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THYROID HORMONE RECEPTOR BETA AGONIST COMPOUNDS
CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims priority to U.S. Provisional Application No. 62/722.312, filed
August 24, 2018, and U.S. Provisional Application No. 62/867.117, filed June 26, 2019, the
disciosures of cach of which are hereby incorporated by reference in their entiretics for all
PUrposes.
FIELD OF THE INVENTION

[0002] This invention relates to compounds, preferably thyroid hormone receptor beta (THR
beta) agonist compounds, compositions thereof, and methods of their preparation, and methods

of agonizing THR beta and methods for treating disorders mediated by THR beta.
STATE OF THE ARY

[8603] The beneficial effects arising from treating hyperthyroid or hypothyroid patients with
T3 / T4 endogenous ligands or early analogs of these endogenous ligands have been described in
the literature (Richardson Hill Ir., S. etal. J. Clin. Invest. 1960, 39, 523-333). These carly
studies, as well as similar follow-up studies, established the heart as a major organ for the
manifestation of side effects of both hyperthyroidism and hypothyroidism (Klein, | et al.
Cireulation, 2007, 1725-1735). In particular, tachycardia, hypertrophism, atrial dvsrhythmias,
and atrial fibrillation are serious concems. In addition, increased bone turn-over leading to
decreased bone mineral density has also been noted. Negative effects at both sites, heart and
bone, have been linked to the agonism of the THR alpha isoform, whereas the beneficial effects
of THR agonism in the Hiver are largely linked to the THR beta isoform (Sinha, R. A ctal. Nar.
Rev. Endocrinology 20818, /4, 259-269).

10004]  Discases or disorders associated with THR beta include non-alcoholic steatohepatitis
(NASH), non-alcoholic tatty hiver discase (NAFLD), metabolic syndrome, dyshipidemia,
hypertnglycenidenia, and hypercholesterolemia. There is a need for thyroid hormone analogs,
such as those that are THR beta agonists, and preferably those that avoid the undesirable effects
of hyperthyroidism and hypothyroidism, and maintain the bencficial effects of thyroid
hormones, ¢.g., for the treatment for patients with non-alcobolic steatohepatitis (NASH). In
particudar, there is a need to develop new thvroid hormone analogs that are selective agonists for
THR beta, and preferably those that avoid the undesirable effects associated with agonism of

THR alpha, and maimtain the beneficial effects of thyroid hormones, e.g., for the treatment for
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patients with non-alcoholic steatohepatitis (NASH), non-alcoholic fatty hver disease (NAFLIY),

metabolic syadrome, dyslipidemia, hypertriglveenidemia, or hypercholesterolemia.
SUMMARY

{8603} In one aspect, provided herein is a compound of formula (1)

G
A
X
| g
RS R
LS R
N‘:\fi o
R?_
(I

or a pharmaceutically acceptable salt thereof, wherein:

ring A together with the carbonvl (keto} group within the ring form a 3 membered heterocycle
containing 1-3 ring heteroatoms selected from the group consisting of N, O, and S,
wherein the heterocycle 1s optionally substituted with 1-2 Ci-Cs alkyl or C3-Cs
cycloalkyl groups, and wherein the carbonyl (keto) group is not adjacent to the atom
attached to X

R is C1-Cy alkyl optionally substituted with 1-5 halo or hydroxyl groups, Cs-Cs cycloalkyl,
CON(RY, or NRIYCORY,

R’ 1s Hor Ci-Cs alkyl;

L 1s O, CHy, 8, 80, 8O, CO, CHF, CFz, CRVHICN, CHRY, or CRMRY

Rand R* are independently 1, Br, methyl, or cthyl;

R’ is H, halo, C1-Cs alkyl, or C3-Cs cveloalkyl

or R together with R* and the intervening atoms form a 5-7 membered cycloatkvl or a 5-7

membered heterocvele containing 1-2 ring heteroatoms;

X is absent, O, NRP2, C(OINR!Z NRIZC(0), CRPR2Z, OCRMRIZ CRPRIZ0, NRECRIZRY,
CRURNRD SO:NRE, or NRZSOs;

cach R'Y is independently C1-Cs alkyi or H;

each R is independently C1-Ca alky! optionally substituted with 1-5 halo,
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or two R groups together with the carbon atom to which they are attached form a cyclopropyl
or cyclobutyl ring; and
cach R!? is independently H or methyl.

{8606}  In some embodiments, the compound s of formula (HA) or (IIB):

N

-

O
R R*
L\H/\IR’
N\F‘Esi o

R2

(T1A) (11R)

G

N
H
3

wherein R, R2 R*, R* R®, X, and L are as defined for the compound of fornwla (1}

{8607} In some embodiments, the compound 1s of formula (VD)

OYO
HNfN
HNT O
:’ :?«25
RE ¥ R4
0@?’%1
N\?f o
RQ
)
wherein R!, R?, R®, R, and R° are as defined in claim 1.
{0008} In some embodiments, R! is {1-Cs alkyl optionally substituted with 1-2 halo or
hydroxyl groups, or (3-Cs cycloalkvl. In some embodiments, R 1s isopropyl, t-butyl,
HO-CH(CH;}-, HO-CH(CHCHa -, HO-C(CHs )2-, HO-CH2CH(CH: )=, eyclopropyl, or
}g@
{06091 TIn some embodinents, R? is H or -CHa.

{0018} In some embodiments, R is chloro or -CHs.
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{0611] Tn some embodiments, R* is chloro or -CHs; or R’ together with R* and the intervening
atoms form a 5-6 membered cycloalkyl. In some embodiments, R® together with R* and the
intervening atoms form cyclopentyl. In some embodiments, R” is H or fluoro.

{0012} In some embodiments, X is a bond. In some embodiments, X is NRPZC(0Q). OCRZR?,
or NRMCRURY; and cach R* is independently H or methyl. In some embodiments, X is
-OCH:z-, -NHCH2-, -NHC{O}-, -N{CH:)CHa-, or -N{HYCH{CHa}-.

{0013} In some embodiments, L is O, CHp, SO,, CO, CHRY, or C(R}MHR': and each R!! is
mdependently methyl or ethyl. In some embodiuments, L s O, CHz, 5Oz, or CO.

{8614} In some embodiments, provided herein 1s a compound selected from the compounds in
Table 1, or a pharmaceutically acceptable salt thereof.

{0015] In one aspect, provided hercin is a pharmaceutical composition comprising a
compound provided herein and at least one pharmaceutically acceptable excipient.

[0016]  In one aspect, provided herem is a method of agonizing thyroid hormone receptor beta
{THR beta} comprising contacting gither an effective amount of a compound provided hergin, or
an effective amount of a pharmaceutical composition provided herein, with the THR beta.

{8617} In one aspect, provided herein is a method of treating a disorder which is mediated by
THR beta i a patient, comprising administering to the patient a therapeutically effective amount
of a compound provided herein, or a therapeutically effective amount of a composition provided

herein. In some embodiments, the disorder 1s non-alcoholic steatohepatitis (NASH).

BETAILED DESCRIPTION

Definitions

10618} As used herem, the following definitions shall apply unless otherwise indicated.
Further, 1f anv term or symbol used hercin is not defined as set forth below, it shall have its
ordinary meaning in the art.

18619} “Comprsing” is intended to mean that the compositions and methods include the
recited elements, but not excluding others. “Consisting essentially of” when used to define
compositions and methods, shall mean excluding other elements of any essential significance to
the combination. For example, a composition consisting essentially of the clements as define
herein would not exclude other clements that do not materially affect the basic and novel
characteristic{s) of the claimed invention. “Consisting of” shall mean excluding more than trace
amount of, e.g., other ingredients and substantial method steps recited. Embodiments defined by

cach of these transition {ferms are within the scope of this invention.
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{8628} “Effective amount” or dose of a compound or a composition refers {o that amount of
the compound or the composition that results in an intended result as desired based on the
disclosure herein. Effective amounts can be determined by standard pharmaceutical procedures
m ccll cultures or experimental animals, e.g., and without initation, by determining the LDso
(the dose lethal to 30 % of the population) and the EDso (the dose therapeutically effective in 50
% of the population).

10621} The term “excipient” as used hercin means an inert or inactive substance that may be
used in the production of a drug or pharmaceutical, such as a tablet containing a compound of
the mvention as an active ingredient. Various substances may be embraced by the term
exeipient, meluding without limitation any substance used as a binder, disintegrant, coating,
compression/encapsulation aid, cream or lotion, lubricant, solutions for parenteral
administration, materials for chewable tablets, sweetener or flavoring, suspending/gelling agent,
or wet granulation agent. Binders include, e. g, carbomers, povidone, xanthan gum, etc ;
coatings mclude, e. g, cellulose acetate phthalate, ethylcellulose, gellan gum, maltodextrin,
enteric coatings, ¢tc.; compression/encapsulation aids include, e.g., calcium carbonate, dextrose,
fructose de {de = “directly compressible™), honeyv dc, lactose {anhvdrate or monchydrate;
optionally in combination with aspartame, cellulose, or microcrystalline cellulose), starch de,
sucrose, ot disintegrants include, e. g, croscarmellose sodium, gellan gum, sodium starch
glveolate, etc.; creams or lotions include, e. 2., maltodextrin, carrageenans, ete.; lubricants
mclude, e.g . magnesium stearate, stearic acid, sodium stearyl fumarate, ete ;. matenals for
chewable tablicts include, e g., dextrose, fructose de, lactose {monohydrate, optionally in
combination with aspartame or cellulose), cte.; suspending/gelling agents include, e.g.,
carrageenan, sodium starch glycolate, xanthan gum, etc.; sweeteners include, e.g., aspartame,
dextrose, fructose de, sorbitol, sucrose dc, ete.; and wet granolation agents include, e.g., calciom
carbonate, maltodextrin, microcrystalline cellulose, etc.

{6622}  “Patient” refers to mammals and includes humans and non-human mammals.
Examples of patients include, but are not limited to mice, rats, hamsters, guinea pigs, pigs,
rabbits, cats, dogs, goats, sheep, cows, and humans. In some embodiments, patient refers fo a
human.

{8623} “Pharmaceutically acceptable” refers to safe and non-toxic, preferably for in vive,
more preferably, for lvmman administration.

{0624} “Pharmaceutically acceptable salt” refers to a salt that is pharmaceutically acceptable.

A compound described herein may be admimistered as a pharmaceutically acceptable salt.

(]
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18025}  “Prodrug” refers to a compound that, after administration, is metabohized or otherwise
converted to a biologically active or more active compound {or drug) with respect to at least one
property. A prodrug, relative to the drug, is modified chemically in a manner that renders 1.
relative to the drug, less active or inactive, but the chemical modification is such that the
corresponding drug 1s generated by metabolic or other biological processes after the prodrug 1s
administered. A prodrug may have, relative to the active drug, altered metabohic stabibity or
transport characteristics, fewer side effects or lower toxicity, or improved flavor {for example,
see the refercnce Nogrady, 1985, Medicinal Chemistry A Biochemical Approach, Oxford
University Press, New York, pages 388-392, mcorporated herein by reference). A prodrug may
be synthesized using reactants other than emploving the corresponding drog. For illustration
and without linutation, prodrugs include, carboxy esters, lincar and cvclic phosphate esters and
phosphoramide and phosphoramidates, carbamates, preterably phenolic carbamates (i,
carbamates where the hydroxy group 1s part of an aryl or heteroaryl motety, where the arvl and
heteroaryl may be optionally substituted), and the likes.

[0626]  “Salt” refers to an onic compound formed between an acid and a base. When the
compound provided herein contains an acidic functionality, such salts imclude, without
hontation, alkali metal, alkaline earth metal, and ammonium salts. As used herein, ammonium
salis mnclude, salts contaiming protonated nitrogen bases and alkylated nitrogen bases.
Exemplary and non-limiting cations useful in pharmaceutically acceptable salts include Na, K,
Rb, Cs, NHy, Ca, Ba, imidazolium, and ammonium cations based on naturally occurring amino
acids. When the compounds utilized hergin contain basic functionality, such salts mchude,
without limitation, salts of organic acids, such as carboxylic acids and sulfonic acids, and
mineral acids, such as hydrogen halides, sulfuric acid, phosphoric acid, and the likes.
Exemplary and non-limiting anions useful in pharmaceatically acceptable salts include oxalate,
maleate, acetate, propionate, succinate, tartrate, chlonde, sulfate, bisulfate, mono-, di-, and
tribasic phosphate, mesylate, tosvlate, and the likes.

{8827}  “Therapeutically effective amount”™ or dose of a compound or a composition refers to
that amount of the compound or the composition that results in reduction or mhibition of
symptoms or a prolongation of survival in a patient. The results may require multiple doses of
the compound or the composttion.

18628} “Treating” or “treatment” of a disease in a patient refers to 1) preventing the disease
from occurring in a patient that is predisposed or dogs not yet display symptoms of the disease;
2} inhibiting the disease or arresting its development; or 3) amehorating or causing regression of
the disease. As used herein, “treatment” or “treating” is an approach for obtaiming beneficial or

6
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desired results including chinical results. For purposes of this invention, beneficial or desire
results include, but are not hmted to, one or more of the following: decreasing one more
symptoms resulting from the disease or disorder, diminishing the extent of the disease or
disorder, stabilizing the disease or disorder {e.g., preventing or delaying the worsening of the
disease or disorder), delaying the occurrence or recurrence of the disease or disorder, delay or
slowing the progression of the discase or disorder, ameliorating the disease or disorder state,
providing a remission (whether partial or total} of the disease or disorder. decreasing the dose of
one or more other medications required to treat the disease or disorder, enhancing the effect of
another medication used to treat the disease or disorder, delaving the progression of the discase
or disorder, increasing the quality of life, and/or prolonging survival of a patient. Also
encompassed by “treatment” is a reduction of pathological consequence of the disease or
disorder. The methods of the invention contemplate any one or more of these aspects of
treatment.

10629] Ao “isctopomer” of a compound is a compound in which one or more atoms of the
compound have been replaced with isotopes of those same atoms. For example, where H has
been replaced by D or T, or ’C has been replaced by 'C or "N has been replaced by "N. For
example, and without imitation, replacement of with D can in some instances lead to reduced
rates of metabolism and therefore longer half-Hives. Replacement of H with T can provide
radioligands potentially useful in binding studies. Replacement of C with the short-lived
isotope MC can provide ligands useful in Positron Emission Tomography (PET) scanning.
Replacement of N with N provides compounds that can be detected/monitored by PN NMR
spectroscopy. For example, an isotopomer of a compound containing ~-CHCHjs 15 that
compound but containing -CD:CDs instead of the ~CH2CHs.

18038]  Unless a specific isotope of an element is indicated in a formuda, the disclosure
mehudes all isotopologues of the compounds disclosed herein, such as, for example, deuterated
derivatives of the compounds (where H can be “H, 7.e., D). Isotopologues can have isotopic
replacements at anv or at all locations in a structure, or can have atoms present in natural
abundance at any or all locations in a structure.

{6631} “Stercoisomer” or “stercoisomers’ refer o compounds that differ in the stereogenicity
of the constituent atoms such as, without limitation, in the chirality of one or more siercocenters
or related to the cis or trans configuration of a carbon-carbon or carbon-nitrogen double bond.
Stereoisomers include enantiomers and diastereomers.

{8632} “Tautomer” refers to alternate forms of a compound that differ in the position of a
proton, such as enol-keto and imine-enamine fautomers, or the tantomeric forms ot heteroaryl

7
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groups containing a ning atom attached to both a ring -NH- moiety and a ring =N- moiety such
as pyrazoles, imidazoles, benzimidazoles, tnazoles, and tetrazoles.

18633} "Alkyl" refers to monovalent saturated aliphatic hydrocarbyl groups having from 1o
12 carbon atoms, preferably from 1 1o 10 carbon atoms, and more preferably from 1 to 6 carbon
atoms. This term includes, by way of example, linear and branched hydrocarbyvl groups such as
methyl {CHz-), ethyl (CH3CHz-), n-propyvl {(CHCHRCH:-3, 1sopropyl ((CH3CH-), n-butyl
{CH;CHCHCHp-), sobutyl ((CH3CHCH:-), sec-buty] ((CHCHRCHCH-), #-butyl
{(CH3»:C-), m-pentyl (CH3CH2CHCHCH2-), and neopenty] ({CH3 33 CCH2-). Cx alkyl refers to
an atkyl group having x number of carbon atoms.

8634} "Alkeny!l" refers to straight or branched monovalent hydrocarbyl groups having from 2
to 6 carbon atoms and preferably 2 to 4 carbon atoms and having at feast 1 and preterably from 1
to 2 sites of vinyl (>C=C<} unsaturation. Such groups are exerpiified, for example, by vinyl,
allvl, and but-3-en-1-vi Included within this term are the ofs and frans 1somers or mixtures of
these isomers. Cx alkenyl refers to an alkenyl group having x number of carbon atoms.

16635} "Alkyavl" refers to straight or branched monovalent hvdrocarbyl groups having from 2
to 6 carbon atoms and preferably 2 to 3 carbon atoms and having at least 1 and preferably from 1
to 2 sttes of acetylenic (-C=C-) unsaturation. Examples of such alkynyl groups include
acetvlenyl (-C=CH), and propargyl (-CH:C=CH). Cx alkynyl refers to an altkynyl group having
x number of carbon atoms.

[80836]  "Substituted alkyl” refers to an alkyl group having from 1 to 5, preferably 1t 3, or
morg preferably 1 to 2 substituents selected from the group consisting of alkoxy, substituted
atkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminocarbonyl, aminothiocarbonyl,
aminocarbonylamino, aminothiocarbonviammoe, ammocarbonyloxy, aminosuifonyl,
aminosulfonvioxy, aminosulfonylamine, amiding, aryl, substituted aryl, arvloxy, substituted
arvioxy, arvlthio, substituted aryithio, arvlamino, substituted arviamino, heteroarylaning,
substituted heteroarvlamino, cycloalkvlamino, substituted cycloalkvlamino,
heterocvcloalkylanmino, substituted heterocyelylamino, carboxyl, carboxyi ester, (carboxyi
esterjaming, (carboxyl esterjoxy, cvano, cycloalkyl, substituted cvcloalkyl, cveloalivioxy,
substituted cycloalkvloxy, cyveloalkyithio, substituted cycloalkylihio, guanidino, substituted
guanidino, halo, hydroxy, heteroarvl, substituted heteroaryl, heteroarvloxy, substituted
heteroaryloxy, heteroaryvithio, substitited heteroaryvithio, heterocyelic, substituted heterocyelic,
heterocyclyloxy, substituted heterocyelyvioxy, heterocyelyithio, substituted heterocyelylthio,
nitro, SO:H, substitnted sulfonyi, sulfonvioxy, sulfonylamino, thioacyl, thiol, alkylithio, and
substituted alkylthio, wherein said substituents are defined herem.

8
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{8637} "Substituted alkenyl” refers to alkenvl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, amino, substituted amine, aminocarbonyl, aminothiccarbonyl,
aminocarbonylamino, aminothiocarbonylamino, aminocarbonvloxy, aminosulfonyl,
ammosulfonyvioxy, aminosulfonviamino, amidino, arvl, substituted arvl, arvioxy, substituted
aryloxy, arvithio, substituted arvithio, arylaming, substituted arylamino, hetercarylamino,
substituted heteroarvlamino, cycloalkylamino, substituted cycloatkylamine,
heterocycloalkylamino, substituted heterocyclyiamino, carboxvl, carboxyl ester, (carboxyl
esterjanmuino, {carboxyl esterjoxy, cvano, cveloalkyi, substituted cycloalkyl, cycloalkyloxy,
substituted cycloalkvloxy, cycloalkylthio, substituted cycloalkylthio, guaniding, substituted
guanidino, halo, hydroxy, heteroaryl, substituted heteroaryl, heteroarvioxy, substituted
heteroarvioxy, heteroarvithio, substituted heteroarvlthio, heterocyclic, substituted heterocyelic,
heterocvelvloxy, substituted heterocyclvioxy, heteroeyclylthio, substituted heterocyclylthio,
nitro, SOsH, substituted sulfonyl, sulfonyvioxy, sulfonylamnoe, thioacyl, thiol, alkylthio, and
substituted alkvithio, wherein said substituents arc defined herem and with the proviso that any
hvdroxy or thiol substitution 1s not attached to a vinyl (unsaturated) carbon atom.

[8638] "Substituted alkynvl" refers to alkyoyl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted alkoxy,
acvl, acviamino, acyloxy, anino, substituted amino, ammocarbonyl, aminothiocarbonyl,
aminocarbonylamino, aminothiocarbonylamine, aminocarbonyvloxy, aminosulfonyl,
aminosulfonyvioxy, aminosulfonylamine, amidino, aryl, substituted arvl, arvloxy, substituted
arvloxy, arvithio, substituted aryithio, arvlamino, substituted arviamine, heteroarylamino,
substituted heteroarvlaming, cycloalkylamino, substituted cyvcloatkvlamino,
heterocycloalkylaming, substituted heterocyelviamino, carboxyl, carboxyl ester, {carboxyi
esterjamino, {carboxyl esteryoxy, cyano, cveloalkyl substituted cycloalkyl, cycloalkyloxy,
substituted cycloalkvioxy, cycloalkylthio, substituted cycloalkyithio, guanidino, substituted
guanidino, halo, hydroxy, heteroaryl, substituted heteroaryl, heteroarvioxy, substitute
heteroarvioxy, heteroarylthio, substituted heteroarylihio, heterocyclic, substituted heterooyclic,
heterocyclyloxy, substituted heterocyelyioxy, heterocyelvithio, substituted heterocyclvlihio,
nitro, 50sH, substituted sulfonyl, sulfonyloxy, sulfonviamino, thioacyl, thiol, alkylthio, and
substituted alkvithio, wherein said substituents are defined herem and with the proviso that any

hydroxyl or thiol substitution is not attached to an acetylenic carbon atom.
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10039 "Alkoxy" refers to the group -O-alkvl wherein alkyl 1s defined herein. Alkoxy
meludes, by way of example, methoxy, ethoxy, n-propoxy, isopropoxy, #-butoxy, f-butoxy,
sec-butoxy, and n-pentoxy.

[0040] "Substituted alkoxy" refers to the group -O-(substituted alkyl) wherein substituted
alkvyl 1s defined herein. Preferred substituted alkyl groups mn ~O-(substituted alkvl) include
halogenated alkyvl groups and particularly halogenated methyvl groups such as tritftuoromethyl,
difturomethyl, fluoromethyl and the like.

10641}  "Acvl” refers to the groups H-C(O)-, alky1-C(O)-, substituted alkyi-C({0O}-,
atkenyl-C{O)-, substituted alkenyi-C{O}-~, alkynyl-C(O)-, substituted alkvoyl-C(O)-,
cyeloalkyl-C(O)-, substituted cycloalkyl-C{Q)}-, arvl-C(D)-, substituted aryl-C{O}-,
heteroaryi-C{0)-, substituted heteroaryi-C({0)-, heterocyclic-C{0)-, and substituted
heterocyelic-C{0)~, wherem alkyl, substituted alkyi, alkenyl, substituted alkenyi, alkoxy,
substituted alkoxy, alkynyl, substituted altkvnyl, cycloalkyl, substituted cycloalkyl, arvi,
substituted arvl, heteroaryl, substituied heteroaryl, heterocyelic and sobstituted heterocyclic are
as defined herein. Acvl includes the “acetyl” group CH3C(0O)-.

{0642] "Acylamino” refers to the groups ~NRYC(O)alkvl, -NR¥C(O)substituted

alkyl, -NR¥C(Oicvcloalkyl, -NRC(O)sabstituted cyeloalkyl, -N

R3C(Oalkenyl, -NRPC(Oysubstituted alkenyl, alkoxy, substituted
alkoxy-NRC{((alkvayl, -NRC{O)substituted alkynyl, -NRC(Qaryl, -NR*C(O)substituted
aryl, -NR¥C(Oheteroarvl, -NRVC(O)substituted hetercaryl, -NRC{Q)heterocyelic,

and -NR¥C(O)substituted heterocyelic wherein R is hydrogen, alkyl, substitated alkyl, aryl,
substituted arvl, heteroaryl, substituted heteroaryl, cycloalkyl, or substituted cycloalkyl, and
wherein alkyl, substituted alkvi, alkenvl, substituted alkenyl, alkynyl, substituted alkvnyl,
cyeloalkyl, substituted cyeloalkyl, aryl, substituted aryl, heteroarvl, substituted heteroaryl,
heterocyclic and substituted heterooyelic are as defined herein.

{0043} "Acyloxy" refers to the groups alkvl-C{(3)Y0O-, substituted alkyl-C(0)0-,
alkenyi-C{G)0-, substituted alkenvi-C{0)0-, alkyvnyl-C(O)0-, substituted alkyvoyi-C(0)0-,
aryl-C{0)YO-, substitated arvE-C(GY0-, cycloalkyl-C{0)Y0-, substituted cycloaltkyl-C{O}0-,
heteroaryi-C(0)0-, substituted heteroaryl~-C{0)0-, heterocyclic-C(0Y0-, and substituted
heterocyclic-C{()0- wherein alkyl, substituted alkvl, alkenvl, substituted alkenyl, alkynyl,
substituted alkyoyl, cycloatkyl, substituted cveloalkyl, arvl, substituted arvl, heteroarvl,
substituted hetercaryl, heterocychic, and substitited heterocyclic are as defined herein.

[0044]  “Ammno” refers to the group ~-NHaz,
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{0045}  “Substituted amino” refers o the group ~NR*IR¥ where R3! and R*? are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, alkyayl substituted alkvoyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyelic,
substituted heterocyclic, arviamino, substituted arviamino, heteroarviamino, substituted
heteroaryvlamino, cvcloalkylamino, substituted cyveloalkvlamimoe, heterocycloalkylamine,
substituted heterocyclylamino, sulfonyviamino, and substituted solfonyl and wherein R*! and R™
arc optionally joined, together with the nitrogen bound thereto to form a heterocyelic or
substituted heterocvelic group, provided that R3! and R* are both not hydrogen, and wherein
alkyl, substituted alkyvl, alkenvl, substituted alkenvl, altkoxy, substituted alkoxy, atkvnyl,
substituted alkynvl, cycloalkyl, substituted cveloalkyl, aryl, substituted arvl, heteroarvl,
substituted heteroaryl, heterocyclic, and substituted heterocyclic are as defined herein. When
Rl ig hydrogen and R* is alkyl, the substituted amino group is sometimes referred to herein as
alkyvlamino. When R*! and R? are alkyl, the substituted amino group is sometimes referred to
herein as dialkylamino. When referring to a monosubstituted amino, it is meant that either R
or R¥ is hydrogen but not both. When referring to a disubstituted amino, 1t is meant that neither
R nor R are hvdrogen.

{0046 "Aminocarbonyl” refers to the group -C{OYNR¥R™ where R* and R* are
mdependently selected from the group consisting of hvdrogen, alkvl, substituted alkyl, alkenyi,
substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted alkynyl, arvl, substituted
arvl, cycloatkyl, substituted cycloalky! heteroarvl, substituted heteroaryi, heterocyelic, and
substituted heterocvelic and where R and R** are optionally joined together with the nitrogen
bound thereto to form a heterocvclic or substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
atkyvayl cycloatkyl substituted cveloalkyl, arvl, substituted arvl, hetercaryl, substituted
heteroaryl, heterocyelic and substituted heterocychic are as defined herein.

10047F  “Aminothiocarbonyl” refers to the group -C{SINRPR* where R* and R**are
mdependently selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted atkenvl, alkoxy, substituted alkoxy, alkynyl, substituted alkynyl, aryl, substituted
arvl, cvcloaikyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocvelie, and
substituted heterocycelic and where R and R are optionally joined together with the nitrogen
bound thereto to form a heterocyclic or substituted heterooyclic group, and wherein alkyl,

substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
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alkvnyl, cycloalkyl, substituted cycloalkyl, arvl, substituted aryl, hetercarvl, substituted
hetercaryl, heterocyclic and substituted heterocyclic are as defined heren.

{0048] “Aminocarbonylamino” refers to the group ~-NROC(OINRP R where R is
hydrogen, atkyl, substituted alkvl, arvl, substituted arvl, heteroaryl, substituted heteroarvl,
cycloalkyl, or substituted cycloalkyl, and R? and R* are independently selected from the group
consisting of hyvdrogen, alkyl, substitated alkyl, alkenyl, substituted alkenyl, alkoxy, substituted
atkoxy, alkynyl, substituted alkyavl aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocvelic, and substituted heterocyclic and where R and
R¥* are optionally joined together with the nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein alkvi, substituted alkyl alkenvl, substituted alkenyl,
alkoxy, substituted alkoxy, alkyoyl, substituted alkynyl, cycloalkvl, substituted cycloalkyl, arvl,
substituted arvl, heteroaryl, substituted heteroarvl, heterocvelic and substituted heterocyclic are
as defined herem.

[6049] “Aminothiocarbonyiamino” refers to the group ~NRPCC(SINRF R where R is
hydrogen, alkvl, substituted alkyl, aryl, substituted aryl, heteroarvl, substituted heteroaryl,
cveloalkyvl, or substituted cyeloalkyvl, and RS and R are independently selected from the group
consisting of hydrogen, alkvl, substituted alkyl alkenyl, substituted alkenyl, alkoxy, substituted
atkoxy, atkvnyl, substituted alkynyl, arvl, substituted aryl, cycloalkyl, substituted cycloatkyl,
heteroaryl, substituted heteroarvl, heterocyelic, and substituted heterocyclic and where R™ and
R are optionally joined together with the nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein atkyl, substitated alkvl atkenvl, substituted alkenyl,
atkoxy, substituted alkoxy, altkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkvl, aryl,
substituted arvl, heteroaryl, substituted heteroaryl, heterocvelic and substituted heterocyclic are
as defined heren.

[0058] “Aminocarbonyloxy” refers to the group ~O-C{OINRVR™ where R* and R* are
mdependently sclected trom the group consisting of hvdrogen, alkvl, substituted alkyl, alkenyl,
substituted alkenvi, alkoxy, substituted alkoxy, alkvoyi, substituted alkynvl, arvl, substituted
arvl, cycloatkyl, substituted cyeloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocvelic and where R and R** are optionally joined together with the nitrogen
bound thereto to form a heterocvclic or substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
atkyvayl cycloatkyl substituted cveloalkyl, arvl, substituted arvl, hetercaryl, substituted

heteroaryl, heterocyclic and substituted heterocyelic are as defined herein.
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[0651] “Aminosulfonyl” refers to the group ~-SO:NRPR where R* and R are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, alkyayl substituted alkvoyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyelic and where R*? and R are optionally joined together with the nitrogen
bound thereto to form a heterocyclic or substituted heterocyclic group, and wherein alkyl,
substituted alkyl alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
alkvnyl, cycloalkvl, substituted cveloalkyl, arvl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocvelic are as defined herem.

[0052] “Aminosulfonyloxy” refers to the group ~0-SONR¥R* where R¥ and R are
mdependently sclected trom the group consisting of hvdrogen, alkvl, substituted alkyl, alkenyl,
substituted alkenvi, alkoxy, substituted alkoxy, alkvoyi, substituted alkynvl, arvl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyelic and where R and R are optionally joined together with the nitrogen
bound thereto to form a heterocyclic or substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
atkynyl cveloalkyl substituted cveloalkyl, arvl, substituted aryl, hetercaryl, substituted
heteroaryl, heterocyclic and substituted heterocychic are as defined herein.

[0053]  “Ammnosulfonviamine” refers to the group —~NR¥*-80:NR¥R* where R*® is hydrogen,
atkvl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, or
substituted cycloalkyl, and R and R** are independently selected from the group consisting of
hydrogen, alkvl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy,
atkynyl, substituted alkynyl, aryl, substituted arvl, cvcloalkyl, substituted cycloalkyi, heteroarvi,
substituted hetercaryl, heterocyclic, and substituted heterocyclic and where R and R* are
optionally joined together with the nitrogen bound thereto to form a heterocyclic or substituted
heterocyelic group, and wherein alkyl, substituted alkvi, alkenyl, substituted alkenyl, alkoxy,
substituted alkoxv, alkvnyi, substituted alkvnyl, cycloalkyl, substituted cycioalkyi, arvi,
substituted arvl, heteroaryl, substituied heteroaryl, heterocyelic and sobstituted heterocyclic are
as defined hercin.

[0654] “Amidino” refers to the group ~CENRPTIINR R where R¥, R and R¥ are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, alkyayl substituted alkvoyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyelic and where R¥ and R are optionally joined together with the nitrogen

1
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bound thereto to form a heterocvclic or substituted heterocyclic group, and wherein alkyi,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted
atkyayl cycloatkyl substituted cveloalkyl, arvl, substituted arvl, hetercaryl, substituted
heteroaryl, heterocyclic and substituted heterocyelic are as defined herein.

[O035]  "Aryl” or "Ar" refers to a monovalent aromatic carbocvelic group of from 6 to 14
carbon atoms having a single ring {e.g., phenyl (Ph)) or moltiple condensed nings (e.g., naphthyl
or anthrvl) which condensed rings may or mav not be aromatic {e.g., 2-benzoxazolinone,
2H-~1,4-benzoxazin-3(4H)-one-7-v1, and the like} provided that the point of attachment is at an
aromatic carbon atom. Preferred aryl groups mchude phenyl and naphthyl.

18656}  “Substituted aryl” refers to arvl groups which are substituted with 1 1o 3, preferably 1
to 3, or more preferably 1 to 2 substituents selocted from the group consisting of alkvl,
substituted alkyl, alkenyl, substituted alkenvi, alkyvoyl, substituted atkynyl, alkoxy, substituted
alkoxy, acvl, acvlamine, acvloxy, amino, substitated aming, aminocarbonyl, amunothiocarbonyl,
aminocarbonylamino, aminothiocarbonyvlamins, aminocarbonyloxy, aminosulfonvi,
aminosulfonvioxy, aminosulfonviaming, amidino, arvl, substituted arvl, arvioxy, substituted
arvloxy, arvlithio, substituted aryithio, arvlamino, substituted arviamino, heteroarylamine,
substituted heteroarylamine, cycloalkylaning, substituted cvcloatkylaming,
heterocycloatkylaming, substituted heterocyclylamino carboxyl, carboxyl ester, {carboxyl
esterjamino, {carboxyl esterjoxy, cvano, cveloalkyi, substituted cycloalkyl, cveloalkyioxy,
substituted cycloalkvloxy, cveloalkylthio, substituted cycloalkylthio, guanidino, substituted
guamidino, halo, hydroxy, heteroaryvl, substituted heteroaryl, hetercaryloxy, substituted
heteroarvloxy, heteroarylthio, substituted heteroarvithio, heterocvelic, substituted heterocycelic,
heterocyclyloxy, substituted heterocyclyioxy, heterocyelvithio, substituted heterocyelvithio,
nitro, 50sH, substituted sulfonyl, sulfonyloxy, sulfonylamine, thioacyl, thiol, alkylthio, and
substituted alkylthic, wherein said substituents are defined herein.

[0057]  "Arvioxy" refers to the group -O-arvl, where arvl 1s as defined herein, that includes, by
way of example, phenoxy and naphthoxy.

10658]  "Substituted aryloxy" refers to the group -O-{substituted aryl) where substituted arvl is
as defined herem.

[865%] “Arvithio” refers to the group -5-arvl, where arvl is as defined herein.

{80661 “Suobstituted arvithio” refers to the group -S-(substituted aryl), where substituted arvl is
as defined herein.

{0061] “Arvlanmino” refers to the group -NR{aryl), where aryl is as defined herein and RY is
hyvdrogen, atkyl, or substituted alkyl.
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{0062] “Substituted arviamino” refers to the group ~-NR (substituted arvl}, where RV is
hydrogen, atkyl, or substituted alkvi where substituted arvl 1 as defined herein.

108663} “Carbony!l” refers to the divalent group -C{0O}- which is equivalent to -C(=0)-.

{0064} “Carboxy” or “carboxyl” refers to -COOH or salts thercof.

[B865] “Carboxyl ester” or “carboxy ester” refers to the groups -C{0)0-~alkvl,
-C(03)YO-substituted alkyvl, -C(OYO-alkenyl, -C{(G)G-substituted alkenyl, -C(O¥O-alkyayl,
~C{)0-substituted alkynyl, -C{O0)0-arvl, -C(OyO-substituted aryl, -C{0)O-cycloatkyl,
~C{0)O-substituted cvcloalkyl, -C(0)O-heteroaryl, ~-C{0)0-substituted heteroaryl,
-C{030-heterocvelic, and ~C{0)0-substituted heterocyclic wheren alkyvi, substituted alkyl,
atkenvl, substituted alkenyl, alkynyl, substituted alkynvl, cveloalkyl, substituted cycloalkyl, aryl,
substituted arvl, heteroaryl, substituted heteroarvl, heterocvelic, and substituted heterocyclic are
as defined herein.

[0066]  “(Carboxyl esterjamino” refers to the group -NR*-C{0)0-alkyl,
~NRC-C{0)O-substituted alkyl, -NR-C{0)0-alkenyl, -NR-C{3)0-substituted alkenyl,
SNRIC-C{OYO-alkynvl, -NR-C{G)0-substituted alkynyl, ~NRI-C{OYO-aryl,
SNRAPCC(OYO-substituted aryl, -NR-C(0)0-cycloatkyl, -NR¥-C(0)YD-substituted cycloalkyl,
SNRAP-C(OYO-hetercaryl, -NRI-C{OY0-substituted heteroaryl, -NRI-C(OYO-heterocyclic, and
-NR¥-C(0)O-substituted heterocyclic wherein R°Y is alkyl or hydrogen, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyvi,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocvyclic, and
substituited heterocyclic are as defined herein.

10667}  “(Carboxyl esterjoxy” refers to the group —0-C(0)0-alkyl, ~-0-C(0)O~substituted
alkvl, -0-C(0)0-alkenvl, -O-C(OYO-substituted alkenvl, -0-C(0}O-alkynyl,
~(3-C{0G¥O-substituted alkynyl, -O-C(OY0-arvl, -0-C(0)D-substituted aryl)
-O-C{OY0O-cycloalkyl, -0-C{0)C-substituted cycloalkyl, -0-C{O30-heteroaryl,
-0-C{O)-substituted heteroaryl, ~G-C(0)0-heterocyclic, and -O-C(0)0O-substituted heterocyclic
wherein alkvl, substituted atkyi, alkenvl, substituted alkenvl, alkynvl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted arvl, heteroaryl, substituted heteroaryl,
heterocycelic, and substituted heterocvelic are as defined hercm.

{8668} “Cyvano” refers to the group ~-C=N.

18669} "Cyeloalkyl” refers to saturated or unsaturated but nonaromatic cyclic alkyl groups of
from 3 to 10 carbon atoms, preferably from 3 to 8 carbon atoms, and more preferably from 3 to
6 carbon atoms, having single or multiple eyclic rings mcluding fused, bridged, and spiro ring
systems. Cx cvcloalkyl refers to a cycloalkyl group having x number of ring carbon atoms.
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Examples of suitable cycloalkyl groups mclude, tor mstance, adamantyl, cvclopropyl,
cvelobutyl, evelopentyl, and cyclooctyl. One or more the rings can be aryl, heteroaryl, or
heterocyclic provided that the point of attachment 1 through the non-aromatic, non-heteroeyclic
ring saturated carbocvelic ring. "Substituted cycloalkyl” refers to a cycloalkyl group having
from 1 to 3 or preferably 1 1o 3 substituents selected trom the group consisting of oxo, thione,
atkyl substituted alkyl, alkenyl, substituted alkenvi, alkynyl, substituted alkyayl, alkoxy,
substituted alkoxy, acyl, acylaming, acyloxy, aming, substituted amino, aminocarbonyl,
aminothiocarbonyl, aminocarbonylamino, aminothiocarbonyvianuno, aminocarbonyioxy,
aminosulfonyl, aminosulfonyloxy, aminosultfonyiamino, amidine, aryl, substituted arvl, arvioxy,
substituted aryloxy, arylthio, substituted arylthio, carboxyl, carboxyl ester, {carboxyl
esterjamino, (carboxyl esterjoxy, cyvano, cycloalkyl, substituted cycloalkyl, cveloalkyloxy,
substituted cycloalkvioxy, cveloalkylthio, substituted cvcloalkyithio, guanidino, subsuifuted
guaniding, halo, hydroxy, heteroaryvl, substituted hetercaryl, hetercaryloxy, substituted
heteroarvioxy, heteroarylthio, substituted heteroarylihio, heterocyclic, substituted heterooyclic,
heterocyclyloxy, substituted heterocyelyloxy, heterocyelvithio, substituted heterocyclvlihio,
nitro, 50sH, substituted sulfonyl, sulfonyioxy, thicacyl, thiol, alkvlthio, and substituted
alkvlthio, wherem said substituents are defined herein.

186787  “Cycloalkvloxy™ refers to -O-cycloalkylh

{8671} “Substituted cvcloalkvloxy™ refers 1o -O-(substituted cycloalkyl).

10072)  “Cycloalkylamine” refers to the group ~NRY(cycloalkyl) where RY is hydrogen,
alkvl, or substituted alkyl.

{0673]  “Substituted cvcloatkylamino” refers to the group —NRY(substituted cycloalkyl)

where R is hydrogen, alkyl, or substituted alky] and substituted cycloalkyl is as defined herem.

186747 “Cycloalkylthio” refers to -S-cycloalkyl.

{8075]  “Substituted cycloatkylthio” refers to -5-(substituted cycloalkyl).

{08676} “Guaniding” refers to the group -WHC{ENHINH:,

{00777 “Substituted guanidinoe” refers to ~NRPCENRIONRY, where each R 1

mdependently selected from the group consisting of hyvdrogen, alkyl, substituted alkyl, aryvl,
substituted arvl, heteroarvl, substituted heteroaryl, heterocvelic, and substituted heterocyclic and
two R groups attached to a common guanidino nitrogen atom are optionally joined together
with the nitrogen bound thereto to form a heterocyclic or substituted heterocyelic group,
provided that at least one R is not hydrogen, and wherein said substituents are as defined

herein.

16



WO 2020/041741 PCT/US2019/047968

{6678} "Halo" or "halogen” refers to thuoro, chloro, bromo and 10do and preferably is fluoro or
chloro.
{80791 “Hyvdroxy™ or “hydroxyl” refers to the group -OH.
{0088] “Heteroalkvlene” refers to an alkviene group wherein one or more carbons is replaced
with ~0-, -8-, 80, -NRY-,
O

i . wé-u;Lugm
_..g_..s_.g...,, :2’?/ {:rsi*, or Flia
moieties where R is H or C1-Cs alkyl. “Substituted heteroalkylene” refers to heteroalkynylene
groups having from 1 {o 3 substituents, and preferably 1 to 2 substituents, selected from the
substituents disclosed for substituted alkylene.
{00811 "Heteroary!l” refers to an aromatic group of from 1 to 10 carbon atoms and 1 to 4
heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur within the ring.
Such heteroary! groups can have a single ring {e.g., pyridiny] or furyl} or multiple condensed
rings {e.g., mdoliziny! or benzothieny!} wherein the condensed rings may or may not be
aromaiic and/or contain a heteroatom provided that the point of attachment is through an atom of
the aromatic hetercaryl group. In one embodiment, the nitrogen and/or the sulfur ring atom(s) of
the heteroary! group are optionally oxidized to provide for the N-oxide (N—O), sulfinvl, or
sulfonyl moieties. Preferred heteroarvis include 5 or 6 membered heteroaryls such as pyndinyi,
pyrrolyl, thiophenyl, and furanyl. Other preferred heteroaryls include 9 or 10 membered
heteroaryls, such as indolyl, quinclinyl, quinolonyl, isoquinolinyl, and iscquinclonyh
{0082] "Substituted heteroaryl" refers to hetercarvi groups that are substituted with from 1 to
3, preferably 1 to 3, or more preferably 1 to 2 substituents selected from the group consisting of

the same group of substituents defined for substituted aryl.

{0083] “Heteroaryloxy™ refers to -O-hetercaryl.

[0684]  “Substituted heteroaryloxy” refers to the group -O-{substituted heteroaryl),

{6683} “Heteroarvlthio” refers to the group ~S-hetercaryl.

[8686]  “Substituted heteroarylthio™ refers to the group -S-(substituted heteroaryl).

[0087] “Heteroarylamino” refers to the group -NR* (heeroaryl) where R is hydrogen, alkyl,

ot substituted atkyl.
0088]  “Substituted hetercarylaming” refers to the group ~NRY (substituted heteroarvl),

where R is hydrogen, alkyl, or substitated alkyl and substituted hetercaryl is defined as herein.
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{6689} "Heterocyele” or "heterocvehic” or “heterocycloalkyi” or “heterocyclyl” refers to a
saturated or partially saturated, but not aromatic, group having from I to 10 ring carbon atoms,
preferably from 1 to 8 carbon atoms, and more preferably from | o 6 carbon atoms, and from }
to 4 ring heteroatoms, preferably from 1 1o 3 heteroatoms, and more preferably from 1 to 2
heteroatoms selected from the group consisting of nitrogen, sulfur, or oxvgen. Cx
heterocvcloalkyl refers to a heterocycloalkyl group having x number of ring atoms including the
ring hetersatoms. Heterocvele encompasses single ring or multiple condensed nings, inchiding
fused bridged and spiro ring svstems. In fused ring systems, one or more the tings can be
cycloalkyl, arvl or heteroaryl provided that the point of attachiuent is through the non-aromatic
ring. In one embodiment, the nitrogen and/or sulfur atom(s) of the heterocyclic group are
optionally oxidized to provide for the N-oxide, sulfinyl, sulfony! moicties.

[B090] “Heterocvelviene” refers to a divalent saturated or partially saturated, but not
aromatic, group having from 1 to 10 ring carbon atoms and from 1 to 4 ring heteroatoms
selected from the group consisting of nitrogen, selfur, or oxygen. “Sabstituted heterocyelylene”
refers to heterocvelviene groups that are substituted with from 1 to 5 or preferably 1 to 3 of the
same substituents as defined for substituted cycloalkyl

{8691} "Substituted heterocychic” or “substituted heterocyeloalkvl” or “substituted
heterocyclyl” refers to heterocyelyl groups that are substituted with from 1t 5 or preferably 1
to 3 of the same substituents as defined for substituted cycloalkyl.

8092
06093

“Heterooyelvloxy™ refers to the group -O-heterocyeyl.

“Substituted heterocyelyloxy™ refers 1o the group -O-(substituted heterocyeyh).

8095
8096
alkvl, or substituted alkyl.

j0092]

10093

[0694] “Heterocvelylthio” refers to the group -S-heterocyeyl,

{ I “Substituted heterocvelvithio™ refers to the group -S-(substituted heterocyeyl).
{0096

“Heterocyelylamino” refers to the group ~NR(heterocyelyl) where RY is hydrogen,

{0097F  “Substituted heterocyelylamino” refers to the group -NR*{substituted heterocyelyl),
where R is hydrogen, alkyl, or substituted alkyl and substituted heterocycly! is defined as
herein.

[0098]  Examples of beterocvelyl and heteroaryt include, but are not limited to, azetidinyi,
pyrrolyl, imidazolyl, pyrazolyl, pyndyl, pyrazyvl, pyrimidyl, pynidazyl, indolizyl, 1somdolyl,
mdolyl, dihydroindolyl, indazolyl, purinvl, quinolizinyl, 1soquinolinyl, quinolinyl, phthalazinyi,
naphthylpyndinvl, quinoxalinyi, quinazolinyl, cinnolinyl, pteridinyl, carbazolvl, carbolinyi,
phenanthrnidinyl, acridinvl, phenanthrolinyl, isothiazolyl, phenazimyl, isoxazolyl, phenoxazinyi,
phenothiazinyl, imidazolidinyl, imidazolinyl, piperidimyl, piperazinyl, indohnyl, phthalimudyl,
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1,2,3 4-tetrahydroisoquinolinyl, 4,5,6,7-tetrahvdrobenzolblthiophenyl, thiazolyl, thiazolidinyl,
thiophenyl, benzo[blthiophenyl, morpholinyl, thiomorpholinyl (also referred to as
thiamorpholinyl}, 1, 1-dioxothiomorphalinyl, pipenidinyl, pyrrohidiny!, and tetrahydrofuranyl.
[B099]  “Nitro” refers to the group -NO».

[3188] “Oxo” refers to the atom (=0) or (G},

{1081} “Spiro ning systems” refers to bicyclic ring systems that have a single ring carbon atom
commot to both rings.

{0102}  “Sulfinyl” refers to the divalent group —5(0})- or —S{(=0)-.

{8103} “Sulfonvl” refers to the divalent group -S{(O)- or =S(=0k-

{8104} “Substituted sulfonyl” refers to the group -SCGe-alkyl, -502-substituted

alkyl, ~-50:-0H, -50:-alkenyl, -50z-substituted alkenyl, -SOz-cveloalkyl, ~SOz-substituted
cvlcoalkyl, ~-SOn-arvl, -802-substituted aryl, -SOz-heteroaryl, ~-SO2-substituted

heteroaryl, -SQz-heterocyelic, -S0r-substituted heterocvelic, wherein alkyl, substituted alkyl,
atkenyl, substituted alkenyl, alkvoyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted arvl, heteroaryl, substituted heteroaryl, heterocvelic and substituted heterocyclic are
as defined herein. Substituted sulfonyl ncludes groups such as methyl-SOa-, phenvi-502-, and
4-methyiphenyl-5Ch-. Preferred substituted alkyvl groups on the substituted alkyl-50:- include
halogenated alkyl groups and particularly halogenated methyl groups sach as trifluoromethyl,
difluromethvl, fluoromethvl and the like.

[105]  “Substituted sulfinyl” refers to the group -50-alkyl, -SO-substituted

atkvl, -50-alkenyl, -SG-sobstituted alkenyl, -5O-cycloalkyl, -SO-substituted

cvleoalkvl, -80-aryl, -SO-substituted arvl, -50-heteroarvl, ~-SO-substituted

heteroaryl, -SO-heterocvelic, -50-substituted heterocvelic, wherein alkyl, substituted alkyi,
atkenvl, substituted alkenyl, alkynyl, substituted alkynvl, cveloalkyl, substituted cycloalkyl, aryl,
substituted arvl, heteroaryl, substituted heteroaryl, heterocvcelic and substituted heterocyclic are
as defined hercin. Substituted sulfinyvl mcludes groups such as methy!-80-, phenvl-S0-, and
4-methyiphenyl-S0-. Preferred substituted alkyl groups on the substituted alkyi-SO- include
halogenated alkyl groups and particularty halogenated methy! groups such as triflaoromethyl,
difturomethyl, fluoromethy! and the like.

0106]  “Sulfonvloxy” or “substituted sulfonyloxy™ refers to the

group ~0802-alkyl, -OSO:-substituted altkyl, -0S02-0H, -08Ch-alkenyl, ~-0S0r-substituted
atkenyl, ~-050:z-cveloalkyl, -O80-substituted cvicoalkyl, ~0502-aryl, -050:-substitiied

aryl, ~OS80z-heteroaryl, -050;2-substituted heteroarvl, -050s-heterocyclic, -O50:-substituted
heterocvelic, wherein alkyi, substituted alkyl, alkenvl, substituted alkenyl, alkvovl, substituted
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alkvnyl, cycloalkyl, substituted cycloalkyl, arvl, substituted aryl, hetercarvl, substituted
hetercaryl, heterocyclic and substituted heterocyclic are as defined heren.

{0107] “Sulfonviamino” refers to the group ~NR{substituted sulfonyl) where R is
byvdrogen, alkvl, or substituted alkyl and substituted sulfonyl is as defined here.

[0108] "Thioacvl" refers to the groups H-C(S)-, alkyl-C(5)-, substituted altky1-C(S)-~,
atkenyl-C{5)-, sabstituted alkenvl-C(8)-, alkvnvl-C(S5)-, substituted alkynyl-C{5)-
cycloalkyl-C{S)-, substituted cvcloalkyl-C(8}-, ary-C(5)-, substituted aryl-C(5)-,
heteroaryl-C(5)-, substituted heteroarvl-C(5)-, heterocyclic-C(S)~, and substituted
heterocyclic-C{8)-, wherein alkvl, substituted alkyl, alkenvl, substituted alkenyvl, alkynyl,
substituted alkyonyl, cycloalkyl, substituted cveloalkyl, arvl, substituted arvl, heteroarvl,

substituted heteroaryl, heterocychc and substituted heterocyclic are as defined herein.

[3109] "Mercapto” or “thiol” refers to the group -5H.

{110}  “Formyl” refers to the group -C((hHH.

10111} “Thiocarbonyl” refers to the divalent group ~C(5)- which 15 equivalent to -C(=5}-.
{0112} “Thione” refers to the atom (=5).

0113} "Alkylthio" refers to the group -S-alkyl wherein alkyl 1s as defined herem.

8114} ‘"Sobstituted alkylthio" refers to the group -S-(substituted alkyl} wherein substituted

afkyl is as defined herein. Preferred substitoted alkyl groups on -S-(substituted alky!l} inchide
halogenated alkyl groups and particularly halogenated methvl groups such as trifluoromethyi,
difluromethyl, fluoromethyl and the like.
10115)  “Vinyl” refers to vasaturated hydrocarboun radical —CH=CHa, derived from cthylene.
10116} The terms “optional” or “optionally™ as used throughout the specification means that
the subsequentlv described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances 1o which it
does not. For example, “the nitrogen atom is optionally oxidized to provide for the N-oxide
(N—{) moiety” means that the nitrogen atom may but need not be oxidized, and the description
meludes situations where the nitrogen atom 1s not oxidized and sttuations where the nitrogen
atom 15 oxadized.
0117} The term “optionally substituted” refers to a substituted or unsubstituted group. The
substituted group may be substituted with one or more substituents, suchase.g., 1, 2,3, 401§
substituents. Preferably, the substituents are selected from the functional groups provided
herein. In certain more preferred envbodiments, the substituents are selected from oxo, halo,
-CN, NQ:z, -CO:RY QR -SRI .SOR! -SO.RIC NRIIR LCONRIIRIY
SSONRIWIRY? C1-Cs alkyl, C1-Cs alkoxy, -CRIO=C(R M, -CCRIY, Cs5-Cio cyeloalkyl, Co-Cro
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heterocyelvl, Cs-Crearyt and Cs-C1z heteroaryl, wherein each R'% independently is hydrogen or
C1-Cr alkyl; C3-Crz eveloalkyl, Ca-Cio heterocyelvl; Ce-Cry arvl; or Co-Cio hetercaryl, wherein
cach alkyl, cycloalkyl, heterocyelyl, arvl, or heteroaryt 1s optionally substituted with 1-3 halo, 1-
3 (1-Co alkyl, 1-3 €1-Co haloalkyl or 1-3 Ci-Co alkoxy groups. More preferably, the
substituenis are selected from the group consisting of chioro, fluoro, ~OCH;, methyl, ethvl, iso-
propyl, eyclopropyl, -OCKE;, -CFs and -OCHF,.

{6118] R and R'%? independently are hydrogen: Ci-Cs alkyl, optionally substituted with
~COsH or an ester thereof, Ci-Cs alkoxy, oxo, -CR*P=CR%),, -CCR, C3-Cio cveloatkyl, Ci-Cro
heterocyelyl,  Ce-Cisaryl, or C2-Cixheteroaryl, wherein cach R'" independently is hydrogen
or C1-Ce alkyl; Cs-Ciz cyeloalkyvl, Ca-Cro heterocyvelyl; Ce-Crearvl; or C2-Crz heteroaryl;
wherein each cycloalkyl, heterocyelyl, arvl, or heteroaryl is optionally substituted with 1-3 alkyl
groups or 1-3 halo groups, or R'%! and R together with the nitrogen atom they are attached to
form a 5-7 membered heterocyele.

10119} Unless mdicated otherwise, the nomenclature of substituents that are not explicitly
defined herein are arnved at by naming the terminal portion of the functionality followed by the
adjacent functionality toward the point of attachment. For example, the substituent
“alkoxycarbonylalkvl” refers to the group {alkoxy}-C(O)-(alkyl}-.

10128] It s understood that in alf substituted groups defined above, polymers arrived at by
defining substituents with further substituents to themselves (¢.g., substituted ary] having a
substituted arvl group as a substituent which 1s itself substituted with a substituted arvl group,
etc.} are not mntended for inclusion herein. In such cases, the maximum number of such
substituents is three. That 15 to say that cach of the above definitions is constrained by a
himtation that, for example, substituted arvl groups are limited to —substituted arvi-(substituted
aryl}-substituted aryl.

{0121} It is understood that the above definitions are not intended fo include impermissible
substitution patterns {¢.g., methyl substituted with 4 fluoro groups). Such impermissible
substitution patterns are well known to the skilled artisan.

10122} It is appreciated that certain features of the invention, which are, for clarnity, descnbed
m the context of separate embodiments, may also be provided in combmation in a single
embodiment. Conversely, varous features of the invention, which are, for brevity, described m
the context of a single embodiment, may also be provided separately or 1n any suitable
subcombination. All combinations of the embodiments pertaining to the chemical groups
represented by the vanables arc specifically embraced by the present invention and are disclosed
heren just as if each and everv combination was individually and explicitly disclosed, to the
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extent that such combinations embrace compounds that are stable compounds (i.¢., compounds
that can be isolated, characterized, and tested for biclogical activity). In addition, all
subcombinations of the chenuical groups listed in the embodiments describing such vanables arg
also specifically embraced bv the present invention and are disclosed herein just as if cach and

every such sub-combination of chemical groups was individually and explicitly disclosed herein.
Compounds

[8123] In one aspect, provided hergin 18 a compound of formula (I):

Y

\7/

X
i Rs
23" : :R4
LqR1
|
N.
?‘\E o}
RZ

()

or a tautomer or an N-oxide thercof, or an isctopomer of ¢ach thereot, or a prodrug of cach of
the above, or a stereoisomer of the aforesaid, or a pharmaceatically acceptable salt of each of the
foregoing, or a solvate of each of the preceding, wherein:

ring A together with the carbony! (keto) group within the ring form a 3 membered heterocvele
containing 1-3 ning hetercatoms selected from the group consisting of N, O, and 5, whercin the
heterocyie is optionally substituted with 1-2 substituents selected from the group consisting of
Ci-Ca alkyl and Ca-Cs cycloalkyl, and wherein the carbonyl (keto) group s not adjacent o the

atom attached to X

R'is C1-Cq alkyl; Ci-Ca alkyl optionally substituted with 1-5 halo, preferably fluoro, or
hydroxyl groups; C3-Cs cycloalkyl, CON(R'%):z, or NRICORY, wherein each R is
mdependently Ci-Cs alkyl or H;

R2is Hor Ci-Cs atkvl;

Lis 0. CHy, 8, 8O, 802, CO, CHF, CFs, CRICN such as COMe)ON, CHR!L or C(RIDRL,

wherein each R is C1-C2 alky] optionally substituted with 1-5 halo, preferably fluoro, or the 2
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R groups together with the carbon atom they are attached to form a cyclopropyl or cvclobutyl

ring;
cach of R? and R* is independently Cl, Br, Me, or ethyl;
R is H, halo. Ci-C4 alky! preferably CHs, or C3-Ca cycloalkyl, or R together with R* and the

mtervening atoms form a 5-7 membered cveloalkyl or a 5-7 membered heterocycle containing 1-

2 ring heteroatoms; and

Xisabsent (ie., Xisabond), oris O, NR2, C{OINRZ NREC(O), CRPRZ, QCRIPRY,
CRURZG, NRIPCRVYRE, CRPRPNRE SOONRY, or NR¥280:, wherein each R is

mdependently H or methyl.

10124} Tn some embodiments, the compound of formula (I) 15 a pharmaceutically acceptable
salt thereof.

{0125}  In one embodiment, the compound of formula (1} is a compound of formula (1A):

Q
Y
HN\.,’(
X
R

(IA)

wherein the vanables are defined as n formula (1)

{8126} In one embodiment, the compound of formula (1} is a compound of formula JIB):
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(1IB)

wherein the vanables are defined as in formula (1),
108127} In onc embodiment, the compound of formula {1} is a compound of formula (HIA).
O
YO
Hw\f

37 ~Rd

R i )
L ; e R
N. l 3
R2
(LA

wherein the variables are defined as in formula (I).

{0128} In one embodiment, the compound of formula (1} is a compound of formula (JIIBY:

OYQ

H j/h‘]
H

R i R

N
N
L ~:

AN
RS
R'!
E
».N o
=2
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(T1IB)

wherein the variables are defined as 1 formula (1)

{41291 In one embodiment, the compound of formula (I} is a compound of formula (HIC):

O
Yo

HN. /"

(HIO)
wherein the vanables are defined as i formula (I

[3136] In one embodiment, the compound of formula (I} is a compound of formula (ITD):

(1D
wherein the vanables are defined as i formula (I

{3131} In onc embodiment, the compound of formula (1) is a compound of formula (JVA):
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R R
N\FE\E o

RZ’.

(IVA}

wherein the vanables are defined as n formula (1)

{3132} In onc embodiment, the compound of formula (1} 15 a compound of formula (IVB):

(vB)
wherein the vanables are defined as n formula (1)

{3133} In onc embodiment, the compound of formula (1} 15 a compound of formula (IVC):
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(V)

wherein the variables are defined as 1 formula (1)

{8134} In one embodiment, the compound of formula (I} 1s a compoond of formula (IVD):

H
Oy N

(VD)
wherein the vanables are defined as in formula (1),

{8135} In one embodiment, the compound of formula (3} 1s a compouand of formula (VA):

RS
R4
~ R
|
N.
NG
22
(VA)

wherein the vanables are defined as n formula (1)

{8136} In one embodiment, the compound of formula (1} is a compound of formula (VB):
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(VB)
wherein the vanables are defined as in formula (1),

{3137} In one embodiment, the compound of formula (I} 15 a compound of formula (VC):

O
YN
HNf
O
RS
R3 O R4
Oy R
|
N\F}j o
F!QQ

(VC)
wherein the variables are defined as 1 formula (1)

{3138} In one embodiment, the compound of formula (3} 1s a compoand of formula (VD)
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)
wherein the variables are defined as 1 formula (1)

[4139]  In one embodiment, the compound of formula (I} 1s a compoond of formula (VIAY:

(V1A&)
wherein the vanables are defined as in formala (f).
{8148}  In one embodiment, the compound of formula (I} is a compound of formula (VIB):

0 H
Nt

(VIB)

wherein the variables are defined as in formula (I).

{8141} In one embodiment, the compound of formula (I} is a compound of formula (VIC):
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{(VIC}
wherein the vanables are defined as in formula ().

{0142} In onec cmbodiment, the compound of formula (1) is a compound of formula (VID):

(VID)
wherein the vanables are defined as in formula ().

{0143} In one cmbodiment, the compound of formula (1) is a compound of formula (VHA).
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(VIIA)

wherein R? 1s H or methy!, and the variables are defined as in formula (1)

{3144} In one embodiment, the compound of formula (I} is a compound of formula (VHB):

Q
H?‘:i \f?!

{VIIB}
wherein R? 1s H or methyl, and the variables are defined as in formula (I}

{0145} In one embodiment, the compound of formula (I} is a compound of formuda (VHC):

O 0

(VIIC)
wherein R? is H or methyl, and the variables are defined as in formula (I).

10146}  In onc embodiment, the compound of formula (1) is a compound of formula (VHD):
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HN.
A

{(VIID)
wherein R? is H or methyl, and the variables are defined as in formula (I}

{6147} In one embodiment, the compound of formula (I} 1 a compound of formuia (VHIA);

(VITIA)

wherein R? is H or methyl, and the variables are defined as in formufa (I).

{8148} In one embodiment, the compound of formula (1) 1s a compound of formula (VHIB}):
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(VIIB)
wherein R? 1s H or methy!, and the variables are defined as in formula (1)

{3149}  In one embodiment, the compound of formula (I} 1s a compoand of formula (VHIC):

H
9

N
Q?“’ 0

J

L.
O
N.

RB

?;J 0
R2
(VIHIO)

wherein R? is H or methyl, and the variables are defined as in fornuda (I}

{8158} In one embodiment, the compound of formula (I} 1 a compound of formuia (VHID):

o H
&

(VIIID)
wherein R* is H or methyl, and the variables are defined as in formula (T).

{3151}  In onc embodiment, the compound of formula (1} is a compound of formula (IXA),

(TXB), (IXC), (IXD). (IXE), or (IXF):

Lol
(7S]



WO 2020/041741 PCT/US2019/047968

Q
O\
[N

H\ijf}

HN

(IXD) (IXE) (IXF)

wherein the varables are defined as i formula (I). In some embodiments, the compound 15 of
formuda (IXA). In some embodiments, the compound is of formula (IXB). In some
embodiments, the compound i3 of formula (IXC). In some embodiments, the compound is of
formula (IXD). In some ecmbodiments, the compound is of formula (IXE). In some
embodiments, the compound 15 of formula (IXF).

{81521 In one embodiment, ring A together with the carbonyl {keto) group within the ring
form a 5 membered heterocycle containing 1-3 ring hetercatoms selected from the group
consisting of N, O, and §, and wherein the keto group is not adjacent to the atom attached to X
In one embodiment, ring A together with the carbonyl (keto) group within the ring forma 5
membered heterocycle containing 1-3 ring hetersatoms selected from the group consisting of N,
O, and 8, wherein the heterocyle 18 substituted with 1-2 Ci-Cs alkyl or Cs-Ca cycloalkyl, and
wherein the keto group is not adjacent to the atom attached to X. In one embodiment, the 3

34



WO 2020/041741 PCT/US2019/047968

membered heterocyele contains 1-3 ring heteroatoms selected from the group consisting of N
and Q. In some embodiments, ring A together with the carbonyl (keto) group within the ring is
O
H?FE’”
3{% L . . , o .
N In some embodiments, ring A together with the carbony! (keto) group within the ring
O

4 ( i
% NH

is o

{0153] In one embodiment, R’ is C1-Cs alkvl. In some embodiments, R' is methyl, ethyl, n-
propvl, isopropyl, n-butyl, or t-butyl. In some embodiments, R is (3-Cs alkyl. Inone
embodiment, R} is isopropyl. In some embodiments, R! is t-buivl. In one embodiment, R! is
C1~Cs alkyl optionally substituted with 1-3 halo, preferably fluoro. In some embodiments, R! s
Ci-Cy alkyl optionally substituted with 1-2 halo, such as fluorg or chloro. In one embodiment,
Rlis C1-Cs alkyl optionally substituted with 1-5 halo or hydroxyl groups. In some
embodiments, R! is (3-Cy alkyl optionally substituted with 1-5 halo or hvdroxyl groups. Tn
some embodiments, R' is C1-Cy alkyl optionally substituted with 1-2 halo or hvdroxyl groups.
In one embodiment, R!is C1-Cy alky] optionally substituted with 1-3 hydroxyl groups. In some
embodiments, R! is C1-Cy alkyl optionally substituted with 1-2 hydroxy! groups. In some
embodiments, R* is Ci-Cs alkyl substituted with | hydroxyl group. In some embodiments, R! is
C1-C1 alkyl optionally substituted with 1-2 halo or hydroxyl groups. In some embodiments, R!
is HO-CH(CH:)-. In some embodiments, B! is HO-CH(CH,CH3)-. In some embodiments, R is
HO-C{CHs)-. In some embodiments, R' is HO-CH2CH(CH3)-. In one embodiment, R is Cs-
Cs cycloalkyl. In some embodiments, R! is a monocvelic C3-Cs cycloalkyl. In some

embodiments, R! is cyelopropyl, eyclobutyl, or cyclopentyl. In some embodiments, R is

e

embodiments, R' is a bridged bicvelic C3-Cs cycloalkyl. In some embodiments, Rt is 7%

in one embodiment, R! is CON(R'%)2. In one embodiment, R' is NRYCOR!Y.

cyelopropyl. In some embodiments, R is a fused bicyclic C3-Cs eyeloalkyl. In some

{0154] In one embodiment, each R is independently C:1-Cs alkyl. In some embodiments,
cach R is independently methyl, ethyl, n-propyl, or isopropyl. In some embodiments, each R
is methyl. In one embodiment, cach RI%is H. In some embodiments, one R is H and the other

R is C1-Cs alkyl. In some embodiments, one R is H and the other R is methyl.

2
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{0155] 1n one embodiment, R? is H. In one embodiment, R? is Ci~Cs alkyl. In some
embodiments, R? is methvl, ethyl, n-propyl, or isopropyl. In some embodiments, R* is methyl.
In some embodiments, R? is H or -CHs.

[0156] Inoncembodiment, L 15 0. In one embodiment, L is CHz. In onc embodiment, L is S,
In one embodiment, L 13 SO, In one embodiment, L 1s $O2. In one embodiment, Lis CO. In
one embodiment, L is CHF. In one embodiment, L is CFz. In one embodiment, L is C(R'DHON.
in one embodiment, L is C(Me)CUN. In one embodiment, L is CHRY or C(R'YR!, wherein each
R is independently C:i-Cs alky] optionally substituted with [-5 halo, preferably fluoro, or the 2
R groups together with the carbon atom they are attached to form a cyclopropyl or cyclobutyl
ring. In one embodiment, L is CHR!'!. In one embodiment, L is C(RIHRY. In one embodiment,
cach R!! independently is Ci-Cs alkyl, 1.¢, is methyl or cthyl. Tn one embodiment, cach R!
mdependently 1s Ci-C; alkyl substituted with 1-5 halo, preferably fluoro. In one embodiment,
the 2 RY groups together with the carbon atom they are attached to form a cyclopropyl or
cyclobutyl ring. In some embodiments, L is O, CHa, SO2, CO, CHR'Y, or C(RMRY and each
R is independently methyl or ethyl. In some embodiments, L is O, CHz, 80, or CO.

{0157] 1n one embodiment, R¥ is Cl. In one embodiment, R’ 1s Br. In one embodiment, R is
Me. In one embodiment, RY is ethyl. In some embodiments, R is Cl or -CHz. In one
embodiment, R* is Cl. In one embodiment, R* is Br. In one embodiment, R is Me. In one
embodiment, RY is ethyl. In one embodiment, R* and R* are each C1. In some embodiments, R®
and R* are cach methyl. In some embodiments, R is Cl and R* is methyl. In some
embodiments, R is methyl and R*is Cl.

{0158] In one embodiment, R¥is H. In one embodiment, R? is halo. In some embodiments,
R3 is fluoro, chioro, or bromo. In some embodiments, R is fluoro. In one embodiment, R’ is
(1-Cy alkyl. In some embodiments, R’ is C1-Cs alkyl. In some embodiments, R® is methyl,
ethyl, n-propyl, or isopropyl. In one embodiment, R is CHs. In some embodiments, R® is H or
-CHs. In one embodiment, R is Cs-Cs cycloalkyl. In some embodiments, R is cvclopropyl. To
some embodiments, R® is cvclobutyl. In one embodiment, R* together with R and the
intervening atoms form a 5-7 membered cycloatkyl. In some embodiments, R* together with R
and the intervening atoms form cyclopentyl or cvelohexyl. In some embodiments, R* together
with R° and the intervening atoms form cyclopentyl. In one embodiment, R* together with R?
and the intervening atoms form a 5-7 membered heterocyele containing 1-2 ring heteroatoms.
Preferred heteroatoms mclude one or more of N, O, and S.

[6159] In onc embodiment, X is absent (1.¢., X is a bond). In one embodiment, X 15 0. Inone
embodiment, X is NR'?. In one embodiment, X is C{OINR"?. In one embodiment, X is
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NRUZC(0). In one embodiment, X is NR¥S0:. In one embodiment, X is SO:NR In one
embodiment, X is NR?C(QO). In one embodiment, X is CR’RY?. In one embodiment, X is
OCRVRY. In one embodiment, X is CRZRP0. In one embodiment, X is CRPRPNH. In one
embodiment, X is NRIZCRPZRY, In some embodiments, X is NRPZ2C(0), OCRUZRY, or
NRPCRYRY, and each RY is independently H or methyl. In some embodiments, X is
N(CH:)CH2. In one embodiment, X is CRPRNR"? In one embodiment, X is NH. In one
embodiment, X 1s CH>. In one embodiment, X is OCHs. In one embodiment, X 1s CHxO. In
one embodiment, X is NHCH:. In one embodiment, X 1s CHaNH. In one embodiment, X s
NHC(O). In one embodiment, X 15 C{O)NH. In one embodiment, X is SG:NH. In one
embodiment, X 1s NHSO2. In some embodiments, X 1s QCHz, NHCH:, NHC(O), N(CH3)CH:,
or N(FBHCH{(CH:). In one embodiment, R'? is H. In one embodiment, R'? is methyl. In some
embodiments, all R'? groups in a given motety, such as OCRYRY, are H. In some
embodiments, all R' groups in a given motety, such as OCRYRY, are methyl. In some
embodiments, the R'? groups in a given moiety, such as OCRYRY, are a combination of H and
methyl,

{8168} In one aspect, provided 1s a compound of formula () wherein the compound has any
one or more of the following features:

{1} nng A together with the carbonyl group withio the ring is:

(I Rlis:
{111} C1-Cs alkyl optionally substituted with -5 halo or hvdroxyl groups; or
(iv) C5-Cs cvcloalkyl;

(1) R? is H or C-Cs alkyl;

(IV) R® is (1 or methyl;
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(V) R%is Cl or methyl;
(V1) RS 1s H, halo, or Ci-Cs alkyl;

(V1) R? together with R* and the intervening atoms form a 5-7 membered cycloalkyl

or a 5-7 membered heterocvele contaiming 1-2 ring heteroatoms;
(VD X s
(v} abond; or

(vi)y NRZC{0), OCRZRYZ, or NRPCRPZRE wherein sach R!? is independently

H or methyl; and
{IX) L is O, CHs, 8Os, or CO.

{8161} In one vanation, (I} apphies. In one variation, (I} applics. In one variation, (11}
applies. Inonec vanation, (1V) applics. In onc vanation, (V) applics. In onc vanation, (V)
applies. In one vanation, (V1) applies. In one variation, (VHI) applies. In one vanation, (IX)
applies. In one aspect of this vanation, (I}, (1D}, (1D, {IV), (V), (VI), (VHI), and (IX) apply. In
ancther aspect of this variation, (B, (1f), ({11, 4V), (VILL (VIID, and (X} apply. In one
variation, (1), {11}, and (vi} apply. In one variation, (1), (G11), and (v} apply. In one variation, (1},
{i11), and (vi} apply. In one varation, (i), (iv), and {v1) applv. In one variation, (3}, (111), (VII},
and {vi} apply.
{8162} In some embodiments, the compound of formula (1) is an agonist of THR beta. In some
embodiments, the compound of tormula (f) is an agonist of THR beta and 15 selective over THR.
alpha. In some embodiments, the compound of formula (I) has at least 2-fold selectivity for THR
beta over THR alpha. In some embodiments, the compound of formula (1) has at least S-fold
selectivity for THR beta over THR alpha. In some embodiments, the compound of formula (1)
has at least 10-fold selectivity for THR beta over THR alpha. In some embodiments, the
compound of formula (I} has at least 20-fold selectivity for THR beta over THR alpha. In some
embodiments, the compound of formula (I) has at keast 50-fold selectivity for THR beta over
THR alpha. In some embodiments, the compound of formula (I has at least 75-fold selectivity
for THR beta over THR alpha. In some embodiments, the compound ot formula (1) has at least
100-fold selectivity for THR beta over THR alpha. In some embodiments, the compound of
formula (I) has at least 2-, 3-, 4~, 5~, 6-, 7-, 8-, 9=, 10-, 15-, 20-, 25-, 30-, 35, 40-, 45-, 50-, 55~
60-, 65~, 70-, 75-, 80-, 85-~, 90-, 95, or 100-fold selectivity for THR beta over THR alpha. In
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any such embodiment, in ong aspect selectivity is assessed via a biochemical assay, such as the
TR-FRET assay described in Example Bl

{0163} In the descriptions herein, it is understood that every description, variation,
embodiment or aspect of a moicty may be combined with everv description, variation,
embodiment or aspect of other moieties the same as if each and every combination of
descriptions is specifically and individually listed. For example, every description, variation,
embodiment or aspect provided herein with respect to the ring A moiety of formula (1) may be
combined with every description, variation, embodiment or aspect of R, R*, B3, RY R R R
R*?, X, and L the same as if each and every combination were specifically and individually
histed. It 1s also endersiood that all descriptions, variations, embodiments or aspects of formula
{1, where applicable, apply equally to other formulac detailed herein, and are equally described,
the same as if each and every description, vanation, embodiment or aspect were separately and
mdividually listed for all formulas. For example, all descriptions, variations, embodiments or
aspects of formula (), where applicable, apply equally to any of formulae as detailed herein,
such as formulae (A}, (HB), (HIA)-AID), AVA-IVD), (VA-VD), (VIA-(VID), (VIIA)-
(VIID}, (VHIAY-(VIHD), and (IXA)-(IXF), and are equally described, the same as if each and
every description, variation, embodiment or aspect were separately and individually listed for all
formulae.

[3164] In some embodiments, provided is a compound selected from the compounds in Table
1, or pharmaceutically acceptable salt thereof. Although certain compounds described in the
present disclosure, inclading in Table 1, are presented as specific stercoisomers and/or in a non-
stereochemical form, it is understood that any or all stercochemical forms, including any
enantiomeric or diastercomeric forms, and any tantomers or other forms of any of the
compounds of the present disclosure, including in Table 1, are herein descnbed.

{0165} In one embodiment, provided herein is a compound selected from: those tabulated

below in Table |:
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or a tautomer or an N-oxide thercof, or an isctopomer of cach thereof, or a prodrig of cach of
the above, or a stereoisomer of the aforesaid, or a pharmaceutically acceptable salt of cach of the
foregoing, or a solvate of each of the preceding,.

8166} In some embodiments, provided herein 15 a compound selected from those histed m
Table 1 or a pharmaceutically acceptable salt thereof.

{3167} The mvention also mcludes alf salts, such as pharmaceutically acceptable salts, of
compoands referred to herein. The mvention also includes any or all of the stercochemical
forms, including any enantiomernic or diastercomeric forms, and any tawtomers or other forms,

such as N-oxides, solvates, prodrugs, or isotopomers, of the compounds described. Unless
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stereochemistry 1s explicitly indicated in a chemical structure or name, the stracture or name is
mtended to embrace all possible stereoisomers of a compound depicted. In addition, where a
specific stereochemical form is depicted, it is understood that other stercochemical forms are
also embraced by the invention. All forms of the compounds are also cmibraced by the invention,
such as crystalling or non-crystailine forms of the compounds. Compositions comprising a
compound of the invention are also intended, such as a composition of substantially pure
compound, including a specific stercochemical form thereof. Compositions comprising a
mixture of compounds of the invention in any ratio are also embraced by the mvention,
mehuding mixtures of two or more stereochemical forms of a compound of the mmvention 1n any
ratio, such that racemic, non-racemic, enanticenriched and scalemic mixtures of a compound are

embraced.
Methods of Synthesis

Scheme 1: General synthesis of biaryl-ether core

i . Ci
O ammonium ]
eyt R
| Dy 1JLOH persuifate 7N,
i =] - {i
N XN basic conditions
Ci Cl

optional N-alkyiation:

hydrolysis Rine? substituent or PG

T=Br, CN, NH;

R
paws!
N
O NTR; T
G R

wherein RY, R¥, R and R® are as defined for the compound of formula (I); T is Br, CN, or NHz;
and PG and G are suitable protecting groups.

10168] The haryl-ether core of the compounds disclosed herein can be prepared as outlined in
Scheme 1. Reaction of 3,6-dichloropyridazine and compounds of general formula R-CO0H

with ammonium persulfate provides R'-substituted dichloropyridazine compounds, which can

.
2
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then be reacted with phenol derivatives, hydrolyzed, and optionally Neprotected to provide the

desired mtermediate compounds.

Scheme 17 Alternative pyridazine synthesis

L=

Ve
2
A,
N
=

wherein R is as defined for the compound of formula (I).
10169} Scheme 17 provides an alternative synthesis of the pyridazines used for the preparation
of compounds of formula (1) disclosed hercin. Reaction of 3,6~-dichloro-1,2.4, 5-tetrazine with

R'-substituted acetyvlenes affords R -substituted dichloropvridazine compounds.

Scheme 1a: Arriving at G = alkyl and T = NH;

N RS
R oL protecton RU O
& " ¢
> N, o "NT T R?
o VA NH; H
RS

N-allkylation then
deprotection .
NH

wherein RY, R, R and RS are as defined for the compound of formula (I; and G is a suitable
protecting group.

{31706} Scheme laouthines a synthesis wherein G is an alky! group and T 1s NH:. Compounds
having the biaryl-ether core with an amine moiety can undergo phthalimide protection, N-

alkviation, and subsequent deprotection to provide the desired intermediate compounds.
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Scheme 2
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wherein R?, R? R* R®, and R’? are as defined for the compound of formula (I); and PG, G, and
(1 are suitable protecting groups.

{8171} Scheme 2 outlines the synthesis of certain compounds of formula (1) disclosed herein.
Compounds having the biarvi-ether core with an amine moicty, for example as provided in
Scheme 1a, can undergo N-alkviation and second amine derivatization, followed by reaction
with NH2OH, treatment with a carbonyl transfer reagent, and optional deprotection to afford the

desired compounds.
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Scheme 2a:
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wherein RY R, R% R® and R are as defined for the compound of formula (1); and PG and Gy
are suitable protecting groups.

10172} Scheme 2a outlines an alternative synthesis of certain compounds of formula (8)
disclosed herein. Compounds having the biaryl-ether core with an aming moiety can undergo N-
atkvlation, protection of the amine group, reaction with NH2OH, treatment with a carbonyl

transfer reagent, and optional deprotection or hydrolysis to afford the desired compounds.

Scheme 3:

R1 R4 / O i 3
¢ N’N amide bond ¢ i;V R* ’;i
& formation G R GyH

wherein RY R, R% R® and ring A are as defined for the compound of formula (I); and G and Gy
are suitable protecting groups.

{3173} Scheme 3 shows the synthesis of certain compounds of formula (3}, Reaction of biaryl-
ether derivatives containing an aming moigty with carboxylic acid derivatives of ring A provides

amide bond formation to form the desired compounds.
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Scheme 4;
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wherein R!, RY, R4, R®, and R are as defined for the compound of formula (I); and G and PG
are suttable protecting groups.

{0174] Scheme 4 shows the synthesis of certain compounds of formula (1). Palladium-
mediated hydroxylation of biarvi-cther denvatives contamning a bromo group, tollowed by O~
atkylation, reaction with NH:OH, treatment with a carbonyl transfer reagent, and optional

deprotection or hydrolysis provides the desired compounds.

Scheme 5:

33
1 R NH,OH
R 2 o
N
07N RO Ty,
G RS

carbonyl R O
i |/
transfer reagent wﬂ/

N
q 7;{,}
N-O

wherein R’, R’ R® and R” are as defined for the compound of formula (1); and G is a suitable
protecting group.
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[0175] Scheme 5 shows the synthesis of certain compounds of formula (I). Treatment of
biaryl-ether derivatives containing a cyano group with NH:OH, followed by treatment with a

carbony! transter reagent provides the desired compounds.

Scheme 6:

R R®
R! X NH,OH R0
2 2 |
o \N,’N R4 - o SN e ” E/N‘QH
Lo SN R®  NH,
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o

3 N.._O

R"l
R O
hydrolysis f\ﬂ/ \/@\(H
gie E\i RO N
’ R

wherein RY, R, R and R® are as defined for the compound of formula (I).
18176}  Scheme 6 shows the synthesis of certain compounds of formula (I}, Treatment of
biarvi-cther derivatives containing a cyano group with NH2OH, followed by treatment with a

carbonyl transfer reagent and hydrolysis provides the desired compounds.

Scheme 7:

R3 R
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wherein R?, R R4, and R’ are as defined for the compound of formula (T); and G is a suitable
protecting group.

{8177}  Scheme 7 shows the synthesis of certain compounds of formula ().
Diazotization/iodination of biaryl-ether dertvatives containing an aming group, followed by
Sonogashira coupling, reaction with NHoOH, and subsequent optional deprotection provides the
desired compounds.

[3178] Swynthesis of certain compounds provided herein are schematically illustrated above,
and provided in the Examples section below. The variables histed in the schemes above are as
defined for the compound of formula (B} or any variation, embodiments, or aspect thereof,
Synthesis of other compounds provided herein will be apparent to the skilled artisan based on
the guidance provided herein and based on synthetic methods well known to the skilled artisan.
{8179} Where it is desired to obtain a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of cnantiomers using any suttable conventional
procedure for separating or resolving enantiomers. Thus, for example, diastereomeric
dertvatives may be produced by reaction of a mixture of enantiomers, e.g., a racemate, and an
appropriate chiral compound. The diastercomers may then be separated by any convenient
means, for cxample by crystallization, and the desired enantiomer recovered. In another
resolution process, a racemate may be separated using chiral High Performance Liquid
Chromatography. Alternatively, if desired a particolar enantiomer may be obtained by using an
appropriate chiral intermediate in one of the processes described.

{3180} Chromatography, recrvstallization and other conventional separation procedures may
also be used with mtermediates or final products where it 1s desired to obtain a particular isomer
of a compound or to otherwise punfy a product of a reaction.

{0181} Solvates and/or polymaorphs of a compound provided hercin or a pharmaceutically
acceptable salt thereof are also contemplated. Solvates contain either stoichiometric or non-
stoichiometric amounts of a solvent, and are often formed during the process of crystallization.
Hydrates are formed when the solvent is watcer, or alcoholates are formed when the solvent is
alcohol. Polymorphs include the different crystal packing arrangements of the same clemental
composition of a compound. Polvmorphs usually have different X-ray diffraction patterns,
mfrared spectra, melting points, density, hardness, crystal shape, optical and electrical
properties, stability, and/or solubility. Various factors such as the recrystallization solvent, rate
of crystallization, and storage temperature may cause a single crysial form to dominate.

18182} It is understood that the synthetic process disclosed here may be modified to arrive at
various compounds of the invention by selection of appropnate reagents and starting materials,
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It 1s also understood that where protection of certain active or incompatible groups {e.g., an
amine or a carboxyvlic acid) is required, the formulae in g, the scheme(s) provided here intend
and include compounds where such active or incompatible groups are in appropriate protected
forms. For a gencral description of protecting groups and their use, sce P.G.M. Wuts and T.W.
Greene, Greene's Protective Groups in Organic Synthesis 4% edition, Wilev-Interscience, New

York, 2006.
Pharmaceutical Compositions and Formulations

[3183] Pharmaccutical compositions of any of the compounds detailed herein are embraced by
this invention. Thus, the mvention includes pharmaceutical compositions comprising a
compound of the invention or a pharmaceutically acceptable salt thercof and a pharmaceutically
acceptable carrier or excipient. In one aspect. the pharmaccutically acceptable salt is an acid
addition salt, such as a salt formed with an inorganic or organic acid. Pharmaceutical
compositions according to the invention may take a form suitable for oral, buccal, parenteral,
nasal, topical or rectal administration or a form suitable for adnunistration by inhalation.
[3184] A compound as detailed herein may in one aspect be n a punfied form and
compositions comprising a compound in purified forms are detailed herein. Compositions
comprising a compound as detailed herein or a salt thereof are provided, such as compositions of
substantially purc compounds. fn some embodiments, a composition containing a compound as
detailed berein or a salt thereof 1s 1 substantially pure form. In one variation, “substantially
pure” intends a composition that contains no more than 35% impurity, wherein the mmpurity
denotes a compound other than the compound comprising the majority of the composttion or a
salt thercof. For example, a composition of a substantially pure compound selected from a
compoand of Table 1 intends a composition that contains no more than 35% impurity, wherein
the impunty denotes a compound other than the compound or a salt thereof. In one variation, a
composition of substantially pure compound or a salt thercof is provided wherein the
composition contains no more than 25% mpurity. In another vanation, a composition of
substantially pure compound or a salt thereof 1s provided wherein the composition contains or
no more than 20% impurity. In stil another vanation, a composition of substantially pure
corapound or a salt thereof 1s provided wheremn the composition contains or no more than 10%
mmpurity. In a further vanation, a composition of substantially pure compound or a salt thercof
1s provided wherein the composition contains or no more than 5% impurity. In another
variation, a composition of substantially pure compound or a salt thercof is provided wherein the
composition contains or no more than 3% impunty. In still another vaniation, a composition of
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substantially pure compound or a salt thereof 1s provided wherein the composition containg or
no more than 1% impurity. In a further vanation, a composition of substantially pure compound
or a salt thereof is provided wherein the composition contains o1 no more than 0.5% impurity.
In yet other variations, a composition of substantially pure compound means that the
corposition contains no more than 15% or preferably no more than 10% or more preferably no
more than 5% or even more preferably no more than 3% and most preferably no more than 1%
mnpurity, which impurity may be the compound in a different stereochemical form. For
mstance, and without limitation, a composition of substantially pure (8) compound means that
the composition contains no more than 15% or no more than 10% or no more than 5% or no
more than 3% or no more than 1% of the (R) form of the compound.

{3185} In one vaniation, the compounds herein are synthetic compounds prepared for
adroinistration to an individual such as a human. In another varation, compositions are
provided containing a compound o substantially pure form. In another vanation, the invention
embraces pharmaceutical compaositions comprising a compound detailed hereinand a
phammaceutically acceptable carrier or excipient. In another vanation, methods of adounistering
a compound are provided. The punified forms, pharmaceutical compositions and methods of
administering the compounds are suitable for any compound or form thereof detailed herein.
{8186} The compound may be formulated for any available delivery route, including an oral,
mucosal {£.2., nasal, sublingual, vaginal, buccal or rectal}, parenteral {(e.g., intramuscular,
subcutaneous or mtravencus), topical or transdermal delivery form. A compound may be
formudated with suitable carders to provide delivery forms that inchide, but are not hinited to,
tablets, caplets, capsules {such as hard gelatin capsules or soft elastic gelatin capsules), cachets,
troches, lozenges, gums, dispersions, suppositories, omtments, cataplasms {poultices), pastes,
powders, dressings, creams, solutions, patches, aerosols {e.g., nasal spray or inhalers), gels,
suspensions {e.g., aqueosus or non-agueous liquid suspensions, oil-in-water emulsions or water-
m-oil liquid emulsions), solutions and clixirs.

{3187} One or several compounds described herein can be used in the preparation of a
formulation, such as a pharmaceutical formulation, by combining the compound or compounds
as an active ingredient with a pharmaceutically acceptable carrier, such as those mentioned
above. Depending on the therapeutic form of the svstem (e.g., transdermal paich vs. oral
tablet), the carrier may be in various forms. In addition, pharmaceutical formulations may
contain preservatives, solubilizers, stabilizers, re-wetting agents, emulgators, swecteners, dyes,
adjusters, and salts for the adjustment of osmotic pressure, buffers, coating agents or
antioxidants. Formulations comprising the compound may also contain other substances which
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have valuable therapeutic properties. Pharmaceutical formulations may be prepared by known
pharmaceutical methods. Saitable formulations can be found, e.g., in Remingion: The Science
and Practice of Pharmacy, Lippincott Williams & Wilkins, 21% ed. (2005}, which is
mcorporated herem by reference.

[3188] Compounds as described heremn may be administered to individuals (e g, a human) in
a form of generally accepted oral compositions, such as tablets, coated tablets, and gel capsules
i 2 hard or in soft shell, emulsions or suspensions. Examples of carriers, which may be used for
the preparation of such compositions, are lactose, corn starch or its derivatives, talc, stearate or
its salts, erc. Acceptable carriers for gel capsules with soft shell are, for instance, plant oils,
wax, fats, semisolid and hquad polyols, and so on. In addition, pharmaceutical formulations may
contain proservatives, solubilizers, stabilizers, re-wetting agents, emulgators, swecteners, dves,
adjusters, and salis for the adjustment of osmotic pressure, buffers, coating agents or
antioxidants.

10189]  Any of the compounds described herein can be formulated in a tablet in any dosage
form described.

{8198} Compositions comprising a compound provided herein are also described. In one
variation, the composition comprises a compound and a pharmaceutically acceptable carrier or

exeipient. In another variation, a composition of substantially pure compound is provided.
RMethods of Use/Treatments

8191} Compounds and compositions detailed herein, such as a pharmaceutical composition
containing a compound of any formula provided herein, or a pharmaceutically acceptable salt
thereof, and a pharmaccutically acceptable carrier or excipient, may be used in methods of
administration and treatment as provided herein. The compounds and compositions may also be
used in 2 vitro methods, such as in vifro methods of administering a compound or composition
to cells for screening purposes and/or for conducting quality control assays.

{8192} In one aspect, provided herein is a method of agonizing thyvroid hormone receptor beta
{THR beta} comprising contacting ctther an effective amount of a compoand provided herein, or
an effective amount of a pharmaceutical composition provided herein, with the THR beta.
{0193}  In one aspect, provided herein 1s a method of treating a disorder, which is mediated by
THR beta, in a patient, comprising administering to the patient in need thereof a therapeutically
effective amount of a compound provided herein, or a therapeutically effective amount of a

composition provided herein.
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18194] Moethods of treating a disorder mediated by THR beta, inchuding without himutation
non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, and svmptoms and
mantfestations of cach thercof are well known to the skilied artisan and can be adapted to
treating such a disorder with a compound or composition provided herein.

[3195]  In one aspect, provided herein 1s a method of agomizing thyroid hormone receptor beta
{THR beta} comprising contacting either an effective amoant of a compound provided heremn, or
a salt thereof, such as a pharmaceutically acceptable salt thereof, or an effective amount of a
phammaceutical composition provided herein, with the THR beta. In one aspect, provided herein
18 a method of selectively agonizing THR beta over THR alpha comprising contacting either an
cffective amount of a compound provided herein, or a pharmaceutically acceptable salt thereof,
or an effective amount of a pharmaccutical composition provided berein, with the THR beta. In
one such aspect, the method selectively agonizes THR beta over THR alpha by at least 2-, 3-, 4~
5., 6=, 7=, 8- O- 10~ 15- 20~ 25- 30- 35- 40- 45- 30- 55- 60- 65- 70- 75- 80- 85- 90-
95-, or 100-fsld. In any such embodiment, in one aspect selectivity is assessed via a
biochemical assay, such as the TR-FRET assay described in Example B1.

[8196] In one aspect, provided herein 1s a method of treating a disease or disorder that is
mediated by THR beta in a patient in need thereof, comprising administering to the patient a
therapeutically effective amount of & compound provided herein, or a therapeuatically effective
amount of a composition provided herein. In one aspect, the discase or disorder is a liver disease
or disorder. In one aspect, provided heremn is a method of treating a disease or disorder of the
liver associated with sub-optimal THR beta agonism in a patient in need thercof, comprising
adnunistering to the paticnt a compound of formula (1), or a pharmaceutically acceptable salt
thercof, wherein the compound selectively agonizes THR beta over THR alpha.

18197} In one aspect, provided hergin 1s a method of treating non-aleoholic fatty Hver disease
i a patient in need thereof, comprising administering to the patient a therapeutically effective
amount of a compound provided berein, or a therapeutically effective amount of a composition
provided herein. In one aspect, provided herem is a method of treating non-alcoholic
steatohepatitis (NASH) in a patient in need thereof, comprising administering to the patient a
therapeutically cffective amount of a compound provided herein, or a therapeutically etfective
amount of a composition provided herein. In one aspect, provided herein is a method of treating
metabolic syndrome i a patient in need thereof, compnising administering to the patient a
therapeutically effective amount of & compound provided herein, or a therapeutically effective
amount of a composition provided herein. In one aspect, provided hercin is a method of treating
dyshipidemia in a patient in need theveof, compnising administering to the patient a
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therapeutically effective amount ot a compound provided herein, or a therapeutically effective
amount of a composition provided herein. In one aspect, provided herein 15 a method of treating
hypertnglveeridemia in a patient in need thereof, comprising administering to the patient a
therapeutically effective amount of a compound provided herein, or a therapeutically effective
amount of a composition provided herein. In one aspect, provided hercin is a method of treating
hypercholesterolemia in a patient in need thereof, comprising administering to the patient a
therapeutically effective amount of a compound provided herein, or a therapeutically effective
amount of a composition provided herein.

[8198] In any of the embodiments described herein, a patient having a disease or disorder
associated with THR beta agonism may inclade, but 13 not hmited to, a patient with an
vnderlving hypothvroid disorder.

[3199]  In another aspect is provided a method of delaymg the onset and/or development of a
disease or disorder that is mediated by THR beta in a patient {such as a human} who 1s at risk for
developing the disease or disorder. It is appreciated that delaved development may encompass
prevention i the event the individual does not develop the discase or disorder. An individual at
risk of developing a disease or disorder that 1s mediated by THR beta in one aspect has one or
more risk factors for developing the disease or disorder, such as age, mereased waist
circumference, high body to mass index or the presence of an associated comorbidity.

[82006] In one aspect, provided heremn 1s a method of delaying the onset and/or development of
non-alcoholic fatty liver discase in a patient in need thereof, compnising administering to the
patient a therapeutically effective amount of a compound provided hergin, or a therapeutically
cffective amount of a compasition provided herem. In one aspect, provided heremn is a method of
delaying the onset and/or development of non-alccholic steatohepatitis (NASHS in a patient in
need thereof, comprising administering to the patient a therapeutically effective amount of a
compound provided herein, or a therapeutically effective amount of g composition provided
herein. In one aspect, provided herein is a method of delaying the onset and/or development of
metabolic syndrome in a patient in need thereof, comprising admunistering to the patient a
therapeutically effective amount of a compound provided herein, or a therapeutically effective
amount of a composition provided herein. In one aspect, provided herein is a method of delaying
the onset and/or development of dyshipidemia m a patient in need thercot, comprising
administering to the patient a therapeotically effective amount of a compound provided herein,
or a therapeutically effective amount of a composttion provided herein. In one aspect, provided
herein 15 a method of delaying the onset and/or development of hypertriglyeeridemia in a patient
m need thereof, comprising adnunistering to the patient a therapeutically effective amount of a
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compound provided herein, or a therapeutically effective amount of a composition provided
herein. In one aspect, provided herein 1s a method of delaving the onset and/or development of
hypercholesterclemia in a paticnt 1 need thereof, comprising administering to the patient a
therapeutically effective amount of a compound provided herein, or a therapeutically effective
amount of a composition provided herein.

{3201} In one aspect, provided herein is a compound of formula (I} or any vanation thereof, or
a pharmaceutically acceptable salt thereof, for use in therapy. In some embodiments, provided
herein is a compound of formula (1) or any variation thereof, or a pharmaceutically acceptable
salt thereof or pharmaceutical composition comprising such compound or a pharmaceutically
acceptable salt thercof, for use in the treatment of non-alecholic fatty liver discase. In some
embodiments, provided herein is a compound of formula (1) or any variation thereof, ora
pharmaceutically acceptable salt thereof or pharmaceutical composition comprising such
compound or a pharmaceutically acceptable salt thercof, for use in the treatment of non-
alcoholic steatohepatitis (INASH). In some embodiments, provided is a compound of formula (1)
or any variation thereof, or a pharmaceutically acceptable salt thereof, or a pharmaccutical
composition comprising such compound or a pharmaceutically acceptable salt thereof, for use in
the treatment of metabolic syndrome. In some embodiments, provided is a compound of
formula (1) or any variation thereof, or a phammaceutically acceptable salt thereof, ora
pharmaceutical composition comprising such compound or a pharmaccutically acceptable salt
thereof, for use in the treatment of dyslipidemia. In some embodiments, provided is a compound
of formula (1) or any vanation thereof, or a pharmaceutically acceptable salt thereof, ora
phammaceutical composition comyprising such compound or a pharmaccutically acceptable salt
thercof, for use in the treatment of hypertriglyceridemia. In some embodiments, provided is a
compound of formula (I} or any vanation thereof, or a pharmaceutically acceptable salt thereof,
or a pharmaceutical composition comprising such compound or a pharmaceutically acceptable
salt thercof, for use in the treatment of hvpercholesterolenua.

{06202} In another embodiment, provided herein is a compound of formula (I} or any varnation
thereof, or a pharmaceutically acceptable salt thereof, for use in the manufacture of a
medicament for the treatment of non-aleoholic fatty liver disease. In another erabodinent,
provided herem 1s a compound of formula (I} or any vanation thereof, or a pharmaceutically
acceptable salt thercof, for use in the manufacture of a medicament for the treatment of non-
alcoholic steatohepatitis (NASH). In another embodiment, provided herein s a compound of
formula (1) or any variation thereof, or a phammaceutically acceptable salt thercof, for use in the
manufacture of a medicament for the treatment of metabolic syndrome. In some embodiments,
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the medicament is for the treatment of dyslipidemia. In some embodiments, the medicament is
for the treatment of hypertriglvceridemia. In some embodiments, the medicament is for the
treatment of dyslipidemia. In some embodiments, the medicament is for the treatment of
bypercholesterolemia.

[0203] In some embodiments, the individual 1s a mammal. In some embodiments, the

mdividual 1s a primate, dog, cat, rabbit, or rodent. In some embodiments, the individual is a

primate. In some embodiments. the individual is a human. In some embodiments, the human is
at least about or is about any of 18, 21, 30, 30, 60, 65, 70, 75, 80, or 85 years old. In some
embodiments, the human 1s a chuld. In some embodiments, the human 1s less than about or

about any of 21, 18, 15,10, 5,4, 3, 2, or 1 years old.
Dosing and Method of Administration

{8204} The dose of a compound described herein, or a stereoisomer, favtomer, solvate, or salt
thereof, administered to an individual (such as a human)} may vary with the particular compound
ot salt thereof, the method of administration, and the particular disease or disorder, such as non-
alcoholic fatty hiver disease, non-alcoholic steatohepatitis {INASH), metabolic svndrome,
hypertriglyeeridemia, dyvslipidemia, or hypercholesterolemia, being treated. In some
embodiments, the amount of the compound, or a sterecisomer, tavtomer, solvaie, or salt thereof,
1s a therapeutically etfective amount.
102035] The compounds provided herein or a salt thercof may be administered to an mdividual
via various routes, including, ¢ g, mtravenous, intramuscular, sabcutancous, oral, and
transdermal.
[08206] The effective amount of the compound may in one aspect be a dose of between about
0.01 and about 100 mg/kg. Effective amounts or doses of the compounds of the present
disclosure may be ascertained by routine methods, such as modeling, dose escalation, or clinical
triads, taking into account routine factors, ¢.g., the mode or route of administration or drug
delivery, the pharmacokinetics of the agent, the severity and course of the disease to be ireated,
the subject’s health status, condition, and weight. An exemplary dose is 1n the range of about
from about 0.7 mg to 7 g daily, or about 7 mg to 350 mg daily, or about 3506 mg to 1.75 g daily,
orabout 1.75 t0 7 g daily.
{0287} Any of the methods provided herein may in one aspect comprise adminisiering to an
mdividual a pharmaceutical composition that containg an effective amount of a compound
provided herein, or a stercoisomer, tautomer, solvate, or salt thercof, and a pharmaceutically
acceptable excipient.
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[0208] A compound or composition provided herein may be administered to an individual in
accordance with an effective dosing regimen for a desired period of tme or duration, such as at
least about one month, at least about 2 months, at least about 3 months, at least about 6 months,
or at least about 12 months or Jonger, which in some variations may be for the duration of the
mdividual’s life. In one vanation, the compound is administered on a daily or imtermittent
schedule. The compound can be administered to an individual continucusly (for example, at
cast once daily) over a period of time. The dosing frequency can also be less than once daily,
e.g., about a once weekly dosing. The dosing frequency can be more than once daily, e.g., twice
or three times dailv. The dosing frequency can also be infermittent, including a “drug holiday”
{e.g., once daily dosing for 7 days followed by no doses for 7 days, repeated for any 14 day time
period, such as about 2 months, about 4 months, about 6 months or more). Any of the dosing
frequencies can employ any of the compounds described herein together with any of the dosages

described herein.
Articles of Manufaciure and Kits

[0209] The present disclosure further provides articles of manufacture comprising a
compouand described herein or a salt thereof, a composition described heretn, or one or more anit
dosages described herein in suitable packaging. In certain embodiments, the article of
manufacture is for use in any of the methods described heroin. Suitable packaging 1s known in
the art and includes, for example, vials, vessels, ampules, bottles, jars, flexable packaging and
the like. An article of manufacture may further be sterilized and/or sealed.

{0216} The present disclosure further provides kits for carrving out the methods of the present
disclosure, which comprises one or more compounds described herein or a composition
comprising a compound described herein. The kits may employ any of the compounds disclosed
herein. In one variation, the kit employs a compound described herein or pharmaceutically
acceptable salt thereof The kits may be used for any one or more of the uses described herein,
and, accordingly, may contain instructions for the treatment of any disease or described herein,
for example for the treatment of non-alecholic steatohepatitis (NASH).

{0211} Kits generally comprise suitable packaging. The kifs may comprise onc or more
containers comprsing any compound described hercin. Hach component (if there is more than
one component) can be packaged in separate containers or some components can be combined
i one container where cross-reactivity and shelf lfe permit,

10212} The kits may be in unit dosage forms, bulk packages (e.g., multi-dose packages) or

sub-unit doses. For example, kits mav be provided that contain sufficient dosages of a
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compound as disclosed herein and/or an additional pharmaceutically active compound useful for
a disease detailed herein to provide effective treatment of an individual for an extended period,
such as any of a week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, 5
months, 7 months, 8 months, 9 months, or more. Kits may also include multiple unit doses of
the compounds and nstructions for use and be packaged in guantities sufficient for storage and
use 1n pharmacies {e.g., hospital pharmacies and compounding pharmacies).

10213}  The kits may optionally melude a set of instructions, generally written imstructions,
although clectronic storage media {(e.g ., maguetic disketic or optical disk) containing ustractions
are also acceptable, relating 1o the use of component(s} of the methods of the present disclosure.
The instructions included with the kit generally include mformation as to the components and

thetr administration o an mdividual.
Exemplary Embodiments

{8214} The present disclosure is further deseribed by the following embodiments. The
features of cach of the embodiments are combinable with anv of the other embodiments where
appropriate and practical.

{0215} Embodiment 1. A compound of formula (I-a):

Oy~
N
X

RS

)3 R4
L g Xy R
N\i‘!\i o

Q2

{I-a)

or a tautomer or an N-oxide thercof, or an isctopomer of ¢ach thereot, or a prodrug of cach of
the above, or a stereoisomer of the aforesaid, or a pharmaceutically acceptable salt of cach of the

foregoing, or a solvate of each of the preceding, wherein:

ring A together with the carbonyl {keto) group within the ring form a 5 membered heterocycle
containing 1-3 ring hetercatoms selected from N, §, and 5, wherein the heterocycle is optionally
substituted with 1-2 C1~-Cs alkyvl or C:~Ca evcloalkyl, and wherein the carbonyi (keto) group is

not adjacent to the atom attached to X
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R} is C1~Cy alkyl; Ci-Cy alkyl optionally substituted with 1-5 halo, preferably fluoro; C5-Cs
cyeloalkyl, CON(R!%), or NRYCORY, wherein cach R'? independently is Ci-Cs alkyl or H;

R2is Hor Ci-Cs atkvl;

Lis O, CHy, 8§, SO, SO», CO, CHF, CF, CRIHCN, CHRY or C(RMRY wherein cach R is
(1-Cy alkyl optionally substituted with 1-5 halo, preferably fluoro, or the 2 R!! groups together

with the carbon atom they are attached o form a evclopropy] or eyclobutyl ring;
each of R? and R* is independently Cl, Br, Me, or ethyl;

R3 is H, halo, C1-Ca alkyl, or Cs-Cs cycloalkyl, or R together with R* and the intervening atoms
form a 5-7 membered cycloalkyl or a 5-7 membered heterocycle containing 1-2 ring

heteroatoms;

Xisabsent (i.e., X isabond), oris O, NR'?, C{OINRP, NRPZC{0), CRPZRP, QCRIZRY,
CRUERPO, NRIZCRPRE, CRERVNRY SONRY, NRYSO: wherein cach RY independently is

H or methyl.

[8216] Embodiment 2. The compound of embodiment | of formula (HA), (JIB), (HIA),
(IIiB), (1IC), (IVA), (IVB), V), (IVA}, (VB), (V) (VIA), (VIB), or (VIC):
H

o) O
o] \\,/N\
HN\/;/N WO
i }
X X
i 5 5
i R R
R3= .’/ R4 R3 Rr*
i 1 -1
L\(,IR LYIR
N.. N.
NT D NT O
R?

R?

(ITA) (I1B)
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{(VIA) (ViB) (Vi)
wherein the vanables are defined as i embodiment 1
10217} Embodiment 3. The compound of embodiment 1, of formula (VHA), (VIB), (VII(),
{(VIITA), (VIUB), or {VHI Y

O
O

A N

F!az
(VH)

(VIIA) (VIIB) (VIIC)
wherein R? is H or methyl, and the remaining variables are defined as in embodiment 1.
{0218] Embodiment 4. The compound of embodiment |, wherein R! is isopropyl.

{0219] Embodiment 5. The compound of embodiment |, wherein R is H.
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{0228] Embodiment 6. The compound of embodiment |, wherein R? is chloro.

{0221] Embodiment 7. The compound of embodiment I, wherein R* is chloro.

{0222] Embodiment 8. The compound of embodiment |, wherein R” is hvdrogen.

{0223} Embodiment 9. The compound of embodiment |, wherein X is a bond.

{0224] Embodiment 10. The compound of embodiment |, wherein X is CHR!!, OCHR,

NRUCHRY, NRYCH,, CHRUNH, CHRV'NRY NHCRVRY, C(OYNRZ, NRPC(O), SO:NR”?,
or NR1?SOs, wherein R is defined as in embodiment 1.

10225} Embodiment 11, The compound of embodiment 1, wherein X is NH, CHz, OCHa,
CH20, NHCH,, CHeNH, COWNH, NHC(O), SO2NH, or NHSO:.

[0226] Embodiment 12, The compound of embodiment 1, wherein -X- 15 -NH-CHa-, -
NHC{O)- or —0-CHs-.

{6227} Embodiment 13. The compound of embodiment I, wherein -L~1s O.

[0228] Embodiment 14. A compound selected from those tabulated 1o Table 1.

10229} Embodiment 15, A pharmaceutical composition comprising a compound of
embodiment 1 and at least one pharmaceutically acceptable excipient.

{8238 Embodiment 16. A method of agonizing thvroid hormone receptor beta (THR beta)
comprising contacting either an effective amount of a compound of embodiment 1, or an
effective amount of the composition of embodiment 15, with the THR beta.

{06231} Embodiment 17. A method of treating a disorder, which is mediated by THR beta, ina
patient, comprising administering to the patient a therapeutically effective amount of a
compound of embodiment 1, or a therapeutically effective amount of the composition of

embodiment 15.
EXAMPLES

10232} It is understood that the present disclosure has been made only by way of example, and
that numerous changes in the combination and arrangement of parts can be resorted to by those
skilled in the art without departing from the spirit and scope of present disclosure.

[8233] The chemical reactions in the Examples described can be readily adapted to prepare a
number of other compounds disclosed herein, and alternative methods for prepanng the
compounds of this disclosure are deemed to be within the scope of this disclosure. For example,
the synthesis of non-exemplified compounds according to the present disclosure can be
successfully performed by modifications apparent to those skilled inthe art. g by
appropriatchy protecting interfering groups, by utilizing other suitable reagents known 1o the art

other than those described, or by making routine modifications of reaction conditions, reagents,
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and starting materials. Alternatively, other reactions disclosed herein or known in the art will be

recogmized as having applicability for preparing other compounds of the present disclosure.

10234} The following abbreviations may be relevant for the application.

Abbreviations

Ac: acetyl

ACN: acctonitrile

Boc: tertiarybutyloxyearbonyl

Bu: butvl

DBA: dibenzylideneacctone

DMAP: dimethylaminopvridine

DMF: dimethylformanude

DMF-DMA: dimethyiformamide dimethylacetal
DMEO: dimethylsulfoxide

DSC: disuccinimidylcarbonate

Et cthyl

Me: methyl

Pr: propyl

Py or Pyt pyridine

rt: room temperature

SEMCL 2-(Tomethyisilvlethoxyvmethyl chlonde
SFC: supercritical fluid chromatography

TEA tricthylamine

THEF: tetrahydrofuran

TFA: trifluorcacetic acid

t-Bu Xphos: 2-Di-tert-butyvilphosphine-2' 4’ 6'-trusopropy tbhiphenyl
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Synthetic Examples

Schenie A: 6-(4-amino-2,6-dichlorophenoxy)-4-isopropyl-2-methylpyridazin-3(2H)-one
{Compound le)

"‘i Gt

o Ammonium V Ci\. &N LNH;
/\'\j parsuifaie A 7 K,COg, Cull
no T OH > T -
\‘; ' AgNO3, TFA, ! DMSO, 80°C, 16 1
& H.0, 60-75°C, 30 min & &
1a
~ P ~ —
Ch oMo Cls_7 = NH, o \’ /\ | " \‘:r \ f
- j\ o . A NaQAc \ ul\,
TR o HOAG, 120°G, 81 A
ol C‘>
b
)
i S\
DMF-DMA : \r > N-butylamine r\\
Ow, .i\/f\/ErN\\ myamm \l/k
110°C, 2.5 h T \/l\ /\\/ o MeCH, 7o°c 1h
4d
o y: e
O N Gl Ne a4 HN-A HN- ‘{n
N = Pt ) \O //L,Q ,O e
......................... - Y 2 s Pﬁ N W
\v/ o N ! o
! Ci Cy1 cy2 Cy3

Example 1: R=H, R' = Cy1

Example 2: R = Me, R' = Cyt
Example 3 R=H, R = Cy2; P1 & P2
Example 4 R=H, R = Cy3

{0235] 3,6-dichloro-4-isepropylpyridazine (1a). Sulfuric acid (19.75 g, 201.37 mumol, 10.73
mk} was added to a mixture of 3,6~-dichloropyridazine (10 g, 67 12 mmol} , 2-methylpropanoic
acid (6.21 g, 70.48 mmol, 6.54 mL} and AgNO3 (5.70 g, 33.56 mmol, 5.64 mL) in Hz0 (200
mb} at 60°C. Then a solution of ammonium persulphate (4595 g, 201.37 munol) inkHh( (100
ml.} was added by drop-wise to the mixture at 75°C, the resulting mixture was stirred at 75°C
for 30mim. TLC showed the reaction was completed. atler cooling the mixture was adjusted to
pH = 0~10 with NH: Ha0, the mixture was extracted with ethyl acetate (200 mE*2), the orgamic
phases were washed with brine (100 mL), dried over NanS04, filtered and concentrated to give
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1a. The product was used directly in next step. MS mass caleulated for [M+1]" (C/HsCULNg}
requires mz 191.1, LCMS found m/z 191.1; 'H NMR (400MHZ, CDCl3) 8 7.38 (s, 1H), 3.24 -
331 (m, 1H), 131 {(d. I =68 HZ, 6H).

{0236} 3,5-dichloro-4-((6-chloro-S-isopropylpyridazin-3-vioxyjaniline (1b). To a solution
of 4-amno-2,6-dichlorophenol (3 g, 16.85 mmol) and 3,6-dichloro-4-isopropyipyridazine (1a)
(322 g, 16 85 mmol) in DMAJ0O (30 mL) was added KoC03 (932 g, 6741 mmol) and Cul {1.93
g, 10.11 mmol}. Then the mixture was degassed and purged with Nz for 3 times, and stirred at
S0°C for 16 hours under Ny atmosphere. TLC and LCMS showed the starting material was
consumed completely and desired MS was detected. The mixture was concentrated in vacuum,
The residue was partitioned between ethyl acetate (1000 mL*2} andH: O (500 mL}. The
corbined organic phase was washed with brine (50 mL*3), dried with anhydrous Nax50.,
filtered and concentrated 1o vacuum. The residue was purified by columm chromatography
(510, petroleum ether/ethyl acetate = 10:1 to 3:1, according TLC} to give 1h. MK mass
calculated for [M+1]" (CisHnCEN:O) requires m/z 332.0, LCMS found m/z 332.0; tH NMR
(400MHZ, DMS0) 6 766 (s, 1H), 667 -6.76 (m, 2H), 567 (s, 2H), 311 - 321 (m, 1H), 1.28
(d, J=6.85HZ, 6H}.

182371 2-(3,5-dichloro-4-{(5-isopropyl-6-oxe-1,6-dibydropyridazin-3-
vhoxyiphenylisoindeline-1,3-dione (1c}). To a mixture of 3,5-dichloro-4-{(6-chloro-5-
isopropylpyridazin-3-yhoxv)aniline (1b) (2.6 g, 7.82 mmol} and 1sobenzofuran-1,3-dione (1.16
g, 7.82 mmol} inHOACc (5 mbL) was added NaQOAc¢ {3.21 g, 39.08 mmol). The mixture was
stirced at 120°C for 6 hours. LUMS showed the starting material was consumed completely and
desired MS was detected. The reaction mixture was concentrated under reduced pressure to
remove AcOH. The solid was dissolved in water and the pH was adjusted to 9 with saturate
NaHCOs solution (10 mL}. Then the mixture was partitioned with ethyl acetate (30 mL * 2}
andHO (30 mL). The combined organic phase was washed with brine {10 mbL*3}, dried with
anhydrous NaxSQq, filtered and concentrated m vacuum. The solid was diluted m ethyl acetate
{10 mL), and then petroleum ether (50 ml) was added in the mixture by portions. The mixiure
was filtered to collect solid. The solid was dried to give 1e. M5 mags calculated for {M+1§7
(Co1H1sCLN3O4) requires m/z 444.0, LCMS found m/z 444 1, 'TH NMR (400MHZ, DMSO) 8
1221 (s, 1H), 798 - 8.06 {m, 2H), 780 - 7.97 (m, 2H), 7.78 - 7.83 (m, 2H}, 746 (5, 1H), 3.03 -
310 (m, THD), 1.20 {(d, J = 6.85 HZ, 6H).

10238} 2-(3,5-dichlorc-4-({5-isopropyl-i-methyl-6-0x¢-1,6-dihydrepyridazin-3-
vhoxyiphenyljisoindoline-1,3-dione {(1d}. A solution of 2-(3,5~dichloro-4-({5~-1s0propyl-6-oxo-
1,6-dihydropynidazin-3-vhoxyphenviiso-mdoline~1,3~dione (1) (500 mg, 1.13 mmol} in
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DMF-DMA (4 mL) was stirred at 110°C for 2.5 hours. TLC showed the starting material was
consumed completely and two new spots formed. The mixture was concentrated in vacuum.
The residue was partitioned between Ethyl acetate (10 mL*2) andH:O (3 mL}. The combined
organic phase was washed with brine (5 mi*3), dried with anhydrous Na:$0s, filtered and
concentrated 1n vacuum to give 1d. The product was used directly in next step without further
purification.

10239}  6-(4-amino-2,6-dichiorophenoxy)-4-isopropyl-2-methylpyridazin-3{2H},-one {le).
A mixture of 2-(3,5-dichloro-4-((5-isopropvi-i-methyi-6-ox0- 1, 6-dihydropyridazin-3-
vhoxviphenylisomdoline-1,3-dione {1d) (700 mg, 1.53 mmol} and butan-I-amine {(335.13 mg,
4 58 mmol} m MeOH (10 mL) was stirred at 70°C for 1 hour. TLC (Petroleum ether: Ethyl
acctate = 111, P1: Br = 0.6) and LCMS showed the starting material was consumed completely
and desired MS was detected. The mixture was concentrated in vacuum to give a residue. The
residue was purtfied by preparative TLC {(petroloum ether: ethyl acetate = 1.1, P1: Re={.6) to
give 1e. MS magss calculated for [M+1]7 {CuaHsChN3O2) requires mz 3281, LCMS found m/z
328.2; 'HNMR (400MHZ, CD30D) 8722 (s, TH) 6.70 (5, L H) 3.52 (s, 3 H) 3.17 (dt, J=13 81,
TA3Hz, 1 H) 143 (s, 2y 1.25(d, /=658 Hz, 6 H).

Example 1: 3-({{3,5-dichloro-4-((3-isopropyl-1-methyl-6-ox0-1,6-dihvdropyridazin-3-
vhoxyiphenylamino)methyl}-1,2,4-oxadiazol-5(4H}-one

I E
OIN;NSL Sk G- © ‘"‘\/\/N\/’ Boc,0, DMAP
0 . T e -
T N Ny KoCOs, Nal W - '\/ THF, 40°C, 8 h
Ci ane, b aaale ’ C‘
130°C, 24 h, sealed tube
1e 1
i Boc ) Boc NH.
- P LN i i \)\ .
Og /N\NJ?’/\/\J/N\// NH,OH HCI, NaOAc Oy Moy CIsi s ANy O DSC, TEA
\Tj\/\“ 5 80°C, 1 \/\/I\ THE, 80°C, 16 b
ol Ci
1g 1h
2 o
; Boc HN-
Oe N i M A P HOVEOAG o b o H HN’AZ
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[0240] 2-{(3,5-dichloro-4-({S-isopropyl-1-methyl-6-oxo-1,6-dihydropyridazin-3-
vhoxyiphenyljamino}-acetonitrile (1f). To a solution of 6-(4-amino-2 6-dichlorophenoxy)-4-
isopropyl-2-methyvlpyridazin-32H}-one {1e} (240 mg, 731.28 umol} in ACN (4 mb} was added
Z2-bromoacetonitrile (438.38 mg, 3.66 mmol, 243.65 ul}, Nal (219.23 mg, | 46 mmol} and
KoCO: (202,13 mg, 1.46 mmol). Then the mixture was sealed in tube, and stirred at 100°C for
16 hours. LCMS showed the starting material was consumed completely and desired MS was
detected. The suspension was filtered through a pad of Celite and the pad cake was washed with
EtOAc (3 mL#*3). The combined filtrates were concentrated to dryness to give aresidue. The
residue was purified by preparative TLC {petroleum cther: ethyl acetate = 1.1, P1: Re =03} to
give 1f as a vellow o1l MS mass calculated for [M+1]7 (CieHisCh N0y} requires m/z 3671,
LCMS found m/z 366 8, THNMR (400MHZ, CDCI) 8 7.04 (5. 1H), 6.72 (s, 2H). 413 (d. J =
685 HZ, 2H), 3.54 (s, 3H), 3.21 - 328 (m, 1H). 1.26 (d. J =6 85 HZ, 5H).

0241} Tert-butyl (cyanomethyl}(3,53-dichioro-4-((5-isopropyl-1-methyl-6-0x0-1,6-
dihydropyridazin-3-y1} exy}-phenyljearbamate (1g}). To a solution 2-{(3,5-dichloro-4-{{5-
isopropyl-1-methyl-6-oxo-1,6-dihydropyri-dazin-3-vi}oxyphenyhamincacetoniinile (3£} (210
mg, $71.85 umol) in THF (3 mL) was added Boc:0 (374,41 mg, 1.72 mumol, 394,12 uL} and
DMAP (6986 mg, 571 85 umoly. The mixture was stirred at 40°C for 3 hours. TLC (Petroleum
ether: Ethyl acetate = 1.1, P1: Re = 0.9} and LCMS showed the starting material was consumed
completely and desired MS was detected. The mixture was partitioned between ethyl acetate
{10 mL*2) and Hx0 (3 mL) twice. The combined organic phase was washed with brine (3
mb*3), dried with anhydrous Nax$04, filtered and concentrated in vacuam to give a residue.
The residue was purified by prep-TLC (810, petroleam ¢ther: ethyl acetate = 3:1, PL: Re=0.5)
to give 1g. MS mass calculated for [M+117 (C21H24ChNa0y) requires m/z 4671, LOMS found
m/z 467.0; 'TH NMR (400MHZ, CDCI3)3 7.45 (s, 2H), 461 (5, 2H), 343 (s, 3H}, 3.13 (dt, I =
138,68 HZ, 1H), 1.45 (5. 9H), 1.22(d, ] = 6.8 HZ, 6H}.

10242} (Zy-tert-butyl (Z-amino-2-(hydroxyimino)ethvh(3,5-dichloro-4-({(5-isopropvi-1-
methyl-6-0x0-1,6-dihy-dropyridazin-3-yvhoxy)phenyljcarbamate (1h). To a solution of tert-
butyl {cyanomethyl(3,5-dichloro-4-({ 5-isopropyl-1-methyl-6-ox0-1,6-dihvdropyndazin-3-
vhoxyiphenyhcarbamate (1g) (250 mg, 534.94 umol) in DMF (3 mL) was added NH.OH H{L
{29739 mg, 4.28 mmol) and NaQOAc (351.06 mg, 4.28 mmol). The mixture was stirred at 80°C
for 1 hour. LCMS showed the starting material was consumed completely and desived MS was
detected. The reaction mixture was concentrated under reduced pressure to remove DMF. The

residuc was partitioned between ethyl acetate (10 mL*2) and 820 (3 mL). The combined
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organic phase was washed with brine (5§ mL*3), dried with anhydrous Nas50y, filtered and
concentrated in vacuum to give th (260 mg, crude) as a yellow sohid. The product was used
directly for the next step without further purification. MS mass calculated for [M+1]7
{CorH27ClaNsOs) requires m/z 5001, LCMS found mz 500.1.

[3243]  tert-butyl (3,5-dichloro-4-{(S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
yhoxyiphenyl}{{§-ox0-4,5-dihydro-1,2 4-oxadiazol-3-ylimethylcarbamate (1§). To a solution
of (Z/Ey-tert-butyl (Z-amino-2-(hydroxyimineyethy{3 5-dichloro-4-{({3-isopropyl-1-methyi-6-
oxo-1,6-dthydropyridazin-3-vUoxyiphenvl}-carbamate (1h) (260 g, 519.61 umol) in THF (3
ml} was added DSC (173.04 mg, 673,49 umol, 1.3 eg) and TEA (105.16 mg, 1.04 mmol,

144 65 ul}). The muxture was stirred at 60°C for 16 hours. TLC (Bichloromethane: Methanol =
10:1, PL: Rr=0.3) and LCMS showed the starting material was consumed completely and
desired MS was detected. The muxture was partitioned between ethyl acetate (10 mL*2) and
H:O (3 mL). The combined organic phase was washed with brine (5 mL*3), dried with
anhydrous Na:S0s4, filtered and concentrated in vacuum to give a residue. The residue was
puritied by prep-TLC (8102, DCM: MeOH = 10:1, P1: Re=03) to give 1i. MS mass calculated
for IMHIT {CoHosChLNsO6) requires m/z 526.1, LCMS found m/z 526.2; 'H NMR (400MHZ,
CD30D)3 7.54 (s, 2H), 7.32 (3, 1H), 4.77 (s, 2H}, 348 (s, 3H}, 3.18 (dt, } = 13.6, 6.84 HZ, 1H),
146 (s, 9H), 1.27(d, } =68 HZ, 6H).

{0244 3-({(3,5-dichloro-4-({3-isoprepyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vBoxyphenvilamino}methyl)-1,2 4-oxadiazol-5(dH},-one (Example 1}. To a solution of tert-
butyl (3,5-dichloro-4-{{5-isopropyl-1-methyi-6-oxo-1,6-dihvdropyridazin-3-vioxyiphenyl}{(5-
ox0-4,5-dithydro-1,2 4-oxadiazol-3-vlymethyhcarbamate (13} (170 mg, 322.97 umol) in
HCVEDAc (2 mL) was stirred at 25°C for 2 hours. LEMS andHPLC showed the starting
material was consemed completely and desired MS was detected. The mixture was diluted with
water (0.5 mL} and the pH was adjusted to 8 with NaHCO: {5 mL). Then the muxture was
partitioned with Ethvl acetate 10 mL twice. The combined organic phase was washed with brine
{5 mL*3), dried with anhydrous Naz504, filtered and concentrated in vacuum to give a residue.
The residae was purified by Prep-HPLC (FA} column: Luna €18 1060%30 5u; mobile phase:
[water (0.2%FA-ACN]; B%: 25%-60%,12 min] to give Example 1. M5 mass calculated for
M+ (CrHCRNOw) requires m/z 4261, LOMS found m/z 426.0; TH NMR (400 MHZ,
CD30D)3 7.23 (s, 1H), 6.76 (3, 2H), 488 (s, 139H), 4 28 (5, 2H), 3.50 (s, 3H)}, 3.12 - 3.21 (m,
1H), 1.25(d, J = 7.06 HZ, 6H).

68



WO 2020/041741 PCT/US2019/047968

Example 2: 3-({((3,5-dichloro-4-{{8-isopropyl-I-methyl-6-ox0-1,6-dihydropyridazin-3-
viloxyiphenyl}{(methyDamino)methyi)-1,2,4-oxadiazol-5(4H)-one

o ;L 2 NH,OH.HC,

H N l |
¢ O~ N # O N_ I N. H
NSNS ~ Met, Cs,00, NN ~ NaOAC
' > I -
h RV N R T

THF, 100°C, 16 1 DMF, 80°C, 6 h

¥
i

Ci

o

o
1 2a
Q
! i NHp )
Og M, Bl No_Ax, OH e TEA PO
j § ¢ SC, T O ~ ;‘ .
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Ci
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10245]  2-{(3, 5-dichloro-4-({S-isopropyl-1-methyl-6-0xo-1, 6-dihydropyridazin-3-
vhoxy)phenyl{methylamino) acetonitrile (2a). To a solution of 2-({3,5-dichloro-4-{{5-
1sopropyl-l-methyl-6-ox0-1,6-dihyvdropyridazin-3-vlosyv)phenylDaminoacetonitrile {1f) (50 mg,
136.15 umol} in THF (2 mL) was added CsC05 (66.54 mg, 204.23 umol} and Mel (193 .26 mg,
1.36 mmol, 84.76 gL}, The mixture was stirred at 100°C for 16 hours under sealed tube. TLC
and LCMS showed ~30% of Keactant 1f was remained and the desired MS was detected. The
suspension was filtered through a pad of Celite and the pad cake was washed with EtOAc (8
mE*3). The combined filtrates were concentrated to dryness to give a residue. The residue was
puritied by prep-TLC (8100, petroleum ether: ethyl acetate = 1:1, according TLC) to give the 2a.
MS mass caleulated for M+ CrHisClNaOg) requires /2 3811, LOMS found mv/z 381.0,
H NMR (400 MHZ, CDCI3 8 7.03(d, I=0.7HZ, 1H), 6.82 (s, 2H}, 4.19 (s, 2H), 3.54 (s, 3H),
3.28-320(m, 1H}, 3.05 (s, 3H}, 1.27 - 1.25 (m, 6H).

{0246] (£)-2-{((3,5-dichloro-4-((3-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyphenvi}{methv-amino)-N'-hydroxyvacetimidamide {2b). To a solution of 2-{(3,5-
dichloro-4-({3-1sopropyl--methyl-6-ox0-1,6-dihydropynidazin-3-
vhoxyphenyh{methyhaminoacetoniinle {2a} (52 mg, 136 .39 umol} in DMF {2 mL) wag added
NH20H HCI (75,82 mg, 1.09 mmol) and NaOAc (89.51 mg, 1.09 mmol). The mixture was
stirred at 80°C for 6 hours. TLC showed reactant 2a was consumed completely, LCMS showed
ong main peak with desired MS. The suspension was filtered through a pad of Celite and the pad

cake was washed with EtOAc (3 mL*3). The combined filtrates were washed with brine (10
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mk}, dried over anhydrous Nax5(0a, filtered and concentrated under reduced pressure to give a
residue. The residue was punified by prep-TLC (5:0:, DCM: MeOH = 10:1, according TLC) to
give Zb. MS mass caleulated for [M+117( Ci7HaClaNsOs) requires mvz 4141, LOCMS found m/z
4141,

13247} 3-{{{3,5-dichloro-4-((3-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vBoxyphenvi¥{methvDaminomethyi}-1,2 4-oxadiazol-8(4H l-one (Example 2). To a solution
of (Z/E)-2-((3,5-dichloro-4~((5-isopropyl-i-methyl-6-oxo-1,6-dihvdropyndazin-3-
vhoxypheny{methyvljamino}-N'-hyvdroxyacetimidamide (2b} (30 mg, 65.17 umol) in THF (2
mk} was added DSC (21.70 mg, 84 .72 umol) and TEA (33.97 mg, 335.75 umol, 46.73 ul}. The
maxture was stirred at 80°C for 2 hours. TLC and LCMS showed 2b was consumed completely
and desired MS was detected. The reaction nuxture was concentrated under reduced pressure 1o
give a residue. The residue was checked by HPLC and then punfied by prep-HPLC {column:
Waters Atlantis T3 150%30*5um; mobile phase: [water {0.225%FA}}-ACNY B%: 40%-709%,
13min) to give Example 2. M8 mass calculated for [M+117( CiaHioClaNsO4) requires m/z 4401,
LCMS found mz 440 1 tH NMR (400MHZ, CD;0D) 8§ 7.24 (s, [H), 6.92 (s, 2H), 4 48 (s, 2H).
349, 3H), 317 (d, 1=72, 139 HZ, 1H), 3.05(s, 3H), 1.26 {4, F =6 8 HZ, 6H).

Example 3: P1 and P2: 3-(1-((3,5-dichloro-4-({8-isopropyi-1-methyl-6-0x0-1,6-
dihydroepyridazin-3-vi)oxylphenyhamino)ethyl)-1,2 4-oxadiazol-5(4H}-one
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10248] 2-((3,5-dichloro-4-({S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhjexyiphenyijamino) propanenitrile (3a). A mixture of 6-(4-amino-2,6-dichlorophenoxv)-4-
isopropyl-Z-methvipvridazin-3(ZH}-one (ie) (0.2 g, 609.40 umol, 1 eg), KaCOs (168 44 mg,
1.22 mmo), Nal (182.69 mg, 1.22 mmol} and 2-bromopropancuttride (816.44 mg, 6.09 mmol) in
CH3CN (5 mL} was added to a seal tube and heated to 90°C for 16 hours. LCMS showed
desired MS and 5TM of e, the muxture was filtered and washed with ethy] acetate (10 mL*2).
The combined filtrates was washed with brine (20 mL), and the organic phase was concentrated
to give 3a (0.25 g, crude), the crude product was used for the next step directly. MS mass
calculated for M+ (Ci7HsChNaOy) requures mz 3811, LCMS found m/z 381.0

0249} Tert-butyl {({-cyanoethyl}{3,5-dichlore-4-({(5-isopropyl-1-methyl-6-ox0-1,6-
dihydropyridazin-3-vi)oxy)phenyhcarbamate (3b}). A mixture of 2-((3,5-dichloro-4-({8-
tsopropyl-1-methyvl-6-oxo-1,6-dihvdropyridazin-3-yloxypheny Damino) propanenitrile (3a}
{00.25 g, 65573 wmol}, Boco( {42933 mg, 1.97 mmol, 451.93 gL} and DMAP (80.11 mpg,
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655.73 umeol} in THEF (5 mL) was heated to 50°C for 1 hour. LCMS showed desired MS, and
TLC showed new spot. The mixture was concentrated, and the residue was purified by prep-
TLL (petroleum ether: ethyl acetate = 3:1) to give 3b. MS mass calculated for [M+1]7
{CaoH26C1aNL04) requires m/z 4811, LCMS found m/z 481.3; 'TH NMR (400MHz, CDCls) 8 7.31
(s, 2H), 7.07 (5, THD, 351 (s, 3H}, 3.30-3.23 (m, 1H), 3.20 (g, /= 7.0 Hz, 1H), 2.03 {5, 3H),
1754d, J=7.0Hz 3H), 1.57 (s, 4H), 1.51 - 1.43 (m, 9H), 1.28 (d. /= 6.8 Hz, 6H).
10250] (Z/E)-tert-butyl {{-amine-i-(hydroxviminepropan-2-yhH{3,5-dichlore-4-{(5-
isopropyl-1-methyi-6-ox0-1,6-dihydropyridazin-3-yljoxy)phenyijcarbamate {3¢). A mixture
of tert-butyl {(1-cvanoethyl}(3,5-dichloro-4-((5-isopropyl- |l -methyl-6-ox0-1,6-dihydropyndazin-
3-yDoxy) phenyljcarbamate (3b} (80 mg, 166.19 smol), NH2OH.HCL (92.39 mg, 1.33 mmol}
and MNaOAc (109.07 mg, 1.33 mmol) in DMF (3 mL) was heated to 80°C for 5 hours. LCMS
showed desired MS, TLC (Petrofeum ether: Ethyl acetate = 1.1, Re = 0.47) showed new point,
the mixture was filtered and washed with ethyl acetate (10 mL*2), the filtrate was washed with
bring (10 mi*2), the oreanic phase was daed over NaxS{s, filtered and concentrated, the
residuc was purified by prep-TLC (petroleun cther : ethyl acetate = 1:1) to give 3¢. MS mass
calculated for [M+1]" (CoaHooChN5Os) requures mz 5142, LCMS found mz 514.0;
102511  Tert-butyl (3,5-dichlore-4-{(3-isopropyl--methyl-6-0x0-1,6-dihydropyridazin-3-
vhoxyiphesy{(1-(5-0x0-4,5-dibvdre-1,2,4-oxadiazol-3-yhethyBearbamate (3d}). A mixtore
of (Z/E)-tert-buty! {1-amino-1-Chvdroxyimino)propan-2-vh(3,5-dichloro-4-{{(5-1sopropyl-1-
methyl-6-ox0-1,6-dihydropyridazin-3-yhoxyphenvhcarbamate (3¢} (39 mg, 75.82 umol}, BSC
(2525 mg, 98 .56 umol} and TEA (1534 mg, 151.63 amol, 21.11 gL} 1n THF (4 mL} was heated
to 60°C for 2 hours. Then the mixture was heated to reflux for another 4 hours. TLC
{Petroleum ether: Ethyi acetate = 1:1, Rr = 0) showed the reaction was completed, and the
mixture was concentrated to give 3d (70 mg, crude), which was used for the next step directly.
MS mass calculated for {M+117 {CaHr7ChN5s Qo) requires m/z 5401, LCMS found m/z 540 2;
[0252]  3-(1-{(3,5-dichioro-4-{(S-isopropvl-1-methyi-6-ox0-1,6-dibydropyridazin-3-
vhoxyphenvijaminojethyi}-1,2,4-oxadiazol-5{(4H}-one (Example 3). To a solution of tert-
butyl (3,5-dichioro~-4-{{5-isopropyl-1-methyi-6-oxo-1,6-dibhvdropyridazin-3-vijoxviphenvij(1-
{5-ox0~-4,5-dihvdro-1,2 4-oxadiazol-3~-vhethvhicarbamate (3d) (70 mg. 129.53 umol) in DCM (2
mi} was added TFA (0.5 mL), and the muxture was stirred at 25°C for 50 min. LCMS showed
the reaction was completed, and desired MS was detected. Then the mixture was concentrated in
vacuum, The residue was purtfied by prep-HPLC (FA) (column: Waters Atlantis T3
150%30% Suny;, mobile phase: [water (0.225%FA-ACN] B%: 40%-80%, 13min) to give 3-(1-
((3,5-dichloro-4-{(5-1sopropyi-1-methyl-6-ox0-1,6-dihvdropyridazin-3-
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vhoxyphenyhamino)ethvi)-1,2 4-oxadiazol-5{(4H}-one Example 3. MS mass calculated for
M1 (CisHsChNsOs) requires m/z 440.0, LUMS found m/z 440.1; "TH NMR (400MHz,
Ch:ODY6725(d. J=08Hz 1H), 678 (s, 2H), 455 (g, /= 6.8 Hz, 1H), 3.52 (s, 3H), 3.23 -
303 (m, 1H), 1.60(d,J=68Hz 3H), 1.27(d,.J=7.0 Hz, 6H).

{82533} SFC separation: 3-(1-((3,5-dichloro-4~(({ 5~isopropyi-1-methyl-6-ox0-1,6~
dihydropyridazin-3-vhoxyiphenyhaminolethyl)-1,2 4-oxadiazol-5(4H}-one (Example 3) (17.17
mg, 39.00 amol, 1 eg) was separated by SFC ({Monitoring] Instrument: Thar SFC80 preparative
SFC; Column: Chiralpak AS-H, 250*30mm 1.d. 10u; Mobile phase: A for CO:2 and B for McOH
{0.1% ammoma); Gradient: B%=40%; Flow rate:70 g/min; Wavelength:220 nm; Column
temperature: 40°C; Svstem back pressure: 100 bar) to give Example-P1. MS mass calculated for
M+ (C‘:S}'HIQCIZN:EQ!;) requires m/z 440.1, LCMS found m/z 440.0; '"H NMR (400MHz,
CDOD)Y 6 723(d J=08Hz, 1H), 6.75(s. 2H), 448 (g, J =68 Hz, 1H). 3.51 {s, 3H), 3.17 {14,
J=66,13.6Hz 1H), 1.58(d, J =68 Hz, 3H), 1.26 (d, } = 7.2 Hz, 6H) and Example-P2; MS
mass calculated for [IM+1T (CisHisChNsO4) requires m/z 440.1, LCMS found m/z 440.0; 'H
NMR {(400MHz, CD:0D) 6 723 (s, 1H). 6.75 (5. 2H), 448 (g, ] = 6.8 Hz, 1H}, 3.51 {s, 3H),
347 {quin, =68 Hz, 1H), 1.58(d,J=68Hz, 3H), 1.26(d, J =68 Hz, 6H).

Example 4: N-(3,5-dichloro-4-{{5-isopropyl-i-methyl-6-0x0-1,6-dihvdropyridazin-3-

vhoxyiphenyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazele-3-carboxamide
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o N, OH.HCE Na,COy o \‘ ok \}// TEA \/O\W/J\\N,O\KO
PN el o 1 )
o7 CN EtOH, HzO, 25°C, 4 h 5 r DCM, 0°C, 1 h l/
da ab
b H 7 (COCH),, DMF
- L j LIOH N (LOCH,, DMe
ACOH, 120°C, 16 h N~0 MeOH, H,Q, 25°C, 1 h Nef THF, 25°C, 0.5 1
4¢ 44
cl Cl
o /I\ A
e S T 9,
Cl 1 o) | i N i
P g M y AN
:\LO\F o* riq’hca/\//\m-:?_ THF, 25°C. 05 h Ci //\g \\\( V=0
Negj

de 1e Example 4



WO 2020/041741 PCT/US2019/047968

10254} (Z/E)-ethyl 2-amino-2-(hydroxyiminojacetate (4a}. To a solution of ethyl
carbonocyanidate (2.5 g, 25.23 mmol, 2. 48 mL} in EtOH (25 mL) was added NHOH HCI (2.63
g, 37.85 mmol} and NaxCOs (2.67 g, 25 .23 mmol). The suxture was stirred at 25°C for 2 hours.
TLC showed the reaction was completed. LCMS showed one main peak with desired MS. The
reaction mixture was concentrated under reduced pressure to remove EtOH. The residue was
diluted with H20 (5 mL) and extracted with ¢tOAc (20 mL * 5). The combined organic fayers
was washed with brine {5 mL)}, dried over anhydrous Na:504, filtered and concentrated under
reduced pressure to give a residuc. The residue was purified by re-cryvstallization from MTBE:
petroleum cther =1:1 (20 mL} at 70°C to give 4a. MS mass calculated for [M+1]7 (CaHaN203)
requires n'z 133.1, LCMS found m/z 133.1; 'H NMR (400MHz, CDCl3) 8§ 8.90 (brs, 1H), 5.12
(brs, 2H), 434 (q. J=71Hz 2H), 1.36 {1, =72 Hz, 3H)

[0255] (Zj-ethyl 2-amino-2-{{{ethoxycarbonyljoxy}imino)acetate {4b}. To a solution of
(Z/E}-cthyl Z-amino-2-thydroxyiminglacetate {(4a) (1 g, 7.57 mmol} in BCM (5 mL) was added
TEA (230 g, 22.71 mmol, 3.16 mbL} and ethyl carbonochloridate (903 .56 mg, 8.33 mmol,
792.59 ul). The mixture was stirred at 0°C for Lhour. TLC indicated 53 was consumed
completely and one new spot formed. The reaction was clean according to TLC, The reaction
mixture was concentrated under reduce pressure to give 4b (1.34 g, crude). 'H NMR (400MHz,
CDCL) 6544 (brs, 2H), 440 (g, 1 =72 Hz, 2H), 434 (¢, =72 Hz, 2H), 1.42 - 1.3% (m, 3H),
138 - 1.34 (m, 3H).

[0236] Ethyl S-ox0-4,5-dithydro-1,2.4-oxadiazsle-3-carboxylate (4¢). A solution of (Z/E)-
ethyl Z-amino-2-({{cthoxycarbonyoxy Yiminojacetate (4b) {(1.34 g, 6.56 mmol) in AcOH (5 mL)
was degassed and purged with N2 for 3 times, and then the mixture was stirred at 120°C for 10
hours under Nz atmosphere. LCMS showed 4b was consumed compietely and one main peak
with the desired MS was detected. The reaction mixture was concentrated under reduced
pressure to remove AcOH and then to give the 4¢ (1.03 g, crude). The crude product was used in
next step without further purification. MS mass calculated for [M-1]17(CsHsN204) requires m/z
1537 .0, LOMS tound mz 1570

{0257} S-ox0-4,5-dihydre-1,2,4-0xadiazele-3-carboxylic acid {4d}. To a solation of ethyl 5-
ox0-4,5-dithydro-1,2 4-oxadiazole-3-carboxvlate (4¢) (200 mg, 1.26 mumol, 1 eg) in MeOH (1
mb} and HoO (0.2 mL} was added LiOH (36.35 mg, 1.32 mmol, 1.2 2g). The mixture was stirred
at 25°C for 1 hour. TLC showed reactant 4 was consumed completely and one new spot was
formed. The reaction mixture was concentrated under reduce pressure to give a residue. The
residuc was diluted with HC1 (1M, 5 mL) to adjust the pH = 4~6 and then extracted with EtOAc
(5 mL * 4). The combined organic lavers were washed with brine (8§ mL), dried over anhydrous
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NazS0y, filtered and concentrated under reduced pressure to give 4d (114 mg, crude). The
crude product was used in next step without further punfication. MS mass calculated for [M+117
{CsHeMN204) requires m/z 159.0, LCMS found no m/z; 'H NMR (400MHz, DMS0)34.35(q, | =
70Hz, 2H), 128 (t. I =7.0 Hz, 3H).

[0258] 5-ox0-4,5-dihydroe-1,2,4-oxadiazole-3-carbonyl chloride {4¢). To a solution of 5-
oxo-4,5-dthvdro-1,2 4-oxadiazole-3-carboxylic acid {(4d} (110 mg, 845.77 umol) in THF 3 mb)
was added (COCH (128.82 mg, 1 01 mmol, 88 .84 ul)) and DMF (6.18 myg, 84 5% umol, 6.51
ul}). The mixture was stirred at 25°C for 1 hour. A few drops of reaction nuxture were quenched
with MeQOH for monitoring. TLC mdicated 4d was consumed completely and one new spot
formed, the mixture was concentrated under reduced pressure to give de (1535 mg, crude). The
crude product was used in next stop without further punification.

[0259] N-(3,5-dichloro-4-{{5-isopropyi-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyiphenyl}-S-oxe-4,5-dibydro-1,2 4-oxadiazole-3-carboxamide (Example 4. To a
solution of 6~(4-amino-2,6-dichlorophenoxy}-4-isopropyl-2-methylpyridazin-3(2H}-one (1e) {20
mg, 60.94 umol) in THF (3 mL) was added TEA (18.30 mg, 182.82 umod, 25.45 ul) and S-oxo-
4,5~dihvdro-1,2,4~oxadiazole~-3-carbonvl chlonde {4e) (13.57 mg, 91.41 umol}. The nuxture was
stirred at 25°C for 0.5 hour. LCMS showed 1o was consumed completely and desired MS was
detected. The reaction mixture was guenched by addition MeOH (1 mb} at 25 °C, and then
concentrated under reduced pressure to give a residue. The residue was checked by HPLC and
purified by Prep-HPLC {column: Xtnmate C18 150%25mm™Sum; mobile phase: [water {10mM
NHHCO:)-ACN]; B%: 30%-53%, 10min) to give Example 4. M5 mass calculated for [M+117(
Ci7H1sCLNsOs) requires m/z 440.0, LCMS found m/z 440.0. TH NMR (400MHz, CD:0D) &
793 (s, 2H), 731 (s, 1H), 351 (5, 3H), 319 {(quund, J = 7.0, 138 Hz, 1H), 1 27(d, J =68 Hz,
6H).

Example 5: 3-({((3,5-dichloro-4-({3-isopropyl-6-oxe-1,6-dihydropyridazin-3-

yvhoxy)phenyilamino)methyi}-1,2,4-oxadiazol-5(4H)-one
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10260]  2-((3,5-dichlore-4-({6-chlore-S-isopropyipyridazin-3-

vhoxyphenyljamino)acetonitrile (5a). To a solution of 3 5-dichloro-4-({6~chloro-5-

wsopropylpyridazin-3-yDoxylaniline (1b) {180 mg, 432.94 vmol} and 2-bromoacetomitrile
{25965 mg, 2. 16 mmol, 144 25 gL} in ACN {2 mL) was added K2C0O3 {11967 mg, 86587

umol) and Nal (129.79 mg, 865 87 umol). The mixture was stirred at 100°C for 16 hours under

sealed tube. LCMS showed reactant I b was consumed completelv and desired MS was

detected. The reaction mixture was concentrated under reduce pressure to give a residue. The

residue was purified by prep-TLC (510, petroleum cther: ethy! acetate = 1:1, according TLC ) to
give 4a. MS mass caleulated for IM+117( CisHisChNaO) requires m/z 371.0, LCMS found m/z
371.0. H NMR (400MHz, CDsC1)y 8 7.25 (s, 1H), 6.66 (s, 2H), 4.83 - 477 (m, 1H), 405 (d, J =
64 Hz 2H),329d, J=68, 136 Hz, 1H) 137(d. J =68 Hz, 6H).

[0261]

Tert-butyl (cvanemethyl}{3,5-dichloro-4-((6-chloro-S-isopropylpyridazin-3-

vhoxy)phenyljcarbamate (3b). To a solution of 2-((3,5-dichioro-4-({6-chloro-5-

isopropylpyridazin-3-yDoxy)phenvllammnoacetonitrile (8a) {172 mg, 379.50 umol} in THF (10
mL} was added DMAP (51.00 mg, 417 .45 umol} and Boc0 {248 48 mg, 1 14 mumol, 261 35

ul}. The mixture was stirred at 40°C for 2 hours. TLC indicated Reactant 5a was consumed

completely and one new spot formed. The reaction mixture was concentrated under reduced

pressure to give a residue. The residue was purified by prep-TLC (8:0s, petrolenm ether ethyl
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acetate = 111, according TLO) to give Sb. MS mass calculated for [M+1( CooHnCliNaGs)
requires mz 471.1, LCMS found m/z 4711, "H NMR (400MHz, CD3Cl 8 7.38 (5, 2H), 7.24 (s,
1H), 448 (s, 2H), 329 (1d. J =67, 136 Hz, 1H)}, 1.53 (s, 9H), 1 37 (d, § = 6.8 Hz, 6H).
[0262] (Z/E)-tert-butyl (Z-amino-2-(hydroxyiminojethyl}(3,5-dichloro-4-{{6-chioro-5-
isopropylpyridazin-3-yvijoxyiphenyijcarbamate (5¢). To a solution of tert-butyl
{eyanomethy{3,5-dichloro-4-{{6-chloro-5-isopropylpyridazin-3-vloxyiphenyljcarbamate (3b)
{145 mg, 307 36 umol} in DMF (2 mL} was added NH>OH HCI (170,87 mg, 2 46 munch) and
MNaOAc (201.70 mg, 2.46 mmol). The mixture was stured at 80°C for 6 hours. TLC showed
reactant 3b was consumed completely. LCMS showed one main peak with desired MS. The
suspension was filtered through a pad of Celite and the pad cake was washed with EtQAc (5
mi*3}). The combined filtrates were washed with brine (10 mL), dried over anhydrous NazS04,
filtered and concentrated under reduce pressure to give a residue. The residue was purified by
prep-TLC (510, petroleum cther: ethyl acetate = 1:1, according TLC) to give S¢. MS mass
calculated for [M+1]7(CaoH24CINs04) requires m/z 5041, LCMS found m/z 504.1. 'THNMR
(400MHz, CD:CH 8737 (s, 2H), 721 (s, 1H), 5,11 (brs, 2H), 423 (5, 2H), 328 (1d. I = 7.0,
13.8 Hz, 1H), 2.09 (s, 1H}, 1.49 (s, 9H), 1.36 {(d, ] = 6.8 Hz, 6H).
182631 Tert-butyl (3,5-dichloro-4-{(6-chloro-S-isepropylpyridazin-3-vhoxy)phenyi}{(5-
oxo-4,S-dihydre-1,2 4-oxadiavel-3-yvhmethylcarbamate (5d). To a solution of (Z/E)-tert-
buty] (Z-amino-2-(hvdroxyimino)ethyv (3, 5-dichloro-4-({6-chloro-3-isopropyipyndazin-3-
vhoxyphenvhcarbamate (8¢} (50 mg, 89.15 wmol) in THF (2 mL) was added DSC (29.69 mg,
115 89 umol} and TEA {33.97 myg, 335.75 umol, 46.73 ul.}. The mixture was stirred at 80°C for
1 hour. LCMS showed 3¢ was consumed completely and desired MS was detected. The reaction
mixiure was concentrated under reduced pressure to give a residue. The residue was purified by
prep-TLC (dichloromethane: methanol = 10:1, according TLC) to give 5d. MS mass calculated
for M+ 11 CaHnClNsOs5) requires m/z 530.1, LOMS found m/z 5301,
[0264] 3-({(3,5-dichloro-4-{{(5-isopropyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyphenvijaminoimethyi}-1,2,4-oxadiazol-5(4H}-one {(Example 5). To a solution of (teri-
butyl (3,5-dichioro~-4-{{6-chloro-5-isopropvipyridazin-3-vhoxyypheny{{5-ox0-4,5-dihydro-
1,2 4-oxadiazol-3~-yDmethylicarbamate) Sd (68 mg, 115.30 umol) in AcOH (3 mbL) was added
NaOAc (75.66 mg, 922.40 umol). The muxture was stirred at 110°C for 3 hours. LCMS showed
reactant Sd was consumed and desired M5 was detected. The reaction mixture was concentrated
pader reduced pressure to remove AcOH and then to give a residue. The residue was checked by
HPLC and purified by Prep-HPLC (column: Waters Xbridge Prep OBD CI18 150%*30 5u; mobile
phase: fwater (0.225%FARACN]; B%: 30%-65%, 13mun) to give Example 3. MS mass
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calculated for [M+1]"( Ci1sH1sChNsO4) requires m/z 412.0, LCMS found m/z 412.0. 'TH NMR
{400MHz, DMSO3 6 12,11 (s, 1H), 7.31 (s, 1H), 6.79 (5, ZH), 6.66 (brt, F = 6.0 Hz, 1H}, 4.27
(d,J=62Hz 2H),302¢d, J=70, 136 Hz, 1H), 1.17 (dﬁ J=68 Hz 6H).

Example 6: 3-((3,5-dichlore-4-({3-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhoxyphenoxyjmethyly-1,2.4-oxadiazol-S(4H}-one

-
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& Example 6

[3265] 6-{4-bromo-2,6-dichlorophenosy)-3-chioro-4-isopropylpyridazine {6a). A mixture
of d-bromo-2 6-dichloro-phenol (3.04 g, 12.56 mmol} and 3,6-dichloro-4-isopropyl-pyridazine
{1a) (2 g, 10.47 mmol} in pyridine (10 mL) was stirred at 130°C for 48 hours in a 100 mL of
autoclave. LCMS showed the starting matenial of 1a was consumed completely and the desired
MS was found. The muxture was diluted with Tol. (30 mL) and concentrated in vacuum. The
residue was partitioned between ethyl acetate (30 mL*2} and H2O (10 mL). The combined
organic phase was washed with brine (10 mL*3), dried with anhydrous NaxS04, filtered and
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concentrated 1 vacuum. The residue was purnified by column chromatography (510:, petroleum
cther: ethyl acetate = 1:0 to 100:1} to give 6a. MS mass calculated for [M+1 17 {(CisHueBrCLEN2 O}
requires m/z 394 .9, LCMS found m/z 394 9. 'H NMR (400MHz, DMSO) & ppm 7.98 - 8.04 (m,
THY792-797 (o, T HY 784 (s, THY 311 -320(m, 1 H) 1.23~ 147 (m. 6 H).

[3266] 6-{4-bromo-2.6-dichlorophenoxy)-4-isopropylpyridazin-3(2H)-one (6b). A mixturc
of 6-(4-bromo-2,6-dichloro-phenoxy)-3-chloro-d-isopropyvl-pyndazine {6a) (1 g, 2.52 mmol)
and NaQOAc {827 59 mg, 10.09 mmol) in AcOH (10 mL} was stirred at 120°C for 18 hours.
LCMS showed the starting material was consumed completely and the desired MS was found.
The nuxture was concentrated n vacuum. The solid was dissolved in water and the pH was
adjusted to 9 with saturated NaHCO3 (2 mL). Then the mixture was extracted with Ethvl acetate
{10 mL*2}. The combined organic phase was washed with brine (5 mL*3), dried with anhvdrous
NaxS0y, filtered and concentrated in vacuum to give 6b. The product was used directly for the
next step without further purification. [M+ 117 {Ci:HnuBrlLN:G:) requires m/z 376.9, LCMS
found m/z 376 9. '"H NMR (400MHz, DMSO) d ppm 1222 (brs, 1 H} 7.91 - 8.02 (m, 2 H) 7.39
(s, ITH}297-3 11 (m, T H)Z287-295(m, IH) 1.29(d, /=672 Hz, T H) 115 - 1.23 (m, 6 H).
102671 6-(4-bromo-2,6-dichlorophenoxy)-4-isopropyl-Z-methylpyridazin-3(2H)-one (6c).
A mixtore of 3-(d-bromo-2,6-dichloro-phenoxy}-S-sopropyl- 1H-pyridazin-6-one {(6b} (500 mg,
1.32 mmol} m DMF-DMA (22 42 ¢ 188 19 mmol, 25.00 mL) was stirred at 105°C for 16 hours.
LCMS showed the starting maternial was consumed completely and desired MS was detected.
The mixture was concentrated in vacwum. The residue was partitioned between cthyl acetate (10
mbL*2) and HoO (3 mL}. The combined organic phase was washed with bring (5 mL*3}, dried
with anhydrous Na:8O4, filtered and concentrated in vacuum. The residuc was purified by
colamn chromatography (8100, petroleum ether/ethyl acetate=1.0 10 36: 1) to give 6¢. [M+1]T
{Cr1aH:BrihNzG:) requires m/z 391.0, LCMS found m/z 391.0. 'H NMR (400MHz, DMSO) 8
ppm 796 (s, 2H)y 741 (s, L H) 332 (s, } H) 3.08 (dt, J=13.67, 6.84 Hz, 1 H) 2.50 (brd, /=3.53
Hz, 8 HY 1.18(d, /=7.06 Hz, 5 H) 1.23 (brs, | H).

{3268} 6-(2,6-dichloro-4-hyvdroxyphenoxy)-4-isepropyl-2-methylpyridazin-3(2H}-one
{6d}. A mixture of 6-{4-bromo-2, 6-dichlorophenoxy }-4-isopropyl-2-methylpyndazin-3(2H)-one
{6¢) (170 mg, 43359 umoh), KOH (31.63 mg, 563.67 umol}, t-Bu Xphos (27.62 mg, 65.04
umol} and Pde{dba}s (39.70 mg, 43.36 umol) in dioxane (8 mL) and HzO (8 mL) was degassed
and purged with Nz for 3 times, and then the mixture was stirred at 100°C for 3.5 hours ander Nz
atmosphere. TLC showed 6¢ was consumed completely, and LCMS detected the desired MS.
The suspension was filtered through a pad of Celite and the pad cake was washed with EtQAc (3
mL*3). The combined filtrates were concentrated to give a residue. The residue was purified by
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prep-TLC (5102,ethvl acetate: petrolenm ether = 111, according TLC) to give 6d. MS mass
calculated for [M+117(CraHi4ClN2O3) requires sz 328.0, MS found mz 3290, TH NMR
{400MHz, CDCl3) 8 7.06 (s, 1H), 6.93 (s, ZH), 6.45 (brs, 1H), 3.55 {5, 3H}, 325 (td, ] = 6.8,
136Hz, 1H), 1.27(d. I =6.8 Hz, 6H).
[3269]  2-(3,5-dichloro-4-{(5-isopropyl-1-methyl-6-0x0-1,6-dihvdropyridazin-3-
vhoxyphenoxylacetonitrile {6¢). To a solution of 6-(2,6-dichloro-4-hvdroxyphenoxy}-4-
isopropyi-2-methylpyridazin-3(2H}-one {6d} (40 mg, 121 51 umol} in acctone {2 mbL) was added
KoCO; (50.38 mg, 364 .54 umol) and 2-bromoacetonitrde (21.86 mg, 182.27 umol, 12.15 ul}.
The nuxture was stirred at 20°C for 2 hours. TLC showed 6d was consumed completely and
one new spot was formed. The suspension was filtered throogh a pad of Celite and the pad cake
was washed with EtOH (5 mL*3). The combined filtrates were concentrated to dryness to give
aresidue. The residue was punified by prep-TLC (5102, ethvl acetate: petroleum ether = 1:1) to
give 6e as a yellow solid. MS mass calculated for [M+17(CieHisChN3Os) requires m/z 3680,
MS found m/z 368.0. TH NMR (400MHz, CDCI3) 6 7.04 (s, 3H), 4.80 (s, 2H), 3.53(s, 3H), 3.25
(td. 1=6.8 134 Hz 1H). 1.27({d. = 6.8 Hz, 5H).
02701 (Z/E)-2-(3,5-dichloro-4-((5-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhioxyiphenoxy)}-Ni-hvdroxyacetimidamide (6f). To a solution of 2-(3,5-dichlore-4-({5-
isopropyl-1-methyl-6-oxo-1 6-dihydropyridazin-3-yloxyphenoxyiacetonitrile {6¢) (38 mg,
103.20 umol} in DMF (2 mL) was added NH2OH HCI (37.37 mg, 825.61 umol) and NaQAc
(67.72 mg, 825.61 umol}. The mixture was stirred at 80°C for 6 hours. TLL showed 6¢ was
consumed completely, and LCMS showed one main peak with desired MS. The reaction mixture
was concentrated under reduced pressure to remove DMF . The residuc was diluted with brine (3
mb} and extracted with EtOAc (3 mL * 3). The combined orgamic lavers were dnied over
anhydrous Naz§0q, filtered and concentrated under reduced pressure to give 6f (66.3 mg, crude).
The product was used nto the next step without further purification. MS mass calculated for
IMH+1T( CisHisClbNaOs) requires m/z 401.0, LCMS found m/z 401.2.
271 3-{(3,5-dichlore-4-((S-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyphenoxyjmethyl}-1,2.4-oxadiazol-S(4H}-one (Example 6). To a solution of {Z/E}-2-
(3,5-dichloro-4~({5-1sopropvl-1-methyvi-6-0x0-1,6-dithvdropyridazin-3-vljoxyiphenoxy)-N'-
hydroxyacetimidanude {6f}) (66.3 mg, 132.19 umol) i THF (2 mL) was added DSC (44.02 mg,
171.85 umol} and TEA (26.75 mg, 264.38 amol, 36 .80 uL}. The mixture was stirred at 60°C for
4 hours. LUMS showed 6f was consumed completely and desired MS was detected. The
reaction muxture was concentrated under reduced pressure to give a residuc. The residue was
purified by prep-HPLC (column: Waters Xbridge Prep OBD C18 150%30 3uymobile phase:
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fwater(0.04%NH3H2O»-ACN]:B%: 5%-35%,10min) to give Example 6. MS mass calculated
for [MH+117( CirHisClN4Os) requires m/z 427 1, LCMS found m/z 427 1. TH NMR (400MHz,
CD:OD) 6 730 (s, 1H), 724 (s, ZH), 510 (s, ZH), 3.49 (s, 3H), 3.19 (quind, J = 7.0, 13.8 Hz,

1H), 1.27(d. J = 6.8 Hz, 6H).

Example 7: 5-(3,5-dichloro-4-{(5-isepropyl-i-methyi-6-0x0-1,6-dihydropyridazin-3-

vhoxy)phenyllisoxazol-3{2H)-one
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{0272} 6-{2,6-dichloro-4-iocdophenoxy}-4-isopropyl-2-methvipyridazin-3(2H}-one (7a). To
a solution of 6-(4-amino-2,6-dichlorophenoxv}-4-isopropyl-2-methvipynidazin-3(2H}-one {ie)
(50 mg, 152.35 amol} in HC1 (5 M, 304.70 vL) was added NaNO2 (12.61 mg, 182.82 umol) at
0°C. Then the mixture was stirred for 0.5 hour at 0°C. Then a solution of Ki (50.58 mg, 304.70
umol} in HzG (1.5 mL} was added mn the mixture, and the mixture was stirred at 20°C for
another 16 hours. TLC indicated Reactant e was consumed completely. LCMS showed
Reactant le was consumed completely and one main peak with the desired MS was formed. The
reaction nuxture was extracted with EtOAc (5 mL*4). The combined organic layers were
washed with brine {(§ mL}, dried over NaxSQq, filiered and concentrated under reduced pressure
to give a residue. The residue was purified by prep-TLC (810, petroleum ether: ethyl acetate=
1:1, product Re = 0.80, according TLC) to give 7a. MS mass calculated for [M+117
C1aH1ChNoOs) requires mvz 4389, LCMS found m/z 438.9. TH NMR (400MHz, CDCI13) 8§ 7.71
(s, 2H), 7.04 (s, 1H}, 332 (s, 3H), 325 (td, J = 7.0, 134 Hz, 1H), 1.26 (d, I = 6.8 Hz, 6H).
{0273} Ethyl 3-(3,5-dichloro-4-({5-isopropyl-1-methyl-6-oxu-1,6-dihydropyridazia-3-
vhoxyiphenylpropiolate (7b). A muxture of 6~(2.6-dichloro-4-icdophenoxyi-4-isopropyi-2-
methylpyndazin-3(2H)-one (7a) (25 mg, 56.94 umol), ethyl propiolate (12.29 mg, 125.26 umol},

PA(PPhz):Cly (4.00 mg, 5.69 amol}, Cul (2.17 mg, 11.39 umol) and CC0; 37.10mg, 11388

o

a1



WO 2020/041741 PCT/US2019/047968

umol} in THF (3 mL) was degassed and purged with Nz for 3 times. Then the nuxture was
stirred at 110°C for 0.5 hour under microwave. TLC indicated Reactant 7a was consumed
completely and many spots formed. The suspension was filtered through a pad of Celite and the
pad cake was washed with EtOAc (5 mL*3). The combined filtrates were concentrated to give a
residue. The residue was purified by prep-TLC (510:, petroleum ether: ethy] acetate = 31,
according TLC) to give 7b. MS mass calculated for [M+117( CioaHisClaN2(4) requires m/z 4091,
LCMS found m/z 4091 TH NMR (400MHz, CDCL) § 7.61 (s, 2H), 7.06 (5, 1H), 432(g. J = 7.0
Hz, 2H), 351 (5, 3H), 325 (quind, } = 6.8, 138 Hz, 1H), 137 (1, J =72 Hz, 3H), 1.27(d, ] =
6.8 Hz, 6H).

18274F  5-(3,5-dichloro-4-({5-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhoxyiphenyljisoxazol-3(2H)-one (Example 7). To a solution of ethyl 3-(3,5-dichioro-4-{(5-
isopropyl-1-methyl-6-oxo-1,6-dihvdropyridazin-3-vloxyviphenyDpropiolate (7b) (27 mg, 48.56
vumol) in MeOH (3 mL} was added NHOH HCH (13 50 mg, 194,22 umeol) and KOH (16.35 mg,
291.33 umol}. The mixture was stirred at 25°C for 16 hours. TLC showed reactant 7b was
consumed completely. The reaction mixture was concentrated under reduced pressure to remove
MeOH. The residue was difuted with HoO (§ mbL) and extracted with EtQAc (5 mL * 3}, The
combined organic layers were washed with bring (5 mL}, dried over anhvdrous NaxSOq, filtered
and concentrated under reduced pressure to give a residue. The residue was checked by HPLC
and purified by prep-HPLC {(column: Waters Xbridge Prep OBD C18 150%30 Su; mobile phase:
Pwater (0.049%NH3IH20-ACN], B%: 39%-35%, 10min) to give Example 7. MS mass calculated
for [MH1T(CirHsChN:Qs) requires m/z 396.0, LCMS found m/z 396 0. 'H NMR (400MHz,
CDC))87.76 (s, 2H), 7.08 (s, 1H), 6.25 (s, 1H)L 352 (5, 3H). 331-322(m, 1H), 1.28(d, J =
6.8 Hz, 6H).

Example §: 5-(3,5-dichioro-4-{{5-isopropyl-6-oxe-1,6-dihydrepyridazin-3-
vhoxyiphenyllisoxazol-3(ZH}-one
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10275}  N-(3,5-dichloro-4-{(3-isopropyi-6-0x0-1,6-dihydropyridazin-3-
vhoxviphenyDacetamide (8a). To a solution of 3, 5-dichloro-4-((6-chloro-5-isopropvipyridazin-
3-yDoxyaniline (Ib) {1 g, 3.01 mmol) in AcOH {10 mL) was added NaQOAc (863 18 mg, 10.52
mmol). The mixture was stirred at 100°C for 16 hours. LCMS showed one main peak with the
desired MS. The reaction mixture was concentrated under reduced pressure to remove AcOH.
The residue was diduted with water (20 mL) and added IN NaOH to adjusted pH = 9~10. The
suspension was extracted with EtOAc (10mL*4}, the combined organic layers were dried over
anhydrous Naz SOy, filtered and concentrated under reduced pressure to give 8a (1.55 g, crude).
The product was used mto the next step which without further purification. MS mass calculated
for M+ 1T (CisHisChNO3) requires m/z 356.1, LCMS found m/z 356.1.

{0276] 6-{4-amino-2,6-dichliorophenoxy)-4-isopropylpyridazin-3{2H}-one {8b}. To a
solution of N-(3,5-dichloro-4-((5-1sopropyl-6-ox0-1,6-dihvdropyridazim-3-
vhoxyphenvDacetamide (8a} (1.55 g, 3 .48 mmol) n MeOH (20 mL} was added aqueous of
NaOH (0 M, 21 26 mb). The mixture was stirred at 120°C for 4 hours. LCMS showed one main
peak with the desired MS. The reaction nuxture was concentrated under reduced pressure to
remove MeOH. The residue was diluted with water (20 mL) and extracted with EtOQAc

{10mL*4). The combined organic layers were dried over anhydroas NaxSQy, filtered and

3
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concentrated under reduce pressure to give a residue. The residue was purified by column
chromatography (5:0z, petroleum cther/ethyl acetate = 5:1 to 1.5, according TLC) to give 8b.
MS mass calculated for {[M+171" (C13H13CEN:00) requires m/z 314.0, LCMS found sz 314 0. 'H
NMR (400MHz, DMSO) 5 12,11 (s, 1H), 7.25 (s, 1H). 6.64 (s, 2H), 560 (s, 2H), 3.07 - 2 94 (m,
1H), 119 - 1,12 (m, TH).
192771 6-(2,6-dichloro-4-fodophenoxyi-4-isopropylpyridazin-32H}-one (8¢). To a solution
of 6-(4-amino-2,6-dichliorophenoxy)-4-isopropylpyridazin-3{ZH}-one {8b} (250 mg, 795.76
umol) in HCI (967.11 mg, 7.96 mmol, 948.14 ul, 30% purity) was added NaN©O2 (6589 mg,
954 .91 umol} at 0°C, the mixture was stirred for 0.3 hour . Then to the nmixture was added a
solution of KI (26419 mg, 1.59 mmol} in H2Q (5 mL). Then the mixture was stirred at 20°C for
ancother 16 hours. LCMS showed onc main peak with the desired MS. The reaction mixture was
extracted with EtOAc (10 mL*4). The combined organic layers were washed, dried over
Nax$0y, filtered and concentrated under reduced pressure to give a residoe. The residue was
puritied by prep-TLLC (8100, petroleum ether: ethyl acetate = 3:1, product Re = 0.60, according
TLC) to give 8c. MS mass calculated for {M-1]7 (CisHn ChINaGy) requires oz 424 .9, LCMS
found m/z 424.9. 'HNMR (400 MHz, CDCl:) 3 10.50 - 16.29 {m, 1H), 7.75 - 7.69 (m, 2H), 7.13
~7.08 (m, 1H)}, 330 - 3.14 {m, 1H), 128 - 1.25 {m, 6H).
{0278} 6-{2,6-dichloro-d-iodophenexy)-4-isopropyk-2-((2-
{trimethylsilyDethoxy)methyl)pyridazin-3(2H)-one (8d). To a mixture of 6-(2 6-dichloro-4-
todophenoxy}-4-tsopropylpvridazin-3(2H}-one (8¢) (30 mg, 117.63 umol), DIPEA (3041 mg,
23527 umol, 40.9% ul} in BMF {4 mL)} was added 2-{(chloromethoxy)ethyl-trimethyl-silane
(58.84 mg, 352.90 umol, 62.46 ul.}). The mixture was degassed and purged with N2 for 3 times,
the mixture was stirred at 25°C for 2 hours under N2 atmosphere. TLC indicated 8¢ was
consumed completely. LCMS showed one main peak with the desired MS. The reaction mixture
was quenched by addition water {5 mL), and then extracted with EtOAc (6 mL *3). The
combined organic lavers were concentrated under reduce pressure to give a residue. The residue
was purified by prep-TLC (810:, petroleum cther: ethyl acetate = 3:1, according TLC) to give
8d. MS mass calculated for [M+1] {CioHasChIN203S1) requires m/z 355.0, LCMS found m/z
555.0. 'THNMR (400 MHz CD:0OD) 8778 - 7.61 (m, ZH), 7.13 - 7.00 (m, IH), 528 - 5.16 (m,
2H), 3.58 - 3.50 (m, 2H), 3.32 - 318 {m, [H), 1.31 - 1.23 (m, 6H), 0.91 - 0.83 (m, 2H), 0.01 -
0.11 {m, 9H}.
{0279f Ethyl 3-(3,5-dichloro-4-({5-isopropyi-6-oxo-1-{(2-{trimethyisilyljethoxyimethyi)-
1.6-dihydropyridazin-3-yiloxyphenyiipropiolate (8e). A mixture of 6-(2, 6-dichloro-4-
iodophenoxy)-4-1sopropyi-2-((2-(tnmethvlsilvDethoxymethypyridazin-3(2H)-one (8d) (18
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mg, 32.41 umol}, cthyl propiolate (7.00 g, 71.31 umol, 7.00 ul), PA(PPhaClz (2.28 mg, 3.24
amoel}, Cul (1.23 mg, 6 48 umol) and CsxCO5 (21.12 mg, 64.83 umol) in THF (4 mL) was
degassed and purged with N for 3 umes, and then the mixture wag stirred at 110°C for 0.5 hour
under microwave. TLC indicated 8d was consumed completely and many spots formed. LCMS
showed one main peak with the desired MS was formed. The suspension was filtered through a
pad of Celite and the pad cake was washed with EtQAc¢ (5 mL*3}. The combined filtrates were
concentrated to dryness to give a residuc. The residue was purified by prep-TLC (510,
petroleum cther: ethvl acetate = 8.1, according TLC) to give 8e. MS mass calculated for [M+1]"
{C2aHa0CLN2OsSE) requires mz 5251, LCMS found m/z 525.1. '"H NMR (400 MHz, CD:0D) 8
7.61-757 (m, 2H), 7.08 - 7.06 (m, 1H), 5.19-517 (m, 2H), 435 -4 28 (m, 2H}, 3.57 - 3 50
(o, 2H), 3.31 ~3.19 (m, 1H), 1.38 -~ 1.34 (m, 3H), 1.28 - 1.25 (m, 6H), 0.89 - 0.84 (m, 2H), -0.03
- 0.06 (m, 9H).
[0280] 5-(3,5-dichloro-4-({S-isopropyl-6-ox0-1-((2-(trimethylsilyhethoxyymethyl)-1,6-
dihvdrepyridazin-3-vioxy)phenyiiisoxazol-3(2H)-one (8). To a solution of Ethyl 3-(3,5-
dichloro-4-{{5-1sopropvi-6-oxo-~1-{(2-{trimethyisiyliethoxyimethvi}-1, 6-dihydropyridazin-3-
vhoxyphenyDpropiolate (8¢} (5 mg, 9.531 umol) in MeOH (2 ml) was added NH2O0H HCL (2.64
mg, 38.06 umol) and KOH {320 mg, 57.09 umol). The mixture was stirred at 25°C for 5 hours.
TLC indicated 8¢ was consumed completely. LOCMS showed one main peak with the desired MS
was formed. The reaction muxture was concentrated under reduced pressure to remove MeOH.
The residue was diloted with HzO (5 mL) and extracted with EtQAc (5 mL * 3). The combined
organic layvers were washed with brine {5 mb), dried over anhydrous Na:SGOq, filtered and
concentrated under reduce pressure to give a residue. The residue was purified by prep-TLC
{5102, petroleum ether: ethyl acetate = 3.2, according TLC) to give 8f. MS mass calculated for
IMA 1T (CoaHorChN3Os81) requires m/z 512.1, LCMS found m/z 512.1. 'H NMR (400 MHz,
CD:ODY 6778 -7.73 (m, 2H), 7.12 - 7.08 {m, 1H), 629 - 6.24 {(m, 1H), 5.23 - 5.20 (m, Z2H),
359-352(m, 2H}, 3.33~322 (m, 1H), 1.30- 1.27 (m, 6H), 0.90 - 0.85 (m, 2H), -0.05 - 0.10
{m, SH}.
{0281 5-(3,5-dichloro-4-{{S-isopropyl-6-ox0-1,6-dikydropyridazin-3-
viioxyphenyllisoxazol-3{2H)-one {(Exampie 8). A solution of 5-(3,5-dichioro-4-({5-tsopropyi-
6-0x0- 1 -{(2-(trimethvisilyDethoxyimethvl)-1,6-dihydropyridazin-3-vDoxy)phenyliisoxazol-
3{2H}-one (81} (4 mg, 7.81 umol) in TFA (2 mL) was stirred at 25°C for 4 hours. LCMS showed
8f was consumed completely and the desired MS was detected. Then the mixture was
concentrated in vacuum. The residue was checked by HPLC and punfied by prep-HPLC
{colunmm: Luna C18 100%30 5u; mobile phase: [water {0.2%FA)-ACN|: B%: 30%-60%, 12min)
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to give Example 8 MS mass caleulated for M+ (CieHi3ChNOs) requires mz 382.0, LCMS
found m/z 382.0. '"H NMR (400 MHz, CDs;0D) 8 791 - 7.86 {m, 2H), 7.37 - 7.35 (m, 1H), 6.48 -
6.46 (m. TH), 320 - 3.14 (m, 1H). 1.33 - 1.24 (m, 6H).

Example 9: 3-]3,5-dichloro-4-[{5-isopropyl-6-oxo-1H-pyridazin-3-yloxylphenyl]-4H-1,2,4-

oxadiazol-S-one
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3¢ Example 9

102821 3,5-dichloro-4-(6-chloro-S-isopropyl-pyridazin-3-yhoxy-benzonitrile {8a). A
mixture of 3 S-dichloro-4-hydroxy-benzonitnle (1a) (100 mg, 531.88 umol} and 3,6-dichloro-4-
isopropyl-pyridazine {101 62 mg, 531 .88 umol) 1o Py (3 mL} was stirred at 130°C for 36 hours.
LCMS showed 1a was consumed completely and desired MS was detected.  The mixture was
diluted with Tol. €5 mP*3) and concentrated in vacuum to give a residue. The residue was
puitfied by preparative TLC (petroleum cther: ethvl acetate = 5:1) to give 9a. MS mass
calculated for [M+1]" (CiaH1eCENO) requires m/z 342.0, LCMS found m/z 342.1; THNMR
(400MHZ, CDs0D) § 8.02 (s, 2H), 7.67 (s, 1H), 3.47 - 3.50 (m, 1H), 332 - 339 (m, 1H), 1.37
(d, J=634 HZ, 6H).

10283} (Z/E)-3,5-dichloro-4-{{6-chloro-S-isopropylpyridazin-3-yioxy}-N'-
hydroxyhenzimidamide (9b). To a solution of 3. 5-dichloro-4-(6-chioro-3-1sopropvi-pyndazin-
3-vhoxy-benzonitnle (%a) (60 mg, 175.13 umol} in PMF (2 mL} was added NHOH.HC1 (97 .36
mg, | 40 mmol} and NaOAc (114.93 mg. 140 mmol}. The mixture was stirred at 80°C for ©
hour, LOMS showed the starting material was consumed completely and desired MS was
detected. The reaction mixture was concentrated under reduced pressure to remove DMFE. The
residue was partitiongd between cthyl acetate (10 mL*2) and Hz0 (3 mL). The combined
organic phase was washed with brine {5 mL*3), dried with anhydrous NaxS0s4, filtered and

concentrated in vacuum to give a residue. The residue was purified by preparative TLC
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{petroleum ether: cthyl acetate = 5:1) to give 9b. MS mass caleulated for [M+1]*
{CraH1:ClNaO2) requires sz 375.0, LCMS found m/z 375.0.

10284 3-(3,5-dichloro-4-{{6-chlero-5-isopropyipyridazin-3-yljoxy)pheavij-1,2,4-
oxadiazol-5{(4H),~one (9¢). To a solution of (£/E)-3,5-dichloro-4-({6-chloro-5-
isopropylpyridazin-3-yhoxy)-N'-hydroxybenzimidamide {(8b) (60 mg, 159.73 umol) in THF (3
mb) was added DSC (53.19 mg, 207.65 umol} and TEA (3233 mg, 319,46 umol, 44 46 uL).
The tuxture was stirred at 60°C for 16 hours. LUMS showed the starting material was
consumed completely and desired MS was detected. The mixture was concentrated in vacuum
to give 9¢ (60 mg, crude). The product was used directly for the next step without further
purification. MS mass calculated for [M+17" (CisHnChNaGs) requires m/z 401.0, LCMS found
mz 401.0.

{0285] 3-(3,5-dichloro-4-((5-tsopropyl-6-ox0-1,6-dibydropyridazin-3-viloxyphenyi}-
1.2.4-oxadiazol-5{dH},-one (Example 9}. To a solution of 3-(3, 5-dichlorg-4-{{6-chloro-5-
isopropyipyadazin-3-yloxyiphenyi}-1,2 4-oxadiazol-5{4H}.-one (9¢) (60 mg. 14939 umol) in
HOAc (3 mL) was added NaOAc (49.02 mg, 597 .56 umol). The mixture was sturred at 120°C
for 16 hours. LCMS showed the starting material was consumed completely and desired MS
was detected. The mixture was concentrated in vacuum to give a residue. The residue was
purified by Prep-HPLC {column: Waters Atlantis T3 150%30%5um: mobile phase: {water
{0.225%FAYACN];, B%: 35%-75%, 13min} to give Example 9. MS mass calculated for
IMAT]T (CisH12CLNGO) requires m/z 383.0, LCMS found m/z 383.0; 'H NMR (400MHZ,
CODY 5793 (5. 2H), 738 (d, 7=08 HZ 1H). 317 {spt. J=68HZ, 1H), 1.29(d, /=68 HZ,
6H).

Example 18: 3-(3,5-dichiore-4-{({5-isopropyl-1-methyi-6-oxe-1,6-dihydropyridazin-3-
vhoxyiphenyl}-1,2,4-oxadiazol-53(4H),-one
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Example 10

10286 3,5-dichloro-4-{{5-isopropyl-6-ox0-1,6-dihydropyridazin-3-vijoxyibenzonitrile
{10a). To a solution of 3,5-dichloro-4~({6-chloro-5-isopropyipvridazin-3-vljoxyibenzonitrile
{9a) (40 mg, 116.75 umol} m HOAc (4 mlL} was added NaDAc (38 31 mg, 467.01 umol). The
mixture was stirred at 120°C for 16 hours. LOCMS showed the starting material was consumed
completely and the desired MS was found. The mixture was concentrated in vacuum. The schid
was digsolved in water and the pH was adjusted to 9 with NaHCO: (4 mL). Then the mixiure
was partitioned with ethyl acetate 10 mbL twice. The combined organic phase was washed with
bring (5 mL*3}, dried with anhydrous Nax504, filtered and concentrated in vacoum to give 18a
{34 mg, crude). MS mass calculated for [M+1{™ {CiasHniChN3On) requires oz 324.0, LCMS
found m/z 324.2; 'H NMR (400MHZ, DMSO) 8 12.28 (s, 1H), 8.27 - 8.35 (m, 2H), 7.44 (s, 1H),
327 -344 (m, 25H), 298 - 3.10 (m, 1H), 1.15-1.23 (m, 6H).

{0287F 3,5-dichloro-4-((5-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyibenzonitrile {10b). A mixture of 3.5-dichloro-4-{(5-isopropyi-6-oxo-1,6-
dihvdropyridazin-3-yhoxybenzonitrile {10a) (34 mg, 104.89 umol) in DMF-DMA (2 mL) was
stirred at 110°C for 3 hours under reflux. LOMS showed the starting matenal was consumed
completely and desired MS was detected. The mixture was concentrated in vacuunm. The
residue was partifioned between ethyvl acetate (10 mL) and HoO (3 mL) twice. The combined
organic phase was washed with brine (5 mL*3), dried with anhydrous Na:50s, filtered and
concentrated in vacuum to give a residue. The residue was purified by preparative TLC
{petroleum cther: cthyl acetate = 5:1) to give 10b. MS mass calculated for [M+1]"
(C1sH13ChN00) requires m/z 338.0, LOMS found m/z 338.0; "H NMR (400MHZ, CD:0D) 8
3.00 (s, 2H), 7.38 {s, 1H}, 3.48 (s, 3H), 3.14 - 325 (m, 1H), 1. 28 (d, I = 6.85 HZ, 6H).
{£}-3,5-dichioro-N'-hydroxy-4-{(5-isopropyl-1-methyi-6-oxo-1,6-dibydropyridazin-3-

viloxyibenzimidamide (14c). To a solution of 3,5-dichloro-4-({5-1sopropyl-1-methyl-6-oxo-
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1, 6-dihvdropyridazin-3-vhoxvibenzonitrile (18b} (25 mg, 73.92 umol) mn DMF (2 mL) was
added NHOH HCI (41.10 mg, 391.39 umol) and NaOAc (48.51 mg, 591.39 umol}. The
maxture was stirred at 80°C for 1 hour. LCMS showed 10b was consumed completely and
desired M5 was detected. The reaction mixture was concentrated under reduced pressure to
remove DMF. The residue was partitioned between ethyvl acetate (10 mL) and HoO (3 mL}. The
combined organic phase was washed with brine (5 mL*3}, dried with anhydrous Naa 50,
filtered and concentrated in vacium to give 10¢ {25 mg, crude}. The product was used directly
for the next step without further purification. MS mass calculated for [M+11" (CisH16ClN4Os)
requires sz 3711, LCMS found m/z 3712

{0288  3-(3,5-dichloro-4-((S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhoxyiphenyi}-1,2,4-oxadiazol-3(4H),~one (Example 10). To a solution of (£)-3,5-dichloro-
N-hydroxy-4-((5-isopropyl-1-methyl-6-ox0-1,6-dihvdropyridazin-3yDoxy benzimidamide (18¢}
{25 mg, 67.35 umol) in THF (3 mbL} was added DSC (22.43 mg, 87 55 umol) and TEA (13.63
mg, 134,69 umol, 18.75 ul). The mixture was stirred at 60°C for 16 hours. LCMS showed the
starting material was consamed completely and desired MS was detected. The mixture was
concentrated m vacoum to give a residue. The residue was purified by Prep-HPLC {colomn:
Waters Atlantis T3 150%30%5um; mobile phase: [water (0. 225%FA-ACN]: B%: 30%-70%,
13min) to give Example 18, MS mass calculated for [M+1]" {C1eH1aClzNaQy) requires m/z
397.0, LCMS found m/z 397.0; 'THNMR (400MHZ, CD:0D 8792 -798 (m, 2H), 737(d, J =
073 HZ, 1H), 348 (s, 3H), 3.12-326{m, 1H), 1.28 (d, | = 6.85 HZ, 6H).

Scheme B: 6-(4-amino-2,6-dichiore-3-methylphenoxy}-4-isopropyl-2-methyipyridazin-
3(ZH)-one (Compound 11d)
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102891 3.5-dichloro-4-({6-chioro-5-isopropyipyridazin-3-yhoxy)-2-methylanitine (11a). To
a mixture of 4-amino-2,6-dichioro-3-methyl-phenol (0.2 g, 1.04 mumol) and 3,6-dichloro-4-
wopropyl-pvridazine {1a) (198.97mg, 1.04 mmol) in DMSO (5 mL) was added KoC(3 (575,75
mg, 4.17 mmol) and Cul {119.01 mg, 624 86 umch) at 25°C. Then the mixture was stirred at
90°C for 16 hours. The mixture was added to HaO (25 mL) and extracted with cthyl acetate (20
mb*2). The combined organic phase was washed with brine (20 mL*2), dried with anhydrous
NSOy, filtered and concentrated in vacuum. The mixture was washed by petroleum ether (5
mkL}, filtered. The filter cake was concentrated in vacuum to give ila.

[0299]  2-(3,5-dichloro-4-((S-isopropyl-6-oxe-1,6-dihydropyridazin-3-yljoxy)-2-
methyiphenylisoindoline-1,3-dione (11b). To a mixture of 3 3-dichloro-4-(6-chloro-5-
isopropyl-pyridazin-3-yDoxy-2-methyl-amiline (11a} (0.4 g, 1.15 mmol} and isobenzofuran-1,3-
dione {17092 mg, 1.15 mumol) in AcOH (10 mL) was added NaOAc (378.63 mg, 4.62 mmol) at
25 2C. Then the mixture was stirred at 120°C for 12 hours. LCMS showed the reaction was
completed. The mixture was concentrated to get residue, to the residue was added to Fo( (20
mb} and extracted with ethy! acetate (50 mL*2). The combined organic phase was washed with
brine (50 mL*2), dried with anhydrous Nax804, tiltered and concentrated m vacoum. The
residue was washed by MTBE (5 mL) and filtered. The filter cake was concentrated to give
11b. M5 mass calculated for [M+117{CaH7ChN3O4) required m/z 4581, LCMS found mz
458 1,
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{0291} 2-(3,5-dichloro-4-((S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhioxyiphenylisoindoline-1 3-dione (11¢). A mixture of 2-[3 5-dichloro-4-{(S-isopropyl-6-
oxo- 1H-pyridazin-3-yhoxy|-2-methvi-phenyljisomdoline-1.3~-dione {11b) {0.37 g, 807 .34 umol}
in DMF-DMA (5 mL) was stirred at 105°C for 4 hours. LUMS showed the reaction was
completed. The mixture was added to HaO (20 mL) and extracted with ethyl acetate (20 mL*2).
The combined organic phase was washed with brime (20 mL¥2}, dried with anhydrous Na:zS04,
filtered and concentrated in vacuum to give lc. The crude was used next step directly. MS
mass calculated for [M+11 {(CoHi7ChNaOs) required m/z 4721, LCMS found m/z 4721,

[0292] 6-(4-amino-2,6-dichloro-3-methylphenoxy)-4-isopropyl-2-methylpyridazin-3(2H}-
one {11d}. To a solution of 2-{3,5-dichloro-4-(5-1sopropyl--methyl-6-oxo-pyridazin-3-vhoxy-
2-methyl-phenyljisoindoline-1,3~dione (1ic) (440 mg, 931 .57 umol) in MeOH (1 mL) were
added butan-1-amine (2 M, 1.40 mb) at 70°C The mixture was stirred at 70°C for | hour. The
mixture was concentrated in vacuum. The residue was purified by prep-TLC (8109, petroleum
ether /ethyl acetate= 1:1) to give 11d. MS mass calculated for [M+1 ] (CarHivChN3Oy) required
m/z 3421, LCMS found #z 3421 '"H NMR (400 MHz, CD:0D) 8722 (s, 1H), 6.77 (s, 1H),
350 (s, 3H), 3.20-3.14 (m, 1H), 2.20 (5, 3H), 1.25(d, J =6.8 Hz, 6H}.

Example 11: N-(3,5-dichloro-4-({3-isopropyi-1-methyl-G-ox0-1,6-dihydropyridazin-3-

vioxy)-2-methyiphenyi)-3-0x0-4,5-dihvdro-1,2,4-oxadiazole-3-carboxamide
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{02931  N-(3,5-dichloro-4-{{S-isopropyh-1-methyl-6-ox0-1,6-dihydropyridazin-3-yoxy}-2-
methviphenyi}-5-0x0-4,5-dihvdre-1,2,4-oxadiazole-3-carboxamide (Example 11). Toa
solution of 6-(4-ammno-2 6-dichloro-3-methyiphenoxy)-4-1sopropyl-2-methylpynidazin-3(2H)-
one (11d) (20.85 mg, 60.94 umol 3 in THF (3 mL) was added TEA (1850 mg, 182 82 umol} and
5-oxo-4 S-dihydro-1,2 4-oxadiazole-3-carbonyl chloride (4e} {13 .57 myg, 91 .41 umol}. The
mixture was stirred at 25°C for 0.5 bours. TLC showed 11d was consumed. The reaction
mixture was gquenched by addition MeOH (1 mL) at 25 °C, and then concentrated under reduced
pressure to give a residue. The restdue was purified by Prep-HPLC (column: Xtimate C1&
150%25mm* Sum; mobile phase: [water (10mM NHAHCO3-ACN]; B%: 20%6-50%, 10mmn) to

give Example 11. MS mass calculated for [M+117( CisHi7ChLNsOs) required m/z 4541, LCMS
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found m/z 454.1; TH NMR (400 MHz, CD:0D)Y 5§ 7.77 (s, 1H). 7.31 (d. T = 0.7 Hz, 1FD, 349 (s,
3H), 323 -3.11 (m, 1H), 2.38 (s, 3H), 1.27(d, I = 6.8 Hz, 6H).

Example 12: 3-(((3,5-dichloro-4-({5-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
wi}ew) 2~ mathwiphuwi)ammﬁ)mtthyi) 1,2, 4-oxadiazel- 5(41 {})-one
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10234} 2-13,5-dichloro-4-(5-isopropyi-1-methyl-6-oxo-pyridazin-3-yijoxy-2-methyl-
anilino]acetonitrile (12a). To a solution of 6~(4-amino-2,6~-dichloro-3-methviphenoxyi-4-
tsopropyl-2-methvlpyridazin-3(2H}-one (11d) (50 mg, 146.10 umol} in ACN (1 mL) was added
Z2-bromoacetonitrile (87.62 mg, 730,52 umol, 48.68 ul}, Nal {43 80 mg, 292 .21 umol) and
KoCOs (40.39 mg, 292 21 umol). The mixture was stirred at 100°C for 16 hours. The
suspension was filtered through a pad of Celite and the pad cake was washed with EtOAc (3
mb*3). The combined filtrates were concentrated to give a residue. The residue was purified
by Prep-TLC (810, petroleum cther : ethyl acetate= 1: 1) to give {12a). 'HNMR (400MHz,
CDCLY S T.04 (s, 1H), 6.71 (5, 1H), 4.20(d, J=6.6 Hz, 2H), 413 (q, J = 7.2 Hz, 1H), 408 -
401 (m, 1H), 353 (5, 3H), 3.31 -3.16 (m, 1H), 2.27 (s, 3H), 1.59 (brs, 4H), 1.38 - 115 {m,
3H).

10295]  tert-butyl N-{fcyanomethyl}-N-[3,5-dichloro-4-(S-isopropyl-i-methyl-6-oxo0-
pyridazin-3-yvljoxy-2-methvi-phenyijcarbamate {12b). To a solution of 2-[3,5-dichloro-4~(3-
sopropyl-1-methyl-6-oxo-pyridazin-3-yloxy-2-methyl-anibinojacetonitrile {(12a) (55 mg,

144 26 umol} in THF (I mL) was added Boca0 (94 45 mg, 432.78 umol, 9942 ul} and DMAP
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(17.62 mg, 144 .26 umol). The mixture was stirred at 40°C for | hour. LCMS showed the
starting matenal was consumed completely and desired MS was detected. The mixture was
partitioned between ¢thyl acetate (10 mb) and HoO (3 mL) twice. The combined organic phase
was washed with brine (5 mL*3), dried with anhydrous NaxSOq, filtered and concentrated in
vacuum to give a residue. The residue was purified by prep-TLC (8510, petroleum cther: ethyl
acetate= 3: 1) to give 12b. MS mass calculated for IMH+1]7 (CoaHoeChN4Og required m/z 4811,
LOCMS found mz 4811, TH NMR (400MHz, CDCL) 6704 {(d. J= 1.0 Hz, 1H), 457 -427 (m,
ZH), 348 (brs, 3H)Y 328 -3.16 (m, 1H), 2.29 (5, 3H), 1.66 - 1 47 (m, 10H), 1.38 (br s, 6H}.
[0296] tert-butyl N-{(27)-2-amino-2-hydroxyimino-ethylj-N-{3.5-dichlore-4-(5-isopropyl-
L-methyl-6-oxo-pyridazin-3-yhoxy-2-methyl-phenyljcarbamate (12¢}. To a solution of tert-
butyl N-{cvanomethyl}-N-[3,5-dichioro-4-(5-isopropyl-1-methyi-6-oxo-pyridazin-3-vioxy-2-
methyl-phenvljcarbamate (12b) (40 mg, 83.10 umol) in DMF {1 mL) was added NHOH. H{I
(4619 mg, 664.77 umol} and NaQAc (54 53 mg, 664,77 umol}. The mixture was stirred at
B0°C for | hour. The residue was partitioned between ethyl acetate (10 mb) and HoO (3 mb)
twice. The combined organic phase was washed with brine (5 mL*3), dricd with anhydrous
NazS0, filtered and concentrated in vacuum. The residue was purified by Prep-TLC (5102,
petrofeum ether © ethyl acetate= 1: 1) to give 12¢. MS mass calculated for [M+17"
{C2:H2oChNsOs) required m/z 514.2, LCMS found m/z 514.2; 'H NMR (400MHz. CDCl3) §
TE6{s, 1H), 7.05(d, J=1.0Hz 1H), 527 (brs, 2H), 350 (s, 3H), 333 - 317 (m, 1H), 2.25 (5,
4H), 1.39 (s, 8H), 1.28 - 1.26 (m, 7TH).

10297} tert-butyl N-{3,5-dichlory-4-{S-isopropyl-1-methyl-6-oxu-pyridazin-3-yiloxy-2-
methyl-phenyl]-N-{{5-0x0-4H-1,2 4-oxadiazol-3-yimethyljcarbamate (12d). To a solution of
tert-buty] N-[(2Z}-2-amino-2-hydroxyimmo-cthyl}-N-| 3,3-dichloro-4-(5-isopropyi-1-methvi-6-
oxo-pyridazin-3-yoxy-2-methyl-phenvljcarbamate {12¢} (40 mg, 77.76 umol) in THF (I mbL)
was added DSC {25 90 mg, 101.09 umol) and TEA (1574 mg, 15552 umoci, 21 65 uly. The
mixture was stirred at 60°C for 16 hours. LCMS showed the starting material was consumed
completely and desired MS was detected. The mixture was partitioned between ethyl acetate
(10 mL} and H20 (3 mL). Twice. The combined organic phase was washed with bring (5
mL*3), dred with anhvdrous NazS0q, filtered and concentrated in vacuum to give a residue.
The residue was purified by prep-TLC (5102, BDCM: MeOH= 5:1) to give 12d. MS mass
calculated for [M+1]7 (CoaHaoChNsOs) required mz 540.1, LCMS found m/z 540.1.

{0298] 3-1{3,5-dichloro-4-{5-tsopropyl-1-methyl-6-oxo-pyridazin-3-yHoxy-2-methyl-
anilinojmethyl]-4H-1,2 4-oxadiazol-5-one (Example 12}, To a solution of tert-butyl N-{3,5-
dichloro-4-(5-1sopropvi-1-methyl-6-oxo-pyrdazin-3-yhoxy-2-methvl-pheny! |-N-{(3-0x0-4H-
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1,2, 4-oxadazol-3-vymethyljcarbamate (12d) (30 mg, 55.51 umol) in EtOAc (1 mL) were added
HCVELOAc 2 M, 2776 ul) at 25°C "The muxture was stirred at 25 °C for 1 hour. The reaction
mixture was concentrated under reduced pressure to give a residue. The residue was purified by
Prep-HPLC (HCI condition) to give Examplel2. MS mass calculated for {M+1}"
(CobhoClaNsOs) required m/z 440.1, LCMS found m/z 440.2. 'H NMR (400MHz, CD:0D) 6
724{s, 1H}, 6.72 (s, 1H}, 4.37 (s, 2H), 348 (5, 3H}, 3.23 - 3,11 (m, 1H). 2.29 (s, 3H), 1.26 {d, ]
= 6.8 Hz, 6H).

Scheme C: 6-{4-amino-2,6-dichlorobenzyl)-4-isopropylpyridazin-3(2ZH}-one {Compound
13e}

Clo N0y Cin_n Ny cl o NO2
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. L 3 NG \Ir --------------------- o= o A e —— P - v_,;:a ------------------- Do
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102991 ethyl 2-cyane-2-(2,6-dichloro-4-nitrophenyiiacetate (13a). To a suspension of NaH
(1.41 g, 35.33 punol, 60% punty} m BMSO (40 mL) was added cthy] 2-cvanocacetate (4.00 g,
35.33 mmol) drop wise at 0°C and stirred at 15°C for 30 minutes, then 1,2,3-tnchloro-5S-
nitrobenzene (4 g, 17.66 mmol) was added, the resulting mixture was stirred at 15°C for 16
hours. Then the mixture was quenched with water {100 mbL) and adjusted to pH=1 with 1 M
HCL And the white precipitate was collected by filtration and dried over in vacuum. The solid
was washed with petroleum ether (40 mL) and dried in vacuum to give 13a. 'H NMR (400
MHz, CDCI3) 8832 (s, 2H), 5.72 (s, 1H), 438 {q. J = 7.1 Hz, 2H), 1 37 {t..J =72 Hz, 3H).
{0300} 2-(2,6-dichloro-4-nitrophenvyijacetonitrile {13b) A mixture of ethyl 2-cvano-2-(2,6-
dichloro-4-mitrophenviacetate (13a) (1.7 g, 5.61 mmol} and LaCl (285.33 mg, 6.73 mmol} in
DMSO (6 mL), FhO (2.5 mb) was heated to 165°C for 1 hour. After cooling, the mixture was
guenched with water {50 mL) and extracted with ethyl acetate (20 mL*2}, the organic phases
were washed with brine, dried over Na:SQu, filtered and concentrated to give 13b. 'H NMR
(400 MHz, CDCl3) 5 8.21 (s, 2H), 4.03 (s, 2H).

8301} 2-(4-amino-2.6-dichlorophenyijacetonitrile (13¢). A nixture of 2-(2 6-dichloro-4-
nitrophenyacetonitrile {13b) (1 g, 4.33 mmol) and Fe (1 21 g, 21 .64 mamol) in HOAc (10 mi)
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was heated to 15°C for 1 hour. TLC showed new pomt, the mixture was filtered, the filtrate was
added water (100 mL) and extracted with ethyl acetate (50 mL), the organic phase was
neutralized with sat. NaHCO; (20 mL*2), washed with brine (20 mL), dried over Naz504,
filtered and concentrated to give 13¢. 'H NMR (400 MHz, CDCls) 6 6.67 (s, 2H), 3.88 (s, 4H).
{3302} 2-{4-amino-2,6-dichlorophenyl)-2-(6-chloro-S-isopropylpyridazin-3-yhacetoniirile
{(13d}. To a solution of 2-(d-amino-2 6-dichlorophenybacetonitriie (13¢) (0.43 g, 2.14 mmol}
and 3,6-dichloro-4-isopropvlpvridazine {1a} (408.62 mg, 2.14 mmol) in THF (5 mL) was added
t-BuOK (1 M, 4.28 mL} drop wise at 60°C, the resulting mixture was heated to 606°C for 40
minutes. After cooling, the nuxture was diluted with ethyi acetate (20 ml) and washed with
brine (20 mL). The organic laver was separated, dried with NanSQs, filtered and concentrated,
the residue was purified by silica gel chromatograpby (petroleum ether : ethvl acetate= 5:1) to
give 13d. MS mass calculated for [M+177{ CisHizChNg) required mz 355.0, LCMS found m/z
355.1; "H NMR (400 MHz, CDCls) 8 7.60 (s, TH}, 6.69 {s, 2H}, 6.33 (s, 1H}, 3.99 (br s, 2H),
3334d,J =68, 13.6Hz 1H), 132(dd, J =40, 6.8 Hz, 6H}.

{0303] 6-{4-amino-2,6-dichiorobenzyhi-4-isopropylpyridazin-3(2H}-one (13e}). A solution
of 2-{4-amino-2 6-dichloropheny}-2-(6-chloro-3-1sopropvipyvrdazin-3-yl)acetonitrile (13d)
{0.15 ¢, 421.76 umol} in HOA¢ (0.6 mL}, H20 (0.6 mL} and conc HCH {2 .4 mL) was heated to
120°C for 32 hours. LCMS showed desired MS. Afier cooling, the mixture was adjusted to
pH~7 with 4M NaOH at 0°C, the solid was filiered and dred to give 13e as off wihite sohd, the
solid was used for the next step direcily. MS mass calculated for [M+11T(CuHisChNG)

required m/z 311.0, LCMS found m/z 311.1.

Example 13: N-(3,5-dichloro-4-{{S-isopropyl-6-ox0-1,6-dihydropyridazin-3-

vhmethyphenyl}-5-0x0-4,5-dihydro-1,2 4-oxadiazole-3-carboxamide

N4 H K

H
Qe N B MM U S TEA O N, C N /&NFO
\)\/ % i * ¢ "N © {w \E’r H
. . N o

a o i
= C

THF, 25°C, 0.5 h

&
13e 4dg Example 13

[3304] N-(3,5-dichloro-4-{{S-isopropyi-6-ox0-1,6-dihydropyridazin-3-vl)oxy)phenyl)-3-
oxo-4,5-dibydro-1,2.4-oxadiarole-3-carboxamide (Example 13}, To a solution of 6-(4-
amino-2,6-dichiorobenzyviy-4-isopropyipyridazin-3(ZH}-one (13e) (20 mg, 64.06 umoly in THF
{3 mL} was added TEA (19.45 mg, 192.19 umol) and S-oxo0-4,3-dihydro-1,2 4-oxadiazole-3-
carbony! chloride (de} {14.27 mg, 96.09 umol, 1.5 eg). The mixture was stirred at 25°C for 0.5

hours. TLC showed 13¢ was consumed completely. The reaction mixtore was quenched by
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addition MeOH (I mL) at 25 °C, and then concenirated under reduced pressure to give a residue.
The residue was checked by HPLC and purified by Prep-HPLC {(column: Waters Xbridge
150%25 5u; mobile phase: water (10mM NHABCO3}-AUN]E B%: 5%-35%, 10min) to give
Example 13. MS mass calculated for [M+1{7(C17H15CIaNsQO4) requires m/z 424.0, LOMS found
m/z 424.0. "H NMR (400 MHz, CD:0OD) 6 7.87 (s, 2H), 7.23 (s, 1H), 430 (s, 2H), 3.16 - 3.04
(m, 1H3, 1.20 {(d, /= 7.1 Hz, 6H).

Example 14: N-(3,5-dichloro-4-{{S-isopropyl-1-methyl-6-0xo-1,6-dihydropyridazin-3-
yhmethyDphenyl)-53-0x0-4,5-dihydro-1,2 4-oxadiazele-3-carboxamide
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4e Example 14

10305} 6-(d-amino-2,6-dichlorobenzyi}-d-isopropylpyridazin-3(2H}-one (14a). Toa
solution of 2-(4-ammno-2 6-dichloropheny!}-2-(6-chloro-3-1sopropyipyridazin-3-yi) acetonitnle
{13d3 (1.5 g, 4.22 mmol) in con. HCI (16 mL) and HOAc¢ (2 mL} was added H2G (2 mL). The
mixture was stirced at 120°C for 72 hours. LCMS showed the desired mass. The mixture was
adjusted to pH= 7 by addition of 6 M agueous sodium hvdroxide solution. The suspension was
gtirred for 15 mimutes. The resulting solid was filtered and washed with HzO and petroleum
ether. The residue was purified by columm chromatography {petroleum ether: cthyl acetate= 5: 1
to 1: 1) to give 14a. 'HNMR (400 MHz, DMSO0-d6) 8 12.59 (s, 1H), 7.12 - 7.10 (m, 1H), 6.62
(s, 2H), 5.60 (s, 2H), 399 (s, 2H). 296 (td, J = 6.9, 135 Hz, 1H), L.11 (d, } = 6.8 Hz. 6H).
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[0306]  2-(3,5-dichloro-4-((S-isopropyl-6-oxe-1,6-dihydropyridazin-3-
vhmethyhpheayllispindoline-1,3-dione (14b). A solution of 6-(4-aming-2 6-dichlorchenzyl}-
4-isopropylpyridazin-3(ZHj-one (14a) (450 mg, 1.44 mmoly in AcOH (5 mL) was added
isobenzofuran-1,3-dione (213.50 mg, 1 44 mmol}. The mixture was stirred at 130°C for 4 hours.
LCMS showed desired mass. The reaction nuxture was concentrated under reduced pressure o
remove AcOH. Thig mixture was extracted with water (50 mL) and Ethyl acetate (50 mL}, and
then washed with NaHCOs (20 mL*3), dried over Nax504, filtered and concentrated under
reduced pressure to give 14h. The product was used in next siep without further punfication.
MS mass caleulated for [M+117( CaaHi7ClzNaGa) required m/z 4421, LCMS found m/z 442 1.
183071 2-(3,5-dichloro-4-({5-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
yvhmethylphenyljisoindoline-1,3-dione (14¢). A mixture of 2-(3,5-dichloro-4-({5-1s0propyl-6-
oxo-1,6-dihydropyridazin-3-vhmethyl)phenyinsoindoline-1,3-dione (14b} (600 mg, 1.36 mmol)
and DME-DMA (5 mL) was heated to 105°C for 3 hours. LUMS showed desired mass. The
reaction mixture was and concentrated under reduced pressure to give 14¢. The product was
used in next step without further punfication. MS mass calculated for [M+117{(CasH1sChN303)
required m/z 456.1, LOCMS found m/z 456.1.
{8308 6-(4-amino-2,6-dichlorobenzyl}-4-isopropyl-2-methylpyridazin-32H}-one {(14d). A
solution of 2-(3,5-dichloro-4-({3-isopropvi-1-methyi-6-0x0-1,6-dihvdropyridazin-3-
vhmethyhphenyhisoindoline-1,3-dione (14c) (600 mg, 1.31 mmol) in N-butvlamine (981.11
mg, 6.57 mmol} and MeOH (3 mL} was heated to 70°C for 3 hours. TLC showed reaction was
completely. LCMS showed desired mass. The reaction mixture coneentrated under reduced
pressure. The residuc was purified by column chromatography (petroleum cther ; cthyl acetate=
3: 110 2: 1yio give 14d. MS mass calculated for [M+1]7{(CietHi7CINsGy) required m/z 326.1,
LCMS found m/z 326.0. 'H NMR (400 MHz, (D:0D) 8 7.08 - 7.04 {m, 1H), 6.72 - 6.69 {m,
2H), 413 (s, 2H), 3.70 (s, 3H), 3.14 - 3.06 (m, 1H), 1.15(d, = 6.8 Hz, 6H}.
{0309] N-(3,5-dichloro-4-{{5-isopropyi-1-methyl-6-ox0-1,6-dihydropyridazin-3-
yvimethyhphenyl)-5-0x0-4,3-dihydro-1,2 4-oxadiazele-3-carboxamide (Example 14). A
solution of 6~(4-amino-2 6-dichlorobenzyl}-4-isopropyl-2-methyipyridazio-3(ZH}-one {14d})
{1943 mg, 59.78 umol) in DCM (2 mL) was added TEA (18.15 mg, 17933 umol, 3eq) and 5-
oxo-4,5-dithydro-1,2 4-oxadiazole-3~carbonyi chloride (de} (8.88 mg, 59.78 umol}. The muxiure
was degassed and purged with N for 3 times stirred at 25 °C for 0.5 hours. The reaction
mixture was concentrated under reduced pressure to give a residue. The residue was purified by
Prep-HPLC (NH«CO3) to give Example 14. MS mass calculated for [M-+1H(
CI8HITCIZNS04) requured m/z 438.1, LOMS found m/z 438.0; 1H NMR (400 MHz, CD30D)
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37.89 (s, 2HD). 7.15 (5, 1FD. 4.30 (s, 2H), 3.69 - 3.63 (m, 3H), 3.13 (td, T = 7.0, 13.8 Hz, 11D,
1.19(d, J = 6.8 Hz, 6H).

Example 158: 3-(((3,5-dichloro-4-({5-isopropyl-6-ox0-1 6-dihydropyridazin-3-
yvhmethylphenyDamino)methyl}-1,2,4-oxadiazol-5(4H}-one
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i5e Example 15

0318} 6-{4-amino-2,6-dichlorobenzyl)-4-isopropyl-2-(4d-methoxybenzyhpyridazin-3(2H}-
oune {15a). To a solution of 6-(4-amino-2,6-dichlorobenzyi}-4-isopropyipyridazin-3(2H)-one
{13e) (200 mg, 640.63 umol} in DMF {5 mL) was added PMB-CI (120.39 mg, 768.75 umol},
KoCOs (106.25 mg, 768.75 umol}. The mixture was stirred at 20°C for 16 hours. The
suspension was filtered through a pad of Celite and the pad cake was washed with EtOH (5
mL*3). The combined filtrates were concentrated to dryness to give aresidue. The residue was
purified by prep-TLC to give 15a. 'H NMR (400 MHz, DMSO-de}  ppm 7.17 {d, J = 8.6 Hz,
2H), 7.04 (s, 1H), 6.85 - 6 80 {m, ZH), 6.635 (s, ZH), 5.63 (s, ZH}, 5.02 (5, 2H). 401 (s, 2H), 3.71
(s,3H), 297 (td. J =638, 135 Hz, [H), 1.07(d,J=7.1Hz 6H).

[8311]  2-{(3,5-dichloro-4-{{5-isopropyl-1-{4-methoxybenzyi}-6-0x0-1,6-dibhvdropyridazin-
3-ylimethyhphenyllamino}acetonitrile {15b}. To a solution of 6-(4-amimno-2,6-
dichlorobenzyl}-4-isopropvi-2-(4-methoxvbenzylpyridazin-3(ZH)-one {13a) (150 mg, 346.95
wmol) and 2-bromoacetonitrile {(416.16 mg, 3.47 mumol) in DMF (10 mL) was added Ka2COs
{57.54 mg, 416.34 umol) and KI (Z8.80 mg, 173 .47 umol). The mixture was stirred at 100°C for
6 hours. The reaction mixture was gquenched by addition water 3 mL, and then extracied with
EtOAc (5 mL * 3). The combined organic layers were washed with brine (5 mL), dred over
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anhvdrous NazS50s, fillered and concentrated under reduced pressure to give a residue. The
residue was purified by prep-TLC (85102, petroleum ether : ethy] acetate= 1.1, according TLC)
to give 15b. "H NMR (400 MHz, DMSO-ds) 6 7.15 (d, J = 8.6 Hz, 2H). 7.12 (s, 1H), 6.87 (s,
2H)L. 683(d, J=88Hz 2H). 675 (1, =67 Hz, 1H), 5.00 (s, 2H), 437 (d, I = 6.6 Hz, 2H),
408 (s, 2H}, 371 (5, 3H), 299 (1d, I =67, 137 Hz, 1H}, 1.08(d, ] = 6.8 Hz, 6H).

18312}  tert-butyl (cyanomethyD}{3,5-dichloro-4-{{S-isopropyl-1-{4-methoxybenzyl}-6-ox0-
1,6-dihydropyridazin-3-yljmethylphenyljcarbamate {15¢}. To a solution of 2-((3,5-dichloro-
4~((5-1sopropvl-1-{4-methoxybenzyl}-6-oxo-1,6-dihydropyrnidazm-3-
vhmethyDphenyDanuinejacetonitrile (15 by (133 mg, 28215 umol) in THF (3 mL) was added
DMAP (34 47 mg, 282.15 umol) and Boc:O (18474 mg, 846 .45 umol). The mixtare was stirred
at 20°C for 1 hour. The reaction was clean according to TLC. LUMS showed one main peak
with desired MS. The reaction mixture was concentrated under reduced pressure to give a
residue. The residug was punfied by prep-TLC (50:, petroleum cther © ethyl acetate = 1.1,
according TLC) to give 18¢. MS mass calculated for [M+11 {CooHa2ClaNgOy) required mz
571.2, LCMS found mz 471.1/571.1; 'HNMR (400 MHz, CDsCl 6 7.35 - 7.33 (m, 2H), 731 (s,
{H), 6.91 (s, 1H), 6.82(d, J =88 Hz, 2H), 5.13 (s, 2H), 4.49 (s, 2H), 4.24 (s, 2H), 3.78 (s, 3H),
316 {(quin, I =69 Hz, 1H}, 1.51 {5, 8H), 1.15{(d, ] = 6.6 Hz, 6H).

10313}  (Z-tert-butyl 2-amino-2-(hydroxyiminelethyi}3,3-dichloro-4-({S-isopropyl-1-(4-
methoxybenzyi)-6-0x0-1,6-dihydropyridazin-3-yDmethylphenyicarbamate (15d). To a
solution of tert-butyl {cyanomethy (3, 5-dichloro-4-({5-isopropyl-1-(4-methoxybenzyi}-6-0x0-
1,6-dibydropyridazin-3-yBmethviphenyljcarbamate {15¢) (100 mg, 174.98 umol} in DMF (3
mkb} was added NH2OH HCIE (97 27 mg, 1.40 numol) and NaQAc (114,83 mg, 1.40 mmol). The
mixture was stirred at 80°C for 6 hours. LUMS showed one main peak with desired MS. The
suspension was filtered through a pad of Celite and the pad cake was washed with EtQAc (5
mb*3} The combined filirates were washed with brine 10 mbL, dried over anhydrous Na:SQs,
filtered and concentrated under reduced prossure to give 15d was used into the next step without
further purification as an off-white gum. MS mass calculated for [M+1T (C1HisClN:G2)
required m/z 604.2, LCMS found m/z 504 2/604 2, TH NMR (400 MHz, DMSO-ds) 0 9.15 (s,
1H), 751 (s, 2H), 718 (s, 1H), 7,11 (d, J=8.6 Hz, ZH), 6.82 (d, J= 8.6 Hz, 2H), 540 (s, 2H),
496 (s, 2H), 421 (s, 2H), 4. 19 (s, 2H}L 3.71 (5, 3H), 2.90 (td, J = 6.8, 13.5 Hz, 1H}, 1.38 (s, OH),
1.09(d, J = 6.8 Hz, 6H).

10314} tert-butyl (3,5-dickloro-4-{({5-isopropyk-1-(4-methoxybenzyl}-6-0x0-1,6-
dibydropyridazin-3-vi)methylipheny}{{5-0x0-4,5-dihydre-1,2,4-oxadiazol-3-
vimethyijcarbamate {15¢). To a solution of (Z)-tert-butyl (Z-amino-2-
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(hydroxyvimino)ethy)(3,5-dichloro-4-((5-1sopropyl-1-{4-methoxybenzyl}-6-ox0-1,6-
dihydropyridazin-3-vhmethyDphenylicarbamate (184} (40.00 mg, 66.17 wmol} i THF (3 mL})
was added TEA {13.39 mg, 132.34 umol) and BSC (22.04 mg, €6.02 umol} at 0°C The mixture
was stirred at 63°C for 16 hours. LCMS showed onc main peak with desired MS. The reaction
mixture was concentrated under reduced pressure to give a residue. The residue was purified by
Prep-TLC (dichloromethane: methanol = 10:1} to give 15e. MBS mass calculated for [M+1]7
CaoH33ChNsGe) required mz 630.1, LCMS found m/z 630.1.

{0318}  tert-buiyl (3,5-dichloro-4-{{S-isopropyl-6-oxe-1,6-dihydropyridazin-3-
vhmethylphenyl}{{3-0x0-4,5-dihydre-1,2,4-oxadiazol-3-yhmethylcarbamate (15§). Toa
sohution of tert-buty! (3,5-dichloro-4-({3-1sopropyl-1-{4-methoxybenzy )-6-0x0-1,6-
dihydropyridazin-3-yUmethyJphenyi¥(5-ox0-4, 5-dibydro-1,2,4-oxadiazol-3-
vhmethyviicarbamate (15e) (17 mg, 21.57 umol) in ACN {2 mL) and Ha( (0.5 mL) was added
CAN (4730 mg, 8628 umol}. The mixture was stirred at 20°C for 4 hours. TLC showed 15¢
was remained ~10% and one new spot was formed. The reaction mixture was concentrated
under reduced pressure to remove ACN. The residuc was diluted with brine 5 mi. and extracted
with EtOAc¢ 30 mL (18 ml *3). The combmed organic layers were washed with brine 10 mlL,
dried over anhydrous Na:504, filtered and concentrated under reduced pressure to give 15f, MS
mass calculated for [M+11(CaaHasClN5sOs) required m/z 510.1, LCMS found m/z 510.1.
[8316]  3-({(3,5-dichloro-4-({5-isopropyl-6-ox0-1,6-dihydropyridazin-3-
yvhmethylphenyDaminoymethyl}-1,2 4-oxadiazel-5(4H}-one (Example 15). A solution of
tert-butyl (3 5-dichloro-4-{{S-isopropyi-6-oxo-1,6-dihydropyridazin-3-yimethyphenyD{({5-
ox0-4,5-dithydro-1,2 4-oxadiazol-3-v)methyDcarbamate {15f) (33 mg, 64.66 umaol) in EtOAc (2
mi} and HCVEtQAC (2 M, 161 .65 ul) was stirred at 20°C for 1 hour. TLC imndicated starting
material was consumed completely and one new spot was formed. LCME detected the desired
MS. The reaction mixture was concentrated under reduced pressure o remove EtOAc. The
residue was purified by prep-HPLC (column: Luna C18 100%30 5u; mobilc phase: [water
{0.04%HCH-ACN]; B%: 25%-50%, 12mm)} to give Example 15, MS mass calculated for
IMA1 1 (CrrHChNsOs) required m/z 410.0, LCMS found m/z 410.0. TH NMR (400 MHz,
CD:0DYy 6 712 (5, 1H), 6.76 (5, 2H), 4.28 (s, 2H), 4.17 (s, 2H). 3.08 (td, /= 6.9, 13 6 Hz, iH).
1.17(d, J=6.8 Hz, 6H}.

Example 16: 3-({(3,5-dichloro-4-({5-isopropyl-1-methyl-6-ox0-1 6-dihydropyridazin-3-
yvimethyhphenyDamino)methyl}-1,2,4-oxadiazol-3(4H)-one
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0317} 2-{(3,5-dichloro-4-({5-isopropyl-1-methyl-6-oxo-1,6-dihydropyridazin-3-
yhmethyDphenylamino}acetonitrile (16a). To a solution of 6-(4-amino-2,6-dichiorobenzyl}-
4-isopropvl-2-methylpyridazin-3(ZH}-one (14d} (150 mg, 459 &1 umol) and 2-bromoacctonitrile
{551.53 mg, 4.60 mmol) in DMF (5 mL) was added K1 (38.16 mg, 229 91 umol) and K2COs3
(76.26 mg, 551.77 umol). The mixture was stirred at 100°C for 8 hours. LOMS showed desired
mass. After copling, the reaction mixture was partitioned between ethyl acetate (20 mL) and
H:0 (20 mL). The organic phase was separated, washed with brine {10 mL), dried over
NaxS0O, filtered and concentrated under reduced pressure to give aresidue. The residue was
purified by prep-TLC (petroleum cther : ethyl acetate = 2:1) to give 16a. "HNMR (400 MHz,
DMSO-de) 6 710 (s, 1H), 6.85 (s, 2H}. 6.75 (. J =67 Hz, 1H}, 435(d. } = 6.6 Hz, 2H}, 4.07 {s,
2Hy, 353 (s, 3H), 3.01 (1d, J =7.0, 13.7 Hz, 1H), 1.10¢(d, J =68 Hz, 6H).

[0318] tert-butyl {cyanomethyl}{3,5-dichloro-4-((5-isopropyi-1-methyi-6-0x0-1,6-
dihydropyridazin-3-ymethyliphenyljearbamate (16b}. A mixtare of 2-((3,5-dichloro-4-({5-
isopropyl-1-methyl-6-0xo-1,6-dihvdropyridazin-3-viymethyhiphenyhaminojacetonitrile (16a}
{20 mg, 54.76 umol), DMAP (6.69 mg, 54.76 umol} and Boc20 (119 56 mg, 547.56 umol) in
THF {2 ol was stirred at 20°C for 0.5 houwrs. The reaction nuxture was concentrated under
reduced pressure to give a residue. The residue was purified by prep-TLC {petroleum ether

cthvl acetate = 2:1) to give 16b. 'H NMR (400 MHz, CDs0D) 6 745 (s, 2H), 7.22 - 7.19 (m,
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1H), 4.67-4.64 (m, 2H), 435 -4.32 {(m, 2H), 3.66 - 3.62 (m, 3H), 3.17 - 3.09 (m, 1H), 1 .51 -
1.47 {m, 9H), 1.19(d, ./ = 7.0 Hz, 6H).

10319}  (Zi-tert-butyl 2-amino-2-(hydroxyiminelethyi}(3,5-dichloro-4-({S-isopropyl-1-
methyi-6-ox0-1,6-dibvdropyridazin-3-yiimethylphenyljecarbamate (16¢). To a solution of
tert-butyl {cyanomethyl}(3 S-dichloro-4-((3-1sopropyi- I-methvi-6-ox0-1,6-dihvdropyndazin-3-
vhmethvDiphenylcarbamate {16b} (50 mg, 107 44 umol} in DMF (2 mL} was added

NHOH HCH (37 .33 mg, 53720 umol) and NaQAc (44 .07 mg, 53720 omol). The mixture was
stirred at 80°C for 1 hour. LCMS showed desired mass. The reaction mixture was partitioned
between ethyl acetate (20 mb) and H2O (20 mL). The organic phase was separated, washed
with brine (20 mbL}, dried over Nax504, filtered and concentrated vader reduced pressure to give
16¢ without further purification. M& mass calculated for [M+1]7 (CazHaeClN504) required m/z
498 2. LCMS tound m/z 498 2.

[3328] tert-butyl (3,5-dichloro-4-{{S-isopropyl-1-methyh-6-0x0-1,6-dibydropyridazin-3-
yvhmethylphenyl){{5-ox0-4,5-dihydro-1,2.4-oxadiazol-3-yhmethylicarbamate (16d). Toa
solution of (Z)-tert-butyl (Z-anmino-2-(hydroxyiminejethy3(3,5-dichloro~-4-({5-isopropyl-1-
methyl-6-ox0-~1,6-dihydropyndazin-3-vDmethyhphenvijcarbamate (16¢) (26 mg, 32.17 umol} m
THF (2 mL) was added DSC (17.37 mg, 67.82 umol) and TEA (10.56 mg, 104 .33 umol}. The
mixture was stirred at 60°C for 16 hours. After cooling to room temperature, the reaction
mixture was concentrated under reduced pressure. The residue was purified by prep-TLC
(dichloromethane: methancl= 10: 1} to give 16d. M8 mass calculated for [M+1]7

{ C2aHa7ChNsOs) required sz 524 1, LOMS found m/z 524 1.

{03211 3-{((3,5-dichloro-4-({5-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
viimethylphenyl)amino)methyl)-1,2 4-oxadiazol-5(dH}-one (Example 16). To a solution of
tert-butyl (3 5-dichloro-4-{(5-1sopropyl-1-methyl-6-0xo-1,6-dihyvdropyridazin-3-
vhmethyDphenyl¥{{(5-ox0-4,5-dihydro-1,2 4-oxadiazol-3-ymethylicarbamate (164} (24 mg,
45.77 umol) in EtOAc (1 mL) was added EtOAc/HCL (4 M, 11.44 ul). The mixture was stirred
at 20°C for 2 hours. LCMS showed desired mass. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was purified by prep-HPLC (FA) to give
Example 16. MS mass calculated for [M+1]7(CiaH1eClNsGs) required m/z 424 1, LCMS
found m/z 424.1, 'THNMR (400 MHz, CD;0D) 5 7.10 - 7.06 (m, 1H), 6.76 (s, 2H), 4.27 (s, 2H),
4.16 (s, 2H), 3.70 - 3.67 (m, 3H), 3.14 - 3.06 (m, 1H}, 1.15(d, /= 6.8 Hz, 6H).

Example 17: N-(3,5-dichloro-4-(5-isepropyl-1-methvl-6-ox0-1,6-dihydropyridazine-3-

carbonylphenyi}-5-ox0-4.5-dihydro-1,2,4-oxadiazole-3-carboxamide
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103221 (4-amine-2,6-dichlorophenyij(6-chloro-5-isopropyipyridazin-3-yljmethanone
{17a). To a solution of 2-(4-amino~2,6~dichloro-phenyl}-2-{6-chloro-5-isopropvl-pyridazin-3-
vhacetonitrile {13d) (0.9 g, 2.53 mmol) n CH3CN (20 mL) was added -BuOK (1 M, 2.40 mL)
at 20°C. And the mixture was stirred at 20°C for 0.5 hours. Then the mixtare was cooled to
0°C and H200 (573 85 mg, 5.06 numol, 486.31 ul., 30% purity) was added 1n the mixture by
dropwise. Then the mixture was stirred at 0°C for 0.5 hours, and stirred at 20°C for another 2
hours. Then saturated Nax50s solution (3 mL) was added in the mixture, and the mixiure was
stirred at 20°C for 1 hour. Then the mixture was concentrated in vacuurm to remove CH:CN.
The residue was extracted with EtOAc (10 mL*2). The combined organic layer was washed
with brine (3 mL). dried over Na:SQO4, filtered and concentrated in vacuum. The residue was
purified by column silicage! chromatography (petroleum ether | ethyl acetate=30:1 to 5:1) to
give 17a. MS mass calculated for [M+117( CisH1z2CN30) required sz 344.0, LCMS found m/z
344.0/346.0; 'THNMR (400 MHz, DMSO-de) 5824 (s, 1 H} 667 (5, 2H} 6 21 {s, 2ZH) 3.18 -
331 (m, T H)2.50 (brs, 5H) 1.27 - 1.39 {m, 6 H).

103231 2-(3,5-dichioro-4-(5-isepropyi-6-oxo-1,6-dibydropyridazine-3-
carbonyljphenvljiscindoline-1,3-dione (17b). To a solution of (4-amino-2,6-
dichlorophenyl}(6-chloro-5-isopropyipyridazm-3-viymethanone (17a) (260 mg, 797.11 umol}
HOAc {10 mbL} was added NaQOAc¢ (326.94 mg, 3.99 mmol) and isobenzofuran-1,3-diong
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{12987 mg, 8376.82 umol). The mixture was stirred at 120°C for 1 hour. LCMS showed the
desired mass. The muxture was concentrated in vacuum, the residue was diluted in Hz2O (50
mb*2} and NaHCO; (50 mL*2)}. Then the mixture was extracted with ethyl acetate (30 mL*2).
The combined organic layer was concentrated in vacuum. The residue was purified by prep-
TLC to give 17b. MS mass calculated for [M+117( CoHisChN3Ow) required mz 456.0, LCMS
found m/z 456 0.
10324}  2-(3,5-dichloro-4-(S-isopropyl-1-methyl-6-0xo-1,6-dibvdropyridazine-3-
carbonyl)phenyijisocindoline-1,3-dione (17¢). To a solution of 2-(3,5-dichloro-4-(5-isopropvi-
6-0x0-~1,6-dihvdropyridazine-3-carbonvijphenyiyisoindoline-1,3-dione (17b) (250 mg, 547 .91
umol) in DMF-DMA (30 mL), the mixture was stirred at 110°C for 3.5 hours. LCMS showed
desired mass. The reaction mixture was partitioned between HoO 30 mi*2 and EtOAc 30
mL¥2. The organic phase was concentrated under reduced pressure to give 17¢. The crude
product was used into the next step without further purification. MS mass calculated for [M+117
(CosHClaN304) required mz 4701, LCMS found m/z 470.1.
[0325] 6-{4-amino-2,6-dichiorobenzoyl}-4-isopropyl-Z-methylpyridazin-3(2H}-one {17d}.
To a solution of 2-(3,5-dichloro-4-(3-1sopropyi- I-methyl-6-oxo-~1,6-dihvdropynidazine-3-
carbonyhphenythisomndoline-1,3-dione (17¢} (200 mg, 425 26 umol) in MeOH (2 mL) was
added N-botvlamine (190.39 mg, 1.28 mmol, 204 72 ul}. The mixture was stirred at 70°C for
0.5 hours. LCMS showed desired mass. The mixture was concentrated under vacuum. The
residue was purified by prep-TLC to give 17d. MS mass calculated for [M+1]7{C1sHisCLN3Os2)
required m/z 340.1, LCMS found m/z 340.1; THNMR (400 MHz, CD30D) 6 7.85(d. J = 0.9 Hz,
1H), 6.64 (s, 2H), 3.76 - 3.72 (m, 4H), 322 - 314 (m, 1H), 1.29- 126 (m, TH).
{8326} N-{3.,5-dichloro-4-(S-isopropyi-1-methyi-6-ox0-1,6-dihydropyridazine-3-
carbonyl)phenyl}-5-ox0-4,5-dibydro-1,2 4-oxadiazole-3-carboxamide (Example 17} To a
solution of 6-{4-aminc-2,6-dichlorobenzovii-4-isopropvi-2-methylpyridazin-3{2H}-one (17d)
{20 mg, 58.79 umol) in THF (5 mL) was added TEA (17.85 mg, 176.36 umol) and 5-ox0-4,5-
dihydro-1,2 4-oxadiazole-3-carbonvl chloride {de} (13.10 mg, 88.18 umol}. The maxture was
stired at 25°C for 0.5 bours. LEMS showed desired MS was detected. The reaction mixture
was quenched by addition MeOH 1 ml at 25 °C, and then concentrated under reduced pressure
to give a residue. The residue was checked by HPLC and punfied by Prep-HPLC (colummn:
Waters Xbridge 150%25 Su; mobile phase: [water (10mM NHAHCO3)-ACN|; B%: 2096-40%,
10min} to give Example 17 MS mass calcudated for [M+11+{ C18H15CIZNSO35) required m/z
452 0, LCMS found m/z 452.0; 'H NMR (400 MHz, CD30D) 6794 (brs, ZH), 793 (brd, I =
29Hz ), 373 (s, 3H}L 326 -3 11 (m, 1H), 1.30(brd, J =67 Hz, 6H).
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Example 18: 3-({({3,5-dichloro-4-(8-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazine-3-

carbonyDphenyijamino)methyi)-1,2,4-oxadiazol-3{4H}-one
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10327} 2-{(3,5-dichloro-4-(S-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazine-3-
carbonyljphenyllamino)acetonitrile (18a). To a solution of 6-{4-amino-2,6-dichlorobenzovl)-
4-isopropyl-Z-methvipyndazin-3(2H)-one (72 mg, 211.64 amol} {17d} in MeCN (2 mL) was
added 2-bromoacetoniirile (126.93 mg, 1.06 mmol, 70.52 ul), Nal (63.45 mg, 423.28 umol) and
K2CO: (58.50 mg, 423 .28 umol). The mixture was stirred at 100°C for 13 hours. The reaction
mixture was extracted with ethyl acetate (20 mL*2} and Ho0O (20 mL*2). The combined organmic
tavers were washed with brine (20 mL}, dried over Na:504 filtered and concentrated ander
reduced pressure to give a residue. The residue was purified by prep-TLC (petroleum cther :
cthyl acctate= 1: 1) to give 18a. MS mass calculated for [M+177 (C1/H16CENGe) required m/z
379.1, LCMS found m/z 379.2; 'THNMR (400 MHz, CDCl:) 6 7.84(d, J = 0.7 Hz, 1H), 6.68 (s,
2H), 4.16(d, J = 6.8 Hz, 2H), 3.77 (s, 3H), 3.27 - 3.19 (m, 1H), 1.28 (d, ] = 6.8 Hz, 6H}.

{0328] tert-butyl {cvanomethyi}3,5-dichiore-4-(5-isopropyi-1-methyi-6-0x0-1,6-
dihydrepyridazine-3-carbonyljpheayljcarbamate (18b}. To a solation of 2-((3, 5-dichloro-4-
(5-isopropyi-1-methyl-6-ox0-1,6-dihydropyridazine-3-carbonyDphenvijaminc}-

acetonitrile (18a) (53 mg, 139.75 wmol) in THF (3 mL) was added DMAP (17.07 mg, 13975
umol} and Boc:O (274.51 mg, 1.26 mmol, 288.95 ul). The mixture was stirred at 25°C for 5
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minutes. The mixture was partitioned between ethyi acetate (10 mL¥2) and HoOG (10 mIL*¥2). The
combined organic phase was washed with brine (10 mL#2)}, dried with anhydrous Naz5Qq, filtered
and concentrated in vacuom to give a residue. The residue was punified by prep-TLC (petroleum
ether : ethyl acetate= 1: 1) to give 18b. 'H NMR (400 MHz, CDCl) 6 7.87 - 7.84 (m, 1H), 7.35
(s, 2H)}, 4.52 (5, ZHD, 375 (5, 3H}, 328 - 319 (m, 1H), 134 (s, 9H}, 1.29(d, F = 7.0 Hz, 6H).
10329]  (Li-tert-butyl Z-amine-2-(hydroxyiminojethyl}(3,5-dichloro-4-(5-isopropyl-1-
methyi-6-oxo0-1,6-dihyvdropyridazine-3-carbonylphenyijcarbamate {18¢). To a solution of
tert-butyl {cvanomethyl)(3,5-dichloro-4-{5-isopropyl-1-methyi-6-oxo-1,6~dihvdropvridazine-3-
carbonylphenyljcarbamate (18b}) (32 mg, 66.76 umol) in DMF (3 mL) was added NH2OH HCI
{37.11 mg, 53405 umol) and NaQAc¢ (2738 mg, 333.78 umol}. The mixture was stirred at
80°C for 1 hour. After cooling to room temperature, the reaction mixture was concentrated
under reduced pressure to remove DMF. The residue was partitioned between ethyl acetate (10
mb) and H:O (3 mL) twice. The combined organic phase was washed with brine (5 mL*3),
dried with anhydrous NanSQy4, filtered and concentrated in vacuum to give 18¢. The product
was used directly for the next step without further punfication.

{8336} tert-butyl (3,5-dichloro-4-(5-isopropyi-1-methyl-6-oxo-1,6-dihydropyridazine-3-
carbonylphenyvi}{5-ox0-4,5-dihydro-1,2 4-oxadigzol-3-viimethyljcarbamate {(18d3. To a
solution of (Z}-teri-butyl (2-amino-2-(hvdroxyiminolethyl}3,5-dichloro-4-(5-isopropyi-1-
methyl-6-oxo-1,6-dihvdropyridazine-3-carbonylphenyljcarbamate (32 mg, 62.45 umol} {(18¢) n
THF (3 mL} was added DSC (20.80 mg, 81.19 umol) and TEA (12,64 mg, 12491 umol, 17.39
ul). The mixture was stirred at 60°C for 13 hours. LCMS showed the desired mass. The
reaction mixture was exiracted with ethyl acetates 20 mEL*2 and HoO 20 mb*2. The combined
organic layers were washed with brine 20 ml., dred over Naz80Os, filtered and concentrated
ander reduced pressure to give 184 as a yellow solid. The crude product was used for the next
step without further purification. MS mass calculated for [M+11" (CasHusUNsOe) required m/z
5381, LCMS found m/z 438.2/538 2.

{8331}  3-{{{3.5-dichloro-4-(S-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazine-3-
carbonyDphenylaminomethyl)-1,2,4-oxadiazol-5(4H}-one (Example 18). A sclution of tert-
butyl (3, 5-dichioro-4-(5-isopropyl-1-methvi-6-oxo-1,6-dihydropvridazine-3-
carbonyphenvi}((5-ox0-4,5-dihydro-1,2 4-oxadiazol-3-vlimethyvljcarbamate (18d) (22 mg,
40.86 umol) in EfOAc/HCI 2 M, 2 mL)}. The mixture was stirred at 25°C for 1 hour. LOCMS
showed desired mass. The mixture was concentrated in vacuum. The residue was purified by

prep-HPLC (FA) to give Example 18 MS mass calculated for PM+11" {(CizHChNsG.)
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required m/z 438.1, LCMS found m/z 438 2, 'TH NMR (400 MHz, MeGD) 8 7.86 (s, 1H}), 6.78 -
6.7 (m, 2H), 432 (s, 2H}, 3.72 (s, 3H), 3.18 (¢d, I =68, 13.7 Hz, 1H}, 1.27(d, } = 6.8 Hz, 6H}.

Scheme [ 6-({(4-amino-26-dichlorophenyijthio}-4-isopropyi-Z-methylpyridazin-3(2H})-one
(1Sh)
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18332} O-(2,6-dichlero-4-nitrophenyl) dimethyvicarbamothioate (19a}. To a solution of 2,6~
dichloro-4-mitrophenct (1 g, 4.81 mumol) in DMF (20 mb) was added NaH (288 44 myg, 721
mmol, 60% purity). Then the nmuixture was stured at 20°C for 1 hour. Then and N, N-
dimethylcarbamothioyl chioride (950.81 mg, 7.69 munol) was added in the mixtare. The
mixture was stirred at 20°C for 16 hours. The mixture was extracted with EtQAc (20 mEL*2).
The combined organic laver was washed with brine (15 mL), dried over NaxSQOa, filtered and
concentrated m vacuum. The residue was purified by column silicagel chromatography
{petroleum ether : ethyvl acetate= 20: 1to 5: 1) to give 19a. '"HNMR (400MHz, CDCl:) 5 828
(s, 2H) 3.50 (s, 3H) 3.44 (s, 3H).

{3333} S-(2,6-dichloro-4-nitrophenyl) dimethylearbameothioate (19b). O-(2,6-dichloro-4-
mitrophenvl) dimethvicarbamothioate (19a) (0.9 g, 3.05 mmol) was added in a flask and stirred
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at 200°C for 4 hours. LCMS showed desired MS. The mixture was cooled to 20°C to give 19b.
The crude reaction product was used directly in next step. 'H NMR (400 MHz, DMSO-ds) §
8.44 (s, 2ZH) 3.13 {brs, 3H) 2.95 (brs, 3H).

[6334] O-{2,6-dichioro-4-nitrophenvl) dimethylcarbamothioate (19¢). To a solution of 5-
{2.6-dichloro-4-nitrophenyl) dimethylcarbamothioate {19b) (0.8 g, 2.71 mmol} in AcOH (10
mb)}, 2-propano] (20 mL) and H20 (10 mL) was added Fe (1.06 g, 18 97 mmol). Then the
mixture was stirred at 95°C for 2 hours. The mixture was cooled to 20°C, and saturated
MNaHCOs solution was added in the mixture untd pH= §~9 and filtered. Then the filtratc was
concentrated 1n vacuum to remove most solvent. Then the residue was extracted with HzO (50
mb} and EtOAc (50 mL*2). The combined organic laver was dried over NaxSQ04, filtered and
concentrated in vacuum to give 19¢. The product was used directly in next step. 'THNMR (400
MHz, CDCl3) 8§ 6.73 (s, 2H) 3.98 (brs, 2H) 2.90 ~ 3.25 (m, 6H)}.

[6335] 4-amino-2,6-dichiorobenzenethiol (19d). To a solution of 8-(2,6-dichioro-4-
nitropheny!} dimethylearbamothioate (19¢} (0.7 g, 2.64 amol} in EtOH (20 mL} was added
KOH (3 M, 20 mL). Then the mixture was refluxed at 100°C for 16 hours. LCMS showed the
reaction was completed. The mixture was cooled to 206°C, and HCI solution (1M) was added in
the mixture untid pH= 2~3. The mixture was extracted with EtOAc (50 mL). The organic layer
was drigd over Na:SO4, filtered and concentrated in vacwum to give 19d. The product was used
directly in next step. 'H NMR (400 MHz, CDCl33 6 7.27 (s, 2H) 6.70 (s, 2H) 4 23 (s, 1H) 3.70
{(br s, 2H).

10336} 3,5-dichlore-4-{{6-chloro-S-isopropyipyridazin-3-vijthislanttine (192}, Toa
solution of 4-amino-2,6~dichlorobenzenethiol (19d) (520 mg, 2.68 nunol) and 3,6-dichioro-4-
wopropylpyridazine (1a) (511.90 mg, 2.68 mmol) in DMSG (15 mL) was added K2CO: (111 g,
8.04 mmol}. Then the mixture was stirred at 95°C for 16 hours. After coolimg to room
temperature, the mixture was was diluded with water (50 mL) and extracted with EtQAc {50
ml.*2}. The combined organic layer was washed with brine {30 mL), dued over NazSOs,
filtered and concentrated 1o vacuum. The residue was purified by Prep-TLC (petroleum ether -
ethyl acetate=2:1) to give 19e. "H NMR (400 MHz, CDCIE) 8 ppm 7.01 (5. 1H) 6.78 (s, 2H) 4.10
(brs, 2H) 3.14 -3.27 {(m, 1H) 1 23 {d, J = 6.84 Hz, 6H).

103371 2-(3,5-dichloro-4-((S-isopropyl-6-oxe-1,6-dikydropyridazin-3-
vhithiophenyDisoind-cline-1,3-dione (18f). To a mixture of 3,5-dichloro-4-({6-chloro-5-
isopropylpyridazin-3-ylthioyanihine (19¢) (1 g, 2.87 mumol) and isobenzofuran-1,3-dione
{424.79 mg, 2.87 mmol) in HOAc (8 mL) was added NaOAc (1.18 g, 14.34 mmol). The
mixture was stirred at 120°C for 16 hours. The reaction mixture was concentrated under
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reduced pressure to remove AcOH. The sohid was dissolved in water and the pH was adjusted 1o
9 with NaHCO: (10 mL). Then the mixture was partitioned with ethyl acetate (30 mL) twice.
The combined organic phase was washed with brine (10 mL*3}, dried with anhvdrous NaxSO4,
filtered and concentrated in vacuum. The solid was stirred in ethvl acetate (10 mL) and
petroleum ether (50 mL), then filtered and dried to give 19f. The product was used directly for
the next step without further purification. 'H NMR (400 MHz, DMS(Q) 8 8.00 - 8.05 (m, 2 H)
793-797(m, 2H) 784 (s,2H)732(d, J=0806Hz 1 H) 3.0l {(quin, J =679 Hz, 1 H) 1.14
(d, }=685Hz 6 H).

103381 2-(3,5-dichloro-4-((S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-yijthie}-
phenyihsoindoline-1,3-dione (19g). A solation of 2-(3,5-dichloro-4-{(S-sopropyl-6-oxo-1,6-
dihydropyridazin-3-yijthio)phenyiyisoind-oling-1,3-dione (15} (955 mg, 2.07 romol) in DMF-
DMA (8 mb) was stivred at 120°C for 16 hr. The mixture was concentrated in vacuum to give a
residue. The residue was partitioned between ethyl acetate (10 mL} and H20 (3 mL) twice. The
combined organic phase was washed with brine {5 mL*3), drnied with ashydrous Na: 804,
filtered and concentrated in vacuum to give 19g. The product was used directly for the next step
without further punfication. MS mass calculated for M+1" (CoHChN:G:S) required mz
4740, LCMS found m/z 474.0.

103391 6-({4-amino-2,6-dichlorophenyljthio}-4-isopropyi-Z-methylpyridazin-3(2H)-one
{19h}. A mixture of 2-(3,5-dichloro-4-({5-1sopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
viythio}-phenyiyisoindolineg-1 3-dione (19} (980 myg, 2.07 mmol) and botan-F-amine {453.29
mg, 620 mmol, 612 55 ul in MeOH (2 mL) was stirred at 70°C for 1 hour. The mixture was
concentrated in vacuum to give a residue. The residue was purified by preparative TLC
{petroleum cther : ethyl acetate=1:1) to give 1%h. MS mass calculated for [M+1]*
{C1aHsCLNZOS) required m/z 344.0, LCMS found m/z 344.1; "H NMR (400 MHz, CD:0D) &
6.85(d,J=073Hz, T H}680 (., 2H)3.64(s.3H)3.09{(qd, J=701, 648 Hz, 1 H) L. 12(d, }
=697 Hz, 6 H).

Example 19: 3-({(3,5-dichloro-4-({5-isopropyl-1-methyi-6-oxo-1,6-dihydropyridazin-3-
visulfonyliphenylamino)}methyl})-1,2,4-oxadiazol-5(4H}-one
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[0340] 2-{(3,5-dichloro-4-({S-isopropyl-1-methyl-6-oxo-1,6-dihydropyridazin-3-
yvhthiophenvllaminolacetonitrile (191}, To a solution of 6-({(4-aming-2,6~
dichlorophenylithio)-4-isopropyl-2-methylpyridazin-3(2H)-one (19h) (420 mg, 1.22 mymol) i1n
ACN (3 mL) was added 2-bromoacetonitrile (731.69 mg, 6.10 mmol, 406 .49 uL), K2CO5
{337.23 mg, 2.44 mmol} and Naf (365.75 mg, 2 44 mmol). The mixture was stirred at 100°C for
16 hours. The suspension was filtered throagh a pad of Celite and the pad cake was washed with
EtOAc (10 mL*3}. The combined filtrates were concentrated to dryness to give aresidue. The
residue was purified by preparative TLC (petroleum ether © ethyi acetate=1:1) to give 191, MS
mass calculated for IM+1T (CisHi1sChNWOS) required m/z 383.3, LCMS found m/z 383.0; 'H
NMR (400 MHz, CBC1338 682 (3, ZH} 6.79 (4, I =073 He, 1H)4.39(d, J =685 Hz, IH} 4.12
424 (m, 2HY 377 (s, 1H) 3.67 (s, 3H) 311 - 320 (m, IH) 1.16 (d, ] = 6.85 Hz, 6H).

{0341} tert-buiyl {cyanomethyl}3,5-dichioro-4-((S-isopropyi-1-methyi-6-0x0-1,6-
dihydropyridazin-3-yijthio}phenylicarbamate (19§}, To a solution of 2-((3,5-dichloro-4-({5-
isopropyl-1-methyl-6-oxo-1,6-dihydropyridazin-3-yithiophenylaminojacetonitrile (194 (420
mg, 1.10 mmol) in THF (3 mL) was added DMAP (133 87 mg, 1.10 nunol) and Boc: O (717.45
mg, 3.29 mmol) at 25°C. The mixtare was stirred at 25°C for 20 munutes. The mixture was
partitioned between ethyl acetate 10 mL and H2O 3 mL twice. The combined organic phase was

washed with brine {5 mL*3), dried with anhydrous Nax50q, filtered and concentrated in
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vacuum. The residue was purified by prep-TLC (8:Gq, petroleum cther : ethyl acetate =3:1) to
give 19). H NMR (400 MHz, CDClz} & 7.46 (s, 2H) 6.84 (s, 1H) 453 (s, 2H) 3.64 (s, 3H} 3.18
{(dt, 1 =13.66,6.80 Hz, 1H) 1.53 (s, OH) 118 (d, J = 6.85 Hz, 6H}).

[0342] (Zj-tert-buiyl (Z-amino-2-(hydroxyimino)ethy}(3,3-dichloro-4-({5-isopropyl-1-
methyi-6-ox0-1,6-dihvdropyridazin-3-yi)thiojphenyhcarbamate {19k). To a solution of teri-
butyl {cvanomethyD(3,5-dichloro-4-({(5-1sopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
yvithio)phenyicarbamate {193} (250 mg, 517 16 umol, | eg) in DMF (3 mL) was added

MNHOH HCI (287 .50 mg, 4.14 mumol, 8 ¢g) and NaQAc (33938 mg, 4.14 mmol, 8 eg) at 25°C.
The mixture was stirred at 80°C for 1 hour. The reaction mixture was concentrated under
reduced pressure to remove DMF. The residue was diluted with water {5 mL) and extracted
with ethvl acetate (15 mL, twice). The combined organic phase was washed with brine (5
mL*3), dried with anhydrous NazS0q, filtered and concentrated in vacuum {o give a residue.
The residue was purified by prep-TLC {810:, petroleum ether : ethyl acetate = 1:1) to give 19k,
TH NMR (400 MHz, CDCI) 6 799 (s, 1H) 7.60 (s, 2H) 7.05 (d, ] = 0.66 Hz, 1H) 431 (s, 2H)
359 (s, 3H) 311 (dt, J=13.67,6.84 Hz, iH) 1.49 (s, 9H) 1.17 (d, J = 7.06 Hz, 6H).

10343} tert-butyl (3,5-dichloro-4-((S-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
vhithiophenyD{({5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yDmethyiicarbamate (191). To a
solution of {(Z)-tert-butyl {2-amino-2-thydroxyiminolethyl}3,5-dichloro-4-
({5-sopropvl-l-methyl-6-ox0-1,6-dihydropynidazin-3-viithio)phenyljcarbamate (19k) (220 mg,
425 99 umol} in THF (4 mb) was added DSC (141.86 mg, 55379 umol} and TEA (86.21 mg,
851.99 umol, 11859 gL} The mixture was stirred at 60°C for 16 hours. The mixture was
concentrated in vacuum to give a residue. The residue was purified by prep-TLC (8102, DCM:
MeOH = 10:1) 1o give 181 MS mass calculated for [M+1]7 (CoaHasChNsOsS) required m/z 542 4,
LCMS found mz 542.1; 'H NMR (400 MHz, CD:0D) § 763 (s, 2H) 7.04 (d, J = 0.73 Hz, 1H)
4.82 (s, 2H) 358 {s, 3H) 3.07 - 3.15 (m, 1H) 1 .48 (5, 9H) 1.16(d, J = 6.85 Hz, 6H).

18344]  tert-butyl(3,3-dickloro-4-{{S-isoprepyl-1-methyl-6-ox0-1,6-dibydropyridazin-3-
visulfonyliphenyl}{{5-0x0-4,5-dihydro-1,2.4-oxadiazol-3-yhmethylicarbamate (1%9m). Toa
solution of tert-butyl (3, 5-dichloro~-4-((5-isopropyl-1-methvi-6-oxo-1,6-dihvdropyridazin-3-
vithio)pheny((5-ox0-4,5-dihydro-1,2 4-oxadiazol-3-vIymethy}carbamate (191} (20 mg, 36.87
vumol) in DCM (2 mL) was added m-CPBA (37.43 mg, 184 35 umol, 85% purity). Then the
mixtare was stirred at 60°C for 48 hours. The reaction mixture was quenched by addition
MNaz80s3 (23 mg) at 20°C and was stirred for 30 minutes. Then the mixture was concentrated

under reduced pressure to give 19m. MS mass caloulated for M1} (CaoHasChNsG18)
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required mz 574.4, LOMS found m/z 574.1. The product was used directly for the next step
without further purtfication.

10345]  3-({{3,5-dichlorg-4-{{S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhsulfonyliphenylamino)methyl)-1,2,4-oxadiazel-5(4H}-one (Example 19). A solution of
tert-butyl (3,5-dichloro-4-{(S-isopropyl-1-methvi-6-oxo-1,6-dihvdropyridazin-3-
vhsalfonyhphenyD{{(S-ox0-4,3-dihydro-1,2 4-oxadiazol-3-yDmethycarbamate {(19m} (20 mg,
3482 umoly in HCVELOAc (4 M, 2 mL} was stirred at 20°C for 2 hours. The mixture was
concentrated in vacuum to give a residue. The residue was purified by Prep-HPLC (column:
Lama C18 100%30 Su; mobile phase: [water (0.04%HCH-ACN]; B%: 20%-30%, 1 lmin) to give
Example 12, MS mass calculated for [M+1]" (Ci7HI7CENsQSs) requires m/z 4743, LCMS
found m/z 474.0; THNMR (400 MHz, CD:0OD) 8 7.74 (s, 1H) 6.83 (s, 2H) 4.38 (s, 2ZH) 3.72 (s,
SHY 313 (brd, J =171 Hz, 1H) 1.24¢(d, ] =6.85 Hz, 6H).

Example 20: N-(3,5-dichloro-4-({5-isopropyl-1-methyl-6-0ox0-1,6-dihydropyridazin-3-
visuifonyliphenyl}-5-0x0-4,3-dihydro-1,2,4-oxadiazole-3-carboxamide
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Exampie 20

[0346] N-(3,5-dichloro-4-({S-isopropyl-1-methyl-6-ox0-1,6-dihydropyridazin-3-
yvhithio)ph-enyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide {202}, To a mixture of 6-
{{4-amimo-2, 6-dichlorophenvijthio)-4-isopropvl-2-methyvipyridazin-3(2H)-one (19h} (20 mg,
58.10 umol) in BCM (5 mb) was add TEA (2939 mg, 290 48 umi, 4043 ul) and 5-oxo-4H-
1,2 4-oxadiazole-3-carbonyl chlonde (de) (8.63 mg, 58.10 umol}, the mixture was stirred at
25°C for 0.2 hours. The reaction mixture was partitioned between HoQ (5 mL) and EtQAc (3

ml}. The organic phase was separated, washed with brine {5 mL*3}, dried over Naz8SQOa,
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filtered and concentrated under reduced pressure 1o give a residue. The crude product was
purified by reversed-phase HPLC (0.1% FA condition} to give 28a. MS mass calealated for
IMAT] (CiHsChN048) required m/z 456.0, LCMS found m/z 4561, THNMR (400 MHz,
CD:OD 8794 -8 14 (m, 2H) 7.07 (s, THY3.52-364 (m, 3H) 305 -3 18 (m, IHH 1.17(d. I =
6.85 Hz, 6H).

183471  N-(3,3-dichloro-4-{{S-isopropyt-1-methyl-6-oxo-1,6-dibydropyridazin-3-
visuifonyi}-phenyl)-5-oxe-4,5-dihydre-1,2,4-0xadiazole-3-carboxamide (Example 20). The
mixture of N-{3,5-dichloro-4~((5-isopropyi- | -mcthyl-6-oxo-1,6-dibydropyridazin-3-vithioiph-
envi}-S-oxo-4,3-dihydro-1.2 4-oxadiazole-3-carboxamide (28a} (8 mg, 17 53 umol) m BCM (1
mb} was added MCPBA (21.36 mg, 105.19 wmol, 85% purity}, the mixture was stirred at 50°C
for 16 hours. The reaction mixture was concentrated under reduced pressure to give a residue.
The residue was puritied by Prep-HPLC (agueous acetonitrile w/ TFA) to give Example 20,
MS mass calculated for [M+117 (CrrHisClaNsG6S) required mivz 488.0, LCMS found m/z 488.1;
THNMR (400 MHz, DMSO)Y 8 1140 -11.66 (m, 1 H)8.09-8.13(m, 2H) 7.72-7.75 (m, 1 H)
362-365(m, 3H)308-3.11 (m, LHY L.16-1.21 {m, 6 H).

Scheme E: 6-{4-amino-2,6-dichiorohenzyl}-4-cyclopropylpyridazin-3(2H}-one (21e}
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{0348} 3,6-dichloro-4-cyclopropylpyridazine (Z1a). H2SG4 (088 g, 100.69 mumol) was
added to a solution ot 3,6-dichloropyridazine (5 g, 33.536 nmumol), cyclopropanccarboxylic acid

{2.89 g, 33 56 mamol) and AgNGs (5.70 g, 33.36 mmol} in HzO (100 mL) at 60°C, then
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ammonium persulfate (22.98 g, 100.69 mmol) in H20 (100 mL) was added to the mixture at
70°C, the resulting mixtore was stirred at 70°C for 30 nunates The mixture was extracted with
cthyl acetate (100 mL*2}, the combined organic phase was washed with brine (100 mL), dried
over NaxSQO4, filtered and concentrated, the residuc was purified by MPLC (silica gel, petroloum
ether : ethvl acetate = 5:1) to give 21a. "HNMR (400 MHz, CD:CH 6 6.94 (s, 1H), 227 - 2.14
(m, 1H3, 1.37 - 1.23 (m, 2H}, 0.91 - 0.77 (n, 2H).
{3349]  2-{4-aminoc-2,6-dichiorophenyl)-2-(6-chloro-5-cyclopropylpyridazin-3-
viiacetonitrile (21b). To a solution of 3,6-dichloro-4-cyvclopropylpyridazine (21a) (0.4 g, 2.12
mmol} and 2-(4-ammo-2,6-dichlorophenylacetonitrile (13¢} (467.96 mg, 2.33 mmol) m THF
{10 mL} was added t-BoOK (1 M, 4.23 mL} drop wise at 60°C, the resulting mixture was stirred
at 60°C for 40 munutes. Afier cooling, the mixture was difuted with ethyl acetate (20 mL},
washed with brine (20 mL}, the organic phase was dred over Na:804, filtered and concentrated,
the restdue was purified by silica gel chromatography (petroleum ether © cthyl acetate = 2:1) to
give 21b. H NMR (400 MHz, DMSO-ds) 5 7.00 (s, 1H), 6.71 - 6.68 (m, 2H), 6.46 (s, 1H). 6.02
(s, 2H), 2.22 - 2.34 (o, 1H), 1.25 - 1.19 (m, 2H), 0.88 - 0.75 (m, 2H).
[0350] 6-(4-amino-2,6-dichlorobenzoyl)-4-cyclopropyipyridazin-3(2H}-one (21c). Toa
sohution of 2-{4-aminoc-2,6-dichlorophenyl}-2-(6-chloro-3-cyclopropylpyridazin-3-ylacetoniirile
{21b} (365 mg, 1.03 mmol) in dioxane (5 mb} and H20 (10 mL) was added KOH {1 16 ¢, 20.64
mmol}). The mixtare was stirred at 100°C for 16 hours under (2. LOMS showed one main peak
with the desired MS. The reaction mixture was concentrated under redoced pressure 1o remove
dioxane. The residue was diluted with aqueous HCI ZM to ajust the pH=5-7 and extracted with
EtOAc (20 mL * 4). The combined organic layers were washed with brine 20 ml., dried over
anhydrous Naz50;, filiered and concenirated under reduced pressure to give 21¢. MS mass
calculated for IM+117( CuaHuChN3O2) required mz 324 .0, LCMS found m/z 324 1.
10351} 6-({4-amino-2,6-dicklorophenyii{bydroxymethyl-d-cyclopropylipyridazin-3(2H}-
oune {21d}. To a solution of 6-{4-amino-2,6-dichlorobenzovi)-4-cyclopropyipynidazin-3{2H)-one
{21¢) (100 mg, 308.49% umol) in MeOH (5 mL) was added NaBH4 (116.70 mg, 3.08 mmol) at
G°C. The muxture was stirred at 153°C for 16 hours. LCMS detected the desired MS. The
reaction mixture was concentrated under reduced pressure to remove MeOH. The residue was
diluted with water (5 mL) and extracted with EtOAc (10 mL * 3). The combined organic layvers
were washed with brine (5§ mL)}, dried over anhydrous NaaSQe, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by prep-TLC (810, cthyl acetate:
petroleum ether = 2:1, TLC) to give 21d. MS mass calculated for [M+1]"{(CiuaHisChNaOn)
requited nrz 326.5, LCMS found mv/z 326.1; H NMR (400 MHz, DMSO-ds) 4 12.58 (s, 1H),
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716 (s, 1H), 6.54 (s, 2H), 6.07 - 6.05 (m, 1H), 6.02 - 6.00 {(m, 1H), 5.64 (5, 2H), 2.12 - 2.07 {m,
1H), 1.01 (brdd, J = 2.8, 85 Hz, 2H), 0.81 (brt,J = 6.0 Hz, 2H).

{0352} 6-{4-amino-2,6-dichiorobenzyl}-4-cyclopropyipyridazin-3(ZH}-one (Zie). Toa
solution of 6-({4-amino-2,6~dichlorophenv}hydroxyymethyi}-4-cyclopropvipvridazin-3{2H)-
one (21d) (50 mg, 153.29 umol) in TFA (1 mL) and DCE (5 mL} was added Etz51H (89.12 mg,
766 .46 umol). The mixture was stirred at 50°C for 6 hours. LCMS showed one main peak the
desired MS. The reaction mixture was diluted with saturated NaHCO3 (5 mL) and extracted
with DCM (10 mL * 2). The combined organic layers were washed with brine {5 mbL), dried
over anhydrous Na2804, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by prep-TLC (8102, ethyl acetate: petroleum ether = 2:1; TLC) to
give 21e. MS mass calculated for [M+1 1+ (CiaH3ChN3G) required m/z 310.0, LCMS found m/z
310.1; IH NMR (400 MHz, CDCh) 8 1039 (brs, 2H), 6.68 (s, 2H), 6.64 (s, 1H), 4.10 (s, 2H),
219-2.14 (m, 1H}, 1.12-1.06 (m, 2H), 0.85 - 0.79 (m, 2H).

Example 21: N-(3,5-dichloro-4-{{8-cyclopropyl-6-0x0-1,6-dihydropyridazin-3-

yhmethyDphenyl)-53-0x0-4,5-dihydro-1,2 4-oxadiazele-3-carboxamide

2ie 4 Example 21

[3333]  N-(3,5-dichloro-4-{{S-cyclopropyl-6-0x0-1,6-dihydropyridazin-3-
yvhmethyphenyl}-5-0x0-4,5-dihydro-1,2 4-oxadiazole-3-carboxamide (Kxample 21}, Toa
solution of 6-(4-amino-2,6-dichlorobenzyl)-4-cvelopropylpyridazin-3(ZH}-one {Z1e) (16 mg,
51.58 umol) in DCM (2 mbL) was added TEA (15.66 mg, 15475 umol) and 5-oxo-4H-1,2,4-
oxadiazole-3-carbonyl chloride {4e) (1149 mg, 77 .37 umol). The mixtare was stirred at 25°C
for 6.5 hours. LLMS showed the desired MS. The reaction mixture was concentrated under
reduced pressurc to give a residue. The residue was puritied by prep-HPLC (column: Xtimate
CIR 150%25mm™* Sum; mobile phase: [water (10mM NH4HCO3)-ACN|: B%: 20%-40%, 10
min} to give Example 21, MS mass calculated for {M+1]7( Ci7HiChNsGy) required m/z
4220, LCMS found m/z 422.0; 'H NMR (400 MHz. CD:0D) 3 7.86 (s, 2H). 6.88 (s, 1H). 4.23
{s,2H}, 2.15-2.06 (ma, 1H), 1.10 - 1.04 (m, 2H), 0.85 - 0.79 (m, 2H).
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Example 22: N-(3,5-dichloro-4-({8-cyclopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
viimethylphenyl)-8-ex0-4,5-dihydro-1,2,4-oxadiazele-3-carboxamide

oj,h«:i:é n NH, ) N DIMF-DMA
7 A \ : ACOH, 120°C, 2 h 100°C, 18
21e
ot \’J\}W_\) BuNH O%/‘\E“NC’ 27N HM-*{EJ TEA, DEM
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Example 22
[0354] 2-(3,5-dichlore-4-({8-cyclopropyl-6-oxo-1,6-dihydropyridazin-3-
yvimethyhiphenylisoindoline-1,3-dione (22a). To a solution of 6-(4-amino-2,6-
dichiorobenzyli-4-cyclopropyipyridazin-3(2H}-one {21e} (44 mg, 141.85 uvmol) in AcOH (3

mk.} was added isobenzofuran-1,3-dione (22.06 mg, 148 95 umol). The mixture was stirred at
120°C for 2 hours. TLC showed one new spot was formed. The reaction muxture was
concentrated under reduced pressure to remove AcOH. The residue was diluted with water 2
mk. and added saturated aqueocus NaHCG; to modified pH=9~10. The suspension was extracted
with EtOAc 20 mL (SmL*4)}, the combined organic layers were dried over anhydrous NaxSOq,
filtered and concentrated under reduced pressure to give 22a was used nto the next step without
further purtfication as light vellow o1l M5 mass calculated for [M+ 117 (CaaHi5ChN3Os) required
m/z 4401, LCMS found sz 4401

[0355]  2-(3,5-dichioro-4-({S-cyciopropyi-1-methyi-6-0x0-1,6-dihydropyridazin-3-
vhmethylpheaylisoindeline-1,3-dione (22b). A solution of 2-(3 S-dichloro-4-({5-
cyelopropyl-6-ox0-1,6-dihydropyridazin-3-yhmethyiphenylisoindoline-1,3-dione (222} (70
mg, 15899 umol) m DMF-DMA (5 mL) was degassed and purged with N2 for 3 times, and then
the mixture was stirred at 100°C for 3hr under Nz atmosphere. LCMS showed 22a was

consumed completely and one main peak with the desired M5, The reaction mixture was
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concentrated under reduced pressure to remove DME-DMA| and then the mixture was to give a
residec. The residue was diluted with Fo{ 5 mL and extracied with BtOAc 20 mL (S mL * 4},
The combined organic layers were washed with brine 5 mb, dried over anhydrous Na:504,
filtered and concentrated under reduced prossure to give 22b was used into the next step without
further purification as a hight yellow gum. MS mass calculated for [M+11" {(CasHiClN3Os)
required m/z 454.1, LCMS found m/z 454 .0.

{3356] 6-{4-aminoc-2,6-dichiorobenzyl}-4-cyclopropyl-2-methylpyridazin-3{(ZH)-one {22¢).
To a solution of 2-(3,5-dichloro-4-((5-cyclopropyl~-1-methyl-6-ox0-1,6-dihvdropyvridazin-3-
vhmethyDphenylisoindoline-1,3-dione {(22b} (100 mg, 154.08 umol) in MeOH (3 mL) was
added N-butylamine (33 .81 mg, 462 24 umol). The mixture was stirred at 70°C for 0 Shr,
LCMS detected the desired MS. The reaction mixture was concenirated under reduced pressure
to remove solvent. The residue was punfied by prep-TLC (5102, petroleum ether © ethyl acetate;
TLC) to give 22¢. MS mass calculated for {M+11 (CisHisChNsG) required m/z 3241, LCMS
found m/z 324.0; 'H NMR (400 MHz, CDCl3) 0 6.70 - 6.65 (m, 2H), 6 48 (s, 1H), 4.07 (s, 2H),
379 (brs, 2H), 3.74 (5, 3H), 2.24 - 2,13 {m, 1H}, 1.07 - 0.99 (m, 2H), 0.75 - 0.66 (m, 2H).
{8357} N-{3.,5-dichloro-4-{(3-cyclopropyl-1-methyl-6-0x0-1,6-dihvdropyridazin-3-
yhmethyDphenyl)-5-0x0-4,5-dihydro-1,2 4-oxadiazele-3-carboxamide {(Example 22). To a
solution of 6-{4-aminc-2,6-dichlorobenzyvi}-4-cyclopropyi-2-methylpyridazin-3(ZH)-one {22¢)
{10 mg, 36.84 umol) i DCM (2 mL) was added TEA (9.36 mg, 92.53 umol, 12.88 ul.} and 5-
oxo-4H-1,2 4-oxadiazole-3-carbonyl chloride (4e) (6.87 mg, 4627 umol). The nixture was
stirced at 25°C for 0.5 bours. LEMS showed the desired MS. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was checked by HPLC and
purified by prep-HPLC {column: Waters Xbridge 150%25 5u; mobile phase: [water (10mM
NH4HCO3)-ACN]; B%: 596-35%, 14 min) to give Example 22 as a white solid. MS mass
calculated for IM+1T7( CiaHisChNsO4) required m/z 436.0, LCMS found m/z 436.0; TH NMR
(400 MHz, CDs0D) 6 7.87 (5, 2H), 6.85 (s, 1H), 4.24 (s, 2H), 3.65 (s, 3H), 2.20 - 2.09 (m, 1H),
L1~ 104 (m, 2H}, 0.83 - 0.75 (m, 2H).

Example 23: N-(3,5-dichloro-4-{{S-isopropyl-6-oxo-1,6-dihydropyridazin-3-
yhmethyDphenyl)-53-0x0-4,5-dihydro-1,2 4-oxadiazele-3-carboxamide
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[0358] N-(3,5-dichloro-4-({5-isopropyl-6-0x0-1,6-dihydropyridazin-3-yloxy)phenyl}-5-
oxo-4,S-dihydre-1,2,4-0xadiavele-I-carboxamide (Example 23}, To a sohution of 3-(d-amino-
2.6-dichloro-phenoxy}-5-isopropyi-iH-pvridazin-6-one(8b) (13.7 g, 43.61 nunol) in THF (140
ml) was added TEA (13 .24 g, 130.82 mmol} and 5-ox0-4H-1,2 4-oxadiazole-3-carbonyl
chloride (de} (9.71 g, 65.41 mmol}. The mixture was stirred at 20°C for 0.5 hours. LCMS
showed a peak with the desired M5, The reaction mixture was concentrated under reduced
pressure to give a crude product. The crude product was triturated with EtOGAc (100 mL) at 80
oC for 30 nun, and then cooled to 20°C. The suspension was filtered and filter cake was washed
with EtQAc {§ mL*3}) and concentrated to dryvness to give Example 23. MS mass calaudated for
IMA T CreH1ClN5sOs) required m/z 426.0, LCMS found m/z 426.0; TH NMR (400 MHz,
CD:0ODY 5792 (s, 2H), 733 (d, J=09Hz, 1H),3.21 - 313 (m, IH), 1.29(d, /= 6.8 Hz, 6H).

Example 24: N-(6-chloro-7-({5-isopropyi-1-methyl-6-oxe-1,6-dihydropyridazin-3-yijoxy)-

2,3-dihydro-1H-inden-4-y1}-5-ox0-4,5-dihvdro-1,2,4-oxadiazole-3-carboxamide
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40 Example 24

13359 6-chloro-7-{6-chlore-5-isopropyl-pyridazin-3-yijoxy-indan-4-amine (24a}. 7-
amino-3-chloro-indan-4-0l (0.39 g, 2.12 mumol), 3.6-dichloro-4-isopropvi-pvridazine (1a)
{405.77 mg, 2.12 mmol}, Cul (40.45 mg, 212.38 umol} and KoCOs (440,28 mg, 3.19 mmol) n
DMA (15 mL) was de-gassed with Nz and then heated to 100°C for 16 howrs under Nz, LCMS
showed the reaction was completed, and desired MS was detected. The mixture was filtered
through a pad of celite, washed with cthyl acctate (20 mL*2). The combined organic phase was
washed with brine (20 mLj}, dried over NaxSQ4, filiered and concentrated. The residue was
purified by silica gel chromatography {petrolcum ether | ethyvl acetate= 3. 1} to give 24a. MS
mass calculated for M+1]"(CisHi7ChN2O) required m/z 338.1, LCMS found m/z 338.1.
HNMR (400 MHz, DMSO-ds) 8 7.53 (s, 1H), 6.56 (s, 1H), 5.15 (brs, 2H), 3. 14 (td, F = 6.8,
13.6Hz, 1H), 268 ¢(brt, I =73 Hz, 2H), 260 (brt, J =74 Hz, 2H), 2.03 - 1.95 (m, 2H)}, 1.27 (4.
F=6.7Hz, 6H).
{6368} 2-[6-chlore-7-[(S-isopropyl-6-oxo-1H-pyridazin-3-yloxylindan-4-yljiscindoline-
1.3-dione (24b). To a mixture of 6-chloro-7-{6-chloro-5-isopropvi-pyrdazin-3-yvloxy-ndan-4-
amine {24a} (120 mg, 354.79 umol ) and 1sobenzofuran-1,3-dione (52 .55 mg, 354.79 pmol} in
NaDAc (10187 mg, 1.24 mmol) was added AcOH (1 mL). The mixture was stirred at 120°C
for 16 hours. The reaction mixture was concentrated under reduced pressure to remove AcOH.
The solid was dissolved in water and the pH was adjusted to 9 with NaHCO; (10 mL). Then the
mixture was partitioned with Ethyl acetate (30 mL}). Twice. The combined organic phase was
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washed with brine (10 mL*3), dned with anhydrous Na:xS0s, filtered and concentrated in
vacuum to give 24b. The product was used directly in next step without further punfication. MS
mass calculated for [M+1]" (CaaHaoCIN3Gy) required m/z 450.1, LCMS found mz 450 2.

{0361} 2-i6-chloro-7-(5-isopropyl-i-methyl-6-oxo-pyridazin-3-vljoxy-indan-4-
vijisoindoline-1,3-dione {24¢). A solution of 2-{6-chloro-7-[{5-1sopropyl-6-oxo-1H-pyridazin-
3-vhoxylindan-4-vHisomndoling-1,3-dione (24b} (150 mg, 333 .42 umol} in BMFDMA (2 mL}
was stirred at 80°C for 2 hours. The mixture was concentrated in vacuum. The residuc was
partitioned between cthyl acetate 10 1ol and HzO 3 ml twice. The combined filtrate was
washed with brine (20 mL), and the organic phase was concentrated to give 24¢, the crude
product was used for the next step directly. MS mass calculated for [M+1]" (CasHnCINOs)
required m/z 4641, LCMS found mz 464 .2,

{3362} 6-{7-amino-S-chloro-indan-4-yljoxy-4-isopropyi-2-methyi-pyridazin-3-one (244},
A mixture of 2-[6-chloro-7-(3-1sopropyl-1-methyl-6-oxo-pyridazin-3-yljoxy-indan-4-
vilisoindoline-1,3-dione (24¢) (100 mg, 215,56 umol} and N-butylamine {1577 mg, 215,56
wmol) in MeOH (2 mL) was stirred at 25°C for 1 hour. The mixture was concentrated
vacuum, The residue was purified by prep-TLC (810:, petroleum cther /ethyl acetate=1: 1) to
give 24d. MS mass calculated for [M+117 {C1yH2eCIN:G:) required m/z 3341, LCMS found m/z
334 1.

{0363} N-(6-chlore-7-{{5-isopropyi-1-methyl-6-ox0-1,6-dihvdropyridazin-3-yloxy)-2,3-
dihydro-1H-inden-4-y1}-5-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide

{Example 24). To a solution of 244 {10 mg, 29.96 amol, T eq} in THF (5 mbL)} was added TEA
{9.09 mg, 89.87 umol, 12.51 ul) and 5-oxo-4H-1,2. 4-oxadiazole-3-carbonyvl chioride {4e) (6.67
mg, 44.94 umol). The mixture was stirred at 25°C for 0.5 hours. The reaction mixture was
quenched by addiion MeOH (1 mL) at 25 °C, and then concentrated vonder reduced pressure to
give aresidue. The residue was checked by HPLC and then was purified by Prep-HPLC (column:
Luna C18 100*30 5u; mobile phase: [water {0.04%HCH-ACN]; B%: 35%-60%, 12min} to give
Example 24. MS mass calculated for [M+11" (CaoH2eCINOs) required mz 446.1, LCMS found
m/z 4462, TH NMR (400 MHz, CD-0D) 0 755 (s, 1H). 727 (s, 1H), 3.50 (s, 3H). 320 -3.12
(o, THL 294 (brt, =74 Hz, 2H), 287 (rt, J =73 Hz, 2H), 217 - 212 (m, 2H), 1.27¢(d, J =
6.8 Hz, 6H).

Example 25: N-(3,5-dichloro-4-{{3-cyclopropyl-6-oxo-1,6-dihydropyridazin-3-
vhoxyiphenyi}-5-ox0-4,5-dihydro-1,2 4-oxadiazole-3-carboxamide
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25b Example 25
10364] 3,5-dichloro-4-((6-chloro-5-cyclopropylpyridazin-3-yljoxy)aniline (25a).

3, 6-dichloro-4d-cvclopropyl-pyndazine (1 g, 329 mmol) (21a}, 4-aming-2 6-dichloro-phenol
{941.67 mg, 5.29 mmol}, KoCOs5 (1.10 g, 7.93 mmol) and Cul (201 .49 mg, 1.06 mmol) in DMA
{5 mL) was de-gassed and then heated to 100°C for 16 hours under N2, Solids were filtered off
and 1o the filtrate was added water (20 mL) and was extracted with ethyt acetate (15 mL*2). The
combined orgamic layers werg washed with brine (20 mL)}, dried over Na2804, filtered and
concentrated. The residue was purified by silica gel chromatography (petroleum ether | ethyl
acetate= 5. 1) to give 28a. MS mass caleulated for M+ (CosHiwnClN:0) required vz 330.0,
LCMS found mz 329.9/331.9;

[0365] N-(3,5-dichloro-4-{({5-cyclopropyl-6-0x0-1,6-dibhvdropyridazin-3-vioxyphenyi}-S-
ox0-4,3-dihvdro-1,2 4-oxadiazole-3-carboxamide (25b). To a solution of S-oxo0-4,3-dihydro-
1,2 4-oxadiazole-3-carboxylic acid (11.80 mg, 90.75 umo) m THF (2 mL) was added one drop
DMF, then (COCH (1152 mg, 90.75 umol, 794 ul, 1.5 eg) was added at 0°C, the mixture was
stirred at 25°C for 1 hour, the sohution was added o a maxture of 3,5-dichloro-4-({6~-chiore-5-~
cyelopropylpyridazin-3-yhoxylaniline (25a} (20 mg, 60 50 umol) and TEA (1837 mg, 181.50
pmol, 25.26 oL} in BCM (3 mL) at 25°C, the resulting mixture was stirred at 25°C for 30
minutes. The mixture was concentrated, the residue was purtfied by prep-TLC
{dichloromethane: methanol= 10: 1) to give 25b. MS mass calculated for [M+1]7
(CisH1pC13Ns04) required m/z 442 .0, LCMS foond m/z 442 .0,

13366] N-(3,5-dichloro-4-{{5-cyclopropyl-6-ox0-1,6-dihvdropyridazin-3-voxy)phenyi}-5-
oxo-4,5-dihvdro-1,2,4-oxadiazole-3-carboxamide (Example 25). A mixture of N~(3,5-
dichloro-4-((6-chloro-S-cvclopropvipyndazin-3-vloxy)phenvi)-3-oxo-4,5-dithydro-1,2 4-
oxadiazole-3-carboxamide {25b) (30 mg, 67.78 umol} and NaQAc {3336 mg, 406 65 umol) i
HOAc (3 mL) was heated to 110°C for 16 hours. The mixture was concentrated. -The residue

was purified by prep-HPLC (neutral) to give Example 25. MS mass calculated for [M+1]7
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(C16HNCLNOs) required m/z 424 2, LOMS found m/z 424.2; 'H NMR (400 MHz, MeOD) 8
7.92 (5. 2D, 7.03 (s, 1FD). 2.28 - 2.18 (m, 1H), 1.23 - 1.14 (m, 2H), 1.04 - 0.94 (m, 2F).

Example 26: N-(3.5-dichloro-2-flucro-4-({S-isopropyl-1-methyl-6-0%0-1,6-

dihydrepyridazin-3-yhoxyipheayi}-5-ox0-4,5-dihydre-1,2,4-0xadiazole-3-carboxamide

i i
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Example 26
{0367} 6-{4-amino-2,6-dichloro-3-flusrophenoxy)-4-isopropyl-Z-methylpyridazin-3(2H)-
one {26a). To a suspension of 6~-{4~-amino-2,6-dichloro-phenoxy}-4-isopropyl-2-methyi-
pyridazin-3-one {1e) (20 g, 60.94 mmol} in CH3CN (200 mL) and THF (60 mL} under a
nitrogen atmosphere was added NaHCO; (1536 g, 182 .82 mmol). To the resulting solution was
added Select F (21.539 g, 60.94 mmol} by portion wise addition over 30 min. The mixture was
stirred at 20°C for 16 hours. The reaction nuxture was partitioned between HzO 200 mL and
EtOAc 300 mL. The organic phase was scparated, washed with brine (100 mL), dried over
NSO, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography ($10:, petroleum ether /ethyl acetate=4/1 to I/1; TLC) to
give 26a. MS mass caleulated for [M+ 1] {C14aH 11 ChLENG) required sz 346.0, LCMS found
m/z 346.0; THNMR (400 MHz, CDCl:) 3 7.02 (s, 1H), 6.80 (d, } = 8 8 Hz, 1H), 3.89 (brs, 2H),
3.53¢s,3H), 324 (quind, J =68, 13.5Hz, 1H), 1.26(d. ] =6.8 Hz, 6H).
[3368] N-(3,53-dichlore-2-fluoro-4-({S-isopropyl-i-methyl-6-ox0-1,6-dihydropyridazin-3-
vhoxyiphenyl}-S-oxe-4,5-dibydro-1,2 4-oxadiazole-3-carboxamide (Example 26). Toa
solution of 6~(4-amino-2,6-dichloro-3-fluoro-phenoxy)-4-isopropyi-2-methyl-pyridazin-3-one
{26a} (13 g, 37.55 mamol} i THF (130 mL) was added TEA (11.40 g, 112.66 mmol) and 5-oxo-
4H-1,2,4-oxadiazole-3-carbonyl chlorde (4e) (8.37 g, 56.33 mmol}. The mixture was stirred at
20°C for 0.5 hours. LUMS showed a peak with the desired MS. The mixture was diluted with
1M HC1 to modified pH 6-7 and extracted with EtOAc 300 mi (100 md * 3). The combined
organic lavers were washed with brine 150 mL., dried over anhydrous NaxS50s, filtered to give a
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hight vellow higuid The hight vellow hquid was concentrated under reduced pressure to remove
solvent and until the solid was dissolved out. The mixture was stirred at 20°C for 1 hour and
filtered to give Example 26. M5 mass calculated for [M+ 17 {Ci7H4CLEFNsOs) required m/z
458 .0, LCMS found m/z 458.0; TH NMR (400 MHz, CD:0D) 6 8.30(d, I=75 Hz, 1H), 7.35 (s,
IH), 351 (5, 3H), 324 -3.12 (m, 1H), 1.28(d, ] = 6.8 Hz, 6H).

Example 27: 3-({(3,5-dichloro-2-flucro-4-((S-isepropyl-1-methyl-6-0x0-1,6-
dihydrepyridazin-3-yloxy)phenyljamine}methyl)-1,2,4-oxadiazol-5(4H}-one
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{8369} 2-((3,53-dichioro-2-fluoro-4-((5-isopropyl-1-methyvi-6-oxe-1,6-dihydropyridazin-3-
vhoxviphenyDamino)acetonitrile (27a}. To a solution of 6-(4-amino-2,6-dichloro-3-
fluorophenoxyj-4-isopropvi-2-methylpyridazin-3(ZHj-one (26a) {20 mg, 57.77 umol) in ACN {2
mb} was added 2-bromoacetonitrile (52.26 mg, 435.72 umol, 29.03 ul), Ka2CO: (2409 mg,
174.29 umol} and Nal (26.12 mg, 174.29 umol). The mixiure was stirred at $00°C for 20 hours.
The suspension was filtered through a pad of Celite and the pad cake was washed with EtQAc¢ (3
mEL*3). The combined filtrates were concentrated to dryness to give a residue. The residue was
purified by preparative TLC {petroleum ether : ethyl acetate=1:1} to give 27a. MS mass

calculated for M+117 (CisHisChFNO») required m/z 3852, LCMS found m/z 383.0; 'THNMR
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(400 MHz, CBCls3 8 7.04 (s, IH} 681 (4, J =8 16 Hz, {H) 438 -4 50 (m, 1H)4.21{d, }J=7.06
Hz, 2H) 334 (s, 3H) 3.24 {dt, ] = 13.62, 6.75 Hz, 1H) 1.26 - 1 28 (m, 6H}.

10378]  tert-butyl (cyanomethy)3,5-dichloro-2-fluorg-4-{{S-isopropyl-1-methyi-6-
oxe-1,6-dihydropyridazin-3-yljoxy)phenyijcarbamate (27b). To a solution of 2-((3.5-
dichloro-2-fluoro-4-{(S-1sopropyl-1-methyi-6-ox0- 1 6-dihvdropyridazin-3-
vhoxyphenvhamino)acetonitrile 27a) (20 mg, 51.92 umol) in THF (3 mb} was added DMAP
{6.34 mg, 51 92 umaol) and BocoO (3399 me, 15576 umaol, 35 78 ul} at 20°C. The mixture was
stirred at 20°C for 20 minutes. The mixture was concentrated in vacuum to give a residue. The
residue was purified by prep-TLC (8100, petroleum cther : ethyl acetate = 2:1) to give 27b. MS
mass calculated for [M+1T{C21H2ChFNaD4) required m/z 4853, LCMS found m/z 485.2;

U NMR (400 MHz, CDCL:) 6 7.43 (brs, 1H) 7.07 (s, 1FD) 4.52 (br s, 2H) 3.52 (s, 38 3.26 (dt, J
=13.66,692 Hz, 1H) 1.25 - 1.47 (m, 15H).

8371} (Z)-tert-butyl (2-amino-2-(hydroxyiminolethyvh(3,5-dichloro-2-fluoro-4-
{{S-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-yhioxy)phenyhearbamate (27¢). To a
solution of tert-butyl {cyanomethyH{(3,5-dichloro-2-fluoro-4-({ 5-isopropyl-1-methyl-6-oxo-1,6-
dihvdropyridazin-3-yhoxyiphenylcarbamate (27b) (20 mg, 41.21 umol} in DMF (2 mL} was
added NH2O0H HCE (22.91 mg, 329.67 umol) and NaQAc (27.04 mg, 329.67 umol) at 26°C.

The mixture was stirred at 80°C for | hour. The reaction mixtare was concentrated under
reduced pressure to remove DME. The residue was partitioned between cthyl acetate 10 mb and
H20 § b twice. The combined organic phase was washed with brine (5 mL*3), dried with
anhydrous Naz§Gq, filtered and concentrated m vacuum. The residue was puntfied by prep-TLC
(S0, petroleum ether © cthyl acetate = 1:1) to give 27¢. M8 mass caleulated for [M+1]7

{Ca1Ha6ClFNsGs) requured m/z 518.4, LCMS found sz 518.0.

18372} tert-butyl (3,5-dickloro-2-fluore-4-{{S-isopropyl-1-methyl-6-0x0-1,6-
dibydropyridazin-3-vijoxyphenyi¥(5-o0x0-4,5-dihydre-1,2,4-oxadiazol-3-
vimethyijcarbamate {27d}). To a solution of {(Z)-tert-butvl (2-amino-2-
thydrosyvimino)ethy)(3,5-dichloro-2-fleoro-4-({5-1sopropyl-1-methyl-6-0x0-1,6-dihydrop-
yridazin-3-vljoxy)phenycarbamate (27¢) (20 mg, 38 58 umol} in THF (3 mL) was added DSC
{(12.85 mg, 50.16 umol) and TEA (7.81 mg, 77.17 umol, 10.74 ul.). The mixture was stirred at
60°C for 16 hours. The mixture was concentrated in vacuum to give a residue. The residue was
purified by prep-TLC (5102, DCM: MeOH = 10:1, P1: Re=03) to give 27d. MS mass
calculated for M+ 1T (CoHuChFNsOs) required m/z 544 4, LCMS found m/z 5440,
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103731 3-(((3,5-dichloro-2-fluoro-4-({5-isopropyl-1-methyl-6-0x0-1,6-dihydropyridazin-3-
vhoxyiphenyDamino)methyl)-1,2 4-oxadiazol-3(4H)-one (Example 27). A solution of tert-
butyl (3,5-dichloro-2-fluore-4-((5-isopropyi-1-methyi-6-oxo-1,6-dihydropyridazin-3-
vhoxyiphenvi}{(5-ox0-4,5-dihydro-1.2 4-oxadiazol-3-yimethyljcarbamate (27d) (8 mg, 14.70
umol} i HCVELOAc (2 mL} was stirred at 20°C for 1.5 hours. The muxture was concentrated in
vacuum to give a residue. The restdue was purified by Prep-HPLC {column: Lona C18 100%30
Su; mobile phase: [water (G.04%HCH-ACN], B%: 30%-609%,12 mn) to give Example 27. M5
mass calculated for [M+1T" (CiHeCLFNsO4) required m/z 444 2, LCMS found m/z 444 .0, 'H
NMR (400 MHz, CD:0OD) 38 7.27 (s, 1H) 691 (d, J =833 Hz, 1H) 438 (5, 2H) 349 (s, 3H)} 3.13
=321 (m, 1H) 1.26 (4. ] = 7.02 Hz, 6H).

Example 28: N-(4-((5-{tert-butyl}-6-0x0-1,6-dihydrepyridazin-3-yloxy}-3,5-

dichlorophenyl}-5-ox0-4,5-dihyvdro-1,2, 4-oxadiazole-3-carboxamide

Tl Ny, Gl oy - NH:2 P % o
\ i Cut, Ko CO; i Ou H TEA, THE
i . JA/ ______ TEE P P N T
™., \,/’\\\ * HO \_,-'7’ o B - Y ‘i - C;) ! == »
ﬂ/ cl ; ; DMSO NN N 25°C,0.5h
¢ o N NH, N
28a de

3

ci
/Ji\,//\rf)\f’\l o NaGAc . /lj‘:/\i/ hfl .
o \N’Nc;/\/\g&w; .o ACOH, 120,16k o ’ﬁ’Nc; = ﬁfsk\h}’:}mg
28b Example 28
[8374] 4-{(5-(tert-butyl}-6-chlorepyridazin-3-vhoxy}-3,5-dichioroanifine (28a). To a
solution of 4-(tert-butyl}-3, 6-dichloropyridazine {200 mg, 0.975 mmol in BMSO (5 mL) was
added 4-amino-2,6-dichlorophenct (173 .61 mg, 0.975 mmol}, Ko{O: (404 34 mg, 2.93 mmol}
and Cul (111 .44 mg, 0.585 mumol), the mixture was stirred at 90°C for 16 hours under N2
atmosphere. The solvent was diluted with EtOAc (10 mL) and H:O (10 mL), extracted with EA
{10 mbL*2}, the organic layer was washed with brine (20 mbL*2}, dried over with NaxSQO;, the
organic faver was dried over with Nax5(., concentrated in vacuo to get crude. The crude was
purified with Prep-TLC (petroleum ether : ethyvl acetate=5:1} to give 28a. MS mass calculated
for [MH+1T (CuHClN3O) required m/z 346.6, LCMS found m/z 346.6; 'H NMR (400 MHz,
CDCIy 3 1.51 (s, 9H), 6.67 (s, 2H), 7.24(s, 1H).
10375}  N-{4-((5-(tert-butyl}-6-chloropyridazin-3-yoxy}-3,5-dichlorophenyl)-5S-0x0-4,5-
dibvdro-1,2.4-oxadiazole-3-carboxamide (28b). To a mixture of 4-((S-(teri-butvi)-6-
chloropyridazin-3-yDoxy}-3, 5-dichlorcaniline (28a) (100 mg, 288 48 mmaol) in THEF (2 mL),
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was added TEA (87.58 mg, 865.45 umol), 5-ox0-4,5-dihvdro-1,2,4-oxadazole-3-carbonyi
chlonde (4e} (64.26 mg, 432.73 umol} 1n DCM (2 mL} was added under N> atmosphere. The
maxture was stirred at 20°C under N for 0.5 hours. The mixture was poured into HaG (10 mL)
and the resulting mixture was extracted with EtOAc (10 mL*3), the organic laver was washed
with brine (20 mL*2}, dried over with Naz504, filtrated, concentrated m vacuo to get crude 28¢.
The crude product was used for the next step without futher purification. MS mass calculated for
IMAT]T (Ci7H1sClaNsO4) required sz 458 1, LCMS found m/z 458 1,

[0376] N-(4-((5-(tert-butyl}-6-ox0-1,6-dihydropyridazin-3-yiloxy}-3,5-dichlorophenyi)-5-
oxo-4.5-dihydre-1,2,4-oxadiazole-3-carboxamide (Example 28). To a mixture of N-(4-{{(5-
{tert-butyl}-6-chloropyridazin-3-vhoxy)-3,5-dichlorophenvl}-S-oxo-4,5-dihvdro-1,2 4-
oxadiazole-3~carboxamide (140 mg, 305.2 ummol) in HOAc (10 mL), was added NaOAc
(12519 mg, 1.53 mmol). Then the mixture was stirred at 120°C for 16 hours. The solvent was
removed m vacue to get crude. The crude was puntfied with prep-HPLC (CH;CN 1n H20,
40%). To get Example 28 (9.9 mg. 7 4% vicld). MS mass caleulated for [M+11]7
{C17H1sCLN5sOs) required m/z 4402, LCMS found m/z 440.2; '"H NMR (400 MHz, CD:;0D) 8
1.44 (s, 9H), 7.32 (s, 1H), 7.92 (5, 2H).

Example 29 (PI and P2): N-(3,5-dichloro-4-{((5-(1-hvdroxyethyl}-6-0x0-1,6-

dihydropyridazin-3-vi}oxyphenyl}-3-0x0-4,5-dihydre-1,2,4-oxadiazole-3-carboxamide
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Example 28 Example 28-P1 Example 28-P2

{6377 1-(36-dichloropyridazin-4-yljethanol (29a). To a solution of 3,6-dichloro-1,2.4,5-
tetrazing (500 mg, 3.31 mmol) in Tol. (3 mL) was added but-3-vn-2-01 {278 59 mg, 3.97 mmol).
The mixture was stirred at 110°C for 16 hours under scaled tube. The reaction mixture was
concentrated under reduced pressure to give a residue. The residae was purified by prep-TLC

(S8i0z, petroleum cther : ethyl acetate= 1:1,TLC) to give 29a. 'H NMR (400 MHz, CDCl:) 6

T82(d, J=10Hz, 1H),514(dg, I=42 63Hz IHL238(d, J=34Hz 1H) 156(d. J=64
Hz, 3H3).
{6378} 3,6-dichloro-4-(1-{{tetrahydro-2H-pyran-2-yhoxv)ethyDpyridazine (29b). Toa

solution of 1-(3,6-dichloropyridazin-4-yhethanol (29a) (300 myg, 1.53 mmol) and DHP (653.68
mg, 7.77 mmol, 71052 ul} in DCM (10 mL) was added TsOH (1338 mg, 77.71 umol). The
mixture was stirred at 20°C for 1 hour. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (5102, petroleum ether /ethyl
acetate=3: 1, according TLC) to give 29b. 'H NMR (400 MHz, CDCl:} 6 7.77 (s, 1H)}, 7.63 (s,
1H), 510¢q, J=65Hz 1H),498(q, I =6.6Hz, 1H), 481 (brd, J =46 Hz 1H), 447 (brs,
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1H), 3.99 -390 (mm, 1H), 3.67 -3.53 {m, 2H}, 3.47 - 3.40 (m, 1H), 195 - 155 (m, 12H), 153 (4.
F=64Hz 3H), 146 (d, I =64 Hz 3H).

18379}  3,5-dichloro-4-((6-chlore-5-(1-{{tetrahvdro-2H-pyran-2-yljoxy)ethylpyridazin-3-
vhoxylaniline (29¢}). To a solution of 4-amino-2,6~dichloro-phencl (167.00 mg, 938.13 umol)
and 3,6-dichloro-4-(1-{(tetrabvdro-2H-pyran-2-yhoxv)ethvhpyvndazine {29b) (200 mg, 721.64
vumol) in DMSO (5 mL) was added KoCO5 (29921 mg, 2.16 mmol) and Cul (82 46 mg, 432 98
wmol) was degassed and purged with N for 3 times, and then the mixture was stirred at 90°C for
2 hours under Nz atmosphere. LCMS detected one main peak with desired MS. The reaction
mixture was diluted with HzG 5 mL and extracted with ethylacetate 30 mL (10 mL * 3). The
combined organic layers were washed with brine 10 mL, dried over anhvdrous NaxSOa, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by prep-
TLC (8102, petroleum ether : ethyl acetate = 111, TLC) to give 28¢, 'H NMR (400 MHz,
CDCly 8 755 (s, 1H), 7.37 (5, 1H}, 6.68 (s, 4H), 5.10{q. J = 6.6 Hz, 1H), 5.00 (g, } = 6.4 Hz,
1H), 490 -485 (m, 1H), 452t 1=36Hz 1H) 396(ddd, 1 =38, 7.5, 11.2Hz, 1H}, 3.81 (br
d,]=24Hz 4H), 3.65(ddd, 1=32,80, 113 Hz, 1H), 3.61 ~354 (m, 1H), 3.47-3.40(m.
1H), 1.96- 160 (m, 12H), 1.55¢(4, =65 Hz, 3H), 149 (d, I = 6.4 Hz 3H).

18388F N-(3,5-dichloro-4-({6-chlore-3-(1-{{tetrahydro-2H-pyran-2-yhoxylethyl)pyridazin-
3-yhoxyiphenyl}-S-0x0-4,5-dihydro-1,2 4-exadiazole-3-carboxamide {294}, To a solution of
3, 5-dichloro-4-((6-chloro-5-( 1 «({tetrahydro-2H-pyran-2-yDoxylethyDipyndazin-3-vhoxyianiline
{29¢) (250 mg, 597.08 umol} in DCM (5 mL) was added TEA (181.26 mg, 1.79 mmgol, 249 32
ul} and S-oxo-4H-1,2 4-oxadiazole-3-carbonyl chloride (4e) (133.00 mg, 895.63 umol). The
mixture was stirred at 25°C for 0.5 hours. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (85102, DCM: MeOH = 1001,
according TLCY to give 29d. MS mass calculated for [M+177 (CaoHisClNsOs) required m/z
530.0, LCMS found m/z 5299

[0381] 1-(6-(2,6-dichloro-4-(5-ox0-4,5-dihydre-1,2,4-oxadiazole-3-
carboxamido)phenoxy)-3-ox90-2,3-dihvdropyridazin-4-yiethyl acetate (29¢). To a solution
of N-(3,5-dichloro-4-({6-chloro-5-(1-{{tetrahy dro-2H-pyran-2-y oxy)ethyDpyridazin-3-
vhoxyphenyvl)-5-ox0-4,5-dihydro-1,2.4-oxadiazole-3~carboxamide {29d) (60 mg, 90.44 umol)
m AcOH (3 mL) was added NaGAc (37.09 mg, 452.19 umol). The mixture was stirved at 120°C
for 16 hours. The reaction mixtare was concentrated under reduced pressure to remove AcOH
and then to give 29¢ was used into the next step without further purification. MS mass calenlated

for [M+11"{Ci7H1i3ChNsO7) required m/z 470.0, LCMS found m/z 470.0.
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10382} N-(3,5-dichloro-4-{(3-(1-hydroxyethyl}-6-oxo-1,6-dihydropyridazin-3-
yhoxy)phenyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Example 29}). Toa
solution of 1-(6-(2,6-dichloro-4-{5-oxu-4,5-dihydro-1,2 4-oxadiazole-3-carboxamido)phenoxy)-
3-ox0-2,3-dihvdropyndazin-4-vijethyl acetate (29 e} (105 mg, 223.30 umol) n MeOH (3 k)
and Ho( (0.5 mL) was added LiOH Hz O (18.74 mg, 446.60 umol). The mixture was stirred at
25°C for 1 hour. LCMS detected the desired MS. The reaction mixture was concentrated under
reduced pressure to remove MeOH. The residue was dilated with 6 M HCl to modified pH = 6-
8 and extracted with EtOAc (5 mL * 4), dried over anhydrous NaxSOq, filtered and concentrated
under reduced pressure to give a residue. The residue was punified by prep-HPLC (column:
Lung C18 100*30 Su; mobile phase: fwater (10mM NH4HCO3)-ACN]: B%: 19-40%, 12min)
to give Example 29 MS mass caleulated for [M+11( CisHuChNsOe) required m/z 428 0,
LCMS found m/z 428.0; 'H NMR (400 MHz, DMSQO-de) 6 12.28 (5, 1H), 11.31 (s, 1H}, 7.99 (s,
ZH), 740 (4. J= 1.1 Hz, 1H), 549 {(brs, 1H), 470 (g, F = 6.1 He, 1H), 1.33(d, I = 6.4 Hz, 3H).
10383}  (R3-N-(3,5-dichioro-4-((5-(1-hydroxyethyl)-6-ox6-1,6-dihydropyridazin-3-
viioxyphenyi}-5-ox0-4,5-dibydro-1,2,4-oxadiazole-3-carboxamide (Example 29-P1) and
{5)-MN-(3,5-dichloro-4-{(5-{1-hydroxyethyl}-6-0x0-1 6-dihydropyridazin-3-yloxyiphenyh)-5-
oxo-4.5-dihvdre-1,2 4-oxadiazele-3-carboxamide (Example 29-P2). The N-(3,5-dichloro-4-
{{5-(1-hydroxvethyi)-6-ox0-1,6-dihvdropyridazin-3-yoxyiphenyi)-3-oxo-4,5-dihydro-1,2,4-
oxadiazole-3-carboxamide {Example 29) was checked and purnfied by Chiral SFC (colunm
DAICEL CHIRALPAK AD (Z50mm*30mm, 10um); mobie phase: [0.19%NH3*HZ( McOH],
B%: 40%-40%, 10min} to give Example 29-P1 and Example 29-P2.

{0384} Example 29-P1: MS mass calculated for [M+117( CisHnChNsOe) required sz 428.0,
LCMS found m/z 428.0; H NMR (400 MHz, DMSO-ds) 4 12.26 (s, 1H), 10.71 (brs, 1H), 8.06
(s, 2H), 739¢d, J=13Hz, 1H),54%(brd, J =44 Hz, 1H),474-466(m, 1H), 133{d,]=66
Hz, 3H}.

[0385] Example 29-P2: MS mass calculated for [M+11+( C15HTICIZN506) required m/z
428 .0, LCMS found m/z 427.9; '"H NMR (400 MHz, DMSO-ds) 8 12.26 (s, 1HD), 10.74 (br s,
1H), 805 (s, 2H), 739(d. J =13 Hz, 1H), 549 (brd, J =44 Hz 1H),475-466{m, 1H), 133
(d, J =64 Hz 3H).

Example 30; N-{4-{(8-isopropyl-6-oxo-1,6-dihydropyridazin-3-yhmethyi}-3,5-

dimethylphenyl)-5-0x0-4,5-dihydre-1,2 4-oxadiazole-3-carboxamide
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Example 3¢

{0386} S-bromo-2-(bromomethyl)-1,3-dimethvibenzene (3¢a). To a solution of {(4-bromo-
2. 6-dimethviphenymethanol in DCM (30 mL) was added PPhs (1.83 g, 6.97 mmol). Then the
mixture was cooled to 0-5°C. Then CBrqe (2.31 g, 6.97 mmol) was added in the mixture by
portions. Then the mixture was stirred at 15°C for 0.5 hours under Nz, The mixtare was
concentrated m vacoum to give a residue. The residue was purified by column chromatography
(§8i0z, petroleum cther /ethyl acetate = 1/0 to 10:1, TLC) to give 36a. 'H NMR (400 MHz,
CDCL)Y 8 7.21 (s, 2ZH) 4.50 (s, 2H} 2.39 (s, 6H).

{0387} 2-(4-bromo-2.6-dimethyiphenylacetonitrile (30b}. To a solution of S-bromo-2-
{bromomethyl}-1,3-dimethylbenzene {30a) (1 26 g, 4.53 mmol) m DMF (30 mL) was added
NaCN (244.35 mg, 4.99 mmol) at 15°C. Then the muxture was stired at 13°C for 16 hours.
The mixture was partitiongd between Ethyl acetate (50 mL) and NHuCl agueocus solution (20
mL} twice. The combined organic phase was washed with brine (20 mL*3), dried with

anhydrous Na:SO4, filicred and concentrated m vacuum to give a residue. The residue was
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purified by column chromatography (S102, petroleum ether : ethyvl acetate = 10: 1 10 3: 1, TLC)
to give 30b. 'H NMR (400 MHz, CD=0D) 8 7.28 (s, 2H) 3.79 (s, 2H) 2.38 (s, 6H).

{0388} 2-(4-bromo-2,6-dimethylphenyl}-2-{6-chloro-S-isopropylpyridazia-3-
vhacetonitrile {30¢). To a solution of 2-{4-bromo-2,6-dimethylphenylyacetontirie (30b) (800
mg, 3.57 mmol) and 3,6-dichloro-4-isopropylpyridazine (1a) (682.05 mg, 3.57 mmol) in THF
(10 mL) was was added t-BuOK (1 M, 7.14 mL, 2 eq} dropwise at 60°C, the resulting mixture
was heated to 60°C for 1 hour. The mixture was diluted with water (20 mL) and extracted with
cthyl acetate (50 mL, 2x). The combined organic phase were washed with brine (10 mbL*3),
dried with anhvdrous Na:50u4, filtered and concentrated. The residue was purified by column
chromatography {8102, petroleum cther © ethyl acetate = 10: 1 10 3: 1, TLO) to give 30e. MS
mass calculated for [M+11" (Ci-HiyBrCIN3) required m/z 378 .0, LCMS found m/z 378 .2; 'H
NMR (400 MHz, CD:0D) 8734 (5, 3H) 721 (s, IH) 628 (s, 1IH) 3.01 (dt, I = 13534, 6 T4 Hz,
1H) 2.89 (dt, J = 13.72, 6. 89 Hz, 1H} 2.27 (s, 6H) 1.27 - 1.30 (m, 6H).

10389] 6-(4-bromo-2,6-dimethylbenzyl}-4-isopropylpyridazin-3{ZH}-one {3¢d). A solution
of 2-(4-bromo-2.6-dumethyiphenvi}-2-(6-chioro-3-isopropyipvridazin-3-viiacetonttrile (30¢) (1
g, 2.78 mmol) in AcOH (10 mL), HoO (10 mb) and HCI (40 mL) was heated to 120°C for 48
hours. LCMS showed the starting material was consumed and desired M5 was detected. The
mixture was adjusted to pH~7 with 3M NaOH at 15°C, the solid was filiered and dried to give
30d. The product was used directly for the next step without further punification. MS mass
calculated for M+11" (CisH1oBrN20) required m/z 335.1, LCMS found m/z 335.2; 'H NMR
(400 MHz, DMSO) 5 1256 (s, IH) 7.24 (s, 2H) 711 (s, 1H} 3.90 (s, 2H) 2.97 {quin, } = 6. 82
Hz, 1H) 2.21 (s, 6H) 111 {(d, } = 6.85 Hz, 6H).

{8394} 6-(4-({diphenyimethylene)amino}-2,6-dimethvibenzyl)-4-isopropylpyridazin-
3(ZH}-ene {30e}. To a solution of 6-(4-bromo-2,6-dimethylbenzyl}-4-tsopropylpyridazin-
3(2H}-one (384} (100 mg. 298 .30 umol) and benzophenone tmine (54.06 mg, 298 30 umol,
50.06 ul)) in dioxane (5 mL) was added t-BuONa (43.00 mg, 447 44 umol). Pda(dba); (27.32
mg, 2983 umol) and Xantphos {17.26 mg, 29.83 umol). The mixture was degassed and purged
with N2 for 3 times and stirred at 80°C for 16 hours. The mixture was partitioned between DCM
{20 mL) and sat. ag. NHaCl solution (10 mb) and extracted with DCM a second time. The
combined organic layers was washed with brine (10 mEP*3), dried with anhydrous Nax$8Oq,
filtered and concentrated in vacoum 1o give 38e. MS mass calculated for [MA 1 (CaoHoNa ()
required m/z 436.2, LEMS found m/z 436.4. The residue was used directly for the next step

without further purification.
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10391 6-(4-amino-2,6-dimethylbenzyl)-4-isopropylpyridazin-3(ZH)-ene (30f). A solution
of 6-{(4-{(diphenylmethylene)amino)-2,6-dimethylbenzyl}-d-isopropyvlpyridazin-3(2H}-one {(38e}
{100 mg, 229 59 umol} 10 HCVEfOAC (5 mby was stirred at 15°C for 16 hr. LCMS showed
desired MS was detected. The mixture was diluted with water § ml. and added saturated
agueous of NaHCO: to modified pH = 9~10. The suspension was extracied with EtOAc (13
mb*3), the combimed organic layvers were dried over anhvdrous NapSQq, filtered and
concentrated under reduced pressure to give a residug. The residue was purified by prep-TLC
(Si0s, petroleum cther © ethvi acetate) to give 30f. MS mass calculated for [M+1]1" (CisHa1N:0)
required m/z 2722, LCMS found m/z 272.3; TH NMR (400 MHz, CD:0D) § 6.89 (s, 1H) 6.48
(s, 2H) 3.89 (5, ZH) 3.04 (dt, J = 13.69, 6.72 Hz, 1H) 2.18 (s, SH} 1. 11 (d, I = 697 Hz, 6H).
{0392] N-(4-({5-isopropyl-6-ox0-1,6-dihydropyridazin-3-yhmethyl)-3,5-dimethylphenyl)-
S-px0-4,5-dihydre-1,2,4-oxadiazole-3-carboxamide (Example 36). To a mixture of 6-(4-
amino-2,6-dimethyibenzyl}-4-isopropylpyridazin-3(2H}-one (36f} {10 mg, 36.85 umol) in THF
{1 mL} was added TEA (14 92 mg, 147 41 umol, 2052 ul ) and 5-ox0-4H-1.2 4-oxadiazole-3-
carbonyl chlonde {(de) (10.95 mg, 73.70 umol) at 15°C. The mixture was stured at 15°C for 0.3
hours. The nuxture was concentrated in vacuum to give a residue. The residue was purified by
Prep-HPLC (column: Nano-micro Kromasil C18 100*30mm Sum; mobtle phase: [water
{0.225%FAY-ACN]; B%: 30%-50%,12min) to give Example 38, MS mass calculated for
[V (CroHz N3G required m/z 3842, LOMS found m/z 384 .2, TH NMR (400 MHz,
CE:ODy 6741 (s, 2HY 7.02 (s, 1H) 4.86 (s, 19H} 4.02 (s, 2H) 3.07 (dt, § = 13.72, 6.77 Hz, 1H)
2.30 (s, 6H) 1.15 (4, ] = 6.85 Hz, 6H).

Example 31: N-(4-{(G-(bicyclo|l.1.1}pentan-1-vl}-6-0x0-1 6-dihydropyridazin-3-ylioxy}-3,5-

dichlorophenyi}-S-ox0-4,5-dikhvdro-1,2 d-oxadiazole-3-carboxamide



WO 2020/041741 PCT/US2019/047968

¥

X Cie_ . LNH
Ciel M. OH AGNO;, Hy50, Tl 2Ny S Sy KaCOs, Cul
i o - S a
J\ Y e Ho Y

\/ o) potassium persuifate DMSO, 90°C, 18 1
H,Q, 80-70°C, 20 min

3a
0 4
SN NH, ; e
N g TEA. DCM o NG g 1\.0 NGRS, HOAG
i e 0 SN * [od} /L§N¢O _______________________ B b'r‘w’j/’\”/! \'H\N/ o~
i ! ance e
L cl \g N 120°C.16 b
’ << ci
b 4o e

o
i
I

H H

y o)
C '\. \/«vh\wfi\lx
SN
s ©
Ci
Example 31

18393} 4-(bicycio[l.1.1]pentan-1-yI}-3,6-dichloropyridazine (31a}. To a mixture of 3,6~
dichloropyridazine (170 mg, 1.14 munol) and bicyelo[l. 1. 1pentane-1-carboxylic acid (134.35
mg, 1.20 mmol) in HoO {5 mb) was added AgNG; (193 84 mg, 1.14 nunol) and ammonium
persulphate (286.44 mg, 1.26 mmol} and HaSOa (335.75 mg, 3.42 mmol, 18248 ul in HoG (2.5
ml} in one portion at 60°C under N2, The muxture was stirred at 70°C for 20 minutes, Afier
cooling the mixture was extracted with cthyl acetate (5 mL*2), the organic phases were washed
with NaHCOs (2 b)), brine (5 mL), then dried over NaxS0O, filtered and concentrated. The
residue was purified by column chromatosrraphv (510, petroieum ether : ethyl acetate= 5: 1) to
give 31a. 'H NMR (400 MHz, CD:0D) 8 7.62 (s, 1H), 2.66 (s, 1H}, 2.34 (s, 6H}.
10394} 4-((5-(bicyclo{l.1.ljpentan-1-yi}-6-chloropyridazin-3 VE}OXV) 3,5-dichloreaniline
{31b}. 4-(bicyclo{ 1.1 1}jpentan-1-v1}-3,6-dichloropyridazine {31a) (150 mg, 697 42 umol) and 4-
amino-2,6-dichloropheno! (124.15 mg, 697 42 umo) in DMAO (9 mL) was added Ka2COs
(385.55 mg, 2.79 mmol} and Cul (79.69 mg, 418.45 amol) in one portion at 25°C under Na. The
mixtare was stirred at 90°C for 16 hours. The residue was partitioned between ethy! acetate (20
mb} and H2O (5 mL*2). The combined organic phase was washed with brine (5 mbL.*3), dried
with anhydrous Nax504, filtered and concentrated 1n vacuum. The solid was purified by prep-
TLL (petroleum ether © ethyl acetate= 3: 1) to give 31b. MS mass calculated for [M+1]7
(C1sH12ClaNa0) required m/z 356.0, LOCMS found m/z 3539,
[0395] N-(4-{(5-(bicycio|l.1.1]pentan-1-y}-6-chioropyridazin-3-yijoxy}-3,5-
dichlorophenyh-}-5-ox0-4,5-dihydre-1,2 4-oxadiazele-3-carboxamide (3¢}, To a mixture of
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4-{(S~(bicyclof1.1. Ujpentan-1-vi)-6-chloropyrdazin-3-vhoxv)-3,5-dichloroaniline (31b} (30 mg,
84.12 umol) tn DCM (5 mL} was added TEA {25.54 mg, 252.36 umol, 35.13 ul.} and 5-oxo-4,5-
dihydro-1,2 4-oxadiazcle-3-carbonyl chloride {de} (18.74 mg, 126 18 umol) in one portion at
°C under N2, and the reaction was stured at 0°C for 30 minutes. The residue was diluted with
water (5 mL) and extracted with BDCM (10 mL, 2x). The combined organic lavers were washed
with brine (5 mL*3), dried with anhydrous Na:504, filtered and concentrated in vacuum. The
solid was purified by prep-TLC (petroleum ether : ethyl acetate = 1:1} to give 3ic.

{0396} N-{4-((5-(bicycio]i.l.1]}pentan-1-y1}-6-0x0-1,6-dihydropyridazin-3-yljoxy)-3,5-
dichlorophenyl}-S-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Example 31}, Toa
mixture of N-(4-{(S-(bicveloli 1 Hpentan-1-v1}-6-chloropyridazin-3-vl}oxy}-3,5-
dichlorophenyl-}-5-oxo-4,5-dihvdro-1,2,4-oxadiazole-3-carboxamide (31¢) (18 mg, 38.41 umol)
m AcOH (3 mL) was added NaDAc¢ (15.75 mg, 192.03 umol) in one portion. Then the mixture
was stirred at 120°C under Nz for 16 hours. The mixture was concentrated. The residue was
purified by prep-HPLC {column: Phenomenex Luna C18 100*30mm* Sum; mobile phase:
[water (0.225% FA»ACN]; B%: 43%-75%,10 min) to give Example 31. MS mass calculated
for [MH1T (CisHisClNsOs) required m/z 450.0, LCMS found m/z 450.0; TH NMR (400 MHz,
CD10D) 6 791 (s, 2H), 7.19 (s, 1H), 2.60 (s, 1H), 2.25 (s, 6H).

Example 32: N-(3.5-dichloro-4-((3-(1-hydroxypropyl}-6-ox0-1,6-dihvdropyridazin-3-

yvhoxyphenyi}-S-ox0-4,5-dikydro-1,2,4-oxadiazole-3-carboxamide
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Example 32

183971 1-(3,6-dichloropyridazin-d-ylipropan-1-ol {32a). To a solution of 3,6-dichloro-

1,24 5-tetrazine (1 g, 6.62 mmol} in Tol {10 mL} was added pent-1-yvo-3-cl (1.11 g, 13.25
mmol, 114 mL) at 20°C. The muxture was stirred at 110°C for 16 hours under sealed tube.
LCMS showed desired MS. The reaction mixture was concentrated under reduced pressure to
give a residue. The resudue was purified by prep-TLC (510, petroleum ether | ethyl acetate =
L1y to give 32a. MS mass calculated for [M+1]7 {C/HsCLN:O) required m/z 207 1, LCMS
found m/z 207 .0.'"H NMR (400 MHz, CDCL) 3 7.79 (s, IHD 4.94 (41, ] = 7.73,3.77T Hz, 1H) 2.72
(d, I=403Hz, 1H} 1.94(dqd, ] = 14.52, 739, 739,739,355 Hz, 1H) 1.60-1.72 (m, 1H} 1.06
(t,§ =734 Hz, 3H).

{0398} 3.6-dichloro-4-(1-({tetrahydro-2H-pyran-2-yloxy)propylipyridazine (32b). Toa
solution of 1-(3,6-dichloropyridazin-4-vhpropan-1-ol (32a} (140 mg, 676 .14 wmol) and DHP
{28437 mg, 338 mmol, 30910 oL} in DCM {5 mL) was added TsOH (5.82 mg, 33 81 umol}.
The mixture was stirred at 20°C for | hour. LCMS showed desired MS. The reaction mixture
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was concentrated under reduced pressure to give a residue. The residue was purified by prep-
TLC (8102, petroleum ether /ethyl acetate=2: 1, TLC) to give 32b. MS mass calculated for

IMA 1] (CiaH1sChN2O) required m/z 2912, LCMS found m/z 291.1; TH NMR (400 MHz,
CDCLY ST 71 (5, IH) 7.56 (s, 1HY 4.95 - 500 (m, 1Hy 478 (dd, J = 7.06, 3.97 Hz, 1H) 4.69 (dd,
J=540,200Hz 1H)440 (1, J=342Hz, 1H)385-4.03 (m, 2H}3.54 -3.55(m, 1H) 345
362{(m 2HY333-341(m, 1H}2.04 - 2,10 (m, 1H) 1.47 - 1.94 (m, 24H) 1.05 {t, I =739 Hz,
3H)0.95 (¢, § = 7.39 Hz, 3H).

103991 3.5-dichloro-4-({6-chioro-5-(1-({(tetrahydre-2H-pyran-2-yljoxy)propylpyridazin-
3-yhoxy)aniline (32¢). To a solution of 3,6-dichloro-4-{ 1 -((tetrahydro-2H-pyran-2-
vhoxyypropyDpyrdazine (32b} (130 mg, 446.47 umol} and 4-ammo-2,6-dichlorophenol (79.48
mg, 446 .47 umol) in DMSO (5 mL) was added KoCO5 (246,33 mg, 1.79 mmol) and Cul (51.02
mg, 267 .88 umol) was degassed and purged with N: for 3 times, and then the mixture was
stirred at 90°C for 16 hours under N2 atmosphere. LCMS showed desired MS. The mixture was
dilited in EtOAc {5 mL) and filtrated, and the filiration was partitioned between Ethyl acetate (5
mkb} and HzO 3 mlb. The organic phasc was separated, and the aqueous phase was extracted
with EtOAc (5 mL}. The combined organic phase was washed with brine (10 mL*2}, dried with
anhydrous Naz§0q, filtered and concentrated m vacuum. The residue was punified by Prep-TLC
{petrcleum ether © ethyl acetate=2:1) to give 32¢. M5 mass calculated for [M+117
(C1sHooClaN0s) requived m/z 432.7, LOCMS found mz 432 1 H NMR (400 MHz, CDChR) 8
TA8{s, IH}7.29 (s, 1H) 6.68 (5, 2H) 4.97 (dd, J =7.46,3.79 Hz, 1H} 4.76 - 483 (m, 1H) 4 .46
(t,J=330Hz 1H)393-4.02 (m, IH)3.80 (brs, 2H} 3.54 - 362 (m, 1HY333-341 (m, 1H)
185-1.99 (m, 2H) 1.66 - 1.83 (m, 4H) LO6 (1, J =734 Hz, 2H) 0.96 (t, ] =7 34 Hz, 2H).
{8400} N-{3,5-dichloro-4-{{(6-chioro-5-(1-{{(ietrahydro-2H-pyran-2-
yhoxyipropylpyridazin-3-yijoxyiphenyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazele-3-
carboxamide (32d}. To a solution of 3 5-dichloro-4-{((6-chloro-5-{1-({tetrahydro-2H-pyran-2-
vhoxyypropyhpvridazin-3-vljoxvianiline (32¢} (110 mg, 254.20 umol) o DCM (5 mb) was
added TEA (77.17 mg, 762.60 umol, 106,15 ul.) and S-ox0-4H-1,2 4~oxadiazole-3-carbonyl
chloride (56.63 mg, 381 30 umaol}. The mixture was stirred at 20°C for 0.5 hours. LCMS
showed desired MS. The reaction nuxture was concentrated under reduced pressure to give a
residue. The residue was punified by prep~TLC (8102, petroleum ether : ethyl acetate = §: 1) to
give 32d. MS mass calculated for [M+1]7 (C2iHeClNsO6) required mz 544 8, LCMS found
m/z 544 6. TH NMR (400 MHz, CD:0D) 8§ 797 (5. 2H) 764 (5. 1H) 4 83 {(dd. J = 8.05, 320 Hz,
IHY3.92 (s, IHY 187 - 1.97 (m, ZH) 1.59 - 1.69 (o, 1H) 1.06 (1, } =728 Hz, 3H).
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10401} 1-(6-(2,6-dichklore-4-(5-0x0-4,5-dihydro-1,2,4-oxadiazole-3-
carboxamide}phenoxy)-3-ox0-2,3-dihydropyridazin-d-ylipropyl acetate (32¢}. To a solution
of N-(3,5-dichloroe-4-{{6-chloro-5-(1 -{{tetrahvdro-ZH-pyran-2-vijoxy)propvi) pyridazin-3-
vhoxyiphenvl)-5-oxo-4, 5-dihydro-1,2 4-oxadiazole-3-carboxamide {32d) (130 mg, 238.63
umol, 1 eg) in HOAc (5 mL) was added NaOAc (97 88 mg, 1.19 mmol). The mixture was
stirred at 120°C for 16 hours. The reaction mixture was concentrated under reduced pressure to
remove AcOH to give 32e. MS mass caleulated for [M-+117 (CiaHisChNsO7) required m/z
4842, LCMS found m/z 484.1. The crude product was used mto the next step without further
purification.

184021 N-(3,5-dichloro-4-({(5-(1-hydroxypropyl}-6-ox0-1,6-dihydrepyridazin-3-
vhoxy)phenyl}-5-0x0-4,5-dihydro-1,2,4-oxadiazele-3-carboxamide (Fxample 32). Toa
solution of 1-(6-(2, 6-dichloro-4-(5-ox0-4,5-dihvdro-1,2,4-oxadiazole-3-carboxamido)
phenoxy}-3-0x0-2,3-dihvdropyridazin-4-ylipropyi acetate {32¢) {113 mg, 23748 amol} in
MeOH (3 mb) and Hz0 (0.5 mL} was added LiOH H:O0 (1 M, 474 97 ull}. The mixture wag
stirred at 25°C for 1 hour. The reaction mixture was concentrated under reduced pressure to
remove AcOH. The residue was diluted with water 5 mL. The suspension was extracted with
EtOAc (30 mL*3)}, the combined organic layers were dried over anhydrous NaxS0q, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by Prep-HPLC
{columm: Phenomenex Luna C18 100%30mm* Sum; mobile phase: fwater (0.223%FA)}-ACN]
B9 30%-60%, 10min} to give Example 32. MS mass calculated for [M+1]" (C1sH1iChNsOe)
required m/z 442 2, LCMS found m/z 442 .0; TH NMR {400 MHz, CD:0D) § 7.92 (s, 2H) 7.47
(s, 1H}4.85 (s, 29H) 474 (br d. J=477Hz, 1H) 1.88-202 (m, 1H) 151~ 164 {m, 1H) 1 02 {t,
J=740Hz, 3H).

Example 32 P1 and P2: N-(3,5-dichloro-4-((8-(1-hydroxypropyh)-6-0x0-1,6-

dihydropyridazin-3-vi}oxyphenyl}-3-0x0-4,5-dihydre-1,2,4-oxadiazole-3-carboxamide
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Example 32-P1 Example 32-P2

[0403] N-(3,5-dichloro-4-{{6-chioro-5-(1-hydroxyprepylipyridazin-3-vl}oxyiphenyh)-5-
oxo0-4,3-dihyvdro-1,2 4-oxadiazole-3-carboxamide (32f). A solution of N-(3,5-dichloro-4-({6-
chloro-3-(1-((tetrahydro-2H-pyran-2-vioxypropylpyridazim-3-vBoxyphenyl}-3-0x0-4,5-
dihydro-1,2 4-oxadiazole-3-carboxamide (32d} {160 mg, 293 70 umol) in TFA (1 mL) and
DCM (3 ml) was stivred at 20°C for 2 hours. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was purified by Prep-HPLC (columm:
Phenomenex Luna C18 100*30mm* Sum; mobile phase: fwater (0.2%FA-ACN]; B%: 35%-
63%, 10mun) to give 32, MS mass calculated for [M+11 (CieH12ClNsOs) required m/z 460.0,
LCMS found m/z 460.1.
{3404] SKFC separation. N-(3,5-dichloro-4-({6-chloro-5-(1-hvdroxypropvlpyridazin-3-
vhoxyphenvi}-5-oxo-4,5-dihydro-1,2.4-oxadiazole-3-carboxamide {321} (95 mg, 206.23 umol)
was separated by SFC (column: DAICEL CHIRALCEL OJ (250mum*30mm, 10um); mobile
phase: [0. 1% NH3*H20 MeOH]: B%: 30%-30%,5min} to give 32f-P1 and 32f-P2.
[8405] (R)-N-(3,5-dichloro-4-{(3-{1-hydroxypropyl}-6-ox0-1,6-dihydropyridazin-3-
vhoxy)phenyl}-5-0x0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Fxample 32-P1). A
solution of (R}-N-(3,5-dichloro-4-{{6-chloro-5-(-hyvdroxypropypyridazin-3-vhoxyiphenyl3-5-
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oxo-4,5-dithydro-1,2 4-oxadiazole-3~carboxamide {32f-P1) (10.00 mg, 21.71 umol) in HOAc (2
mb} and HoO (0.1 mL} was stirred at 120°C for 16 hours. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was purified by Prep-HPLC
{colunmm: Phenomenex Luna C18 200*40mm™* 10um; mobile phase: [water (0.225%FA)-ACN];
B%: 20%-50%, 12min} to give Example 32-P1. MS mass calculated for [M+1}"
(CisH13C1N506) required myz 442 .0, LCMS found m/z 442.0; 'H NMR (400 MHz, CD:0D) &
792{s,2H} 747 (1, } =098 Hz, 1H) 487 (s, 40H) 4.73 {brd, J = 4.03 Hz, 1H) 1.90 - 1.98 (m,
THY 138 (dt, = 1415, 729 Hz, 1H) 1 02 (. J =7 40 Hz, 3H).

10406]  (5)-N-(3,5-dichloro-4-((3-(1-hydroxypropyl}-6-ox0-1,6-dihydropyridazin-3-
yhoxy)phenyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Example 32-P2). A
solution of (8)-N-(3,5-dichloro-4-((6-chloro-3-(1-hvdroxypropvhpvrdazin-3-vljoxy)phenyl}-5-
ox0-4,5~dthvdro-1,2 4-oxadiazole-3-carboxamide (32f-P2) (10.00 mg, 21.71 umol) in HOAC (2
mb) and H:O (0.1 mL) was stirred at 120°C for 16hr. The reaction mixture was concentrated
under reduced pressure to give a residue. The residue was purified by Prep-HPLC (column:
Phenomenex Luna C18 100*30mm* Sum; mobile phase: jwater (0.2%FA)-ACN]|; B%: 20%-
50%,10min to give Example 32-P2. MS mass calenlated for [M+1]7 (CisHi3ClNsOe) required
m/z 442 .0, LCMS found m/z 442.0; TH NMR {400 MHz, CD:0Dy 3 791 (s, ZH) 747 (d, I =
LI0OHz 1H) 487 (s, I9H) 4.73 (dd, § = 7.09,3.06 Hz, 1H} 1.95 (ddd, J = 13.91, 743,348 Hz,
TH) 1.32 - 1.63 (m, 1H) 1.02 (1, =734 Hz, 3H).

Example 33: N-(3,5-dichloro-4-({5-(2-hydroxyprepas-2-vi}-6-oxo-1,6-dihydropyridazin-3-

vhoxviphenyl}-5-0x0-4,5-dihvdroe-1,2,4-oxadiazole-3-carboxamide
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[3407]
1,2.4,5-tetrazine (500 mg, 3 31 mmol} in Tol. {5 mL) was added 2-methylbut-3-yn-2-0l at 20°C.

2-{3,6-dichlorepyridazin-4-ylipropan-2-ol {33a). To a solution of 3,6-dichloro-

The puixture was stirred at 115°C for 16 hours under sealed tube. LEMS showed desired MS.
The reaction nmixture was concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography (5102, petroleum ether © ethyl acetate= 10: 1 10 4:1
,TLC) to give 33a. MS mass calculated for [M+1]7 {CoHClaN2O) required m/z 207.0, LCMS
found m/z 207.0; TH NMR (400 MHz, CDCI) 8 7.98 (s, 1H) 2.17 (s, 1H) 177 (s, 6H).

[3408]
To a solution of 2-(3,6-dichloropyridazin-4-ylipropan-2-ol {33a} (70 mg, 338.07 umol) in DCM
{5 mL} was added DHP (142 19 mypg, 1.69 muncl, 154 56 ul} and PPTS (16 .99 mg, 67.61 umol).

3,6-dichloro-4-(2-({tetrahydro-2H-pyran-2-vljoxyipropan-2-ylpyridazine (33b}.

The nuxture was stirred at 20°C for 16 hours. The mixture was diduted with water (5 mL) and
extracted with ethyl acetate (15 mL, 2x3. The combined organic layers were washed with brine
{10 mbL*3}, dried with anhyvdrous NaxsQy, filiered and concentrated in vacuom to give a residue.
The residue was purified by prep-TLC (5102, petroleum ether : ethyl acetate= 5 1, TLC) to give
33b. MS mass calculated for [M+1]7 (CioHisChN2O2) requived mz 2911, LCMS found mivz
291.1; 'TH NMR (400 Mz, CDCl3) 8§ 785 (s, 1H) 484 (dd, J =562, 281 Hz, 1H) 4.01 - 4.08
(m, IH}3.88-395(m, 1H)357(dt J=11.13, 544 Hz, 1H) 347 {(dt. J=1137, 569 Hz, 1H)
1.83-1.96(m, 2H) 178 (s, 3H) 1.75 (5, 3H) 1 .56 - 1.73 (m, 6H).
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{0409}  3,5-dichloro-4-({6-chloro-5-(2-((tetrahydro-2H-pyran-2-yljoxy)propan-2-
vhpyridazin-3-yBoxy}anline (33¢). To a solution of 3.6-dichlore-4-(2-({tetrahydro-2H-pyran-
2-yhoxy jpropan-2-vipyridazine {33b} (40 mg, 137.38 umol) and 4-amino-2,6-dichlorophenol
{24 45 mg, 137.38 umol) i DMSO (4 mL) was added KaCO5 (75,94 mg, 549 .50 umol) and Cul
(15.70 mg, 82.43 umol} was degassed and purged with N2 for 3 times, and then the mixture was
stirred at 90°C for 16 hours under N2 atmosphere LCMS showed desired MS. The nuxture was
diluted in EtOAc {5 mLl} and filtered. The filtrate was partitioned between ethyl acetate (5 mb)
and HaO (3 mL). The organic phase was separated, and the aqueoous phase was extracted with
EtOAc (5 mL). The combmed organic phase was washed with brine (10 mL*2), dried with
anhydrous Nax§0q, filtered and concentrated m vacuum. The mixture was purified by Prep-
TLC {(petroleum cther : ethyl acetate= 3 1) to give 33¢. MS mass calculated for [M+1*
(CisH2oC1aN303) required m/z 4321, LOMS found m/z 432.1.
{3418]  N-(3,3-dickloro-4-{{6-chloro-5-2-{{tetrahydro-2H-pyran-2-yvijoxy}propan-2-
yvhpyridazin-3-yhoxyiphenyi)-5-oxo-4,5-dihydro-1,2,4-oxadiavele-3-carboxamide (334). To
a sohution of 3,5~dichloro-4-({(6-chloro-5-{ 2-((ictrahvdro-2H-pyran-2-yhoxypropan-2-
vhpyridazin-3-yhoxy)anitine {33¢) (25 mg, 37.77 umol) m DCM (1.5 mL) was added TEA
{17 54 mg, 173.32 umol, 24.12 b and 5-ox0-4,5-dihydro-1,2 4-oxadiazole-3-carbonyl chloride
{de) (12.87 mg, 86.66 umel). The mixture was stirred at 20°C for 0.5 hours. LLMS showed
desired MS. The reaction mixture was concentrated under reduced pressure to give a residuc.
The residue was purified by prep-TLC (8102, petroleum cther © ethyl acetate} to give 33d. MS
mass calculated for [M+11 (CaiHa0ClNsOs) required mvz 544.0, LCMS found m/z 5441, 'H
NMR (400 MHz, CDsOD) 3 798 (s, 2H) 7.76 (s, 1H) 436 - 4 41 (m, 6H) 3.93 (s, 3H) 3.83 -
389 (m, T 3.62-365¢m, 2H) 359, J=660Hz SH}3 48 (41,1 =773,622 Hz, OH) 1 92
(dt, =614, 310 Hz, 4H) 1.78 - 1 .88 {m, 16H)} 1.66 - 1.75 (m, SH).
{0411} N-(3,5-dichloro-4-((5-(Z-bydroxypropan-2-yh)-6-oxo-1,6-dibhydropyridazin-3-
vhoxyiphenyi}-5-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Example 33). A solution
of N-(3,5-dichloro-4-({6-chloro-5-(2-({tetrahydro-2H-pyran-2-yDoxy)propan-2-vhpyrdazin-3-
vhoxyphenvi)-5-oxo0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide {(33d} (25 mg, 45.89 amol)
m HOAc (2 mL) and HoO (0.1 mbL) was stirred at 120°C for 16 hours. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was purified by Prep-HPLC
{column: Phenomenex Luna €18 200%40mm™* 10um; mobile phase: [water (0.223%FA)-ACN];
B%: 20%6-55%,12min} to give Example 33. MS mass calculated for [M+117 (C1eH13CTN506)
required mz 442.0, LCMS found mz 441.9; 1H NMR (400 MHz, CDB;0D) 6 7.91 (g, 2H) 7.58
(s, 1H) 4.85 (brg, 126H) 1.62 (s, 6H}.
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Example 34: N-(3,5-dichloro-2-fluoro-4-((5-isopropyl-6-ox0-1,6-dihydropyridazin-3-

vhoxviphenyl}-5-0x0-4,5-dihvdroe-1,2,4-oxadiazole-3-carboxamide
e
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Example 34
10412} 6-{4-amino-2,6-dichlore-3-fluorophencxy)-4-isopropylpyridazin-3{2H}-one {34a}.
To a solution of 6-(4-amino-2,6-dichlorophenoxyi-4-isopropyipyridazin-3(ZH}-one (8b) (300
mg, 954 .91 uymol) in CHCN (10 mbL) and THF (10 mL) was added NaHCGO; (240.66 mg, 2.86
mmol, 111,41 yL). Then Select F (37211 mg, 1.05 mmeol} was added to the mixture in portions
at 20°C. Then the mixture was stirred at 20°C for 2 hours. The mixture was diluted with EtOAc
(30 mL) and HzO (30 mL}. The organic layer was washed with brine (10 mL), dried in vacuum.
The residue was purified by Prep-TLC (petroleum ether : ethy! acetate=1:1} to give 34a. 'H
NMR (400 MHz, CD;0033729(d, J =086 He, IH) 6894{d, I =844 Hz, 1H)3.10-3.23 (m,
1H) 1.25 - 1.33 {(m, 5H).

[0413] N-(3,5-dichloro-2-fluoro-4-({5-isopropyl-6-ox0-1,6-dihydropyridazin-3-
yhoxyiphenyl}-53-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (Example 34). Toa
solution of 6-{4-aminc-2,6-dichloro-3-fluorophenoxy}-4-isopropylpyridazin-3{(ZH}-onc {34a}
{100 mg, 301 .06 umol) in DCM (4 mlL) was added TEA (91 .39 mg, 903.1% umol, 12571 ul}
and 3-oxo-4H-1,2 4-oxadiazole-3~carbonyl chloride {de} (67.06 mg, 451 59 umol). The nuxture
was stirred at 20°C for 0.5 hoars. LCMS showed desired MS. The reaction mixture was
concentrated under reduced pressure to give a residug. The residue was purified by prep-TLC
{5102, petroleum ether : ethyl acetate) to give the desired material. The desired compound was
re-purified by Prep-HPLC (columm: Phenomenex Luna C18 200%40mm* 10um; mobile phase:
fwater {0 225%FA-ACN] B%: 20%-60%.12min} to give Example 34, MS mass calculated for
IMH1T (CI6HI2CIZFNS05) required m/z 444.0, LCMS found m/z 443.9; TH NMR (400 MHz,
COD 6797 e d J=06T72Hz, I 737 (s, IH) 487 (brs, 13F) 3.12-3.22 (m, 1H} 128 (br
d, J=6.60Hz, 6H).
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Scheme F: 4-((8-(1-((tert-butyidimethyisilyDoxy)propan-2-vi)-6-chloropyridazin-3-vijoxv}-

3,5-dichloroaniline (Compound 35¢)
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{3414 2-(3,6-dichloropyridazin-4-yhpropan-1-o} {35a). To H:0 (25 mL) was added TFA
{497 g, 43.63 mumol, 3.23 mL} at 30°C, then Z-methylpropane-1,3-dict (6.65 g, 73 .8 mmol, 6.59
mk} was added in the mixture, followed by addition of 3,6~dichloropyridazine {5 g, 33.6 mamol}
and AgNG: (7.70 g, 45.3 mmol). Then a solution of ammomnia hydrogen thiosulfate (153 g, 67.1
mmol, 14.6 mL} in H2O (15 mL) was added in the mixture in portions at 30 °C, and the resulting
maxture was stirred at 50 °C for 0.5 hours. The reaction mixture was partitioned between HaO
{45 mL) and EtOAc (530 mL). The organic phase was separated, washed with H2O (50 mL* 3},
dried over Naz804, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (510:, petroleum ether/ethyl acetate) to give
35%a. MS mass calculated for [M+1]"(C-HeChN2O) requires m/z 207.0, LCMS found m/z 207 .0,
HNMR (400 MHz, CDCI) 8 752 (5, 1HD, 393 - 3.84 (m, 2H), 345 -3.30 (m, 1H), 1.35¢d,.J
= 7.2 Hz, 3H).

{0415] 4-(1-{{tert-butyldimethyisilyl)oxy)propan-2-vi}-3.6-dichioropyridazine (35b). Toa
solution of 2-(3,6-dichloropyridazin-4-yhpropan-1-ol (38a) (3.4 g, 16.4 manol) and teri-butyl-
chioro~-dimethyl-silane (2.47 g, 16.4 mmol, 2.01 mL} in DMF (25 mL} was added imidazole
(134 g, 19.7 mmol). The mixture was stirred at 25°C for 1 hr under Nz atmosphere. The
reaction mixture was diluted with water {100 mL) and extracted with EtOAc {100 mbL* 3). The
combined organic phase was washed with brine (80 mL* 2}, dried with anhydrous NaxSO4,
filtered and concentrated in vacoum to give 38b. The product was used directly in the next step
without further purification. MS mass calenlated for M+ {(C13HnChNOSH) requires m/z

3211, LOCMS found m/z 321.0; tH NMR (400 MHz, CDCl5) 8 748 (s, 1H), 3.77(d, J=4 4 Hz,
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2H}, 338 -329 (o, 1H), 132(d, /=68 Hz, 3H), .88 -0.79 (m, OH}, 0.04 - 8.02 (m, 3H), 0.02
- (.08 (m, 3H).

10416  4-((5-(0-((tert-butyldimethylsilyDoxyipropan-2-vi)-6-chloropyridazin-3-yijoxy}-
3.5-dichloroaniline {35¢). To a solution of 4-(1-({(tert-butyidunethyisitvlyoxypropan-2-y13-3,6-
dichloropvridazine {35b} (1 g, 3.11 mmol) in BMSO (15 ml} was added 4-amino-2,6-
dichlorophenol (752 84 mg, 3.11 mmmol}, KoCO5 (1.29 g, 9.34 mmol) and Cul (355,63 mg, 1.87
mmol}. The mixture was stirred at 90 °C under Nz atmosphere for 5 hours. The suspension was
filtered through a pad of Celite and the pad cake was washed with EtQAc (50 mL). The reaction
mixture was guenched by addition HoO (30 mL}, and then extracted with ethyl acetate (30 mL)
and extracted with EtQAc {50 mL * 5). The combined organic layers were washed with brine
{530 mL * 2), dried over NaxSOq, filtered and concentrated vnder reduced pressure. The residuc
was purified by column chromatography (5102, petroleum ether: ethyl acetaie) to give 35¢. MS

mass caleulated for [PM+1 ] (CroHzeClN3 0281} requires mz 4621, LCMS found m/z 462.1.

Example 35: N-(3,5-dichloro-4-{(5-(1-hydroxyprepan-2-vi)-I~-methyi-6-0x0-1,6-
dihydropyridazin-3-yloxyphenyl}-S-ox0-4,5-dikhydro-1,2 4-oxadiazole-3-carboxamide
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38 Example 3%

84177 2-(6-(2,6-dichloro-4-(1,3-dioxoiseindolin-2-yliphenoxy}-3-ox0-2,3-
dibydropyridazin-4-vi)propyl acetate (35d}. To a solution of 4-({5-(1~{(tert-
butyldimethvlisilvhoxy)propan-2-yl}-6-chloropynidazin-3-yljoxy)-3,5-dichloroanilme {35¢) (510
mg, 1.10 mmol} in HOAc (8 mL) was added isobenzofuran-1, 3-dione (244 8 mg, 1.65 mmol)
and NaQOAc (271 2 mg, 3 31 muncl). The mixture was stirred at 120°C for 16 hours. The
reaction mixture was concentrated under reduced pressure to remove HOAc., The residue was
diluted with H2O (30 mL) and extracted with EtOAc (30 mL * 3). The combined organic layers
were washed with brine (30 mL}, dried over NanSO4, filtered and concentrated under reduced

pressure to give a residue. The residue was purified by column chromatography (5102,
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petroleum ether: othyvl acetate) to give 35d. MS mass calculated for [M+1]7{CosHi7ClaNzOe)
requires sz 502.0, LCMS found m/z 502.1.
0418] 2-(6-(2,6-dichloro-4-(1,3-dicxuisoindolin-2-ylphenoxy}-Z-methyl-3-0x0-2,3-
dibydropyridazin-4-vi)propyl acetate {(3%e). To a solution of 2-{6-(2,6-dichloro-4-(1,3-
dioxotsoindolin-2-vl)phenoxy}-3-ox0-2,3-dihvdropyridazin-4-yhpropvl acetate (354} (230 mg,
457 .9 umol} in BMF (3 mb) was added K:CO3 (107.6 mg, 778 4 amol) and Mel (130.0 mg,
913 8 umol, 57.0 uL). The muxture was stirred at 25 °C for 3 hours. The reaction mixture was
gquenched by addition HzO (15 mlL) at 25 °C, and then extracted with EtQAc (15 mL* 3). The
combined organic layers were washed with brine (30 mL), dried over NaxS04, filtered and
concentrated under reduced pressure to give 3%¢. The nuxture was used into the next step
without further purification. MS mass calculated for {M+1]" (CadH1sChNaGe) requires m/z
5161, LOCMS found mz 5161
[3419]  6-(4-amino-2,6-dichlorophenoxy)-4-(L-hydroxypropan-2-yi}-2-methylpyridazin-
32H)-one (350}, To a sohution of 2-(6-(2,6-dichloro-4-{1 3-dioxoisoindolin-2-vhphenoxy)-2-
methvi-3-ox0~2,3~dihvdropynidazin-4-vhpropvl acetate (35¢} (223 mg, 431 .89 umol) in MeOH
{5 mL} was added butan-l-aming {1.11 g, 15.2 mmol, 1.5 mL}. The mixture was stirred at 70 °C
for 1 hr. The reaction nuxture was concentrated under reduced pressure to remove MeOH. The
residuc was purified by prep-TLT (8100, petroleum ether: ethyl acetate) to give 35f. MS mass
calculated for [M+1T(CuHsChNsOs) requires m/z 344 .0, LCMS found m/z 344 .0,
[3428]  N-(3,5-dichloro-4-{{S5-(1-hydroxypropan-2-yi)-1-methyb-6-0x0-1,6-
dihydropyridazin-3-vhoxyiphenyi}-5-ox6-4,5-dihydre-1,2,4-oxadiazole-3-carboxamide
{Example 35). To a solution of 6-(4-amino-2,6-dichlorophenoxy }-4-( I-hvdroxypropan-2-vi}-2-
methvipyndazin-3(2H)-one (35f) (50 mg, 1453 umol) in THF (3 mL) was added TEA (44.1 mg,
435 .8 umol, 60.7 ul) and S-ox0-4H-1,2 d-oxadiazole-3-carbonyl chloride (32 4 mg, 2179
umol}y. The mixture was stirred at 25 °C for 5 minutes. TLC and LUMS showed 35f was
consumed completely and desired mass + Ac was detected. The reaction mixture was quenched
by addition of MeOH (5 mL) at 253°C. Then the pH was adjusted to 10~12 with LiGHH20, and
the resulting mixture was stirred at 25 °C for 1 hour. LCMS showed the desired MS was found
m the major peak. Then the mixiure was concentrated n vacuum, and the residue was purified
by prep-HPLC (column: Watcers Xbridge Prep OBD Ci8 150%40mm* 10um; mobile phase:
fwater (10mM NH4HCQO3-MeCN]} to give Example 38, MS mass calculated for [M+1]7
{C17H15CLNsOs) requires m/z 436.0, LCMS found m/z 456.1; 'H NMR (400 MHz, CD:0D) &
793 (s, 2H), 734 (s, 1H), 380 (dd, /=60, 106 Hz, 1H), 3.73 -3.66 (m, 1H). 3.51 (s, 3H), 3.29
=323 (m, iH), 129, J=70Hz 3H).
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Example 36: N-(3,5-dichloro-4-({5-(1-hydroxyprepas-2-vi}-6-oxo-1,6-dihydropyridazin-3-

vhoxviphenyl}-5-0x0-4,5-dihvdroe-1,2,4-oxadiazole-3-carboxamide
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agb Exarmple 36
{3421]  N-(3,5-dickloro-4-{{6-chloro-5-(3-hydroxypropan-2-ylipyridazin-3-yhoxyiphenyl)-
S-0x0-4,5-dihydro-1,2,4-oxadiazole-3-carboxamide (36a). To a solution of 4-{(5-(1-((tert-
butyldimethylsilyhoxy)propan-2-vi)-6-chloropyndazin-3-vl)oxy)-3,5-dichloroaniline (33¢) (50
mg, 108.0 umol) in THF (2 mL} was added TEA (32 8 mg, 324.0 umol, 45.1 uL} and 5-oxo-4H-
1,2 4-oxadiazole-3~-carbonyl chloride (24.1 mg, 162 0 umol}. The mixture was stirred at 25 °C
for 5 minutes. The reaction mixture was guenched by addition of MeOH (25 ml) at 25 °C, and
the reaction mixture was concentrated under reduced pressure to give a residue. The residue was
puritied by prep-TLC {5100, petroleum ether: ethvl acetate} to give 36a. MS mass calculated for
IMAHTT  CrsH 1 CLNOs) reguires mz 460.0, LCMS found m/z 460.0.

18422} 2-(6-(2,6-dichloro-4-(5-0x0-4,5-dihvdro-1,2,4-oxadiazole-3-
carboxamide}phenoxy)-3-oxe-2,3-dihydropyridazin-d-ylipropyl formate (36b}). Toa
solution of N-(3,5-dichloro-4-{{6-chioro-5-(1-hydroxvpropan-2-yDpyridazin-3-vijoxyjphenvi}-
S-oxo-4,5-dihvdro-1.2 4-oxadiazole-3-carboxanude (36a) (40 mg, 86.8 umol) im HCOOH (5
ml} was stirred at 100 °C for 16 hours. The reaction mixture was concentrated under reduced
pressure to remove HCOOH. The residue was purified by prep-TLC (810, ethyl acetate:
petroleum cther) to give 36b. MS mass calcualated for [M+11 (C17H1:CLNsO7) requires m/z
476.0, LCMS found m/z 470.0.

04231 N-(3,5-dichloro-4-((3-(1-hvdroxypropan-2-yi}-6-0x0-1,6-dihydropyridazin-3-
vhoxyiphenyi}-5-ex0-4,5-dihydre-1.2,4-0xadiazole-3-carboxamide {Example 36}. To a
solution of 2-(6-(2,6-dichloro-4-{5-oxo-4,5-dihvdro-1,2 4-oxadiazole-3-carboxamido)phenoxy -

3-ox0-2 3-dihvdropyridazin-4-vDpropyl formate (36b) (35 mg, 74.4 umol) in MeOH (4 mL) was
146



WO 2020/041741 PCT/US2019/047968

added LaOH.H20 (3.8 mg, 88.3 umol) m HzO (1 mL). The muxture was stirred at 25 °C for |
hour. The reaction mixture was concentrated under reduced pressure to remove MeQOH. The
residuc was purified by prep-HPLC {colump: Waters Xbridge BEH C18 160*30mm™ 10um;
mobile phase: {water (10mM NH4HCO3)-MeCN]) 1o give Example 36, MS mass calculated
for [MH11 (CI6H I3CI12N506) requires m/z 442.0, LCMS found m/z 4421, 'THNMR (400
MHz, CD:0D) 6 7.91 (s, 1H), 7.36 (s, 1H), 3.84 - 3.78 {m, 1H}, 3.73 - 3.67 (m, 1H), 3.26 - 3.20
{m, 1H}, 1.30(d, /= 7.0 Hz, 3H).

Example 37: N-(3,5-dichloro-4-{{5-(2-hydroxypropan-2-yi}-1-methyi-6-0x0-1,6-
dibydropyridazin-3-vijoxyiphenyi}-S-ox0-4,5-dibydro-1,2 4-oxadiazole-3-carboxamide
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37e Example 37

0424  2-(3,5-dichloro-4-{(5-(2-hydroxypropan-2-yl}-6-0x0-1,6-dihydropyridazin-3-
vBoxyphenvilisoindoline-1,3-diene {37a). To a mixture of 3,5-dichloro-4-({(6-chlorg-5-(2-
{(tetrahydro-2H-pyran-2-yioxypropan-2-yhpyndazin-3-yhoxyaniline (33¢) (100 mg, 231.1
umol} and isobenzofuran-1,3-dione (37.7 mg, 254.2 umol} in HOAc (2 mL) was added NaOAc
{94 .8 mg, 1.16 mmol) under Nz, The mixture was stirred at 120 °C for 16 hours. The residoe
was poured into water {3 mL). The agueous phase was extracted with ethyl acetate (10 mbP*3).
The contbined organic phase was washed with brine (10 mL*2), dried with anhvdrous NaxS0s,
filtered and concentrated 1o vacuum. The residue was purified by prep-TLC (8102, petrolenm
ether/ethyl acetate) to give 37a. M5 mass calculated for [M+117{ CaHisChN3Os) requires m/z
460.0, MS mass found m/z 460.0; 'H NMR (400 MHz, CDCE)Y 8 9.91 (brs, 2H), 8.11 - 7.93 (m,
2H}, 792774 (o, 3H), 761 (4, 7= 1.6 Hz, 3H}, 7.30 - 7.28 (m, 1H}, 2.16 - 2.00 (m, 3H), 1.90
- 1.84 (m, 2H), 168 (brd, J=6.0 Hz, 1H), 1.67 - 1.65 (m, 1H), 1.67 - 1.65 {(m, 1H), 1.66 (s,
1H).
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10425]  2-(3,5-dichloro-4-((5-(2-hydroxyprepan-2-yi}-1-methyl-6-030-1,6-
dihydropyridazin-3-yloxy)phenylisoindoline-1,3-dione (37b). To a mixture of 2-(3,5-
dichloro-4-((5-(2-hydroxypropan-2-vi}-6-oxo-1,6-dihydropyridazin-3-
vhoxyiphenvijisomdoline~1,3~-dione (37a) (50 mg. 108.6 umol} in DMF (3 mL) was added
K2CO: (30.0 mg, 217.3 umol) and Mel (30.8 mg, 217 .3 umol, 13.53 ul) under N2, The mixture
was stirred at 20 °C for 1 hour. The reaction was poured mto water (5 mL). The agqueous phase
was extracted with EtOAc {15 mbL* 2). The combined organic phase was washed with brine (10
mbL* 2}, dried with anhydrous Na:$0O4, filtered and concentrated in vacuum. The residuc was
purified by prep-TLC (5102, petroleum cther: ethyl acetate) to give 37b. MS mass calculated for
IM-+ T {CazHi7ChNaOs) requires m/z 4741, MS mass found m/z 4741,

{0426 6-{4-amino-2,6-dichlorophenoxy)-4-(Z-hydroxypropan-2-yl)-2-methylpyridazin-
3(ZH)-one (37¢). To amixture of 2-(3,5-dichioro-4-({5-(2-hvdroxypropan-2-yi)-1-methyl-6-
oxo-1,6-dihydropyridazin-3-vhoxyiphenvljisoindoline-1,3-dione (37b) (30 mg, 63.3 wmol) in
MeOH (1.5 mL) was added u-butylamine (11.6 mg, 1538.1 umol, 15.63 ub} under No. The
mixture was stirred at 70 °C for 1.5 bours. The reaction mixiure was concentrated under reduced
pressure to give aresidue. The residue was purified by prep-TLC (510:, petroleum cther: ethyl
acetate) and the obtained crude product was re-purified by prep-HPLC {column: Waters Xbridge
BEH C18 100*30mm* 1 0um; mobile phase: [water {10mM NHHCO3)-MeCUN}) to give 37¢. 'H
NMR (400 MHz, CDBCl33 8720 - 7.08 (m, 1H), 6.75 - 6.62 {m, 2H), 568 - 551 {m, 1H), 3.85 -
3.71 {m, 2H), 3.63 - 3.50 {m, 3H), 1.62 (s, 6H).

134271 N-(3,5-dichloro-4-{{5-(2-hydroxypropan-2-vi}-1-methyl-6-ox0-1,6-
dihvdrepyridazin-3-yi}oxyiphenyi}-5-0x0-4,5-dihydre-1,2 4-oxadiazole-3-carboxamide
{Example 37). To a mixture of 6-(4-amino-2 6-dichlorophenoxy)-4-(2-hydroxypropan-2-v1}-2-
methvlpyndazin-3(2H}-ong (37¢} (10 mg, 29.05 umol) in THF (2 mL} was added TEA (8.82
mg, 87 12umol, 12.1 oL} and 5-ox0-4,5-dihydro-1,2 4-oxadiazole-3-carbony! chloride (12.9 mg,
872 uraol) under N2, The mixture was stirred at 20 °C for 2 hours. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was puntied by prep-HPLC
{columm: Welch Ultimate AQ-C18 150%30mm™*Sum; mobile phase: [water (0. 1% TFA)-MeCUN]}
to give Example 37. MS mass calculated for [M+117{C17H1sChNsOs) requires m/z 456.0, MS
mass found m/z 456.0; ‘H NMR (400 MHz, CD:0D) 5 7.96 - 7.88 (m, 2H), 7.60 - 7.52 (m, 1H),
446437 {m, 1H), 3.68 -3.539 (m, 1H), 3.53 -3.47 (m, 1H}, 3.50 - 347 (m, 1H), 349 (s, 1H),
1.94 - 184 (m, 1H), 1.66 - 1.54 (m, 6H).
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Biological Example: Biological Screening

Example Bl: Time-resolved Fluorescence Resonance Energy Transfer (TR-FRET) Assay

for Thyroid Hormone Receptor Agonist Screening

10428] LanthaScreen™ TR-FRET Thyroid Receptor alpha Coactivator Assay kit
{ThermoFisher) and LanthaScreen™ TR-FRET Thyroid Receptor beta Coactivator Assay kit
{ThermoFisher) were used for agonist compound screening. Compounds in DMSO were diluted
using ECHO Liquid Handler (Labcevie Inc.) into 384 plates in 10-point 3-fold serics in duplicate
{5 micro M final top concentration}. Buffer C (ThermoFisher) was added to cach well before the
dx mixture of fluorescein-SCR2-2 coactivator (200nM final concentration}, Terbium-labeled
anti-GST antibody (ZnM final concentration}, and TR alpha-EBD (0 4nM final concentration) or
TR beta-LBD (1.0nM final concentration) was added. After 2 hour incubation at room
temperature n dark, the TR-FRET signal was measured on an EnVision plate reader
{PerkinElmer} with excitation at 340 nm and dual emission readout at 495 and 520 nm with the
delay time of 100 micro second and the uxegration time of 200 micro second. The ratio of
emussion signal at 520 and at 495 was used to calculate ECso using GraphPad Prism (GraphPad
Software). In every batch of compound screening, T3 (L-3,37,5-Triiodothyronine sodiom salt,
>95%;) (Calbiochem) was used as reference compound. The ECso of T3 measured were within 3-
fold of the reference value provided by the assay kit manufacturer (ThermoFisher Scientific).
The 27 factors measured in every batch of screening using T3 as high percent effect (HPE)
control and 0.5% DMSO0 as zero percent effect (ZPE) control were in the range of 0.5 to 0.8,
Compounds” THR-beta selectivity values are derived from T3-sclectivity normalized data. Data

obtained using the TR-FRET assay for certain compounds disclosed herem are histed in Table 2.

Table 2.
Example }}} ;ﬁ;}liﬁi?; ;égfifii?; THRB-Selectivity
i 7.6 495 17.2
2 >3000 >3000 n.a.
3-P1 2766 759 1.0
3-p2 7321 8174 42
4 271 3138 31.7
5 74.2 4693 278
6 581 78.0 3.6
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Example ;g;‘fﬁ:;? R ;{ggﬁ;}fﬁ‘; THRE-Selectivity
7 60.9 4726 13.1
g 896.1 2298 7
9 2902 1255 0.7
1 1158 192.4 48
12 712 1518 6.2
13 53.6 1632 86 5
14 46.6 5487 48
15 315 102 117
16 447 82.4 6.7
17 2112 >5000 ~72
18 2712 550 6.1
19 >5000 1926 na
20 >5000 >5000 na
21 180 5000 113
22 180.8 8977 195
23 87.3 1323 673
24 1882 2049 395
25 2306 2419 21
26 58.1 £99.1 4.6
27 26.8 143 8 215
28 286.1 4265 67
29 234.9 4339 38,9
9P 2642 5000 >10.4
20p2 913 1761 80 %
30 821 4 3109 143
31 500.5 5000 >34 8
32 86 .4 1546 77.9
32P1 450.5 4231 7.9
322 433 1154 ’1
33 212.2 5000 84 3
34 165.9 577 109
35 761.8 2601 15.8
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. ECss THRB- ECs THRo- e o
Example FRET [nM] * FRET [nM] * THRB-Selectivity
36 4683 >5000 >157
37 345 212.4 155

n.a. denotes not applicable; @ all compounds were run in duplicate multiple times, and the
average data 1s reported
{0429} All publications, including patents, patent applications, and scientitic articles,
mentioned in this specification are herein incorporated by reference m their entirety for all
purposes to the same extent as if each individual publication, including patent, patent
application, or scientific article, were specifically and ndividually indicated to be incorporated
by reference.
184387  Although the foregoing invention has been described in some detail by way of
tHustration and example for purposes of clarity of understanding, it is apparent to those skilled i
the art that certain munor changes and modifications will be practiced in light of the above
teaching. Therefore, the description and examples should not be construed as limuting the scope

of the imvention.
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Claims
Claim 1. A compound of formula (1)
Q
)
X
L pe
:,'_23 ¥ R4
L ; X R
N\i‘i»i o
RZ
(1)

or g pharmaceutically acceptable salt thereof, wherein:

ring A together with the carbonyl (keto) group within the ning form a § membered heterocyele
containing 1-3 ring heteroatoms selected from the group consisting of N, O, and 8,
wherein the heterocyele is optionally substituted with 1-2 C-Cs alkyl or C53-Cy
cycloalkyvl groups, and wherein the carbonyi (keto} group is not adjacent to the atom

attached to X

R 1s C1-Ca alkyl optionally substituted with 1-5 halo or hydroxyl groups, C3-Cs cycloalkyl,
CON(R'), or NRI"COR';

R? is H or C1-Cs alkyl:

L 1s O, CHz, 8, 80, 8O, CO, CHF, CFz, CRVHICN, CHRY, or CRIRY
R and R* are independently Cl, Br, methyl, or ethyl;

R3 is H. halo, Ci-Cs alkvl, or C3-Cy cycloalkyl;

or R together with R* and the intervening atoms form a 5-7 membered cycloatkyl or a 5-7

membered heterocyele containing 1-2 ring heteroatoms;

X isabsont, O, NR2 C(OINR'Z, NR2C(0). CRZR™, OCRI2R™2, CRI2R 20, NRICRIZR!?,
CRPRPNR? SONRY, or NR*¥S02;
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cach R!¢ is independently C1-Cs atkvl or H;

cach R!! is independently C1-Co alkyl optionally substituted with 1-3 halo, or two R!!
groups together with the carbon atom fo which they are attached form a

cyelopropyl or cyclobutyl ring; and
cach R? is independently H or methyl.

Claim 2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, which is

of formula (1A} or (1IB):

H
O
NN
°
N
i
X
RS
R3 R4
R’ L - R’
N.
O ?ii O
RZ
(LA} (11B)
wherein RY R*, B3 RY R® X, and L are as defined in claim 1.
Claim 3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

which 1s of formula (VD)

Q
=N

HN Ve
HiN O
RS
R3 R
O\\/iw
E
N.
NTTO
22

(V)
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wherein R, R? RY R* and R° are as defined in claim 1.

Claim 4. The compound of any one of claims 1-3, or a pharmaceutically acceptable salt

thereof, whercin:

R! is C1-Cy atkyl optionally substituted with 1-2 halo or hydroxyl groups, or (5-Cs

cycloalkyl.
Claim 5. The compound of claim 4, or a pharmaceutically acceptable salt thereof, wherein:

R! 1s isopropyl, t-butyl, HO-CH{CH;s)~, HO-CH(CH:CHs)-, HO-C(CHs)-,

HO-CH.CH(CH:y)-, cyelopropyl, or }{@

Claim 6. The compound of any one of claims 1-3, or a pharmaceutically acceptable salt

thercof, wherein:
R? is H or -CH:.

Claim 7. The compound of any one of claims -6, or a pharmaceutically acceptable salt

thercof, wherein:
R3 1s chloro or ~CHa.

Claim 8. The compound of any ong of claims 1-7, or a pharmaceutically acceptable salt

thercof, wherein:

R* is chioro or -CHi:

or R together with R* and the intervening atoms form a 5-6 membered cycloalkyl.

Claim 9. The compound of claim &, or a pharmaceutically acceptable salt thercof, wherein:
R together with R* and the intervening atoms form cyclopentyl.

Claim 10, The compound of any one of claims 1-8, or a pharmaceutically acceptable salt

thereof, wherein:
3 is H or flucro.

Claim 11. The compound of any one of claims 1, 2, and 4-10, or a pharmaceutically

acceptable salt thereof, wherein:

X is a bond.
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Claim 12. The compound of any one of claims [-10, or a pharmaceutically acceptable salt

thercof, wherein:

X 1s NRIZC(0O), OCRUPRY, or NRPCRVRY: and

gach R1? is independently H or methyl.
Claim 13. The compound of claim 12, or a pharmaceutically acceptable salt thercof,
wherein:

X is -OCHz-, -NHCH:-, NHC(0)-, -N(CH:)CHz-, or -NODCH(CH:)-

Claim 14. The compound of any one of claims 1-13, or a pharmaceutically acceptable salt

thercof, wheremn:

L is O, CHy, 8Os, CO, CHR! or CR'MRY: and

gach R!! is independently methyi or ethyl.
Claim 15, The compound of claim 14, or a pharmaccutically acceptable salt thercot,
wherein:

L 1s 3, CHz, 502, or CO.

Claim 16. A compound of formula (1-a):
0]
R
A
X
o
R? R4
i 1
L g e R
’\LN o
L
{I-a)

or a tautomer or an N-oxide thercof, or an isctopomer of ¢ach thereot, or a prodrug of cach of
the above, or a stereoisomer of the aforesaid, or a pharmaceatically acceptable salt of each of the

foregoing. or a solvate of each of the preceding, wherem:

ring A together with the carbonyl {keto) group within the ring form a 5 membered heterocycle
containing 1-3 ring heteroatoms selected from the group consisting of N, O, and §,
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wherein the heterocycele is optionally substituted with 1-2 C1-Cs alkyl or C5-Cy
cyeloalkyl, and wherein the carbonyvl (keto} group is not adjacent to the atom attached to

X

R! is (C1-Cy alkyl; C1-Cy alkyl optionally substituted with 1-5 halo; C3-Cs ¢yveloalkyl,
CON{R!'%):, or NRIYCOR' wherein each R is independently C1-Cs alkyl or H;

Rr? is H or C1-Cs alkyl;

L is O, CHy, 8, 50, 80O, CO, CHF, CF:, C(RMCN, CHRY, or CRMMRY, wherein each
R is C5-Cy alkyi optionally substituted with 1-3 halo, or the 2 R groups together with

the carbon atom thev are attached to form a cyclopropy! or cyvclobutyl ring;
cach of R? and R* is independently Cl, Br, methvl, or cthyl;

R® is H, halo, C1-Cy atkyl, or C3-Ca cycloalkyl, or R together with R* and the intervening
atoms form a 3-7 membered cycloalkyl or a 5-7 membered heterocvyele contaming 1-2

ring heteroatoms;

X is absent, or is O, NRY, C{ONR, NRVC((O), CRVRY, OCRVRY CRIRP(Q,
NRIZCRURY CRPRINRY, SO:NRY?, or NR?8C:, wherein cach R is independently H

or methyl.

Claim 17. A compound selected from the compounds i Table 1, or a pharmaceutically

acceptable salt thereof.

Claim 18, A pharmaceutical composttion comprising the compound of any one of claims 1-
17, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable

excipicnt.

Claim 19. A method of agonizing thyroid hormone receptor beta (THR beta) comprising
comtacting etther an effective amount of the compound of any one of claims 1-17, ora
phammaceutically acceptable salt thereof, or an effective amount of the pharmaceutical

composition of claim 18, with the THR beta.

Claim 20 A method of treating a disorder which is mediated by THR beta m a patient in
need thereof, comprising administering to the patient a therapeutically effective amount of the
compound of any one of claimms 1-17, or a pharmaceutically acceptable salt thereof, ora

therapeutically cffective amount of the pharmaceutical composition of claim 18
156
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Claim 21 The method of claim 20, wherein the disorder is non-aleoholic steatohepatitis

(NASH).
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