21B are digital images and a
bargraph showing that SC-1-151 induces an epithelial phe-
notype 1n pancreatic cancer cells. (A) Mia-PaCa2 cells were
seeded 1n a 96-well plate at a density of 1,000 cells per well
and treated with vehicle (DMSO) and SC-1-151. After 3
days, cells were fixed with glutaraldehyde and stained with
crystal violet. (B) qPCR for EMT-regulating genes follow-

ing SC-1-151 treatment. Pancreatic cancer cells were grown
in 5% CS phenol free DMEM {for 48 hours before treatment

with vehicle (DMSO) or SC-1-131 (1 uM) for 24 hours.

Cycle number was normalized to 3-actin and vehicle-treated
cells scaled to 1, n=3.

DETAILED DESCRIPTION OF SEVERAL
EMBODIMENTS

I. Summary of Terms

[0035] Unless otherwise explained, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill 1n the art to which
the disclosed subject matter belongs. Definitions of common
terms 1n chemistry terms may be found 1n The McGraw-Hill
Dictionary of Chemical Terms, 1985, and The Condensed
Chemical Dictionary, 1981. Definitions of common terms 1n
molecular biology can be found 1n Benjamin Lewin, Genes

IX, published by Jones and Bartlet, 2008 (ISBN
0763752223); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0632021829); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 9780471185710); and other similar references. As

used herein, the singular terms “a,” “an,” and *“‘the” include
plural referents unless context clearly indicates otherwise.
Similarly, the word “or” 1s intended to include “and” unless
the context clearly indicates otherwise. Also, as used herein,
the term “comprises” means “includes.” Hence “comprising,
A or B” means including A, B, or A and B. Except as
otherwise noted, any quantltatlve values are approximate
whether the word “about” or “approximately” or the like are
stated or not. The materialsj methods, and examples
described herein are 1llustrative only and not intended to be

limiting. Any molecular weight or molecular mass values
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are approximate and are provided only for description.
Except as otherwise noted, the methods and techniques of
the present invention are generally performed according to
conventional methods well known 1n the art and as described
in various general and more specific references that are cited
and discussed throughout the present specification. See, e.g.,
Loudon, Organic Chemistry, Fourth Edition, New York:
Oxtord University Press, 2002, pp. 360-361, 1084-10835;
Smith and March, March’s Advanced Organic Chemistry:
Reactions, Mechamisms, and Structure, Fiith Edition, Wiley-
Interscience, 2001; or Vogel, A Textbook of Practical
Organic Chemistry, Including Qualitative Organic Analysis,
Fourth Edition, New York: Longman, 1978.

[0036] In case of conflict, the present specification, includ-
ing explanations of terms, will control.

[0037] 'To facilitate review of the various embodiments of
this disclosure, the following explanations of specific terms
are provided:

[0038] Administration: To provide or give a subject a
composition, such as a pharmaceutical composition includ-
ing a disclosed anthranilic amide derivative, by any eflective
route. Exemplary routes of administration include, but are
not limited to, injection (such as subcutaneous, intramuscu-
lar, intradermal, intraperitoneal (ip), and intravenous (1v)),
oral, sublingual, transdermal, and inhalation routes.

[0039] Alkoxy: A radical (or substituent) having the struc-
ture —O—R, where R 1s a substituted or unsubstituted alkyl.
Methoxy (—OCH3) 1s an exemplary alkoxy group. In a
substituted alkoxy, R 1s alkyl substituted with a non-inter-
fering substituent. “Thioalkoxy” refers to —S—R, where R
1s substituted or unsubstituted alkyl. “Haloalkyloxy” means
a radical —OR where R 1s a haloalkyl. In some examples a
alkoxy group 1s a C,-C, alkoxy. In some examples an alkoxy
group 1s a C,-C, alkoxy. In some examples an alkoxy group
1s a methoxy.

[0040] Alkenyl: A unsaturated monovalent hydrocarbon
having a number of carbon atoms ranging from one to ten
(e.g., C,_,alkenyl) from one to six, or from one to four
carbon atoms, which has at least one carbon-carbon double
bond and 1s derived from removing one hydrogen atom from
one carbon atom of a parent alkene. An alkenyl group may
be branched, straight-chain, cyclic, cis, or trans (e.g., E or
7). In some examples an alkenyl 1s a C,_,alkenyl.

[0041] Alkynyl: A unsaturated monovalent hydrocarbon
having a number of carbon atoms ranging from one to ten
(e.g., C,_,salkynyl) such as from one to six, or from one to
four carbon atoms, which has at least one carbon-carbon
triple bond and 1s derived from removing hydrogen atoms
from one carbon atom of a parent alkyne. An alkynyl group
may be branched, straight-chain, or cyclic. In some
examples an alkenyl 1s a C,_jalkynyl.

[0042] Alkyl: An acyclic, saturated, branched- or straight-
chain hydrocarbon radical, which, unless expressly stated
otherwise, contains from one to fifteen carbon atoms; for
example, from one to ten, from one to six, or from one to
four carbon atoms. This term includes, for example, groups
such as methyl, ethyl, n-propyl, 1sopropyl, 1sobutyl, t-butyl,
pentyl, heptyl, octyl, nonyl, decyl, or dodecyl. The term
“lower alkyl” refers to an alkyl group containing from one
to four carbon atoms. Unless expressly referred to as an
“unsubstituted alkyl,” alkyl groups can either be unsubsti-
tuted or substituted. An alkyl group can be substituted with
one or more substituents (for example, up to two substituents
for each methylene carbon 1n an alkyl chain). Exemplary
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alkyl substituents include, for instance, amino groups,
amide, sulfonamide, halogen, cyano, carboxy, hydroxy, mer-
capto, trifluoromethyl, alkyl, alkoxy (such as methoxy),
alkylthio, thioalkoxy, arylalkyl, heteroaryl, alkylamino, dial-
kylamino, alkylsulfano, keto, or other functionality.

[0043] Anti-proliferative activity: An activity of a mol-
ecule, for example a small molecule, such as a disclosed
anthranilic amide derivative, which reduces proliferation of
at least one cell type, but which may reduce the proliferation
(either 1n absolute terms or in rate terms) of multiple
different cell types (e.g., diflerent cell lines, different spe-
cies, etc.). In specific embodiments, anti-proliferative activ-
ity of a disclosed anthranilic amide derivative will be
apparent against cells obtained from a subject diagnosed
with cancer, such as a solid tumor.

[0044] Anti-cell motility or cell invasion activity: An
activity ol a molecule, for example, a small molecule, such
as a disclosed anthranilic amide derivative, which reduces
cell motility or cell invasion through an extracellular matrix
(ECM), such as a disclosed anthranilic amide dernivative, 1n
at least one cell type, but may reduce the motility or invasion
(etther 1n absolute terms or in rate terms) or multiple
different cell types (e.g. different cell lines, different species,
etc.). In specific embodiments, anti-cell motility or anti-cell
invasion activity of Matrigel will be apparent against cells
obtained from a subject diagnosed with cancer, such as a
solid tumor.

[0045] Epithelial-mesenchymal transition (EMT): A pro-
cess by which epithelial cells lose their cell polarity and
cell-cell adhesion, and gain migratory and invasive proper-
ties to become mesenchymal cells. EMT has been shown to
occur 1n the mitiation of metastasis for cancer progression.
In some examples a disclosed a disclosed anthranilic amide
derivative acts as an inhibitor of the EMT transition.

[0046] Biological signaling pathway: A systems of pro-
teins, such as tyrosine kinases, and other molecules that act
in an orchestrated fashion to mediate the response of a cell
toward internal and external signals. In some examples,
biological signaling pathways include the MEK/ERK path-
way. In some examples a disclosed a disclosed anthramilic
amide dernivative acts as an inhibitor of the MEK/ERK

pathway.

[0047] Cancer: A malignant tumor characterized by abnor-
mal or uncontrolled cell growth. Other features often asso-
ciated with cancer include metastasis, interference with the
normal functioning of neighboring cells, release of cytok-
ines or other secretory products at abnormal levels and
suppression or aggravation of inflammatory or immunologi-
cal response, invasion of surrounding or distant tissues or
organs, such as lymph nodes, etc. “Metastatic disease” refers
to cancer cells that have left the original tumor site and
migrate to other parts of the body for example via the
bloodstream or lymph system.

[0048] Examples of hematological tumors include leuke-
mias, including acute leukemias (such as acute lymphocytic
leukemia, acute myelocytic leukemia, acute myelogenous
leukemia and myeloblastic, promyelocytic, myelomono-
cytic, monocytic and erythroleukemia), chronic leukemias
(such as chronic myelocytic (granulocytic) leukemia,
chronic myelogenous leukemia, and chronic lymphocytic
leukemia), polycythemia vera, lymphoma, Hodgkin’s dis-
case, non-Hodgkin’s lymphoma (indolent and high grade
forms), multiple myeloma, Waldenstrom’s macroglobuline-
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mia, heavy chain disease, myelodysplastic syndrome, hairy
cell leukemia, and myelodysplasia.

[0049] Examples of solid tumors, such as sarcomas and
carcinomas, include fibrosarcoma, myxosarcoma, liposar-
coma, chondrosarcoma, osteogenic sarcoma, and other sar-
comas, synovioma, mesothelioma, Ewing’s tumor, leiomyo-
sarcoma, rhabdomyosarcoma, colon carcinoma, lymphoid
malignancy, pancreatic cancer, breast cancer (such as adeno-
carcinoma), lung cancers, gynecological cancers (such as,
cancers of the uterus (e.g., endometrial carcinoma), cervix
(e.g., cervical carcinoma, pre-tumor cervical dysplasia),
ovaries (e.g., ovarian carcinoma, serous cystadenocarci-
noma, mucinous cystadenocarcinoma, endometrioid tumors,
celioblastoma, clear cell carcinoma, unclassified carcinoma,
granulosa-thecal cell tumors, Sertoli-Leydig cell tumors,
dysgerminoma, malignant teratoma), vulva (e.g., squamous
cell carcinoma, intraepithelial carcinoma, adenocarcinoma,
fibrosarcoma, melanoma), vagina (e.g., clear cell carcinoma,
squamous cell carcinoma, botryoid sarcoma), embryonal
rhabdomyosarcoma, and fallopian tubes (e.g., carcinoma)),
prostate cancer, hepatocellular carcinoma, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, medullary thyroid carcinoma, papillary
thyroid carcinoma, pheochromocytomas sebaceous gland
carcinoma, papillary carcinoma, papillary adenocarcinomas,
medullary carcinoma, bronchogenic carcinoma, renal cell
carcinoma, hepatoma, bile duct carcinoma, choriocarci-
noma, Wilms’ tumor, cervical cancer, testicular tumor, semi-
noma, bladder carcinoma, and CNS tumors (such as a
glioma, astrocytoma, medulloblastoma, craniopharyogioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neu-
roma, oligodendroglioma, menangioma, melanoma, neuro-
blastoma and retinoblastoma), and skin cancer (such as
melanoma and non-melonoma).

[0050] Cell motility: The ability of cells to move, charac-
terized by formation of cellular projections and re-organi-
zation of the actinomyosin cytoskeleton. There are various
methods of determiming cell proliferation known to those of

skill 1n the art.

[0051] Cell invasion: The ability of cells to invade through

an extracellular matrix substrate (such as Matrigel, laminin,
collagen, etc.), characterized by formation of lamelliopodia
and the activation of matrix remodeling and destruction
proteins, including matrix metalloproteinases (MMPs).
Local cell invasion 1s the first step in the metastatic cascade.
There are various methods of determining cell invasion
known to those of skill in the art.

[0052] Cell proliferation: The ability of cells to multiply,
for example through rounds of cell division. There are
various methods of determining cell proliferation known to

those of skill in the art.

[0053] Chemotherapy: In cancer treatment, chemotherapy
refers to the administration of one or more agents (chemo-
therapeutic agents) to kill or slow the reproduction of rapidly
multiplying cells, such as tumor or cancer cells. In a par-
ticular example, chemotherapy refers to the administration
ol one or more agents to significantly reduce the number of
tumor cells 1n the subject, such as by at least about 50% (the
IC50 dose). “Chemotherapeutic agents” include any chemi-
cal agent with therapeutic usefulness 1n the treatment of
cancer.

[0054] Examples of chemotherapeutic agents can be found
for example in Slapak and Kufe, Principles of Cancer
Therapy, Chapter 86 in Harrison’s Principles of Internal
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Medicine, 14th edition; Perry et al., Chemotherapy, Ch. 17
in Abelofl, Clinical Oncology 2nd ed., 2000 Churchill
Livingstone, Inc; Baltzer and Berkery. (eds): Oncology
Pocket Guide to Chemotherapy, 2nd ed. St. Louis, Mosby-
Year Book, 1993; Fischer Knobi, and Durivage (eds): The
Cancer Chemotherapy Handbook, 4th ed. St. Louis, Mosby-
Year Book, 1993). A chemotherapeutic agent of use in a
subject, such as a the MEK/ERK pathway inhibitor, such as
a disclosed anthranilic amide derivative, can decrease a sign
or a symptom of a cancer, or can reduce, stop or reverse the
progression, metastasis and/or growth of a cancer.

[0055] Contacting: Placement 1n direct physical associa-
tion including both 1n solid or liquid form. Contacting can
occur 1 vivo, for example by administering an agent to a
subject.

[0056] Diagnostic: Identitying the presence or nature of a
pathologic condition, such as cancer, such as metastatic
breast cancer. Diagnostic methods difler 1n their sensitivity
and specificity. The “sensitivity” of a diagnostic assay 1s the
percentage of diseased individuals who test positive (percent
of true positives). The “specificity” of a diagnostic assay 1s
1 minus the false positive rate, where the false positive rate
1s defined as the proportion of those without the disease who
test positive. While a particular diagnostic method may not
provide a definitive diagnosis of a condition, 1t suflices 11 the
method provides a positive indication that aids 1 diagnosis.
“Prognostic” 1s the probability of development (for example
severity) of a pathologic condition.

[0057] Inhibiting or treating a disease: Inhibiting the full
development of a disease or condition, for example, 1n a
subject who 1s at risk for a disease such cancer, for example
a solid tumor. “Ireatment” refers to a therapeutic interven-
tion that ameliorates a sign or symptom of a disease or
pathological condition after it has begun to develop. The
term “ameliorating,” with reference to a disease or patho-
logical condition, refers to any observable beneficial eflect
of the treatment. The beneficial eflect can be evidenced, for
example, by a delayed onset of clinical symptoms of the
disease 1n a susceptible subject, a reduction in severity of
some or all clinical symptoms of the disease, a slower
progression of the disease, a reduction 1in the number of
metastases, an improvement in the overall health or well-
being of the subject, or by other clinical or physiological
parameters associated with a particular disease. A “prophy-
lactic” treatment 1s a treatment administered to a subject
who does not exhibit signs of a disease or exhibits only early
signs for the purpose of decreasing the risk of developing
pathology.

[0058] Inhibit: To reduce to a measurable extent. For
example, to reduce enzymatic activity or to inhibit cell
proliferation, motility or invasion. In some examples, the
enzymatic activity of MEK1/2 and/or MEK5 1s inhibited, for
example, using a small molecule inhibitor of MEKI1/2

and/or MEKS, such as a disclosed anthranilic amide deriva-
tive.

[0059] Kinase: An enzyme that catalyzes the transfer of a
phosphate group from one molecule to another. Kinases play
a role 1n the regulation of cell proliferation and survival,
differentiation, metabolism, motility, migration, and inva-
sion. In some examples, a kinase 1s MEK1/2 and/or MEK3.

[0060] Pharmaceutically acceptable carriers: The pharma-
ceutically acceptable carriers of use are conventional. Rem-
ington’s Pharmaceutical Sciences, by E. W. Martin, Mack
Publishing Co., Easton, Pa., 19th Edition, 1995, describes
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compositions and formulations suitable for pharmaceutical
delivery of the compositions disclosed herein.

[0061] In general, the nature of the carrier will depend on
the particular mode of administration being employed. For
instance, parenteral formulations usually comprise inject-
able fluids that include pharmaceutically and physiologi-
cally acceptable fluids such as water, physiological saline,
balanced salt solutions, aqueous dextrose, glycerol or the
like as a vehicle. For solid compositions (such as powder,
pill, tablet, or capsule forms), conventional non-toxic solid
carriers can include, for example, pharmaceutical grades of
mannitol, lactose, starch, or magnesium stearate. In addition
to biologically neutral carriers, pharmaceutical composi-
tions to be administered can contain minor amounts of
non-toxic auxiliary substances, such as wetting or emulsi-
tying agents, preservatives, and pH buflering agents and the
like, for example sodium acetate or sorbitan monolaurate.
[0062] Prognosis: The probable course or outcome of a
disease process. In several examples, the prognosis of a
subject with cancer can indicate the likelihood of survival,
the likelihood of relapse-iree survival and/or the likelihood
of overall survival. The prognosis of a subject with cancer
can indicate the likelihood that the subject will survive for
a period of time, such as about one, about two, about three,
about four, about five or about ten years. The prognosis of
a subject with cancer can also indicate the likelihood of a
cure, of the likelihood that the subject will remain disease-
free following treatment for a period of time, such as about
one, about two, about three, about four, about five or about
ten years.

[0063] Small molecule: A molecule, typically with a
molecular weight less than about 1000 Daltons, or in some
embodiments, less than about 500 Daltons, wherein the
molecule 1s capable of modulating, to some measurable
extent, an activity of a target molecule such as inhibiting the
activity of a tyrosine kinase. In some examples, a small
molecule 1s a disclosed anthranilic amide derivative.

[0064] Subject: The term “subject” includes both human
and veterinary subjects, for example, humans, non-human
primates, dogs, cats, horses, rats, mice, and cows. Similarly,
the term mammal includes both human and non-human
mammals.

[0065] Therapeutic agent: A chemical compound, small
molecule, or other composition capable of inducing a
desired therapeutic or prophylactic eflect when properly
administered to a subject.

[0066] Therapeutically effective amount or FEflective
amount: The amount of agent, such as a chemotherapeutic
agent, such as a disclosed anthranilic amide derivative, that
1s sullicient to prevent, treat (including prophylaxis), reduce
and/or ameliorate the symptoms and/or underlying causes of
any of a disorder or disease, for example to prevent, inhibat,
and/or treat cancer.

[0067] Suitable methods and materials for the practice or
testing of this disclosure are described below. Such methods
and materials are illustrative only and are not intended to be
limiting. Other methods and materials similar or equivalent
to those described herein can be used. For example, con-
ventional methods well known in the art to which this
disclosure pertains are described in various general and
more speciiic references, including, for example, Sambrook
et al., Molecular Cloming: A Laboratory Manual, 2d ed.,
Cold Spring Harbor Laboratory Press, 1989; Sambrook et
al., Molecular Cloning: A Laboratory Manual, 3d ed., Cold
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Spring Harbor Press, 2001; Ausubel et al., Current Protocols
in Molecular Biology, Greene Publishing Associates, 1992
(and Supplements to 2000); Ausubel et al., Short Protocols
in Molecular Biology: A Compendium of Methods from
Current Protocols 1n Molecular Biology, 4th ed., Wiley &
Sons, 1999; Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, 1990; and
Harlow and Lane, Using Antibodies: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, 1999. In addition, the
materials, methods, and examples are 1illustrative only and
not intended to be limiting.

II. DESCRIPTION OF SEVERAL

EMBODIMENTS
[0068] A. Introduction
[0069] Mitogen-Activated Protein Kinases (MAPK) are a

family of protein-serine/threonine kinases. These kinases are
major components of pathways that control embryogenesis,
cell differentiation, cell proliferation, and cell death. The
MEKS signaling pathway allows cells to survive oxidative
stress and can be activated by mitogens (EGF and G-CSF),
cytokines (LIF and CT-1), and stress (H,O, and sorbitol).
Various signaling pathways, including MEK/ERK path-
ways, are significantly up-regulated in certain cancer types
and are thought to play a role in the transition to a more
invasive mesenchymal phenotype.

[0070] In recent years, there has been a growing body of
literature that addresses MEK1/2 ihibitors, yet there 1s a
lack of selective inhibitors of the enzyme MEKS5. MEK1/2
inhibitors were 1mtially designed to mimic the triphosphate
tail of ATP and to extend from a hydrophobic pocket close
to, but different from, the ATP binding pocket. Subsequent
work showed that the MEKI1/2 inhibitors bound to this
hydrophobic pocket but did not mimic the triphosphate tail
of ATP. As a result, these compounds did not display
competitive binding with ATP. This class of inhibitors is
currently termed type III mhibitors.

[0071] Using a rational drug design approach, compounds
were designed to selectively imhibit MEKS. A computer
model for MEKS5 was built, as there 1s not an availed x-ray
crystal structure of MEKS5 in the PDB database. The deriva-
tive design strategy explored the substations on the aryl
rings and the substitutions on the acyl group to map out
non-tolerated, tolerated, and activity increasing substitu-
tions. Initially, approximately 70 specific compounds were
prepared as representative examples of the MEKS and/or
MEK1/2 ihibitors disclosed herein. Structures of represen-
tative anthranilic amide denivatives are provided below in
Table 1. These compounds displayed diflerential inhibition
of MEKS5 and/or MEK1/2 and were tested for inhibition of
cancer cell proliferation. Additionally, some compounds
selectively reversed the mesenchymal phenotype back to a
more epithelial phenotype. Reversal of the phenotype 1s
useiul in the treatment or prevention of cancers. Although
there has been some exploration for compounds that can
block or prevent the conversion of epithelial cells to a
mesenchymal phenotype, there have been no small molecule
compounds 1n the literature that can reverse cells with a
mesenchymal phenotype to a normal epithelial phenotype.
[0072] The novel anthranilic amide derivatives disclosed
herein provide compositions and methods of treatment and/
or prevention for various cancers and may also provide
methods of treatment and/or prevention for other diseases

which ivolve or implicate the MEK1/2 and/or MEKS3
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signaling pathways. In addition, the disclosed anthranilic
amide derivative compounds can be used for in vitro studies,
for example as models of MEK1/2 and/or MEK 35 1nhibition,
such as to test the ability of other inhibitors to mhibit these
enzymes, both in cellular and non-cellular systems, such as
enzymatic assays. Thus, all of the disclosed compounds
have substantial utility.

[0073] B. Anthramilic Amide Derivatives

Disclosed are compounds, collectively referred to herein as
anthranilic amide derivatives, that may be used as for the
treatment of cancer, such as solid tumors, for example breast
cancer, pancreatic cancer, squamous cell carcinoma, prostate
and/or early and triple-negative breast cancers. The com-
pounds are particularly eflective in blocking, preventing
and/or reversing the epithelial to mesenchymal transition,
for example during cancer progression and i1n particular
cancer metastasis. Other uses for the compounds include
reducing the expression of epithelial to mesenchymal (EMT)
genes as well 1s 1 vitro and 1n vivo assays as described
below. In specific examples, the compound 1s a small-
molecule therapeutic.

[0074] Inparticular disclosed embodiments, an anthranilic
amide derivative 1s a multi cyclic compound of the formula
illustrated below:

Formula I
R! O
R2
H

R]U N R3
R9 -~ / \ R4
R7 RS "

RS R>

wherein R, independently 1s:

VAN
__/

a a

a primary or tertiary amine, OR,,, or a amino acid, and
wherein R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl; R, independently 1s hydrogen, alkyl, alkenyl, alkenyl,
halogen, such as one of fluorine, chlorine, bromine, or
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10dine, alkoxy, such as a C,-C, with or without one or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R; independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
1odine, alkoxy, such as a C,-C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
10dine, alkoxy, such as a C, -C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R. independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
10dine, alkoxy, such as a C, -C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
1odine, alkoxy, such as a C,-C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
10dine, alkoxy, such as a C,-C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
10dine, alkoxy, such as a C, -C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; R, independently 1s hydrogen, alkyl, alkenyl, alk-
enyl, halogen, such as one of fluorine, chlorine, bromine, or
10dine, alkoxy, such as a C,-C, with or without more or more
carbon-carbon double or triple bonds, cyano group, or nitrile
group; and R, independently 1s hydrogen, alkyl, alkenyl,
alkenyl, halogen, such as one of fluorine, chlorine, bromine,
or 10dine, alkoxy, such as a C,-C, with or without more or
more carbon-carbon double or triple bonds, cyano group, or
nitrile group. It will be readily apparent to one of ordinary
skill 1n the art that any substituent of any or all of the R
groups described above can be selected 1n any combination
or sub-combination.

[0075] In some embodiments, R, 1s hydrogen. In some
embodiments, R, 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 1odine. In some embodiments, R, 1s tlou-
rine.

[0076] In some embodiments, R; 1s hydrogen. In some
embodiments, R, 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 1odine.

[0077] In some embodiments, R, 1s hydrogen. In some
embodiments, R, 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 10dine. In some embodiments, R, 1s 10dine.

[0078] In some embodiments, R; 1s hydrogen. In some
embodiments, R 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 1odine.

[0079] In some embodiments, R, 1s hydrogen. In some
embodiments, R, 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 10dine. In some embodiments, R, 1s fluo-
rine.

[0080] In some embodiments, R, 1s hydrogen. In some
embodiments, R 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 10dine. In some embodiments, R 1s fluo-
rine.

[0081] In some embodiments, Ry 1s hydrogen. In some
embodiments, Ry 1s halogen, such as one of fluorine, chlo-
rine, bromine, or 1odine.
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[0082] In some embodiments, R, 1s hydrogen. In some
embodiments, R, 1s halogen, such as one of fluorine, chlo-

rine, bromine, or 1odine.

[0083]

embodiments, R,, 1s halogen, such as one of fluorine,
chlorine, bromine, or 10dine.

[0084]
anthranilic amide derivative has the formula illustrated

R/ O
F
Rl[} % R3,
9
R o7 e I
R R>

8

In some embodiments, R, 1s hydrogen. In some

In particular disclosed embodiments, a disclosed

below:

Formula II

wherein the R groups are defined as above with respect to
Formula I.

[0085] In particular disclosed embodiments, a disclosed
anthranilic amide derivative has the formula illustrated

R! O
F
R] O % R3 :
R’ I
F R
F R>

wherein the R groups are defined as above with respect to
Formula I.

[0086]
anthranilic amide derivative has the formula illustrated

R! O
F
N
X
ay
. :
F

wherein the R group 1s defined as above with respect to

below:

In particular disclosed embodiments, a disclosed

below:

Formula IV

Formula 1.
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[0087] In particular disclosed embodiments, a disclosed
anthranilic amide derivative has the formula illustrated

below:
R! O
N
N \‘/\
F N
F
F

wherein the R group 1s defined as above with respect to
Formula I.

[0088] In particular disclosed embodiments, a disclosed
anthranilic amide derivative has the formula illustrated

below:
R! O
F
H
N
7 NN,

wherein the R group i1s defined as above with respect to
Formula I.

[0089] In particular disclosed embodiments, a disclosed
anthranilic amide derivative has the formula illustrated

below:
R! O
I N
X S~ X
P

\ [
\/ \/’

wherein the R group 1s defined as above with respect to
Formula 1.

[0090] In particular disclosed embodiments, a disclosed
anthranilic amide derivative has the formula illustrated
below:

Formula V

Formula VI

Formula VII

Formula VIII

1?12
N O
RB/ R,
H
Rion AR R,
e N R,
R- Rg ’
Rg Rs

wherein the R group 1s defined as above with respect to
Formula I and R,, and R,; are independently hydrogen,
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alkyl, alkenyl, or alkenyl, or taken together with the nitrogen
to which they are connected are

VAN
o __/

?

[0091] It will be readily apparent to one of ordinary skill
in the art that any substituent of any or all of the R groups
described above can be selected 1n any combination or
sub-combination.

[0092] In specific examples a disclosed anthranilic amide
derivative 1s selected from one of 3.,4-difluoro-2-((2-tfluoro-
4-10dophenyl)amino)benzoic acid (SC-1-180), 3,4-ditluoro-
2-((2-fluoro-4-10dophenyl)amino )benzamide (SC-1-151 pri-
mary amide), N,N-diethyl-3,4-difluoro-2-((2-tluoro-4-
iodophenyl)amino)benzamide (SC-1-65), 3,4-difluoro-2-
((2-fluoro-4-10dophenyl)amino)-N,N-dimethylbenzamide
(SC-1-69), 3.,4-difluoro-2-((2-fluoro-4-1odophenyl)amino)-
N-methylbenzamide (SC-1-72 amide), Methyl 3,4-difluoro-
2-((2-fluoro-4-10dophenyl)amino )benzoate (SC-1-72 ester),
Tert-butyl 4-(3,4-difluoro-2-((2-fluoro-4-10dophenyl)
amino)benzoyl)piperazine-1-carboxylate (SC-1-75), (3,4-
difluoro-2-((2-tluoro-4-1odophenyl)amino )phenyl))(piper-
azin-1-yl)methanone, hydrochloride (SC-1-79), N-ethyl-3,
4-difluoro-2-((2-fluoro-4-iodophenyl)amino )benzamide
(SC-1-80), N-(2-(dimethylamino)ethyl)-3,4-difluoro-2-((2-
fluoro-4-10dophenyl)amino)-Nmethylbenzamide hydrochlo-
ride (SC-1-122), 2-((2-fluoro-4-10dophenyl)amino)benzoic
acid (SC-1-14 acid), (2-((2-fluoro-4-10dophenyl)amino)phe-
nyl)(4-methylpiperazin-1-yl)methanone hydrochloride (SC-
1-24 amide), 2-(phenylamino)benzoic acid (SC-1-39 acid),
(4-methylpiperazin-1-y1)(2-(phenylamino)phenyl )metha-
none (SC-1-177 amide), 3.,4-difluoro-2-(phenylamino)ben-
zoic acid (SC-1-175 acid), 3,4-difluoro-2-(phenylamino)
phenyl)(4-methylpiperazin-1-yl)methanone (SC-1-181),
3.4-difluoro-2-((2-fluorophenyl )Jamino )benzoic acid (SC-2-
25 acid), (3,4-difluoro-2-((2-fluorophenyl)amino )phenyl)(4-
methylpiperazin-1-yl)methanone mono-fumarate (SC-2-
45), 3,4-difluoro-2-((2-fluorophenyl)amino)benzamide (SC-
2-37), and 3,4-ditluoro-2-((2-fluoro-4-10dophenyl }(methyl)
amino)benzoic acid (SC-2-32 acid) or any combination
thereof.

[0093] “‘Solvate” means a physical association of a com-
pound with one or more solvent molecules. This physical
association mmvolves varying degrees of 1onic and covalent
bonding, including by way of example covalent adducts and
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hydrogen bonded solvates. In certain instances the solvate
will be capable of 1solation, for example when one or more
solvent molecules are incorporated in the crystal lattice of
the crystalline solid. “Solvate” encompasses both solution-
phase and 1solable solvates. Representative solvates include
ethanol associated compound, methanol associated com-
pounds, and the like. “Hydrate” 1s a solvate wherein the
solvent molecule(s) 1s/are H,O.

[0094] The disclosed compounds also encompass salts
including, if several salt-forming groups are present, mixed
salts and/or internal salts. The salts are generally pharma-
ceutically-acceptable salts that are non-toxic. Salts may be
ol any type (both organic and 1mnorganic), such as fumarates,
hydrobromides, hydrochlorides, sulfates and phosphates. In
an example, salts include non-metals (e.g., halogens) that
form group VII i the periodic table of elements. For
example, compounds may be provided as a hydrobromide
salt.

[0095] Additional examples of salt-forming groups
include, but are not limited to, a carboxyl group, a phos-
phonic acid group or a boronic acid group, that can form
salts with suitable bases. These salts can include, for
example, nontoxic metal cations which are derived from
metals of groups 1A, IB, IIA and IIB of the periodic table of
the elements. In one embodiment, alkali metal cations such
as lithium, sodium or potassium 10ns, or alkaline earth metal
cations such as magnesium or calcium ions can be used. The
salt can also be a zinc or an ammonium cation. The salt can
also be formed with suitable organic amines, such as unsub-
stituted or hydroxyl-substituted mono-, di- or tri-alkylam-
ines, 1 particular mono-, di- or tri-alkylamines, or with
quaternary ammonium compounds, for example with
N-methyl-N-ethylamine,  diethylamine, triethylamine,
mono-, bis- or tris-(2-hydroxy-lower alkyl)amines, such as
mono-, bis- or tris-(2-hydroxyethyl)amine, 2-hydroxy-tert-
butylamine or tristhydroxymethyl)methylamine, N,N-di-
lower alkyl-N-(hydroxy-lower alkyl)amines, such as N,N-
dimethyl-N-(2- hydroxyethyl)amine or tr1-(2-hydroxyethyl)
amine, or N-methyl-D-glucamine, or quaternary ammonium
compounds such as tetrabutylammonium salts.

[0096] Additional counterions for forming pharmaceuti-
cally acceptable salts are found in Remington’s Pharmaceu-
tical Sciences, 22th Edition, Pharmaceutical Publishing,
2012. In one aspect, employing a pharmaceutically accept-
able salt may also serve to adjust the osmotic pressure of a
composition.

[0097] In certain embodiments the compounds used in the
method are provided are polymorphous. As such, the com-
pounds can be provided 1n two or more physical forms, such
as different crystal forms, crystalline, liquid crystalline or
non-crystalline (amorphous) forms.

[0098] C. Use for the Manufacture of a Medicament

[0099] Any of the above described compounds (e.g.,
anthranilic amide denivatives or a hydrate or pharmaceuti-
cally acceptable salt thereol) or combinations thereof are
intended for use in the manufacture of a medicament for the
treatment of cancer. Formulations suitable for such medica-
ments, subjects who may benefit from same and other
related features are described elsewhere herein.

[0100] D. Exemplary Methods of Compound Synthesis

[0101] The disclosed anthranilic amide derivatives can be
synthesized by any method known 1n the art. Many general
references providing commonly known chemical synthetic
schemes and conditions useftul for synthesizing the disclosed
compounds are available (see, e.g., Smith and March,
March’s Advanced Organic Chemistry: Reactions, Mecha-
nisms, and Structure, Fifth Edition, Wiley-Interscience,
2001; or Vogel, 4 Textbook of Practical Ovganic Chemistry,
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Including Qualitative Organic Analysis, Fourth Edition,
New York: Longman, 1978). Exemplary methods are pro-
vided below and in the Examples.

[0102] Compounds as described herein may be purified by
any ol the means known 1in the art, including chromato-
graphic means, such as HPLC, preparative thin layer chro-
matography, flash column chromatography and 1on
exchange chromatography. Any suitable stationary phase
can be used, including normal and reversed phases as well
as 1onic resins. Most typically the disclosed compounds are
purified via open column chromatography or prep chroma-
tography.

[0103] Synthesis of the tetrahalo core: 3,4-ditfluoro-2-((2-
fluoro-4-10dophenyl)amino)benzoic acid (39). Synthesis of
the tetrahalo diphenylamine core, 39, was achieved with the
lithium amide displacement approach (Scheme 1). This
procedure was scaled up to a 4 gram quantity which was

necessary for the desired animal experiments with com-
pound 57 (SC-1-151).

Scheme 1: Lithinm amide displacement approach.

HO O
F H>N
A\ N X LiNH,, THE
\ : -
0° C.to 25°C. for
/ \F F/ / T 30 min
50°C., 4 h
0 55%
37 38
HO O
I3
N
F
N I3 I
F
30
[0104] Preferential substitution occurs at the ortho-posi-

tion as indicated above. Acquisition of the 19F NMR spectra
of 2,3.4-trifluorobenzoic acid, 2-fluoro-4-iodoaniline, and
3.4-difluoro-2-((2-fluoro-4-10dophenyl Jamino )benzoic acid
was conducted using the hetero-nuclear broad-band probe
on the 500 MHz instrument.

[0105] Synthesis of the tetrahalo amides. The simple
amides were envisioned as being readily prepared by the
addition of the appropriate amine 1nto the acid chloride that
could be prepared from the carboxylic acid 39. This acid, 39,
was found to be readily converted into the corresponding
acid chloride (Scheme 2). The reagent of choice was oxalyl
chloride and catalytic DMF. This system utilized the addi-
tion of neat oxalyl chloride to the reaction mixture contain-
ing the acid, DMC, and catalytic DMF. The functional role
of the DMF 1s to generate the chloridinium intermediate as
shown below. This chloridinium species (84) then activates
the carboxylic acid to produce the acid chloride. This
reaction proceeded at diffusion-limited rates at 0° C. indi-
cated by the rapid formation and loss of the yellow chlori-
dinium species (Scheme 3). Overall the reaction was com-
pleted within 2 hours at or below room temperature to
consistently generate acid chloride 79.




US 2023/0100458 Al

Scheme 2: Acid chloride formation.

O
Cl.
1O O Cl
F
- O
N
= DMF, DCM
-
0°C. 10 25°C., 2 h
AN F I
F
39
- Cl O B
F
A )\
N
F

79

Scheme 3: Synthesis of simple amides using the acid chloride method.

F
% Amine
DCM, DMAP
i
25°C,6h
F I
79
R
O
F

\
T
F

(22.3%) 61 (41%)
\/ }<
59 —g— (44.6%) 62 ~ }< (17.3%)

60 }< (59%) 63 HN N (79%)
\___/

[0106] In case of amides bearing a basic amine, this
method was not successful. It was decided to use DCC and

Cl

ZiT

/
4

\

38 N
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DIC coupling to form the aide bond more efliciently. In all
cases the use of DCC presented a complex mixture which
did not permit isolation of clean product. In most cases
reactions with DIC proceeded well with a comparatively
better cleanup than with DCC.

[0107] Synthesis of the trihalo core: 3,4-difluoro-2-((2-
fluorophenyl)amino)benzoic acid (68). Synthesis of 3,4-
difluoro-2-((2-fluorophenyl)amino)benzoic acid, or the de-
10do variant of diphenylamine acid 68, was prepared using
the lithtum amide of 2-fluoroaniline 1n an SNAr displace-
ment on 2,3,4-trifluorobenzoic acid. This conversion pro-
ceeded 1n 59% 1solated yield.

Scheme 4: Lithium amide displacement method (see Davis, et al. Org.

Process Res. Dev. 2005, 9, 843-846.

HO O
F
F LN
= N7 X LiNIL, THF
+ -
0° C. to 25° C.
AN R A 50°C.,4h
50%,
F
37 00
HO O
F
H
N
= =
\ . \
F
68

[0108] An EDCI coupling was used successiully and the
fumarate salt of the product 69 was 1solated (Scheme 5). The
side product urea from EDCI was removed more effectively
than the side product from DIC coupling permitting a clean
isolation of the basic amine containing product. Formation
of the fumarate salt was required because the free base form
of the compound was diflicult to solidity and recrystallize, as
a result direct elemental analysis on the product was unsuc-
cessiul. Formation of the HCI salt of 69 produced a very
hygroscopic compound that could not be adequately dried to
a Iree-flowing solid. The formation of the fumarate salt
addressed 1solation and characterization of the desired prod-
uct 1 a simple etlicient manner.

Scheme 5: Synthesis of 69 Fumarate by EDCI coupling.

__/

HO O
F —N NH
N
= ‘/ ~NF ‘ EDCI, DMAP

THF
Y\F N
F

25°C., 12 h
68

-
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-continued
\N /\
K/N V
b
H . .
N bFumaric acid
= ‘ N in ethanol
-
NN . N
b
69
O
HO
\ OH
O

N O
F
N
]
\ F
F

69

Fumarate

[0109] The primary amide derivatives of various terminal
ring variations were also synthesized and are described
below.

[0110] Synthesis of the dihalo core: 3,4-ditluoro-2-(phe-
nylamino)benzoic acid (71). The dihalo core, 3,4-difluoro-
2-(phenylamino)benzoic acid, retained the central 3,4-dii-
luoro phenyl ring but varied by the lack of halogens on the
terminal arene ring. This compound was prepared by the

lithium amide displacement method previously described 1n
43% 1solated yield.

Scheme 6: Synthesis of 71 using lithium amide displacement method.

HO 0O
F LN
Z XY LiNHL, THF
+ -
0° C. to 25° C. for
N R A 30 min
50°C., 4h
F 43%
37 24
HO O
N
\ /
PN
F
71

11
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[0111]

[0112] Again although the general synthetic strategy pro-
ceeding through the acid chlonde of carboxylic acid 71 did
work, there were complications. The chemical route begin-
ning with the dihaloacid 71 was lower yielding than with the
previously described tetrahalo acid 39. A possible explana-
tion 1s that the attached diphenyl amine was less electron
deficient for 71 than for 39. Although the carboxylic acid 71
was anticipated to react in a manner derivativeous to the
tetrahalo acid 39 described above, the less electron deficient
diphenyl amine may have participated 1n side reactions
including 1ntra- or inter-molecular condensation of the
diphenyl amine with the acyl chlonde.

Synthesis of the Dihalo Amides.

Scheme 7: EDCI coupling for the synthesis of 72.

HO O
—N NH
i __/
7z EDCIL, DMAP
THF -
X . 25°C..12 h
61%
b
71
\N/\
k/N 0
H
N
F ‘ e F
D g N N
b
72
[0113] Additionally, the primary amides of these deriva-

tives were also prepared as shown 1n scheme 8.

Scheme 8: Synthesis of the primary amides 57, 73 and 70.

O
Cl.,
HO 0 -
H O
N
= ‘ \(\‘ DMF, DCM
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— .
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F
39 R=2-F, 4-]
71 R=H

68 R=2-F
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B -continued
Cl O
b
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a S NH; in CH;0H
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[0114] Synthesis of the Unhalogenated Core: 2-(Phe-
nylamino)Benzoic Acid.

[0115] Due to the diferent substrates required for the
desired derivatives, a different synthetic strategy was nec-
essary. A survey of different aryl to nitrogen coupling
strategies was conducted (see prior description). Ultimately
an Ulllmann coupling strategy using the addition of an
aniline 1nto the carbon-halogen bond of 2-10dobenzoid acid
was selected. This approach used an 1nexpensive commer-
cially available starting material and used a reasonable
clectron flow from the electron rich aniline into the electron
deficient 2-10do benzoic acid. An Ullmann coupling strategy
worked to give the desired acid 1n a 44% 1solated yield. A
survey recent variations recommended the conditions that
were ultimately selected and shown in scheme 10. The
specific method employed used copper 1odide, potassium
carbonate, and a mixed solvent system of 9 to 1 DMF to
water. Ellicient heating was provided by microwave irradia-

tion.

Scheme 9: Ullmann coupling strategy to synthesize 25.

CUL, K2C03
HO O
9/1 DMFE/H,0
H>N 2 h, 100° C.
I \ o
= 4 Microwave
44%
\ =
\/
04 24
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Mar. 30, 2023

-continued
HO O
H
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25
[0116] In case of the unhalogenated diphenylamine, com-

pound 25, a different amide-forming strategy was required.
The acid chloride method described previously did not
work. Probable reasons for the failure of this strategy
include the increased nucleophilicity of the amine of com-
pound 235 resulting from the absence of electron-withdraw-
ing groups compared to compounds previously synthesized
in the series described above. This greater electron density
in compound 95 may have led to self-condensations 1n either
inter- or an intra-molecular manner. This explanation 1s
consistent with the observed consumption of starting mate-
rial with no 1solable product.

[0117] The next approach attempted for the synthesis of
compound 75 was synthesis of the Boc-piperazine derivative
96 followed conversion to the piperazine derivative. Syn-
thesis to the tertiary amine using an Eschweiler-Clarke
reaction was planned. However, the Eschweiler-Clarke
product could not be 1solated (Scheme 10). Learning from
prior reactions, this strategy was abandoned for the far more
cilicient route (DIC coupling) presented in Scheme 11. This
DIC coupling was successiul and the product was 1solated 1n
a modest yet welcome 17% yield.

Scheme 11: DIC coupling method to synthesize 75.

HO O
H
N DIC, DMAP, DCM
—N N—H
25
25°C.,50h
17%
\N/\
K/N 0
N
= ‘ 4
A AN
75
[0118] An attempted SNAr nucleophilic of the lithium

amid of 2-fluoro-4-10doanaline into 2-iodobenzoic acid with
excess lithium amide in THF using the now standard pro-
cedure of Davis was unsuccessiul. This was probably due to
a more electropositive carbon at the 2 position when com-
pared to the prior substrate, 2,3.4-trifluorobenzoic acid.
Again, based on prior observations, alteration of the syn-
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thetic strategy to use an Ullmann coupling was shown to be
successiul and proceeded reliably 1n 40-60% 1solated then
recrystallized yield.

Scheme 12: Synthesis of amides 75 and 74.

HO O CUL K2C03
H,N 9/1 DMF/H>,0
XY 20 100°C
I + ‘ -
/ Microwave
\/\/
R
X
04 24 R =H and
38 R=2-F, 4-1
1 O
Cl,

HO O Cl
H O
F /N\ A\  DMF,DCM
N

‘ ‘ 0°C.to25°C.,2h
-

Y ?V ) —N/ \N—H,

__/

DCM

25R=H (44%)
08 R = 2-F, 4-1 (63%)

VA ‘
R

75R=-H (7%)
74 R = 2-F, 4-1 (12%)

[0119]

[0120] An Eschweiler-Clarke reaction was examined as an
initial strategy in an attempt to prepare 3,4-difluoro-2-((2-
fluoro-4-10dophenyl)(methyl)amino)benzoic acid, com-
pound 76. The use of standard microwave reaction condi-
tions were examined, but the desired product could not be
isolated. Another strategy was attempted using sodium
hydride abstraction of the proton from the diphenyl amine
nitrogen atom followed by alkylation with methyl 10dide. A
crude TLC analysis revealed many spots, attempted sepa-
ration by column chromatography was unsuccesstul.

Synthesis of the N-Methyl Diphenylamine Core:

Mar. 30, 2023

[0121] Adter the two unsuccessiul synthetic approaches a
very different strategy was pursued. Alkylation was con-
ducted on the simple aniline precursor, 2-fluoro-4-10doani-
line, to successiully prepare the mono N-methylated prod-
uct, 2-fluoro-4-10do-N-methylaniline, shown 1n scheme
34.114 This secondary aniline was then coupled to 2,3,4-
tritluorobenzoic acid using the standard SNAr lithium amide
displacement approach.

Scheme 13: Monomethylation reaction of 38.

F
HLN
X
+ (HCHO), + NaOMe +
S \I
38 106 107

‘ F
HN
CH;0H N7 TR
NaBH.4 - ‘
75h
53% F :
108

Scheme 14: Synthesis of acid 76 by lithium amide displacement method.

HO O
‘ F
b HN 1iNH,, THF
= YT X _
‘ 0° C. to 25° C.
50°C.4h
N : \/\I o
I3
37 108
HO O
‘ F
N
2 ‘
N F 1
F
76
[0122] Additional synthesis schemes can be found 1n

FIGS. 4-8.
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Structure, Identification and Activity of Novel Compounds.
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TABLE 1-continued

Structure, Identification and Activity of Novel Compounds.
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TABLE 1-continued

Structure, Identification and Activity of Novel Compounds.
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TABLE 1-continued

Structure, Identification and Activity of Novel Compounds.
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Structure, Identification and Activity of Novel Compounds.
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[0123] E. Methods of Treatment

[0124] Methods are disclosed herein for treating a subject
with cancer, suspected of having cancer or at high risk of
developing cancer with or more of the disclosed anthranilic
amide derivatives. The methods can include selecting an
individual that 1s 1n need or treatment, such as a subject
having cancer, for example diagnosed with a solid tumor, for
example a breast cancer tumor, a prostate cancer tumor
and/or a pancreatic tumor. Typical subjects mntended for
treatment with a disclosed anthranilic amide derivative
include humans, as well as non-human primates and other
amimals, such as mice. After selection, the subject 1s admin-
istered a therapeutically efl

ective amount of a disclosed
anthranilic amide denivative, thereby treating cancer. In
some examples, the disclosed anthranilic amide derivative 1s
provided as a pharmaceutical composition or compositions.

Also disclosed are methods for mhibiting MEK1/2 and/or

cellular cellular
pERK1/2 pERKS5
decrease decrease

(%6) (%)

MEKS 1n a subject, for example be administering to a
subject an effective amend of a disclosed anthranilic amide
derivative. Further disclosed are methods of inhibiting and/
or reversing the epithelial-mesenchymal transition, for
example 1n a cancer cell.

[0125] The administration of the disclosed anthranilic
amide derivative can be for either prophylactic or therapeu-
tic purpose. When provided prophylactically, the disclosed
anthranilic amide derivative 1s provided i advance of any
symptom. The prophylactic administration of the com-
pounds serves to prevent or ameliorate any subsequent
disease process. When provided therapeutically, the com-
pounds are provided at (or shortly after) the onset of a
symptom of disease or at any time during the course of the
disease.

[0126] For prophylactic and therapeutic purposes, the dis-
closed anthranilic amide dernivative can be administered to




US 2023/0100458 Al

the subject 1n a single bolus delivery, via continuous delivery
(for example, continuous transdermal, mucosal or intrave-
nous delivery) over an extended time period, or in a repeated
administration protocol (for example, by an hourly, daily or
weekly, repeated administration protocol). The therapeuti-
cally effective dosage of the compound can be provided as
repeated doses within a prolonged prophylaxis or treatment
regimen that will yield clinically significant results to alle-
viate one or more symptoms or detectable conditions asso-
ciated with a targeted disease or condition.

[0127] Determination of eflective dosages 1s typically
based on animal model studies followed up by human
climical trials and 1s guided by administration protocols that
significantly reduce the occurrence or severity of targeted
disease symptoms or conditions in the subject. Suitable
models 1n this regard include, for example, murine, rat,
porcine, lfeline, non-human primate, and other accepted
amimal model subjects known in the art. Alternatively,
cllective dosages can be determined using in vitro models
(for example, immunologic and histopathologic assays).
Using such models, only ordinary calculations and adjust-
ments are required to determine an appropriate concentra-
tion and dose to administer a therapeutically eflfective
amount of the disclosed anthranilic amide derivative (for
example, amounts that are effective to alleviate one or more
symptoms of a targeted disease or condition). In alternative
embodiments, an eflective amount or effective dose of the
disclosed anthranilic amide derivative may simply inhibit or

enhance one or more selected biological activities correlated
with a disease or condition.

[0128] The actual dosage of the disclosed anthranilic
amide derivative will vary according to factors such as the
disease indication and particular status of the subject (for
example, the subject’s age, size, fitness, extent of symptoms,
susceptibility factors, and the like), time and route of admin-
istration, other drugs or treatments being administered con-
currently, as well as the specific pharmacology of the
disclosed anthranilic amide derivative for eliciting the
desired activity or biological response 1n the subject. Dosage
regimens can be adjusted to provide an optimum prophy-
lactic or therapeutic response.

[0129] A therapeutically effective amount 1s also one 1n
which any toxic or detrimental side effects of the compound
and/or other biologically active agent i1s outweighed 1n
climical terms by therapeutically beneficial eflects. A non-
limiting range for a therapeutically effective amount of a
disclosed anthranilic amide derivative within the methods
and formulations of the disclosure 1s about 0.0001 ug/kg
body weight to about 10 mg/kg body weight per dose, such
as about 0.0001 pg/kg body weight to about 0.001 ng/ke
body weight per dose, about 0.001 ug/kg body weight to
about 0.01 pug/kg body weight per dose, about 0.01 nug/ke
body weight to about 0.1 ug/kg body weight per dose, about
0.1 ug’kg body weight to about 10 ug/kg body weight per
dose, about 1 ug/kg body weight to about 100 ng/kg body
weight per dose, about 100 ug/kg body weight to about 500
ug/kg body weight per dose, about 500 ug/kg body weight
per dose to about 1000 ng/kg body weight per dose, or about

1.0 mg/kg body weight to about 10 mg/kg body weight per
dose.

[0130] Dosage can be varied by the attending clinician to
maintain a desired concentration at a target site. Higher or
lower concentrations can be selected based on the mode of
delivery, for example, trans-epidermal, rectal, oral, pulmo-
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nary, intranasal delivery, intravenous or subcutaneous deliv-
ery. To achieve the same serum concentration level, for
example, slow-release particles with a release rate of 5
nanomolar (under standard conditions) would be adminis-
tered at about twice the dosage of particles with a release
rate of 10 nanomolar.

[0131] When a disclosed anthranilic amide derivative 1s
administered to a subject, the administration can be concur-
rent or sequential. Sequential administration can be sepa-
rated by any amount of time, so long as the desired aflect 1s
achieved. Multiple administrations of the compositions
described herein are also contemplated.

[0132] The specific dose level and frequency of dosage for
any particular subject may be varied and will depend upon
a variety of factors, including the activity of the specific
compound, the extent of existing disease activity, the age,
body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, and
severity of the condition of the host undergoing therapy.

[0133] F. Pharmaceutical Compositions

[0134] Compositions, such as therapeutic or pharmaceu-
tical compositions, are provided that include one or more
disclosed anthranilic amide derivatives. It 1s desirable to
prepare the inhibitor of MEK1/2 andi/or MEK 5 activity as
a pharmaceutical composition appropriate for the intended
application, for example to mhibit or treat a cellular prolii-
erative or a cellular movement or cellular dissemination
disorder. Accordingly, methods for making a medicament or
pharmaceutical composition containing a disclosed anthra-
nilic amide dertvative are included herein. The disclosed
anthranilic amide derivatives can be prepared for adminis-
tration alone or with other active ingredients, such as other
chemotherapeutics.

[0135] Pharmaceutical compositions including a disclosed
anthranilic amide denivative can be administered to subjects
by a variety of routes. These include oral, nasal (such as
intranasal), ocular, buccal, enteral, intravitral, or other
mucosal (such as rectal or vaginal) or topical administration.
Alternatively, administration will be by orthotopic, intrad-
ermal subcutanecous, intramuscular, parentral intraperito-
neal, or intravenous injection routes. Such pharmaceutical
compositions are usually administered as pharmaceutically
acceptable compositions that 1nclude physiologically
acceptable carriers, buflers or other excipients.

[0136] ‘Typically, preparation of a pharmaceutical compo-
sition (for example, for use as a medicament or 1n the
manufacture of a medicament) entails preparing a pharma-
ceutical composition that 1s essentially free of pyrogens, as
well as any other impurities that could be harmiul to humans
or animals. The disclosed anthranilic amide derivative may
be included in pharmaceutical compositions (including
therapeutic and prophylactic formulations), which are typi-
cally combined together with one or more pharmaceutically
acceptable vehicles or carriers and, optionally, other thera-
peutic ingredients.

[0137] To formulate the pharmaceutical compositions, the
disclosed anthranilic amide derivative can be combined with
various pharmaceutically acceptable additives, as well as a
base or vehicle for dispersion of the compound. Desired
additives 1nclude, but are not limited to, pH control agents,
such as argimine, sodium hydroxide, glycine, hydrochloric
acid, citric acid, and the like. In addition, local anesthetics
(for example, benzyl alcohol), 1sotonizing agents (for
example, sodium chloride, mannitol, sorbitol), adsorption
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inhibitors (for example, Tween 80), solubility enhancing
agents (for example, cyclodextrins and derivatives thereot),
stabilizers (for example, serum albumin), and reducing
agents (for example, glutathione) can be included. When the
composition 1s a liquid, the tonicity of the formulation, as
measured with reference to the tonicity of 0.9% (w/v)
physiological saline solution taken as unity, 1s typically
adjusted to a value at which no substantial, irreversible
tissue damage will be induced at the site of administration.
Generally, the tonicity of the solution 1s adjusted to a value
of about 0.3 to about 3.0, such as about 0.5 to about 2.0, or
about 0.8 to about 1.7.

[0138] The disclosed anthranilic amide derivativecan be
dispersed 1n a base or vehicle, which can include a hydro-
philic compound having a capacity to disperse the com-
pound, and any desired additives. The base can be selected
from a wide range of suitable compounds, including but not
limited to, copolymers of polycarboxylic acids or salts
thereol, carboxylic anhydrides (for example, maleic anhy-
dride) with other monomers (for example, methyl (meth)
acrylate, acrylic acid and the like), hydrophilic vinyl poly-
mers, such as polyvinyl acetate, polyvinyl alcohol,
polyvinylpyrrolidone, cellulose derivatives, such as
hydroxymethylcellulose, hydroxypropylcellulose and the
like, and natural polymers, such as chitosan, collagen,
sodium alginate, gelatin, hyaluronic acid, and nontoxic
metal salts thereof. Often, a biodegradable polymer 1s
selected as a base or vehicle, for example, polylactic acid,
poly(lactic acid-glycolic acid) copolymer, polyhydroxybu-
tyric acid, poly (hydroxybutyric acid-glycolic acid) copoly-
mer and mixtures thereof. Alternatively or additionally,
synthetic fatty acid esters such as polyglycerin fatty acid
esters, sucrose fatty acid esters and the like can be employed
as vehicles. Hydrophilic polymers and other vehicles can be
used alone or in combination, and enhanced structural
integrity can be imparted to the vehicle by partial crystalli-
zation, 1onic bonding, cross-linking and the like. The vehicle
can be provided 1in a variety of forms, including fluid or
viscous solutions, gels, pastes, powders, and microspheres.

[0139] The disclosed anthranilic amide derivative can be
combined with the base or vehicle according to a variety of
methods, and release of the compound can be by diffusion,
disintegration of the vehicle, or associated formation of
water channels. In some circumstances, the compound 1s
dispersed in microcapsules (microspheres) or nanocapsules
(nanospheres) prepared from a suitable polymer, for
example, 1sobutyl 2-cyanoacrylate (see, for example,
Michael et al., J. Pharmacy Pharmacol. 43:1-5, 1991), and
dispersed 1n a biocompatible dispersing medium, which
yields sustained delivery and biological activity over a
protracted time.

[0140] The disclosed anthranilic amide derivative can
alternatively contain as pharmaceutically acceptable
vehicles substances as required to approximate physiologi-
cal conditions, such as pH adjusting and builering agents,
tonicity adjusting agents, wetting agents and the like, for
example, sodium acetate, sodium lactate, sodium chloride,
potassium chloride, calctum chloride, sorbitan monolaurate,
and triethanolamine oleate. For solid compositions, conven-
tional nontoxic pharmaceutically acceptable vehicles can be
used which include, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium sac-
charin, talcum, cellulose, glucose, sucrose, magnesium car-
bonate, and the like.
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[0141] Pharmaceutical compositions for adminmistering the
disclosed anthranilic amide derivative can be also be for-
mulated as a solution, microemulsion, or other ordered
structure suitable for high concentration of active ngredi-
ents. The vehicle can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycol, and
the like), and suitable mixtures thereof. Proper fluidity for
solutions can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of a desired
particle size 1n the case of dispersible formulations, and by
the use of surfactants. In many cases, 1t will be desirable to
include 1sotonic agents, for example, sugars, polyalcohols,
such as mannitol and sorbitol, or sodium chloride 1n the
composition. Prolonged absorption of the compound can be
brought about by including in the composition an agent
which delays absorption, for example, monostearate salts
and gelatin.

[0142] For prophylactic and therapeutic purposes, the
pharmaceutical compositions can be administered to the
subject 1n a single bolus delivery, via continuous delivery
(for example, continuous transdermal, mucosal or intrave-
nous delivery) over an extended time period, or in a repeated
administration protocol (for example, by an hourly, daily or
weekly, repeated administration protocol). The therapeuti-
cally effective dosage of the compound can be provided as
repeated doses within a prolonged prophylaxis or treatment
regimen that will yield clinically significant results to alle-
viate one or more symptoms or detectable conditions asso-
ciated with a targeted disease or condition as set forth herein.

[0143] Therapeutic compositions that include a disclosed
anthranilic amide derivative can be delivered by way of a
pump (see Langer, supra; Sefton, CRC Crit. Ref. Biomed.
Eng. 14:201, 1987; Buchwald et al., Surgery 88:507, 1980;
Saudek et al., N. Engl. J. Med. 321:574, 1989) or by
continuous subcutancous infusions, for example, using a
mini-pump. An 1intravenous bag solution can also be
employed. One factor 1n selecting an appropriate dose 1s the
result obtained, as measured by the methods disclosed here,
as are deemed appropriate by the practitioner. Other con-

trolled release systems are discussed in Langer (Science
249:1527-33, 1990).

[0144] In one example, a pump 1s implanted (for example
see U.S. Pat. Nos. 6,436,091; 5,939,380; and 35,993.414).
Implantable drug infusion devices are used to provide
patients with a constant and long-term dosage or infusion of
a therapeutic agent. Such device can be categorized as either
active or passive.

[0145] Active drug or programmable infusion devices
feature a pump or a metering system to deliver the agent into
the patient’s system. An example of such an active infusion
device currently available 1s the Medtronic SYN-
CHROMED™ programmable pump. Passive infusion
devices, 1n contrast, do not feature a pump, but rather rely
upon a pressurized drug reservoir to deliver the agent of
interest. An example of such a device includes the Medtronic
ISOMED™,

[0146] In particular examples, therapeutic compositions
are administered by sustained-release systems. Suitable
examples of sustained-release systems include suitable poly-
meric materials (such as, semi-permeable polymer matrices
in the form of shaped articles, for example films, or miro-
capsules), suitable hydrophobic materials (for example as an
emulsion 1n an acceptable o1l) or 10n exchange resins, and
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sparingly soluble derivatives (such as, for example, a spar-
ingly soluble salt). Sustained-release compositions can be
administered orally, parenterally, intracistemally, intraperi-
toneally, topically (as by powders, ointments, gels, drops or
transdermal patch), or as an oral or nasal spray. Sustained-
release matrices include polylactides (U.S. Pat. No. 3,773,
919, EP 38,481), copolymers of L-glutamic acid and
gamma-cthyl-L-glutamate (Sidman et al., Biopolymers
22:547-556, 1983, poly(2-hydroxyethyl methacrylate));
(Langer et al., J. Biomed. Mater. Res. 15:167-277, 1981;
Langer, Chem. Tech. 12:98-105, 1982, ecthylene vinyl
acetate (Langer et al., Id.) or poly-D-(-)-3-hydroxybutyric
acid (EP 133,988).

[0147] Polymers can be used for i1on-controlled release.
Various degradable and nondegradable polymeric matrices
for use 1n controlled drug delivery are known in the art
(Langer, Accounts Chem. Res. 26:537, 1993). For example,
the block copolymer, polaxamer 407 exists as a viscous yet
mobile liqud at low temperatures but forms a semisolid gel
at body temperature. It has shown to be an effective vehicle
for formulation and sustained delivery of recombinant inter-
leukin-2 and urease (Johnston et al., Pharm. Res. 9:425,
1992; and Pec, J. Parent. Sci. Tech. 44(2):58, 1990). Alter-
natively, hydroxyapatite has been used as a microcarrier for
controlled release of proteins (Ijntema et al., Int. J. Pharm.
112:215, 1994). In yet another aspect, liposomes are used for
controlled release as well as drug targeting of the lipid-
capsulated drug (Betager1 et al., Liposome Drug Delivery
Systems, Technomic Publishing Co., Inc., Lancaster, Pa.,
1993). Numerous additional systems for controlled delivery
of therapeutic proteins are known (for example, U.S. Pat.
Nos. 5,055,303; 5,188,837, 4,235,871; 4,501,728; 4,837,
028; 4,957,7735; and 5,019,369; 5,055,303; 5,514,670;
5,413,797, 5,268,164; 5,004,697, 4,902,505; 5,506,206;
5,271,961, 5,254,342; and 5,534,496).

[0148] The subject matter of the present disclosure 1is
turther 1llustrated by the following non-limiting Examples.
EXAMPLES
Example 1

[0149] Experimental
[0150] FIG. 1 and FIG. 2 show the MAPK signaling

pathways and the MEKS signaling pathway, respectively. In
order to develop a strategy to design compounds to 1nhibit
MEKS, a cellular assay of the inhibition of EGF-mediated
formation of pERK 1soforms by previously synthesized
inhibitors 1n HEK 293 (kidney) and BT-474 cell lines was
performed. The design strategy focused on four areas, as
shown in FIG. 3. Side chain variations were targeted to
modily solubility and were used to examine MEKS pre-
dicted interactions. Design strategy areas two and three
concentrated on amide ariations and the central arene,
respectively. The fourth area 1s the terminal arene, where the
goal was to achieve the minimal necessary substitution and
to drive MEKS selective interactions.

[0151] Compounds were synthesized using a number of
schemes under two broad approaches. The first approach
was lithium amide displacement. Compounds 9a-97 were
synthesized using the scheme shown 1n FIG. 4. Compound
15 was synthesized by EDCI coupling, as shown in FIG. 5.
FIG. 6 shows the synthesis of primary amides compounds 3,
18 and 19.
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[0152]
Compound 23 and compound 24 were synthesized via acid

The second approach used Ullmann Coupling.

chloride, using the scheme shown in FIG. 7. The synthesis

of compound 23 was improved by using DIC coupling, as
shown 1n FIG. 8.

[0153] A number of compounds were tested for their
potential as MEKS5 inhibitors. The MDA-MB-231 triple
negative breast cancer cell line was pretreated with 10 uM
of compounds 24, 9b, 9a, 9c, 9e, 91, 9d, 9h, 23, /7, and 15 for
30 minutes followed by stimulation with epidermal growth
tactor (EGF, 50 ng/mL) for 15 minutes. Vehicle-treated cells
and known MEKI1/2 inhibitor cells were pretreated with

DMSO and U0126 respectively for 30 minutes prior to EGF
stimulation for 15 minutes. Protein visualization and quan-

tification analysis was performed using LI-COR Odyssey
Imager. The results of the Western blot analysis are shown
in FIG. 9. * P<0.05 vs. Vehicle, one-way ANOVA followed
by Tukey-Kramer test (n=3). A table of the results of a
cellular assay of mhibition of EGF-mediated formation of
pERK 1soforms 1s shown in FIG. 10.

[0154]
MB 231 cells, as they express the triple negative cancer

Proliferation studies were conducted using MDA -

phenotype. Compound 3 was selected due to its potency in
inhibition of both MEK1/2 and MEKS5. MDA-MB 231 cells
were plated at 10,000 cells per well 1n a 96 well TC plate in

3% Charcoal-Dextran stripped media and incubated over-
night at 37° C. 1n 5% CO,. The cells were treated with drug
or vehicle the following day. Plates were harvested on days
3, 5 and 7 and stained with Crystal Violet. Cells were
observed for morphological changes under an inverted
microscope. The cells were washed, lysed, and the absor-
bance of Crystal Violet sequestered i living cells was
determined at 630 nM. Wells were conducted 1n duplicate.
Experiments were run in triplicate. Cells were normalized to
initial cell count. Results are shown 1n FIG. 11.

[0155]
a dose-response eflect with compound 3. At the 7 day time

The proliferation studies demonstrated that there 1s

point, there 1s a 70% reduction mm growth relative to
untreated (DMSO). No overt cell death from compound 3
was apparent, even at saturation concentrations.

[0156] Examination of the MDA-MB 231 cells during the
proliferation testing period was conducted. Untreated

(DMSO) cells retained an elongated spiky cellular morphol-
ogy characteristic of the mobile and 1nvasive mesenchymal
phenotype. Treatment of the cells with 1 uM of compound
3 produced an observable alteration of the phenotype 1n the
majority of cells. This treatment concentration suppressed
proliferation. Treatment at higher levels with compound 3
(10 uM) had a marked conversion of nearly all cells back to
a more rounded phenotype representative of a less mobile,
less invasive epithelial phenotype. The observed phenotypic
conversion persisted for 14 days without reversion back to
the mesenchymal phenotype, see FIG. 12.
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[0157] Table 2 identifies five of the most active or potent

compounds.

TABLE 2

Identification of several potent compounds by Table 1 Registration 1D

and IUPAC name.

Structure
OH
O
H
N
E
F
Q OH
F
N
XX
F Z
F
I3

N e
. $ />_

b

I

Registration 1D [UPAC Name

SC-1-175  3,4-difluoro-2-(phenylamino)benzoic acid

SC-2-25 3. 4-difluoro-2-((2-
fluorophenyljamino)benzoic acid

IC-3-99 (SC-1- 3. 4-difluoro-2-((2-fluoro-4-
151) 1odophenyl)amino)benzamide

IC-3-95 (3.4-difluoro-2-((2-fluoro-4-

O
/ \ 1odophenyl)amino)phenyl)(4-
N N— methylpiperazin-1-yl)methanone
NH b
F F

—

O OH SC-1-148 3. 4-difluoro-2-((2-fluoro-4-
I8 iodophenyl)amino)benzoic acid
: \/\I
b
[0158] Taken together, these results show that the com- tion for other diseases which involve or implicate the

pounds disclosed herein provide compositions for and a MEK1/2 and/or MEKS signaling pathways.

method of treatment and/or prevention for various cancers,

Example 2

particularly those in which M.

cantly up-regulated. These compounds may also provide [0160]

compositions for and a metho

#K5 is overexpress or signifi-  19159]  Synthetic Methods

All solvents and reagents were used as received
d of treatment and/or preven- unless noted otherwise. All reactions were conducted in dry
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glassware and under an atmosphere of argon unless other-
wise noted. Microwave reactions were conducted 1n sealed
tube and utilized a multimode Milestone Start apparatus for
irradiation with power and control parameters as noted.
Melting points were determined on a Mellemp apparatus
and are uncorrected. All proton NMR spectra were obtained
with a 500 MHz or a 400 MHz Oxiord spectrospin cryostat,
controlled by a Bruker Avance system, and were acquired
using Bruker TOPSPIN 2.0 acquisition software. Acquired
FIDs were analyzed using MestReC 3.2. Elemental analyses
were conducted by Atlantic Microlabs and are £0.4 of
theoretical. All ;H NMR spectra were taken 1n CDCI; unless
otherwise noted and are reported as ppm relative to TMS as
an internal standard. Coupling values are reported in Hertz.

All TLCs were obtained on Sorbent Technologies polyester
backed Silica G TLC Plates of thickness 200 um.

[0161] General Method A:

[0162] 3.4-difluoro-2-((2-fluoro-4-10dophenyl)amino)
benzoic acid (SC-1-180) (39). A 250 mL round bottom flask
was charged with 2-fluoro-4-10doaniline, (38; 2.38 g, 10.0
mmol), 2,3.4-trifluorobenzoic acid, (37; 1.80 g, 10.2 mmol),
and 30 mL of anhydrous THF. The reaction mixture was
cooled with an ice-bath to 0° C. and LiNH, (561.2 mg, 24.45
mmol) was added in 3 portions over 10 min. The reaction
was then warmed to an internal temperature of 58° C. and
stirred for 12 h. The mixture was cooled to 0° C. and 1 N
HCl was added maintaining the reaction mixture at 0° C. to
yield a final pH of 1.0 (red to pHydrion paper). The reaction
mixture was then extracted three times with 10 mL portions
of Et,O, washed three times with 5 mL portions of 1 N HCI,
washed with NaCl (aq, sat), and dried over Na,SO,. The
extract was decanted and the solvent was removed under
reduced pressure. The crude product was 1solated on S10,
using 2:1 hexane/EA to provide 2.11 g (33%) of a white
solid. MP=199.0-200.1° C. (lit. MP=200-201° C.). S10,
TLCR,0.51 (2:1 hexane/EA). "H NMR (400 MHz, MeOD-
d,): 0 6.74 (m, 1H, Ar), 6.91 (m, 1H, Ar), 7.38-7.45 (d, 1H,
J=8.5 Hz, Ar), 7.47 (dd, 1H, J,=1.8 Hz and J,=10.5 Hz, Ar),
7.89 (br, 1H, Ar). Anal Calcd for C, ;H-,F;INO,: C,39.72; H,
1.79; N, 3.56. Found: C, 39.41; H, 1.91; N, 3.52.

[0163] General Procedure B: Acid Chloride Approach to
Synthesize Amide:

[0164] A dry 100 mL round bottomed flask was charged
with 3,4-difluoro-2-((2-fluoro-4-10dophenyl)amino )benzoic
acid, (39) and 5 mL of DCM. The reaction mixture was
cooled with an 1ce-bath to 0° C. 100 uLL of anhydrous DMF
was added followed by dropwise addition of neat oxalyl
chloride (2 equiv.) over 5 min. The reaction was stirred at
23° C. for 4 h. The solvent was then removed under reduced
pressure. Excess oxalyl chloride was azeotropically
removed with 2x5 mL portions of DCM under reduced
pressure. The crude product was dissolved into 5 mL of
DCM and the appropriate amine was added neat at 0° C. The
ice bath was removed after 10 min and the reaction was
permitted to warm to room temperature. The reaction was
then stirred at 23° C. for 6 h; completion of reaction was
determined by TLC. A mixture of 10 mL of H,O and 10 mL
of Et,O was added and the resultant mixture was extracted
with Et,O, washed with NaCl (aq, sat), and dried over
Na,SQO,. The extract was decanted and then the solvent was
removed under reduced pressure. The crude product was
1isolated on S10, using hexane/FEA.

[0165] 3,4-difluoro-2-((2-tluoro-4-10dophenyl)amino)
benzamide (SC-1-151) (57): was synthesized using proce-
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dure B from 3,4-ditfluoro-2-((2-fluoro-4-10dophenyl )amino)
benzoic acid, (39; 1.2 g, 3.0 mmol) and 7 N NH; in methanol
(2 mL, 15.73 mmol). The crude product was 1solated on
S10, using 2:1 hexane/EA to give 900 mg (73%) of a
pink-white powder. MP =160.9-162.0° C. S10, TLC R10.29
(2:1 hexane/EA). "H NMR (400 MHz, CDCL,): 8 5.72-6.22
(br.d, 2 H, NH,), 6.60-6.64 (m, 1H, NH), 6.85-6.90 (m, 1H,
Ar), 7.34 (d, 1H, J=8.5 Hz, Ar), 7.39-7.43 (m, 2H, Ar), 8.71
(s, 1H, Ar). Anal Calcd for C, ;H.FLIN,O: C, 39.82; H, 2.06;
N, 7.14. Found: C, 39.86; H, 2.18; N, 7.24.

[0166] N,N-diethyl-3,4-difluoro-2-((2-fluoro-4-10dophe-
nyl)amino)benzamide (SC-1-63) (59): Compound 59 was
synthesized using procedure B (acid chloride approach)
from 3,4-difluoro-2-((2-fluoro-4-iodophenyl)amino)benzoic
acid, (39; 200 mg, 0.51 mmol) and diethyl amine (0.16 mL,
1.53 mmol). The crude product was 1solated on S10,, using
1:1 hexane/EA and recrystallised from hexanes to give 100.2
mg (45%) of a white solid. MP=78.9-80.1° C. 510, TLC RTf
0.7 (1:1 hexane/EA). 'H NMR (400 MHz, CDCl,): & 1.07
(br, 6H), 3.22-3.46 (br. d, 4 H, 2N—CH,), 6.50 (s, 1H, NH)
6.51-6.55 (m, 1H, Ar), 6.9-7.04 (m, 2H, Ar), 7.27-7.29 (d,
1H, J=8.5 Hz, Ar), 7.34-7.37 (dd, 1H, J,=1.9 Hz and J,=10.5
Hz, Ar). Anal Calcd tor C, H, (;F,IN,O: C, 45.5; H, 3.60; N,
6.25; F, 12.72; 1, 28.31. Found: C, 45.25; H, 3.57; N, 6.25;
F, 12.86; 1, 28.22.

[0167] 3,4-difluoro-2-((2-fluoro-4-10dophenyl)amino)-N,
N-dimethylbenzamide (SC-1-69) (58): Compound 38 was
synthesized using procedure B from 3,4-difluoro-2-((2-
fluoro-4-10dophenyl)amino)benzoic acid, (39; 200.0 mg,
0.51 mmol) and dimethyl amine HCI (408 mg, 5.0 mmol).
A solution of dimethyl amine HCI 1n 5 mLL H,O was added
with dropwise addition to a suspension of Na,CO; (7 mmol),
H,O (5 mL), DCM (25 mL), and DMAP (5.0 mg, 0.04
mmol) at 0° C. The solution of acid chloride in DCM was
added over 5 min and the reaction was stirred at 23° C. for
2 h. A mixture of 10 mL of H,O and 50 mL of DCM was
added and the resultant mixture was washed with H,O (2x10
ml.), washed with NaCl (aq, sat), and then dried over
Na,SO,. The crude product was 1solated on S10, using 2:1
hexane/EA to give 47 mg (22%) of a white solid. MP=115.
4-117.7° C. SiO, TLC Rf0.61 (2:1 hexane/EA). '"H NMR
(400 MHz, CDCl,): 0 2.96 (br, 3H, CH;), 2.91 (br, 3H,
CH,), 6.53-6.59 (m, 1H, Ar), 6.82 (s, 1H, NH), 6.91-6.95
(m, 1H, Ar), 7.02-7.06 (m, 1H, Ar), 7.29-7.31 (d, 1H, J=8.5
Hz, Ar), 7.36-7.39 (dd, 1H, J,=1.9 Hz and J,=10.4 Hz, Ar).
Anal Calcd for C, H,,F;IN,O: C, 42.8; H, 2.8; N, 6.67; F,
13.5; 1, 30.2. Found: C, 42.69; H, 2.89; N, 6.53; F, 13.45; 1,
29.99.

[0168] 3,4-difluoro-2-((2-tluoro-4-10dophenyl)amino)-N-
methylbenzamide (SC-1-72 amide) (60): was synthesized
using procedure B from 3,4-difluoro-2-((2-fluoro-4-10do-
phenyl)Jamino)benzoic acid, (39; 315 mg, 0.8 mmol) and
methylamine 1n methanol (0.5 mL, 4 mmol, 8 M solution).

The crude product was 1solated on S10, using 5:1 hexane/
EA and recrystallized from hot EtOH to give 203 mg (63%)

of a white solid. MP=159.0-160.2° C. 510, TLC R10.51 (1:1
hexane/EA). '"H NMR (500 MHz, CDCl,): & 2.95 (d, 3H,
I=4.8 Hz), 6.23 (br, 1H, NH), 6.54-6.59 (m, 1H, Ar),
6.82-6.88 (m, 1H, Ar), 7.28-7.32 (m, 2H, Ar), 7.40 (dd, 1H,
J=1.9 Hz and J=10.3 Hz, Ar), 8.61 (s, 1H, NH). Anal Calcd
for C,,H,,F;IN,O: C, 41.40; H, 2.48; N, 6.90; F, 14.03; I,
31.25. Found: C, 41.67; H, 2.51; N, 6.79; F, 13.79; 1, 31.35.
[0169] Methyl  3.4-difluoro-2-((2-fluoro-4-iodophenyl)
amino)benzoate (SC-1-72 ester) (62): was obtained as a
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side-product using procedure B during the synthesis of 60
from 3,4-difluoro-2-((2-fluoro-4-iodophenyl)amino )benzoic
acid, (39; 315 mg, 0.8 mmol) and methylamine in methanol
(0.5 mL, 4 mmol, 8 M solution). The product was obtained
as 60 mg (17%) of a white solid. MP=118.5-111.4° C. 510,
TLC Rf0.82 (2:1 hexane/EA). "H NMR (400 MHz, CDC],):
0 3.91 (s, 3H), 6.65-6.71 (m, 1H, Ar), 6.74-6.80 (m, 1H, Ar),
7.35 (d, 1H, J=8.6 Hz), 7.42 (dd, 1H, J=1.9 Hz and J=10.2
Hz, Ar),’7.78-7.82 (m, 1H, Ar), 9.04 (s, 1H, NH). Anal Calcd
tor C, ,H,F;INO,: C, 41.30; H, 2.23; N, 3.44; F, 14.00; I,
31.17. Found: C, 41.43; H, 2.08; N, 3.52; F, 14.18; I, 31.31.
[0170] Tert-butyl 4-(3.4-difluoro-2-((2-fluoro-4-10dophe-
nyl)amino )benzoyl)piperazine-1-carboxylate (SC-1-73)
(64): Compound 64 was synthesized using procedure B from
3,4-ditluoro-2-((2-fluoro-4-iodophenyl)amino))benzoic acid,
(39; 1.00 g, 2.54 mmol) and N-Boc-piperazine (2.85 g, 5.08
mmol). A solution of acid chloride 1n 6 mLL DCM was added
with dropwise addition to a solution of N-Boc-piperazine,
TEA (0.70 mL, 5.08 mmol), DCM (12 mL) and DMAP (5.0
mg, 0.04 mmol) at 0° C. and the reaction was stirred at 23°
C. for 2 h. The crude product was 1solated on S10, using 2:1
hexane/EA to give 630 mg (44%) of a white solid. MP=188.
4° C. SiO, TLC Rf 0.5 (1:1 hexane/EA). "H NMR (400
MHz, CDC] 5): 0 1.45 (s, 9H), 3.34-3.55 (m, 8H), 6.53-6.58
(m, 1H, Ar), 6.62 (s, 1H, NH), 6.92-6.96 (m, 1H, Ar), 7.03
(m, 1H, Ar), 7.30 (d, 1H, J=8.9 Hz, Ar), 7.39 (dd, 1H, J=1.9
Hz and J=10.4 Hz, Ar). Anal Calcd for C,,H, F,IN,O,: C,
47.07, H, 4.13; N, 7.49; F, 10.15; 1, 22.61. Found: C, 47.22;
H, 4.18; N, 7.40; F, 9.94; 1, 22.64.

[0171] (3,4-ditluoro-2-((2-fluoro-4-10dophenyl))amino)
phenyl)(piperazin-1-yl)methanone hydrochloride (SC-1-79)
(63): was synthesized from 64 (530 mg, 0.94 mmol) and 1:1
15 mL (v/v) HCl/Dioxane. A solution of 64 was taken 1n a
250 mL RBF and 15 mL of 1:1 conc. HCI in Dioxane was
added with constant stirring at 23° C. for 3.5 hrs. The crude
product was recrystallized from hot EtOH to give 340 mg
(79%) of a white solid; MP=201.2-203.6° C. "H NMR (400
MHz, MeOD-d4): ¢ 3.08 (br, 4H), 3.60 (m, 4H), 6.58-6.62
(t, 1H, Ar), 7.12-7.22 (m, 2H, Ar), 7.32 (d, 1H, J=8.5 Hz, Ar)
7.46 (dd, 1H, J=1.9 Hz and J=10.8 Hz, Ar). Anal Calcd for
C,-H,;F;IN;O: C, 41.03; H, 3.24; N, 8.44; F, 11.45; 1,
25.50. Found: C, 40.77; H, 3.38; N, 8.34; F, 11.20; I, 25.24.
[0172] N-ethyl-3,4-ditfluoro-2-((2-fluoro-4-iodophenyl)
amino )benzamide (SC-1-80) (61): was synthesized using
procedure B from 3,4-difluoro-2-((2-fluoro-4-10dophenyl)
amino)benzoic acid, (39; 315 mg, 0.8 mmol) and ethyl
amine 2M solution in THF (2.25 mL, 4.5 mmol). The crude
product was 1solated on S10, using 2:1 hexane/EA and
recrystallized from hot EtOH to give 155 mg (41%) of a
white solid. MP=172.5-173.6° C. S102 TLC R_1 0.7 (2:1
hexane/EA). '"H NMR (400 MHz, CDCl,): & 1.19 (t, 3H,
J=7.3 Hz), 3.38-3.45 (m, 2H), 6.22 (br, 1H, NH), 6.54-6.59
(m, 1H, Ar), 6.82-6.89 (m, 1H, Ar), 7.31 (m, 2H, Ar), 7.40
(dd, 1H, J=2.0 Hz, J=10.3 Hz, Ar), 8.52 (s, 1H, NH). Anal
Calcd for C,.H,,F;IN,O: C, 42.88; H, 2.88; N, 6.67; F,
13.56; 1, 30.20. Found: C, 42.89; H, 2.89; N, 6.60; F, 13.57;
I,30.47.

[0173] N-(2-(dimethylamino)ethyl)-3,4-difluoro-2-((2-
fluoro-4-10dophenyl)amino)-N-methylbenzamide  hydro-
chlonide (SC-1-122) (63): was synthesized using procedure
B from 3,4-difluoro-2-((2-tluoro-4-10dophenyl)amino)ben-
zoic acid, (39; 360 mg, 0.88 mmol) and N,N,N'-trimethyl-
cthane-1,2-diamine (0.34 ml, 2.64 mmol). A solution of
N,N,N'-trimethylethane-1,2-diamine (0.34 ml, 2.64 mmol),
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TEA (0.37 mL, 2.64 mmol) and DMAP (6 mg, 0.05 mmol)
in 3 mL DCM was added dropwise to a solution of the acid
chloride 1n DCM over 5 min and the reaction was stirred at
23° C. for 12 h. The crude product was 1solated on S10,
using CHCI, and 5% MeOH to give 290 mg. HCI salt was
made from ethereal HCI and recrystallized from hot ethanol
to afford 168.2 mg (40%) of a white solid. MP=211-213° C.
Si02 TLC Rf 0.7 (DCM/5% MeOH/0.1% NH,OH). 'H
NMR (500 MHz, DMSO-d6): 0 2.78 (s, 6H, 2CH,), 2.84 (s,
3H, CH,), 3.13 (m, 2H, CH,), 3.61 (t, 2H, CH2), 6.59-6.63
(t, 1H, Ar), 7.27-7.33 (m, 2H, Ar), 7.52-7.53 (dd, 1H, J=1.6
Hz, J=11.3 Hz, Ar), 8.05 (s, 1H, Ar), 10.06 (s, 1H, NH). Anal
Calcd for C, H,,CIF;IN,O: C, 42.08; H, 3.92; N, 8.18; F,
11.09; 1, 24.70. Found: C, 42.21; H, 3.98; N, 8.09; F, 11.22;
I, 24.52.

10174]

[0175] 2-((2-fluoro-4-10dophenyl)amino)benzoic acid
(SC-1-14) (98): A microwave reactor tube was charged with
ortho-1odo benzoic acid (496 mg, 2 mmol), 2-fluoro-4-10do
aniline (237 mg, 1 mmol), K,CO, (416 mg, 3 mmol), Cul
(200 mg, 1.04 mmol) and 5 mL DMF/H20 (9:1). The
reaction was subjected to 300 Watt microwave 1rradiation
with the internal temperature maintained at 100° C. for 2 h.
After completion of the reaction was analyzed by TLC, 1 N
HCl (~4 mL) was added to the reaction mixture to obtain a
final solution pH of 6.0. The solvent was then removed
under reduced pressure. The crude compound was 1solated
on S102 using 1:1 hexane/EA to give 217 mg (61%) of white
solid; MP=186.2-186.5° C. S102 TLC R1 0.70 (1:1 hexane/
EA). '"H NMR (400 MHz, CDCL,): 8 6.85 (t, 1H, J=7.1 Hz,
Ar), 7.11 (d, 1H, J=8.6 Hz, Ar), 7.20 (t, 1H, J=8.4 Hz, Ar),
7.42 (m, 2H, Ar), 7.50 (dd, 1H, J=2.0 Hz and J=9.8 Hz, Ar),
8.06 (dd, 1H, J=1.6 Hz and J=8.1 Hz, Ar), 9.25 (s, 1H,
CO2H). Anal Calcd for C, ;H,FINO,: C, 43.72; H, 2.54; N,
3.92. Found: C, 43.81; H, 2.65; N, 3.80.

[0176] (2-((2-fluoro-4-1odophenyl)amino)phenyl)(4-
methylpiperazin-1-yl)methanone hydrochloride (SC-1-24)
(74): Adry 100 mL round bottom flask was charged with 98,
(140 mg, 0.39 mmol) and 5 mL of DCM. The reaction
mixture was cooled on 1ce-bath to 0° C. 100 uLL of anhydrous
DMF was added followed by dropwise addition of oxalyl
chloride (70 pL., 0.8 mmol) over 2 min at 0° C. The reaction
was stirred at 23° C. for 2 h. The solvent was then removed
under reduced pressure. The crude product was dissolved
into 5 mL of DCM and N-methyl piperazine (0.5 mL, 4.5
mmol) was added neat at 23° C. The reaction was stirred at
23° C. for 2 h; completion of reaction was determined by
TLC. Amaxture of 10 mL of DCM and 5 mL of 5% Na2(CO3
was added and the resultant mixture was extracted with
DCM, washed with NaCl (aq, sat), and dried over Na,SO,.
The extract was decanted and then the solvent was removed
under reduced pressure and water chased with toluene. The
crude product was 1solated on S102 using EA/0.5% TEA/
10% ethanol and recrystallised from HCI salt (ethereal HCI)
to give 20 mg (12%) of ofl-white powder. MP=217.2-217.5°
C. SiO, TLC Rf 0.24 (20% EA/EtOH). 'H NMR (400 MHz,
MeOD-d4): 0 1.18 (t, 4H, J=7.0 Hz), 2.89 (s, 3H), 3.49 (q,
2 H, I=7.0 Hz), 3.60 (q, 2 H, J=7.1 Hz), 6.92 (1, 1H, J=8.7
Hz), 7.09 (t, 1H, J=7.5 Hz), 7.15 (d, 1H, J=8.2 Hz),
7.34-7.42 (m, 3H), 7.49 (dd, 1H, J=2.0 Hz and J=10.7 Hz).
Anal Calcd tfor C, H,,CIFIN,O. 0.38% EtOH: C, 45.68; H,
4.55; N, 8.51; F, 3.85; 1, 25.71; Cl, 7.18. Found: C, 45.9; H,
4.49; N, 8.54; F, 3.66; I, 25.68; Cl, 7.49.

Procedure C (Ullmann Coupling):
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[0177] 2-(phenylamino)benzoic acid (SC-1-39) (25): A
microwave reactor tube was charged with ortho-1odo ben-
zoic acid (496 mg, 2 mmol), aniline (24) (0.45 mL, 4 mmol),
K,CO, (832 mg, 6 mmol), Cul (400 mg, 2.08 mmol) and 10
mL DMF/H,O (9:1). The reaction was subjected to 300 Watt
microwave 1rradiation with the internal temperature main-
tained at 100° C. for 1 h. After completion of the reaction
was observed by TLC, 1 N HCI (-9 mL) was added to the
reaction mixture to obtain a final pH of 6.0. The solvent was
then removed under reduced pressure and water was azeo-
tropically removed with 3x10 mL of toluene. The crude
compound was 1solated on S10, using hexane/EA and
recrystallised from toluene to give 267 mg (63%) of white
solid; MP=176.6-177.0° C. '"H NMR (400 MHz, CDCl,): &
6.76 (t, 1H, J=7.5 Hz, Ar), 7.13 (t, 1H, J=7.3 Hz, Ar), 7.23
(d, 1H, J=8.7 Hz, Ar), 7.26-7.28 (m, 2H, Ar), 7.33-7.39 (m,
3H, Ar), 8.04 (dd, 1H, J=1.6 Hz and J=8.1 Hz, Ar), 9.33 (s,
1H, CO,H).

[0178] Procedure D (DIC Coupling)

[0179] (4-methylpiperazin-1-y1)(2-(phenylamino)phenyl)
methanone (SC-1-177 amide) (75); A dry 100 mL round
bottom tlask was charged with 25, (1.00 g, 4.69 mmol) and
12 mL. of DCM. N-methyl piperazine (2.59 mlL, 23.45
mmol) and DMAP (9 mg, 0.07 mmol) was added followed
by DIC (1.08 mL, 7 mmol) and the reaction mixture was
stirred at 23° C. for 22 h. The solvent was removed under
reduced pressure. A mixture of 10 mL of ether and HCI was
added and the resultant mixture was extracted into HCI (3x5
ml.) and washed with ether (2x5 mL). The aqueous layer
was basified with 5% Na,CO; and the crude material was
extracted mto DCM (3x8 mlL). The crude product was
loaded onto S10, and eluted with chloroform: methanol
(95:3). Collection of appropriate fractions, removal of sol-

vent, and recrystallization from hot ethanol gave 232 mg
(17%) of transparent colorless needles. MP=105.9-108.0° C.

Si0, TLC Rf 0.35 (chloroform/1% methanol). "H NMR
(400 MHz, MeOD-d4): ¢ 2.23 (s, 3H, CH3), 2.35 (br, 4H,
2CH2), 3.73-3.82 (m, 4H, 2CH2), 6.88 (t, 1H, J=7.3 Hz),
6.97-7.01 (m, 3H, Ar), 7.19-7.26 (m, 4H, Ar), 7.30-7.34 (m,
1H, Ar). Anal Calcd for C, H,,N,O: C, 73.19; H, 7.17; N,
14.23. Found: C, 73.14; H, 7.22; N, 14.23.

[0180] 3,4-difluoro-2-(phenylamino)benzoic acid (SC-1-
175 acid) (71): A 250 mL round bottom flask was charged
with aniline (24) (0.57 mL, 3.7 mmol), 2,3,4-trifluoroben-
zoic acid (37), (1 g, 5.7 mmol), and 15 mL of anhydrous
THEF. The reaction mixture was cooled with an 1ce-bath to 0°
C. and LiNH2 (327 mg, 14.25 mmol) was added 1n portions
2 portions over 10 min. The reaction was then warmed to 58°
C. (external temperature) and stirred for 7 h. 1 N HCI was
then added to the reaction mixture at 0° C. to obtain a final
pH of 1.0 (red to pHydrion paper). The reaction mixture was
extracted three times with S mL portions of Et,O, washed
three times with 5 mL portions of 1 N HCI, washed with
NaCl (aqg, sat) and dried over Na,SO,. The extract was
decanted and the solvent was removed under reduced pres-

sure. The crude product was 1solated on S10, using hexane/
EA and provided 606 mg (44%) vellow crystals. MP=162.

1-162.6° C. SiO, TLC Rf0.61 (2:1 hexane/EA). 'H NMR
(500 MHz. CDCL,): & 6.73-6.78 (m, 1H, Ar). 7.05 (d, 2H.
J=7.5 Hz, Ar), 7.10 (t, 1H, J=7.4 Hz), 7.32 (t, 2H, J=7.6 Hz),
7.87-7.90 (m, 1H, Ar), 8.99 (s, 1H, OH).

[0181] Procedure E (EDCI Coupling)
[0182] 3,4-difluoro-2-(phenylamino)phenyl)(4-meth-
ylpiperazin-1-yl)methanone (SC-1-181) (72): A solution of
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71 (249 mg, 1 mmol), N-methyl piperazine (0.25 mL, 2
mmol) and DMAP (6 mg, 0.05 mmol) was prepared in 10
ml. anhydrous THF, then EDCI (382 mg, 2 mmol) was
added 1n one portion. The reaction mixture was stirred at 23°
C. for 12 hrs. The solvent was removed under reduced
pressure and a mixture ot 50 mL of ether and 1 mLL H,O was
added. The resultant mixture was washed three times with 1
mL portions of H,O, 5 mL of saturated NaCl and then dried
over anhydrous Na,SQO,. The crude product was 1solated on
S10, using CHCl;, 1% MeOH, 1% TEA to give 204 mg
(62%) of a white solid. MP=153.0-155.3° C. '"H NMR (400
MHz, CDCl;): ¢ 2.22 (s, 4H, 2CH,), 2.27 (br, 3H, CH,),
3.47 (br 4H, 2CH,), 6.60 (s, 1H, NH), 6.82-6.95 (m 4H,
Ar), 6.99-7.03 (m, 1H, Ar), 7.22-7.24 (m, 2H, Ar). Anal
Calcd for C,H,,F,N;0O: C, 65.24; H, 5.78; N, 12.68; F,
11.47. Found: C, 65.38; H, 5.89; N, 12.72; F, 11.46.

[0183] 3,4-difluoro-2-((2-fluorophenyl))amino)benzoic
acid (SC-2-25 acid) (68): A 100 mL dry round bottom flask
was charged with 2-fluoroaniline (0.27 mL, 2.97 mmol),
2.3 4-trifluorobenzoic acid, (328 mg, 3 mmol), and 7 mL of
anhydrous THF. The reaction mixture was cooled with an
ice-bath to 0° C. and LiNH, (165.2 mg, 7.2 mmol) was
added 1n 2 portions over a 10 min interval. The reaction was
then warmed to 38° C. (external temperature) and stirred for
4 h. 1 N HCI] was then added to the reaction mixture at 0°
C. to obtain a final pH of 1.0 (red to pHydrion paper). The
reaction mixture was extracted three times with 5 mL
portions of Et,O, washed three times with 5 mL portions of
1 N HCI, washed with NaCl (aq, sat), and dnied over
Na,SO,. The extract was decanted and the solvent was
removed under reduced pressure. The crude product was
1solated on S10,, using hexane/EA to provide 471 mg (59%)
of white crystals. MP=170-172° C. S10, TLC Rf 0.55 (2:1
hexane/EA). "H NMR (400 MHz, CDCl,): § 6.72-6.78 (dt,
1 H, J=6.8 Hz and J=9.1 Hz, Ar), 7.00-7.13 (m, 4H, Ar),
7.87-7.91 (ddd, 1H, J=2.1 Hz, J=5.8 Hz and ]=9.1 Hz, Ar),
8.92 (s, 1H, CO,H). Anal Calcd for C, ;H.F;NO,: C, 58.44;
H, 3.02; N, 5.24. Found: C, 58.41; H, 3.02; N, 5.23.

[0184] (3,4-difluoro-2-((2-fluorophenyl)amino)phenyl)
(4-methylpiperazin-1-yl)methanone mono-fumarate (SC-2-
45) (69): was synthesized using procedure E from 68,
N-methyl piperazine and EDCI. A solution of 68 (430 mg,
1.61 mmol), N-Methyl piperazine (0.35 mL, 3.22 mmol) and
DMAP (6 mg, 0.05 mmol) was prepared 1in 12 mL anhydrous
THF and then EDCI (615 mg, 3.22 mmol) was added. The
reaction mixture was stirred at 23° C. for 6 hrs; completion
of reaction was followed by TLC. The crude product was
1solated on S102 using CHCI3, 1% MecOH, 1% TEA. The
fumarate salt of the compound was prepared from fumaric
acid (186 mg, 1.61 mmol) followed by recrystallization from
hot EtOH to give 81 mg (14%) of a white solid. MP=155.
0-160° C. SiO, TLC Rf0.2 (CHCI3 +2% MeOH). "H NMR
(400 MHz, CDC13) 0 2.68 (s, 3H, CH;), 2.83-2.94 (br, 4H,
2CH,), 3.57 (br, 4H, 2CH,), 6.72 (s, 2H, CH=—CH), 6.82-
6.86 (m, 1H, Ar), 6.89-6.94 (m, 1H, Ar), 6.97-7.01 (m, 1H,
Ar), 7.04-7.12 (m, 2H, Ar), 7.14-7.18 (m, 1H, Ar). Anal
Calcd tor C,,H,,F ;N O.. 0.55% Fumaric acid. 0.78% EA:
C, 54.87; H, 5.13; N, 7.02. Found: C, 54.98; H, 4.88; N,
6.86.

[0185] 3,4-difluoro-2-((2-fluorophenyl Jamino)benzamide
(SC-2-37) (70): was synthesized using procedure B from 68,
(267 mg, 1 mmol) and 7 N NH; in methanol (0.65 mL, 5.03
mmol). The crude product was i1solated on S10, using
hexane/EA to give 96 mg (36%) of a white powder.
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MP=157.6-161.2° C. "H NMR (400 MHz, CDCl,): § 6.82-
6.88 (m, 2H, NH,), 6.91-6.97 (m, 1H, Ar), 6.99-7.10 (m, 3H,
Ar), 7.44 (ddd, 1H, J=2.1 Hz, J=5.5 Hz and J=8.8 Hz, Ar),
8.45 (s, 1H, Ar). Anal Calcd for C, . H,F,N,O: C, 58.65; H,
3.41;N, 10.52; F, 21.41. Found: C, 58.22; H, 3.27; N, 10.20;
F, 21.71.

[0186] 2-fluoro-4-10do-N-methylaniline (SC-2-20 amine)
(108): 2-fluoro-4-10doaniline (474 mg, 2 mmol) was added
to a dry 100 mL round bottom flask containing a suspension
of NaOMe (540 mg, 10 mmol) in MeOH (5 mL). This
mixture was poured into a suspension of paraformaldehyde
(84 mg, 2.8 mmol) 1n anhydrous MeOH (4 mL) and the
reaction mixture was stirred at 25° C. for 5 h. After 5 h,
NaBH, (75 mg, 2 mmol) was added and the reaction mixture
was refluxed at 90° C. for 2.5 h. The solvent was evaporated
and the reaction mixture was treated with S mL. 1 M KOH.
The product was extracted into diethyl ether (2x8 mL) and
dried over Na,SO,. The extract was decanted and the
solvent was removed under reduced pressure. The crude

product was 1solated on S10, using 20% EA/hexane to
provide 270 mg (54%) of white needles. MP=44° C. S10,

TLC Rf0.75 (2:1 hexane/EA). '"H NMR (400 MHz, CDCI,):
02.85(d,3H,J=4.6 Hz),3.97 (s, 1H, NH), 6.43 (t, 1H, J=8.8
Hz), 7.22-7.26 (m, 1H, Ar), 7.30 (d, 1H, J=9.3 Hz, Ar). Anal
Calcd for C;H,FIN: C, 33.39; H, 2.81; N, 5.58. Found: C,
33.69; H, 2.67; N, 5.64.

[0187] 3,4-difluoro-2-((2-fluoro-4-10dophenyl)(methyl)
amino)benzoic acid (SC-2-32) (76): A 100 mL dry round
bottom flask was charged with 2-fluoro-4-10do-N-methyl-
aniline (270 mg, 1.07 mmol), 2,3,4-trifluorobenzoic acid,
(192 mg, 1.09 mmol), and 10 mL of anhydrous THF. The
reaction mixture was cooled with an ice-bath to 0° C. and
LiNH, (60 mg, 2.6 mmol) was added 1n portions 2 portions
over 5 min. The reaction was then warmed to 38° C.
(external temperature) and stirred for 48 h. 1 N HCl] was then
added to the reaction mixture at 0° C. to obtain a final pH of
1.0 (red to pHydrion paper). The reaction mixture was
extracted three times with 5 mL portions of Et20, washed
three times with 5 mL portions of 1 N HCI, washed with
NaCl (aq, sat) and dried over Na2S04. The extract was
decanted and the solvent was removed under reduced pres-
sure. The crude product was 1solated on S102 using 3:1

hexane/EA and recrystallized from toluene and hexanes to
provide 286 mg (66%) of brown crystals. MP=86.2-89.1° C.

Si0, TLC Rf0.45 (2:1 hexane/EA). 'H NMR (500 Mz,
CDCL,): 8 3.34 (s, 3H), 6.97 (t, 1H, J=8.8 Hz, Ar), 7.24-7.27
(m, 1H, Ar), 7.35-7.37 (dd, 1H, J=2.0 Hz and J=11.4 Hz, Ar).
7.50 (d, 1H, J=8.6 Hz, Ar), 8.07-8.10 (m, 1H, Ar). Anal
Caled for C,,H,F5INO,. 0.0436% C H.CH,: C, 41.78; H,
2.29; N, 3.40. Found: C, 41.77; H, 2.42; N, 3.35.

Example 3
[0188] Biological Evaluation
[0189] Cell Culture and Treatment
[0190] MDA-MB-231 cells were grown on 10 cm cell

culture plates [Sarstedt] in Dulbecco’s Modified Eagle’s
Medium (DMEM; Gibco) with Ham’s F12 Nutrient Mixture
(1:1) (Invitrogen), 10% heat-inactivated FBS [Atlanta Bio-
logical and 0.5% penicillin/streptomycin [Gibco]. Cells
were maintained at 37° C. with 5% CO,. Plating of the cells
was done 36 hours before treatment 1n 35 mm culture plates
|Sarstedt] and allowed to reach confluence. To test MEK-5
inhibitors, the cells were treated with epidermal growth
tactor (EGF; Sigma-Aldrich) 30 min after treatment with the
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compounds. 15 min after the addition of EGF, the cells were
washed with 1XPBS [Sigma-Aldrich] and then lysed in 1%

Triton X-100 bufler containing 20 mM Tris (pH 6.8), 137
mM NaCl, 25 mM beta glycerophosphate, 2 mM NaPPi, 2
mM EDTA, 1 mM Na,VO,, 10% glycerol, 5 ug/mL leu-
peptin, 5 ug/mL aprotinin, 2 mM benzamidine, 0.5 mM
DTT, and 1 mM PMSF. The lysates were then centrifuged at
10,000 rpm for 10 min at 4° C.

[0191] Western Blot Analysis

[0192] TTotal protein content was assessed by Bradford
Bio-Rad protein assay (Cat. No. 500-0006, Bio-Rad, Her-
cules, Calif.) and 30 ng of protein was loaded on a 8%
SDS-PAGE gel for phosphorylated and total ERK1/2 and
ERKS5 proteins. After running the samples, gels were trans-
ferred to a nitrocellulose membrane (Cat. No. 926-31092,
Licor Biosciences, Lincoln, Nebr.). After transfer, mem-
branes were washed for 5 min with 1xPBS and blocked for
1 h in a Casein Blocking Buffer (Cat. No. 927-40200, Licor
Biosciences) at room temperature. Membranes were then
incubated overmight at 4° C. 1 primary antibody in CBB
with 0.2% Tween-20. Antibodies included rabbit anti-phos-
pho-ERK1/2 (Dilution—1:1000, Cat. No. 9101, Cell Sig-
naling, Beverly, Mass.), mouse anti-total ERK1/2 (Dilu-
tion—1:1000, Cat. No. 9107, Cell Signaling), and rabbit
anti-total ERKS (Dilution—1:1,000, Cat. No. 3372, Cell
Signaling). Mouse anti-c.-Tubulin (Dilution—1:10,000, Cat.
No. T5168, Sigma-Aldrich) was used as a loading control.
After incubation with primary antibody, blots were washed
in 1xPBS solution with 0.2% Tween-20 (1X PBS-T) and
incubated with goat anti-rabbit (Dilution—1:10,000, Cat.
No. 926-68021, LICOR Biosciences) and goat anti-mouse
(Dilution—1:10,000, Cat. No. 926-32210, LICOR Biosci-
ences) secondary antibodies for 1 h at room temperature.
After washing the membranes with 1xPBS-T, the protein
bands were visualized on an Odyssey Infrared Imager and
quantified with Odyssey software (LICOR Biosciences).

pERK-5 pERK-Y

relative pERK-3 relative pERK-1/%

activity decrease activity decrease
Compounds (%0) (%0) (%) (%)
DMSO 100 0 100 0
SC-1-75 — 8.4 — 70.9
SC-1-65 7.4 - - 5.5
SC-1-24 - 30.9 - 33.5
SC-1-122 - 9.4 - 27.9
SC-1-69 - 0.2 - 87.3
SC-1-72 amide - 204 - 99.6
SC-1-72 ester — 13.0 — 98.9
SC-1-79 6.2 - - 99.0
SC-1-80 - 8.5 - 98.6
SC-1-177 - 71 - 29.3
SC-1-18%81 - 82.4 8.5 -
SC-1-151 — 59 — 90.%
SC-1-180 - 20.1 - 98.5
SC-1-175 — 10.4 — 7.1
SC-2-25 - 11.1 7.1 -
SC-2-32 5.0 - - 33.5
SC-2-37 - 56.1 - 52.8
SC-2-45 - 40.5 - 16.5
Uo0126 - 43 - 99.6
XMDg-92 - 95.2 - 50.1
PD 0325901 - 95.9 - 09.7
[0193] Crystal Violet Proliferation Assay
[0194] Trnple-negative breast cancer (TNBC) cells MDA -
MB-231 were seeded 1n 96-well plates at a density of 2,000
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cells per well 1 5% charcoal-stripped phenol free DMEM,
allowed to attach overnight, and subsequently treated with
DMSO and MEK 1nhibitor compounds 1n duplicate. Plates
were harvested on days 3, 5 and 7, fixed with glutaralde-
hyde, and stained with crystal violet. Cells were observed
for morphological changes under an inverted microscope.
Cells were washed, lysed with 33% acetic acid, and the
absorbance was read at 630 nm 1n a Biotek Synergy plate
reader. Data are represented as mean cell viability normal-
1zed to vehicle treatment £SEM of triplicate experiments
with internal duplicates.

[0195] Quantitative Real-Time Polymerase Chain Reac-
tion (qQPCR)
[0196] Cancer cells were grown 1n 5% charcoal-stripped

phenol red free DMEM for 48 hours and treated with
compounds (1 uM). After 24 hours, cells were collected and
total RNA was extracted using the RNeasy kit, 1n accordance
with the manufacturer’s protocol (Qiagen, Germantown,
Md.). The quality and concentration of RNA were deter-
mined spectrophotometrically by absorbance at 260 and 280
nm. Total RNA (1 ug) was reverse-transcribed using the
iScript kit (BioRad, Hercules, Calif.). Cycle number was
normalized to P-actin and vehicle-treated cells scaled to 1,
n=3.

[0197] Migration Assay

[0198] TNBC cells were cultured 1 5% CS phenol free
DMEM for 48 hours and treated with SC-1-151 or vehicle
for 3 days, 2.5x10% cells were then seeded in a transwell
isert. After 24 hours, cells were fixed and stained with
crystal violet and the number of migrated cells counted. Data
are represented as percent control migrated cells per 200x
field of view £SEM. Experiments were conducted 1n tripli-
cate.

[0199]

[0200] Immune-compromised SCID/beige female mice
(29-32 days old) were obtained from Charles River Labo-
ratories (Wilmington, Mass.). The animals were allowed a
period of adaptation 1n a sterile and pathogen-iree environ-
ment with food and water ad libitum. Breast cancer cells

MDA-MB-231 were grown 1n 5% FBS charcoal-stripped
DMEM for five days then harvested. Viable cells were
mixed with PBS and Matrigel Reduced Factors (BD Bio-
sciences, San Jose, Calif.). Injections (1x10° cells/injection)
were made bilaterally into the mammary fat pad on day O
(May 7, 2013). All the procedures in animals were carried
out under anesthesia using a mix of 1soflurane and oxygen
delivered by mask. Animals were treated on day O with
cither DMSO or SC-1-151 (25 mg/kg). Tumor size was
measured biweekly for 30 days using a digital caliper.
Tumor volume was calculated using the following formula:
4/3nl. M, where L is the larger radius and M is the smaller
radius. On day 31, tumors were excised and blocked in OCT
compound. Mice were momtored daily to insure survival
alter the surgery. Mice were allowed to proceed for 14 days
to examine ellects of drug treatment on metastasis.

10201]

[0202] Statistical analyses were performed using Graph-
pad Prism soitware (Graph-Pad Software, Inc., San Diego,
Calif.). Data were subjected to unpaired Student’s t-test,
with p<0.05 considered statistically significant

Animal Xenograit Study

Statistical Analyses
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Example 4
[0203] Treatment of Subjects
[0204] This example describes methods that can be used to

treat a subject having a particular disease or condition, such
as cancers, that can be treated by a disclosed anthranilic
amide derivative. Such a therapy can be used alone, or 1n
combination with other therapies (such as the administration
ol a chemotherapeutic agent).

[0205] Inparticular examples, the method includes screen-
ing a subject having or thought to have a particular disease
or condition treatable by a disclosed anthramilic amide
derivativeg. Subjects of an unknown disease status or con-
dition can be examined to determine if they have a disease
or condition treatable by a disclosed anthranilic amide
derivative for example by using the methods described
herein.

[0206] The subject can be administered a therapeutic
amount of a disclosed anthranmilic amide derivative. The
disclosed anthranilic amide derivative can be administered
at doses of 0.0001 ug/kg body weight to about 10 mg/kg
body weight per dose, such as 0.0001 ug/kg body weight-
0.001 ng/kg body weight per dose, 0.001 ug/kg body weight-
0.01 ng/kg body weight per dose, 0.01 ug/kg body weight-
0.1 ug/kg body weight per dose, 0.1 ng/kg body weight-10
ug/ke body weight per dose, 1 ug/kg body weight-100 ug/ke
body weight per dose, 100 ng/kg body weight-500 ug/kg
body weight per dose, S00 ug/kg body weight per dose-1000
ug/kg body weight per dose, or 1.0 mg/kg body weight per
dose-10 mg/kg body weight per dose. However, the particu-
lar dose can be determined by a skilled clinician. The
disclosed anthranilic amide derivative can be administered
in several doses, for example continuously, daily, weekly, or
monthly. The admimstration can concurrent or sequential for
other agent.

[0207] The mode of administration can be any used 1n the
art. The amount of the disclosed anthranilic amide deriva-
tivee denivative administered to the subject can be deter-
mined by a clinician, and may depend on the particular
subject treated. Specific exemplary amounts are provided
herein (but the disclosure 1s not limited to such doses).
[0208] A ten percent reduction in one or more sign or
symptoms associated with the disease or condition indicates
that the treatment 1s effective.

[0209] In view of the many possible embodiments to
which the principles of the disclosed imvention may be
applied, 1t should be recognized that the 1llustrated embodi-
ments are only preferred examples of the mmvention and
should not be taken as limiting the scope of the ivention.
Rather, the scope of the invention 1s defined by the following
claims. We therefore claim as our invention all that comes
within the scope and spirit of these claims.

1. A compound, having the formula:

R! O
RZ
H
R N R’
\ /

RY B R4
R’ RS |

RS R>
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wherein R' independently is:

\4< —%/\/\/}fé\
N NN N P

R i

HN/ \N —N N
/&

a primary or tertiary amine group, a OR"" group, or an
amino acid group, and wherein the R, independently 1s
a hydrogen, an alkyl, an alkene, or an alkyne group;
wherein R?, R°, R®, R”, and R'* are each independently
a hydrogen, an alkyl, an alkene, an alkyne, a halogen,
an alkoxy group with or without one or more carbon-
carbon double or triple bonds, a cyano group, or a
nitrile group; wherein R* and/or R* is/are indepen-
dently a halogen group, and, when not a halogen group,
R” or R* is a hydrogen group, and, when R' is a primary
amine group or a OR'! group, R* or R*, but not both,
1s a halogen group; and

wherein R’ and R® are each independently a halogen
group.
2. The compound of claim 1, wherein R is:

Z/
ﬁ\ |
z/

\
§
Z

3. (canceled)

4. The compound of claim 1, wherein R* is a fluorine
group.
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5. The compound of claim 1, wherein R>, R”, R®, R”, or
R'” is a hydrogen group or a halogen group.

6. (canceled)

7. The compound of claim 1, wherein R* is an iodine
group.

8. (canceled)

9. (canceled)

10. The compound of claim 9, wherein R°® is a fluorine
group.
11. (canceled)

12. The compound of claim 11, wherein R’ and/or R®
1s/are a fluorine group.

13. (canceled)
14. (canceled)
15. (canceled)

16. The compound of claim 1, having the formula:

R! O
F
Rl 0 % R3
Q
R o7 Rl I
RS R>

Rl
F
H
RJU N R3
\ \ ?
R AN

5@
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-contmued

Rlﬂ\ N
R0 =
\)\
\/\R4_

17. The composition of claim 1 wherein the compound 1s
selected from one of 3.4-difluoro-2-((2-fluoro-4-10dophe-
nyl)amino)benzoic acid (SC-1-180), N,N-diethyl-3,4-dii-
luoro-2-((2-fluoro-4-iodophenyl)amino)benzamide (SC-1-
65), 3.4-difluoro-2-((2-fluoro-4-iodophenyl) amino)-N,N-
dimethylbenzamide (SC-1-69), 3,4-ditluoro-2-((2-fluoro-4-
iodophenyl)amino)-N-methylbenzamide (SC-1-72 amide),
Tert-butyl-4-(3,4-difluoro-2-((2-fluoro-4-10dophenyl)
amino )benzoyl)piperazine-1-carboxylate (SC-1-75), (3,4-
difluoro-2-((2-fluoro-4-iodophenyl)amino) phenyl)(piper-
azin-1-yl)methanone, hydrochloride (SC-1-79), N-ethyl-3,
4-difluoro-2-((2-fluoro-4-10dophenyl)amino )benzamide
(SC-1-80), N-(2-(dimethylamino)ethyl)-3,4-difluoro-2-((2-
fluoro-4-10dophenyl)amino)-N-methylbenzamide  hydro-
chlonide (SC-1-122), 2-((2-fluoro-4-10dophenyl)amino)ben-
zoic acid (SC-1-14 acid), (2-((2-fluoro-4-1odophenyl)
amino )phenyl)(4-methylpiperazin-1-yl)methanone hydro-
chloride (SC-1-24 amide), 3,4-difluoro-2-((2-fluorophenyl)
amino)benzoic acid (SC-2-25), 3.4-difluoro-2-((2-fluoro-
phenyl) amino)benzamide (SC-2-37), 3,4-difluoro-2-(2-
fluoro-4-10dophenylamino )phenyl)(4-methylpiperazin-1-yl)
methanone (24/1C-3-95/1C-D-122b), and 3,4-ditluoro-2-((4-
1odophenyl) amino)benzamide (?).

\

/
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18. A composition, comprising the compound of claim 1,
and a pharmaceutically acceptable carrier.

19. The composition of claim 18, wherein the composi-
tion 1s formulated for oral, intravenous, intradermal, intra-
muscular, and subcutaneous administration.

20. The composition of claim 19, wherein the composi-
tion comprises a product for oral delivery comprising a
concentrate, a dried powder, a liquid, a capsule, a pellet, and
a pill.

21. Use of the compound of claim 1 for the manufacture
of a

medicament.

22. A method of inhibiting or treating cancer in a subject
comprising: administering to the subject an effective amount
of the compound of claim 1, thereby inhibiting or treating
cancer.

23. The method of claim 22, wherein the cancer comprises
a solid tumor or metastatic cancer.

24. The method of claim 23, wherein the solid tumor
comprises a squamous cell carcinoma, prostate cancer,
breast cancer, or pancreatic cancer.

25. (canceled)

26. (canceled)

27. The method of claam 24, wherein the breast cancer
comprises triple-negative breast cancer or early onset breast
cancer.

28. (cancel

29. (canceled)

30. (canceled)

31. A method of inhibiting or reversing an eplthehal to
mesenchymal cellular transition a subject comprising:

administering to the subject an eflective amount of the

compound of claim 1, thereby inhibiting or reversing
the epithelial to mesenchymal cellular transition.

32. A method of inhibiting MEK1/2 and/or MEK 3
enzymatic activity in a subject

comprising:

administering to the subject an eflective amount of the
compound of claim 1, thereby inhibiting 1n MEK1/2

and/or MEK 5 enzymatic activity.

ed)
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