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INHIBITORS OF INTEGRATED STHRESS RESPONSE PATHWAY
CROSS REFERENCE TO RELATED APPLICATIONS

{0001] This application claims the prionty benefit of U.S. Provisional Patent Application
MNo. 62/681,071, filed June 5, 2018, the disclosurc of which is hereby incorporated hercin by

reference 1n s enfirety.
FIELD

[6002] The present disclosure relates generally to therapeutic agents that may be useful as

mhibitors of Integrated Stress Response (ISR) pathway.
BACKGROUND

{6003] Diverse cellufar conditions and stresses activate a widely conserved signaling
pathway termed the Integrated Stress Response (ISR) pathway. The 1SR pathway 1s activated in
response to intrinsic and extrinsic streases, such as viral infections, hypoxia, glucose and amino
acid deprivation, oncogene activation, UV radiation, and endoplasmic reticulum stress. Upon
activation of ISR by one or more of these factors, the cukarvotic nitiation factor 2 {¢IF2, which
is comprised of three subumits, o, § and v) becomes phosphorviated in 1ts g-subunit and rapidly
reduces overall protein translation by binding to the eIF2B complex. This phosphoryiation
inhibits the ¢IF2B-mediated exchange of GDP for GTP (i.¢., a guaning nucleotide exchange
factor (GEF) activity), sequestering ¢lF2B in a complex with ¢IF2 and reducing general protein
translation of most mRNA in the cell. Paradoxically, elF2a phosphorviation also increases
translation of a subset of mRNAg that contain one or more upstream open reading frames
(0ORFs) 1o their 5™ untransiated region (UTR). These transcnpts include the transcriptional
modulator activating transcription factor 4 (ATF4), the transcription factor CHOP, the growth

arrest and DNA damage-inducible protein GADD34 and the B-secrctase BACE-1.

{66064} In animals, the ISR modulates a broad translational and transcriptional program
mvolved m diverse processes such as leaming memory, immunity, intermediary metabolism,
msulin production and resistance to unfolded protein stress in the endoplasmic reticolum, among
others. Activation of the ISR pathway has also been associated with numerous pathological

conditions including cancer, neurodegenerative discases {such as amyotrophic lateral sclerosts,
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Huntington disease, or prior disease), metabolic discases (metabolic syndrome}, autoimmune
diseases, imflammatory diseases {such as cystic fibrosis}), musculoskeletal diseases (such as

mvopathy), vascular diseases, and ocular discases.
BRIEF SUMMARY

[6005] Inhibitors of the Integrated Stress Response (ISR) pathway are described, as are

methods of making and using the compounds, or salts thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

3006} FIG. 1 shows an ICse titration for inhibition of ATF4 in stressed HEK293T cells
using a luciferase assay for ISRIB {(trans-N,N'-1 4-cyclohexanedivibis] 2-(4-chlorophenoxy }-
acctamide). ISRIB was found to have an ICso of 5 nML

{0607} FIG. 2 shows the percent recovery of protein translation in stressed HEK293T cells
after exposure to 10 oM, 31.6 nM, 100 oM, 316 oM, or 1000 nM of ISRIB.

[3008] FIG. 3 shows an ICse titration for inhibition of ATF4 in stressed HEK293T cells
using a luciferase assay for compound 4. Compound 4 was found to have an ICso of 3.1 nfM.
{0009} FIG. 4 shows the percent recovery of protein translation in stressed HERK 2937 cells
after exposure to 1 uM of ISRIB or compound 4.

{6610 FIG. 5A shows long-term potentiation (LTP) of a stimulated hippocampal shice from
a WT C5TBL/6 mouse or a transgenic APP/PS1 mouse with or without mcubation with ISRIB.
LTP was based on ficld excitatory postsvnaptic potential (fEPSP) slope, measured from 20
mingtes prior to theta burst stimulation (FBS) to 60 minutes afier TBS.

6011} FIG. 5B shows the LTP (based on fEPSP) for the stimulated hippocampal shices afier
60 mimstes.

{661 2] FIG. 6 shows ATF4 expression in unstressed condition {Veh) or under Tg stress
alone or m the presence of compound 38 at the indicated concentration.

{601 3] FIG. 7 shows ATF4 expression in SH-SYSY cells after incubation with CM from the
TPAZ CHO cells alone or in the presence of compound 58 at the indicated concentrations.

{601 4] FIG. 8A shows weight of fod mice and fasted mice treated either with vehicle or

compound 38,
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01 5] FIG. 8B shows weight of quadriceps muscie in fed mice and in fasted mice treated
either with vehicle or compound 38.

{86616} FIG. 8C presents an immunoblot of puromycein labelling in quadriceps samplies of
cach mouse from fed or fasted animals treated with vehicle or compound 38. Each lane
corresponds to a sample derived from each mouse.

{6017} FIG. 8D shows percent of protein synthesis in muscles from fed or fasted animals
treated with vehicle or compound 58,

{6618} FIG. 8E shows the expression of ATF4 and the muscie atrophy marker, Atrogin-1, of
quadriceps denved from fed mice or fasted mice treated with vehicle or compound 58,

[0019] FIG. 8F shows percent of ATF4 expression of quadriceps dertved from fed mice or
fasted mice treated with vehicle or compound 38,

{020] FIG. 3G shows percent of Atrogin cxpression of quadriceps derived from fed mice or
fasted mice treated with vehicle or compound 58.

{0021} FIG. 9A presents an immunoblot of puromyvein labelling in gastrocnemius samples of
mobile and immobile hind limb from mouse treated with vehicle or compound 38, Each lane
corresponds to a sample derived from the indicated hind limb.

[022] FIG. 9B shows percent of protein synthesis in mobile and immobile hind limbs
sections from gastrocnemius denived from mice treated with vebicle or compound 58,

{86023} FIG. 9C shows the expression of ATF4 and the muscle atrophy markers, Atrogin-1
and MuRF-1, of gastrocnemius derived from mobilized and immohilized hind limbs of mice
treated with vehicle or compound 58,

[6024] FIG. 9D shows percent of ATF4 expression of gastrocnenuus derived from mobilized
and immobilized hind limbs of mice treated with vebicle or compound 58.

[8025] FIG. 9F shows percent of Atrogin-1 expression of gastrocnemius dentved from
mobilized and immaobilized hind mbs of mice treated with vehicle or compound 38,

06026} FIG. 9F shows percent of MuRF-1 expression of gastrocnemius derived from

mobilized and immobilized hind limbs of mice {reated with vehicle or compound 58

L
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{6027} FIG. 10A shows the expression of ATF4 and the muscle atrophy markers, Atrogin-1
and MuRF-1, of gastrocnemius derived from control and CT26 tumor-bearing mice treated with
vehicle or compound 38,

{6628} FIG. 10B shows percent of ATF4 expression of gastrocnemius derived from control
and CT26 tumor-beanng mice treated with vehicle or compound 38.

{029} FIG. 10C shows percent of Atrogin-1 expression of gastrocnemius derived from
control and CT26 tumor-beanng mice treated with vehicle or compound 38.

18034} FIG. 10D shows percent of MuRF-1 expression of gastrocnemius derived from
control and CT26 tumor-bearing mice treated with vehicle or compound 58.

{0031} FIG. 11 A shows the expression of ATF4 and the muscle atrophy markers, Atrogin-1

and MuRF-1, of ibialis antenor denived from control and dencrvated hind limbs of muce treated
with vehicle or compound 58,

{0032] FIG. 118 shows percent of ATF4 expression of tibialis anterior derived from control
and denervated hind himbs of mice treated with vehicle or compound 58.

{0033] FIG. 11C shows percent of Atrogin-1 expression of tibialis anterior derived from
control and denervated hind himbs of mice treated with vehicle or compound 38.

{034] FIG. 11D shows percent of MaRF-1 expression of tibialis anterior derived from
control and dencrvated hind limbs of mice treated with vehicle or compound 38,

[8035] FIG. 12A shows the expression of GFP after 24 hours in untreated {(Veh) or treated
CHO cells with 1 uM or 5 uM compound 58.

{00356] FIG. 12B shows percent expression of GFP after 24 hours in untreated (Veh) or
treated CHO celis with 1 uM or 5 uM compound 58.

{8637} FIG. 13 shows the expression of PGRN after 48 hours in untreated MEF cells (Unt),
or MEF treated with transfection media without siRNA mix (Veh) or treated with transfection

media with siRNA mix alone {(GRN7) or in the presence of 1 uM or 5 uM compound 38,
DETAILED DESCRIPTION

{8038} Described herein are compounds, including therapeutic agents, that can inhibit the

ISR pathway. These compounds could be used in the prevention and/or treatment of certain
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pathological conditions as described herein, and/or in bistechnology applications that would

benefit from increased protein translation.
Definitions

[(039] For use herem, unless clearly ndicated otherwise, use of the terms “a”, “an” and the

like refers to one or more.

0044} Reference to “about” a value or parameter herem mncludes {and describes)
embodiments that are directed to that value or parameter per se. For example, description

refernng to “about X7 meludes description of X7,

041} “Alkyl” as used herem refers to and mcludes, unless otherwise stated, a saturated
lmear {i.e., unbranched) or branched univalent hydrocarbon chain or combination thereof,
having the number of carbon atoms designated {i.e.. C:-Cio means one {6 ten carbon atoms).
Particular alkyl groups are those having 1 to 20 carbon atoms {(a “C1~Czo alky]”}, having 110 10
carbon atoms (a “Ci-Cro alkyl”), having 6 to 10 carbon atoms (a “Ce-C1o alkyl™), having 1 t0 6
carbon atoms {a “Ci-Us alkyl™), having 2 to 6 carbon atoms (2 “Co-Co alkyl™), or having 1 to 4
carbon atoms {(a “Ci-Cq alky!”). Examples of alkyl groups include, but are not hinited to, groups
such as methvl, ethyl, n-propyl, isopropyl, n-butyi, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl,

n-heptyl, n-octyl, n-nonyl, n-decyl, and the hike.

[06042] “Alkylenc” as used hercin refers to the same residues as alkyl, but having bivalency.
Particular alkylene groups are those having I to 20 carbon atoms (a “Ci-Cao alkylene™), having |
to 10 carbon atoms {a “Ci-Cio alkylene™), having 6 to 10 carbon atoms {a “Ce-L 10 alkylene™),
having 1 to 6 carbon atoms {(a “Ci1-Cs alkviene™), 1 10 5 carbon atoms {a “C1-Cs alkylene™), 1 to
4 carbon atoms (a “C1-Cs alkyviene™} or 1 to 3 carbon atoms (a “C1~Cs alkyviene™). Examples of
atkylene include, but are not hmited to, groups such as methyvlene (-CHa-y, ethyvlene (-(CHaCHg-),
propylene (-CH:CHCHs-), isopropylene ((CHCH(CH;)-), butvlene (-CH{CHa pCHa-3,
isobutylene (-CHxCH{CH:YCH:-), pentylene (~CH(CH2)CH2-), hexylene (~CHa{(CH2)4CH2-),
heptylene (-<CH2CH2)sCHz-), octviene (~CH{(CHz)eCHz-), and the hike.

[0043] “Alkenyl” as used herein refers to and tncludes, unless otherwise stated, an
unsaturated lincar {i.e., unbranched) or branched univalent hydrocarbon chain or combination
thereof, having at least one site of olefimic unsaturation {(i.e., having at least one moiety of the

formuda C=C) and having the nember of carbon atoms designated (7. e., £2-Cio means two to ten
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carbon atoms). An alkenyl group may have “cis” or “trans” configurations, or alternatively have
“E” or “Z7 configurations. Particular alkenyi groups are those having 2 to 20 carbon atoms (a
“Ca~Caoo alkenyl”), having 6 to 10 carbon atoms {a “Ce~Cio alkenyl™), having 2 to 8 carbon atoms
{a “Cy~Cg alkenyl™), having 2 to 6 carbon atoms {a “C2-Ce alkenyvl™), or having 2 to 4 carbon
atoms {a “Cr-Cy alkenyi™y. Examples of alkenyl group include, but are not limited to, groups
such as ethenvl {or vinyl), prop-i-enyl, prop-2-cnyi (or alivly, Z-methviprop-t-enyl, but-1-gnyl,
but-2-envl, but-3-enyl, buta-1,3-dienvl, 2-methvibuta-1,3-dienyl, pent-1-coyl, pent-2-enyl, hex-
I-enyl, hex-2-enyl, hex-3-envl, and the like.

{06044} “Alkenylene” as used herein refers to the same residues as alkenyl, but having
bivalency. Particular alkenvlene groups are those having 2 to 20 carbon atoms (a “"C2-Cao
atkenvlene™), having 2 to 10 carbon atoms (a “C:-Cio alkenylene™}, having 6 to 10 carbon atoms
{a “Cs-Lio alkenviene™), having 2 to 6 carbon atoms (& “C2-Cs alkenylene™), 2 to 4 carbon atoms
{a “Cz-Cq alkenviene™) or 2 to 3 carbon atoms (a “Co-Cs alkenvlene™). Examples of alkenylene
melude, but are not linuted to, groups such as ethenvlene (or vinylene) (-CH=CH-}, propenylene
(-CH=CHCH>»-), 1 4-but-l-enylene (-CH=CH-CHCHz-), 1 4-but-Z-enylene
{(-CHyCH=CHCH>-), | 6-hex-1-enylene (-CH=CH-{CH:);{H:z-), and the hike.

[08045] “Alkynyl” as used heremn refers to and includes, unless otherwise stated, an
pasaturated lincar (7 e., unbranched) or branched univalent hydrocarbon chain or combination
thercof, baving at least one site of acetylenic unsaturation (7.e., having at least one moicty of the
formula C=C) and having the number of carbon atoms designated (i.e., C2-Cio means two to ten
carbon atoms). Particular alkvnyl groups are those having 2 to 20 carbon atoms (a “Ca-Can
alkvnyl™), having 6 to 10 carbon atoms (a “Ce-Cro alkvnyl™), having 2 to 8 carbon atoms (a8 “Cs-
Cg alkyny!™), having 2 to 6 carbon atoms {a “Co-Co alkynvi”™}, or having 2 to 4 carbon atoms {a
“Ca-Cq alkynyl”y. Examples of alkynyi group include, but are not himited to, groups such as
cthynyl {or acetylenyl}, prop-1-vayl, prop-2-vanvl {or propargyl), but-1-ynvl, but-2-ynvl, but-3-

vayl, and the like.

03046} “Alkynylene” as used herein refers to the same residues as alkynyl, but having
bivalency. Particular atkynylene groups are those having 2 to 20 carbon atoms {a “C2-Cao
alkvnylenc™), baving 2 to 10 carbon atoms (a “Cs~Cie alkynylene™), having 6 to 10 carbon atoms
{a “Co~Cio alkynylene™), having 2 to 6 carbon ators (a “Co~-Ce alkynylene™), 2 to 4 carbon atoms

{a “Co-Ca alkvaylene™) or 2 to 3 carbon atoms (a “C2-Cs alkynylene™). Examples of alkynyvlene

5
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melude, but are not hmuted to, groups such as ethvnylene {or acetvlenylene) (-C=C-),
"CHo-), and the like.

propyayieng (-C=

{18047} “Cycloalky!” as used herein refers to and mcludes, unless otherwise stated, saturated
cyehic univalent hydrocarbon structures, having the number of carbon atoms designated (e, Cs-
{10 means three to ten carbon atoms}. Cveloalkyl can consist of one ning, such as cvelohexyl, or
multiple rings, such as adamantyl. A cvcloalkvl comprising more than one ning may be fused,
spiro or bridged, or combinations thereof. Particular cycloalkyl groups are those having from 3
to 12 annular carbon atoms. A preferred cvcloalkyl is a cyelic hydrocarbon having from 3 to 8
annular carbon atoms {a “C5-Cs cycloalkyl™), having 3 to 6 carbon atoms {a “C3-Ce cycloalkvi™),
or having from 3 to 4 annular carbon atoms (a “Cs-Ca cyeloalkyl™). Examples of cycloalkyl
melude, but are not limited to, cvclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclcheptyl,

norbornvi, and the like.

(048] “Cycloalkviene™ as used heremn refers to the same residues as cyvcloalkyl, but having
bivalency. Cycloalkylene can consist of one ring or multiple rings which may be fused, spiro or
bridged, or combinations thereof. Particular cveloaltkyiene groups are those having from 3 to 12
annular carbon atoms. A preferred cycloalkylene 1s a cvelic hvdrocarbon having from 3 1o 8
annular carbon atoms (a “C3-Cs cyeloalkyvlene™), having 3 to 6 carbon atoms (a “Cs-Cs
cveloatkviene™}, or having from 3 to 4 annular carbon atoms {(a “Cs-Cs cveloaltkylene™).
Examples of cycloalkviene include, but are not limited to, cyclopropyiene, cyclobutyiene,
cvclopentylene, cyclohexylene, cveloheptvlene, norbomylene, and the like. A cycloalkvienc
may attach to the remaining structures via the same ring carbon atom or different ring carbon
atoms. When a cycloaltkylene atiaches to the remaining structures via two different ring carbon
atoms, the connecting bonds may be ¢is- or trans- to cach other. For example, cvclopropylene
may include 1,T-cyvclopropviene and 1,2-cyclopropylene {e.g., cis-1,2-cvelopropylene or trans-

1.2-cyclopropylene), or a mixture thereof.

o

(3049} “Cycloalkenyl” refers to and includes, unless otherwise stated, an unsaturated cyclic
non-aromatic univalent hydrocarbon structure, having at least one site of olefinic unsaturation
(i.e., having at least one moiety of the formula C=C} and having the number of carbon atoms
designated (7.e., C2-Cio means two to ten carbon atoms). Cycloalkenyl can consist of one ring,
such as cyclohexenyl, or multiple rings, such as norbomenvl. A preferred cvcloalkenyl 1s an

snsatarated cyclic hydrocarbon having from 3 to 8 anmular carbon atoms {a “Cs-Cs

~J
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cveloatkenyl™). Examples of cycloalkenyl groups include, but are not imited to, cyclopropenyl,

cyclobutenyl, cvelopentenyl, cyvclohexenyl, norbornenyl, and the hike.

0054} “Cycloalkenviene™ as used herein refers fo the same residues as cycioalkenvl, but
having bivalency.

{6051 “Aryvl” or “Ar” as used herein refers to an unsaturated aromatic carbocyclic group
having a single ning {e.g., phenyl) or multiple condensed rings (e.g., naphthy] or anthrvl) whic
condensed rings may of may not be aromatic. Particular aryl groups are those having from 6 to
14 annular carbon atoms (a “Co-Cra arvl”). An aryl group bhaving more than one ring where at
least one ring 1s non-aromatic may be comnected to the parent structure at either an aromatic 1ing
position or at a non-aromatic ring position. In one vartation, an aryl group having more than one
ring where at least one ring is non-aromatic is connected to the parent structure at an aromatic

ring position.

[6052] “Arylens” as used herein refers to the same residues as aryl, but having bivalency .
Particular arviene groups are those having from 6 to 14 annular carbon atoms {a “Cs-Cis

arvlene™}.

{6653} “Heteroary!l” as used herein refers to an unsaturated aromatic cyelic group having
from 1 to 14 annular carbon atoms and at least one annular heteroatom, including but not hmited
to heteroatoms such as nmitrogen, oxygen, and sulfur. A heteroaryl group may have a single ring
{e.g., pyridvl, furvl) or multiple condensed rings {e.g., indolizinyl, benzothienyl) which
condensed rings may of may not be aromatic. Particular heteroary! groups are 5 to 14-membered
rings having 1 to 12 annular carbon atoms and 1 to 6 annular heteroatoms independently selected
from nitrogen, oxygen, and sulfur, 3 to 10-membered rings having 1 to § annular carbon atoms
and 1 to 4 anmular heteroatoms mdependently selected from nitrogen, oxygen, and sulfur, or 5, 6
or T-membered rings having 1 to 5 annular carbon atoms and 1 to 4 annular heteroatoms
mdependently selected from nitrogen, oxygen, and sulfur. In one vanation, particular heteroaryl
groups arc monocyelic aromatic 5-, 6- or 7-membered rings having from 1 to 6 annular carbon
ators and 1 to 4 annular heteroatoms independently selected from nitrogen, oxvgen and sulfur.
In another vanation, particular heteroarvl groups are polyevelic aromatic rings having from | to
12 annular carbon atoms and 1 to 6 annular heteroatoms independently selected from nitrogen,
oxygen, and sulfur. A heteroary! group having more than one ring where at least one ring is non-

aromatic may be connected o the parent structare at either an aromatic ring position or at a non-
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aromafic ring position. In one vanation, a heteroaryl group having more than one ring where at
least one ring is non-aromatic is connected to the parent structure at an aromatic ring posttion. A
heteroaryl group may be connected to the parent structure at a ring carbon atom or a ring

heteroatont.

{0654} “Heteroarylene” as used herein refers to the same residues ag hetercaryl, but having

bivalency.

6055] “Heterocycle”, “heterocyclic”, or “heterocyclyl as used herein refers to a saturated
or an unsaturated non-aromatic cyclic group having a single ring or multiple condensed rings,
and having from § to 14 annular carbon atoms and from 1 1o 6 annular heteroatoms, such as
nitrogen, selfur or oxvgen, and the like. A heterocycele comprising more than one ring may be
fused, bridged or spiro, or any combination thereof, but excludes heteroarvl. The heterocyclyl
group may be optionally substituted independently with one or more substituenis described
herein. Particular heterocyvelvl groups are 3 to 14-membered rings having 1 to 13 annular carbon
atoms and 1 to 6 annolar heteroatoms independently sclected from nitrogen, oxyvgen and sulfur,
3 to 1Z2-membered rings having | to 11 annular carbon atoms and 1 to 6 annular heteroatoms
mdependently selected from nitrogen, oxyvegen and sulfur, 3 to 10-membered rings having 1 to ©
annular carbon atoms and 1 to 4 annolar hetercatoms independently selected from nitrogen,
oxygen and sulfur, 3 to #-membered rings having 1 to 7 annular carbon atoms and 1 to 4 annular
heteroatoms independently sclected from nitrogen, oxygen and sulfur, or 3 to 6-mombered rings
having I to 5 annular carbon atoms and 1 to 4 annular heteroatoms mdependently selected from
nitrogen, oxvgen and sulfor. In one vanation, heterocyelyl includes monocyelic 3+, 4-, 5-, 6-or
7-membered rings having from Tto 2, 1103, 1104, 10 3, or 1 to 6 annular carbon atoms and 1
10 2, 1 to 3, or 1 to 4 annular heteroatoms independently selected from nitrogen, oxygen and
sulfur. In another varation, heterocvely! includes polyevelic non-aromatic rings having from 1
to 12 annular carbon atoms and 1 to 6 annalar hetercatoms independently selected from
nitrogen, oxygen and sulfur.

[8056] “Heterocyclylens” as used heren refers to the same residues as heterocyelyl, but
having bivalency.

{8657} “Halo” or “halogen” refers to elements of the Group 17 series having atomic number
910 85. Preferred halo groups include the radicals of fluorine, chlorine, bromine and todine.

Where a residue is substituted with more than one halogen, it may be referred to by using a

O
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prefix corresponding to the number of halogen moieties attached, e.g., dihaloaryi, dihaloalkyl,
trihaloaryl etc. refer to aryl and alkyl substituted with two {"di”} or three (“tr”} halo groups,
which may be but arc not necessarily the same halogen; thus 4-chloro-3-fluoropheny! is within
the scope of dihaloaryl. An alkyl group m which each hvdrogen is replaced with a halo group is
referred to as a “perhaloalkyi” A preferred perhaloalkyl group 1s trifluoromethyl (+CFs).
Similarly, “perhaloalkoxy” refers to an alkoxy group in which a halogen takes the place of each
H 1n the hydrocarbon making up the alkyl moicty of the alkoxy group. An example of a

perhaloalkoxy group is triflucromethoxy (-OCFs).
{6658] “Carbonyl” refers to the group C=0.
8059} “Thiocarbonyl” refers to the group C=5.
[6060] “Oxo” refers to the motety =0,

6061} “Optionally substituted” unless otherwise specified means that a group may be
unsubstituted or substituted by one or more {e.g., 1, 2, 3, 4 or 5} of the substituents listed for that
group in which the substituents may be the same of different. In one embodiment, an optionally
substituted group has one substituent. In another embodiment, an optionally substituted group
has two substituents. In ancther embodiment, an optionally substituted group has three
substituents. In another embodiment, an optionally substituted group has four substituents. In
some embodiments, an optionally substituted grouphas 1102, 1103, 1104, 1105, 2103, 2 to

4, or 2 to 5 substituents. In one embodiment, an optionally substituted group is unsubstituted.

[06062] Unless clearly indicated otherwise, “an individual” as used herein intends a manumal,
meluding but not limited to a primate, human, bovine, horse, feline, canine, or rodent. In one

variation, the individual is a human.

[B063] As used herein, “treatment” or “treating” is an approach for obtaining beneficial or
desired results including clinical results. For purposes of this disclosure, beneficial or desired
results include, but are not limited to, one or more of the following: decreasing one more
symptoms resulting from the discase, diminishing the extent of the discase, stabilizing the
disease {e.g., preventing or delaving the worsening of the disease}, preventing or delaying the
spread of the disease, delaying the occurrence or recurrence of the disease, delay or slowing the
progression of the discase, ameliorating the disease state, providing a remission {whether partial
ot total) of the disease, decreasing the dose of one or more other medications required to treat

the disease, enhancing effect of another medication, delayvimg the progression of the disease,
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mereasing the quality of life, and/or prolonging survival. The methods of the present disclosure

contemplate any one or more of these aspects of treatment.

{6064} As used herein, the term “effective amount” intends such amount of a compound of
the invention which should be effective in a given therapeutic form. As is understood in the art,
an effective amount may be in one or more doses, 7.¢., a single dose or multiple doses may be
required to achieve the desired treatment endpoint. An effective amount may be considered in
the context of adminustering one or more therapeutic agents {e.g., a compound, or
pharmmaceutically acceptable salt thereof), and a single agent may be considered to be given in an
effective amount if, in conjunction with one or more other agents, a desirable or beneficial result
may be or is achieved. Suitable doses of any of the co-administered compounds mav optionally

be lowered due to the combined action {e.g., additive or synergistic effects) of the compounds.

[0065] A “therapeutically effective amount” refers to an amount of a compound or salt

thereof sufficient to produce a desired therapeutic outcome.

103066] As used herein, “unit dosage form” refers to physically discrete units, suitable as anit
dosages, cach unit containing a predetermined quantity of active ingredient calculated to produce
the desired therapeutic effect in association with the required pharmaceutical carrier. Unit

dosage forms may contain a single or a combination therapy.

{067} As used herein, by “pharmaceutically acceptable” or “pharmacologically acceptable”
ts meant a material that is not biclogically or otherwise undesirable, e.g., the material may be
mcarporated into a pharmaceutical composition administered to a patient without causing any
signiticant undesirable biological ctfects or interacting in a deleterious manner with any of the
other components of the composition in which it is contained. Pharmaceutically acceptable
carriers or excipients have preferably met the required standards of toxicological and
manutacturing testing and/or are included on the Inactive Ingredient Guide prepared by the U S,

Food and Drug administration.

[(3068] “Pharmaceutically acceptable salts”™ are those salts which retain at least some of the
biological activity of the free (noun-salt) compound and which can be administered as drugs or
pharmaceuticals to an individual. Such salts, for example, mclude: (1) acid addition salts, formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic acids such as acetic acid, oxalic acid,

propionic acid, succinic acid, maleic acid, tartaric acid and the like; (2} salts formed when an
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acidic proton present in the parent compound either 1s replaced by a metal ion, e g., an alkah
metal ion, an alkaline carth ion, or an aluminum ion; or coordinates with an oreanic base.
Acceptable organic bases include ethanolanune, dicthanolamine, tricthanolamine and the like.
Acceptable inorgamic bases include aluminum hydroxide, calcium hvdroxade, potassium
hydroxide, sodium carbonate, sodium hydroxide, and the like. Pharmaceutically acceptable salts
can be prepared in sifn in the manufacturing process, or by separately reacting a punfied
compound of the present disclosure in 1is free acid or base form with a suttable organic or
morganic base or acid, respectivelv, and isolating the salt thus formed during subsequent

purification.

0069} The term “excipient” as used herein means an inert or inactive substance that may be
used in the production of a drug or pharmaceutical, such as a tablet containing a compound of
the present disclosure as an active ingredient. Varous substances mav be embraced by the term
cxcipient, including without limitation any substance used as a binder, disintegrant, coating,
compression/encapsulation aid, cream or lotion, tubricant, solutions for parenteral
administration, materials for chewable tablets, sweetener or flavoring, suspending/eclling agent,
or wet gramulation agent. Binders include, e.g2., carbomers, povidone, xanthan gum, efc | coatings
mchude, e. g, cellulose acctate phthalate, ethylcellulose, gellan gum, maltodextrin, enteric
coatings, ctc.; compression/encapsulation aids include, e. g, calcium carbonate, dextrose,
fructose de {de = “directly compressible™), honey de, lactose {anhvdrate or monohydrate;
optionally in combination with aspartame, cellulose, or microcrystalline cellulose), starch de,
sucrose, otc.; disintegrants include, . 2., croscarmellose sodium, gellan gum, sodium starch
glycolate, et creams or lotions include, e.g., maltodextrin, carrageenans, eic.; lubricants
mclude, e. g, magnesium siearate, stearic acid, sodium stearyl fumarate, etc.; materials for
chewable tablets include, e.g., dextrose, fructose de, lactose (monohydrate, optionally in
combination with aspartame or cellulose}, ete.; suspending/gelhing agents include, e.g.,
carrageenan, sodium starch glvcolate, xanthan gom, etc.; sweeteners include, e.g., aspartame,
dextrose, fructose de, sorbitol, sucrose de, otc.; and wet granulation agents nclude, e.g., calcium
carbonate, maltodextrin, microcrystalline cellulose, etc.

{6670] The term “antitbody™ herein 1s used in the broadest sense and encompasses various
antibody structures, including but not imited to monoclonal antibodies, polvclonal antibodics,
multispecific antibodics {e.g., bispecific antibodies), and antibody fragments so Jong as they

exhibit the desired antigen-binding activity.
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{071} An “antibody fragment” refers to a molecule other than an intact antibody that
comprises a portion of an intact antibody that binds the antigen to which the intact antibody
binds. Examples of antibody fragments include but arc not limited to Fv, Fab, Fab', Fab'-SH,
Ftab')2; diabodies; linear antibodies; single-cham antibody molecules {¢.g. scFv); and

multispecific antibodies formed fiom antibody fragments.

¥ 7
Compounds

16672} In one aspect, provided 1s a compound of formula (I):

or g pharmaceutically acceptable salt thereof,
wherein:
m!, w? n', p, pl p% ¢, and ¢°, mdependently of each other, are O or 1;
r and s, independently of each other, are 0, 1, or 2;
Xis N or CRX;
R* is selected from the group consisting of hydrogen, C1-Cs alkyl, C2-Co alkenvl, and
Ca2-Cs alkvnvl;
jislor1;
R gand RFY are taken together to form an oxo (=0} substituent, or R and R are both
hydrogen;
kisOorl;
RN, i5 H or C1-Co atkyl;
RNis Hor Ci-Cs alkyl;
Alis selected from the group consisting of:

a substituent of formula (Al-a)

L. R 3
Rz | )"
\23/\\24

i3
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(A'-a)
wherein
* represents the attachment point to the remainder of the molecule;
7 is selected from the group consisting of CRA-IR? NRA -,
CRZHIRZIDNRZ ), O, CRPVIRZ1)0, 8, C(RZIRAS,
and -CRAI=CRA.:
wherein R is Hor R and R is Hor R
7% is selected from the group consisting of CR*7IRA NR#2,
CRZIIRZN(R??), O, CRZIRPH0, §, CRZ RS,
and ~CRZ1=CR22-
wherein R% is H or RY; and R is H or RY;
77, independently at each occurrence, is CH, CRM, or N,
RY is hydrogen or R*, or R!® and R*!? are taken together to form a
double bond between the carbon atom bearing R and 7!, or R and R**?
are taken together to form a double bond between the carbon atom bearing
RY and Z%; and
x1is0, 1,2, 3, 0r4;
Cs~C1a arvl optionally substituted with one or more R substituents; and
5-14 membered heteroaryl optionally substituted with one or more R
substitucnts;

Ri*is selected, independently at each occurrence, from the group consisting of halogen,
NG, C1-Ce alkyl, C2~Co alkenyl, Ca-Cs alkvnvl, Ci-Cs haloalkvl, -OH, -O(C1-Cs
alkvly, -O(C1-Ce haloalkyl), -SH, ~S(C1-Co alkyl), ~-S(C1-Cs haloalkyl), -NHa,
-NH(C1-Co alkyl), -NH{C1-Cs haloalky),-N{C1-Cs alkyl), -N(C;-Cs haloalkyi)a,
SNRIFRIFE LON, -CIOYOH, -C(OYO(C1-Cs alky!), -C{O0(C1-Co baloalkvl,
-CIOWNHz, -COINH(C1-Co alky]), -CAOINH(C1-Cs haloalkvl), ~-C(ON(C1-Co alkyvih,
-C{OYN(C1-Cs haloalkyl)y, -C(OINRMRD .S(OROH, -S(0)O(C1-Cs alkyl),
-S{010(C1-Ce haloalkyl}, ~S(ORNH2, -S(O):NH(C:-Ce alkyly, ~S(ORNH(C:-Cs
haloatkyl). -S{(ORN(C1-Cs alkyl ), ~S(O)N(C1-Cs haloalkyls, -S{O)NRMRMD
-DC(OH, -OC{O}C1-Cs alkvl), -OCOHC1-Cs haloalkyl), -NHYC{(O3H,
-NEYC(OYNCi-Co alkyh), -NEHC(OKC1-Cs haloalkyl), ~N(C1-Co alkyBHT{O)H,
-N{C1-Co alkyBCOYHC1-Co alkyl), -N{C1-Ce alkyHC(OYCi-Cs haloalkyly, -N(C1-Ce
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haloatkyDHC(OH, -N{C1-Ce haloalkyBC{OHC1-Cs alkvl}, -N(Ci-Cs
haloalk yhC(OXC1-Co haloalkyh), -O8{02(C1-Cs alkyh, ~-O5{0n{C1-Cs haloalkyl},
NS0 Ci-Co alkvl), -NEH)YS(0)2{Ci-Co haloalkyh), -N(C1-Co alkv S0 C1-Co
alkyl), -N{C1-Cs alkyDS(0)(C:-Cs haloalkvl}, -N{Ci-Cs haloalkyHS{OR(Ci-Cs
alkyl), and -N{C1-Cs haloalkyhS((:(C1-Cs haloalkyl);
wherein R and R'*" are taken together with the nitrogen atom to which they
are aftached to form a 3-10 membered beterocycle;
A’ is selected from the group consisting of’

a substituent of formula (A’-a)

R15 24 / i -~
% vv¥ :--6 (R-';U)XB
ZS \stf-{
{

(AZ-a)
wherein
* represents the attachment pomnt to the remamder of the molecule;
7% is selected from the group consisting of CRZ-IR2 NRZA42,
CRIFIRADNRZY), O, CRIIRZ0, 8, CRZIRZDS,
and -CR#H1=CRA
wherein R7 is H or R'®; and R™*? is H or R¢;
# is selected from the group consisting of CRZ-IR%:2 NRH2,
CRZIRE2N(RDY), O, CRZIRPBA0, S, CRPIRFNS,
and -CRZI=CR”1.;
wherein R is Hor R'% and R“2is Hor R,
7%, independently at each occurrence, is CH. CR!®, or N;
RY is hydrogen or R*®, or R!® and R?*? are taken together to form a
double bond between the carbon atom bearing R and Z*, or R’ and R*?
are taken together to form a double bond between the carbon atom bearing
R¥ and 7°: and
x21s0,1,2,3, or 4;
Cs-C14 aryl optionally substituted with one or more RY® substituents: and
5-14 membered heteroaryl optionally substituted with one or more R1¢

substitucnts;
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R1¢ s selected, independently at each occurrence, from the group consisting of halogen,
NG, Ci-Cs alkyl, Co-Co alkenyl, Co-Cs alkynyl, Ci-Cs haloalkyl, -OH, -O{(Ci-Cs
alkyhy, ~O(C1-Co haloalkvly, -SH, -8(C1-Co alkvl), -S(C1-Cs haloalkyl), -NHa,
NH{C1-Co alkyl),-NH(C1-Cs haloalkyl),-N{C1-Cs alkyl}z, -N{C:1~Cs haloalkyi):,
SNRIERID LCN, -C(OYOH, -C{OYD(C1-Ce alkyly, ~C{OYO(C1-Cs haloalkyl),
~C(OYNH:, -C{OYNH(C1-Co alkyl), ~C(OINH(C1-Co haloalkyl), ~COIN(C-Co alkylp,
~C{OWN(C1-Cs haloalkylys, -C{OINRIRI S(OROH, -S{00(C1-Cs atky 1),
=S{0NO(C1-Ce haloalkyl), ~S(OpNH», -S(OpNH(C:-Cs alkyl), ~S(OpNH(C-Ce
haloatkyl), ~S{0RN{(C1-Cs alkyl), -S{0)N(C1-Cs haloalkylz, -5(0)NRISIRIED,
-OC{OH, -OC{OXCi-Cs alkyl), ~-OC(OHC1-Co haloalkyl), -N(HYC{(OH,
-NHCOWC1-Co alkyhy, -NEDHC(OXC1-Cs haloalkyly, -N{C1-Cs alkyDC(OH,
-N{C1-Cs alkyDCONC1-Cs alkeyl), -N(C1-Ce alkyHCONC1-Ce haloalkyl), -N{Ci-Ce
haloalkyDC(OH, -N(Ci-Cs haloalkyDHC(OXC1-Ce alkyl), -N{C1-Cs
haloalkvDC(OYWCi-Cs haloalkyl), ~OS(0R(C1-Cs alkyly, -OS(03(C1-Cs haloalkyl),
NS (O0(C1-Ce alkyl), -NHYS(0R(C1-Cs haloalkyy, -N{Ci1-Co alkyhS5(0)2(C1-Co
alkyl), -N{C1-Ce alky1iS{0 3(C1-Cs haloalkyl), -N{T1-Ce hadoalkyHS(03{C:1-Ce
alkyvhy, and -N{C1-Cs haloalkyDS{0){Ci-Co haloalkyl);

wherein R'%? and R are taken together with the nitrogen atom to which they
are attached to form a 3-10 membered heterocycle:

R1%is selected from the group consisting of hvdrogen, Ci-Cs alkyl, -C{O)OH,
~C{OYO(C1-Co alkyly, -C{OYO{C1-Cs haloatkyh), and halogen, or

R!? is taken together with R?? to form a C1-Cs alkylene moiety, or
R'? is taken together with an R™ moiety to form a C1-Cs alkylene moiety:

R is selected from the group consisting of hvdrogen, C1-Cs atkyl, -C(O)YOH,
-C{OY{C1-Co alkyhy, -COYO(C1-Cs haloalkyl), and halogen;

R* is selected from the group consisting of hvdrogen, C1-Cs alkyl, -C{O}OH,
~COYO(C1-Co alkvly, -C{OYO(1-Cs haloalkyl), and halogen;

R™ s selected from the group consisting of hydrogen, C1-Cs alkyl, -C(O)YOH,
~C{OYO(C1-Co alkyly, -C{OYB({Ci-Co haloalkyh), and halogen;

R** independently at each occurrence is selected from the group consisting of hydrogen,
(1-Co alkyl, -C{OYOH, -C(OyO(C1-Cs alkyl), -C(OYMC1-Ce haloalkyl), and halogen,

or R* is taken together with R* to form a (1-Cs alkylene moiety:

6
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RY independently at each occurrence is selected from the group consisting of hydrogen,
C-Co alkyl, -C{OYOH, -C{OYO{C-Cs alkyl), -C{OMMC1i-Cs haloalkyl}, and halogen;

R* independently at each occurrence is selected from the group consisting of hydrogen,
C1-Cs alkyl, ~-COYOH, -C(OYO(C1-Ce alkyl), ~-C{OY(C1-Co haloalkyl}, and halogen;

R* independently at each cocurrence is selected from the group consisting of hyvdrogen,
Ci-Cs alkyl, -COYOH, -COYOL-Co alkyly, -C{OY0{C1-Co haloalkyl}, and halogen;

R3% and R*® are taken together to form an oxo (=0) substituent or an inudo (=NH)

substituent, or R* and R are both hyvdrogen;

R is selected from the group consisting of hydrogen, -OR% and -NRO PRS-,

R is hydrogen;

or R% gand R are taken together to form a moiety selected from the group consisting of
-0-CHz-CHa-, -CH2-0Q-CHz-, -CH2-CH2-O-, -0-CHe-CHy-CHz-, -CH-O-CHR-CH-,
-CHz-CHp-0-CHy-, -CH-CHo-CHR-0O-, -O-CHz-CH3-CHy-CHa -,
~CH3~-0~CH-CHa-CHa-, -CHp-CHe-O-CHo-CHo-, ~-CHz-CH2-CH2-0-CH:-, and
~CHo-CHe-CH2-CH2-0-;

R" and R™ are both hydrogen;

£

and R™ are taken together to form an oxo (=0) substituent, or R and R® are both

hvdrogen;

R? and R™ are taken together to form an oxo (=0) substituent or an imido (=NH)

substituent, or R* and R* are both hydrogen:

R1% {5 selected from the group consisting of hydrogen, -OR!%%2 and -NR10a0R1%< and
R'% is hydrogen, or R'® and R are taken together to form a motety selected from
the group consisting of -O-CHe-CHa-, -CHo-O-CHo-, -CHz-CHz-0-
-O-CH2-CH2-CH:-, -CHR-0-CH-CHa-, -CH-CH2-O-CHa-, -CHp-CH-CH2-0-,
-0-CH2-CH2-CH2-CHy- ~-CHu-O-CHz-CH-CHo~, -CH-CH2-O-CH2-CHi-,
-CHe-CHo-CH~0-CHe-, and ~CHe-CHe-CHz-CHR-0-;

R and R'™ are both hydrogen;

R and R'? are taken together to form an oxo (=0} substituent, or R** and R?® are
both hydrogen;

RS ig selected from the group consisting of hydrogen, Ci-Us alkyl, and C1-Cs haloalkyl,

or R%2 i5 taken together with RN* to form a carbonyl {C=0) moiety:
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RIY4 {5 selected from the group consisting of hvdrogen, C1-Cs alkyl, and Ci-Cs haloalkyl,
or R0 is taken together with RN to form a carbonyl (C=0) moiety;

RO and R% independently of each other, are selected from the group consisting of
hyvdrogen, C1-Ce alkyl, and C1-Cs haloalkyl; and

RI%® and R independently of each other, are selected from the group consisting of
hydrogen, C1-Cs alkvl, and C1-Ce haloalkyl;

provided that:
(Hwhenjis 1, thenkis 1;
(iiywhenm'is 0, n' is 0, q' is 0, and p' is 1, then R and R® arc taken together to form

an oxo (=3} substituent, and A' is a substituent of formula (A'-a)

S bl R13
(R™) Y

(Al-a)
wheregin

* represents the attachment point to the remainder of the molecule;
7' is selected from the group consisting of CRZVIREZ NRZ,
CRZVIRZIN(RZ?), O, CRAVIRZIH0, §, CRZIRZYS,
and -CRZM= R

wherein R is Hor R and R is Hor R
7% is selected from the group consisting of CRZZIRZ? NR%22,
CRZREN(RP?), O, CRZ IR0, S, CRPIRPYS,
and -CR?>!1=CR*>L.;

wherein R% is H or RY; and R%%7 is H or RY;
Z?, imdependently at each occurrence, is CH, CRM, or N
R is hydrogen or R*, or R" and R%1? are taken together to form a
double bond between the carbon atom bearing R and Z*, or R and R%>
are taken together to form a double bond between the carbon atom bearing
R** and 7% and
x1is0, 1,2, 3 ord; and

(i1} when m? is 0, n% is 0, g% is 0. and p is I, then R'* and R!? are taken together 1o

form an oxo (=0) substituent, and A? is a substituent of formula (A%-a)
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wherein
* represents the attachment point to the remainder of the molecule;
Z% s selected from the group consisting of CRZHIRAE NRAV2,
CRAMRPAN(R?), O, CRMIRMD0, S, CRA RS,
and -CR#*1=CR*1-;
wherein RZ% is H or RS and R%*? is H or RS,
77 is selected from the group consisting of CRAIR?, NR*2,
CREIRESYNRZ ), O, CRPIRP 0, S, CRZIIRZS,
and -CRZ1=CRS.
wherein R is Hor R1®: and RP? s Hor R
75, independently at each occurrence, is CH, CR', o N;
R is hydrogen or R, or R and R**? are taken together to form a
double bond between the carbon atom bearing R and 727, or R and R%*?
are taken together to form a double bond between the carbon atom bearing
RY and 75, and
x21s0, 1,2, 3, or 4;
(iv) when X 1s CR™ then k is 1;
(v} when Xis N, jis 1, and k is 1, then R and R/ are taken together to form an oxo
{(=(}) substiiuent;
{(vi) when X is N, j 15 0 and k 1s 1; then at least one of {vi-a}, {(vi-b}, {vi-¢}, or {vi-d}
applies:
(vi-a} Al is Cs-Cis aryl substituted with one or more R’ substituents;
(vi-b}y Al is 5-14 membered heteroarvi optionally substituted with one or more
R substituents;
(vi-cy A% is Ce-Cus ary! substituted with one or more R'® substituents;
{(vi-d} A? is 5-14 membered heteroaryl optionally substituted with one or more

R!¢ substituents; and
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(vii) when X is N, 1is 0, kis 0, mlis I,n'is 0, plis 0, and ¢’ is 0, then A' is a substituent
of formula (Al-a).
{6673} In some embodiments of the compound of formula (1), X 1s CRY and k 1s 1, and the

compound of formula (1) is a compound of formula (IT):

R!h R4-3
{RS—EI ?Q R:/ﬂ {Rﬁa R5a} E-E{N--K{Rj-a-i RE _i\/F{';bL I;?Ni»RQaR Oﬂ {R'Ha ?_; {R'Iza—i
Ao } LS = ! g N ! CRX NN = = g = +fot—az
ot o v i o] a4
AR SR S O o 3 8
sz RSa ¢
an.

or a pharmaceutically acceptable salt thercof;
wherein m', m?, n', 0%, p'. p%, ql, g% r, s, RY j, RFE RI® RME RN AL A? RI2 RIP R
T pia pib pda pdb Psa b p6a R6b R7a BT RS R poa Ro% plta Rt glla Rllb pL2
R R R R R R R Roa Red R7a R REa RE poa ROk Rlta @it Rlla Rilb plla

and R gre as defined in compounds of formula (7).

[6074] In some embodiments of the compound of formula (£, X is N, and the compound of

formula (I} is a compound of formula (1)

R1b
1‘-‘:{8’} {Q R‘/a} E—Rﬁa RSa RN—k Rj—a Rii}* ;
5 T 1 S L 1 IO
S N O O A
* RB".’) p: O R7c n. ihR’\SK) R5b mi Rj-b | R:,_a}—- I
E2biE

(b,
or a pharmaceutically acceptable salt thereof]
wherein m', m?, n', n?, ph p% gl g% r, s, §, RO Rk RN RMOAL A2 R'e R R R,
R%a' R"jb‘ R4a R4b RSaQ R*f) RSa Rﬁb R7a' R7b. RSa Rsb R()a‘ R%, R]Oa R]Ob. Rlla’ Rl It] R] la and
R'? are as defined in compounds of formula (1),
[6675] In some embodiments of the compounds of formula (§), (1), or (i), ri1s 0. In some

embodiments of the compounds of formula (1), (11}, or (1), ris 1. In some embodiments of the

compounds of formula (1), (D), or (1), ris 2.

{8076} In some embodiments of the compounds of formula (1), (1), or (), 515 0. In some
embodiments of the compounds of foromuda (1), (1), or (1), s 13 1. In some embodiments of the

compounds of formula (1), (1), or (i}, s is 2.
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{077} In some embodiments of the compounds of formula (1), (), or (Ilf), ris land sis 1.
iIn some embodiments, R!2 is selected from the group consisting of hydrogen, C1-Cs alkyl,
~C{OYOH, ~C{OYO{(C1-Co alkyl), -C{OYO(C:-Cs haloalkyl), and halogen, or R1? is taken together
with R to form a C1-Cs alkvlene moiety, or R1? is taken together with an R* moiety to form a
(1-Cs alkylene moiety; R is selected from the group consisting of hydrogen, C1-Cs alkyl,
-C{OYOH, -C{OY(C1-Cs alleyly, -C{OYO{C1-Ce haloalky)), and halogen; R? is selected from the
group consisting of hyvdrogen, Ci-Cs alkyl, -C{OGYOH, -C{OYO(C1-Cs alicyly, -COYO{C1-Co
haloalkyl}, and halogen; R is selected from the group consisting of hvdrogen, C1-Ce alkyl,
-C{OYOH, -C{OYO(C1-Co alkyl), -C(OYHC1-Cs haloalkyl), and halogen; R is selected from the
group consisting of hyvdrogen, Ci-Ce alkyl, -C(OYOH, -C{OY{C1-Cs alkyly, -COMB{C1-Co
haloalkyl). and halogen; or R is taken together with R* to form a C1-Cs alkylene moiety; R% is
selected from the group consisting of hvdrogen, C1-Ce alkyl, -C{(G0OH, -C(OYHC1-Co alkyl),
-C{OYO(C-Cs haloalkyl). and halogen; R* is selected from the group consisting of hydrogen,
C1-Co alkyl, -C{OYOH, -C(OYO(C1-Cs alkyl), -C{OYO{C1-Co haloalkyl), and halogen; and R* is
selected trom the group consisting of hydrogen, C1-Ce alkvl, -C(OYOH, ~C{GY0{C1-Cs alkyl),
-C{OYO{C1-Ce haloalkyl), and halogen. In some embodiments, R'? is selected from the group
consisting of hydrogen, C1-Ce alkyl, -C(O)YOH, and halogen. In some embodiments, R'? is
hydrogen. In some embodiments, R is C1-Ce alkyl. In some embodiments, R*?is methyl. In
some embodiments, R is -C{O)OH. TIn some embodiments, R' is halogen. In some
embodiments, R' is fluoro. In some embodiments, R is selected from the group consisting of
bydrogen, C1-Cs alkyl, -C{O)0H, and halogen. In sone embodiments, R'® is hvdrogen. In some
embodiments, R'? is Ci-Cs alkyl. In some embodiments, R'® is methyl. In some embodiments,
R ig -C(OHOH. In some embodiments, R™ is halogen. In some embodiments, R™ is fluoro. In
some embodiments, R?? is selected from the group consisting of hydrogen, Ci~Cs alkyl,
~C{0YOH, and halogen. In some embodiments, R is hvdrogen. In some embodiments, R? is
(1-Cs alkyl. Tn some embodiments, R* is methyl. In some embodiments, R* is -C{OYOH. In
some embodiments, R* is halogen. In some embodiments, R* is fluoro. In some embodiments,
R is selected from the group consisting of hydrogen, Ci-Cs alkyl, -C(G)YOH, and halogen. In
some embodiments, R? is hydrogen. In some embodiments, R? is Ci-Cs alkyl. In some
embodiments, R™ is methyl. In some embodiments, R™ is -C{OYOH. In some embodiments,
R? ig halogen. In some embodiments, R?® is fluoro. In some embodiments, R% is selected from

the group consisting of hydrogen, Ci-Co alkyl, -C{(OYOH, and halogen. In some embodiments,
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R is hvdrogen. Tn some embodiments, R™ is C1-Cs alkyl. Tn some embodiments, R 1s
methyl. In some embodiments, R is -C(O)OH. In some embodiments, R* is halogen. In some
embodiments, R¥ is fluoro. In some embodiments, R*® is selected from the group consisting of
hydrogen, Ci-Cs alkyl, -C{OYOH, and halogen. Tn some embodiments, R™ is hvdrogen. In some
embodiments, R% is C1-Cs alkyl. In some embodiments, R*® is methyl. In some embodiments,
R? is -C(OYOH. In some embodiments, R% is halogen. In some embodiments, R is fluoro. in
some embodiments, R* is selected from the group consisting of hydrogen, Ci-Cs atkyl,
-C{OYOH, and halogen. Tn some embodiments, R* is hydrogen. In some embodiments, R¥ is
C1-Cs alkyl. In some embodiments, R* is methyl. In some embodiments, R¥ is -C(GYOH. In
some embodiments, R* is halogen. In some embodiments, R is fluoro. In some embodiments,
R* is selected from the group consisting of hvdrogen, C1-Ce alkyl, -C{O)}0OH, and halogen. In
some embodiments, R* is hvdrogen. In some embodiments, R® is C1-Ce alkyl. In some
embodiments, R* is methyl. In some embodiments, R* is -C(0OYOH. In some embodiments,
R*® is halogen. In some embodiments, R*™ is fluorc. In some embodiment, R'? is taken together
with R* to form a C1-Cs alkyvlene moicty. In some embodiment, R'? is taken together with R*
to form a methylene (-CHz-) moiety. In some embodiment, R'? is taken together with R¥ to
form an cthylene (-CHz-CHz-) moiety. In some embodiment, R is taken together with R* to
form a propylene (-CHz2-CH2-CHz-) moicty. In some embodiment, R is taken together with R%
to form a C1-Cs alkyiene moisty. In some embodiment, R¥ is taken together with R* to form a
methviene (-CHo-) moiety. In some embodiment, R is taken together with R% to form an
cthylene (-CH:-CHs-) moicty. In some embodiment, R'? is taken together with R* to forma
propylene (-CHz-CH>-CH:-) moiety. In some embodiment, R is taken together with R% 1o
form a (1-Cs alkylene moiety. In some embodiment, R* is taken together with R¥ (o form a
methylene (-CHa-) moiety. In some embodiment, R is taken together with R* to form an
ethvlene (-CHz2-CH»-) moiety. In some embodiment, R™ is taken together with R¥ to form a
propylene (-CHu-CHz-CHz-) moiety. In sone embodiments, R®, RP R™ and R™, are all C1-Cs
alkyl, and R% R™ R* and R* arc all hydrogen. In some embodiments, R' R'®, R?? and R™,
are all methyl, and R% R™ R* and R* are all hydrogen. In some embodiments, R'® and R*
are both C1-Cs alkyl, and R'®, R R* R%® R* and R* are all hvdrogen. In some
embodiments, R'® and R™ are both methyl, and R°®, R? R R™® R* and R are all hvdrogen.
In some embodiments, R'2 is -C{O)0OH and R'®, R®* R R R R* and R*® are all hydrogen.

In some embodiments, R3a is fluoro and B2, RIP R% R R¥® R* and R* are all hydrogen.
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[078] In some embodiments of the compounds of forouda (1), (), or (TH), m'is 0, n' is 0,
plis 1, g'is 0, R® and R® are taken together to form an oxo (=0) substituent, and Alis a

substituent of formula (A'-a)

71 R
R1 4y l... \i *
( b !
\Zs“ff\\zz
(Al-a)

wheregin

* represents the attachment point to the remainder of the molecule;
7' is selected from the group consisting of CRA-IRA2 NRZ 2,
CREVIRAIDNRA Y, O, CRARZH0, 5, CRZIRANS,
and -CRA=CRAM.

wherein R is Hor R and R s Hor R,
Z7 1s selected from the group consisting of CRZIR%? NRA2,
CRZRPN(R™?), O, CRZIRPD0, S, CRPIRDYS,
and -CR*>1=CR#*1-;

wherein R% is H or RY; and R%%7 is H or RY;
Z?, imdependently at each occurrence, is CH, CRM, or N
RY is hydrogen or R*, or R™ and R*! are taken together to form a
double bond between the carbon atom bearing R and Z!, or R and R#%?
are taken together to form a double bond between the carbon atom bearing
R** and 7% and

xlis0, 1,2, 3 ord.

{66791 In some embodiments of the compounds of formula (), (1), or (I, 0’ is 0, nt is 0,
plis 1, glis 0, R® and R™ are taken together to form an oxo (=0} substituent, and A’ is a

substituent of formula (A'-a) selected from the group consisting of’
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(RM)H

and (Al-d).
In some embodiments, {A'-a) is {(A'-b). In some embodiments, (Al-a} is {A'~¢). In some
embodiments, (Al-a) is {A!-d}. In some embodiments, (A'l-a} or (Al-b} is selected from the

group consisting of;

741
R RZ1-2

<R14>X1

721 z2-% : .
R , and . wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

or {Al-b) is selected from the group consisting of:
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,and Ci ; wherein

the * represents the attachment point to the remainder of the molecule. In some embodiments,

{Al-a) or {Al-b) is selected from the group consisting of’

71-1
R RZ1-2

(RM)y4

O "
(R,
v RZI-1

N RZ‘E--Z

R21-2 , and s wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)
or {A'-b) is selected from the group consisting of:
Cl-

,and Cl

attachment point to the remainder of the molecule. In some embodiments, (A'-a) or (Al-b} is

: wherein the * represents the

selected from the group consisting of!
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; wherein the * represents the attachment point o the remainder of the

/O

molecule. In some embodiments, (Al-a) or (Al-b) is @ . wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A'-a)

Cl

sk

or (A'-b)is ; wheremn the * represents the attachment point to the

Cl

remainder of the molecule. In some embodiments, (A'-a) or (Al-b} is

wherein the * represents the attachment point to the remainder of the molecule. In some

embodiments, (Al-a) or (Al-b) is Ci . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, (A'-a) or (Al-b} is

Ci
N
F o ; wherem the * represents the attachment point to the remainder of the

Ci

molecule. In some embodiments, (Al-a) or (Al-byis F .. wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

Oj/'*
N
H

Ci -

or {Al-b}is ; wherein the * represents the attachment point {o the

Ci

remainder of the molecule. In some embodiments, (A'-a) or (Al-b) is
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wherein the * represents the attachment point o the remainder of the molecule. In some

¢
O \\\\"\\\

o o ™~ N
embodiments, (Al-a) or (Al-b)is H . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, (A'-a) or (Al-b) is

%

; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, (Al-a) or (Al-b) is Cl . wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A'-a)
or {Al-c) is selected from the group consisting of’

71-1 711
R R RZ1-2

1 M / o

; wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, (A'-a) or (A’-c} is

selected from the group consisting of:

T [T
N O and N\//%\C ; wherein the * represents the attachment point
to the remainder of the molecule. In some embodiments, (Al-a) or (A=) is
D=
N O : wherein the * represents the attachment point to the remainder of the
E Ry
molecule. In some embodiments, {Al-a) or {Al-c) is N ™0 : wherein the *

represents the attachment point to the remainder of the molecule.

{6084} Int some embodiments of the compounds of formula (1), (1), or (JH), m’ is 0, nl is 0,

plis 1, glis 1, R® and R™ are taken together to form an oxo (=0} substituent.
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{081} In some embodiments of the compounds of forouda (1), (), or (TH), miis 1,0 is 0,
plis 0, and g'is I. In some embodiments, R* R R% and R® are all hvdrogen. In some
embodiments, B> and R are taken together to form an oxo (=0) substituent or an imido (=NH)
substituent, and R® and R® are both hydrogen. In some embodiments, R™ and R are taken
together to form an oxo (=0) substituent, and R% and R® are both hydrogen. In some
embodiments, R* and R™ are taken together to form an imido (=NH) substituent, and R* and
R are both hvdrogen. In some embodiments, R and R are both hydrogen, and R® and R®®
are taken together to form a moiety selected from the group consisting of ~-0-CHa-CHa-,
“CHa-0-CHo-, -CH2-CHR-0-, -0-CH2-CH2-CHa-, -CH2-O-CHo-CHa-, -CH2-CH2-0-CHa-,
~CHo-CHz-CH2-O, ~O-CHo-CH2-CHo-CHo - ~-CH2-O-CH-CHR -CHz- ) -CHe-CH-O-CH2-CHa-,
-CHo-CHo-CH-0-CHo-, and -CHo-CHO-CHR-CH2-0-. In some embodiments, R* and R are

both hydrogen, and R and R® are taken together to form a ~-CHz-0-CHz- moiety.

[{0082] In some embodiments of the compounds of foromuda (1), (), or (), miis 1, nlis 0,

plis 0, and gl is 0, R% R® R and R are all hydrogen, and Al is a substituent of formula

(Al-a)
1 w3
(RM)X,‘.(\%/Zyﬁ_ *

Zé\zs%\zz

(Al-a)
wherein

* represents the attachment pomnt to the remamder of the molecule;
7! is selected from the group consisting of CREZFIRAIZ NRA,
CRZFIRZNRZ?), O, CRZFIRZAY0, §, CRZVIRZIYS,
and -CRAVI=CRAH

wherein R is H or R and R is H or R,
% is selected from the group consisting of CR#IR%32 NR>2,
CRZIRPZYN(RZY), O, CRZIR2D0, S, CRZIRZYS,
and -CRZXI=CR%.;

wherein Rt is Hor R and R“72is Hor R,
7, independently at each occurrence, is CH. CR!, or N;
R is hydrogen or R*, or R and B2 are taken together to form a

double bond between the carbon atom bearing R and Z’, or R and R%*?
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are taken together to form a double bond between the carbon atom bearing
R and 7%; and
xlis0, 1,2, 3, ord

{6083} Int some embodiments of the compounds of formula (1), (), or (JH), m’ is 1, nlis 0,

plis 0, and g' is 0, B3 R™ R and R® are all hydrogen, and A! is a substituent of formula

{Al-a) selected from the group consisting of:

R13 Z R’ 13
(R Mo R
; Al-cy,
4 \ 21 R13
(R !4)x1 > *
L7 2
N

and {A'-d).
In some embodiments, {A'-a) is {(A'-b). In some embodiments, (Al-a} is {A'~¢). In some
embodiments, (Al-a) is {A!-d}. In some embodiments, (A'l-a} or (Al-b} is selected from the

group consisting of;

(RM)X‘:

(RM>X1

(R™)s

721
R , and

s wheremn the *
represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

or {A'-b) is selected from the group consisting of:
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; wherein

the * represents the attachment point to the remainder of the molecule. In some embodiments,

(Al-a) or (Al-b) is selecied from the group consisting of

z12 ‘ -
R ,and , wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A'-a)
or {Al-b) is selected from the group consisting of:

Ci
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. Gj \\"‘-\\\*
cr” . :N
H

attachment point to the remainder of the molecule. In some embodiments, (Al-a) or (Al-b) is

and CI7 . wherein the * represents the
selected from the group consisting of:
Ci

*

9 ; wheremn the * represents the attachment point to the remainder of the

O o
molecule. In some embodiments, (Al-a) or (Al-b) is 7

@ ; wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A'-a)

Cl

sk

or (A'-b)is ; wheremn the * represents the attachment point to the

Cl

remainder of the molecule. In some embodiments, (A'-a) or (Al-b} is

wherein the * represents the attachment point to the remainder of the molecule. In some

N
—
embodiments, (A*-a) or (A'-b) 15 H ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, {A'-a) or (Al-b) is

Gl

molecule. In some embodiments, (Al-a) or (Al-byis F .. wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, {Al-a)
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or {Al-b}is ; wherein the * represents the attachment point {o the

remainder of the molecule. In some embodiments. (Al-a) or (Al-b) is
wherein the * represents the attachment point {o the remainder of the molecule. In some

O ‘\\x\\\\
W

H

embodiments, {(A'-a) or {(Al-b} is ; wherein the * represents the

attachment point to the remainder of the molecule. To some embodiments, {A'-a) or (A'-b} is

®

; wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, (Al-a) or {(Al-b) is Ci . wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

or (A’-c) is selected from the group consisting of:

. wherein the * reprosents the
attachment point to the remainder of the molecule. In some embodiments, (Al-a) or (Al-¢) is

selected from the group consisting of

I [T —
N P O andN\/\

9] ; wherein the * represents the attachment point

to the remainder of the molecule. In some embodiments, (Al-a) or (Al-c} is
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Ry
| N
O ; wherein the * represents the attachment point to the remainder of the
D
. ] . N . . .
molecule. In some embodiments, (A'-a) or (A'-¢) is G . wherein the *

represents the attachment point to the remainder of the molecule.

[0084] In some embodiments of the compounds of fornuia (1), (i), or (IH), mtis 1, 8" is §,
plis 0, and gl is 0; B3 R and R™ are all hydrogen, and R is -OQR%*2 or -NROPR¢ In some

embodiments, R% is -OR%? In some embodiments, R* is -OR%? and R%7 is hydrogen.

[6085] In some embodiments of the compounds of formula (), (1), or (I, o is Ln'is 0,
plis 1, and g’ is 1. In some embodiments, R3 R R R®* and R® are all hvdrogen, and R% is
selected from the group consisting of hydrogen, -OR%2 and -NR*R%** In some
embodiments, R¥ R R% R R¥ and R™ are all hvdrogen. In some embodiments, R* R,
R R®¥ and R™ are all hydrogen, and R® is -OR% In some embodiments, R R R R¥
R R and R™ are all hvdrogen, and R% is -NR**PR% 1 some embodiments, R%, R, R,
R®_and R® are all hvdrogen, R% is ~NROPRE< RE*Y and RS ar¢ both hydrogen. Tn some
embodiments, R* and R are taken together to form an oxo (=0) substituent or an imido (=NH)
substituent. In some embodiments, R and R® are taken together to form an oxo (=0)
substituent, R, R* and R™ are all hvdrogen, and R% is selected from the group consisting of
hydrogen, ~-OR®2_ gnd -NR®*"R<  In some embodiments, R and R are taken together to
form an oxo (=0) substituent, and R% R® R and R™ are all hydrogen. In some
embodiments, R* and R are taken together to form an oxo (=0} substitaent, R® R™ and R
are all hvdrogen, and R is -OR%  In some embodiments, R™ and R are taken together to
form an oxo (=0) substituent, R%, R®*_ and R® are all hydrogen, R% is -OR%? and R% 5
hydrogen. In some embodiments, R™ and R are taken together to form an oxo (=0)
substituent, R®®, R® and R™ are all hvdrogen, and R% is -NR*PR%_ In some embodiments,
R and R™ are taken together to form an oxo (=0) substituent, R, R® and R® are all
hvdrogen, R% is ~NRSPRO#C RO gnd R are both hvdrogen. In some embodiments, R* and
R are taken together to form an inido (=NH) substituent, R®®, R® and R® are all hydrogen,
and R* is selected from the group consisting of hydrogen, -OR%_ and -NR®“PR%C_ [n some

embodiments, R* and R™ are taken together to form an imido (=NH) substituent, and R% R®,
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R% and RY are all hydrogen. In some embodiments, R™ and R™ are taken together to form an
imido (=NH) substituent, R%®, R* and R® are all hvdrogen, and R% is -OR%3_ In some
embodiments, B> and R are taken together to form an imido (=NH) substituent, R®, R* and
R® gre all hvdrogen, R is ~OR%2 and R% is hydrogen. In some embodiments, B> and R™
are taken together to form an imido (=NH) substituent, R® R® and R® are all hydrogen, and
R% i5 -NRSPRO*C | some embodiments, R and R™ are taken together to form an imido
{(=NH) substituent, R®, ™ and R® are all hydrogen, R is -NRS*PRO%C RO2P gand RO are both

hydrogen.

[06686] In some embodiments of the compounds of formula (), (I, or i), kis I, m'is 1, n!
is 0, p'is 1, gt is 1, R%is -OR%*2 and R is taken together with R¥ 1o form a carbonyl {C=0)
moiety, and R R R and R® are all hydrogen.

[BO87] In some embodiments of the compounds of foromuda (1), (), or (), miis 0, nlis |,

plis 1, glis 1, R72 R R and R™ are all hydrogen.

{(0:88] In some embodiments of the compounds of formula (1), (1), or (IH), m?is 0. n? is 0,
p*is 1, g7 s 0, R and R'™ are taken together to form an oxo (=0) substituent, and A’ is a

substituent of formula (A”-a)

(Az—a}

wherein
* represents the attachment point to the remainder of the molecule;
Z4 s selected from the group consisting of CRAIR2 NRA2,
CREFIRAINRAY), O, CRAIRAD0. S, CRAIRADS,
and -CRZM1=CR%1.
wherein R%!is H or R!®; and R is Hor R,
77 is selected from the group consisting of CR*-IR#2 NRA2,
CREIREDNREY), O, CREIRED0, §, CREIREDYS,
and -CRZ =R
wherein R is H or R'®; and R™ is H or R,

#5, independently at each occurrence, is CH, CR'® or N;
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R is hydrogen or R, or R'¥ and R%*? are taken together to form a
double bond between the carbon atom bearing R and Z%, or R and R*%?
are taken together to form a double bond between the carbon atom bearing
RYP and 77 and

x21s0, 1.2, 3, 0or4;

{0089} In some embodiments of the compounds of foromula (1), (), or (), m? is 0, 87 is 0,
ptis 1, g% is 0, R'™ and R are taken together to form an oxo (=0) substituent, and A’ is a

substituent of formula (A%-a) selected from the group consisting of’

R‘?:’S Z4 /
RO, J< bR
VAN

(A%D). (a*0),
R‘l 5 Z4 / ‘
= e
Z° N
and (A2-d).

In some embodiments of the compounds of formula (1-1), (A%-a) is (A*-b). In some
embodiments of the compounds of formula (1-1), (A%-a) is (A%-¢). In some embodiments of the
compounds of formula (1-1}), (A%-a) 1s (A%-d). In some embodiments of the compounds of
formula (1-1), {A%-a) or (A%-b} is selected from the group consisting of;

. RZ4-1 R4

4

G

35



WO 2019/236710 PCT/US2019/035593

and ; wherein the * represents the attachment point to the
remainder of the molecule. In some embodiments, {A%-a) or (A%-b} is selected from the group

consisting of

Cl: wherein
the * represents the attachment point to the remainder of the molecule. fn some embodiments,
(A’-a} or (A2-b) is selected from the group consisting of’

R4 RZ4-1 R4

Rm—"?i\\N/i\\/

RZ4-2

74-2 . .
R , and ; wherein the * represcuts
the attachment point to the remainder of the molecule. In some embodiments, (A”-a) or (A-b) is

selected from the group consisting of
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Cl; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, (A’-a) or (A%-b) is

Ci

; wherem the * represents the attachment point to the remainder of the
/ ™
Es
molecule. In some embodiments, (A%-a) or (A%-b) is O ; wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A%-a)

el

or (A%-b)is . wherein the * represents the attachment point to the

remainder of the molecule. In some embodiments, (A%-a) or (A%-b} is

wherein the * represents the attachment point o the remainder of the molecule. In some

L 5 2 1
embodiments, (A“-a) or {A*-b) is . wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, {A%-a) or (A%b} is

A

F . wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, (A%-a) or (A%-b) is F . wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (A-a)

; wherein the * represents the attachment point to the

E3 O

N
remainder of the molecule. In some embodiments, {A%-a) or (A’-b) is H
wherein the * represents the attachment point o the remainder of the molecule. In some

S
il”’!;, . .

' Ci
embodiments, (A’-a) or (A%-b) is H . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, (A’-a) or (A%-b) is

‘Cl: wherein the * represents the attachment point to the remainder of the
* N
/
molecule. In some embodiments, (A%-a) or (A%-b) is Cl; wherein the *
represents the attachment point to the remainder of the molecule. o some embodiments of the

compounds of formula (1-1}, (A%-a) or (A%-¢) is selected from the group consisting of:

R 241 w242 REZ4-1
7
* / (R =b))(?: *
O Sy and . wherein the ¥ represents the

attachment point to the remainder of the molecule. In some embodiments, (A%-a) or (A%-¢) is

selected trom the group consisting of:
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=
o Ry

N . A A .
; wherein the * represents the attachment point

to the remainder of the molecule. In some embodiments, (A%-a} or (A’-c) is

N . . .
; wherein the * represents the attachment point to the remainder of the
S
O Ry

. 4 5 L - N o
molecule. In some embodiments, {A*-a) or (A-¢} is ; wherein the *

represents the attachment point to the remainder of the molecule.

{0090} In some embodiments of the compounds of foromula (1), (), or (), m? is 0,87 is 0,

ptis 1, g’ is 1, R and R are taken together to form an oxo (=0) substituent.

{0691] In some embodiments of the compounds of formula (1), (1), or (IH), m?is 1. n? is 0,
p*is 0, and q*is |. In some embodiments, R, R% R1% and R' are all hydrogen. In some
embodiments, R™ and R™ are taken together to form an oxo (=0) substituent or an imido (=NH}
substituent, and R'% and R'% are both hvdrogen. In some embodiments, R%? and R® are taken
together to form an oxo (=0) substituent, and R* and R'® are both hydrogen. In some
embodiments, R* and R” are taken together to form an tmido (=NH) substituent, and R'™ and
R% are both hydrogen. In some embodiments, R* and R’ are both hydrogen, and R'% and R'%
are taken together to form a moiety selected from the group consisting of -O-CHz-CHi-,
~CH2-0-CHa-, -CH2-CH3-0-, -O-CH2-CH2-CHi-, -CH2-0-CH2-CHs-, -CHz-CH2-O-CHo-,
~CH-CHe-CH2-0O-, ~O-CH-CHz-CH-CHo~ ~CHo-O-CH2-CHR-CHe -, ~CHR-CH-O-CHe-ChHo-,
-CHo-CHo-CH2-0-CHo-, and -CHo-CHo-CH2-CHz-0-. In some embodiments, R% and R™ are

both hydrogen, and R'% and R are taken together to form a -CHz-0-CHz- moiety.

(092} In some embodiments of the compounds of forouda (1), (1), or (TH), m?is 1, 02 is 0,
p?is 0, and g? is 0. In some embodiments, R*, R*, and R'% are all hydrogen, and R'™ is
selected from the group consisting of hydrogen, -OR'%2 and -NRI%PR!%¢ 1y some
embodiments, R'"™ is hydrogen. Tn some embodiments, R'%% is ~-OR? Tn some embodiments,

R8s -QR 2 and R1%%2 i3 hydrogen.

{0093] In some embodiments of the compounds of fornuia (I), (), or (IH), m? is 1,87 is 0,

pis 1, and g? is 1. In some embodiments, R* R RI® R and R are all hydrogen, and
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R0% 35 selected from the group consisting of hydrogen, -OR!%? and -NRWPRIC 1n some
embodiments, R% R R0 RI® R12 and R are all hydrogen. In some embodiments, R%2,
R%, R R1?2 and R are all hydrogen, and R1% is -QR!1%*2 In some embodiments, R% R,
RI® R1%Z and R are all hvdrogen, R1% is -OR1% and R*0%% g hydrogen. In some
embodiments, R% R%® R R and R' are all hydrogen, and R1% 5 -NRY*RI< [n some
embodiments, R, R R® R'% and R' are all hydrogen, R'0% ig -NRI0FOR0ae ploab apg
R19%¢ are both hydrogen. In some embodiments, R” and R* arc taken together to form an oxo
(=0) substituent or an imido (=NH) substituent. In some embodiments, R™ and R™ are taken
together to form an oxo (=0) substituent, R1%°, R'>% and R are all hydrogen, and R1% s
selected from the group consisting of hydrogen, -OR'%2 and -NRI%PR!%¢ {1y some
embodiments, R* and R™ are taken together to form an oxo (=0) substituent, and R1% R
R? and R'™ are all hydrogen. In some embodiments, R% and R™ are taken together to form an
oxo {=() substituent, R1® R'?2 and R are all hydrogen, and R1%is -OR%2 In some
embodiments, R* and R” are taken together to form an oxo (=0) substituent, R!®, R'?2 and
R are all hydrogen, R9%is -OR %2 gnd R19%% {5 hydrogen. In some embodiments, R” and R
are taken together to form an oxo (=0) substituent, R'® R'3 and R'? are all hydrogen, and R
is -NR!0ORI% Iy some embodiments, R and R are taken together to form an oxo (=)
substituent, R R'* and R' are all hydrogen, R'™ is -NRI#PR0c R1%2b and RI0C are both
hydrogen. In some embodiments, R™ and R are taken together to form an imido (=NH)
substituent, R'% R1% and R are all hydrogen, and R'%? is selected from the group consisting
of hydrogen. -OR!%%7 and -NR!0*PR % In some embodiments, R and R* arc taken together
to form an imido (=NH) substituent, and R1" RI% R% and R are all hydrogen. Tn some
embodiments, R* and R® are taken together to form an imido (=NH)} substituent, R'%® R’ and
R are all hydrogen, and R1% is -OR22 I some embodiments, R% and R*® are taken together
to form an imido (=NH) substituent, R1% R1* and R!™ are all hydrogen, R is -OR %2 and

R0 ig hydrogen. In some embodiments, R” and R™ are taken together to form an imido

embodiments, R™ and R are taken together to form an imido (=NH) substituent, R1%, R1*? and

R? are all hydrogen, R1%% s -NR 10#0R 04 R10D and RI%¢ are both hydrogen.

{(094] In some embodiments of the compounds of formula (I), (D, or (1), m® is L. n? s 0,
pris 1, g% 1s 1, R1% s -QR19%2 and R1%3 ig taken together with RY to form a carbonyt (C=0)

moiety, and R™ R R and R'™ are all hydrogen.
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[(095] In some embodiments of the compounds of forouda (1), (1), or (TH), m? is 0, v’ is 1,

pPis 1, g’is 1, RM3 RIS R and R are all hvdrogen.

{6696} In some embodiments of the compounds of formula (1), (T1), or (I, A is selected
from the group consisting of Ce-C 14 aryl optionally substituted with one or more R**
substituents; and 5-14 membered heteroaryl optionally substituted with one or more R
substituents. In some cmbodiments, Al is Ce-Cis arvl optionally substituted with one or more
R gubstituents. In some embodiments, Al is Ce-Cio arvl optionally substituted with one or

more R substituents. In some embodiments, A’ is selected from the group consisting of

ES

Cl ; wheremn the * represents the attachment point to the remamder of the
molecule. In some embodiments, A’ is phenvl optionally substituted with one or more R

substituents. In some embodiments, A’ is selected from the group consisting of

FaC ,and F2C0 ~ ; wheremn the * represents the attachment point

%*

to the remainder of the molecule. In some embodiments, Al is C ; wherein the

* represents the attachment point to the remainder of the molecule. In some embodiments, Al is
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. wherein the * represents the attachment point to the remainder of the

OuN P

molecule. In some embodiments, A'is Cl . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A' is

; wherein the * represents the attachment point to the remainder of the

*
b3

molecule. In some embodiments, A’ is F3C . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A' is

%

FaCO ” ; wheremn the * represents the attachment point to the remainder of the
molecule. In some embodiments, Al is naphthvl optionally substituted with one or more R

substituents. In some embodiments, Al is selected from the group consisting of

sk

and Cl ; wherein the * represents the attachment

point to the remainder of the molecule. Tn some embodiments, A’ is

wherein the * represents the attachment point o the remainder of the molecule. In some

£

embodiments, A’ is CI” ; wherein the * represents the attachment point to
the remainder of the molecule. In some embodiments, Al is 5-14 membered heteroaryl

optionally substituted with one or more R substituents. In some embodiments, Al is 5-10
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membered heteroaryl optionally substituted with one or more R™ substituents. Tn some

N Ed

&

Sy

embodiments, A’ is selected from the group consisting of T

//Nv/ /Lj/ \T/[
‘. C/\/

Ci

; wheremn the * represents the attachment point to the remainder of the
molecule. In some embodiments, A' is pyridyl optionally substituted with one or more R

N &
=2

Ty

substituents. In some embodiments, A’ is Cl ; wherem the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

N\/
FsC ;. wherein the * represents the attachment point to the remainder of the
/
molecule. In some embodiments, Al is NC . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is pyraziny}

optionally substituted with one or more R substituents. In some embodiments, Al is

F ; wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, Al is quinolinyl optionally substituted with one or more RY

substituents. In some embodiments, A' is selected from the group consisting of
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point to the remainder of the molecule. Tn some cmbodiments, Al is

wherein the * represents the attachment point o the remainder of the molecule. In some

embodiments, A' is and C ; wherein the * represents the attachment

point to the remainder of the molecule.

[6097] In some embodiments of the compounds of formula (1), (i), or (IH), A? is selected
from the group consisting of Ce~-Cie aryl optionally substituted with one or more R1°
substituents; and 5-14 membered heteroaryl optionally substituted with one or more R
substituents. In some embodiments, A” is Ce-Cig aryl optionally substituted with one or more
R substituents. In some embodiments, A? is Cs-Cio arvl optionally substituted with one or

more R'® substituents. In some embodiments, A? is selected from the group consisting of

CFs.

. and

Cl; wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A? is phenyl optionally substituted with one or more R

substituents. In some embodiments, A? is selected from the group consisting of
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*

to the remainder of the molecule. In some embodiments, A is Cl; wherein the
* represents the attachment point to the remainder of the molecule. In some embodiments, A? is

Cl; wherein the * represents the attachment point to the remainder of the

NO,

®

molecule. In some embodiments, A% is Cl : wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

\\Q}; wherein the * represents the attachment point to the remainder of the

*

\/)\\CF«,

molecule. In some embodiments, A s . wherein the * represents the

attachment point o the remainder of the molecule. In some cmbodiments, A? is

OCF3. wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A? is naphthv optionally substituted with one or more R

substituents. In some embodiments, A? is selected from the group consisting of
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and Cl; wherein the * represents the attachment

&

point to the remainder of the molecule. Tn some cmbodiments, A” is

wherein the * represents the attachment point o the remainder of the molecule. In some

B3

embodiments, A” is Cl; wherein the * represents the attachment point to
the remainder of the molecule. In some embodiments, A? is 5-14 membered heteroaryi
optionally substituted with one or more R substituents. In some embodiments, A% is 5-10
membered heteroaryl optionally substituted with one or more R'® substituents. In some

N
N

s

embodiments, A? is selected from the group consisting of Ci,

“Cl; whercin the * represents the attachment point to the remainder of the
molecule. In some embodiments, A? is pyridy! optionally substituted with one or more R1®

* N
Ry

Z

substituents. In some embodiments, A” is Cl: wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A” is

* N
=

e

CF3. wherein the * represents the attachment point to the remainder of the
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* N
X

ZF

molecule. In some embodiments, A% is CN wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A? is pyraziny}
optionally substituted with one or more R substituents. In some embodiments, A% is

* N
e

P F
N

F; wherein the * represents the attachment point (o the remainder of the
molecule. In some embodiments, A? is quinolinyl optionally substituted with one or more R1¢
substituents. In some embodiments, A? is selected from the group consisting of

Cl; wherein the * represents the attachment

* “

point to the remainder of the molecule. In some embodiments, A” is

wherein the * represents the attachment point {o the remainder of the molecule. In some

embodiments, A? is and Cl; wherein the * represents the attachment

point to the remainder of the molecule.

3098 In some embodiments of the compound of formula (I} wherein X is CR¥ and k is I,
and in some embodiments of the compound of formula (1), jis 0 or 1. In some embodiments, §
is 0. In some embodiments, j is 1. In some embodiments, j is 1, and R" and R are taken

together to form an oxo (=0) substituent. In some embodiments, j is 1, and R and R are both

hydrogen.

(3099} In some embodiments of the compound of formula (I} wherein X 1s CR¥ and k is 1,
and in some embodiments of the compound of formula (1), R* is selected from the group

consisting of hvdrogen, C1-Cs alkvl, C2-Co alkenyl, and Co-Co alkynyl. In some crabodiments,
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R* is hydrogen or C2-Cs alkynyl. Tn some embodiments, R is hvdrogen. In some embodiments,

R* is C2-Cs atkvnyl. In some embodiments, R* is ethynyl

10100} In some embodiments of the compound of formula (T) wherein X is CRX and ks |,
and in some embodiments of the compound of formula (I), ris 1, sis 1, R R'® R? R R
R® R*% and R* are all hydrogen, and R* is ethyvnyl.

[G181] In some embodiments of the compound of formula (I} wherein X is CR* and k is 1,
and in some embodiments of the compound of formula (1), ris |, sis 1, R?8 R® R R R

R R¥ and R® are all hvdrogen, and R is hydrogen.

{8162} In some embodiments of the compound of formula (T) wherein X is CRX and ks |,
and in some embodiments of the compound of formula (1), ris 1, sis I, R R® R? R R,

R* and R* are all hvdrogen, R is fluoro, and R¥ is hydrogen.

{3183} In some embodiments of the compound of formula (I} wherein X 1s CR¥ and k is 1,
and in some embodiments of the compound of formula (IN), ris 1, sis }, R s -C(OYOH, R'®,

R* R%™ R R R* and R*™ are all hydrogen, and R* is hydrogen.

{6104} In some embodiments of the compound of formula () wherein X 1s N, and i some
embodiments of the compound of formula (IH}, ;15 0 and k 15 0. In some embodiments, jis 0, k

is 0, ris 1,515 1, and R'3, RI® R R? R¥% R¥® R* and R*® are all hydrogen.

j3105] In some embodiments of the compound of formnuda (£} wherein X 1s N, and in some
embodiments of the compound of formula (1), jis O and kis 1. In some embodiments, jis 0, k

is I,ris 1,sis 1, and R RI® R% R R¥* R¥® R* and R*™ are all hydrogen.

{6106} In some embodiments of the compound of formula () wherein X 1s N, and i some
embodiments of the compound of formula (I1T), j is 1, R and R are taken together to form an
ox0 (=0} substituent, and k is 1. In some embodiments, jis I, R and R are taken together to
form an oxo (=0) substituent, k is 1, ris 1, sis I, and R’ R R R R R R% and R* are

all hvdrogen.

[6107] In some embodiments of the compounds of formula (1) 1s a compound of formula

(Ii-1-13, (IF-1-2), or (1-1-3):

48



WO 2019/236710 PCT/US2019/035593
R!b R—’la
N-k 1a o 4b i
SN2 RO QR Y RO RS N
(Rt ) N———CRX  N——N R,
Z‘_\\Zg/ z2 Rza\‘} """" ~R3b 25&\26/2
th- Rva
(di-1-1)
R“:b Rlla
R R R R*%L%R"’b YO RS 24
A'E OE | I N CRX N N i[ \/ 16)){2
jq‘ | I \ N o
RGP  RSe 22 R Z 76
RQb Ria
(1i-1-2)
R'ib R4a
8a 163 5 N .a§ VR4 N 15
Ta Td Ta }E‘KR R i §R§Z4/
AHLG} : N CRY N N (R,
g 1oL N2
RSb RQD RQD Rza R3b z ZG
R2b R?a
(-1-3).

[0108]
(T1-2-13, (11-2-2), or (11-2-3}:

In some embodiments of the compounds of formula (11} is a compound of formula

R b Rda
" 43 RN K R RN = Sa R103
o Z\/R N N
(R™) - N N et O A2
Zi = I ' 1 q"‘
3 22 H R Rmo
R??" Rva
(11-2-1)
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Rﬁa R5a TN-k Ri%ﬁ‘m TN Tga Fﬁ"ﬁﬁa
L]

A*%Qéi! | N CRX N N O A2
q

Rﬁb 5‘3553 Rza%ﬂLRgb Flng FLW Cb T

R8a Rﬁa Rba ?N—k r1a l | R4 ?N RY R10a
g

R éﬁb R5D R~ R3b R% R100
R;?b RSa
(1-2-3),

j3109] In some embodiments of the compounds of formula (11} is a compound of fornmula

(11-3-1). (11-3-2). or (1-3-3):

R‘]b ch‘
N 21 RO pik R AR pN pia pi0apiza
./R']"l} \/ il j: r\RX N s‘Ea | [ [m1 AZ
i X1 )’/ ] A% ™ i l [ l\}j -
Z%\ e , . s q-
23 et Rza \R?’b Rgs R:ObRIZD
RZb RSa
(11-3-1)
R“L‘: R4a
6z 5a N R18 R N =92 ~i0api2a
R R §|% E’-l% R R
A‘J[QE ) | N CR*  N—N E | § Eo} A
d =G =Sl R2a%—lLR3b R% R10b 120 4
R:Zb RSa
(11-3-2)
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R?b R3a
(11-3-3).
3119} In some embodiments of the compounds of formulae (I1-1-1}, (11-1-2}, (11-1-3),
(-2-1), (11-2-2), (11-2-3). (H-3-1), (13-3-2), and (11-3-3), R* is selected from the group consisting
of hydrogen, Ci-Cs alkyl, C2-Cs alkenyl, and C2-Co alkyoyl. In some embodiments, RX is
hydrogen or C2-Cs alkynyl. In some embodiments, RY is hydrogen. In some embodiments, RX

is {2-Cs alkynyl. In some embodiments, R* is ethynyl.

{0111} In some embodiments of the compounds of formula (111} is a compound of formula

(1H-1-2) or (111-1-3):

R'Eb R4a
Rﬁa Rﬁa R1.a l | ..VR‘H) ﬁ{N O R‘Eb Z4 /
} ! I E N\ N
L meb b o - Z° 6"
R R R28 R3b Z
RZZb R&a
{I1-1-2)
R1b R4a‘
8a Ba ’*a N 15
e ? E? %—% FF R\/ZIL - 16
A%Gj | i E N \ Z6 (R )XZ
4 Rgb Rﬁb Rub R?‘}—A 25 \\ZB/
RZb Roa
(11-1-33.

[6112] In some embodiments of the compounds of formula (IT1) is a compound of fornwla

(I11-2-2) or (111-2-3):

(¥,
—
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R’Eb er}a

RSE R@a Rfia RA’%R‘%
Aﬁ—{cz} 1 E E = N N

q Rab RSD REK) Rga}—éR:;b

RQ'{J RSa

(11-2-3).

j3113] In some embodiments of the compounds of formula (11} is a compound of formula

(1-3-2 or (JIE-3-3):

R’lb R4a
RS2 Rba = R4b RN R% Rilapizs
l
Ai%QE1! E N N N . {Q} A?
9 peb b R2a 3 RO R10b 312 4
sz RSa
{II[-3-2)
R1b Réa
Ria pea pSa R13 R N poa plagpiza
| )
RUPS N A P A S
4 Rﬁ’) Rﬁb thb Rga R’jb Rgb R10bR12b q
RZb R3a
(H1-3-3
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[3114] In some embodiments of the compounds of formulae (f1-1-1), (I1-1-2), (11-1-3),
(1-2-1), (11-2-2), (18-2-3). (11-3-1). (11-3-2), (1-3-3), (H-1-2), (H1-1-3), (11-2-2), (111-2-3),
(I11-3-2), and (1I1-3-3), R is sclected from the group consisting of hydrogen, C1~-Ce alkyl,
~C{OYOH, -COY(C1-Cs alkyl), -C{OYO(C1-Co haloalkyl), and halogen, or R'? is taken together
with R? to form a C1-Cs alkvlene moiety, or R is taken together with an R moiety to form a
(1-Cs alkylene moiety; R' is selected from the group consisting of hydrogen, Ci-Cs atkyl,
-C{OHYOH, -C{OYO(C1-Ce alkyl), ~-C{OYC1-Cs haloalkyh), and halogen; R* is selected from the
group consisting of hvdrogen, Ci-Cs alkyl, -CIOYOH, -C{O)YO(C1-Ce alkyl), -COYC1-Cs
haloalkyl}, and halogen; R? is selected from the group consisting of hvdrogen, C1-Co alkyl,
-C{O)YOH, -C{OYO(C1-Co alkyl), -C{OYHC:1-Cs haloalkyl), and halogen; R™ is selected from the
group consisting of hyvdrogen, C1-Cs alkyl, ~-C{OYOH, -C(OYO{Ci-Co alkyly, -COYHC1-Cs
haloalky1), and halogen; or R¥ s taken together with R* to form a C1-Cs alkylene moiety; R is
selected from the group cousisting of hydrogen, C1-Cs alkyl, -C(OYOH, -C{OY{C1-Co alkyly,
-C{OYO{C1-Co haloalkyl), and halogen; R* 1s selected from the group consisting of hvdrogen,
Ci-Cs alkyl, -C{OYOH, -C{OYO(T1-Cs alkyh), -C{OI0(C1-Cs baloalkyl}, and halogen: and R* is
selected from the group consisting of hydrogen, C1-Ce alkyl, -<C(OYOH, -C{QYO{(C1-Cs alkyl),
~C{OY0(C1-Co haloalkyl), and halogen.

{6115} In some embodiments of the compounds of formulae (31-1-1), (11-1-2), (1-1-3),
(Ii-2-1), (1-2-2), ({[-2-3), (1I-3-1), ([I-3-2), {([E-3-3), (I1-1-2), ([11-1-3), (11-2-2), (110-2-3),
(I11-3-2), and (1}1-3-3), R" is selected from the group consisting of hydrogen, C1-Ce alkyl,
-C{OYOH, and halogen. In some embodiments, R is hydrogen. In some embodiments, R¥ g
Ci-Cs alkyl. In some embodiments, R is methyl. In some embodiments, R’ is -C(QYOH. In

some embodiments, R'3 is halogen. In some embodiments, R'* is fluoro.

{6116} In some embodiments of the compounds of formulae (31-1-1), (11-1-2), (1-1-3),
(IE-2-1), {(I1-2-2), {I}-2-3), {I}-3-1), (1}-3-2), (11-3-3), (Hi-1-2), (11-1-3), (311-2-2), (111-2-33,
(I11-3-2), and (11F-3-3), R is selected from the group consisting of hvdrogen, C1-Cs alkyl,
-C{OYOH, and halogen. Tn some embodiments, R™ is hydrogen. In some embodiments, R'® is
Ci-Cs alkyl. In some embodiments, R is methyl. In some embodiments, R is -C{O)OH. In

some embodiments, R'? is halogen. In some embodiments, R'? is fluoro.

6117} In some embodiments of the compounds of formulae (31-1-1), (11-1-2), (1-1-3),

(T1-2-1), (T1-2-2), (T1-2-3), (I1-3-1), {I1-3-2), {I1-3-3), {I11-1-2), (11-1-3}, (111-2-2), (111-2-3),

(]
(OS]
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(T11-3-2), and (1I1-3-3), R™ is selected from the group consisting of hydrogen, C1-Cs alkyl,
-C{OYOH, and halogen. In some embodiments, R is hydrogen. In some embodiments, R is
C1-Cs alkyl. In some embodiments, R? is methvl. In some embodiments, R is -C{O)YOH. In

some embodiments, R is halogen. In some embodiments, R* is fluoro.

G115} In some embodiments of the compounds of formulae (11-1-1), (11-1-2}, (1-1-3}),
(I1-2-13, (11-2-2), (11-2-3), (I1-3-1), (13-3-2), (11-3-3), (TH-1-2), (4-1-3), G1-2-2), (3-2-3),
(F11-3-2), and (I1}-3-3), R™ is selected from the group consisting of hvdrogen, C1-Cs alkyl,
-C(OYOH, and halogen. In some embodiments, R? is hydrogen. In some embodiments, R is
(1-Cs alkyl. In some embodiments, R? is methyl. In some embodiments, R is -C{O)OH. In
some embodiments, R is halogen. In some embodiments, R? is fluoro. In some embodiments,
R is selected from the group consisting of hvdrogen, C1-Cs alkyl, -C(OYOH, and halogen. In
some embodiments, R¥ is hydrogen. In some embodiments, R*? is Ci-Cs alkyl. In some
embodiments, R*? is methyl. In some embodiments, R* is -C{O)OH. In some embodiments,

R’ is halogen.

[G115] In some embodiments of the compounds of formulae (11-1-1), (11-1-2), (11-1-3),
(I-2-0), (12223, (H-2-3), ([-3-1), (1-3-2), (0-3-3), (H-1-2), (0i-1-3), (01-2-2), d11-2-3),
(IF{-3-2), and (1H1-3-3}, R is fluoro. In some embodiments, R™ is selected from the group
consisting of hydrogen, C1-Cs alkyl, -C{O)OH, and halogen. In some embodiments, R% is
bydrogen. o some embodiments, R¥ is C1-Ce alkyl. T some embodiments, R™ is methyl In
some embodiments, R is -C(O)OH. In some embodiments, R is halogen. In some

smbodiments, R is fluoro.

10120] In some embodiments of the compounds of formulae (11-1-1), (11-1-2), (11-1-3),
(d-2-13, (15-2-2), (11-2-3), (AE-3-1), (13-3-2), (J1-3-3), ([H-1-2), (311-1-3), (}11-2-2), (011-2-33,
{[I1-3-2), and (I11-3-3}, R* is selected from the group consisting of hydrogen, C1-Cs alkyl,
-C{OY0OH, and halogen. In some embodiments, RY is hydrogen. In some embodiments, R¥ is
Ci~Cs alkyl. In some embodiments, R* is methyl. Tn some embodiments, RY is -C{(O)0H. In

some embodiments, R* is halogen. In some embodiments, R* is flaoro.

10121} In some embodiments of the compounds of formulae (11-1-1), (11-1-2), (11-1-3),
(f-2-1), (15-2-2), (11-2-3), (41-3-1), (11-3-2), (J1-3-3), (HH-1-2), (111-1-3), (301-2-2), (011-2-33,
(I[1-3-2), and (111-3-3), R* is selected from the group consisting of hydrogen, C1-Cs alkyl,

-C{QYOH, and halogen. In some embodiments, R* is hydrogen. In some embodiments, R is

(¥
S
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Ci-Cs alkyl. In some embodiments, R*® is methvl. In some embodiments, R* is -C{OYOH. In

some embodiments, R* is halogen. In some embodiments, R* is fluoro.

{6122} In some embodiments of the compounds of formulae (31-1-1), (11-1-2), (1-1-3),
(IE-2-1), {(I1-2-2), {I}-2-3), {I}-3-1), (1}-3-2), (11-3-3), (Hi-1-2), (11-1-3), (311-2-2), (111-2-33,
{(I}1-3-2), and (1H-3-3), R is taken together with R™ to form a C1-Ce alkylene moiety. In some
cmbodiment, R is taken together with R? to form a methylene (~CHz-) moicty. In some
embodiment, R* is taken together with R* to form an ethylene (-CH:-CHz-) moiety. In some

embodiment, R' is taken together with R* to form a propylene (-CHo-CH2-CHa-) moiety.

{6123} In some embodiments of the compounds of formulae (31-1-1), (11-1-2), (1-1-3),
(IE-2-1), {(I1-2-2), {I}-2-3), {I}-3-1), (1}-3-2), (11-3-3), (Hi-1-2), (11-1-3), (311-2-2), (111-2-33,
{(I}1-3-2), and (1H-3-3), R is taken together with R to form a C1-Ce alkylene moiety. In some
cmbodiment, R is taken together with R* to form a methylene (~CHz-) moicty. In some
embodiment, R’ is taken together with R to form an ethylene (-CHa-CHz-) motety. In some

embodiment, R' is taken together with R to form a propylene (-CHo-CHz-CHr-) moiety.

10124] In some embodiments of the compounds of formulae (1-1-1), (11-1-2), (11-1-3).
(d-2-13, (15-2-2), (11-2-3), (AE-3-1), (13-3-2), (J1-3-3), ([H-1-2), (311-1-3), (}11-2-2), (011-2-33,
{(I}1-3-2), and (1-3-3), R is taken together with R* to form a C1-Ce alkylene moiety. In some
embodiment, R*? is taken together with R* to form a methylene (-CHz-) moiety. In some
embodiment, R is taken together with R to form an ethylene (-CHa-CHz-) motety. In some

embodiment, R is taken together with R* to form a propylene (-CHa-CHz-CHp-) moiety.

[0125] In some embodiments of the compounds of formulae (11-1-1), (11-1-2), (11-1-3),
(H-2-1), (1-2-2), (11-2-3), (11-3-1), {T-3-2), (T-3-3), (111~ 1-2), (IT-1-3), (§10-2-2), (171-2-3),
([11-3-2), and (11-3-3), R'* R'® R? and R™, arc all C1-Cs alkyl, and R* R™ R* and R® are
ali hydrogen. In some embodiments, R'2, R'™® R’ and R, are all methyl, and R R*® R* and

R*® are all hydrogen.

[3126] In some embodiments of the compounds of formulae (11-1-1), (11-1-2), (11-1-3),
(H-2-1), (1-2-2), (11-2-3), (1-3-1), (11-3-2), (11-3-3), (6-1-2), (101-1-3), (111-2-2), (111-2-3),
([11-3-2), and (T71-3-3}, R and R* are both C1-Ce alkyl, and RIP, R® R R™ R* and R* are
all hvdrogen. In some embodiments, R' and R*® are both methyl, and R'®, R R R R*

and R* are all hydrogen.
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[3127] In some embodiments of the compounds of formulae (f1-1-1), (I1-1-2), (11-1-3),
(1-2-1), (11-2-2), (18-2-3). (11-3-1). (11-3-2), (1-3-3), (H-1-2), (H1-1-3), (11-2-2), (111-2-3),
([11-3-2), and (II1-3-3), R2is -C(O)0OH and R", R?3, R R R R* and R are all hydrogen.

[6128] In some embodiments of the compounds of formulae (11-1-1), (11-1-2}, (11-1-3),
{I-2-1), {1}-2-2), {11-2-3), (1I-3-1), (1I-3-2), (dI-3-3), ({1-1-2), (1i-1-3), (11-2-2), (11-2-3),
(IT1-3-2), and (1I-3-3), R¥ is fluoro and R, R1® R R R R* and R* are all hydrogen.

9129 In some embodiments of the compounds of formulae (1-1-2), (11-2-23, (11-3-2), (11
1-2), (11-2-2), and (1H{-3-2}, g’ is 1. In some embodiments, R%, R, R% and R are all
hydrogen. In some embodiments, R and R™ are taken together to form an oxo (=0} substituent
or an imido (=NH) substituent, and R and R are both hyvdrogen. In some embodiments, R
and R are taken together to form an oxo (=0) substituent, and R and R% are both hydrogen.
In some embodiments, R* and R are taken together to form an imido {(=NH) substituent, and
R% and R® are both hydrogen. In some embodiments, R* and R™ are both hydrogen, and R®
and R® are taken together to form a moiety selected from the group consisting of -0-CHz-CHo-,
~CH-O-CHz-, -CH2-CH-O-, -O-CH2-CH2-CHa-, -CH2-0-CH2-CHi-, -CH2-CH2-O-CHo-,
~CHo~-CHz-CH2-0-~, ~0-CHo~-CHz-CH2-CHo - ~-CH2-O-CH: ~-CHL -CHa-, ~-CH~-CH2-O-CHz-CHo-,
-CH-CHo-CHL-O-CHp-, and -CH-CHo-CHa-CH:-0O-. In some embodiments, R and R™ are
both hvdrogen, and R% and R™ are taken together to form a -CHz-0-CHz- moiety.

{3130} In some embodiments of the compounds of formulae (1-1-2}), (11-2-2}, (11-3-2), ({1~
1-2), (111-2-2), and (IH-3-2), ' is 0; R% R and R®™ are all hydrogen, and R i -QRS*@
or -NROPR%=  Tn some embodiments, R% is -OR%2, In some embodiments, R is -OR and

R g hydrogen.

{6131} In some embodiments of the compounds of formulae (31-1-3), (11-2-33, (31-3-3), (111-
1-3), (If1-2-3}, and (TH-3-3), ¢’ is 1. In some embodiments, B3 R® R R® and R® are all

hydrogen, and R is selected from the group consisting of hydrogen, -R% 4 and -NRS*DRo
In some embodiments, R% R R% R® R% and R® are all hydrogen. In some embodiments,
R R R® R and R are all hydrogen, and R is -OR%*% In some embodiments, R* R,
R R and R™ are all hydrogen, R% is -OR%*2 and R {5 hvdrogen. In some embodiments,
R R R® R% and R® are all hydrogen, and R is -NR®PR<  Tn some embodiments, R,
R® R R and R® are all hvdrogen, R% 15 -NR®PRC R6* and RO are both hydrogen. In

some embodiments, B3 and R°® are taken together to form an oxo (=0) substituent or an imido
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(=NH) substituent. In some embodiments, B> and R are taken together to form an oxo (=0)
substituent, R R and R* are all hydrogen, and R% is selected from the group consisting of
hydrogen, ~-OR%2 and -NRSPR®  fy some embodiments, R* and R® are taken together to
form an oxo (=0) substituent, and R% R® R® and R® are all hvdrogen. n some
embodiments, R> and R™ are taken together to form an oxo (=0) substituent, R® R® and R®
are all hydrogen, and R® is -OR®*? In some embodiments, R and R™ are taken together to
fornm an oxo {(=0) substituent, R®, R™ and R® are all hvdrogen, R% is -QR4 and R i5
hydrogen. Tn some embodinments, R® and R™ are taken together to form an oxo (=0)
substituent, R R* and R arc all hydrogen, and R% is -NRPR%C In some embodiments,
R and R are taken together to form an oxo (=0) substituent, R, R* and R® arc all
hydrogen, R is -NRSPRO*c RO#D and RO gre both hydrogen. In some embodiments, R* and
R are taken together to form an imido (=NH) substituent, R® R and R® are all hydrogen,
and R% is selected from the group consisting of hydrogen, ~OR4 and -NRO R In some
embodiments, R* and R™ are taken together to form an imido (=NH) substituent, and R%, R,
R¥ and R™ are all hydrogen. In some embodiments, R* and R™ are taken together to form an
imido (=NH) substituent, R® R* and R®™ are all hydrogen, and R is -OR%?_ In some
embodiments, R* and R are taken together to form an imido (=NH) substituent. R, R® and
R® are all hydrogen, R® is ~OR®? and R% is hvdrogen. In some embodiments, R> and R™
are taken together to form an inudo (=NH) substituent, R®, R and R® are all hydrogen, and
R i5 -NRSPRO*C  In some embodiments, R® and R™ are taken together to form an imido
{(=NH]} substituent, R®, R® and R® are all hydrogen, R% is -NRPRO#¢ RS0 and RO gre both

hydrogen.

[3132] In some embodiments of the compounds of formulae (11-1-3), (11-2-3}, (11-3-3), (1
1-3), (T1-2-3), and (IH{-3-3), g’ is 1, R% s -OR%3 and R is taken together with RN* 1o form a

carbonyl (C=0) moiety, and R® R®, R® and R® are all hvdrogen.

[B133] In some embodiments of the compounds of formulae (H-2-1), (11-2-2), (11-2-3), (I11-
2-2), and (IT1-2-3}, g% is 1. In some embodiments, R7 R R'™ and R'® gre all hydrogen. In
some embodiments, R and R are taken together to form an oxo (=0) substituent or an imido
(=NH) substituent, and R'% and R!% are both hydrogen. In some embodiments, R* and R* are
taken together to form an oxo (=0) substituent, and R'% and R!™ are both bvdrogen. In some
embodiments, R™ and R™ are taken together to form an imido (=NH} substituent, and R!% and

R% gre both hydrogen. In some embodiments, R and R* are both hydrogen, and R'% and R1®
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are taken together to form a moiety selected from the group consisting of ~-0-CHa-CHa-,
-CHz-0-CHa-, -CH2-CH2-0-, -0-CH2-CHo-CHz-, -CH2-O-CHa-CHa-, -CHo-CH2-G-CHa-,
~CH2~-CHe-CH2-0-, ~0~CH2~-CH2-CH2-CH2~ -CH2-O-CH:~-CH2-CHz-, -CH:-CH2-0-CH2-CHa-,
~-CHo-CHe-CHL-O-CHo-, and -CH-CHR-CH-CH2-O-. In some embodiments, R and R™ are

both hvdrogen, and R'% and R'™ are taken together to form a -CHz-0-CHp- moiety.

[B134] In some embodiments of the compounds of formulae (H-2-1), (11-2-2), (11-2-3), (I11-
2-2), and (111-2-3), g% is 0. In some embodiments, R™, R* and R’ are all hydrogen, and R1%% s
selected from the group consisting of hydrogen, ~OR%? and -NR"PRI% ¢ 5 some
embodiments, R1% is hvdrogen. Tn some embodiments, R1%% is ~OR'%% [n some embodiments,

R 35 -OR%2 and R1%* is hydrogen.

{6135} In some embodiments of the compounds of formulae (11-3-1), (11-3-2}, (11-3-3}),
(IT1-3-2), and (1i-3-3), g* is 1. In some embodiments, R*, R* R!%® R and R are all
hydrogen, and R1™ is selected from the group consisting of hydrogen, ~-QR0#2,

and -NRI9PRI%C  In aome embodiments, R R R1% R!® R2 and R are all hydrogen.
in some embodiments, R% R RI® R122 and R'% are all hydrogen, and R'® is -OR%% In
some cmbodiments, R* R” R'® R122 and R'? are all hydrogen, R1% is ~OR % and R1* ig
hydrogen. In some embodiments, R% R™ R'® R2 and RV are all hydrogen, and R

is -NRIPRI0C 1h some embodiments, R, R® R!® RI% and R are all hydrogen, R0

is ~-NRIO#PR 0 pldab gnd R0+ are both hydrogen. In some embodiments, R* and R are
taken together to form an oxo (=) substituent or an mudo (=NH) substituent. In some
embodiments, R* and R are taken together fo form an oxo (=0) substituent, R'% R and
R'? are all hydrogen, and R is selected from the group consisting of hydrogen, -OR 1022
and -NRIP#PR ¢ n some embodiments, R% and R are taken together to form an oxo (=0)
substituent, and R1% RI® R and R' are all hydrogen. In some embodiments, R™ and R%
are taken together to form an oxo (=0) substituent, R R2 and R are all hydrogen, and R'%3
is -OR%*%  In some embodiments, R% and R are taken together to form an oxo (=0)
substituent, R'%® B2 and R are all hydrogen, R1% is -OR1%2 and R ig hydrogen. In
some embodiments, R* and R are taken together to form an oxo (=0) substituent, R1® R4
and R are all hydrogen, and R19 is -NR!W#PR 19 In gome embodiments, R* and R are
taken together to form an oxo (=0) substituent, R1% R and R are all hvdrogen, R1%

is ~-NR9#PRI0-¢ RIVD and R1% gre both hydrogen. In some embodiments, R™ and R are
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R1%% 5 selected from the group consisting of hydrogen, ~-OR%2 and -NRIPRI%C  n some
embodiments, R* and R are taken together to form an imido (=NH) substituent, and R1% R
R, and R'? are all hydrogen. In some embodiments, R and R™ are taken together to form an
imido (=NH) substituent, R'% R and R'% are all hydrogen, and R 15 -OR'®™% Tn some
embodiments, R* and R™ are taken together to form an imido (=NH) substituent, R?® R? and
R!? are all hydrogen, R1%is -OR %2 and R'%7is hydrogen. In some embodiments, R™ and R™
are taken together to form an imido (=NH) substituent, R'%®, 1?4 and R'? are all hydrogen, and
R102 35 NRIOWPRI*  Tn some embodiments, R% and R™ are taken together to form an imido
(=NH) substituent, R’ R17 and R are all hydrogen, R0 is -NRIOaPR0xc Rilab gpng Rllas
are both hvdrogen.

[6136] In some embodiments of the compounds of formulae (11-3-1), (11-3-2}, (11-3-3),
{(I}1-3-2), and (1-3-3), ¢? is 1, R1%% is ~OR'™_ and R19%2 is taken together with RN to form a
carbonyl {C=0) moiety. and R%, R, R1?2 and R'? are all hydrogen.

j3137] In some embodiments of the compounds of formulae (11-1-1), (11-2-1}, and (II-3-1},

Al is a substituent of formula {(Al-a) selected from the group consisting of’

21 R13 \\ Z*, R13
Y R Mo
ZE N ZF ZZ

(A'-b) . (Al-c),
\ Zq R13
(RM):H >Z‘* *
N/ 72
and (Al-d).

in some embodiments, (Al-a)is (A'-b). In some embodiments, {Al-a) is (A'-¢c). In some
embodiments, {A'-a) i1s {A'-d). In some embodiments, {A'-a) or (A'-b) is selected from the

group consisting of’

[
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F';zzz-w

. and : wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

or (A’-b) is selected from the group consisting of:

Ci

; wheremn
the * represents the attachment point to the remainder of the molecule. In some embodiments,

{Al-a) or {A'-b) is selected from the group consisting of’

60



WO 2019/236710 PCT/US2019/035593

, and . wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)
or (Al-b)} is selected from the group consisting of:

Ci

,and CI7 ' ; wherein the * represents the
attachment point to the remainder of the molecule. To some embodiments, {A'-a) or (A'-b} is
selected from the group consisting of:

Ol

. wherein the * represents the attachment point to the remainder of the

O

molecule. In some embodiments, {(Al-a) or (Al-b)is O ; wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

Ci

or {Al-b}is ; wherein the * represents the attachment point o the
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remainder of the molecule. In some embodiments, (Al-a) or (Al-b) is

wherein the * represents the attachment point to the remainder of the molecule. In some

embodiments, (Al-a) or (Al-b) is Ci . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, (A'-a) or (Al-b} is

Cl
\\ *

F o ; wherem the * represents the attachment point to the remainder of the

Ci

molecule. In some embodiments, (Al-a) or (Al-byis F .. wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (Al-a)

Oj/*
N
H

Ci #

or {Al-b}is ; wherein the * represents the attachment point {o the

Ci

remainder of the molecule. In some embodiments. (Al-a) or (Al-b) is
wherein the * represents the attachment point {o the remainder of the molecule. In some

5
O \\x\\\\
-

N
embodiments, {(A'-a) or {(Al-b} is H ; wherein the * represents the
attachment point to the remainder of the molecule. To some embodiments, {A'-a) or (A'-b} is

#®

; wherem the * represents the attachment point to the remainder of the
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molecule. In some embodiments, {Al-a) or (Al-by is Cl ; wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A'-a)

or {Al-c) is selected from the group consisting oft

R1R/1;

and ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, (A'-a) or {A'-c) is

elected from the group consisting of!

g N \ .......... "
N O and \/\Q . wherein the * represents the attachment point
to the remainder of the molecule. In some embodiments, {(Al-a) or (Al~c) is
A
# 0 ; wherein the * represents the attachment point to the remainder of the
E Ry
molecule. In some embodiments, {Al-a) or {Al-¢) is N O ; wherein the *

represents the attachment point to the remainder of the molecule.

10138] In some embodiments of the compounds of formulae (11-1-2), (11-1-3), (11-2-2), (i1-2-
33, (1-3-2), (11-3-3}, (J1-1-2), (J1E-1-3), (T1-2-2), (H1-2-3), (T11-3-2), and (}{1-3-3), A' is selected
from the group consisting of Ce-C 14 aryl optionally substituted with one or more R**
substituents; and 5-14 membered heteroaryl optionally substituted with one or more R
substituents. In some embodiments, Al is Co-Cis aryl optionally substituted with one or more
R substituents. In some embodiments, A' is Ce-Cio arvl optionally substituted with one or

more R'% substituents. In some embodiments, A! is selected from the group consisting of

ES

_ClI
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FaC”

e

and

Cl ; wheremn the * represents the attachment point to the remamder of the
molecule. In some embodiments, A’ is phenyl optionally substituted with one or more R

substituents. In some embodiments, A' is selected from the group consisting of

FaC ,and FaCO ' . wherein the * represents the attachment point

*

to the remainder of the molecule. In some embodiments, Al is C : wherein the
* represents the attachment point to the remainder of the molecule. In some embodiments, A’ is

F *

Cl ' . wherein the * represents the attachment point to the remainder of the

N
£

O,N

molecule. In some embodiments, A'is  Cl . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A' is

*

; wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, Al is F3C ' ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

*

F3CO ; wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A’ is naphthy! optionally substituted with one or more RY

substituents. In some embodiments, Al is selected from the group consisting of

#

; wherein the * represents the attachment

point to the remainder of the molecule. In some embodiments, A’ is

wherein the * represents the attachment point o the remainder of the molecule. To some

embodiments, A' is Ol - wherein the * represents the attachment point to
the remainder of the molecule. In some embodiments, Al is 5-14 membered heteroaryl
optionally substituted with one or more R substituents. In some embodiments, Al is 5-10

membered heteroaryl optionally substituted with one or more R substituents. In sone

. and
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Ci ; wheremn the * represents the attachment point to the remainder of the
molecule. In some embodiments, A' is pyridyl optionally substituted with one or more R

N &
2

T

substituents. In some embodiments, A is C ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

;. wherein the * represents the attachment point to the remainder of the

N ®
=

N

molecule. In some embodiments, Al is NC . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A' is pyrazinyl
optionally substituted with one or more R substituents. In some embodiments, Al is

N £
o

F S
N

F ; wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A' is quinolinyl optionally substituted with one or more R

substituents. In some embodiments, A' is selected from the group consisting of

and Ci

point to the remainder of the molecule. In some embodiments, Al is

wherein the * represents the attachment point {o the remainder of the molecule. In some
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embodiments, Al is and Cl ; wherein the * represents the attachment

point to the remainder of the molecule.
[6139] In some embodiments of the compounds of formulae (31-1-1), (11-1-23, (31-1-3), (111-

1-3), and {(II-2-2), A? is a substituent of formula (A’-a) selected from the group consisting of®

15
RPZ .~ )
—5< R,
75 ., N
(‘Azwc)%
AR

and (A%-d).
In some embodiments of the compounds of formula (1-1), (A%-a) is (A%-b). In some
embodiments of the compounds of formala (1-1), (A’-a) is (A’-¢). In some embodiments of the
compounds of formula (1-1), (A-a) is (A’~d). In some embodiments of the compounds of

formula (1-1), (A%-a) or (A%-b} is selected from the group consisting of:

o168y
(R%xe

; wherein the * represents the attachment point to the
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remainder of the molecule. In some embodiments, (A%-a) or (A%-b} is selected from the group
consisting of:

Cl

Cl, and e ' Cl; wherein
the * represents the attachment point to the remainder of the molecule. In some embodiments,
{A”-a) or {A%-b) is selected from the group consisting of’

RZ4—1

RZ4-1'7i‘\ ///i\\v
RZ4-2 Pﬁ
-2 75.4 , B
RE4-2 . and REZ5 . wherein the * represents
the attachment point to the remainder of the molecule. In some embodiments, (A%-a) or (A2-h) is

selected from the group consisting of:
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Cl; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, (A’-a) or (A%-b) is

Ci

; wherem the * represents the attachment point to the remainder of the
/ ™
Es
molecule. In some embodiments, (A%-a) or (A%-b) is O ; wherein the *
represents the attachment point to the remainder of the molecule. In some embodiments, (A%-a)

el

or (A%-b)is . wherein the * represents the attachment point to the

remainder of the molecule. In some embodiments, (A%-a) or (A%-b} is

wherein the * represents the attachment point o the remainder of the molecule. In some

L 5 2 1
embodiments, (A“-a) or {A*-b) is . wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, {A%-a) or (A%b} is

A

F . wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, (A%-a) or (A%-b) is F . wherein the *

represents the attachment point to the remainder of the molecule. In some embodiments, (A-a)

; wherein the * represents the attachment point to the

E3 O

N
remainder of the molecule. In some embodiments, {A%-a) or (A’-b) is H
wherein the * represents the attachment point o the remainder of the molecule. To some

S
il”’!;, . .

' Ci
embodiments, (A’-a) or (A%-b) is H . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, (A’-a) or (A%-b) is

‘Cl: wherein the * represents the attachment point to the remainder of the
* N
/
molecule. In some embodiments, (A%-a) or (A%-b) is Cl; wherein the *
represents the attachment point to the remainder of the molecule. o some embodiments of the

compounds of formula (1-1}, (A%-a) or (A%-¢) is selected from the group consisting of:

R 241 w242 REZ4-1
7
* / (R =b))(?: *
O Sy and . wherein the ¥ represents the

attachment point to the remainder of the molecule. In some embodiments, (A%-a) or (A%-¢) is

selected trom the group consisting of:
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=
o Ry

N . A A .
; wherein the * represents the attachment point

to the remainder of the molecule. In some embodiments, (A%-a} or (A’-c) is

N . . .
; wherein the * represents the attachment point to the remainder of the
S
O Ry

. 4 5 L - N o
molecule. In some embodiments, {A*-a) or (A-¢} is ; wherein the *

represents the attachment point to the remainder of the molecule.

[B140] In some embodiments of the compounds of formulac (11-2-1), (11-2-2), (11-2-3), (i1-3-
1), (1-3-2), (11-3-3), (JH1-2-2), ([H-2-3), (11-3-2), and (1T1-3-3), A’ is selected from the group
consisting of Cs-C1a arvl optionally substituted with one or more R'6 substituents; and 5-14
membered hetercaryl optionally substituted with one or more RI® substituents. In some
embodiments, A? is Cs-Cia arvl optionally substituted with one or maore R substituents. In

some embodiments, A is Ce-Cio aryl optionally substituted with one or more R substituents.

In some embodiments, A? is selected from the group consisting of

OCF3_ “Cl. wherein the *

, and
represents the attachment point to the remainder of the molecule. In some embodinments, A% is

phenyl optionally substituted with one or more R substituents. In some embodiments, A? is

*®

selected from the group consisting of
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“OCF;.

B

. CFS, and

wherein the * represents the attachment point to the remainder of the molecule. In some

=

embodiments, A% is Cl: wherein the ¥ represents the attachment point to the

o o F

remainder of the molecule. In some embodiments, A% is Cl: wherein the *

represents the attachment point to the remainder of the molecule. In some cmbodiments, A? is

*

; wherein the * represents the attachment point to the remainder of the

*

molecule. In some embodiments, A% is \\:?; wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, A% is

kS

CF3. wherein the * represents the attachment point to the remainder of the

%

molecule. In some embodiments, A is OCFs. wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A? is naphthyl
optionally substitated with one or more R'® substituents. In some embodiments, A® is selected

from the group consisting of and Cl; wherein the *

represents the attachment point to the remainder of the molecule. Tn some embodiments, A” is

]
[N
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. wherein the * represents the attachment point to the rematnder of the

&

molecule. In some embodiments, A% is ' Cl; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A’ is 5-14 membered
heteroaryl optionally substituted with one or more R' substituents. In some embodiments, A? is
5-10 merabered heteroary] optionally substituted with one or more RS substituents. In some
* N
X

e

embodiments, A” is selected from the group consisting of Gl

CE, wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A” is pyridvl optionally substituted with one or more R®

* N
S

=

substituents. In somc embodiments, A’ is Cl: wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A? is

8 N
Sy
CF3. wherein the * represents the attachment point to the remainder of the
* N
IS
molecule. In some embodiments, A” is CN; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A” is pyrazinyl
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optionally substituted with one or more R*® substituents. In some embodiments, A” is

* N
Ry

S F
N

F . wherein the * represents the attachment point to the remainder of the
molecule. In some embodiments, A2 is quinolinyl optionally substituted with one or more R1®
substituents. In some embodiments, A? is selected from the group consisting of

*

point to the remainder of the molecule. Tn some embodiments, A% is

wherein the * represents the attachment point o the remainder of the molecule. In some

embodiments, A” is and Cl; wherein the * represents the attachment

point to the remainder of the molecule.

{0141} In ong aspect, provided is a compound of formula (IV):

av)

or a pharmaceutically acceptable salt thereof,
wherein:

R is hydrogen or —~C(OMYOH;

R'% is hydrogen or halogen;

RY is hydrogen or Ca-Cs alkvnyl;
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0 o NH
A e N e
i+ o+ #)
H

OH OH

4 *
*/OWT; */O\\///\\# \\//\#

L7 is selected from the group consisting of *

ai(Q

2

0

.
.and O #: wherein the *

represents the attachment point to A?, and the # represents the attachment point to the

O O NH
i o /J\w/o
#/J\*Q#JK/ \**# g

remainder of the molecule;

L7 is selected from the group consisting of

OH OH o
#\/J\/O\* #J\/O\* f‘fWO\*
O
# O O # ¥
SN \“*3 Fﬁ/\\/ \"", #/A\\// ,and # Q" - wherein the ¥

represents the attachment point to A®, and the # represents the attachment point to the
remainder of the molecule;

A is selected from the group consisting of phenvi, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihyvdrobenzofuranyl, benzothiazolvl, and 3,4-dihydro-
2H-benzolblj 1.4 foxazinyl, wherein each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2.3-dthydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, ~NOh, C1-Ce alkyl, C2-Ce alkenyl,
C2-Ce alkynyl, -0-Ci-Co alkyl, -0-Ci-Co haloalkyl, and Ci-Cs haloalkyl:

A% is selected from the group consisting of phenvi, naphthyl, pvridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihyvdrobenzofuranyl, benzothiazolvl, and 3,4-dihydro-
2H-benzolbl}1,4{oxazinyl, wherein each of the phenyl, naphthyl, pyridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dihvdrobenzofuranyl, benzothiazolvi, or 3,4-dihydro-

2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents

-3

W
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selected from the group consisting of halogen, CN, =NOn, C1-Ce alkyl, C2-Cs alkenyl,
C2-Ce alkynyl, -0-C1-Co alkyl, -0-C1-Co haloalkvl, and Ci-Cs haloalkyl

[6142] In some embodiments of the compound of Formula (IV), A7 is selected from the
group consisting of phenyl, naphthyvl, quinobinyl, benzofuranyl, 2,3-dihvdrobenzofuranyl,
benzothiazolyl and 3 4-dihydro-2H-benzo|bli 1 4joxazinyl, wherein each of the phenyl,
naphthyl, quinolinyl, benzofuranvl, 2,3-dihvdrobenzoturanyl, benzothiazolyl, or 3,4-dihydro-
2H-benzofbl] 1. 4]oxazinyi is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, ~NGO2, C1-Ce alkyl, C2-Cs alkenyl, C2-Ce alkynyl, and C1-Ce

haloalicyl.

[8143] Int some embodiments of the compound of Formula (IV), A* is selected from the
group consisting of phenyl, naphthvl, quinolinyl, benzofuranyl, 2,3-dihvdrobenzoturanyl,
benzothiazolyl, and 3,4-dihvdro-2H-benzo[bli 1.4joxaziny!, whercin each of the phenyl,
naphthyl, quinolinyl, benzoturanyl, 2 3-dihvdrobenzoturanyl, benzothiazolyl, or 3,4-dihydro-
2H-benzo[bll 1 4loxazinyl 1s optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, ~NOs, C1-Ce alkvl, Co-Ce alkenyl, C2-Co alkvnvi, and C1-Ce
haloalicyl.

{0144] In some embodiments, the compound of formula (1V) 1s a compound of formula

{IV-a):

(IV-a)

or a pharmaceutically acceptable salt thereof,

wherein L, L*, A7, and A* are as defined for the compound of formula (FV).
[8145] In some embodiments, the compound of formula (IV} 15 a compound of formula

{IV-b):
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(1V-b)

o1 a pharmaceutically acceptable salt thercof,

wherein L, L*, A7, and A* are as defined for the compound of formula (FV).

{0146} In some embodiments, the compound of formula (1V) 1s a compound of formula
{Iv-c):

(IV-c)

or a pharmaceutically acceptable salt thereof,

wherein LY, LY, A%, and A* are as defined for the compound of formula IV}

13147} In some embodiments, the compound of formula (1V) 1s a compound of formula

(IV-d):

(IV-d)

or a pharmaceutically acceptable salt thereof,

wherein LY, LY, A%, and A* are as defined for the compound of formula IV}

[3148] In some embodiments of the compounds of formula (IV), (IV-a), dV-b}, (IV-¢}, and

O ) NH
ﬂ PN NN
{(TV-a), L.’ is selected from the group consisting of * #o* #* #

OH OH OH
NN /Q\)\/# NN NN

# and
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#: wherein the * represents the attachment point to AY, and the # represents the
O

attachment point to the remainder of the molecule. In some embodiments, L7 is ™ 4,
wherein the * represents the attachment point to A°, and the # represents the attachment point to
O

PN

represents the attachment point to A%, and the # represents the attachment point o the remainder
NH

the remainder of the molecule. Tn some embodiments, £ is * #: wherein the *

O
of the molecule. In some embodiments, L7 is * # . wherein the * represents the

attachment point to A’ and the # represents the attachment point to the remainder of the
OH

r oY

attachment point to A’ and the # represents the attachment point to the remainder of the
OH

. /O\/{\/#

the # represents the attachment point to the remainder of the molecule. L3 s
OH

i} /OW#

molecule. In some embodiments, L' is * ; wherein the * represents the

molecule. L s . wherein the * represents the attachment point to A°, and

; wherein the * represents the attachment point to A®, and the # represents
\\//\ﬁ

: wherein the * represents the attachment point to A3, and the # represents the attachment point

/O\/’\\

*,
the attachment point to the remainder of the molecule. In some embodiments, L7 is

to the remainder of the molecule. In some embodiments, L° is * #: wherein the *
represents the attachment point to A°, and the # represents the attachment point to the remainder

of the molecule.

130149} In some embodiments of the compounds of formula (1), (IV-a), dV-b}, (IV-¢), and
O O

/J\* #/u\\/ox*

(IV-a}, L4 is sclected from the group consisting of # “LH
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H

iiii!O

OH OH
#\//K/O #\*/O # : © ©
" *, *,and #//\\/ *: wherein
the * represents the attachment point to A, and the # represents the attachment point to the

o

remainder of the molecule. In some embodiments, L% is # * . wherein the * represents the
attachment point to A*, and the # represents the attachment point to the remainder of the

O

O
molecule. In some embodiments, L*is #

*. wherein the * represents the
attachment point to A%, and the # represents the attachment point to the remainder of the

OH

# O
molecule. In some embodiments, LY is * . wherem the * represents the
attachment point to A%, and the # represents the attachment point to the remainder of the
OH

# O
molecule. In some embodiments, LY is * . wherem the * represents the
attachment point to A*, and the # represents the attachment point to the remainder of the

OH

molecule. In some embodiments, L* is * . wherein the * represents the
attachment point to A*, and the # represents the attachment point to the remainder of the

O
molecule. In some embodiments, LY is # ¥ wherein the * represents the

attachment point to A%, and the # represents the attachment point to the remainder of the
molecule.

[6156] In some embodiments of the compounds of formula (V), (IV-a}, (IV-b), {(IV-¢), and

{IV-a), A® is selected from the group consisting of Cl Ci
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. wherein
the * represents the attachment point to the remamder of the molecule. In some embodiments,

*

. and - ; wherein the * represents the

&0
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attachment point to the remainder of the molecule. In sone embodiments, A’ is

*

; wherein the * represents the attachment point to the remainder of the

F *

molecule. In some embodiments, A’ is C - wherein the ¥ represents the
attachment point to the remainder of the molecule. In some embodiments, A® is

ON_ _*

CI : wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A’ is 7z ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A® is

&
=

FSC/)\\\\\.//)

; wheremn the * represents the attachment point to the remainder of the

b

molecule. In some embodiments, A is F3C0

. wherein the * represents the
attachment point o the remainder of the molecule. In some cmbodiments, A? is

Lk

; wheremn the * represents the attachment point to the remainder of the

N %
—d

N

molecule. In some embodiments, A% is G . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A’ is

&l



WO 2019/236710 PCT/US2019/035593

%

//{/»Nu\l/
Falo ; wherein the * represents the attachment point to the remainder of the
N &
/
molecule. In some embodiments, A% is NC ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A” is

N %

F ; wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A% is Cl . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A” is

cl
N

Q ; wherein the * represents the attachment point o the remainder of the

molecule. In some embodiments, A’ is o . wherein the ¥ represents

the attachment point to the remainder of the molecule. In some embodiments, A’ is

Ci

molecule. In some embodiments, A¥ is ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

82
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; wherein the * represents the attachment point to the remainder of the

O e

Ci N
molecule. In some embodiments, A” is H ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A’ is

| O] “\\\\\*

; wherein the * represents the attachment point to the remainder of the

o N
H
molecule.

{6151} In some embodiments of the compounds of formula (IV), (IV-a}, (IV-b), {IV-¢), and

%

{IV-a), A% is selected from the group consisting of

&3
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*\/O : :: : *x’[
\N Ci
H >

the * represents the attachment point to the remamder of the molecule. In some embodiments,

, and . wherein

Ed

A* is selected from the group consisting of

. and ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A* is

*

Cl; wherein the * represents the attachment point to the remainder of the

F

molecule. In some embodiments, A% is Cl; whereim the * represents the

attachment point to the remainder of the molecule. In some embodiments, A* is

sk

; wherein the * represents the attachment point to the remainder of the

&4
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molecule. In some embodiments, A%is ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

#*

CFs. wherein the * represents the attachment point to the remainder of the

%

molecule. In some embodiments, A*is OCF3; wherein the * represents the

attachment point o the remainder of the molecule. In some cmbodiments, A is

molecule. In some embodiments, A is Cl: wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A% is

# N
=
#T3; wherein the * represents the attachment point to the remainder of the
* N
N
molecule. In some embodiments, A% is CN: wherein the * represents the

attachment point to the remainder of the molecule. In sonie embodiments, A* is

* N
R

P F

F . wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, A% is Cl: wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A* is

Cl

; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, A% is . wherein the * represents
the attachment point to the remainder of the molecule. In some embodiments, A is

Ci

O ; wheremn the * represents the attachment point to the remainder of the
N Ci
—
molecule. In some embodiments, A' is S ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A* is

N ' Ci . , .
H . wherein the * represents the attachment point to the remainder of the

*%tﬂ
N
H

attachment point to the remainder of the molecule. In some embodiments, A% is

O

“

Cl

molecule. In some embodiments, A% s ; wherein the * represents the

*® 4,
/;,’
2,
"i‘//
i
i
i

~
N Cl o . (
H ; wheremn the * represents the attachment point to the remainder of the
molecule.

[3152] In one aspect, provided is a compowund of formala (V)

86
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R22 RZS

(V3
or a pharmaceutically acceptable salt thereof,
wherein:

R* is hydrogen or ~C{(OYOH;
R is hydrogen or halogen;

R?? and R% are both hydrogen or R* and R? are taken together to form an oxo (=0)
subsitituent;

o o NH
A o M e M

. ~ > . sk ALl */ ‘=/

L7 is selected from the group consisting of * #,7 # 7

]
p

H

nlllHO

OH OH
N /O\/I\\/# . /O\*/# . e,

W#
2

0

®

,and \Q

O # O *
. K \.\//’\\\#’ \\//\# #’ wherein the *
represents the attachment point to A®, and the # represents the attachment point to the

remainder of the molecule;

o 0 NH

Jo e Mo

L8 is selected from the group consisting of # ¥R e L T ,
OH OH

H

s )

O

0" wherein the *
represents the attachment point to A%, and the # represents the attachment point to the
remainder of the molecule;

&7
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A% is selected from the group consisting of phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, and 3, 4-dihydro-
ZH-benzolb}j 1,4 joxazinyi, wherein each of the phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihvdrobenzofuranyl, benzothiazolvi, or 3 4-dihvdro-
2H-benzobll 1,4 loxazinyl 1s optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NQO, Ci1-Cs altkyl, C-Cs alkenyl,
C:-Cs alkynyl, -0-Ci-Ce alkyl, -0-Ci-Ce haloalkyl, and Ci-Co haloalkyl;

A% is selected from the group consisting of phenyl, naphthyl, pyridyl, pyrazinyl,
gainolinyl, benzofuranyl, 2 3-dihydrobenzofuoranyl, benzothiazolyl, and 3 4-dihvdro-
ZH-benzolbli 1,4 joxazinyl, wherein cach of the phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihvdrobenzofuranyl, benzothiazolvi, or 3 4-dihvdro-
2H-benzobll 1,4 loxazinyl 1s optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NQO, Ci1-Cs altkyl, C-Cs alkenyl,
C:-Cs alkynyl, -0-Ci-Ce alkyl, -0-Ci-Ce haloalkyl, and Ci-Co haloalkyl

[(3153] In some embodiments of the compound of Formula (V), A® is selected from the
group consisting of phenyl, naphthyl, quinclinyl, benzofuranyl, 2,3-dihvdrobenzofuranyl,
benzothiazolyl, and 3 4-dihydro-2H-~benzolbl]1.4loxazinyl, wherein cach of the phenyl,
naphthyl, qumohinyl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or 3,4-dihydro-
2H-benzolbi{ 1 4loxazinyl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, -NO2, C1-Cs alkyl, C2-Ce alkenyl, C2-Ce alkynyl, and C1-Ce
haloaltkyi.

[(3154] In some embodiments of the compound of Formula (V), A® is selected from the
group consisting of phenyl, naphthyl, quinclinyl, benzofuranyl, 2,3-dihvdrobenzofuranyl,
benzothiazolyl, and 3 4-dihydro-2H-~benzolbl]1.4loxazinyl, wherein cach of the phenyl,
naphthyl, qumohinyl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or 3,4-dihydro-
2H-benzolbl1 4loxazinyl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, ~NG2, C1-Cs atkyl, Co-Ce alkenyl, C2-Co alkynyl, and Ci-Cs
haloaltkyi.

{3155] In some embodiments, the compound of formula (V) is a compound of formula

{V-~a):

88
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(V-a)

or a pharmaceutically acceptable salt thereof,

wherein L2, 1, A° and A® are as defined for the compound of formula (V).
8156}

(V-b):

In some embodiments, the compound of formula (V) is a compound of formula

(V-b)

o1 a pharmaceutically acceptable salt thercof,

wherein L3, L, A%, and A® are as defined for the compound of formula (V).

[8157] Int some embodiments of the compounds of formula (V3, (V-a), and (V-b), L’ is

O O NH
./l\ /O\v/ﬂ\ /Q\v/l\
selected from the group consisting of ™ B, * #* #

CH OH QH
OW# O\*\/# 0 H ;‘4 ¥
e 5 I N NP \/\n and
X/Q\//\\

o)

attachment point to the remainder of the molecule. Tn some embodiments, £ is * #

wherein the * represents the attachment point to A, and the # represents the attachment point to
0O

{ )N/IK
. P 4 . .v:/ 15 B P
the remainder of the molecule. In some CﬁlbOdlﬂ'ﬁCiﬁS, Lﬁ 18 #: wheremn the *
>

represents the attachment point to A°, and the # represents the attachment point to the remainder

&9
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O
of the molecule. In some embodiments, £ is

#. wherein the * represents the
attachment point to A°, and the # represents the attachment point to the remainder of the
OH

-~ O\//L\/#
molecule. In some embodiments, L7 is *

. wherein the * represents the
attachment point to A>, and the # represents the attachment point to the remainder of the
B p P
OH

G #
molecule. In some embodiments, L’ is * ; wherein the * represents the

attachment point to A>, and the # represents the attachment point to the remainder of the
B p P
O

-~ O\\,/'\\,/#

molecule. In some embodiments, L’ is * ; wherein the * represents the

attachment point to A>, and the # represents the attachment point to the remainder of the
point to A, and the # represents the attachment point to the remainder of the molecule. In some

/Q\//”\

molecule. In some embodiments, L is #: wherein the * represents the attachment

embodiments, L7 is * #: wherein the * represents the attachment point to A°, and

the # represents the attachment point to the remainder of the molecule.

[3158] In some embodiments of the compounds of fornuda (V), (V-a), and (V-b}, L is
O O OH
#)'k* #)JVO\* #\/l\/(:}\*

O /\/0\

selected from the group consisting of
OH oH

é:
/

* and # * . wherein the * represents the
attachment point to A®, and the # represents the attachment point to the remainder of the
o
molecule. In some embodiments, L% is # * . wherein the * represents the attachment point

to A®, and the # represents the attachment point to the remainder of the molecule. In some

90
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o
PPN

the # represents the attachment point to the remainder of the molecule. fn some embodiments,
OH

ﬁ:\//L\/Q
PR - . . ;
Lois * . wherein the * represents the attachment point 16 A®, and the #

embodiments, L5is # * . wherein the * represents the attachment point to A%, and

represents the attachment point to the remainder of the molecule. In some embodiments, L8 is

the attachment point o the remainder of the molecule. In some embodiments, L. is

OH

* . wherein the * represents the attachment point to A® and the # represents

}.
O

* . wherein the * represents the attachment point to A®, and the # represents

the attachment point to the remainder of the molecule. In some embodiments, 1.9 is

ﬂ/’\\/@\

# * . wherein the * represents the attachment point to A®, and the # represents the

attachment point to the remainder of the molecule.

{6159} In some embodiments of the compounds of formula (V3, (V-a), and (V-b), A’ 1s

selected from the group consisting of T
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Ci N Ci

H

>

%

. and ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

; wherein the * represents the attachment point to the remainder of the

F *

molecule. In some embodiments, A% is CI7 . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A is
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; wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A is '/»;/) ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A° is

ES

F3CM

; wherein the * represents the attachment point to the remainder of the

£

molesule. In some embodiments, A is F3C0 ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

£

; wheremn the * represents the attachment point to the remamder of the

*

N *
o

S

molecule. In some embodiments, A3 is T ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A is

Ed
# N\T/
FaC ;. wherein the * represents the attachment point to the remainder of the
N b
/
molecule. In some embodiments, A7 is NG . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

93
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N *
=
F Ry j/
N
F

molecale. In some embodiments, A3 s CF

. wherein the * represents the attachment point to the rematnder of the

; wherein the * reprosents the

attachment point to the remainder of the molecule. In some embodiments, A% is

Cl
\\ *

o . wherein the * represents the attachment point to the remainder of the

N
o

the attachment point to the remainder of the molecule. In some embodiments, A” is

/
molecule. In some embodiments, A° is ; wherein the * represents

Ci

molecule. In some embodiments, A° is . wherein the ¥ represents the
attachment point to the remainder of the molecule. In some embodiments, A° is

O %

TZ

: wherein the * represents the attachment point to the remainder of the

O]/&*
N
H

attachment point to the remainder of the molecule. In some embodiments, A is

ci”

molecule. In some embodiments, A° is ; wherein the * represents the



WO 2019/236710 PCT/US2019/035593

O

3
j “\\x\\\

N
H ; wherein the * represents the attachment point to the remainder of the

Cl”
molecule.

{3160} In some embodiments of the compounds of fornula (V), (V-a), and {V-b}, A%is

*

! N cl ~gi

) H , and

. wherein
the * represents the attachment point to the remainder of the molecule. In some embodiments,

%

F

AS is selected from the group consisting of (8
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) O
N e
N Ci
S , and H : wherein the * represents the

attachment point o the remainder of the molecule. In some embodiments, A% is

*

Cl; wherein the * represents the attachment point to the remainder of the

* F

molecule. In some embodiments, A® is Cl; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

® . - . NOZ

Cl ; wherein the * represents the attachment point to the remainder of the

*

molecule. In some embodiments, A®is ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

*

CF3. wherein the * represents the attachment point to the remainder of the



WO 2019/236710 PCT/US2019/035593

molecule. In some embodiments, A®is OCF3. wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

o

molecule. In some embodiments, A® is Cl; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

sk N
X
3; wherem the * represents the attachment point to the remainder of the
8
N
oy
molecule. In some embodiments, A% is CN; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A% is

molecule. In some embodiments, A®is Cl; wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, A® is

LCh

; wherein the * represents the attachment point to the remainder of the
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molecale. In some embodiments, A is . wherein the * represents
the attachment point to the remainder of the molecule. In some embodiments, A® is

Ci

O ; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, A®is ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A® is

Cl
; wherein the * represents the attachment point to the remainder of the

*

molecule. In some embodiments, A% is ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

=®
/lf/,;ih /G .

Cl
H ; wherein the * represents the attachment point to the remainder of the

macecule.

3161} In one aspect, provided is a compound of formala (Vi)

VD)
or a pharmaceutically acceptable salt thereof,

wherein:
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R** is hydrogen or ~C{O)}OH;

R?? is hydrogen or halogen;

L7 is selected from the group ccmsisting of "

A O #
W o \\/”\\ \\//\ 4 and \O i wherein the *

represents the attachment point to A7, and the # represents the attachment point to the
remainder of the molecule;
L8 is selected from the group consisting of #

J\/ - #J\/
O+ H
\/J\/ \/L/ \ P O

O
# % R
F ™, #/’“\V/O\* N “)LO/'

cand # ; wherein the *

uiiio

represents the attachment point to A%, and the # represents the attachment point to the
remainder of the molecule;

A7 s selected from the group consisting of phenvi, naphthyl, pyvridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-
2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,
quinolinyl, benzofuranyl, 2 3-dithydrobenzofuranyl, benzothnazolyl, or 3 4-dihvdro-
ZH-benzolbli 1, 4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NO», C1-Cs alkvl, C2-Cs alkenyl,
C2-Cs alkyvnyi, -0-Ci~Cs alkyl, -0-Ci1-Cs haloalkyl, and Ci-Ce haloalkyl;

A3 is selected from the group consisting of phenvl, naphthyl, pyvridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-
2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,

quinolinyl, benzofuranyl, 2 3-dithydrobenzofuranyl, benzothnazolyl, or 3 4-dihvdro-

99
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2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group congisting of halogen, CN, ~NGO,, U-Ce alkyl, $2-Ce alkenyl,

C2-Cs alkvayl, -0-C1~Co alkyl, -0-Ci-Cs haloalkvl, and Ci-Cs haloalkyl

[8162] Int some embodiments of the compound of Formula (VI), A7 is selected from the
group consisting of phenyl, naphthvl, quinolinyl, benzofuranyl, 2,3-dihvdrobenzoturanyl,
benzothiazolyl, and 3,4-dihvdro-2H-benzo[bli 1.4joxaziny!, whercin each of the phenyl,
naphthyl, quinolinyl, benzoturanyl, 2 3-dihvdrobenzoturanyl, benzothiazolyl, or 3,4-dihydro-
2H-benzo[bll 1 4loxazinyl 1s optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, —-NO:, C1-Ce alkyl, Co-Ce alkenyl, C2-Ce alkvnyl, and C1-Ce
haloatkyl.

[8163] Int some embodiments of the compound of Formula (VI), A® is selected from the
group consisting of phenyl, naphthvl, quinolinyl, benzofuranyl, 2,3-dihvdrobenzoturanyl,
benzothiazolyl, and 3,4-dihvdro-2H-benzo[bli 1.4joxaziny!, whercin each of the phenyl,
naphthyl, quinolinyl, benzoturanyl, 2 3-dihvdrobenzoturanyl, benzothiazolyl, or 3,4-dihydro-
2H-benzo[bll 1 4loxazinyl 1s optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, ~NOs, C1-Ce alkyl, Co-Ce alkenyl, C2-Cs alkynyl, and C1-Cs
haloalicyl.

{0164] In some embodiments, the compound of formula (VI is a compound of formula
{Vi-a):

{(Vi-a)
or a pharmaceutically acceptable salt thereof,
wherein L7, L%, A7, and A¥ are as defined for the compound of formula (VI}.

3165} In some embodiments of the compounds of formula (VI) and (VI-a), L is selected
G G NH OH
)J\u */O\)J\u */0\* k/O\/j\\/#
# > # ) F = ' )

*/O\/L/ﬁ */O\/\\,/# x\v/\\ /O\A

# . wherein the *

from the group consisting of *
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represents the attachment point to A, and the # represents the attachment point to the remainder

O

of the molecule. In some embodiments, L.71s * #. wherein the * represents the attachment
point to A7, and the # represents the attachment point to the remainder of the molecule. In some

O
/Q\)J\

the # represents the attachment point to the remainder of the molecule. fn some embodiments,

NH
PPN

the attachment point to the remainder of the molecule. In some embodiments, L7 is

OH
*/OW#

the attachment point to the remainder of the molecule. In some embodiments, L7 is

i
*/O\/L/h

the attachment point o the remainder of the molecule. In some embodiments, L7 is

OH

embodiments, L7 is * # . wherein the * represents the attachment point to A7, and

L7is* #: wherein the * represenis the attachment point to A, and the ¥ represents

; wherein the * represents the attachment point to A7, and the # represents

; wherein the * represents the attachment point to A7, and the # represents

; wherein the * represents the attachment point to A7, and the # represents
. wherein the * represents the attachment point to A7, and the # represents the attachment point

*/O\/’“\

to the remamder of the molecule. In some embodiments, L7 15

*

the attachment point to the remainder of the molecule. In some embodiments, L7 is

#: wherein the *
represents the attachment point to A7, and the # represents the attachment point to the remainder

of the molecule.

[3166] In some embodiments of the compounds of formula (VI) and (VI-a), L? is selected
G O OH

#
J\* #)K,/O\* i \/l\/o\*

from the group consisting of # , 7 , ,
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OH H
#\/k/()\* zﬁ#\//:\\/ﬂ\

attachment point to A%, and the # represents the attachment point to the remainder of the
Q

usiiio

O
* and # *. wherein the * represents the

molecale. In some embodiments, LY is # * . wherein the * represents the attachment point
to A%, and the # represents the attachment point to the remainder of the molecule. In some

0
PN

the # represents the attachment point to the remainder of the molecule. In some embodiments,
OH

ﬁ'\/K/O
0. \4{ . . : ;
L¥is *; wherein the * represents the attachment point 1o A%, and the #

embodiments, L8 is # . wherein the * represents the attachment point to AS, and

represents the attachment point to the remainder of the molecule. In some embodiments, L8 is

R

the attachment point to the remainder of the molecule. In some embodiments, L8 is

OH

* . wherein the * represents the attachment point to A®, and the # represents

#

O

* . wherein the * represents the attachment point to A%, and the # represents

the attachment point to the remainder of the molecule. In some embodiments, L8 is

#/\\/Q\

*. wherein the * represents the attachment point to A®, and the # represents the

attachment point to the remainder of the molecule.

{3167} In some embodiments of the compounds of formula (VL) and (Vi-a), A7 is selected

R A~ T OaN e~

from the group consisting of Cl Gl

*
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, and ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A7 is selected from

FON e~ T

the group consisting of Cl

*

. and . wherein the * represents the

attachment point o the remainder of the molecule. In some cmbodiments, A7 is

1603
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. wherein the * represents the attachment point to the remainder of the

Fu o

molecule. In some embodiments, A7 is Cl . wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, A7 is

O o *

Cl . wherein the * represents the attachment point to the rematnder of the

*

molecule. In some embodiments, A7 is ’///’; . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A7 is

E3

; wheremn the * represents the attachment point to the remainder of the

FY

molecule. In some embodiments, A’ is FaCQ . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A7 is

£

; wherem the * represents the attachment point to the remainder of the

N &
2d

S

molecule. In some embodiments, A7 is Cl . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A7 is
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%

//{/»Nu\l/
Falo ; wherein the * represents the attachment point to the remainder of the
N &
/
molecule. In some embodiments, A7 is NC ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A7 is

N %

F ; wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A7 is Cl . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A7 is

cl
N

Q ; wherein the * represents the attachment point o the remainder of the

molecule. In some embodiments, A7 is o . wherein the ¥ represents

the attachment point to the remainder of the molecule. In some embodiments, A7 is

Ci

molecule. In some embodiments, A7 is ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A7 is
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Oj/*
N . . .
H ; wherein the * represents the attachment point o the remainder of the
O e
P P . - CE N - > .
molecule. In some embodiments, A’ is H ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A'is

| O] “\\\\\*

; wherein the * represents the attachment point to the remainder of the

o N
H
molecule.

{6168} Int some embodiments of the compounds of formula (VI) and (VI-a), A% is selected

*

from the group consisting of

106
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ES %\/O * //’I”h, [O
\N Ci N : Cl
H

H , and ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A is selected from

*

the group consisting of

Ci
. and H ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

*

Cl; wherein the * represents the attachment point to the remainder of the

F

molecule. In some embodiments, A® is Cl; whereim the * represents the
attachment point to the remainder of the molecule. In some embodiments, A® is

*

; wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, A% is ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

#*

CFs. wherein the * represents the attachment point to the remainder of the

%

molecule. In some embodiments, A% is OCF3; wherein the * represents the

attachment point o the remainder of the molecule. In some cmbodiments, A¥ is

molecule. In some embodiments, A% is Cl: wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A® is

# N
=
#T3; wherein the * represents the attachment point to the remainder of the
* N
N
molecule. In some embodiments, A% is CN: wherein the * represents the

attachment point to the remainder of the molecule. In sone embodiments, A% is

* N
Ry
P F

F . wherein the * represents the attachment point to the remainder of the
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molecule. In some embodiments, A% is Cl: wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

Cl

; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, A® is . wherein the * represents
the attachment point to the remainder of the molecule. In some embodiments, A% is

Ci

O ; wheremn the * represents the attachment point to the remainder of the
N Ci
—
molecule. In some embodiments, A% is S ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A® is

N ' Ci . , .
H . wherein the * represents the attachment point to the remainder of the

*%tﬂ
N
H

attachment point to the remainder of the molecule. In some embodiments, A% is

O

“

Cl

molecule. In some embodiments, A% 1s ; wherein the * represents the

*® 4,
/;,’
2,
"i‘//
i
i
i

"
N Cl o . (
H ; wheremn the * represents the attachment point to the remainder of the

molecule.

[3169] In one aspect, provided is a compound of formula (Vi)
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R26
H
27 0
R N/N\L1U'
9
A\ Q/N\H/N\/)
G
(Vi)

or a pharmaceutically acceptable salt thereof,
wherein:

R*® 1s hydrogen or -C{O)}0OH;

R*" is hydrogen or halogen;

0 o NH
/J\ O\/JJ\ O\,)K
£ is selected from the group consisting of * #, 7 #, u #,

H

ite]

OH OH
*/O\)\//# */O\//?;\//# */Ow#

O

&

~.

cand O #: wherein the *

# *
represents the attachment point to A%, and the # represents the attachment point to the

remainder of the molecule;

0 0 NH
)J\ )K/O /’L\/O
LY is selected from the group consisting of # oA S L H T .
OH OH H

~ #\//'\\/O\*

uiiiiO

O
%
#WQ\* #/\\/O\* #/\\//

» 7 o
,and # 0", wherein the *
represents the attachment point to A*°, and the # represents the attachment point to
the remamnder of the molecule;

A% s selected from the group consisting of phenvl, naphthyl, pyvridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihvdrobenzofuranyl, benzothiazolvl, and 3,4-dihvdro-

2H-benzolbli 1,4 joxazinyi, wherein each of the phenvl, naphthyi, pyvridyl, pyrazmvl,

G
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quinolinyl, benzofuranyl, 2 3-dihydrobenzofuranyl, benzothiazolyl, or 3 4-dibydro-
ZH-benzolbli1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NOz, C1-Cs alkvl, C2-Cs alkenyl,
Ca-Cs alkyayl, -0-Ci-Co alkyl, -0-Ci-Ce haloalkyl, and C:-Ce haloalkyl;

A g selected from the group consisting of phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihvdrobenzofuranyl, benzothiazolvl, and 3,4-dihvdro-
2H-benzolbll1.4loxazinyl, wherein each of the phenvl, naphthyl, pvndyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dihydrobenzofuranyl, benzothiazolyl, or 3 4-dibydro-
2H-benzolbli 1 4loxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group congisting of halogen, CN, ~NO», {1-Co alkyl, C2-Co alkenyl,

Ca2-Co alkvnyl, -0-C1-Cs alkyl, -0-Ci-Cs haloalkvl, and C;-Cs haloalkyl.

{6170 In some embodimentis of the compound of Formula (VII}, A® is selected from the
group consisting of phenvl, naphthvi, quinolinvl, benzofuranvi, 2,3-dihvdrobenzoturanyl,
benzothiazolyl, and 3 4-dihvdro-2H-benzofbl{ 1 4ioxazinyl, wherein each of the phenyl,
naphthyl, quinolinvl, benzoturanyl, 2.3-dihydrobenzofuranyl, benzothiazolyl, or 3,4-dihydro-
ZH-benzo[b}i1 4ioxazinyl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, —-NO:, C1-Ce alkyl, Co-Ce alkenyl, C2-Ce alkvnyl, and C1-Ce
haloatkyl.

{0171} In some embodimentis of the compound of Formula (VII), A'Y is selected from the
group consisting of phenvl, naphthvi, quinolinvl, benzofuranvi, 2,3-dihvdrobenzoturanyl,
benzothiazolyl, and 3 4-dihvdro-2H-benzofbl{ 1 4ioxazinyl, wherein each of the phenyl,
naphthyl, quinolinvl, benzoturanyl, 2.3-dihydrobenzofuranyl, benzothiazolyl, or 3,4-dihydro-
ZH-benzo[b}i1 4ioxazinyl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, —-NO:, C1-Ce alkyl, Co-Ce alkenyl, C2-Ce alkvnyl, and C1-Ce

haloatkyl.

[6172] In some enmbodiments, the compound of formuda (V1) is a compound of formula

(VIi-a):

T
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H 10
'/\N/N\ng'A
H
AL N N\\//J
9 T
O

(Vii-a)
or a pharmaceutically acceptable salt thereof,

wherein L7, LY, A®, and A are as defined for the compound of formula (VII).
[0173]

In some embodiments of the compounds of formula (VI and (Vil-a), L7 is selected

O O NH OH
Y
from the group consisting of * #, + #, 7 i w
oH
*/,o\\v/,i\\v//# :

. o O‘\,/\\,/:’#_ x\v/\\# and */O\//\\

# . wherein the *
represents the attachment point to A%, and the # represents the attachment point to the remainder

B

)
of the molecule. In some embodiments, 1.9 is * #: wherein the * represents the attachment
point to A”, and the # represents the attachment point to the remainder of the molecule. In some
)

o _J_
embodiments, L is *

#: wherein the * represents the attachment point to A®, and

the # represents the attachment point to the remainder of the molecule. In some embodiments,
NH

D\)l\
5. s
Lo *

#; wherein the * represents the attachment point to A°, and the # represents
the attachment point to the remainder of the molecule. In some embodiments, L’ is

OH

o i #
g Wr‘

. wherein the * represents the attachment point to A”, and the # represents
the attachment point to the remainder of the molecule. In some embodiments, L7 is

Py

; wherein the * represents the attachment point to A®, and the # represents
the attachment point to the remainder of the molecule. In some embodiments, L7 is

11z
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; wherein the * represents the attachment point to A®, and the # represents

N
the attachment point to the remainder of the molecule. In some embodiments, L is \‘//\n
. wherein the * represents the attachment point to A°, and the # represents the attachment point

O
. : g %7 ~ ;
to the remainder of the molecule. In some embodiments, L% is * #:. wherein the *
represents the attachment point to A°, and the # represents the attachment point to the remainder
of the molecule.

[3174] In some embodiments of the compounds of formula (VI and (VII-a), LY is selected

O
L

O OH
from the group consisting of # H T , T

OH OH

>

O
*, and #/\\’/ * . wherein the * represents the
attachment point to A'°, and the # represents the attachment point to the remainder of the

G

molecale. In some embodiments, L9 is # * . wherein the * represents the attachment point
to A, and the # represents the attachment point to the remainder of the molecule. In some
o]

Mo

. . ~ . . R
embodiments, L% is # * . wherein the * represents the attachment point to A'™, and
the # represents the attachment point to the remainder of the molecule. In some embodiments,

#\/L\/O
L¥%ig

*; wherein the * represents the attachment point to A", and the #

represents the attachment point to the remainder of the molecule. In some embodiments, L'¢ is

#\/E\/G\

* . wherein the * represents the attachment point to A%, and the # represents
the attachment point to the remainder of the molecule. In some embodiments, LY is

13
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* . wherein the * represents the attachment point to A", and the # represents

the attachment point to the remainder of the molecule. In some embodiments, LY is
//\\//O\

attachment point to the remainder of the molecule.

# * . wherein the * represents the attachment point to A, and the # represents the

[8175] In some embodiments of the compounds of formula (VH) and (VI-a), A’ is selected

¥R * QuNe

N
H ; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A® is selected from
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the group consisting of Gl

B

N
, and H ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A® is

*

; wherein the * represents the attachment point to the remainder of the

molecule. In some crbodiments, A% is CF ; wherein the * represents the
attachment point to the remainder of the molecule. In sonie embodiments, A® is
SN

%

C ; wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A° is Z ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

15



WO 2019/236710 PCT/US2019/035593

%

AN

g ; wherein the * represents the attachment point to the remainder of the
£
molecule. In some embodiments, A is FaCO . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

*

. wherein the * represents the attachment point to the remainder of the

= N |

S

molecule. In some embodiments, A” is Cl ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

/N\F/

Foe” S

; wherem the * represents the attachment point to the remainder of the

N *
Z

R

molecule. In some embodiments, A% is NC ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A% is

N sk
=

F Sy
N

i

; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, A% is C ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is
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Ci
N
o . wherein the * represents the attachment point to the remainder of the
-~ © \\
molecule. In some embodiments, A° is O ; wherein the * represents

the attachment point to the remainder of the molecule. In some embodiments, A% is

; wherein the * represents the attachment point to the remainder of the

Cl N
\>_*
molecule. In some embodiments, A% is ~ S . wherein the ¥ represents the

attachment point o the remainder of the molecule. In some embodiments, A” is

O %

TZ

: wherein the * represents the attachment point to the remainder of the

O]/&*
N
H

attachment point to the remainder of the molecule. In some embodiments, A% is

‘ Oj ‘\\\\\*
H

molecule.

ci”

molecule. In some embodiments, A” is ; wherein the * represents the

Ci
; wherem the * represents the attachment point to the remainder of the

{0176} In some embodiments of the compounds of formmula (VII) and (VH-a), A is selected

NO,

*

from the group consisting of
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Xy
P
NS
hoth oS L”;Y
Z Cl, ~ CFs ~ CN, Foo

Ci

; wheremn the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A'? is selected from

%

the group consisting of
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* O
N cl
<Y
N Cl
S , and H

attachment point to the remainder of the molecule. In some embodiments, Al is

; wherein the * represents the

%

Cl: wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A ig Cl: wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

*

. wherein the * represents the attachment point to the rematnder of the

* .

molecule. In some embodiments, A is ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A is

&

CF3. wherein the * represents the attachment point to the remainder of the

b

molecule. In some embodiments, A is OCF3. wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A% is

‘Tl wherein the * represents the attachment point to the remainder of the
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* N
%

s

molecule. In some embodiments, A is Cl; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A'%is

* N
R
3; wherein the * represents the attachment point to the remainder of the
* N
Ry
. 0 7 ,
molecule. In some embodiments, AV is CN; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A is

* N
Ry

=5 F

F . wherein the * represents the attachment point to the remainder of the

molecale. In some embodiments, A is Cl; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, A is

L

; wherein the * represents the attachment point to the remainder of the
G
/ ™
%
molecule. In some embodiments, A'® is O ; wherein the * represents
the attachment point to the remainder of the molecule. In some embodiments, A is

Ci

. wherein the * represents the attachment point to the remainder of the
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N cl

molecale. In some embodiments, A is S . wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

Cl
; wherein the * represents the attachment point to the remainder of the

N Ci
H

attachment point to the remainder of the molecule. Tn some embodiments, A'C is

molecule. In some embodiments, A’ is . wherein the * represents the

i, /O

N ' Cl ‘ . ‘

H ; wheremn the * represents the attachment point to the remainder of the
molecule.

16177} In one aspect, provided 1s a compound of formula (VII):

R28
H
29 12
R N
A1 1’L41N/N\)
H
(VI

or a pharmaceutically acceptable salt thereof,
wherein:
R** is hydrogen or ~C{Q)OH;

R*¥ is hydrogen or halogen;
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0 O NH
PN WP
L1 is selected from the group consisting of * #, ud #, " #

H

OH OH

4 %
*/O\\//\\//T; */O\\/\\# \\/’/\'\#

ai(Q

2

0

.
cand O #: wherein the *
represents the attachment point to AL, and the # represents the attachment point to

the remamder of the molecule;

0 0 NH

/E\ )K/@ )ivo
19 , , . o — RN I
L is selected from the group consisting of # # FLH ",
H

OH OH
#\\/I\/O\* #J\/O\* iﬁ#WO\*

O
#\\//\V/Q\* #/’”\/O\* j/"‘\/’x )i\ A

,and # C" - wherein the ¥

niiiio

represents the attachment point to A, and the # represents the attachment point to
the remamnder of the molecule;

Al is selected from the group consisting of phenyl, naphthyl, pyridvl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dihvdrobenzofuranyl, benzothiazolyl, and 3,4-dihydro-
2H-benzolblj 1.4 foxazinyl, wherein each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2.3-dthydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, ~NG:», C1-Cs alkyl, 2-Co alkenvl,
C2-Co alkyayl, -0-Ci1-Co alkyl, -0-C1-Co haloalkyl, and Ci-Cs haloalkyl;

A is selected from the group consisting of phenyl, naphthvl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2,3-dihyvdrobenzofuranyl, benzothiazolvl, and 3,4-dihydro-
2H-benzolblj 1.4 foxazinyl, wherein each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2.3-dthydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-

2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
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selected from the group consisting of halogen, CN, =NOn, C1-Ce alkyl, C2-Cs alkenyl,
C2-Ce alkynyl, -0-Ci-Co alkyl, -0-Ci-Co haloalkyl, and Ci-Cs haloalkyl:
provided that the compound of formula (V1) is not

{6178} In some embodiments of the compound of Formula (VIH), A is selected from the
group consisting of phenvl, naphthvi, quinolinvl, benzofuranvi, 2,3-dihvdrobenzoturanyl,
benzothiazolyl and 3 4-dihyvdro-2H-benzo[bli 1 4]oxazinyl, wherein cach of the phenyl,
naphthyl, quinclinvl, benzofuranvl, 2.3-dihydrobenzofuranyl, benzothiazolyl, or 3,4-dihydro-
ZH-~benzo[bl] 1,4 joxazinvl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, —-NGO:, C1-Co alkyl, C2-Cs alkenyl, C2~Co alkynyl, and C1-Cs
haloalkyl; provided that the compound of formula (VHI) s not

m

[0179] In some embodiments of the compound of Formula (VIH), A" is selected from the
group consisting of phenvl, naphthyl, quinolinyl, benzofuranyl, 2 3-dihvdrobenzofaranyl,
benzothiazolyl, and 3. 4-dihydro-2H-benzofb] 1.4 oxazinyl, wherein each of the phenyl,
naphthyl, qumelinyl, benzofuranyl, 2,3-dihvdrobenzofuranyl, benzothiazolyl, or 3,4-dihvdro-
2H-benzo[bl{1,4joxazinvl is optionally substituted with 1, 2, 3, or 4 substituents selected from
the group consisting of halogen, ~-NGa2, C1-Ce alkyl, C2-Cs alkenyl, Co-Ce alkynyl, and C1-Cs
haloalkyl; provided that the compound of fornula (Viil} is not

13180] In some embodiments, the compound of formula (VHI) is a compound of fornnula

{Vili-a):
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(Vill-a)
o1 a pharmaceutically acceptable salt thercof,
wherein LY, L2, A and A’ are as defined for the compound of formula (VI

provided that the compound of formula (VIiE-a) is not

{0181} In some embodiments of the compounds of formula (VI and (VII-a), L' is

O O NH

selected from the group cousisting of ™

OH OH H

4 # H At
. /O\\//\\/h . /O\/E\/.ﬁ. . /O\/\\//rr

, cand *

nl!l(:)

/O\/\

#: wherein
the * represents the attachment point to A'l, and the # represents the attachment point to the
¢

®

remainder of the molecule. In some embodiments, L' is # wherein the * represents the

attachment point to A'!, and the # represents the attachment point to the remainder of the

*/O\/ﬂ\

molecule. In some embodiments, LU is #; wherein the * represents the

attachment point to A’ and the # represents the attachment point to the remainder of the

*/’Ovﬂ\

attachment point to A, and the # represents the attachment point to the remainder of the

H
o

; wheremn the * represents the

molecule. In some embodiments, L' is #. wherein the * represents the

molecule. In some embodiments, L' is
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attachment point to Al and the # represents the attachment point to the remainder of the

attachment point to Al and the # represents the attachment point to the remainder of the

molecule. In some embodiments, LY is . wherein the * represents the

OH
molecule. In some embodiments, L1 ig * . wherein the * represents the
attachment point to Al and the # represents the attachment point to the remainder of the
O

molecule. In some embodiments, LY is #. wherein the * represents the

attachment point to A'!, and the # represents the attachment point to the remainder of the

molecule.

[0182] In some embodiments of the compounds of formuia (VI and (VI-a), L is
3 O OH
Jj\ /N\/Q #\/K/O
selected from the group consisting of # o S \ S .
OH oH

#\*/O\* LA NS N and #/\\/G\

attachment point to A2, and the # represents the attachment point to the remainder of the
o

* . wherein the * represents the

molecule. In some embodiments, L2 is # * . wherein the * represents the attachment point
to AV, and the # represents the attachment point to the remainder of the molecule. In some
0]

#/U\/O\

embodiments, LY is # * . whercin the * represents the attachment point to A2, and

the # represents the attachment point to the remainder of the molecule. In some embodiments,

PN

represents the attachment point to the remainder of the molecule. Tn some embodiments, L' is

BN

L1 s * . wherein the * represents the attachment point to A%, and the #

* . wherein the * represents the attachment point to A2, and the # represents
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the attachment point to the remainder of the molecule. Tn some embodiments, LY is
OH
NP N . | e

*; whercin the * represents the attachment point to A’°, and the # represents
the attachment point to the remainder of the molecule. Tn some embodiments, LY is
#/‘\\/*O\

* . wherein the * represents the attachment point to A2, and the # represents the

attachment point to the remainder of the molecule.

{0183} In some embodiments of the compounds of formula (VI and (VIlI-a), At is

selected from the group consisting of G

N Cl

Cl ~
H , H , and

Ci

; wherein

the * represents the attachment point to the remamder of the molecule. In some embodiments,
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Al s selected from the group consisting of C

, and ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

*

; wherein the * represents the attachment point to the remainder of the

F- *

molecule. In some embodiments, Allis C ; wherein the * represents the
attachment point to the remainder of the molecule. In sonie embodiments, Al is
SN

%

C ; wherein the * represents the attachment point to the remainder of the

molecule. Tn some embodiments, A’ is & ; wherem the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is
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%

AN

g ; wherein the * represents the attachment point to the remainder of the
#*
molecule. In some embodiments, Al is FaCO . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, Al is

*

. wherein the * represents the attachment point to the remainder of the
N *
=

T

molecule. In some embodiments, Allis C ; wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, Al is

/N\F/

Foe” S

; wherem the * represents the attachment point to the remainder of the

N %
=

Ry

molecule. In some embodiments, A’ is NC . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, Al is

N sk
=

F Sy
N

i

; wheremn the * represents the attachment point to the remainder of the

molecule. In some embodiments, A’ is Cl ; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is
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Cl

o . wherein the * represents the attachment point to the remainder of the

/O

G ; wherein the * represents

molecule. In some embodiments, A" is

the attachment point to the remainder of the molecule. In some embodiments, Al is

Clae

molecule. In some embodiments, A'lis . wherein the * represents the
attachment point to the remainder of the molecule. In some embodiments, Al is

O %

TZ

: wherein the * represents the attachment point to the remainder of the

Ci
molecule. In some embodiments, Al is

; wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, Al is

‘ Oj ‘\\\\\*
H

molecule.

Ci
; wherem the * represents the attachment point to the remainder of the

[0184] In some embodiments of the compounds of formula (VI and (Vlll-a), A% is

%

selected from the group consisting of
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H

: wherein the * represents the
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attachment point to the remainder of the molecule. In sonie embodiments, Al is

*

Cl: wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A% is Cl: wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A% is

: wherein the * represents the attachment point to the remainder of the

Y

molecule. In some embodiments, A is \\\\Q‘ wherein the * represents the

attachment point to the remainder of the molecule. In some embodiments, A is

#

CFs. whersin the * represents the attachment point to the remainder of the

molecule. In some embodiments, A is ' QCFa. wherein the * represents the

attachment point to the remainder of the molecule. In some cmbodiments, A2 is

Cl; wherein the * represents the attachment point to the remainder of the

N
=

=

molecule. In some embodiments, A'? is Cl; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A is
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sk N
X
3; wherem the * represents the attachment point to the remainder of the
* N
RS
molecule. In some embodiments, A’ is CN; wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A'? is

¥ N
S

P F

F o, wherein the * represents the attachment point to the remainder of the

molecule. In some embodiments, A'? is Cl; wherein the * represents the
attachment point to the remainder of the molecule. Tn some embodiments, A'? is

Ci

; wherein the * represents the attachment point to the remainder of the

O

\\\.
molecule. In some embodiments, A% is . wherein the * represents

the attachment point to the remainder of the molecule. In some embodiments, A'? is

Ci

; wheremn the * represents the attachment point to the remainder of the
N Ci
molecule. In some embodiments, A is S . wherein the ¥ represents the

attachment point to the remainder of the molecule. In some embodiments, Al? is
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*\/Q
i\\
N Ci ‘ . '
H ; wherein the * represents the attachment point to the remainder of the
* O
P P . . N Ci . - P
molecule. In some embodiments, A is H . wherein the * represents the

attachment point to the remainder of the molecule. Tn some embodiments, A is

*4’1,,1!: /O

N CE . . .

H ; wherein the * represents the attachment point to the remainder of the
molecule.

[8185] In the descriptions hergin, it 1s understood that every description, variation,
embodiment or aspect of a moiety may be combined with every description, variation,
cmbodiment or aspect of other moicties the same as if ecach and every combination of
descriptions is specifically and individually listed. For example, every description, variation,
embodiment or aspect provided herein with respect to X of formula (1) mav be combined with
every description, variation, embodiment or aspect of m', m’, n', 0%, p'. p%, g', ¢%. 1, 5, j. RV RF
b’ k, R;N'}i RN, A], A:’; Rla’ R”ﬂ R?’t‘, }:?‘72‘-:)ﬁ Ri"a% R3b, R%, Rﬁb? RSa’ R‘Ebu, Réa, Rfsb’ R?au’ R"/b’ RSa’ R&b?
R% R%® RV RI® RUe R RIZE and R the same as if cach and every combination were
specifically and individually listed. It is also understood that all descriptions, variations,
cmbodiments or aspects of formula (I}, where applicable, apply equally to other formulac
detailed hereimn, and are equally described, the same as if each and everv description, variation,
embodiment or aspect were separately and individually listed for all formulae. For example, all
descriptions, variations, embodiments or aspects of formula (1), where applicable, apply equally
to any of formulac (8} and (11} detailed herein, and are equally described. the same as if cach
and every description, vanation, embodiment or aspect were separately and individually histe
for all formulae. Simularly, every description, variation, emnbodiment or aspect provided hercin
with respect to A of formula (IV) may be combined with every description, variation,
embodiment or aspect of RV, R® R L7 L4, and A* the same as if cach and every combination

were specifically and individually listed. 18 also understood that all descriptions, variations,
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embodiments or aspects of formula (IV), where applicable, apply equally to other formulae
detaifed herein, and are equally described, the same as if each and every description, variation,
embodiment or aspect were separately and individually listed for all formulae. For example, all
descriptions, variations, embodiments or aspects of formula (IV) where applicable, appily
cqually to any of formulae (IV-a), 3V-b}, (IV-¢), and (IV-d) detailed heremn, and are equally
described, the same as if each and every description, variation, embodiment or aspect were
separately and individually listed for all formulae. Similarly, every description, varation,
embodiment or aspect provided herein with respect to A® of fornmula (V) may be combined with
every deseription, variation, embodiment or aspect of R*®, R?! R? R* L3 L, and A® the same
as if cach and every combination were specifically and mdividually listed. It is also understood
that all descriptions, variations, embodiments or aspects of formula (V), where applicable, apply
cqually to other formulae detailed herein, and are equally desenibed, the same as if each and
every description, variation, embodiment or aspect were separately and individually listed for all
formulae. For example, all descriptions, vanations, embodiments or aspects of formula (V)
where applicable, apply equally to any of formulae (V-a) and (V-b) detarled heremn, and are
equally described, the same as if each and every description, vanation, embodiment or aspect
were separately and individually listed for all formulae. Similarly, every description, variation,
embodiment or aspect provided herein with respect to A7 of formula (V1) may be combined with
every description, variation, embodiment or aspect of R*, R?, L7, L¥, and A® the same as if cach
and every combination were spectfically and individoally histed. It is also understood that all
descriptions, variations, cmbodiments or aspects of formula (VI}, where applicable, apply
equally 1o other formulae detailed herein, and are equally described, the same as if each and
gvery description, variation, embodiment or aspect were separately and individually histed for all
formudae. For example, all descriptions, variations, embodiments or agpects of formula (VI)
where applicable, apply equally to formula (Vi-a) detailed herein, and are equally described, the
same as if each and every description, variation, embodiment or aspect were separately and
mdividually histed for all formulae. Similarly, every description, varation, embodiment or
aspect provided herein with respect to AY of formula (VIE) may be combined with every
description, variation, embodiment or aspect of R*®, RY, L”, 1'%, and A the same as if each and
every combination were specifically and individually listed. It is also understood that all
descriptions, variations, embodiments or aspects of formula (Vil), where applicable, apply

equally to other formulae detailed herein, and are equally described, the same as if each and
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every description, varation, embodiment or aspect were separately and individually histed for all
formulac. For example, all descriptions, variations, embodiments or aspects of formula (Vil-a)
where applicable, apply equally to formula (V1) detailed herein, and are equallv described, the
same as if each and every description, variation, embodiment or aspect were separately and
mdividually histed for all formulae. Similarly, every description, varation, embodiment or
aspect provided herein with respect to A of formula (VHI) may be combined with every
description, variation, embodiment or aspect of R*®, R?, LY, LY, and A'? the same as if each
and every combination were specifically and individually histed. It is also understood that all
descriptions, varations, embodiments or aspects of formula (VIH), where applicable, apply
equally to other formulae detailed herein, and are equally described, the same as if each and
every description, varation, embodiment or aspect were separately and individually listed for all
formulae. For example, all descriptions, vanations, embodiments or aspects of formula (Viii-a)
where applicable, apply equally to formula (VI detailed herein, and are equally described, the
same as if cach and cvery description, variation, embodiment or aspect were separately and

mdividually listed for all formulace.

13186} Also provided are salts of compounds referred to hercin, such as pharmaceutically
acceptable salts. The present disclosure also ncludes anv or all of the stereochemical forms,
mchiding any enantiomeric or diastereomeric forms, and any tautomers or other forms of the

compounds described.

[187] A compound as detaiied herein may in one aspect be in a punfied form and
compositions comprising a compound i purified forms are detailed herein. Compositions
comprising a compound as detailed herein or a salt thereof are provided, such as compositions of
substantially pure compounds. In some embodiments, a composition containing a compound as
detarled herein or a sali thereof is m substantially pure form. Unless otherwise stated.,
“substantially pure” intends a composition that contains no more than 35% impurity, wherein the
impurity denotes a compound other than the compound comprising the majority of the
corposition or a salt thereof. In some embodiments, a coraposition of substantially pure
compoand or a salt thereof is provided wherein the composition contains no more than 25%,
20%, 15%, 10%. or 5% tmpurity. In some embodiments, a composition of substantially pure
compound or a salt thereof is provided wheremn the composition contains or no more than 3%,

2%, 1% or 0.5% mmpurity.
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[3188] In some embodiments, provided is compound selected from compounds in Table 1,
o1 a sterecisomer, tautomer, solvate, prodrug or salt thereof. Although certain compounds
described in Table 1 are presented as specific stereoisomers and/or in a non-stercochemical
form, it 1s undersiood that any or all stereochenucal forms, ncluding any enantiomeric or

diastereomeric forms, and any tautomers or other forms of any of the compounds of Table 1 are

herein described.
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Cpd Structure Cpd

No. No. Structure
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71

Pharmaceutical Compositions and Formulations

[0189] Pharmaceutical compositions of any of the compounds detailed herein are embraced
bv this disclosure. Thus, the present disclosure inchudes pharmaceutical compositions
comprising a compound as detailed herein or a salt thereof and a pharmaceutically acceptable
carricr or excipient. In one aspect, the pharmaceutically acceptable salt is an acid addition saklt,

such as a salt formed with an morganic or organic acid. Pharmaceutical compositions may take
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a form suitable for oral, buccal, parenteral, nasal, topical or rectal administration or a form

suitable for administration by inhalation.

{8134} A compound as detailed herein may in one aspect be 1n a purified form and
compositions comprising a compound in purified forms are detailed herein. Composttions
comprising a compound as detailed herein or a salt thereof are provided, such as compositions of
substantially purc compounds. In some embodiments, a composition containing a compound as

detailed herein or a salt thereof 1s i substantially pure form.

{3191} In one variation, the compounds herein are svathetic compounds prepared for
adoinistration to an individual. In another variation, composiions are provided confaining a
compound in substantially pure form. I another variation, the present disclosurg embraces
pharmaceutical compositions comprising a compound detailed herein and a pharmaceutically
acceptable carmer. In another variation, methods of administering a compound are provided.
The punfied forms, pharmaceutical compositions and methods of administering the compounds

are suitable for any compound or form thereof detailed hergin,

[6192] A compound detatled herein or salt thercof may be formulated for anv available
delivery route, including an oral, mucosal {e.g., nasal, sublingual, vaginal, buccal or rectal},
parenteral (e.g., intramuscular, subcutaneous or mtravencus), topical or transdermal delivery
form. A compound or salt thereof may be formulated with suttable carriers to provide delivery
forms that include, but are not imited to, tablets, caplets, capsules {such as hard gelatin capsules
or soft elastic gelatin capsules), cachets, troches, lozenges, gums, dispersions, suppositories,
ointments, cataplasms {poultices), pastes, powders, dressings, creams, solutions, patches,
acrosols (e.g., nasal spray or inhalers), gels, suspensions {e.£., agueous or non-aqueous higuid

suspensions, oil-in-water emulsions or water-in-oil hguid emulsions), solutions and elixirs.

[3193] (Oue or several compounds described herein or a salt thereof can be used in the
preparation of a formulation, such as a pharmaceutical formulation, by combining the compound
or compounds, or a salt thereof, as an active mgredient with a pharmaceutically acceptable
carrier, such as those mentioned above. Depending on the therapeutic form of the system {e.g.,
transdermal patch vs. oral tablet), the carrier may be in varous forms. Tn addition,
pharmaceutical formulations may contan preservatives, solubilizers, stabilizers, re-wetting
agents, emulgators, sweeteners, dyes, adjusters, and salts for the adjustment of osmotic pressure,

buffers, coating agents or antioxidants. Formulations comprising the compound may also
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contain other substances which have valuable therapeutic properties. Pharmaceutical
formulations may be prepared by known pharmaceutical methods. Suitable formulations can be
found, e.g., in Remington's Pharmaceutical Sciences, Mack Publishing Company, Philadelphia,

PA, 20" ed. (2000}, which is incorporated herein by reference.

{0194} Compounds as described herein may be administered to individuals in a form of
generally accepted oral compositions, such as tablets, coated tablets, and gel capsules in a hard
ot in soft shell, emulsions or suspensions. Examples of carners, which may be used for the
preparation of such compositions, are lactose, com starch or its dertvatives, tale, stearate or its
salts, erc. Acceptable carners for gel capsules with soft shell are, for instance, plant oils, wax,
fats. semisohd and liquid polv-ols, and so on. In addition, pharmaceutical formulations may
contain preservatives, solubilizers, stabilizers, re-wetting agents, emulgators, sweeteners, dyes,
adjusters, and salts for the adjustment of osmotic pressure, buffers, coating agents or

antioxidants.

[(3195] Any of the compounds described herein can be formulated in a tablet in any dosage
form described, for example, a compound as described herein or a salt thereof can be formulated

as a 10 mg tablet.

{0196} Compositions comprising a compound provided herein are also described. In one
variation, the composition comprises a compound or salt thereof and a pharmaceutically
acceptable carrier or excipient. In another vanation, a composition of substantially pure
compoand s provided. In some embodiments, the composition is for use as a human or
veterinary medicament. In some embodiments, the composition is for use in a method described
herein. In some embodiments, the composition 1s for use in the treatment of a discase or

disorder described herein.
Methiods of Use and Uses

[6197] Compounds and compositions detailed herein, such as a pharmaceutical composition
containing a compound of any formula provided herein or a salt thereof and a pharmaceutically
acceptable carmier or excipient, may be used in methods of administration and treatment as
provided herein. The compounds and compositions may also be used in i vifro methods, such
as i vitro methods of administering a compound or comaposition to celis for screening purposes

and/or for conducting quality control assays.
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[3198] Provided herein 1s a method of treating a disease or disorder in an individual i need
thereof comprising administering a compound describes hergin or any embodiment, varation, or
aspect thercof, or a pharmaceuticallv acceptable salt thereof. In some embodiments, the
compound, phammaceutically acceptable salt thercof, or composition is adnunistered to the

mdividual according to a dosage and/or method of administration described herein.

[0199] The compounds or salts thereof described herein and compositions described herein
are believed to be effective for treating a vaniety of discases and disorders. In some
embodiments, a compound or salt thereof described herein or a composition described herein
may be used m a method of treating a disease or disorder mediated by an integrated stress
response (ISR) pathway. In some embodiments, the disease or disorder s mediated by
cukaryotic translation initiation factor 2a (elF2a) or cukaryotic translation imtiation factor 2B
{clFZB). In somc embodiments, the disease or disorder is mediated by phosphorviation of ¢lFZa

and/or the guanine nucleotide exchange factor (GEF) activity of clF2B.

{0200} In some embodiments, a compound or salt thereof described hercin or a composition
described herein may be used in a method of treating a discase or disorder, wherein the disgase
or disorder 1s a ncurodegenerative disease, an nflammatory discase, an autoimmune disease, a
metabolic syndrome, a cancer, a vascular disease, a musculoskeletal disease {suchas a

myvopathy), an ocular disease. or a genetic disorder.

3201} In some embodiments, the disease or disorder is a neurodegenerative disease. In
some embodiments, the neurodegencrative disease is vanishing white matter disease, childhood
ataxia with UNS hvpomyelination, intellectual disability syndrome, Alzheimer’s disease, prion
disease, Creutzfeldt-Jakob discase, Parkinson’s disease, amyotrophic lateral sclerosis (ALS)
disease, Pelizacus-Merzbacher disease, a cognitive impairment, a fraumatic brain mjury, a
postoperative cognitive dysfunction (PCB), a neuro-otological syndrome, hearing loss,
Huntington’s disease, stroke, chronie traumatic encephalopathy, spinal cord injury, dementia,
frontotemporal dementia (FTD), depression, or a social behavior impairment. In some
embodiments, the cognitive impairment 18 triggered by ageing, radiation, sepsis, seizure, heart
attack, heart surgery, biver failure, hepatic eocephalopathy, anesthesia, brain injury, brain
surgery, ischemia, chemotherapy, cancer treatment, critical ilness, concussion, fibromyalgia, or

depression. In some embodiments, the neurodegenerative disease is Alzheimer’s disease. In
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some embodiments, the neurodegenerative disease 1s ageing-related cognitive impairment. In

some embodiments, the newrodegenerative discase 1s a traumatic brain injory .

{8262} In some embodiments, a compound or salt thereof described herein or a composition
described herein may be vsed in a method of treating Alzheimer’s discase. In some

embodiments, neurodegeneration, cognitive impairment, and/or amyloidogenesis is decreased.

[0283] In some embodiments, the disease or disorder i1s an inflammatory disease. In some
embodiments, the inflammatory disease is arthritis, psoriatic arthritis, psoriasis, juvenile
wdiopathic arthnitis, asthma, allergic asthma, bronchial asthma, tuberculosis, chronic airway
disorder, cvstic fibrosis, glomenionephritis, membranous nephropathy, sarcoidosis, vasculitis,
ichthyosis, transplant rejection, mterstitial cystitis, atopic dermatitis, or inflammatory bowel
disgase. In some embodiments, the mflammatory bowel discase is Crohn’ disease, ulcerative

colitis, or celiac discase.

[(3204] In some embodiments, the disease or disorder is an autoimmune discase. In some
embodiments, the autoimmune disease is systemic upus eryvthematosas, type | diabetes,

multiplc sclerosis, or theumatoid arthritis.

{0205] In some embodiments, the disease or disorder is a metabolic syndrome. In some
embodiments, the metabolic syndrome is alcoholic hiver steatosis, obesity, glucose ntolerance,
msulm resistance, hyperglveemia, fatty liver, dyshipidemia, hyperlipidenua,

hyperhomocysteinemia, or type 2 diabetes.

{6206} In some embodiments, the discase or disorder is a cancer. In some embodiments, the
cancer is pancreatic cancer, breast cancer, kidney cancer, bladder cancer, prostate cancer,
testicular cancer, urothelial cancer, endometrial cancer, ovarian cancer, cervical cancer, renal
cancer, esophageal cancer, gastrointestinal stromal tumor (GIST), multiple mveloma, cancer of
secretory cells, thyroid cancer, gastromtestinal carcinoma, chronic myeloid leukenna,
hepatocellolar carcinoma, colon cancer, melanoma, malignant glioma, ghichlastoma,
gliohlastoma moltiforme, astrocytoma, dysplastic ganglioeytoma of the cerebellum, Ewing’s
sarcoma, rhabdomyosarcoma, ependymoma, medulloblastoma, ductal adenocarcinoma,
adenosguamous carcinoma, nephroblasioma, acinar cell carcinoma, neuroblasioma, or tung
cancer. In some cmbodiments, the cancer of secretory cells is non-Hodgkin's lymphoma,

Burkitt’s lymphoma, chronic lvmphocytic ieukemia, monoclonal gammopathy of undetermined
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significance (MGUS), plasmacytoma, lvmphoplasmacytic lvmphoma or acute lymphoblastic

leukemia.

{8267} In some embodiments, the disease or disorder 1s a musculoskeletal discase (such as a
mvopathy). In some embodiments, the musculoskeletal discase 1s a myopathy, a muscular
dystrophy, a muscular atrophy, a muscular wasting, or sarcopenia. In some embodiments, the
muscular dystrophy 1s Duchenne muscular dystrophy (DMD), Becker’s disease, myotonic
dystrophy, X-linked dilated cardiomyopathy, spinal muscular atrophy (SMA), or metaphyseal
chondrodysplasia, Schoud type (MCDS)Y. In some embodiments, the myopathy 15 a skeletal
muscle atrophy. In some embodiments, the musculoskeletal disease (such as the skeletal muscle
atrophy) 1s triggered by ageing, chronic diseases, stroke, malnutrition, bedrest, orthopedic mjury,
bone fracture, cachexia, starvation, heart failure, obstructive hung disease, renal failure, Acquired
Immunodeficiency Syndrome (AIDS}, sepsis, an tmmune disorder, a cancer, ALS, a barn injury,
dencrvation, diabetes, muscle disuse, limb immobilization, mechanical unload, myositis, ora

dystrophy.

16208} In some embodiments, the disease or disorder i1s a genetic disorder, such as BDown
syndrome or MEHMO syndrome (Mental retardation, Epileptic scizures, Hvpogenitalism,

Microcephaly, and Obesity).

[0209] In some embodiments, a compound or salt thercof described hercin or a composition
described herein may be used m a method of treating musculoskeletal discase. In some
embodiments, skeletal muscle mass, quality and/or strength are increased. In some
embodiments, synthesis of muscle proteins is increased. In some embodiments, skeletal muscle

fiber atrophy is inhibited.

{82314 In some embodiments, the disease or disorder is a vascular disease. In some
embodiments, the vascular discase is atherosclerosis, abdominal aortic ancurism, carotid artery
disease, deep vem thrombosis, Buerger’s disease, chronic venous hypertension, vascular
calcification, telangiectasia or lymphoedema..

{0211} In some embodiments, the disease or disorder is an ocular disease. In some
embodiments, the ocular disease 18 glaucoma, age-related macular degeneration, inflammatory
retinal disease, retinal vascular disease, diabetic retinopathy, uveitis, rosacea, Sjogren’s

syndrome, or neovascularization in proliferative retinopathy.
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j0213] In some embodiments, provided herein is a method of inhibiting an ISR pathway.
The compounds or salts thereof described herein and compositions described herein are believed
1o be eftective for inhibiting an ISR pathway. In some crabodiments, the method of inhibiting
an ISR pathway comprises inhibiting the ISR pathway in a cell by administering or delivering to
the cell a compound described herein, or a pharmaceutically acceptable salt thercof, or a
pharmaceutical composition described herein. In some embodiments, the method of inhibiting
an ISR pathway compriscs inbibiting the 1SR pathway in an individual by administering to the
mdividual a compound described herein, or a pharmaceutically acceptable salt thereof, ora
pharmaceutical composition described herein. Inhibition of the ISR pathway can be determined
by methods known 1n the art, such ag westem blot, immunchistochemistry, or reporter celf hing

a88avs.

"

54

{0213} In some embodiments, the inhibition of the ISR pathway comprises binding eIF2B.
In some embodiments, the inhibition of the ISR pathway comprises increasing protein
translation, increasing guamine nucleotide exchange factor (GEF) activity of ¢lF2B, delaying or
preventing apoptosis in a cell, and/or inhibiting transiation of one or more mRNAg comprising a

57 untranslated region (3"UTR) comprising at least one upstream open reading frame (0ORF).

[8214] In some embodiments, provided herein are methods of increasing protein production
using a compound or salt described herein. The protein production s increased relative to the
same condition without the compound or salt. Protein production can be increased either i vive
or in vitro. For example, protein production can be increased in vivo by administering the
compoand or salt to an individual. In some embodiments, protein prodaction is increased in
vitro using the compound or salt with a cell-free protein synthesis system (CFPS) or a cell-based
protein cxpression sysiem. The protein produced can be a heterologous protein {¢.g., a
recombinant protein) or a native protein.  Heterologous protein production can be achieved
gsing a recombinant nucleic acid encoding the protein. In some embodiments, the protein
produced s an antibody or a fragment thereof. Other exemplary proteins can include, but are not
himited to, enzymes, allergenic peptides or proteins (for example, for use as a vaccine),
recombinant protein, cvtokines, peptides, hormones, ervthropoietin (EPO), mterferons,
granmulocvie-colony stimulating factor (G-CSF), anticoagulants, and clotting factors. The
merease in protein production can be deternvined by methods known in the art, such as western

blot or immunohistochemistry.
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[B3215] Cell-free protem synthesis (CFPS) systems are generally known, and include celiular
machinery for protein expression in an i vifro cuvironment. In some embodiments, the CFPS
system includes a cellular extract (such as a eukarvotic cellular extract), which inciudes protein
expression machinery. In some embodiment, the cellular machinery in the CFPS system
comprises eukarvotic cellular machinery, such as eukaryotic mnitiation factor 2 (eIF2) and/or

cukaryotic inttiation factor 2B (¢lF2B), or one or more subunits thereof.

[B216] In some embodiments, there is a cell-free protein synthesis (CFPS) system
comprising cukaryotic initiation factor 2 {elF2}) and a mucleic acid encoding a protein with a
compound or salt as described herein. In some cmbodiments, the protein 1s an antibody or a
fragment thercof. Other exemplary proteins can include, but are not limited to, enzymes,
allergenic peptides or proteins (for example, for use as a vaccine), recombinant protein,
cvtokines, peptides, hormones, ervthropoietin {EPO), interferons, granulocyte-colony
stimulating factor {G-CSF), anticoagulants, and clotting factors. o some embodiments, the
CFPS system comprises a cell extract comprising the elF2. In some embodiments, the CFPS

aystem further comprises eIF2B.

{0217] In some embodiments, there is a method of producing a protein, comprising
contacting a cell-free protein synthesis (CFPS) system comprising eukarvotic initiation factor 2
{elF2} and a nucleic acid encoding a protein with a compound or salt thereof as described herein.
In some embodiments, the protein is an antibody or a fragment thercof. Other exemplary
proteins can mclude, but are not imited to, enzymes, allergenic peptides or protems {for
example, for use as a vaccine), recombinant protein, cytokines, peptides, hormones,
ervthropoietin (EPO), interforons, granmulocyvie-colony stimulating factor {G-CSF),
anticoagulants, and clotting factors. In some embodiments, the CFPS system comprises a cell
extract comprising the elF2. In some embodmments, the CFPS svstem further comprises elF2B.

In some embodiments, the method comprises purifving the protein.

[3218] In some embodiments, there is a method of producing a protemn, comprising
contacting a eukarvotic cell comprising a nucleic acid encoding the protein with a compound or
salt as described herein. In some embodiments, the method comprises culturing the cell in an in
vitro culture medinm comprising the compound or salt. In some cmbodiments, the nucleic acid
encoding the protein is a recombinant nucleic acid. In some embodiments, the eukarvotic cell 1s

a human embryonic kidney (HEK) cell or a Chinese hamster ovary (CHO) cell. In other
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embodiments, the eukarvotic cell 1s a veast cell (such as Saccharomyces cerevisiae or Pichia
pastorisy, a wheat germ cell, an insect cell, a rabbit reticulocvie, a cervical cancer cell (such as a
Hela cell), a baby hamster kidney cell (such as BHKZ21 cells), a murine myeloma cell (such as
NSO or $p2/0 cells), an HT-1080 cell, a PER.C6 cel, a plant cell, a hybridoma cell, or a human
blood derived lenkocvie. In some embodiments, the protein is an antibody or a fragment
thereof. Other exemplary proteins can include, but are not imited to, enzymes, allergenic
peptides or proteins (for example, for use as a vaccine), recombinang protein, cvtokines,
peptides, hormones, ervthropoietin (EPO), interferons, granulocyte-colony stimulating factor (G-
CSF), anticoagulants, and clotting factors. In some embodiments, the method comprises

purifving the protein.

[8219] In some embodiments, there s a method of culturing a eukaryotic cell comprising a
nucleic acid encoding a protein, comprising contacting the eukaryotic cell with an in vifro
culture medium comprising a compound or salt as described herein. In some cmbodiments, the
nucleic acid encoding the protein is a recombinant nucleic acid. In some embodiments, the
gukarvotic cell is a human embryonic kidney (HEK) cell or a Chingse hamster ovary (CHO) cell.
In other embodiments, the eukarvotic cell is a veast cell {such as Soccharomyees cerevisiae or
Pichia pastoris), a wheat germ cell, an insect cell, a rabbit reticulocyte, a cervical cancer cell
{such as a HeLa cell), a baby hamster kadney cell (such as BHKZ1 celis), a murine myeloma cell
{such as NSO or Sp2/0 cells), an HT-1080 cell, a PER (6 cell, a plant cell, a hybridoma cell, or
a human blood derived leukocyte. In some embodiments, the protein is an antibody or a
fragment thereof. Other exemplary proteins can include, but are not limited to, enzymes,
allergenic peptides or proteins (for example, for use as a vaceine}, recombinant protein,
cytokines, peptides, hormones, ervthropoictin (EPO), interferons, gramufocyie-colony
stimulating factor (G-CSF), anticoagulants, and clotting factors. In some embodiments, the

method comprises purifving the protein.

[06220] In some embodiments, there 1s an in viro cell culture medium, comprising the
compound or salt described herein, and nutrients for cellular growth. In some embodiments, the
culture medium comprises a eukaryotic cell comprising a nucleic acid encoding a protein. In
some cmbodiments, the culture medium further comprises a compound for inducing protein
expression. In some embodiments, the nucleic acid encoding the protein is a recombinant nucleic
acid. In some embodiments, the protein i1s an antibody or a fragment thereof. Other exemplary

proteing can include, but are not imited to, enzymes, allergenic peptides or proteins {for
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example, for use as a vaccing), recombinant protein, cytokines, peptides, hormones,
ervthropoietin (EPO), interferons, gramulocyvie-colony stimulating factor {G-CSF),
anticoagulants, and clotting factors. In some embodiments, the cukaryotic cell is a human
embryonic kidney (HER) cell or a Chinese hamster ovary (CHO) cell. In other embodiments, the
cukaryotic cell is a veast cell (such as Saccharomyces cerevisiae or Pichia pasitoris), a wheat
germ cell, an msect cell, a rabbit reticalocyte, a cervical cancer cell {such as a Helaa cell), a baby
bamster kidoey cell {such as BHKZ1 cells), a murine myeloma cell (such as NSO or Sp2/0
cells), an HT-1080 celi, a PER.C6 cell, a plant celi, a hvbridoma cell, or a human blood derived

leukocyte.

{8221} In some embodiments, provided herem 1s a method of increasing protein translation
in a cell or cell free expression system. In some embodiments, the cell was stressed prior to
administration of the compound, salt thereof, or composition. In some embodiments, protein
translation is increased by at feast about 10%, 209, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
0959%, 98%, 100%, 125%, 150%, 1759%, 200%, 250%, or 300% or more. In some embodiments,
protein translation is mercased by about 10% to about 300% {such as about 10% to about 20%,
about 20% to about 30%, about 30% to about 40%, about 40% to about 30%, about 50% to
about 60%, about 60% to about 70%, about 70% to about 80%. about 80% to about 90%, about
90% to about 100%, about 100% to about 125%, about 125% to about 150%, about 150%to
about 175%. about 175% to about 200%. about 200% to about 230%, or about 250% to about
300%) In some embodiments, protein translation is increased as compared to prior to the
administration of the compounds, salt thereof, or composition. In some embodiments, protein
translation is increased as compared to an unstressed cell, a basal condition where cells are not
subjected to a specific stress that activates the ISR, In some embodiments, protein translation is

mcreased as compared to a stressed cell where ISR is active.

[8222] Some of the compounds described herein increase protein synthesis in a cell without
full inhibition of ATF4 translation, under ISR-stressed or non-ISR stressed conditions. Despite
ATF4 participation 1 various pathologies, the ATF4 protein s an important factor for restoring
cellular homeostasis in stressed cells, for example during oxidative stress response, cholesterol
metabolism, protein folding amino acid synthesis, and autophagy. Thus, for certain treatments,
it may be preferable to inut ATF4 mhibition. In some embodiments, the compound is used to
merease protein synthesis by about 109 or more, about 20% or more, about 30% or more, about

40% or more, about 50% or more, about 60% or more, about 70% or more, about 80% or more,
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about 90% or more, about 100% or more, about 125% or more, about 150% or more, about
175% or more, about 200% or more, about 250% or more, about 300% or more, or about 350%
or more, wherein ATF4 protein expression is inhubited by about 75% or less, about 50% or less,
about 40% or less, about 30% or less, about 20% or less, about 10% or less, or about 5% or less.
In some embodiments the compound s used to increase protein synthesis by about 10% to about
300% (such as about 10% to about 20%, about 20% to about 30%. about 30% to about 40%,
about 40% to about 50%, about 50% to about 60%. about 60% to about 70%, about 70% to
about 80%, about 80% to about 90%, about 90% to about 100%, about 100% to about 125%,
about 123% to about 130%, about 150% to about 173%, about 175% to about 200%, about
200% to about 250%. or about 250% to about 300%), wherein ATF4 protein expression is
mhibited by about 75% or less (such as about 50% or less, about 40% or less, about 30% or less,

about 20% or less, about 10% or less, or about 5% or less).

[06223] In some embodiments, provided heremn is a method of increasing protem translation
m acell. In some embodiments, the cell was stressed prior to administration of the compound,
salt thereof, or composition. In some embodiments, protein translation is tncreased by at least
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 100%, 123%, 150%,
175%, 200%, 250%, or 300% or more. In some embodiments, protein translation is increased as
compared to prior to the adnunistration of the compounds, salt thereof, or composition. In some
embodiments, protein translation (s mcreased as compared to an unstressed cell, a basal
condition where cells are not subjected 1o a specific stress that activates the ISR, In some

embodiments, protein translation is increased as compared to a stressed ceil where ISR 1s active.

103224} In some embodiments, provided herein 1s a method of mcreasing guanine nuclectide
exchange factor (GEF) activity of ¢lF2B in cells. In some embodiments, provided hereim is a
method of delaying or preventing apoptosis in a cell. In some embodiments, provided hereinis a
method of inhibiting transiation of one or more mRNAS comprising a 5” untransiated region
{5"UTR) that contains at least one upstream open reading frame (WORF), encoding proteing with
transiational preferences, includmg but not himited to ATF4, ATF2, ATF5, CHOP, GADD34,
BACE-1, C/EBPa, or MAPILC3B. In some embodiments, the mRNA encodes ATF4, BACE-1,
GADD34, or CHOP. In some embodiments, the mRNA encodes ATF4.

[6225] In some embodiments, expression of ATF4, BACE-1, GADD34 or CHOP 15

mhibited. In some embodiments, expression of ATF4 is inhibited. In some embodiments,
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expression of AR is inhabited. ATF4 increases expression of, among others, GADDA43A,
CDKNIA, and EIFAEBPL, which encode BDIT-1, p21, and 4E-BP1, respectively. These
proteins mnduce musculoskeletal disease and can be modulated by inhibiting expression of ATF4.
Accordingly, in some embodiments, expression of one or more of CDKNIA, GADDA43A, or

EIF4ERPI is inhibited.

[6226] In some enmbodiments, the compound, salt thereof, or composition inhibits translation
of one or more mRNAs comprising a 57 untranslated region (5"UTR) comprising at least one
upstream open reading frame (wORF}Y with an ICso of less than about 1 uM, such as less than
about 750 nM, 600 nM, 500 nM, 300 nM, 200 oM, 100 nM, 80 nM, 60 nM, 40 nM, 25 nM, 10
nM, 5 M, IndM, 6.5 oM, 0.1 oM, 0.01 nM, or less. In some embodiments, the compound, salt
thercof, or composition inhibits translation of one or more mRNAs comprising a 57 untranslated
region {3"UTR) comprising at least one upstream open reading frame {ORF} with an ICse
between about 0.01 nM and 1 uM, such as between about 10 nM and 600 nM, about 0.01 oM
and 10 nM, 15 nM and 200 nM, or 20 oM and 180 oM.

10227} In some embodiments, the compound, salt thereof, or composition inhibifs expression
of ATF4 with an 1Cso of less than about 1 uM, such as less than about 750 nM, 600 nM, 500
oM, 300 nM, 200 M, 100 oM, 80 nM, 60 nM, 40 nM, 25 nM, 10 nM, 5 nM, 1aM, 8.5 nM, 0.1
oM, 0.01 nM, or less. In some embodiments, the compound, salt thereof, or composition
inhibits expression of ATF4 with an 1Cso between about 0.01 nM and 1 pM, such as between
about 7 nM and 800 nM, 10 nM and 600 nM, about 0.01 oM and 18 nM, 15 oM and 200 sM, or
20 nM and 180 nM.

[6228] In some aspects, the halt maximal inhibitory concentration (ICso) is a measure of the
effectivencss of a substance in inhibiting a specific biological or biochemical function. In some
aspects, the ICso 1s a quantitative measure that mdicates how much of an mhibitor is needed to
mhibit a given biclogical process or component of a process such as an enzyme, cell, cell
receptor or microorganism by half. Methods of deternining 1Cso i1 vifro and im vivo are known
in the art.

[06229] In some embodiments, the individual is a mammal. In some cmbodiments, the
mdividual 15 a primate, bovine, ovine, porcine, equine, caning, feline, rabbit, or rodent. In some

embodiments, the individual is a human. In some embodiments, the individual has any of the



WO 2019/236710 PCT/US2019/035593

discases or disorders disclosed herein. In some embodiments, the individual s a nisk for

developing any of the diseases or disorders disclosed herein.

{8234} In some embodiments, the individual is human. In some embodiments, the human is at
least about or is about any of 21, 23, 30, 35, 40, 45, 30, 53, 60, 65,70, 73, 80, or 85 vears old. In

some embodiments, the human is a child. In some embodiments, the human is less than about or

about any of 21, 18, 15,12, 10, 8,6, 3,4, 3, 2, or { vears old.

{0231} Also provided herein are uses of a compound described herein or a2 phammacentically
acceptable salt thereof, or a pharmaceutical composition described herein, n the manufacture of
a medicament. In some embodiments, the manufacture of a medicament 1s for the treatment of a
disorder or disease described herein. In some embodiments, the manutacture of a medicament is
for the prevention and/or treatment of a disorder or disease mediated by an I5R pathway. In
some embodiments, the manufacture of a medicament is for the prevention and/or treatment of a
disorder or disgase mediated by ¢lF2¢ or elF2B. In some embodiments, the manufacture of a
medicament is for the prevention and/or treatment of a disorder or discase mediated by

phosphorvlation of ¢lF2a and/or the GEF activity of elF2B.
Combinations

0232] In certain aspects, a compound described herein is administered to an individual for
treatment of a disease in combination with one or more additional pharmaceutical agents that
can treat the discase. For example, in some embodiments, an effective amount of the compound
is administered to an individual for the treatment of cancer in combination with one or more

additional anticancer agents.

10233} In some embodiments, activity of the additional pharmaceutical agent {such as
additional anticancer agent) is inhibited by an activated 1SR pathway. An ISR inhibitor, such as
one of the compounds descnbed herein, can inhibit the ISR pathway to enhance functionality of
the additional pharmaceutical agent. By way of example, certain BRAF inhibitors {e.g.,
vemurafenub or dabrafenib) activate the ISR pathway im BRAF-mutated melanoma cells (e.g.,
BRAF with a VO0OF mutation} through the expression of ATF4. In some embodiments, there is
a method of treating cancer comprising administering to an individual with cancer an effective
amount of a compound described herem in combination with an effective amount of 3 BRAF

mhibitor. In some embodiments, there 15 a method of treating a BRAF-mutated melanoma
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comprising admnistering to an individual with a BRAF-mutated melanoma an effective amount
of a compound described herein 1n combination with an effective amount of a BRAF inhibitor.
In some embodiments, there is a method of treating a BRAF-mutated melanoma comprising
administering to an individual with a BRAF-mutated melanoma an effective amount of a
compound described herein in combination with an effective amount of vemurafemb or

dabrafenib.

[6234] As another example, certain anticancer agents (such as ubiquitin-proteasome pathway
ihibitors (such as bortezomib}, Cox-2 mhibitors {g.g., celecoxib), platinum-based antincoplastic
drugs {e.g., cisplatin), anthracvclines (¢ g. doxorubicin}, or topoisomerase inhibitors {c.g.,
ctoposide}) are used to treat cancer, but may have hmited functionality against sohid tumors.
Resistance in certain solid tumors (e.g., breast cancers} has been associated with ATF4
stabilization and mduction of autophagy. In some embodiments, an effective amount of an ISR
mhibttor compound as described herein 1s administered to an individual with cancer to increase
sensifivity to ong or more anficancer agents. In some embodiments, there 1s a method of treating
a refractory cancer (such as a solid tumor} in an ndivideal, comprising admimistering to the
mdividual an effective amount of a compound described herein in combination with an effective
amount of an anticancer agent. In some embodiments, there is a method of treating a refractory
cancer (such as a solid tumor) 1n an individual, comprising adnunistering to the individual an
effective amount of a compound described herein i combination with an effective amount of an
ubiguitin-proteasome pathway inhibitor (¢ g., bortezomib), a Cox-~2 inhibitor {(e.g., celecoxib}, a
platinum-based antineoplastic drug (e.g., cisplatin), an anthracvcline (e.g. doxorubicin}, ora
topoisomerase inhibitor {¢.g., ctoposide}. In some embodiments, the refractory cancer is breast

cancer. In some embodiments, the refractory cancer is melanoma.

{6235} In some embodiments, a compound described herein 15 used to treat cancer in
combination with one or more anti-cancer agents, such as an anti-neoplastic agent, an imnmune
checkpoint inhibitor, or any other suitable anti-cancer agent. Exemplary immune checkpoint

mhibitors include anti-PD-1, anti-PD-L1, antt GITR, anti~-0X-40, anti-LAGS3,

B

anti~TIM-3, anti-
41BB, anti-CTLA-4 antibodics. Exemplary anti-ncoplastic agents can include, for example,
anti-microtubule agents, platinum coordimation complexes, alkylating agents, topoisomerase i}
mhibitors, topoisomerase 1 inhibitors, antimetabolites, antibiotic agents, hormones and hormonal
analogs, signal transduction pathway inhibitors, non-receptor tyrosine kinase angiogenesis

mhibitors, proteasome inhibitors, and mhibitors of cancer metabolism. Other anti-cancer agents
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can include one or more of an immuno-stimulant, an antibody or fragment thercof {e.g., an
anti-CD20, anti-HER?, anti-CD52, or anti-VEGY antibody or fragment thereof), oran
mmunotoxin {e.g., an anti-CD33 antibody or fragment thereof, an anti-CD22 antibody or

fragment thercof, a calicheamicin conjugate, or a pseudomonas exotoxin conjugate).

108236} ATF4-mediated expression of CHOP has also been shown to regulate the fimetion
and accumulation of myeloid-derived suppressor cells (MDSCs) in tumors. MDSCs in tumors
reduce the ability to prime T cell function and reduce antitumoral or anticancer responses.
Certain immunoctherapeutic agents (such as anti-PD-1, anti PD-L1, anti-GITR, anti-0X-40, anti-
LAGS, anti-TIM-3, anti-4 1BB, or anti-CTLA~4 antibodies) have been used to boost the immune
response agamst cancer. ATF4-mediated expression of AXL has been associated with poor
response to anti-PD1 therapy m melanoma. In some embodiments, an effective amount of an
ISR inhibitor compound as described herein is administered to an individual with cancer to
nerease sensitivity 10 one or more immunotherapeutic ageunts. In some embodiments, there is a
method of treating a refractory cancer (such as a melanoma) i an individual, comprising
administering to the individual an effective amount of a compound described herein in
combination with an cffective amount of an immunotherapeutic agent (e.g. anti-PD-1, anti PD-
L1, anti-GITR, anti-0X 40, anti-LAG3, anti-TIM-3, anti-41BB, or anti~-C'TLA4 antibodies). In

some embodiments, the refractory cancer is melanoma.
Dosing and Method of Administration

[0237] The dose of a compound administered to an individual (such as a human) may vary
with the particular compound or salt thereof, the method of admunistration, and the particular
disgase, such as type and stage of cancer, being treated. In some embodiments, the amount of

the compound or salt thereof is a therapeutically effective amount.

63238} The effective amount of the compound may i one aspect be a dose of between about
(.01 and about 100 mg/kg. Effective amounts or doses of the compounds of the present
disclosure may be ascertained by routine methods, such as modeling, dose escalation, or clinical
tnals, taking into account routine factors, ¢.g., the mode or route of adnunistration or drug
delivery, the pharmacckinetics of the agent, the severity and course of the disease to be treated,
the subject’s health status, condition, and weight. An exemplary dose is in the range of about
from about 0.7 mg to 7 g daily, or about 7 mg to 350 mg daily, or about 350 mg to 1.75 g daily,

or about 1.75 t0 7 g daily.
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4239} Any of the methods provided herein may 1 one aspect comprise administering to an
mdividual a pharmaceutical composition that containg an effective amount of a compound

provided herem or a salt thereof and a pharmaceutically acceptable excipient.

{8244} A compound or composition provided herein may be administered to an individeal
accordance with an effective dosing regimen for a desired period of ime or duration, sach as at
least about one month, at least about 2 months. at least about 3 months, at least about 6 months,
or at least about 12 months or longer, which in some vanations may be for the duration of the
mdividual’s life. In one vanation, the compound is administered on a daily or mtermittent
schedule. The compound can be adounistered to an mdividual continuously (for example, at
least once daily) over a period of time. The dosing frequency can also be less than once daily,
e.2., about a once weekly dosing. The dosing frequency can be more than once daily, e. g, twice
or three times daily. The dosing frequency can also be intermittent, including a “drug holiday”
{e.g., once daily dosing for 7 days followed by no doses for 7 days, repeated for any 14 day time
period, such as about 2 months, about 4 months, about 6 months or more}. Any of the dosing
frequencies can employ any of the compounds described herein together with any of the dosages

described herein.
Avrticles of Manufacture and Kits

0241} The present disclosure further provides articles of manufacture comprising a
compound described herein or a salt thereof, a composition described herein, or ong or more unif
dosages described herein in suitable packaging. In certain cmbodiments, the article of
manufacture 1s for use in any of the methods described hercin. Suitable packagmg is known m
the art and includes, for example, vials, vessels, ampules, bottles, jars, flexible packaging and the

like. An article of manufacture may further be stenlized and/or scaled.

6242} The present disclosure further provides kits for carrving out the methods of the
present disclosure, which comprises one or more compounds described herein or a composition
comprising a compound described herein. The kits may employ any of the compounds disclosed
herein. In one vanation, the kit employs a compound described herein or a salt thercof. The kits
may be used for any one or more of the uses described herein, and, aceordingly, may contain
mstructions for the treatment of any disease or desenibed herein, for example for the treatment of

cancer.
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[0243] Kits generally comprise suttable packagmg. The kits may comprise one or more
containers comprising any compound described herein. Each component (if there s more than
one component) can be packaged in separate containers or some components can be combined in

ong container where cross-reactivity and shelf life permit.

{0244} The kits may be in wnit dosage forms, bulk packages {e.g.. muolti-dose packages) or
sub-unit doses. For example, kits may be provided that contain sufficient dosages of a
corapound as disclosed herein and/or an additional pharmaceutically active compound useful for
a disease detailed herein to provide effective treatment of an mdividual for an extended period,
such as anv of a week, 2 weeks, 3 weeks, 4 wecks, 6 weeks, 8 weeks, 3 months, 4 months, 5
months, 7 months, 8 months, 9 months, or more. Kits may also mclude multiple unit doses of
the compounds and instractions for use and be packaged in quantities sutficient for storage and

use in pharmacies {e.g., hospital pharmacies and compounding pharmacies).

[B245] The kits may optionally include a set of instructions, generally writien instructions,
although clectronic storage media {e. g, magnetic diskette or optical disk) containing instructions
are also acceptable, relating to the use of component(s) of the methods of the present disclosure.
The instructions meluded with the kit generally include mformation as to the components and

their admanistration to an individual.
General Synthetic Merthods

0246} The compounds of the present disclosure may be prepared by a number of processes
as generally described below and more specifically in the Examples hereinatier (such as the
schemes provided in the Examples below}. In the following process descriptions, the symbols
when used in the formulae depicted are to be understood to represent those groups described
above m relation to the formulace herein.

10247} Whaere it 1g desired to obtain a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of enantiomers using anv suitable conventional
procedure for separating or resolving enantiomers. Thus, for example, diastereomeric
derivatives may be produced by reaction of a mixtare of enantiomers, e. g, a racemate, and an
appropriate chiral compound. The diastereomers may then be separated by any convenient
means, for example by crvstallization and the desired enantiomer recovered. In another

resohution process, a racemate may be separated using chiral High-Performance Liquid

157



WO 2019/236710 PCT/US2019/035593

Chromatographv. Alternatively, 1f desired a parficular enantiomer may be obtained by using an

appropriate chiral intermediate 10 one of the processes described.

[0248] Chromatography, recrystallization and other conventional separation procedures may
also be used with mtermediates or final products where it is desired to obtain a particular isomer

of a compound or to otherwise purtfy a product of a reaction.

[0249] Solvates and/or polymorphs of a compound provided herein or a salt thereof are also
contemplated. Sclvates contain either stoichiometric or non-stoichiometric amounts of a
solvent, and are often formed durning the process of crystallization. Hydrates are formed when
the solvent is water, or alcoholates are formed when the solvent s alcohol. Polvmorphs include
the different crystal packing arrangements of the same clemental composition of a compound.
Polvmorphs useally have different X-ray diffraction pattems. infrared spectra, melting points,
density, hardness, crystal shape, optical and electrical propertics, stability, and/or solubility.
Vanous factors such as the recrystatlization solvent, rate of crystallization, and storage

temperature may cause a single crystal form to dommate.

[0250] Chromatography, recrystallization and other conventional separation procedures may
also be used with mtermediates or final products where it is desired to obtain a particular isomer
of a compound or to otherwise purtfy a product of a reaction.

[B3251] General methods of preparing compounds according fo the present disclosure are

depicted in the schemes below.
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[3252] Compounds disclosed herein, such as compounds of formula (C-6), (C-7), (C-8), and

{C-9), for example, can be synthesized according to the general method described in the scheme

above. A compound of formula (C-1} is reacted with a carboxylic acid {B-l1a), or a carboxylic

acid derivative (e.g. an acyl chlonde of formula (B~1b}), under suitable conditions to give a

compound of formula (C-2). The compound of formula {C-2} 15 deprotected to give a compound

of formula (C-3). The compound of formmda {C-3}) is subjected o nitrosation conditions {¢.g.

reacted with sodium nitaie) under suitable conditions to give a compound of formula {(C-4). The

compound of formula (C-4) 1s reduced (e.g. with Zn dust) under suitable conditions to give a

compound of formula {C-5). The compound of formula (C-5} is reacted with a carboxylic acid

{B-2a), or a carboxvlic acid derivative {¢.g. an acyl chloride of formula (B-2b), to give a
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compound of formula {C-6). The compound of formula (C-5) 1s reacted with an oxirane
derivative of formula (B-3) to give a compound of formula {C-7). The compound of formula {C-
5} 1s reacted with a haloalky! denivative, such as a bromoalkvl compound of formula (B-4), to
give a compound of formula (C-8). The compound of tormula {(C-5) 1s reacted with a carboxylic
acid (B-5a}, or a carboxyvlic acid derivative (e.g. an acyl chloride of formula (B-5b)), to give a

compound of formula (C-9}.
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3253} Compounds disclosed herein, such as compounds of formula (D-3), (B-6), (B-7), and
(-8}, for example, can be synthesized according to the general method described m the scheme
above. A compound of formula (C-1} is reacted with a carboxylic acid (B-6) under suitable
conditions to give a compound of formula (D-1). The compound of formula (B-1) 15
deprotected to give a compound of formula (B-2). The compound of formula (-2} 1s subjected
to nitrosation conditions {¢.g. reacted with sodivm nitrite) under suitable conditions to give a
compound of formula (3-3). The compound of formula (D-3) is reduced (e.g. with Zn dust)
under suitable condifions to give a compound of tormula (-4}, The compound of formula (D-
4} 1s reacted with a carboxylic acid {B-2a), or a carboxylic acid derivative (e.g. an acvl chloride
of formula (B-2b}, to give a compound of formula (D-5). The compound of formula (B-4) is
reacted with an oxirane derivative of formula (B-3) to give a compound of formula (I3-63. The
compound of formula (B-4) is reacted with a haloalkyl derivative, such as a bromealkyl
compound of formula (B-4), to give a compound of formuda (-7}, The compound of formula
{D-4} 1s reacted with a carboxylic acid (B-3a), or a carboxvlic acid derivative {¢.g. an acyl

chioride of formula (B-3b), to give a compound of formula (B3-8).
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“ompounds disclosed herein, such as compounds of formula (E-6), (E-7), (E-8), and

{E-9), for example, can be synthesized according to the general method described in the scheme

above. A compound of formula (E-1} is reacted with a carboxvhe acid (B-1a), or a carboxvlic

acid derivative (¢.g. an acyl chioride of formula (B-1b), under suitable conditions to give a

compound of formula (E-2}. The compound of formula (E-2} is deprotected to give a compound

of formula (E-3). The compound of formula (E-3} is subjected to nitrosation conditions {e.g.

reacted with sodiwm nitrite) under suitable conditions to give a compound of formula (E-4). The

compound of formula (E-4) is reduced {¢.g. with Zn dust) under switable conditions 1o give a

compound of formula (E-5). The compound of formula (E-5} is reacted with a carboxylhic acid

{B-2a), or a carboxylic acid derivative {¢.g. an acyl chloride of formula (B-2b), to give a
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compound of formula (E~6}. The compound of formula (E-53) 1s reacted with an oxirane
derivative of formula (B-3) to give a compound of formuda (E-7). The compound of formula (E-
5} 1s reacted with a haloalky! denivative, such as a bromoalkvl compound of formula (B-4), to
give a compound of formula (E-8). The compound of formula (E-5) is reacted with a carboxyvlhic

acid (B-5a}, or a carboxvlic acid derivative {e.g. an acvi chloride of fornuda (B-5b), to give a

compound of formula (E-9).
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{0255] Compounds disclosed herein, such as compounds of formula (F-3) and (F-6), for

example, can be synthesized according to the gencral method descubed m the scheme above
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compound of formula {(E~1} is reacted with an oxirane derivative of formula (B-7) under suitable
conditions to give a compound of formulda (F-1}. The compound of formula (F-1) is deprotected
to give a compound of formula (F-2). The compound of formula (F-2) is subjecied to nitrosation
conditions (e.g. reacted with sodium nitrite) under suitable conditions to give a compound of
formula (F-3). The compound of formula (F-3) is reduced {¢.g. with Zn dust) under suitable
conditions o give a compound of formula (F-4). The compound of formula (F-4) is reacted with
a carboxvlic acid {B-2a), or a carboxvlic acid derivative {¢.g. an acyl chlonde of formula (B-2b),
to give a compound of formula (F-53. The compound of formula (F-4) 1s reacted with a
carboxylic acid (B-3a), or a carboxyvlic acid derivative {g.g. an acyi chloride of formula (B-5b),

to give a compound of formula {(F-6}.
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[0256]

Compounds disclosed herein, such as compounds of formula (G-3} and (-6}, for

example, can be synthesized according to the general method described i the scheme above. A

compound of formula (E~1) 15 reacted with a haloalkyl denivative, such as a bromoalkvl

compound of formula (B-8), to give a compound of formula (G-1). The compound of formula

(-1} 1s deprotected to give a compound of formula (G-2). The compound of formula {G-2} 18

subjected to nitrosation conditions {¢.g. reacted with sodium nitrite} ander suitable conditions to

give a compound of formula (G-3). The compound of formula (G-3} 1s reduced (c.g. with Zn

dust) under suttable conditions to give a compound of formuia (G-4}. The compound of formula

{(5-4} 18 reacted with a carboxvlic acid (B-2a), or a carboxylic acid derivative {¢.g. an acyl
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chloride of formula (B-2b), to give a compound of formula (G-5). The compound of formula
{G-4} is reacted with a carboxylic acid {B-53), or a carboxylic acid derivative {¢.g. an acyl

chloride of formula (B-5b), to give a compound of formula (G-6).
ENUMERATED EMBODIMENTS

{3257} The following enumerated embodiments are representative of some aspects of the

wvention.

Embodiment 1. A compound of formula (1)

or 3 pharmaceutically acceptable salt thereof,

wherein:

m', m?, 0!, 0’ pl. p? gb. and ¢, independently of each other, are O or 1;

rand s, independently of cach other, arc 0, 1, or 2;

X is N or CR®;

R* is selected from the group consisting of hydrogen, Ci-Us alkyl, C2-Cs alkenyl, and C2-Cs
alkvnyl;

jisori;

R and R are taken together to form an oxo (=0) substituent, or RM and R are both
hydrogen;

kisOorl;

RM¥ 15 H or Ci-Cs alkyl;

RMis H or Ci-Cs alkyl;

Alis selected from the group consisting of:

(Cs-Cus aryl optionally substituted with one or more R substituents; and

3-14 membered hetercary] optionally substituted with one or more R substituents;

R* s selected. independently at each occurrence, from the group consisting of halogen, NO»,

Ci-Cs alkyl, Co-Co alkenyl, Co-Ce alkynyl, C1-Co baloalkvl, ~-OH, -O(C1-Co alkvly, -O{Ci-Cs
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haloalkyly, -SH, -8(C:-Cs alkvl, -S{Ci~Cs haloalkyly, -NHaz, ~-NH(C1-Ce alkyD),-NH(C:-Cs
haloatky1).-N{C1-Cs alkyl), -N(C1-Cs haloalkyl)e, -NRIF2RI CN_ -C(OYOH, -C{OYO(C:-Cs
atkyvh), ~-C{OY(C-Co haloalkyly, -C{OINH:, -C(OINH(C1-Cs alkyl), ~-C(OINH(C:-Ce haloalkyl),
~C{OYN(C1-Cs atkylys, -C{OIN(C1-Co haloalkyl), -C(OINR*R YD _S(OROH, -S(0RO(C1-Cs
alkvl}, -S(ORO(C1-Ce haloalkyl), -S(OpNH,, -S{OpNH(C;-Ce alkyl), -S(OpNH(C1-Ce
haloalkyl), -S(ORN(C1-Cos alkyl)s, -S{0)N(C1-Ce haloatkvl}a, -S(O)NRMRM LOC(O)H,
~OC(OHC1-Co alkvl), ~OC(OMC1-Co haloalkvl), -NEDHCOM, -NEHHCOWC1-Co alkyl),
NEDHCOKCi-Ce haloalkyly, -N(C1-Ce alkyBC(OH, -N{C1-Cs alkvDC{ONC1-Ce alkyly, -N(C1-
Co alkyDC{OHCi-Co haloalkyly, -N(Ci-Cs haloalkyDC(OYH, -N{C1-Ce haloalkv HC{GHCi-Cs
alkvi}, ~N{C:-Cs haloalkyDyC(ONHC1-Co haloalkyl), -OS(00(Ci-Co alkyl), -OS{0)ACi-Co
haloaltkyl}, -NH)S(O(C-Ce alkyly, -NE)S(O3(C1-Co baloalkyl), -N{Ci-Cos alkyDS(0)(Ci-Cs
alkyl), -N(C1-Ce alkyDYS(0)2(C1-Co haloalkyl), -N{C1-Ce haloalkv}S(0){C1-Cs alkyl}, and
-N{C1-Cs haloalkvS{0){C1-Ce haloalkyl);

wherein R1*2 and R are taken together with the nitrogen atom to which they are attached to
form a 3-10 membered heterocycle;

A is selected from the group consisting of®

Co-C14 aryl optionally substituted with one or more RY® substituents; and

5-14 membered heteroaryl optionally substituted with one or more R!S substituents;

R’ is selected, mdependently at each occurrence, from the group consisting of halogen, NO:z,
C1-Co alkyl, $2-Cs alkenyi, C2-Cs atkynyl, C1-Ce haloalkyl, -OH, -O(C1-Cs alkyl), -O(C1-Cs
haloalkyl), -SH, -S(C:~-Cs alkyl), -S{Ci~Cs haloalkyh), -NHaz, ~-NH(Ci-Co alkvh),-NH({C:-Cs
haloalky1},-N(C1-Ce alkyl), -N{C1-Cs haloalkyl)s, -NRI*R® CN, -C(OYOH, -C(OY0(C1-Cs
alkyly, -C{OYO(C1-Ce halealkeyl), ~-C{OINH,, -COMNH(C1-Cs alkvl), -COINH(C1-Cs haloalkyl),
SC{OYN(C1-C atkylya, -C{ON(C1-Cs haloatkyl)z, -CEOINRIERISD S(0y0H, -8(030(Ci-Cs
atkvh), ~S{0RO(C1-Cs haloalkyl), ~-S(O)NH:, ~S(OpNH(C:-Cs alkyl), ~-S(OpNH(C:-Ce
haloalkyl), ~S(ORN(C1-Cs alkyl), -8{0)RN{C1-Cs haloalkyl)z, -S(ORNRIRI® -OC(OHH,
~QC(OHC1-Cs alkvl), -OCONC1-Co haloalkyl), -NEHT{OH, -NEDC(OCi-Cs alkvl),
NHYC(OHCi-Cs haloalkyl), -N{C1-Co alkyHC{OH, -N(C1-Co alkyDC{OY C1-Co alkyl), -N{C1-
Co alkyDyC{ONCi-Co haloalkyl), -N(Ci-Ce haloalkvDC(OYH, -N(C1-Cs haloalky HC(OWCi-Cs
alkvl}, -N{C:-Cs haloalkyDC(ONC1-Ce haloalkyl), ~-OS(0)0{C:-Ce alkyl), -OS(0)AC1-Ce
haloatkyl}, -NEH)S(O)(C-Ce alkyly, -N(EH)S(O(C1-Ce haloalkyl}, -N{Ci-Co alkyS(Op(Ci-Cs
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alkvl), -N{C:-Cs alkvhS{0{C1-Cs haloalkvl), -N{C1-Cs haloalkvDS(0)(C1-Ce alkyl), and
-N{C1-Cs haloalkvS(0)(C1-Ce haloalkvl);

wherein R and R are taken together with the nitrogen atom to which they are attached to
form a 3-10 membered heterocyele;

Ri%is selected from the group consisting of hvdrogen, C1-Cs alkyl, -C(GYOH, -C(OY{(C1-Cs
abkyl), -C{OY{Cs-Co haloalkyl), and halogen, or

R is taken together with R** to form a C1-Cs alkyiene moiety, or

R is taken together with an R™ moiety to form a Ci-Cs alkylene moiety;

R' is selected from the group consisting of hydrogen, C1-Cs alkyl, -C(OYOH, -C{OYO(C1-Cs
atkvh), -C(OY Lo haloalkyly, and halogen;

R? is selected from the group consisting of hydrogen, C1-Cs alkyl, ~-C(GIOH, -C(OY(C1-Cs
atkyh), ~-C{OY X C1-Cs haloalkyl}, and halogen;

R?is selected from the group consisting of hydrogen, Ci-Cs atkvl, -C(OYOH., -C{OYO(C1-Cs
alkvl), -C{OYO(C1-Co haloalkyl), and halogen;

R independently at each occurrence is selected from the group consisting of hvdrogen, C1-Ce
alkyl, -C{OYOH, -C{OYO(C1-Ce alkvl), -C{OYO(C1-Ce haloalkyl), and halogen, or R is taken
together with R* to form a Ci-Cs alkyiene moiety;

R™ independently at cach occurrence is selected from the group consisting of hydrogen, C1-Cs
alkvl, ~C{OYOH, ~C(GYO(C1-Cs alkyly, -C(OYHC1-Cs haloatkyl), and halogen;

R* independently at each occurrence is selected from the group consisting of hydrogen, C1-Cs
alkyl, ~-C{OYOH, -C(OY(C1-Co alkyvh), ~C{OYMC1-Cs haloalkyl), and halogen;

R%® independently at each occurrence is selected from the group consisting of hydrogen, C1-Ce
atkyl, -C{OYOH, -COYHC1-Ce alkeyly, -C(OYO{(C1-Cs haloalkyl), and halogen;

R and R are taken together to form an oxo (=0) substituent or an imido (=NH) substituent, or
R and R are both hydrogen;

R% is selected from the group consisting of hydrogen, -OR%4_ and -NROORO*<.

R® is hydrogen;

or R% and R® are taken together to form a moiety selected from the group consisting of
~O-CHo-CHo-~, -CHz-O-CHoa-, -CHo-CHz-O-, -O-CH2~-CHu-CHe-, -CH2-O-CHo~-CHo-,
~CHa-CHz-0-CHz-, -CH2-CH2-CH2-0-, -O-CHz-CHa-CH2-CHz- -CH2-OQ-CHz-CHo-CHo-,
-CHy-CHe-O-CHp-CHo-, -CHR-CHp-CH-0-Ch-, and -CHp-CHp-CHp-CH2-0O-;

R7% and R™ are both hvdrogen;
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R and R™ are taken together to form an oxo (=0} substituent, or R® and R® are both hydrogen;
R and R are taken together to form an oxo (=0) substituent or an imido (=NH) substituent, or
R% and R™ are both hydrogen;

R'% g selected from the group consisting of hydrogen, -OR% and -NRI9#PR%¢ gnd RIM 45
hydrogen, or R’ and R'® are taken together to form a moiety selected from the group
consisting of -0-CHz-CHy-, -CH2-0-CHo-, -CH-CH2-0O-, -O-CHz-CHa-CHo-,
~CH2-0-CH2~CHy-, -CH2-CH2-0-CH;-, -CH2-CH2-CH3-0-, -O-CH2-CH2-CH3~-CHo-,
CH~O-CH-CH-CHe -, ~-CHR-CH-O-CHe -CHo -, ~-CH-CH-CH-O-CH2~, and

“CH- U -CH-CH O

R and R!'® are both hydrogen:

R and R are taken together to form an oxo {(=0) substituent, or R and R are both
hydrogen;

Rb2 i gelected from the group consisting of hvdrogen, C1-Cs alkyl, and C1-Cs haloalkyl, or R%2
is taken together with RN* to form a carbonyl (C=0) moiety;

R1%2 5 selected from the group consisting of hydrogen, C1-Ce alkyl, and C1-Cs haloalkyl, or
R10%2 i3 taken together with RN to form a carbonyl (C=0) moiety;

R and R% independently of each other, are selected from the group consisting of hydrogen,
C1-Ce alkyl, and C1-Co haloalkyl; and

R and R19¢ independently of cach other, are selected from the group consisting of hvdrogen,
C1-Co alkyl, and C1-Cs haloalkyl;

provided that:

(i} whenjis 1, thenk s 1;

ity whenm'is 0,n' is 0, ¢’ is 0, and p! is 1, then R® and R™ are taken together to form an oxo

(=0) substituent, and A' is a substituent of formula (Al-a)

Ny z! R™
14 %
il |
\23 Zz

(Al-a)
wherein
* represents the attachment point to the remainder of the molecule;
Z1is selected from the group consisting of CRZVIRZIZ NRAF? C{RAVIRAFHN(RANY), O,
CRZ-IRPI0, S, CRAIRANS, and ~-CRZI=CRAL.:
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wherein R” 7 is Hor R and R71 7 is Hor R,
77 is selected from the group consisting of CRZIR%2 NR# 22 (R4 RAFHNR™2y, O,
CRZIREZND0. S, CRZIREZYS, and -CRZI=CRZL.:

wherein R is Hor R and R*?2is Hor R4,
Z°, independently at each occurrence, is CH, CRY, or N;
RY is hydrogen or R, or R1? and R% are taken together to form a double bond between the
carbon atom bearing R and 2!, or R™ and R*? are taken together to form a double bond
between the carbon atom bearing R and 7%; and
xli1s0, 1.2, 3, ord; and
(ii1) when m? is 0, n? is 0, g% is 0, and p” is 1, then R'* and R'? are taken together to form an

oxo (=0} substituent, and A? is a substituent of formula (A-a}

wherein
* represents the attachment point to the remainder of the molecule;
Z*is selected from the group consisting of CRZIRA2 NRA? C(RZAIRUIN(RA), O,
CRZRA)0, S, CRZ RS, and -CRA =R

wherein R+ is H or R'% and R%? is Hor R'9;
77 is selected from the group consisting of CRATIR®2, NRZ CRPIRP-HNRZS), O,
CRZIRZN0, S, CRZIRAS, and -CRPI=CRZ.;

wherein R is Hor R and RP? is Hor RY¢;
7%, independently at each occurrence, is CH, CR!® or N;
R'% is hydrogen or R, or R and R**? are taken together to form a double bond between the
carbon atom bearing R and Z*, or RY and R* are taken together to form a double bond
between the carbon atom bearing R and 23; and
x21s0, 1,2, 3, 0r4;
(iv) when X is CR¥ thenkis I;
(v)when Xis N, jis 1, and k is 1, then R and R are taken together to form an oxo (=0)
substituent;

{vi} when Xis N, jis 0 and k 13 1; then at least one of {vi-a), (vi-b}, {vi-¢}, or (vi-d) applies:



WO 2019/236710 PCT/US2019/035593

(vi-a} A’ is Cs-Cia arvl substituted with one or more R substituents;

(vi-by Al is 5-14 membered hetercaryl optionally substituted with one or more R substituents;
{vi-c} A? is (s-Ci4 ary! substituted with one or more R substituents;

{vi-d)y A’ is 5-14 membered heteroaryl optionally substituted with one or more R substituents;
and

{vily when X is N, jis 0, kis 0, m'is I,n'is 0, p*is 0, and q' is 0. then A' is a substituent of

formula (Al-a).

Embodiment 2. The compound of embodiment 1, or a pharmaceutically acceptable salt

thereof, wherein k is 1, X is CR* and the compound of formula (1) is a compound of formula (II);

R'Ib R4a
123‘1
{ 2
1204 4
P
{(iI}.
Embodiment 3. The compound of embodiment 1, or a pharmaceutically acceptable salt

thereof, wherem X 1s N and the compound of formula (I} is a compound of formula (1)

R“.b R-’ta i
2 k,Rﬁ,bis Ti\ pYa Rﬂaa‘i E‘R'HJ? R‘iZa'}
S % | | % % [ofo?
Z}r ..... FF’% LR b wa}m2 IR1™ éjxf L-_QubJﬁz
RZb RSa jr
(1)
Embodiment 4. A compound of tormula (IV):

{1v)

o1 a pharmaceutically acceptable salt thercof,
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wherein:
R'7 is hydrogen or ~-C(0)OH;
R is hydrogen or halogen;

R is hydrogen or Co-Cs alkynyl;

L7 is selected from the group consisting of ™

o) o) NH
OH

O
. /OW . /O\\/’“\\/i , /O\/\# \\//\\ﬁ' i \O 5.

wherein the * represents the attachment point to A°, and the # represents the attachment point to

a a NH
)\ i G /U\/O
. #/1\/ e S
OH

O
#\/k/o\* #\/’\\/O\* #//\\,/0\* #/’\v/* )j\g/*.

wherein the * represents the attachment point to A%, and the # represents the attachment point to

the remainder of the molecule;

L*ig selected from the group consisting of #

,and #

the remainder of the molecule;

A3 1s selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranyl, 2,3-
dibydrobenzofuranvl, benzothiazolyl, and 3,4-dihvdro-2H-benzolb][1,4joxazinyl, wherein each
of the phenyl, naphthyl, quinolinyl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or
3.4-dihydro-ZH-benzolbll 1. 4loxaziny] is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, —-NO», C1-Cs alkvl, C2-Cs alkenyl, Co-Cs alkvnyl,
and C1-Ce haloalkyi;

A* is selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranyl, 2,3-
dihydrobenzofuranvl, benzothiazolyl, and 3,4~dihydro-2H-benzolbl{ 1,4 joxazinyl, wherein cach
of the phenyl, naphthyl, quinolinvl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzobll 1 4joxaziny is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NOn, Ci1-Cs alkyl, 2-Cs alkenyl, Co-Cs alkvnyl,

and C;-Cs haloalkyl

Embodiment 5. A compound of formuda (V)

f—
~J
e
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R22 RZS
(V)

or a pharmaceutically acceptable salt thereof,
wherein:

R* is hydrogen or —C{O)YOH;

R is hydrogen or halogen;

R?? and R* are both hyvdrogen or R* and R™ are taken together to form an oxo (=0} subsitituent;

9 o) NH
w7 o+ #.
OH

i O
O i 4 ®) # G * * J’L\
*/\/A\/j*/wa*/’\/’ﬂ\#’v\# S N

wherein the * represents the attachment point to A°, and the # represents the attachment point o

O ) NH
. . ; _— N 4 RN
L8 1s selected from the group consisting of # oW oA .

OH @]
#\/I\/Q # o o . )k
RN N ) #,/\\/ o 4”/\\/ o .

cand # :

L5 is selected from the group consisting of ™

, and

the remainder of the molecule;

wherein the * represents the attachment point to A®, and the # represents the attachment point to
the remainder of the molecule;

A7 g selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranvi, 2,.3-
dihydrobenzofuranyl, benzothiazolvl, and 3,4-dihvdro-2H-benzo{bi] 1.4 joxazinyl, wherein cach
of the phenyl, naphthyl, quinolinyl, benzofuranyl, 2 3-dihvdrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzolbli 1 4joxazinyl 1s optionally substituted with 1, 2, 3, or 4 substitugnts
selected from the group consisting of halogen, ~NGO2, Ci-Ce alkyl, Co-Cs altkenyl, {2-Cs alkynyl,

and Ci-Cs haloalkvi;

m
~3
w3



WO 2019/236710 PCT/US2019/035593

A% is selected from the group consisting of phenyl, naphthyl, quinoliny], benzofuranyl, 2,3~
dihydrobenzofuranyl, benzothiazolyl, and 3 4-dihydro-2H-benzolbli 1,4 Joxazinyl, wherein cach
of the phenyl, naphthyl, quinolinvl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzolb}f I,4joxazinyi 15 optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NO», C1-Cs alkyl, Cr-Co alkenyl, Ci-Cs alkynyl,

and Ci-Cs haloalkyl.

Embodiment 6. A compound of tormula (VI):

VD)
or a pharmaceutically acceptable salt thereof,
wherein:

R?* is hydrogen or ~-C(0)OH;

R?* is hydrogen or halogen;

G ¢ NH
- o .o . P e "
L' is selected from the group consisting of ~ ", #oF #

oH o
; s # * *
*/O\/\/#‘ */OWJQ */O\//\\#‘ \\//\# \G)L\#

, and .

wherein the * represents the attachment point to A7, and the # represents the attachment point to
the remainder of the molecule;
1.8 is selected from the group consisting of #

0 o NH
)L\ i o /LK/O
v #/k/ \*’ ’ \*,
OH

Q
#\/Jvo\x #Wo\x #/VO\* ﬁ’/\\/* ”)LQ/*‘

,and #
wherein the * represents the attachment point to A%, and the # represents the attachment point to

the remainder of the molecule;

.--\
~J
S,
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A’ is selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranyl, 2,3~
dihydrobenzofuranyl, benzothiazolyl, and 3 4-dihydro-2H-benzolbli 1,4 Joxazinyl, wherein cach
of the phenyl, naphthyl, quinolinvl, benzofuranyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzolb}f I,4joxazinyi 15 optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NO», C1-Cs alkyl, Cr-Co alkenyl, Ci-Cs alkynyl,
and Ci-Cs haloatkyl;

A¥is sclected from the group consisting of phenyl, naphthyl, quinofinyl, benzofuranyl, 2.3-
dihvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-2H-benzo{bl] 1,4 joxazinyl, wherein each
of the phenvl, naphthvl, quinolinyl, benzoturanyl, 2,3-dihydrobenzofuranyl, benzothiazolyl, or
3. 4-dihydro-2H-benzolblf 1,4 joxazinyi is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NO2, C1-Cs alkyi, Co-Cs alkenyl, Co-Co alkynyl,

and Ci-Cs haloalkyl

Embodiment 7. A compound of formula (VI
R26
227 N”Q\i ; ATl
AN
Y
0 >
(VI

or g pharmaceutically acceptable salt thercof,
wherein:
R?® is hydrogen or -C{0)0H;

R”7 is hydrogen or halogen;

O o MNH
S e S e
L% is selected from the group consisting of * # + # ¥ #,

QH 9]
; g it sk *
*/O\\//\\//#' */OW# */OV/\\# \v//\\ﬁ and \Q)j\#.

Lig .
wherein the * represents the attachment point to A%, and the # represents the attachment point to

the remamder of the molecule;

—
~J
(9]
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3 O NH
L1 is selected from the group consisting of # L H O )

OH 0
#\/K§/C§\}R #WO\* #//\\/0\* ; * /LKO/%

cand #
wherein the * represents the attachment point to A0, and the # represents the attachment point to
the remainder of the molecule;
A? is selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranyl, 2,3~
dihydrobenzofuranyl, benzothiazolyl, and 3 4-dihydro-2H-benzolbll1,4loxazinyl, wherein cach
of the phenyl naphthyvl quinolinyl, benzofuranyl, 2 3-dihydrobenzofuranyl], benzothiazolyl, or
3 4~-dibyvdro-2H-benzolbli 1,4]oxazinvi is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NO2, C1-Cs alkyi, Co-Cs alkenyl, Co-Co alkynyl,
and Ci-Cs haloalkyl;
Al s selected from the group consisting of phenyl, naphthyl, quinolinyl. benzofuranyl, 2,3~
dihydrobenzofuranyl, benzothiazolvl, and 3,4-dihvdro-2H-benzo{bi] 1.4 joxazinyl, wherein cach
of the phenyl, naphthyl, quinolinyl, benzofuranyl, 2 3-dihydrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzolbli 1 4joxazinyl 1s optionally substituted with 1, 2, 3, or 4 substitugnts
selected from the group consisting of halogen, —NO2, C1-Ce alkvl, C:-Cs alkenvl, C2-Co alkvnyl,

and Ci-Cs haloalkyi

Embodiment §. A compound of formula (Vi)
RES
Rzg ﬁ AT 3
N <7 L 12
A1 1 L\I\ N -~ N \/J
H
(VIID

or a pharmaceutically acceptable salt thereof,
wherein:
R is hydrogen or —C{O)YOH,

R¥ is hydrogen or halogen;

—
~J
N
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o) 0 NH
)‘k Q\)J\ 0\)]\
i o« # * #.
i
o Ny

wherein the * represents the attachment point to Al and the # represents the attachment point to

) G NH
12 5 " : ot )‘k* v'é)K//O\* 4 JK/O\*
L' 1s selected from the group consisting of # , # , \

OH i
ﬁ\\/l\/g\* AW{}\) #//'\\/,O\wk #/’\\\,/ /JL‘O/*

cand # ;

L' is selected from the group consisting of *

OH
. /O\//'\\/# . /Qw# . /Q\\/\# *\\//‘\

# and

the remainder of the molecule;

wherein the * represents the attachment point to A", and the # represents the attachment point to
the remainder of the molecule;

Al is selected from the group consisting of phenyl, naphthyl, quinolinyi, benzofuranyl, 2,3-
dihydrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-2H-benzo{bi] 1,4 joxazinyl, wherein each
of the phenvl, naphthvl, quinolinyl, benzoturanyl, 2,3-dthydrobenzofuranyl, benzothiazolyl, or
3. 4-dihydro-2H-benzolblf 1,4 joxazinyi is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, —NO2, C1-Ce alkvl, C:-Cs alkenvl, C2-Co alkvnyl,
and Ci-Cs haloalkvi;

A% s selected from the group consisting of phenyl, naphthyl, quinolinyl, benzofuranyl, 2.3+
dihydrobenzofuranyl, benzothiazolyl, and 3 4-dihydro-2H-benzolbl]1.4loxazinyl, wherein cach
of the phenyl, naphthyl, quinolinyl, benzofuranvl, 2,3-dihvdrobenzofuranyl, benzothiazolyl, or
3 4-dihydro-2H-benzo[blf §,4joxazinyi is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, ~NGa, C1-Cs alkyl, Co-Cs atkenyl, {3-Cs alkyayl,
and Ci-Cs haloalkyi ;

provided that the compound of formula (VIII) 1s not
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Embodiment 9. A compound selected from the group consisting of a compound of Table 1,

or a pharmaceutically acceptable salt thereof.

Embodiment 10. A pharmaceutical composifion comprising a compound of any one of the
preceeding embodiments, or a pharmaceutically acceptable salt thereof, and a pharmaceatically

acceptable carer,

Embodiment 11, A method of treating a disease or disorder mediated by an integrated
atress response {ISR) pathway in an individual in need thereof comprising admimistering to the
mdividual a therapeatically effective amount of a compound of any one of embodiments 1 t0 9,
or a pharmaccutically acceptable salt thereof, or a therapeutically effective amount of a

pharmaceutical composition of embodiment 10.

Embodiment 12, The method of embodiment 11, wherein the compound, the
pharmaceutically acceptable salt, or the pharmaceutical composition is administered in

combination with a therapeutically effective amount of one or more additional anti-cancer agents.

Embodiment 13. The method of embodiment 11, whereimn the discase or disorder is
mediated by phosphorylation of elF2a and/or the guanime naclectide exchange factor (GEF)

activity of elF2B.

Embodiment 14 The method of any one of embodiments 11-13, wherein the disease or

disorder 1s mediated by a decrease n protein synthesis.

Embodiment 15. The method of any one of embodinments 11-14, wherein the disease or

disorder is mediated by the expression of ATF4, CHOP or BACE-1.

Embodiment 16. The method of any of embodiments 11-13, wherein the discase or disorder
is a neurodegenerative discase, an inflammatory disease, an autoimmune disease, a metabolic

syndrome, a cancer, a vascular disease, an ocular disease, or a musculoskeletal disease.

f—
~J
o
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Embodiment 17, The method of embodiment 20, wheremn the disease 1s vanishing white
matter disease, childhood ataxia with CNS hypomyelination, mtellectual disability syndrome,
Alzheimer’s disease, prion disease, Creutzfeldi-Jakob discase, Parkanson’s discase, amvotrophic
lateral sclerosis (ALS) disease, cognitive impairment, frontotemporal dementia (FTD}, traumatic
brain injury, postoperative cognitive dyvsfunction (PCD), neuro-otological syndromes, heanng
loss, Huntington's discase, stroke, chronic traumatic encephalopathy, spinal cord mjury,
dementias or cognitive impairment, arthritis, psoriatic arthritis, psoriasis, juvenilc idiopathic
arthritis, asthma, allergic asthma, bronchial asthma, tuberculosis, chronic airway disorder, cystic
fibrosis, glomenilonephritis, membrancus nephropathy, sarcoidosis, vasculitis, ichthyosis,
transplant rejection, interstitial cystitis, atopic dermatitis or inflammatory bowel disease, Crohn’s
diseasc, ulcerative colitis, celiac disease, systemic lupus ervthematosus, type 1 diabetes, multiple
sclerosis, rheumnatoid arthritis, alcoholic hiver steatosts, obesity, glucose intolerance, insulin
resistance, hyperglycemia, fatty liver, dyslipidemia, hyperlipidenua, type 2 diabetes, pancreatic
cancer, breast cancer, kidney cancer, bladder cancer, prostate cancer, testicular cancer, urothelial
cancer, endometrial cancer, ovarian cancer, cervical cancer, renal cancer, esophageal cancer,
gastrotntestimal stromal tumor (GIST), multiple myeloma, cancer of secretory cells, thyroid
cancer, gastromtestinal carcinoma, chronic myeloid leukemia, hepatocetludar carcinoma, colon
cancer, melanoma, malignant glioma, glioblastoma, glioblastoma multiforme, astrocytoma,
dysplastic gangliocytoma of the cerebellum, Ewing’s sarcoma, rhabdomyvosarcoma,
ependymoma, medulloblastoma, ductal adenocarcinoma, adenosquamous carcingma,
nephroblastoma, acinar cell carcinoma, hung cancer, non-Hodgkin's lymphoma, Burkitt's
lymphoma, chronic lvmphocytic leukemia, monoclonal gammopathy of undetermme
significance (MGUS}, plasmocytoma, lyvmphoplasmacytic lymphoma, acute lyvmphoblastic
feukemuia, Pehizacus-Merzbacher discase, atherosclorosis, abdominal aortic ancurism, carctid
artery discase, deep vein thrombosis, Buerger’s disease, chronic venous hypertension, vascular
calcification, telangiectasia or lymphoedema, glaucoma, age-related macular degeneration,
mflammatory retinal disease, retinal vascular disease, diabetic retinopathy, uveitis, rosacea,
Sjogren’s syndrome or neovascularization in profiferative retinopathy, hyperhomocysteinemia,
skeletal muscle atrophy, myopathy, muscular dvstrophy, muscular wasting, sarcopemia,
Duchenne muscular dystrophy (DMD), Becker's disease, myotonic dystrophy, X-linked dilated

cardiomyopathy, or spinal muscular atrophy {(§MA).

—
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Embodiment 18, A method of producing a protem, comprising contacting a eukarvotic cell
comprising a nuclei acid encoding the proten with the compound or salt of any one of

embodiments [-9.

Embodiment 19. The method of embodiment 18, comprising culturing the cell in an in vitro

cultire medium comprising the compound or salt.

Embodiment 20, A method of culturmg a eukarvotic cell comprising a nucleic acid
encoding a protein, comprising contacting the cukarvotic cell with an in vifro cultare mediam

comprising a compound or salt of any one of embodiments 1-9.

Embodiment 21. The method of any one of embodiments 18-20, wherein the nucleic acid

encoding the protein is a recombinant nueleic acid.

Embodiment 22. The method of any one of embodiments 18-21, wheremm the cell is a

human embryonic kidney (HEK) cell or a Chinese hamster ovary (CHO) cell.

Embodiment 23. A method of producing a protein, comprising contacting a cell-free
protein synthesis {CFPS) system comprising eukaryotic initiation factor 2 (¢1¥2) and a nucleic

acid encoding a protein with the compound or salt of any one of embodiments 1-9.

Embodiment 24 The method of any one of embodiments 18-23, wherein the protem is an

antibody or a fragment thercof.

Embodiment 25. The method of any one of embodiments 18-24, compusing purifyving the
protein.
Embodiment 26. An in vitro cell culture medium, comprising the compound or salt of any

one of embodiments 1-9 and nuinents for celiular growth.

Embodiment 27. The cell culture medivm of embodiment 26, comprising a cukaryotic cell

comprising a nucleic acid encoding a protein.

130



WO 2019/236710 PCT/US2019/035593

Embodiment 28, The cell culture medium of embodiment 26 or 27, further comprising a

compound for inducing profein expression.

Embodiment 29. The cell colture medivm of any one of embodiments 26-28, wherein the

nucleic acid encoding the protein is a recombinant nucleic acid.

Embodiment 30 The cell culture medium of anv one of embodiments 26-29, wherem the

protein is an antibody or a fragment thereof.

Embodiment 31. The cell culture medivm of any one of embodiments 26-30, wherein the

cukaryotic cell is a human embryonic kidney (HEK) cell or a Chinese hamster ovary (CHO) cell.

Embodiment 32 A cell-free protein synthesis (CFPS) system comprising cukaryotic
mitiation factor 2 (e1F2) and a nucleic acid encoding a protein with the compound or salt of any

one of embodiments 1-9.

Embodiment 33. The CFPS system of embodiment 32, comprising a cukarvotic cell extract

comprising elF2.

Embodiment 34, The CFPS systom of embodiments 32 and 33, further comprising ¢fFZB.
Embodiment 35. The CFPS system of any one of embodiments 32-34, wherein the protein

1s an antibody or a fragment thereof.
EXAMPLES

[3258] Although the invention has been described and tHustrated with a certain degree of
particularity, it is understood that the present disclosure has been made ounly by way of example,
and that numerous changes in the combination and arrangement of parts can be resorted to by
those skiiled in the art without departing from the spirit and scope of the invention, as defined by

the claims.
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[0259] The chemical reactions 1n the Examples described can be readilv adapted to prepare a
number of other compounds disclosed herein, and alternative methods for preparing the
compounds of this disclosure are deemed to be within the scope of this disclosure. For example,
the synthesis of non-exemplified compounds according to the present disclosure can be
successfully performed by modifications apparent to those skilled in the art, ¢ g, by
appropriately protecting interfering groups, by utihizing other suitable reagents kaown in the art
other than those described, or by making routine modifications of reaction conditions, reagents,
and starting matenals. Alternatively, other reactions disclosed hevein or known in the art will be

recognized as having applicability for preparing other compounds of the present disclosure.

{6264 In some cases, stercoisomers are separated to give single enantiomers or
diastereomers as single, unknown stereoisomers, and are arbitrarily drawn as single isomers.
Where appropriate, information is given on separation method and elution time and order. Inthe
biological exarmaples, compounds tested were prepared in accordance to the synthetic procedures
described therein. For any given compound of unknown absolute stereochemistry for which
specific rotation 18 available, biological data for that compound was obtained using the
enanticmer or diastereoisomer associated with said specific rotation.

[0261] In some cases, optical rotation was determined on Jasco DIP-360 digital polarimeter
at a wavelength of 589 nm (sodium D line} and are reported as o], for a given temperatare T
{expressed 1n °C). Where appropriate, information 1s given on solvent and concentration
{cxpressed as g/100mL).

[8262] Abbreviations:

br. s. Broad singlet

chiorofora-d Deuterated chioroform
methanol-ds Deuterated methanol

DIAD Diisopropyl azodicarboxylate
DCM Dichloromethane

DEA Dethylamine

DIPEA Diisopropylethylamine

BMF N N-Dimethylformanide
DMSO-~ds Deuterated dimethvisulfoxide
d Doublet
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EDC HCI

EtQAc
EtOH
g
HATU

HOBT
HPLC
L
LCMS
MeCN
MeQOH
mg
ml
mmol
m

NME

RT

SFC
TFA
THF
TLC

PCT/US2019/035593

[-Ethy]-3-(3-dimethylaminopropyljcarbodiimide hydrochloric
acid

Eihyl acctate

Ethanol

Gram

{O~(7-azabenzotriazol-1-y1}-N, N N° N -tetramethyhuronium
hexafluorophosphate)
Hyvdroxybenzotriazole

High Performance Liguid Chromatography
Litre

Liguid Chromatography Mass Spectrometry
Acetonitrile

Methanol

Milligram

Millilitre

Millimoles

multiplet

Nuclear Magnetic Resonance

guariet

Room temperature

singlet

Supereritical Fluid Chromatography
infhuoroacetic acid

Tetrabydrofuran

Thin laver chromatography

triplet
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EXAMPLES
Example §

Synthesis of 6-chiloro-N-{4-(2-{4-chloro-3-fluorophenoxy)acetamidojpiperidin-I-yliquinoline-

2-carboxamide
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Step 1 — Synthesis of tert-butyl 4-(2-{4-chioro-3-fluorophenoxyiacetomidojpiperidine-1 -
carbaxylate:

{6263} To a stirred solution of tert-butyl 4-aminopiperidine-1-carboxylate (0.500 g, 2.50
mmol, 1.0 equivy in DMF (10 mL) was added 2-{4-chloro-3-fuorophenoxy)acetic acid {(6.510 g,

2.50 momol, 1.0 cquiv) and HATU (1.90 g, 5.00 numol, 2.0 equiv) at RT. The resulting reaction

mixture was stirred for 10 nunutes and DIPEA (1.4 mL, 7.5 mmol, 3.00 equiv} was added. The
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reaction mixture was allowed to stir at RT for overmight. Product formation was confirmed by
LCMS. The reaction mixtore was diloted with water {50 mL) and extracted with ethyl acetate
{100 mL x 2). Combined organic extracts were washed with water (20 mL X 4), dried over
anhydrous Naz5C4 and concentrated to obtam tert-butyi 4-(2~(4-chloro-3-
fluorophenoxyacetamido)piperiding-1-carboxylate (1.00 g, quantitative vield) as a brown

semisolid. LCMS: 387 2 IM+H]"

Step 2 — Synthesis of 2-(4-chloro-53-fluvrophenoxy)-N-(piperidin-4-yljavetamide 2,2, 2-

trifluoroacetate.

[8264] To a stirred solution of tert-butvl 4-(2~(4-chlore-3-
fluorophenoxyacetamido)piperiding-1-carboxyvlate {1.00 g, 2.5 mmol) in DBCM {15 mL} was
added TFA (1 mL). The resultant reaction mixture was stirred at RT for overnight. Progress of
the reaction was monitored by NMR spectroscopy. After completion of the reaction, the
reaction nuxture was concentrated under reduced pressure o obtamn 2-(4-chloro-3-
fluorophenoxy}-N-{piperidin-4-yliacetamide 2,2, 2-trifluorcacetate (1.00 g, quantitative yield} as
a brown semisclid. LCMS: 287 [M+H}", 'H NMR (400MHz, DMSO-de} & 835 (br.s., 1 H),
831-818(m,2H),749(,/=90Hz, 1 H),706(dd.J=26,114Hz, 1 H),684(dd, /=20,
O0Hz 1H),454(,2H),390(d,/=70Hz, 1 H),327(d,/=127Hz, 2H},309-293{(m, 2
H), 1.88(d, /=114 Hz 2H), 1.69-154{m, 2 H).

Step 3 — Synthesis of 2-(4-chioro-3-fluorophenoxy}-N-{ [ -nitrosopiperidin-4-vijacetamide

103265] To a stirred sohution of 2-{4-chlore-3-flucrophenoxy }-N-{piperidin-d-vlacetamide
2,2 2-trifluoroacetate (6.0 g, 15.66 mmol, 1.0 equivy in water (30 mL) was added acetic acid
{10 mL)} and sodium nitrite (4.3 g, 62.66 mmol, 4.0 equiv) at RT. The reaction mixture was
allowed to stir at RT overnight. Product formation was confirmed by LCMS. The reaction
mixture was diluted with water (50 mL). The resulting solid was filtered off, washed with water
{20 mL x 4) and dried under vacuum to obtain to 2-{(4-chloro-3-fluorophenoxy)-N-( i~
mitrosopiperidin-4-yDacetamide (2.8 g, 60 % vield as an off white solid}. LCMS: 316 {M+H]™;
"H NMR (400MHz, DMSO-dey 8 8.13(d, /=70 Hz 1 H), 750 (t, /=88 Hz, 1 H), 7.07 (dd, J
=26 114Hz 1H),694-675(m, I H),468-458(m, 1 H),458-447(m, 2H),4.18-4.01
(m, TH),399-382(m, T H}L3.03-282(m, 1 H}, 198, J=123H= 1 H), 1.78{(d, /=127
Hz, 1H), 1.70-1530n, 1 H), 135-1.23 (m, 1 H).
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Step 4 — Synthesis of N-{1-aminopiperidin-4-yl)-2-(4-chloro-3-fluorophenoxylacetamide:

{03266} To a solution of 2-(4-chloro-3-fluorophenoxy}-N-~(1 -niirosopiperidin-4-vljacetamide
{0.100 g, 0.31 mmol, 1.0 equiv) m water (5 mL) was added acetic acid (I mL} and Zn dust
{0.208 g, 3.1 mmol, 10.0 equuv} at RT. The reaction mixture was allowed to stir at RT
overnight. Product formation was confirmed by LCMS. The reaction mixture was filtered
through Celite®. The resulting filiratc was basified by liguid ammonia and extracted with ethvl
acetate (S0 mL x 23, Combined organic laver was washed with water (20 mL « 4}, dried over
anhydrous NaxSOs and concentrated to obtam N-(I-ammopipernidin-4-y}-2-(4-chloro-3-
fluorophenoxy)acetanuide (0,100 g, quantitative vicld} as an off white solid. LUMS: 302

IMHT

Step 5 — Synthesis of 6-chloro-N-{4-{2-(4-chioro-3-fluorophenoxy)acetamidojpiperidin-1 -

Vijguinoline-2-carboxamide:

8267} To a solution of N-( 1-aminopiperidin-4-v1}-2-(4-chloro-3-flucrophenoxy) acetamide
(0,100 g, 0.33 mumel, 1.0 equivy in DMF (5 mL) was added 6-chloroquinoline-2-carboxylic acid
(0.070 g, 0.33 punol, 1.0 equiv) and HATU (0.208 g, 0.66 munol, 2.0 equiv) at RT. The
resulting reaction mixture was stirred for 10 minutes and DIPEA (0.28 mL, 0.99 mmol, 3.0
equivy was added. The reaction mixture was allowed to stir at RT overmight. Product formation
was confirmed by LCMS. The rcaction mixture was diluted with water (20 mL) and extracted
with ethvl acetate (30 mL x 2). Combined organic layer was washed with water (20 mL x 4),
dried over anhydrous NapS(h and concentrated. The crude product was purified by reverse
phase HPLC to obtain 6-chloro-N-{4-(2~(4-chloro-3-flusrophenoxy jacetamido)piperidin-1 -
vhquinoline-2-carboxamide {Compound 1 - 10 mg, 6 % vield) as an off white solid. LCMS:
401 [MHHT: 'H NMR (400MHz, DMSO-de} 5 9.77 (s, 1 H}), 8.53(d, J=83 Hz, 1 1}, 8.24¢(d,J
=1.8Hz 1 H),818-8.03¢m, 3H), 788{(dd,J=24,90Hz 1 H), 751 J=88Hz, I H),
709(dd, /=29, 116Hz 1H), 687{d,J=75Hz, 1 H), 454 (s, 2H),3.68(br.s.. 1 H),3.03
(d,J=105Hz 2H), 287 (1, J=107Hz, 2H), 1.79(d,J=105Hz, 2 H), 1. 75- 1 58 (m, 2 H}.
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Example 2

Synthesis of 5-chivro-N-{(4-{2~(4-chioro-3-fluoraphenoxylacetamidolpiperidin- 1~

yibenzofuran-2-carboxamide

O
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o M2 pyE RTIOvernight @ (\’ o
| . NSO
N

i P H ol —~Q

[268] To a solution of N-( 1-ammopiperidin-4-v1}-2-(4-chloro-3-flucrophenoxy) acetande
(0,100 g, 0.33 mmol, 1.0 equiv) in DMF (5 mL) was added 5-chlorobenzofuran-2-carboxylic
acid (0.065 g, 0.33 punol, 1.0 equiv) and HATU (0.250 g, 0.66 nunol, 2.0 equiv) at RT. The
resulting reaction mixture was stirred for 10 munutes. DIPEA (0.28 mL, 0.99 mmoi, 3.0 equiv)
was added. The reaction mixiure was allowed to stir at RT overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (25 mL) and extracted with
cthyl acetate (50 mi x 2). Combined organic layer was washed with water (20 mL x 4}, dried
over anhydrous NazSC4q and concentrated. The crude product was purified by reverse phase
HPLC to obtain 5-chloro-N-(4-(2-(4-chloro-3-fluorophenoxyjacetamidoipipernidin-1-
vhbenzofuran-2-carboxamide (Compound 2 - 20 mg, 12 % vield) as an off white solid. LCMS
480 [M+H]" TH NMR (400MHz, DMSO-de) 8 979 (s, 1 H). 8.08(d. J=7.5Hz, 1 H). 786 (s,
THL7.70(d,J=92Hz, TH)L 754 -738(m, 3H), 708(d, J=88Hz, | H).686(d J=118
Hz 1H), 453¢(s,2H),3.66(br.s, 1 H),299(br. s, 2H), 2.78{br.s,2H), 1.75¢br. 5,2 H),
1.66 (br.s., 2 H).
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Example 3

Synthesis of 6-chioro-N-{I-{2-{(4-chipro-3-fluorophenoxylacetamido)piperidin-4-ylguinoline-

2-carboxamide
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Step 1 — Synthesis of teri-buiyl 4-(6-chioroguinoline-2-carboxamido)piperidine- 1 -carboxyiate:

[8269] To a stirred solution of tert-butyl 4-aminopipendine-1-carboxylate (1.00 g, 5.00
mmal, 1.0 equiv) in DMF (10 mL} was added 6-chlorogquinoline-2-carboxylic acid (1 040 g,
5.00 mmol, 1.0 equivy and HATU (3.800 g, 10.00 mmol, 2.0 cquiv) at RT. The resulting
reaction mixture was stirred for 10 minutes and DIPEA (2.6 ml., 15.00 mmol, 3.00 equiv} was

added. The reaction mixture was allowed to stir at RT for overnight. Product formation was
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confirmed by LCMS. The reaction mixture was dituted with water (30 mL) and extracted with
ethyl acetate (100 mL = 2}, Combined organic extracts were washed with water (20 mL x 4),
dried over anhvdrous Nax504 and concentrated to obtain tert-buty! 4~(6-chloroguinoline-2-
carboxamidoypmiperidine-1-carboxvlate {1.50 g, quantitative vield) as a brown semisohd. LCMBS:

390.2 [M+H]} "
Step 2 — Synthesis of 6-chloro-N-{piperidin-4-vi)quinoline-2-carboxamide 2,2, 2-trifluoroacetare:

{0270} To a stirred solution of tert-butyl 4-(6-chloroquinoline-2-carboxamidopipendine-1-
carboxylate (1.50 g, 3.80 mmol) in DCM (15 mL) was added TFA (5 mL). The resultant
reaction mixture was stirred at RT for overnight. Progress of the reaction was monitored by
NMR spectroscopy. After completion of the reaction, the reaction mixture was concentrated
uader reduced pressure to obtain 6-chloro-N-(piperidin-4d-ylquinoline-2-carboxamide 2,2,2-
trifluoroacetate {1.00 g, 65 % vield) as a brown solid. LCMS: 290 [M+H] 7. TH NMR
{(400MHz, DMSO-ds) 6898 (d, J=79Hz, 1 H), 864 (br. s,  H}, 8.55(d, J=83 Hz, | H),
838 ¢br.s, 1 HL825(d,J=22Hz 1 H),818(d, /=88 Hz 2H),789(dd,/J=22,92Hz 1
H), 421-408(m, 1 H),336(d,/J=127Hz 2H),316-301 {m, 2 H},2.05-1.96(m, 2 H),
1.96 - 1.82 (m, 2 H).

Step 3 — Synthesis of 6-chloro-N- {I-nifrosopiperidin-4-yi) guinofine-2-carboxamide:

{3271} To a stirred solution of G-chioro-N-{piperidin-4-yhquinoline-2-carboxamude 2,2,2-
trifluorcacetate (1.0 g, 2.50 mmol, 1.0 equiv) in water (15 mL} was added acetic acid (5 mL)
and sodium nitrite (0.730 g. 10.03 mmol, 4.0 equivy at RT. The reaction mixture was allowed
to stir at KT overight. Product formation was confirmed by LCMS. The reaction mixture was
dituted with water (50 mL}. The resulting sohid was filtered off, washed with water (20 mL x 4)
and dried under vacuum to obtain to 6-chloro-N-{1-nitrosopiperidin-4-vl} quinoline-2-

carboxamide (1 .40 g, quantitative vield) as a white solid). LCMS: 319 [M+H]} "
Step 4 - Synthesis of N-(1-aminopiperidin-4-yB-6-chloroquinoline-2-carboxamide:

[06272] To a solution of 6-chioro-N-(1-nitrosopiperidin-4-vl) guinoline-2-carboxamide
{0.100 g, 0.31 mmol, 1.0 equiv) in water (5 mL) was added acetic acid (5 mL} and Zn dust
{0.045 g, 0.62 mmol, 2.00 equivy. The reaction mixture was allowed to stir at RT overnight.
Product formation was confirmed by LCMS. The reaction mixture was filtered through Celite®.
The resulting filtrate was basified by hguid ammonia and extracted with ethvl acetate (50 mb x

2}, Combined organic layer was washed with water (20 mL. = 4}, dried over anhvdrous NaxSO4
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and concentrated to obtain N-(1-aminopipendm-4-vi)-6-chloroquinoline-2~carboxamide (0.1060

g, 96 % vield) as a brown semisohid. LCMS: 305 [M+H}™

Step 5 — Synthesis of 6-chloro-N-{1-(2-(4-chloro-3-flucrophenoxyv)acetamidolpiperidin-4-

Vijguinoline-2-carboxamide:

{0273} To a solution of N~(1-amimopiperidin-4-y}-6-chlorogquincline-2-carboxamide (0.100
g, 0.32 mmol, 1.0 equiv) in DMF (5 mL) was added 2-(4-chloro-3-fluorophenoxylacetic acid
(0.068 g, 0.32 mumol, 1.0 equiv) and HATU (0.244 g, 0.64 mmol, 2.0 equiv) at RT. The
resulting reaction mixture was stitred for 10 munutes and DIPEA (0.25 mL, 0.96 mmol, 3.0
equiv) was added. The reaction mixture was allowed to stir at RT overmight. Product formation
was confirmed by LCMS. The reaction mixture was diluted with water (20 mL)} and extracted
with ethyi acetate (50 mb » 2}, Combined organic layer was washed with water (20 mbL x 4},
dried over anhydrous Na:SO4 and concentrated. The crude product was purified by reverse
phase HPLC to obtain 6-chloro-N-{1-(2-(4-chloro-3-fluorophenoxy jacetamidopiperidin-4-
vhquinoline-2-carbosamide {Compound 3 - 7 mg, 3 % yield) as a white sohid. LCMS: 491
IMAHH] " TH NMR (400MHz, DMSO-de) § 9.18 (s, 1 H), 8.79(d, /=88 Hz, 1 H), 8.34(d, J =
88Hz 1 H).825(br.s, 1 H),823-811(m, 2H), 789(d, /=83 Hz 1 H), 758 - 741 (m, 1
H), 703 (br.s, 1 Hp, 6.78{br. s, 1 H), 494 (s, 1 H},450(s, L H), 311 {br. s, 1 H), 295 (br. s,
2H), 2.73(br.s, 2 H), 1.85(br. s, 4 H).

FExample 4

Synthesis of NN ~{piperidine-1,4-diybis(2-(4-chloro-3-fluorophenoxyjacetamide)}

o
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{6274} To a solution of N-(1-aminopiperidin~-4-yi}-2-{4-chloro-3-fluorophenoxy) acetamide
{0.100 g, 0.33 mumol, 1.0 equuv} in DMF (5 mL) was added 2-{(4-chloro-3-Hlucrophenoxyacetic
acid {0.068 ¢, 0.33 mmol, 1.0 equuv} and HATU (0.250 ¢, 0.66 mmol, 2.0 equiv) at RT. The

196



WO 2019/236710 PCT/US2019/035593

resulting reaction mixture was stirred for 10 minuies and DIPEA (0.28 mL, 0.99 mmol, 3.0
equivy was added. The reaction mixture was allowed to stir at RT ovemnight. Product formation
was confirmed by LCMS. The rcaction mixture was diluted with water (20 mL) and extracted
with ethyl acetate (80 mL x 2). Combined organic layer was washed with water (20 mL x 4),
dried over anhydrous Na:504 and concentrated. The crude product was purified by reverse
phase HPLC to obtain N N -(piperidine-~1,4-diyljbis{2-(4-chloro-3-tfluorophenoxyjacetamide)
{Compound 4 - 20 mg, 13 % vicld) as a white solid. LCMS: 488 [M+H]", '"H NMR (400MHz,
DMSO-de)39.15(s, 1 H), 879 (br. s, 1 H), 805(d,/=75Hz 1 H), 754 -742 (m, 2H), 7.05
(s, 1H), 708¢s, 1 H),685(d,J=66Hz, 1 H),490(s, 1 H),458-440{m, 3H)}, 359 br 5,2
H),305(br.s, I H), 288 (br. s, 1H)L266(d, J=110Hz, 1 H), 1.73(br. s, 2H), 158, /=
92 Hz, 2 H).
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Example §
wyathesis of 3-chloro-N-{1-(2-{4-chloro-3-fluorophenoxyiacetamido)piperidin-4-
yiibenzofuran-2-carboxamide
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Step 1 — Synthesis of tert-buiyl 4-(5-chiorobenzofuran-2-carboxamidojcyciohexane-1-

Step 5

carboxyiate:

[6275] To a stirred solution of teri-butyl 4-aminopipendine-1-carboxylate (1.02 g, 5.10
mmol, 1.0 equiv} in DMF (10 mL} was added S-chlorobenzofuran-2-carboxvhic acid (1.0 g, 3.1
mmol, 1.0 equiv) and HATU (3.800 g, 10.02 mmol, 2.0 equuv} at RT. The resulting reaction
mixtare was stirred for 10 minutes and DIPEA (2.5 mb, 15.00 mmel, 3.00 equivy was added.
The reaction mixture was allowed to stir at RT for overnight. Product formation was confirmed
by LCMS. The reaction mixture was diluted with water (50 mL} and extracted with ethyl
acetate (100 mb x 2). Combined organic extracts were washed with water (20 mL x4}, drigd

over anhydrous NaxS0O4 and concentrated. The crude product obtained was treated with ether-
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hexane (50:50) to obtain tert-butyl 4-(3-chlorobenzofuran-2-carboxanudo)pipenidine-1-

carboxylate (0.800 g, 43% vield) as an off-white sohd. LCMS: 3792 [M+H] ™

Step 2 — Synthesis of S-chloro-N-{(piperidin-4-yl}benzofuran-2-carboxamide 2,2, 2-

trifluoroacetate:

[6276] To a stirred solution of tert-buty!l 4-(5-chlorobenzofuran-2-carboxamido)piperidine-
I-carboxylate (0.800 g, 2.32 mmol) in BCM (10 mL) was added TFA (3 mL). The resultant
reaction mixture was stirred at RT for overnight. Progress of the reaction was monttored by
MNMR spectroscopy. After completion of the reaction, the reaction mixture was concentrated
under reduced pressure. The crude product obtamned was treated with dicthvl ether to obtan 5-
chlorg-N-{piperidin-4-yDbenzofiran-2-carboxamide 2.2 2-trifluorcacetate (0.960 g, quantitative

vigld) as an off-white solhid. LCMS: 2793 [M+H}™
Step 3 — Synthesis of 5-chloro-N-{I-nitrosopiperidin-4-yvi)benzofuran-2-carboxamide:

{6277} To a stirred sohution of 5-chloro-N-(piperidin-4-yiibenzofuran-2-carboxamide 2,2 2-
iriffuorocacetate (0.500 g, 1.25 mmol, 1.0 equiv) in water (20 mL) was added acetic acid (5 mL)
and sodium nitrite {0.345 g, 5.00 mmol, 4.0 equiv}. The reaction mixture was allowed to stir at
RT overnight. Product formation was confirmed by LUMS. The reaction mixture was difuted
with water (50 mL). The resulting solid was filiered off, washed with water (20 mL x 4) and
dried under vacuum to obtain to 3-chloro-N-(1-nitrosopiperidin-4-ylbenzofuran-2-carboxamide

(0.320 g, 81 % vield) as an off-white solid). LCMS: 3081 [M+H} ™
Step 4 — Synthesis of N-(l-aminopiperidin-4-yi}-5-chiorobenzofuran-2-carboxamide.

[8278] To a solution of 5-chloro-N-(1-nitrosopipernidin-4-yDbenzofuran-2 -carboxamide
(0.300 g, 0.97 mmol, 1.0 cquiv) in MeOH (10 ml) was added concentrated HCI (0.5 m1.) and
Zndust (0.123 g, 1.89 mmol, 2.0 equuv). The reaction muixture was allowed to stir at RT
overmght. Product formation was confirmed by LCMS. The reaction mixture was filtered
through Celite®. The resulting filtrate was basified by liquud ammonia and extracted with ethyl
acetate (30 mbL = 2}, Combined organic laver was washed with water (20 ml. x 4), dried over
anhydrous Na:5804 and concentrated to obtam N-(1-aminopipendin-4-vi)-3-chlorobenzofuran-2-

carboxamide {0.340 g, quantitative vield) as a brown semischid. LCMS: 2941 [M+H} ™
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Step 3 — Synthesis of 5-chloro-N-{1-{2-(4-chioro-3-fluorophenoxy)acelamidojpiperidin-4-

vijbenzofuran-2-carboxamide:

{8279} To a solution of N-(1-aminopiperidin-4-yi}-3-chlorobenzofuran-2-carboxamide
{0.200 g, 0.68 mumol, 1.0 equuv} in DMF (5 mL) was added 2-{(4-chloro-3-Hlucrophenoxyacetic
acid {0.139 g, 0.68 mmol, 1.0 equuv} and HATU (0512 ¢, 1.365 mmol, 2.0 equiv) at RT. The
resulting reaction mixture was stirred for 10 mimutes and DIPEA (0.3 mL. 2.04 mmol, 3.0 cquiv)
was added. The reaction mixiure was allowed to stir at RT ovemight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (20 mL) and extracted with
cthyl acetate (50 mi. x 2). Combined organic layer was washed with water (20 mL x 4), dned
over anhydrous Nax5G04 and concentrated. The crude product was purified by reverse phase
HPLC to obtain S-chloro-N-(1-(2-{(4-chloro-3-flucrophenoxyjacetamido}piperidin-4-
vljbenzofaran-2-carboxamide (Compound 5 - 20 mg, 5 % vield) as a white solid. LUMS: 480.2
IMAH] " T H NMR (400MHz, DMSO-ds} 8 9.18 (s, 1 H), 8.70(d, J=75Hz 1 H), 787 (br.s., 1
Hy.770(d,J=88He, T}, 757-742(m, T H),709-698(m, 1 H}, 6.87-678 (m, 1 H),
493449 (s, 2H), 4493 76(br. s, T HY,309{br. s, 1H),293(d, J=105H2 2H),2.74 -
263 (m, 2 H), 1.85-1.69 (m, 4 H).
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Example 6

Synthesis of 2-{4-chioro-3-fluorophenoxy)-N-{4-(3-{(4-chioro-3-fluvrophenoxy)-2-
hydroxypropyDpiperazin-1-yllacetamide
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Step 5

Step 1 — Synthesis of tert-buiyl 4-(3-(4-chioro-3-fluorophenoxy)-2-hydroxypropyl)piperazine-1-
carboxylate:

[0280) To a stirred sclution of tert-buty! piperazine-1-carboxylate (2.00 g, 10.05 mmol, 1
equivy in DMF (10 mb) was added 2-({(4-chloro-3-fluorophenoxy ymethyhoxirane (2.2 g, 11.0
mmol, 1.1 equiv) and K2C03 (4.1 g, 30.0 mmol, 3 equuiv) at RT. The resultant reaction mixture
was heated at 160 °C for overnight. Progress of the reaction was monttored by LCMS. After
completion of the reaction, the reaction mixture was diluted with water (100 mL) and extracted
wit ethyl acetate (1530 mL x 2). Combined organic layer was washed with water (30 mL « 4),

dried over anhydrous Na:504 and concentrated vnder reduced pressure. The crude product
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obtained was purified by flash chromatography (0-5 % MeOH m DCM as an eluent) to obtain
tert-butyl 4-(3-(4-chloro-3-fluorophenoxv)-2-hydroxypropyiipiperazine-1-carboxylate (2.3 g, 55
% vicld) as an off white solid. LCMS: 389.3 [M+H] ", 'H NMR (400MHz, DMSO-ds) 87.46 (1,
J=90Hz, 1 H),706(dd,J=26, 11 8Hz 1 H},683(dd,J=22,88Hz 1 H),493(d,/J=48
Hz, 1H),410-381 {(m, 5 H), 247 -221 (m, 8H), 1.39(s, 9 H).

Step 2 — Synthesis of {-(4-chloro-5-fluorophenoxy)-3-(piperazin-i-vi)propan-2-ol 2,2, 2-

trifluoroacetaie.

{6281} To a stirred sohution of tert~-butyl 4-(3~{4-chloro-3-fluorophenoxy)-2-
hydroxypropylpiperazine--carboxylate (1 500 g, 5.92 mmol) in DCM (30 mL) was added
TFA (5 mL). The resultant reaction mixture was stirred at RT for overnight. Progress of the
reaction was momtored by NMR spectroscopy. After completion of the reaction, the reaction
mixture was concentrated under reduced pressure. The crude product obtained was treated with
dicthy! ether to obtain §-(4-chioro-3-fluorophenoxy)-3-(piperazin-1-vhpropan-2-0l 22,2~

trifiuoroacetate (2.30 g, quantitative vield) as an brown semisohid. LCMS: 289.2 [M+H] ™.
Step 3 — Synthesis of 1-(4-chioro-3-flucrophenoxy)-3-{4-nitrosopiperazin-1-yl)propan-2-oi:

{6282} To a stirred sclution of 1-(4-chlore-3-Hucrophenoxy}-3-{piperazin-1-yhipropan-2-ol
2.2 2~rifluoroacetate (1.0 g, 2.48 mmol, 1.0 equivy in water (50 ml) was added acetic acid {10
ml} and sodwm nitrite {0.68 g, 9.90 mmol, 4.0 equiv). The reaction mixture was allowed to stir
at RT overnight. Product formation was confirmed by LCMS. The reaction mixtore was diluted
with water (50 mbL). The resulting solid was filtered off, washed with water (20 mb > 4} and
dricd under vacuum to obtain to 1-(4-chloro-3-fluorophenoxy}-3-{4-nitrosopiperazin-1-

vhpropan-2-01 {0.690 g, 87 % vield) as an off-white sohid). LCMS: 318.08 [M+H] ™.
Step 4 - Synthesis of [-{4-aminopiperazin-1-yi}-3-(4-chloro-3-flucrophenoxypropan-2-ol.

{3283} To a solution of 1-{4-chloro-3-fluorophenoxy}-3-{(4-nitrosopiperazin-1-ylpropan-2-
ol (0,600 g, 1 89 mmol, 1.0 equiv) in MeOH (10 mL) was added concentrated HCE (0.5 mL) and
Zn dust (00.369 ¢, 5.67 mmol, 3.0 equiv). The reaction mixture was allowed to stir at RT
overnight. Product formation was confirmed by LCMS. The reaction mixture was filtered
through Celite®. The resulting filtrate was basified by hiquid ammonia and extracted with ethyl
acetate (30 mL x 2}, Combined crganic laver was washed with water (20 mb x 4}, drigd over

anhydrous NaxSO4 and concentrated to obtaim  [-(4-avunopiperazin-{-vi}-3-(4-chioro-3-
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fluorophenoxy)propan-2-ol (0.690 g, quantitative vield) as an off-wiute solhid. LCMS: 304
IMAHH] T

Step 5 — Synthesis of 2-{4-chiloro-3-flucrophenoxy}-N-{4-(3-(4-chioro-3-fluorophenoxy)-2-

hvdroxypropyl)piperazin-1-yvijacetamide:

{0284] To a solution of 1-{(4-ammopiperazin-1-y1}-3-(4-chloro-3-flucrophenoxyipropan-2-ol
{0.200 g, 0.66 mmol, 1.0 equiv) in DMF (05 mL) was added 2-{4-chloro-3-fluorophenoxylacetic
acid (0,134 g, 0.66 mmol, 1.0 equiv) and HATU (0.503 g, 1.32 numol, 2.0 equiv) at RT. The
resulting reaction mixture was stirred for 10 minutes and DIPEA (0.3 mL, 1.98 mumol, 3.0 equiv)
was added. The reaction mixiure was allowed to stir at RT overmight. Product formation was
confirmed by LCMS. The reaction muxture was diluted with water (20 mL) and extracted with
cthyl acetate {50 mbL x 2). Combingd organic layer was washed with water (20 mL < 4}, dried
over anhydrous Na:SO4 and concentrated. The crude product was purified by roverse phase
HPLC to obtain 2-(4-chloro-3-fluorophenoxy)-N-{4-(3-(4-chioro-3-fluorophenoxy)-2-
hydroxypropylpiperazin-1-yljacetamide (Compound 6 ~ 0.040 g, 12 % vicld} as an off-white
solid. LCMS: 490.2 [M-+H] ", '"H NMR (400MHz, DMS0-36) 5915 (br. s, 1 H), 881 (br. s, |
H)y,752-739(m.3H). 704 (s, TH)L 707 (s, 1 H),684 (4, J=79Hz 2 H), 488 (s, 2H), 447
(s, TH),400(d, J=T7S5Hz 1 H),392-383{m, 2H), 290 (br.s, 1 H),2.76 (br. s, 3 H}, 235
{d.J=18.0Hz 4 H).

Example 7

Synthesis of 6~chloro-N-{4-(2-{4-chloro-3-fluorophenoxy)acetamido)piperidin-1-yl}-3,4-
dikydro-2H-benzofbli 1 4 Joxaine-2-carboxamide
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[(3285] To a solution of N-{ 1-aminopiperidin-d-yi}-2-(4-chloro-3-flucrophenoxy) acetamide
{0,100 g, 0.33 munol, 1.0 equivy in DMF (05 mL) was added 6-chlorg-3,4-dihydro-2H-
benzolbl]1,4]oxazine-2~carboxylic acid (0.071 g, 0.33 mmol, 1.0 cquiv) and HATU (0.251 g,
0.66 mmol, 2.0 equiv} at RT. The resulting reaction mixtore was stir for 10 nunutes. DIPEA

{0.28 mL, 0.99 mmol, 3.0 equiv) was added. The reaction mixture was allowed to stir at RT

197
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overnight. Product formation was confirmed by LCMS. The reaction mixture was diluted with
water (50 mbL) and extracted with ethyl acetate (100 mL x 2). Combingd organic extracts were
washed with water (30 ml = 4), dried over anhydrous NaxS804 and concentrated. The crude
product was purified by reversed phase HPLC to obtain 6-chloro-N-(4-(2-(4-chloro-3-
fluorophenoxyacetamidopipernidin-1-v1y-3 4-dihydro-2H-benzo|bll 1,4 loxazing-2-carboxamide
{Compound 31 - 05 mg. 3% Yield) as an off white solid. LUCMS: 497 [M+H]", 'H NMR
(400MHz, DMSO-de) & 901 (s, 1 H), 803(d, /=79 Hz, 1 H), 749, /=88 Hz 1 H), 7.06
(d,J=114Hz 1 H),685(d, /J=88Hz 1 H},6.76(d, J=83Hz, 1 H), 667(d, J=83Hz |
H), 657 (br.s, 1 H}, 634-640(m, 1 H}, 617 (br. s, 1 H). 451 (s, 2H), 3.60 (br. 5., 1 H}, 3.40
(d,/=123Hz, 1 H),320(dd, /=79, 118Hz ZH), 288 (br. s, 1 H),2.72-259(m, 2 H),
170 (br. s, 2H), 1.58(d,./=145Hz, 2 H).

Example 8

Synthesis of S-chloro-N-{(4-{3-(4-chloro-3-fluorophenoxy)-2-hydroxypropylipiperazin-1-

vijbenzofuran-2-carboxamide
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Step I — Synthesis of teri-butyl 4-aminopiperazine-I-carboxylare:

0286} To a stirred solution of tert-butyl 4-nitrosopiperazine-1-carboxylate (0.500 g, 2.32
mmol, 1 equivy m THEF: H20 (10:10 mL) was added NHs(C1 (1.98 g, 37.17 mmol, 16.0 equiv)
and then Zn dust (1.21 g, 18.58 munol, 8.0 cquiv) was added portion wise. After completion of
addition the reaction mixtare was stirred at RT for overnight. Progress of the reaction was
monitored by LCMS. Reaction mixture was diluted with water (100 mL) and tiltered off over
celite® bed and filtrate was extracted with DCM (100 mL x 2). Organic layer was separated and
dried over anhydrous NaaSOh and concentrated onder reduced pressure to obtain tert-butyl 4-
aminopiperazine~1~-carboxviate (0.420 g, 96 % Yield) as a yellow senu sohid. LCMS 2023
IMAHH], 'H NMR (400MHz, Chloroform-d) 8 3.47 (br.s, 4 H}, 3.14(br. 5., 2 H}, 2.56 (br. 5., 4
H), 1.45 (s, 9 H}.

Step 2 — Synthesis of teri-buiyl 4-(5-chlorobenzofuran-2-carboxamido)piperazine-i -carboxylate:

3287} To a stirred sohution of 5-chlorobenzofuran-2-carboxylic acid (0.100 g, 0.50 mmol,
1.0 equivy in DMF (05 mbL} was added HATU (0.380 g, 1.01 mmol, 2.0 equiv} at RT and stirred
for 10 munutes. Then tert-butvl 4-aminopiperazine-1-carboxviate (0.112 g, 0.55 mmol, 1.1
equiv) was added followed by the addition of DIPEA (0.2 mbL, 1.52 mmol, 3.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diduted with water (30 mL) and extracted with
EtOAc (80 mL x 2}, The combined organic laver was washed with water (30mL), brine solution
30 mL x 2}, dried over anhvdrous sodium sulbfate and concentrated under reduced pressure, to
obtain tert-butyl 4-(5-chlorcbenzofuran-2-carboxamidopiperazing-1-carboxylate {0.140 ¢, 66
% Yicld) as an off-white sohid. LOMS 380.3 [M+H]"; 'H NMR (400MHz, DMSO-ds) 5 9.90 (s,
THD, 7.87 (s, T H), 7.70(d,/J=88Hz, 1 H),757-744 (m, 2 H}, 342 (br. s, 4 H), 283 {br. 5,
4FH) 1.50-1.29 (m, 9 H).

Srep 3 — Synthesis of 5-chioro-N-(piperazin-/ -vi}benzofuran-2-carboxamide 2.2, 2-
¢ i Vi ¢

trifluoroacelate.

{6288} To a stirred sohution of tert-butvl 4-(5-chlorobenzofuran-2-carboxamido)piperazine-
{~carboxvlate {0.140 g, 0.0.36 mmol, 1.0 equiv) in DCM (8§ mL)was added TFA (I mL) and the
resultant reaction mixture was stirred at RT for 1 b under nitrogen atmosphere. Reaction was
monitored by TLC and LCMS. Afier completion of reaction, the reaction mixiure was

concentrated under reduced pressure to obtain crude product which was crystallized 1n dicthyl

1699
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ether to obtain 5-chioro-N-(piperazin- I-yvl)benzofuran-2-carboxamide 2,2, 2-trifluoroacetate
(0.130 g, 90 % Yield) as an off-white solid. LCMS 2803 {M+H]™, 'H NMR (400MHz, DMSO-
de) & 1020 (s, 1 H),873¢br. s, 2H), 788 (d,/J=18Hz, 1 H). 771 (d, /=88 H=z 1 H). 758 -
742 (o, 2H), 3.08-312(m, 4 H), 3.17-2.97 (m, 4 H).

Step 4 - Synthesis of 5-chloro-N-{4-{3-(4-chloro-3-flucrophenoxv)-2-hvdroxypropylpiperazin-

i-ylibenzofuran-2-carboxamide.

[6285] To a stirred sohution of 5-chlorg-N-(piperazin-1-vljbenzofuran-2-carboxamide 2.2,2-
triffucroacetate (0.130 g, 9.33 mmol, 1.0 equiv) and 2~{(4-chloro-3-
fluorophenoxyymethyhoxirane (0.066 g, 0.33 mmol, 1.0 equiv) m DMF (05 mL), was added
KaC0:{0.081 g, 0.66 mmol, 2.0 equiv) and the resultant reaction mixture was heated at 100 °C
for overnight. Progress of the reaction was monitored by LUMS. After complction of reaction,
the reaction mixture was diluted with water (30 mL) and extracted with EtQAc (50 mL x 2). The
combined organic laver was washed with water (30 mL), brine solution (30 mb x 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure to obtain crude product
which was purified by reversed-phase HPLC to obtain 5-chloro-N~-{4-(3-{4-chloro-3-
fluorophenoxy)-2-hvdroxypropylpiperazin-1-viybenzofuran-2-carboxamide (Compound 19 -
0.015 g, 09% Yield) as a white solid. LCMS 482 3 [M+H]™, 'H NMR (400MHz, DMSO-ds) &
1021 (br. s, T H}L 964 (br. s, 1H), 789, 1 H), 771{(d, /=92 Hz, 1 H), 761 -744 {m, 2 H},
7A1(dd, /=26, 114Hz, 1 H), 687(d, J=83Hz, 1 H). 6.01 (br.s, 1L H), 431 (br. s, | H),
401(d,/=44H=z, 2H),360(br.s,2H), 321 (br.s.,8H).
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Example 9

Syathesis of 6-chivro-N-{4-{3-(4-chiovo-3-flucrophenoxy)-2-hydroxypropylpiperazin-i-yl}-2-

naphithamide
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Step 1 — Synthesis of tert-butyl 4-(6-chloro-Z-naphthamido)piperazine-1-carboxylate:

0294 To a stirred solution of 6-chloro-2-naphthoic acid (0.100 g, .48 mmol, 1.0 equiv) in
DMF (05 mb} was added HATU {0.368 g, 0.97 mmol, 2.0 equiv) at RT and stirred for 10
minutes. Then tert-butyl 4-ammopiperazine-1-carboxylate (0.097 g, 0.48 mmol, 1.0 equiv) was
added followed by the addition of DIPEA (0.2 mL, 1.45 mmol, 3.0 equiv). The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS. the
reaction mixture was diluted with water (50 mL} and extracted with EtOQAc (530 mbL x 2). The
combined organic layer was washed with water (30mL), brine solution (30 mb = 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure, to obtain tert-butyi 4-(6-
chloro-2-naphthamido}piperazine-1-carboxvlate (0.160 g, 83 % Yield) as an off-white solid.
LCMS 3902 [M+H}", 'H NMR (400MHz, DMSO-de} & 9.69 (s, 1 H), 839 (s, 1 H), 8.18 - 8.03
(o, 2H), 797(,J=90Hz 1 H),790(d, J=88Hz | H), 7.60(d, J=70Hz 2 H), 344 (br.
8,3H),294-284(m, 4H), 1.33-1.32(m, 9H).
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Step 2 — Synthesis of 6-chioro-N-i(piperazin-1-yl}-2-naphthamide 2,2, 2-trifluoroaceiare:
£ . {74 Y '} g

0291} To a stirred solution of tert-butyl 4-(6-chloro-2-naphthamido)piperazine-1-
carboxvlate (0.160 g, 6.41 mmol, 1.0 equiv} in BCM (05 mL) was added TFA (I mL) and the
resultant reaction mixture was stirred at RT for 1 b under nitrogen atmosphere. Reaction was
monitored by TLL and LCMS. After completion of reaction, the reaction mixture was
concentrated under reduced pressure to obtain sticky crude product which was crvstallized in
dicthy! ether to obtain 6-chloro-N-(piperazin-1-yl}-2-naphthamide 2,2 2-trifluoroacetate (0.140
g, 84 % Yield) as an off-white solid. LOMS 2902 [IM+H]™, 'H NMR (400MHz, DMSO-de} 3
998 (s, 1 H),865(¢hbr.s.2H), 841(s, 1 H),819-805(m,2H),800(d,J=83Hz, I H),791
(d,J=T70Hz, [ H),762(dd,J=1888Hz, L H),325(br. s,4H),3.16(r s,4H).

Step 3 — Synthesis of 6-chloro-N-{4-{3-(4-chioro-3-fluorophenoxy)-2-hydroxypropyl)piperazin-

1-yl)-2-naphthamide:

63292} To a stirred sobution of 6-chlorg-N-(piperazin-1-vi}-2-naphthamide influgroacetate
(0.140 g, 0.34 mumol, 1.0 equiv) and 2-({4-chloro-3-fluorophenoxyymethyoxirane {0.070 g,
0.34 nunol, 1.0 ecquivy in DMF (05 mL}, was added K2C0:(0.095 g, 0.69 mmol, 2.0 equiv) and
the resultant reaction mixture was heated at 100 °C for overmight. Progress of the reaction was
monitored by LCMS. After completion of reaction, the reaction mixture was diluted with water
{50 mL) and extracted with EtOAc (50 mL x 2). The combined organic laver was washed with
water (30 mL), brine solution (30 mL x 2}, dried over anhvdrous sodium sulfate and
concentrated under reduced pressure to obtain crude which was purified by reversed-phase
HPLC to obtain 6-chioro-N-{4-(3-{4-chloro-3-fluorophenoxv)-2-hydroxypropviipiperazin- 1-yi}-
2-naphthamide (Compound 14 - 0.005 g. 04% Yield) as white solid. LCMS 492.2 [M+H]", H
NMR (400MHz, DMSO-de) 6999 (br.s., T H), 962 (br.s., F H), 842 (s, 1 H), 821 -8.05 (m, 2
H), 800(d,/=83Hz 1 H),791(d,J=92Hz 1 H), 7.62(d,/=105Hz, 1 H),755-742
(o, THYL 711 (4, J=110Hz 1H), 6880, /=T5Hz 1H), 601 (br.s. 1 H),432(rs.2
Hy,401{d,/J=44Hz, 2H), 362 {br.s,2H}, 326 (br. s, 6 H).
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Example 14

Synthesis of 2-(4-chiorn-3-fluorophenoxyh-N-{4-({2-{4-chloro-3-

Sfluorophenoxylethyaminolpiperidin-1-yHacetamide
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{0293} To a stirred sohution of N-{4~-aminopiperidin~1-y1}~2-(4-chloro-3-
fluorophenoxyacetamide 2,2 2-trifluorcacetate {0.100 g, 0.24 mmol, 1.0 equiv) and 4-(2-
bromocthoxy -1-chloro-2-flucrobenzene (0.062 g, 0.24 mmol, 1.0 equiv) m DMF (05 mL}, was
added K2C0:(0.068 g, 0.49 mmol, 2.0 cquiv) and the resultant reaction mixture was heated at
60 “C for overnight. Progress of the reaction was monitored by LCMS. The reaction mixture was
diluted with water (20 mL) and extracted with ethvl acetate (50 mL x 2}, Combined organic
laver was washed with water {20 mL = 4}, dried over anhydrous NaZS04 and concentrated. The
crude product was purtfied by reverse phase HPLC to obtain 2-(4-chloro-3-fluorophenoxy)-N-
{4-{(2-(4~chloro-3~tfluorophenoxyethy Daminopiperidin- I -vl}acetamide (Compound 22 - 0.018
g, 16% Yield) as a white solid. LCMS 474 3 [M+H]", 'H NMR (400 MHz, DMSQ-ds) 5 9.12
(br.s, 1H), 878 (br.s. 1 H),745-754{m, 2H),704-713(m,2 H), 6.84 (d, /=877 Hz, 2
H), 488 (s, 2 H),446(s,2H), 405¢br. s, 2H),2.65(d, J=1228 Hz, 2 H), 1.87 (br. s, 2 H},
139(br.s,3H), 123 (br.s., 2 H).
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Example 11

Synthesis of 6-chloro-N-(d-{{2-(4d-chioro-3-fluoraphenoxylethyllaminopiperidin- 1~

vidguinoline-2-carboxamide
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Step 1 — Synthesis of teri-butyl {1-(6-chloroguinoline-2-carboxamido) piperidin-4-ylcarbamate:

fa

{0284} To a stirred solution of tert-buty! (I-aminopiperidin-4-vlcarbamate (0.170 g, 0.79
mmol, 1.0 equiv) in DMF (5 mL) was added HATU (0.450 g, 1.1 mmol, 1.5 equuv} at RT and
stirred for 10 mimstes. Then 6-chloroguinoline-2-carboxylic acid (8241 ¢, 1.18 mmol, 1.5
equiv) was added followed by the addition of DIPEA (0.6 i, 3.16 mmaol, 4.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (50 mL). The resulting solid
was filtered off, washed with water (20 mL x 4} and dried under vacuum to obtain tert-botyl (1-
{6-chlorogquinoline-2-carboxanudo)piperidin-4-vicarbamate (0.100 g, 32 % Yicld} as an oft-
white solid. LCMS 40352 [M+H]", 'H NMR (400MHz, DMSO-de) 59.72 (s, 1 H), 853 (d, J=
83Hz 1 H),824¢d, J=18Hz 1H),814¢,J=77Hz 1H), 796-7381 (m, | H), 685 (br.
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s, THL297(br s, 2H), 291 -274(m, 2 H), 1.75(br. s, 2 H), 1.56{(d,/=10.1Hz 2 H), 1 47
- 1.28 {m, 9 H).

Step 2 — Synthesis of N-{4-aminopiperidin-1-v)-6-chloroquinoline-2-carboxamide 2,2, 2-

trifluoroacetate:

[0295] To a stirred solution of tert-buty! (1 «{(6~chloroguinoline-2-carboxamidopipernidin-4-
vhcarbamate (0.100 g, 0.24 mumol, 1.0 equiv) in DCM (10 mE)was added trfluoroacetic acid
(0.2 mL) and the resultant reaction mixture was stirred at RT for 1 h under nitrogen atmosphere.
Reaction was monttored by TLC and LCMS. After completion of reaction, the reaction mixiure
was concentrated under reduced pressure to obtain sticky crude compound which was triturated
with hexane (10 mL} and diethyl ether and dried under vacuum to obtain N-{4-aminopiperndin-1-
vi-6-chloroquincling-2-carboxamide 2.2, 2-triflucroacetate (0.100 g, 97 % Yield) as an yellow
solid. LCMS 3032 {M+H]", 'H NMR (400MHz, DMSO-de) 39.85 (s, 1 H), 8.34 (d. /=83
Hz, 1 H), 825(s, 1 H), 8.14¢(dd, J=39,88Hz, 2 H), 801 -7.73 (m, 3H), 3.04 (br. s, 2 H),
289{(d,J=123Hz 2H), 194 (br.s.,2H), 1.69(d, /=123 Hz, 2 H).

Step 3 - Svnthesis of 6-chioro-N-(4-{(2-{4-chloro-3-fluoraphenaxylethyljaming jpiperidin- 1 -

viguinoline-2-carboxamide:

{8296} To a stirred solution of N-{(4-anunopipernidin-1-vi)-6-chloroquinoling-2-carboxanude
trifluoroacetate (0.100 g, 0.23 mmol, 1.0 equiv) and 4-(2-bromocthoxy)-1-chloro-2-
fluorchenzene (0.060 g, 0.23 mmol, 1.0 equiv) in DMF (05 mL}, was added K205 {0.066 g,
0.47 mmol, 2.0 equiv) and the resultant reaction mixture was heated at 60 °C for overnight.
Progress of the reaction was monitored by LCMS. Product formation was confirmed by LCMS.
The reaction nuxture was diluted with water (580 mL). The resuliing solid was filtered off,
washed with water (20 mL x 4) and dried under vacuum. The crude product was purified by
reverse phase HPLC to obtain 6-chloro-N~{(4-{(2~-(4-chloro-3-
fluorophenoxy)jethvhammo)pipenidin-1 -yhquinoline-2 -carboxamide (Compound 23 - 0.006 g,
04% Yield) as a white solid. LCMS 477.2 [M+H]™ 'H NMR 'H NMR (400 MHz, DMSO-ds} &
pom 992 (bros, 1 H)Y, 872 (s, 1 H), 854 (4, /=833 Hz, 1 H), 826 (s, 1 H), 8.14 (dd, /=8.99,
504Hz, 2H), 789 (. =702 Hz, 1 H), 754 (d, J=R 77 Hz, 1 H), 7.17(d, /=921 Hz, 1 H), 693
(d, =789 Hz, 1 H),428br s, 2H)L 311 (d, /=965 Hz, 3H), 250(d, /=1228 Hz, 3H), 2.67
(br.s, 1HL203-219(m, 2 H), 1.75 (s, 2 H).
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Example 12

Synthesis of S-chlovo-N-(d-{{2-(4d-chioro-3-fluoraphenoxylethyllaminolpiperidin- 1~

yibenzofuran-2-carboxamide

SO0
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Step 1 — Synthesis of tert-butyl {1-(5-chiorobenzofuran-2-carboxamidojpiperidin-4-ylicarbamate:

[06297) To a stirred solution of tert-butyl (1-aminopiperidin-4-vljcarbamate (0.100 g, 0.46
mmol, 1.0 equiv) in BDME (05 mL) was added HATU (0.265 g, 0.69 mmol, 1.5 equiv) atRT
and stirred for 10 minutes. Then 3-chiorobenzofuran-2-carboxylic acid (0.137 g, .69 mmol, 1.5
cquiv) was added followed by the addition of DIPEA (0.35 mi., 1.86 mumol, 4.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixtire was diluted with water (50 mL}. The resulting solid
was filtered off, washed with water (20 mL x 4} and dried under vacuom to obtain tert-butyl (1-
{5-chlorobenzofuran-2~carboxamido)pipendin-4-vhcarbamate (0.150 g, 82 % Yield) as an
vellow solid. LOMS 394.2 [M+H]", 'H NMR (400MHz, DMSO-de) 6 9.75 (s, | H), 7.86(s. |
H), 7.69(d, /=88 Hz, 1 H), 758 -733{m, 2H}. 685(d. J=75Hz 1 H}, 3.25 (br. 5, 1 H),
296(d, J=110Hz 2H), 282-263 (o, 2H), 1.74(d. =118 Hz, 2 H), 1.66 - 1.45 (m, 2 H),
145~ 1.28 (m, 9 H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yl)-5-chiorobenzofuran-2-carboxamide 2,2, 2-

trifluoroacelate.

[0298] To a stirred solution of tert-butyl (1-(S-chlorobenzofuran-2-carboxamido)pipenidin-4-
yhcarbamate (0.150 g, 0.38 mmol, 1.0 equiv) in DCM (15 mb)was added tnfluorcacetic acid
{0.3 mL}) and the resultant reaction mixture was stirred at RT for 1 b under nitrogen atmosphere.
Reaction was monitored by TLC and LCMS . Afier compiction of reaction, the reaction mixture
was concentrated under reduced pressure to obtain crude product which was crystallized in
dicthy! ether and dried under vacuum to obtain N-(4-aminopiperidin-1-y1}-S-chlorobenzofuran-
Z~carboxamide 2,2, 2-trifluoroacetate (0.160 g, Quant. Yield) as an vellow solid. LCMS 294 1
IM+H]" THNMR (400MHz, DMSO-des) 8 989 (s, 1 H), 798 (br. s, 2 H}, 7.90 - 7.80 {m, 1 H),
769(d,J=88Hz, 1 H),760-742(m, 2H),3.03{(d, J=105Hz 3H),2.78¢,/J=11.0Hz 2
H), 194(d,/=114Hz 2H), 166{(d,/=96Hz 2 H).

Step 3 — Synthesis of 5-chloro-N-{4-({2-(4-chioro-3-fluorophenoxyjerhyljaminojpiperidin-i -

vijbenzofuran-2-carboxamide:

[6299] To a stirred sohition of N-{4-aminopiperidin-1-y1}-5-chlorobenzofuran-2-
carboxamide tnifluorcacetate (0.160 g, 0.39 mmol, 1.0 equiv) and 4-(2-bromoethoxy}~1-chioro-~
2-fluorchenzene {0.100 g, 0.39 mmol, 1.0 cquiv} i DMF (05 mL), was added KuCG3(0.108 ¢,
0.78 mmol, 2.0 equiv) and the resultant reaction mixture was heated at 50 °C for overnight.
Progress of the reaction was monttored by LUMS. Product formation was confirmed by LCMS.
The reaction mixture was diluted with water (50 mL}. The resolting solid was filtered off]
washed with water (20 mbL = 4} and dried under vacuum. The crude product was punified by
reversed phase HPLC to obtain 5-chloro-N-{(4-((2-(4-chloro-3-
fluorophenoxy)ethvlaminopiperidin-1 -viibenzoturan-2-carboxamide (Compound 24 - 0.020 g,
10% Yield) as an off white solid. LCMS 4662 [M+H]"; 'H NMR (400 MHz, DMSO-ds) 6 9.73
(s, LH}, 786 (s, 1 H), 7.69(d, /=877 Hz 1 H), 738 -7.58 {m, 4 H), 7.08 (dd, /=11 40, 2.63
Hz, 1H), 684 (d, =702 Hz, 1 H). 403 (t, /=548 Hz 2 H), 2.99 (d, /=10.09 Hz, 2 H}, 2.89 (1,
J=326Hz, 2 H), 2.73 {1, /=987 Hz, 2 H), 1.86 (d, /=16.66 Hz, 3 H}, 1.34 - 1.45 (m, 2 H}.
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Example 13

Synthesis of 2-{4-chioro-3-fluorophenoxy}-N-{4-((3-(4-chioro-3-fluvrophenoxy)-2-
hydroxypropyBaminopiperidin-1-yhacetamide
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Step 1 — Svnthesis of tert-butyl {1-nitrosopiperidin-4-vi)carbamate:

{3300} To a stirred solution of tert-butyl pipendin-4-vicarbamate (5.0 gm, 25 mmol, 1.0
equiv) in water (120 mL) was added acetic acid (40 mL) and sodium nitrite (6.9 gm, 100 mmol,
4.0 equivy at RT. The reaction mixture was allowed to stir at RT overight. Product formation
was confirmed by LCMS. The reaction mixture was diluted with water (50 mL}. The resulting
solid was filtered off, washed with water (20 ml x 4) and dried under vacuum to obtain to tert-
butyl {1-nitrosopipenidin-4-vljcarbamate (5.6 gm, 97 % Yield) a white solid. LCMS5 230.2
IMAHT TH NMR (400MHz, DMSO-de) §6.96(d. J=6.1Hz, 1 H), 452(d. J= 132 Hz, 2 H).
395-3380(m, 1 H),3.67(br. s, 1 H),3.03-285 (mﬁ THYL 197{d, J=11.0Hz, 1 H), 1.76(d. J
=105 Hz, 1 H), 1.60-144 (m, 1 H), 1.39(s, 8 H}, 1.25-1.10 (m, 1 H).
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Step 2 — Synthesis of teri-butyl {1 -aminopiperidin-4-yljcarbamate:

10301} To a stirred solution of tert-butyl (1-nitrosopiperidin-4-vijcarbamate (0.500 g, 2 18
mmol, 1 equivy m THEF: H20 (20:20 mL} was added NHs(C1 (1.88 g, 39.9 mmol, 16.0 equiv) and
then Zn dust {121 g, 17.4 mmol, 8.0 equiv} was added portion wise. After addition, the reaction
mixture was stirred at RT for overnight. Progress of the reaction was monitored by LEMS. The
reaction nuxture was diluted with water (100 mL), filtered over celite bed and filtrate was
extracted with DCM (100 mi x 2}, Combined organic laver was dried over anhvdrous NaxSOq
and concentrated under reduced pressure, to obtain tert-butyl (1-aminopipendm-4-vlicarbamate
(0.400 g, 85 % Yield) as an off white solid. LCMS 216.2 [M+H]", 'H NMR (400MHz, DMSO-
de}36.70(d, J=6.1Hz, 1 H),337 (br. s, 2H), 3.14(br. s, [ H), 2.84(d, J=10.1 Hz, 2 H),
204 J=10THz, 2H), 1.64{d, J=114H=z 2 H), 1.51-1.26 (m, 10 H).

Step 3 — Synthesis of teri-buiyl (1-(2-{4-chloro-3-fluorophenoxylaceiamidojpiperidin---

vijcarbamate:

103302} To a stirred solution of tert-butyl {1-aminopiperidin-4-vljcarbamate (0.200 g, 0.93
mmol, 1.0 equiv) in DMF (10 mL) was added HATU (0.530 g, 1. 39 mmol, 1.5 cquiv) at RT and
stirred for 10 minutes. Then 2-(4-chloro-3-flucrophenoxyjacetic acid (0.188 g, 0.93 mmol, 1.0
equivy was added followed by the addition of BIPEA (0.7 mb, 3.72 mmol, 4.0 equiv). The
resulfing reaction mixture was allowed 1o stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction muxiure was diluted with water (50 mL). The resulting solid
was filtered off, washed with water (20 mL x 4) and dried under vacuum to obtam tert-butyl (1-
{2-{4-chloro-3-fhuorophenoxy Jacetamido)piperidin-4-yiicarbamate (0.250 g, 67 % Yield) as an
off-white solid. LCMS 4022 [M+H]", 'H NMR (400MHz, DMSO-ds) 5§ 9.71 (s, 1 H), 8.53(d,
J=88Hz, 1 H),824 (s, | H), 814 (1, J=77Hz, 2H), 793 -786 (m, 1 H}, 685 (d, /=75 Hz,
TH)YL 299, J=101Hz, 2 H),287-274(m, 2H), 1.75{(br. s, 2 H), 1.56 (d, /=96 Hz, 2 H},
139 (s, 9H}).

Step 4 — Synthesis of N-(4-aminopiperidin-1-yi)-2-(4-chioro-3-flucrophenoxyjacetamide 2,2, 2-
triflucroaceiate.

{63063} To a stirred solution of tert-butvl (1-(2-(4-chlore-3-

fluorophenoxy jacetamido)piperidin-d-vijcarbamate (0.250 g, 0.623 mmol, 1.0 equiv) in DCM
{10 mL) was added triflucroacetic acid (0.1 mL) and the resultant reaction mixture was stirred at

RT for I h under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After
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corapletion of reaction, the reaction mixture was concentrated under reduced pressure to obtain
crude prodact which was crystallized in diethyl ether and dried under vacuum to obtain N-{4-
aminopipendin-1-vi}-2-{4-chloro-3-flunrophenoxviacetamide 2,2, 2-trithuoroacetate (0.130 g, 30
% Yicld) as an off white solid. LCMS 302.2 [M+H]", 'H NMR (400MHz, DMS0-ds) 3 9.26 (s,
TH)Y,800(br s, 2H), 755-73%(m, 1 H), 7.14-692(m, 1 H), 688 -672 (m, 1 H}, 490 (s, 1
H), 448 (s, 1 H). 307 (br. s, 1H),299(br.s, 1 H),291(d, /=105 Hz, 1 H), 275 -2.53 {m,
H), 189 (br.s, 2 H), 1.76 - 1.51 (m, 2 H).

]

Step 5 — Synthesis of 2-(4-chloro-3-fluorophenoxy)-N-(4-{(3-{4-chloro-3-fluorophenoxy}-2-

hydroxypropyl)aminejpiperidin-1-yljacetamide:

{6304} To a stirred solution of N-(d-aminopiperidin-1-y1}-2-{4-chloro-3-
fluorophenoxyyacetamide irifluoroacetate (0.100 g, 0.24 mumol, 1.0 equiv) and 2-({4-chloro-3-
fluorophenoxyymethyloxirane (0.048 g, 0.24 mmol, 1.0 equiv) in DMF (05 mL), was added
KaCOa(0.066 g, 0.48 mmol, 2.0 equiv) and the resultant reaction mixture was heated at 60 °C
for overnight. Progress of the reaction was montitored by LCMS. Produet formation was
confirmed by LCMS. The reaction mixtire was diluted with water (50 mL). The resulting solid
was filtered off, washed with water (20 mL « 4) and dried under vacuum. The crude product was
purified by reverse phase HPLC to obtain 2-(4-chloro-3-fluorophenoxy)}-N-{4-((3-(4-chlorg-3-
fluorophenoxy}-2-hydroxvpropyjaminsjpiperidin- 1 -vhacetanide (Compound 8 - 0.034 g, 28%
Yield) as a white solid. LOMS 5042 [M+H]"; 'H NMR (400 MHz, DMS0O-ds) 5 9.08 (br. s, 1
H), 876(br.s, 1 H)L,739-750(m, 2 H), 7.00- 711 {m, 2 H), 6.83 (d, =702 Hz, 2 H), 3.00
(d, /=482 Hz, 2H), 487 (5,2 H}, 446 (s, 2 H), 399 (d, /=021 Hz, 1 H), 3.71 (4, /=921 Hz, 1
H), 3.00(br s, I H),288(d, /=965Hz 1H), 1.80(br.s..2H), 1.61 (br.s, 2 H), 1.32(d,
J=921Hz, 2 H).
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Example i4

Synthesis of 5-chivro-N-{4-{{3~-(4-chiipro-3-fluorophenoxyi-2-hydroxypropyfamine) piperidin-

L-yi}benzofuran-2-carboxamide
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Step 1 — Synthesis of S-chloro-N-(4-{{3-(4-chloro-3-fluorophenoxyi-2-hydroxypropyl)

amino)piperidin-{-vi)benzofuron-2-carboxamide:

[(3305] To a stirred solution of N-(4-anunopiperidin-1-vI}-S-chlorobenzofuran-2-
carboxamide 2.2 2-rifluorcacetate (0.200 g, 0.49 mmol, 1.0 equiv} and 2-((4-chlore-3-
fluorophenoxyymethyDoxirane (.99 g, (.49 mmol, 1.0 equivy in BMF {05 mb}, was added
KoCO: (0,135 g, 0.98 mmol, 2.0 equiv) and the resuftant reaction mixture was heated at 80 °C
for overnight. Progress of the reaction was monitored by LCMS. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (20 mL) and extracted with
cthyl acetate {50 mL x 2}, Combined organic layer was washed with water (20 mL x 4}, dned
over anhydrous NaZ804 and concentrated. The crude product was purified by reverse phase
HPLC to obtain 3-chloro-N-{4-((3-(4-chloro-3-flucrophenoxy)-2-hydroxypropylamino}
piperidin-1-yhbenzofuran-2-carboxamide (Compound 21 - 0.006 g, 04% Yield} a white solid.
LCMS 496.2 [M-+H}", TH NMR (400 MHz, DMSGO-ds} 8977 (s, L H), 820 (br.s.. 1 H), 7.86 (d.
VTS5 Hz, T H), 7690, =877THz, 1 H), 739-757(m, 3 H}, 708 (dd, /=11.62, 285 Hz, 1
H), 6.84 (d, /=833 Hz, 1 H), 4.01(d, /=526 Hz, 1 H), 3.93 (d, /=6.14 Hz, 2 H}, 3.01 (4,
S=10.52Hz, 2H), 262 -2.87{m, 4 H), 1.89(br.s, 2 H), 1.46 (br. s, 2 H).
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Example 15

Synthesis of 6-chioro-N-{4-{(3-{4-chioro-3-fluorophenoxyl-2-hydroxypropyllaminopiperidin-

I-ylguinoline-2-carboxamide
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{0306} To a stirred solution of N-{4-aminopiperidin-1-y)-6-chloroquincline-2-carboxamide
2.2 2-triflucroacetate (0.230 g, 0.55 mmol, 1.0 equiv) and 2-({(4-chloro-3-
fluorophenoxyymethyhoxirane (0111 g, 0.535 mmol, 1.0 equivy m DMF (03 ml), was added
KaCO: (0,150 g, 1.1 momol, 2.0 equiv) and the resultant reaction mixture was heated at 30 °C for
overmght. Progress of the reaction was monitored by LCMS. Produet formation was confirmed
by LUCMS. The reaction mixture was diluted with water (20 mb} and extracted with ethy! acetate
{50 mL x 2). Combined organic layer was washed with water (20 mL x 4}, dried over anhydrous
Na?804 and concentrated. The crude product was purified by reverse phase HPLC to obtain 6-
chloro-N-{(4-{{3-(4-chloro-3-fluorophenoxy)-2-hydroxypropyDamino)piperidin- -vDquincline-2-
carboxamide (Compound 28 - 0.044 g, 14% Yield) a white solid. LCMS 5073 [M+HT"; H
NMR (400 MHz, DMSO-de) 6975 (s, 1 H), 853 (d, /=833 Hz, 1 H), 824 (s. 1 H), 8.08 - 821
(m, 3H), 788 (dd, J=8.77, 2. 19 Hz, 1 H), 748 (1, /=899 Hz, | H), 7.09 (dd, /=11.62, 2.85 Hz, |
H), 686{(d. J=7.02 Hz, 1 H),3.99-405 (m, 1 H),3.95(d, J=6.14 Hz, 2 H), 3.05 (d, /=10.09
Hz, 283 2.72-291 (o, 4 H) 1.94 (br. s, 2ZH) 153 (br.s.. 2 H).

Example 16

Synthesis of 2-{4-chioro-3-fluorophenoxy)-N-{4-(3-(4d-chiorp-3-
fluorophenoxylpropylipiverazin-1-ylacetamide
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[3387] To a stirred solution of 2-{(4-chloro-3-fluorophenoxy)}-N-{piperazin- i ~vi}acetamide
2.2 2-rifluorcacetate {0.320 g, 0.98 mmol, 1.0 equiviin DMF (5 mbL} was added K03 (0.220
g, 1.96 mmol, 2.0 cquiv) and 4-(3-bromopropoxy}-1-chloro-2-fluorobenzene (0.213 g, §.9%
mmol, 1.0 equiv). The resultant reaction mixture was heated at 70 °C for overmight. Product
formation was confirmed by LCMS. The reaction mixture was diluted with water (530 mL). The
resulting schid was filtered off, washed with water {20 mL x 4) and dried under vacuum. The
crude product was purified by reversed phase HPLC to obtain 2-(4-chloro-3-fluorophenoxy)-N-
(4-(3-(4-chloro-3-fluorophenoxy ypropyhpiperazin-I-vhacetamide as a formate salt (Compound
16 - 0.03 g, 8% Yield) as a white solid. LOMS 474 2 [M+H]"; 'H NMR (400MHz, DMSO-ds} &
B8I{br s, 1H), 748-738(m 2H), 710-697(m, 2H), 684-675(m, 2 H), 488 (s, 2 H},
447 (s, 2H), 401 (1, /=59Hz, 4 H), 277 (br. s, 3H), 267 (br. s, 1 H), 191 - 1.73 (m, 4 H).

Example 17

Synthesis of 3-chioro-N-{4-{3-(4-chloro-3-flucrophenoxy} propylipiperazin-I-pl} benzofuran-

2-carboxamide

Frmg” N O B

(\;/J\\."/ e i o
o~ > ii
o [ oW g K,CO;3 DMF R T S e
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o ) ; ol $
{6308} To a stirred sohution of 5-chloro-N-(piperazin-1-vl)benzofuran-2-carboxamide 2,2,2-

trifluoroacetate (0.200 g, 0.50 mmol, 1.0 equiv) and 4-(3-bromopropoxy}-1-chloro-2-
fluorobenzene {0.135 g, 0.50 mmol, 1.0 equiv}) in DMF (07 mL), was added KoCO: (0.140 g,
1.01 mmol, 2.0 equiv) and the resultant reaction mixture was heated at 70 °C for overnight.
Product formation was confirmed by LCMS. The reaction mixture was diluted with water (30
mL}. The resulting sobid was filtered off, washed with water (20 mL x 4} and dried under
vacuum. The crude product was purified by reversed phase HPLC to obtain 5-chloro-N-{4-(3-(4-
chloro-3-fluorophenoxv} propyipiperazin-1-vl) benzofuran-2-carboxanude (Compound 18 -
0.054 g, 20% Yield) as a white solid. LCMS 466.2 [M+H]"; "H NMR (400 MHz, DMSO-de) §
581 (s, TH}, 786 (br. s, 1 H)L. 7.70(d, /=877 Hz, 1 H}, 7.36 - 758 (m, 3 H), 7.07 (d, /~12.28
Hz, 1H),683(d, /~78%Hz 1 H.396-411(m, 2H)}, 28 (br. s, 4H), 243 (br. s, 3 H). 233
{br.s, 6 H}, 1.86 (br. s., 2 H).

]
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Example 18

Synthesis of 6-chloro-N-{4-(3-(4-chioro-3-fluorophenoxylpropyipiperazin-I-ylguinoline-2-

carboxamide
Ff{’o‘v’\var
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{0309] To a stirred solution of 6-chloro-N-(piperazin-1-yhguinoline-2-carboxanude 2,2,2-
trifluoroacetate (0.220 g, 0.54 mmol, 1.0 equiv) and 4-(3-bromopropoxy}-1-chloro-2-
fluorobenzene (0.145 g, 0.54 mmol, 1.0 equiv) in DMF (07 ml), was added KoCO:(0.150 g,
1.08 mmol, 2.0 equiv} and the resultant reaction nuxture was heated at 70 °C for overnight.
Product formation was confirmed by LCMS. The reaction mixture was diluted with water (50
mL}. The resulting solid was filtered off, washed with water (20 mL x 4} and dried under
vacuum. The crude product was purified by reversed phase HPLC to obtain 6-chloro-N-{4-(3-(4-
chloro-3-fluorophenoxvipropylipiperazin-1-yiqumoline-2-carboxamide (Compound 17 - 0.070
2, 28% Yield) a white solid. LOMS 477 2 [M+H]" 'H NMR (400MHz, DMSQO-ds) & 1031 (s,
THY, 934 ¢br.s, 1 H), 8535(d, /=83 Hz, 1 H),827(d,J=22Hz 1H),816{t J=83Hz 1
H), 790(dd,/=22,92Hz, 1 H), 758-750 (o, 1 H), 7.10(dd, /=26, 11 4Hz | H), 6.88 -
681 (m, | H), 4104, J=53T7Hz, 2H),3.62(d.J=66Hz, 2H),327-317(m, § H}, 2.14 (br.
5., 2 H).
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Example 19

Synthesis of 6~chioro-N-{4-(3-{4-chloro-3-fluorophenoxy)-2-hydroxypropylipiperazin-1-

vidguinoline-2-carboxamide
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Step I — Synthesis of teri-butyl 4-(6-chioroguinoline -2-carboxamidojpiperazine- [ -carboxylate:

[6310] To a stirred solution of tert-butyl 4-aminopiperazine-1-carboxvlate (0.200 g, .99
mmol, 1.0 equiv) in DME (05 mL) was added HATU (0.753 g, 1.98 mmol, 2.0 equiv) at RT and
stirred for 10 minutes. Then 6-chloroquinoline-2-carboxylic acid {(¢.206 g, .99 mmol, 1.0
equivy was added followed by the addition of BIPEA (0.6 mb, 2 97 mmol, 3.0 equiv). The
resulfing reaction mixture was allowed 1o stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (50 mL) and extracted with
EtOAc (50 mbL = 2} The combined organic laver was washed with water (30mL x 3}, brine
solution (30 mkL x 2), dried over anhydrous sodium sulfate and concentrated under reduced
pressure, to obtain tert-butyl 4-(6-chlorogquinoline-2-carboxamidoypiperazine- 1 -carboxylate
{0.140 g, 36 % Yicld} as a brown solid. LCMS 390 [M+H]", 'H NMR (400MHz, DMSO-ds} &
095 (br.s, 1H)L853(d, J=83Hz, 1 H).824br.s, T H), &15(d J=53Hz 2H), 788 J
=T75Hz 1 H),345¢(r. s, 4H),290(d.J=11.0Hz, 4 H), 142 (s. 9 H).
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Step 2 — Synithesis of 6-chloro-N-(piperazin-i-vi)guinoline-2-carboxamide 2,2, 2-trifluoroaceiate:

{0311} To a stirred solution of tert-butyl 4-(6-chloroguinoline-2-carboxamido)piperazine-1-
carboxvlate (0.140 g, 6.353 mmol, 1.0 equv} in DCM (10 ml) was added trifluorcacetic acid (02
mb} and the resultant reaction mixture was stirred at RT for 1 h under nitrogen atmosphere.
Reaction was monitored by TLL and LCMS. After completion of reaction, the reaction mixture
was concentrated under reduced pressure to obtain crude product which was crystalhized in
dicthy! ether and dried under vacuum to obtain 6-chloro-N-(piperazin-1-ylguinoline-2-
carboxamide 2.2 2-rifluorcacetate (0.100 g, 68 % Yield) as a brown solid. LCMS 2912
[MHHT™ TH NMR (400MHz, DMSO-ds) 8 10.28 (br. s, 2 H), 864 (br.s,2H), 855(d, ./ =83
Hz, 1 H),826¢br. s, L H), B IS5, J=81Hz, 2H), 790(d,J=92Hz, | H),3.25(br. s, 4 H),
317 (br.s., 4 H)

Step 3 — Synthesis of 6-chloro-N-{4-{3-(4-chioro-3-fluorophenoxy)-2-hydroxypropyl)piperazin-

I-yvllquinoline-2-carboxamide.

13312} To a stirred solution of 6-chloro-N-(piperazin-1-viyquinoline-2-carboxamide
triffuoroacetate (0.100 g, 0.25 mamol, 1.0 cquiv) 2-{(4-chloro-3-tlucrophenoxy)methvijoxirane
{0.063 g, 0.31 mmol, 1.2 eguavy m DMF (05 mb), was added KzCO3 (0.070 g, 0.50 mmol, 2.0
equiv) and the resultant reaction mixture was heated at 100 °C for overnight. Progress of the
reaction was monitored bv LCMS. Afier completion of reaction, the reaction mixture was
diluted with water {50 mL) and extracted with EtGAc (50 mi. x 2). The combined organic layer
was washed with water (30 mL)}, brine solution (30 mL x 23, dried over anhydrous sodinm
sulfate and concentrated under reduced pressure to obtain crude which was purified by reversed-
phase HPLC to obtain 6-chloro-N-{4-(3~(4-chloro-3-flucrophenoxy}-2-hyvdroxypropvl)piperazin-
1-yDguinoline-2-carboxamide (Compound 15 - 0.015 g, 12% Yield) as an off white solid.
LCMS 493 3 [M+H]; 'TH NMR 'H NMR (400MHz, DMSO-ds} 8 9.79 (5, 1 H), 853 (d, /= 8.8
Hz 2H), 824 (s, 1 H), 814(, /=88 Hz 2H),788(d,/=88Hz 1 H), 747 (¢ J=88Hz 1
H),708(d,/=140Hz 1 H),686(d,J=66Hz, 1 H)},495(br. s, 1 H,4.03(d,J=70Hz 2
H3, 392(d,J=96Hz 2H), 29 (br.s,4H), 267 (br.s., 2H), 233 (br. 5., 2 H).
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Example 20

Synthesis of 2-(4-chivro-3-fluorophenoxy}-N-(4-({ 2-{4~-chioro-3-

SluorophenoxylacetyDpiperazin-i-yhacetamide
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Step I — Synthesis of teri-butyl 4-(2-(4-chloro-3-flucrophenoxyviacetamidojpiperazine-i -

Fri i O

g1 ~F

step-3

carboxylate.

{0313} To a stirred solution of tert-butyl 4-aminopiperazine-1-carboxylate {(0.200 g, 0.99
mmol, 1.0 equiv) in DME (05 mL) was added HATU (0.753 g, 1 98 mmol, 2.0 equiv} at RT and
stirred for 10 minutes. Then Z~{4-chloro-3-flusrophenoxyjacetic acid (0.201 g, 0.99 mumol, 1.0
cquiv} was added followed by the addition of DIPEA (0.6 mi., 297 mmol, 3.0 equiv}. The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LOCMS. The reaction mixtire was diluted with water (50 mL) and extracted with
EtQAc (50 mL = 2}. The combined organic laver was washed with water (30mL)}, brine solation
(30 mL x 2}, dried over anhydrous sodium sulfate and concentrated under reduced pressure, to

obtain tert-butyl 4-(2-(4-chloro-3-fluorophenoxviacetamido)piperazine-1-carboxvlate (0.150 g,
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38 % Yield) as a semi solid. LCMS 388 2 [M+H]™ 'H NMR (400MHz, DMSO-ds) § 7.57 -
736 (m, 1H), 7.11 - 6.94 (m, 1 H), 6.92 - 6.69 (m, 1 H). 5.76 (s, T H), 5.04 - 4.79 (m. 1 H), 4.48
(s. 1 H).3.85 (br. s, L H), 2.92 (br. 5., 2 H), 2.70(d, /= 11.8 Hz. 2 H). 1.40 (s, 9 H).

Step 2 — 2-(d-chloro-3-fluorophenoxv)-N-(piperazin-1-viacetamide 2,2 2-trifluoroaceiate:
g W, o "y

[6314] To a stirred solution of tert-butyl 4-(2-(4-chloro-3~
fluorophenoxylacetamido)piperazine- 1 ~carboxylate (0.150 g, 0.38 mmol, 1.0 equivy in DCM (10
mbL}was added trifluorcacetic acid (02 mL) and the resultant reaction mixture was stirred at RT
for 1 b under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After
completion of reaction, the reaction mixture was concentrated under reduced pressure to obtain
crude product which was crystallized in dicthyi ether and dried under vacuum to obtain 2-(4-
chiloro-3-fluorophenoxy}-N-(pipcrazin-1-vijacetamide 2,2 . 2-trifluorcacetate (6.140 g, 90 %
Yield) as an off-white solid. LCMS 288.1 [M+H]" "H NMR (400MHz, DMSO-ds} 3 9.58 {br.
s, TH)L 9. 12 (br s, L H), 8.62(br. s, L H), 760-735(m, 1 H), 7.17 - 6.95 (m, 1 H), 6.82 (dd,
J=88,162Hz 1 H), 494 (s, 1 H), 451 (s, 2H}, 3.63 (br. s, 2 H), 331 (br. s., 2 H}, 3.00 (br.
5., 2 H).

Step 3 Synthesis of 2-{4-chloro-3-fluorophenoxy)-N-(4-{ 2-{4-chloro-3-
D2y ) : P 3 {7

fworophenoxyjacetylpiperazin-1-vljacetamide

[3315] To a stirred solution of 2-{(4-chloro-3-fluorophenoxy)}-N-{piperazin- i ~vi}acetamide
trifluorcacetate (0.140 g, 0.36 mmol, 1.0 equivy in DMF (05 mL}) was added HATU (0274 g,
0.72 mmol, 2.0 equiv} at RT and stirred for 10 minutes. Then 2-(4-chloro-3-
fluorophenoxy)acetic acid (0.075 g, 0.36 mmol, 1.0 equiv) was added followed by the addition
of DIPEA (0.18 mL, 1.08 mmol, 3.0 equiv). The resulting reaction mixture was allowed to stir at
RT for overnight. Product formation was confirmed by LCMS. the reaction mixture was diluted
with water (50 mb) and extracted with EtQAc (50 mL x 2}, The combined organic layer was
washed with water (30mL), brine solution (30 mL » 2), dried over anhydrous sodium sulfate and
concentrated under reduced pressure to obtain crude which was purified by reversed-phase
HPLL to obtain 2-{4-chloro-3-fluorophenoxy }-N-(4-(2-(4-chloro-3-
fluorophenoxy)acetylipiperazin- 1 -viacctamide (Compound 30 - 0.030 g, 30% Yield) as white
solid. LCMS 4742 [M+H]", '"H NMR (400MHz, DMS0O-ds} 8755 -736 (m, 2 H), 7.14 - 6.97
(m, 2H),L691-675(m, 2H),494(d,/J=175Hz 3H), 450, 1 H), 425 (br. s, I H), 350
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(br.s., 2 H), 317 (br. s 1 FD,3.06 (br.s., 1 H), 2.81 (br.s, 1 H), 275 (br.s.. 1 F). 2.33 (br. 5., 2
H).

Example 21

Synthesis of 6-chloro-N-{4-(3-{4-chioro-3-fluorophenoxylpropyfpiperazin- 1-yi}-3,4-diliydro-

2H-benzofbj{i,4joxazine-2-carboxamide
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{03196} To a stirred solution of 6-chioro-N-{piperazin-1-yh)-3,4-dihydro-2H-
benzolbl{1,4joxazine-2-carboxamide 2,2 2-triflugroacetate (0.300 g, 0.73 mmol, 1.0 equiv) and
4-(3-bromopropoxy)-I-chloro-2-flusrobenzene (0.195 g, 0.73 mmol, 1.0 equiv) i DMF (06
mb}, was added KoCO:(0.202 g, 1.46 mmol, 2.0 equiv) and the resultant reaction mixture was
heated at 70 °C for overnight. Product formation was confirmed by LCMS. The reaction mixture
was diluted with water (20 mb} and extracted with ethyl acetate (30 mL = 2}, Combined organic
layer was washed with water (20 mbL = 4}, dried over anhydrous NaZ804 and concentrated. The
crude product was purified by reverse phase HPLC to obtain 6-chioro-N-(4-(3~(4-chlore-3-
fluorophenoxypropyhpiperazin-1-v13-3 4-dihydro-2H-benzolbl| 1 4|oxazine-2-carboxamide
{Compound 44 - 0.012 g, 09% Yield) as a white solid. LCMS 482 1 |M+H]", TH NMR (400
MHz, DMSO-d6) 8 9.03 (s, | H), 8.79 (s, L H), 745 (1, J=8.77 Hz, 1 H}, 7.04 (d, /=263 Hz, |
Hy.707(d, =263 He, 1 H},L674-685(m, 2H),666(s, 1 H},646-653(m, 1 H), 6.18 (br.
s, 1 HL440(dd, 724,285 Hz, T H), 401 (4, J=636Hz, 2H), 341 {d, J=11.84 Hz, 1 H).
308-323(m, 1H),2.72-283(m 4H),233-243{m, 4H), 1.76 - 1.88 (m, 3 H).
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Example 22

Synthesis of 7-chioro-N-{I-{2-{3-chioro-4-fluorophenoxyjacetamidopiperidin-4-yi)-6-fluaorp-
3 d-dibydro-2H-benzofbjf I,4joxazine-3-carboxamide
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{6317} To a stirred sohution of N-{4-aminopiperidne-~1-y1}-2-(3-chloro-4-

fluorophenoxylacetamide trifluorcacetate (0.340 g, 0.819 mmol, 1.0 equiv) and 6-chloro-3 4-
dihyro-2H-benzo-1 4-oxazine-2-carboxylic acid(0.172 g, 0. 819 mmol, 1.0 equiv), HATU{0.172
2. 0.819 mmol, 1.6 equivy in DMF (07 mL), was added DIPEA (0,422 g, 3.27 mmol, 4.0
equiv) and the resultant reaction mixture was stiv overmight at RT. Product formation was
confirmed by LCMS. The reaction mixtire was diluted with water (50 mL}. The resulting solid
was filtered off, washed with methanol and dried ander vacuum to obtain of 7-chloro-N-{1-(2-
(3-chloro-4-fluorophenoxyiacetanido ypiperidin-4-yh-6-fluoro-3, 4-dibvdro-ZH-
benzolbl]|.4]oxazing-3-carboxamide (Compound 32 - 0.026 g, 7.3% Yicld} as a white solid.
LCMS 497 2 [M+H}", TH NMR (400 MHz, DMSO-ds) 5913 (br. s, L H), 792 (d. /=745 Hz, 1
H), 742 -749(m, 1 H), 699(d, J=1140Hz, 1 H), 677 (br. s, | H), 6.59(br. 5., | H}, 6.49 (br.
s, VHL 619 (e s, THL 48 (s, 2H), 357 (br.s, 1 H), 344 (d. /=021 Hz, 1 H),3.15-3.23
(m, 2H), 3.05(br. s, 1 H}, 288 ¢br. s, 2 H), 2.65(d, /=1359Hz 2 H), 1.65 (br. s, 3 H).
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Example 23

Synthesis of N,N'-(piperidine- 1,4-diyl}bis{2-{4-chiorophenoxylacetiamide)
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Step | — Synthesis of rert-butyl {1-(2-(4-chlorophenoxyjacetamido)piperidin-4-yijcarbamate:
'] 3 Y 3 { '] V. U Y

{0318} To a stirred solution of tert-butvl (1 -aminopiperidin-4-viicarbamate (0.100 g, 0.46
mmol, 1.0 equiv} i DCM (05 mb) was added 2-(4-chlorophenoxy)acetyl chloride (0.095 g, 0.46
mmol, 1.0 equiv) and followed by the addition of TEA (0.2 mL, 139 mmol, 3.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (20 mL) and extracted with
cthyl acetate (30 mL = 2}, Combined organic layer was washed with water (20 mL » 4}, dned
over anhydrous Na2804 and concentrated under reduced pressure to obtain tert-butyl (1-(2-(4-
chlorophenoxyjacetamido)piperidin-4-ylcarbamate {0.170 g, 95 % Yield) as a white solid.
LCMS 384 1 [M+H]" 'HNMR (400MHz, DMSO-d6) 8907 (s, L H), 872 (br. 5., 1 H), 7.39 -
723{m, 2H},7.00-687 (@, 2H),687-672(m, | HY,485-474(m, 1 H), 441 (s, 1 H),3.33
(br.s,4H),284(d, J=105Hz 2H), 1.7  {(br. s, 2H), 1 47(d, J=10.1Hz T H), 144-128
{m, 9 H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yl}-2-(4-chlorophenoxyjacetamide 2,2, 2-

trifluoroacelate.

[0319] To a stirred solution of tert-butvl (1-(2-{4-chlorophenoxylacetanmidoypipendin-4-~
yhcarbamate (0.170 g, 0.44 mmol, 1.0 equiv) in DCM (05 mbL)was added tnfluorcacetic acid
{0.3 mL}) and the resultant reaction mixture was stirred at RT for 1 b under nitrogen atmosphere.
Reaction was monitored by TLC and LCMS . Aficr compiction of reaction, the reaction mixture
was concentrated under reduced pressure to obtain crude product which was crystallized in
diethyl ether and dned under vacuum to obtain N-(d-aminopiperndin-1-y1}-2-{4-
chlorophenoxviacetamide 2,2, 2-trifluoroacetate (0.290 g, Quant. Yield) as a brown semi solid.

LCMS 284.1 [M+HI™;
Step 3 — Synthesis of N N'-(piperidine-1, 4-diyl}bis(2-{4-chlorophenoxyiacetamide):

{6320} To a stitred solution of N-{4-anmunopiperidin-1-vl}-2-{4~chlorophenoxyjacetamide.
trifluorcacetate (0.290 g, 0.73 mmol, 1.0 equivy in DMF (05 mL) was added HATU (0416 g,
1.09 mmol, 1.5 equiv} at RT and stirred for 10 munutes. Then 2-{4-chloro-3-fluorophenoxy)
acetic acid (0.136 g, 0.73 mmol, 1.0 equiv) was added followed by the addition of DIPEA (0.5
ml, 2.92 mmol, 4.0 equiv). The resulting reaction mixture was allowed to stir at RT for
overnight. Product formation was confirmed by LCMS. The reaction suxture was diluted with
water (30 mL). The resulting solid was filtered off, washed with water (20 mi. x 4) and dried
under vacuum. The crude product was purified by reverse phase HPLC to obtain N.N'-
{piperidine-1, 4-diyl}bis{2-(4-chlorophenoxyacetamide} {Compound 45 - ¢.100 g, 30% Yicld)
as an off white solid. LCMS 4522 [M+H]™; 'H NMR (400 MHz, DMSQO-ds) 6 9.12 (s, 1 H),
8O03(d, /=780 Hz 1 H), 728 -730(m, 4 H),692-703(m, 4H), 484 (s, 1 H),440-4.50(m,
3HL 361 br.s, T H), 3.04(br. s, L H), 288(d, =702 Hx | H), 265(d, /=1228 Hz, 2 H),
173 (br. s, 2 H}, 1.59(d, /=9.21 Hz, 2 H).
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Example 24

Chiral resolution of 6~chioro-N-(4-{2-{4-chioro-3-fluorophenoxy}acetamido)piperidin-1-yl)-
3 d-dibydro-2H-benzofbjf I,4joxazine-2-carboxamide

//.,;\‘ ]
I !
o F,A\E/N\TI/\O,)\/\EF

S e
i H

Ci "7//\5\1/
H
Soee
™ i Chiral Resolution
o i//\ji\-\ﬂ/\g [y “F
ri/\ Q]/'L,E,N\ o]
AN F Ci
G N " 3
‘? r:j,N\n/\O/%Q/ ~g
/A\\/C}j L;‘QN 0

{6321} The enantiomers, {R}-6-chioro-N-(4-(Z2-{4-chloro-3-
fluorophenoxyjacetamido)pipendin-1-vi-3 4-dihydro-2H-benzolbll 1,4 Joxazing-2-carboxamide
{Compound 46 - {a] Ef =-14.927{ ¢ = 0.05, MeOH); clution time: 6,89 min) and (5)-6-chloro-N-
{4-(2-{(4-chloro-3-fluorophenoxy jacetamidojpiperidin-1-yi)-3,4-dihydro-2H-
benzo{bl]1,4]oxazine-2~-carboxamide (Compound 47 - jo] ff =1.28° {¢ = 0.05, MeOH), clution
time: 12.75 min), were separated by chiral SFC (Chiraleel® OD-H, 250 = 20 mm, Su). Isocratic
program with analvtical grade hiquid carbon dioxide and HPLC grade MeOH. LCMS: 497 3
IMAH]T; THNMR (400MHz, DMSO-ds) 8902 (s, 1 H), 804 (d. J=75Hz, 1 H), 750 (. J=
S8HzZ 2H), 706(d, J=110Hz 1 H),685(d, J=88Hz, 1 H}, 676(d, . J=83Hz, | H}, 6.65
655 (m, 1 H}L 649(d, J=61Hz 1 H},L451{s, 2H). 360(br. s, 2H) 332-342{(m, 2 H),
342-336(m, 1H), 321, /=57THz 2H),297-278(m. 3 H}.265{(d, J=140Hz 3 H),
171(d, J=37Hz, 2H), 1.37(d, /= 12.7Hz, 2 H}.
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Example 25

Chiral resofution of 5-chloro-N-(4-{3~{4-chioro-3-fluorophenoxyi-2-hydroxypropyipiperazin-

L-yi}benzofuran-2-carboxamide
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[6322] The enantiomers, (R}-3-chloro-N-{(4-(3-{4-chloro-3-fluorophenoxy )-2-
hydroxypropylpiperazin-1-yhbenzofuran-2-carboxamide {Compound 48 - falp = -39.80° (¢ =
.05, McOH); elution time: 29.6 mun} and (5}-5-chloro-N-(4-(3-(4~-chloro-3-fluorophenoxy}-2-
hydroxypropylipiperazin-1-vibenzofuran-2-carboxamide {Compound 49 - {a}ée = 3.24° (¢ =
0.05, MeOH); clution time: 34.8 min). were separated by chiral SFC (Chiralpak® 1A, 250X20
muoy, 3p ). Isocratic program with analytical grade liquid carbon dioxade and HPLC grade
MeOH (0.29 DEA). LCMS: 482 3 [M+H]™;; 'H NMR (400MHz, DMSO-ds)} 6 9.79 (br. s, 1 H),
786(s, 1HL770(d,J=88Hz, IHL752-7T41 (m, 2HL7.16-706(m. 1 H). 686(d, /=
105Hz 1H),49% (br.s, 1 H),L 401 {d,J=66Hz, 1H),392(br.s,2H), 289 (br. s, 4 H),
267 (br.a,4 H)
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Example 26

Chiral resolution of 2-{4-chioro-3-fluorophenoxy}-N-{4-(3-{(4-chlovo-3-fluorophenoxy)-2-
hydroxypropyDpiperazin-1-yllacetamide
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j3323] The enantiomers, (R}-2-(4-chlore-3-fluorophenoxy }-N-(4-(3-(4-chloro-3-
fluorophenoxy)-2-hydroxypropylipiperazin- I-vhacetamide {Compound 56 - i:a}é(\' =-1.00°{¢=
0.05, MeOH); clution time: 15.99 min) and {S)-2-(4-chloro-3~-fluorophenoxy}-N-{4-(3-(4-chloro-
3-fluorophenoxy)-2-hydroxypropylpiperazin-1-yDacetamide (Compound 31 - {u}%ﬁ =1.92°(¢=
0.03, MeQOH); elution time: 25.3 min), were separated by chiral SFC (Chiralpak® ADH, 250X20
mm, 3u}. Isocratic program with analytical grade liquid carbon dioxide and HPLC grade EtOH
(0.2% DEA in Hexane). LCMS: 490 3 [M+H]™; 'H NMR (400 MHz, DMSQ-ds) 5 9.08 (br. s, 1
Hy, 876(br.s, L H),739-750(m, 2H)}, 700-7.11 {m, 2 H), 6.83(d, /=7.02 Hz, 2 H), 5.00
(d, /=482 Hz 2H),487 (s, 2 H),446(s, 2 H),3.99(d, /=921 Hz, 1 H),3.71(d, /=921 Hz, 1
H), 300¢br. s, 1H),288(d, /=965Hz 1 H), 1 80(br s, 2H), 1.601(br s, 2H), 132,
J=921Hz, 2 H).
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Example 27

Chiral resofution of 2-{4-chioro-3-fluorophenoxy)-N-(4-{(3-{(4-chioro-3-fluorophenoxy}-2-
hydroxypropyBaminopiperidin-1-yhacetamide
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3324} The enantiomers, (R}-2-(4d-chloro-3-fluorophenoxy }-N-(4-((3-(4-chloro-3-
fluorophenoxy)-2-hydroxypropyaminopiperidin-1-ylacetamide (Compound 52 - [oly = -
27.04° (¢ = 0.05, McOH)}; elution time: 20.4 min) and (5)-2-(4-chloro-3-flugrophenoxy }-N-(4-
{{3~(4-chloro-3-fluorcphenoxy)-2-hydroxypropyhamino)pipendim- 1 -yhacetamide (Compound
83 - [a}éo =1.52°{¢ = 0.05, MeUH); clution time: 25.4 min), were separated by chiral SFC
(Chiralpak® IC, 250X 20 mm, Su ). Isocratic program with analytical grade liguid carbon
dioxide and HPLC grade EtOH (0.2% DEA in Hexane). LCMS: 5043 [M+H]™;; TH NMR {400
MHz, DMSO-ds) 69.08 (br. s, L H), 8.76(br.s, 1 H), 739-750(m, 2H). 700-7.11 (m, 2
H), 6.83(d,/=702Hz 2H),500(d, /=482 Hz 2H}, 487 (s, 2H), 446 (5,2 H),399(d,
J=O21Hz, THY, 3.71(d, /=921 Hz 1 H), 3.00(br. s, 1 H), 2.88(d, J=9.65Hz, 1 Hj, 1.80 (br.
s, 2H), 161 {br. s, 2H), 1.32(d, /=921 Hz, 2 H).
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Example 28

Synthesis of (R}-5-chiora-N-{4-(3-{4-chloro-3-fluorophenoxy)-2-

hydroxypropyflamino)piperazin-I-ylbengofuran-2~carboxamide
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{6325} To a stirred solution of N-(d-amimopiperidin-1-y}-5-chlorobenzofuran-2-
carboxamide 2.2, 2-trifluoroacetate (0.200 g, 0.491 mmol, 1.0 equiviin DMF (5 mL) was added
K2C(O:(0.135 g, 0.98 mmol, 2.0 equiv) and (R)-2-(4-chloro-3~fluorophenoxy) methyljoxirane
(0.09 g, 0.491 mmol, 1.0 equiv). The resultant reaction mixture was heated at 80 °C for
overnight. Produoct formation was confirmed by LUMS. The reaction mixture was diluted with
water (10 mL} and extracted by ethyl acetate (30 mL x 2}. The organic layer washed with
NaHCGOs, bring, dried over NaS04 filter cone. under reduced pressure to obtam (R)-5-chloro-N-
{4-(3-(4-chloro-3-thucrophenoxy -2 -hyroxypropyljamino jpiperazin- 1 -yl benzofuran-2-
carboxamide (Compound 54 - 0.040 g, 16% Yield) as a white solid. LCMS 496 4 [M+H]|™, 'H
NMR. (400MHz, DMSO-de) 6972 (s, L H), 7.86 (s, | H). 7.68 (s, 1 H), 7.55 - 7.38 {m, 3 H),
706{(d,J=29Hz, L H),709(d, J=24Hz 1 H},684(d, /=78 Hz, 1 H),502(br. s, 1 H},
401{dd, /=37, 100Hz 1H),396-381 (m, 3H),299(d,/=98Hz, 2H),277-2.62{m, 3
Hy, 1.82¢br s, 2 H), 1.38(d, /=103 Hz 2 H).

Example 29
Synthesis of (8)-S-chloro-N-{4-((3-(4-chioro-3-fluorophenoxy)-2-
hydroxypropyDaminclpiperidin-1-yi}benzofuran-2-carboxamide
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[6326] To a stirred sohition of N-{4-aminopiperidin-1-y1}-5-chlorobenzofuran-2-
carboxamide 2,2, 2-trifluoroacetate (0.200 g, 0.491 mmol, 1.0 equiviin DMF (5 mL) was added
K205 {0.135 g, 0.98 mmol, 2.0 equiv) and ($)-2-{4-chloro-3-fluorophenoxy} methyl)oxirane
{0.09 ¢, 0.491 mmol, 1.0 equuv}. The resultant reaction mixture was heated at 80 °C for
overnight. Product formation was confirmed by LCMS. The reaction mixture was diluted with
water (10 mL) and extracted by ethyl acetate (30 mb x 2). The organic laver washed with
NaHC{3, brine, dried over NaSO4 filter cone. under reduced pressure to obtain {8)-5-chloro-N-
{4-{(3-{4-chloro-3-fluorophenoxy)-2-hydroxypropvlJaminolpipendin- 1 -ylibenzofuran-2-
carboxamide (Compound 83 - 0.010 g, 10% Yield) as a white sohd. LCMS 496.4 [M+H]";, 'H
NMR (400MHz, DMSO-ds) §9.72 (s, 1 H}, 7.86 (s, T H), 7.68 (s, 1 H}, 7.55 - 738 (m, 3 H),
T06{d, J=209Hz, 1 H),700(d, /J=24Hz 1 H), 684(d, J=78Hz 1 H), 502 (r s, 1H)
401(dd, /=37, 100Hz, 1 H),396-381 (m,3H),299¢(d,J=98Hz 28),2.77-262(m, 3
Hy, 182 {br.s,2H}), 138(d, /=103 Hz 2 H).

Example 30

Chiral resolution of 6~-chloro-N-{(4-((3-{4-chiora-3-fluorophenaxy)-2-

hydroxypropylaminaelpiperidin-1-yiguinoline-2-carboxamide
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{6327} The enantiomers, (R}-6-chloro-N-(4-((3-{4-chloro-3-flucrophenoxy)-2-

hydroxypropyllamino)piperidin-1-viigquinoline-2 ~carboxamide {Compound 56 - {ajéu =-1.60° {c
= (.05, MeOH); clution time: 32.8 min} and {S)-6-chloro~-N-(4-{(3-(4-chloro-3-fluorophenoxy)-

2-hydroxypropyDaming piperidin-1-yDquinohing-2-carboxamide (Compound 57 - {(ﬂ;o = 6.76"
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{c = 0.05, McOH); ehution time: 40.42 min), were separated by chiral SFC (Chiralpak® ADH,
250X20 mm, 3y ). Isccratic program with analytical grade hiquid carbon dioxide and HPLC
grade EtOH (0.2% DEA in Hexane). LCMS: 5307 4 [M+H]}"; ‘H NMR (400MHz, DMSG-ds) §
067 (s, 1HYL 853, ./=88Hz 1H,L824,/=20Hz 1 H},814dd, /=59 88 Hz, 1 H),
TERA(A, J=93Hz, 1 H), 746 (1, /=88 Hz, 1H),708{(d,J=117Hz, 1 H},685{(d, /=938
Hz, 1H), 502¢br. s, 1 H), 4024, J=98&Hz 1 H),397-371{m, 2H), 301 (br. s, 2 H). 2.91
270 (m, 28y, 267 (bros 2 H), 261 (br. s, 2H), 185(br.s, 2 H), 143 (br. s, 2 H).

Example 31

Chiral resolution of 6-chloro-N-{4-{3-(4-chioro-3-fluorophenoxyi-2-hydroxypropylipiperazin-

I-yiiguinoline-2-carboxamide
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[33258] The enantiomers, (R}~6-chloro-N~(4-(3-{4~chloro-3-fluorophenoxy)-2-
hydroxypropyhpiperazin- I -vhiguinoling-2~carboxamide (Compound 58 - [u}g) =-1480° (¢ =
0.05, MeOH); elution time: 29.17 mun} and {5)-6-chloro-N-{4-(3-(4-chloro-3-flucrophenoxy}-2-
hydroxypropylypiperazin-1-yiquinoline-2-carboxamide (Compound 59 - [afy = 43.12° (¢ =
0.05, MeOH); elution time: 39.19 min), were separated by chiral SFC (Chiralpak® 1A, 250X20
mm, 5y 3. Isocratic program with analytical grade liquid carbon dioxide and HPLC grade
MeOH. LOCMS: 493 4 [M+HT"; 'H NMR (400MHz, DMSO-de) $9.79(s, | H), 8.33(d, /=838
Hz, 1 H), 824(d, J=22Hz, 1 H), 814 (1, J=88Hz 2 H), 788 (dd, J=24,90Hz, 1 H), 747
(t,J=88Hz 1 H},708¢dd, J=26,114Hz 1 H), 686{(dd, /=18 92Hz 1H),495(d, J=
44Hz 1H),408-398{m, 1 H})L398-383(m, 2H),294¢ J=46Hz 4H},259({br 5,4
H.

229
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Example 32

Chiral resofution of 6-chiloro-N-(4-{3~{4-chioro-3-fluorophenoxyi-2-hydroxypropyipiperazin-

I-yi)-2-naphthamide

/@[C!
rAN/\;//\OA g
Ry R 'N’N\/J O

iw H

O
H

----------- o /f\’i\/\/\\j}\!\;’ N ‘\//I o]
P H
ot SN

[6329] The enantiomers, (R}-6-chloro-N-{(4-(3-{4-chloro-3-fluorophenoxy )-2-

hydroxypropypiperazin-1-yl)-2-naphthamide (Compound 66 - [a}; = -15.88° (¢ = 0.05,

MeOH); elution time: 29.535 nun} and (5)-6-chloro-N-(4-{3-(4~chloro-3-fluorophenoxy}-2-

hydroxypropylpiperazin-1-y1)-2-naphthamide (Compound 61 - [aly = 7.72° (¢ = 0.05, McOH);

ehution time: 35.21 min), were separated by chiral SFC (Chiralpak® [A, 250X20 mm, 5p ).

Isocratic program with analytical grade liquid carbon dioxide and HPLC grade MeOH. ).

LCMS: 492 2 IMAH}; 'H NMR (400MHz, DMSO-ds) 6 9.59 (s, 1 H), 838 (5. 1 H), 8.16 - 8.06
(o, 2H), 798(d,.J=83Hz 1 H),789%(d, J=88Hz 1 H),7.60(dd,./J=18,88 Hz, I H), 747
{t,J=88Hz 1 H},708¢dd,./=26,114Hz, [ H),685(d, J=T75Hz, 1 H},406(d, /=44

Hz, 1 H), 4.09 - 3.97 (m, 1 H), 3.97 -3.76 (m, 2 H),

230

2.92 (br. s, 4 H), 2.57 (br. 5., 4 H).
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Example 33
Synthesis of (R}-N-(4-{3-(4-chivpro-3-fluorophenoxy)-2-hydroxypropyljpiperazin-i-yi-4-

{trifiuoromethoxylbenzamide
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Step I — Synthesis of teri-butyl 4-(4-{triflucromethoxylbenzamido)piperazine- i -carboxyiate:
10334} To a stirred solution of tert-butyl 4-aminopiperazine-1 -carboxvlate (487 mg, 2.4

mmol, 1.0 equiv) m DMF (5 mi) was added HATU (1824 mg, 4.8 mmol, 2.0 equiv) at RT and
stitred for 10 minutes. Then 4-(inifluoromethoxyibenzoic acid (500 mg, 2.4 mmol, 1.0 eguiv)
was added followed by the addition of DIPEA (1 3 mb, 7.2 mmol, 3.0 equiv}. The resulting
reaction nuxture was allowed to stir at RT for overnight. Product formation was confirmed by
LCMS. The reaction maxture was diluted with water (50 ml) and extracted with EtOAc (50 mL
x 2}. The combined organic fayer was washed with water (30mL), brine solution (30 mL x 2},
dried over anhydrous sodiom sulfate and concentrated under reduced pressure, to obtain tert-
butyl 4-(4-(tnfluoromethoxybenzamido)piperazine-1 -carboxvlate (300 mg, 32 % Yield) as an
off white solid. LCMS 360.1 [M+H]", 'H NMR (400 MHz, DMSO-de) 5 9.62 (s, 1 H}, 7.89 (m,
S=RTTHz, 2H), 746 (m, J=833 Hz, 2 H}, 342 (br. 5,4 H), 2.83(, /~482Hz 4 H), 141 (s, 9
H).

Step 2 - Synthesis of N-{piperazin-1-vi}-4-(trifluoromethoxybenzanmide 2,2, 2-trifluoroacetate:

10331} To a stirred solution of tert-butyl 4-(4-(inifluoromethoxy)benzamido)piperazine-1-
carboxvlate 300 mg, 0.77 mmol, 1.0 equiv) m DCM (10 mb),was added tnfluorcacetic acid (01

mb} and the resultant reaction mixture was stirred at RT for overnight under nitrogen

]
L
nnt
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atmosphere. Reaction was monitored by LCMS. After completion of reaction, the reaction
mixtare was concentrated under reduced pressure. The crude product crystallized in diethyl ether
and dried under vacuwm to obtain N-(piperazin-1-vi}-4-(trifluoromethoxvibenzanmide 2,2,2-
triflucroacetate (200 mg, 64 % Yield) as an off white solid. LCMS 290.1 [M+H]", TH NMR
{400 MHz, DMS0-d63 3991 (s, 1 H), 873 ¢(br. 5., 2 H), 791 (m, =833 Hz, 2 H}, 7.47 (m,

S=T 89 Hz, 2H), 320 (br. s, 4 H), 312 {br s, 4 H}.

Step 3 — Synthesis of (R}-N-{4-(3-{4-chioro-3-flucrophenoxy)-2-hydroxypropyllpiperazin-1 -yij-

d-ftrifluoromethoxylbenzamide:

{0332} To a stirred solution of N-{piperazin- I -vl}-4-(trifluoromethoxybenzamide 2,2.2-
tnfluorcacetate (200 mg, .49 mmol, 1.0 equiv) (R)-2-{{4-chloro-3-

fluorophenoxy ymethyboxirane {100 mg, 0.49 mmol, 1.0 equiv} in DMF (05 mL), was added
TEA (03 mb, 196 mmol, 4.0 equiv) and the resultant reaction mixture was heated at 90 °C for
overnight. Progress ot the reaction was monitored by LCMS. After completion of reaction, the
reaction mixture was diluted with water (50 mL} and extracted with EtQAc (530 mbL x 2). The
combined organic layer was washed with water (50 mL x 4}, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was purified by reversed
phase HPLC to obtain (R)}-N-(4-(3-(4-chloro-3-fluorophenoxy }-2-hvdroxypropypiperazin-1-
yh-d-(trifluoromethoxybenzamide {Compound 62 - 70 mg, 30% Yield) as a white solid.
LCMS 492 4 [M+H]" 'H NMR (400 MHz, DMSO-de) §9.91 (br.s.. 1 H), 951 (br. s, 1 H),
790{d, =789 Hz, 3H), 746 (d, =745 H= 3 H) 7.09(d, =1052 Hz, 1 H), 6.86 (d, J=T7.45
Hz, 1 H) 599 (br. s, 1 H), 495(br. s, 1 Hp, 434 {(br. s, 1 H}, 398403 (m, 2H), 3.94 (br. 5,
1H) 359¢br s, 2H), 289 (br. s, 2H).
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Example 34

Synthesis of (R)-4-chioro-N-(4-(3-{4-chioro-3-fluorophenoxy}-2-kydroxypropyllpiperazin-I-

viibenzamide
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Step I — Synthesis of teri-butyl 4-(4-chlorobenzamido)piperazine-1-carboxylaie:

13333} To a stirred sobution of tert-butyl 4-aminopiperazine-1-carboxylate (644 mg, 3.2
mmaol, 1.0 equiv) in DMF (5 mL) was added HATU (2432 mg, 6.4 mmol, 2.0 equiv) at RT and
stirred for 10 nunutes. Then 4-chlorobenzoic acid (500 mg, 3.2 mmol, 1.0 equiv) was added
followed by the addition of DIPEA (1.7 mL, 9.6 mmol, 3.0 equiv). The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS.
The reaction mixture was diluted with water (30 mL) and extracted with EtQOAc (30 mL x 2},
The combined organic layer was washed with water (30mL), brine solation (30 mL x 2), dried
over anhydrous sodiom sulfate and concentrated under reduced pressure, to obtain tert-butyl 4-
{(4-chlorobenzamido)piperazine-1-~carboxylate (300 mg, 28 % Yicld) as an off white solid.
LCMS 3401 [M+H]"; 'H NMR (400 MHz, DMSO-ds) 8959 (s, T H), 7.79 (m, J=8 33 Hz, 2
H), 753 (m, J=8.77 Hz, 2 H), 341 (br. s, 4 H), 282 (¢, /=460 Hz, 4 H}, 1 41 (s, 9 H).

Step 2 — Synthesis of 4-chloro-N-(piperazin-i-vijbenzamide 2,2, 2-trifluoroaceiate:

13334} To a stirred sobution of tert-butyl 4-(4-chlorobenzamido)piperazine-1-carboxylate
{300 mg, 6.88 mmol, 1.0 equiv) in BCM (10 mi) was added trifluorcacetic acid (01 mL) and the

resultant reaction mixture was stirred at RT for ovemight under nitrogen atmosphere. Reaction

was monitored by LCMS. After completion of reaction, the reaction nuxture was concentrated
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under reduced pressure. The crude product crystathized n diethyl ether and dried under vacuum
to obtain 4-chlors-N-{(piperazin-1-ylibenzamide 2.2 2-triflucroacetate (200 mg, 65 % Yield) as
an off white solid. LCMS 2401 [M+H]", H NMR (400 MHz, DMSO-ds) 89.87 (s, 2 H), 8.62
(br.s, 2HL 780 (m, /=833 Hz 2H), 755 (m, =833 Hz, 2H), 322 (br. s, 4 H), 3. 11 {br. s, 4
H).

Step 3 — Synthesis of (R)-4-chioro-N-(4-(3-(4-chiora-3-fluorophenoxy)-2-

hydroxypropvlpiperazin-1-ylibenzamide:

13333} To a stirred sohution of 4-chloro-N-(piperazin-1-yl)benzamide 2,2 2-tnfluoroacetate
{200 mg, 6.56 mmol, 1.0 equiv} (R}-2~({4-chloro-3-fluorophenoxy)methvhoxirane (114 mg,
0.56 mmol, 1.0 equiv} in DMF (05 mLb), was added TEA (03 mL, 2 24 mmol, 4.0 cquiv) and
the resultant reaction mixture was heated at 90 °C for overnight. Progress of the reaction was
monitored by LCMS. Aficr completion of reaction, the reaction mixture was diluted with water
(530 mL) and extracted with EtOAc (S0 mL x 2). The combined organic laver was washed with
water (S0 mL x 4), dried over anhydrous sodium sulfate and concentrated under reduced
pressure to obtain crude which was purified by reversed phase HPLC to obtain {R}-4-chioro-N-
{(4-(3-{(4~chloro-3-flucrophenoxy }-2-hydroxypropyipiperazin- 1-yUbenzamide {Compound 63 -
40 mg, 17% Yield) as a white solid. LCMS 442 3 [M+H]™, 'H NMR (400 MHz, DMSO-ds)
3948 (s, 1 H), 7.78 (4, /=877 Hz, 2 H), 736 -7.61 (m, 3 H), 7.07(dd, /~11.84, 2.63 Hz, 1 H),
676-692(m, 1 H), 494(d, /=438 Hz, 1 H), 401 (d, /=614 Hz, 1 H),3.79-396(m, 2 H),
287(d, =482 Hz, 4 H), 2,44 (d, /=526 Hz, 4 H).
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Example 35
Synthesis of (R)-5-chioro-N-(4-(3-{4-chioro-3-fluorophenoxy}-2-hydroxypropyllpiperazin-I-

vhpicolinamide
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Step | — Synthesis of tert-buiyl 4-(5-chloropicolinamido)piperazine-{ -carboxylare:

18336} To a stirred sclution of tert-butyl 4-aminopiperazing-1-carboxvlate (384 mg, 1.9
mmol, 1.0 equivy in DMF (05 mL) was added HATU (1451 mg, 3.8 mmol, 2.0 equiv) at RT and
stirred for 10 minutes. Then 5-chioropicolinic acid (300 mg, 1.9 mmol, 1.0 equiv) was added
followed by the addition of DIPEA (1.0 mL, 5.7 mamoel, 3.0 equiv). The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS. the
reaction mixture was diluted with water (50 mL) and extracted with EtQOAc (530 mL x 23, The
combined organic layer was washed with water (30mL), brine solution (30 mE x 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure, o obtain tert-butyl 4-{5-
chioropicolimamido)piperazine-1-carboxyiate (100 mg, 13 % Yield) as an off white sohd.

LOMS 3410 1 [M+H]" TH NMR (400 MHz, DMSO-ds} 8 9.86 (s, 1 H), 867 (d../=1. 75 Hz, | H},
8.12 (dd, /=855, 241 Hz, 1 H), 801 (4, /=877 Hz, 1 H), 340 (¢, /=4.82 Hz, 4 H), 2.81 {4,
J=4 82 Hz, 4 H), 134 -1.47 (m, 9H).

Step 2 — Synthesis of S5-chioro-N-{piperazin-1-yvljpicolinamide 2,2, 2-triflunroacetaie:

[6337] To a stirred solution of tert-butyl 4-(5-chloropicolinanudo)piperazine- 1 -carboxylate

{100 mg, 6.29 mmol, 1.0 equiv) in BCM (05 mL) was added trifluoroacetic acid (01 mL) and the
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resultant reaction mixture was stirred at RT for overnight under nitrogen atmosphere. Reaction
was monitored by TLC and LOMS. After completion of reaction, the reaction mixture was
concentrated under reduced pressure. The crude product crystallized in dicthy! ether and dried
under vacuum to obtain S-chloro-N-{piperazin-1-yDpicolinamide 2,2 2-tnfluoroacetate (100 mg,
96 % Yield) as an off white solid. LCMS 240.9 [M+H}", 'H NMR {400 MHz, DMSO-ds) &
1022 (br.s., 1 H), 869 (br. s, 1 H), 862 (br. s, 2H), 813(d, /=658 Hz, 1 H), 8.01 (d, /=789
Hz, 1 H), 322 (br s, 4H),3.09(br. 5,4 H).

Step 3 — Synthesis of (R}-5-chloro-N-{4-(3-(4-chioro-3-fluorophenoxy)-2-

hydroxypropyl) piperazin-1-vijpicalinamide:

{6338} To a stirred solution of S-chioro-N-{piperazin-1-yhpicolinamide 2,2,2-
trifhuoroacetate (100 mg, 0.28 mumol, 1.0 equiv) (R)-2-{{4-chloro-3-
fluorophenoxyymethyloxirane {58 mg, 0.28 mmol, 1.0 equiv) in DMF (05 mL), was added
TEA (02 mL, 1.12 mmol, 4.0 equiv) and the resultant reaction mixture was heated at 90 °C for
overmght. Progress of the reaction was monitored by LCMS. After completion of reaction, the
reaction mixture was diluted with water {100 mL) and extracted with EtOAc (50 mL x 2}. The
combined organic layer was washed with water (50 ml x 4}, dried over anhydrous sodium
sulfate and concentrated onder reduced pressure to obtain crude which was purified by reversed-
phase HPLC to obtain (R}-5-chlore-N-{4-(3-{(4-chloro-3-flucrophenoxy}-2-
bydroxypropyvlpiperazin-1-yDpicolinanude (Compound 64 - 80 mg, 65% Yield) as an off
white solid. LCMS 4433 [M+H]", 'H NMR (400 MHz, DMSO-ds3 8 9.74 (br. 5., 1 H}, 8.67 (d,
J=2.63 Hz, 1 H), 8.11 {dd, J=8.55, 241 Hz, 1 H), 800 (d, /=877 Hz, 1 H}, 747 {t, /=8.99 Hz, 1
H), 7.09(d. J=2.63 Hz, 1 H), 6836 {dd, ./=8.99, 197 Hz, 1 H}, 496 (br. s, 1 H), 3.97-4.05 (m, 1
H),384-394(m, 2H), 288 (br.s,4H), 256 (br.s,2H),233(br.s,2H), 1.91(s, 1 H).
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Example 36

Synthesis of (R}-N-(4-{3-{4-chivpro-3-fluorophenoxy)-2-hydroxypropyljpiperazin-i-yi}-5-

(triffuoromethylpicolinamide
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Step | — Synthesis of teri-butyl 4-(5-(wrifluorometiylipicolinamida)piperazine- 1 -carboxylate:

step-3 , C’/\’///

{8339} To a stirred solution of tert-butvl 4-aminopiperazine-1-carboxviate (315 mg, 1.5
mmol, 1.0 equivy in DMF (05 mL) was added HATU (1140 mg, 3.0 mmol, 2.0 equiv) at RT and
stirred for 10 mimutes. Then 5-(tnfluoromethvDpicolinic acid (300 mg, 1.5 mmol, 1.0 equiv) was
added followed by the addition of DIPEA (0.8 mL, 4.5 mmol, 3.0 equiv}. The resulting reaction
mixtare was allowed to stir at RT for ovenmight. Product formation was confirmed by LCMS  the
reaction mixture was diluted with water (50 mbL) and extracted with EtOAc (30 mb x 2). The
combined organic layer was washed with water (30ml), brine solution (30 mb x 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure, o obtain tert-butyl 4-{5-
{trifluoromethypicolinamidolpiperazine- 1-carboxylate (100 mg, 17 % Yield) as a brown sohid.
LOMS 3751 [MHH] THNMR (400 MHz, DMSO-ds) § 10.04 (s, 1 H), 9.00 (br. s, 1 H), 8.93
(s, 1H), 841 (d, /=789 Hz 1 H),819(d, J=833Hz 1H},342(br s,4H)),287-29 (m, 4
H), 1.41(d. /=3.51 Hz, 9 H).

Step 2 — Synthesis of N-{piperazin-1-yi}-5-{trifluoramethyljpicolinamide 2,2, 2-triflucroacerate:

{0340] To a stirred solution of tert-butyl 4-(5-(tritluoromethybpicolinanudo)piperazine-1-

carboxylate (100 mg, 0.26 mmol, 1.0 equiv) in BCM (05 mb) was added trifluorcacetic acid (01
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mb} and the resultant reaction mixture was stirred at RT for overnight under nitrogen
atmosphere. Reaction was monitored by TLC and LCMS. Afier completion of reaction, the
reaction mixture was concentrated under reduced pressure. The crude product crystallized in
diethyl ether and dried under vacuum to obtain N-{piperazin-1-y1}-5-
{tmifluoromethylipicolmamide 2.2, 2-trfluorsacetate (100 mg ) as an off white sohid. LCMS 273

IMAH]

Srep 3 — Synthesis of (R)-N-(4-(3-(4-chloro-3-fluorophenoxy)-2-hvdroxvpropylipiperazin-1 -vi)-
£ d J W \/ " .

S-ttriftuoromethyl)picolinamide

{0341} To a stirred solution of N-{piperazin- I -vl}-3-(tnfluoromethypicolmamide 2,2 2-
tnfluorcacetate (100 mg, 8.25 mmol, 1.0 equiv) (R)-2-{(4-chloro-3-

fluorophenoxy ymethybloxirane {52 mg, 0.25 mmol, 1.0 equiv) in DMF (05 mL), was added
TEA (014 mL, 1.0 mamol, 4.0 equiv) and the resultant reaction mixture was heated at 90 °C for
overnight. Progress ot the reaction was monitored by LCMS. After completion of reaction, the
reaction mixture was diluted with water (100 mL} and extracted with EtQAc¢ (50 mL x 2}, The
combined organic layer was washed with water (50 mL x 4}, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was purified by reversed-
phase HPLC to obtain (R)}-N-(4-(3-(4-chloro-3-fluorophenoxy }-2-hvdroxypropypiperazin-1-
yi-3-(trifluoromethyipicchinamide {Compound 65 - 30 mg, 42% Yield) as an off white solid.
LCMS 477 4 [M+HT" TH NMR (400 MHz, DMSO-de) § 9.87 (br.s.. 1 H), 9.02 (br. s, 1 H),
843(d, =877 Hz, L H), 819 {(d, =780 He, 1 H), 749 (t, /=877 Hz, 2H), 7.09(d, /=11.84
Hz, 1 H), 687 (d, /=638 Hz, 1 H), 594 (br. s, 1 H),4.00¢br. s, 4 H), 358 (br. 5,2 H), 2.67
{br.s..3H) 233 (br. s, 3 H}.
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Example 37

Synthesis of (R}-N-(4-{3-{4-chivpro-3-fluorophenoxy)-2-hydroxypropyljpiperazin-i-yi}-5-

(difluoromethpDpyragine-2-carboxamide
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Step 1 — Synthesis of tert-butyl 4-(5-(difluoromethyl)pyrazine-2-carboxamido)piperazine-i -

carboxylate:

{0342] To a stirred solution of tert-butyl 4-aminopiperazine-1-carboxylate (578 mg, 2.8
mmol, 1.0 equiv) in DMF (05 mL} was added HATU (2128 mg, 5.6 mmol, 2.0 equiv) at RT and
stirred for 10 mimstes. Then S-(difhuoromethyDpyrazine-2-carboxylic acid (500 mg, 2.8 mmol,
1.0 equiv) was added followed by the addition of BIPEA (1.5 mb., 8.4 mmol 3.0 equiv}. The
resulting reaction nuxture was allowed to stir at RT for overnight. Product formation was
contirmed by LCMS. the reaction mixture was diluted with water (30 mL) and extracted with
EtOAc (50 mL x 2). The combined organic layer was washed with water (30mL)}, brine solution
{30 mL x 2}, dried over anhydrous sodium sulfate and concentrated under reduced pressure, to
obtain tert-butyl 4-(3-(difluoromethylipyrazme-2-carboxamido)piperazine- I -carboxyiate (400
mg, 39 % Yield) as a brown solid. LOMS 3582 [M+H]™ 'H NMR (400 MHz, DMSQO-de) 8
10013 (s, 1 H), 924 (s, 1 H)L.899(s, 1H),334-349(m. 4 H), 284 (. J=5.04Hz 4 H}, 141 (s,
9 H).
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Step 2 — Synthesis of 5-(difluoromethyl)-N-{piperazin-1-vlipvrazine-2-carboxaniide 2,2, 2-
£ d VAL g { P

trifluoroacetate

{8343} To a stirred solution of tert-butvl 4-(5~(difluoromethvljpyrazine-2-
carboxamidolpiperazine-1-carboxyiate (400 mg, 1.12 mmel, 1.0 equiv) in DCM (10 mbL) was
added tnflucroacetic acid (3 mL) and the resultant reaction mixture was stirred at RT for
overnight under nitrogen atmosphere. Reaction was montiored by TLC and LCMS. After
completion of reaction, the reaction mixture was concentrated under reduced pressure. The crude
product crystallized in diethyl ether and dried under vacuum to obtain S-{(difluoromethyly-N-
{piperazin-1-viypyrazine-2-carboxamide 2.2 2-trifluorcacetate (200 mg, 48 % Yield) as an off
white solid. LCMS 258 2 [M+H}", "H NMR (400 MHz, DMSO-de) § 1046 (br. 5., 1 H)}, 9.25
(br.s, 1HL 901 (br.s, T H), 873 (br. s, 2 Hy 3. 17 {(br. s, 4 H), 3.11 (br. s., 4 H).

Step 3 — Synthesis of (R}-N-(4-(3-{4-chioro-3-fluorophenoxy)-2-hydroxypropyl)piperazin-{ -ylj-

S-tdifluoromethyl)pyrazine-2-carboxamide:

13344} To a stirred sohution of 5-{diflucromethyD-N-{piperazin-1-yHpyrazine-2-
carboxamide 2,2, 2-trifluoroacetate (200 mg, 0.53 mmol, 1.0 equiv) (R)-2-((4-chloro-3-
fluorophenoxyymethyhoxirane (108 mg, 0.53 mmol, 1.0 equiv) i DMF (03 mL), was added
TEA (03 mb, 2 12 mmol, 4.0 cquiv) and the resultant reaction mixture was heated at 90 °C for
overnight. Progress of the reaction was monitored by LUMS. After completion of reaction, the
reaction nuxture was diluted with water (100 mL) and extracted with EtQAc (50 mL « 2}. The
combined organic laver was washed with water (50 mL x 4}, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was purified by reversed-
phase HPLC to obtain (R)-N-{(4-(3-(4-chioro-3-fluorophenoxy)-2-hvdroxypropyipiperazin-1-
vi-3-(difluoromethylpyrazine-2-carboxamide (Compound 66 - 100 mg, 42% Yield) as a white
solid. LCMS 460.3 {M+H]|™, 'H NMR (400 MHz, DMSO-ds) §10.02 (s, 1 H), 9.23 (s, 1 H),
899(s, 1 H). 747, =899 Hz 1 H), 721 (s, 1 H), 7.04 - 711 {m, 1 H}, 6.86 {dt, /=9.10, 1 37
Hz, 1 H), 496(d, /~=438Hz, 1 H),397-408 (m, | H),382-395(m, 2 H), 2.89 (t, =482 Hz,
4H), 267 ¢br.s,3H), 2.30-2.44 (m, 2 H).
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Example 38

Synthesis of (R}-N-(4-{3-{4-chivpro-3-fluorophenoxy)-2-hydroxypropyljpiperazin-i-yi}-5-

cyanopicolinamide
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Step | — Synthesis of tert-buiyl 4-(5-cyanopicolinamido)piperazine- I -carboxylate:

{0345} To a stirred solution of tert-butyl 4-aminopiperazine-1-carboxviate (679 mg, 3.37
mmol, 1.0 equiv) in DMF (05 mL} was added HATU (2561 mg, 6.74 mmol, 2.0 equiv) at RT
and stirred for 10 minutes. Then S-cyanopicolinie acid (300 mg, 3.37 mmol, 1.0 equiv) was
added followed by the addition of BIPEA (1.8 mL, 10.1 mmol, 3.0 equivy. The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS. the
reaction mixture was diluted with water (50 mL) and extracted with EtQOAc (530 mL x 23, The
combined organic layer was washed with water (30mL}, brine solution (30 mL x 2), dried over
anhydrous sodium sulfate and concentrated under reduced pressure, o obtain tert-butyl 4-{5-
cvanopicolinamido)piperazine- 1 -carboxylate (400 mg, 35 % Yicld) as an yellow solid. LCMS
332.2 [M+HTT TH NMR (400 MHz, DMSO-de) 5 10.06 (s, 1 H), 9.09 (s, 1 H), 8.50 (dd, J=8.33,
1.75Hz, 1 H), 814 (d, /=789 Hz, 1 H}, 342 (br. s, 4 H), 282 (t, /=482 Hz, 4 H), 1.41 (s, 9 H).

Step 2 — Synthesis of S-cyano-N-(piperazin-i-vi)picolinamide 2,2, 2-friflucroacetafe:

{0346} To a stirred solution of tert-butyl 4-(5-cyanopicolinamido)piperazing-1-carboxvlate
{400 mg, 1.20 mmol, 1.0 equiv} in DCM (10 mL) was added trifluoroacetic acid {03 mL) and

the resultant reaction mixture was stirred at RT for overnight under nitrogen atmosphere.
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Reaction was momitored by TLC and LCMS. After corapletion of reaction, the reaction muxture
was concentrated under reduced pressure. The crude product crystallized in diethyl ether and
dricd under vacuum to obtain S-cvano-N-{piperazin-1-viipicolinamide 2.2, 2-trifluoroacetate
{200 mg, 48 % Yicid) as an off white solid. LCMS 2322 [M+H]"; 'H NMR (400 MHz,
DMSO-de) 5 10.40 (s, 1 H), 9.11 (s, 1 H), 8.60 (br. 5., 2 H), 8.52 {(dd, /=8.11, 1. 97 Hz, I H), 8.15
(d, =833 Hz 1 H). 323 {(br. s, 4H), 310, /=482Hz 4H)

Srep 3 — Synthesis of (R)-N-(4-(3-(4-chloro-3-fluorophenoxy)-2-hvdroxvpropylipiperazin-1 -vi)-
£ d J W \/ " .

S-cvanopicolinamide:

10347} To a stirred solution of 5-cyano-N-{piperazm-1-yDpicolmamide 2,2 2-triflucroacetate
{200 mg, 0.57 mmol, 1.0 equiv} (R}-2-({4-chloro-3-HucrophenoxyymethvDoxirane (117 mg,
0.57 mmol, 1 0 equuv} in DMF (05 mb), was added TEA {032 mL, 2.28 mmol, 4.0 cquiv) and
the resultant reaction mixture was heated at 90 °C for overmight. Progress of the reaction was
momitored by LOCMS. Afier completion of reaction, the reaction mixture was diluted with water
(100 mL} and extracted with EtOAc (S0 mL x 2}, The combined organic layer was washed with
water {50 mL x 4}, dried over anhydrous sodium sulfate and concentrated vader reduced
pressure to obtain crude which was purified by reversed-phase HPLC to obtain (R)-N-{4-(3~(4-
chloro-3-fluorophenoxy}-2-hydrosypropylpiperazin- 1-vi}-5-cyanopicolinamide {Compound 67
- 90 mg. 37% Yield) as a white solid. LOMS 434 3 [M+H]™ 'H NMR (400 MHz, DMSO-ds) &
094(s, 1 HY, 9.09 (s, 1 H), 850 (dd, /=811, [ 97 Hz, | H), 8.11-820(m, 1 H), 7.47 (1, ./=8.99
Hz, TH), 7.07(dd, /=11.40, 263 Hz, 1 H}, 6.82-690(m, 1 H), 497 (br. s, 1 H), 4.00(d,
J=658 Hz, T H),384-396(m, 2H), 287 (1, /=460Hz 4H), 229-244{(m, 2 H),2.12 (m, 3
Hj.

)
=
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Example 39

Synthesis of (R}-3-chiora-N-{4-({(3-{4-chioro-3-fluorophenoxy)-2~

hydroxypropyliamino)piperidin-I-ylpicolinamide
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Step I — Synthesis of teri-butyl {1-{5-chioropicolinamidoipiperidin-4-yl)carbamate:

0348} To a stirred solution of tert-butyl (1-aninopiperidin-4-ylcarbamate (300 mg, 2.32
mmol, 1.0 equiv) in DME (05 mL) was added HATU (1763 mg, 4.64 mmol, 2.0 equiv) at RT
and stirred for 10 minutes. Then S-chloropicolinic acid (365 mg, 2.32 mmol, 1.0 equiv} was
added followed by the addition of DIPEA (1.2 mL, 6.96 mmol, 3.0 equiv). The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS. the
reaction mixture was diluted with water (50 mL} and extracted with EtOAc (50 mL = 2). The
combined organic laver was washed with water (30mL)}, bnine solution (30 mkE. x 23}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure, o obtain tert-butyl (1-(5-
chloropicolmamido)piperidin-4-viicarbamate (300 mg, 60 % Yield) as an off white sohid.

LCMS 3551 [M+H]", 'H NMR (400 MHz, DMSO-ds) § 9.61 (s, 1 H), 8.66 (d, /=2 19 Hz, 1
H), 8.11(dd, /=833, 2.19Hz, 1 H}, 7.99{(d, /=833 Hz, I H}. 6.83 {d, J=7.02 Hz, 1 H}. 3.23 {br.
s, 1H).284-300(m, 3H),262-28(m, 2H), 1.73(d,/=1140Hz, 2H), 1.47-1.66(m, 2
H), 1.38 (s, 9 H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yl}-5-chioropicolinamide 2,2, 2-trifluoroacetare:

{63349} To a stirred sohution of tert-butvl (1-(5-chloropicolinamidopipenidin-4-yljcarbamate
{500 mg, 1.41 munol, 1.0 equiv) in DCM (10 mL)was added trifluorcacetic acid (02 mL) and the
resubtant reaction mixture was stirred at RT for overnight under nitrogen atmosphere. Reaction
was momtored by TLC and LCMS. After completion of reaction, the reaction mixhiure was
concentrated under reduced pressure. The crude product crystaliized in dicthvl ether and dried
under vacuum to obtain N-(4-aminopiperidin-1-vi}-S-chloropicolinamide 2,2 2-triflnoroacetate
(400 mg, 77 % Yield) as an off white solid. LCMS 25352 [M+H}", 'H NMR (400 MHz,
DMSO-de) §9.79 (s, 1 H), 8.67 (br. s, 1 H), 8.12 (d, /=6.14 Hz, 1 H), 8.00(d, /=8.77 Hz, 1 H),
785(br s, 3H),298(d, =1096Hz 3H), 279, =11.62Hz, 2H), 191 (d, /=1096 Hz, 3
H), 1.65(d, /=8.77 Hz, 3 H).

Step 3 — Synthesis of (R)-5-chioro-N-(4-((3-(4-chiaro-3-fluorophenoxy)-2-hvdroxypropyi)

amino)piperidin-1-yvi)picolinamide

3350} To a stirred solution of N-{4-aminopiperidin-1-vi}-5-chioropicolinamide 2,2,2~
triffucroacetate (200 mg, 0.54 mmol, 1.0 equiv) (R)-2~{(4-chloro-3-
fluorophenoxyymethyhoxirane (109 mg, 0.54 mmol, 1.0 equiv) i DMF (05 mL), was added
TEA (03 mb, 2 16 mmol, 4.0 cquiv) and the resultant reaction mixture was heated at 90 °C for
overnight. Progress of the reaction was monitored by LUMS. After completion of reaction, the
reaction mixture was diluted with water (100 mL) and extracted with EtOAc (50 mL « 2}. The
combined organic laver was washed with water (50 mL x 4}, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was purified by reversed-
phase HPLC to obtain (R)-5-chloro-N-(4-({3-(4~chloro-3-flucrophenoxy)-2-
hydroxypropyvlamino)piperidin- L-vDpicolimamide {Compound 68 - 60 mg, 25% Yield) as an
off white solid. LCMS 4573 [M+H]™, H NMR 'H NMR (400 MHz, DMSO-ds) § 9.60 (5, 1
H), 8.66(d, /<219 Hz, 1 H), 822 (br. s, 1 H}, 8.11 {dd, /=8.33,2.63 Hz, 1 H}, 7.99 (d, /=833
Hz, 1 H), 746 (, /=8.77 Hz, 1 H), 7.09(d, J/=2.63 Hz, 1 H), 6.85(d, J/=9.21 Hz, | H}), 4.01 (dd,
J=987,373Hz, 1 H), 383-393(m, 2H),296(d, /=1009Hz 2H}, 262 -2.78 {m, 4 H), 1.85
(br.s.. 2 H), 142 (d, /1009 Hz, 3 H}.
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Example 40

Synthesis of (R)-N-(4d-({3-(4-chloro-3-fluorophienoxy}-2-hydroxypropyflaminojpiperidin-1-yi)-

Semethoxybenzofuran-2-carboxamide
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Step 1 — Synthesis of tert-buiyl {i-(3-methoxybenzofuran-2-carboxamidolpiperidin-4-

vijcarbamate:

j3351] To a stirred solution of tert-buty! (I -aminopipendin-4-yl}carbamate (224 mg, 1.04
mmol, 1.0 equiv} in DMEF (5 mL) was added HATU (790 mg, 2.08 mmol, 2.0 equiv) at RT and
stirred for 10 minutes. Then 5-methoxybenzofuran-2-carboxvlic acid (200 mg. 1.04 mmol, 1.6
equiv) was added followed by the addition of DIPEA (0.6 mL, 3.12 mmol, 3.0 equiv). The
resultting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. the reaction nuxture was diluted with water (30 mL) and extracted with
EtOAc (530 mL x 2. The combined organic laver was washed with water (30mL), brine solution

30 mL x 2}, dried over anhydrous sodium sulfate and concentrated under reduced pressure, to
obtain tert-butyl (1-{S-methoxybenzoturan-2-carboxamidopipendin-4-vlhcarbamate (300 mg,
74 % Yield) as an off white solid. LCMS 3902 [M+H}", 'H NMR (400 MHz, DMS0-de) &
962 (s, 1 H),753¢(d, /=877 Hz, 1 H), 744 (s, 1 H), 724 (br. s, 1 H), 6.97 - 7.08 (. | H), 6.84
(d, /=658 Hz, | H),3.79 (s, 3H), 323 (br.s, 1 H}, 295(d, =1009Hz, 2 H), 262 -281 (m, 2
H), 1.74(d, /=965 Hz, 2 H), 1.53(d, /=10.52 Hz, 2 H}, 1.38 (s, 9 H}.
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yi)-5-methoxybenzofuran-2-carboxamide 2,2, 2-

trifluoroacelate.

{8352} To a stirred solution of tert-butvl (1-(5-methoxybenzofuran-2-
carboxamidompendin-4-yhicarbamate (300 mg, ¢.77 mmol, 1.0 equiv) in DCM {05 mL}was
added tnflucroacetic acid (02 mb} and the resultant reaction mixture was stirred at RT for
overnight under nitrogen atmosphere. Reaction was montiored by TLC and LCMS. After
completion of reaction, the reaction mixture was concentrated under reduced pressure. The crude
product crystallized i diethyl ether and dried under vacuum to obtain N-(4-aminopiperidin-1-
vi-5-methoxvhenzofuran-2-carboxanide 2.2, 2-trifluorcacctate (300 mg.) as an off white solid.
LCMS 290.2 [M+H]", 'H NMR (400 MHz, DMSO-ds) 89.76 (br. s, | H), 7.88 {br. 5., 2 H},
734, 877THz 1H), 745 (bor. s, T Hp, 725 (br. s, T HL 705 (d, =745 Hz, 1 H) 3.80 (. 3
H),302¢d,/=877Hz, 2H),279¢, J=1074 Hz, ZH), 192(d. J=1140 Hz, 2 H), 1.65 (4.
J=10.52 Hz, 2 H).

Step 3 Svnthesis of (R)-N-{4-({3-(4-chioro-3-fluorophenoxy)-2-hvdroxypropvijaminolpiperidin-

1-yi}-5-methoxybenzofuran-2-carboxamide:

16353} To a stirred solution of N-(d-aminopiperidin-1-yi}-3-methoxvbenzofuran-2-~
carboxamide triflucroacetate (200 mg, (.51 mumol, 1.0 equiv) (R)-2-{(4-chloro-3-
fluorophenoxyymethylioxirane (104 mg, 0.51 mmol, 1.0 equiv) in DMF (05 mL), was added
TEA (0.3 mL, 2.04 mmol, 4.0 equiv) and the resultant reaction mixture was heated at 90 °C for
overmght. Progress of the reaction was monitored by LCMS. After completion of reaction, the
reaction mixture was diluted with water {100 mL) and extracted with EtOAc (50 mL x 2}. The
combined organic layer was washed with water (50 mi x 4}, dried over anhvdrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was punified by reversed-
phase HPLC to obtain (R}-N-{4-((3-{4-chloro-3-fluorophenoxy)-2-
hydroxypropylamino)piperidin-1-vi}-5-methoxybenzofuran-2-carboxamide (Compound 69 - 60
mg, 24% Yield) as a white solid. LCMS 491,16 [M+H]", "THNMR (400 MHz, DMSO-de)} §
965(s, TH), 824 (s, 1 H}, 741 -75%(m, 3H), 724 (br. s, 1 H), 6.98 - 7.09 {m, Z H), 6.85 {d,
J=8TTHz, 1 H), 401 (d. J=526Hz, 1 H), 386-396(m, 2 H), 3.79 (s, 3 H), 3.00{(d, J/=9.65
Hz, 3H),2.61-283 (m, 4 H), 1 88 (br. s, 2 H), 146 (br. 5., 2 H).
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Example 41

Syathesis of 5-chioro-N-{4-{ 2-{4-chiovo-3-fluorophenoxy) acetamido} piperidin-1-yi}-2,3~

dibiydrobenzofuran-2-carboxamide
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Step I — Synthesis of teri-butyl {1-{5-chioro-2, 3-dihydrobenzofuran-2-carboxamidopiperidin-4-

vijcarbamate:

[0354] To a stirred solution of tert-butyl (1-aminopiperidin-4-yhcarbamate (0.200 g, 0.93
mmol, 1.0 equiv) in BDMFE (05 mL) was added HATU (0.706 g, 1.86 mmol, 2.0 equiv) atRT
and stirred for 10 minutes. 5~-chloro-2,3-dihvdrobenzofuran-2-carboxylic acid (0.184 ¢, 0.93
mmol, 1.0 equiv) was added followed by the addition of DIPEA (0.5 mL., 2.79 mumol, 3.0 equiv).
The resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (50 mbL}. The resulting solid
was filtered off, washed with water (20 mL « 4} and dried under vacuum to obtain tert-butyl (1-
(5-chloro-2,3-dihydrobenzofuran-2-carboxamido)piperidin-4-vljcarbamate {0.300 g, 81% vield)
as an off white solid. LCMS 3962 [M+H]", 'H NMR (400 MHz, DMSO-ds} §9.16 (s, 1 H),
723-729{(m, 1 Hy, 710-7.17 (m, 1 H), 6.78 - 6.84 (m, 2 H), 5.06 (dd, /=10.09, 7.02 Hz, 1 H},
344, S1052Hz, 1 HYL 3 13-322(0, 2H), 282291 (m, 2 H), 257 - 264 {m, 2 H), 1.69
(br.s,2H), 1 46(d, /=11 84 Hz, 2 H), 137 (s, 9 H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yi)-5-chloro-2, 3-diliydrobenzofuran-2-carboxamide

2.2, 2-triflucroacetate:

{8355} To a stirred solution of tert-butvl (1-(S-chloro-2,3-dihvdrobenzofuran-2-
carboxamidompendin-4-ylicarbamate (0.300 g, ¢.75 mmol, 1.0 equiv) in DCM (10 mbL} was
added tnflucroacetic acid (0.3 mL) and the resultant reaction mixture was stirred at RT for 1 h
voder nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After completion of
reaction, the reaction mixture was concentrated under reduced pressure to obtain sticky crude
compound which was triturated with hexane (10 mL) and diethy! ether and dried under vacuom
to obtain N-{(4-aminopiperidin-1-vi}-3-chloro-2,3-dihydrobenzofuran-2-carboxamide 2,2,2-
triflucroacetate (0.200 g, 90% vield) as an off white solid. LEMS 2962 [M+H]", TH NMR (400
MHz, DMSO-d63 8932 (br. s, 1 H), 724 - 732 {m, 1 H), 7.15{d, /=789 Hz, 1 H}, 6.82 {d,
J=T80Hz 2H), 5.09(d, /~T45Hz, 1 H),342-352{m, 1H). 321 {dd, J=1622, 638 Hz 2
H), 299 (br. s, 2 H)L 259-2.68(m, 2H), 1.89(br. s, 2 H), 1.59(d, /=10.96 Hz, 2 H).

Step 3 — Synthesis of 3-chioro-N-{4-(2-(4-chioro-3-fluorophenoxy) acetamido} piperidin-1-ylj-

2. 3-dilvdrobenzofuran-2-carboxamide:

106356} To a stirred solution of N-{(d-aminopiperidin-~1-yi}-3-chloro-2,3-dihydrobenzofuran-
2-carboxamide 2.2 2-triflucroacetate salt {0.200 g, 0.48 mmol, 1.0 equivy in BMF (05 mL}) was
added HATU (0.364 g, 0.96 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 2~(4-chloro-3-
fluorophenoxy)acetic acid (0.099 g, 0.48 mmol, 1.0 equiv) was added followed by the addition
of DIPEA (0.3 mL, 1 .44 mmol, 3.0 equiv). The resulting reaction mixture was allowed to stir at
RT for overnight. Product formation was confirmed by LEMS. The reaction mixture was diluted
with water (30 mb). The resulting solid was filicred off, washed with water (20 mL x 4) and
dried under vacuum to obtain S-chloro-N-{4-(2-(4-chloro-3-flucrophenoxy} acetamido)
piperidin-1-y1}-2 3-dihydrobenzofuran-2-carboxamide (Compound 11 - 0.200 g, 86% Yield) as
an off white solid. LCMS 4823 [M+H]", 'H NMR (400 MHz, DMSO-ds) § 923 (s, 1 H), 8.04
(d, =789 Hz, 1 H),748-754 (m, 1 H}, 724-733(m, 1 H), 7.05-720(m, 2 H), 676 - 6.88
(m, 2H), 5.07(dd, /=10.09, 702 Hz, 1 H), 451 (s, 2 H), 3.60 (br. s, 1 H}, 3.43{dd, J=16.22,
10,09 Hz 1 H). 3.19(d, J=6.58 Hz, 1 H). 2.87 {(d. J=14.03 Hz, 3 H), 2.65 (4, /=12.72 Hz, 1 H),
|70 (br.s., 2 H), 1.57(d, ./=8.77 Hz, 2 H}.
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Example 42

Synthesis of S-chioro-N-{I-(2-{4-chioro-3-fluorophenoxyjacetamido)piperidin-4-pi}-2,3-

dibiydrobenzofuran-2-carboxamide

ka G
F ) A
{ %}r" e OH \}, ;%‘«\OH
hal o : D0 TEA, DCM NFH
N - . 2
NN matuowEs N RTOuwight o Y
i DIMF RT/Overnight r/ \J \/\ve )\ N\,/'
Y steg-1 F. N\/ step-2 E H
HNYQ\[( J/\]’ /\/
f ~ &
I o P
C‘\A;,.——\ Q
o i T >
F\)/“\ S d on i
P71 OH 27N,

H
HATU,DIPEA o N S Ry
() (/\,/NHz DRF RT/Cvernight (\) E}/ (o) F
-~
N\/ e Y‘L

A ) N
I:/ step-3 o ravas

Step 1 — Synthesis of tert-butyl {1-(2-{4-chloro-3-fluorophenoxyjaceiamidojpiperidin-4-

vljcarbamate:

[3357] To a stirred solution of tert-butyl (T-aminopiperidin-4-vi)carbamate (0.200 g, 0.93
mmol, 1.0 equiv} in DMF (05 mL) was added HATU (0.706 g, 1.6 mmol, 2.0 equiv) at RT
and stirred for 10 minutes. 2-(4-chloro-3-fluorophenoxviacetic acid {0.190 g, 0.93 mumol, 1.0
equiv) was added followed by the addition of DIPEA (0.5 mb, 2.79 mmol, 3.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water {30 mbL). The resulting solid
was filtered off. washed with water (20 mL x 4} and dried under vacuum to obtain tert-butyl (1-
(2-{4-chloro-3-fhuorophenoxy Jacetamidopiperidin-d-vicarbamate {0.300 g, 809 vield} as an
off white solid. LCMS 402.2 [M+H|", 'H NMR (400 MHz, BDMSO-ds} 8 9.08 (s, 1 H), 8.74 (s,
TH), 744 -751(m, 1 H), 7.05 (dd, /=11 40, 263 Hz, 1 H), 6.83 (dd, /=943, 2.41 Hz 1 H),
488 (s, 2Hy 446¢s, THL320br. s, T H)L283-291 (m, 2 H), 257-264 (m, 1 H), 1.72 (br.
s, 2H), 144-153(m, 2H). 138 (s, 9H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yl}-2-(4-chioro-3-flucrophenoxylacetamide 2,2, 2-

trifluoroacelate.

{8358} To a stirred solution of tert-butvl (1-(2-(4-chlore-3-

fluorophenoxy jacetamido)piperidin-d-vijcarbamate (0.300 g, .74 mmol, 1.0 equiv) in DCM (10
mbL}was added trifluorcacetic acid (0.3 mL) and the resultant reaction mixture was stirred at RT
for 1 h under nitrogen atmosphere. Reaction was monttored by TLC and LUMS. After
corapletion of reaction, the reaction mixture was concentrated under reduced pressure to obtain
sticky crude compound which was triturated with hexane (10 mL) and diethyl ether and dried
under vacuum to obtain N-{4-aminopiperidin- 1 -vi}-2-(4-chioro-3-fluorophenoxyacetanide

2.2, 2-triflucrcacetate (0.200 g, 90% vield) as an off white solid. LCMS 302.1 [M+H]", H
NMR (400 MHz, DMSO-ds) 8 9.08 (s, 1 H), 874 (s, 1 H), 744 - 7.51 {m, 1 H}, 7.05 {(dd.
J=11.40,2.63 Hz, 1 H), 683 {dd, /=943, 241 Hz, 1 H), 488 (s, 2 H), 446(s, 1 H), 3.20 (br. s,
TH),283-291(m, 2H), 257 -2.64 (m, L H), 1.72(br. s, 2 H), 144 -1 53 (m, Z H).

Step 3 — Synthesis of 3-chioro-N-{1-(2-(4-chloro-3-fluorophenoxy)acetamido)piperidin-4-yi)-

2. 3-dilvdrobenzofuran-2-carboxamide:

{6359] To a stirred solution of N-{(4-aminopiperidin-1-y1)-2-(4-chloro-3-
fluorophenoxyjacetamide 2,2 2-trifluorcacetate {0.200 g, 0.48 mmol, 1.0 equivy in DMF {05
mb) was added HATU (0.364 ¢, 0.96 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 5-
chloro-2,3-dihydrobenzofuran-2-carboxylic acid (0.095 g, 0.48 mmol, 1.0 equiv) was added
followed by the addition of DIPEA (0.3 mL, 1.44 mmol, 3.0 equiv}. The resulting reaction
mixtare was allowed to stir at RT for overmight. Product formation was confirmed by LUMS.
The reaction mixture was diluted with water (530 mL). The resulting solid was filicred off,
washed with water (20 mL x 4) and dried under vacuum to obtain 5-chloro-N-{1~{Z-{4-chioro-3-
fluorophenoxy Jacetamido)piperidin-4-v1}-2 3-dihydrobenzofuran-2-carboxamide (Compound 12
-0.200 g, 86% Yield) as an off white solid. LCMS 482.3 [M-+H]", 'H NMR (400 MHz,
DMSO-ds) 3913 (s, 1 H), 879 (br. s, 1 H), 814 (br.s, 1 H), 746 -754 (m, 1 H), 7.27 (s, 1
H), 7.16 (d, /=833 Hz, 1 H). 6.99 (dd, /=11.40, 263 Hz, 1 H), 6.83 (d, /=2.63 Hz, 1 H), 4.47 (s.
2H)Y357¢br s, 1H), 341 -3480un, 1 H), 321 (dd, /~16.01, 680 Hz, 2 H}, 3.04 (br. 5, 1 H),
288(br. s, 1 H) 2.59-271{(m, 2H), 1.64 - 1.77 (m, 4 H).
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Example 43

Synthesis of 2-{4-chioro-3-fluorophenoxy}-N-{I-{(3-(4-chioro-3-fluvrophenoxy)-2-
hydroxypropyBaminopiperidin-4-yhacetamide
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Step 1 — Synthesis of tert-butyl (1-({3-(4-chioro-3-fluorophenoxy)-2-

hydroxypropylaminejpiperidin-4-ylicarbamate.

{6364} To a stirred sclution of tert-butyl (T-aminopiperidin-4-yhcarbamate (0.500 g, 2.3
mmol, 1.0 equivy in THF {05 mL) was added LiCl34 (0.487 g, 4.6 mmol, 2.0 equuv} at RT and
stirred for 10 minutes. Then 2-({4-chloro-3-fluorophenoxyymethyoxirane (0.469 g, 2.3 mmol,
1.0 equiv). The resulting reaction muxture was allowed to stir at RT for overnight. Product
formation was confirmed by LCMS. The reaction mixture was dilated with water (50 mL} and
extracted with EtOAc (100 mL x 2}, The combined organic layer was washed with water
{50mL), brne solution (50 mL = 2}, dried over anhvdrous sodium sulfate and concentrated
under reduced pressure to obtain tert-butyl (1-((3-{(4-chloro-3-fluorophenoxy)-2-
hydroxypropylamino)piperidin-4-vijcarbamate (0.400 g, 41% Yield) as a white solid. LCMS
418 1 [M+H]" THNMR (400 MHz, DMSO-ds) §8.08 (br.s., | H), 7.52 (1. /=899 Hz, 1 H).
TH{dd, =1140,3.07Hz, 1 H), 688 (d, /=877Hz, 1 H}, 6.09 (br. 5., L H}, 5.78 (br. 5., | H),
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4.60 (br.s, 1 H), 4.01 (d. J=4.82 Hz, 1 H). 3.86 (d. J=12.28 Hz, 2 F), 3.71 - 3.81 (m, 1 FI}, 3.66
(br.s. 1 H). 358 (br. s, 1 H), 3.50(d, J=13.15 Hz, 1 H), 3.34 (br.s.. 1 H), 2.15 (d, /=14.03 Hz.
2H). 2.08 (s, 2 H), 1.37¢s. 9 H).

Step 2 — Synthesis of 1-{{(4-aminopiperidin-1-yljamino}-3-(4-chioro-3-flucrophernoxy)propen-2-

ol 2,2 2-trifluoroaceiate.

[B3361] To a stirred solution of tert-butyl {1 -((3~{(4-chloro-3-fluorophenoxy)-2-~
hydroxypropyl) amine) piperidin-4-ylcarbamate {0 400 g, 0.95 mmol, 1.0 equuv} in DCM (10
mk.} was added trifluoroacetic acid (4 mL) and the resultant reaction mixture was stirred at RT
for 1 h under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After
completion of reaction, the reaction mixture was concentrated ander reduced pressure to obtain
sticky crude compound which was triturated with hexane (10 mL) and digthy! ether and dried
under vacuum to obtain 1-{({(4-aminopiperidin-1-viamino)-3-(4-chloro-3-tfluorophenoxy)propan-
2-01 2,2 2-rifluoroacetate (0.400 g, Quantitative vield} as an off white sohid. LCMS 318.2
[MAHH]T; TH NMR (400 MHz, DMSO-ds} 8 8.08 (br. s, 1 H), 752 (£, J=8.99 Hz, 1 H), 7.11 (dd,
J=1140, 307 Hz, T H), 6.88(d, /=877 Hz, T H), 6.09 (br. s, 1 H), 578 (br.s., 1 H), 460 (br s,
TH), 401 {d. J=482Hz, 1 H),386(d.J=1228 Hz, 2 H). 3.71 -3.81 (m, 1 H), 3.66(br. s, | H),
338(br s, 1 H)Y,350(d, J=13.15He, 1 H), 334 (br. s, 1 H), 215 (d, /=14.03 Hz, 2 H), 2.08 (s,
2 Hj.

Step 3 — Synthesis of 2-(4-chloro-3-fluorophenoxy}-N-(1-{{3-(4-chioro-3-fliorophenoxy)-2-

hydroxypropvl)aminojpiperidin-4-vi)acetamide:

13362} To a stirred sohution of 1-{{(4-aminopiperidin-1-yljanuino}-3~(4-chloro-3-
fluorophenoxy)propan-2-ol 2,2, 2-trifluorcacetate (0.100 g, 0.23 mmol, 1.0 equiv) in DMF (05
mb} was added HATU (0.175 ¢, 0.46 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 2-{4-
chioro-3-fluorophenoxylacetic acid (0.048 g, 0.23 mumol, 1.0 equiv) was added followed by the
addition of BIPEA (0.2 mL, 0.6% mmol, 3.0 equiv). Product formation was confirmed by LCMS.
the reaction mixture was diluted with water (30 mL) and extracted with EtOAc (50 mL x 2. The
combined organic layer was washed with water (50ml), brine sobution (530 mb = 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure to obtain crude which was
purtfied by reverse phase of HPLC to obtain 2-(4-chloro-3-fluorophenoxy)-N-{1-((3-(4-chloro-
3-fluorophenoxy)-2-hydroxypropyhamino)piperidin-d-vhacetamide (Compoand 7 - 0.015 g,

13% Yield) as an off white solid. LCMS 5043 [M+H]" 'H NMR (400 MHz, DMSQO-ds) 6 8.50

b2
jo 1
e
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(br.s., 1 H), 8.41 (br.s.. 1 HD), 7.50 (td, J=8.77, 3.07 Hz, 2 H), 7.04 - 7.16 {m, 2 1), 6.87 (.
J=7.45 Hz, 2 H), 6.07 (br. 5., 1 H), 4.58 (5. 2 H). 401 (d. J=6.14 Hz, 3 H). 3.84 (br. 5, 2 H). 3.75
(br.s.. 1 H). 3.53 (d. /=13.59 Hz, 3H). 2.02 (br. 5., 3 H), 1.94 (br. 5., | H).

Example 44

Kynthesis of 6-cliloro-N-(I-((3-(4~-chioro-3-fluorophenoxyl-2-hydroxypropyfamino)piperidin-

4-ylguinoline-2-carboxamide
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[3363] To a stirred sobution of 1-{{4-aminopipendin-1-yljamino}-3-{4-chlorg-3-

\.

fluorophenoxy jpropan-2-of 2,2 2-trifluorcacetatesalt (0.100 g, 0.23 mmol, 1.0 equiv) in DMF
{05 mL) was added HATU (0.175 g, 0.46 momol, 2.0 equiv) at RT and stirred for 10 minutes. 6-
chloroguincling-2-carboxylic acid (0.048 g, .23 mmol, 1.0 equiv) was added followed by the
addition of BIPEA (0.2 mL, 0.69 mmol, 3.0 equiv}. Product formation was confirmed by LCMS.
The reaction mixture was diluted with water (30 mL) and extracted with EtQOAc (30 mL x 2},
The combined organic layer was washed with water (S0mL), brine solution (30 mL x 2), dried
over anhydrous sodiom sulfate and concentrated under reduced pressure to obtain crude which
was purified by reverse phase of HPLC to obtain 6-chloro-N-{1-{((3-(4-chloro-3-flucrophenoxv)-
2-hydroxypropyhaminopipenidin-4-viquinoline-2-carboxamide {Compound 25 -0.020 g, 17%
Yield) as an off white solid. LCMS 507 4 [M+H]" *H NMR (400 MHz, DMSQ-ds) 8 8.96 (d,
S=8. 77 Hz, 1 H), 8.57(d, /=877 Hz, | H), 8.28(d, /=263 Hz 1 H), 8.16(d, /=921 Hz, I H),
8.21(d, /=833 Hz I H),791(dd, /=921, 2.19Hz, 1 H), 752 (t, =899 Hz, | H}, 7.14 (dd,
J=1118, 285 Hz, 1 H)L 684 -697(m, 2H), 6,16 (br. 5., 1 H), 467 (br. s, 1 H), 426 (br. s, |
H3, 392-408 (m, 3H), 3.81(d, /=13 15Hz 1 H),354-371 (m,3H),2.24-237 (m, 2 H),
208 {br.s,2 H}.
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Example 43

Synthesis of S-chioro-N-{I-{(3-{4-chioro-3-fluorophenoxyl-2-hydroxypropyliaminolpiperidin-

4-pi)-2. 3-diliydrobenzofuran-2-carboxamide

Ci\(-\ o 0]
DI
5 o y  OH

g ¥ /K/O
HATU,DIFEA 8 /[ N \E/
\

Ot ~
N ﬂ‘on/\“* NVJ\/'O“‘{A\T/F DMF RT/Overnight w)l\n' A ’f’\cg
F i a
H_N/\/J P - @ 4

F

{8364} To a stirred solution of 1-((4-aminopiperidin-1-yvl}amino}-3~(4-chlore-3-
fluorophenoxy jpropan-2-of 2,2, 2-iriflucrcacetatesalt (0.100 g, 0.23 mmol, 1.0 equiv) in DMF
{05 mlL) was added HATU {(0.175 g, 0.46 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 5-
chloro-2,3-dihydrobenzofuran-2-carboxylic acid (0.046 g, 0.23 mumol, 1.0 equiv) was added
followed by the addition of DIPEA (.2 mL, 0.69 mmol, 3.0 equiv). Product formation was
confirmed by LCMS. The reaction mixture was diluted with water {50 mL) and extracted with
EtOAc (50 mL < 2}, The combined organic layer was washed with water (50mL.), brine solution
{50 mL = 2}, dried over anhydrous sodium sulfate and concentrated under reduced pressure o
obtain crude which was purified by reverse phase of HPLC to obtain S-chlore-N-{1-{{3-{4-
chioro-3-fluorophenoxy)-2-hvdroxypropylamine ypiperidin-4-vi)-2, 3-dihvdrobenzofuran-2-
carboxamide (Compound 78 - 0.020 g, 17% Yield) as an off white solid. LCMS 4983 {Mﬁ-ﬂ'*‘;
TH NMR (400 MHz, DMSO-ds) 6 848 (br. s, 1 H), 838 (br.s, 1 H), 746 - 754 (m, 1 H), 7.28
(s, THYL 708-724 {m, 2H) 683-695(m, 2H), 6.06(br. s, 1 H). 521 {dd, J/=9.87, 6.80 Hz,
TH), 401 {dd. J=9.65,438 Hz, 2 H), 386 (d, /=1228 Hz, 2 H), 374 (br. s, | H), 344 -3 .58
(m, 4H), 314-326(m, 2 H}, 1.99 (br. 5,4 H}.

Example 46

Synthesis of 5-chiloro-N-{I-({3-(4-chioro-3-fluorophenoxyl-2-hydroxypropyllaminajpiperidin-

4-piibenzofuran-2-carboxamide
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[365] To a stirred solution of 1-{{(4-aminopipendin-1-vi}amino)-3-(4-chloro-3-
fluorophenoxypropan-2-cl triflacroacetate (0.100 g, 0.23 mmol, 1.0 cquiv} in DMF (05 mL}
was added HATU (0.175 g, 0.46 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 5-
chlorobenzofuran-2~-carboxylic acid (£.045 g, 0.23 ramol, 1.0 equiv) was added followed by the
addition of DIPEA (0.2 mL, 0.69 mmol, 3.0 equiv}. Product formation was confirmed by LCMS.
The reaction mixture was diluted with water (50 mL) and extracted with EtOAc (50 mL x 2).
The combined organic layer was washed with water (50mL). brine solution (50 mL = 2}, dried
over anhvdrous sodium sulfate and concentrated under reduced pressure to obtain crude which
was purtfied by reverse phase of HPLC to obtain S-chloro-N-{1-{((3-{4-chloro-3-flucrophenoxy}-
Z-hydroxypropyDaming piperidin-d-yvhbenzofuran-2-carboxamide (Compound 26 - 0.020 g,
17% Yield) as an off white solid. LCMS 4963 [M+H]"; 'H NMR (400 MHz, DMSG-ds) 5 8.93
(d, J=745Hz, 1 H), 789 (d, J=2.19Hz, 1 H), 771 {d, J=8.77 Hz, 1 H), 762 {s, 1 H), 743 -7.35
{m, 2 H), 713 (dd, /<1140, 263 Hz, 1 H), 6.89(d, /=921 Hz 1 H), 6.15 (br. 5., 1 H}, 4.69 {(br.
s, VHL 420 (br.os, T H), 3.92-4.05¢0n, 3H), 388(d, /=10.52Hz, 1 H), 3.38(d, /~13.15 Hz,
3H), 214 ¢br. s, 4 H).
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Example 47

Synthesis of 5-chioro-N-(4-{3-(4-chipro-3-fluorophenoxy)-2-hydroxypropyl} piperazin-I-yi}-

2,3-dilydrobenzofuran-2-carboxamide
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Step I — Synthesis of teri-butyl 4-(S-chioro-2, 5-difiydrobernzofuran-2-carboxamido)piperazine-i -

carboxylate.

[0366] To a stirred solution of tert-butyl 4-aminopiperazine-1-carboxylate {(0.200 g, 0.99
mmol, 1.0 equiv) in DME (05 mL) was added HATU (.752 g, 1.98 mmol, 2.0 equiv) atRT
and stirred for 10 minutes. Then 5-chlorg-2,3-dihvdrobenzofuran-2-carboxylic acid {0.197 g,
0.99 mmol, 1.0 cquiv} was added followed by the addition of DIPEA (0.5 mL, 2.97 mmol, 3.0
equiv). The resulting reaction mixture was allowed to stir at RT for overnight. Product formation
was confirmed by LCMS. Afier completion of the reaction the reaction mixture was diluted with
water (100 ml} and extracted wit ethyl acetate (150 mL « 2). Combined organic layer was
washed with water (30 mL x 4), dried over anhydrous sodium sulfate and concentrated under
reduced pressure to obtain tert-butyl 4-(5-chloro-2,3-dihydrobenzofuran-2-

carboxamidolpiperazine-1-carboxylate (0.200 g, 52% vield) as an off white solid. LCMS 3822
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IMHHTT H NMR (400 MHz, DMSO-ds) 8 9.67 (s, 1 HD, 7.28 (br. 5., 1 H), 7.16 (d. J=8.33 Hz,
1 H). 6.84 (s, 1 H), 5.10 (dd, /=10.09, 7.02 Hz. 1 H), 3.23 (dd. J=16.01, 7.24 Hz, 4 H), 2.92 -
3.07 (o, 4 H), 2.03-2.14 (m, 2 H), 137 (5, 9 H).

Step 2 — Synthesis of S-chloro-N-{piperazin-1-vl}-2, 3-dihydrobernzofiran-2-carboxamide 2,2, 2-

trifluoroacetate:

3367} To a stirred solution of tert-butyl 4-(5-chiore-2,3-dihvdrobenzoturan-2-
carboxamido)piperazine- 1 -carboxylate (0.200 g, 0.52 mmol, 1.0 equiv) in BCM (10 mL) was
added tnflucroacetic acid {02 mkL) and the resultant reaction nuxture was stirred at RT for L h
under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After completion of
reaction, the reaction mixture was concentrated under reduced pressure to obtain sticky crude
compound which was tritarated with hexane {10 mbL} and diethy! ether and dried under vacuum
to obtain 5-chloro-N-{piperazin-1-yi)-2,3-dithydrobenzofuran-2-~carboxamide 2,2,2-
trifluoroacetate {0.200 g, Quantitative vield) as a semisolid. LCMS 282.2 [M+H]}", 'H NMR
(400 MHz, DMSO-ds) 8 9.67 (s, 1 H), 8.64 ¢br. s, L H), 728 (br. s, L H), 7.16 (d, /=833 Hz, |
Hy, 684 (s, 1 H), 5,10 (dd, /=10.09, 7.02 Hz, 1 H}, 3.23 {(dd, /=16.01, 724 Hz, 4 H), 2.92 - 3.07
(m,4H),203-214(m, 2 H).

Step 3 — Synthesis of 5-chloro-N-{4-(3-{4-chloro-3-fluorophenoxy)-2-hvdroxvpropyl)piperazin-

1-yi)-2 3-ditvdrobenzofuran-2-carboxamide:

{3368} To a stirred solution of 5-chloro-N-{piperazin-1-v1}-2,3-dihydrobenzofuran-2-
carboxamide 2,2, 2-trifluorcacetate {0.200 g, 0.50 mmol, 1 equiv} in DMF (05 mL) was added 2-
{{4-chloro-3-fluorophenoxymethyljoxirane (0.102 g, 0.50 mmol, 1.0 equiv) and KoCO: (0.276
g, 1.0 mmol, 2.0 equiv) at RT. The resultant reaction muxture was heated at 90°C for overnight.
Progress of the reaction was monitored by LCMS. After completion of the reaction the reaction
mixture was dituted with water (100 mL) and extracted wit ethyl acetate (100 mL < 2},
Combined organic laver was washed with water (530 mb. x 4}, dried over anhvdrous sodium
sulfate and concentrated under reduced pressure. The crude product which was purified by
reverse phase of HPLC 1o obtain S-chloro-N-{4-(3-{4-chloro-3-fluocrophenoxy}-2-
hydroxypropyl} piperazin- 1-yl)-2.3-dihydrobenzofuran-Z-carboxamide {Compound 13 - 0.040 g,
17 % Yield } a white solid. LOMS 484 4 [M+H]";, 'TH NMR (400 MHz, DMSO-ds) 5 9.75 (br.
s, 1H), 747 (br. s, 2H), 7.05-717 (m, 2 H), 6.84 (£, J=789 Hz, 2 H}, 5.58 {s, 1 H}, 5.09 (br.
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5,2 ). 493 (br. s, 2 F), 430 (s, 1 ), 3.99 (br. 5., 2 H). 3.90 (br. s, 2 H), 3.54 (br. 5., 1 FD),
347 (br. s, 1 H), 2.76 (br. s.. 2 H), 2.18 (br. 5., 2 H).

Example 48

Synthesis of 6~-chioro-N-{4-(2-hydroxy-3-{4-(trifluovomethyphenoxy) propylpiperazin-I-

viguinoline-2-carboxamide
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Step I — Synthesis of 2-((4-{triflucromethyvl)phenoxy)meihvijoxirane:

[3369] To a stirred sohution of 4-{trifluoromethyliphenol (1.0 g, 6.1 mmol, 1.0 equiv} 2-
{chloromethyloxirane (0.681 g, 7.4 mmol, 1.2 equiv) m ACN (20 mL}, was added KoCOs (1.68
g, 12.2 mmol, 2.0 equev) and the resultant reaction mixture was heated at 90 °C for overmght.
Progress of the reaction was monitored by '"H NMR. After completion of reaction, the reaction
mixture was diluted with water {100 mL) and extracted with EtOAc (100 mi. x 2}. The
combined organic laver was washed with water (530 mL), brine solution (50 mb x 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure to obtain 2-{{(4-
(triffuoromethylphenoxyymethyloxirane (0.400 g, 30% Yield) as a vellow oil. 'H NMR (400
MHz, DMSO-ds) 8 7.66 (m, J=833 Hz, 2 H), 7.15 (m, /=877 Hz, 2 H), 4 44 {dd. /=11 .40, 2.63
Hz, 1H),392¢dd, J=11.84, 658 Hz, 1 H)}, 334 -3.41 (m, 1 H), 2.84-2.92 (m, | I}, 2.73 (dd.
J=4 82 263 Hz, 1 H).
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Step 2 — Synthesis of 6-chloro-N-{4-{2-hydroxy-3-(4-{trifluoromethyvl)phenoxyjpropylipiperazin-

I-yllguinoline-2-carboxamide.

{0370] To a stirred solution of 6-chloro-N-(piperazin-1-yhguinoline-2-carboxanude 2,2,2-
tnfluorcacetate (0.200 g, 0.49 mmol, 1.0 equiv) 2-({(4-(trifluoromethyliphenoxy)methyoxirane
{0.108 g, 0.49 mmol, 1.0 equivy in DMF (05 mL), was added TEA (0.3 mL, | .96 mmol, 2.0
cquivy and the resultant reaction mixture was heated at 90 °C for overnight. Progress of the
reaction was monitored by LCMS . Atter completion of reaction, the reaction mixture was
diluted with water {50 mL) and extracted with EtOQAc¢ (50 mb. » 2}, The combined organic layer
was washed with water (30 mL), brine solution (30 mL = 2}, dried over anhyvdrous sodium
sulfate and concentrated under reduced pressure to obtain crude which was punified by reversed-
phase HPLC to obtain 6-chlorg-N-{(4-(2-hydroxy-3-(4-{trifhuoromethyvliphenoxy)
propvlipiperazin-1-yhquinoline-2-carboxamide (Compound 71 - 0.010 g. 05% Yicld) as an off
white solid. LCMS 509 4 [M+H}", 'H NMR (400 MHz, DMSO-ds) 6 9.79 (s, 1 H), 8.33 (d,
J=8.77Hz, 1 H), 824 (d, /=219 Hz, | H), .14 (1, =899 Hz, 2 H), 7.88 (dd, /=9.21, 2.19 Hz, |
Hy, 7.66 {(m, /=877 Hz, 2H), 715 (m, J=833 Hz, 2 H}, 4 11 {(br. s, 1 H},3.92 -4.03 (m, 2 H},
294(br. s, 4H),266(br s, 1 H),260(br s, 3H} 238-247(m, 2H).

Example 49
Synthesis of 2-{4-chioro-3-fluorophenoxy)-N-{4-(2-(4d-chioro-3-
nitrophenoxyjacetamido}piperidin-1-yllacetamide
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Step I — Synthesis of teri-butyl 2-(4-chioro-3-nitrophenoxyjacetate:

16371} To a solution of 4-chloro-3-nitrophenol (1.0 g, 5.7 mmol, 1.0 equiv) in DMF (10 mL)
was added tert-butyvi 2-bromoacetate (1.33 g, 5.7 mmol, 1.2 equiv), KoCGOs (1.57 g, 1.4 mmol,
2.0 equiv). The resulting reaction mixture was heated at 80 °C for overnight. Product formation
was confirmed by 'H NMR. After completion of reaction, the mixture was diluted with water
{50 mL) and extracted with cthyl acetate (100 mL x 2}, Combined organic extracts were washed
with water (50 mL x 4), dried over anhydrous Nax50Oq and concentrated to obtain tert-butyl 2-(4-
chloro-3-nitrophenoxy)acetate (1.0 g, 61%) as colorless oil. 'HNMR (400 MHz, DMSO-ds} &
7.62-775(m, 2H), 7.29(dd, /=8.77.307Hz, 1 H), 482 (s, 2 H), 1.42 (s. 9 H).

Step 2 — Synthesis of 2-{4-chloro-3-nitrophenoxyjacetic acid:

[6372] To a stirred solution of tert-buty! 2-{4-chloro-3-nitrophenoxyjacetate (1.0 g, 3.4
mmol, 1.0 equiv) in THF (10 mL) and water (5 mL), was added LiOH (0.168 g, 6.9 mmol, 2.0
equiv). The mixture was allowed to stir at RT for overnight. Product formation was confirmed
by 'H NMR Spectroscopy. After the completion of reaction, the reaction mixture was
concentrated and diluted with water (50 mL). Aqueous layer was acidity with 3N HCl (pH ~
3.0), extracted with EtOAc (50 mL x 3). Combined organic extracts were washed with water (30
mb}, dried over anhydrous Nax80s and concentrated {o obtain 2-(4-chlore-3-
nitrophenoxyjacetic acid (Quantitative Yield) as a brown solid. 'H NMR. (400 MHz, DMSO-ds)
S1320(br. s, L H}, 7.64-771 (m, 2H), 730 (dd. /=877, 3.07 Hz, 1 H), 484 (5, 2 H).

Step 3 - Synihesis of 2-(4-chioro-3-flucrophencxy}-N-{4-{ 2-(4-chloro-3-nitrophenoxy)

acetamido)piperidin-1-vijaceiamide:

{8373} To a stirred solution of N-{4-aminopiperidin-1-y1)-2-{4-chloro-3-
fluorophenoxylacetamide 2,2, 2~triflucroacetate (0.200 g, 0.48 mmol, 1.0 cquiv) in DMF (035
mb} was added HATU (0.364 g, .96 mumol, 2.0 equiv) at RT and stirred for 10 minutes. 2-(4~
chloro-3-nmitrophenoxylacetic acid {0.111 g, 0.48 mmol, 1.0 equiv) was added followed by the
addition of DIPEA (0.3 mL, 1 44 nunel, 3.0 equiv). The resulting reaction mixture was allowed
to stir at RT for overnight. Product formation was confined by LCMS. The reaction mixture
was diluted with water (30 mL). The resulting solid was filtered off, washed with water (20 mL
x 4} and dried under vacuum to obtain 2-{4-chloro-3-fluorophenoxy)-N-(4-(2-(4-chlore-3-
nitrophenoxy jacetamidopipendin-1-yhacetamide {Compound 39 - 0.100 g, 40% Yicld) a white

solid. LCMS 5153 [M+H]"; 'H NMR (400 MHz, DMSO-ds) 8 9.15 (s, 1 H), 880 (br. 5., | H),

260
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811(d, /=833 Hz 1 ), 768 -7.74 (m, 1 H), 7.46 - 7.52 (m. 1 H), 7.31 {dd, J=8.77. 3.07 Hz. |
H), 7.06 (dd, J=11.18, 2.85 Hz, 1 H), 6.84 (d, J=9.21 Hz, | H), 4.90 (s, 2 H), 4.47 (s, 2 H), 3.61
(br.s.. 1 H).3.07 (br. 5., 1 H), 2.90(d, J=10.52 Hz, 1 H), 2.57 - 2.71 {m. 2 H). 1.73 (br. 5., 2 H,
1.48 - 1.67 (m, 2 H).

Example 56

Synthesis of 2-{4-chloro-3-fluoraphenoxy)-N-{I-(2-{(4-chioro-3-

nitrophenoxyjacetamido) piperidin-4-yilacetamide
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Step 1 — Synthesis of teri-buiyl (1 -(2-{4-chloro-3-nitrophenoxyjacetamida)piperidin-4-
vijcarbamate:

[6374] To a stirred solution of tert-butyl (1-andnopiperidin-4-ylcarbamate (0.200 g, 0.93
mmol, 1.0 equiv) 1 DMFE (05 mL) was added HATU (0.706 g, 1.86 mmol, 2.0 equivy at RT
and stirred for 10 minutes. Then 2-(4-chloro-3-mitrophenoxylacetic acid (0.213 g, 9.93 mmol,
1.0 equiv) was added followed by the addition of DIPEA (6.5 mL, 2.79 mmol, 3.0 equiv). The

resulfing reaction mixture was allowed 1o stir at RT for overnight. Product formation was

261
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confirmed by LCMS. The reaction mixture was diluted with water (50 mL). The resulting solid
was filtered off, washed with water (20 mL < 4) and dried under vacuom to obtain tert-butyl (1-
{2-{4-chloro-3-nitrophenoxy Jacetamidopiperidin-4-ylicarbamate (0.200 g, 50% vield) asa
white solid. LEMS 4293 [M+HT", "H NMR (400 MHz, DMSO-dc) § 9.14 (s, 1 H}, 8.80 (s, |
H), 767-775¢m, 1 H}, 726 -730(m, 1 H), 683 (br. s, 1 H}, 498 (s, 2 H}, 456 (5, 1 H), 3.17
(br s, 1HYL303¢br. s, 1H),284-290(m, 1 H) 256-263(m 1H), 1.71 (br. s, 2 H}, 147
{d.J/=10.09Hz, 2H), 138 (s. 9 H).

Step 2 — Synthesis of N-(4-aminopiperidin-1-yi)-2-(4-chloro-3-nitrophenoxv)acetamide

triflucroaceiate.

{6375} To a stirred solution of tert-butyvl (1-(2-(4-chlore-3-

nitrophenoxy jacetamidopipenidin-4-yljcarbamate (0.200 g, 0 46 mmol, 1.0 equiv) in DCM (10
ml.}.was added tnfluoroacetic acid {2 mL) and the resultant reaction mixture was stured at RT
for 1 h under mitrogen atmosphere. Reaction was monitored by TLC and LCMS. After
completion of reaction, the reaction mixture was concentrated under reduced pressure to obtain
sticky crude compound which was triturated with hexane (10 mL} and diethyl ether and dried
under vacuum to obtain N-{(4-aminopiperidin- 1 -v1}-2-(4-chloro-3-nitrophenoxyjacetamide
trifluoroacetate (0.200 g, Quantitative yield) as a white solid. LCMS 329.1 [M+H]™, 'H NMR
{400 MHz, DMSO-d633 914 (s, 1 H), 880 (s, 1 H), 767-775 (m, 1 H), 7.26 - 730 (m, | H),
6.83(br. s, 1 H)L 498 (s, 2H), 456¢s, 1 H). 317 (br. s, 1 H). 3.03 (br. s, 1 H), 2.84 ~ 2.90 (m,
1H), 256-263(m, 1 H), 171 (br. s, 2H), 147 (d, =10.09Hz, 2 H).

4

Step 3 - Synihesis of 2-(4-chioro-3-flucrophencxy}-N-{1-{2-(4-chloro-3-nitrophenoxy)

acetamido) piperidin-4-yijacetamide:

{6376} To a stirred solution of N-(d-aminopiperidin-1-y1}-2-{4-chloro-3-
nitrophenoxyjacetamide 2,2, 2-trifluorcacetate (0.200 g, (.45 mmol, 1.0 equiv) in DMF (05 mL)
was added HATU (0.342 g, 0.90 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 2-(4-
chloro-3-fluorophenoxylacetic acid (0.093 g, 0.45 mmol, 1.0 equiv} was added followed by the
addition of DIPEA (0.3 mL, 135 nuncl, 3.0 equiv). The resulting reaction mixture was allowed
to stir at RT for overnight. Product formation was confined by LCMS. The reaction mixture
was diluted with water (30 mL). The resulting sohid was filtered off, washed with water (20 mL
x 4} and dried under vacuum to gives crude wiich was purified by reverse phase of HPLC to

obtain 2-{4-chloro-3-fluorophenoxy )-N-{1-{2-(4-chlore-3-mitrophenoxyyacetamido ypiperidin-4-
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vhacetamide (Compound 75 - 0.100 g, 43% Yield) as a white solid. LCMS 3154 [M+H]™, 'H
NMR (400 MHz, DMSO-ds) 5920 (s, 1 H), 885 (br. s, 1 H), 8.05(d, /=745 Hz, 1 H), 7.65 -
733 (o, VH), 750, =877 Hz, | H), 723 (dd, /=899, 285 Hz, 1 H), 7.05 - 710 (m, 1 H},
6.86(d, =210 Hz 1HD), 500 (s, 2H), 451 (s, 2H)L 360 (br.s, 2H), 3.06(br. 5., L H), 290 {(d,
J=1052 Hz, T H), 267 (bros, T H), 174 (br s, 2H), 1.61 (d, /=11.84 Hz, 2 H).

Example 51

Synthesis of 5-chivro-N-{1-{2~(4-chioro-3-fluoraphenoxylacetamidolpiperidin-4-

yibenzofdjthiazole-2-carboxamide
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[3377] To a stirred solution of N-(4-anunopiperidin-1-y1}-2-(4-chloro-3-
fluorophenoxy)acetamide 2,2 2-trifluoroacetate (0.200 g, 0.48 mmol, 1.0 equiv) in DMF (03
mb} was added HATU (0364 g, 0.96 mmol, 2.0 equivy at RT and stirred for 10 minutes, 5-
chlorobenzoldthiazole-2-carboxylic acid (0.102 g, 0.48 mmol, 1.0 equiv) was added followed
by the addition of DIPEA (0.3 mL, 1 44 mumol, 3.0 equiv}. The resulting reaction mixture was
allowed to stir at RT for ovemight. Produoct formation was confirmed by LCMS. The reaction
mixture was diluted with water (50 mL). The resulting solid was filtered off, washed with water
20 mL x 4} and dned under vacuum to obtain 3-chloro-N-(1-{2-{4-chloro-3-
fluorophenoxylacetamido)pipernidin-4-ybenzo|djthiazole-2-carboxamide (Compound 16 -
0.100 g. 42% Yield) as a white solid. LCMS 4973 [M+H]", 'H NMR (400 MHz, DMSO-ds) 8
926(d, /=833 Hz, 1 H), 882 (s, 1 H), 828 (d, /=877 Hz, 1 H), 8.17 (5, 1 H), 7.65 {dd. J=8.55,
197Hz, 1 H), 745 -7534 (m, 1 H), 7.07(d, J=14.03 Hz, 1 H), 6.85 (d, J=10.96 Hz, | H), 449
(s,2H), 380 (br. s, 1 H},3.07-3.18¢m, 2 H}), 293 (d, /=1096 Hz, 1 H),2.71 (br. s, 1 H}, 1.82
(d,/~=11.84 Hz, 4 H).
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Example 52

Synthesis of 5-chivro-N-{(4-{2~(4-chioro-3-fluoraphenoxylacetamidolpiperidin- 1~

yibenzofdithiazple-2-carboxamide
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Step 1 - Synthesis of teri-buiyl (1-(5-chlorobenzo[d|thiazole-2-carboxamidojpiperidin-4-

Vijcarbamate:

{3378] To a stirred solution of tert-butyl (T-aminopiperidin-4-vljcarbamate (0.200 g, 0.93
mmad, 1.0 equiv) in DMEF {05 mbL) was added HATU {(0.706 g, 1.86 mmol, 2.0 equiv) atRT
and stirred for 10 minutes. 5-chlorobenzo[djthiazole-2-carboxylic acid (0.198 g, 0.93 mmaol, 1.0
equiv) was added followed by the addition of DIPEA (0.5 mk, 2.79 mmol, 3.0 equiv). The
resultting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water (30 mL). The resulting solid
was filtered off, washed with water (20 mL x 4) and dried under vacuum o obtain tert-butyl (1-
{5-chlorobenzodithiazole-2-carboxamidopiperidin-4-yDcarbamate (0.200 g, 32% vield) as an
off white solid. LCMS 4111 [M-+H}™;, 'TH NMR (400 MHz, DMSO-ds) & 1023 (s, 1 H), 8.27
(d,./=877Hz, 1 H),815(d,./=2.19Hz 1 H), 7.64 {dd, /=855, 197 Hz, | H), 6.85(d. /=833
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Hz, 1 H),3.23 (br.s, L H), 2.96 (d, J=11.84 Hz, 2 H), 2.79 {t, J=10.30 Hz, 2 H), 1.74 (d,
J=10.52 Hz, 2 H), 1.53(d, ./=10.52 Hz, 2 H), 1.39 (5. 9 H).

Step 2 — Synthesis of N-{4-aminopiperidin-i-yl)-5-chiorobenzo [d]thiazole-2-carboxamide 2,2, 2-

trifluoroacetate:

{3379} To a stirred solution of tert-buty! (1-(5~chlorobenzo|d jthiazole-2-
carboxamido)pipenidin-4-yljcarbamate (0.200 g, 0.48 mmol, 1.0 equiv) in BCM (10 mL) was
added trifluoroacetic acid (0.2 mL) and the resultant reaction mixture was stirred at RT for 1 h
under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. After completion of
reaction, the reaction mixture was concentrated under reduced pressure to obtain sticky crude
compound which was triturated with hexane {10 mL} and diethy] ether and dried under vacuum
to obtain N-{(4-anunopiperidin-1-y1}-5-chlorcbenzo|djthiazole-2-carboxamide 2,2 2-
trifluoroacetate {0.200 g, Quantitative vield) as an off white solid. LCMS 316.9 [M+H]", H
NMR (400 MHz, DMSO-ds) & 1038 (br. s, I H), 828 (d, /=877 Hz, 1 H), 8.16 (d, /=1.75 Hz,
2HY,764-7 71 {m, 1 H), 303 (br. s, 2H),2.82-288¢m, 1 H}, 1.93(d, /=12.72 Hz, 2 H},
1.64-1.73(m, 2H), 1.53 (5, 2 H).

Step 3 — Synthesis of S-chloro-N-(4-(2-(4-chloro-3-flucrophenoxyviacetamido) piperidin-i-

viibenzo/d]thiazole-2-carboxamide:

{3380} To a stirred solution of N-(4-anunopiperidin-1-vI}-S-chlorobenzofd thiazole-2-
carboxamide 2.2 2-rifluorcacetate (0.200 g, 0.47 mmol, 1.0 eqnv} in BMF (05 mL)} was added
HATU {0350 g, 0.92 mmol, 2.0 equiv) at RT and stirred for 10 minutes. 2-(4-chloro-3-
fluorophenoxy)acetic acid (0.096 g, 0.47 mmol, 1.0 equiv) was added followed by the addition
of DIPEA (0.3 mL, 1.41 mmol, 3.0 cquiv). The resulting reaction mixture was allowed to stir at
RT for overnight. Product formation was confirmed by LCMS. The reaction mixture was diluted
with water (50 mL}. The resulting solid was filtered off, washed with water (20 mL = 4) and
dried under vacuum to gives crude. The crude which was purified by reverse phase of HPLC 1o
obtain 5-chloro-N-(4-(2-(4-chloro-3-fluorophenoxyjacetamido}piperidin- 1-vl)benzo[dithiazole-
Z~carboxamide {Compound 9 - 0.100 g, 42% Yield) as an off white solid. LUMS 4973
[MHAHTT TH NMR (400 MHz, DMSO-ds) 8 10.27 (s, 1 H). 828 (d. J=8.77 Hz, 1 H). 8.16 (d,
J=1.75Hz, 1 H), 8.09(d, /=789 Hz, t H), 7.64 (dd, /=877, 1. 75 Hz, 1 H), 743 -752 (m, 1 H),
708(dd, /=11.18, 285 Hz, T HY, 687 (d, J=9.21 Hz, 1 H), 453 (5,2 H), 366 (br. s, 1 H), 295 -
307, 2H),279-291 {m, 2H), 1.76 (d. J=10.09 Hz, 2 H), 1.57 - 1.68 (m., 2 H).
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Example 53

Synthesis of (8)-6-chioro-N-{ I-{2-{4-chiorophenoxy)acetamido}piperidin-4-yi)-3,4-dihydro-
2H-benzofbj{ 1,4 joxazine-2-carboxamide
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Step 1 — Synthesis of tert-butyl (1-(2-(4-chlorophenoxyjacetamido) piperidin-4-ylcarbamate:

{0381} To a stirred solution of tert-butyl (1-aminopiperidin-4-vijcarbamate (0.100 g, 0.46
mmol, 1.0 equivy in DCM (10 mL) was added 2-(4-chlorophenoxy)acetyl chloride (0.095 g, 0.46
mmol, 1.0 equiv) and followed by the addition of TEA (0.2 mL, 139 mmol, 3.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
contirmed by LCMS. The reaction mixture was difuted with water (20 mL) and extracted with
cthyl acetate (30 mL x 2}. Combined organic layer was washed with water (20 mL x 4), dned
over anhydrous NaZ804 and concentrated under reduced pressure to obtain tert-butyl (1-{2-(4-
chlorophenoxyyacetanmido)piperidin-4-vihcarbamate (0.100 g, 56 % Yicld) as a white solid.
LCMS 3841 [M+HT" 'H NMR (400MHz, DMSO-de) 59.07 (s, 1 H), 872 (br.s., 1 H). 739 -
723 {m, 2H),700-687(m, 2H), 6.87-672 (m,  H}, 485-474 (m, 1 H), 441 (s, 1 H), 333
(br.s.4H).284(d,J=105Hz, 2H), 1.71 {(br.s,2H), 147 (1, /=101Hz 1 H),144-128
{m, 9 H).
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Step 2 — Synthesis of N-(4-aminopiperidin-1-yl}-2-(4-chlorophenoxyjacetamide 2,2, 2-

trifluoroacelate.

0382} To a stirred solution of tert-butyl (1-(2-{4-chlorophenoxy)acetanudo)pipendim-4-
yhcarbamate (0.100 g, 0.26 mmol, 1.0 equiv) in DCM (10 mbL)was added tnfluorcacetic acid
{02 mL) and the resoltant reaction mixture was stirred at RT for 1 h ander nitrogen atmosphere.
Reaction was monitored by TLC and LCMS . Afier compiction of reaction, the reaction mixture
was concentrated under reduced pressure {o obtain crude product which was crystallized in
diethyl ether and dned under vacuum to obtain N-(d-aminopiperndin-1-y1}-2-{4-
chlorophenoxviacetamide 2,2, 2-trifluoroacetate (0.100 g, Quant. Yield) as a brown semi solid.
LCMS 284.1 [M+H]"; "TH NMR (400MHz, DMSO-ds} §9.07 (s, 1 H), 8.72 (br. s, 1 H}, 739 -
723(m, 2H), 700-687(m, 2 H), 687-672(m, 1 H),4.85-474(m, 1 H), 441 (s, 1 H), 3.33
(br s, 4HY,284(d, J=105Hz 2H), 1.7 (br.s.. 2 H), 147{(d, /= 10.1Hz, 1 H).

Step 3 — Synthesis of (3)-6-chioro-N-{1-(2-{4-chiorophenoxy)acetamidojpiperidin-4-yi}-3,4-

dibvdro-2H-benzo[b ][] 4joxazine-2-carboxamide:

{6383} To a stirred sohution of N-{(4-aminopiperidin-1-y1}-2-{(4-chlorophenoxyjacetamide
2.2, 2-trifluoroacetate (0.100 g, 0.25 mmol, 1.0 equiv) in BDMF (03 mL) was added HATU (0.190
g, 8.50 mmol, 2.0 equiv} at RT and stirred for 10 minutes. {8)-6-chlore-3 4-dihydro-2H-
benzoibl{1,4Joxazine-2-carboxylic acid (0.034 g, 0.25 mmol, 1.0 equiv) was added followed by
the addition of DIPEA (0.12 mi, 0.75 mmol, 3.0 equiv). The resuiting reaction mixture was
allowed to stir at RT for overnight. Product formation was confirmed by LCMS. After
completion of reaction, the mixtore was diluted with water {50 mL} and extracted with ethyl
acetate (100 mL ~ 2). Combined organic extracts were washed with water (30 mb. x 4), dried
over aphydrous Nax504 and concentrated to gives crade which was purified by reverse phase of
HPLC to obtain {$)-6-chlorg-N-(1-(2-(4-chlorophenoxyjacetamidopipenidin-4-v1)-3 4-dihydro-
2H-benzoj b1 4jonazine-2-carboxamide (Compound 72 - 0.025 g, 21% Yield) as an off white
solid. LCMS 4793 [M+H]"; TH NMR (400 MHz, DMSO-ds) 8 9.11 (s, | FI), 876 (br. s., 1 H},
792{d, J=7T89Hz, 1 H),730-739(m, 2H),696(d, =921 Hz, 1 H), 6.88(d, /=921 Hz 1
Hy, 6.78(dd, =833, 395 Hz, 1 H), 6.60(d, /=219 Hz, 1 H), 650(d, /=877 Hz, 1 H), 442 -
449 (o, 2H), 358 (br.s, 1 H), 3.45(br. s, 1 H), 3.18(dd, /=12.28, 745 Hz, 2 H), 3.02 (br. 5.,
TH}L, 288 brs, T H), 260-270¢Gu, 2 H), 1.72{(d, =11.84 Hz, 2H), 161 (d, /=14 91 Hz 2
H).
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Example 54

Synthesis of N,N'-{piperidine-1,4-divlbis(2~(4-{trifluoromethyliphenoxyacetamide}
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Step 1 — Synthesis of tert-buityl 2-(4-(iriflucromethyl)phenoxyjacetate:

[3384] To a solution of 4-(irifluoromethyDphenol (1.0 g, 6.1 mumol, 1.0 equiv) in DMF (10
mb} was added tert-butvl 2-bromoacetate (1.44 g, 7.4 mmol, 1.2 equiv), KoC0O3(1.68 g, 12.2
mmol, 2.0 equiv}. The resulting reaction mixture was heated at 80 °C for overnight. Product
formation was confirmed by 'H NMR. After completion of reaction, the mixture was diluted
with water (50 mL) and extracted with ethyl acetate (100 mL x 2). Combined organic extracts
were washed with water (50 mL x 4}, dried over anhyvdrous NaxSO4 and concentrated to obtain
tert-butyl 2-(4-({trifluoromethyl)phenoxyyacetate (1.0 g, 60%) as colorless oil. H NMR (400
MHz, DMSO-de) 87,66 (m, S=R877Hz, 2H), 7.09(m, =833 Hz, 2 H)L 478 (s, 2H), 142 (5, 9
H).
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Step 2 — Synthesis of 2-(4-(irifluoromeihvi) phenoxyjacetic acid:

{6385} To a stirred sohution of tert-butvl 2-(4~(trflucromethylphenoxyiacetate (1.6 g, 3.6
mmol, 1.0 equiv) in DCM (10 mL),was added trifluoroacetic acid (05 mL) and the resultant
reaction mixture was stirred at RT for | h under nitrogen atmosphere. Reaction was mounitored
by TLC and LCMS. After completion of reaction, the reaction mixture was concentrated under
reduced pressure to obtain sticky crude compound which was triturated with hexane (10 mL)
and diethyl ether and dried under vacoum to obtain 2-{(4-{(trifluoromethvi)phenoxyiacetic acid
(0.700 g, 88% ) as an off white solid. 'H NMR (400 Miz, DMSO-ds) 8 13.11 (br. s, | H), 7.64
(s, 2 H), 710(d. J=R.77Hz, 2 H), 480 (s, 2 H).

Step 3 — Synthesis of tert-butyl {1-(2-(4-{trifluoromethyl)phenoxyjacetamido) piperidin-4-

fa

vljcarbamate:

[3385] To a stirred solution of tert-butyl (T-aminopiperidin-4-vi)carbamate (0.200 g, 0.93
mmol, 1.0 equiv) in DMF (05 mL} was added HATU (0.706 g, 1.86 mmol, 2.0 equiv) at RT
and stirred for 10 minutes. 2-{(4-{trifluoromethyliphenoxviacetic acid {0.204 g, 0.93 mmol, 1.0
equiv) was added followed by the addition of DIPEA (0.3 i, 2.79 mmol, 3.0 equiv). The
resulting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS. The reaction mixture was diluted with water {30 mbL). The resulting solid
was filtered off. washed with water (20 mL x 4} and dried under vacuum to obtain tert-butyl (1-
(2-(4-(trifluoromethyliphenoxylacetamidopiperidin-4-ycarbamate (0.300 g, 77% Yield) as an
off white solid. LCMS 4183 [M+H]"; "H NMR (400 MHz, DMSO-ds} 5 9.13 (s, 1 H), 8.78 {br.
s, TH)Y, 7.62-770(m, 2H), 712 (s, T H), 7.03 (4, /=833 Hz, T H), 452 (s, 2H),3.02 (br. s, 1
H),289(s,2H),273(s, 1 H), 267 (br. s, LH), 1.72(br. s, 2H), 149¢br. s, 2 H), 133-1.44
{m, 9 H).

Step 4 — Synthesis of N-{(4-aminopiperidin-1-yl)-2-(4-(trifluoromethiyliphenoxyiaceiamide 2,2,2-

trifluoroacetate:

10387} To a stirred sohution of tert-butyl (1-(2-(4-
(trifluoromethvl)phenoxyjacetamidopiperidin-4-vhcarbamate {(0.300 g, 0.77mmol, 1 0 cquiv) in
DCM (10 mL) was added trifluoroacetic acid {03 mL) and the resuliant reaction mixture was
stirred at RT for 1 h ander nitrogen atmosphere. Reaction was monitored by TLC and LCMS.
After completion of reaction, the reaction mixture was concentrated under reduced pressure to

obtain sticky crude compound which was triturated with hexane (10 mbL) and diethyi ether and

269



WO 2019/236710 PCT/US2019/035593

dried under vacuum to obtain N-(4-ammopipenidin-1-y}-2-(4-
(triftucromethyDphenoxylacetamide 2,2 2-trifluorcacetate {0.200 g, Quantitative vield yas a
semi solid. LCMS 318.1 [M+H]", 'H NMR (400 MHz, DMSO-ds) § 913 (s, 1 H), 8.78 {br. 5.,
THR, 762 -770(m, 2H), 712 4(s, 1D, 703 (d, /=833 He, 1 H}, 452 (5, 2H), 3.02 {br. 5., !
H), 2.89(s, 2H}, 273 (s, 1 H), 2.67 (br.s, 1 H), 1.72(br. s, 2 H), 1.49 (br. s, 2 H).

Step 5 — Synthesis of NN'-(piperidine-1,4-diylibis(2-(4-{trifluoromethyl)phenaxylaceiamide):

{3388} To a stirred sohution of N-{4-aminopiperidin-1-vi}-2-(4-
{trifluoromethyvphenoxylacetamide 2,2, 2-trifluoroacetate (0.200 g, 0.46 mmol, 1.0 equiv) in
DMF (05 mi} was added HATU (0.350 g, 0.92 mmol, 2.0 equiv) at RT and stirred for 10
minutes. 2-(4-(trifluoromethylphenoxyiacetic acid (0.102 g, 0.46 mmol, 1.0 equiv) was added
followed by the addition of DIPEA {0.3 mL, 1 38 mmaol, 3.0 equiv). The resulting reaction
mixture was atlowed to stir at RT for overnight. Product formation was confirmed by LCMS.
The reaction mixture was difuted with water (30 mL). The resulting solid was filtered off,
washed with water (20 mL < 4) and dried under vacoum to obtain N N'-{(pipendine-1,4-
diyDbis(2-(4-(trfluoromethyHphenoxyjacetamide} (Compound 35 - 0.150 g, 40% VYield} as an
off white solid. LCMS 320 4 [M+H]"; 'H NMR (400 MHz, BMSO-ds} & 9.19(s, 1 H), 8.83
(bros, 1THYL764-771(m, 4H), 707-717 (m, 4 H), 450-460(m, 4H),3.62 (br.s, 1 H),
307(Mr s, 1H),L292(br.s, 1 H)L266(d, H~833Hz 2H), 173, /=1184Hz, 2 H), 1.57 -
1.68 (m, 2 H).
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Example 53

Synthesis of S-chioro-N-{I-((2-{4-chioro-3-fluorophenoxyjethyaminojpiperidin-4-yf)-2,3-

dibiydrobenzofuran-2-carboxamide
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Step 1 — Synthesis of teri-butyl (1-(12-(4-chioro-3-fluorophenoxyjethyljaminepiperidin-4-

vijcarbamate:

{0389} To a stirred solution of tert-butyl (1-aminopiperidin-4-yhcarbamate (1.00 g, 4.6
mmol, 1.0 equiv) in THF (15 mL} was added LiClG« (0.975 g, 9.2 mmol, 2.0 equuv} at RT and
stirred for 10 minutes. 4-{2-bromosgthoxy)-1-chloro-2-fluorcbenzene (1.10 g, 4 6 mmch, 1.0
equiv). The resulting reaction mixture was allowed to stir at RT for overnight. Product formation
was confirmed by LCMS. The reaction mixture was diloted with water {50 mL} and extracted
with EtOAc (100 mL x 2. The combined organic layer was washed with water (530mbL}, brine
solution (50 mL x 2), dried over anhydrous sodivm sulfate and concentrated under reduced
pressure to obtain tert-buty] (1-{(2-(4-chloro-3-fluorophenoxyjethyhaminopiperidin-4-
yhcarbamate (1.00 g, 35% Yield) as a yellow semi solid. LCMS 388 2 [M+H]™; 'H NMR (400
MHz, DMSO-de3 8740 -751 (m, 1 H), 7.12(dd, /=11.62, 285 Hz, 1 H), 686 {d, /=921 Hz 1
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H), 428 -440 (m, 2 H), 3.73 - 3.83 (m, 2 H), 3.52 -3.61 (m, 1 F), 2.3 (br. s, 2 H), 2.14 (br. 5.,
2 H), 2.04 (d, J=10.52 Hz, 2 H). 1.65 (br. 5, 2 H), 1.45 (s. 9 H).

Step 2 — Synthesis of N{-{2-(4-chlore-3-fluorophenoxylethvljpiperidine-1 4-diamivie 2,2, 2-
. v d K ) J, P

trifluoroacetate:

[0380] To a stirred solution of tert-buty! (1-{(2-(4-chioro-3-
fluorophenoxy)ethvhamino)pipenidin-4-yvljcarbamate (1.00 g, 2.57 mmol, 1.0 equiv) in DCM
{10 mL} was added triftuorcacetic acid (5 mL) and the resultant reaction suxture was stirred at
RT for I h under nitrogen atmosphere. Reaction was monitored by TLC and LCMS. Afier
completion of reaction, the reaction mixture was concentrated under reduced pressure to obtain
sticky crude compound which was triturated with hexane (10 mL) and diethyl ether and dried
gader vacuum 1o obtain N1-(2-{4-chiors-3-fluorophenoxyiethy Dpipendineg-1 4-diamine 2,2,2-

trifluoroacetate (0.700 g, 70 % Yicld) as a vellow semn solid. LCMS 288.2 [M+H|",

Step 3 — Synthesis of 3-chioro-N-{1-({2-(4-chloro-3-fluorophenoxy)ethyl)amine }piperidin-4-yi)-

2. 3-dilvdrobenzofuran-2-carboxamide:

{6391} To a stirred solation of N1-(2-(4-chlorg-3-flugrophenoxy jethyDpiperiding-1 4~
diamine 2.2 2-trifluoroacetate (0.200 g, 0,49 mmol, 1.0 equiv) in DMF (03 mL) was added
HATU (0.343 g, 0.98 mmol, 2.0 cquivy at RT and stirred for 10 minutes. 5-chloro-2,3-
dihydrobenzofuran-2-carboxviic acid (0.097 g, 0.49 mmol, 1.0 equiv) was added followed by the
addition of BIPEA (0.3 mL, 1.47 mmol, 3.0 equiv). Product formation was confirmed by LEMS.
The reaction mixture was diluted with water (530 mL) and extracted with EtOAc (50 mL x 2).
The combined organic laver was washed with water (50mL), brine solution (30 mb. x 2), dried
over anhydrous sodium sulfate and concentrated under reduced pressure {o obtam crude which
was purified by reverse phase of HPLC to obtain 5-chlore-N-(1-({2-{4-chloro-3-
fluorophenoxyjethvhaminopiperidin-4-vi}-2, 3-dihydrobenzofuran-2-carboxamide (Compound
73-0.010 g, 4 % Yield) as an off white solid. LCMS 4693 [M+H]" 'H NMR (400 MHz,
DMSO-dey 831 (d, ~7T 80 Hz, 1H), 748, /=899 Hz 1 H), 721-729{(m, 1 H),7.08-7.19
(m, 1 H),673-692{m, 2H) 513{(dd, /~1030,680Hz 2H), 450-462(m, 2H} 365-381
(m,2H),344-361 (m SHL3.13-324(m, 3H),L 3.10(hr ¢, 2H), 215-229{m, 2 H), 1.51 -
1.68 {(m, 2 H).
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Example 56

Synthesis of N-{4-{{3~-(4-chilpro-3-fluorophenoxyl-2-hydroxypropyljamino)piperidin-I-yi}-2~

(4-chiorophenoxylacetamide
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{6392} To a stirred sclution of N-(d-aminopiperidin-1-y1}-2-{4-chlorophenoxyJacetamide
2.2, 2-triftacroacetate (0,100 g, 0.25 mmol, 1.0 equiv) 2-((4-chloro-3-
fluorophenoxyymethyloxirane (0.051 g, 0.25 mmol, 1.0 equiv) in DMF (5 mL), was added
TEA (.14 mL, 1.00 mmol, 4.0 equiv) and the resultant reaction mixture was heated at 90 °C for
overnight. Progress of the reaction was monitored by LCMS. After completion of reaction, the
reaction mixture was diluted with water (50 mbL) and extracted with EtOAc (30 mb x 2). The
combined organic layer was washed with water (30 mL}, brine solution (30 mi. x 2}, dried over
anhydrous sodium sulfate and concentrated under reduced pressure to obtain crude which was
purificd by flash chromatography (6-5 % MeOH 1 DCM as an eluent) to obtain N-{(4-({(3-(4-
chioro-3-fluorophenoxy)-2-hvdroxypropyllaminoypiperidin-1-v1}-2-{4-chlorophenoxyiacetamide
{(Compound 74 - 0.060 g, 50 % Yield} as an off white solid. LCMS 486.1 [M+H]"; 'H NMR
(400 MHz, DMSO-ds) 8§ 8.75 (br. s, 1 H), 746 {t, /=899 Hz, 1 H), 730 (d, /=921 Hz, 1 H),
734{d, =921 Hz, 1 H), 7.07 {dd, /=11.40, 263 Hz, 1 H), 6.95(d, /=921 Hz, | H), 6.83 (d,
J=921Hz, 1 H), 6.87(d, /=877 Hz, L H), 5.04 (br. s, 1 H}, 482 (s, 1 H), 441 (s, 1 H), 3.99
{dd, /=9.65,395Hz, 1 H},3.76 -3.96 (m, 2 H), 3.60 (br. 5., 1 H), 2.87{d, /=10.52 Hz, 1 H).
267 (br. s, 1H),256-264{m, 2H), 233 (br.s,2H), 1.90(s, 1 H}, 1.81 {br. 5,2 H), 1.33(d,
J=921Hz, 2 H)
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Example 57

Synthesis of 2-{4-chioro-3-fluorophenoxy)-N-{4-(-(4-ethynyiphenoxylacetamidopiperidin-i-

yiacetamide
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Step 1 - Svnthesis of ethyl 2-(4-ethynviphenoxyjacetate

%

[0393] To a stirred solution of 4-cthynvipheno! (0.100 g, 0.847 mumol, 1.0 cquiv) in DMF (2
mb} was added KoC035(0.233 g, 1.694 mmol, 2.0 cquiv) and Ethyl 2-Bromoacetate (0212 g,
1.271 mmol, 1.5 equiv), resultant reaction mixture was stirred at RT for overnight. Progress of
the reaction was monitored by TLC and LCMS. After completion of reaction. the reaction
mixture was diluted with water (30 mL) and extracted with EtOAc (50 mb x 2). The combined
organic layer was washed with water (30 mL}, bnine solution (30 mi. x 2}, dried over anhyvdrous
sodium sulfate and concentrated under reduced pressare to obtain crude which was porified by
combi-flash chromatography ( Silica gel 100-200 mesh: Flution 0-10% EA in Hexane) to afford
titled compound ethyl 2-(4-cthyonyiphenoxyiacetate (0.090 g, 52.32 %) as a white solid. LLCMS
204.9 [M+H}" THNMR {400 MHz, Chloroform-d} § 7.43 (d, /=8.77 Hz, 2 H}, 6.85 (d,
J=87THz, 2H), 462 (s, 2H), 427(d, /=702 Hz, 2H), 3.00 (s, 1 H). 1.29 {(t. /=724 Hz, 3 H).

Step 2 - Svnthesis of 2-(4-ethynyiphenoxy) acetic acid

{6334} To a stirred solution of ethyl 2-(4-cthynviphenoxy) acetate (0.090 g, 0.441 mmol, 1.0
equivy in THF (3 ml) was added a solution of LACH H0 (0.027 g, 0.661 mmol, 1.5 equiv) in
water {2 ml). The reaction mixture was stirred at RT for 12 hr. Product formation was confirmed
by TLC. Reaction mixture was diluted with water (20 mi) and washed with cthy! acetate {25 mL
x 3). Agueous layer was acidified with N HCI and extracted with ethyl acetate (25 mL = 3}

Combined organic exiracts were washed with water (30 mL x 2) & brine (30 mb), dried over
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anhydrous NaxSO+ and concentrated to obtaimed 2-(4-cthynviphenoxylacetic acid (0.075 g,
97.40% Yield) as a white solid. LCMS 176.9 [M+H|™, H NMR (400 MHz, DMSO-ds) 813.06
(br.s., 1 H), 740 (m, /=877 Hz, 2 H), 6.91 (m, J=877Hz, 2H), 464 -4.77 (o, 2 H), 402 (s, |
H).

Step 3 - Svnthesis of 2-(4-chioro-3-fluorophenoxy -N-(4-(2-(4-
etiynylphenoxyjacetamido)piperidin-1-vijaceramide

[(3395] To a stirred solution of N-(4-ammopiperidin-1-v}-2-{4~-chloro-3-fluorophenoxy)
acetamide 2,2, 2-trifluorcacetate (0.100 g, 0.240 mmol, 1.0 equiv) in DMF (2 mL) was added
HATU (0137 g, 0.361 mmol, 1.5 equiv) at RT and stirred for 5 minutes. 2-(4-
sthynylphenoxyiacetic acid (0.063 g, 0.361 mmol, 1.5 equiv) was added followed by the
addition of BIPEA (0.08 mL, 0.481 mumol, 2.0 equiv). The resulting reaction mixture was
allowed to stir at RT for ovemight. Produoct formation was confirmed by LCMS. The reaction
mixture was diluted with water (30 mL) and extracted with EtOAc (30 mbL x 2}. The combined
organic Javer was washed with water (30 mL), brine solution (30 mi x 2}, dried over anhydrous
sodiam sulfate and concentrated under reduced pressure. The crude product was purified by
reversed phase HPLC to 2-(4-chloro-3-flucrophenoxy }-N-(4-(2-{4-
ethynyiphenoxy)jacetamido)piperidin- 1 -vhacetamide (Compound 37). LCMS 4602 [M-+H]"

BICGLOGICAL EXAMPLES
Example Bl - ATF4{ Expression Inhibition 4ssay

8396} The ATF4 reporter was prepared by fusing the human full lepgth SUTR of ATF4
{(NCBI Accession No. BC0O22088.2) upstream of the firefly luciferase coding sequence lacking
the mitiator methionine. The tused sequence was cloned nto phenti-EF la~-C-Mve-DDK-IRES-
Puro clonmg vector (Origen #PS100085) using standard methods. Virus production was carried
out by using Lenti-X"™ Packaging Single Shots Protocol {Clonetech #631276). Viral particles
were used to transduce HEK293T cells (ATCC #CRL-3216, ATCC Manassas, VA), which were
subsequently selected with puromyvein to generate stable cell hine. Cells were maintained at 37
°C and 5% CO2 in DMEM-F12 (Hyclone #§H30023.02) supplemented with 10% heat-
mactivated fetal bovine serum (Gibeo #16000-044), 2 mM L-glutamine {Gibco #25030-0&1),

100 U/ml penicillin, and 100 ug/mi streptomyein (Gibco #15140-122).
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{3397} HEK293T cells carrving the ATEF4 tuciferase reporter were plated on 96-well plates
(Nunc) at 10,000 cells per well. Cells were treated two days afier seeding with 160 nM
thapsigargin (Tg) (Sigma-Aldrich #T9033) in the presence of 160 nM or 1 uM. For the
assessment of the half-maximal nhibitory conceniration (ICs0) for selected compounds, dose-
response assays were performed. Compounds were sertally diluted using BDMSO ranging from
0.1 nM to 1uM. Cells without treatment or cells treated with Tg alone were used as controls.

Assay plates containing cells were incubated for 3 hours at 37°C.

3398} Luciferase reactions were performed using Luciferase Assay Systemn (Promega
#E1501) as specified by the manufacturer. Luminescence was read with an integration time of 1
s and a gain of 110 using a Cyviation-3 multi-mode microplate reader (BioTek). Relative
huminescence units were normalized to Tg treatment (19 inhibition) and untreated cells (100%

imhibition) and the percentage of ATF4 inhibition was calculated.

[(3399] Percentages of ATF4 inhibition afier induction with Tg in the presence of 100 nM or
1 uM of certain test compounds are shown in Table 2. Also shown in Table 2 is the calculated
1Cs0 for cortain test compounds. Under ISR stressed conditions {resulting from treatment with
Tg}. ATF4 expression is gencrally upregulated. Accordingly, inhibition of ATF4 expression as a

result of the test compound indicates suppression of the ISR pathway.

{03480} ISRIB (trans-N,N'-1 4~cvclohexanedivibis] 2-(4-chlorophenoxy }-acctamide) was
found to inhabit ATF4 expression with an [Cse of 5 oM (FIG. 1), Despite the great potency on
the inhibition of ATF4 expression, ISRIB is not able to completely restore protein synthesis
when the global protein translation is decreased under these stress conditions. Even at higher
concentration—up to 200-fold its ICso value—ISRIB only partially restores protein translation
(F1G. 2). Compound 4 has a great potency for the mhibition of ATF4 expression under stress
condition {FI(. 3} and 1s much better at restoring global protein translation under ER stress-

mediated repression and going beyond a 100% recovery (FIG. 4}

Table 2
Compound No %% ATF4 inhibiﬁﬂn %o ATF4 inhibition | ATF4 inhbition [Cs

i o at 100aM at IuM {(nli)
i 93.7 97.9 3.6
2 87.1 97.6 18.4
3 88.1 92.2 18.6
4 83.2 94,7 3.1
5 857 3.7 18.8
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Compound No % ATF4 inhibition | % ATF4 inhibition | ATF4 inhbition 1Cs
AOmpouna xe. at 1002 M at 1uM (nM)

6 75.9 83.8 30.8
7 16.1 13.9 1,000
8 44.2 70.9 152.6
9 774 56.8 <100
10 68.2 87.2 <100
11 678 90.5 <100
12 69.4 88.5 <100
13 60.7 86.7 <100
14 893 98.9 16.2
i5 878 160 12.4
16 46.3 91.6 124.7
17 38.6 92.7 79.1
18 59.1 94.6 76.3
19 87.3 95.8 115
20 247 33.7 >10,000
21 63.6 86.9 61.9
22 87.5 92.8 10.3
23 67.2 89.3 35.6
24 88.0 99.5 32.2
25 8.1 85 1,000
26 375 49.4 n/a
30 295 971 187.3
31 94.8 92.7 4.16
32 85.7 92.4 12.0
35 9z2.1 91.6 <100
39 91.0 91.5 <100
44 51.5 82.0 150.9
45 92.7 92.4 2.6
46 160 99.3 36
47 98.2 99.0 1.98
48 96.5 97.4 3.36
49 554 100 9.7
50 97.2 100 1.93
51 79.3 100 19.8
52 75.3 81.2 26.9
53 36.1 69.8 268
54 87.2 97.2 L6
55 38.1 80.5 161.7
56 63.4 75.6 71.7
57 259 39.8 >10,000
38 86.5 57.6 57
59 388 66.0 569.6
60 92.6 94.6 L5
61 72.4 86.6 29.4
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Compound No % ATF4 inhibition | % ATF4 inhibition | ATF4 inhbition 1Cs

AOmpouna xe. at 1002 M at 1uM (nM)
62 85.9 88.8 <100
63 14.8 84.6 <1,000
64 20.0 56.6 n/a
63 226 50.5 <1,000
56 0 0 >1,000
67 36 278 >1,000
68 9.0 50.9 n/a
9 37.0 78.1 <1,000
70 0.4 21.4 1,000
71 83.4 59.9 <100

Example B2 - ATF4 Expression Inhibition Assay

3401} HEK?293T cells were maintained at 37 °C and 5% CO2 in Bulbeceo’s Modified
Eagle’s Media (DMEM) supplemented with 10% fetal bovine serum (FBS}, 2 mM L-ghitamine,
100 U/ml penicilling, and 100 pug/ml streptomyein. After reaching 80% of confluence, cells were
detached and seeded on 6 well plates in complete media, allowed to recover overnight and
treated for 3 hours with 100 oM thapsigargin {Tg) in the presence of various concentrations
ranging from 0.1 oM to 10 uM. Cells without treatment (Veh) or cells treated with Tg alone

were used as controls.

13402} After 3 hours of treatment with Tg and the test compound, cells were lysed with
SDS-PAGE lysis buffer. Lysates were transforred to 1.5 mi tubes and sonicated for 3 min, and
total protein amounts were quantified using BCA Protein Assay Kit (Picree). Equal amount of
proteins was loaded on SDS-PAGE gels. Proteins were transferred onto 0.2 um PVDF
membranes (BioRad) and probed with primary antibodics dilated m Tns-buffered saline

supplemented with 0.1% Tween 20 and 3% bovine serum albunin.

{8403} ATF4 (11815} antibody {(Cell Signaling Technologies) and B-actin (Sigma-Aldrich)
antibodics were used as primary antibodies. A horseradish peroxidase {(HRP)-conjugated
secondary antibody (Rockland) was emploved to detect immune-reactive bands using enhanced
chemiluminescence (ECL Western Blotting Substrate, Pierce) and photographed by a gel

tmaging equipment {(Chemidoc).
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[3404] Under ISR stressed conditions {resultimg from treatment with Tg), ATF4 expression
1s generally upregulated. Accordingly, infubition of ATEF4 cxpression as a result of the test

compound mdicates suppression of the ISR pathway.

{6405} ATF4 expression in unstressed condition (Veh) or under Tg stress alone or in the
presence of compound 38 at the indicated concentration is shown in FIG. 6. Actin expression
was used as a loading control. Compound 58 mhibits the expression of ATF4 under Tg treatment

n a dose dependent manner.
Fxample B3— Protein Translation Assay

{03486} Chinese hamster ovary (CHO) cells were maintained at 37 °Cand 5% COz in
Dulbecco’s Modified Eagle’s Media (PMEM) supplemented with 10% fetal bovine serum, 2
mM L-glutamine, 100 U/mi penicillin, and 100 pg/ml streptomycein. After reaching 80% of
confluence, cells were detached and seedad on 6 well plates in complete media, allowed to
recover overnight and treated for 2 hours with 1 uM of the test compound {to assess protein
synthesis levels in unstressed condition}, or for 1 hour with 100 nM or 1 uM of the test
compound and then co-treated with 300 nM Te and 100 nM or | uM of the test compound (to
assess the recovery of protein synthesis in a stressed condition). Cells treated with Tg alone were

used as controls.

13487] After the 2 hours treatments, media were replaced by adding 10 ug/m! puromycin
{Sigma Aldrich #P8833) in complete media for 30 min. Media were removed and cells were
fvsed with SDS-PAGE lvsis buffer. Lvsates were transferred to 1.5 mi tubes and sonicated for 3
mun and total protein amount were guantified using BCA Protein Assay Kit {Pierce). Equal
amount of protein (30 ug) was loaded on SDS-PAGE gels. Proteins were transferred onto 0.2
um PYDF membranes (BioRad) and probed with primary antibodies diluted in Tris-buffered
saline supplemented with §.1% Tween 20 (Merck #56996184 505} and 3% bovine serum

ajbumin (Rockland #B5A-50).

{3408} Puromvein (12010} (Merck #MABE343) and B-actin {Sigma Aldnich #A5441)
antibodics were used as primary antibody. A HRP-conjugated secondary antibody (Rockland)
was employed to detect immune-reactive bands using enhanced chemiluminescence (ECL
Western Blotting Substrate, Pierce). Quantification of protein bands was done by densitometry

using fmagel software.
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Percent increase of protein synthesis in unstressed cclls (without Tg treatment) in the

presence of media alone or certain test compounds 1s shown in Table 3 The percentage levels

were normalized fo the media alone condition, which correspond to 100% protein synthesis.

Certain compounds stimulated protein synthesis above baseline, indicating that these test

compounds result in incrgased protein synthesis in unstressed cells,

[0410]

Percent recovery of protein synthesis in stressed cells (with Tg treatment) duc to the

test compounds at 100 nM or T uM is also shown in Table 3. The levels were normalized to the

media alone and to Tg alone conditions, which correspond to 100% and 0% respectively.

Table 3
@B/ h N * -
Compound %o Protein synthesis in & Reis?gsgig rotemn % Recovery of protein
. I\?g unstressed celis R ﬁg n‘w test expression
’ {} uM test compound} mmp;mn d)l {1 M test compound}

i 114.9 88.6 2183
2 87.5 46.2 123.2
3 152.3 81.6 156.0
4 185.4 83,5 169.2
5 134.6 -7.3 169.5
& 97.9 16.7 16583
8 1214 nla 52.1

14 138.9 n/a 174.7
15 119.2 n/a 247.9
is 66.1 n/a -5.8

7 117.3 nia 188.2
i8 85.3 nla 142.7
19 1154 n/a 174.7
28 154.7 n/a 358.4
21 129.3 n/a 236.3
22 94.8 nia 105.4
23 1779 nla 249.8
24 143.6 n/a 183.9
30 49.3 n/a 317
31 1554 n/a 146.2
32 1187 n/a 74.8
44 146.3 nla 120.0
45 fi4.1 nla 82.3
46 114.4 n/a 63.3
47 89.4 n/a 46.7
48 85.3 nia 76.2
49 82.3 nia 70.7
50 96.8 nla 7.4
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(1) gt DU QS eax
C % Protein synthesis in 7 Recovery ‘ ?f protein |, Recovery of protein
ompound unstressed cells expression expression
Ne. (100 n M test P
{1 M test compopnd} compound) {1 uM test compound}

51 1104 n/a 221

52 113.1 n/a 75.8

53 83.7 n/a 46.2

54 9.7 n/a 69.9

55 1099 n/a 49.6

56 154.7 n/a 46.1

57 138.6 n/a 69.6

58 164.4 n/a 118.4
59 179.7 n/a 98.7

60 146.4 n/a 126

61 195.2 n/a 171

62 99.5 n/a 40.2

63 1874 n/a 164

64 149.2 n/a 34,7

65 29.8 n/a 811

66 84.9 n/a 17.6

67 80.9 n/a 27.6

68 81.8 n/a 45.3

69 128.8 n/a 43.1

Example B4~ ATF4 inhibition Assay Under Af Stinudation

{0411} Chinese hamster ovary (CHO) cells that stably express human APP751 incorporating
the familial Alzheimer's discase mutation V717F were used as a source of AB monomer and
low-n oligomers. These cells, referred to as TPAZ CHO cells, were cultured in 100 mm dishes
with Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum, 2 mM
Leglutamine, 100 U/ml penicillin, and 100 pg/ml penicillin, streptomycein and 200 ug/ml G418,
Upon reaching 90-100 % confluency, cells were washed with 3 mL of ghitamine- and seram-
free DMEM and incubated for approximately 16 b in 3 mL of the same DMEM. Conditioned
media (CM) was collected.

{6412} SH-SYS5Y cells were mamtained at 37°C and 5% CO2 in RPMI 1640 media
supplemented with 10% fetal bovine serum (FBS), penicillin and streptomycin. After reaching
30% of confluence, cells were detached and sceded on 6 well plates in complete media, allowed

to recover 48h and treated for 16 hours with CM from WT CHO cells (wiCM) or 7TPA2 CHO
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cells (TPAZCM) 1n the presences of various concentrations ranging from 1 oM to 10 pM of

compound 58,

[0413] After 16 hours treatment, culture media were removed and cells were lysed with
SDS-PAGE lvsis butfer. Lysates were transferred to 1.5 ml tubes and sonicated for 3 min. Total
protein amount was quantified using BCA Protein Assay Kit (Pierce}. Equal amount of proteins
(30 ug) were loaded on SD3S-PAGE gels. Proteins were transferred onto 0.2 ym PVDF
membranes (BioRad) and probed with primary antibodics diluted in Trnis-buffered salime

supplemented with (.1% Tween 20 and 3% bovine serom albumin,

0414} ATF4 (11815} antibody (Cell Signaling Technologies) and B-actin (Sigma-Aldrich)
antibodies were used as primary antibodies. A HRP-conjugated secondary antibody (Rockland)
was employed to detect immune-reactive bands using enhanced chemiluminescence (ECL

Western Blotting Substrate, Picrce) and photographed by a gel imaging equipment (Chemidoc).

3415} ATF4 expression in SH-SYSY celis after incubation with UM from the 7PAZ CHO
cells alone or in the presence of compound 38 at the indicated concentrations is shown in FIG. 7.
Actin expression was used as a loading control. Compound 58 inhibits the expression of ATF4

m the presence of AP oligomers treatment i a dose dependent manner.
Example B3 — Electrophysiology and Long-Term Potentiation

[0416] Hippocampal slices were prepared as described in Ardies ot al., Panmexin /
regulates bidirectional hippocampad synaptic plasticity in adult mice. Front Cell Neurosct, vol.
8, art. 326 (2014}, Six to nine-month-old WT C57BL/6 or transgenic APP/PSI mice {Jackson
Lab 34829-JAX) were deeply ancsthetized with 1soflurane and thetr brains were quickly
removed. 5-10 shices (350 um) from each ammal were dissected in ice-cold dissection buffer
using a vibratome {Leica VT1200S, Leica Microsystems, Nussloch, Germany). Shices were
mcubated with 3 pM ISRIB (trans-N,N'-1 4-cyclohexanedivibis{2-(4-chlorophenoxy}-
acetamide) or a vehicle {(complete medium containing 0.1% DMS(G) 20 min before conditioning
stimulation. Synaptic responses were evoked by stimulating the Schaffer collaterals with 0.2 ms
pulses delivered through concentric bipolar stimulating electrodes, and recorded extracellularly
in the stratum radiatum of the CAl subfield. Long-term potentiation (LTP) was induced by
four-theta burst stimulation (TBS} (10 trains of four pulses at 100 Hz; 5 Hz inter-burst interval}

delivered at 0.1 Hz. L'TP magnitude based on ficld excitatory postsvnaptic potential (fEPSP) was

]
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calculated as the average (normalized to basehine) of the responses recorded 60 min after
conditioning stimulation. Similar experiments can be performed using a test compound in place

of ISRIB.

{8417} Results for ISRIB are shown in FIG. 5A and 5B. Treatment of the slices from both
the WT CS7TBL/S and APP/PST mice treated with the vehicle resulted in LTP 60 mimuges after
stimulation, with the APP/PS1 sample showing significantly reduced LTP. Treatment of the

shices from the APP/PST mouse with ISRIB, however, resulted 1n partial LTP recovery.
Example B6 — Learning memaory in aged mice

[0418] Wild type 19-month old male C57BY/6] mice are used in an 8-arm radial water maze
(RAWM) to measure the hippocampal-mediated leaming memory. The maze mvolves a pool
115 om in diameter and 25 om high with 8 arms, each 41 om in length, and an escape platform
that can be moved. The pool is filled with water that is rendered opague by adding white paint
{Crayola, 54-2128-053). The cscape platform remains hidden during the experiment. Visual

cues are placed around the room such that thev are visible to animals exploring the maze.

{6419} Nine mice are intraperitoneally injected with 5 mg/kg of a test compound formulated
m 30% Polyethylene glveol (PEG-400) in distitled water and other 9 animals are
mtraperitoneally injected with the vehicle 50% PHEG-400 in distilled water as a control group.
Animals run 6 trials a day for two days. Animals are allowed 1 min to locaie the escape
platform. On successfilly finding the platform, animals will remain for 10 seconds betore being
retumed to their holding cage. Un a failed tnal, amimals are guided to the escape platform and

then will be returned to their holding cage 10 sceonds later.

3420} Behavioral tests are recorded and scored using a video tracking and analvsis setup
(Ethovision X'T 8.5, Noldus Information Technology). The program automatically analyzes the
number of incorrect amm entries (termed number of errors) made per trial. The last three trialg

arc averaged to determine fearming memory afier training.

[8421] At the end of the behavioral test, animals are sacrificed and the hippocampi are
extracted and immediately frozen in hquid nitrogen and are stored at —80°C. The frozen sampies
are then homogenized with a T 10 basic ULTRA-TURRAX (IKa) in ice-cold buffer Iysis (Cell
Signaling 9803) and protease and phosphatase inhibitors (Roche). Lysates are sonicated for 3

min and centrifuged at 13,000 rpm for 20 minutes at 4°C. Protein concentration in supernatants

e
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is determuned using BCA Protein Assay Kit (Pierce). Equal amount of protein is loaded on SDS-
PAGE gels. Proteins are transferred onto 0.2 um PV DF membranes {BioRad) and probed with
primary antibodies diluted in Tris-buffered saline supplemented with 0.1% Tween 20 and 3%

bovine serum albunun.

{8422} ATF4 (11813} antibody (Cell Signaling Technologies} and B-actin {Sigma-Aldrich)
antihodies arc used as primary antibodies. A HRP-conjugated secondary antibody (Rockland) 1s
employed to detect immune-reactive bands using enhanced chemuluminescence (ECL Western
Blotting Substrate, Pierce). Quantification of protein bands is done by densitometry using

Imaged software.

18423} Results of RAWM task and levels of ATF4 expression normalized to B-actin

expression in hippocampi can be reported.

Example B7 — Learning memory, long-term memory and social behavior after traumatic brain

infury (180

{6424} Wild type three-month-cld male £37B/6J mice are randomly assigned to TBl or
sham surgerics. Animals arc anesthetized and maintained at 2% isoflurane and sccured to a
stereotaxic frame with nontraumatic car bare. The hair on their scalp is removed, and eve
cintment and betadine are applied to their eyes and scalp, respectively. A nudhne ncision 1s
made to expose the skull. A unilateral TBI is induced in the right parictal lobe using the
controlled cortical impact mode! (Nat Neurosci. 2014 Aug; 17(38): 1073-82). Mice receive a 3.5-
mm diameter cramiectomy, a removal of part of the skull, using an electric microdnil. The
coordmates of the craniectomy are: anteroposterior, —2.00 mm and mediolateral, +2.00 mm with
respect to bregma. After the craniectomy, the contusion 18 induced using a 3-min convex tip
attached to an electromagnetic impactor {(Leica). The contusion depth is set to 0.95 mm from
dura with a velocity of 4.0 m/s sustained for 300 ms. These injury parameters are chosen to
target, but not penctrate, the hippocampus. Sham animals received craniectomy surgeries but
without the focal injury. After focal TBI surgery, the scalp was sutured and the anumal is
allowed to recover in an incubation chamber set to 37 °C. Animals are retumed to their home
cage after showing normal walking and grooming behavior. Recovery from the surgical
procedures as exhibited by normal behavior and weight maintenance is monitored throughout

the duration of the expenments.
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[425] After 28 days post mjury {dpt), animals are tested on the RAWM assay (sec Example
B4, above). Amimals run 12 trials during learning test and 4 trials duning memory test. Last three
trials from leaming test and all four trials from memory test are averaged to determine leaming

memory {lcarmning test) and long-term memory (memory test).

{0426} Aunimals are intraperitoneally imjected with 5 mg/kg of a test compound formulated in
50% PEG-400 i distilled water (n=10) or vehicle (50% PEG-400 m distilled water; n=10 for
TBI group and n=8 for sham group} starting the day prior to behavior tests (27 dpi), after each of
the final trials of the learning-test days (28 and 29 dp1) and before the social behavior test (42
dm, sec below) for a total of four mjections. No injoctions is given when long-term memory was

tested on day 35 dp.

10427} To quantitate social tendencies of the treated mice, the time spent with a novel
conspecific mouse was measured 1o a Crawley's three-chamber box (J Vis Exp. 2011; (48}
2473} Treated animals are lett to explore all three empty chambers freely for 10 min for
habituation. A social pair mouse 1s placed in the housing cage at one side of the apparatus and
treated animals in opposite chamber so that the mouse can freely explore the entire apparatus for
10 min. The time spent with the never-before-met animal s recorded. Direct contact between the
treated mouse and the housing cage or stretching of the body of the subject mouse in an area 3-5

cm around the housing cage is counted as an active contact.

[428] Leammg memory, long-term memory, and social behavior after TR in mice can be

reported.
Example B8 — Fasting-induced nusscle atrophy

[3429] Wild type eight-weeks-old male Balb/c mice obtained from the vivarium Fundacion
Ciencia & Vida Chule (Santiago, Chile) were used. Mice were housed in independent plastic

cages in a room maintained at 253°C with a 12-h:12-h light:dark cycle.

{8434} Twenty-four hours before and dunng the 2 days of fasted procedures, animals were
weighed and recetve oral administration via feeding tubes (15 gavge) of vehicle (30%
Polvethviene giveol 400 (Sigma-Aldrich P3263) in distilied water or 10 mg/kg of test compound

formulated 1 vehicle solution.
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[8431] Afier 2 davs of fasting the animals were weighed and sacrificed. Quadriceps were
removed from both hindlimbs and weighed. Mice with feed and water ad ibitum were used as

control,

{6432} For in vivo measurements of protein synthesis, puromyein {Sigma-Aldrich, P8833)
was prepared at 0.04 umol/g body weight in a volume of 200 pl of PBS, and subsequently

administered into the animals via IP injection, 30 nmin prior to muscle collection.

13433} Upon collection, muscles were immediately frozen in Hquid nitrogen and then stored
at —80°C. The frozen muscles were then homogenized with a T 10 basic ULTRA-TURRAX
{IKa) in 1ce-cold butter fvais (Cell Signaling 9803) and protease and phosphatase mhibitors
{Roche). Lysates were sonicated for 3 mun and centrifoged at 13,000 rpm for 20 nmunates at 4°C.
Protein concentration in supernatants was determined using BCA Protein Agsay Kit {Pierce).
Equal amount of proteins was loaded on SDS-PAGE gels. Proteins were transferred onto 0.2 um
PVDF membranes (BioRad) and probed with primary antibodies diluted in Tris-buffered saline

supplemented with (.1% Tween 20 and 3% bovine serom albumin,

[0434] Puromycin (12D310) (Merck Millipore} ATF4 (Abcany), Atrogin-1 (ECM
Biosciences), MuRF-1 (Santa Cruz Biotechnology) and B-actin (Sigma-Aldnch) antibodies were
used as primary antibodies. A HRP-conjugated secondary antibody {(Rockland)} was emploved to
detect immune-~reactive bands using enhanced chemiluminescence (ECL Westem Blotting
Substrate, Pierce). Quantification of protein bands was done by densitometry using Imagel

software.

[0435] Weight of fed mice and fasted muce treated cither with vehicle or compound 58 1s
shown m FIG. 8A. Percentage of mice weight was calculated as the percentage of weight at the
end of the study relative to the weight at the beginnming of the study (day 0), where the weight of

fed mice at day 0 corresponds to 100%.
3438} Weight of guadniceps from different groups is shown in FIG. 8B.

10437} Immunoblot of puromycin labelling in quadriceps samples of each mouse from fed or
fasted animals treated with vehicle or compound 58 is shown in FIG. 8C. Each lane corresponds
to a sample derived from each mouse. Percent of protein synthesis in muscles from each group is
shown in FIG. 8D. Percentage was calculated from FIG. 8C as the percent relative to protein

synthesis levels from control mice (Fed} which correspond to 100%.
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[3438] Expression of ATF4 and the muscle atrophy marker, Atrogin-1, of guadriceps
derived from fed mice or fasted mice treated with vehicie or compound 38 are shown in FIG. 8E.
Percent of ATF4 and Atrogin expression from FIG. 8E are shown in FIG. 8F and 8G
respectively. The levels were normalized to P-actin expression and percentage was calculated as
the percent relative to the expression from control mice {Fed) which corresponds to 100%.
Treatment of fasted mice with compound 58 results in a reduction of both ATF4 and Atrogin-1
expression compared to vehicle-treated fasted mice and it was comparable to levels observed in

control muce {Fed).
Example B9 — Immobilization-induced muscie atrophy

{06439} Wild type cight-weeks-old male Balb/c mice obtained from the vivarium Fundacion
Ciencia & Vida Chile (Santiago, Chile) were used. Mice were housed in independent plastic

cages, fed ad libitum m a room maintained at 25°C with a 12-h:12-h hght:dark cycle.

{0440] Twenty~tour hours before and during the 3 days of tumobilization procedures,
animals receive oral administration via feeding tubes (15 gauge) of vehicle (50% Polyethylene
glveol 400 (Sigma-Aldrich P3265) in distilled water or 10 mg/kg of test compound formulated

mn vehicle.

3441} One hindlimb is immobilized with a plastic stick placed over and under the limb and
fixed with a medical adhesive bandage. Animals were daily monitored. The immobilization
procedure prevents movement of the immobilized leg alone. After 3 days, the animals were
sacrificed and gastrocnenuus muscle is removed from both hindlimbs, the contralateral, non-

mnmobilized leg being used as an internal control.

[0443] For in vivo measurements of protein synthesis, puromycin {(Sigma-Aldrich, P8833)1s
prepared at 0.04 pmol/g body weight in a volume of 200 wd of PBS, and subsequently

administered into the animals via intrapentonegal njection, 30 min prior to muscle collection.

{8443} Upon collection, muscles were immediately frozen in ligud nitrogen and stored at
=80°C. The frozen muscles were then homogenized with a T 10 basic ULTRA-TURRAX (IKa)
i ice-cold buffer lysis (Cell Signaling 9803} and protease and phosphatase inhibitors (Roche).
Lvsates were sonicated for 3 min and centrifuged at 13,000 rpm for 20 minutes at 4°C. Protein
concentration in supernatants is determined using BCA Protein Assay Kit (Pieree). Equal

amount of protein is loaded on SBS-PAGE gels. Proteins were transferred onto 0.2 um PYDF
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membranes (BioRad) and probed with primary antibodics diluted in Trnis-buffered salime

supplemented with 0.1% Tween 20 and 3% bovine serem albumin.

10444} Puromycin (120 10) (Merck Millipore}, ATF4 {Abcam}, Atrogin-1 (ECM
Biosciences), MuRF-1 (Santa Cruz Biotechnology} and B-actin {(Sigma-Aldrich) antibodies were
used as primary antibodies. A HRP-conjugated secondary antibody {Rockland) is employed to
detect immune-~reactive bands using enhanced chemiluminescence (ECL Westem Blotting
Substrate, Pierce}). Quantification of protein bands is done by denstiometry using Imagej

software.

10445} Immunoblot of puromyein labelling in gastrocnemius samples of mobile and
mnmobile hind imb from mouse treated with vehicle or compound 58 is shown in FIG. 9A. Each

lane corresponds to a sample derived from the indicated hind himb.

[(3446] Percent of protein synthesis i mobile and immobile hind limbs sections from
gastroenemius derived from mice treated with vehicle or compound 58 s shown in FIG. 9B. The
levels were normalized to B-actin expression and percentage was calculated as the percent
relative to protein synthesis levels from mobile limb of control mice (vebicle-treated) which

correspond to 100%.

{8447} Expression of ATF4 and the muscle atrophy markers, Atrogin-1 and MuRF-1, of
gastrocnemius derived from mobilized and immobilized hind himbs of muce treated with velucle
or compound 38 are shown in FIG. 9C. Percent of ATF4, Atrogin-1 and MuRF-1 expression
from FIG. 9C are shown mn FIG. 9D, 9F and 9F respectively. The levels were normalized to B-
actin expression and percentage s calculated as the percent relative to the expression of mobile
hind timb from control mice (Vehicle) which corresponds to 100%. Treatment of immobilized
animals with compound 58 promotes a reduction of ATF4, Atrogin-1 and MuRF-1 expression

corapared to tmmobilized animals treated with vehicle.
Example BI# - Cachexia-induced muscle atrophy

{0448} Wild type six-weeks-old male Balb/e mice obtained from the vivarium Fondacidn
Ciencia & Vida Chife (Santiago, Chile) were used. Mice were housed in independent plastic
cages in a room maintained at 23°C with a 12-h:12-h light:dark cycle.

13449} 1x10°% CT26 colon carcinoma cell line (ATCC #CRL-2638, ATCC Manassas, VA)

were injected subcutancously in the night lower flank of cach antmal for induction of cachexia-
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mduced muscle atrophy as described (Nat Commun, 2012 Jun 12;3:896). Non-injected animals
were used as controls. At day 7 post tumor-cell injection, animals were randomized into two
groups and treated with 10 mg/kg of test compound formulated 1 50% Polvethviene ghveol
(PEG-400) n distilled water, or with vehicle (50% PEG-400 in distilled water) by daily oral
gavage for 12 days.

{0450] After 12 treatments, amimals were sacrificed and gastrocnemius were removed from

both hindlimbs. Muscles derived from non-tumor-bearing mice were used as control.

j3451] Upon collection, muscles were immediately frozen in hiquid nitrogen and then stored
at —80°C. The frozen muscles were then homogenized with a T 10 basic ULTRA-TURRAX
{IKa) in 1ce-cold butter Ivais {(Cell Signaling 9803) and protease and phosphatase mhibitors
{Roche). Lysates were sonicated for 3 min and centrifoged at 13,000 rpm for 20 munates at 4°C.
Protein concentration in supernatants was determined using BCA Protein Agsay Kit {Pierce).
Equal amount of protein was loaded on SDS-PAGE gels. Proteins were transferred onto 0.2 um
PVDF membranes (BioRad) and probed with primary antibodies diluted in Tris-buffered saline
supplemented with 0.1% Tween 20 and 3% bovine serum albumin.

[3452] ATF4 (Abcam), Atrogin-1 (ECM Bioscignces), MuRF-1 (Santa Cruz Biotechnology)
and f-actin {Sigma-Aldrich) antibodics were used as primary antibodics. A HRP-conjugated
secondary antibody (Rockland} was employed to detect immune-reactive bands using enhanced
cheniluminescence (ECL Western Blotting Substrate, Pierce). (Quantification of protein bands

was done by densitometry using fmagel software,

{34533} Expression of ATF4 and the muscle atrophy markers, Atrogin-1 and MuRF-1, of
gastrocnemius derived from control and {126 tumor-bearing mice treated with vehicle or
compound 38 are shown in FIG. 10A. Percent of ATF4, Atrogin-1 and MuRF-1 expression from
FIG. 10A are shown in FIG. 10B, 10C and 10D respectively. The levels were nommalized to B-
actin expression and percentage was calculated as the percent relative to the expression of non-
tumor-bearing mice (Control) which corresponds to 100%. Treatment of tumor-bearing animals
with compound 58 results in a reduction of ATF4, Atrogin-1 and MuRF-1 expression in nuscles

compared to those of tumor-bearing animals treated with vehicle.
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Example Bl - Benervation-induced muscie atrophy

[0454] Wild type eight-wecks-old male Balb/c mice obtained from the vivarium Fundacion
Ciencia & Vida Chile (Santiago, Chile) were used. Mice were housed in independent plastic

cages in a room maintained at 25°C with a 12-h:12-h light:dark cycle.

[3455] After a deeply anesthetized (isofturane inhaled in medical oxygen), mice were
denervated by surgical removal of ~2 mm of sciatic nerve from one hindlimb. The meisions
were closed using sutures. Al procedures were performed under sterle conditions and the mice

were daily momitored.

{0456} After seven days of denervation, animals receive oral administration every day via
feeding tubes (15 gauge) of vehicle (50% Polvethviene glycol 400 (Sigma-Aldrich P3265) in

distilled water} or 10 mg/kg of compound 58 formulated in vehicle solution.

13457} Afier 14 days of denervation, animals were sacrificed and tibialis anterior were
removed from both hindlimbs. Muscles derived from non-denervated hind limb were used as
control.

[0458] Upon collection, muscles were immediately frozen in hquid nitrogen and stored at
=80°C. The frozen muscles were then homogenized with a T 10 basic ULTRA-TURRAX (IKa)
i ce~-cold buffer lysis (Cell Signaling 9803) and protease and phosphatase inhibitors {Roche).
Lysates were sonicated for 3 min and centrifuged at 13,000 rpm for 20 minutes at 4°C. Protein
concentration in supernatants was determined using BCA Protem Assay Kit (Pierce). Hqual
amount of protem was loaded on SDS-PAGE gels. Proteins were transferred onto 0.2 um PVDF
membranes (BioRad) and probed with primary antibodies diluted i Tris-buffered saline

supplemented with 0.1% Tween 20 and 3% bovine serum albumin,

[3459] ATF4 {(Abcam), Atrogin-1 (ECM Biosciences), MuRF-1 (Santa Cruz Biotechnology)
and P-actin (Sigma-Aldrich) antibodies were used as primary antibodies. A HRP-conjugated
secondary antibody (Rockland} was employved to detect immune-reactive bands using enbanced
chemiluminescence (ECL Western Blotting Substrate, Pierce). Quantification of protein bands

was done by densttometry using Imagel software.

{8460} Expression of ATF4 and the muscle atrophy markers, Atrogin-1 and MuRF-1, of
tibialis anterior derived from control and denervated hind limbs of mice treated with vehicle or

compound 38 are shown mm FIG. 11A. Percent of ATF4, Atrogin-1 and MuRF-1 expression from
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FIG. 11A are shown n FIG. 11B, 11C and 11D respectively. The levels were normalized to -
actin expression and percentage was calculated as the percent relative to the expression of non-
denervated hind limbs from conirol mice (Vehicle) which corresponds to 100%. Treatment of
denervated animals with compound 58 results n a reduction of ATF4, Atrogin-1 and MuRF-1

expression in muscles compared to those of denervated animals treated with vehicle.
Example B12 — Protein production by transient gene expression

{8461} CHO cells were mamtained at 37 °C and 5% CO2 in BDMEM supplemented with 10%
fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml pemicillin, and 100 pg/ml streptomyein,
After reaching 80% of confluence, cells were detached and seeded on 6-well plates in complete
media and allowed to recover for 48h. Cells were then washed three times with PBS and
transfected with 1 pg of plasmid pIRES2-AcGFP1 (Clonetech 632435) using Lipofectamine
LTX (Thermofisher Scientific) according to manufacturer instructions. Transfection media was
supplemaented with cultore mediom alone (vehicle) or 1 uM or 5 pM compound 38 in culture

mediunt.

{0462} After 24 hours treatment, culture media were removed and cells were lysed with
SDS-PAGE lysis buffer. Lysates were transferred to 1.5 ml tubes and sonicated for 3 min. Total
protein amount was guantified using BCA Protein Assay Kit (Pierce}. Equal amount of proteins
(30 gy was loaded on SEBS-PAGE gels. Proteins were transferred onto 0.2 um PVDF
membranes (BioRad) and probed with primary antibodies dilated m Tns-buffered saline

supplemented with 0.1% Tween 20 and 3% bovine serum albunin.

[8463] GFP (ccll Signaling) and B-actin (Sigma-Aldrich) antibodies were used as primary
antihodies. A HRP-conjugated secondary antitbody (Rockland) was employed to detect immune-
reactive bands using enhanced chemilummescence (ECL Western Blotting Substrate, Pierce).

Quantification of protein bands was done by densitometry using Imagel software.

[0464] Expression of GFP aficr 24 hours in untreated (Veh) or treated CHO cells with 1 uM
or 3 uM compound 58 1s shown in FIG. 12A. Figure shows 2 sections of the same gel prepared
at same conditions for cach antibody. Percent expression of GFP from FIG. 12A is shown in
FiG. 12B. The levels were normalized to B-actin exprossion and percentage was calculated as

the percent relative to the expression of GFP in untreated condition {(Vch) which corresponds to

]
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100%. Treatment with compound 5% results in an increased expression of GFP after transient

transfection of the plRES-AcGFP which encodes GFP protein.
Example B3 — Frontotemporal dementia celiular model

[3465] MEF cells were maintained at 37 °C and 5% CO2 in DMEM supplemented with 10%
fetal bovine serum (FBS), 2 mM L-glutamine, 160 U/ml penicillin, and 100 pg/ml streptomycin.
After reaching 80% of confluence, cells were detached and sceded on 6-well plates in complete
media at a density of 3x10° celis/well and allowed o recover for 48h. To perform a knockdown
expression of the progranulin protein, cells were then washed three times with PBS and treated
with small interference RNA (5iRNA) mix, that target progranulin (PGRN) gene {Qiagen

FlexiTube siRNA mix, Cat N° 1027416), according to manufacturer instructions.

{3466} Tramstection media with siRNA mix was supplemented with OPTIMEM mednmm
alone (GRNT) or T pM or 5 pM compound 58 in OPTIMEM medium. Transfection media
without siRNA mux {Veh} and cells cultured in OPTIMEM medium alone (Unt) were used as

controls.

[0467] After 48 hours treatment, culture media were removed and cells were lysed with
SDS-PAGE lysis buffer. Lysates were transferred to 1.5 mi tubes and somicated for 3 nun. Total
protein amount was quantified using BCA Protein Assay Kit (Pierce}. Egual amount of proteins
{30 gy was loaded on SDS-PAGE gels. Protems were transferred onto 8.2 pm PY D
membranes (BioRad} and probed with primary antibodics diduted 1o Tris-buffered sabine

supplemented with 0.1% Tween 20 and 3% bovine serum albunun.

[34638] PGRN (R&D Systems) and f-actin (Sigma-Aldrich) antibodics were used as primary
anibodies. A HRP-comjugated secondary antibody (Rockland} was employed to detect ymmune-
reactive bands using enhanced chemilunminescence (ECL Western Blotting Substrate, Pierce).

Cuantification of protein bands was done by densitometry using ImageJ software.

0469} Expression of PGRN afier 48 hours in untreated MEF cells (Unt), or MEF treated
with transfection media without siRNA mix {Veh) or treated with transfection media with
siRNA mix alone (GRNT7} or in the presence of § pM or 5 pM compound 58 is shown in FIG.
13. Figurc shows 2 sections of the same gel prepared at same conditions for cach antibodv. The
levels were normalized to B-actin expression and the fold change was calculated as the

expression relative (o the expression of PGRNN n the presence of siRNA alone condition

-]
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(GRNT) which corresponds to 1. Treatment with compound 38 results in an increased expression
of progranulin in a knockdown condition.
{8474} All references throughout, such as publications, patents, patent applications and

published patent applications, are mcorporated herein by reference in their entireties.

]
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CLAIMS

Claim 1. A compound of fornula (I}

o1 a pharmaceutically acceptable salt thercof,
wherein:
m', m? n', 0’ pl, p? ql. and g%, independently of each other, are 0 or 1;
r and s, independently of cach other, are 0, 1, or 2;
Xis N or CRY,
RX is selected from the group consisting of hydrogen, C1-Cs alkyl, C-Cs alkenyl, and
(2-Co alkynyl;
1isCorl;
R and R¥Y are taken together to form an oxo (=0) substituent, or R and R are both
hydrogen;
kisOorl;
RM* 35 H or C1-Cs alkyl;
RMis H or Ci-Cs alkyl;
Al is selected from the group consisting of’

a substituent of formula (Al-a)

zl R™

R14‘ _____ l... \i *
( b !
(A1-a)

wherein
* represents the attachment point to the remainder of the molecule;
7' is selected from the group consisting of CRZVIREZ NRZ,
C(RZL]RZ]-E)N(RZ]-Z), 0, C(RZ‘E“]RZ]‘Z)Q, S’ C(RZI—]RZ]-Z)S’
and ~-CRZM=CRAH

wherein R is Hor R and RE2 is Hor R4
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7% is selected from the group consisting of CR*7IRA NR#2,
CRAZIRENRZ?), O, CRZIRDD0, §, C(RZIREYS,
and -CR*1=CR?-;
wherein R% is H or RY; and R is H or RY;

77, independently at each occurrence, is CH, CRM, or N,
R ig hydrogen or R, or R'¥ and R%!2 are taken together to form a
double bond between the carbon atom bearing R and 2!, or R and R
are taken together to form a double bond between the carbon atom bearing
RY and Z%; and

x1is0, 1,2, 3, 0r4;

Cs~C14 arvl optionally substituted with one or more R substituents; and

3-14 membered heteroary! optionally substituted with one or more R

substitucnts;

Ri*is selected, independently at each occurrence, from the group consisting of halogen,
NG, C1-Ce alkyl, C2~Co alkenyl, Ca-Cs alkvnvl, Ci-Cs haloalkvl, -OH, -O(C1-Cs
alkyl), -O(Cr-Ce haloalkyty, -SH, -S(C1-Ce alkyl), -S(C1-Cs haloalkyl), -NHa,
-NH{C1-Co alkeyl), -NH{C1-Ce haloatky ), -N{C1-Co alkyl)s, -N{C1-Co haloatkyhz,
SNRMRYS LON, -COYOH, -COYH(C1-Co alkyl). -C{OY0(C1-Co baloalkvly,
~COWNH:, -C{ONH(C1-Co alkyly, -CIOWH(C1-Ce haloalkyl), -C{ON(C1-Ce alkybh,
-C{OYN(C1-Cs haloalkyl)y, -C(OINRMRD .S(OROH, -S(0)O(C1-Cs alkyl),
-S{ORO(C1-Ce haloalkyl), ~S(O)NH2, -S(ORNH(C:-Ce alkyl), ~S(ORNH(C:-Cs
haloalkyl), ~S{ORN(C1-Ce alkyl), ~S(O)N(C1-Cs haloalkyl), -S{QpNRI*+R 4,
-DC{OMH, -OC{OYHC1-Cs alkyl), -CC(OHC1-Ce haloalkyl), -N{HYC(O)H,
-NEYC(OYNCi-Co alkyh), -NEHC(OKC1-Cs haloalkyl), ~N(C1-Co alkyBHT{O)H,
-N(C1-Co alkyDC{OYC1-Co alkyhy, -N{Ci-Co alkyHC(ONC:-Cs haloalkyly, -N(C1-Co
haloalkyhC{O)H, -N{C:~Cs haloalkyDBC(OXC1-Co atkyl), -N(C1-Ce
haloalkyHC{OHCi-Cs haloalkyly, ~OS{O1(Cr-Ce alkyl), -OS{0){C1-Cs haloalkyl),
~N{HIS(O(C:i-Co alkyl), -NHDIS(03(Ci-Co haloalkyl), -N(C1-Co alkyDS(O)(C1-Co
alkyl), -N(C1~-Co alkyDhS{01(C:i~Cs haloalkyh), -N{C:-Cs haloalkyS(0)(Ci-Cs
alkvly, and -N¢C1-Cs haloalkyDS(0)2(C1-Ce haloalkyl);

wherein R'*? and R1*® are taken together with the nitrogen atom to which they

are attached to form a 3-10 membered heterocycle;
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A’ is selected from the group consisting of’

a substituent of formula (A%-a)

15 a4
RE :Z 7 )
* 26 (Rm>x2
ZS \ZS/

(A%-a)
wherein
* represents the attachment point to the remainder of the molecule;
7% is selected from the group consisting of CRZ-IR2 NRZA42,
CRIFIRADNRZY), O, CRIIRZ0, 8, CRZIRZDS,
and ~-CR1=CR*1.
wherein R7*! is Hor R and R**? is Hor R'%;
77 is selected from the group consisting of CREIRZZ NR%H2,
CRZIRE2N(RDY), O, CRZIRPBA0, S, CRPIRFNS,
and -CRZI=CR”1.;
wherein R4 is Hor R'%; and R is Hor RY9;

Z¢ independently at each occurrence, is CH, CRY, or N
R s hydrogen or R, or RY® and R%*? are taken together to form a
double bond between the carbon atom bearing R and Z*, or R’ and R*?
are taken together to form a double bond between the carbon atom bearing
R and 72°; and
x21s0,1,2,3, or 4;

Cs-C14 aryl optionally substituted with one or more RY® substituents: and

5-14 membered heteroaryl optionally substituted with one or more R1¢

substitucnts;

R is selected, independently at each occurrence, from the group consisting of halogen,
NOn, C1-Cs alkyl, Co-Cs alkenvl, £2-Cs alkvnyl, C1-Ce haloalkyl, -OH, -0(C1-Cs
alkyl), -O(C1-Co haloalkyl}. -SH. -S(C1-Cs alkyl}. ~S(C1-Ce haloalkyl), -NHa,
~NH(C1-Co alkvl),-NH(C1-Cs haloalkvl),-N{C1-Ce alkvi), ~-N((1-Ce haloalkyi),
-NRIRISY LON_-C(OYOH, -C(OYO(C1-Cs atkyl), -C{OYHC1-Co haloalkyl),
-C{ONHz, -C{OINH{C1~Co alkyl), -C{OINH{Ci-Co haloalkyvl), ~-CON(C-Co alkvi)a,
~C{OYN(C1-Cs haloalkvih. -C{OINRIFIRIY _S(0ROH, -S(0RO(C:i-Ce alkyl),

]
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=S{0NO(C1-Ce haloalkyl), ~S(OpNH», -S(OpNH(C:-Cs alkyl), ~S(OpNH(C-Ce
haloalkyl)y, -S{(0RN(C1-Cs alkyl), -S(0)N{C1-Cs haloalkyl)s, -S{(ORNRICaR b,
-OC(OH, -OC(OXC1-Co alkyh), ~OC(ONC1-Co baloalkvly, -NHYC(OMH,
-NHCOWC1-Co alkyhy, -NEDHC(OXC1-Cs haloalkyly, -N{C1-Cs alkyDC(OH,
-N{C1-Cs alkyDCONC1-Cs alkeyl), -N(C1-Ce alkyHCONC1-Ce haloalkyl), -N{Ci-Ce
haloalkyDC(OH, -N(Ci-Cs haloalkyDHC(OXC1-Ce alkyl), -N{C1-Cs
haloalkvDC(OYWCi-Cs haloalkyl), ~OS(0R(C1-Cs alkyly, -OS(03(C1-Cs haloalkyl),
SNEFDS(ON(C1-Ce atkyl), -NEH)IS(O0(C:-Ce haloalkyl), -N{C1-Cs alkv SO C1-Cs
alkvhy, -N(C1-Ce alkvDS{032(C1-Cs haloalkyl), -N(C1-Cs haloalkyDS(8)(C:-Cs
alkyvhy, and -N{C1-Cs haloalkyDS{0){Ci-Co haloalkyl);

wherein R0 gnd R1? are taken together with the nitrogen atom to which they

are attached to form a 3-10 membered heterocycle;

R1% is selected from the group consisting of hvdrogen, C5-Cs alkyl, -C{O)OH,
~C{OY M C1-Co alkyly, -C{OYO(C1-Cs baloalkyh), and halogen, or

R!? is taken together with R?? to form a C1-Cs alkylene moiety, or
R!%ig taken together with an R*® moiety to form a C1-Cs alkylene moiety:

R is selected from the group consisting of hydrogen, C1-Cs alkyl, -C(O)OH,
-C{OY{C1-Co alkyh, -COYO(C1-Ce haloalkyl), and halogen;

R* is selected from the group consisting of hydrogen, C1-Cs alkyl, -C{O}OH,
~COYO(C1-Co alkvly, -C{OYO(1-Cs haloalkyl), and halogen;

R™ is selected from the group consisting of hydrogen, C1-Cs alkvl, -C(O)OH.,
~C{OYO(C1-Co alkyly, -COHO(Ci-Cs haloalkyl), and halogen;

R** independently at each occurrence is selected from the group consisting of hydrogen,
(1-Co alkyl, -C{OYOH, -C(OyO(C1-Cs alkyl), -C(OYMC1-Ce haloalkyl), and halogen,
or R* is taken together with R* to form a (1-Cs alkylene moiety:

R independently at each occurrence is selected from the group consisting of hvdrogen,
Ci-Cs alkyl, -COYOH, -C(OYO(Cr1-Cs alkyl), -C{OYO{C1-Co haloalkyvl), and halogen;

R* independently at each occurrence is selected from the group consisting of hydrogen,
Ci1-Ce alkyl, -C(OYOH, -C{O)YO(C1-Co alkyly, -C(OY{Ci-Cs haloalkyl}, and halogen;

R* independently at cach occurrence is selected from the group consisting of hydrogen,

C-Co alkyl, -C{OYOH, -C{OYO{C-Cs alkyl), -C{OMMC1i-Cs haloalkyl}, and halogen;

]
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R and R are taken together to form an oxo (=0) substituent or an inudo (=NH)

substituent, or R*® and R™®

are both hydrogen;

R% i selected from the group consisting of hydrogen, ~-OR%4 and -NRO*PRS<.

R® is hydrogen;

or R% and R are taken together to form a moiety selected from the group consisting of
-0-CH»-CHy-, -CH2-O-CHa-, -CHe-CH2-O-, -O-CH:-CHy-CHs-, -CH-0O-CHo-CHo-,
~CH:~-CHe-O-CHa-, ~-CH2-CH3-CH2-0O-, ~O-CH2~-CH-CHR-CHa -,
~CHo-0-CH2-CHz-CHa-, -CHo-CHz-O-CH-CHa-, -CHz-CH2-CHo-O-CHa-, and
-{CHz-CHz-CHz-CHo -0+

R™and R are both hydrogen;

R® and R™ are taken together to form an oxo (=0) substituent, or R* and R® are both
hydrogen;

R% and R™ are taken together to form an oxo (=0) substituent or an imido (=NH)

substituent, or R7 and R are both hyvdrogen;

R% {5 selected from the group consisting of hydrogen, -OR %2 and -NR19¢0R 105 and
R i5 hydrogen, or R1% and R'® are taken together to form a moiety selected from
the group counsisting of -O-CHz-CHa-, -CHu-0O-CHa-, -CH2-CH2-0-,
-O-CHz-CHe-CHo-~, -CHz-O-CH2-CHo -, ~-CH2-CH2-O-CHo~, ~-CHo-CHa-CH2-O-,
-0-CHz-CHe-CH2-CHz- -CH2-0-CHz-CH2-CHo-, -CHz-CH2-0O-CH2-CHz-,
-CH2-CHp-(CH2-0-CHaz-, and -CHo-CH2-CH2-CH-0O-;

R12 and R are both hydrogen;

R1% and R are taken together to form an oxo (=0} substituent, or R’ and R are
both hydrogen;

RO ig selected from the group consisting of hydrogen, Ci-Us alkyl, and C1-Cs haloalkyl,
or R%2 is taken together with R™* to form a carbonyl (C=0) moiety;

R s selected from the group consisting of hydrogen, C1-Cs alkyl, and C1-Ce haloalkyl,
or R1%2 is taken together with RN to form a carbonyl (C=0) moiety,;

RSP and R%° independently of each other, are selected from the group consisting of
hydrogen, C1-Cs alkvl, and C1~Cs haloalkvl; and

RIUb and R independently of each other, are selected from the group consisting of
hydrogen, C1-Cs alkyl, and C1-Cs haloalkyl,

provided that:
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()Y whenjis 1 thenkis 1;
(i) when m' is 0, n' is 0, q' is 0, and p is 1, then R™ and R* arc taken together to form

an oxo (=0} substituent, and Al is a substituent of formula (A'-a)

N 7! R
Rt
(A'-a)

wheregin
* represents the attachment point to the remainder of the molecule;
7' is selected from the group consisting of CRA-IRA2 NRZ 2,
CREVIRAIDNRA Y, O, CRARZH0, 5, CRZIRANS,
and -CRA=CRAM.
wherein R is Hor R and R s Hor R,
Z7 1s selected from the group consisting of CRZIR%? NRA2,
CRZRPN(R™?), O, CRZIRPD0, S, CRPIRDYS,
and -CR*>1=CR#*1-;
wherein R% is H or RY; and R%%7 is H or RY;
Z?, imdependently at each occurrence, is CH, CRM, or N
RY is hydrogen or R*, or R™ and R*! are taken together to form a
double bond between the carbon atom bearing R and Z%, or R and R#%2
are taken together to form a double bond between the carbon atom bearing
R** and 7% and
x1is0, 1,2, 3 ord; and
(i) when m? is 0, n” is 0, g% is 0, and p® is I, then R'*® and R are taken together to

form an oxo (=0) substituent, and A? is a substituent of formula (A%-a)

wherein

* represents the attachment point to the remainder of the molecule;
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7% is selected from the group consisting of CR*FIR™ NRA?,
CRAVIREN(RY?), O, CRIIRZAD0, §, (RAVIRZYS,
and -CR*1=CR-;

wherein R7% is H or R'%; and R is H or RS,
77 is selected from the group consisting of CRZ- R 2 NR#>2,
CREIRESINRE Y, O, CREIRBI0. S, CREFIREBDS,
and -CRZFI=CRZL.;

wherein R is Hor R and R®7? is Hor RS,
75 independently at each occurrence, is CH, CR!®, or N;
R is hydrogen or R, or RY® and R%%? are taken together to form a
double bond between the carbon atom bearing R and 74, or R!? and R
arc taken together to form a double bond between the carbon atom bearing
RY and Z2°; and

x218 0. 1,2, 3. or4;

(iv) when X is CR¥ thenk is 1;

(vywhen X is N, jis 1, and kis 1, then R and R are taken together to form an oxo

(=(b) substituent;

{vi) when X is N, j is 0 and k is 1; then at least one of (vi-a), (vi-b), (vi-¢}, or (vi~d}

apphies:

(vi-a) Al is Ce-Crs aryl substituted with one or more R substituents;

(vi-b} Alis 5-14 membered heteroaryl optionally substituted with one or more

R substituents;

{(vi-c) A% is Ce-Cr14 ary! substituted with one or more RS substituents;

(vi-d} A” is 5-14 membered heteroaryl optionally substituted with one or more

R ! substituents; and

(vity when X is N, jis 0, kis 0, m’is L,nlis 0, p' is 0, and g} is 0, then Al is a substituent

of formula (Al-a).

Claim 2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherem

kis 1, X is CR™* and the compound of formula (1) is a compound of formula (H):
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i R4a
' R‘”’L RY {'Rga R104]

¥
i

H H

' l H

] I i

VA N —1oT;
73 ; -R:;b{ RO p10b ol R 5 2 RI2bi 4 ]

R:SB

Claim 3. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein

X 18 N and the compound of formula () is a compound of formuda (1)

R1b R4a
F{ﬂ {D rs] Tpos ree] [ Trie] R2J L R®
0 1 O L .
A %0 ! 5 i N N
IR N A T R L U N
8 p= O R N l_R% Fr5b m' Rj-bj Rza” i\-Rgb
pZbin3a .
(1)
Claim 4. The compound of claim 2, or a pharmaceutically acceptable salt thercof, wherein

the compound of formula (i1} is a compound of formula (fI-1-1}:

R":b R!ia
13 wk R R n 15 g
N Zi\/R (ijl}’Ff 7L % FE*OR Zi.}/
(R*“)xf---zlg D, N CR*  N—N— --Z----(R“")XZ
P . - -~
vl a R2 R 257Ny
R2b Rfﬁa
(1-i-1).
Claim 3. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (11} 18 a compound of formula (81-1-2):
R‘:b R4a
Rfa pia pNk R'2 R¥® N o R15 74 /
E | ;
A‘-%OE , I = N CR® NN L v ~(R")s
L - S 4
9 R{?b R‘)b Rza}—‘]&R&) Z5 )
RZE) RSEE
(I1-1-2)
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Claim 6. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein

the compound of formula (1) i3 a compound of formuda (3-1-3):

Rﬂ?} RAa
RBa R6a Rb5a F;‘N kK R H th R'SS Z4 P
T NI .
RO Rob pbb %——WL Z3 Ze”
RZb vaa
(I1-1-3).
Claim 7. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wheremn

the compound of formula (11} is a compound of formula (I1-2-1}:

R‘:b R-’la
2 RSB O RN Nk R2 R pN Rt pios
'14\_;[_\ N/ (- X N 2
(R - / N CR N N i iGJ AL
23 Z Rza R3b R b R10b
REb R?,a
(11-2-1).
Claim 8. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (I1) 1s a compound of formula (11-2-2):
R’ib R4a
R@a R?)a RN -K R‘E?J__% RN Rga R']Oa
i
T R
Rﬁb R’Sb Rgb R']Ob
REb RSE\
(11-2-2).
Claim 8. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein

the compound of formula (1) i3 a compound of formuda (1-2-3):
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R o R4a
RSa Roa R5a RN « Rla2 l l _RAb N R R10a
A 1{@ E § } EQE A?
| 2
Rgb R"éb R5b R2a%—FR3b Rgb R']Ob 4
RZb R3sa
(11-2-3)
Claim 10. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (11} is a compound of formula (31-3-1)
Rﬂ, R4a
“-Z] R QO R R”%__k\/ RN RYe gitagiza
1ay \VARES ) AR I S T
(R ’X’i o 7/ N iN luj A
N N R
73 Z R R10bR120
R2s Rva
(11-3-1)
Claim 11, The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (1) i3 a compound of formuda (11-3-2):
R‘:b R!&a
Rea mba N« rla R pN R pitapioa
I |
A%Olg E N——CRX  N—1 E | % EQE”Az
REc RSP RQ%—]L 3 RY% R10bR12 q
sz RBE&
(11-3-2).
Claim 12 The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (I1) 1s a compound of formula (11-3-3):
;;?"Eb R4a
R8s pba g pNk RIE ] R oN g% pitagpiza
i E )
A%@}j{ E | N CR* N ) ; % i iafﬁw
g . =
] 8D pBb  pSb Rga\%—‘é?\gb R [10bm12b g
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(11-3-3).

Claim 13 The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein

the compound of formula ({11} 1s a compound of formula (1Hi-1-2):

RTb Rﬁ.a
Ba 5a Rla R N
PRI o i VN
A0 I N N N (R0
i ' E \ 26
4 oeb  sb 757 X6
R R° RE& R3b 2
RZb RSa
(1-1-2).
Claim 14, The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula {11} is a3 compound of formula (1H-1-3%:
R']b R4a
8a Ba 52 Ria RAC N &
RN v A oV
A “%G T | N N N \ (R
ql i E \ ZS Wy p 6
RSb R6 R5EJ 22 RSQ ZS
RZb E;;\Sa
(11-1-3).
Claim 15, The compound of claim 3, or a pharmaceutically acceptable salt thereof, wheremn
the compound of formula (11} 18 a compound of formula (1H1-2-2}:
R’ib R4a
Réa RS R E { R N R pita
AHLOE}% } N N N } E EO}?AZ
q b1 , , q°
Rbb Rfﬁb Rza Réb Rgb R’mb
R.Zb R’E»a
(1H-2-2).

304



WO 2019/236710 PCT/US2019/035593

Claim 16. The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherem

the compound of formula (111} is a compound of formula (1H-2-3):

Rib R-’l-a
R8a Rba R =3 l ] =0 RN R% R10a
A‘%G}lg ! % N N N E I ?{3}2;@
4 Rgb R@-Q Rﬁb REE‘B[—]Z\R% Rgb R?Ob 4
sz R:Sa
(IH-2-3)
Claim 17 The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula ({11} 1s a compound of formula (1H-3-2);
R1b R4a
pba  poa R1§_‘\/R% RN RY% pilapiZa
A%GE‘% | N N N | I I {Q]qAﬁ
9 R6b Rf?b Rza Rgb RQD R1Ob R12b 4
RZb REa
(HH1-3-2).
Claim 18, The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein
the compound of formula (111} is a compound of formula (I1-3-3):
R’ib R4a
péa pta psa R R pN % pllapi2a
/TN i
A%Q}E% | E N N N E % § EOEZAZ
4 Rgh Rﬁb R5b ch%———éﬁgb Rgb R'\Ob R12b q
RZb Rfﬁa
{(11-3-3).

Claim 19, A compound of formula (IVY):
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(v
o1 a pharmaceutically acceptable salt thercof,
wherein:

R is hydrogen or ~C(OYOH,
R® is hydrogen or halogen;

RY is hydrogen or C3-Cs alkynyl:

L7 is selected from the group consisting of ™

o o NH
/J\ o\,)J\ O’\/]'L
i o+ 4+
OH OH
/0\*/# e

OH
# . /Q\\//E\\/W
o

SN P T V.

™~ " , "

# and O #: wherein the *
represents the attachment point to A°, and the # represents the attachment point to the
remainder of the molecule;

L% 1is sclected from the group consisting

H

9 o NH

of #/J\" #)K/O\** #/U\/O\*’
OH OH
#\)\/O\* #\/k/()\

with(D)

% :F;WO\*

Q
O *
PN \Y #/\/

, and # Q/
represents the attachment point to A®, and the # represents the attachment point to the
remainder of the molecule;

E3

: wherein the *

A is selected from the group consisting of phenvi, naphthyl, pyridyl, pyrazinyl,

quinolinyi, benzofuranyl, 2,3-dihyvdrobenzofuranyl, benzothiazolvl, and 3,4-dihydro-
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2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,
quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
ZH-benzolb}i1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NG», C1-Cs alkvl, C2-Cs alkenyi,
Ca-Cs alkynyl, -0-Ci-Cs alkyl, -0-Ci-Cs haloalkyl, and C:-Ce haloalkyl;

A% s selected from the group consisting of phenyl, naphthyl. pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-
2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,
quinolinyl, benzofuranyl, 2 3-dithydrobenzofuranyl, benzothnazolyl, or 3 4-dihvdro-
ZH-benzolbli 1, 4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NG», C1-Cs alkvl, C2-Cs alkenyi,

Ca-Cs alkynyl, -0-C1-Cs alkyl, -0-Ci-Cs haloalkyl, and C1-Cs haloalkyl.

Claim 20. A compound of formula (V)

RZG
H
R?‘{/k N . A°
i N/ \LO
H i
5
A\ 5,N>(\\)
R22 RZ3
(V)

or a pharmaceutically acceptable salt thereof,
wherein:

R is hydrogen or —~C(OMYOH;

R* is hydrogen or halogen;

R?? and R% are both hydrogen or R* and R? are taken together to form an oxo (=0}

o . NH
P .
; #3 */ #: */ #~
H

substtituent;

L3 is selected from the group consisting of ™

F OH 0
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ES

; 3, S
*“/OW#M */O\\///\\#‘ \//\'\# and \O

represents the attachment point to A°, and the # represents the attachment point to the

o 0 NH
/’J\ #/lk/@\* #)]\//O\*
H

QH OH
#\/J\/G\* #\/k/o\* #WO\*

o)

#: wherein the *

remamder of the molecule;

L% is selected from the group consisting of #

wiy

>

ES

H\\//\\/G\* #/\\//Q\* #/\\//

represents the attachment point to A®, and the # represents the attachment point to the

cand # 0" ; wherein the *

remainder of the molecule;

A3 is selected from the group consisting of phenyl, naphthyl, pyridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2, 3-dihvdrobenzofuranyl, benzothiazolyl, and 3 4-dihvdro-
2H-benzolbli 1 4joxazinyl, wherem each of the phenvl, naphthyl pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
ZH-benzolb}i1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NGa, C1-Cs alkvl, C2-Cs alkenyi,
Co-Cs alkynyl, -0-Ci-Cs alkyl, -0-Ci-Cs haloalkyl, and Ci-Co haloalkyl;

A® is selected from the group consisting of phenyl, naphthyl, pyridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2, 3-dihvdrobenzofuranyl, benzothiazolyl, and 3 4-dihvdro-
2H-benzolbli 1 4joxazinyl, wherem each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
ZH-benzolb}i1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NG», C1-Cs alkvl, C2-Cs alkenyi,

Co-Cs alkynyl, ~0-Ci-Cs alkyl, -0-Ci-Cs halealkyl, and C1-Ce haloalkyl.

Claim 21. A compound of formula (V1)
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or a pharmaceutically acceptable salt thereof,
wherein:

R ig hydrogen or ~C{Q}0OH;

R?? is hydrogen or halogen;

O O NH
/’J\ C}\/)J\ O\)J\
7. . - < g 0w )
L7 is selected from the group consisting of * L #,* #,

OH OH C}H
*/Q\V/waf#*/Q\V/E\V/#*/@\V/i\v/#
O
O O, NN L Y

#: wherein the *
represents the attachment point to A7, and the # represents the attachment point o the
remamder of the molecule;

O O NH
. . L. n « 4 e o N
L8 is selected from the group consisting of # L LE =,

OH OH OH
#\/J\/G\* #\*/D\* #WO\*
O

sk
g\//\\/O\* #/\\//O\* #//\\\//

cand # o ; wherein the *

represents the attachment point to A%, and the # represents the attachment point to the

remainder of the molecule;

A is selected from the group consisting of phenyl, naphthyl. pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-

2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,

quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
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2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group congisting of halogen, CN, ~NGO,, U-Ce alkyl, $2-Ce alkenyl,
(2-Co alkyayl, -0-Ci-Co alkyl, -0-Ci-Co haloalkyl, and C:-Ce haloalkyl;

A® s selected from the group consisting of phenvl, naphthyl, pyvridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dihvdrobenzofuranyl, benzothiazolyl, and 3,4-dihydro-
2H-benzolblj 1.4 foxazinyl, wherein each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2.3-dthydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
2H-benzolbli 1,4 joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, ~NG:», C1-Cs alkyl, 2-Co alkenvl,

C2-Co alkyayl, -0-Ci-Co alkyl, -0-Ci-Co haloalkyl, and Ci-{¢ haloalkyl

Claim 22. A compound of formula (VII)

(Vi)
or a pharmaceutically acceptable salt thereof,
wherein:

R?® is hydrogen or ~C{O)YOH,

R?7 is hydrogen or halogen:

LY is selected from the group consisting of ™ 7“ # N
\)\\/ \\*/ : #

/OW# */Q\/\# 4<\\//\\** and ™~

o #: wherein the *

iiilio

represents the attachment point to A®, and the # represents the attachment point to the

remainder of the molecule;
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L1 is selected from the group consisting of # #

g .
J\/ \J;\,/ : O\ .
@]
. o o . )L
TN \*, FW \*, #//\/ cand # o ; wherein the *

represents the attachment point to A, and the # represents the attachment point to
the remainder of the molecule;

A? is selected from the group consisting of phenyl, naphthyl. pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-
2H-benzolbll1,4joxazinyl, wherein each of the phenvl, naphthyl, pyndyl, pyrazmyl,
quinolinyl, benzofuranyl, 2 3-dithydrobenzofuranyl, benzothnazolyl, or 3 4-dihvdro-
ZH-benzolbli 1, 4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NG», C1-Cs alkvl, C2-Cs alkenyi,
Ca-Cs alkynyl, -0-Ci-Cs alkyl, -0-Ci-Cs haloalkyl, and C:-Ce haloalkyl;

A s selected from the group consisting of phenyl, naphthyl, pyridvl, pyrazinyl,
quinolinyi, benzofuranyl, 2.3-dthvdrobenzofuranyl, benzothiazolyl, and 3,4-dihvdro-
2H-benzo{bll1,4joxazinyl, wherein each of the phenyl, naphthyl, pyndyl, pyrazmyl,
quinolinyl, benzofuranyl, 2 3-dithydrobenzofuranyl, benzothnazolyl, or 3 4-dihvdro-
ZH-benzolbli 1, 4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, ~NOz, C1-Cs alkvl, C2-Cs alkenyl,
C2-Cs alkyvovi, -0-Ci-Cs alkyl, -0-Ci-Cs haloalkyl, and C1-Ce haloalkyl.

Claim 23. A compound of formula (Vi)

(VIID)

or a pharmaceutically acceptable salt thereof,
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wherein:
R?% is hydrogen or ~C{O)YOH;

R*¥ is hydrogen or halogen;

*/O\//u\“ .,k/Q\)J\#

LY is selected from the group consisting of * i, #,
Ok OH
# # - #
e O\/)\/q e O\);\/’ ng O\/\\»/

represents the attachment point to A, and the # represents the attachment point to

9 o NH
)J\* #/JJ\/O\* #/L\/O\*

2

#: wherein the *

the remainder of the molecule;

L1215 selected from the group consisting of #

OH OH OH
#\/J\/O\* #\*/O\* #WO\*
@]
i o 0 . /{k «
SN \*, '#/\\’/ \*, #/\\// cand # 0" ; wherein the *

represents the attachment point to A2, and the # represents the attachment point (o
the remainder of the molecule;

Allig selected from the group consisting of phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2, 3-dihvdrobenzofuranyl, benzothiazolyl, and 3 4-dihvdro-
2H-benzolbli 1 4joxazinyl, wherem each of the phenvl, naphthyl, pyridyl, pyrazinyl,
quinolinyl, benzofuranyl, 2 3-dhydrobenzofuranyl, benzothiazolyl, or 3 4-dihydro-
ZH-benzolb}i1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NGa, C1-Cs alkvl, C2-Cs alkenyi,
Co-Cs alkvnvl, -0-Ci-Cs alkyl, ~0-Ci-Cs haloalkyl, and Ci-Ce haloalkyi;

A% is selected from the group consisting of phenyl, naphthyl, pyridyl, pyrazinyl,
quinolinyi, benzofuranyl, 2, 3-dihvdrobenzofuranyl, benzothiazolyl, and 3 4-dihvdro-

2H-benzolbl{1,4joxazinyl, wheremn each of the phenvl, naphthyvl, pyvridyl, pyrazinyl,
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quinolinyl, benzofuranyl, 2 3-dihydrobenzofuranyl, benzothiazolyl, or 3 4-dibydro-
ZH-benzolbli1,4joxazinyl is optionally substituted with 1, 2, 3, or 4 substituents
selected from the group consisting of halogen, CN, -NOz, C1-Cs alkvl, C2-Cs alkenyl,
C2-Co alkynvl, -0-C1-Co alkyl, -0-Ci-Cs haloalkvl, and C;-Cs haloalkyl;

provided that the compound of formula (VIUI} is not

Claim 24, A compound selected from the group consisting of a compound of Table 1, ora

pharmaceutically acceptable salt thereof.

Claim 25, A compound selected from the group consisting of compounds 110 75, ora

pharmaceutically acceptable salt thereof

Claim 26. A pharmaceutical composition comprsing a compound of any of the preceding

claims, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

Claim 27 A method of treating a disease or disorder mediated by an indegrated stress
response (ISR) pathway in an mdividual 1n need thereof comprising administering to the
mdividual a therapeutically effective amount of a compound of any one of claims 1 t6 25, or a
pharmaceutically acceptable salt thereof, or a therapeutically effective amount of a

pharmaceutical composition of claim 26.

Claim 28. The method of claim 27, wheretn the compound, the pharmaccutically acceptable
salt, or the pharmaceutical composttion s administered in combination with a therapeutically

effective amount of one or more additional anti~cancer agents.

Claim 29. The method of claim 28, wherein the discase or disorder is mediated by

phosphorviation of elFZa and/or the guanine nucleotide exchange factor {GEF) activity of elFZB.

L3
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Claim 30. The method of any one of claims 27-29, wherein the discase or disorder is

mediated by a decrease in protein synthesis.

Claim 31 The method of any one of claims 27-30, wheren the disease or disorder is

mediated by the expression of ATF4, CHOP or BACE-1.

Claim 32. The method of any of claims 27-31, wherein the discase or disorderis a
neurodegenerative discase, an inflammatory disease, an autoimmune disease, a metabolic
syndrome, a cancer, a vascular disease, an ocular disease, a musculoskeletal disease, or a genetic

disorder.

Claim 33. The method of claim 32, wherein the discase 15 vanishing white matter discase,
childhood ataxia with CNS hvpomyvelination, mtclectual disability syndrome, Alzheimer’s
disease, prion disease, Creutzfeldi-fakob discase, Parkinson’s discase, amyotrophic lateral
sclerosts (ALS) disease, cognitive impairment, frontotemporal dementia (FTD), traumatic brain
mjiry, postoperative cognitive dysfunction (PCD), neuro-otological syndromes, hearing loss,
Huntington’s discase, stroke, chronic traumatic encephalopathy, spinal cord injury, dementias or
cognitive impairment, arthritis, psoriatic arthritis, psonasis, juvenile idiopathic arthritis, asthma,
allergic asthma, bronchial asthma, tuberculosis, chronic airway disorder, cystic fibrosis,
glomervlonephnitis, membranous nephropathy, sarcotdosis, vasculitis, ichthyosis, transplant
rejection, interstitial cystitis, atopic dermatitis or inflammatory bowel discase, Crohn’s discase,
ulcerative colitis, celiac disease, systemic lupus ervthematosus, tvpe 1 diabetes, multiple
sclerosis, theumatoid arthritis, alcoholic liver steatosis, obesity, glucose intolerance, insulin
resistance, hyperglycemia, fatty liver, dyshipidenua, hyperlipidemia, type 2 diabetes, pancreatic
cancer, breast cancer, kidney cancer, bladder cancer, prostate cancer, testicular cancer, urothelial
cancer, endometnal cancer, ovanan cancer, cervical cancer, renal cancer, esophageal cancer,
gastromtestinal stromal tumor (GIST), multiple myeloma, cancer of secretory cells, thyreid
cancer, gastrointestinal carcinoma, chronic myeloid leukemia, hepatocellular carcinoma, colon
cancer, melanoma, mahignant glioma, ghoblastoma, glioblastoma multiforme, astrocytoma,
dvsplastic ganghiocytoma of the cercbellum, Ewing’s sarcoma, rhabdomyosarcoma,
ependymoma, medulioblastoma, ductal adenocarcinoma, adenosquameous carcinoma,

nephroblastoma, acinar cell carcinoma, lung cancer, non-Hodgkin’s lymphoma, Burkitt’s
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lymphoma, chronic lvmphocytic leukemia, monoclonal gammopathy of undetermume
significance (MGUS), plasmocytoma, lymphoplasmacytic lymphoma, acute lymphaoblastic
cukenua, Pelizacus-Merzbacher disecase, atherosclerosis, abdonunal aortic ancurnism, carotid
artery discase, deep vein thrombosis, Buerger’s disease, chronic venous hypertension, vascular
calcification, telangiectasia or lvmphoedema, glancoma, age-related macular degeneration,
mflammatory retinal disease, retinal vascular discase, diabetic retinopathy, uveitis, rosacea,
Sjogren’s syndrome or neovascularization in profiferative retinopathy, hyperhomocysteinemia,
skeletal muscle atrophy, myopathy, muscular dvstrophy, muscular wasting, sarcopemia,
Duchenne muscular dystrophy (DMD), Becker's disease, myotonic dystrophy, X-linked dilated
cardiomyopathy. spinal muscular atrophv {(SMA), Down syndrome, MEHMO syndrome,

metaphyseal chondrodysplasia, Schmid tvpe (MCDS), depression, or social behavior impairment.

Claim 34. A method of producing a protein, comprising contacting a cukaryotic cell
corprnsing a nucleic acid encoding the protemn with the compound or salt of any one of claims

1-23.

Claim 35, The method of claim 34, comprising culturing the cell in an 7 vifro culture

medium comprising the compound or salt.

Claim 36, A method of culturing a cukaryotic cell compnsing a nucleic acid encoding a
protein, comprising contacting the eukarvotic cell with an 7 vitro culture medium comprising a

corapound or salt of anv one of claims 1-25.

Claim 37. The method of any one of claims 34-36, wherein the nucleic acid encoding the

protein is a recombinant nucleic acid.

Claim 38. The method of any one of claims 34-37, wherein the cell is a human embryvonie

kidney (HEK) cell or a Chinese hamster ovary (CHO) cell.

Claim 39. The method of any one of claims 34-37, wherein the cell is a veast cell, a wheat

germ cell, an insect ¢ell, a rabbit reticulocyie, a cervical cancer cell, a baby hamster kidney cell,
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a murine mveloma cell, an HT-1080 cell, a PER.C6 cell, a plant cell, a hyvbridoma cell, or a

human blood derived leukocyte

Claim 40. A method of producing a protein, comprising contacting a cell-free protein
synthesis (CFPS) system comprising eukarvotic mitiation factor 2 (elF2) and a nucleic acid

encoding a protein with the compound or salt of any one of claims 1-25.

Claim 41. The method of any one of claims 34-40, wherein the protein 1s an antibody ora

fragment thereof.

Claim 42. The method of any one of claims 34-40, wherein the protein is a recombinant
protein, an enzyme, an allergenic peptide, a cvtokine, a peptide, a hormone, erythropoietin
{EPQ), an interferon, a granulocyte~-colony stinnulating factor (G-CSF), an anticoagulant, or a

clotting factor.

Claim 43. The method of any one of claims 34-42, comprising purifving the protein.
Claim 44 An i vitro cell culture medium, comapnsing the compound or salt of any one of

claims 1-25 and nutrients for celludar growth,

Claim 45. The cell culture medivn of claim 44, comprising a eukarvotic cell compnsing a

nucleic acid encoding a protem.

Claim 46 The cell culture medium of clainy 44 or 45, further comprising a compound for

mducing protein expression.

Claim 47. The cell culture medium of any one of claims 44-46, wherein the nucleic acid

encoding the protein is a recombinant nucleic acid.

Claim 48. The cell culture medium of any one of claims 44-47, wherein the protein is an

antibody or a fragment thereof.
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Claim 49. The cell culture medium of any one of claims 44-47, wheremn the protein is a
recombinant protein, an enzyme, an allergenic peptide, a ¢yvtokine, a peptide. a hormone,
ervthropoictin (EPO), an interferon, a granulocvie-colony stimaulating factor (G-CSF), an

anticoagulant, or a clotting factor.

Claim 50. The cell culture medium of any one of claims 44-49, wherein the eukaryotic cell

is a human embrvonic kidney (HEK) cell or a Chinese hamster ovary (CHO) cell.

Claim 51. The cell culture medium of any one of claims 44-49, whercin the cell is a yeast
cell, a wheat germ cell, an insect cell, a rabbit reticulocyte, a cervical cancer cell, a baby hamster
kidney cell, a murine myeloma cell, an HT-1080 cell, a PER.C6 celi, a plant cell, a hybridoma

cell, or a haman blood derived leukocyie

Claim 52. A celi-free protein synthesis (CFPS) system comprising cukaryotic tnitiation
factor 2 (elF2) and a nucleic acid encoding a protein with the compound or salt of any one of

claims 1-25.

Claim 53 The CFPS system of claim 52, comprising a cukaryvotic cell extract comprising
elF2.

Claim 54. The CFPS system of claim 52 or 53, further comprising clF2B.

Claim 55. The CFPS system of any one of clatms 52-54, whercin the protein is an antibody

or a fragment thereof.

Claim 56. The CFPS system of any one of claims 52-35, wherein the protein 15 a
recombmant protein, an enzyme, an allergenic peptide, a cyvtokine, a peptide, a hormone,
erythropoictin (EPO), an interforon, a granulocyic~-colony stimulating factor (G-CSF), an

anticoagulant, or a clotling factor.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

L D Claims Nos.:

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

2. D Claims Nos.:

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

3. 'E Claims Nos.: 27-33, 37-39, 41-43, 46-51 and 54-56
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:
Please see attached sheet--

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

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

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

4. }x No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1,3 and 26

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

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

D No protest accompanied the payment of additional search fees.
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Attachment to Box.No.lll:

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

Group I+: Claims 1-26 directed to a compound of Formula (I} or a pharmaceutically acceptable salt thereof, as described in claim 1,
further represented by Formula (ll), (111), (11-1-1), (11-1-2), (11-1-3), (II-2-1), (11-2-2), (1I-2-3), (11-3-1), (1I-3-2), (1I-3-3), (I1I-1-2), (11I-1-3), (11I-2-2),
(10-2-3), (111-3-2), (1-3-3), (IV), (V), (VI), (VII) or (VII]) and selected from those listed in Table 1 [see pg 137 of the Applicant?s
specification]; and to a pharmaceutical composition comprising the same.

The compound and pharmaceutical composition comprising the same will be searched to the extent that the compound encompasses
the first species of claim 1, represented by Formula (1), wherein

m1, m2, n1, n2, p1, p2, q1, and q2 are each 0O;

rand s are each 0;

Xis N;

jis0; kis 0;

RNis H;

A1 is the substituent of formula (A1-a), wherein

* represents the attachment point to the remainder of the molecule;

21 is CRz1-1Rz1-2, wherein Rz1-1and Rz1-2 are each H;

Z2 is CRz2-1Rz2-2, wherein Rz2-1and Rz2-2 are each H;

23, at each occurrence, is CH;

R13 is hydrogen; and x1 is 0;

A2 is the substituent of formula (A2-a), wherein

* represents the attachment point to the remainder of the molecule;

24 is CRz4-1Rz4-2, wherein Rz4-1and Rz4-2 are each H;

Z5 is CRz5-1Rz5-2, wherein Rz5-1and Rz5-2 are each H;

Z6, at each occurrence, is CH;

R15 is hydrogen; and x2 is 0;

R1a, R1b, R2a, R2b are each hydrogen;

such that the compound meets the provisos of claim 1.

Itis believed that claims 1, 3 and 26 read on this first named invention, and thus these claims will be searched without fee to the extent
that they encompass the first species of claim 1, described above.

Applicant is invited to elect additional compound(s) wherein each additional compound elected will require one additional invention fee.
Applicants must specify the claims that encompass any additionally elected compound. Applicants must further indicate, if applicable,
the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the '+' group(s) will result in only the first claimed invention to be searched.
Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary election would be the
compound 2 listed in Table 1 [see pg 137 of the Applicant?s specification], represented by Formula |, wherein

X is CRx, where Rx is hydrogen;

rand s are each 1; R1a, R1b, R2a, R2b, R3a, R3b, R4a and R4b are each hydrogen;

jisO; kis 1;

RN and RN-k are each H;

m1 and q1 are each 1; n1 and p1 are each 0; and R5a and R5b together form an oxo(=0) substituent; R6a, R6b are each hydrogen;
A1 is C6-aryl substituted with two R14 substituents, where each R14 is halogen;

m2, n2 and q2 are each 0; p2 s 1 and R12a and R12b together form an oxo(=0) substituent;

A2 is the substituent of formula (A2-a), wherein

* represents the attachment point to the remainder of the molecule;

Z4 is CRz4-1Rz4-2, wherein Rz4-1 is H and R15 and Rz4-2 are taken together to form a double bond between the carbon atom bearing
R15 and Z5;

Z5 is O; Z6, at each occurrence, is CH;

x2 is 1; and R16 is halogen, such that the compound meets the provisos of claim 1 (i.e., claims 1-2, 5, 19 and 24-26).

Group II: Claims 34-36, 40, 44-45, 52-53, directed to a method of producing a protein, comprising contacting a eukaryotic cell comprising
a nucleic acid encoding the protein or a cell-free protein synthesis (CFPS) system comprising eukaryotic initiation factor 2 (elF2) and a
nucleic acid encoding a protein, with the compound or salt of of Formula (1), or a pharmaceutically acceptable salt thereof; and to an in
vitro culture medium or a cell-free protein synthesis (CFPS) system comprising a compound of Formula (1).

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

Special Technical Features:

Group I+ includes the technical feature of a unique compound, which is not required by any other invention of Group 1+.

Group Il includes the technical feature of a method of producing a protein, comprising contacting a eukaryotic cell comprising a nucleic
acid encoding the protein or a cell-free protein synthesis (CFPS) system comprising eukaryotic initiation factor 2 (elF2) and a nucleic
acid encoding a protein, with the compound or salt of of Formula |, or a pharmaceutically acceptable salt thereof, not required by Group

I+.

---Continued on next sheet--
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| Continuation of the previous sheet:

Common technical features:

The inventions of Group I+ share the technical feature of a compound having the core structure of Formula |.
Groups I+ and Il also share the technical feature of a compound of Formula .

This shared technical feature, however, does not provide a contribution over the prior art, as being anticipated by PUBCHEM-CID:
125480315 Create Date: 10 April 2017 (hereinafter 'Pubchem'), which discloses a compound of Formula (), wherein

Xis N;

rand s are each 1; R1a, R1b, R2a, R2b, R3a, R3b, R4a and Rdb are each hydrogen;

jisO; kis 1;

RN and RN-k are each H;

n1, n2, p1, p2, q1 and g2 are each 0; m1 and m2 are each 1;

R5a, R5b, R6a, R6b, R9a, R9b, R10a, R10b are each H;

A1 and A2 are each a C6-aryl, which is unsubstituted (pg 2, structure).

The inventions of Group I+ further share the technical feature of a pharmaceutical composition comprising a compound of Formula (1).
This shared technical feature, however, does not provide a contribution over the prior art, as being obvious over Pubchem in view of WO
2017/212425 A1 to Glaxosmithkline Intellectual Property Development Limited (hereinafter 'Glaxosmithkline’).

Pubchem teaches a compound of Formula I, as described above, but does not teach a pharmaceutical composition comprising said
compound. However, Glaxosmithkline teaches a compound analogous in structure to Formula (1), wherein X is CRx and Rx is H (pg 68,
Example 1) as an ATF4 inhibitor (pg 139, para 2, Example 1.. activity (IC50) of 75.86 nM) and further teaches a pharmaceutical
composition comprising said compound, useful in the treatment of cancer (pg 64, para 3 to pg 65, para 1).

Based on the structural similarity of the Pubchem compound to the ATF4 inhibitor disclosed in Glaxosmithkline, one of ordinary skill in
the art would expect the Pubchem compound to exhibit a similar ATF4 inhibitory activity. Therefore, it would have been obvious to one of
ordinary skill in the art to formulate the compound of Pubchem in a pharmaceutical composition as disclosed in Glaxosmithkline, through
routine experimentation, in order to enable therapeutic use of said compound in the treatment of cancer in a subject.

As said compound and composition were known in the art at the time of the invention, these cannot be considered special technical
features, that would otherwise unify the inventions of Group I+ or those of Groups I+-Il.

The inventions of Groups I+-Il, thus lack unity under PCT Rule 13.

Note reg. ltem 4: Claims 27-33, 37-39, 41-43, 46-51 and 54-56 are unsearchable because they are dependent claims and are not
drafted in accordance with the second and third sentences of Rule 6.4(a).
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