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MONOCYCLIC AGONISTS OF STIMULATOR OF INTERFERON
GENES STING
{8001} This application claims the benefit of priority to U.S. Patent Application
No. 62/889,669 filed on August 21, 2019,

BACKGROUND

10002} The cGAS-STING signaling pathway plays a critical role in the innate
immune response that mammalian host colls mount to climinate diverse DNA
and RNA viruses. STING (Stimulator of Interferon Genes) is an endoplasmic
reticulum (ER) resident signaling protein, partially localized to mitochondrnia-
associated membranes, which is broadly expressed in both immune and non-
vamune cell types. In response to cyclic dinucleotides {(CDNs}, including 2°-37
cGAMP produced in response to cytosolic DNA by cyclic GMP-AMP synthase
(cGAS), STING translocates to the perinuciear region where it rapidly induces
type I interferon (IFN) and pro-inflammatory cytokine production in a TBKI-
ARF3-dependent fashion. STING has also been found to directly bind cytosohic
DNA, although the physiological relevance of direct DNA sensing activity

remains to be fully characterized.

{30603} Recent work has demonstrated that STING plays essential roles in
immune responses to tumor cells. Efficient tumor-initiated T cell priming within
the tumor microcuvironment requires interferon-beta (IFN-b) production by
resident dendritic cells and the expression of IFN-b has been demonstrated to be
dependent upon activation of the STING pathway (1). Indeed, intratumoral
delivery of nucleotide-based STING agonists have been demonstrated to induce
the profound regression of established tumors m syngeneic mouse models (1), In
addition, activation of the STING pathway has also been demonstrated to
significantly contribute to the anti-tumor effect of radiation, via IFN-b mediated

immune response within the irradiated tumor microenvironment.
SUMMARY

{60604} In various embodiments, the present disclosure provides an agonist of the
Stimudator of Interferon Genes (STING), which can be used in the treatment of

tumors.
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{8005} The present disclosure provides, in various embodiments a compound of

formula (JA} or fornuda (I, or a pharmaceutically acceptable salt thereof,

R1
« R1 R!
RZQW o
HN.___O N O
(IA) (i,

wherein X =8, -N=C(R-, ar -C(RN=CRY.

[0606] Fach R’ is independently H, F, Cl, Ci-Cs-alkyl, ethenyl or ethynyl {either

of which can be substituted), cyano, alkoxyl, or haloalkyi.

[30607] R? is selected from the group consisting of -C{OYOR, -C(OWH(C1-Cs-
alkvl} (wherein the alkvl is optionally substituted), optionally substitated Cs-Co-

cycloalkenyl, and a 3- to 10-membered heterocyelyl.

{6608} R is selected from the groap consisting of H, alkyl optionally substituted
with —~{({C1-Ce-altkyDBOC(CY0C-Co-alkyl) or a 3- to 10-membered heterocyelyl,
and benzyl, wherein the benzyl can be unsubstituted or substituted with
methoxyl or with an acid or ester isostere,

1800%] Ring A is a 5- or 6-membered heteroaryl comprising 1, 2, or 3 N atoms,
unsubstituted or substituted with 1, 2, or 3 groups independently selected from
the set consisting of NHz, NH-benzy] unsubstituted or substituted with methoxyl,
cvano, atkvintirite, haloalkyl, hvdroxymethyl, aminomethyl, aminopropyl,

carboxanudo, alkoxy,
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(6610} In various cmbodiments, the compound of formula (A) 15 of formula (1)

’

RO x "R

(b,
wherein X is 8, -N=C{R)-, or -C(RN=C(R")-: R'= cach independently H, F, CI,
cthenyl or ethynyl {either of which can be substituted), cvano, alkoxyl, or
haloalkyl; and R is H, alkyl, or benzyl, wherein the benzyl can be unsubstituted
or substituted with methoxyl or with an acid or ester isostere such as 1,2,3.4

triazole.

8611} In some embodiments, optionally in combination with any other
embodiment described hercin, ring A comprises any one of pyridazinyl,
triazolyl, pyrmidinyl, or pyndinyl, any of which can be unsubstituted or
substituted.

{8012} More specifically, per Hlustrative embodiments, a compound of the
present disclosure includes any of the specific compounds shown in Table 1

below.

8013} Further, per an embodiment, the present disclosure provides a method of
stimulating expression of interferon genes, comprising administering to a patient
an effective dose of an agonist of the Stimulator of futerferon Genes (STING),
comprising a compound described herein, and a method of treating a tumorin a
patient, comprising administering to the patient an effective dose of an agomist of
the Stimudator of Interferon Genes (STING), comprising a compound described

herein.
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{8014} Additionally, a method of the present disclosure can be carried out using
an effective dose of any one of the specific compounds disclosed i the

application; see, for example, Table 1.

(8015} In various embodiments, the method of treatment of a tumor can further
comprise adrmunistering an effective dose of a compound as disclosed herein via

oral or intratumoral administration, or both.

[6616] In various embodiments, the method of treatment of a tumor can further
comprise administering an effective dose of a compound as disclosed herein,
wherein administering comprises administering the compound to the patient as

an antibody-drug conjugate, or in a liposomal formulation.

{80617} In various embodiments, the method of treatment of a tumor can further
comprise adnunistering an effective dose of a compound as disclosed herein,
further comprising administration of an effective dose of an immune-checkpoint
targeting drug. For example, the immune-checkpoint targeting drug can be an
anti-PD-L1 antibody, anti-PD-1 antibedy. anti-C'TLA-4 antibody, or an anti-4-
1BB antibody.

[0618] In various embodiments, the method of treatment of a tumor can further
comprise adnunistering an effective dose of a compound as disclosed herein,

further comprising administration of ionizing radiation or anticancer drugs.
DETAILED DESCRIPTION

[B8019] There is significant interest in the development of STING pathway
agonists for diverse immunoc-oncology applications. Most notably, STING
pathway agonists have significant potential application as part of combination
therapics involving wmmune-checkpoint targeting drugs, in patients that fail to

respond to checkpoint blockade alone.

{8026} We have established a robust platform for identifving non-nucleotide
small molecule STING agonists. This has been cstablished using a primary
assay involving a human THP-1 cell line carrying an IRF-inducible reporter with
5 copies of the IFN signaling response element. Counter screens, involving
alternative reporter constructs, rodent cell-based assavs, as well as ¢GAS and
STING knock-out cell lines, arc used to eliminate luciferase artifacts and ensure
human-rodent cross species reactivity, as well as pathway selectivity.

4
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Biochemical assays, involving ¢GAS enzymatic activity and STING protein

binding assays, are used to identify the specific target of identified hits.

>

[8021] “Treating” or "treatment” within the meaning herein refors to an
alleviation of symptoms associated with a disorder or disease, or inhibition of
further progression or worsening of those symptoms, or prevention or
prophylaxis of the discase or disorder, or curing the disease or disorder.
Similarly, as used herein, an “effective amount” or a “therapeutically effective
amount” of a compound of the present disclosure refers to an amount of the
compound that alleviates, i whole or in part, symptoms associated with the
disorder or condition, or halts or slows further progression or worsening of those
symptoms, or prevents, or provides prophyvlaxis for, the disorder or condition. In
particular, a "therapeuatically effective amowunt” refers to an amount that is
cffective, at dosages and for periods of time necessary, to achieve the desired
therapeutic result. A therapeutically effective amount 1s also one in which any
toxic or detrimental effects of compounds of the present disclosare are

cutweighed by the therapeutically beneficial effects.

[8022] The expression “effective amount”, when used to describe therapy to an
individual suffering from a disorder, refers to the quantity or concentration of a
corapound of the present disclosure that is effective to mhubit or otherwise act on
STING 1n the mndividual's tissues wheremn STING mvolved in the disorder,
wherein such inhibition or other action cccurs to an extent sufficient to produce a

beneficial therapeutic effect.

(8623} Generally, the mitial therapeutically effective amount of a compound
described herein or a pharmaceutically acceptable salt thereof that is
administercd is in the range of about 0.01 to about 200 mg/kg or about 0.1 to
about 20 mg/kg of patient body weight per day, with the typical nitial range
being about 0.3 to about 15 mglke/day. Oral umit dosage forms, such as tablets
and capsules, may contain from about 0.1 mg to about 1000 mg of the compound
or a pharmaceutically acceptable salt thercof. In another embodiment, such
dosage forms contain from about 50 mg to about 500 mg of the compound or a
pharmaceutically acceptable salt thereof. In yet another embodiment, sach
dosage forms contain from about 23 mg to about 200 mg of the compound or a

pharmaceutically acceptable salt thereof. In still another embodiment, such

5
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dosage forms contain from about 10 mg to about 100 mg of the compound or a
pharmmaceutically acceptable salt thereof. In a further embodiment, such dosage
forms contain from about 5 g to about 50 mg of the compound or a

pharmaceutically acceptable salt thercof. In any of the foregoing embodiments

the dosage form can be administered once a day or twice per day.

{8024} The term "pharmaceutically acceptable salts” refers to nontoxic inorganic
or organic acid and/or base addition salts, see, for example, Lit, et al., Salt
Selection for Basic Drugs (1986}, nr J. Pharm ., 33, 201-217, incorporated by
reference herein. Representative pharmaceutically acceptable salts include, e.g.,
alkal: metal salts, alkali earth salts, ammonium salts, water-sgluble and water-
insoluble salts, such as the acetate, amsonate {4 4-diaminostilbene-2 2~
disulfonatc), benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate,
borate, bromude, butyrate, calcium, calcium edetate, camsvlate, carbonate,
chloride, citrate, clavulanate, dihvdrochloride, edetate, edisylate, estolate,
esvlate, fiunarate, gluceptate, gluconate, glutamate, glycollvlarsanilate,
hexafluorophosphate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochlonide, hydroxynaphthoate, iodide, isothionate, lactate, Iactobionate,
laurate, malate, malcate, mandelate, mesylate, methylbromide, methylnitrate,
methylsulfate, mucate, napsylate, nitrate, N-methylglucamine anunonium salt,
3-hydroxv-2-naphthoate, oleate, oxalate, palmitate, pamoate (1, !-methene-bis-2-
hydroxy-3-naphthoate, einbonate}, pantothenate, phosphate/diphosphate, picrate,
polygalacturonate, propionate, p-toluenesulfonate, salicylate, stearate,
subacetate, succinate, sulfate, sulfosalicuiate, suramate, tannate, tartrate, teoclate,
tosylate, tricthiodide, and valerate salts. A pharmaceutically acceptable salt can
have more than one charged atom in its structure. In this instance the
pharmaceutically acceptable salt can bave multiple counterions. Thus, a
pharmaceutically acceptable salt can have one or more charged atoms and/or one

OF more counterions.

[6025] Standard abbreviations for chemical groups such as are well known in the
art are used; ¢.g., Me = methyl, Et = ¢thvl, 1-Pr = isopropyl, Bu = butvl, t-Bu =
tert-butyl, Ph = phenyl, Bn = benzyl, Ac = acetyl, Bz = benzoyl, and the like.
[8026] “Alkyl” refers to straight or branched cham hydrocarbyl including from |

to about 20 carbon atoms. For instance, an alkyl can have from 1 to 10 carbon
6
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atoms or 1 to 6 carbon atoms. Exemplary alkyl includes straight chain alkyl
groups such as methyl, ethyl, propyvl, butyl, pentyl, hexyvl, heptyl, octyl, nonyl,
decvl, undecyl, dodecvl, and the like, and also tncludes branched chain isomers
of straight chain alkyl groups, for example without

hmitation, ~-CH{CHz )z, -CH{CH: }{CH:CH), -CH{CH2CH3 ), -C{CHa ), -C{CHz
CHsp, ~CHCH{CHs o, -CHuCH(CH {CHaCH), -CHCH{CHCH: )o, -CHRC(C
Hz)s, ~-CH:C(CH2CHa)s, ~-CH{CH)Y CH(CH: Y(CHuCHa), -CH2CHCH(CH: )., -CH
2WCHCH(CH: (CH:CH), ~-CHCH CHUCHRCHa ), -CHCHC(CHs)s, -CH2CH2
C(CHCHa)s, -CHCH) CHCH(CHa o, -CH{CH))CH(CH)CH(CH:)o, and the
like. Thus, alkyl groups include primary alkyl groups. secondary alkvl groups,
and tertiary alkyl groups. Aun alkyl group can be unsubstituted or optionally

substituted with one or more substituents as described herein.

[6027] The term “alkoxy” or “alkoxy]” refers to an -O-alkyl group having the
indicated number of carbon atoms. For example, a (Ci-Cey-alkoxy groap
includes -O-methyl, ~O-ethyl, -O-propyl. ~O-isopropyl, -O-butyl, ~-O-sec-butyl, -
O-ferr-butyl, -O-pentyl, -O-isopentyl, ~-O-neopentyl, -O-hexyl, ~-O-~isohexyl, and -

O-neohexyl.

6028} The terms “halo” or “halogen” or "halide” by themselves or as part of
another substitoent mean, unless otherwise stated, a fluorine, chlorine, bromine,

or iodine atom, preferably, fluorine, chlorine, or bromine.

(86291 A “haloalkvl” group includes mono-halo alkyl groups, polv-halo alkyl
groups wherein all halo atoms can be the same or different, and per-halo alkyl
groups, wherein all hydrogen atoms are replaced by the same or differing
halogen atoms, such as fluorme and/or chlorine atoms. Examples of haloalkyl
mnclade trifluoromethyl, 1,1-dichlorosthyi, 1,2-dichloroethyd, 1,3-dibromo-3,3-

difluoropropyl, perfluorobutyl, and the like.

(8030} Arvl groups are cyclic aromatic hydrocarbons that do not contain
heteroatoms in the ning. An aromatic compound, as is well-known inthe art, isa
multiply-unsaturated cvelic system that contains 4n+2 n clectrons where n is an
mteger. Thus, aryl groups include, but are not imited to, phenyl, azulenyl,
heptalenyl, biphenyl, indacenyl, fluorenyl, phenanthrenyl, triphenylenyl,
pyrenyl, naphthacenyl, chryvseayl, biphenylenyl, anthracenyl, and naphthyl

~
!
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groups. In some embodiments, arvl groups contain about 6 to about 14 carbons
in the ring portions of the groups. Aryl groups can be unsubstituted or
substituted, as detined above. Representative substituted aryl groups can be
mono-substituted or substituted more than once, such as, but not limited to, 2-,
3-, 4-, 5~, or G-substituted phenyl or 2-8 substituted naphthy! groups, which can

be substituted with carbon or non-carbon groups such as those listed above.

{6031} Heterocyelyl groups or the term "heterocyelvl” includes aromatic and
non-aromatic ring compounds containing 3 or more ring members, of which one
or more ring atom is a heteroatom such as, but not limited to, N, G, and §. Thas,
a heterocyelyl can be a cycloheteroalkvl, or a heteroaryl, or if polyeyelic, any
combination thercof. In some embodiments, heterocyclyl groups include 3 1o
about 20 ring members, whereas other such groups have 3 to about 15 ring
members. A heterocvelyvl group designated as a Co-heterocyelyl can be a 5-ring
with two carbon atoms and three heteroators, a 6-ring with two carbon atoms
and four hetercatoms and so forth. Likewise, a Cs-heterocyelyl can be a 5-ring
with one heteroatom, a 6-ring with two heteroatoms, and so forth. The number
of carbon atoms plus the number of hetercatoms sums up to equal the total
number of ring atoms. Ring sizes can also be expressed by the total number of
atoms in the ring, e.2.. a 3- to 10-membered heterocyelyl group, counting both
carbon and non-carbon ring atoms. A heterocyclyl ring can also include one or
more double bonds. A heteroary] ring is an embodiment of a heterocyelyl group.
The term “heterocvelvl group” includes fused ring species including those
comprising fused aromatic and non-aromatic groups. For example, a dioxolanyl
ring and a benzdioxolanyl ring system (methylenedioxyphenyl ring system) are
both heterocvelyl groups within the meaning herein. The term also includes
polyeyelic, e.g., bicyclo~ and tricyclo- ring systems containing one or more
heteroatom such as, but not limited to, quinuchidyl. Heterocyelyl groups can be

unsubstituted or can be substituted.

180332} Heteroaryl groups are heterocyelic aromatic ring compounds containing
5 or more nng members, of which, one or more s a heteroatom such as, but not
himited to, N, O, and 5; for instance, heteroaryl rings can have 5 to about 8-12
ring members. A heteroaryl group is a variety of a heterocycly! group that

possesses an aromatic electronic structure, which 1s a multiply-unsaturated cyclic
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systern that contains 4n+2 = electrons wherein 1 is an integer. A heteroaryl
group designated as a Cr-heteroaryl can be a S-ring {i.e., a S-membered ring)
with two carbon atoms and three heteroatoms, a 6-ring (1.¢., a 6~-membered ring)
with two carbon atoms and four heteroatoms and so forth. Likewise, a Ca-
heteroaryl can be a S-ring with one hetercatom, a 6-ring with two heteroatoms,
and so forth. The number of carbon atoms plus the number of heteroatoms sums
up to cqual the total number of ring atoms. Heteroary! is also intended to
mclude oxidized § or N, such as sulfinyl, suifonyl and N-oxide of a tertiary ring
nitrogen. A carbon or heteroatom is the point of attachment of the heteroaryl
ring structure such that a stable compound is produced. Examples of heteroaryl
groups include, but are not limited to, pyridinyl, pyridazinyl, pyrazinyl,
quinaoxalyl, indolizinyl, benzo[blthienvl, quinazolinyl, purinyl, indolvl,
quinolinyl, pyrimidinyl, pyrrolyl, pyrazolyl, oxazolyl, thiazolyl, thienyl,
tsoxazolyl, oxathiadiazolyl, isothiazolyl, tetrazolyl, imidazolyl, triazolyl, furanvl,
benzofuryl, and indolvl. A heteroaryl group can be unsubstituted or optionally

substituted with one or more substituents as described herein.

16033} Examples of heteroary! ring systems described herein include structural

unit of formula:

an imidazolyl-pyridazine, which can also be portrayed as:

[8034] Sinularly, other arvl {e.g.. phenvl) and heteroaryl {e.g., pyndyl) ring
systems described herein can be written either with the explicit double bonds, or

with the aryl “circle” nomenclature, but the meanings are the same.

8635} Cycloalkyl groups are groups containing one or more carbocycelic ring
ncluding, but not hmited to, cyclopropyl, cyvelobutyl, cvelopentyl, cvclohexyl,
cyeloheptyvl, and cyclooctyl groups. In some embodiments, the cyeloalkyl group
can have 3 to about 8-12 ring members, whereas 1o other embodiments the
number of ring carbon atoms range from 3104, S, 6, or 7. Cyceloalkyl groups
further inclade polyeyelic cycloalkyl groups such as, but not limited to,

9
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norbornyl, adamantyi, bomyl, camphenyl, isocamphenyl, and carenyl] groups,
and fused rings such as, but not limited to, decalinyl, and the like. Cycloalkyl
groups also include rings that are substituted with straight or branched chain

atkyl groups as defined above.

186836} Cycloalkenyi groups inchide cycloalkyl groups having at least one
double bond between 2 carbons. Thus for example, cycloaltkenyl groups include
but are not timited to cvelohexenyl, cyclopentenyl, and cyclohexadienyl groups.
Cycloalkenyl groups can have from 3 to about 8-12 ning members, whereas in
other embodiments the number of ring carbon atoms range from 3t 5, 6, 0r 7.
Cycloalkyl groups further include polvevelic cycloalkyl groups such as, but not
himited to, norbomyl, adamantyl, bornvl, camphenyl, 1socamphenyl, and carenyl
groups, and fused rings such as, but not lunited to, decalinyl, and the like,
provided they mclude at least one double bond withiv a ring. Cycloatkenyl
groups also include rings that are substituted with straight or branched chain

alkyl groups as defined above.

16637} One or more optional substituents on any group described herein are
independently selected from the group consisting of R®, ORA, halo, -N=N-R*,
NREARE, (C1-Co-alky INRARY, -C{OYORA, -C{OINRARE, -OC(OIRA, and -CN.
R# and R® arc independently selected from the group consisting of H, -CN, -
hvdroxy, oxo, C1-Cs-alkyl, Ci-Ce-alkoxy, Cs-Ce-alkenyl, Ca-Co-alkynyl, NHo, -
S(OYo-2-(Cr-Ce-alkyl), -S{8o2-{Co-Cro-arvl}, -C{ONC1-Co-alkyl}, -C(OYC3-Cra-
carbocyelylh), -Cs-Cra-carbocyclyl, ~(Ci-Co-alkvi)(Cs-Cra-carbocyclyl)y, Co-Cio-

arvl, 3- to l4-membered heterocycloalkyl and ~{C1-Ce-alkyly-(3- to 14-

>

membered heterocycloalkyly (wherein 1-4 heterocyeloalkyl members are
independently sefected from N, §, and 5§}, and 5- to 10-membered heteroarvi
{wherein -4 heteroaryl members are independently selected from N, O, and S).
Each alkyl, alkoxy, alkenyl, alkynyl, aryl, carboceycelyl, heterocycloalkyl, and
heteroaryl moicty of R® and R® is optionally substituted with one or more
substituents selected from the group consisting of hydroxy, halo, -NR”: {(wherein
cach R’ 1s independently selected from the group consisting of C1-Ce-alkyt, Ca-
Ce-alkenyl, Co-Co-alkynyl, Co-Cro-arvl, 3- to 14-membered heterocveloalkyl and
-{C1-Ce-alkyl}-(3- to 14-membered heterocycloalkyl) (wherein 1-4 ring members

are independently selected from N, O, and 8§}, and 5~ to 10-membered heteroaryl

10
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{wherein -4 heteroaryl members are mdependently selected from N, O, and 8), -
WNHC(OXOCi-Ts-alkyl), -NOs, -CN, oxo, -C{O¥0H, -C(OYO(Ci-Ts-alkyl), -Ci-
Comalkyl{(Ci-Co-alkoxy), -C{ONHa, Ci-Cs-alkyl, -C{OYC1-Coalkyl, -0C1-Ce-
alkyl, -S{C1-Co-alkvi)s, -S(0Y-2-(C1-Ce-alkyl), Co-Cro-aryl, (Ci-Co-alkvl{Ce-
“ro-aryl), 3- to 14-membered heterocycloalkyl, and -{Ci-Cs-alky}-(3- to 14-
membered heterocyele} (wherein 1-4 heterocycle members are independently
sclected from N, O, and 8), and -O(Ce-Crs~aryl)y. Each alkyl, alkenyl, arvl, and
heterocycloalkyl described above 1s optionally substituted with one or more
substituents selected from the group consisting of hvdroxy, -OC:1-Ce-alkyl, halo,
-NHz, {(C-Cealkyl)NHo, -C(OYOH, CN, and oxo.

{6638} Compounds described herein can exist in various isomeric forms,
including configurational, geometric, and conformational isomers, inchuding, for
example, cis~ or trans- conformations. The compounds may also exist in one or
more tautomeric forms, mcluding both single tavtomers and mixtures of
tautomers. The term “isomer’ 1s intended to encompass all isomeric forms of a
compound of this disclosure, including tautomeric forms of the compound. The
compounds of the present disclosure may also exist in open-~chain or cyclized
forms. In some cases, one or more of the cyclized forms may result from the
loss of water. The specific composition of the open-chain and cyclized forms
may be dependent on how the compound is isolated, stored or administered. For
example, the compound may exist primanly in an open-chained form under
acidic conditions but cvclize under neuvtral conditions. All forms are included in

the disclosure.

8039} The substituent -CO:H may be replaced with bioisosteric replacements

such as:

11
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and the like, wherein R has the same definition as R as defined hercin. See,
e.g., THE PRACTICE OF MEDICINAL CHEMISTRY {Academic Press: New York,
1996}, at page 203,

{8048} Some compounds described herein can have asymmetric centers and
therefore exist in different enantiomeric and diastercomeric forms. A compound
as described herein can be in the form of an optical isomer or a diastereomer.
Accordingly, the disclosure encompasses compounds and their uses as described
herein in the form of their optical isomers, diastereoisomers and nuxtures
thereof, including a racemic mixture. Optical isomers of the compounds of the
disclosure can be obtained by known techniques such as asymmetric synthesis,
chiral chromatography, simulated moving bed technology or via chemical
separation of stereoisomers through the employment of optically active resolving

agents.

{8041} Unless otherwise indicated, the term “sterecisomer” means one
stereoisomer of a compound that is substantially free of other sterecisomers of
that compound. Thus, a stereomerically pure compound having one chiral center
will be substantially free of the opposite enantiomer of the compound. A
stereomerically pure compound having two chiral centers will be substantially
free of other diastercomers of the compound. A typical sterecomerically pure

compound comprises greater than about 80% by weight of one stercoisomer of

12
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the compound and less than about 20% by weight of other stereoisomers of the
compound, for example greater than about 90% by weight of one stereoisomer of
the compound and less than about 10% by weight of the other stereoisomers of
the compound, or greater than about 95% by weight of one sterenisomer of the
compound and less than about 5% by weight of the other stereoisomers of the
compound, or greater than about 97% by weight of one stercoisomer of the
compound and less than about 3% by weight of the other stereoisomers of the
compound, or greater than about 99% by weight of one stereoisomer of the
compound and less than about 1% by weight of the other sterecisomers of the
compound. The stereoisomer as described above can be viewed as compaosition
comprising two sterecisomers that arc present in their respective weight

percentages described herein.

[6042] I there 15 a discrepancy between a depicted structure and a name given to
that structure, then the depicted structure controls. Additionally, if the
stercochemistry of a structure or a portion of a structure is not indicated with, for
example. bold or dashed lines, the structure or portion of the structure is to be
interpreted as encompassing all stereoisomers of it. In some cases, however,
where more than one chiral center exists, the structures and names may be
represented as single cnantiomers to help describe the relative stercochemistry.
Those skilled n the art of organic synthesis will know if the compounds are

prepared as single enantiomers from the methods used to prepare them.

[8043} As used herein, and unless otherwise specified to the contrary, the term
“compound” s inclusive in that it encompasses a compound or a
pharmaceutically acceptable salt, stercoisomer, and/or tautomer thereof. Thus,
for nstance, a compound of formula (1), formula (1A). or formula (II) includes a

pharmaceutically acceptable salt of a tautomer of the compound.
0644} COMPOUNDS

{00845} The present disclosure provides in various embodiments a compound of

formula (JA) or formula (1), or a pharmaceutically acceptable salt thereof:
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R1
X R1 R1
RZ/Q\ R'] O
HN.__O N O
(1A) ().

[0046] In formula (IA), X is 8, -N=C(RY)-, or -C(R})=C(R}-.

(60847} In some embodiments, the compound is a compound of formula (FA}. In
other embodiments, the compound s a compound of formula (I).

{8048} The present disclosure provides in various embodiments, optionally in
combination with any other embodiment described herein, a compound of
formula (IA) that is a compound of formula (1) or a pharmaceutically acceptable

salt thereof:

RO x "R

.
[0049] X is S, -N=C(R!)-, or -C(R'}=C(R")-. Each R!is independently H, F, Cl,
C1-Ce-alkyl, ethenyl or ethynyl {etther of which can be substituted), cyano,

alkoxyl, or haloalkyl.

[0036] R? is selected from the group consisting of -C{OYOR, -C(OWH(C1-Cs-
alkvl} (wherein the alkyl is optionally substituted), optionally substituted Cs-Ce-
cycloalkenyl, and 3-to 10-membered heterocyclyl. For example, in some
embodiments optionally in combination with any other embodiment described
herein, R? is -C{D)OR.

{8051} R is selected from the group consisting of H, alkvl optionally substituted
with —{({C1-Ce-alkyNOC(O0C1-Ce-alkyl)y or 3~ to 10-membered heterocyelvl,
and benzyl, wherein the benzyl can be unsubstituted or substituted with

methoxyl or with an acid or ester isostere. fn various embodiments, R is H,

14
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alkyl, or benzyl, wherein the benzyl can be unsubstituted or substituted with

methoxyl or with an acid or ester isostere.

[8052] Ring A is a 5- or 6-membered heterocaryl comprising 1, 2, or 3 N atoms,
unsubstituted or substituted with 1, 2, or 3 groups independently selected from
the group consisting of NHa, NH-benzyl (wherein the benzyl is unsubstituted or
ts substituted with methoxyl, evano, alkvinitrile, baloalkyl, bydroxymethyl,

aminomethyl, amnopropyl, carboxamido, or alkoxy),

Man
/ / / | = Br
Nn b i, “n N / \;é
= = = = o =N
) ) »—CN »—NH, \‘( I,
HN—N  HN=p  HN=p HN = o =N
; ! I—mw o)
wann ' | T I
NT - N N x AN T
" | | OH
N \ /) \ / > N
/ N 2 N > N 2 / 2 NH > 2
3
hoy NH
NH
HN
HN A \fo
//S\ o
0 ,and ™, wherein a wavy line indicates a position of

bonding.

6053} In various cmbodiments, ring A compriscs any one of pvridazinyl,
triazolyl, pyrioudinyl, and pyridinyl, any of which can be unsubstituted or
substituted as described herein.

[6054] In further embodiments, the present disclosure provides specific
examples of compounds, and their pharmaceutically acceptable salts, as set forth
in Table 1 below. The compounds are presented with activity scores deriving, in
part, from an ISG-LUC activation assay as described herein, and physico-
chemical characterizing data.

{0055} Table 1: Specific Compounds and Activity Scores. Activity scores
are based upon potency and efficacy data (+ = ECso > 20,000 nM; ++=active

but less potent and efficacious than reference compound (ECse > 1000 nb); 44+

15
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more

potent and/or efficacious than reference compound (ECso < 900 nM)).

Compound
Mo.

Structure

ISG-LUC
activation
assay
score

Analytical Data

o1

NH OH
A
l
=
X
/

-+

TH NMR (400 MHz,
DMSO-ds) 5 15.91 (s,
1H), 8.92 (d, J= 6.5 Hz,
1H). 8.87 - 8.81 (m, 2D,
8.60 (d.J=8.8 Hz, 1H),
8.49 - 837 (i, 1H), 8.32
~ 820 (m, 2H). 7.78 (.7
= 10.5 Hz, 1H), 4.54 (s,
1H).

MS-EST: m/z 363.08
observed IM+H|"

4

'H NMR (400 Miz,
DMSO-de} 5 13.11 (s, 1H),
943 {s. 1H), 8.91 (s.1H),
8.83-8.777 (m, 4H), 8.44
(s, 1H), 8.15-8.10 (m, 1H),
762 (s, 1H), 4.68 (t,J =
5.2 Hz, 2H), 3.96 (s, 3H).

MS-ESL m/z 38922
observed [M+H]™

bt

IH NMR (400 MHz,
DMSO) 5 8.91-8.82 (m,
2H), 8.63 (g, J= 9.0 Hz,
2H). 8.30-8.20 (m, 2H),
813(d.J=8.6 Hz, 1H),
8.08 (d,./ = 6.2 Hz, 1H),
5.04 (s, 1H).

MS-EST: m/z 345 46
observed [M+H]|"

16
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ISG-LUC
(’ﬁm? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCHYE
TH NMR {400 MHz.
F DMSO-ds) 8 13.05 (s,
E 1H), 8.85 (dd, J = 13.6,
7.6 Hz, 1H), 8.60(d, J =
O 92 Hz iH), 845 (. J=
O-_NH O 92 Hz iH), 8.11 (Ei’d,.jz
P e £1.2. 8.8 Hz, 1H), 7.96 (d,
N J=08Hz 1H), 7.14(d, J
N =0.8 He, 1H), 555, J=
Ho N F 56 Hz, 1H), 477 (d,J =
N 5.6 Hz, 2H), 3.96 (s, 3H).
\\« )
N MS-ESL m/z 390.46
observed |M+H["
F
F "H NMR (400 MHz.
DMSO-ds} 5 13.08 (s, 1H),
N 2.83-8.78 (m, 1H), 8.64
0. _NH O (q.J= 104 Hz, 2H), 8.11
5 4 (t, J=92Hz 1H), 3.96 (s,
NTX 3H).
U
N~ ,
MS-EST: m/z 319.1
If observed [M+H]"
N

TH NMR (400 MHz,
DMSO-ds) & 13.4 (s, 1HD,
8.87(dd. J=7.2,13.6 Hz,

F
F . 1H), 8.17 (s, 1H), 8.06-
8.01 (m, 1H), 7.65 (s, 1H),

O N1 OH 7.60 (s, 1H), 7.24-7 21 (m,
6 o ++ 2H), 6.95 (t.J =6 Hz,
NN 1H), 3.43-3.41 (m, 2H),
N 3.18-3.16 (m, 2H), 2.913
9 _NH li {s, 3H).
-5
[e]

MS-ESI: m/z 482 42
observed [M+H]”

17
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCHYE
E 'H NMR (400 MHz,
F DMSO-ds) 8 13.04 (s,
1H), 8.85-8.77 (m, 2H),
j;j\'(o\ 8.40 (s, 1H). 8.25-8.24 (m,
1H), 8.09 (dd. J=92,
; o NH O ors | 112Hz 1H), 7.26 (s, 11D,
SN © | 5.84 (1, /=52 Hz, 1H),
[ 5.12-5.11 {m, 2H), 3.95 (s,
N 3H).
N
€ ) MS-ESL: m/z 390.23
N observed [M-H]|"
E 'H NMR (400 MHz,
E DMSO-ds) 8 12.72 (s,
1H), 883 (dd.J=14,76
\©\(o\ Hz,IH), 8.07-8.01 (m,
1H), 7.90 (d, /=92 Hz,
3 Oy NH O - 1H), 7.204 (s. 2H), 6.91
(d.J=9.2Hz 1H), 3.93
N7 (s, 3H).
N~
NH MS-ESE m/z 309.17
2 .
observed [M+H]|™
F 'H NMR {400 MHz,
F DMSO-ds) & 13.08 (s,
1H), 8.83 (dd, J= 7.6,
2N 136Hz 1H), 841 (d, /=
0w NH O 8.8 Hz 1H), 810 (dd, J =
9 e 8.8,11.2 Hz, 1H), 8.01 (d,
N J=8.8 Hz, 1H), 4.63 (s,
No 2H), 3.96 (s, 3H).
q MS-ESI: m/z 333.14
NN i R AL eI
observed [M~+H]
E 'H NMR (400 MHz,
F \@\W DMSO-ds) 8 13.1 (s, 1H),
9.44-9.43 (m, 1H), 8.87
5N (dd, /=76, 13.6 Hz, 1H),
0. NH O 8.80-8.79 (m. 1H), 8.67-
10 . 8.63 (m, 2H) 8.47 (d. J =
NN 9.2 Hz, 1H), 8.10 (dd, J =
N 8.8, 11.2 Hz, 1H), 7.68-
7.64 (m, 1H), 3.97 (s, 3H).
AN
NI P MS-ESL m/z 371.27
observed [M+H]™

18
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCHYE
'H NMR (400 MHz,
F DMS0-ds) 8 15.83 (s,
F 1H), 11.17 (s, 1H), 8.72
o (dd,.J =8, 14 Hz, 1H),
O _NH OH 8.28 (d,.J=9.6 Hz, 1H),
" ) . 8.24(d, J=92Hz, 1H),
N 7.93-7.47 (m, 1H), 422
N (q,J =72 Hz, 2H), 1.28
o™ {t,J=7.2 Hz, 3H).
(o]
[ MS-ESL: m/z 367.24
observed [M+H]™
1H NMR (400 MHz,
| ¢ DMSO) 5 12.87 (s, 1HD),
° 8.73 (4, §=2.0 Hz, 1H),
o 8.55 (s, IH). 8.02(d. I =
2.0 Hz, 1H), 7.45 (s, 7H),
12 Oy NH © s, 13@ 397 Es 3H§,
3.91 (s. 3H).
Z N
NP MS-ESI: m/z 33
HzN N MS-ESL: m/z 337 44
observed [M+H]™
TH NMR (400 MHz,
F DMSQO-ds) 8 14.33 (s,
F TH), 12.97 (s, 1H), 9.14 (s,
o 1H), 8.64 (dd, J= 7.6,
13.2, Hz, 1H), 8.45 (dd, J
13 Os_NH OH N =1.7, 8 Hz, 1H}, 8.30 (s,
1H), 8.22(d, /= 8.1 Hz,
2 1H), 8.02 (1, J = 10.8 Hz,
N 1H).
0~ "NH, MS-ESL m/z 322 .46
obscrved [M+H|™
F
F
o}
» O NH O oo | MS-ESLm/z36147
2SN observed [M+H]™
N
H2N { AN
N—NH

1%
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCHYE
F
F 1H NMR {400 MHz,
DMS0-d6) & 13.17 (s,
BN 1H), .88 (q./ = 7.6 Hz,
Ow_NH O 2H), 8.52-8.45 {(m, 2H},
15 ettt 8.13-8.08 {m, 1H}, 3.97 (s,
N 3H).
~-N
MS-ESI: m/z 360.9
NOS observed [M+H]"
N—NH
'H NMR (400 MHz,
F DMSO-ds) & 13.1 (s, 1H),
F .79 (d. J = 2 Hz, 1H),
oL 8.84 (q,./ = 5.6 Hz, 1H),
8.70(d, J = 2 Hz, ZH),
16 OyNH © ++ 8.14-8.128 (m, 1H). & 11~
8.10 (m, 1H), 3.953 (s,
N7 3H).
N._h_0
NH, MS-ESL: m/z 337.3
observed [M-+H]"
TH NMR (400 MHz.
F DMSO-de} § 13.06 (.
F 1H), 8.84 (dd. /= 76,136
o Hz, 1H). 8.40(d, /=838
~ Hz, 1H), 8.1 (dd, J=192,
17 O<_NH O . 1.2 Hz,1H), 8.02(d, J =
' ' 4 Hz 1H),585(t,J=6
'.‘?/P Hz, 1H). 4.91 (d. /=6 Haz,
N~ 2H). 3.95 (s, 3H).
OH MS-ESI: m/z 324 .42
observed [M+H]”
cl TH NMR (400 MHz,
cl DMSO-de} § 12.62 (s,
1H), 9.06 (s, 1H), 8.17 (s,
o< 1H), 7.97 (d, J = 9.6 Hz,
s O._NH O . LH), 7.59 (s, 2H), 7.06 (d,
J=92Hz IH),3.94 (s,
N 3H).
11
N~
MS-ESI: m/z 341.41
NH, observed [M+H]"
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Compound
No.

Structure

ISG-LUC
activation
assay
seore

Analytical Bata

19

F

5

[o)

NH OH
ZN
N
7

?\N

++

TH NMR (400 MHz,
DMSO-ds) 3 15.86 (s,
1H). 9.02 (s, 1H), 8.80-
8.77 (m, 1H), 5.60 (d, .J =
5.8 Hz, 1FD. 5.50-8.49 (m,
1H), 8.38 (d, J= 8.8 Hz,
1H), 8.37 (s, 1H), 8.37-
7.96 (m, 1H), 3.97 (s, 3H).

MS-ESI: m/z 387.0
observed [M+H]"

20

F
E
@V\
O<_NH O
&

H,N 2N

ot

TH NMR (400 Mz,
DMSO-ds) 5 12.91 (s,
1H), 8.84 (dd, J= 7.6,
13.6 Hz, 1H). 8.69 (d, J=
2.8 Hz, 1H), $.06 (dd.J=
8.8, 112 Hz, 1H), 7.33 (d,
J=2.8 Hz, 1H), 6.91 (s,
2H), 3.94 (s, 3H).

MS-ESL m/z 309.16
observed [M+H]™

21

F
F
O

IH NMR (400 Mz,
DMS0-d6) 5 16.13 (s,
1H), 9.44 (s, 1H), §.80-
8.74 (m, 7H), §.66-8 65
(m, 1H), 8.57(d, /=88
Hz, 1H), 8.39 (d, 8.8 Hz,
1H), 7.96-7.9 (m 1H),
7.68-7.64 (m, 1H).

MS-EST: m/z 357 17
observed [M+H]™

++

TH NMR (400 MHz,
CDCL) § 12,58 (s, 1H),
911 (s, 1H), 8.57 (s, 1H),
8.46 (s, 1H), 8.18 (s, 1H),
8.12 (s, 1FD), 4.02 (s, 3HD),
1.70 (s, 9H).
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Data
No. assay
SCOYe
ol TH NMR (400 MHz,
cl DMSO) § 13.46 (s, 1H),
o 12.29 (s, 1H), 9.42- 9.29
~ (m. 1H), 9.07- §.94 (m,
23 Oy NH O e 1H), 8.32 (5, ZH), 8.22-
= 8.16 (m, 1H), 7.93 (s, 1H),
N 3.95 (s, 3H).
N—N
Z\szH MS-ESI: m/z 40336
N observed [MA+Nal”
o ¢! JH NMR (400 MHz,
DMSO-d6) & 13.06 (s,
\q‘/o\ 1H), 9.06 (s, 2H). 8.72 s,
1H). 8.60 (s, 3H), 8.29 (s,
2 no N © e | 1HDB2S (s 1HD. 745 (s,
“n 1H), 4.64 (d, T = 4.8 Hz,
B IH), 3.97 (s, 3H).
-
N MS-EST: m/z 421 4
,\\l / observed [M+H]"
o TH NMR (400 MHz.
ol DMSO-de) 5 12.88 (5.
1H), 9.25 (d, J = 2 Hz,
Q(o\ 1H). 9.14 (s, 1H), 8.57 (s,
1H), 8.44-8.41 {m, 1F),
2 Oy N © e | B31(@J=84Hz IH),
= N ' 8.19 (s, 1H), 8.04-8.03 (m,
P 1H), 7.22 (s, 1H), 3.97 (s,
3H).
N
\ MS-ESI: m/z 391.27
observed [M+H]”
ol TH NMR (400 MHz.
cl DMSO-ds) § 13.09 (s,
\©\(o 1H), 9.07 (s. 1H), 8.86 (s,
~ 1H). 8.78 (s, 3H), .64 (s,
O<_NH O 1H), 8.25 (s. 1H), 7.9 (s,
26 | TH) 744 (s, 1), 433 (s,
SN 2H), 3.96 (s, 3H).
(A
N, N MS-ESI: m/z 421.29
g_ r,‘ observed [M+H]"

)
o
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Compound
No.

Structure

ISG-LUC
activation
assay
seore

Analytical Bata

27

N
I
c
o\
Oy NH

NH O
X

=

X Br
N=

Z=Z

/
-Z

TH NMR (400 MHz,
DMSO-ds) 5 13.33 s,
1H), 9.14 (s, 1H), 8.61-
854 (m, 2H), 839 (d, J =
8.8 Hz, 1H), 7.86 (s, 111,
4.06 (s,3H), 3.99 (s, 3H),

MS-ESE m/z 475.04
observed [M+H]"

28

E
C

&

O NH OH

N

= Z=
VY,

N—NH

1H NMR (400 Mz,
DMSO0-d6) § 14.46 (s,
1H). 13.61 (s, 1H). 9.04
(d,. = 6.8 Hz, 1H), 8.96-
8.94 (m, 1H), 8.44 (d. J =
8.8 Hz, 1H), 8.33-8.30 (m,
1H), 7.99 (d, J = 6.6 Hz,
).

MS-ESL m/z 387.0
observed |M+HT["

9

4

2=
Yy,

o

TH NMR (400 MHz,
DMSO-d6) 5 15.67 (s,
1H), 9.95 (s. 1H). 9.42 (s,
1H), 8.97 (d, /=72 Hz,
1H), 848 (dJ = 8.8 Hz,
1H), 8.37 (d, J= 8 8 Hz,
1H), 7.92 (s, J= 10.4 Hz,
1H).

MS-ESE m/z 379.0
observed [M+H]|"

36

-+

'H NMR (400 Miz,
DMSO-de) 5 15.77 (s.
1H), 1337 (s, 1H). 9.13 (s,
1H), &.87 (s.1H), 8.59 (s,
1H), 8.51 (d, J= 8.8 Hz,
1H). 8.47 (4, J = 8.8 Hz,
1H), 3.99 (s, 3H).

MS~-ESL m/z 384.14
observed [M+H]™

]
W
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCOYe
F 1H NMR (400 MHz,
cl DMSQO-d6) 6 15.98 (s, 1H)
° 8.95(d, J=72 Hz, 1H),
878 (d.J=1.6Hz, 1H),
O<_NH OH 8.57(d,J=8.8 Hz, IH),
31 | 843(d.J =88 Hz, 1H),
NS 8.29(d, J=2 Hz, 1H),
N~ 7.90 (d, J = 10.4 Hz, 1H).
s MS-ESE m/z 379.0
N= observed [M+H]"
¢l "H NMR (400 MHz.
c DMSO-ds} § 16..02 (s,
o 1H), 9.01 (s, 1H), 8.79 (s,
0w NH OH 1H), 8.40 (d,./=8.8 Hz.
1 } 1H), 835 (d, /=88 Hz,
. AN 1H). 8.16 (s, 1HD, 4.04 (s,
N 3H}.
NS~ MS-ESE m/z417.12
\ H B =Eoi M/Z i,
N observed [M+H]"
ci TH NMR (400 MHz,
S A DMSO-de} § 15.54 (s.
<M o 1H), 13473 (s, 1H), 9.33
N (s, 1H), 838, (d, J=8 4
3 o Hz, 1H), 8.32(d./=8.8
N Hz. 1H), 7.98 (s, 1H). 7.17
P (d,.J=2Hz, IH).
N MS-ESE m/z 379.44
\ NH observed [M+H]"
cl TH NMR (400 MHz.
cl DMSO-de} § 13.52 (s.
7N 1H), 12.97 (s, 1H), 9.43 (s,
N SN 1H), 8.46 (d. J = 8.8 Hz,
O« _NH O 1H), 8.39 (d, J=8.8 Hz,
34 | TH)L 800 (d /=2 Hz,
NS 1H), 7.19 (s, 1H), 3.99 (s,
N # 3H).
AN
\ N,NH MS-ESE m/z 393.14
cbserved [M+H]"
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCHYE
TH NMR (400 MHz,
[ F DMSO-ds) 6 13.44 (s,
1H), 12,10 (s, 1HD), 9.31 (5,
O 1H), 8.84 (d, J=6.4 Hz,
0. _NH O 1), 8.51 (s, 1FD), §.13 (s,
35 o+ 1H), 788 {(d, /=96 Hz,
N 1H), 4.85 (s, 1H), 3.95
N-N (s.3H).
Z\—N—«\NH MS-ESI: m/z 353.26
observed [M-HI
TH NMR (400 MHz,
[ F DMSO-ds) 8 15.39 (s,
1H), 13.40 (s, 1H), 9.11
0 (d.J=19Hz 1H), 8.80
7 O_NH HO (dd,.J=7.0.2.0 Hz, 1H),
36 ++ 827 (s, 28y, 7.74 (dd, J =
NN 10.6, 2.0 Hz, 1H), 452 (d,
N-N J=18Hz [H).
Z\,?NH MS-ESL m/z 341.06
observed [M+H]™
o ¢l 'H NMR (400 MHz,
DMSO-ds) 3 13.60 (s,
o 1H), 12.24 (s, 1H), 8.75 (s,
O_NH & 1H), 8.50 (s, 1H), 8.21 (s,
37 bt 1H), 8.07 (5, 1H), 3.97 {5,
0N 3H).
=
= MS-ESL: m/z 382.12
Sy NH observed {M+H]"
[ ¢ 'HNMR (400 MHz,
[ N DMSO-ds) 5 15.23 (s,
v 1), 13.43 (s, 1FD. 9.26 (s,
Oy _NH OH 1H), 8.67 (s, 1H), 8.33 (5,
38 ++++ | 1H), 8.22 (g, /="7.6 Hz,
N7 ZH), 4.80 (s, TH).
N A~
N MS-ESE m/z 369.15

observed [M+H]"
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCOYe
1H NMR (400 MHz,
s DMSO) § 12.36 (s, 1H),
P 8.95 (s, 1F]), 8.58 (d, J =
9.2 Hz, 1H), 8.49 (d, /=
O _NH O~ 92 Hz, 1H), 828 (d, /=
1 o 1.9 Hz, 1H), 8.01 (s, 1H),
i N ' 7.34 (5. 1H). 3.88 (s, 3H),
~N 2.57 {s, 3H}.
N o
« MS-ESI: m/z 344,48
N—/7 observed [M+H]|™
' NMR (400 MHz,
. DMSO) 8 13.21 (s, 1H),
. 5.87 (dd, J=13.3, 7.5 Hz,
o 1H), 8.63-8.52 {m, 2H),
~ 8.18(d,J=6.3 Hz, 1H),
Oy NH © 8.13(dd. J=11.2,8.9 Hz,
40 N At 1H), 7.75 (s, 1H), 7.56 (d,
N J=62Hz 1H), 3.97 (s,
3H).
l S
HN” N MS~ESL m/z "53646
observed [M+H]"
F
F
o\
NH O
i ° tovs | MS-ESL m/z375.42
= N observed [M+HY
HNT Y N
N
//
\ N
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Compound
Ng.

Structure

ISG-LUC
activation
assay
seore

Analytical Bata

42

TH NMR (400 MHz,
DMSO) 6 13.08 (s, 1H).
8.85 (dd, J= 7.6, 13.6 Hz,
1H), 8.54 (s, 1H), 8.34 (s,
1H) 8.10 (dd, J= 9.2,
11.2 Hz, 1H). 7.87 (s, 1HD.
7.24 (s, 1H), 3.93 (s, 3H),
2.56 (s, 3H).

MS-ESL m/z 37428
observed [M+H]"

43

'H NMR (400 Mz,
DMSO) & 12.96 (s, 1H),
5.49-8.78 (m. 2H), 8.34
(d,J=08Hz 1H), 8.18-
8.17 (m. 1H), 8.09 (dd, J =
8.8, 11.2 Hz. 1H), 7.27-
7.26 (m, 1H), 3.94 (s, 3H),
2.8-2.77 {m., 3H).

MS-EST: m/z 37423
observed [M+H]"

44

-+

1H NMR (400 MHz,
DMSO0-d6) 5 15.61 (s,
1H), 13.44 (s, 1H), 9.01
(d,.J =72 Hz, 1H), $.66
(s, 1H), 8.32 (s. 1H), 8.26
~8.15 (m, 2HD. 7.70 (4. J
=118 Hz, 1H), 6.86 (dd. J
=17.8. 11.1 Hz. 1H), 5.86
(d,1=17.7 Hz, 1H), 5.47
(d,J=112Hz 1H).

MS-ESL m/z 354 .53
observed [M+H]"

/=z
A/

++

1H NMR (400 Mz,
DMSO) 3 12.98 (s, 1H),
9.51-9.50 (m. 1H), 9.20
(d,J=48Hz 1H), 8.82
(d.J=12.4 Hz, 1H), 8.24-
8.20 (m, 2H), 3.97 (s, 3H).

MS-ESE m/z 310.43
observed [M+H]"
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46

-

1H NMR {400 MHz,
DMSO) 6 15.63 (s, 1H),
8.90(d,J = 6.5 Hz, 1H),
5.48 (s, 2H), 8.19 (g, J =
8.8 Hz, 2H), 7.76 (d,J =
10.2 Hz, 1H). 453 (s, 1H).

MS-ESL m/z 352 .48
ohserved [M+H]"

47

-+

1H NMR (400 MHz,
DMSO) 5 13.03 (s, 1H),
9.07 (s, 1H), .43 (s, 1H),
8.35 (s, 1H), .22 (s, 1H),
8.11(t,J=5.6 Hz, 1H).
7.89 (s, 1H), 7.27 (s, 1H),
4.42(d,J =6 Hz, 2,
3.96 (s, 3H), 3.58 (s. 3H).

MS-ESE m/z 479.20
observed [M+H]"

48

-+

'H NMR (400 MHz,
DMSO-ds) 5 9.89 (s, 1H),
9.09 (s, 1H), 8.56 (s, 1H),
8.44 (1, J = 1.6 Hz, 1H),
8.24 (s, 1H).,8.06 (s, 1D,
4.42 (s, 7H), 3.96 (3FD.

MS-ESI: m/z 464.26
observed [M+H]"

49

++

TH NMR (400 MHz,
DMSO-de} 5 15.75 (s,
1H), 13.51 {s, 1H), 9.01 (s,
1H), 8.50 (s, 1H), 8.25-
8.16 (m, 3H), 7.27-7 14
{m, 1H}.

MS-EST mv/z 378 41
observed |M+H["
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No. assay
SCHYE
cl (
el IH NMR (400 MHz,
DMSO-ds) & 15.75 (s,
oL 1H), 13.10 (s, 1H), 9.10 (s,
1H), 8.88-8.83 (m, 1H)
o > \ e >
% ONH er. | BA6(dd.J=92.212He,
N T 2H), 8.20 (s, 1H), 3.97 (s,
| ) 3H).
_N
MS-ESL m/z 393 44
N, 3 observed {M+H]|"
N—NH
c
cl o ]
'H NMR (400 MHz,
o DMSO-ds) & 15.24-15.16
NH OH {m, IH}, 9.07 (s, I1H),
5 0 - 8.49-8.40 (m, 3H), 8.20 (s,
| \'}‘ 1H).
N MS-EST: m/z 378.9
observed [M+H]"
N
N—NH
cl
cl TH NMR (400 MHz.
= N DMSO-des) § 15.48 (d, J =
A o 3.1 He, 1H), 1344 (s, 1H),
9314¢d, J=18Hz, IH)
o NH LSt > >
- oH b | 349(d.J=1238Hz 2H),
. o 8.22(dd,./J=6.3,2.1Hz,
N IH
Ul
N__~ )-
N MS-ESL: m/z 37933
\ observed [M+H]"
N—NH
N cl
N ' NMR (400 MHz,
o DMSO-ds) 6 15.61 (s,
1H), 13.50 (s, 1FD). 8.98 (s,
Os_NH OH 1H), 8.51 (s, 1H), 8.20(J
53 + =8.8, 16.4 Hz, 2H), 8.07
N X (s, 1H}, 4.59 (s, IH).
N~
MS-ESI: m/z 368.1
N observed [M+H]"




WO 2021/035257 PCT/US2020/070443
ISG-LUC
(’ﬂm? ound Structure attn?/ai;'an Analytical Bata
No. assay
score
F .
AN TH NMR (400 MHz,
DMSO-ds) 3 12.90 (s,
o 1H), 9.46 (s, 2H), 8.87 (s,
1H), 8.77 (4. J = 6.4 Hz
(o) NH OH ’ ’ >
54 NA 1H), 8.21 (s, 1H), 8.01 (d,
~ N ‘ J=10Hz, 1H), 7.39 (s,
| 1H).
N\fN
N MS-ESLm/z 35822
r}l / observed [M+H]"
F
A ' NMR (400 MHz,
DMSO-ds) 3 12.62 (s,
0. 1), 923 (d.J=11.6 Hz,
2H), 899 (d. J=64Hz
NH O > ’ >
55 ° . 1H), 8.48 (s, 2H), 7.89(d,
N J= 10 Hz, 1H), 4.86 (s,
| 1H), 3.96 (s. 1H).
~.N
N MS-ESL m/z 366.0
\ observed [M+H]"
N—NH
F -
A H NMR (400 MHz,
DMSO-ds) 3 12.84 (s,
o 1H). 9.39 (s, 2H), 9.03 (d,
J=64Hz, 1H), 846 (s,
NH O s > b
- OI . 2H), 7.92(d, J=9.6 Hz.
Q 1H). 4.88 (s, 1H), 3.98 (s.
N N
| 3H).
=
N MS-ESL m/z 366.5
\ observed [M+H]™
N—NH
Cl
F
O
. O HNpo veis | MS-ESL m/z376.47
A N T observed [M+H+
N
z /
HN—N

30
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seore
. H NMR (400 MHz,
DMSO) 5 13.44 (s, 1H),
F 3.11 (s, 1H), 8.88 (dd, J
_0 =136, 7.6 Hz, 1H), 571
(s, 1H), 8.35 (s, 1H), §.32
o] , . :
" HN 20 vers  |(@J=88Hz 1H).826
2 P T J= 8.8 Hz, 1H), 8.10
\ Kl (dd, /=113, 90 Hz, 1H),
3.96 (s, 3H).
/ -
HN_,(‘ MS-ESL m/z 360.41
observed [M+H]+
F
F
e
O HN._O
© . | MS-ESImyz420.48
- 7N ' observed [M+H]}+
NN
o
I
F
F
e
O HN_O
60 g MS-ESL m/z 371.47
A N o observed [M+H]+
N
=
o
N
I F
0 F
O HN (0}
MS-ESL m/z 582.61
z ++ : g
61 ,E‘\ | observed [M+H+
N
N
\
N o]
\F
0\

31
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SCHYE
F
F
O
6 0 MO Aoy L | MS-ESEm/z395.46
> NS NH observed [M+H]+
N
N
/)
|
F
F
o}
OH N0 . MS-ESE m/z 346 .44
63 “++ i .
2 N cbserved [M+H}H+
N
7
HN-N
cl
cl
o
64 OH HN._ O s MS-ESI: m/z 366.7
I ' observed {M+H]+
7N
N-N
HN. ~
N
F
F
_0
. O N0 oo | MS-ESE m/z389.49
N ' chserved |M+H|+
(A
NH, N
/
Y
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SCQT:.’.
c
F
o
o OF FiN-0 L, | MS-ESL m/z362.44
AN ' observed [M+H+
N
7
HN=N
F
c
o
& OHHN- 20 o | MS-ESLm/z362.44
N ' observed [M+H}+
N
I
HN—N
N
!
Cl
o
. O HN_O v | MS-ESL m/z 38346
o observed [M+H}+
2N
N
“
HN—N
F
c
0
" O HN O ir. | MS-ESEm/z37645
’ 2SN ' observed [M+H+
N
2
HN=-N
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Seore
N
I
cl
o)
0 OHHN__O N MS-EST m/z 36947
observed [M+H]+
N
N
7
HN—N
N
!
N
_0
7 O HN_O . MS-ESI: m/z 413 .49
) observed [M+H]+
Z N
N
\N N /N
‘N_
N
Il
Cl
O,
- OHHN.__O . MS-ESE m/z 370,49
- observed [M+H}+
Z N
N
7N
HN=N
ol TH NMR (400 MHz,
cl DMSO-ds} & 12.99 (s,
o 1H), 9.07 (s, 1H), 8.80 (s,
< 1H), 8.47 (d, /= 8.8 Hz,
0 1H), 841 (d, J=88Hz,
73 + 1H), 8.21 (s, 1H), 4.05 (s,
3H), 3.98 (s, 3H).
MS-ESL m/z 43110
obscrved {M+H]+

34
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74

-

MS-ESL mv/z 449 .48
observed [M+H|+

THNMR (400 Milz,
DMSO-ds) 5 8.86-8.74 (m,
1H), 8.64 (d, /=93 Hz.
1H), 8.45 (d, J=95 Hz,
1H). 8 28-8 14 (m, 1H),
8.11(d J=85Hz, 1H),
8.04 (d, 7= 6.3 Hz, 1H),
7.33-7.16 (m, 1H), 5.02 (s.
1H).

MS-ESE nv/z 334.76
observed [M+H+

7%

o}
z
I
o

-+

TH NMR (400 MHz,
DMSO-ds) & 12.85 (s,
1H), 9.31 (s, 1H), 8.84 (s,
1H), 8,36 (d, /= 9.2 Hz.
1H), §.49 (d, J = 8.8 Hz,
1H), 8.24 (s. 1H), 7.28 (s.
1HD), 5.14 (s, 1H), 4.46 (g,
J=6.8 Hz, 2H), 139 (t.J
= 6.8 Hz, 3H)

MS-ESL m/z 397 4
observed [MAH+

77

et

'H NMR (400 Miz,
DMSO-ds) 8 15.47 (s,
1H).925(d, J=15Hz
1H), 8.80 (q.J= 1.2 Hz,
1H), 8.48 (dd, /= 9.1, 1.4
Hz, 1H), 8.42 (dd, /=92,
1.4 Hz, 1H), 821 (q, /=
1.4 Hz, 1H), 7.26 (q, J =
12 Hz 1H), 481 (d,J=
1.6 Hz, 1H).

35
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Seore

MBS-ESL m/z 369 .44
observed [M+H]+

[] ¢l TH NMR (400 MHz,
DMSO-de) 5 15.88 (s.

\@Yo 1H), 8.99 (s, 1H), 8.84 (d,
J= 6 Hz, 2H), $.60(d, J =

Oy NH OH 9.2 Hz, 1H), 842 (d, /=
78 ++++ | 8.8 Hz, 1H), 8.24(d,J=6
NTS Hz, 2H), 8.08 (s, 1H), 4.60
N~ (s, 1H)
X
L.
N
F

MS-EST: m/z 3791
observed [M+H]+

THNMR (400 Mz,

A NS 17 1% ¢
DMSO-de) 8 13.11 (s,
o 1H). 9.4 (s, 1H), 8.99 (d,
J=6.6 Hz, 1H), 8.64 (d, ./

Oy_NH OH = 9.0 Hz, 1H), 8.55 (d.J =

79 tb+ | 9.2 Hz, 1H), 8.44 (s, 1H),
X 7.90(d, J = 9.8 Hz, 1H),

N~ 7.60 (s, 1H), 4.85 (s, 1F).

\N MS-EST: m/z2 352.3
N / observed [M+H|+

Ci
A IH NMR (400 MHz,
MeOD) 5 9.93 (s, 1H),
o 8.90 (d,J=9.0 Hz, 1H),
5.57 (s, 1H), 8.50 (d, J =

% Ny© v | 92Hz 1H) 835 (d.J=
N 1.7 Hz, 1H), 8.04 (s, 1H),
N 7.85 (s, 1H), 4.40 (s, 1H),
N~
\ MS-ESI: m/z 350,59
I:! / observed [M+H+

36
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81

et

'H NMR (400 Miz,
DMSO-de} 8 15.87 (5.
1H). 8.97 (s, 1H), §.80 (s,
1H), 8.46 (d, J= 9.1 Hz,
1H), 8.41 (4, J=9.1 Hz,
1H), .21 (s, 1H), 8.06 (s,
1H), 7.26 (s. 1H), 4.61 (s,
1H).

MS-ESIL m/z 368 .48
observed |M+H|+

82

=Z

Aot

H NMR (400 MHz,
DMSO-ds) 5 15.74 (s,
1H), 9.30 (¢, J = 1.0 Hz,
1H), 8.81 (d, /= 1.5 Hz,
1H), §.61 — 8.36 (m, 2H),
822 (d,J= 1.6 Hz, 1H),
727(d,J=2.3Hz 1H).

MS-ESL m/z 380.16
ohserved | M+H|+

83

TH NMR (400 MHz,
DMSO-de) 5 15.91 (.
1H), 8.50 (s, 2H), 8.47 (d,
J= 6.8, 1), 8.20-8.14 (m,
2H), 8.01 (d, J = 8.1, 1H).
4.63 (s, 1H).

MS-ESE m/z 4042
observed [M+H|+

84

+

TH NMR (499 MHz,
DMSO-de) § 12.79 (s,
1H), 8.96 (d, /= 6.8 Hz,
1H), 8.32 (s, 1H), 8.32-
8.24 (m, 2H), 8.03 (d,J =
10 Hz, 1H), 478 (s.1H)

MS-ESE nv/z 376.1
chserved |M+H+

37
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At

F
X
\©\'(0\/
0. NH O
N

N~

N

¥,

TH NMR (499 MHz,
DMSO-ds) 3 12.84 s,
1H). 8.94 (d, J = 6.4 Hz,
2H), 8.82 (s. 1H), 8.55-
5.45 (m, 2H), 8.22 (s, 1H).
7.90(d, J =10 Hz, 1H),
7.27 (s. 1H), 4.8% (S. 1H),
4.42 (q.J = 6.8 Hz, 1H),
1.39 (t, J = 6.8 Hz, 3H)

MS-ESL m/z 380.0
observed [M+H]+

86

F
X

(o)
Os_NH O
\OK et

(o]

3

7 N\
z=z

(o}

-4
Z >

TH NMR (499 Milz,
DMSO-ds) 5 12.65 (s,
1H), 893 (d. J= 6Tz,
2H), 8.58 (d, J= 8.8 Hz,
1H), 8.50 (d, /=92 Hz.
1H), 8.27 (s, 1H). 7.94 (d.
J=96Hz 1H). 732 (s,
1H). 6.98-6.94 (m, 1H),
493 (s, 1H). 4.18 (q. J =
7.2 Hz, 2H). 164 (d,.J =
52Hz 3H), 122 (4, J=
7.2 Hz, 3H)

MS-ESL m/z 468 3
observed [MA+H+

87

F
x
0
O~ _NH OH

bt

N
11
N~

P4
.

2~

TH NMR (400 MHz,
DMSO-de) 5 15.81 (s.
1H), 8.97-8.66 (m, 2H),
8.53-8.28 (m, 2H), 8.21
{(d,.J=15Hz 1H).7.74
(d.J=104Hz 1), 727
(d,J=22Hz 1H), 2.13
(s, 3H).

MS-ESI m/z 366.5
observed [M+H}+

38
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88

bt

TH NMR (400 MHz,
DMSQ-ds) 5 15.84 (s,
1H). 9.05-8.97 (m, 1H),
880 (d.J =14 Hz, 1H),
8.47(dd, J=9.0, 14 Hz
1H), 8.41 (dd,J=9.1,14
Hz. IH), 821(d.J= 16
Hz, 1H), 7.71 (dd, J =
11.7, 1.4 Hz, 1H), 7.26 {q,
J=1.2 Hz, 1H), 6.97-6.77
(m. 1H), 5.87(d, J=17.6
Hez, 1H), 5.48(d, J= 110
Hz, 1H).

MS-ESL m/z 334 49
observed [M+H]+

&9

TH NMR (400 MHz,
DMSO-de} § 15.79 (d, J =
2.2 Hz, 1H), 8.94 (dd. J =
7.4, 1.9 Hz, 1H), 8.80 (q,J
=13 Hz, 1H), 843 (qt./
=91, 14 Hz 2H), 821
(q,J=15Hz 1H), 7.68
(dd. J=11.7, 2.0 Hz, 1H),
7.26(d. J=1.6Hz, 1H),
6.54 (dd, J = 15.9, 2.2 Hz,
1), 6.40 - 6.30 (m, 1HD.

MS-EST: m/z 368 49
observed [M+HJ+

G

'H NMR (400 Miz,
DMSO-de) 5 15.40 (s,
1H), 9.09 (s, 1H), 8.80 (s,
1H), £.48-8.41 (m, 2H),
821 (s, 1H), 7.27 (s, 1H),
4.62 (s, 1H), 2.57 (s, 3H).

MS-ESE: m/z 349.0
observed [M+H|+

39
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SCOYe
Ci yZ
h 'H NMR (400 MHz,
X O DMSO-ds) 6 15.35 (s,
O. NH OH 1H), 9.19 (s, 1H), .80 (s,
o1 o 1H), 8.49-8.41 (m, 2H),
: N ' 5.21 (s, 1F), 7.26 (s. 1H).
11
A
7 MS-ESI: m/z 359.1
N ohserved |M+H]|+
\
N

'H NMR (400 MHz,

F
X
SN DMSO-ds) § 15.32 (s,
I on 1H), 931 (d. J = 8Hz,
1H), 8.80 (s. 1H), 8.30-

O._NH O 8.43 (m, 1H), 8.41-8.37
92 | (m, 1H), 821 (s, 1H), 7.27
NS (s, 1H), 4.714 (s, 1H)
N~
\N MS-EST: m/z 353.2
N / observed [M+H]|+
Cl
[ TH NMR (400 MHz.
| =N DMSO-de} § 881 (s. 1H),
NGO 8.65 (d,J =93 Hz, 1H),
8.55 (s, 1H), 847 (d,J=
O 2 ] ]
o NS e | 93Hz IH)L821(J =
N o 1.5 Hz, 1H), 7.33-7.23
Il {m, 1H}, 5.26 (s, iH).
N~
(N MS-ESL m/z 351.1
\ observed [M+H]+
W [M+H]

TH NMR (400 MHz,
DMSO-ds) 5 12.65 (s,

F
x 1H). 8.94 (d, J = 6.4 Hz,
1H), 8.83 (s. 1H), 8.56 (d,
\‘)\ J=92Hz 1H), 848 (d.J

(e}

=92 Hz, 1H), 8.24 s,
| 1H), 7.87(d,J=9.6 Hz
1H), 7.28 (s, 1H). 6.85 (d.
J=4.8Hz 1H), 493 (s,
1H). 2.68-2.61 (m, 1H),
@ 2.24-2.19 (m, 1FD), 1.14-

N 1.09 (. 6H), 1.03-0.87
{m. 6H).

94

7 N\

z=z
[0}

7
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MS-ESL m/z 494 3
observed [MA+H+

et

TH NMR (400 MHz,
DMSO-ds) 6 12.87 (s,
1H), 9.25 (s, 1H), 8.86 (s,
1H), 8.57 (d, /= 9.2 Hz,
1), 8.50 (d, /=92 Hz,
1H), 8.26 (s, 1H), 7.29 (s,
1H), 4.46 (g, /= 6.8 Hz,
2H), 2.25 (s, 3H). 1.40 (t,
J =68 Hz 3H).

MS~-ESL m/z 4116
observed [M+H]+

++

TH NMR (400 MHz,
DMSO-ds) 6 12.84 (s,
1H). 8.94 (d. 7= 65 Hz
1H), 8.87 — 5.79 (m, 1H),
8.55(d,J=9.1 Hz, 1H),
8.47(d.J=9.1Hz 1H),
8.28 - 8.19 (m, 1H), 7.90
(d,J =98 Hz, 1H), 7.27
(s, 1H), 5.26 {p, J = 6.2
Hz, 1H), 4.87 (s, 1F]), 138
(d,.J=6.2 Hz, 5H).

MS-ESE m/z 3941
observed [M+H]"

/' \

z=
=

TH NMR (400 Mitz,
DMSO-de) 512,83 (5, 1H).
9.29 (s, 1H), 8.84 (s, 1H),
9.56 (d, J =92 Hz, 1H),
8.49 (d, 7= 8.8 Hz, 1H),
8.24 (s, 1H), 7.28 (s, 1H),
5.32-5.259 (m, 1F), 5.12
(s, 1H). 1.39(d, /= 6 Hz,
6H)

MS-ESLm/z411.5
observed [M+H]"
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a8

[o]]
A
e
A ~TN
O NH O h@

/N

TH NMR (400 MHz,
DMSO-ds) 3 13.18 (s,
1H). 9.57 (s, 1H), 8.63~
8.56 (m, 2H), 7.89-7.82
(m, 2H), 7.38 (s, 1H), 4.73
(s. 2H), 3.78-3.73 (m, 4H),
2.97 (m, 2H). 2.68 (s, 3H)

MS-ESL m/z 4823
ohserved [M+H]"

Cl

\_/

TH NMR (400 MHz,
DMSO-ds) § 16.49 (s,
1H), 9.01 (d, J= 1.8 Hz,
1H). 8.81 (s, 1H), 8.52 —
8.35 (m, 3H), 8.22 (q, ./ =
1.4 Hz, 1H), 7.26 (5, 1H).

MS-ESE n/z 369 .43
observed [M+H]|"

160

\_/

=4

==
2

TH NMR (400 MHz,
DMSO-dk) § 16.32 (s,
1H), 9.02 (s. 1H), 8.80 (s,
1H), 8.49-8.47 (m, 1H),
8.43-8.41 (m, 1H), 8.35 (s,
1H). 8.21 (s, 1H), 7.26 (s,
1H), 4.79 (s. 1H)

MS-ESE m/z 359.47
observed [M+H]"
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161

| Cl
)
P 0
0. NH OH

et

MS-EST: m/z 38533
observed [M+H]"

102

bt

TH NMR (400 Mz,
DMSO-ds} & 12.66 (s,
1H), 9.30(s, 1H), 8.85 (s,
1H), 8 58 (d.J=92 Hz.
1H), 8.50 (d, J= 8.8 Hz,
1H), 8.25 (s, 1H), 7.28 (s,
1H), 7.03-6.99 (m, 1H),
5.18 (s, 1H), 4.19 (g, =
7.2, 2H), 1.64 (4, J= 3.6
Hz, 3H). 1.25-1.14 (m,
3H)

MS-ESE n/z 485.6
observed [M+H]"

143

et

'H NMR (400 MHz,
DMSO-ds) 6 12.79 (s,
1H), 9.04-8.95 (m, 1H).
8.93 (s, 1H), 8.69-8.56 (m,
1H), 8.54-8.49 (m, 1H).
823 (s, 1H), 7.89(d, J =
9.6Hz, 1H), 7.28 (s, 1H},
489 (s, 1H), 449 ¢, J =
52 Hz, 7H), 3.57-3.52 (m,
6H), 2.76 (1, /=52 Hz,
4H)

MS-ESL m/z 465.2
ohserved [M+H]"
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ISG-LUC
(’ﬁm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
SCOYe
Cl
X
| SN 'H NMR {400 MHz,
0O DMSO-ds} & 15.54 (s,
1H), 9.19 (s, 1H), 8.82 (s,
Oy NH OH 1D, 8.47-8.42 (m, 2H),
104 | 8.23 (s, 1H), 7.28 (s, 1HD,
N AN 2.19 (s, 3H)
N MS-ESI: m/z 383 4
N obhserved [M+H]"
\ 7
N
TH NMR (400 MHz,
o DMSO-de} § 14.06 (s,
% 1H), 9.44 (s, 1H), 9.01 (s,
A 1H), 8.86 (s, 1H), 8.52
N N on {(dd, J=9.2,30 Hz, 2FD),
OW_NH © 8.26 (s, 1H), 7.29 (s, 1H),
105 ++ 5.09 (s, 1H). 489 (. J=
ZN 52Hz 1H), 3.58(d, J=
NN 5.6Hz 2H), 345(d, J=
N 5.6 Hz)

MS-ESL m/z 4123
observed [M+H]”

TH NMR (400 MHz,
DMSO-ds) & 13.23 (s,
F 1H), 8.95-8.94 (m, 1H),
8.9-8 89 (. 1H), 8.83 (s,
1H), 849 (dd, /=92,
27.6 Hz, 2H), 823 (s. 1H),
7.86 (d..J = 10 Hz, 1H),
106 P * 727 (s, 1H), 483 (¢, =6
9! Hz, 1H), 4.78 (s, 1H), 3.56
T (dd, J = 6. 11.6 Hz, 7H),
338 (dd,.J=5.6.11.6 Hz,
W) 2H)

MS-ESI: m/z 3953
observed [M+H]”
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ISG-LUC
(’ﬂm\? ound Structure attn?/ai;'an Analytical Bata
No. assay
score
N
Il
T 1H NMR {4&?0 ’J\’EHZ,
AN DMSO-ds)  13.07 (s,
L o 1H), 9.29 (s, 1H). 8.81 (s,
N ~ 1H), 8.50 (d, /= 8.8 Hz,
0. NH 0 1}'{)\ 844 (d‘ J:: 80 }'lZ)
167 b+ | 1H), 8.21 (s, TH), 7.26 (s,
1H), 5.24 (s, 1H), 3.98 (s,
N N 3H).
N A~
MS-ESL m/z 3739
N observed [M+H]"
\ /
N
F
X
o TH NMR (400 MHz,
DMSO-de) § 9.90 (s, 2HD),
o) NH OH 9.01 (5. 2H}), 8.99-8 9% (m,
1H), 8.14-8.09 (m, 1H},
108 Q T 367, =248 Hz, 1H)
N N
I G MS-ESL m/z 73752‘2
observed [M+H]™
N
\
N—NH

6656} Related documents
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Dubensky TW Jr, Gajewskt TF. (2015} Direct Activation of STING in

the Tumor Microenvironment Leads to Potent and Systemic Tumor

Regression and fovnunity. Cel/ Rep. 11: 1018-30.

[21 Beng, L. et al. (2014} STING-Dependent Cytosolic BDNA Sensing

Promotes Radiation-Induced Type I Interferon-Dependent Antitumor

Immunity m Immunogenic Tumors, Tmmunity. 41 843,
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[4] Corrales L, McWhirter SM, Dubensky TW Ir, Gajewski TF. (2016} The
host STING pathway at the mnterface of cancer and imamunity. J Clin

Invest. 126: 2404-11.

180571 METHODS OF USE

[8058] The present disclosure also provides in an embodiment a method of
stimulating expression of interferon genes in a human patient. The method
comprises administering to the paticnt an effective dose of a compound or

pharmaceutically acceptable salt thereof as described herein.

{0659} In another embodiment, the present disclosure provides a method of
treating a tumor in a patient. The method comprises administering to the patient

an effective dose of a compound or pharmaceutically acceptable salt thereof.

[8060] With respect to combination therapies comprising administration of a
compound of the present disclosure and an immune-checkpoint targeting drug,
or as combination therapies for the potentiation of ionizing radiation-based and
existing chemotherapics therapeutic approaches, such as DNA-damage-based
chemotherapies, the STING agonists of the present disclosure can complement
and potentiate the effects of these known therapeutic approaches. This is based
on recent papers indicating the critical role of STING-dependent micronuclei-
mediated tumor clearance using these approaches, see for example:

[51 Mackenzie, K.F., et all, 2017}, ¢GAS surveillance of micronuclei links

genome instability to 1onate tamunity, Nature, 548, 461.

61 Wang, W. etal, {2016), Effector T Cells Abrogate Stroma-Mediated

Chemoresistance in Ovarian Cancer, Cell, 165, 1092-1103.

[71 Charlotte E. Arivan, et al., January 16, 2018; DOL 10.1158/2326-6066,
Robust antitumor responses result from local chemotherapy and CTLA-4

blockade, cancenmmunolres.aacrjournals.org on January 31, 2018

46



WO 2021/035257 PCT/US2020/070443

[81 Chung K4 Song, et al., www.moleculartherapy.org vol. 15 no. 8 aug.
2007, Chemotherapy Enhances CD8+ T Celi-mediated Antitumor

Immunity Induced by Vaccination With Vaccinia Virus.

(80661} Compounds of the present disclosure can be used 1 therapeotic
combinations with administration of an effective dose of an immune-checkpoint
targeting drug. For exanple, the immune-checkpoint targeting drug can be an
anti-PD-L1 anttbody, anti-PD-1 antibody, anti-CTLA-4 antibody, or an anti-4-

1BB antibody. See, for example:

[91 Ager, CR, et al,, (2017) Cancer Immunol Res; 3(8), 676.

[10] Fu, ¥ et al. (2015) Sci Transl Med. 2015 Aprd 15; 7(283):

283raS2. doi:10.1126/scitransimed 2aa4336.

P1i} Wang, H., et al. 2017) PNAS, February 14, 2017, vol. 114, n0. 7,
1637-1642.

[0862] PHARMACEUTICAL COMPOSITION

18663} The present disclosure provides in another embodiment a pharmaceutical
composition comprising a compound or pharmacecutically acceptable salt thereof
as described herein in combination with a pharmaceutically acceptable carrier or

excipient.

8064} Composttions of the present disclosure can be administered orally,
topically, parenterally, by inhalation or spray or rectally in dosage unit
formulations. The term parenteral as used herein includes subcutaneous
injections, intravenous, intramuscular, intrasternal injection or infusion

techniques.

8065} Suitable oral compositions as described herein include withowt limitation
tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or

granules, emulsion, hard or soft capsules, syrups or elixirs.

[8066] The compositions of the present disclosure that are suitable for oral use

may be prepared according to any method known to the art for the manufacture

of pharmaceutical compositions. For instance, liquid formulations of the

compounds of the present disclosure contain one or more agents selected from
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the group consisting of sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide pharmaceutically palatable preparations of

the compound or a pharmaceutically acceptable salt thereof.

{8667} For tablet compositions, the compound or a pharmaceutically acceptable
salt thereot m admixture with non-toxic pharmaceutically acceptable excipients
is used for the manufacture of tablets. Examples of such excipients include
without limitation inert diluents, such as calcium carbonate, sodivm carbonate,
lactose, calcium phosphate or sodivm phosphate; granulating and disintegrating
agents, for example, com starch, or alginic acid; binding agents, for example
starch, gelatin or acacia, and lubricating agents, for example magnesium stearate,
stearic acid or talc. The tablets may be uncoated or they may be coated by
known coating technigucs to delay disintegration and absorption in the
gastrointestinal tract and thereby to provide a sustained therapeutic action over a
desired time period. For example, a time delay material such as glveervl

monostearate or glyceryl distearate may be emploved.

[8068] Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example,
calelum carbonate, calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil mediam, for example

peanut oif, liquid paraffin or olive oil.

{80669} For aqueous suspensions, the compound or a pharmaceutically acceptable
salt thereof ts admixed with excipients suitable for maintaining a stable
suspension. Examples of such excipients include without Hmitation are sodium
carboxymethyicellalose, methyicellulose, hydropropylmethyleellulose, sodium

alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia.

{8678} Oral suspensions can also contain dispersing or wetting agents, such as
naturally-occurring phosphatide, for example, lecithin, or condensation products
of an alkvlene oxide with fatty acids, for example polyoxvethviene stearate, or
condensation produets of ethviene oxide with long chain aliphatic aleohols, for
example, heptadecacthyleneoxyeetanol, or condensation products of ethylene
oxide with partial esters derived from fatty acids and a hexitol such as

polyvoxyethylene sorbitol monooleate, or condensation products of ethylene
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oxide with partial esters denived from fatty acids and hexitol anhvdnides, for
example polyethvlene sorbitan monooleate. The agueous suspensions may also
contain one or more preservatives, for example ethyl, or n-propyl p-
hydroxyhenzoate, one or more coloring agents, onc or more flavoring agents,

and one or more sweetening agents, such as sucrose or saccharin,

{8071} Oily suspensions may be formulated by suspending the compound or a
pharmmaceutically acceptable salt thereof i a vegetable oil, for example arachis
oil, olive oil, sesame oil or coconut oil, or in a muneral oil such as liquid paraffin.
The oily suspensions may contain a thickening agent, for example beeswax, hard

paraffin or cetyvl alcohol.

(8072} Sweetening agents such as those set forth above, and flavoning agents
may be added to provide palatable oral preparations. These compositions may

be preserved by the addition of an anti-oxidant such as ascorbic acid.

{86873} Dispersible powders and graneles suitable for preparation of an aqueous
suspension by the addition of water provide the compound or a phammaceutically
acceptable salt thereof in admuixture with a dispersing or wetting agent,
suspending agent and one or more preservatives. Suitable dispersing or wetting
agents and suspending agents are exemplified by those already mentioned above.
Additional excipients, for example sweetening, tlavoring and coloring agents,

may also be present.

{8074} Pharmaceutical compositions of the present disclosure may also be in the
form of oil-in-water emulsions. The oily phase may be a vegetable oil, for
example olive ot or arachis oil, or a mineral oil, for example hiquid paraffin or
mixtures of these. Suitable emulsifving agents may be naturallyv-occurring
gums, for example gum acacia or gum tragacanth, naturally-occurnng
phosphatides, for example soy bean, lecithin, and esters or partial esters derived
from fatty acids and hexitol, anhydrides, for example sorbitan monoleate, and
condensation reaction products of the said partial esters with ethylene oxide, for
example polvoxyethylene sorbitan monoleate. The emulsions may also contain

sweetening and flavoring agents.
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{8075} Syrups and elixirs may be formulated with sweetening agents, for
example glycerol, propvlene glycol, sorbitol or sucrose. Sach formulations may
also contain a demulcent, a preservative, and flavoring and coloring agents. The
phamaceutical compositions may be in the form of a sterile injectable, an
agqueous suspension or an oleaginous suspension. This suspension may be
formulated according to the known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned above. The sterile
mjectable preparation may also be sterile injectable solution or suspension in a
non-texic parentally acceptable diluent or solvent, for example as a solution in
1,3-butanediol. Among the acceptable vehicles and solvents that mayv be
emplovyed are water, Ringer’s solution and isotonic sodium chlornide solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medivm. For this purpose any bland fixed oil may be emploved
including synthetic mono-or diglycerides. In addition, fatty acids such as oleic

acid find use in the preparation of injectables.

16676} The compound the compound or a pharmaceutically acceptable salt
thercot may also be adminstered in the form of suppositories for rectal
administration. These compositions can be prepared by mixing the compound
with a suitable non-irrtating excipient which is solid at ordinary temperatures
but liquid at the rectal temperature and will therefore melt in the rectum to
release the compound. Exemplary excipients include cocoa butter and

polyethyliene glycols.

{8677} Compositions for parenteral administrations are administered in a sterile
medium. Depending on the vehicle used and concentration the concentration of
the compound or a pharmaceutically acceptable salt thereof in the formulation,
the parenteral formulation can either be a suspension or a solution containing
dissolved compound. Adjuvants such as local anesthetics, preservatives and

buffering agents can also be added to parenteral compositions.

[0678] EXAMPLES
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[8079] The following non-linuting examples are additional embodiments for

iHustrating the present disclosure.

(6686} Tissue culture. Wild-type (cat. no. thpl-isg} and STING KO {cat. no.
thpd-kostg) THP-1-Lucia ISG cells were purchased from Invivogen and
mattained in growth media consisting of RPMI 1640, 2mM L-glutanune, 25
mM HEPES, 10% heat-inactivaied fetal bovine serum (FBS), 1,000 units/ml
penicithin, 1,000 pg/ml streptomyein, 0.25 pg/ml Amphotericin B, and 100

pg/ml zeocin unless otherwise stated.

10081} Type 1 interferon stimuli. Poly(dA:dT) and 2°3°-cGAMP were
purchased from mvivogen and resuspended according to manufacturer’s

instructions.

{6082} ISRE-luciferase assay. THP-1 Lucia ISG cells were resuspended in
low-serum growth media (2% FBS) at a density of 5 x 10° cells/m! and treated
with test article or vehicle (DMSO). 50 pL of cells were seeded into cach well of
a 384-well white gremner plates and incubated for 24 hours. To evaluate
expression of the luciferase reporter, 30 ul of Quanti-tuc {(Invivogen) detection
reagent was added to cach well and luminescence was read using an Envision

plate reader {Perkin Elmer) set with an integration time of 0.1 seconds.

8083} Viability assay. Cclls were resuspended m low-serum growth media at a
density of 3 x 10° cells/ml and treated with test article or vehicle (DMSQ). 50 pL
of cells were seeded into each well of a 384-well white greiner plates and
meubated for 24 hours. To evaluate expression of the hiciferase reporter, 30 ul of
Cell Titer-Glo (Promega} detection reagent was added to cach well and
luminescence was detected \using an Envision Platc Reader st with an

ntegration time of 0.1 seconds.

{0084} Western Blot. Cells were solubilized in 1X protein lysis buffer (25 mM
HEPES, pH 7.4, 300 mM NaCl, 1.5 mM MgCh, | mM EGTA, 1% P-40, 1%
sodium deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM glycerophosphate}
with freshly added protease and phosphatase inhibitors {Cell Signaling). Western
blotting was performed using Bolt™ 4-12% Bis-Tris gels and Bolt™ mini
transfor system following the manufacturer’s instructions (ThermoFisher

Scientific). STING and y-tubulin antibodies were purchased from Cell Signaling
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diluted in 5% BSA, IX TBS-T buffer (Table 3). Anti-rabbit HRP antibody was
diluted in 5% non-fat dried milk, 1X TBS-T buffer and huminescence signal was

tmaged using a ChemiDoc Imager (BioRad).

6085} Semi-quantitative real-time PCR (gPCR). THP-1 cells were
resuspended in low-serum growth media at a density of 5 x 1¢° cells/ml and
treated with test article or vehicle (DMSO). 2.5 mL of cells were seeded into
each well of a 6-well plate and incubated for 24 hours. RNA was isolated vsing
an RNeasy Plus Mini Kit (Chagen) and 1 pg of purified RNA was reverse-
transcribed into ¢DNA (VILG, cat. no. 11735050, ThermoFisher Scientific).
Gene expression was assessed using Tagman primers and probes listed in Table
4 with the Tagman Universal Mix I {cat. no. 4440038, ThermoFisher) following
manufacturer’s instractions. Gene expression was normalized using the double

delta Ct method and was reported as fold change in expression.

{8086} STING Thermal Shift Assay {TSA). The c-terminal domaims (CTD) of
human and mouse STING were expressed and punfied as detailed previously
{Ouyang, S, Song, X, Wang, Y., Ru, H,, Shaw, N, Jiang, Y., Niw, F., Zhu, Y .,
Qiu, W, Parvativar, K., et al. {2012). Structural analysis of the STING adaptor
protein reveals a hvdrophobic dimer interface and mode of cvelic di-GMP
binding. Immunity 36, 1073-1086.). Test article or vehicle controls were added
to diluted STING protein (0.22 mg/ml) in 1X Protein Thermal Shift Buffer
provided in the Protein Thermal Shift Dye Kit {cat # 4461146, ThermoFisher
Scientificy. Thermal Shift dve was added and mixed prior to performing a melt
curve following parameters outlined for the Dye kit. Melt temperatures (Tmy)
were calculated using the Derivative method using Protein Thermal Shift

Software v1.3 {cat # 4466038, ThermoFisher Scientific).

(6887} WT STING binding assay {{isbio, Catalog # 64BDSTGPEH). An
assay format was optimized to demonstrate binding of recombinant 6x His-
tagged human STING protein labeled with Terbiom Cryptate by the natural
ligand, 2’3 cGAMP labeled with d2 (the acceptor). Upon proximity of the two
dyes, the excitation of the donor by the flash lamp on the PHERAstar FSX plate
reader triggers a Fluorescence Resonance Energy Transfer (FRET) towards the
acceptor, which in tum fluoresces at 665 nm. To assess the ability of the

synthetic small molecule STING ligands to bind to human STING, a competitive
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assay format was applied. A 10-point titration of cach of the synthetic ligands
Sul. were transferred into a 384 well plate, followed by 20uLl of assay buffer
containing the 6x His-tagged human STING protein and labeled 2°3 ¢cGAMP
ligand and incubated for three hours at room temperature. The raw values
obtained from the PHERAstar were used to calculate the reported 1Cso values
{the signal is inversely proportional to the binding of the synthetic ligand}
through curve fitting in Genedata. The percent inhibition was calculated based
upon the maximal amount of binding by synthetic compound versus the
maximum binding of unlabeled 2737 ¢cGAMP which was osed as a control in

cach assay.

10088} Table 2: Cell Signaling Asntibodies

Protein target | Cat. No. | Dilution
STING 13647 1:1000
y-tubulin 5886 1:3000
Rabbit 1gG 7074 1:3000

{0089} Table 3: ThermoFisher Scientific Tagman Primers/Probe

Gene Symbol | Species Cat. No. Bye
IFNBL human | Hs01077958 s1 | FAM
CXCLIO human | Hs00171042 ml | FAM
IFIT3 human | Hs01922752 s1 | FAM
B2M human | Hs00187842 ml | VIC

8050} Compounds aseful for carrying out a method of the present disclosare
can be prepared according to the following procedures i conpunction with
ordinary knowledge and skill in organic svnthesis, substituting appropriate

reagents as apparent to the practitioner.
10091} Experimental Procedures

(6692} Abbreviations. The following abbreviations are used: tetrahydrofuran
{THF}, dichloromethane (DUM), N N-dimethylformamide (DMF),
dimethylacetamide (DMA), dimethylsulfoxide (DMSO), tafluoroacetic acid
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(TFA), tricthvlamine (TEA), diisopropyiethylamine (DIPEA), (1-Cyano-2-
ethoxy-2-oxoethylidenanunooxy }dimethylamino-morpholing-carbemum
hexafluorophosphate (COMU]}, 1-{bis{dimethylamino)methylene|-1H-1,2,3-
triazolof4.3-blpyridinium 3-oxid hexafluorophosphate, N-[(dimethylamino)-1H-
1,2,3-tr1azolo-{4,5-bjpyndin-I-ylmethvlene}-N-methylmethanaminiom

hexafluorophosphate N-oxide (HATU).

(6093} General Examples for the Preparation of Compounds of the Present
disclosure. The starting materials and intermediates for the compounds of this
present disclosure may be prepared by the application or adaptation of the
methods described below, their obvious chemical equivalents, or, for exampie,
as described in literature such as The Science of Svnthesis, Volumes 1-8. Editors
E. M. Carreira et al. Thieme publishers (2001-2008). Petails of reagent and
reaction options are also available by structure and reaction searches using
commercial computer search engines such as Scifinder (www.cas.org) or Reaxys

{(www.reaxys.com}.

[8094] PART I: PREPARATION OF INTERMEDIATES

16095} Scheme 1 synthesis of Intermediate-A:

SnBug
N aq. LiOH,
OFt lN’ QFt N THF:MeOH OH
N o N

N. Pd(PPhs),, dioxan o) Z N 0°C-RT,5h Ney

<l ' 60°C, 1h
S 110°C. 16h A = | ' A P
Cl Step 1 ~ N Step2 « |N
A

18096] Step 1: Synthesis of ethyl 6-(pyridin-4-y1} pyridazine-3-carboxylate:
To a argon-purged solution of ethyl 6-chioropvridazine-3-carboxylate (4.0 g,
21.4 mmol) was added 4-(tributyistannyDpyridine (8.71 g, 23.65 mmol) in 1,4~
dioxane (40 mL) and the resulting mixture was stirred at room temperature for
10 min before PA(PPha)s (2 48 g, 2.15 mumol) was added. The reaction mixture
was stirred at 110 °C for 16 hours. After completion, the reaction mixture was
diluted with saturated aq. solution of NaHCOs (50 mL) solution and extracted
with EtOAc (30 mL x 3}, dried over anhydrous Nax S0y, filtered and
concentrated under reduced pressure. The obtained residue was purified by
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column chromatography to afford ethyl 6~(pyridin-4-yDpyridazine-3-carboxylate
(2.5 g, 46% vield}) as a white solid. 'H NMR (400 Mz, DMSO-ds): § 8.84 (m,
2H), 8.58(d, /=88 Hz, 1H), 838 (d, /=88 Hz, 1H), 821 (m,2H)}, 448{q, J=
7.2 Hz, 2H), 1.40 (1,.7= 72 Hz, 3H). LC-MS (ESI+): m/z;, 23014 [M+H]™

{8637} Step 2: Synthesis of 6-(pyridin-4-y1} pyridazine-3-carboxylic acid
{A). Av aqueous solution of hithium hydroxide monobydrate (0.55 g, 13.1 mmol)
mn water {10 mL) was added to a solution of e¢thyl 6-(pvridin-4-yhpyridazine-3-
carboxylate (2.5 g, 10.9 mmol} in THF (10 mL}) at 0 °C and the resalting mixture
was stirred at room temperatare for 5 hours. MeOH (10 mL) was added and the
moixture was stured at 60 °C for 1 h. After completion of the reaction, THF and
MeGH were removed under reduced pressure and the aqueous laver was
acidified with 2N HCl (pH-4}. The obtained solid was filtered, washed with
water and dried. Then, 1t was triturated with acetoniirile, filtered and the filter
cake was dred to afford compound A (1.4 g, 53 % vield) as a pale brown solid.
'H NMR (400 MHz, DMSO-de): 6 14.02 (s, 1H), 8.84 (m, 2H), 8.56 (d, /= 8.8
Hz, 14}, 8.36 (d, /= 8.8 Hz, 1H), 821 (m, 2H}. LC-MS (ESI-): mz; 200.11 [M-
HI"

(6098} Scheme 2: synthesis of Intermediate-B:

pyrazole-4-boronic acid J

: o

o Pd(PPhs)s, dioxane DMF-THF, 0 °C, NaH

07N 29 NaxC0; 90°C, 1h O SEM-CI, 30 min
) N\N/ al Step-1 N Step-2
NH
OH

aq. LIOH, THF

o°Ccrt,2h ©
Bhhial LI |

Step-3 N

\
SEM

{0699} Step 1: Synthesis of ethyl 6-(1 H-pyrazol-4-yl) pyridazine-3-
carboxylate: Argon gas was purged through a solution of pyrazole-4-boronic

acid {(4.51 g, 40.31 mmoly, NaxCO3 (7.1 g, 67.2 mmol} and cthyl 6-
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chloropyridazine-3-carboxylate (5 g, 26.88 mmol) in 1, 4-dioxane (175 mL) and
water (25 mL) for 10 nuns before addition of Pd (PPha)e (1.55 g, §.34 mmol).
The reaction mixture was stirred at 90 °C for 1 h. After completion of the
reaction, it was cooled to room temperature and diluted with EtOAc (250 mL). It
was then washed with water (100 mL}, brine (100 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue
was purified by column chromatography over silica gel to afford 3.2 g of cthyl 6-
{1H-pyrazol-4-v1) pyridazine-3-carboxylate as an off-white solid. LC-MS
(ESIH): mz; 219.0 [M+H]"

106100} Step 2: Synthesis of ethyl 6-(1-((2-(trimethylsilyl) ethoxy)

methyi}-1H-pyrazol-4-yl)pyridazine-3-carboxylate:

(00101} NaH (60% w/w) (0.422 g, 17.6 nunol) was added portion wise to
a stirred sotution of ethyl 6-(1H-pyrazol-4-v1) pyridazine-3-carboxylate (3.2 g,
14.67 mmol) in THF (64 mL} and DMF (30 mL) at 0 °C and stirred for 10 mins.
To this was added SEM-C1{2 93 g, 17 61 mmol} and the reaction mixture was
stirred at 0 °C for 30 min. It was then quenched with 109 citric acid solution and
the solid thus obtained was filtered, washed with water (5 mL x 2) and dried.

The residue was purified by column chromatography over silica gel {using 0-5%
Methanol in Dichloromethane as an cluent) to afford 2.65 g of ethyl 6~-(1-{(2~
(trimethyisiiyl) ethoxy) methyl)-1H-pyrazol-4-ylipyridazine-3-carboxylate as off

white solid. LC-MS (ESI+): m/z; 349.1 [M-H]".

(006102} Step 3: Synthesis of 6-(1-((2-(trimethylsilyljethoxy)methyl)-
1H-pyrazol-4-yl)pyridazine-3-carboxyhc acid (B):

{00103 An agucous solution of lithium hydroxide monohvdrate (0.382 g,
9.13 mmol, in 3 mE water) was added to a solution of ethy! 6-(1-¢(2-
{trimethylsiiyl) ethoxy) methyl-1H-pyrazol-4-yDpyridazine-3-carboxylate (2.65
g, 7.61 mmaol) in THF (9 mL) at 0 °C and stirred at room temperature for 2 h
After completion of the reaction, the reaction mixture was diluted with water (10
mL} and washed with EtOA¢ (30 mL x 2}. The agueous layer was acidified
using 2N HCl {pH-4} solution and the solid thus obtained was filtered, washed
with water (2 mL x 2) and dried to afford 1.1 g of B as an off-white solid. 'H
NMR {400 MHz, DMSO-de) 5 13.62 (s, 1H), 8.78 (s, 1H), 833 (s, 1H), 8.18-
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§.13 (m, 2H), 5.51 (s, 2H), 3.61 1,/ = 8.0 Hz, 2H), 0.87 (d, J = .0 Hz, 2H),
0.04 (s, 9H). LC-MS (EST+): m/z 321.0 [M+H]"

(806104} Scheme 3: synthesis of Intermediate-C:
TMS—== PMBN3, CuSO,
Pd(PPh;3),Cl,, N. _CO.M sodium ascorbate
_.N._CO,Me Cul, TEA THF NS 2Me TBAF, THF N Na-COMe 4 BOH, H,0
N™S 25°C,1h L 25°C,1h | 40°C, 2h
Cl Step1  TMS Step-2 Z Step-3
OH

Ny -COzMe  LIOH-H,0

. N
N THF, H,0 NS o
N 7 25°C,12h N /
N - N |
N

! Step-4 N
PME PMB c
(606105} Step 1: Synthesis of methyl 6-

{{trimethylsilyljethynyhpyridazine-3-carboxylate: To a solation of methyl 6-
chloropyridazine-3-carboxvlate (1 g, 5.79 mmol) in THF (10 mL) was added
ethvnyl{trimethylsilane (4.0 mL, 29.0 mmol), Pd(PPh:)Cly (407 mg, 0.58
mmol}, Cul (221 mg, 1.2 mmol) and EGN (0.807 mL, 5.79 mmol}, and the
resulting mixture was stirred at 25 °C for | hour. After completion of the
reaction, the mixture was filtered through a pad of silica~-gel and the filtrate was
concentrated under reduced pressure. The residue was purified by column
chromatography {PE/EtOAc) to afford methyl 6-
{{trimethylsilyDethvnylpyridazine-3-carboxylate (500 mg, 37% vield} asa

vellow solid.

163106} Step 2: Synthesis of methyl 6-ethynylpyridazine-3-
carboxylate: To a solution of methy! 6-({(trimethylsilylethynylpyridazine-3-
carboxylate (500 mg, 2.13 mmol} in THF (10 mL) was added TBAF (1M in
THEF, 427 mL, 4.27 mmol}, the reaction mixture was stirred at room temperature
for 1 hour. After completion, the reaction mixture was poured into HoO (50 mL)
and extracted with DCM (30 mL x 3). The combined organic layers were
washed with brine (30 mL), dried over NaxSOq, filtered and concentrated under

reduced pressure. The residue was purified by column chromatography
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(PE/EtOAcC) to afford methyl 6-ethynylpyridazine-3-carboxylate (260 mg, 75%

vield) as a brown solid.

166107} Step 3: Synthesis of methyl 6-(1-(4-methoxybenzyi}-1H-1,2,3-
triazol-4-yhipyridazine-3-carboxylate: To a solution of methyl 6~
ethynylpyridazine-3-carboxyiate (500 mg, 3.1 mmol) and 1-(azidomethyvi}-4-
methoxy-benzene (1.0 g, 6.2 mmol) in H0 (4 mL) and ~BuOH (16 mL) was
added CuS04 {98.4 mg, 0.62 mmol) and sodium ascorbate (489 mg, 2.5 mmol).
The reaction mixtare was purged with nitrogen and stirred at 40 °C for 2 h. After
completion of the reaction, it was diluted with EtOAc (50 mL} and H20 (20
mL). The precipitate was filtered, and the filter cake was washed with
DCM/MeOH 10/1 (500 mL). The filtrate was concentrated under reduced
pressure to afford methyl 6-(1-(4-methoxybenzyl}-1H-1,2 3-triazol-4-
vhpyridazine-3-carboxylate (600 mg, 60 % vicld) as a gray solid. LCMS (ESI+):
m/z 325.9 [M+H]™

133108} Step 4: Synthesis of lithium &-(1-(4-methoxybenzyl}-1H-1,2,3-
triazol-4-yhpyridazine-3-carboxylate {C): To a solution of methyl 6-(1-(4-
methoxybenzyl)-1H-1,2, 3-triazol-4-vlipyndazine-3-carboxylate (250 mg, 0.77
mumnol) in THF (2.5 mbL) was added a sohution of lithium hydroxide monchydrate
{96.7 mg, 2.3 mmol} in water (2.5 mL) at 0 °C. After stirred at room temperature
for 12 h, the precipitate was filtered, and the filter cake was dried under reduced
pressure. The residue was triturated with acetonitrile and filtered to afford the
acid C (70.0 mg. 29 % yield) as a gray solid. LCMS (ESI+): m/z 312 [M+H]™

[00109] PART II: PREPARATION OF EXAMPLE COMPOUNDS
(60118} All compounds were prepared using the procedures exemplified
below.

(L ERY Example 1:

00112} Scheme 4: Synthesis of Compound 1:
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{66113} Step 1: Synthesis of methyl 5-fluoro-2-(6-(pyridin-4-vi)

pyridazine-3-carboxamido}-4-({{rimethylsiiyl} ethynyl} benzeoate:

o114 To a solution of intermediate C (1.4 g, 7.0 mmol) and DIPEA
(6.17 mb, 34.8 mmol} in DCE (30 mL) was added T3P (50% in EtOAc) {1329
mal., 20.89 mmol) at rooo teraperature, followed by methyl 2-amino-~5-fluoro-4-
{{(trimethylsilylethynyhbenzoate (1.8 g, 7.0 mmol). The reaction mixture was
stirred at 80 °C for 7 h. After completion of reaction, the volatiles were removed
ander reduced pressure and saturated ag. solution of NaHCG: (15 mL} was
added. The obtained solid was filtered, washed with water and dried. The residue
was purified by column chromatography (PE/EtOAc) o afford methyl S-flaoro-
2-(6-{pyridin-4-y1} pyridazine-3-carboxamido}-4-{{irimethyisiiyly ethynyl)
benzoate {2.2 g, 70% vield) as a pale cream solid. 'H NMR (400 MHz, DMSO-
dey: 8 12.96 (s, 1H), 8.98 — §.84 (m, 1H), 8.69 (d, /=88 Hz, 2H), .52 (in, 1H),
8.26 (m, 1H), 8.24 (m, 2H}), 7.92 (m, 1), 3.97 (s, 3H), 0.29 (s, 9H). LC-MS
(ESI-): mz, 447 28 [M-H]"

[60115] Step 2: Synthesis of methyl 4-ethyny}-5-fluoro-2-(6-(pyridin-
4-yl} pyridazine-3-carboxamido} benzoate: TBAF (IiMin THF)} (4.9 mL, 49
mmol) was added to a stirring solution of S-fluoro-2-(6~{pyridin~-4-yi}
pyridazine-3-carboxamido}-4-((trimethylsilyl) ethynyl) benzoate (2.2 g, 4.90

mmol) in THF (22 mL) at 0 °C and the resulting mixture was stirred at room
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temperature for 30 nun. Afier completion of the reaction, saturated ag. solution
of NaHCOs (20 mL) was added. The solid was filtered, washed with water and
dried. The obtained residue was purified by coluran chromatography
(DCM/MeOH) to afford methyl 4-cthyayi-5-fluoro-2-(6~(pyridin-4-vi)
pyridazine-3-carboxamido) benzoate (1.1 g, 60% yield) as pale orange solid. 'H
NMR (400 MHz, DMSO-de): 6 12.96 (s, 1H), .97 (d, ./ = 6 8 Hz, 1H), 8.86 -
8.84 (m. 2H), 8.68 (d, /=88 Hz, 1H),8.51(d, /=88 Hz. IH}, 826 - 8.24 (0,
2H), 7.93 (d, J=10.0 Hz, 1H), 4.87 (5, 1FD, 3.97 (5, 3H). LCMS: m/z 3772
[M+H}™

60116} Step 3: Synthesis of lithium 4-ethynyl-5-fluore-2-(6-(pyridin-
4-yl} pyridazine-3-carboxamido) benzoate (1} An agueous solution of Iithium
hydroxide monohvdrate (33.4 mg, 0.8 mmol) in water {2 mL) was added to a
solution of methy! 4-cthynyl-5-fluore-2~(6-{pyridin-4-y1} pvridazine-3-
carboxamido) benzoate (200 mg, 0.5 mmol) m THF (4 mL} at 0 °C and the
resulting mixture was stirred at room temperature for 2 hours. After completion
of the reaction, the obtained solid was filtered, washed with water and dried.
Then, it was triturated with acctonttrile, filicred and dried to afford compound 1
as lithium salt (99 mg, 54% vield) as an off-white solid. 'H NMR (400 MHz,
DMSO-de): 3893 (d, /=68 Hz, 1H}, 8.85 - 883 (m, 2H), 8.61 (d, /=8 8 Hz,
iH), 843 (d, /=88 Hz, 1H), 8.25-824 (m, 2H), 7.79(d, /= 10.4 Hz, iH),
452 (s, 1H}. LC-MS (ESI+): m/z 363.2 [M+HT

06117} Procedures analogous to those for the synthesis of compound 1
were used for the synthesis of compounds 10, 13, 16, 19, 38, 44, 49, 52, 29, 3],
33,46,47, 77,34, 53,37, 58, 63, 66, 60, 33, 56, 46, 79, 66, 67, 68, 69, 70, 71,
73,96, 97, 98,99, 100, 101, 102, 103, 104, 107, 108, 10, 90, 82, 88 and 81 ef o/,
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[03118] Example 2:
1003119] Scheme 5: synthesis of compound 2:
Boc-glycine, AGNO; imidazole
ol
(NH,),8,04, water THF, NaH c | Ney CIn Ny Eég'—hgsoé)c
A NHB psi
Eln' _8oc.0min % so%.2n PN, 4 BocHN - A 90°C, 24 h
Z T sept Tstep2 N Ny ——=
p- p- = )
BocHN = Step-3

i) aq. LIOH, THF E
o iiy methy 4,5-difluoro o
Ng anthranilate, DMF, HATU ¢

O N o F
BocHN | An DIPEA, 80°C, 7 h + N
L/N Step-4, 5
= ’\\N BocHN F
=/
o~ o
F NH dioxane-HCI
N t, 3h F NH "
0 | N Step-6 0 [ *N
BocHN Z ’E\\/N HoN N/\\N
- e/
2
(00126} Step 1: Synthesis of fert-butyl ((3,6-dichloropyridazin-4-

viimethyljcarbamate: To a suspension of Boc-glveine (20.0 g, 114.2 mmol) in
Hz0 {100 mL) was added 3,6-dichloropyridazine (16.0 g, 67.1 mmol) and silver
nitrate (1.1 g, 6.7 ramol) and the resulting mixture was heated at 80 °C. To the
reaction mixture was added, drop wise at 80 °C during 30 min, a solution of
ammonium sulfate (27.6 g, 120.9 mmol} in HoO (40 mL). The reaction mixture
was then stirred at 80 “C for additional 30 min. Then, 1t was cooled o room
temperature, basified with conc. ammonium hydroxide (pH 10) and extracted
with EtOAc (100 mL x 2). The combined organic lavers were washed with brine
{200 mL), dried over anhydrous Na2804 and concentrated under reduced
pressure. The residue was purified by colurmn chromatography (hexanes/EtOAc)
to afford tert-butyl {(3,6-dichloropyridazin-4-vimethylearbamate (15.0 g, 40%
vield) as a light red thick oil. "H NMR {400 MHz, CDClz): 8 7.49 (s, 1H), 4.38
(d. J=06.0Hz, ZH), 149 (s, 9H). LC-MS (ESI-): m/z 278.1 [M-HT".

60121} Step 2: Synthesis of sers-butyl ((6-chlore-3-(1H-imidazel-1-
yipyridazin-4-yhmethylcarbamate and ferf-butyl ((3-chloro-6-(1H-

imidazol-1-yhpyridazin-4-yhmethyljcarbamate: To a solution of imidazole
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(5.9 g, 86.2 mmol} in THF (200 mL) was added NaH (60% in mineral oif} (3.5
g, 86.2 mmol) at 0 °C and the resulting mixture was stirred for 15 min. tert-Butyl
{(3,6-dichloropvridazin-4-yDmethyi}carbamate (20.0 g, 72.1 mmol) was added
and the reaction mixture was stirred at 60 °C for 2 h. After completion, the
reaction was cooled to room temperature, diluted with water (200 mL), and
extracted with EtOAc (200 mL x 3). The combined organic lavers were washed
with brine (200 mL), dried over anhydrous Nax50a, filtered and concentrated
under reduced pressure. The residue was purtfied by column chromatography
{(PE/EtOAC), to obtain a mixture of the desired compounds (8.1 g, 36% vicld) as
a light brown solid, which were used in the next step as a mixture. LC-MS

(ESIH): mzrt. = 1.24 min, 310.19 {M+H] "and r.t. = 1.28 min, 310.15 [M+H}".

(60122} Step 3: Synthesis of ethyl S-{{{#ert-
butoxycarbonyljaminoimethyl}-6-(1 H-imidazol-I-ylpyridazine-3-
carboxylate and ethyl 4-(({zert-butoxycarbonyl)amino)methyl) -6-(1 H-
imidazol-1-ylipyridazine-3-carboxylate: To a solution of a mixture of
compounds tert-butyl ({6-chloro-3-{1H-imidazol-1-yljpyridazin-4-
vimethylicarbamate and tert-butyl ((3-chloro-6-(1H-imidazol-1-ypyridazin-4-
vhmethyiycarbamate (6.5 g, 21.0 mmol) in EtOH (97.5 mL) was added sodium
acetate (3.4 g, 41.9 mumol) and the resulting mixture was purged with argon for
10 min. Thea, Pd(dppfYClz (0.77 g, 1.0 mmol} was added and the reaction
mixture was stirred under CO pressure (100 psi} at 90 °C for 24 h. Then 1t was
cooled to room temperature and volatiles were evaporated under reduced
pressure. Saturated aq. solution of NaHCO: (100 mL) was added and extracted
with EtOAc (100 mL x 3). The combined organic lavers were washed with brine
{100 mL}, dried over anhvdrous NaxSOy, filtered and concentrated under
reduced pressure. The residue was purified by column chromatography
{(DCM/MeOH) to afford a mixture of ethyl 3-({(tert-
butoxycarbonylaminoymethy)-6-(1H-imidazol-1-ylypyridazine-3-carboxviate
and ethyl 4-{((tert-butoxvcarbonvljaminoymethyl} -6-(1 H-imidazol-1-
vipyridazine-3-carboxylate (6.5 g, 89% vicld) as a brown solid. LC-MS: mz rt.
= 1.36 min, 348.4 [M+H] and r.t. = 1.29 min, 3483 [M+H]"

(06123} Step 4 and 5: Synthesis of methyl 2-{5-({{zert-

butoxycarbonyljaminoimethyl}-6-(1 H-imidazol-1-yhpyridazine-3-
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carboxamido)-4,5-difluorobenzoate and methyl 2-(4-{({#err-
butoxyearbonyhaminoimethyl}-6-( Hamidazol-1-ylpyridazine-3-
carboxamido)-4,5 difluorobenzeate: An agueous solution of lithiom hydroxide
monchydrate (0.32 g, 7.7 mmol) i water (12.5 mL) was added to a solution of
ethyl S-(((tert-butoxycarbonyhaminojmethyl)-6-( 1H-imidazol-1-yljpyridazine-3-
carboxylate and ethyl 4-({{tert-butoxycarbonyljaminomethyl} -6-(1H-imidazol-
1-yDpvrdazine-3-carboxylate (2.5 g, 7.2 mmol) in THF (25 mL) and the
resulting mixture was stirred at room temperature for 30 min. After completion
of the reaction, THF was removed under reduced pressure and the agueous layer
was acidified with 3N HCl {pH 4-3). Volatiles were removed by lvophilization
1o get a nuxture of the corresponding carboxylic acids. The mixture was
dissolved in DMF (41 mL), and methyl 4, 5-difluoroanthranilate (3.2 g, 17.1
mumnol) and DIPEA (738 mb, 42.40 mumol) were added. To the reaction mixture,
HATU (4.9 2, 12.8 numol) was added and the reaction mixture was stirred at 80
°C for 7 hours. After completion, the reaction mixture was cooled to room
temperature, diluted with saturated ag. solution of NaHCO: (220 mL} and
extracted with EtOAc (100 mL x 3). The combined organic layers were washed
with brine (200 ml), dried over anhydrous NazSOs, filiered and concentrated
under reduced pressure. The residue was purified by column chromatography
{DCM/MeGH) to afford methyl 2-(5-(({teri-butoxycarbonyljaminoymethyl}-6-
{1H-imidazol-1-vpyridazine-3-carhoxamido}-4,5-difluoro benzoate (0.75 g,
21% vield) as a vellow solid and methy] 2-(4-({(rerr-
butoxyearbonylaminoimethy}-6-(1 H-imidazol- 1 -yipyridazine-3-
carboxamido)-4,5-difluoro benzoate {0.11 g, 3% yield) as a fluffy light brown
solid. 5-substituted compound: 'H NMR (400 MHz, DMS0-ds): 6 13.09 (s, 1H),
8.88 — 8.81 (m, 1H), 8.35 (s, 1H), 8.43 (s, 1H), &.14 - 8.06 (m, 1H), 7.89 - 7.84
{m, 2H), 7.26 (s, 1H), 4.37 (d, /= 6.0 Hz, 2H), 3.95 (s, 3H), 1.40 (s, 9H). LC-
MS (ESE+): mz 489.69 [M+H] . 4-substitated compound: 'H NMR (400 MHz,
DMSO-de): 8 12.99 (s, 1H), 8.84 — 8.77 (m, 2H), 8.15 - 8.07 (m, 3H), 7.36 (s.
1H). 7.29 (s, 1H), 4.79 (d. J = 5.6 Hz, 2H), 3.95 (5. 3H), 1.42 (s, 9H). LC-MS
(ESI+): m/z 487.3 [M-HT".

(66124} Step 6: Synthesis of methyl 2-(4-{aminomethyl}-6-(1H-
imidazol-1-yhpyridazine-3-carbexamido)-4,5-diflsorobenzoate 2: Toa

solution of 2-(4-({{terr-butoxycarbonyhamino)methy!)-6-(1 H-imidazol-1-
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vlhpyridazine-3-carboxamido)-4,5-difluoro benzoate (600 mg, 1.2 mmol) m
DCM (0.5 mL) was added 4M HCl in dioxane (5§ mL) and the reaction mixiure
was stirred at room temperature for 3 h. Afier completion of the reaction,
volatiles were removed under reduced pressure and dicthyl ether (10 mL) was
added to the residue. The obtained solid was filtered and dried to afford
compound 2 (HCI salt) (34 mg, 7% vield) as an off-white solid. 'H NMR (400
MHz, DMSO-de): 5 1310 (s, 1H), 9.43 (s, 1H), 891 (5, 1H), 8.77 - 883 (m,
4H), 844 (5, 1H), 8. 10 - 8.15 (m, 1H), 7.62 (s, 1H), 4.68 (1, /=52 Hz, 2H),
3.96 (s, 3H). LC-MS (EST+): m/z 389.2 [M+H] ™

60125} Compounds 7, 42, 43 and 74 were prepared by using procedures

analogous to those for synthesizing compound 2.

{66126} Example 3:
(66127} Scheme 5 synthesis of compound 3:
o}
;\©\)L 1) Thionyl chloride, reflux, 2h o)
OH E
2) DIPEA, AcCN, 1t o
= NH P
Z N. //)Cf:l\ /N\N
07 N |
~ NN |
Z I N
x
1 3
003128} Synthesis of 7-ethynyl-6-fluoro-2-(6-{pyridin-4-yhpyridazin-3-

vi}-4H-benzojd}{1,3joxazin-4-one (3}: A suspension of compound 1 (36 mg,
0.1 mmol} in 0.5 mi of thionvl chlonde was heated under reflux for Zh. Then,
the excess thionyl was removed under vacuum. 2 mL of anhydrous acetonitrile
was added the solid and a sohution of DIPEA (35 ul, 0.2 mmol} in 2 mL of
anhydrous acetonitrile was added at room temperature. After stirring for 30
minutes, the obtained precipitate was isolated and washed with acetonitrife to
give the product (28 mg, %0 % vield). 'H NMR (400 MHz, DMSO) 6 8.91-8.82
{m, 2H), 8.63 {(q, J=9.0Hz, 2H), 8 30-8 20 (m, 2H), 8.13 (d, /= 8.6 Hz, 1H),
8.08 (d, /=62 Hz, 1H), 5.04 {s, 1H}. MS-ESL m/z 345 46 observed (M+H)"
(80129} Compounds 75, 80 and 93 were prepared by using a procedure

analogous to that use for synthesizing compound 3.
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(60130} While the present disclosure has been described and exemphified
in sufficient detail for those skilled in this art to make and use if, various
alternatives, modifications, and improvements will be apparent to those skilled
i the art without departing from the spirit and scope of the claims.

[66131} All patents and publications referred to herein are incorporated by
reference herein to the same extent as if each individual publication was
specifically and individually indicated to be incorporated by reference in its

entirety.



