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MAST-CELL MODULATORS AND USES THEREOF

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provionsional Application No. 62/278722,
filed January 14, 2016, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to mast cell (MC) modulators, processes for their
preparation, pharmaceutical compositions containing these modulators, and their use in the

treatment of diseases associated with mast cells.
BACKGROUND

[0003] Traditionally, mast cells have been known for their role in allergic and anaphylactic
reactions, as well as their involvement in acquired and innate immunity, bacterial infections, and
autoimmunity. See e.g., Respitory Medicine, Volume 106, Issue 1, pp. 9-14 (January 2012);
Proc. Natl Acad. Sci. USA 102 (2005) 1578-1583; Nat. Immunol. 6 (2005) 135-142; Nature 432
(2004) 512-516; Eur. J. Immunol. 40 (2010) 1843—-1851; Nat. Rev. Immunol. 10 (2010) 440-
452; Autoimmun. Rev. 4 (2005) 21-27; and Nat. Immunol. 11 (2010) 471-476. In addition to
being associated with allergic inflammation (e.g., asthma, atopic dermatitis, allergic rhinitis and
ocular allergic diseases), evidence now implicates mast cells with inflammatory diseases through
non-allergic triggers as well as fibrosis, cancers, central nervous system disorders, and metabolic
disorders. See e.g., Biochimica et Biophysica Acta, 1822 (2012) 21-23; DNA Cell Biol. 2013
Apr 32(4):206-18; Cancer Metastasis Rev. 2011 Mar 30(1):45-60; Nature 210, 756 - 757 (14
May 1966); Biochimica et Biophys Acta. 2012 Jan 1822(1):14-20; and Front Immunol. 2012; 3:
7.

[0004] Over the last decade or so it has also been shown that inflammation is a major factor
of diabetic neuropathy (Nature reviews Neurology 2011; 7:573-83) Dyslipidemia (Diabetes
2009;58:1634-40), LDL oxidation (Diabetes 2009; 58:2376-85), poly(ADP-ribose) activation
(Free Radic Biol Med 2011;50:1400-9). Increased levels of advanced glycated endproducts
(AGESs) and their receptor RAGE (Diabetes 2013; 62:931-43) are the main causes for this
increased inflammatory response (Diabetologia 2009; 52:2251-63). To this end, the role of local
skin inflammation on the development of small fiber neuropathy (SFEN), and the indentification
of several new factors that play a role in development of SFN and diabetic peripheral neuropathy

(DPN), such as e.g., the interaction among neuropeptides, mast cells and macrophages, and
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increased mast cell degranulation and M1 macrophage activation in diabetic models is described
in U.S. Provisional Application No. 62/162,972.

[0005] Given the involvement of mast cells in a wide variety of therapeutic pathways and
targets, it is therefore desirable to prepare compounds that modulate mast cells (e.g., mast cell

stabilizers) and hence have utility for treating one or more conditions associated with mast cells.
SUMMARY

[0006] It has now been found that compounds described herein, and pharmaceutically
acceptable compositions thereof, are effective modulators of mast cells and are useful in treating
conditions associated therewith such as e.g., to promote wound healing in diabetic subjects (see

e.g., Figure 1). Such compounds include those of Formula I:

—Y,
X
Ny~ (R,
\Z
/
N
—
\
RY L/

D3
or a pharmaceutically acceptable salt thereof, wherein each of X, Y, Cy, Rl, Rz, s, and p are as
defined and described herein.
[0007] The compounds described herein useful for treating a variety of diseases, disorders or
conditions associated with mast cells. Such diseases, disorders, or conditions include those
described herein.

BRIEF DESCRIPTION OF THE FIGURES
[0008] Figure 1 illustrates the effects on would healing in diabetic mice from treatment of a
compound described herein.
[0009] Figure 2 illustrates the effects on the M1/M2 ratio in intact skin of diabetic mice
from treatment with a compound described herein.
[0010] Figure 3 shows dose-dependent inhibition by compound 12 of B-hex release from
activated mast cells. Released B-Hex in cell culture supernatant were measured and compared
with total B-Hex in cell lyses (reported as %).
[0011] Figure 4 shows dose-dependent inhibition by compound 12 of nuclear translocation

of NFAT in activated mast cells.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

1. General Description of Compounds

[0012] In certain embodiments, the present disclosure provides a compound of Formula I:

X/Y
Ny~ (R,

RYA
"/ I:

or a pharmaceutically acceptable salt thereof, wherein
Zis CHor N;
XisCOand Yis NH, or Xis NH and Y is CO;
Cy is phenyl or pyridyl;
R! and R? are each halo; and

p and s are each independently 1, 2, or 3; provided the compound is not

cl N % E o =
7
N™ X N N /
N F NN
H F H
Cl cl
or ora

pharmaceutically acceptable salt thereof.

2. Compounds and Definitions

[0013] The terms “halo” and “halogen” as used herein refer to an atom selected from fluorine
(fluoro, —F), chlorine (chloro, -Cl), bromine (bromo, —Br), and iodine (iodo, —I).

[0014] As used herein the terms “subject” and “patient” may be used interchangeably, and
means a mammal in need of treatment, e.g., companion animals (e.g., dogs, cats, and the like),
farm animals (e.g., cows, pigs, horses, sheep, goats and the like) and laboratory animals (e.g.,
rats, mice, guinea pigs and the like). Typically, the subject is a human in need of treatment.
[0015] The compounds of the herein may be present in the form of pharmaceutically
acceptable salts. For use in medicines, the salts of the compounds of the invention refer to non-
toxic “pharmaceutically acceptable salts.” Pharmaceutically acceptable salt forms include

pharmaceutically acceptable acidic/anionic or basic/cationic salts.
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[0016] Pharmaceutically acceptable acidic/anionic salts include, but are not limited to the
acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, carbonate, citrate, dihydrochloride,
gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrobromide, hydrochloride,
malate, maleate, malonate, mesylate, nitrate, salicylate, stearate, succinate, sulfate, tartrate, and

tosylate.

3. Description of Exemplary Compounds

[0017] In a first embodiment, the present disclosure provides a compound of Formula I:

X/Y
Ny~ (R,

\Z
/

N

—
\
RYNY
"/ (;

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein the
variables are as described above. Alternatively, the present disclosure provides a compound of
Formula I or a pharmaceutically acceptable salt thereof.

[0018] In a second embodiment, the compound of Formula I is of the Formula IT or III:

X, R2), (Rz)s

\(
O o C O
— / =N
N
1 1
R (an ; or )"d (III);

or a pharmaceutically acceptable salt thereof, wherein the variables are as described above for

Q.

Formula 1.

[0019] In a third embodiment, the compound of Formula I is of the Formula IV or V:

@) H o) H
(R?), (Rz)s
\
, @jz C
— / =N
N

NGy
Q

R1 1
RFL vy or R T V):
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or a pharmaceutically acceptable salt thereof, wherein the variables are as described above for
Formula I and the second embodiment.

[0020] In a fourth embodiment, p in Formula I, II, III, IV, and V is 2, wherein the remaining
variables are as described above for Formula I and the second or third embodiment.

[0021] In a fifth embodiment, s in Formula I, II, III, IV, and V is 1 or 2, wherein the
remaining variables are as described above for Formula I and the second, third, or fourth
embodiment.

[0022] In a sixth embodiment, R? in Formula I, II, II1, 1V, and V is fluoro, wherein the
remaining variables are as described above for Formula I and the second, third, fourth, or fifth
embodiment.

[0023] In a seventh embodiment, R' in Formula I, II, II1, 1V, and V is chloro, wherein the
remaining variables are as described above for Formula I and the second, third, fourth, or fifth

embodiment.

[0024] In an eighth embodiment, the compound of Formula I is selected from
N
/ N
F F
O (@]
NH
@% @? 3 3R
N N

- Cl - Cl

2 2 2

o
' ©ﬁ°F©ﬁ°
3 3 3 9
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N N N
/ N / N / N
F 0 0
HN NH NH
O

AW AN N

/ /
N N N

Cl Cl Cl
Cl ; Cl ; and Cl ; or a pharmaceutically

acceptable salt thereof.

[0025] Specific examples of compounds are provided in the EXEMPLIFICATION. In some
embodiments, a provided compound is one or more compounds selected from those exemplified
in the EXEMPLIFICATION section below, or a pharmaceutically acceptable salt thereof. That
is, ppharmaceutically acceptable salts as well as the neutral forms of these compounds are
included herein.

[0026] In other embodiments, the present disclosure provides a method of treating a subject
(e.g., a human) with a condition associated with mast cells comprising the step of administering
to the patient an effective amount of a compound of the Formula L, II, III, IV, and V, or a
pharmaceutically acceptable salt or composition thereof. Conditions associated with mast cells
include, but are not limited to, bacterial infections, allergic reactions, inflammatory diseases,
fibrosis, cancers, central nervous system disorders, and metabolic disorders. Specific conditions
include e.g., allograft rejection, diabetic retinopathy, choroidal neovascularization due to age-
related macular degeneration, psoriasis, arthritis, osteoarthritis, rheumatoid arthritis, synovial
pannus invasion in arthritis, multiple sclerosis, myasthenia gravis, diabetes mellitus, diabetic
angiopathy, diabetic neuropathy, infantile hemangiomas, non-small cell lung, bladder and head
and neck cancers, prostate cancer, breast cancer, ovarian cancer, gastric and pancreatic cancer,
psoriasis, fibrosis, rheumatoid arthritis, atherosclerosis, restenosis, allergy, respiratory diseases,
asthma, transplantation rejection, thrombosis, retinal vessel proliferation, inflammatory bowel
disease, Crohn's disease, ulcerative colitis, bone diseases, transplant or bone marrow transplant
rejection, lupus, chronic pancreatitis, cachexia, septic shock, fibroproliferative and differentiative
skin diseases or disorders, ocular disease, viral infection, heart disease, lung or pulmonary

diseases or kidney or renal diseases, skin inflammation, and bronchitis.
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[0027] In other embodiments, the present disclosure provides a method of delaying the onset
of, reversing, or reducing the risk of acquiring peripheral neuropathy (PN) in a subject (e.g., a
human) having diabetes, comprising administering to the subject an effective amount of a
compound of the Formula I, IL, III, IV, and V, or a pharmaceutically acceptable salt or
composition thereof.

[0028] In other embodiments, the present disclosure provides a method of delaying the onset
of, reversing, or reducing the risk of acquiring peripheral diabetic neuropathy (PN) in a subject
(e.g., a human) in need thereof, comprising administering to the subject an effective amount of a
compound of the Formula I, IL, III, IV, and V, or a pharmaceutically acceptable salt or
composition thereof.

[0029] In other embodiments, the present disclosure provides a method of delaying the onset
of, reducing the risk of developing, or accelerating the healing of a wound in a subject (e.g., a
human) having diabetes, comprising administering to the subject an effective amount of a
compound of the Formula I, IL, III, IV, and V, or a pharmaceutically acceptable salt or
composition thereof.

[0030] In other embodiments, the present disclosure provides a method for altering the
M1/M2 macrophage ratio in a wound on a subject (e.g., a human) having diabetes, comprising
administering to the subject an effective amount of a compound of the Formula I, II, III, IV, and
V, or a pharmaceutically acceptable salt or composition thereof.

[0031] In other embodiments, the present disclosure provides a method of preventing the
increase of matrix metallopeptidase 9 (MMP-9), in a subject (e.g., a human) having diabetes,
comprising administering to the subject an effective amount of a compound of the Formula I, II,

III, IV, and V, or a pharmaceutically acceptable salt or composition thereof.
4. Uses, Formulation and Administration

[0032] According to another embodiment, the present disclosure provides a method of
treating a subject (e.g., a human) with a condition associated with mast cells using a composition
comprising a compound of the Formula I, II, III, IV, and V, or a pharmaceutically acceptable
salt or composition thereof; and a pharmaceutically acceptable carrier, adjuvant, or vehicle.
Disorders associated with mast cells are described above e.g., in paragraph [0022].

[0033] According to another embodiment, the present disclosure provides a method of
delaying the onset of, reversing, or reducing the risk of acquiring peripheral neuropathy (PN) in a

subject (e.g., a human) having diabetes, using a composition comprising a compound of the
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Formula I, II, III, IV, and V, or a pharmaceutically acceptable salt or composition thereof; and a
pharmaceutically acceptable carrier, adjuvant, or vehicle.

[0034] According to another embodiment, the present disclosure provides a method of
delaying the onset of, reversing, or reducing the risk of acquiring peripheral diabetic neuropathy
(PN) in a subject (e.g., a human) in need thereof, using a composition comprising a compound of
the Formula I, I1, IIL, IV, and V, or a pharmaceutically acceptable salt or composition thereof;
and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

[0035] According to another embodiment, the present disclosure provides a method of
delaying the onset of, reducing the risk of developing, or accelerating the healing of a wound in a
subject (e.g., a human) having diabetes, using a composition comprising a compound of the
Formula I, II, III, IV, and V, or a pharmaceutically acceptable salt or composition thereof; and a
pharmaceutically acceptable carrier, adjuvant, or vehicle.

[0036] According to another embodiment, the present disclosure provides a method for
altering the M1/M2 macrophage ratio in a wound on a subject (e.g., a human) having diabetes,
using a composition comprising a compound of the Formula I, II, III, IV, and V, or a
pharmaceutically acceptable salt or composition thereof; and a pharmaceutically acceptable
carrier, adjuvant, or vehicle.

[0037] According to another embodiment, the present disclosure provides a method of
preventing the increase of matrix metallopeptidase 9 (MMP-9), in a subject (e.g., a human)
having diabetes, using a composition comprising a compound of the Formula I, II, III, IV, and
V, or a pharmaceutically acceptable salt or composition thereof; and a pharmaceutically
acceptable carrier, adjuvant, or vehicle.

[0038] As used herein, delaying the onset of, reversing, or reducing the risk of acquiring, or
reducing the risk of developing a condition recited herein (e.g,. peripheral neuropathy (PN),
small fiber neuropathy (SFN), and peripheral diabetic neuropathy) means decreasing the amount
of mast cell degranulation in subjects who have elevated mast cell degranulation levels due to a
condition/disease, such as e.g., diabetes. It has been found that subject having diabetes have an
increase in mast cell degranulation. See e.g., U.S. Provisional Application No. 62/162,972.
[0039] As used herein, accelerating the healing of wound means that the compound of
Formula I, II, III, IV, and V, or a pharmaceutically acceptable salt or composition thereof
elicits a cellular environment that accelerates or promotes healing of the wound. For example,
the he compound of Formula I, II, III, IV, and V, or a pharmaceutically acceptable salt or

composition thereof may elicit the release of cytokines such as CXCL8, CCL2 and CXCL7,
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each of which are necessary for the first phase of wound healing, thereby promoting healing of a
wound. The first phase of wound healing is the inflammatory phase that lasts for approximately
three days and it is followed by the proliferative phase that lasts two to three weeks. In chronic
wounds this linear progression is abolished and are characterized by the presence of low grade
chronic inflammation. The application of the compound of Formula I, II, III, IV, and V, or a
pharmaceutically acceptable salt or composition thereof can convert the chronic low grade
inflammation to an intense acute inflammatory phase that then progresses to the proliferative
phase and promotes wound healing.

[0040] In certain embodiments, the amount of compound of the Formula I, II, III, IV, and V
in a provided composition is such that it is effective as a mast cell stabilizer (such as a mast cell
degranulation inhibitor) in a biological sample or in a subject. In certain embodiments, a
provided composition is formulated for administration to a subject in need of such composition.
In some embodiments, a provided composition is formulated for oral administration to a subject.
In other embodiments, a provided composition is formulated for topical administration to a
subject.

[0041] The term “pharmaceutically acceptable carrier, adjuvant, or vehicle” refers to a non-
toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this disclosure include, but are not limited to,
ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[0001] Pharmaceutically acceptable compositions described herein may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly used
include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose and

dried cornstarch. When aqueous suspensions are required for oral use, the active ingredient is
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combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or
coloring agents may also be added.

[0002] Pharmaceutically acceptable compositions described herein may also be prepared in
injectable form. Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a sterile injectable
solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purpose any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in the preparation of injectables.

[0042] Pharmaceutically acceptable compositions described herein may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible by
topical application, including diseases of the eye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs. Topical application
for the lower intestinal tract can be effected in a rectal suppository formulation (see above) or in
a suitable enema formulation. Topically-transdermal patches may also be used.

[0003] The amount of compounds described herein that may be combined with the carrier
materials to produce a composition in a single dosage form will vary depending upon the host
treated and the particular mode of administration. In some embodiments, provided compositions
should be formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of the
inhibitor, such as e.g., 0.1 — 100 mg/kg body weight/day, can be administered to a patient
receiving these compositions.

[0043] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the treating physician and the severity of the
particular disease being treated. The amount of a compound described herein in the composition
will also depend upon the particular compound in the composition.

b3

[0044] Unless specified otherwise, the terms “treatment,” “treat,” and “treating” refer to

therapeutic treatment.

10
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[0045] Modulation of mast cells (or to modulate mast cells) means that a change or
alternation in the activity of mast cells has occurred from the administration of one or more of
the compounds described herein. Modulation may be an upregulation (increase) or a
downregulation (decrease) in the magnitude of the activity or function of mast cells. Exemplary
activities and functions include e.g., binding characteristics, enzymatic activity, cell receptor
activation, transcriptional activity, and signal transduction. In one aspect, the compounds
described herein stabilize mast cells. In further aspects, the compounds described herein act as

mast cell degranulation inhibitors.
EXEMPLIFICATION

[0046] As depicted in the Examples below, in certain exemplary embodiments, compounds
are prepared according to the following general procedures. It will be appreciated that, although
the general methods depict the synthesis of certain compounds herein, the following general
methods, and other methods known to one of ordinary skill in the art, can be applied to all

compounds and subclasses and species of each of these compounds, as described herein.
GENERAL DESCRIPTION OF SYNTHESIS

[0047] The compounds described herein can be readily prepared according to the following
reaction schemes and examples, or modifications thereof, using readily available starting
materials, reagents and conventional synthesis procedures. In these reactions, it is also possible
to make use of variants which are themselves known to those of ordinary skill in the art, but are
not mentioned in greater detail. Furthermore, other methods for preparing compounds described
herein will be readily apparent to a person of ordinary skill in the art in light of the following
reaction schemes and examples.

[0048] For example, compound of Formula I where X is CO and Y is NH can be prepared by
reacting a compound of Formula 100 with a compound of Formula 110 in an organic solvent
(e.g., DMF) in the presence of base (e.g., NaH) to form a compound of Formula 120. See e.g.,

Scheme 1.

11
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[0049] Scheme 1:

110
COH (R"), 4 CO,H
P 2
®7CHZCI
N — \
,Z _— = /Z
” base, solvent N
100
—
{ 120
R/

[0050] The compound of Formula I can then be formed by converting the carboxylic acid
portion of the compound of Formula 120 to an activated group (such as an acid chloride via
treatment with DMF and (COCI), in DCM) followed by treatment with a compound of Formula
130 in the presence of base (e.g., TEA).

[0051] Scheme 2:
CO,H
C ’(R )s
\, y
/ 1) (COCI),, DMF(cat)
N CH,Cl,
SN 2
\ 120 ) Sey-(RDs
(R1)p/\ / 130 y (R1)
p

[0052] In an alternative, compounds of Formula I, where X is NH and Y is CO can be

prepared by reacting a compound of Formula 140 with a compound of the Formula 110 in an
organic solve’nt (e.g., DMF) in the presence of base (e.g., KOH) to form a compound of 150.
See Scheme 3.

[0053] Scheme 3:

110
NHy  (R"),4 NH
P 2
@—CHzcl
N — \
/Z B ,Z
” base, solvent N
140
—
{ 150
R/

[0054] The compound of Formula I can then be formed by reacting amine 150 with a
compound of the Formula 160 in the present an organic solvent (e.g., dichloromethane). See e.g.,

Scheme 4.

12
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[0055] Scheme 4:

o)
NH, HN/( R
\ CO)C, , Cy s
Y4 Cy’(R )s \
N/ 160 ,Z
o N
. DMF ¢y, CH,Cly
1 150 = "
1\ "
R )p \ / (R1)p\/\ /

PREPARATION OF COMPOUNDS OF FORMULA I
[0056] Reagents and solvents were purchased from commercially available sources and used
without further purification. All reactions were carried out according to the indicated procedures
and conditions. Reactions were monitored by LC/MS analysis and/or thin-layer chromatography
(TLC) on silica-coated glass plates (EMD silica gel 60 F254) with the indicated eluent. The
compounds were visualized by UV light (254 nm). LC/MS analysis was performed on an Agilent
1200 HPLC/UV (220 nm and/or 254 nm wavelength) system coupled with a mass spectroscopic
(Applied Biosystems, MDS SCIEX, Q TRAP LC/MS/MS) detector. Compounds for analysis
were dissolved in 100% DMSO and separated on C18 cartridge (particle size 2.6m, dimensions:
100 mm x 2.1 mm, 0.3 mL/min flow rate, ImL injection volume) using acetonitrile/water mobile
phase with 0.1% formic acid as a modifier. The gradient started at 20% acetonitrile, held for
2min, and linearly increased to 97% acetonitrile over 10 min, with 3 min hold at 97% acetonitrile
and subsequent re-equilibration to the original conditions in a total of 17 min.
[0057] Compounds reported were obtained in a purity as >95% at 254 nm wavelength.
Nuclear magnetic resonance (‘"H NMR) spectra were recorded on a Varian Mercury plus NMR
spectrometer operating at 400.13 MHz frequencies for 1H, using a Smm ASW PFG probe
capable of detecting 'H, °C, *'P, and N nuclei. The proton chemical shifts (ppm) were
referenced to the tetramethylsilane internal standard (0 ppm). NMR data are reported with these
descriptions: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad peak.
[0058] Compounds of Formula I were prepared according to the general procedures outlined

below.

13
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Example 1
1-[(2,4-dichlorophenyl)methyl ]-N-(2,6-difluorophenyl)indole-3-carboxamide

Cl CO,H

(o b
N
ik
N NaH, DMF
: e

Cl
[0059] To a solution of indole (806 mg) in DMF (10 mL) was added portion-wise NaH (60%

in mineral oil, 440 mg) at O °C. The resulting suspension was further stirred at O °C to r.t. for 45
min. The resulting mix was cooled to 0 °C followed by the addition of 2,4-dichlorobenzyl
chloride dropwise. The reaction mix was further stirred at 0 °C to r.t. and monitored by TLC. To
the reaction mix was added MeOH, and was then acidified with 2N HCI. The precipitates were
isolated by filtration to give the product as a yellow solid (1.57 g, 98%). '"H NMR "H NMR (400
MHz, d-DMSO): § 12.10 (br, 1H, acid-H), 8.12 (s, 1H), 8.02-8.08 (m, 1H), 7.71 (d, J = 2.4 Hz,
1H), 7.42-7.48 (m, 1H), 7.35-7.38 (dd, J = 2.4, 8.2 Hz, 1H), 7.19-7.23 (m, 2H), 6.80 (d, ] = 8.0

Hz, 1H), 5.58 (s, 2H, CHy).
e
e! F
CO,H cocl| F NH
CL) o | O | O O
N (COCI), N N
DMF cat. TEA
dm DCM dm cl

Cl Cl Cl
L — Compound 1

[0060] To a mix of the indole carboxylic acid (800 mg) and DCM (5 mL) was added oxalyl
chloride (430 pL) followed by 1 drop of DMF. The reaction mix was stirred at r.t. for 30 min,

and solvent was removed under vacuum to give a pink solid, which was added portion-wise into
a solution of 2,6-difluoroaniline (538 pL) and triethylamine (697 pL) in DCM (5 mL) at r.t. The
resulting mix was stirred at r.t. for overnight. The reaction mix was then poured into water (10
mL) and the crude product (800 mg) was collected by filtration and was further purified by flash
chromatography to give the pure product 1-(2,4-dichlorobenzyl)-N-(2,6-difluorophenyl)-1H-
indole-3-carboxamide, Compound 1 as a white solid. '"H NMR (400 MHz, d6-DMSO): 6 9.70 (s,
1H), 8.32 (s, 1H), 8.26 (d, J =7.4 Hz, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H),
7.51-7.55 (dd, J =2.2, 8.4 Hz, 1H), 7.40-7.49 (m, 1H), 7.24-7.36 (m, 4H), 7.16 (d, J = 8.61 Hz,

1H), 5.68 (s, 2H). *C NMR: § 163.0, 160.0, 157.5, 151.8, 136.8, 133.9(2), 133.8, 132.6, 131.4,
14
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129.7,128.4, 128.1, 127.2, 123.2, 121.9, 121.8, 112.3, 112.1, 111.1, 109.8, 47.4. MS (ESI+):
431.5 [M]", 433.4 [M+2]".
Example 2
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-2,6-difluoro-benzamide (2)

Cl

Cl
[0061] 1H-indazol-3-amine (1.33g, 10 mmol) was added to a prepared (pre-heated 60°C for
1h, stirred at room temperature overnight) brown suspension of crushed KOH (1.4g, 25 mmol) in
DMSO (200 mL) at room temperature. The resulting suspension was further stirred at ~ r.t. for
30 min. 2,4-dichlorobenzyl chloride (1.74mL, 12.5 mmol) was added in one portion. The
reaction mix was further stirred at r.t. for Sh. Water (300 mL) was added to the reaction mixture.
The formed yellow precipitate was isolated by filtration. (2.2 g, 72% yield). 'H NMR (400 MHz,
DMSO-de): 6 7.69 (d, /= 8 Hz, 1H), 7.61 (d, J= 1.6 Hz, 1H), 7.38 (d, J= 8.4 Hz, 1H), 7.27-7.33
(m, 2H), 6.93 (t, J="7.2 Hz, 1H), 6.80 (d, J= 8.8 Hz, 1H), 5.528 (s, br, 2H), 5.36 (s, 2H). MS
(ESI+) m/z calc. for [C14H;1CLN3] 291.03, Found [M+H]" 292.
[0062] To a solution of 2,6-difluorobenzoic acid (80 mg, 0.25 mmol) in DCM (1 mL) was
added oxalyl chloride (32 pl, 0.38 mmol) and DMF (one drop) at r.t. The mixture was stirred for
30 min. 1-[(2,4-dichlorophenyl)methyl]indazol-3-amine (73 mg, 0.25 mmol) was dissolved in
DCM (1 mL) and TEA (53uL, 0.38 mL) was added and also stirred for 30min. Both solutions
were cooled to -20 °C (10min), combined and stirred for 1h at -20°C. Methanol (2ml) was added.
Subsequently the pale yellow solution was added dropwise into water (8 mL). Hexanes was
added (4 mL) and the solution was cooled to -20°C overnight. The formed precipitate was
washed with water and hexanes, dried under vacuum to afford the desired product '"H NMR (400
MHz, DMSO-de): 6 11.28 (s, 1H), 7.83 (d, /= 8.4 Hz, 1H), 7.70 (d, J= 8.4 Hz, 1H), 7.66 (d, J=
2.0 Hz, 1H), 7.53-7.60 (m, 1H), 7.44 (dt, /= 7.6 Hz, 1.2 Hz , 1H), 7.38 (dd, /= 8.4 Hz, 2.0 Hz
1H), 7.14-7.26 (m, 3H), 6.96 (d, J = 8.4 Hz, 1H), 5.67 (s, 2H, CH;). MS (ESI+) m/z calc. for
[C21H13CLF,N50] 431.04, Found 432.4 [M+H]".
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Example 3
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-2-fluoro-benzamide (3)
0]

F
HN

\N
/

N
~
Cl
[0063] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, CDCl): 6 9.11 (d, J= 14 Hz, 1H), 8.24 (t,
J=7.4 Hz, 1H), 8.12 (d, /=4.4 Hz, 1H), 7.98-8.04 (dt, J=7.6 Hz 1.2 Hz, 1H), 7.07-7.44 (m, TH),
6.76 (d, J= 8.4 Hz, 1H), 5.58 (s, 2H, CH»). MS (ESI+) m/z calc. for [C21H13CLF.N3O] 413.05,
Found 414.5 [M+H]".
Example 4
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-3-fluoro-pyridine-4-carboxamide (4)

[0064] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, CDCL): § 8.93 (d, J= 12.8 Hz, 1H), 8.70
(d, J/=2.4 Hz, 1H), 8.67 (dd, /= 4.8 Hz, 0.8 Hz, 1H), 8.05-8.13 (m, 2H), 7.43 (d, J= 2.4 Hz, 1H),
7.39-7.43 (m, 1H), 7.32 (d, J= 8.8 Hz, 1H), 7.22 (t, J=7.6 Hz, 1H), 7.12 (dd, J= 2.0, 8.4 Hz, 1H),
6.77 (d, J= 8.4 Hz, 1H), 5.59 (s, 2H, CH,). MS (ESI+) m/z calc. for [C2oH13CLFN4O] 414.04,
Found 415.5 [M+H]".
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Example S
N-[1-[(2,4-dichlorophenyl)methyl]indazol-3-yl]-3,5-difluoro-pyridine-4-carboxamide (5)

_N
N\ /

HN

F

Vi

Cl

Cl
[0065] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, CDCl): & 8.52 (s, 2H), 8.15 (d, J= 8.0
Hz, 1H), 7.40-7.46 (m, 1H), 7.32 (d, J= 8.4 Hz, 1H), 7.22 (d, J="7.2 Hz, 1H), 7.10 (dd, J= 2.0,
8.8 Hz, 1H), 6.74 (d, J= 8.0 Hz, 1H), 5.55 (s, 2H, CH»). MS (ESI+) n/z calc. for
[C20H12CLF,N40] 432.04, Found 433.5 [M+H]".

Example 6
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-2,4-difluoro-benzamide (6)
O

F
HN

Cl
Cl
[0066] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): 8 10.87 (s, 1H), 7.82 (d, J=
8.0 Hz, 2H), 7.65-7.70 (m, 2H), 7.36-7.45 (m, 3H), 7.12-7.23 (m, 2H), 7.96 (d, J= 8.0 Hz, 2H),
5.65 (s, 2H, CHy). MS (ESI+) m/z calc. for [C21Hi;3CLFN30] 431.04, Found 432.4 [M+H]".
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Example 7
1-[(2,4-dichlorophenyl)methyl ]-N-(2,6-difluorophenyl)indazole-3-carboxamide (7)

F
Q F
NH
\N
/
N
Cl

[0067] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): § 10.06 (s, 1H, amide), 8.20
(s, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 2.4 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.34-7.41 (m,
3H), 7.20 (t, J = 8.0 Hz, 2H), 6.88 (d, J = 8.4 Hz, 1H), 5.90 (s, 2H, CH»). MS (ESI+) m/z calc.
for [C21H13CLF.N;0] 431.04, Found 432.5 [M+H]".
Example 9
N-(2-chloro-6-fluoro-phenyl)-1-[(2,4-dichlorophenyl)methyl Jindazole-3-carboxamide (8)

Cl
Q F
NH
\N
/
N
Cl

[0068] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, CDCl): § 8.48 (s, 1H), 8.42 (d, J= 8.0
Hz, 1H), 7.19-7.47 (m, 6H), 7.11-7.16 (m, 2H), 6.76 (d, J= 8.0 Hz, 1H), 5.72 (s, 2H, CH,). MS
(ESI+) m/z calc. for [C21H;3CLEN3O] 447.01, Found 448.5 [M+H]".
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Example 10
1-(2,4-dichlorobenzyl)-N-(3-fluoropyridin-4-yl)- 1 H-indole-3-carboxamide (9)

—N

N\ /
(@)
NH

N\

N

~

Cl
[0069] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. "H NMR (400 MHz, DMSO-d): § 9.56 (s, 1H, amide), 8.29
(s, 2H), 816-8.20 (m, 1H), 7.72 (d, J = 2.4 Hz, 1H), 7.65-7.71 (m, 1H), 7.52 (d, J/ = 7.6 Hz, 1H),
7.41 (dd, J =2.0, 8.4 Hz, 1H), 7.16-7.29 (m, 4H), 7.00 (d, J = 8.4 Hz, 1H), 5.57 (s, 2H, CH>).
MS (ESI+) m/z calc. for [CoH;sCLFN,O] 412.05, Found 413.4 [M+H]".
Example 11

1-[(2,4-dichlorophenyl)methyl]-N-(2-fluorophenyl)indazole-3-carboxamide (10)

NH

Cl

Cl
[0070] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): § 9.78 (s, 1H, amide), 8.29
(s, 2H), 8.24 (d, J="7.6 Hz, 1H), 7.84-7.90 (m, 1H), 7.80 (d, /= 8.0 Hz, 1H), 7.70 (d, /= 1.6 Hz,
1H), 7.51 (t, J= 7.2 Hz, 1H), 7.34-7.39 (m, 1H), 7.25-7.34 (m, 1H), 7.20-7.24 (m, 1H), 6.91 (d,
J=8.4 Hz, 1H), 5.88 (s, 2H, CH>). MS (ESI+) m/z calc. for [C21H14CLLFN30] 413.05, Found
413.4 [M+H]".
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Example 12
1-[(2,4-dichlorophenyl)methyl ]-N-(3-fluoro-4-pyridyl)indole-3-carboxamide (11)
N
N/

@)
NH

A\

N

~

Cl
[0071] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): § 10.04 (s, 1H), 8.62 (d, J=
2.8 Hz, 1H), 8.43 (s, 1H), 8.35 (d, /= 6.0 Hz, 1H), 8.12-8.21 (m, 2H), 7.67 (d, J= 2.0 Hz, 1H),
7.46-7.50 (m, 1H), 7.35 (dd, J= 2.0, 8.4 Hz, 1H), 7.16-7.24 (m, 2H), 6.92 (d, /= 8.8 Hz, 1H),
5.55 (s, 2H, CHy). MS (ESI+) m/z calc. for [C2;H14CLFN;0] 413.05, Found 414.4 [M+H]".
Example 13

N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-3-fluoro-pyridine-4-carboxamide (12)

[0072] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. 'H NMR (400 MHz, CDCl): 6 9.27 (s, 1H, amide), 8.60 (t, J
= 6.4 Hz, 1H), 8.48 (s, 1H), 8.38-8.44 (m, 1H), 7.36-7.50 (m, 4H), 7.14 (dd, J = 2.0, 8.4 Hz, 1H),
6.75 (d, J =8.0 Hz, 1H), 5.75 (s, 2H, CH»). MS (ESI+) m/z calc. for [C,0H13CLEFN4O] 414.04,
Found 415.5 [M+H]".
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Example 14
1-[(2,4-dichlorophenyl)methyl ]-N-(2,4-difluorophenyl)indole-3-carboxamide (13)
F

NH

A\
N

<3

Cl
[0073] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): § 9.60 (d, J= 3.2 Hz, 1H,
amide), 8.25 (d, /= 5.2 Hz, 1H), 8.14-8.19 (m, 1H), 7.68-7.76 (m, 1H), 7.58-7.66 (m, 1H), 7.46-
7.56 (m, 1H), 7.36-7.45 (m, 1H), 7.26-7.35 (m, 1H), 7.14-7.25 (m, 2H), 7.03-7.12 (m, 1H),
6.96-7.03 (m, 1H), 5.56 (s, 2H, CH>). MS (ESI+) m/z calc. for [C2oH14CLF2N,O] 430.04, Found
431.4 [M+H]".
Example 15
1-[(2,4-dichlorophenyl)methyl ]-N-(2,4-difluorophenyl)indazole-3-carboxamide (14)
F

NH

Cl
Cl
[0074] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): § 9.91 (s, 1H), 8.21 (d, J= 8.0
Hz, 1H), 7.69-7.82 (m, 3H), 7.47-7.53 (m, 1H), 7.31-7.40 (m, 3H), 7.06-7.14 (m, 1H), 6.88 (d,
J=8.8 Hz, 1H), 5.88 (s, 2H, CH,). MS (ESI+) m/z calc. for [C,;H13CLF,N30] 431.04, Found
432.4 [M+H]".
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Example 16
1-[(2,4-dichlorophenyl)methyl]-N-(3,5-difluoro-4-pyridyl)indazole-3-carboxamide (15)

N
/ N
F —

C F
NH

Y

N
~
Cl

[0075] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): § 10.52 (s, 1H, amide), 8.60
(s, 2H), 8.19 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.71 (d, J = 2.4 Hz, 1H), 7.50-7.55 (m,
1H), 7.34-7.40 (m, 2H), 6.86 (d, J = 8.4 Hz, 1H), 5.91 (s, 2H, CH;). MS (ESI+) m/z calc. for
[C20H12CLF,N40] 432.04, Found 433.5 [M+H]".

Example 17
1-[(2-chlorophenyl)methyl]-N-(2,6-difluorophenyl)indole-3-carboxamide (16)

n

NH

A\
N

-

Cl
[0076] The tile compound was prepared following the methods set forth in Example 1 with

the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): 6 9.61 (s, 1H), 8.25 (s, 1H),
8.16 (d, J/="7.2 Hz, 1H), 7.50-7.58 (m, 2H), 7.27-7.40 (m, 3H), 7.13-7.06 (m, 4H), 7.05 (dd, J=
7.6 Hz, 1.6 Hz, 1H), 5.59 (s, 2H). MS (ESI+) m/z calc. for [C2xH,;5sCIF2N2O] 396.08, Found
397.5 [M+H]".
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Example 18
1-[(4-chlorophenyl)methyl]-N-(2,6-difluorophenyl)indole-3-carboxamide (17)

n

NH

N\
N

O~

[0077] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): 6 9.61 (s, 1H), 8.32 (s, 1H),
8.13 (d, /= 6.8 Hz, 1H), 7.55 (d, J= 8.0 Hz, 1H), 7.26-7.44 (m, SH), 7.13-7.24 (m, 4H), 5.12 (s,
2H). MS (ESI4): MS nv/z calc. for [C2,H;sCIF.N,0] 396.08, Found 397.4 [M+H]".
Example 19
1-[(2,6-dichlorophenyl)methyl ]-N-(2,6-difluorophenyl)indole-3-carboxamide (18)

F
Q F
NH
A\
cl
N

Cl
[0078] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): § 9.56 (s, 1H), 8.16 (d, J =
7.6 Hz, 1H), 7.91 (s, 1H), 7.73 (d, J = 6.8 Hz, 1H), 7.65 (d, J= 7.6 Hz, 2H); 7.53 (dd, J= 8.4 Hz,
7.6 Hz, 1H) (s, 1H), 7.27-7.34 (m, 2H), 7.13-7.22 (m, 3H), 5.28 (s, 2H), MS (ESI+) m/z calc. for
[C2oH14CLF:N>O]): 431.26; Found: 432.4 [M+H]".
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Example 20
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-4-methyl-thiadiazole-5-carboxamide (19)

[0079] The tile compound was prepared following the methods set forth in Example 2 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-de): § 11.39 (s, 1H), 7.82 (d, J=
8.4 Hz, 1H), 7.72 (d, J= 8.8 Hz, 1H), 7.66 (d, J/=2.0 Hz, 1H), 7.42-7.47 (m, 1H), 7.37-7.40 (dd,
J=2.0,8.4 Hz, 1H), 7.16 (t, J= 7.4 Hz, 1H), 7.00 (d, J= 8.0 Hz, 1H), 5.67 (s, 2H, CH»), 2.83 (s,
3H, CH;). MS (ESI+) m/z calc. for [C19H14CLN4OS] 416.03, Found 417.5 [M+H]".
Example 21
N-[1-[(2,4-dichlorophenyl)methylJindazol-3-yl]-3-methyl-pyridine-4-carboxamide (20)

[0080] 1H-indazol-3-amine (1.33g, 10 mmol) was added to a prepared (pre-heated 60°C for
1h, stirred at room temperature overnight) brown suspension of crushed KOH (1.4g, 25 mmol) in
DMSO (200 mL) at room temperature. The resulting suspension was further stirred at ~ r.t. for
30 min. 2,4-dichlorobenzyl chloride (1.74mL, 12.5 mmol) was added in one portion. The
reaction mix was further stirred at r.t. for Sh. Water (300 mL) was added to the reaction mixture.
The formed yellow precipitate was isolated by filtration. (2.2 g, 72% yield). 'H NMR (400 MHz,
DMSO-de): 6 7.69 (d, /= 8 Hz, 1H), 7.61 (d, J= 1.6 Hz, 1H), 7.38 (d, J= 8.4 Hz, 1H), 7.27-7.33
(m, 2H), 6.93 (t, J="7.2 Hz, 1H), 6.80 (d, J= 8.8 Hz, 1H), 5.528 (s, br, 2H), 5.36 (s, 2H). MS
(ESI+) m/z calc. for [C14H;1CLN3] 291.03, Found [M+H]" 292.

[0081] To a solution of 3-methylpyridine-4-carboxylic acid (80 mg, 0.25 mmol) in DCM (1
mL) was added oxalyl chloride (32 p, 0.38 mmol) and DMF (one drop) at r.t. The mixture was

stirred for 30 min. 1-[(2,4-dichlorophenyl)methyl]indazol-3-amine (73 mg, 0.25 mmol) was
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dissolved in DCM (1 mL) and TEA (53uL, 0.38 mL) was added and also stirred for 30min. Both
solutions were cooled to -20 °C (10min), combined and stirred for 1h at -20°C. Methanol (2ml)
was added. Subsequently the pale yellow solution was added dropwise into water (8 mL).
Hexanes was added (4 mL) and the solution was cooled to -20°C overnight. The formed
precipitate was washed with water and hexanes, dried under vacuum to afford the desired
product 20 (78 mg, 76% yield). '"H NMR (400 MHz, DMSO-dg): 6 11.01 (s, 1H), 8.55 (s, 1H),
8.52 (d, J=5.2 Hz, 1H), 7.84 (d, J/= 8.8 Hz, 1H), 7.66-7.71 (m, 2H), 7.50 (d, J= 5.6 Hz, 1H),
7.36-7.46 (m, 2H), 7.16 (t, J="7.2 Hz, 1H), 6.97 (d, J= 8.4 Hz, 1H), 5.67 (s, 2H, CH,), 2.42 (s,
3H, CH;). MS (ESI+) m/z calc. for [C21H16CLN4O] 410.07, Found 411.5 [M+H]".
Example 22
1-[(2,4-dichlorophenyl)methyl ]-N-(thiadiazol-5-yl)indazole-3-carboxamide (21)

N
/ =N
S

/

NH

\N
/

N

3.

Cl
[0082] The tile compound was prepared following the methods set forth in Example 1 with
the appropriate starting materials. '"H NMR (400 MHz, DMSO-dg): 6 12.89 (s, 1H), 8.84 (s, 1H),
8.24 (d, /=8.0 Hz, 1H), 7.78 (d, J/= 8.0 Hz, 1H), 7.67 (d, J= 2.4 Hz, 1H), 7.48-7.53 (m, 1H),
7.35-7.40 (m, 1H), 7.30 (dd, J= 8.4 Hz 2.0 Hz, , 1H), 6.74 (d, J = 8.4 Hz, 1H), 5.90 (s, 2H, CH>).
MS (ESI+) m/z calc. for [Ci7H;1CLNsOS] 403.01, Found 404.4 [M+H]".
Example 23
N-(2,6-difluorophenyl)-1-[[ 2-(trifluoromethoxy)phenyl JmethylJindole-3-carboxamide (22)

F
C F
NH
N
)
N
o
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[0083] Prepared by following general procedure B. "H NMR (400 MHz, DMSO-dg): § 9.61

(s, 1H), 8.27 (s, 1H), 8.15 (d, J = 7.0 Hz, 1H), 7.44-7.51 (m, 3H), 7.33-7.37 (m, 2H), 7.10-7.24

(m, 5H), 5.58 (s, 2H), MS (ESI+) m/z calc. for [C3H;5FsN,O,]: 446.37; Found: 447.4 [M+H]"
1-(2,4-dichlorobenzyl)-N-(2-fluorophenyl)- 1 H-indole-3-carboxamide

NH

Cl
[0084] The title compound can be prepared following the procedures set forth above.
BIOLOGICAL DATA

General Procedures

Measurement of intracellular Ca’*concentration.

[0085] RBL-2H3 cells (ATCC) were seeded in 96-well plate at 4 x 10* cells per well in
DMEM-supplemented with 2% FBS and allowed to adhere overnight. Culture medium was then
replaced with 50u1 of Ca**-free Tyrode solution to load Ca**-probe Fluo-4NW (Molecular Probe,
Thermo Fisher, MA, USA) at 1:1 to the cells. New compound at indicated concentration was
supplied during the probe loading from the beginning. Cells were incubated in the presence or
absence of new compound for 60 minutes in the Ca**-free medium at 37 °C. During the last 5
minutes of incubation, cells were treated with 1 uM thapsigargin (Sigma Aldrich) to deplete
[Ca2+]ER. 20mM CaCl, in saline solution was supplemented back to the [Ca2+]ER—depleted cells to
be 2mM as final. Cell medium was removed 1 minute after Ca** reloading, and changes in Fluo-
ANW fluorescence (RFU) were recorded with the multi-mode plate reader (FilterMax F5,
Molecular Devices/Thermo Fisher Scientific, MA, USA) at an excitation wavelength of 485 nm
and an emission wavelength of 535 nm.

Nuclear NFAT, degranulation and cytokine release.
[0086] [Ca**]gr in RBL2H3 cells were depleted by Tg in the same manner in the presence of
the CRAC channel blockers as for [Ca2+]i measurement but without loading the cells with Fluo-
4ANW. Then 200 pl of DMEM-3%FBS (containing 3 mM Ca") was supplemented back in the

presence of the corresponding concentration of CRAC channel blockers. Thirty minutes after
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Ca**-add back culture supernatant was collected for degranulation measurement. Degranulation
was measured as secreted B-hexosaminidase according to the protocol of the assay kit (Sigma-
Aldrich, MO, USA). Nuclear fraction was prepared from the cells for NFAT by using a
subcellular protein fractionation kit (NE-PER™ Nuclear and Cytoplasmic Extraction Reagents,
Pierce Biotechnology, Thermo Fisher Scientific, MA, USA). Nuclear NFAT-c1 was measured
with an ELISA kit (Active Motif, CA, USA). At this time point TNFo was measured as pre-
stored release with ELISA kits (R&D Systems, MN, USA). In a part after Ca** add back
incubation was prolonged for 4h to measure de novo production of the cytokine TNFa.
Cytotoxicity.
[0087] Toxicity was tested in RBL-2H3 cells. Cells were seeded in 96-well plate at 4 x 10"
cells per well in DMEM-supplemented with 2% FBS and allowed to adhere overnight. Cells
were then exposed to MCS compound at indicated concentrations for 4h. Cell viability was
determined by using counting assay (CCKS cell counting kit, Dojindo Molecular Technologies,
MD, USA).
[0088] Data analyses. 1Csyp and ECsp were calculated by nonlinear regression using Prims
Graphpad software. Statistical analysis was performed by one-way ANOV A and post-hoc test
(Tukey's test).

Inhibitory Activity

[0089] Inhibitory activity of calcium influx by the described compounds was determined
using the RBL-2H3 rodent MC cell line as the primary in vitro assay. RBL-2H3 cells are known
to express functional CRAC channel. Thapsigargin (Tg) is a sarco/endoplasmic reticulum (ER)
Ca®*-ATPase (SERCA) inhibitor that selectively activates the CRAC channels by depleting Ca**
in the ER store ([Ca2+]ER). Fluo-4NW was used as the molecular sensor to detect the
concentration of intracellular calcium ([Ca®'];). Under these assay conditions, approximately 3.5-
fold higher [Ca®*]; was consistently observed in RBL cells treated with Tg (1 pM) than that in

untreated resting MCs. I1Csp results are shown in Table 1.

Table 1
Compound 1Cs0 (M) Compound 1Cs0 (M)
1 <10 12 <10
2 >30 13 >30
3 29.0 14 <10
4 >30 15 >30°
5 >30 16 >30
6 >30 17 >30
7 <10 18 <30
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8 <10 19 >30°
9 >30° 20 >30°
10 >30° 21 >30
11 <10 22 >30

[0090] Compound 12 was used to determine the inhibition of MC degranulation by
measuring the release of pre-stored f-hexosaminidase (B-hex) upon MC activation. In the
absence or presence of various concentrations of compound 12, RBL-2H3 cells were activated
with the treatment of 1 uM thapsigargin in Ca** free culture. 30 Minutes after assay media were
replenished with extracellular Ca®*, supernatants and cell lysates were analyzed for B-hex
concentrations by ELISA. The ratio between the B-hex in supernatants and the total amount of p-
hex (in supernatant plus cell lysates) indicated compound 12 significantly and dose-dependently
inhibited the release of B-hex (See Figure 3). In the absence of a CRAC inhibitor, 40% of B-hex
was released, while compound 12 showed nearly complete inhibition of B-hex release at the
highest concentration tested.

[0091] The inhibition of nuclear translocation of the nuclear factor of activated T-cells
(NFAT) by compound 12 in activated MCs was determined. The nuclear factor NFAT is a
master regulator of numerous cytokines including TNFa. Cytosolic NFAT is dephosphorylated
by the phosphatase calcineurin, which leads to the nuclear translocation of NFAT and
subsequent gene activations for the expression of the corresponding cytokines. RBL cells were
first treated with 1 pM thapsigargin in Ca>* free culture in the absence or presence of various
concentrations of compound 12, which was followed by replenishing with extracellular Ca*" for
30 minutes. Nuclear fraction was prepared from the cells by subcellular protein fractionation,
and the nuclear NFAT-c1 content was measured by ELISA. The fold increases of nuclear NFAT
in activated MC as compared to that in resting MCs indicate the levels of MC activation. In the
absence of CRAC channel blockers, we observed a 5-fold increase of nuclear NFAT in activated
MCs, and compound 12 significantly and dose-dependently reduced the nuclear fraction of
NFAT-c1 in activated RBL cells (Figure 4). Further, at 10 uM and higher concentrations,
compound 12 was able to restore the levels of nuclear NFAT to that of resting MCs.

[0092] Certain compounds were selected and demonstrated dose-dependent inhibition of the
production of TNFa protein by activated MCs. Mast cells can secrete pre-stored TNFa.
immediately upon activation, as well as de novo synthesized TNFa that takes a few hours to
produce. RBL cells were activated similarly as described above, in the presence of various
concentrations of a CRAC channel blocker. 4 Hours after RBL cells were re-exposed to Ca®*,

secreted TNFa (which accounted for the combined protein from pre-stored and de novo
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synthesized TNFa) in the supernatants were measured by ELISA. Compounds showed dose-

dependent inhibition of TNFa protein secretions (Table 2).

Table 2
Compound G0 (M)
TNFa
7 0.47
8 0.74
11 0.58
12 0.28
14 0.64
15 0.14

Wound Healing in Diabetic Mice
[0093] C57B16 mice were made diabetic (DM) using Streptozotocin (STZ) and rabbits were
made DM using alloxan. A 10-day wound-healing period was chosen since at least 80% wounds
in non-DM mice and rabbits heal by that time-point. A dressing based on an alginate bandage for
topical sustained release of Compound 1 was generated following the methods described in WO
2014/169250, and was then applied the shaved dorsum of DM mice either before (pre-wound) or
after wounds (post-wound) were introduced. A comparison was made with the FDA-approved
MC stabilizer, disodium cromoglycate (DSCG), 50 mg/kg DSCG (Intraperitoneal (ip) daily, 10
consecutive days prior to wounding) in non-DM and DM mice followed by wound procedure.
Wound healing was monitored for 10 days.
[0094] As expected, daily ip injection of DSCG improved diabetic mouse wound healing.
See Figure 1, *p<0.05. However, it was also found that topical application of Compound 1
(either for 10 days pre-wounding or for 10 days post-wounding) improved wound healing similar
to systemic DSCG pre-treatment. See Figure 1. Additionally, in the skin of DM mice, treatment
with Compound 1 for 10 days without any wound increased the number of M2 macrophages. See
Figure 2. Similarly, DSCG treatment reduced M1/M2 ratio in intact skin. Without wishing to be
bound by theory, these latter results suggest that MC stabilizers promote M1/M2 ratio reduction
most likely by increasing M2.
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[0095] While we have described a number of embodiments, it is apparent that our basic
examples may be altered to provide other embodiments that utilize the compounds and methods
of this invention. Therefore, it will be appreciated that the scope of this invention is to be
defined by the appended claims rather than by the specific embodiments that have been
represented by way of example.

[0096] The contents of all references (including literature references, issued patents,
published patent applications, and co-pending patent applications) cited throughout this
application are hereby expressly incorporated herein in their entireties by reference. Unless
otherwise defined, all technical and scientific terms used herein are accorded the meaning

commonly known to one with ordinary skill in the art.
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Listing of Claims:

1. A compound having the Formula I:

X/Y
Ny~ (R

R
L/ I:

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein
Zis CHor N;
XisCOand Yis NH, or Xis NH and Y is CO;
Cy is phenyl or pyridyl;
R! and R? are each halo; and

p and s are each independently 1, 2, or 3; provided the compound is not

cl N % E o =
7
N™ X N N /
N F NN
H F H
Cl cl
or ,ora

pharmaceutically acceptable salt thereof.

2. The compound of Claim 1, wherein the compound is of the Formula II or III:
SN ) XN SR
J A [ A
\ \ ]
/# = # =N
N N
— —_—
RN~ R1)
RN/ an: or L/ (II0);

or a pharmaceutically acceptable salt thereof.
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3. The compound of Claim 1 or 2, wherein the compound is of the Formula IV or V:

O H o) H

NG R NG SR
{, O {, T
/# == /# =N

N N

= e

R/ R/

(IV); or (V);

or a pharmaceutically acceptable salt thereof.

4. The compound of any one of Claims 1 to 3, wherein p is 2.
5. The compound of any one of Claims 1 to 4, wherein s is 1 or 2.
6. The compound of any one of Claims 1 to 5, wherein R is fluoro.
7. The compound of any one of Claims 1 to 6, wherein R is chloro.
8. The compound of Claim 1, wherein the compound is
F
O F
NH

N
Cl
Cl :
or a pharmaceutically acceptable salt thereof.
9. A pharmaceutical composition comprising the compound of any one of Claims 1 to 8, or

a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof; and a pharmaceutically

acceptable carrier.
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10. A method of delaying the onset of, reversing, or reducing the risk of acquiring peripheral
neuropathy (PN) in a subject having diabetes, comprising administering to the subject an

effective amount of a compound having the Formula:

—Y,
Ny~ (R

\Z
/

N

=
RYAC ,

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein

Zis CR® or N;

XisCOand Yis NH, or Xis NH and Y is CO;

Cy is phenyl or monocyclic heteroaryl;

R! and R? are each independently selected from (C;-Cas)alkyl, (C;-Cs)haloalkyl, (C;-
Cy)alkoxy, (C;-Cs)haloalkoxy, halo, and cyano;

R’ is hydrogen or (C;-Cy)alkyl; and

p and s are each independently 0, 1, 2, 3, or 4.

11. A method of delaying the onset of, reversing, or reducing the risk of acquiring peripheral
diabetic neuropathy (PN) in a subject in need thereof, comprising administering to the subject an

effective amount of a compound having the Formula:

—Y.
Ny~ (R

R/

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein
Zis CR® or N;
XisCOand Yis NH, or Xis NH and Y is CO;
Cy is phenyl or monocyclic heteroaryl;
R! and R? are each independently selected from (C;-Cas)alkyl, (C;-Cs)haloalkyl, (C;-
Cy)alkoxy, (C;-Cs)haloalkoxy, halo, and cyano;
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R’ is hydrogen or (C;-Cy)alkyl; and
p and s are each independently 0, 1, 2, 3, or 4.

12. A method of delaying the onset of, reducing the risk of developing, or accelerating the
healing of a wound in a subject having diabetes, comprising administering to the subject an

effective amount of a compound having the Formula:

X/Y
Ny~ (R

R/

2

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein

Zis CR® or N;

XisCOand Yis NH, or Xis NH and Y is CO;

Cy is phenyl or monocyclic heteroaryl;

R! and R? are each independently selected from (C;-Cas)alkyl, (C;-Cs)haloalkyl, (C;-
Cy)alkoxy, (C;-Cs)haloalkoxy, halo, and cyano;

R’ is hydrogen or (C;-Cy)alkyl; and

p and s are each independently 0, 1, 2, 3, or 4.

13. A method of altering the M1/M2 macrophage ratio in a wound on a subject having

diabetes, comprising administering to the subject an effective amount of a compound having the

Formula:
—Y.
X
Ny~ (R

N 4
/

N

—_—
\
(R1)p/\ Vi

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein
Zis CR® or N;
XisCOand Yis NH, or Xis NH and Y is CO;
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Cy is phenyl or monocyclic heteroaryl;

R! and R? are each independently selected from (C;-Cas)alkyl, (C;-Cs)haloalkyl, (C;-
Cy)alkoxy, (C;-Cs)haloalkoxy, halo, and cyano;

R’ is hydrogen or (C;-Cy)alkyl; and

p and s are each independently 0, 1, 2, 3, or 4.

14. A method of preventing the increase of matrix metallopeptidase 9 (MMP-9), in a subject
having diabetes, comprising administering to the subject an effective amount of a compound

having the Formula:

X/Y
Ny~ (R

R/

or a pharmaceutically acceptable salt thereof, polymorph, or solvate thereof, wherein

Zis CR® or N;

XisCOand Yis NH, or Xis NH and Y is CO;

Cy is phenyl or monocyclic heteroaryl;

R! and R? are each independently selected from (C;-Cas)alkyl, (C;-Cs)haloalkyl, (C;-
Cy)alkoxy, (C;-Cs)haloalkoxy, halo, and cyano;

R’ is hydrogen or (C;-Cy)alkyl; and

p and s are each independently 0, 1, 2, 3, or 4.

15. The method of any one of Claims 10 to 14, wherein, Cy is phenyl or pyridyl.
16. The method of any one of Claims 10 to 15, wherein R' and R* are each halo.

17. The method of any one of Claims 10 to 16, wherein p and s are each independently 1, 2,

or 3.

18. The method of any one of Claims 10 to 17, wherein p is 2.

35



WO 2017/123826 PCT/US2017/013279

19. The method of any one of Claims 10 to 18, wherein s is 1 or 2.

20. The method of any one of Claims 10 to 19, wherein R? is fluoro.

21. The method of any one of Claims 10 to 20, wherein R' is chloro.

22. The method of any one of Claims 10 to 14, wherein the compound is
F
O F
NH

Cl

or a pharmaceutically acceptable salt thereof.
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