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MODULATORS OF TREX1
RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 62/776,301,

filed December 6, 2018, the entire contents of which are incorporated herein by reference.
BACKGROUND

[0002] A potential immune therapy is needed for cancers related to the innate immune
system recognition of non-self, and to detect and protect against potential danger. Cancer
cells differ antigenically from their normal counterparts and emit danger signals to alert the
immune system similar to viral infection. These signals, which include damage-associated
molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs), further
activate the innate immune system resulting in the protection of the host from a variety of
threats (Front. Cell Infect. Microbiol. 2012, 2, 168).

[0003] Ectopically expressed single stranded DNA (ssDNA) and double stranded DNA
(dsDNA) are known PAMPs and/or DAMPs, which are being recognized by the cyclic GMP-
AMP synthase (cGAS), a nucleic acid sensor (Narure 2011, 478, 515-518). Upon sensing of
cytosolic DNA, cGAS catalyzes the generation of the cyclic dinucleotide 2°,3’-cGAMP, a
potent second messenger and activator of the ER transmembrane adapter protein stimulator of
interferon genes (STING) (Cell Rep. 2013, 3, 1355-1361). STING activation triggers
phosphorylation of IRF3 via TBK1 which in turn leads to type I interferon production and
activation of interferon stimulated genes (ISGs); a pre-requisite to the activation of innate
immunity and initiation of adaptive immunity. Production of type I interferons thus
constitutes a key bridge between the innate and adaptive immunity (Science 2013, 341, 903-
906).

[0004] Excess type I IFN can be harmful to the host and induce autoimmunity, therefore,
negative feedback mechanisms exist that keep type I IFN-mediated immune activation in
check. Three prime repair exonuclease I (TREX1) is a 3°-5 DNA exonuclease responsible
for the removal of ectopically expressed ssDNA and dsDNA and is therefore a key repressor
of the cGAS/STING pathway (PNAS 2015, 112, 5117-5122).

[0005] Type I interferons and downstream pro-inflammatory cytokine responses are
critical to the development of immune responses and their effectiveness. Type I interferons
enhance both the ability of dendritic cells and macrophages to take up, process, present, and

cross-present antigens to T cells, and their potency to stimulate T cells by eliciting the up-
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regulation of the co-stimulatory molecules such as CD40, CD80 and CD86 (J. Exp. Med.
2011, 208, 2005-2016). Type I interferons also bind their own receptors and activate
interferon responsive genes that contribute to activation of cells involved in adaptive
immunity (EMBO Rep. 2015, 16, 202-212).

[0006] From a therapeutic perspective, type I interferons and compounds that can induce
type I interferon production have potential for use in the treatment of human cancers (Nat.
Rev Immunol. 2015, 15, 405-414). Interferons can inhibit human tumor cell proliferation
directly. In addition, type I interferons can enhance anti-tumor immunity by triggering the
activation of cells from both the innate and adaptive immune system. Importantly, the anti-
tumor activity of PD-1 blockade requires pre-existing intratumoral T cells. By turning cold
tumors into hot and thereby eliciting a spontaneous anti-tumor immunity, type I IFN-inducing
therapies have the potential to expand the pool of patients responding to anti-PD-1 therapy as
well as enhance the effectiveness of anti-PD1 therapy.

[0007] Therapies that are currently in development that induce a potent type I interferon
response require focal or intratumoral administration to achieve an acceptable therapeutic
index. Thus, there remains a need for new agents with systemic delivery and lower toxicity
to expand the benefit of type I IFN-inducing therapies to patients without peripherally
treatment accessible lesions. Human and mouse genetic studies suggest that TREX1
inhibition might be amenable to a systemic delivery route and therefore TREX1 inhibitory
compounds could play an important role in the anti-tumor therapy landscape. TREX1 is a key
determinant for the limited immunogenicity of cancer cells responding to radiation treatment
[Trends in Cell Biol, 2017, 27 (8), 543-4; Nature Commun., 2017, 8, 15618]. TREX1 is
induced by genotoxic stress and involved in protection of glioma and melanoma cells to
anticancer drugs [Biochim. Biophys. Acta, 2013, 1833, 1832-43]. STACT-TREX1 therapy
shows robust anti-tumor efficacy in multiple murine cancer models [Glickman et al, Poster
P235, 33" Annual Meeting of Society for Immunotherapy of Cancer, Washington DC, Nov.
7-11, 2018].

SUMMARY

[0008] Embodiments described herein generally relate to agents, compounds,
compositions and methods for treating diseases responsive to TREX1 inhibitors. TREX1
inhibitors selective over TREX2 inhibitors have been successfully synthesized in this

invention.
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[0009] Provided herein are compounds having the Formula I:

O—-N

\!
§§R1

Os NH

Ry
and pharmaceutically acceptable salts and compositions thereof, wherein A, R', R* and n are
as described herein. The disclosed compounds and compositions modulate TREX1, and are

useful in a variety of therapeutic applications such as, for example, in treating cancer.
BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1A illustrates the results from a knock down experiment of TREX1 in
B16F10 tumor cells using CRISPR.

[0011] FIG. 1B illustrates TREX1 attenuated the activation of the cGAS/STING pathway
in B16F10 tumor cells.

[0012] FIG. 2: illustrates that tumors in which TREX had been silenced had smaller
volumes compared with parental B16F10 tumors.

[0013] FIG. 3: shows that TREX1 knockout B16F10 tumors exhibited a significant
increase in overall immune cells. This reflected an increase in the number of tumor
infiltrating CD4 and CDS8 T cells as well as in plasmacytoid dendritic cells (pDCs).

[0014] FIG. 4: shows the activity of certain inventive compounds in human HCT116

colorectal carcinoma cell line.
DETAILED DESCRIPTION

1. General Description of Compounds

[0015] In a first embodiment, provided herein is a compound of Formula I:

O—N

\
1\F§R1
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or a pharmaceutically acceptable salt thereof, wherein:

R'is hydrogen, (C;-Cs)alkyl, halo(C;-Cs)alkyl, 3- to 4-membered cycloalkyl, —ORf, -
SR', or -NR°R";

R?is hydrogen, (C;-Cs)alkyl, halo(C;-Cas)alkyl, or 3- to 4-membered cycloalkyl;

X is a bond, NRS, 0, S, or (C;-Cs)alkylene, wherein said (C;-Cs)alkylene is optionally
substituted with 1 to 2 groups selected from R*;

R’ is hydrogen, (C;-Cy)alkyl, -C(O)R?, or -C(S)R%;

R” is halo, (C-Cy)alkyl, phenyl, -NHC(O)OR?, -NHC(S)OR?, -C(O)R".-
NHC(O)NHRE, -NHC(S)NHRE, -NHS(0);NHRE, -C(S)R", S(0),R", S(O)R’, -C(O)OR?, -
C(S)OR", -C(O)NHR’, -C(S)NHR®, -NHC(O)R, -NHC(S)R", -OR", -SR*, -O(C}-
Cs)alkylOR®, or -NR°R’, wherein said phenyl for R* is optionally substituted with 1 or 2
groups selected from halo, (C;-Cy)alkyl, halo(C;-Cs)alkyl, (C;-Cs)alkoxy, and halo(C;-
Cy)alkoxy;

Ring A is phenyl, 5- to 6-membered heteroaryl, 4- to 7-membered heterocyclyl, or 3-
to 7-membered cycloalkyl, each of which are optionally and independently substituted with 1
or 2 groups selected from R’;

R%is (C1-Cy)alkyl, halo(C;-Cy)alkyl, halo(C;-Cg)alkoxy, halo, phenyl, -NHC(O)OR?,
-NHC(S)OR?, -C(O)R",-NHC(O)NHRE, -NHC(S)NHRE, -NHS(O),NHRE, -C(S)R", S(0):R",
S(O)RS, -C(O)OR, -C(S)OR’, -C(O)NR'R', -C(S)NHR’, -NHC(O)R", -NHC(S)R", -OR®, -
SR®, -O(C;-Cy)alkylOR®, -NR°R', 4- to 6-membered heteroaryl, or 4- to 7-membered
heterocyclyl, wherein said phenyl for R’ is optionally substituted with 1 or 2 groups selected
from R&, said (C;-Cy)alkyl for R’is optionally substituted with 1 or 2 groups selected from
OR", -NR'R, phenyl, and 5- to 6-membered heteroaryl, said 4- to 7-membered heterocyclyl
and 4- to 6-membered heteroaryl are each optionally and independently substituted with 1 or
2 groups selected from R™, and wherein said phenyl and 5- to 6-membered heteroaryl of the
optional substituents listed for (C;-Cy)alkyl in R® are each optionally and independently
substituted with 1 or 2 groups selected from RE;

RE R", R), R¥, and R™ are each independently hydrogen, halo, (C;-Cy)alkyl, halo(C;-
Cy)alkyl, (Ci-Cy)alkoxy, halo(C;-Cs)alkoxy, phenyl, -(C;-Cs)alkylphenyl, 3- to 4-membered
cycloalkyl, 4- to 6-membered heteroaryl, or 4- to 7-membered heterocyclyl, and wherein said
4- to 7-membered heterocyclyl for RE, R", R and R¥is further optionally substituted with =O.

R% R® RS, RY, R® and R are each independently hydrogen, halo, (C;-Ca)alkyl,
halo(C;-Cy)alkyl, (C;-Cy)alkoxy, halo(C;-Cs)alkoxy, phenyl, 3- to 4-membered cycloalkyl, 4-

to 6-membered heteroaryl, or 4- to 7-membered heterocyclyl, wherein i) said (C;-Cs)alkyl for
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R?, R® RS, RY, R and R'is optionally substituted with 1 or 2 groups selected from phenyl, —
OR", —NRij; ii) said phenyl, 4- to 6-membered heteroaryl, and 4- to 7-membered
heterocyclyl for R? R®, R%, R, R®, and R'are each optionally and independently substituted
with 1 or 2 groups selected from RE, and iii) said 4- to 7-membered heterocyclyl for R?, R”,
RS, RY, R, and R’ is further optionally substituted with =O.

2. Definitions

[0016] When used in connection to describe a chemical group that may have multiple
points of attachment, a hyphen (-) designates the point of attachment of that group to the
variable to which it is defined. For example, -NHC(O)OR" and -NHC(S)OR® mean that the
point of attachment for this group occurs on the nitrogen atom.

[0017] The terms “halo” and “halogen” refer to an atom selected from fluorine (fluoro,
-F), chlorine (chloro, -Cl), bromine (bromo, -Br), and iodine (iodo, -I).

[0018] The term “alkyl” when used alone or as part of a larger moiety, such as
“haloalkyl”, and the like, means saturated straight-chain or branched monovalent
hydrocarbon radical. Unless otherwise specified, an alkyl group typically has 1-4 carbon
atoms, i.e., (C-Cs)alkyl.

[0019] The term “alkylene” refers to a divalent saturated hydrocarbon.

[0020] “Alkoxy” means an alkyl radical attached through an oxygen linking atom,
represented by —O-alkyl. For example, “(C;-Cs)alkoxy” includes methoxy, ethoxy, proproxy,
and butoxy.

[0021] The term “haloalkyl” includes mono, poly, and perhaloalkyl groups where the
halogens are independently selected from fluorine, chlorine, bromine, and iodine.

[0022] “Haloalkoxy” is a haloalkyl group which is attached to another moiety via an
oxygen atom such as, e.g., but are not limited to -OCHCEF, or —OCFs.

[0023] The term “heteroaryl” used alone or as part of a larger moiety refers to a 5- to 6-
membered aromatic radical containing 1-4 heteroatoms selected from N, O, and S. Heteroaryl
includes, for example, thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, etc. It will be understood that when specified, optional substituents
on a heteroaryl group may be present on any substitutable position.

[0024] The term “heterocyclyl” means a 4- to 7-membered saturated or partially
unsaturated heterocyclic ring containing 1 to 4 heteroatoms independently selected from N,
O, and S. A heterocyclyl ring can be attached to its pendant group at any heteroatom or

carbon atom that results in a stable structure. Examples of such saturated or partially
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unsaturated heterocyclic radicals include, without limitation, tetrahydrofuranyl,
tetrahydrothienyl, terahydropyranyl, pyrrolidinyl, pyridinonyl, pyrrolidonyl, piperidinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, morpholinyl, dihydrofuranyl,
dihydropyranyl, dihydropyridinyl, tetrahydropyridinyl, dihydropyrimidinyl, oxetanyl,
azetidinyl and tetrahydropyrimidinyl. It will also be understood that when specified, optional
substituents on a heterocyclyl group may be present on any substitutable position and,
include, e.g., the position at which the heterocyclyl is attached (e.g., in the case of an
optionally substituted heterocyclyl or heterocyclyl which is optionally substituted).

[0025] The term “cycloalkyl” refers to a cyclic hydrocarbon having from, unless
otherwise specified, 3 to 10 carbon ring atoms. Monocyclic cycloalkyl groups include,
without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptyl, cycloheptenyl, and cyclooctyl. It will be understood that when
specified, optional substituents on a cycloalkyl or cycloaliphatic group may be present on any
substitutable position and, include, e.g., the position at which the cycloalkyl or cycloaliphatic
group is attached.

[0026] The term “TREX1"” refers to Three prime repair exonuclease 1 or DNA repair
exonuclease 1, which is an enzyme that in humans is encoded by the TREX1 gene. Mazur
DJ, Perrino FW (Aug 1999). "Identification and expression of the TREX1 and TREX2 cDNA
sequences encoding mammalian 3'-->5' exonucleases”. J Biol Chem. 274 (28): 19655-60.
doi:10.1074/jbc.274.28.19655. PMID 10391904; Hoss M, Robins P, Naven TJ, Pappin DJ,
Sgouros J, Lindahl T (Aug 1999). "A human DNA editing enzyme homologous to the
Escherichia coli DnaQ/MutD protein". EMBO J. 18 (13): 3868-75.
doi:10.1093/emboj/18.13.3868. PMC 1171463. PMID 10393201. This gene encodes the
major 3'->5' DNA exonuclease in human cells. The protein is a non-processive exonuclease
that may serve a proofreading function for a human DNA polymerase. It is also a component
of the SET complex, and acts to rapidly degrade 3' ends of nicked DNA during granzyme A-
mediated cell death. Cells lacking functional TREX1 show chronic DNA damage checkpoint
activation and extra-nuclear accumulation of an endogenous single-strand DNA substrate. It
appears that TREX1 protein normally acts on a single-stranded DNA polynucleotide species
generated from processing aberrant replication intermediates. This action of TREX1
attenuates DNA damage checkpoint signaling and prevents pathological immune activation.
TREX1 metabolizes reverse-transcribed single-stranded DNA of endogenous retroelements
as a function of cell-intrinsic antiviral surveillance, resulting in a potent type I IFN response.

TREX1 helps HIV-1 to evade cytosolic sensing by degrading viral cDNA in the cytoplasm.
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[0027] The term “TREX?2” refers to Three prime repair exonuclease 2 is an enzyme that
in humans is encoded by the TREX2 gene. This gene encodes a nuclear protein with 3' to 5'
exonuclease activity. The encoded protein participates in double-stranded DNA break repair,
and may interact with DNA polymerase delta. Enzymes with this activity are involved in
DNA replication, repair, and recombination. TREX?2 is a 3'-exonuclease which is
predominantly expressed in keratinocytes and contributes to the epidermal response to UVB-
induced DNA damage. TREX2 biochemical and structural properties are similar to TREX1,
although they are not identical. The two proteins share a dimeric structure and can process
ssDNA and dsDNA substrates in vitro with almost identical k.., values. However, several
features related to enzyme kinetics, structural domains, and subcellular distribution
distinguish TREX2 from TREX1. TREX2 present a 10-fold lower affinity for DNA
substrates in vitro compared with TREX1. In contrast with TREX1, TREX?2 lacks a COOH-
terminal domain that can mediate protein-protein interactions. TREX2 is localized in both the
cytoplasm and nucleus , whereas TREX1 is found in the endoplasmic reticulum, and is
mobilized to the nucleus during granzyme A-mediated cell death or after DNA damage.
[0028] The terms “subject” and “patient” may be used interchangeably, and means a
mammal in need of treatment, e.g., companion animals (e.g., dogs, cats, and the like), farm
animals (e.g., cows, pigs, horses, sheep, goats and the like) and laboratory animals (e.g., rats,
mice, guinea pigs and the like). Typically, the subject is a human in need of treatment.
[0029] The term “inhibit,” “inhibition” or “inhibiting” includes a decrease in the baseline
activity of a biological activity or process.

99 <,

[0030] As used herein, the terms “treatment,” “treat,” and “treating” refer to reversing,
alleviating, delaying the onset of, or inhibiting the progress of a disease or disorder, or one or
more symptoms thereof, as described herein. In some aspects, treatment may be administered
after one or more symptoms have developed, i.e., therapeutic treatment. In other aspects,
treatment may be administered in the absence of symptoms. For example, treatment may be
administered to a susceptible individual prior to the onset of symptoms (e.g., in light of a
history of symptoms and/or in light of exposure to a particular organism, or other
susceptibility factors), i.e., prophylactic treatment. Treatment may also be continued after
symptoms have resolved, for example to delay their recurrence.

[0031] The term “pharmaceutically acceptable carrier” refers to a non-toxic carrier,
adjuvant, or vehicle that does not destroy the pharmacological activity of the compound with
which it is formulated. Pharmaceutically acceptable carriers, adjuvants or vehicles that may

be used in the compositions described herein include, but are not limited to, ion exchangers,
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alumina, aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride
mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc
salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[0032] For use in medicines, the salts of the compounds described herein refer to non-
toxic “pharmaceutically acceptable salts.” Pharmaceutically acceptable salt forms include
pharmaceutically acceptable acidic/anionic or basic/cationic salts. Suitable pharmaceutically
acceptable acid addition salts of the compounds described herein include e.g., salts of
inorganic acids (such as hydrochloric acid, hydrobromic, phosphoric, nitric, and sulfuric
acids) and of organic acids (such as, acetic acid, benzenesulfonic, benzoic, methanesulfonic,
and p-toluenesulfonic acids). Compounds of the present teachings with acidic groups such as
carboxylic acids can form pharmaceutically acceptable salts with pharmaceutically acceptable
base(s). Suitable pharmaceutically acceptable basic salts include e.g., ammonium salts, alkali
metal salts (such as sodium and potassium salts) and alkaline earth metal salts (such as
magnesium and calcium salts). Compounds with a quaternary ammonium group also contain
a counteranion such as chloride, bromide, iodide, acetate, perchlorate and the like. Other
examples of such salts include hydrochlorides, hydrobromides, sulfates, methanesulfonates,
nitrates, benzoates and salts with amino acids such as glutamic acid.

[0033] The term “effective amount™ or “therapeutically effective amount” refers to an
amount of a compound described herein that will elicit a desired or beneficial biological or
medical response of a subject e.g., a dosage of between 0.01 - 100 mg/kg body weight/day.

3. Compounds

[0034] In a second embodiment, provided herein is a compound of Formula II:

O—-N
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or a pharmaceutically acceptable salt thereof, wherein the variables are as described above in
the first embodiment.

[0035] In a third embodiment, R?is (Ci-Cy)alkyl in the compounds of Formula I or II.
[0036] In a fourth embodiment, provided herein is a compound of Formula III:

O-N

Y

Os_NH
OH

ches

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

(IID;

the first, second, or third embodiment.

[0037] In a fifth embodiment, ring A in the compounds of Formula I, II, or III is phenyl,
pyridyl, pyrazolyl, cyclopropyl, cyclobutyl, azetidinyl, or piperidinyl, each of which being
optionally and independently substituted with one or two R®, wherein the remaining variables
are as described above for the first, second, third or fourth embodiment. Alternatively, as part
of a fifth embodiment, ring A in the compounds of Formula I, II, or III is triazolyl,
pyrrolidinyl, diazepanyl, or piperazinyl, each of which being optionally and independently
substituted with one or two R’, wherein the remaining variables are as described above for
the first, second, third or fourth embodiment.

[0038] In a sixth embodiment, R’ in the compounds of Formula I, IT, or TII is (C;-
Cyalkyl, halo(C;-Cy)alkyl, halo(C;-Cy4)alkoxy, halo, phenyl, -NHC(O)OR?, —C(O)Rb,
S(0)R, S(O)RE, -C(O)ORY, -C(O)NR°R', -NHC(O)R?, -OR®, -O(C-C4)alkylOR®, -NRR, 4-
to 6-membered heteroaryl, or 4- to 7-membered heterocyclyl, wherein said phenyl for R’ is
optionally substituted with 1 or 2 groups selected from R®, said (C;-Cy)alkyl for R’is
optionally substituted with 1 or 2 groups selected from —OR", -NR'R¥, phenyl, and 5- to 6-
membered heteroaryl, said 4- to 6-membered heteroaryl and 4- to 7-membered heterocyclyl
are each optionally and independently substituted with 1 or 2 groups selected from R™, and
wherein said phenyl and 5- to 6-membered heteroaryl of the optional substituents listed for
(Ci-Cyalkyl in R’ are each optionally and independently substituted with 1 or 2 groups
selected from RE; R? is (C;-Cy)alkyl optionally substituted with phenyl; R is (C;-Cy)alkyl,
phenyl, 5- to 6-membered heteroaryl or 4- to 7-membered heterocyclyl, wherein said (C;-
Cs)alkyl is optionally substituted with 1 or 2 groups selected from phenyl, —OR", and -NR'R¥,

wherein said phenyl, 5- to 6-membered heteroaryl, and 4- to 7-membered heterocyclyl are
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each optionally and independently substituted with 1 or 2 groups selected from R, and
wherein said 4- to 7-membered heterocyclyl is further optionally substituted with =O; each R®
is independently phenyl or (C;-Cy)alkyl; each R? is hydrogen or (C;-Cy)alkyl; each R® is
independently hydrogen or (C;-Cy)alkyl optionally substituted with OR"; each R" is
independently hydrogen, (C;-Cs)alkyl, phenyl 3- to 4-membered cycloalkyl, 4- to 6-
membered heteroaryl, or 5- to 6-membered heterocyclyl, wherein said phenyl, 3- to 4-
membered cycloalkyl, 4- to 6-membered heteroaryl, and 5- to 6-membered heterocyclyl are
each optionally and independently substituted with R®; each R® is independently (C;-Ca)alkyl,
halo(C,;-Cy)alkyl, (C;-Cs)alkoxy, halo(C;-Cs)alkoxy, or halo; each R"is hydrogen, (C;-
Cy)alkyl, or -(C;-Cy)alkylphenyl; each R is independently hydrogen or (C;-Cy)alkyl; each R*
is independently hydrogen, (C;-Cs)alkyl, or 3- to 4-membered cycloalkyl; and each R™ is (Cy-
Cy)alkyl, wherein the remaining variables are as described above for the first, second, third,
fourth or fifth embodiment.

[0039] In a seventh embodiment, R® in the compounds of Formula I, II, or III is (C;-
Cy)alkyl, halo(C;-Cy)alkyl, halo, phenyl, -NHC(O)OR?, -C(O)R®, S(O):R°, -C(O)ORY, -
C(O)NRR', -NHC(O)R?, -O(C;-C4)alkylOR®, -NR°R, 4- to 6-membered heteroaryl, or 5- to
6-membered heterocyclyl, wherein said (C;-Cs)alkyl for R’is optionally substituted with —
OR", phenyl, or 5- to 6-membered heteroaryl, said 4- to 6-membered heteroaryl and 5- to 6-
membered heterocyclyl are each optionally and independently substituted with 1 or 2 groups
selected from R™, and wherein said phenyl and 5- to 6-membered heteroaryl of the optional
substituents listed for (C;-Cy)alkyl in R® are each optionally and independently substituted
with 1 or 2 groups selected from R, wherein the remaining variables are as described above
for the first, second, third, fourth, fifth or sixth embodiment.

[0040] In an eighth embodiment, R in the compounds of Formula I, II, or III is (C;-
Cy)alkyl, halo(C;-Cy)alkyl, halo, phenyl, -NHC(O)OR?, -C(O)R®, S(O):R°, -C(O)ORY, -
C(O)NRR', -NHC(O)R, or -O(C;-Cy)alkylOR®, -NR°Rf, morpholinyl, piperazinyl, or
pyrazolyl, wherein said morpholinyl, piperazinyl, and pyrazolyl are each optionally
substituted with 1 or 2 groups selected from R™, said (C;-Cy)alkyl for Ris optionally
substituted with —OR", phenyl, pyrazolyl, pyrimidinyl, or pyridinyl, and wherein said phenyl,
pyrazolyl, pyrimidinyl, and pyridinyl of the optional substituents listed for (C;-Cs)alkyl in R’
are each optionally and independently substituted with 1 or 2 groups selected from RE,
wherein the remaining variables are as described above for the first, second, third, fourth,

fifth, sixth, or seventh embodiment.
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[0041] In a ninth embodiment, each Rfin the compounds of Formula I, II, or III is
independently hydrogen, (C;-Cs)alkyl, phenyl pyrazolyl, pyridinyl, tetrahydropyranyl,
piperidinyl, wherein said phenyl pyrazolyl, pyridinyl, tetrahydropyranyl, and piperidinyl are
cach optionally and independently substituted with (C;-Cs)alkyl, wherein the remaining
variables are as described above for the first, second, third, fourth, fifth, sixth, seventh, or
eighth embodiment.

[0042] In a tenth embodiment, each R® in the compounds of Formula I, II, or III is
independently (C;-Cs)alkyl, (C;-Cs)alkoxy, or halo, wherein the remaining variables are as
described above for the first, second, third, fourth, fifth, sixth, seventh, eighth, or ninth
embodiment.

[0043] In an eleventh embodiment, R in the compounds of Formula I, II, or III is (C;-
Cy)alkyl, phenyl, 5- to 6-membered heteroaryl or 4- to 7-membered heterocyclyl, wherein
said phenyl and 5- to 6-membered heteroaryl for R” are each optionally and independently
substituted with 1 or 2 groups selected from halo and (C;-Cs)alkoxy, wherein said 4- to 7-
membered heterocyclyl for R”is optionally substituted with =0, and wherein said (C;-
Cy)alkyl for R"is optionally substituted with 1 or 2 groups selected from phenyl, -OR", and —
NRij, wherein the remaining variables are as described above for the first, second, third,
fourth, fifth, sixth, seventh, eighth, ninth, or tenth embodiment.

[0044] In a twelfth embodiment, each R" in the compounds of Formula I, II, or III is
independently hydrogen or (C;-Cs)alkyl, wherein the remaining variables are as described
above for the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, or eleventh
embodiment.

[0045] In a thirteenth embodiment, R in the compounds of Formula I, II, or III is (C;-
Cs)alkyl, phenyl, pyridinyl, pyrazolyl, pyrimidinyl, or piperidinyl, wherein said phenyl,
pyridinyl, pyrazolyl, and pyrimidinyl for RPare each optionally and independently substituted
with 1 or 2 groups selected from halo and (C;-C,)alkoxy, wherein said (C;-Cy)alkyl for R"is
optionally substituted with 1 or 2 groups selected from phenyl, OH, and NMe,, and wherein
said piperidinyl for Ris optionally substituted with =0, wherein the remaining variables are
as described above for the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth,
eleventh, or twelfth embodiment.

[0046] In a fourteenth embodiment, R? in the compounds of Formula I, II, or Il is
hydrogen, wherein the remaining variables are as described above for the first, second, third,

fourth, fifth, sixth, seventh, eighth, ninth, tenth, eleventh, twelfth, or thirteenth embodiment
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[0047] In a fifteenth embodiment, R* in the compounds of Formula I, II, or III is phenyl
or -NHC(O)OR?, wherein the remaining variables are as described above for the first, second,
third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, eleventh, twelfth, thirteenth, or
fourteenth embodiment.

[0048] In a sixteenth embodiment, X in the compounds of Formula I, II, or III is a bond
or CH,, wherein the remaining variables are as described above for the first, second, third,
fourth, fifth, sixth, seventh, eighth, ninth, tenth, eleventh, twelfth, or thirteenth embodiment.
[0049] Also provided herein are pharmaceutical compositions comprising 1) a compound

having the Formula I:

R® Dy
or a pharmaceutically acceptable salt thereof, wherein the variables are as described above for
the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth or eleventh
embodiment; and 2) a pharmaceutically acceptable carrier.
[0050] Compounds having the Formula I are further disclosed in the Exemplification and
are included in the present disclosure. Pharmaceutically acceptable salts thereof as well as
the neutral forms are included.

4. Uses, Formulation and Administration

[0051] Compounds and compositions described herein are generally useful for
modulating the activity of TREX1. In some aspects, the compounds and pharmaceutical
compositions described herein inhibit the activity TREX1.

[0052] In some aspects, compounds and pharmaceutical compositions described herein
are useful in treating a disorder associated with TREX1 function. Thus, provided herein are
methods of treating a disorder associated with TREX1 function, comprising administering to
a subject in need thereof, a therapeutically effective amount of a compound described herein,
or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising a
disclosed compound or pharmaceutically acceptable salt thereof. Also provided is the use of a
compound described herein, or a pharmaceutically acceptable salt thereof, or a

pharmaceutical composition comprising a disclosed compound or pharmaceutically

12
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acceptable salt thereof, for the manufacture of a medicament for treating a disorder associated
with TREX1 function. Also provided is a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition comprising a disclosed compound or
pharmaceutically acceptable salt thereof, for use in treating a disorder associated with
TREX1.

[0053] In some aspects, the compounds and pharmaceutical compositions described
herein are useful in treating cancer.

[0054] In some aspects, the cancer treated by the compounds and pharmaceutical
compositions described herein is selected from colon cancer, gastric cancer, thyroid cancer,
lung cancer, leukemia, pancreatic cancer, melanoma, multiple melanoma, brain cancer, CNS
cancer, renal cancer, prostate cancer, ovarian cancer, leukemia, and breast cancer.

[0055] In some aspects, the cancer treated by the compounds and pharmaceutical
compositions described herein is selected from lung cancer, breast cancer, pancreatic cancer,
colorectal cancer, and melanoma.

[0056] In certain aspects, a pharmaceutical composition described herein is formulated
for administration to a patient in need of such composition. Pharmaceutical compositions
described herein may be administered orally, parenterally, by inhalation spray, topically,
rectally, nasally, buccally, vaginally or via an implanted reservoir. The term "parenteral” as
used herein includes subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial,
intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion
techniques. In some embodiments, the compositions are administered orally,
intraperitoneally or intravenously. Sterile injectable forms of the pharmaceutical
compositions described herein may be aqueous or oleaginous suspension. These suspensions
may be formulated according to techniques known in the art using suitable dispersing or
wetting agents and suspending agents.

[0057] In some aspects, the pharmaceutical compositions are administered orally.

[0058] A specific dosage and treatment regimen for any particular patient will depend
upon a variety of factors, including the activity of the specific compound employed, the age,
body weight, general health, sex, diet, time of administration, rate of excretion, drug
combination, and the judgment of the treating physician and the severity of the particular
disease being treated. The amount of a compound described herein in the composition will

also depend upon the particular compound in the pharmaceutical composition.

13
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EXEMPLIFICATION

Chemical Synthesis
[0059] The representative examples that follow are intended to help illustrate the present

disclosure, and are not intended to, nor should they be construed to, limit the scope of the

invention.
General Synthetic Scheme

COoMe o) o)
H
_N-OH.HCI ,\I/éOCOQMe (AN OH
///N Na,COs, EtOH, H,O )\NI xylene, reflux )|\
R R T R7 N0
\ 22% |

MeO,C———CO,Me
25%

N= OxNH
OH

iPrMgCl (2M, THF), THF
~70°C~20°C M

2-(3-bromo-5-methylphenyl)-5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-o0xo0-1,6-

[0060]
dihydropyrimidine-4-carboxamide
I
CO,Me O 0
: £
y _N=OH.HCI N OCOzMe N\ OH
#Z" Na,COs, EtOH, H,0 N xylene, reflux l
MeO,C—==—CO,Me \ 2% o
25%
Br Br

Br

SM A1

O—

%)
N= O N
6}NH2

, OH

iPrMgCl (2M, THF), THF NS
-70°C~20°C '

"o

=Z

T

28%
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[0061] Step 1: Synthesis of methyl 3-(3-bromo-5-methylphenyl)-5-(2-methoxy-2-
oxoethyl)-2-methyl-2,5-dihydro-1,2,4-oxadiazole-5-carboxylate

co Me
N OH.HCI COQMe

N Na,CO5, E1OH, HyQ
MeO,C—=—CO,Me
25%

[0062] To a stirred solution of SM (5.16 g, 26.341 mmol, 2 equiv), N-
methylhydroxylamine hydrochloride (1.10 g, 13.170 mmol, 1.00 equiv) in H,O (25.00 mL),
EtOH (25.00 mL) was add NaxCOs (0.837 g, 7.902 mmol, 0.6 equiv) in portions at room

temperature. The resulting solution was stirred for 2 hr at 80 °C. Until the reaction mixture is
cooled to room temperature, 1,4-dimethyl but-2-ynedioate (2.06 g, 14.488 mmol, 1.1 equiv)
was added dropwise. Then, the reaction mixture was stirred for 0.5 h at room temperature.
The resulting solution was extracted with 3x30 mL of ethyl acetate and the organic layers
combined washed with brine and concentrated under vacuum. The residue was applied onto a
silica gel column with ethyl acetate/petroleum ether (1:5). This resulted in 1.3 g of A1 (25%
yield)as light yellow oil. ESI-MS n/z = 385.0 [M+H]". Calculated MW: 384.0. '"H NMR
(400 MHz, Chloroform-d) § 7.67 (t, J = 1.8 Hz, 1H), 7.49 (s, 2H), 3.86 (s, 3H), 3.73 (s, 3H),
3.45(d, J=16.6 Hz, 1H), 3.19 (s, 3H), 3.07 (d, / = 16.6 Hz, 1H), 2.38 (d, J = 0.8 Hz, 3H).
[0063] The following intermediates were synthesized using similar conditions as those

described in the step above along with appropriate starting materials.

Table 1
Structure Name Intermediate LCMS
% methyl 3-cyclobutyl-5-(2- A2 ESI-MS m/z =
o methoxy-2-oxoethyl)-2- 271.1 [M+H]+.
O— methyl-2,5-dihydro-1,2,4- Calculated MW:
f\; N o oxadiazole-5-carboxylate 270.1
oy
\
% methyl 3-cyclopropyl-5-(2- A3 ESI-MS m/z =
o methoxy-2-oxoethyl)-2- 257.1 [M+H]+.
o— methyl-2,5-dihydro-1,2,4- Calculated MW:
N oxadiazole-5-carboxylate 256.1
a
N
\
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Et ethyl 3-(5-bromo-2- A4 ESI-MS m/z =
Oiia methylphenyl)-5-(2-ethoxy- 413.2 [M+H]+.
N 2-oxoethyl)-2-methyl-2,5- Calculated
©/‘LND 0 dihydro-1,2,4-oxadiazole-5- MW:412.1
\ carboxylate
Br
COMe methyl 3-(3-bromo-2- AS ESI-MS m/z =
N~ COzMe methylphenyl)-5-(2- 385.0 [M+H]+.
| N‘O methoxy-2-oxoethyl)-2- Calculated MW:
\ methyl-2,5-dihydro-1,2,4- 384.0
Br oxadiazole-5-carboxylate
CO,Me methyl 3-benzyl-5-(2- A6 ESI-MS m/z =
N CO,Me methoxy-2-oxoethyl)-2- 307.1 [M+H]+.
e methyl-2,5-dihydro-1,2,4- Calculated MW:
N oxadiazole-5-carboxylate 306.1
Ph \
NHCbz methyl 3-(1- A7 ESI-MS m/z =
WN coomte | (((benzyloxy)carbonyl)amino 406.2 [M+H]+.
AN )cyclopropylD)-5-(2-methoxy- Calculated MW:
2-oxoethyl)-2-methyl-2,5- 405.2
dihydro-1,2,4-oxadiazole-5-
carboxylate
OMe methyl 5-(2-methoxy-2- A8 ESI-MS m/z =
OiQOMe oxoethyl)-2-methyl-3- 293.6 [M+H]+.
N phenyl-2,5-dihydro-1,2,4- Calculated
©/”\N'O © oxadiazole-5-carboxylate MW:292.29
\
OMe methyl 3-(2-bromophenyl)-5- A9 ESI-MS m/z =
Oi@e (2-methoxy-2-oxoethyl)-2- 373.6 [M+H]+.
Br N methyl-2,5-dihydro-1,2,4- Calculated MW:
©/”\N'O © oxadiazole-5-carboxylate 372.19
\
o= methyl 3-(3-bromophenyl)-5- A10 ESI-MS m/z =
i@“ﬂe (2-methoxy-2-oxoethyl)-2- 373.6 [M+H]+.
o I bo methyl-2,5-dihydro-1,2,4- Calculated MW:
©/LN\ oxadiazole-5-carboxylate 372.19
o ﬁ"\; methyl 3-(4-bromophenyl)-5- All ESI-MS m/z =
Me | (2-methoxy-2-oxoethyl)-2- 373.3 [M+H]+.
oo methyl-2,5-dihydro-1,2,4- Calculated MW:
/©)\'\{ oxadiazole-5-carboxylate 372.19
Br
o i’; methyl 3-(4-bromophenyl)-5- Al2 ESI-MS m/z =
Me | (2-methoxy-2-oxoethyl)-2- 373.3 [M+H]+.
oo methyl-2,5-dihydro-1,2,4- Calculated MW:
Q/LN oxadiazole-5-carboxylate 372.19
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s ) methyl 3-(1-(tert- Al3 ESI-MS m/z =
Omo butoxycarbonyl)piperidin-4- 400.8 [M+H]+.
O}‘Nfo ' y1)-5-(2-methoxy-2- Calculated MW:
o Ve oxoethyl)-2-methyl-2,5- 399.44
dihydro-1,2,4-oxadiazole-5-
carboxylate
- o methyl 3-(1-(tert- Al4 ESI-MS m/z =
§NO butoxycarbonyl)piperidin-4- 400.8 [M+H]+.
O/'LNP ' y1)-5-(2-methoxy-2- Calculated MW:
o e oxocthyl)-2-methyl-2,5- 399.44
dihydro-1,2,4-oxadiazole-5-
carboxylate
—Q o methyl 3-(1-(tert- AlS ESI-MS m/z =
Om butoxycarbonyl)piperidin-3- 400.6 [M+H]+.
NS Q yl)-5-(2-methoxy-2- Calculated MW:
N oxoethyl)-2-methyl-2,5- 399.44
(j/k Me dihydro-1,2,4-oxadiazole-5-
N carboxylate
Boc
—Q o methyl 3-(1-(tert- Al6 ESI-MS m/z =
Om butoxycarbonyl)piperidin-2- 400.8 [M+H]+.
NI 5 ? yD)-5-(2-methoxy-2- Calculated MW:
N oxoethyl)-2-methyl-2,5- 399.44
N. Me dihydro-1,2,4-oxadiazole-5-
Boc carboxylate
% methyl 3-(3-bromo-2-(2- Al7 ESI-MS m/z =
0 ((tert- 451.0 [M+H]+.
2_6_ butyldimethylsilyl)oxy)ethox Calculated MW:
N oo y)phenyl)-5-(2-methoxy-2- 450.0
@\/LN\ oxoethyl)-2-methyl-2,5-
0 dihydro-1,2,4-oxadiazole-5-
Br \\\ carboxylate
O-TBS

[0064]
6-0x0-1,6-dihydropyrimidine-4-carboxylate B1

[0065]

CO,Me
/écone

N
| O xylene, reflux
N 22%
Br
A1

Into a 100-mL round-bottom flask, was placed methyl 3-(3-bromo-5-

@)

o

Br

N OH
[
N” 0
I
B1

Step 2: Synthesis of methyl 2-(3-bromo-5-methylphenyl)-5-hydroxy-1-methyl-

methylphenyl)-5-(2-methoxy-2-oxoethyl)-2-methyl-2,5-dihydro-1,2,4-oxadiazole-5-
carboxylate (1.00 g, 2.596 mmol, 1.00 equiv), xylene (20.00 mL). The resulting solution was
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stirred for 5 hr at 145 °C. The reaction mixture was cooled down to room temperature. The
solids were collected by filtration washed with hexane. The solid was dried under reduced
pressure. This resulted in 210 mg of methyl 2-(3-bromo-5-methylphenyl)-5-hydroxy-1-
methyl-6-ox0-1,6-dihydropyrimidine-4-carboxylate (22% yield) as a white solid. ESI-MS
m/z = 353.0 [M+H]". Calculated MW: 352.0

[0066] The following intermediates were synthesized using similar conditions as those
described in the step above along with appropriate starting materials.
Table 2
Structure Name Intermediate LCMS
o (|) methyl 2-cyclobutyl-5- B2 ESI-MS m/z =
hydroxy-1-methyl-6-0xo0-1,6- 239.1 [M+H]+.
N Xy O dihydropyrimidine-4- Calculated MW:
D)I\ carboxylate 238.1
N™ ~O
I
o (|) methyl 2-cyclopropyl-5- B3 ESI-MS m/z =
hydroxy-1-methyl-6-oxo-1,6- 225.1 [M+H]+.
Ny OH dihydropyrimidine-4- Calculated MW:
| carboxylate 224.0
vy
Ox-OFEt ethyl 2-(5-bromo-2- B4 ESI-MS m/z =
A\ OH methylphenyl)-5-hydroxy-1- 365.0 [M-H]-.
\ methyl-6-oxo-1,6- Calculated MW:
’i‘ 0 dihydropyrimidine-4- 366.0
carboxylate
Br
o (|j methyl 2-(3-bromo-2- B5 ESI-MS m/z =
methylphenyl)-5-hydroxy-1- 353.0 [M+H]+.
NSy methyl-6-0x0-1,6- Calculated MW:
' N dihydropyrimidine-4- 352.0
I carboxylate
Br
o (|) methyl 2-benzyl-5-hydroxy- B6 ESI-MS m/z =
o 1-methyl-6-ox0-1,6- 275.1 [M+H]+.
@\/"i \ dihydropyrimidine-4- Calculated MW:
N0 carboxylate 274.1
o & methyl 2-(1- B7 ESI-MS m/z =
o (((benzyloxy)carbonyl)amino 374.4 [M+H]+.
NS )eyclopropyl)-5-hydroxy-1- Calculated MW:
CszNKH? o methyl-6-oxo0-1,6- 373.1
dihydropyrimidine-4-
carboxylate
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o Q on methyl 5-hydroxy-1-methyl- B8 ESI-MS m/z =
\N\)i 6-0x0-2-phenyl-1,6- 261.3 [M+H]+.
©)\ N” ~COMe dihydropyrimidine-4- Calculated MW:
carboxylate 260.2
e Q o methyl 2-(2-bromophenyl)-5- B9 ESI-MS m/z =
\N)ji hydroxy-1-methyl-6-0x0-1,6- 341.2 [M+H]+.
@ N7 COzMe dihydropyrimidine-4- Calculated MW:
Br carboxylate 339.1
v I om methyl 2-(3-bromophenyl)-5- B10 ESI-MS m/z =
B N\)i hydroxy-1-methyl-6-oxo-1,6- 341.6 [M+H]+.
@” code dihydropyrimidine-4- Calculated MW:
carboxylate 339.1
. methyl 2-(4-bromophenyl)-5- B1l ESI-MS m/z =
] hydroxy-1-methyl-6-0x0-1,6- 341.4 [M+H]+.
N /@ oo dihydropyrimidine-4- Calculated MW:
carboxylate 339.1
ve I _on methyl 2-(1-(tert- B12 ESI-MS m/z =
O/“ﬁNICOZMe butoxycarbonyl)piperidin-4- 368.3 [M+H]+.
Boc yD)-5-hydroxy-1-methyl-6- Calculated MW:
0x0-1,6-dihydropyrimidine- 367.40
4-carboxylate
. methyl 2-(1-(tert- B13 ESI-MS m/z =
Boc\'\O/’LN ! coute butoxycarbonyl)piperidin-3- 368.5 [M+H]+.
yD)-5-hydroxy-1-methyl-6- Calculated MW:
oxo-1,6-dihydropyrimidine- 367.40
4-carboxylate
o Q o methyl 3-(1-(tert- B14 ESI-MS m/z =
NN butoxycarbonyl)piperidin-2- 368.3 [M+H]+.
CH\\ N"CoaMe yl)-5-(2-methoxy-2- Calculated MW:
NBoc oxoethyl)-2-methyl-2,5- 367.40
dihydro-1,2,4-oxadiazole-5-
carboxylate
Ox-O~ methyl 2-(3-bromo-2-(2- B15 ESI-MS m/z =
EOH ((tert- 513.1 [M+H]+.
N butyldimethylsilyl)oxy)ethox Calculated MW:
y)phenyl)-5-hydroxy-1- 512.1

methyl-6-oxo0-1,6-
dihydropyrimidine-4-
carboxylate
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[0067] Step 3: Synthesis of 2-(3-bromo-5-methylphenyl)-5-hydroxy-N-(isoxazol-4-
yl)-1-methyl-6-0x0-1,6-dihydropyrimidine-4-carboxamide (Example 1)

O-N
$
oLb OgNH
N=
|
NN OH O}NHz NN OH
| ; |
iPrMgCI (2M, THF), THF
N0 -70°C~20°C o
28%
Br Br

B1 1
[0068] Into a 8-mL sealed tube, was placed methyl 2-(3-bromo-5-methylphenyl)-5-
hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxylate (100.00 mg, 0.283 mmol,
1.00 equiv), THF (2.50 mL), 1,2-oxazol-4-amine (71.42 mg, 0.849 mmol, 3.00 equiv). This
was followed by the addition of a solution of iPrMgCl (2M, 0.64 mL, 4.50 equiv) dropwise
with stirring at -70 degrees C. The resulting solution was stirred for 1 hr at room temperature.
The reaction was then quenched by the addition of 2 mL of sat. NH4Cl (aq.). The pH value of
the solution was adjusted to 3 with HCI (4 M). The resulting solution was extracted with 3x5
mL of dichloromethane and the organic layers combined and concentrated under vacuum.
The crude product was purified by Prep-HPLC (CH3CN/H,O/FA). This resulted in 32.9 mg
2-(3-bromo-5-methylphenyl)-5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-1,6-
dihydropyrimidine-4-carboxamide (28% yield) as a white solid. ESI-MS m/z = 405.0
[M+H]*. Calculated MW: 404.0. "H NMR (300 MHz, DMSO-ds) § 11.82 (s, 1H), 10.95 (s,
1H), 9.31 (s, 1H), 8.87 (s, 1H), 7.68 (s, 1H), 7.62 (s, 1H), 7.48 (s, 1H), 3.30 (s, 3H), 2.39 (s,
3H).
[0069] The following examples were synthesized using similar conditions as those

described in the step above along with appropriate starting materials.

Table 3
Example Structure Name LCMS NMR

2 N-o 2-cyclobutyl-5- ESI-MS n/z = | 1H NMR (300
S) hydroxy-N-(isoxazol- 291.1 MHz, DMSO-
O NH 4-yD)-1-methyl-6-oxo- [M+H]+. d6) 6: 11.60 (s,

1,6- Calculated 1H), 10.72 (s,

N Xy OH dihydropyrimidine-4- | MW: 290.1 1H), 9.32 (s,

! carboxamide 1H), 8.93 (s,
"o 1H), 3.79-3.68

(m, 1H), 3.39
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(s, 3H), 2.65-
2.51 (m, 2H),
2.35-2.23 (m,
2H), 2.09-1.92
(m, 1H), 1.90-
1.72 (m, 1H).
L\Fo 2-cyclopropyl-5- ESI-MS m/z = | 1H NMR (300
S) hydroxy-N-(isoxazol- 277.2 MHz, DMSO-
ow NH 4-yD)-1-methyl-6-oxo0- [M+H]+. d6) 6 11.52 (s,
1,6- Calculated 1H), 10.59 (s,
Ny O dihydropyrimidine-4- | MW: 276.1 1H), 9.30 (s,
| carboxamide 1H), 8.90 (s,
V)\ N" o 1H), 3.64 (s,
3H), 2.20-2.22
(m, 1H), 1.27-
1.16 (m, 2H),
1.06-0.94 (m,
2H).
N-0 2-(5-bromo-2- ESI-MS m/z = | 1H NMR (400
S&‘ methylphenyl)-5- 405.1[M+H]+ | MHz, DMSO-
OsNH hydroxy-N-(isoxazol- . d6) 6 11.91 (s,
OH 4-yD)-1-methyl-6-oxo- Calculated 1H), 11.01 (s,
N 1,6- MW:404.0 1H), 9.29 (s,
N" 0 dihydropyrimidine-4- 1H), 8.85 (s,
| carboxamide 1H),7.71(d,J =
Br 2.0 Hz, 1H),
7.66-7.63 (m,
1H), 7.36 (d, J =
8.0 Hz, 1H),
3.17 (s, 3H),
2.16(s, 3H).
N 2-(3-bromo-2- ESI-MS m/z = | 1H NMR (300
y methylphenyl)-5- 405.0 MHz, DMSO-
OxNH hydroxy-N-(isoxazol- | [M+H]+. d6) 6 11.93 (s,
OH 4-yD)-1-methyl-6-oxo- | Calculated 1H), 10.98 (s,
N| \ 1,6- MW: 404.0 1H), 9.29 (s,
N o dihydropyrimidine-4- 1H), 8.85 (s,
(i\ ! carboxamide 1H), 7.82-7.79
Br (m, 1H), 7.52-
7.49 (m, 1H),
7.33(t,1=738
Hz, 1H), 3.17

(s, 3H), 2.26 (s,
3H).
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6 O-N 2-benzyl-5-hydroxy- | ESI-MS m/z = | 1H NMR (300
&2 N-(isoxazol-d-yl)-1- | 327.1 MHz, DMSO-
methyl-6-0x0-1,6- | [M+H]+. d6) § 11.60 (s,
Oxy-NH dihydropyrimidine-4- | Calculated | 1H), 11.09 (s,
OH carboxamide MW: 326.1 1H), 9.33 (s,
NS 1H), 8.92 (s,
N o 1H), 7.39-7.26
(s, 2H), 3.34 (s,
3H).
7 ';l—o benzyl (1-(5-hydroxy- | ESI-MS m/z = | 1H NMR (300
S/ A-(isoxazol-d- | 426.1 MHz, DMSO-
O _NH ylcarbamoyl)-1- [M+H]+. d6) 6 11.66 (s,
methyl-6-oxo0-1,6- Calculated 1H), 10.65 (s,
N XM | dihydropyrimidin-2- | MW: 425.1 1H), 9.32 (s,
Cbzw yheyclopropyl)carbam 1H), 8.93 (s,
"o ate 1H), 8.30 (s,
1H), 7.33-7.10
(m, 5H), 4.97
(s, 2H), 3.57 (s,
3H), 1.74 (s,
2H), 1.16-1.12
(m, 2H).

[0070]
dihydropyrimidine-4-carboxamide (Example 8).

"o
oo ul

°C ->100°C
2h

Me«

N
©)\N (0]

N IOH

HN
=
r
N

Synthesis of 5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-o0xo0-2-phenyl-1,6-

2M AlMe; in Toluene
[0071] Methyl 5-hydroxy-1-methyl-6-oxo-2-phenyl-1,6-dihydropyrimidine-4-carboxylate
(200 mg, 0.77 mmol, 1 equiv) and isoxazol-4-amine (0.096 g, 1.15 mmol, 1.5 equiv) were
dissolved in toluene (1 mL) and the mixture was cooled to 0 °C. To this 2M
trimethylaluminum in toluene (0.768 ml, 1.53 mmol, 2.0 equiv) was added drop wise at 0 °C.
The reaction mixture was then heated at 100 °C for 2 h and then quenched with saturated
sodium bicarbonate solution (0.2 ml) and to it ethyl acetate (10 ml) was added. The reaction
mixture was then dried over anhydrous Na2S04 and filtered off. The solid was washed with
ethyl acetate (3 x 10 ml) and combined organic layer was concentrated under reduced

pressure. The crude product was purified by reverse-phase HPLC to give 5-hydroxy-N-
(isoxazol-4-yl)-1-methyl-6-oxo-2-phenyl-1,6-dihydropyrimidine-4-carboxamide, 8 (25 mg,
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15%). ESI-MS m/z = 313.2 [M+H]*. Calculated MW: 312.29. "H NMR (400 MHz, DMSO-
d6): 6 9.13 (s, 1H), 8.78 (s, 1H), 7.42-7.50 (m, 5H), 3.22 (s, 3H).

[0072] Scheme: Synthesis of 2-chloro-N-(isoxazol-4-yl)-5-methoxy-1-methyl-6-oxo-
1,6-dihydropyrimidine-4-carboxamide (C)

\ O
i OEt (1.1 equiv) o N_(
o EtO)Hf 5 o o \NJ\NH (leg O NH
o e , OBt _H __° | g —MNKoH
- OEt NaOEt (1.1 equiv), EtOH EtO 1M HCI-AcOH o 100 °C to 105°C, 3 h
35 °C,d16h © © 105°Cto 110°C, 3 h o 3 steps: 57%
crude (o] crude c2 step 3
P
step 1 step 2
o o o
o ~ 0 0
N Y AciE), N > Dimethyl aniline (1.4 equiv) N | ~
Ho/k\N OH  EtOH (20 v), reflux Ho/k\N OEt  POCI; (20 v), )\\ OEt
d 70% 100°Cto105°c,16h  C° N
o o
step 4 c4 77%
c3 step 5 cs
Hz
O 1 eq
AlMes (2 M C'
3 (2 M) (2 equiv)
microwave
toluene (30v),
80 °C, 15 min
53%
step 6

[0073] Step 1: Synthesis of 1,4-diethyl 2-methoxy-3-oxobutanedioate (1)
o}

OEt (1.1 equi
o EtOJ\n/ (reuy) o ~,

0 OEt
/O\)l\oa NaOEt (1.1 equiv), EIOH E‘OJW

35°C,16 h o O
crude c1
step 1

[0074] Into a 1000-mL 3-necked round-bottom flask purged and maintained with an inert
atmosphere of nitrogen, was placed ethanol (600.0 mL), sodium ethanolate (31.7 g, 0.470
mmol, 1.10 equiv), ethyl oxalate (68.00 g, 465.6 mmol, 1.10 equiv) was added at room
temperature. This was followed by the addition of ethyl 2-methoxyacetate (50.00 g, 423.3
mmol, 1.00 equiv) dropwise with stirring at room temperature. The resulting solution was
stirred for 1 overnight at 35 °C. The resulting mixture was concentrated under vacuum to
remove most of ethanol. The pH value of the solution was adjusted to 3 with hydrogen
chloride (1 mol/L) at 0 °C. The resulting solution was extracted with 4x500 mL of ethyl
acetate dried over anhydrous sodium sulfate and concentrated under vacuum. This resulted in

90 g (crude) of 1,4-diethyl 2-methoxy-3-oxobutanedioate (1) as brown oil.
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[0075] Step 2: Synthesis of ethyl 2-methoxy-2-[(4E)-1-methyl-2,5-dioxoimidazolidin-
4-ylidene]acetate (2)

\ 0]
0 N%
o} \O ~ )J\ (1equiv) O NH
N~ NH,
J\")\“/oa H - I omt
EtO 1M HCI-AcOH o
0 © 105 °C to 110 °C, 3 h 0
1 crude C2
step 2

[0076] Into a 2000-mL round-bottom flask, was placed 1,4-diethyl 2-methoxy-3-
oxobutanedioate (1) (90.00 g, 412.5 mmol, 1.00 equiv), methylurea (30.60 g, 412.5 mmol,
1.00 equiv), acetic acid (1200.0 mL), hydrogen chloride (400.0 mL, gas, 4 mol in dioxane).
The resulting solution was stirred for 3 h at 105 °C. The resulting mixture was concentrated
under vacuum. The resulting mixture was washed with 1 x500 ml of hexane. This resulted in
90 g (crude) of ethyl 2-methoxy-2-[(4E)-1-methyl-2,5-dioxoimidazolidin-4-ylidene]acetate
(2) as a brown solid. 1H NMR (300 MHz, Chloroform-d) 6 8.75 (s, 1H), 7.47 (s, 0.4H), 5.09
(s, 2H), 4.51-4.30 (m, 3H), 3.85 (s, 1H), 3.84 (s, 3H), 3.12 (s, 3H), 3.07 (s, 1H), 2.14 (d, J =
12.9 Hz, 1H), 1.45-1.42 (m, 2H), 1.42-1.37 (m, 3H).

[0077] Step 3. Synthesis of 2-hydroxy-5-methoxy-1-methyl-6-oxopyrimidine-4-

carboxylic acid (3)
\ O
N o)
o NH \N | O
1N KOH

M oet oS PN OH

o 100 °C to 105 °C, 3 h
o) 3 steps: 57% c3 0
c2 step 3

[0078] Into a 2000-mL round-bottom flask, was placed ethyl 2-methoxy-2-[(4E)-1-
methyl-2,5-dioxoimidazolidin-4-ylidene]acetate (2) (80.00 g, 350.6 mmol , 1.00 equiv),
potassium hydroxide (1M in water) (1400.0 mL). The resulting solution was stirred for 3 h at
105 °C. The reaction mixture was cooled to 0 °C with a water/ice bath. The pH value of the
solution was adjusted to 3 with hydrogen chloride (12 mol/L) at 0 °C, the solids were
collected by filtration and the precipitate was dried in vacuo. This resulted in 40 g of 2-
hydroxy-5-methoxy- 1-methyl-6-oxopyrimidine-4-carboxylic acid (3) (yield 57%) as a white
solid. "H NMR (300 MHz, DMSO-d6) § 14.35 (s, 1H), 10.91 (s, 1H), 3.68 (s, 3H), 3.14 (s,
3H).
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[0079] Step 4. Synthesis of ethyl 2-hydroxy-5-methoxy-1-methyl-6-oxopyrimidine-4-

o)
~
>N | o~ AcCl (6 V),
HO)\\N OH EtOH (20 v), reflux g
o}
c3

carboxylate (4)

70%
step 4 c4
[0080] Into a 1000-mL 3-necked round-bottom flask purged and maintained with an inert

atmosphere of argon, was placed 2-hydroxy-5-methoxy-1-methyl-6-oxopyrimidine-4-
carboxylic acid (3) (20 g, 0.10 mmol, 1.00 equiv), ethanol (400.0 mL). This was followed by
the addition of acetyl chloride (117.7 g, 1.500 mmol, 15.00 equiv) dropwise with stirring at O
°C. The resulting solution was heated to reflux for 1 overnight. The reaction mixture was
cooled with a water/ice bath. The solids were collected by filtration. This resulted in 16 g of
ethyl 2-hydroxy-5-methoxy-1-methyl-6-oxopyrimidine-4-carboxylate (4) (yield: 70%) as a
white solid. 'H NMR (400 MHz, DMSO-d6) § 11.08 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 3.70
(s, 3H), 3.15 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H).

[0081] Step 5. Synthesis of ethyl 2-chloro-5-methoxy-1-methyl-6-oxopyrimidine-4-

carboxylate (5)
0 0
Y N , N _ Mex 0w
)\ | Dimethyl aniline (1.4 equiv) N |
X OEt  POCI; (20 v) X OEt

H 3 )

o N 100°Cto 105°C, 16h I~ N I
ca 7% cs

step 5

[0082] Into a 1-L 3-necked round-bottom flask purged and maintained with an inert
atmosphere of argon, was placed ethyl 2-hydroxy-5-methoxy-1-methyl-6-oxopyrimidine-4-
carboxylate (4) (16.0 g, 70.1 mmol,1.00 equiv), dimethylaniline(1.20 g , 98.2 mmol, 1.40
equiv), phosphoryl trichloride (320.0 mL). The resulting solution was stirred for 1 overnight
at 100 °C . The resulting mixture was concentrated under vacuum. The residue was applied
onto a silica gel column with ethyl acetate/petroleum ether (1/10-1/4). This resulted in 13.3 g
of ethyl 2-chloro-5-methoxy- 1-methyl-6-oxopyrimidine-4-carboxylate (5) (yield 77.0%) as a
yellow solid. "H NMR (300 MHz, DMSO-d6) § 4.32 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 3.54
(s, 3H), 1.30 (t, J = 7.1 Hz, 3H).
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[0083] Step 6. Synthesis of 2-chloro-5-methoxy-1-methyl-N-(1, 2-oxazol-4-yl)-6-

oxopyrimidine-4-carboxamide (6)

HoN i
O ? \E\Io1 equiv N | O\H

OEt N Cl)\\ N N N
AlMe3 (2 M)(2 eq) \E\/N
Microwave o o]
irradiation, toluene Cc
(30v),
809C, 15 min

step 6

[0084] To a stirred solution of ethyl 2-chloro-5-methoxy- 1-methyl-6-oxopyrimidine-4-
carboxylate (5) (1.00 g, 4.05 mmol, 1.00 equiv) and 1,2-oxazol-4-amine

(340.9 mg, 4.050 mmol, 1.00 equiv) in toluene (15.0 mL) was added trimethylaluminum (2
mol in toluene) (4.1 mL, 8.10 mmol, 2.00 equiv) at room temperature under argon
atmosphere. The resulting solution was stirred with microwave radiation for 15 min at 80 oC.
The reaction mixture was quenched with water/ice at 0 °C. The resulting solution was
extracted with 3x40 mL of ethyl acetate, the combined organic layers were washed with brine
(1x30 mL), dried over anhydrous sodium sulfate and concentrated under vacuum. The residue
was applied onto a silica gel column with ethyl acetate/petroleum ether (1/10-1/1). This
resulted in 650 mg of 2-chloro-5-methoxy-1-methyl-N-(1, 2-oxazol-4-yl)-6-oxopyrimidine-4-
carboxamide (6) (yield 53.0%) as a light yellow solid. ESI-MS m/z = 285.2 [M+H] *.
Calculated MW: 284.2 'H NMR (300 MHz, DMSO-d6 ) § 10.84 (s, 1H), 9.28 (s, 1H), 8.78
(s, 1H), 3.86 (s, 3H), 3.62 (s, 3H).

[0085] The following examples and intermediates were synthesized using similar

conditions as those described in the step, above, along with appropriate starting materials.

Table 4
Example Structure Name LCMS NMR
9 - o 2-(2-bromophenyl)-5- | ESI-MS m/z = 1H NMR(400
L, hydroxy-N-(isoxazol-4- | 393.2 [M+H]+. | MHz, DMSO-
@LN o yl)-1-methyl-6-0x0-1,6- Calculated do6): 6 12.01 (s,
B \E\,O dihydropyrimidine-4- MW: 391.18 1H), 11.07 (s,
§ carboxamide 1H), 9.31 (s,
1H), 8.86 (s,
1H), 7.83 (d,J =
8.0 Hz, 1H),
7.67-7.68 (m,
1H), 7.62 (t,J =
7.6 Hz, 1H), 7.53
(t,J=7.6 Hz,
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1H), 3.20 (s,
3H).
10 weo L _on 2-(3-bromophenyl)-5- ESI-MS m/z = (400 MHz,
W [_o | hydroxy-N-(isoxazol-4- | 393.1 [M+H]+. | DMSO-d6): §
HNT\O yl)-1-methyl-6-ox0-1,6- Calculated 11.83 (s, 1H),
= dihydropyrimidine-4- MW: 391.15 11.03 (s, 1H,),
carboxamide 9.30 (s, 1H),
8.87 (s, 1H),
7.89 (s, 1H),
7.77(d,J=8.0
Hz, 1H), 7.68 (d,
J=7.6 Hz, 1H),
7.52(,1=7.6
Hz, 1H), 3.31 (s,
3H).
11 we I _on 2-(4-bromophenyl)-5- ESI-MS m/z = 1H NMR (400
@ [_o | hydroxy-N-(isoxazol-4- | 393.6 [M+H]+. | MHz, DMSO-
o HNK\IO yl).—l—methyl'—6—.0)'§o—1,6— Calculated d6): 6 11.81 (s,
N dihydropyrimidine-4- MW: 391.18 1H), 11.18 (s,
carboxamide 1H), 9.30 (s,
1H), 8.86 (s,
1H),7.77(d,J =
7.6 Hz, 2H), 7.63
(t,J=7.2 Hz,
2H), 3.32 (s,
3H).
12 o I _om tert-butyl 4-(5-hydroxy- | ESI-MS m/z= | 1H NMR (400
O/k o 4-(isoxazol-4- 320.7 [M*- MHz, DMSO-
Boc”™ ”pr ylcarbamoyl)-1-methyl- | BOC]J+. d6): & 11.57 (s,
N 6-0x0-1,6- Calculated 1H), 10.57 (s,
dihydropyrimidin-2- MW: 419.44 1H), 9.32 (s,
yl)piperidine-1- 1H), 8.93 (s,
carboxylate 1H), 4.11 (bs,
2H), 3.58 (s,
3H), 3.04-
3.07(m, 1H),
2.86 (bs, 2H),
1.84 (bs, 4H),
1.43 (s, 9H).
13 oo L om tert-butyl 3-(5-hydroxy- | ESI-MS m/z = | 1H NMR (400
Oﬁiﬁ 4-(isoxazol-4- 420.7 [M+H]+. | MHz, DMSO-
"% ylcarbamoyl)-1-methyl- | Calculated d6): 6 11.53 (s,
N 6-oxo-1,6- MW: 419.44 1H), 10.51 (s,
dihydropyrimidin-2- 1H), 9.31 (s,
yl)piperidine-1- 1H), 8.93 (s,
carboxylate 1H), 4.02-4.11
(m, 2H), 3.55 (s,
3H), 3.18-3.24
(m, 1H), 2.89-
291 (m, 1H),
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2.00-2.07 (m,
1H), 1.70-1.95
(m, 3H), 1.48-
1.51 (m, 1H),
1.41 (s, 9H).
14 Ve it o tert-butyl 2-(5-hydroxy- | ESI-MS m/z = | 1H NMR (400
"o o 4-(isoxazol-4- 420.4 [M+H]+. | MHz, DMSO-
ON%N n ylcarbamoyl)-1-methyl- | Calculated d6): 6 11.35 (s,
Boc fp 6-0x0-1,6- MW: 419.44 1H), 10.22 (s,
" | dihydropyrimidin-2- 1H), 9.33 (s,
yl)piperidine-1- 1H), 8.89 (s,
carboxylate 1H), 5.08 (s,
1H), 3.55-3.62
(m, 1H), 3.48 (s,
3H), 3.30 (bs,
1H), 2.19 (bs,
1H), 1.86 (bs,
2H), 1.59 (bs,
2H), 1.46 (bs,
1H), 1.32 (s,
OH).
[0086] The following intermediate was synthesized using similar conditions as those
described above along with appropriate starting materials.
Table 5
Intermediate Structure Name LCMS NMR
C1 PN 2-(3-bromo-2-(2- ESI-MS m/z = | 1H NMR (300
S) ((tert- 451.0 MHz, DMSO-
Og-NH butyldimethylsilyl)ox | [M+H]+. d6) 6 11.87 (s,
NHOH y)ethoxy)phenyl)-5- | Calculated 1H), 10.99 (s,
| hydroxy-N-(isoxazol- | MW: 450.0 1H), 9.29 (s,
@ N0 | “4-yD)-1-methyl-6- 1H), 8.86 (s,
(o} 0xo0-1,6- 1H), 7.85(d, J =
Br H dihydropyrimidine-4- 8.1 Hz, 1H),
Onrpe carboxamide 7.56(d,J="7.6
Hz, 1H), 7.28 (t,
J=7.8 Hz, 1H),
4.63(t,J=54
Hz, 1H), 4.01-
3.97 (m, 1H),
3.76-3.70 (m,
1H), 3.52-3.39
(m, 2H), 3.23
(s, 3H).
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[0087] Synthesis of 2-(3-bromo-2-(2-hydroxyethoxy)phenyl)-5-hydroxy-N-(isoxazol-
4-yl)-1-methyl-6-ox0-1,6-dihydropyrimidine-4-carboxamide (Example 15).

O-N

\ °N
S) g)

Ox-NH OsNH
OH
N OH
j\%\[ TBAF, AcOH Nj\;I
N0 THF N o
o) o[
Br \ %

O‘TBS OH

[0088] Into a 40 mL vial were added 2-(3-bromo-2-(2-((tert-butyldimethylsilyl)oxy)
ethoxy)phenyl)-5-hydroxy-N-(isoxazol-4-yl)- 1-methyl-6-oxo0-1,6-dihydropyrimidine-4-
carboxamide (300 mg, 0.531 mmol, 1.0 equiv) and THF (6.0 mL) at room temperature. To
the above mixture was added TBAF(1M)/CH3;COOH =1:1 (1.20 mL, 2.0 equiv) drop wise
over 2 min at 0 °C. The resulting mixture was stirred for additional 5 h at room temperature.
The resulting mixture was extracted with ethyl acetate (1 x12 mL). The aqueous phase was
further extracted with ethyl acetate (3 x10 mL). The combined organic layers were washed
with brine (2 x 7 mL), dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure. The crude product (300mg) was purified by Prep-HPLC
(acetonitrile/formic acid/ water) to afford 70 mg of 2-(3-bromo-2-(2-hydroxyethoxy)phenyl)-
5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide, 15, in
29% yield as a white solid. ESI-MS m/z = 451.0 [M+H]". Calculated MW: 450.0. "H NMR
(300 MHz, DMSO-d6) 6 11.87 (s, 1H), 10.99 (s, 1H), 9.29 (s, 1H), 8.86 (s, 1H), 7.85(d, J =
8.1 Hz, 1H), 7.56 (d, J =7.6 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H), 4.63 (t, J =5.4 Hz, 1H), 4.01-
3.97 (m, 1H), 3.76-3.70 (m, 1H), 3.52-3.39 (m, 2H), 3.23 (s, 3H).

[0089] The following examples and intermediates were synthesized using similar

conditions as those described in the step, above, along with appropriate starting materials.
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Table 6
Example Structure Name LCMS
O—-N
Y
O tert-butyl 3-(5
ert-butyl 3-(5-
OH | hydrox —4—};isoxazol— ESI-MS
N yorory m/z = 406.3
16 | 4-ylcgrbamoyl).-6-.o>'§o- [M+H]+.
N~ ~O 1,6-dihydropyrimidin-
H 2-yDpiperidine-1- | Caiculated
N yOP'P MW: 405.4
/g carboxylate
A
O-N
Y
@) NH
tert-butyl 4-((5-
N"XON | hydroxy-4-(isoxazol- | ESI-MS
l 4-ylcarbamoyl)-1- | m/z = 434.4
17 “Il o methyl-6-0xo0-1,6- [M+H]+.
dihydropyrimidin-2- | Calculated
yl)methyl)piperidine- | MW: 433.2
N 1-carboxylate
£
N-O
! Vi
Ox-NH tert-butyl 3-((5-
oH | hydroxy-4-(isoxazol- ESI-MS
NS 4-ylcarbamoyl)-1- | m/z =434.2
18 NT X0 methyl-6-oxo0-1,6- [M+H]+.
| dihydropyrimidin-2- | Calculated
yl)methyl)piperidine- | MW: 433.2
OYN 1-carboxylate
>rO
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N-O
/
S) butyl 3-(5
tert-butyl 3-(3-
Oy NH hydroxy-4-(isoxazol- ESHI]_/ZIS
OH 4-ylcarbamoyl)-1- _ i
19 N methyl-6-0x0-1,6- ‘393']2“\4
O . . . . _ _ .
o N/j)\ ’i‘ dﬂlygzogzléllmldlln 2 Calculated
Y yhazetidine- 1- MW:391.2
>(o carboxylate
O—-N
O 5-hydroxy-N-
(isoxazol-4-yl)-1- ESI-MS
Oxy-NH methyl-6-ox0-2-(1- | m/z = 353.2
20 OH phenylcyclopropyl)- [M+H]+.
Nl = 1,6- Calculated
N o dihydropyrimidine-4- | MW: 352.1
| carboxamide
O—-N
$
‘ 5-hydroxy-N- ESL-MS
O~_ _NH (isoxazol-4-yl)-1-
m/z =314.5
21 methyl-6-oxo0-2-
OH g [M+H]+.
N (pyridin-4-yI)-1,6-
. L7 Calculated
l dihydropyrimidine-4- | V5700
l o~ I\ll © carboxamide ’ '
N~
O-N
L tert-butyl 2-(5-
hydroxy-4-(isoxazol- ESI-MS
§< HN__ O 4-ylcarbamoyl)-1- m/z=1392.2
22 methyl-6-oxo-1,6- [M+H]+.
o OH
o N dihydropyrimidin-2- | Calculated
N A yl)azetidine-1- MW: 391.1
’?I o carboxylate
O—N
%)
OxNH
benzyl ((5-hydroxy-4-
XM (isoxazol-4- ESI-MS
I ylcarbamoyl)-1- m/z =476.3
23 N~ ~O methyl-6-oxo0-1,6- [M+H]+.
O NH | dihydropyrimidin-2- | Calculated
Y yl)(phenyl)methyl)car | MW: 475.5
© bamate
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WO 2020/118133
o-N
)
N
kﬁ benzyl ((4-
RN~ bromophenyl)(5- ESI-MS
o\(o N X | hydroxy-4-(isoxazol- | m/z = 555.1
24 NP 4-ylcarbamoyl)-1- [M+H]+.
T methyl-6-o0xo0-1,6- Calculated
dihydropyrimidin-2- | MW: 554.4
yl)methyl)carbamate
Br
O_
&2
2-(3.5-
O=__N dimethylphenyl)-5- ES;]_/MS
hydroxy-N-(isoxazol- —341 IZ[M+
25 N 4-y1)-1-methyl-6-ox0- | -
' L6 Caloulated
N dihydropyrimidine-4- alculate
\Q)\ l carboxamide MW:340.1
O—-N
\
AN
S) 5-hydroxy-N-
Ox~NH (isoxazol-4-yl)-1- ESI-MS
OH methyl-6-ox0-2- m/z =328.2
26 N (pyridin-2-ylmethyl)- | [M+H]+.
! N X0 1,6- Calculated
| dihydropyrimidine-4- | MW: 327.3
N= carboxamide
l b id
A
3
X
KX 5-hydroxy-N-
O _NH (isoxazol-4-yl)-1- ESI-MS
m/z =314.1
27 methyl-6-oxo0-2- [M-+H]+
N (pyridin-2-y1)-1,6- Calculat d
NP, dihydropyrimidine-4- Mz\lyc.u;i 36 3
l = ’I‘ carboxamide e
=
3
A
5-hydroxy-N-
O~ _NH (isoxazol-4-yl)-1- m/EzS—I_?la\/;éSl 2
29 methyl-6-0x0-2- [M;H] N ’
N (pyridin-3-yl)-1,6- ’
. L0 Calculated
| dihydropyrimidine-4- ]
N7 N b d MW: 313.3
l | carboxamide
X
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8
%) 2-(3.,5-
OxNH dichlorophenyl)-5- ESI-MS
hydroxy-N-(isoxazol- | m/z = 381.0
30 NSO | 42yD)-1 methyl-6-0x0- | [M+H]+.
cl l 1,6- Calculated
V" O | dihydropyrimidine-4- | MW: 380.0
carboxamide
Cl
O-N
¢
Osx NH 5-hydroxy-N-
oH (isoxazol-4-yl)-1- ESI-MS
X methyl-2-(3-methyl-5- | m/z =412.2
31 morpholinophenyD)-6- | [M+H] +.
N0 0x0-1,6- Calculated
dihydropyrimidine-4- | MW: 411.2
[Nj carboxamide
@)
®
N 5-hydroxy-N-
OxNH (isoxazol-4-yl)-1-
oH methyl-2-(3-methyl-5- ESI-MS
I\I A ((1-methyl-1H- m/z=422.2
32 NNo pyrazol-4- [M+H]+.
| yl)amino)phenyl)-6- Calculated
ox0-1,6- MW: 421.2
NH . . .« qe
Z dihydropyrimidine-4-
N‘;j/ carboxamide
/
Oo-N
&2
Ox-NH 5-hydroxy-N-
A\ ~OH (isoxazol-4-yl)-1- ESI-MS
| methyl-2-(3-methyl-5- | m/z = 425.3
33 N o (4-methylpiperazin-1- [M+H]+.
| yDphenyl)-6-0x0-1,6- | Calculated
dihydropyrimidine-4- | MW: 424.2
[Nj carboxamide
N
I
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O-N
Y
O~ _NH 5-hydroxy-N-
(isoxazol-4-yl)-1-
NSO | methyl-2-(-methyl-5- | ESTMS
I 6-methylpyridin-2- | "™/%= 4332
34 g | ((6-methylpy [M+H]+.
| yl)alru;fg?lh zr_lyl)-6- Calculated
NH dihydropyrimidine-4- | MW +32-2
=z .
[ carboxamide
N
O-N
g)‘
O _NH ‘S—hydroxy—N—
(isoxazol-4-yl)-1- ESI-MS
N OH | methyl-2-(3-methyl-5- m/z =
35 | (1-methyl-1H-pyrazol- | 421.3[M+H
N~ ~O 3-yl)phenyl)-6-oxo- ]+
| 1,6- Calculated
dihydropyrimidine-4- | MW: 420.2
N? carboxamide
-
N
/
0-N
. \
2-(3-
O NH (dimethylcarbamoyl)- | ESI-MS
OH 5-methylphenyl)-5- | m/z = 398.2
36 Nl N hydroxy-N-(isoxazol- | [M+H]+.
N0 4-yD)-1-methyl-6-oxo- | Calculated
| 1,6- MW=
dihydropyrimidine-4- 397.1
- carboxamide
I\lj O
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O—N
&2
OsNH 5-hydroxy-N-
(isoxazol-4-yl)-1-
N X CH | methyl-2-(3-methyl-5- | ESI-MS
| ((tetrahydro-2H-pyran- | m/z = 454.3
37 f\ll o 4- [M+H]+.
yl)carbamoyl)phenyl)- | Calculated
6-0x0-1,6- MW: 453.2
HN™ ~O dihydropyrimidine-4-
fj carboxamide
@)
o-N
%)
Ox_NH
5-hydroxy-2-(3-((2- ESLMS
OH | hydroxyethyl)carbamo
N m/z=414.2
| yl)-5-methylphenyl)- [M-+H]+
38 N~ "0 N-(isoxazol-4-yl)-1- ’
| Calculated
methyl-6-0x0-1,6-
. Lo MW=
dihydropyrimidine-4- 413 1
HN Yo carboxamide ’
OH
O-N
¢
OxNH 2-(1-benzylpiperidin- | o1 1o
OH 3-yl)-5-hydroxy-N-
N ; m/z =410.1
39 | (isoxazol-4-yl)-1- [M+H]+
(j)\'? o 'methy1-6-‘o X0 _.1’6_ Calculated
N d1hydropyr11n1F11ne—4— MW: 409 5
| carboxamide
O-N
N \
O NH 5-hydroxy-N-
(isoxazol-4-yl)-1- ESI-MS
Ny OH methyl-6-0x0-2-(1- | m/z =425.5
40 l picolinoylpiperidin-3- | [M+H]+.
N0 yD)-1,6- Calculated
N dihydropyrimidine-4- | MW: 424.4
N carboxamide
| T °
=
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O-N
Y
5-hydroxy-N-
O NH : Av)0-(1-
(1soxazol(;¥_ yD-2-(1 ESL-MS
N X OH . m/z = 454.1
41 | methoxybenzoyl)piper
idin-3-yl)-1-methyl-6- | [M*HI*
’T' © gxo 16 Y Calculated
~ Btha .
o N dihydropyrimidine-4- MW: 453.4
@Ao carboxamide
3
y 2-(1-benzyl-1H-
O NH pyrazol-4-yl)-5- ESI-MS
oy | hydroxy-N-(isoxazol- | m/z=393.4
42 NTS 4-yl)-1-methyl-6-oxo- | [M+H]+.
N//j’)\ N} 1,6- Calculated
VL dihydropyrimidine-4- | MW: 392.4
@// carboxamide
o-N
Y
Ox-NH 5-hydroxy-N-
A\ OH (isoxazol-4-yl)-1- ESI-MS
N methyl-6-ox0-2-(1-(3- | m/z =452.7
43 O)\ l\ll O | phenylpropanoyl)piper | [M+H]+.
N idin-3-yl)-1,6- Calculated
dihydropyrimidine-4- | MW: 451.5
o)
carboxamide
O-N
&2
on NH .S-hydroxy—N- ESL-MS
(isoxazol-4-yl)-1-
methyl-6-ox0-2-(m- m/z = 327.2
44 NN oM y [M+H]+.
tolyl)-1,6-
| dihydropyrimidine-4- | C2lculated
N~ ~O il .
| carboxamide MW: 326.3
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WO 2020/118133
O-N
A \
Ox NH 2-(1-(3-
A\ OH chlorobenzoyl)piperidi | ESI-MS
N n-3-yl)-5-hydroxy-N- | m/z = 458.3
45 (j)\N 0 (isoxazol-4-yl)-1- [M+H]+.
N I methyl-6-oxo-1,6- Calculated
dihydropyrimidine-4- | MW: 457.9
0 carboxamide
Cl
O-N
Y
OsNH 2-(1-(2-
chlorobenzoyl)piperidi | ESI-MS
N X1 | n-3-yl)-5-hydroxy-N- | m/z = 458.6
46 I (isoxazol-4-yl)-1- [M+H]+.
N9 | methyl-6-0x0-1,6- | Calculated
cl N dihydropyrimidine-4- | MW: 457.9
@Ao carboxamide
7S
%) 5-hydroxy-N-
Og-NH i -A-y])-2-(1-
(1soxazol(j yD)-2-(1 EST-MS
NSO | m/z=454.6
47 I methoxybenzoyl)piper MaH
NSO | idin-3-yl)-1-methyl-6- | LM+
N ! ) 0x0-1.6- Calculated
@/% dihydropyrimidine-4- | MW 4334
o carboxamide
I
O-N
)
Os__NH 5-hydroxy-N-
A oH (1soxazol(—;¥_—yl)-2-(1— ESI-MS
| . m/z =454.6
48 N0 methoxybenzoyl)piper [M+H]+
| idin-3-yl)-1-methyl-6- '
N ox0-1.6- Calculated
o dihydropyrimidine-4- MW: 453.4
carboxamide
_0O
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N | tert-butyl 3-benzyl-3-
Oy ~NH (5-hydroxy-4- ESI-MS
(isoxazol-4- _ ,
50 N7 Xy OH ylcarbamoyl)-1- m/z =510.3
| thyl-6-0x0-1,6- | M*HI*.
N” o MEtLyFhroxo- 1, Calculated
N | dihydropyrimidin-2- MW: 509.2
7<O _ﬁo yDpiperidine-1- ) ’
carboxylate
O—-N
&2
3-(5-hydroxy-4-
Ox-NH (isoxazol-4- ESI-MS
OH ylcarbamoyl)-1- m/z =371.2
51 N methyl-6-0xo-1,6- [M+H]+.
N0 dihydropyrimidin-2- | Calculated
| yl)-5-methylbenzoic | MW: 370.1
acid
HO™ ~O
0-N
S tert-butyl 3-
O _NH ((benzyloxy)methyl)-
3-(5-hydroxy-4- ESI-MS
NS OH (isoxazol-4- m/z = 540.2
52 Oﬁk“‘ . ylcarbamoyl)-1- [M+H]+.
N I methyl-6-oxo-1,6- Calculated
o~ ° dihydropyrimidin-2- | MW: 539.2
—7< yl)piperidine-1-
carboxylate
O—N
&2
Ox-NH methyl 3-(5-hydroxy- ESLMS
4-(isoxazol-4-
OH m/z = 385.2
53 NIE ylcarbamoyl)-1- [If/[+H]+.
N o methyl-6-0x0-1.6- | 1 jated
| dihydropyrimidin-2- MW-: 384.1
yl)-5-methylbenzoate ) ’
(ID 0]
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O—-N
&2
OxNH
5-hydroxy-N-
N OH (isoxazol-4-yl)-1- ESI-MS
I methyl-2-(3-methyl-5- | m/z = 467.2
54 N~ ~O ((1-methylpiperidin-4- | [M+H]+.
l yl)carbamoyl)phenyl)- | Calculated
6-0x0-1,6- MW=
HN™ 0 dihydropyrimidine-4- 466.2
fj carboxamide
N
|
o-N
&2
O~ _NH ‘S—hydroxy—N— ESL-MS
(isoxazol-4-yl)-1- /7 = 384.3
OH | methyl-2-(3-methyl-5- | TVZ= 29
55 N [M+H]+.
| (methylcarbamoyl)phe
Calculated
N~ O nyl)-6-o0xo-1,6- MW=
l dihydropyrimidine-4- 383 1
carboxamide ’
Hl\ll (@)
S
N 5-hydroxy-N-
L | i | e
WA\ OH yLo-oxe: (3( m/z = 4453
56 LA ar"b"ol’l%elﬁl | MeHI
cabonyvIPIPEIEn=2- | calculated
N yb-1.6- MW: 444.4
HN o dihydropyrimidine-4- ) ’
carboxamide
o
o-N
S \
O-NH 5-hydroxy-N-
-OH (isoxazol-4-yl)-1- ESI-MS
N methyl-6-0x0-2-(1- | m/z = 460.2
57 N0 (phenylsulfonyl)piperi | [M+H]+.
| din-3-yl)-1,6- Calculated
N dihydropyrimidine-4- | MW: 459.5
0=8=0 carboxamide
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O-N
Y
O NH 5-hydroxy-N-
OH (S&X?Zg 1;4-0311;(1 1 ESI-MS
N™ m( yrl_m_ldfne_i- - m/z = 426.2
58 'N o bpy Doiperidinz. | MFHI+
o | caonybpiveridin3: | oy
\ dihydropyrimidine-4- | MW 4234
N o carboxamide
N |
N
0-N
.
O NH 2-(1-(4-
chlorobenzoyl)piperidi | ESI-MS
NSO | n-3-yD)-5-hydroxy-N- | m/z = 458.2
59 N (isoxazol-4-yl)-1- [M+H]+.
| methyl-6-o0x0-1,6- Calculated
N dihydropyrimidine-4- | MW: 457.9
/@ 0 carboxamide
cl
O—-N
¢
Oy NH 2-(1-(4-
\_OH (dlme.thyl'arpmo)butan ESL-MS
N oyl)piperidin-3-yl)-5-
I hydroxy-N-(isoxazol- m/z = 433.3
o0 V2 | 45D L'methyl6-oxo0- | [MFHI*
N y 1 6-y Calculated
o dihydropyrimidine-4- MW: 432.5
carboxamide
/N\
0-N
&2
Os NH
5-hydroxy-N-
N -OH (isoxazol-4-yl)-1- ESI-MS
| methyl-6-0x0-2-(1-(2- | m/z = 438.3
61 O)\ N” SO | phenylacetyl)piperidin | [M+H]+.
N ' 3-y])-1.6- Calculated
dihydropyrimidine-4- | MW: 437.5
0 carboxamide
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O-N
Y
O~ _NH 5-hydroxy-N-
(isoxazol-4-yl)-1- ESI-MS
N XM methyl-2-(1- m/z = 425.3
62 l nicotinoylpiperidin-3- [M+H]+.
N yD)-6-0x0-1,6- Calculated
N dihydropyrimidine-4- | MW: 424 .4
N N0 carboxamide
l =
O-N
Y
O _NH 5-hydroxy-2-(1-
isonicotinoylpiperidin- ESI-MS
NXOM | 3-yD)-N-(isoxazol-4- | m/z = 425.3
63 ' y)-1-methyl-6-oxo- | [M+H]+.
’\|l © 1,6- Calculated
N dihydropyrimidine-4- | MW: 424.4
- o carboxamide
N l
O-N
Y
O~ _NH 2-(1-acetylpiperidin-3- ESL-MS
yD)-5-hydroxy-N-
OH . m/z = 362.2
64 NI (isoxazol-4-yl)-1- [M+H]+.
| methyl-6-oxo-1,6- Calculated
Ej)\ N~ 7O dihydropyrimidine-4- acuate
| . MW: 361.4
N carboxamide
/go
O-N
Y
Os_NH
5-hydroxy-N-
NI OH (isoxazol-4-yl)-1- ESI-MS
1 methyl-6-0x0-2-(1- | m/z =439.2
65 EY\ N~ ~O (phenylcarbamoyl)pip | [M+H]+.
‘ eridin-3-y)-1,6- | Calculated
/"L dihydropyrimidine-4- | MW: 438.4
HN” 0o carboxamide
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3
y 5-hydroxy-N-
O~ _NH (isoxazol-4-yl)-1- ESI-MS
N~ | methyl-6-0x0-2-(2- | m/z =390.5
66 NN OH (pyridin-3-yl)phenyl)- | [M+H]+.
| 1,6- Calculated
N~ O dihydropyrimidine-4- | MW: 389.4
! carboxamide
0-N
&2 5-hydroxy-N-
(isoxazol-4-yl)-1- ESI-MS
N | O M methyl-6-0x0-2-(2- | m/z =390.3
67 N NSO (pyridin-4-yl)phenyD)- | [M+H]+.
! 1,6- Calculated
"o dihydropyrimidine-4- | MW: 389.4
carboxamide
68-69 Intentionally Omitted
O
N 2-(5-bromo-2-(2-
HN. 20 hydroxyethoxy)phenyl ESI-MS
HO~o NI/\[OH )-5-hydroxy-N- m/z=451.1
70 N (isoxazol-4-yl)-1- [M+H]+.
! methyl-6-0x0-1,6- Calculated
Br dihydropyrimidine-4- | MW: 450.2
carboxamide
70-71 Intentionally Omitted
O-N 5-hydroxy-2-(5-(2-
\ -
%) hydroxyethyl)-2 ESL-MS
HNw O methyl-2H-1,2,3-
. m/z =362.2
HO triazol-4-yl)-N-
73 N 7 [M+H]+
N (isoxazol-4-yl)-1- '
y o Calculated
N methyl-6-oxo0-1,6- MW: 3614
N dihydropyrimidine-4- ) ’
carboxamide
O-N 5-hydroxy-2-(5-(2-
\ -1-
Y methy I 25 | ESPMS
HN._O Y o m/z =362.2
74 HO on triazol-4-yl)-N- [M-+H]+
NS (isoxazol-4-yl)-1- '
| Calculated
N o methyl-6-oxo-1,6- MW: 361 4
NN dihydropyrimidine-4- ' '
carboxamide
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o 5-hydroxy-2-(2-((3-
N hydroxypropyl)amino) | ESI-MS
HN. 20 phenyl)-N-(isoxazol-4- | m/z = 386.2
75 o~ AN\ OH | YD-T-methyl-6-0x0- | [M+H]+.
I 1,6- Calculated
@AT © | dihydropyrimidine-4- | MW: 385.4
carboxamide
o-N 5-hydroxy-2-(2-
N ) (((1S93S)'3' ESI-MS
HOH HN. O hydyoxycl}lfclolfutyl)am /7 = 398.2
76 Y OH ino)phenyl)-N- [M+H]+.
H'NH N7 (isoxazol-4-yl)-1- Calculated
@/KN o | methyl-6oxo-1,6- | (AEEEG
! dihydropyrimidine-4- ) ’
carboxamide
77 Intentionally Omitted
o-N 2-(3-bromo-2-(2-
\ -
y hydroxyethyl)phenyl)- EIi}Zl\iS
on HN 0 5-hydroxy-N-
78 . N 437.05
OH (isoxazol-4-yl)-1
N [M+H]+.
Br I o methyl-6-0xo-1.6- Calculated
| dlhydropyrlrnl.dme—4— MW: 436.2
carboxamide
o (R)-5-hydroxy-N-
S) (isoxazol-4-yl)-1- ESI-MS
HN -0 methyl-6-0x0-2-(1- | m/z=355.2
79 NN OH phenylpropan-2-yl)- [M+H]+.
| 1,6- Calculated
T dihydropyrimidine-4- | MW: 354.4
carboxamide
O~N (S)-5-hydroxy-N-
S) (isoxazol-4-yl)-1- ESI-MS
HN. -0 methyl-6-ox0-2-(1- | m/z =355.2
80 NN -OH phenylpropan-2-yl)- [M+H]+.
| 1,6- Calculated
©/\ﬁ‘\ N0 | dihydropyrimidine-4- | MW: 354.4
carboxamide
81 Intentionally Omitted
o-N (R)-5-hydroxy-2-(1-
&
HN.___O hydroxyethyl)piperidin | ESI-MS
oH -2-yl)-N-(isoxazol-4- | m/z = 364.3
104 NTS yl)-1-methyl-6-oxo- | [M+H]+.
L N0 1,6- Calculated
N dihydropyrimidine-4- | MW: 363.4
IOH carboxamide
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[0090] Synthesis of tert-butyl-3-(5-ethoxy-4-(isoxazol-4-ylcarbamoyl)-1-methyl-6-
0x0-1,6-dihydropyrimidin-2-yl)piperidine-1-carboxylate (Isomer A1):

Boc
(@] O\B_<:N) (@] (o]
Mesy, OEt g \ Me-, OEt 10% Pd/C. H, Mey, OEt
s | ot ——— Bocn s A opt _EOAciMethanol o s Lot
cl” °N Pd(dppfCly, N | N Step-2 N N
ce O Dioxane: H,0, 90 °C, 4h o 0
Step-1
NaOH(1.1eq) i OEt
a Aeq ~N
MeOH:THF Water Mesy | OEt }NHz
3h, RT Boc.. ~ OH 5 . Boc\
Step-3 N N HATU, DIPEA,
o) DMF, RT, 3h
Step4
o
SN OEt
Chiral Separation Boc\N \N Boc
e e Q r
A2
(Faster eluting) (Slower eluting)

[0091] Step-1: Ethyl 2-(1-(tert-butoxycarbonyl)-1,2,5,6-tetrahydropyridin-3-yl)-5-
ethoxy-1-methyl-6-o0x0-1,6-dihydropyrimidine-4-carboxylate:

[0092] A mixture of Ethyl 2-chloro-5-ethoxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-
carboxylate (2 g, 7.67 mmol), tert-butyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-
dihydropyridine- 1(2H)-carboxylate (2.96 g, 9.59 mmol) and sodium carbonate (1.62 g, 15.34
mmol) in a solution of dioxane/water (4:1, 50 mL) was degassed for 20 minutes with Argon
gas. PdCly(dppf) (0.561 g, 0.76 mmol) was added and degassing was continued for another
10 minutes. The reaction mixture was heated at 90 °C for 4 h. After completion of reaction,
the reaction mixture was taken up in water (100 mL) and extracted with ethyl acetate (2 x 50
mL). The combined organic layer was washed with brine (30 mL), dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The crude product was purified by column
chromatography to obtain title compound (2.57 g, 82%) as a solid. LCMS: calc’d 408.3; ESI-
MS m/z = 408.61 [M+H]* '"H NMR (400 MHz, DMSO-dg): & 1.23-1.31 (m, 6H), 1.43 (s,
9H), 2.25-2.40 (m, 2H), 3.44 (s, 3H), 3.45-3.50 (m, 2H), 4.05-4.10 (m, 2H), 4.16 (q, 1 =7.2
Hz, 2H), 4.31 (q, J = 7.2 Hz, 2H), 6.26 (bs, 1H ).

[0093] Step-2: Ethyl-2-(1-(tert-butoxycarbonyl)piperidin-3-yl)-5-ethoxy-1-methyl-6-
0x0-1,6-dihydropyrimidine-4-carboxylate:

[0094] To a mixture of ethyl 2-(1-(tert-butoxycarbonyl)-1,2,5,6-tetrahydropyridin-3-yl)-
5-ethoxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxylate (2.57 g, 6.30 mmol) is
dissolved and stirred in a solution of methanol:ethyl acetate (1:3, 54 mL) was added 10%
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Pd/C (0.67 g, with 50% moisture). The reaction was stirred at room temperature under
Hydrogen gas atmosphere for 3.5 h. After completion of reaction, the reaction mixture was
filtered through celite bed and washed with ethyl acetate (2 x 50 mL). The filtrate was
concentrated under reduced pressure. The obtained crude product was purified by column
chromatography to give title compound (2.35 g, 91%). LCMS: calc’d 409.3, ESI-MS m/z =
410.4 [M+H]*

[0095] Step-3: 2-(1-(tert-butoxycarbonyl)piperidin-3-yl)-5-ethoxy-1-methyl-6-oxo-
1,6-dihydropyrimidine-4-carboxylic acid:

[0096] To a stirred solution of Ethyl-2-(1-(tert-butoxycarbonyl)piperidin-3-yl)-5-ethoxy-
1-methyl-6-ox0-1,6-dihydropyrimidine-4-carboxylate (1.9 g, 4.64 mmol) in a mixture of
methano: THF:H,O (1:1:1, 30 mL) was added NaOH (0.222 g, 5.56 mmol) at room
temperature. The resulting reaction mixture was stirred at room temperature for 3 h. After
completion of reaction, the reaction concentrated under vacuum. The reaction mixture was
dissolved in water (10 mL) and acidified with 1N HCI (pH-6). The product was extracted
with 10% methanol in dichloromethane (2 x 30 mL). Combined organic layer was washed
with brine (30 mL) and evaporated under vacuum to get crude title compound (1.67 g, 94%)
which was used in the next step without further purification. LCMS: calc’d 381.3; ESI-MS
m/z = 382.5 [M+H] "

[0097] Step-4: tert-butyl-3-(5-ethoxy-4-(isoxazol-4-ylcarbamoyl)-1-methyl-6-oxo-1,6-
dihydropyrimidin-2-yl)piperidine-1-carboxylate:

[0098] To a stirred solution of 2-(1-(tert-butoxycarbonyl)piperidin-3-yl)-5-ethoxy-1-
methyl-6-oxo-1,6-dihydropyrimidine-4-carboxylic acid (1.67 g, 4.37 mmol) in dry DMF (16
mL) was added HATU (2.49 g, 6.56 mmol) at 0 °C. Reaction mixture was stirred at room
temperature for 1 h. Then isoxazol-4-amine (0.441 g, 5.25 mmol) in DMF (0.5 mL) and
DIPEA (1.5 mL, 8.75 mmol) were added at room temperature and the reaction mixture was
stirred for 3 h. After completion of reaction, the reaction mixture was diluted with water (20
mL) and extracted with ethyl acetate (2 x 30 mL). The combined organic layer was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The crude product was purified
by Combiflash column chromatography to give the title compound (1.67 g, 85%) as a
racemic mixture. Chiral resolution of racemic pure compound (1.2 g) was performed by using
chiral preparative HPLC to give 500 mg of each of enantiomer. LCMS: Calc’d 447.3; ESI-
MS m/z = 448.60 [M+H] " Chiral HPLC: CHIRALPAK AD-H; 30% methanol in Liquid CO,
+ 0.1% DEA. FR-1 (Isomer-Al): Ry=7.66 min; FR-2 (Isomer-A2): Rr= 8.81 min; Al: 'H
NMR (400 MHz, DMSO-d6): 6 1.21-1.25 (m, 3H), 1.41 (s, 9H), 1.46-1.57 (m, 2H), 1.71-1.74
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(m, 2H), 2.02-2.04 (m, 1H), 2.76-2.98 (m, 2H), 2.99-3.15 (m, 1H), 3.57 (s, 3H), 3.85-4.15
(m, 1H), 4.10-4.15 (m, 2H), 8.78 (s, 1H), 9.29 (s, 1H), 10.56 (s, IH). A2: 'H NMR (400
MHz, DMSO-d6): 6 1.21-1.29 (m, 3H), 1.41 (s, 9H), 1.46-1.57 (m, 2H), 1.71-1.74 (m, 2H),
2.02-2.04 (m, 1H), 2.78-2.98 (m, 2H), 2.99-3.15 (m, 1H), 3.57 (s, 3H), 3.85-4.15 (m, 1H),
4.10-4.15 (m, 2H), 8.78 (s, 1H), 9.29 (s, 1H), 10.57 (s, 1H).

[0099] Synthesis of 1-((2-((R)-1-(3,4-dichlorobenzoyl)piperidin-3-yl)-4-(isoxazol-4-
ylcarbamoyl)-1-methyl-6-oxo0-1,6-dihydropyrimidin-5-yl)oxy)ethyl ethyl carbonate.
(EXAMPLE 131)

o) i o
< OFt 4MHCI in Dioxane, SN | OFt cl oH
N H DCM, Methanol, ' C! N o
Boc.y N N~ 0°Cto RT 3h HI N cl 2
o E:;O Step-1 HNT\O HATU, DIPEA, DMF
=N’ 0°C to RT 12h
A1 Step-2

(Active isomer)

o o
OH
o 7 \N\)I(OEQ 1M BBrs in DCM CDi,\Olii(“f\O
qD)L'\O)\N ) \Er:’o Step3 cl ° =
Example 131

[00100] Step-1: (R)-5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-0xo0-2-(piperidin-3-yl)-1,6-
dihydropyrimidine-4-carboxamide hydrochloride salt:
[00101] To a stirred solution of tert-butyl (R)-3-(5-ethoxy-4-(isoxazol-4-ylcarbamoyl)-1-
methyl-6-oxo-1,6-dihydropyrimidin-2-yl)piperidine-1-carboxylate (0.20 g, 0.44 mmol) in
mixture of dichloromethane (1.32 mL) and methanol (0.66 mL) was added 4M HCl in
dioxane (1 mL) dropwise at 0 °C. The reaction mixture was stirred at room temperature for 1
h and warmed to 40 °C for 10 min. The reaction mixture was concentrated to dryness and
azeotroped twice with methanol to afford the title compound (0.17 g, 99%) as a solid, which
was used in the next step without further purification. LCMS: calc’d 347.3, ESI-MS m/z =
348.48 M +H] "
[00102] Step-2: (R)-2-(1-(3,4-dichlorobenzoyl)piperidin-3-yl)-5-ethoxy-N-(isoxazol-4-
yl)-1-methyl-6-0x0-1,6-dihydropyrimidine-4-carboxamide:
[00103] To a stirred solution of 3,4-dichlorobenzoic acid (0.101 g, 0.53 mmol) in dry
DMF (1.7 ml) was added HATU (0.252 g, 0.66 mmol) at 0 °C. Reaction mixture was stirred
at room temperature for 1 h. Then (R)-5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-
(piperidin-3-yl)-1,6-dihydropyrimidine-4-carboxamide hydrochloride salt (0.170 g, 0.44

mmol) and DIPEA (0.25 mL, 1.33 mmol) were added at room temperature and reaction

46



WO 2020/118133 PCT/US2019/064825

mixture was stirred for 3 h. Upon completion the reaction was diluted with water (15 mL)
and extracted with ethyl acetate (2 x 20 mL). The combined organic layer was washed with
cold saturated sodium bicarbonate (20 mL), dried over anhydrous Na,SO,and concentrated
under reduced pressure. The crude product was purified by column chromatography to give a
title compound (0.21 g, 89%) as a solid. LCMS: Calc’d 519.3, ESI-MS m/z = 520.27 [M+H]
*."H NMR (400 MHz, DMSO-d6): & 1.18-1.32 (m, 3H), 1.55-1.70 (m, 2H), 1.72-1.85 (m,
2H), 2.07-2.10 (m, 1H), 3.15-3.25 (m, 2H), 3.58 (s, 3H), 3.66-3.70 (m, 1H), 4.07-4.12 (m,
2H), 4.47-4.49 (m, 1H), 7.40-7.42(m, 1H), 7.70-7.73 (m, 2H), 8.74 (s, 1H,), 9.27 (s, 1H),
10.52 (s, 1H).

[00104] Step-3: (R)-2-(1-(3,4-dichlorobenzoyl)piperidin-3-yl)-5-hydroxy-N-(isoxazol-
4-yl)-1-methyl-6-o0x0-1,6-dihydropyrimidine-4-carboxamide:

[00105] To a stirred solution of (R)-2-(1-(3,4-dichlorobenzoyl)piperidin-3-yl)-5-ethoxy-N-
(isoxazol-4-yl)-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (0.608 g, 1.16 mmol)
was dissolved in dichloromethane (36 mL). The resulting solution was cooled to 0 °C and 1M
BBr; in dichloromethane (4.67 mL, 4.67 mmol) was added dropwise. The reaction mixture
was warmed to room temperature and stirred for 5 h. Upon completion, the reaction mixture
was concentrated, and azeotroped with dichloromethane (2 x 6 mL). The residue was cooled
to 0 °C and methanol (5 mL) was added slowly. The reaction mixture was concentrated under
vacuum to dryness. The residue was azeotroped with methanol (2 x 6 mL) to give the crude
compound. The crude compound was loaded on celite and purified by reverse phase column
chromatography using acetonitrile and 0.1% formic acid in water to give Example 131 (0.246
g, 42%). LCMS: Calc’d 491.3, ESI-MS m/z = 492.3 [M+H] *. "H NMR (400 MHz, DMSO-
d6):6 1.44-1.62 (m, 2H), 1.80-1.95 (m, 2H), 2.07-2.10 (m, 1H), 3.15-3.25 (m, 2H), 3.57 (s,
3H), 3.60-3.70 (m, 1H), 4.34-4.52 (m, 1H), 7.40-7.42(m, 1H), 7.70-7.74 (m, 2H), 8.84-8.90
(m, 1H,), 9.30 (s, 1H), 10.42-10.55 (m, 1H), 11.48 (s, 1H).

[00106] The following examples and intermediates were synthesized using similar

conditions as those described in the step, above, along with appropriate starting materials.
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Table 7
Example Structure Name LCMS
0-N ESI-MS
N 2-((1S,3R)-3-(3.4- m/z =
o HN._O dichlorobenzamido)cyclohexyl)-5- 507.3
82 cl A OH hydroxy-N-(isoxazol-4-yI)-1- [M+H]+.
H \ methyl-6-oxo-1,6- Calculated
H”O%\ N dihydropyrimidine-4-carboxamide MW:
° 506.4
0-N
S) ESI-MS
HNw O 2-((35,6R)-1-(3.4- /7 =
dichlorobenzoyl)-6-
OH o 506.2
83 NTS methylpiperidin-3-yl)-5-hydroxy- [M+H+
N0 N-(isoxazol-4-yl)-1-methyl-6-oxo- ’
H . L Calculated
Wi 1,6-dihydropyrimidine-4- MW:
C'D/go carboxamide 505 1
cl
3
N ESI-MS
o 2-((35,6S5)-1-(3.4- /7 =
dichlorobenzoyl)-6- 506.2
84 NS OH methylpiperidin-3-yl)-5-hydroxy- [M+H]+
N0 N-(isoxazol-4-yl)-1-methyl-6-oxo- ’
H . L Calculated
SN 1,6-dihydropyrimidine-4- MW:
mj@/&o carboxamide 505.1
cl
o-N
S)\ ESI-MS
HN. O (S)-2-(1-(4- m/z =
chlorobenzoyl)pyrrolidin-3-yl)-5- 444 .4
85 SNOS o hydroxy-N-(isoxazol-4-yl)-1- [M+H]+.
(j)\N o methyl-6-ox0-1,6- Calculated
N ! dihydropyrimidine-4-carboxamide MW:
CI@O 443.8
0-N
%) ESI-MS
HN._O (R)-2-(1-(4- m/z =
chlorobenzoyl)pyrrolidin-3-yl)-5- 444 .4
86 NS hydroxy-N-(isoxazol-4-yD)-1- | [M+H]+.
F?' N0 methyl-6-o0xo0-1,6- Calculated
N | dihydropyrimidine-4-carboxamide MW:
443.8

48




WO 2020/118133 PCT/US2019/064825
3
y ESI-MS
HN.__O 5-hydroxy-N-(isoxazol-4-yl)-1- m/z =
oH methyl-2-(1- 396.3 [M-
87 NI N (methylsulfonyl)piperidin-3-yl)-6- H]+.
(j)\N o 0xo0-1,6-dihydropyrimidine-4- Calculated
| carboxamide MW:
\ 397.1
O:?:O
O-N
Y
ESI-MS
HN- 20 (S)-2-(1-(3-chloro-4- m/z =
N%OH fluorobenzoyl)piperidin-3-yD-5- | 476.3 [M-
88 | hydroxy-N-(isoxazol-4-yl)-1- H]+.
(ﬁ\’]‘ © methyl-6-oxo0-1,6- Calculated
N dihydropyrimidine-4-carboxamide MW:
CID*O 475.9
F
89-90 Intentionally Omitted
o-N
S)
HN._O ESI-MS
NEOH (5)-2-(1-(2-(3.4- m/z =
H difluorophenyl)acetyl)piperidin-3- | 474.3 [M-
91 (\j/k'? ° y1)-5-hydroxy-N-(isoxazol-d-yl)- |  Hl+.
N 1-methyl-6-oxo0-1,6- Calculated
0 dihydropyrimidine-4-carboxamide MW:
473.4
F
F
0-N
%)
HN._O ESI-MS
N%OH (5)-2-(1-((3.4- m/z =
H dichlorophenyl)sulfonyl)piperidin- | 528.4 [M-
92 (j/k N0 3-yl)-5-hydroxy-N-(isoxazol-4- H]+.
N yl)-1-methyl-6-0x0-1,6- Calculated
0=8=0 dihydropyrimidine-4-carboxamide MW:
527.4
cl
Cl
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3
y ESI-MS
HN._O ) m/z =
5-hydroxy-N-(isoxazol-4-yl)-1- 425.3 [M-
NSO methyl-2-(1-nicotinoylpiperidin-3- .
’3 ' 1)-6-0x0-1,6-dihydropyrimidine- | , L1+
O)\’i‘ ° ’ 4—;:arbozamigzr Calculated
N MW:
N o 424 .4
=
3
N ESI-MS
AN 0 2-(1-(1H-pyrazole-4- m/z =
N&OH carbonyl)piperidin-3-yl)-5- 414.4
94 | hydroxy-N-(isoxazol-4-yl)-1- [M+H]+.
(j/k’i‘ 0 methyl-6-0x0-1,6- Calculated
N dihydropyrimidine-4-carboxamide MW:
Nq/&o 413.4
HN
o-N
%)
g ESI-MS
5-hydroxy-2-(1- m/z =
N EOH isobutyrylpiperidin-3-yl)-N- 419.3
95 (jAN 5 (isoxazol-4-yl)-1-methyl-6-oxo- | [M+H]+.
N | 1,6-dihydropyrimidine-4- Calculated
A carboxamide MW:
\P\l o 418.5
O—-N
S
S) ESI-MS
HNzC 5-hydroxy-2-(1- m/z =
OH isobutyrylpiperidin-3-yl)-N- 390.3
96 N| S (isoxazol-4-yl)-1-methyl-6-oxo- [M+H]+.
NigNe) 1,6-dihydropyrimidine-4- Calculated
O)\ | carboxamide MW:
W/’L 389.4
O
0o-N
%)
ESI-MS
N0 (S)-2-(1-(3.4- m/z =
N%OH dichlorobenzoyl)piperidin-3-yl)-5- 492.6
97 | hydroxy-N-(isoxazol-4-y)-1- [M+H]+.
(ﬁi\’]‘ ° methyl-6-0xo0-1,6- Calculated
N dihydropyrimidine-4-carboxamide MW:
491.1

Cl
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[00107] Synthesis of 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-hydroxy-N-
(isoxazol-4-yl)-1-methyl-6-o0xo0-1, 6-dihydropyrimidine-4-carboxamide. (EXAMPLE
130)

CN LIHMDS, Mel, THF, CN TFA, DCM oN
6 -78°C,18h 0°C to RT, 3h
* B ————
N Step-1 N Step-2
Boc” Boc” —uL
O
cl NH,OH. HCI o HN’OH
TEA,Ethanol al
cl 70°C, 16h N NH
HATU, DIPEA, DMF (j/ Step4 cl
0°C to RT, 3h
Step-3
DMAD, CHCI3 COOMe

O°C to RT /E Xylene, 130°C, 18h
COOM
Step-5 ° Step-6
o HN Magnesium methoxide Me\
| 6-10% solution in methanol
c N CO M
N N™ “COzMe Mel,DMSO, RT , 12h 2ne

cl Step-7

Mel, K,CO5

OMe NaOH (1.2 eqg),
al eq
DMF 16h MeOH/THF/Water, 3h
Step-9
Step-8

(@]

O

O
R . )/ 1M BBrz in DCM

OMe
. —
Step-11
Step-10
o
~ OH
cl N

Example 130
[00108] Step-1: tert-butyl 3-cyano-3-methylpiperidine-1-carboxylate:
[00109] To a stirred solution of tert-butyl 3-cyanopiperidine-1-carboxylate (5.0 g, 24
mmol) in dry THF (100 mL) was added LIHMDS (30.9 mL, 1M in THF, 30.9 mmol) at -78
°C. The reaction mixture was stirred at -78 °C for 30 min. Then Mel (2.22 mL., 35.7 mmol)

was added at the same temperature. The reaction mixture was stirred at room temperature for

16 h. After completion of reaction, the reaction mixture was poured into mixture of ice-cold
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water (100 mL) and extracted with ethyl acetate (2 x 150 mL). The combined organic layer
was washed with brine (50 mL), dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The resulting residue was purified by silica gel chromatography to afford
the pure title compound (3.5 g, 65%) "HNMR (400 MHz, DMSO-dg): 6 1.35 (s, 3H), 1.43 (s,
9H), 1.66-1.70 (m, 1H), 1.78-1.81 (m, 2H), 1.87-2.10 (m, 1H), 2.80 (s, 2H), 3.90-4.20 (m,
2H).

[00110] Step-2: 3-methylpiperidine-3-carbonitrile TFA salt.

[00111] To a stirred solution of tert-butyl 3-cyano-3-methylpiperidine-1-carboxylate (3.5
g, 15.6 mmol) in dichloromethane (70 mL) was added TFA (12.7 mL) dropwise at O °C. The
resulting mixture was stirred at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure to give crude compound. Crude compound was
triturated with diethyl ether to afford title compound (3.0 g, 81%) as a TFA salt. ’H NMR
(400 MHz, DMSO-de): 8 1.40 (s, 3H), 1.63-1.69 (m, 2H), 1.76-1.81 (m, 1H), 1.91-2.06 (m,
1H), 2.82-2.89 (m, 1H), 3.01-3.09 (m, 1H), 3.19-3.22 (m, 1H), 3.56-3.59 (m, 1H), 9.20 (bs,
1H).

[00112] Step-3: 1-(3, 4-dichlorobenzoyl)-3-methylpiperidine-3-carbonitrile.

[00113] To a stirred solution of 3, 4-dichloro benzoic acid (2.88 g, 15.1 mmol) in dry
DMF (15 mL) was added HATU (7.18 g, 18.9 mmol) at room temperature. The reaction
mixture was stirred at room temperature for 1 h. DIPEA (7 mL, 38 mmol) was added
dropwise followed by the addition of 3-methylpiperidine-3-carbonitrile TFA salt (3.0 g, 12.6
mmol) at room temperature. The reaction mixture was stirred at room temperature for 3 h.
After completion of reaction, the reaction mixture was diluted with water (30 mL) and the
aqueous layer was extracted with ethyl acetate (2 x 200 mL). The combined organic layer
was washed with brine (50 mL), dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The resulting residue was purified by column chromatography to give the
pure title compound (2.8 g, 56%). LCMS: Calc’d 296.3, ESI-MS m/z = 297.2 [M+H]".
[00114] Step-4: 1-(3, 4-dichlorobenzoyl)-N-hydroxy-3-methylpiperidine-3-
carboximidamide:

[00115] A mixture of 1-(3,4-dichlorobenzoyl)-3-methylpiperidine-3-carbonitrile (4 g, 13.5
mmol), hydroxylamine hydrochloride (2.80 g, 40.4 mmol) in ethanol (100 ml) was slowly
added triethylamine (5.8 ml, 40.4 mmol) at 0 °C. The resulting reaction mixture was heated at
70 °C for 16 h, then concentrated, diluted with water (100 mL) and extracted with 10%

methanol in dichloromethane (2 x 150 mL). The combined organic layer was dried over
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anhydrous Na,SO, and concentrated under reduced pressure to obtain title compound (5.0 g,
69%) as a solid. The crude product was used in the next step without further purification.
LCMS: Calc’d 329.3, ESI-MS m/z = 330.4 [M+H]".

[00116] Step-5: Dimethyl 2-((E)-1-(3, 4-dichlorobenzoyl)-N'-hydroxy-3-
methylpiperidine-3-carboximidamido) maleate:

[00117] To a stirred solution of 1-(3,4-dichlorobenzoyl)-N-hydroxy-3-methylpiperidine-3-
carboximidamide (5.0 g, 15 mmol) in chloroform (100 mL) was added dimethyl
acetylenedicarboxylate (3.32 g, 23.4 mmol) dropwise at 0 °C and reaction mixture was stirred
at room temperature for overnight. Reaction was monitored by the TLC and then
concentrated to give crude product that was purified by silica gel column chromatography to
obtain pure title compound (2.4 g, 33%) as a solid. LCMS: Calc’d 471.2, ESI-MS m/z =
472.3 [M+H]".

[00118] Step-6: Methyl 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-
hydroxy-6-o0xo0-1,6-dihydropyrimidine-4-carboxylate.

[00119] A solution of dimethyl 2-((E)-1-(tert-butoxycarbonyl)-N'-hydroxypiperidine-3-
carboximidamido) maleate (2.0 g, 4.2 mmol) in xylenes (15 mL) was heated in a microwave
at 160 °C for 10 min. Reaction mixture was concentrated and triturated with diethyl ether and
hexanes to obtain solid. The crude residue was loaded on celite and purified by reverse phase
column chromatography using acetonitrile and 0.1% formic acid in water to give the pure
title compound (0.40 g, 21%). LCMS: LCMS: Calc’d 439.4, ESI-MS m/z = 440.5 [M+H]".
'H NMR (400 MHz, DMSO-dg): & 1.10 (s, 2H), 1.27 (s, 3H), 1.58-1.75 (m, 3H), 2.00-2.16
(m, 1H), 3.79 (s, 3H), 3.60-3.64 (m, 1H), 4.01 (bs, 1H), 7.26 (d, J = 8.4, 1H), 7.54 (s, 1H),
7.67 (d, J =2.0 Hz, 1H), 10.36 (s, 1H), 12.40-12.65 (m, 1H).

[00120] Step-7: methyl 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-
hydroxy-1-methyl-6-oxo0-1, 6-dihydropyrimidine-4-carboxylate.

[00121] A mixture of methyl 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-
hydroxy-6-oxo-1, 6-dihydropyrimidine-4-carboxylate (0.200 g, 0.454 mmol) was dissolved in
DMSO (50 mL) and it was cooled to 0 °C. To this, magnesium methoxide solution (1.30 mL,
0.908 mmol, 6 to 10% in methanol) was added dropwise at 0 °C. The reaction mixture was
stirred at room temperature for 1 h. Reaction mixture was concentrated to remove excess of
methanol. The reaction mixture was cooled to 0 °C and Mel (0.116 mL, 1.81 mmol) was
added dropwise. Reaction mixture was stirred at room temperature for 16 h, then cooled to 10
°C and quenched with 1N HCl slowly. The product was extracted with ethyl acetate (2 x 200

mL). The combined organic layer was dried over anhydrous Na,SO,4 and concentrated under
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reduced pressure. The crude residue was loaded on celite and purified by reverse phase
column chromatography using acetonitrile and 0.1% formic acid in water to give the pure
title compound (0.20 g, 97%). LCMS: Calc’d 453.4, ESI-MS m/z = 454.2 [M+H]". "H NMR
(400 MHz, DMSO-d6): & 1.39 (s, 3H), 1.59 (bs, 1H), 1.75 (bs, 1H), 2.01-2.07 (m, 2H), 3.15-
3.25 (m, 1H), 3.32-3.52 (m, 1H) , 3.63 (s, 3H), 3.79 (s, 3H), 3.83-3.86 (m, 1H), 3.99-4.02 (m,
1H), 7.30 (d, J = 8.4 Hz, 1H), 7.55 (s, 1H), 7.69 (d, J =2.0 Hz, 1H), 10.32 (s, 1H).

[00122] Step-8: methyl 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-
methoxy-1-methyl-6-0x0-1, 6-dihydropyrimidine-4-carboxylate:

[00123] To a stirred solution of methyl 2-(1-(3,4-dichlorobenzoyl)-3-methylpiperidin-3-
yl)-5-hydroxy-1-methyl-6-oxo0-1,6-dihydropyrimidine-4-carboxylate (0.20 g, 0.44 mmol) in
DMF (1 mL) was added K,COs (0.121 g, 0.875 mmol) followed by the addition of Mel
(0.042 mL, 0.660 mmol) at room temperature. Reaction mixture was stirred at room
temperature for 4 h. After completion of reaction, it was diluted with water (20 mL) and the
aqueous layer was extracted with ethyl acetate (2 x 20 mL). The combined organic layer was
washed with brine (10 mL), dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The resulting residue was purified by column chromatography to give the pure title
compound (0.14 g, 67%). LCMS: Calc’d 467.4, ESI-MS m/z = 468.3 [M+H]"

[00124] Step-9: 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-methoxy-1-
methyl-6-o0x0-1,6-dihydropyrimidine-4-carboxylic acid:

[00125] To a stirred solution of methyl 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-
yl)-5-methoxy-1-methyl-6-oxo-1, 6-dihydropyrimidine-4-carboxylate (0.140 g, 0.298 mmol)
in a mixture of methanol: THF:water (1:1:1, 6 mL) was added NaOH (0.014 g, 0.36 mmol) at
room temperature. The reaction mixture was stirred at room temperature for 3 h. After
completion of reaction, the reaction mixture was concentrated under reduced pressure, diluted
with ice cold water (10 mL) and extracted with ethyl acetate (2 x 10 mL). The combined
aqueous layer was acidified with 1 N HCl at 0 °C and extracted with 10% methanol in
dichloromethane (2 x 30 mL). The combine organic layer was washed with brine (20 mL),
dried over anhydrous Na,SO, and concentrated under reduced pressure to afford crude title
compound. (0.130 g, 96%). LCMS: Calc’d 455.2, ESI-MS m/z = 456.6 [M+H]*

[00126] Step-10: 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-N-(isoxazol-4-
yl)-5-methoxy-1-methyl-6-oxo0-1, 6-dihydropyrimidine-4-carboxamide.

[00127] To a stirred solution of 2-(1-(3,4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-
methoxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxylic acid (0.140 g, 0.308 mmol) in
dry DMF (1.4 mL) was added HATU (0.176 g, 0.462 mmol) at room temperature. The
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reaction mixture was stirred at room temperature for 1 h and then, DIPEA (0.17 mL, 0.99
mmol) and isoxazol-4-amine (0.038 g, 0.46 mmol) were added at room temperature. The
reaction mixture was stirred at room temperature for 3 h, then diluted with water (20 mL) and
extracted with ethyl acetate (2 x 20 mL). The combined organic layer was washed with brine
(10 mL), dried over anhydrous Na,SO, and concentrated under reduced pressure. The
resulting residue was purified by column chromatography to give pure title compound (0.135
g, 84%) as a solid. LCMS: Calc’d 519.2, ESI-MS m/z = 520.4 [M+H]". '"H NMR (400 MHz,
DMSO-de): & 1.16-1.19 (m, 3H), 1.19-1.23 (m, 2H), 1.42-1.56 (m, 2H), 3.32-3.52 (m, 2H)
3.62 (s, 3H), 4.01-4.02 (m, 1H), 4.03 (s, 3H), 4.70-4.77 (m, 1H), 7.25-7.27 (m, 1H), 7.59-
7.67 (m, 2H), 8.74 (s, 1H), 9.27 (s, 1H), 10.58 (bs, 1H).Chiral HPLC: CHIRALPAK AD-H;
30% (MEOH) in Liquid CO2 + 0.1% DEA: FR-1 (Isomer-1): R1=9.39; FR-2 (Isomer-2):
Rr=14.82.

[00128] Step-11: 2-(1-(3, 4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-5-hydroxy-N-
(isoxazol-4-yl)-1-methyl-6-0x0-1, 6-dihydropyrimidine-4-carboxamide.

[00129] A stirred solution of 2-(1-(3,4-dichlorobenzoyl)-3-methylpiperidin-3-yl)-N-
(isoxazol-4-yl)-5-methoxy-1-methyl-6-oxo- 1,6-dihydropyrimidine-4-carboxamide FR-1
(0.030 g, 0.057 mmol) dissolved in dichloromethane (2 mL) was cooled to 0 °C and 1M BBr3
in dichloromethane (0.28 mL, 0.29 mmol) was added dropwise. The reaction mixture was
then stirred at room temperature for 3 h. After completion of reaction and then concentrated
under vacuum. Methanol (1 mL) was added and stirred for 30 min and evaporated. The
residue was azeotroped with Methanol (2 x 1 ml) to give the crude compound (120 mg). The
crude residue was loaded on celite and purified by reverse phase column chromatography
using acetonitrile and 0.1% formic acid in water to give Example 130 (0.015 g, 51%). LCMS:
Calc’d 505.2, ESI-MS m/z = 506.3 [M+H]*. "H NMR (400 MHz, DMSO-d6): § 1.35-1.45
(m, 3H), 1.46-1.60 (m, 2H), 1.70-1.80 (m, 2H), 3.15-3.18 (m, 2H), 3.38-3.44 (m, 2H), 3.61
(s, 3H), 7.22-7.24 (m, 1H), 7.59-7.64 (m, 2H), 8.73 (s, 1H), 9.23 (s, 1H), 10.75 (bs, 1H),
11.58 (bs, 1H).

55



WO 2020/118133 PCT/US2019/064825

[00130] Synthesis of 5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-oxo0-2-(1-
phenethylpiperidin-3-yl)-1,6-dihydropyrimidine-4-carboxamide (EXAMPLE 129)

OEt B
O)\ 4 M HCI in Dioxane K2CO3/ ACN
Dloxane Step-2

Step-1

r

Me-,
OEt 1M BBr in DCM,
_ pom
Step-3 \E\

Example 129

[00131] Step-1: 5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-(piperidin-3-yl)-1,6-
dihydropyrimidine-4-carboxamide hydrochloride salt:

[00132] To a stirred solution of zert-butyl 3-(5-ethoxy-4-(isoxazol-4-ylcarbamoyl)-1-
methyl-6-0x0-1,6-dihydropyrimidin-2-yl)piperidine- 1-carboxylate [from the synthesis of A1]
(0.35 g, 0.78 mmol) in mixture of dichloromethane (3 mL) and Methanol (0.5 mL) was added
4M HCl in dioxane (3 mL) dropwise at 0 °C. The reaction mixture was stirred at room
temperature for 1 h and warmed to 40 °C for 10 min. The reaction mixture was concentrated
to dryness and azeotroped twice with methanol to afford the title compound as solid (0.290 g,
97%) which was used in the next step without further purification. LCMS: Calc’d 347.5; ESI-
MS m/z = 348.5 [M+H] *

[00133] Step-2: 5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-(1-phenethylpiperidin-3-
yl)-1,6-dihydropyrimidine-4-carboxamide:

[00134] To a stirred solution of 5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-(piperidin-
3-yD-1,6-dihydropyrimidine-4-carboxamide hydrochloride salt (0.050 g, 0.130 mmol) in
DMF (0.5 mL) was added triethylamine (0.055 mL, 0.391 mmol) and stirred at room
temperature for 30 min. (2-bromoethyl)benzene (0.024 g, 0.130 mmol) was added and
reaction mixture was stirred at room temperature for 4 h, then concentrated. The obtained
crude product was triturated with hexanes (5 mL) and dried under vacuum to afford title
compound (0.050 g). The crude title compound was used in the next step without further

purification. LCMS: Calc’d 451.3; ESI-MS m/z = 452.4 [M+H] *

56



WO 2020/118133 PCT/US2019/064825

[00135] Step-3: 5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-(1-phenethylpiperidin-
3-yD)-1,6-dihydropyrimidine-4-carboxamide:

[00136] A mixture of 5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-oxo-2-(1-phenethylpiperidin-
3-yD-1,6-dihydropyrimidine-4-carboxamide (0.05 g, 0.110 mmol) was dissolved in
dichloromethane (1 mL). The resulting solution was cooled to 0°C and 1M BBr; in
dichloromethane (0.22 mL, 0.22 mmol) was added drop wise. The reaction mixture was
stirred at room temperature for 5 h, then saturated sodium bicarbonate (0.5 mL) was added
and further diluted with 10% methanol in dichloromethane. The residue was dried over
Na»SO4 and concentrated to dryness. The crude residue was loaded on celite and purified by
reverse phase column chromatography using acetonitrile and 0.1% formic acid in water to
give pure title compound (0.01 g, 21%). LCMS: Calc’d 423.4: ESI-MS m/z = 424.5 [M+H]
'H NMR (400 MHz, DMSO-d6): § 1.60-1.80 (m, 4H), 1.85-1.95 (m, 1H), 2.66-2.70 (m, 2H),
2.70-3.02 (m, 6H), 3.48 (s, 3H), 7.18-7.28 (m, 5SH), 8.77 (s, 1H,), 9.13 (s, 1H), 10.25 (bs, 1H),
11.50 (bs, 1H).

[00137] The following examples and intermediates were synthesized using similar

conditions as those described in the step, above, along with appropriate starting materials.

Table 8
Example Structure Name LCMS
o-N
&2 5-hydroxy-N-(isoxazol- | ESI-MS
HN._O 4-yl)-1-methyl-6-ox0-2- m/z =
&OH (1-(2,2,2- 402.3
98 N| trifluoroethyl)piperidin- [M+H]+.
[j/LT ° 3-yD-1,6- Calculated
N dihydropyrimidine-4- MW:
) carboxamide 401.3
F ¥
99 Intentionally Omitted
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[00138] Synthesis of 5-hydroxy-N-(isoxazol-4-vyl)-1-methyvl-6-0x0-2-(piperidin-1-vyl)-
1.6-dihydropyrimidine-4-carboxamide (EXAMPLE 28)

HQN
o) 0
Me OEt ﬁ Me\ 2M Auvle3 in Toluene Me., OEt
H
s | OEt DMSO, 100°C T0°c>100°C >100°C N)\\N | N
Cl N Step-1 O I\/O
o] o N
cé
o}
Me< O
1M BBr3 in DCM, N
DCM
Step-3 O \E\
Example 28

[00139] Step-1:

A mixture of C6 (200 mg, 0.769 mmol), Piperidine (0.76 ml, 7.69 mmol) and DMSO was
heated at 110 °C for 1 h. Reaction progress was monitored by the TLC and it was cooled to
room temperature upon consumption of C6. Reaction mixture was poured into mixture of ice
water (25 ml) and stirred well for 15 min. The solid material was filtered out, washed with
water (3 x 10 ml) and dried well under vacuum to afford pure product as a solid (172 mg,
72%). ESI-MS m/z = 310.38 [M+H] * Calculated MW: 309.37'H NMR (400 MHz, DMSO-
ds): 6 4.00 (q, 2H), 4.26 (q, 2H), 3.38 (s, 3H), 3.04-3.06 (m, 4H), 1.57-1.62 (m, 6H), 1.20-
1.30 (m, 6H).

[00140] Step-2: To a stirred solution of ethyl 5-ethoxy-1-methyl-6-oxo-2-(piperidin-1-yl)-
1,6-dihydropyrimidine-4-carboxylate (100 mg, 0.32 mmol), isoxazol-4-amine (35.3 mg, 0.42
mmol) in toluene (1 mL) was added 2M trimethyl alaminum in toluene (0.6 ml, 0.64 mmol)
at 0 °C. The reaction mixture was heated at 80 °C for 30 min under microwave irradiation.
The reaction completion was confirmed by the TLC and reation poured into a mixture of ice
cold water and extracted with ethyl acetate (2 x 10 ml). The organic layer was washed with
brine (2 x 10 mL). The combined organic layer was dried over Na,SO4 and evaporated under
vacuum to get the crude compound as light brown solid (104 mg). Crude material was used in
the next step without any purification. ESI-MS m/z = 348.5 [M+H] * Calculated MW: 347.3
[00141] Step-3: 5-ethoxy-N-(isoxazol-4-yl)-1-methyl-6-0x0-2-(piperidin-1-yl)-1,6-
dihydropyrimidine-4-carboxamide (100 mg, 0.28 mmol) was dissolved in dichloromethane (1
mL). To the resulting solution, was cooled to 0 °C and 1M BBr3; in dichloromethane (0.5 mL,

0.57 mmol) was added drop wise. The reaction mixture was stirred at room temperature for 2
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h. Reaction was monitored by the TLC (10% Methanol in dichloromethane). Upon

completion, solvent was removed under vacuum. Ice cold water was added to the residue, and

solid was filtered to get crude product (83 mg). The crude product was further purified by

RP-HPLC to give Example 28, 5-hydroxy-N-(isoxazol-4-yl)-1-methyl-6-oxo0-2-(piperidin-1-
y1)-1,6-dihydropyrimidine-4-carboxamide product (10 mg, 0.032 mmol, 11%). ESI-MS m/z =

320.3 [M+H] * Calculated MW: 319.3 'H NMR (400 MHz, DMSO-de): 5 11.19 (s, 1H),
10.54 (s, 1H), 9.31(s, 1H), 8.92 (s, 1H), 3.43 (s, 3H), 3.08 (s, 4H), 1.59-1.67 (m, 6H).

[00142] The following examples and intermediates were synthesized using similar
conditions as those described in the step, above, along with appropriate starting materials.
Table 9
Example Structure Name LCMS
o-N
)
HN. O 2-(4-benzoylpiperazin-1-yl)- | ESI-MS m/z
NN OH 5-hydroxy-N-(isoxazol-4- =425.6
100 \ yl)-1-methyl-6-ox0-1,6- [M+H]+.
. O NS0 dihydropyrimidine-4- Calculated
& carboxamide MW: 424 4
N-Q
% (S)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
HN._O 4-yl)-1-methyl-6-ox0-2-(3- =397.3
101 OH (pyridin-2-yl)piperidin-1- [M+H]+.
| \/ ; )N‘\ A yl)-1,6-dihydropyrimidine- | Calculated
N N |\‘1 o 4-carboxamide MW: 396.4
3
S) (R)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
OsNH 4-yl)-1-methyl-6-ox0-2-(2- =383.5
102 N™ (pyridin-3-yl)pyrrolidin-1- [M+H]+.
= NSO yD)-1,6-dihydropyrimidine- | Calculated
H P 4-carboxamide MW: 382.4
N I?I e}
O—-N
S \
S) (S)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
4-y1)-1-methyl-6-o0x0-2-(2- =383.5
103 (pyridin-4-yl)pyrrolidin-1- [M+H]+.
yl)-1,6-dihydropyrimidine- Calculated
4-carboxamide MW: 382.4
105 Intentionally Omitted
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3
N (5)-5-hydroxy-2-(2-2- | pop Mgy,
hydroxyethyl)piperidin-1-
HN._O . =364.5
yl)-N-(isoxazol-4-yl)-1-
106 [M+H]+
xCOH methyl-6-oxo-1,6- J
" Ja A dihydropyrimidine-4- | Caleulated
N ']‘ © carboxamide MW: 363.4
o)
N (R)-S-hydroxy.—2—(.2—.(2- ESL-MS m/z
hydroxyethyl)piperidin-1-
HN.__O . =364.3
yl)-N-(isoxazol-4-yl)-1-
107 [M+H]+.
PN o -oH methyl-6-0x0-1,6-
RO™ x N . S Calculated
H Ol dihydropyrimidine-4- MW-: 363 .4
O '}‘ © carboxamide T
0-N
) (R)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
HN._O 4-yD)-1-methyl-6-ox0-2-(3- =382.4
108 oH phenylpyrrolidin-1-yl)-1,6- [M+H]+.
)Nl\ \ dihydropyrimidine-4- Calculated
%N r\|1 o carboxamide MW: 381.4
H
o-N
N (S)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
HN. _O 4-yD)-1-methyl-6-ox0-2-(3- =382.4
109 oH phenylpyrrolidin-1-yl)-1,6- [M+H]+.
)Nl\ \ dihydropyrimidine-4- Calculated
O@l N o carboxamide MW: 381.4
=
3
S) (R | ESI-MS vz
(dimethylcarbamoyl)pyrroli
HN.__O . =377.2
din-1-yl)-5-hydroxy-N-
110 \ . [M+H]+.
0 OH (isoxazol-4-yl)-1-methyl-6-
N” N . N Calculated
7 ZH oxo-1,6-dihydropyrimidine- MW-: 376 4
G\l lil o) 4-carboxamide ) :
o~
N
QU 2-(4-acetyl-1,4-diazepan-1- | ESI-MS m/z
N y1)-5-hydroxy-N-(isoxazol- =3774
111 A 4-yl)-1-methyl-6-oxo-1,6- [M+H]+.
T 1o dihydropyrimidine-4- Calculated
= N .
O)\/kn/ \f\p carboxamide MW: 376.4
OH O ‘=
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3
N (S)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
Os_NH 4-yl)-1-methyl-6-ox0-2-(2- =382.3
112 phenylpyrrolidin-1-yl)-1,6- [M+H]+.
N Xy OH dihydropyrimidine-4- Calculated
H L carboxamide MW: 381.4
N ITI 0o
0-N
S) (R)-5-hydroxy-N-(isoxazol- | ESI-MS m/z
O _NH 4-yl)-1-methyl-6-o0x0-2-(2- =382.3
113 oH phenylpyrrolidin-1-yl)-1,6- [M+H]+.
NS dihydropyrimidine-4- Calculated
P ITI o) carboxamide MW: 381.4
o-N ]
v 5-hydroxy-N-(isoxazol-4- ESL-MS m/z
yl)-1-methyl-2-(4- _
HN._0 . 4 =3354
methylpiperazin-1-yl)-6-
49 oH 1.6-dihvd nidi [M+H]+.
N o~ 0x0=4, 4_ 1>; rop y.réml €1 Calculated
|/\N N -carboxamide MW-: 334 4
/N\) !
)
S) 2-(4-acetylpiperazin-1-yl)-5- | ESI-MS nv/z
HN O hydroxy-N-(isoxazol-4-yl)- =363.3
116 N%OH 1-methyl-6-o0x0-1,6- [M+H]+.
A ! N dihydropyrimidine-4- Calculated
O?/N o carboxamide MW: 362.3
o-N
N (8)-2-G3- ESI-MS nv/z
carbamoylpyrrolidin-1-yl)- — 3499
HN._O . = 349.
117 5-hydroxy-N-(isoxazol-4- [M+H]+.
N O yl)-1-methyl-6-oxo-1,6-
°>\ N ' o dihydropyrimidine-4- ﬁii]c'uéitge %
HoN “HC' \ carboxamide I
o-N
S) (R)-2-3- ESI-MS m/z
carbamoylpyrrolidin-1-yl)- — 3492
HN._O . =349,
118 o 5-hydroxy-N-(isoxazol-4- [M+H]+.
NS yl)-1-methyl-6-oxo-1,6- Caleulated
] dihydropyrimidine-4-
N N0 .
HZN)?C' | carboxamide MW: 348.3
o-N
§ (5)-2-(3- ESI-MS mv/z
carbamoylpiperidin-1-yl)-5- —363.2
HN._O . LA Ty =363.
119 o hydroxy-N-(isoxazol-4-yl) [M+H]+.
i NS 1.—rnethyl—6.—o.xo'—1,6— Calculated
HzNJ'"b)\l\ll ° dihydropyrimidine-4- MW: 362.3

carboxamide
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120

121

122

123

124

125

carboxamide

5-hydroxy-N-(isoxazol-4- | ESI-MS m/z
yl)-1-methyl-6-oxo0-2- =329.1
phenoxy-1,6- [M+H]+.
dihydropyrimidine-4- Calculated
carboxamide MW: 328.3
2-(cyclohexyloxy)-5- ESI-MS m/z
hydroxy-N-(isoxazol-4-yl)- =335.1
1-methyl-6-oxo-1,6- [M+H]+.
dihydropyrimidine-4- Calculated
carboxamide MW: 334.3
5-hydroxy-N-(isoxazol-4- | ESI-MS m/z
yl)-1-methyl-6-0x0-2-(3- =384.2
phenoxyazetidin-1-yl)-1,6- [M+H]+.
dihydropyrimidine-4- Calculated
carboxamide MW: 383.4
2-(3-(benzyloxy)azetidin-1- | ESI-MS m/z
yl)-5-hydroxy-N-(isoxazol- =398.2
4-yl)-1-methyl-6-0x0-1,6- [M+H]+.
dihydropyrimidine-4- Calculated
carboxamide MW: 397.4
(R)-2-2-(2- ESI-MS m/z
chlorophenyl)pyrrolidin-1-
) =416.2
yl)-5-hydroxy-N-(isoxazol-
[M+H]+.
4-yl)-1-methyl-6-oxo-1,6-
dihydropyrimidine-4- | Caleulated
yeropyrT MW: 415.8
carboxamide
(S)—2—.(2'—(2—ch10r.ophen‘yl)—4— ESI-MS m/z
(pyridin-2-yl)piperazin-1-
. =508.3
yl)-5-hydroxy-N-(isoxazol-
[M+H]+.
4-yl)-1-methyl-6-0x0-1,6-
dihydropyrimidine-4- | Galeulated
yeropy MW: 507.9

Intentionally Omitted

126-127
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o-N
|
S) (R)-2-(d-acetyl-2-C2- | por Moy
O« _NH chlorophenyl)piperazin-1- 4733
oH y1)-5-hydroxy-N-(isoxazol- S
128 ci NS 4-yD)-T-methyl-6-ox0-1,6- | MFHI+.
L y A ’ Calculated
N“ NSO dihydropyrimidine-4- MW: 472.9
Oj/N\) | carboxamide ’ '

Biochemical Assays

1. Silencing TREX1 in tumor cells

[00143] Activation of the cGAS/STING pathway upon sensing of cytosolic DNA and
subsequent type I IFN production can occur in both tumor cells and innate immune cells,
particularly dendritic cells. To evaluate whether TREX1 keeps in check the production of
type I IEN by a well described, cold syngeneic tumor model that undergoes immune-
mediated rejection upon activation of type I IFN by STING agonists, TREX1 was knocked
down in B16F10 tumor cells using CRISPR (FIG. 1A). Accumulation of cytosolic DNA via
DNA transfection of the tumor cells resulted in an about 5-fold increase in IFN production
by the TREX1 knockout B16F10 cells relative to the parental tumor cells, demonstrating that
TREX1 attenuated the activation of the cGAS/STING pathway in B16F10 tumor cells (FIG.
1B).

2. Growth of TREX1-Competent and -Deficient B16F10 Tumor Cells In Vivo
[00144] The growth of TREX1-competent and -deficient B16F10 tumor cells in vivo was
evaluated. C57BL/6J mice were inoculated subcutaneously on the right flank with 300,000
parental or TREX1 knockout B16F10 tumor cells. Body weights were collected two times per
week, and tumor measurements, two to three times per week, starting when tumors became
measurable and for the remaining duration of the study. Tumors in which TREX1 had been
silenced presented with remarkably smaller volumes than the parental B16F10 tumors (FIG.
2).

[00145] Tumors were harvested on day 19, upon termination of the study, and digested
into single cell suspensions to enable flow cytometry quantification of tumor-infiltrating
immune populations. TREX1 knockout B16F10 tumors were found to exhibit a significant
increase in overall immune cells, which reflected an increase in the number of tumor
infiltrating CD4 and CD8 T cells as well as in plasmacytoid dendritic cells (pDCs) (FIG. 3).
pDCs are known to play a central role in the induction of antigen-specific anti-tumor immune

responses whereas T cells are known to be major effectors of anti-tumor efficacy in mice and
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humans. The profound change in the immune infiltrate of the tumors deficient in TREX1 thus
suggest that the inhibition of the growth of the latter tumors is at least in part immune-
mediated.

TREX1 Biochemical Assay
[00146] Compound potency was assessed through a fluorescence assay measuring
degradation of a custom dsDNA substrate possessing a fluorophore-quencher pair on
opposing strands. Degradation of the dsDNA liberates free fluorophore to produce a
fluorescent signal. Specifically, 7.5 uL of N- terminally His-Tev tagged full length human
TREX1 (expressed in E. coli and purified in house) in reaction buffer (50 mM Tris (pH 7.4),
150 mM NaCl, 2 mM DTT, 0.1 mg/mL BSA, 0.01% (v/v) Tween-20 and 100 mM MgClL,
were added to a 384-well Black ProxiPlate Plus (Perkin Elmer) which already contained
compound (150 nL) at varying concentrations as a 10 point dose-response in DMSO. To this
was added 7.5 uL of dsDNA substrate (Strand A: 5 TEX615/GCT AGG CAG 3’; Strand B:
5" CTG CCT AGC/TAbRQSp (Integrated DNA Technologies)) in reaction buffer. Final
concentrations were 150 pM TREX1, 60 nM dsDNA substrate in reaction buffer with 1.0%
DMSO (v/v). After 25 minutes at room temperature, reactions were quenched by the addition
of 5 uL of stop buffer (same as reaction buffer plus 200 mM EDTA). Final concentrations in
the quenched reaction were 112.5 pM TREX1, 45 nM DNA and 50 mM EDTA in a volume
of 20 uL. After a 5-minute incubation at room temperature, plates were read in a laser
sourced Envision (Perkin-Elmer), measuring fluorescence at 615 nm following excitation w/
570 nm light. ICsp values were calculated by comparing the measured fluorescence at 615
nm ratio relative to control wells pre-quenched w/ stop buffer (100% inhibition) and no
inhibitor (0% inhibition) controls as using non-linear least square four parameter fits and
cither Genedata or GraphPad Prism (GraphPad Software, Inc.).

TREX2 Biochemical Assay
[00147] Compound potency was assessed through a fluorescence assay measuring
degradation of a custom dsDNA substrate possessing a fluorophore-quencher pair on
opposing strands. Degradation of the dsDNA liberates free fluorophore to produce a
fluorescent signal. Specifically, 7.5 pL of N- terminally His-Tev tagged human TREX2
(residues M44-A279, expressed in E. coli and purified in house) in reaction buffer (50 mM
Tris (pH 7.4), 150 mM NaCl, 2 mM DTT, 0.1 mg/mL BSA, 0.01% (v/v) Tween-20 and
100mM MgCl,) was added to a 384-well Black ProxiPlate Plus (Perkin Elmer) which already

contained compound (150 nL) at varying concentrations as a 10 point dose-response in
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DMSO. To this was added 7.5 uL. of dsDNA substrate (Strand A: 5 TEX615/GCT AGG
CAG 3’; Strand B: 5° CTG CCT AGC/TAbRQSp (IDT)) in reaction buffer. Final
concentrations were 2.5 nM TREX2, 60 nM dsDNA substrate in reaction buffer with 1.0%
DMSO (v/v). After 25 minutes at room temperature, reactions were quenched by the addition
of 5 uL of stop buffer (same as reaction buffer plus 200 mM EDTA). Final concentrations in
the quenched reaction mixture were 1.875 pM TREX2, 45 nM DNA and 50 mM EDTA in a
volume of 20 pL. After a 5-minute incubation at room temperature, plates were read in a
laser sourced Envision (Perkin-Elmer), measuring fluorescence at 615 nm following
excitation w/ 570 nm light. 1Csy values were calculated by comparing the measured
fluorescence at 615 nm ratio relative to control wells pre-quenched w/ stop buffer (100%
inhibition) and no inhibitor (0% inhibition) controls as using non-linear least square four
parameter fits and either Genedata or GraphPad Prism (GraphPad Software, Inc.).

[00148] Results are shown in Table 1. TREX1 ICsp: A=<0.1 uM; B=0.1to 1 uM; C=1
to 10 uM; D =>10 uM. TREX2 ICsp: A=<l uM,B=1to 10 uM, C=10to 100 uM, D =
>100 uM.

Table 10
Example TREX1 ICs TREX2 ICsg
1 A B
2 B C
3 B C
4 B B
5 A B
6 B C
7 B C
8 B C
9 B C
10 A B
11 B C
12 C C
13 B C
14 B B
15 A A
16 B C
17 C C
18 B C
19 C D
20 B C
21 C D
22 C C
23 B B
24 B D

N
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[00149] HCT116 dual cells (Invivogen, San Diego, CA, USA) are derived from the human
HCT116 colorectal carcinoma cell line. Cells have been selected for the stable integration of
SEAP and Luciferase reporter genes, which expression is under the control of 5 tandem
response elements for NF-KB/AP1 and STAT1/STAT?2, respectively. The cell line was used
to monitor Type I interferon induction and subsequent signaling by measuring the activity of
the Lucia luciferase secreted in the culture medium.

[00150] HCT116 cells were plated in 96-well plate(s) at 40,000 cells/well in 100uL.
DMEM supplemented with 10% FBS and 25mM Hepes (pH 7.2 — 7.5). After overnight
settling, cells were treated with TREX11 for 4h (maximum DMSO fraction was 0.1%) before
lug/mL pBR322/BstNI restriction digest (New England Biolabs, Ipswich, MA, USA) was
transfected with Lipofectamine L'TX (ThermoFisher, Grand Island, NY, USA), according to
product manual recommendations. Briefly, Lipofectamine L'TX (0.35ul/well) was diluted in
OptiMEM (SuLl/well). pBR322/BstNI (100ng/well) was diluted in OptiMEM (SuL/well)
before Plus reagent (0.1uL/100ng DNA) was added. After Smin incubation at room
temperature, the DNA mixture was mixed dropwise with the diluted Lipofectamine LTX.
After an additional 10 min incubation, the transfection mix (10ul/well) was added to the
cells. Cells were maintained at 37C for 48h before monitoring the Lucia Luciferase activity
from the cell culture medium.

[00151] While we have described a number of embodiments, it is apparent that our basic
examples may be altered to provide other embodiments that utilize the compounds and
methods of this invention. Therefore, it will be appreciated that the scope of this invention is
to be defined by the appended claims rather than by the specific embodiments that have been
represented by way of example.

[00152] The contents of all references (including literature references, issued patents,
published patent applications, and co-pending patent applications) cited throughout this
application are hereby expressly incorporated herein in their entireties by reference. Unless
otherwise defined, all technical and scientific terms used herein are accorded the meaning

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

1. A compound having the Formula I
O—-N

\
G

1
Os NH
NEOH

®X)|\ITI @)

RE (D
or a pharmaceutically acceptable salt thereof, wherein:

R'is hydrogen, (C;-Cs)alkyl, halo(C;-Cs)alkyl, 3- to 4-membered cycloalkyl, -ORf, -
SR', or -NR°R";

R is hydrogen, (C;-Cs)alkyl, halo(C;-Cs)alkyl, or 3- to 4-membered cycloalkyl;

X is a bond, NR?, O, S, or (C;-Cy)alkylene, wherein said (C;-Cs)alkylene is optionally
substituted with 1 to 2 groups selected from R*;

R’ is hydrogen, (C;-Cy)alkyl, -C(O)R, or -C(S)R%;

R” is halo, (C-Cy)alkyl, phenyl, -NHC(O)OR?, -NHC(S)OR?, -C(O)R".-
NHC(O)NHRE, -NHC(S)NHRE, -NHS(O),NHRE, -C(S)R", S(0),R¢, S(O)RS, -C(O)OR’, -
C(S)OR", -C(O)NHR’, -C(S)NHR®, -NHC(O)R", -NHC(S)R, -OR", -SR*, -O(C}-
Cs)alkylOR®, or -NR°R’, wherein said phenyl for R* is optionally substituted with 1 or 2
groups selected from halo, (C;-Cys)alkyl, halo(C;-Cy)alkyl, (C;-Cs)alkoxy, and halo(C;-
Cy)alkoxy;

Ring A is phenyl, 5- to 6-membered heteroaryl, 4- to 7-membered heterocyclyl, or 3-
to 7-membered cycloalkyl, each of which are optionally and independently substituted with 1
or 2 groups selected from R’;

R%is (Ci1-Cy)alkyl, halo(C;-Cy)alkyl, halo(C;-Cs)alkoxy, halo, phenyl, -NHC(O)OR?,
-NHC(S)OR?, -C(O)R",-NHC(O)NHRE, -NHC(S)NHRE, -NHS(O),NHRE, -C(S)R", S(0):R",
S(O)RS, -C(O)OR, -C(S)OR’, -C(O)NR'R', -C(S)NHR®, -NHC(O)R", -NHC(S)R", -OR®, -
SR®, -O(C;-Cy)alkylOR®, -NR°R’, 4- to 6-membered heteroaryl, or 4- to 7-membered
heterocyclyl, wherein said phenyl for R’ is optionally substituted with 1 or 2 groups selected
from RE, said (C;-Cy)alkyl for R® is optionally substituted with 1 or 2 groups selected from
OR", -NR'R¥, phenyl, and 5- to 6-membered heteroaryl, said 4- to 7-membered heterocyclyl
and 4- to 6-membered heteroaryl are each optionally and independently substituted with 1 or

2 groups selected from R™, and wherein said phenyl and 5- to 6-membered heteroaryl of the
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optional substituents listed for (C;-Cy)alkyl in R’ are cach optionally and independently
substituted with 1 or 2 groups selected from R®;

RE, Rh, Rj, Rk, and R™ are each independently hydrogen, halo, (C;-Cs)alkyl, halo(C;-
Cyalkyl, (C;-Cy)alkoxy, halo(C;-Cys)alkoxy, phenyl, -(C;-Ca)alkylphenyl, 3- to 4-membered
cycloalkyl, 4- to 6-membered heteroaryl, or 4- to 7-membered heterocyclyl, and wherein said
4- to 7-membered heterocyclyl for RE, R", R and R is further optionally substituted with =O.

R% R’ RS, RY, R® and R are each independently hydrogen, halo, (C;-Cy)alkyl,
halo(C;-Cs)alkyl, (C;i-Cs)alkoxy, halo(C;-Cs)alkoxy, phenyl, 3- to 4-membered cycloalkyl, 4-
to 6-membered heteroaryl, or 4- to 7-membered heterocyclyl, wherein i) said (C;-C4)alkyl for
R*, R%, R, RY, R® and R'is optionally substituted with 1 or 2 groups selected from phenyl, —
ORh, —NRij; ii) said phenyl, 4- to 6-membered heteroaryl, and 4- to 7-membered
heterocyclyl for R%, R®, R%, RY, R¢, and R"are each optionally and independently substituted
with 1 or 2 groups selected from RE, and iii) said 4- to 7-membered heterocyclyl for R, R®,
R¢, R%, R®, and R’ is further optionally substituted with =O.

2. The compound of Claim 1, wherein the compound is of the Formula II:
O—-N

Y
Ox NH
NHOH
®\X)I\l]l e}
R2

or a pharmaceutically acceptable salt thereof.

(ID);

3. The compound of Claim 1 or 2, wherein R% is (Ci-Cyalkyl.

4. The compound of any one of Claims 1 to 3, wherein the compound is of the Formula
III:

O—-N

%)
Os NH
@\ NI\/\EOH
I
X)\lil O

or a pharmaceutically acceptable salt thereof.

(IID;
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5. The compound of any one of Claims 1 to 4, wherein ring A is phenyl, pyridyl,
pyrazolyl, cyclopropyl, cyclobutyl, azetidinyl, or piperidinyl, each of which being optionally

and independently substituted with one or two R’.

6. The compound of any one of Claims 1 to 4, wherein ring A is triazolyl, pyrrolidinyl,
diazepanyl, or piperazinyl, each of which being optionally and independently substituted with

5
one or two R”.

7. The compound of any one of Claims 1 to 6, wherein R is (C1-Cyalkyl, halo(C;-
Cy)alkyl, halo(C;-Cy)alkoxy, halo, phenyl, -NHC(O)OR?, -C(O)R", S(O),R", S(O)RS, -
C(O)ORY, -C(O)NRR', -NHC(O)R", -OR®, -O(C-Cy)alkylOR®, -NRR', 4- to 6-membered
heteroaryl, or 4- to 7-membered heterocyclyl, wherein said phenyl for RY is optionally
substituted with 1 or 2 groups selected from RE, said (C;-Cy)alkyl for R’ is optionally
substituted with 1 or 2 groups selected from —OR", -NRRY, phenyl, and 5- to 6-membered
heteroaryl, said 4- to 6-membered heteroaryl and 4- to 7-membered heterocyclyl are each
optionally and independently substituted with 1 or 2 groups selected from R™, and wherein
said phenyl and 5- to 6-membered heteroaryl of the optional substituents listed for (C;-
Cy)alkyl in R’ are each optionally and independently substituted with 1 or 2 groups selected
from R?;

R" is (C;-Cy)alkyl optionally substituted with phenyl;

R" is (C;-Cy)alkyl, phenyl, 5- to 6-membered heteroaryl or 4- to 7-membered
heterocyclyl, wherein said (C;-Cs)alkyl is optionally substituted with 1 or 2 groups selected
from phenyl, —OR", and -NR/R¥, wherein said phenyl, 5- to 6-membered heteroaryl, and 4- to
7-membered heterocyclyl are each optionally and independently substituted with 1 or 2
groups selected from RE, and wherein said 4- to 7-membered heterocyclyl is further
optionally substituted with =O;

each R is independently phenyl or (Ci-Cy)alkyl;

each R% is hydrogen or (C;-Cy)alkyl;

each R® is independently hydrogen or (C;-C4)alkyl optionally substituted with OR";

each R"is independently hydrogen, (C;-Cs)alkyl, phenyl 3- to 4-membered
cycloalkyl, 4- to 6-membered heteroaryl, or 5- to 6-membered heterocyclyl, wherein said
phenyl, 3- to 4-membered cycloalkyl, 4- to 6-membered heteroaryl, and 5- to 6-membered

heterocyclyl are each optionally and independently substituted with RE;
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each Ré is independently (C;-Cy)alkyl, halo(C;-Cy)alkyl, (Ci-Cy)alkoxy, halo(Cs-
Cy)alkoxy, or halo;

each R" is hydrogen, (C;-Cy)alkyl, or -(C;-Cs)alkylphenyl;

each R’ is independently hydrogen or (C;-Cy)alkyl;

each R* is independently hydrogen, (C;-Cs)alkyl, or 3- to 4-membered cycloalkyl; and

each R™ is (C;-Cy)alkyl.

8. The compound of any one of Claims 1 to 7, wherein R’is (Ci-Cy)alkyl, halo(C;-
Cy)alkyl, halo, phenyl, -NHC(O)OR?, -C(O)R", S(0)2R", -C(O)ORY, -C(O)NR°R, -
NHC(O)RY, -O(C;-Cy)alkylOR®, -NR°R’, 4- to 6-membered heteroaryl, or 5- to 6-membered
heterocyclyl, wherein said (C;-Ca)alkyl for R is optionally substituted with —OR", phenyl, or
5- to 6-membered heteroaryl, said 4- to 6-membered heteroaryl and 5- to 6-membered
heterocyclyl are each optionally and independently substituted with 1 or 2 groups selected
from R™, and wherein said phenyl and 5- to 6-membered heteroaryl of the optional
substituents listed for (C;-Cy)alkyl in R are each optionally and independently substituted

with 1 or 2 groups selected from RE,

9. The compound of any one of Claims 1 to 8, wherein R is (C1-Cy)alkyl, halo(C;-
Cy)alkyl, halo, phenyl, -NHC(O)OR?, -C(O)R", S(0)2R", -C(O)ORY, -C(O)NR°R, -
NHC(O)RY, or -O(C;-Cy)alkylOR, -NRR’, morpholinyl, piperazinyl, or pyrazolyl, wherein
said morpholinyl, piperazinyl, and pyrazolyl are each optionally substituted with 1 or 2
groups selected from R™, said (C;-Cy)alkyl for R’is optionally substituted with —OR", phenyl,
pyrazolyl, pyrimidinyl, or pyridinyl, and wherein said phenyl, pyrazolyl, pyrimidinyl, and
pyridinyl of the optional substituents listed for (C;-Cs)alkyl in R are each optionally and

independently substituted with 1 or 2 groups selected from R&.

10. The compound of any one of Claims 1 to 9, wherein each R'is independently
hydrogen, (C;-Cs)alkyl, phenyl pyrazolyl, pyridinyl, tetrahydropyranyl, piperidinyl, wherein
said phenyl pyrazolyl, pyridinyl, tetrahydropyranyl, and piperidinyl are each optionally and
independently substituted with (C;-Cs)alkyl.

11. The compound of any one of Claims 1 to 10, wherein each R# is independently (C;-

Cy)alkyl, (C1-Cs)alkoxy, or halo.
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12. The compound of any one of Claims 1 to 11, wherein R is (C1-Cyalkyl, phenyl, 5- to
6-membered heteroaryl or 4- to 7-membered heterocyclyl, wherein said phenyl and 5- to 6-
membered heteroaryl for R” are each optionally and independently substituted with 1 or 2
groups selected from halo and (C;-Cs)alkoxy, wherein said 4- to 7-membered heterocyclyl
for R"is optionally substituted with =O, and wherein said (C;-Cy)alkyl for R"is optionally
substituted with 1 or 2 groups selected from phenyl, -OR", and -NR'R*.

13. The compound of any one of Claims 1 to 12, wherein each R* is independently

hydrogen or (C;-Cy)alkyl.

14. The compound of any one of Claims 1 to 13, wherein R is (C;-Cy)alkyl, phenyl,
pyridinyl, pyrazolyl, pyrimidinyl, or piperidinyl, wherein said phenyl, pyridinyl, pyrazolyl,
and pyrimidinyl for R are each optionally and independently substituted with 1 or 2 groups
selected from halo and (C;-Cs)alkoxy, wherein said (C;-Cas)alkyl for R%is optionally
substituted with 1 or 2 groups selected from phenyl, OH, and NMe,, and wherein said

piperidinyl for R"is optionally substituted with =O.

15. The compound of any one of Claims 1 to 14, wherein R’ is hydrogen.
16. The compound of any one of Claims 1 to 15, wherein X is an unsubstituted (C;-
Cyalkylene.

17. The compound of any one of Claims 1 to 16, wherein R* is phenyl or -NHC(O)OR®.

18. The compound of any one of Claims 1 to 15, wherein X is a bond or CHa.

19. A pharmaceutical composition comprising the compound of any one of Claims 1 to

18, or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier.

20. A method of treating a disease responsive to the inhibition of TREX1 in a subject,
comprising administering to the subject, a therapeutically effective amount of a compound of
any one of Claims 1 to 18, or a pharmaceutically acceptable salt thereof, or the composition

of Claim 17.
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21. The method of Claim 20, wherein the disease is cancer.
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