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COMPOUNDS FOR TREATING CERTAIN LEUKEMIAS
CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority to U.S. Provisional Application No. 62/733,029,
filed September 18, 2018, U.S. Provisional Application No. 62/816,637, filed March 11,
2019, and U.S. Provisional Application No. 62/889 929 {iled August 21, 2019, the
disciosures of cach of which are hereby incorporated by reference in their entiretics for all

PUrposes.
FIELD OF THE INVENTION

{6002} Provided herein are compounds, preferably compounds inhibiting tyrosine kinase
enzymatic activity of a protein sclected from Abelson protein (ABL 1), Abelson-related
protein (ABL2), or a chumeric protein BCR-ABL1, compositions thereof, and methods of
thetr preparation, and methods of inlubiting tyrosime kinase enzymatic activity of a protein
selected from Abelson protein (ABL1), Abelson-related protein (ABL2), or a chimeric
protein BCR-ABL 1, and methods for treating diseases wherein modulation of BCR-ABL1

activity prevents, inhibits, or amehiorates the pathology and/or symptomology of the digsease.
STATE OF THE ART

16003} In chronic myeloid leukemia (CML) the Philadelphia chromosome (Ph), formed
by the (9,22} reciprocal chromosome, translocates in a haematopoietic stem cell. This
chromosome carries the BCR-ABL1 oncogene which encodes the chimeric BCR-ABL1
protein. Drugs that inhibit the tyrosine kinase activity of BCR-ABL1 via an ATP competitive
mechanism, such as Gleevec®/Glivee® (matinib ), Tasigna® (nilotinib) and Sprveel®
{dasatimib}, may be effective in treating CML; however, some patients relapse due to the
emergence of drug-resistant clones. For example, small molecules, or combinations thereof,
may be useful to inhibit the activity of BCR-ABL1 and BCR-ABL 1 mutations via the ATP

binding site, the myristoyl binding site or a combination of both sites.



SUMMARY

[0004] In one aspect, the present disclosure provides a compound of formula (I) or formula

(Ia):
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or a pharmaceutically acceptable salt or tautomer thereof,
wherein:

Lis -C(O)NH-, -NHC(O)-, -NHS(O)2-, or -S(O)>NH-;

X is -O-or -S-;

Y is CH, C(halo), C(C;-C; alkyl), or N;

Zis CR’ or N;

R!is C(O)NR®R’, C(O)OR®, NR°C(O)R’, NR®S(0)2R’, S(O).NR®R’, 4-10 membered
heterocyclyl, Cs-Cio aryl, or 5-10 membered heteroaryl, wherein the 4-10 membered
heterocyclyl, Cs-Cio aryl, and 5-10 membered heteroaryl are each optionally substituted with
1, 2, or 3 substituents independently selected from the group consisting of halo, CN, Ci-Cs
alkyl, OH, OC;-Cs alkyl, and C3-Cs cycloalkyl;

R? is H, C1-Cs alkyl, C2-Cs alkenyl, C2-Cg alkynyl, C3-Cs cycloalkyl, 4-10 membered
heterocycloalkyl, C¢-Cio aryl, or 5-10 membered heteroaryl, wherein the C-Cs alkyl, C>-Ce
alkenyl, C>-Cs alkynyl, C3-Csg cycloalkyl, 4-10 membered heterocycloalkyl, Cs-Cio aryl, and
5-10 membered heteroaryl are each optionally substituted with 1, 2, or 3 substituents
independently selected from the group consisting of oxo, halo, CN, C;-Cs alkyl, C(O)NHC;-
Cs alkyl, (O)NHCs-Cs cycloalkyl, OH, OC;-Cs alkyl, C3-Cs cycloalkyl, and 4- to 6-
membered heterocyclyl;

R3 is:

(i) H, NR®R7, or ORS;



(i1) C1-Cs alkyl optionally substituted with 1-3 substituents selected from the group
consisting of halogen, hydroxyl, and —O(C1-Cs alkyl); or

(ii1) C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, 4- to 6-membered
heterocycloalkyl, Cs-Cio aryl, or 5- to 10-membered heteroaryl, wherein the C»-Cs alkenyl,
C»-Cs alkynyl,
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C3-Cs cycloalkyl, 4- to 6-membered heterocycloalkyl, C¢-Cio aryl, and 5- to 10-membered
heteroaryl are each optionally substituted with 1, 2, or 3 substituents independently selected
from the group consisting of halo, C1-Cs alkyl and OH; or

R? and R?, together with the intervening atoms to which they are attached, form a 4-
10 membered heterocycloalkyl, wherein the 4-10 membered heterocycloalkyl is optionally
substituted with 1, 2, or 3 substituents independently selected from the group consisting of
oxo, C1-Cs alkyl, Ci-Cs¢ alkyl-OH, C(O)C;-Cs alkyl, and OH;

R*is C;-Cs alkyl, C2-Cs alkenyl, or C2-Cs alkynyl, wherein the C;-Cg alkyl, C2-Ce
alkenyl, and C»-Cs alkynyl are each optionally substituted with 1, 2, or 3 independently
selected halo substituents;

R’ is H or halo;

RS is H, C;-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, Cs-Cio aryl,
or 5-10 membered heteroaryl, wherein the C1-Cs alkyl, C3-Cg cycloalkyl, 4-10 membered
heterocycloalkyl, C¢-Cio aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C; -Cg
alkyl, and OH; and

R7 is H, C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, C6-Cio aryl,
or 5-10 membered heteroaryl, wherein the C1-Cg alkyl, C3-Cg cycloalkyl, 4-10 membered
heterocycloalkyl, C¢-Cio aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, Ci-Cs
alkyl, and OH; or

RS and R’, together with the nitrogen atom to which they are attached, form a 4-7
membered heterocyclyl, wherein the 4-7 membered heterocyclyl is optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, Ci-Cs
alkyl, and OH;

with the proviso that the compound is not:
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[0004a] In another aspect, the present disclosure provides a pharmaceutical composition

(@)

or (i)

comprising a compound as described herein, or a pharmaceutically acceptable salt or
tautomer thereof, and at least one pharmaceutically acceptable excipient.

[0004b] In another aspect, the present disclosure provides an in vitro method for inhibiting
tyrosine kinase activity in a cell, comprising contacting the cell with an effective amount of a
compound as described herein, or a pharmaceutically acceptable salt or tautomer thereof,
wherein the tyrosine kinase is selected from the group consisting of Abelson homolog 1,
Abelson homolog 2, and breakpoint cluster region-Abelson homolog 1.

[0004¢] In another aspect, the present disclosure provides the use of a compound as
described herein, or a pharmaceutically acceptable salt or tautomer thereof, for the
manufacture of a medicament for inhibiting tyrosine kinase activity in a patient in need
thereof, wherein the tyrosine kinase is selected from the group consisting of Abelson protein,

Abelson-related protein, and breakpoint cluster region-Abelson protein.

[0004d] In another aspect, the present disclosure provides the use of a compound as
described herein, or a pharmaceutically acceptable salt or tautomer thereof, for the
manufacture of a medicament for treating leukemia in a patient in need thereof, wherein the
leukemia is selected from the group consisting of acute lymphoblastic leukemia, acute

myeloid leukemia, and chronic myeloid leukemia.

[0004e] In another aspect, the present disclosure provides a compound as described herein,
or a pharmaceutically acceptable salt or tautomer thereof, for use in inhibiting tyrosine kinase
activity in a patient in need thereof, wherein the tyrosine kinase is selected from the group
consisting of Abelson protein, Abelson-related protein, and breakpoint cluster region-

Abelson protein.

[0004f] In another aspect, the present disclosure provides a compound as described herein,
or a pharmaceutically acceptable salt or tautomer thereof, for use in treating leukemia in a
patient in need thereof, wherein the leukemia is selected from the group consisting of acute

lymphoblastic leukemia, acute myeloid leukemia, and chronic myeloid leukemia.
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[0004¢g] In another aspect, the present disclosure provides a compound selected from the

group consisting of:
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or a pharmaceutically acceptable salt or tautomer thereof.

In one example, provided herein is a compound of formula (I) or (Ia):

XY
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@ (Ia)

or a tautomer or an N-oxide thereof, or a pharmaceutically acceptable salt of any of the

foregoing, wherein:
L is -NH-CO-, —-CO-NH-, -NH-SO>-, or —SO>-NH-;

R! is optionally substituted Cs-Cio aryl, optionally substituted 5-10 membered
heteroaryl, optionally substituted 4-10 membered heterocycle, C(O)NRCR”,
S(0)NR°R7, NR*COR’, NR®SO,R’, or C(O)ORS;

R? is H, optionally substituted C;-Cs alkyl, optionally substituted C3-Cs cycloalkyl,

optionally substituted 4-10 membered heterocycloalkyl, optionally substituted C>-Cs

alkenyl, optionally substituted C,-Cs alkynyl, optionally substituted Cs-Cio aryl, or

optionally substituted 5-10 membered heteroaryl,

4nn



R3 is H, optionally substituted Ci-Cs alkyl, optionally substituted C>-Cg alkenyl,
optionally substituted C,-Cs alkynyl, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted aryl, optionally substituted
heteroaryl, ORS, or NR®R”;

or R? and R? together with the intervening atoms form optionally substituted C3-Cs cycloalkyl

or optionally substituted 4-10 membered heterocycloalkyl;

R* is optionally substituted Ci-Cs alkyl, optionally substituted C»-Cs alkenyl, or
optionally substituted C2-Cs alkynyl;

X isOorS;

Y is CH, C-(Ci-C; alkyl), or C-halo or N;

Z is CR® or N;

R® is H or halogen;

R® is H, optionally substituted Ci-Cs alkyl, optionally substituted C3-Csg cycloalkyl,

optionally substituted 4-10 membered heterocycloalkyl, optionally substituted Cs-
Cio aryl, or optionally substituted 5-10 membered heteroaryl; and

R’ is H, optionally substituted Ci-Cs alkyl, optionally substituted C3-Csg cycloalkyl,
optionally substituted 4-10 membered heterocycloalkyl, optionally substituted Cs-
Cio aryl, or optionally substituted 5-10 membered heteroaryl;

or R® and R” together with the nitrogen to which they are attached form an optionally

substituted 4-7 membered heterocycle,

provided that the compound is other than (i) | H-Benzimidazole-7-carboxylic acid, 5-[[(4-
methoxyphenyl)sulfonyl]amino]-1-methyl- or (ii) 1H-Benzimidazole-7-carboxylic acid, 5-
[[(4-ethoxyphenyl)sulfonyl]amino]-1-methyl-.
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[0005] In some examples, the compound is of formula (IA-1):
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[0006] In one example, provided herein is a method of inhibiting tyrosine kinase
enzymatic activity of a protein selected from the group consisting of Abelson protein
(ABL1), Abelson-related protein (ABL2), and a chimeric protein BCR-ABL1, comprising

contacting an effective amount of a compound or composition provided herein, to the protein.

[0007] In one example, provided herein is a method of treating a disease, wherein
modulation of BCR-ABLI activity prevents, inhibits, or ameliorates the pathology and/or
symptomology of the disease, in a patient, comprising administering to the patient a

therapeutically effective amount of a compound or composition provided herein.

[0008] In one example, provided herein is a method of treating leukemia in a patient
comprising administering to the patient a therapeutically effective amount of a compound or
composition provided herein, wherein the leukemia is chronic myeloid leukemia (CML),

acute myeloid leukemia (AML), or acute lymphoblastic leukemia (ALL).

DETAILED DESCRIPTION
Definitions

[0009] As used herein, the following definitions shall apply unless otherwise indicated.
Further, if any term or symbol used herein is not defined as set forth below, it shall have its

ordinary meaning in the art.

[0010] “Comprising” 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 elements as

defined herein would not exclude other elements that do not materially affect the basic and
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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 each of these transition terms are within the scope of this invention.

[0011] “Effective amount” or dose of a compound or a composition, refers to 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 in cell cultures or experimental animals, e.g., and without limitation, by
determining the LDso (the dose lethal to 50 % of the population) and the EDso (the dose
therapeutically effective in 50 % of the population).

[0012] The term “excipient” as used herein means an inert or inactive substance that may
be used in the production of a drug or pharmaceutical, such as a tablet containing a
compound of the invention as an active ingredient. Various substances may be embraced by

the term excipient, including without limitation any substance used as a binder, disintegrant,
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coating, compression/encapsulation aid, cream or lotion, lubricant, sohutions for parenteral
administration, materials for chewable tablets, swectener or flavoring, suspending/gelling
agent, or wet granulation agent. Binders include, e. g, carbomers, povidone, xanthan gum,
eic.; coatings include, e. 2., cellulose acetate phthalate, ethylcellulose, gellan gum,
maltodextrin, enteric coatings, etc.; compression/encapsulation aids include, e.g. | calcium
carbonate, dextrose, fructose de (de = “directly compressible™), honey dc, lactose (anhydrate
or monchvdrate; optionally m combination with aspartame, cellulose, or microcrystalline
cellulose), starch de, sucrose, etc.; disintegrants include, e.g., croscarmeliose sodium, gellan
gum, sodium starch glycolate, ete.; creams or lotions melude, e.g., maltodexinn,
carrageenans, eic.; lubricants include, e.g., magnesium stearate, stearic acid, sodium stearyl
fumarate, etc.; materials for chewable tablets include, e.g., dextrose, fructose dc, lactose
{monochydrate, optionally in combination with aspartame or cellulose), ete.;
suspending/gelling agents include, e.g., carrageenan, sodium starch glycolate, xanthan gum,
otc.; sweeteners include, e.g., aspartame, dextrose, fructose de, sorbitol, sucrose de, etc.; and
wet granulation agents include, e.2., calcium carbonate, maltodextrin, microcrvstalline

cellulose, eto.

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

human.

{0014 “Pharmaceutically acceptable” refers to safe and non-toxic, preferably for in vive,

more preferably, for human administration.

[06615] “Phammaceutically acceptable salt” refors to a salt that is pharmaceutically
acceptable. A compound described herein may be administered as a pharmaceutically

acceptable salt,

[016] “Prodrug” refers to a compound that, after admunistration, 1s metabolized 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 it, relative to the drug, less active or mmactive, but the chemical modification is
such that the corresponding drug is generated by metabolic or other biological processes after
the prodrug is administered. A prodnug may have, relative to the active drug, altered

5
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metabolic stability or transport characteristics, fewer side effects or lower toxicity, or
improved flavor (for example, see the reference 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 employing the
corresponding drug. For illustration and without imitation, prodrogs include, carboxy csters,
linear and cyclic phosphate esters and phosphoramide and phosphoramidates, carbamates,
preferably phenclic carbamates (.., carbamates where the hydroxy group is part of an arvl or

heteroaryl moiety, where the aryl and heteroary! may be optionally substituted), and the hikes.

{017} “Salt” refers to an iomc compound formed between an acid and a base. When the
compoand provided herein contains an acidic functionality, such salts inclade, without
Iimitation, alkali metal, alkaline carth metal, and ammonium salts. As used herein,
ammonium salts include, salts containing protonated mitrogen bases and alkylated nitrogen
bases. Exemplary and non-limiting cations useful in pharmaceutically acceptable salts
mclude Na, K, Rb, Cs, NHy, Ca, Ba, imidazohum, and ammonium cations based on naturally
ocourring amino acids. When the compounds utifized herein contaim basic functionality, such
salts mclude, without limitation, salts of organic acids, such as carboxvlic acids and sulfonic
acids, and mineral acids, such as hydrogen halides, sutfuric acid, phosphoric acid, and the
likes. Exemplary and non-limiting anions useful in pharmaceutically acceptable salts include
oxalate, maleate, acetate, propionate, succinate, tartrate, chloride, sulfate, bisulfate, mono-,

di-, and tribasic phosphate, mesvlate, tosviate, and the hikes.

{6018} “Therapeutically effective amount” or dose of a compound or a composition
refers 1o that amount of the compound or the composition that results in reduction or
mhibition of symptoms or a prolongation of survival 1 a patient. The results may require

multiple doses of the compound or the compesition.

{8019} “Treating” or “treatment” of a disease in a patient refers to 1) preventing the
disgase from occurring in a patient that is predisposed or does not vet display symptoms of
the discase; 2} inhibiting the disease or arresting its development; or 3) amehorating or
causing regression of the disease. As used herein, “treatment” or “treating” 18 an approach
for obtaining beneficial or desired results inchuding clinical results. For purposes of thig
disclosure, beneficial or desired results include, but are not limited to, one or more of the

following: decreasing one more svimptoms resulting from the discase or disorder, diminishing
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the extent of the disease or disorder, stabilizing the disease or disorder {e.g., proventing or
delaving the worsening of the disease or disorder), delaying the cocurrence or recusrence of
the discase or disorder, delay or slowing the progression of the disease or disorder,
amehorating the discase or disorder state, providing a remussion (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, delaying the progression of the disease or disorder, mereasing the quality of life,
and/or prolonging survival of a patient. Also encompassed by “treatment” 1s a reduction of
pathological consequence of the disease or disorder. The methods of the invention

conternplate any one or more of these aspects of treatment.

{6020] An “isotopomer” of a compound is a compound 1o 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 M'C or YN has been replaced by °'N.
For example, and without limitation, replacement of with Dt can in some instances lead to
reduced rates of metabolism and therefore longer half-lives. Replacement of H with T can
provide radioligands potentially useful in binding studies. Replacement of *C with the short-
tived isotope 1'C can provide Higands useful in Positron Emission Tomography (PET)
scanning. Replacement of 1N with PN provides compounds that can be detected/monitored
by N NMR spectroscopy. For example, an isotopomer of a compound containing ~-CH2CH;

is that compound but containing ~CDCDs instead of the —~CHCH:,

{6021} “Stereoisomer” or “stercoisomers’ refer to compounds that differ in the

2]

stereogenicity of the constituent atoms such as, without limitation, n the chirality of one or

17

more stercocenters or related to the ois or trans configuration of a carbon-carbon or carbon-

nitrogen double bond. Stereocisomers include enantiomers and diastercomers.

[80622] “Tautomer” refer to aliernate forms of a compound that differ in the position of a
proton, such as enol-keto and imine-gnamine tautomers, or the tautomenc forms of hetercaryl
groups containing a ring atom attached to both a ring -NH- moicty and a ring =N- moiety

such as pyrazoles, imidazoles, benzimidazoles, triazoles, and tetrazoles.

{6023} "Alkyl" refers to monovalent saturated aliphatic hydrocarbyl groups having from
1 1o 12 carbon atoms, preferably from 1 to 10 carbon atoms, and more preferably from [ t0 6
carbon atoms. This term includes, by way of example, lincar and branched hydrocarbyl

7
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groups such as methyvl (CHs-), ethyl (CH:CHe-), s-propyt (CHzCH2CHz-), isopropyl
{{CH3:CH-), n-butyl {CHCHCHCHa-), isobutyl ((CH3pCHCH?-), sec-butyl
{(CH3(CHsCH)CH-), #-butyl ((CH:):C-), m-pentyl (CHCHCHCHRCH:-), and neopenty]

{{CH3):CCHz-). Cx alkyl refers to an alky! group having x number of carbon atoms.

{0024] "Alkenvl" refers to straight or branched monovalent hvdrocarbyl groups having
from 2 1o 6 carbon atoms and preferably 2 to 4 carbon atoms and having at least | and
preferably from 1 fo 2 sites of vinyl (>C=(C<) unsaturation. Such groups are exemplified, for
cxample, by vinvl, allyl, and but-3-en-1-yl. Included within this term are the ¢fs and frans
isomers or mixtures of these 1somers. Cy alkenyl refers to an alkeny! group having x number

of carbon atoms.

{0025} "Alkynyl" refers to straight or branched monovalent hydrocarbyl 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 sites of acetylenic (-C=C-} unsaturation. Examples of such alkynyl
groups include acetylenyl (-C=CH), and propargyt (-CH2C=CH). Cx alkyoyl refers to an

alkvoyl group having x number of carbon atoms.

[06626] "Substituted atkyl” refers to an alkyl group having from 110 5, preferably 1 1o 3,
or more preferably 1 to 2 substituents selected from the group consisting of alkoxy,
substituted alkoxy, acyl, acvlamino, acyloxy, amino, substituted amine, amimocarbonyl,
aminothiocarbonyl, aminocarbonvlamine, aminothiocarbonylaminoe, aminocarbonvioxv,
aminosulfonvl, aminosulfonvioxy, aminosulfonylamino, amidino, arvl, substituted arvi,
aryloxy, substituted arvlioxy, arylthio, substituted arylthio, arviamino, sabstituted arylamine,
heteroarylamino, substituted heteroarylamine, eycloalkylaming, substituted cycloatkylamino,
heterocycloalkylamino, substituted heterocyclyiamino, carboxvl, carboxyl ester, (carboxyl
esterjanmuino, {carboxyl esterjoxy, cvano, cvcloalkyl, substituted cycloalkyl, cycloalkyloxy,
substituted cycloalkyvloxy, cycloalkylthio, substituted cycloalkylthio, guaniding, substituted
guanidine, halo, hydroxy, hetercaryl, substituted heteroaryl, heteroaryioxy, substituted
heteroarvioxy, heteroaryithio, substituted heteroarylthio, heterocyclic, substituted
heterocyclic, heterocyclvloxy, substituted heteroeyelvloxy, heterocyclylthio, sabstituted
heterocyclylthio, nitro, SOsH, substituted sulfonyl, sulfonvioxy, sulfonylaming, thicacyl,

thiol, alkylthio, and substituted alkylthio, wherein said substitucnts are defined herein.
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{80627} "Substituted alkenyvi" refers {o alkenyl groups having from 1 o 3 substituents, and
preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted
alkoxy, acvl, acvlamino, acvioxy, amino, substituted amino, aminocarbonyl,
aminothiocarbonyl, aminocarbonvlamine, aminothiocarbonylamino, aminocarbonvioxy,
aminosulfonyl, aminosulfonyloxy, aminosulfonviamime, amidino, arvl, substituted arvl,
arvioxy, substituted aryioxy, arylthio, substituted arylthio, arylamino, sabstituted aryvlaming,
heteroarylamino, substituted heteroarylamine, cvcloalkylamino, substituted cycloalkviamino,
heterocycloalkylamine, substituted heterocyciviamuno, carboxvl, carboxyl ester, {carboxyi
esterjanuno, {carboxyl esteryoxy, cyanoe, cveloalkyl, substituted cycloalkyl, cycloalkyloxy,
substituted cycloalkvioxy, cycloalkylthio, substituted cycloalkyithio, guanidino, substituted
guanidino, halo, hydroxy, heteroaryl, substituted heteroaryl, heteroarvioxy, substitute
heteroarvioxy, heteroarylthio, substituted heteroarvithio, heterocyclic, substituted
heterocyclic, heterocyclyloxy, substituted heterooyclyloxy, heterocyclylthio, sabstituted
heterocyclylthio, nitro, 50:H, substituted sulfonyl, sulfonyloxy, sulfonylamino, thiocacyl,
thiol, alkvlthio, and substituted alkylthio, wherein said substituents are defined herein and
with the proviso that any hydroxy or thiol substitution 18 not attached to a viny! (unsaturated)

carbon atom.

10628] "Substituted alkynyl” refers to alkyayl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selocted from the group consisting of alkoxy, substituted
alkoxy, acyl, acvlamino, acyloxy, amino, substituted anuno, aminocarbonyl,
amingthiocarbonyl, ammocarbonylamino, annnothiocarbonylamino, aminocarbonyloxy,
aminosulfonyl, aminosulfonyloxy, aminosalfonviamine, amiding, arvl, substituted arvl,
arvioxy, substituted arvloxy, arvithio, substituted arvithio, arvlanmino, substituted arylamino,
heteroaryiamino, substituted heteroarylamino, cyvcloalkyiamine, substituted cvcloatkylamino,
heterocvcloalkylanino, substituted heterocyclylamino, carboxyl, carboxyi ester, (carboxyl
esterjaming, (carboxyl esterjoxy, cvano, cycloalkyl, substituted cvcloalkyl, cveloalkvioxy,
substituted cycloalkyloxy, cvcloalkyitiuo, substituted cycloalkylthio, guanidino, substituted
guanidino, halo, hyvdroxy, hetercaryl, substituted heteroarvl, heteroarvioxy, substituted
hetercaryioxy, heteroarylthio, substitiied heteroaryithio, heterocyelic, substituted
heterocycelic, heterocvelvioxy, substituted heterocvelyvloxy, heterocyclylthio, substituted
heterocyelylthio, nitro, SOsH, substituted sulfonyl, sulfonvloxy, sulfonylamino, thioacvl,

thiol, alkylthio, and substituted alkylthio, wherein said substituents are defined herein and

9
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with the proviso that any hydroxyl or thiol substitution is not attached to an acetylenic carbon

atom.

[06029] "Alkoxy" refers to the group -O-alkyl wheren alkyl 1s defined heremn. Alkoxy
mchudes, by way of example, methoxy, ethoxy, #-propoxy, isopropoxy, n-butoxy, ~butoxy,

sec-butoxy, and n-pentoxy.

LR "Substituted alkoxy" refers to the group -O-{substituted alkyl} wherein substituted
alkyl is defined herein. Preferred substituted alkyl groups in ~O-(substituted alkvl) include
halogenated alkyl groups and particularly halogenated methvl groups such as triftluoromethyl,

difluromethyl, fluoromethyl and the like.

{6631} "Acyl" refers to the groups H-C(0O)-, alkvi-C{O)~, substituted alkyi-C{(O)-~,
atkenyl-C(O)-, substituted alkenyl-C{O)}-, alkynyl-C(O}-, substituted alkvnyl-C(O})-,
cyeloalkyl-C(O}-, substituted cvcloalkyl-C{O)-, arvl-C(O)-, substituted aryl-C{O)-,
heteroaryi-C{0)}~, substituted heteroaryl-C{0)-~, heterocyelic-C{0)-, and substituted
heterocvclic-C{0)-, wherein alkyl, substituted alkvi, alkenyl, substituted alkenyl, alkoxy,
substituted alkoxy, alkyayl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted arvl, heteroarvl, substituted heteroaryl, heterocvclic and substituted heterocyelic

are as defined herein. Acvl includes the “acetyl” group CH-C{O)-.

{0032} "Acylamino" refers to the groups —NRIC(O)alkyl, -NRC(O)substituted

alkyl, -NR¥C(O)eycloalkyl, -NR¥C(O)substituted cycloalkyl,

INRIC(O)alkenyl, -NRC(O)substituted alkenyl, alkoxy, substituted
alkoxy-NRIC(Ojalkynyl, -NRC(O)substituted

alkynyl, -NR¥CC(Oaryl, -NR*C(O)substituted

arvl, -NR¥C(Ohetercaryl, ~-NR*PC(O)substituted heteroaryl, -NRYC(OYheterocyclic,

and -NRC(O)substituted heterocyelic wherein R is hydrogen, alkyl, substituted alkyl, arvl,
substituted arvl, heteroaryl, substituted heteroarvl, cycloalkvl, or substituted cycloalkvl, and
wherein alkvl, substituted atkyi, alkenvl, substituted alkenvl, alkynvl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, arvl, substituted arvl, heteroaryl, substituted heteroaryl,

heterocyelic and substituted heterocyelic are as defined herein.

{80633} "Acyloxy” refers to the groups alky-C(OY0-, substituted alkyl-C{(Oy0-,
abkenyl-C{O30-, substituted alkenyl-C{O)YO-, alkynyl-C{OY0-, substituted alkyay-C{OY0-,

10
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arvi-C{O)Y0-, substituted aryi-C(0)0-, cveloalkyv-C((HO-, substituted cyvcloalky-C(0)0-,
heteroaryl-C{OY0-, substituted heteroaryi-C{G30-, heterocychic-C(3)0-, and substituted
heterocyelic-C(OY0- wherein alkyl, substituted alkyl, alkenvi, substituted alkenvl, atkynvl,
substituted alkynvl, cyvcloalkyl, substituted cveloalkyl, aryl, substituted aryl, heteroaryt,

substituted heteroaryvl, heterocychic, and substituted heterocyclic are as defined herein.
{8634} “Amino” refers to the group -NH:z.

[00335] “Substituted amino” refers to the group ~-NRMRY where R and R* are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl,
atkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkyvayl, substituted alkynyl, aryl,
substituted arvl, cycloalkyl, substituted cycloalkyi, heteroaryl, substituted hetercaryl,
heterocyclic, substituted heterocyclic, arviamuno, substituted arviamino, heteroarylamino,
substituted heteroarylamine, cycloalkylaning, substituted cvcloatkylaming,
heterocycloatkylaming, substituted heterocyclylamino, sulfonyiamino, and substituted
sulfonyl and wherein R*! and R*? arc optionally joined, together with the nitrogen bound
thereto to form a heterocyelic or substituted heterocyclic group, provided that R*! and R¥ are
both not hydrogen, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy,
substituted alkoxy, alkyayl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted arvl, heteroarvl, substituted heteroaryl, heterocvclic, and substituted heterocyclic
are as defined herein. When R*! is hydrogen and R is alkyl, the substituted amino group is
sometimes referred to herein as alkylamino. When R and R*? are alkyl, the substituted
aming group is sometimes referred to herein as dialkyiamino. When referming to a
monosubstituted amino, it 1s meant that either R’ or R¥ is hydrogen but not both. When

referring to a disubstituted amino, it is meant that neither RY nor RY are hydrogen.

{0G36] "Ammocarbonyl” refers to the group ~-C{OINR¥RM where R* and R™ are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl,
afkenyl, substitited alkenyl, alkoxy, substituted alkoxy, alkyvnyl, substituted alkynyl, aryl
substituted aryl, cycloalkyl, substituted cycloalkyl heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heteroevelic and where R*? and R are optionally joined
together with the nitrogen bound thereto to form a heterocyelic or substituted heterocyclic
group, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted

atkoxy, alkvoyl, substituted alkynvi, cycloalkyl, substituted cvcloalkyl, aryl, substituted arvi,
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heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined

herein.

{00637] “Aminothiocarbonyl” refers to the group -C{S)NRPR™ where R* and R* are
mdependently selected from the group consisting of hyvdrogen, alkyl, substituted atkyl,
atkenvl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted alkynyl, aryl,
substituted arvi, cvcloalkyl, substituted cycloalkyi, heteroaryl, substituted heteroarvi,
heterocyclic, and substituted heterocyelic and where RY and R are optionally joined
together with the nitrogen bound thereto to form a heterocvelic or substituted heterocyelic
group, and wherein alkvl, substituted alkyl, alkenvl, substituted alkenvl, alkoxy, substituted
alkoxy, alkynyl, substituted alkynyl, cycloalkyl, substituted cyeloatkyl, arvl, substituted arvl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined

herein.

{0038} “Aminocarbonylamino” refers to the group ~NRIC(ONRP R where R is
hydrogen, atkyl, substituted alkvl, arvl, substituted arvl, heteroaryl, substituted heteroarvl,
cycloalkyl, or substituted cvcloalkyl, and R¥ and R are independently selected from the
group consisting of hydrogen, alkyl, sabstituted alkyl, alkenyl, substituted alkenyl, alkoxy,
substitited alkoxy, alkyayl, substituted alkynyl, aryl, substituted aryl, cyeloalkyl, substituted
cycloalkvl, heteroarvl, substituted heteroarvl, heterocyclic, and substituted heterocvelic 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, alkenvl,
substituted alkenyi, alkoxy, substituted atkoxy, alkvoyl, substituied alkynvl, cyveloalkyl,
substituted cycloalkyl, arvi, substituted arvi, heteroarvi, substituted heteroarvl, heterocyclic

and substitated heterocyclic are as defined herein,

{0G39] “Aminothiocarbonylamine” refers to the group ~NRYC(SINRPR™ where R is
hydrogen, atkyl, substituted alkyl, aryl) substituted aryl, heteroaryl, substituted heteroaryl,
cveloalkyl, or substituted cycloaltkvl, and R™ and R** are independently selected from the
group consisting of hvdrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy,
substituted alkoxy, alkynyl, substituted atkynyl, aryl, substituted aryl, cveloalkyl, substituted
cycloalkyl, hetercaryl, substituted heteroarvl, heterocyclic, and substituted heterooyclic and
where R¥ and R** are optionally joined together with the nitrogen bound thereto to form a

heterocyclic or substituted heterocycelic group, and wherein alkyl, substituted alkyl, alkenvl,

12
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substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted alkynyl, eyeloalkyl,
substituted cycloalkyl, aryl, sabstituted arvi, heteroaryl, sabstituted heteroaryl, heterocyclic

and substituted heterocyclic are as defined herein.

{3040} “Aminocarbonyioxy” refers to the group -O-C{OINR¥ R where R* and R* arc
mdependently selected from the group consisting of hvdrogen, alkyl, substituted atkyl,
alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkynyl, substituted alkynyl, aryl,
substituted aryl, cyvcloalkyl, substituted cyeloalkyl, heteroaryl, substituted heteroarvl,
heterocyclic, and substituted heterocvelic and where R? and R* are optionally joined
together with the nitrogen bound thercto 1o form a heterocvelic or substituted heterocyelic
group, and wherein alkyl, substituted alkyl, alkenvl, substituted alkenyl, alkoxy, substituted
alkoxy, alkynyl, substituted alkyoyl, cycloalkyl, substituted cyveloalkyl, arvi. substituied aryl,
heteroaryl, substituted heteroaryl, heterocyelic and substituted heterocyclic are as defined

herein.

{0041}  “Aminosulfony!” refers to the group -SO:NR¥R where RY and R™ are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted aikyl,
atkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkyvayl, substituted alkynyl, aryl,
substituted arvl, cycloalkyl, substituted cycloalkyi, heteroaryl, substituted hetercaryl,
heterocyclic, and substituted heterocyelic and where RY and R™ are optionally joined
together with the nitrogen bound thereto to form a heterocyelic or substituted heterocychic
group, and wherein alkyl, substituted alkyl, alkenyl, substituted altkenyl, alkoxy, substituted
alkoxy, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkvl, aryl, substituted arvi,
heteroaryi, substituted heteroarvl, heterocvehic and substituted heterocyclic are as defined

herein.

{0042} “Aminosulfonyloxy” refers to the group -O-SONRPR* where RY and R are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl,
afkenyl, substitited alkenyl, alkoxy, substituted alkoxy, alkyvnyl, substituted alkynyl, aryl
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heteroevelic and where R*? and R are optionally joined
together with the nitrogen bound thereto to form a heterocyelic or substituted heterocyclic
group, and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted

atkoxy, alkvoyl, substituted alkynvi, cycloalkyl, substituted cvcloalkyl, aryl, substituted arvi,
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heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined

herein.

{0043} “Aminosulfonylamine” refers to the group ~NR*O-SONRPR where R ig
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, hetercaryl, substitited heteroaryl,
cycloaltkvl, or substituted cycloalkvl, and RS and R** are independently selected from the
group consisting of hvdrogen, alkvl, substituted alkyl, alkenvl, substituted alkenvi, alkoxy,
substituted alkoxy, alkyvnvl, substituted alkynyl, arvl, substituted arvl, cycloalkyl, substituted
cveloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic and
where R™ and R** are optionally joined together with the nitrogen bound thereto to form a
heterocvclic or substituted heterocyclic group, and wherein atkyl, substituted alkyl, alkenyl,
substitited alkenyl, alkoxy, substituted alkoxy, alkyvnyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic

and substituted heterocyclic are as detined herein.

[0044] “Amidino” refers to the group -CENRIINRIRM where R, R and R are
mdependently selected from the group consisting of hvdrogen, alkyl, substituted alkyl,
atkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkyvayl, substituted alkynyl, aryl,
substituted arvl, cycloalkyl, substituted cycloalkyi, heteroaryl, substituted hetercaryl,
heterocyclic, and substituted heterocyclic and where R and R4 are optionally joined
together with the nitrogen bound thereto to form a heterocyelic or substituted heterocychic
group, and wherein alkyl, substituted alkyl, alkenyl, substituted altkenyl, alkoxy, substituted
alkoxy, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkvl, aryl, substituted arvi,
heteroaryi, substituted heteroarvl, heterocvehic and substituted heterocyclic are as defined

herein.

[0043] "Arvl" or "Ar" refers to a monovalent aromatic carbocyclic group of from 6 to 14
carbon atoms having a single ring {e.g., pheny!l (Ph}} or mudtiple condensed rings {e.g.,
naphthyl or anthryl} which condensed rings may or may not be aromatic {e.g.,
2-benzoxazolinone, 2H-1 4-benzoxazin-3{(d4H)-one-7-vi, and the like) provided that the point
of attachment is at an aromatic carbon atom. Preferred arvl groups inchude phenyl and

naphthyl.

{86646} “Substituted arvi” refers to arvl groups which are substituted with 1t0 5,
preferably 110 3, or more preferably 1 to 2 substituents selected from the group consisting of
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alkyl, substituted alkvl, alkenvl, substituted alkenvi, alkvnyl, substituted alkynyl, alkoxy,
substituted alkoxy, acyl, acvlamine, acyloxy, amino, substitited amino, aminocarbonyl,
aminothiocarbonyl, aminocarbonylamine, aminothiocarbonylamine, aminocarbonyvioxv,
ammosulfonyl, ammosulfonvioxy, aminosulfonvlamino, amidino, arvl, substituted arvl,
aryloxy, substituted arvlioxy, arylthio, substituted arylthio, arviamino, sabstituted arylamine,
heteroarylamino, substituted heteroarylamine, eycloalkylaming, substituted cycloatkylamino,
heterocycloalkylamino, substituted heterocyelyiamino carboxvl, carboxyl ester, {carboxyl
esterjamino, {carboxyl esterjoxy, evano, cyvcloalkyl, substituted cyveloalkyl, eveloalkyloxy,
substituted cycloalkyvloxy, cycloalkylthio, substituted cycloalkylthio, guaniding, substituted
guanidino, halo, hydroxy, heteroaryl, substituted heteroaryl, heteroarvioxy, substituted
heteroarvioxy, heteroarvithio, substituted heteroarvithio, heterocyclic, substituted
heterocycelic, heterocyelvloxy, substituted heterocyclyloxy, heterocyclylihio, sabstituted
heterocyclylthio, nitro, SOsH, substituted sulfonyl, sulfonvioxy, sulfonylaming, thicacyl,

thiol, alkylthio, and substituted alkylthio, wherein said substitucnts are defined herein.

{0047} "Arvioxy" refers to the group -O-aryl, where aryl is as defined herein, that

ncludes, by way of example, phenoxy and naphthoxy.

(048] "Substituted arvioxy” refers to the group -O-(substituted arvl}y where substituted

arvl is as defined herein.
[0049] “Arvithio” refers to the group -8S-arvl, where aryl is as defined herein.

6050} “Substitated aryithio” refers to the group -S-(substituted arvl), where substituted

arvl is as defined herein.

[0051]  “Arylamino” refers to the group ~NR¥(arvl), where aryl is as defined herein and

R is hydrogen, alkyl, or substituted atkvl.

{36352] “Substituted arylamino” refers to the group ~NRY{substituted aryl), where RV is

hvdrogen, alkvl, or substituted alkyl where substituted arvl is as defined herein.
{0053} “Carbonyl” refers to the divalent group -C(0)- which is equivalent to ~-C{(=0}-.
[0034] “Carboxy” or “carboxyl” refers to -COOH or salts thereof.

{8655} “Carboxyi ester” or “carboxy ester” refers to the groups ~-C{YO-alkvl,

~C{330-substituted alkyl, ~C{O30-alkenyl, -C{G)Y3-substituted alkenyl,
15
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~C{G30-alkynyl, -C(OY-substituted alkvnyl, ~CO)0C-aryl, ~C(OYO-substituted arvl,
~C{O)0-cycloalkyl, ~C{0)O-substituted cycloalkyl, ~C(OYO-hetercaryl, ~ {00
substituted heteroaryl, —~C{O)0-heterocyelic, and ~-C{G)YO-substituted heterocvelic wherein
alkvl, substituted alkyi, alkenvl, substituted alkenyl, alkynyl, substituted alkvnyl, cvcloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

and substituted heterocyclic are as defined herein,

{0056} “(Carboxyl ester) amino™ refers to the group -NR-C(()0-alkvl,
-NR¥-C{00-substituted alkyl, -NR-C{G)Y0-alkenyl, -NR-C{G)Y0O-substituted

alkenyl, -NR*-C{0)O-alkyoyl, -NR°-C{0)}0-substituted atkynyl,

NRI-C{O)0-aryl, -NR-C{0}0-substituted arvl, -NR¥-C(0)Y0-cycloalkyvl,
~NRC-C{O)YO-substituted cycloatkyl, -NR-C{0)O-heteroaryl, ~-NR?-C(0)0O-substituted
heteroaryl, -NR*-C(0)Y0O-heterocyelic, and -NR*-C{0)O-substituted heterocyelic wherein
R is alkyl or hydrogen, and wherein alkyl, substituted atkyl, alkenyl, substituted alkenvl,
atkynyl substituted alkyvnyl, eycloalkyl, substituted cycloalkyl, arvl, substituted arvl,
heteroaryl, substituted hetercaryl, heterocyclic, and substituted heterocyelic are as defined

herein.

[6057] “(Carboxyl esterjoxy™ refers to the group -O0-C(O)0-alkyl, -0-C{O)C-substituted
atkvl, ~G-C(0)O-alkenvl, -O-C{O)O-substituted alkenvi, ~0-C(0)0~atkynyl,
~(3-C{0)0O-substituted atkynyl, -O-C{0)Y0-arvl, ~-0-C(0)O-substituted arvt,
~O-C{O0-cycloalkyl, O-C{OY0-substituted cycloalkyl, ~O-C{0Y0-hetercaryl,
~(O-C(0yO-substituted heteroaryl, ~O-C{0)0O-heterocyclic, and -O-C(0)YO-substituted
heterocvelic wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkvnyl, substituted
atkynyl, cycloalkyl, substitated cycloalkyl, arvl, substituted arvl, heteroaryl, substituted

heteroarvl, heterocyelic, and substituted heterocyclic arc as defined herein.
{0058} “Cyang” refers to the group -C=N,

[(059] "Cycloalkyl” refers to saturated or unsaturated but nonaromatic cvelic 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 cvclic rings including fused,
bridged, and spiro ring systems. Cx evcloalkyl refers to a cyeloalky! group having x number
of ring carbon atoms. Examples of suitable cycloalkyl groups include, for instance,
adamantyl, cyclopropyl, cyclobutyl, cyclopentyl, and cvclooctyl. One or more the rings can
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be aryl, heteroaryl, or heterocyclic provided that the point of attachment is through the
non-aromatic, non-heterocyckc ring saturated carbocychic nng. "Substituted cycloalkyl"
refers 1o a eycloalkyl group having from 1 to 5 or preferably 1 to 3 substituents selected from
the group consisting of oxo, thione, alkvl, substituted alkyl, alkenyl, substituted alkenvi,
alkynyl, substituted alkynvl, alkoxy, substitated alkoxy, acyl, acvlamino, acyloxy, amino,
substituted amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylaming,
aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonyviamine, amidino, arvl, substituted arvl, arvioxy, substituted arvioxy, arylthio,
substituted arylthio, carboxyl, carboxyl ester, (carboxyi esteryamino, {carboxyl esterjoxy,
cvano, cycloalkvl, substituted cvcloalkyl, cycloalkvioxy, substituted cycloalkyloxy,
cveloalkyithio, substituted cycloalkylthio, guanidino, substituted guanidino, halo, hvdroxy,
heteroaryl, substituted heteroarvl, heteroarvloxy, substituted heteroaryloxy, hetercarylthio,
substituted heteroarvithio, heterocyclic, substituted heterocyelic, heterocyclyloxy, substituted
heterocyelyloxy, heterocyelvlthio, substituted heterocyclyithio, mitro, SO:H, substituted
sulfonyl, sulfonyioxy, thioacyl, thiol, alkvlthio, and substituted alkvlthio, wheren said

substituents are defined herein.
[3069] “Cycloalkyloxy” refers to -O-cvcloalkyl.
[06061] “Substituted cyeloalkyloxy” refers to ~O-(substituted cycloalkyl).

{0062} “Cycloalkylamino” refers to the group ~-NRY (cycloalkyl) where BY is hydrogen,
alkyl, or substituted alkvl.

{0663] “Substituted cycloalkylamino” refers to the group ~NRY (substituted cycloalkvl)
where R is hydrogen, alkyl, or substituted alky! and substituted cycloalkyl is as defined

herein.

(3064} “Cycloalkylthio” refers to ~S-cveloalkyl.

[06065] “Substituted cycloalkylthio” refers to -S-(substituted cyvcloalkyl).
{0066} “Guaniding” refers to the group -NHC(=NH)NH.

{0067) “Substituted guanidino” refers to ~-NRPCCENR¥ON(R), where each R s
mdependently selected from the group consisting of hyvdrogen, alkyl, substituted alkyl, aryvl,
substituted arvl, heteroarvl, substituted heteroaryl, heterocvclic, and substituted heterocyclic
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and two R groups attached to a common guanidine nitrogen atom are optionally joined
together with the nitrogen bound thereto to form a hetercovclic or substituted heterocyclic
group, provided that at feast one R 1s not hvdrogen, and wherein said substituents arc as

defined herein.

{0068 "Halo" or "halogen” refers to fluoro, chioro, brome and iodo and preferably is

fluoro or chioro.
{0069 “Hyvdroxy” or “hydroxyl” refers to the group ~-OH.
10670] “Heteroalkylene” refers 1o an alkyleng group wherein one or more carbons ig
replaced with -O-, -§-, SOn, -NRY-,
O@

o X »2«-»;!5-»2«-»
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moieties where R is H or C1-Ce alkyl. “Substituted hetercalkylene” refers to
hetercalkvnylene groups having from 1 to 3 substituents, and preferably 1 to 2 substituents,
selected from the substituents disclosed for substituted alkyiene.
{6671} "Heteroarvl” refers to an aromatic group of from 1 to 10 carbon atoms and 10 4
hetercatoms selected from the group consisting of oxygen, nitrogen and sulfur within the
ring. Such heteroarvl groups can have a single ring {e.g., pvridinyl or furyl) or multiple
condensed rings {e.g., indolizinyl or benzothieny!) wherem the condensed rings may or may
not be aromatic and/or contamn a heteroatom provided that the point of attachment is through
an atom of the aromatic heteroarvl group. In one embodiment, the mitrogen and/or the sulfur
ring atomfs) of the heteroaryl group are optionally oxidized to provide for the N-oxide
{(N-—0). sulfinyi, or sulfonyl moieties. Preferred heteroaryis include 5 or 6 membered
heteroaryls such as pyridinyl, pyrrolyl, thiophenyl, and furanyl. Other preferred heteroaryls
mnclude 9 or 10 membered heteroaryls, such as ndolyl, quinolinyl, quinclonyl, isoquinokinyl,

and isoquinolonyl.

16672} "Substituted hetercaryl” refers to hetercaryl groups that are substituted with from
110 3, preferably 1 to 3, or more preferably 1 to 2 substituents selected trom the group

consisiing of the same group of substituents defined for substituted arvl.
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{8073} “Heteroaryloxy” refers to -O-heteroaryh
{074} “Substituted heteroarvioxy” refers to the group -O-(substifuted heteroaryl).

{6675] “Heteroarylthio” refers to the group ~S-heteroaryl.
{6676} “Substituted heteroarylthio” refers to the group -S-(substituted heteroaryl).

{0077} “Heteroarylamino” refers to the group ~NRY(heteroaryl} where RY is hydrogen,

alkvl, or substituted alkyl.

{8078} “Substituted heteroarylamino” refers to the group ~NRY{substituted hetercaryl),
where R¥7 is hydrogen, alkyl. or substituted atkyl and substituted heteroaryl is defined as

herein.

[6679] "Heterocyele” or "heterocyclic” or “heterocycloalkyl™ or “heterocvely!l” refers to a
saturated or partially saturated, but not aromatic, group having from 1 to 10 ring carbon
atoms, preferably from 1 to 8 carbon atoms, and more preferably from 1 to 6 carbon atoms,
and from 1 to 4 ning heteroatoms, preferably from 1 to 3 heteroatoms, and more preferably
from 1 to 2 heteroatoms selected from the group consisting of nitrogen, sulfur, or oxygen. Cx
heterocyeloalkyl refers to a heterocveloalkyl group baving x number of ring atoms mcluding
the ring heteroatoms. Heterocycle encompasses single ring or multiple condensed rings,
mchuding fused bridged and spiro ring systems. In fused ring systems, one or more the rings
can be cycloalkyl, aryl or heteroarv provided that the point of attachment 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, solfinyl, sulfonyl moteties.

[080] “Heterocyclylene” 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, sulfur, or oxygen. “Substituted

heterocyelylene” refers to heterocyelylene groups that are substituted with from 1 1o 5 or

preferably 1 o 3 of the same substituents as defined for substituted cycloalkyl

{6081} "Substituted heterocyclic” or “substituted heterocycloalkyl™ or “substituted
heterocvelyl™ refers to heterocyclyl groups that are substituted with from 1 to 5 or preferably
110 3 of the same substituents as defined for substituted cycloalkyl

{6082} “Heterocyelvloxy” refers to the group -G-heterocyevl.
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{8083} “Substituted heterocvelyloxy” refers to the group -O-(substituted heterocyeyl).
{084 “Heterocyelylthio” refers to the group -S-heterocyeyl,
{06085] “Substituted heterocyclylthio” refers to the group -S-{substituted heterocyevl).

{0086] “Heterocyclylamine” refers to the group ~-NRV(heterocyelyl) where R%7 is

byvdrogen, alkvl, or substituted alkyl.

[6087) “Substituted heterocyclylaming” refers to the group ~NRY (substituted
heterocycivl), where R7 is hydrogen, alkyl, or substituted alky! and substituted heterocyelvl
18 defined as herem.

[0088] Examples of heterocyelyi and heteroaryl include, but are not himited to, azetidinyl,
pvrrolyl, imidazolvl, pyrazolyl, pvndyl, pyrazyl, pyrimidvl, pyndazyl, indolizyl, 1somdolvl,
mdolvl, dihydroindolvl, indazolyl, purinyl, quinolizinyl, isoguinolinyl, guinolinyl,
phihalazinyl, naphthvipvridinyvl, quinoxabinyl, guinazolinyl, cinnolinvl, ptendinvl, carbazolvi,
carbolinyl, phenanthnidinyl, acridinyl, phenanthrolinyl, isothiazolvl, phenazinvl, isoxazolyl,
phenoxazinyl, phenocthiazinyl, mmdazohidinyl, imidazolinyl, piperidinyl, piperaziny,
mdolinyl, phthalimidyl 1,23 4-tetrahydroisoquinolinyl,
4.5,6,7-tetrahydrobenzolbjthiophenyl, thiazolyl, thiazolidinyl, thiophenyl,
benzolblthiophenyl, morpholinvl, thiomorpholinyl {(also referred to as thiamorpholinyl},

1. I-diosothiomorpholinyl, pipenidinyl, pyrrolidinyl, and tetrahydrofuranyl.
0089} “Nitro” refers to the group -NOz.
{0030} “Oxo” refers to the atom (=0} or (O},

[091] “Spiro ring svstems” refers to bicvelic ring systems that have a single nng carbon

atom comumon to both rings.
{6692} “Sulfinyl” refers to the divalent group ~S${0)- or —-8(=0}-.
093] “Sulfonyl” refers to the divalent group -5{(0)z- or -S(=0}-.

{86634} “Substituted sulfonyl” refers to the group -80z-alkyi, ~-5C2~substituted
atkyl, -50:-0H, -SOz-alkenyl, -SOh-substituted alkenyl, -SOs-cyeloalkyl, -80:-substituted
evicoalkyl, -5C2-aryl, -SOz-substituted aryl, -SOz-hetercaryl, -502-substitited

heteroaryl, -SOz-heterocvelic, -SOz-substituted heterocyclic, wherein alkyl, substituted alkyl,
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atkenvl, substituted alkenyl, alkynyl, substituted alkynvl, cveloalkyl, substituted cyvcloalkyl,
arvl, substituted arvl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein. Substituted sulfonyi mcludes groups such as methyvl-50;-,
phenyl-SOa-, and 4-methviphenyl-50:-. Preferred substituted alkyl groups on the substituted
abkyl-$0s- include halogenated alkyl groups and particularly halogenated methyl] groups such

as trifluoromethyl, difluromethy], fluoromethyl and the like.

[8095] “Substituted sulfinyl” refers to the group —-SO-alkyl,

—S0-substituted alkyl, -SO-atkenyl, ~-SO-substituted alkenvyl, -SO-cvcloalkyl, -SU-substituted
cvlcoalkyl, ~SO-aryl, -SO-substituted arvi, -SO-heteroarvl, -SO-substituted

heteroaryl, -SG-heterocyelic, -SC-substituted heterocycehic, wherein alkyl, substituted alkyl,
atkenyl, substituted atkenyl, alkvayl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
arvl, substituted arvl, heteroarvl, substituted heteroaryl, heterocyelic and substituted
heterocyclic are as defined heren. Substituted sutfinyl includes groups such as methyl-50-,
phenyl-50-, and 4-methyvlphenyl-S0- Preferred substituted alkyl groups on the substituted
atkyl-SO- mclude halogenated alky! groups and particularly halogenated methyl groups such

as trifluoromethvl, diffuromethvl, fluoromethvi and the Iike.

13696] “Sulfonyloxy” or “substituted sulfonyioxy” refers to the group ~0502-alkyl,
~0802—substituted alkyi, -050:-0H, -0850:-alkenyl, ~050:—substituted alkenyl,
~08S0x—cvcloalkyl, ~O80—substituted cvicoalkyvl, —~0502—arvl, ~0SOz—substituted arvl,
~08Oh-heteroaryl, ~050s-substituted heteroaryl, ~080:-heterocyclic, -O80:-substituted
heterocyelic, wherein alkyl, substituied alkyl, alkenyl, substituted alkenvi, alkvovi,
substituted alkynvl, cyvcloalkyl, substituted cveloalkyl, aryl, substituted aryl, heteroaryt,

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

{06977  “Sulfonylamino” refers to the group —NR (substituted sulfonyl) where R¥ is

hydrogen, alkyl, or substituted alkyl and substituted sulfonyl is as defined here.

(098] "Thigacvl" refers to the groups H-C(S)-, alkyi-C(S}-, substituted atkvi-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

heterocyelic-C(5)-, wherein alkvl, substituted alkyl, alkenvl, substituted alkenyl, alkynvl,
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substituted alkvayl, cycloalkyl, substituted cveloalkyl, arvl, substituted arvl, hetercarvl,

substituted hetercaryl, heterocychic and substituted heterocyclic are as defined herein.

[6099] “Mercapto” or “thiol” refers to the group -SH.

[0104] “Formyl” refers to the group —C(O)H.

{6181} “Thiocarbonyl™ refers to the divalent group -C{(8)- which is equivalent to -C{(=5)-.
103162} “Thione” refers to the atom (=5).

{8103} “Alkylthio” refers to the group -S-alkyl wherein alkyl is as defined herein.

[3104] “Substituted alkylthio” refers to the group -S-(substituted alkyi) wheremn
substituted alkyl is as defined herein. Preferred substituted alkyl groups on -S-{substituted
atkvl} include halogenated atkyl groups and particelarly halogenated methy! groups such as

trifluoromethvi, difluromethyl, fluoromethvl and the bike.

{0105] “YVinyl” refers to unsaturated hydrocarbon radical —(CH=CH:, denved from

cthylene.

13186} The terms “optional” or “opticnally”™ as used throughout the specification means
that the subsequently described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances m which
it does not. For example, “the nitrogen atom is optionally oxidized to provide for the N-oxade
{(N—O} moicty” means that the nitrogen atom may but need not be oxidized, and the
description includes sitaations where the nitrogen atom 1s not oxadized and situations where

the nitrogen atom is oxidized.

[6107] 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,
4 or 5 substituents. Preferably, the substituents are selected from the fimctional groups
provided herein. In certain more preferred embodiments, the substituents are selected from
oxo, halo, ~-CN, NQz, -COR ORI LERIW LGORIY -SRI, NRIOIRI0?
SCONRIIRIOZ LSONRIGIRI? C-Cs alkyl, Ci-Us alkoxy, -CRIW=C{RIMY, -CCRIW, (3-Cio
cycloalkyl, Cs-Cio heterocyelvl, Ce-Crs arvt and Cs-Ciz heteroaryl, wherein cach R
mdependently is hydrogen or C1-Cs alkyl; C5-Cuz eyeloalkyl; Ca-Cio heterocyelvl; Co-Cua

arvl; or U2-Ci heteroaryl; wherein each alkyl, cycloalkyl, heterocyclyl, aryl) or heteroaryl is
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optionally substituted with 1-3 hale, 1-3 C1-Ce alkyl, 1-3 C1-Ce haloalkyl or 1-3 C1-Co alkoxy
groups. More preferably, the substituents are selected from the group congisting of chloro,

fluoro, ~OCH:, methyl, ethyl, iso-propyi, cyvclopropyl, -OCFE;, -C¥F; and ~-OCHE:.

{0108} R and R1Y? independently are hydrogen; Ci-Cs alkyl, optionally substituted with
~COsH or an ester thereof, Ci-Cs alkoxy, oxo, -CR'W=CR "), -CCR, (3-Cio cveloalkyl, Ca-
Cio heterocyelyl, Cs-Craaryl, or C2-Ciz heteroaryl, wherein each R independently is
hydrogen or Cr1-Ce alkyl, Cs-Ciz eveloalkyl; Cs-Cio heterocvelyl; Co-Craarvl; or C2-Crz
heteroaryl; wherein cach cycloalkyl, heterocyelyl, arvl, or heteroaryl is optionally substituted
101

with 1-3 alkvl groups or -3 halo groups, or R'% and R1%? together with the nitrogen atom

they are attached to form a 5-7 membered heterocyele.

{6169} Uniess indicated otherwise, the nomenclature of substituents that are not explicitly
defined herein are arrived at by naming the termunal portion of the functionality followed by
the adjacent functionality toward the point of attachment. For example, the substituent

“atkoxycarbonvialkyl” refers to the group (alkoxy}-C{O)-(alky)-.

[3110] It i1s understood that in all substituted groups defined above. polymers amved at
by defining substituents with further substituenis to themselves {¢.g., substituted arvl having a
substituted aryl group as a substituent which 1s itself substituted with a substituted arvl group,
cte ) are not mtended for inclusion herein.  In such cases, the maximum mumber of sach
substituents 1s three. That is to say that cach of the above definitions is constrained by a
bmitation that, for example, substituted arvl groups are limited to —substituted aryi-

(substituted arvl)-substituted aryl.

{8111} In some embodiments of a substituted moiety, the motety is substituted with a
group that may also be substituted with a further group, but the further group cannot be
additionally substituted. For example, in some embodiments of “substituted alkyl”, the alkyl
moiety is substituted with a group that may be further substituted (c.g., substituted alkoxy,
substituted anuno, substituted arvl, substituted arvioxy, substituted arvithio, substituted
arylamino, substituted heteroarvlamino, substituted cycloalkylamino, substituted
heterocyclylamino, substituted cycloatkyl, substituted cyeloalkyloxy, substituted
cycloalkvlthio, substituted guanidino, substituted heteroarvl, substituted heteroarvioxy,
substituted heteroaryithio, substituted heterocyelic, substituted heterocvelvioxy, substituted
heterocyclylthio, substituted sulfonyl, sebstibited alkylthio), but the substituted alkoxy,
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substituted amino, substituted aryl, substituted aryloxy, substituted arvithio, substituted
arvlamino, substituted heteroarylamino, substituted cycloalkylamino, substituted
heterocyclylanmino, substituted cycloalkvl, substituted cvcloalkyioxy, substituted
cveloalkyithio, substituted guamdino, substituted heteroaryl, substituted heteroarvioxy,
substituted heteroarvithio, substituted heterocyclic, substituted heterocyclyloxy, substituted
heterocyclylthio, substituted sulfonyl or substituted alkylthio on the alkyl moiety s not
substituted with a moicty that 1s tself further substituted.  Although “substituted alkvl™ is
provided as an example, such an embodiment 1s intended for each substituted moety

described herein.

3112} In some embodiments of a substituted moiety, the motety s substituted with a
group that is not further substituted. Thus, in some embodiments, “substituted alkyl™ is an
alkvl moiety substituted with one or more, and in some aspects, 1 or 2 or 3 or 4 or 5 moictics
mdependently selected from the group consisting of alkoxy, acyl, acviamino, acyloxy, amino,
aminocarbonyl, aminothiocarbonyl, aminocarbonylamine, aminothiocarbonylamino,
aminocarbonyloxy, aminosulfonyl, aminosulonyioxy, amimosulfonylamime, amidino, aryl,
arvioxy, arvlthio, arylamino, heteroarviamino, cvcloalkylamino, heterocycloalkviamino,
carboxyl, carboxyl ester, (carboxyl esteryamino, (carboxyi esteryoxy, cvano, cvcloalkyl,
cycloalkyloxy, cyecloalkylthio, guanidino, halo, hydroxy, heteroaryl, heteroaryloxy,
heteroaryithio, heterocyelic, heterocyelvloxy, heterocyelyithio, nitro, SOsH, sulfonyloxy,
sulfonylamimo, thioacyl, thiol, and alkvithio. Although “substituted alkyl” 13 provided as an

example, such an embodiment 1s intended for each substituted motety described herein

[3113] It is understood that the above definitions are not imtended to include
impermissible substitution patterns {¢.g., methyl substituted with 4 fluoro groups). Such

umpermissible substitution patterns are well known to the skilled artisan.

{6114} It 1s appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various featurcs of the invention, which are, for brevity,
described m the context of a single embodiment, may also be provided separately or in any
suitable subcombination. All combinations of the embodiments pertaining to the chemical
groups represented by the variables are specifically embraced by the present invention and

are disclosed herein just as 1t each and every combination was individually and explicitly
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disclosed, to the extent that such combinations embrace compounds that are stable
compounds {i.¢., compounds that can be 1solated, characterized, and tested for biological
activity). In addition, all subcombinations of the chenucal groups listed 1o the embodiments
describing such variables are also specifically embraced by the present mnvention and are
disclosed hereimn just as if gach and every such sub-combination of chemical groups was

mdividually and explicitly disclosed herein.

Compounds

[0115] In one aspect, is provided a compound of formula (I):

R4 >~ E
N i R
L l X
L N“RQ
A=
=
D

or a tautomer or an N-oxide thereof, or an isctopomer of cach thereof, or a prodnug of cach of
the above, or a stercoisomer of the aforesaid, or a pharmaceutically acceptable salt of each of

the foregoing, or a solvate of cach of the preceding, wherein:
L is -NH-CO-, ~CO-NH-, ~-NH-502-, or ~802-NH-;

R! is optionally substituted Cs-Cro aryl, optionally substituted 5-10 membered heteroaryl,
optionally substituted 4-10 membered heterocyele, C{ONRORT, S{ORNRR7, NR*COR', or
NROSOLR7, or C{GHYORS,

R? is H, optionally substituted C1-Cs alkyl, optionally substituted C3-Cs cyeloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted C2-Ce alkenyl, optionally
substituted Ci:-Cs alkynyl, opticnally substituted Co-Cio arvl, or optionally substituted 5-10

membered heteroaryl;

R? is H, optionally substituted C1-Cs alkyl, optionally substituted C2-Cs atkenyl, optionally
substituted Cz-Co alkynyl, optionally substituted cycloalkyl, optionally substituted
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heterocycloalkyl, optionally substituted arvl, optionally substitated hetercaryl, ORS, or

NRSR: or

R? and RY together with the intervening atoms form cycloalkyl or heterocycloalkyl,
preferably an optionally substituted £3-Cs cycloalkyl or an optionally substituted 4-10

membered heterocycloalkyl;

R* is optionally substituted C1-Cs alkvl, preferably C1-Cs haloalkyl, such as CF; or CE2(l,
optionally substituted C2-Co alkenvl, optionally substituted Cz-Co alkynyi;

XisOors;

Y is CH, C-C1-C2 alkyly, or C-halo ar N;
Zis CRor N;

R3 is H or halogen;

RS is H, optionally substituted C1-Cs alkvl, optionally substituted C3-Cs cycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted Co-Cio arvl, or optionally

substituted 5-10 membered heteroarvl; and

R’ is H, optionally substituted C1-Cs alkyl, optionally substituted C3-Cz cveloalkyl, optionally
substituted 4-10 membered heterocyeloalkyl, optionallv substituted Ce~Cio arvi, or optionally

substituted 5-10 membered heteroaryl; or

R® and R together with the nitrogen to which they are attached form an optionally substituted

4-7 membered heterocvele,

provided that the compound is other than (i) 1H-Benzimidazole-7-carboxylic acid, 5-{{{(4-
methoxyphenyhsutfonyijamino}-1-methyl- or {i1) 1H-Benzimidazole-7-carboxylic acid, 5-
[[{4-cthoxyphenyhsulfonyl{amino|-1~methvi-.

{8116} In some embodiments, provided is a compound of formula (I-1):
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-1

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 each of

the foregoing, or a solvate of cach of the preceding, wherein:
L is -NH-CO-, ~-CO-NH-, or -NH-502-;

R} is optionally substituted Ce-Cio aryl, optionally substituted 5-10 membered heteroaryl,
optionally substituted 4-10 membered heterocycle, C(O)NRR”, S(O)NRR”. NRCCOR’, or
NRGSOzR”', or C(Q)GRG;

R? is H, optionally substituted C1-Cs alkyl, optionally substituted C3-Cz cveloalkyl, optionally
substituted 4-10 membered heterocyeloalkyl, optionally substituted Co-Ce alkenyl, optionally
substituted Cs-Cs alkynyl, optionally substituted Co~Cro arvl, or optionally substituted 5-10

membered hetercaryl;

R? is H, optionally substituted C1-Cs alkyl, optionally substituted C2-Cs alkenyl, optionally
substituted {2-Cs alkynyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted arvl. optionally substituted heteroaryl, OR®, or

NRR: or

R? and R” together with the intervening atoms form cycloalkyl or heterocyeloalkyl,
preferably an optionally substituted Cs5-Cs cycloalkyl or an optionally substituted 4-10

membered heterocycloalkyl;

R* is optionally substituted C1-Cs alkyl, preferably C1-Cs haloalkyl, such as CFs or CFa(l,

optionally substituted C2-Ce alkenyl, optionally substituted C2-Cs alkynyi;
XisQOors;

Y is CH, C+(Ci-C alkyl), or C-halo or N;
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ZisCRorN;
R’ is H or halogen;

R® is H, optionally substituted C1-Cs alkyl, optionally substituted Cs-Cs cvcloalkyl, optionally
substituted 4-10 membered heterocyeloalkyvl, optionally substituted Co-Cio arvl, or optionally

substituted 5-10 membered heteroarvi; and

R7 is H, optionally substituted C1-Cs alkvl, optionally substituted C3-Cs cycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted Co-Cio arvl, or optionally

substituted 5-10 membered heteroarvl; or

RS and R together with the nitrogen to which thev are attached form an optionally substituted
4-7 membered heterocyele.

117} Also provided herein 18 a compound of formula (I-a):

i /YE
N izk R
S
N
Pt s
r:e. R
{Ia)

wherein R, R2 R*, R* X, Y, Z, and L are as defined for the compound of formula (I}

[6118] In some embodiments, the compound is of formula (JA):

R* cl E O &35
Sy AR
Hool -
N«T{RB
(IA).

it is understood that when Z is N, then R3 is absent. Similarly, it is understood that when R®
is present, then RY is bound to a carbon atom in the arvl ring such that 7 is CR°

{6119} In some embodiments, the compound is of formula (JA-1}:
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(1A-1).

10120} In some embodiments, the compound is selected from formula (HA)-(HH):

(11D)

(LLE)
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,Or

(HH)

wherein R is an optionally substituted 5-6 membered heteroaryl, preferably the heteroarvl

moiety has up to 2 ring nitrogen atoms;

R is optionally substituted Ci-Cs alkyl, optionally substituted Cs-Cy cycloalkyl, or
optionally substituted 4-6 membered heterocycloalkyl, preferably, R* is methyl, optionally

substituted isopropyl, or cyclopropvi

RV is H, optionally substituted C1-Cs alkyl, optionally substituted C3-Cs cycloalkyl, or
optionally substituted 5-6 membered heterocycloalkyl, preferably optionally substituted

cyvclopropyl;
Ring A is optionally substituted 5-6 membered heterocycloalkyl; and

the remaining variables are defined as herein.

{3121} In some embodiments, the compound 1s of formula (I1A):

(TTA)

[6122] In some embodiments, the compound is of formula (HB):
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(1IB)
[0123]
(TIC)
[0124]
[0125]
(HE)
[0126]
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{6127} In some embodiments, the compound provided herein 1s of formula (HG):

{(HG)

[G128] In some embodiments, the compound provided herein i1s of formula (HH):

(11H)

{3129} In some embodiments, the compound provided herein is of formula (Ib):

XY
Rﬂv il l
N ( iz\ R
e
“{N
N

(ib)
wherein the remaining variables are defined as berein.

{6130} In some embodiments, the compound provided herein is of formula (I¢):

e /YE o
N N Za R
H I/
N
N
ey

wherein the remaining variables are defined as herein,

{03131} In some embodiments, the compound provided herein is of formula (Id) or Je):
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R4

or

(Id)

wherein the remaining variables are defined as berein.

j0132] In some embodiments, L 1s —=NH-CGO-. In some embodiments, L is —~CO-NH-. In

some embodiments, L 1s -NH-502-. In some embodiments, L 1s-5(:-NH-.

{8133} In some embodiments, R' is optionally substituted Cs-Cro arvl. In some
embodiments, R! is optionally substituted 5-10 membered heteroaryl. In some embodiments,
R} is optionally substituted 4-10 membered heterocyele. In some embodiments, R is
C(OINRSR’. In some embodiments, R! is S(ORNRER'. In some embodiments, R' is
NRYCOR". In some embodiments, R! i1s or NR°SOhR7. In some embodiments, R' is

C(OYOR®.

{6134} In some embodiments, R” is H. In some embodiments, R? is optionally
substituted C1-Cs alkyl. In some embodiments, R? is cycloalkylalkyl. In some embodiments,
R? 1s heterocyelylalkyl, In some embodiments, R? is arvialkyl. In some embodiments, R is
heteroarylalkyl. In some embodiments, R? is optionally substituted C3-Cs cycloalkyl. In
some embodiments, R? is optionally substituted 4-10 membered heterocycloalkyl. In some
embodiments, R? is optionally substituted C2-Ce alkenyl. In some embodiments, R? is
optionally substituted C2-Co alkynyl. In some embodiments, R? is optionally substituted Cs-

Cio aryl. Tn some embodiments, R? is optionally substituted 5-10 membered heteroaryl,

{8135] In some embodiments, R’ is H. In some embodiments, R is optionally
substituted C1-Cs alkyl. In some embodiments, RY is optionally substituted C:-Cs alkenyl. In
some embodiments, R® is optionally substituted Cz-Cs alkynvl. In some embodiments, R? is
optionally substituted cycloalkyl. In some embodiments, R® is optionally substituted
heterocycloalkyl. Tn some embodiments, RY is optionally substituted 4-6 membered
heterocycloalkyl. In some embodiments, R is optionally substituted arvl. In some
embodiments, R® is optionaily substituted Cs-Cio aryl. In some embodiments, R? is
optionally substituted heteroarvl. In some embodiments, R® is optionally substituted 5-10

membered heteroaryl. In some embodiments, R is C1-Ce alkyl, Co-Ce alkenyl, C2-Cs
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alkynyl, C3-Ce cyeloalkyl, 4- to 6-membered heterocyeloalkyl, Co-Cio aryl, or 3-to 10-
membered heteroaryl, each of which is optionally substituted by 1-3 substituents selecied
from the group consisting of halogen, hydroxyl, and C1-Cs atkyl. In some embodiments, R?

ts OR®. In some embodiments, R? is NRR’.

[0136] In some embodiments, R? and R* together with the intervening atoms form ring A,
which is cycloatkyl. Bt is understood that R? and R taken together with the intervening atoms
to form ring A, which is cycloalkyl, does not inchude the nifrogen atom to which R? is
attached. Rather, it is understood that no further heteroatoms, other than the nitrogen atom to
which R? is attached, make up ring A. In some embodiments, R? and R? together with the
intervening atoms form ring A, which is heterocycloalkyl. It is understood that R? and R’
taken together with the intervening atoms to form ring A, which is heterocyeloalkyl, includes
the nitrogen atom to which R? is attached. It is also understood that additional heteroatoms,
further to the nitrogen atom to which R” is attached, can make up ring A. In some
embodiments, R? and R? are taken together with the intervening atoms to form ring A, which
is heterocycloalkyl, and does not include any heteroatoms other than the nitrogen atom to
which R? is attached. In some embodiments, R and R” are taken together with the
miervening atoms to form ring A, which 1s heterocycloalkyl, and includes the nitrogen atom
to which R? is attached as well as additional heteroatoms. In some embodiments, R? and R?
together with the mtervening atoms form ring A, which is an optionally substituted Cs-Cs
cycloalkvl. Suitable cycloalkyl substituents inchude, without limitation, Ci-Cs alkyl,
hydroxyCi-Ce alkyl, and C1-Cs alkyl substituted with 1-3 halo, preferably fluoro atoms. In
some embodiments, R? and R together with the intervening atoms form ring A, which is an
optionally substitited 4-10 membered heterocycloalkvl. Suttable heterocyeloalkyl
substituents include, without hmitation C1-Ce alkyl, hydroxy{Ci-Cs alkyl, and C1-Cs alkyl

substituted with 1-3 halo, preferably fluoro atoms.

{8137} In some embodiments, R* is optionally substituted C1-Cs atkvl. In some
embodiments, R* is {1-Cs haloalkyl. In some embodiments, R* is CF;. In some
embodiments, R* is CF2C1. In some embodiments, R* is optionally substituted C2-Cs alkenyl.

In some embodiments, R* is optionally substituted C2-Ce alkynyl.

{0138} In some embodiments, X i1s 0. In some embodiments, X 15 &,

34



WO 2020/061086 PCT/US2019/051567

[8139] In some embodiments, Y is CH. In some embodiments, Y 18 C-{C1-Cr alkvh). In

some embodiments, Y 1s C-halo. In some embodiments, Y is N.
3140} In some embodiments, Z is CR®. In some embodiments, Z is N.
{8141} In some embodiments, R is H. In some embodiments, R is halogen.

{08142} In some embodiments, R® is H. In some embodiments, R is optionally
substituted C1-Cs alkyl. In some embodiments, R® is optionally substituted Ca-Cs cycloatkyl.
In some embodiments, R® is optionally substituted 4-10 membered heterocycloalkyl. In some
embodiments, R® is optionally substituted Cs-Cio arvl. In some embodiments, RY is
optionally substituted 5-10 membered heteroaryl. In some embodiments, R® is C1-Cs alkyl,
C2-Cr cycloalkyl, 4-10 membered heterocycloalkyl, Ce-Cio arvl, or 5-10 membered
heteroaryl, cach of which 1s optionally substituted by 1-3 substituents selected from the group

consisting of halogen, hvdroxyl, and Ci-Co alkyl.

13143} In some embodiments, R7 is H. In some embodiments, R7 is opticnally substituted
C1-Ce alkyl. In some embodiments, R7 is optionally substituted C3-Cs cyeloalkyl. Tn some
embodiments, R7 is optionaily substituted 4-10 membered heterocycloalkyl. In some
embodiments, R7 is optionally substituted Cs-Cio arvl. In some embodiments, R7 is optionally
substituted 3-10 membered heteroarvl. In some embodiments, R7 is C1-Cs alkyl, C3-Cs
cveloalkyl, 4-10 membered heterocveloalkyl, Co-Cie arvl, or 5-10 membered heteroarvi, cach
of which 1s optionally substituted by 1-3 substituents sclected from the group consisting of

halogen, hydroxyl, and Ci-Cs alkyl.

{8144} In some embodiments, R® is H; and R7 is H, optionally substituted Ci-Cs alkyl,
optionally substituted C3-Cs cycloalkyl, optionally substituted 4-10 membered
heterocycloatkyl, optionally substituted Co-Cro aryl, or optionally substituted 5-10 membered

heteroarvl.

{0143} In some embodiments, R® and R7 together with the nitrogen to which they are
attached form an optionally substituted 4-7 membered heterocycle. In some embodiments, R®
and R together with the nitrogen to which they are attached form 4-7 membered heteroeycle
optionally substituted by 1-3 substituents selected from the group consisting of halogen,

hydroxyl, and Ci-Cs alkvl,
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[8146] Int some embodiments, R'? is a 3-6 membered heteroaryl. In some embodiments,
R is 3 5-6 membered heteroaryl, wherein the hetercaryl moicty has up to 2 ring nitrogen
atoms. [n some embodiments, R is 5-6 membered heteroary] optionally substituted by 1-3
substituents selected from the group consisting of halogen, cyano, hivdroxyl, C1-Cs alkoxy,

Ci-Ts alkyl, and C3-Co cveloalkyl.

{8147} In some embodiments, RC is optionally substituted C1-Cs alky!l. In some
embodiments, R? is optionally substituted C3-Cs cycloalkyl. In some embodiments, R*" is
methyl. In some embodiments, R? is optionally substituted isopropyl. In some
embodiments, R?® is cyclopropyl. In some embodiments, R? is C1-Cs alkyl, C-Ca
cycloalkyl, or 4-6 membered heterocycloalkyi, cach of which is optionally substituted by 1-3
substituents selected from the group consisting of halogen, hydroxyl, C1-Cs alkoxy, C1-Co
atkvl, C3-Co cycloalkyl, 4- to 6-membered heterocvelyl, cyvano, oxo, —~C(O)NH(C:-Cs alkyl),
and ~C{OWNH(Cs-Cs cyeloalkyl) . In some embodiments, RY is H. In some embodiments, R™
is optionally substituted C1-Cz alkyl. In some embodiments, R™ is optionally substituted Ca-
Cq cvcloalkyl. In some embodiments, R*Y is optionally substituted cyclopropyl. In some
embodiments. R¥ is C;-Cs alkyl, C3-Cq cycloalkyl, or 5-6 membered heterocycloalkyl, each
of which 1s optionally substituted by 1-3 substituents sclected from the group consisting of

halogen, hydroxyl, and Ci-Cs alkvl.

16148} In some embodiments, R is a 5-6 membered hetercaryl. In some embodiments,
R} is a 5-6 membered heteroaryl containing up to 2 ring nitrogen atoms. In some
cmbodiments, R! is a 3-6 membered heteroary] containing 2 ring nitrogen atoms. In some
embodiments, R' is a 5-6 membered heteroary] containing | ring nitrogen atom. In some
embodiments, R' is a 5-6 membered hetercaryl containing 3 ring nitrogen atoms. In some
embodiments, R! is pyrimidinyl. In some embodiments, R is pyvrazolyl. In some
embodiments, R is pyridvl. In some embodiments, R! is triazolyl. In some embodiments, R!
is imidazolyl. In some embodiments, R! is pyridazinyl. In some embodiments, Rlis a 5-6
membered heteroary] containing 1 ring mitrogen atom and 1 ring sulfur atom. In some
embodiments, R! is a 5-6 membered heteroary! containing | ring nitrogen atom and 1 ring
oxygen atom. In some embodiments, R is thiazolyl. Tn some embodiments, R! is oxazolvl,
In some embodiments, R’ is isothiazolvl. In some embodiments, R is isoxazolyl. In some
embodiments, R! is a 4-5 membered heterooyclyl containing 1 ring nitrogen atom. In some
embodiments, R! is a 4-5 membered heterocyelvl which is optionally substited by 1-2 oxo
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groups. In some embodiments, R'is azetidinyl. In some embodiments, R! is pyrrolidinyl. In

any of these embodiments, R! is optionally substituted by 1-3 substituents selected from the

group consisting of halogen, evano, hydroxyl, Ci-Ce alkoxy, C1-Cs alkyl, and C5-Ce

cycloatkyl. In some variations, R! is substituted by 1-2 substituents selected from the group

consisting of halogen, eyano, hydroxyl, C1-Ca alkoxy, Ci-Cs alkyl, and C5-Cs cyeloatkyl. In

some variations, R! is substituted by 1 substituent selected from the group consisting of

halogen, cvano, hydroxyl, Ci-Cs alkoxy, Ci-Cr alkyl, and Cs-Cs cycloatkvl. In some

variations, R! is substituted by 1 substituent selected from the group consisting of fluoro,

chloro, bromo, cyano, hvdroxyl, methoxy, ethoxy, methyl, ethyl, cyvclopropvl, cyvclobutyl,

cvelopentyl, and cyclohexyl
[3145] In some embodiments, R! is
N
D
P

{0150} In some embodiments, R} is

{0151}  In some embodiments, Rl is

SO

[G152] In some embodiments, R! is

0153}  In some embodiments, R} s

37



WO 2020/061086 PCT/US2019/051567

N OMe

\Y

#154] In some embodiments, R} is

en—

HN N\\

e

\

[B155] Int some embodiments, R} is

/
\

\

/

$156 In some embodiments, B! is

g
b

\

HN

\

/

P
{0157}  Insome embodiments, R is
" M

HN
Non

e

{6158} In some embodiments, R! is

[en—

4159} In some embodiments, R! is
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G166} In some embodiments, B!

HO

j161] In some embodiments, R}

NC
"
NH

T
N

[0162] In some embodiments, R

L

{0163] In some embodiments, R

)

o

{0164] In some embodiments, R

\
,%l >

{0165] In some embodiments, R

is

1

w

1

w

18

18

18
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B
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{6166} Int some embodiments, R} is

3

)

N
{0167} In some embodiments, R' is

S

D=

N

[168] In some embodiments, R} i

1743

N

AN
W

{6169} In some embodiments, R} is

S \\
e
N

{0170]  Insome embodiments, R' is

A

0171} In some embodiments, R} is
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[8172] In some embodiments,
N
<
NT \
e

{6173} In some embodiments, R

3174} In some embodiments,

C)\\

S
N

[6175] In some embodiments, R

xn
=

{0176} In some embodiments, R!

Nz
I

AN

tig

tis

g

tis

i

743

[6177] In some embodiments, R! is
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N

A

[B178] In some embodiments, R! is

—
A

{6179] In some embodiments, R} is

HNN
SN

{6186} Int some embodiments, R} is

-
*,

[0181] In some embodiments, R} ~CONHR, wherein R7 is H, C3-Cs eyeloalkyl, or C1-Cs
alkyl.

{8182} In some embodiments, R is ~CONH{Cs-Cs cycloalkyl). In some embodiments,
R} is
~CONH{C3-Cs cycloalkyly. In some embodiments, R' is ~CONH(C3-Cy cycloalkyl).

(3183} In some embodiments, R} is ~CONH{cvelopropyl).
{6184} In some embodiments, R is ~CONHz.

[6185] In some embodiments, R is ~-CONH(C1-Cs alkyl). In some embodiments, R! is
~CONH(C:-Cs alkyl). In some embodiments, RUis ~CONENH{CH:) or ~-CONHYNCaHs).

{3186} In some embodiments, R? is optionally substituted C1-Cs atkvl. In some
embodiments, R is methvl. In some embodiments, R is ethyl. In some embodiments, R? is
propvl. In some embodiments, R? is optionally substituted isopropyl. In some embodiments,

R? is isopropyl. In some embodiments, R? is butyl. In some embodiments, R? is tertiary
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butyl. In some embodiments, R? is pentyl. In some embodiments, R? is n-pentyl, sec-pentyl,
3-pentyl, or sec-isopentyl. In some embodiments, R? is optionally substituted {'3-Cs
cveloalkyl. In some embodiments, R? is cyclopropyl. In some embodiments, R? is
cyclobutyl. In some embodiments, R? is cyclopentyl. In some embodiments, R? is 4~ to 6-
membered heterocyclyl. In some embodiments, R? is 4- to 6-membered heterocyelyl
containing 1 or 2 heteroatoms selected from the group consisting of nitrogen, sulfur, and
oxygen. In some embodiments, R? is tetrahydrofuranyl. In some embodiments, R? is
tetrahydropvranyl. In some embodiments, R? is thictanyl, In some embodiments, R? is
pyrrolidinyl. In any of these embodiments, R? is optionally substituted by 1-3 substituents
selected from the group consisting of halogen, hvdroxyl, C1-Ce alkoxy, Ci-Co alkyi, Cs-Cs
cveloalkyl, 4~ to 6-membered heterocvelvl, cvano, oxo, —“C{OYNH(C1-Cs alkyl), and
~C{OYNH(C3-Cs cyeloalkyvl). In some variations, R? is substituted by 1-3 substituents
selected from the group consisting of halogen, hydroxyl, C1-Cs alkoxy, Ci-Cs alkyl, C5-Cs
cycloalkvl, 4- to 6-membered heterocyelyl, cyvano, oxo, ~C(O)NH(C1-Cs alkyl), and
~C{ONH(Ca-Cs cvcloalky!), In some variations, R? is substituted by 1-3 substituents
selected from the group consisting of fluore, chloro, bromo, hydroxyl, methvoxy, sthyoxy,

methyl, ethyl cyclopropyl, cyclobutyl, oxetanyl, cyanc, oxo, ~C{OINH(CH:),

~CONH{CHCHy), —C{O)NH{cvclopropvl), -C(ONH{cyclobutyl), ~C(O)NH(cyclopeniyvi),

and ~C{(OYNH(cyclohexyl).
{6187} In some embodiments, R?is H.

{0188] In some embodiments, R is

{0189} In some embodiments, R is

OH

[B196] In some embodiments, R is
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OMe

{0191} In some embodiments, R?is

\ //0 H

{0192] In some embodiments, R’ is

OH

j3193] In some embodiments, R?is

{0194}  In some embodiments, R%is

{6195} In some embodiments, R is
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CH

o
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o

OH

¥

{0261}  In some embodiments, R is
oH
{6202} In some embodiments, R is

8196} Int some embodiments, R is

0197} In some embodiments, R is

0198] In some embodiments, R%is

$199} In some embodiments, R is

0206] In some embodiments, R is
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OH

{0203} In some embodiments, R?is

C

s

e

~

fm——

v

OH

{6206] In some embodiments, R?is

v

o

%{ﬁﬂ

j3208] In some embodiments, R?is

8204} In some embodiments, R?is

{205] In some embodiments, R’ is

8287} In some embodiments, R is

46

PCT/US2019/051567



WO 2020/061086

H
N

e \v

O

{6209} Int some embodiments, R is

\Va

|

{6214} Int some embodiments, R is
oo &

“’L{

e

j6211] In some embodiments, R?is

~
s

OH
{0212]  Insome embodiments, R is
%

CH

[B3213] In some embodiments, R’ is

N

S

{0214} In some embodiments, R?is
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AL

o

[6215] In some embodiments, R%is

W

{0216} In some embodiments, R?is

AL

=

6217} In some embodiments, R is

5

{6218} Int some embodiments, R is

{6219} In some embodiments, R is

o

HO

6220} In some embodiments, R’ is
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j3221] In some embodiments, R? and R’ together with the intervening atoms form ring A,

which s optionally substituted 5- to 6-membered heterocycloalkyl In some embodiments,

ring A 1s optionally substituted by 1-3 substituents selected from the group consisting of Ci-

Co alkyl, hydroxyl, C1-Ce alky-OH, ~C{O}C1-Co alkyl}, and oxo. In some varations, ring A

is substituted by 1-3 substituents selected from the group consisting of C1-Cs alkyl, hydroxyl,

C5-Cs alky-0OH, -C{OHC-Cs altkyl), and oxo. In some variations, ring A 1s substituted by 1-

3 substituents selected from the group consisting of methyl, ethyl, hvdroxyl, ~-CH:OH,

CHCH2-OH, -C(0)CH:, -C(OYCHRCH:, and oxo.

[06222] In some embodiments, R? and R together form:

j%f\?

Endl

10223} In some embodiments, R? and R® together form:

{0224} In some embodiments, R? and R’ together fornu:

Ny

G

.};\/‘

225 In some embodiments, R? and R’ together form:
)
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Q

{0226]  In some embodiments, R and R’ together form:

OH

S

<

=
2
2

F

T

[6228] In some embodiments, R” and R’ together form:

e

[en—

18234} In some embodiments, R and R° together form:

71 In some embodiments, R? and R” together form:

$229] In some embodiments, R? and R® together form:
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+

o

8231} In some embodiments, R? and R together form:

4232} In some embodiments, R? and R? together form:

en—

£,

34} In some embodiments, R? and R together form:

=
P

T
~

{6235] In some embodiments, R? and R’ together form:
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o

8236} In some embodiments, R? and R together form:

OH

R

103237} In some embodiments, R? and R® together form:

L7

OH
0238} In some embodiments, R? and R together form:

o

OH

P

$239] In some embodiments, R? and R” together form:

[en—

OH

=

$3240} In some embodiments, R? and R® together form:

[en—

X

§241 In some embodiments, R? and R’ together form:
f=)
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OH

U%

{0242}  In some embodiments, R? and R” together form:

F

s

10243} In some embodiments, R? and R together form:

OH

O

/\/}l\r

{0244} In some embodiments, R? and R’ together fornu:

OH

Nim

G

103245] In some embodiments, R? and R” together form:

OH

J

40

§246 In some embodiments, R? and R’ together form:
f=)

OH

§247 In some embodiments, R? and R’ together form:
f=)
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OH

+0

{0248] In some embodiments, R is H. In some embodiment, R3 is C1-Cs alkyl optionally
substituted with 1-3 substituents selected from the group consisting of halogen, hvdroxyl, and
~{(C1-Cs alkyl). In some embodiments, RY is methyl. In some embodiments, R is
isopropyl. In some embodiments, R is diffuoromethyl. In some embodiments, R is
hydroxyethvl. In some embodiments, R® is ~-CH2CH>OH.  In some embodiments, B is -
C{MenOH. In some embodiments, RY is ~-CH(Me)OH. In some embodiments, R? is
methoxymethyvl, In some embodiments, R is hydroxymethyl. In some embodiments, R? is
(3-Cs cycloalkyl. In some embodiments, R is C3-Cs cvcloalkyl substituted by 1-3
substituents selected from the group consisting of halogen, C1-Cs alkvl, and hydroxyl. In
some embodiments, R is cyclopropyl. In some embodiments, R is cyclobutyl. In some
embodiments, R is ~OR®, wherein R® is C1-Ce alkyl. In some embodiments, R? is methoxy.
In some embodiments, B’ is ethoxv. In some embodiments, R? is 4- to 6-membered
heterocyelyl. In some embodiments, R7 is 4~ to 6~-membered heterocyelyl substituted by 1-3
substituents selected from the group consisting of halogen, C1-Cs alkyl, and hydroxyl. In

some embodiments, R is tetrahydropyranyl.

(63249} In some embodiments, R* is optionally substituted C1-Cs alkyl. In some
embodiments, R* is Ci1-Cs alkyl, wherein the alkyl group is substituted with one or more halo
substituents. In some embodiments, R* is C1-Cs alky! substituted with 1-3 halo substituents.

In some embodiments, R* is CF3. In some embodiments, R is CF:CL

[0250] In one aspect, provided 1s a compound of formula (I} wherein the compound has

any one or more of the following featurcs:
(HR!is:

(1) 3-6 membered heteroary] optionally substituted bv 1-3 substituents
selected from the group consisting of halogen, cvano, hvdroxyl, Ci1-Cs
alkoxy,

Cs-Us cycloalkyl, and Ci-Cs alkyl; or
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{11} 4-5 membered heterocyelvl optionally substituted by 1-3 substituents
selected from the group consisting of halogen, cvano, hydroxyl, C1-Cs

alkoxy, Ca~Cs cveloalkyl, Ci-Cs alkyl, and oxo; or
(i) R} ~CONHR, wherein R7 is H, C3-Cs cycloaltkyl, or C1-Ce alkyl;
(I R? is:

(v} C1-Cs alkyl optionally substituted by 1-3 substituents selected from the
group consisting of halogen, hyvdroxyvl, Ci-Cs alkoxy, Ci-Ce alkyl, {53-Ce
cycloalkyl, 4- to 6-membered heterocvelvl, cyvano, ~COYNH(Ci-Cs alkvl,
and ~CONH(Cs-Cs cycloalkyl); or

(v} R? is C3-Cs cvcloalkyl optionally substituted by 1-3 substituents
selected from the group consisting of halogen, hydroxyl, Ci-Cs alkoxy, Ci-
Co alkyl,

Ca-Cs cveloalkyl, 4- 1o 6-membered heterocyelyl, cyvano, oxo,
~C{ONH(C1-Cs alkyl), and —C(OINH(Cs-Co cycloalkyl); or

{vi} 4~ to 6-membered heterocyelvl optionally substituted by 1-3
substituents selected from the group consisting of halogen, hydroxyl, C1-Cs
atkoxy,

C1-Cs alkyl, Cs-Co cycloalkvl, 4- to 6-membered heterocvelyl, cyano, oxo,

—C{ONFKC:-Cs alkyl), and —C(OINH(Cs-Cs eycloalkyl); or
(vii) H:

(I R is:
¢(viiiy H: or

(1x) C1-Ce alkyl optionally substituted by 1-3 substitotents selected from the

group consisting of halogen, hydroxvl, and —O(C1-Co alkyl); or

{(x) ~OR®, wherein R® is (;-Cs alkyl; or

W
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{x1} Ca-Co cycloalky! optionally substituted by 1-3 substituents selected

from the group consisting of halogen, C1-Cs alkvl, and hvdroxyi; or

{xit} 4- to 6-membered heterocyclyl optionally substituted by 1-3
substituents selected from the group counsisting of halogen, C1-Coe alkyl, and

hvdroxyl;

(IV) B? and R° together with the intervening atoms form ring A, which is 5-10 6-
membered heterocveloalkyl optionally substituted by 1-3 substituents selected from
the group consisting of C1-Cs alkyl, hydroxyl, Ci-Cs alkyl-OH, ~-C{O¥Ci-Cs alkyl),

and oxo;

(V) R* is C1-C5 alkyl optionally substituted by 1-3 halogen;
(VD L is -NH-CO-;

(Vi) 215 CH, C-halo, or N

VI X s 0.

In one varation, (1} applics. fn one vanation, (I} applies. In one variation, (111} applics. In
one varation, (IV) applies. In one vanation, (V) applies. In one vanation, (VI) applies. In
one vartation, (VII} applies. In one variation, (Vi) applies. In one aspect of this variation,
(B, (1, (I, (V), (VD, (VH), and (VI apply. In ancther aspect of this variation, (1), (1V),
(V). (VI}, (VII), and (VIil} apply. In one variation, {(V), (VI), (VID), and (VH) apply. Inone
variation, (1v}), (v}, and (ix) apply. In one vanation, (iv}, (iv}, and (x) apply. Inone
variation, (1), {v). and (ix) apply. In one variation, {1}, (vi), and {viit) apply. In one varation,
{1}, (iv), and (x1) apply. In one variation, (1}, {vii}, and {(viii} apply. In one vanation, (i}, (1v},
and (xa1) apply. In one variation, {1} and {IV} apply. In one variation, (i1}, (iv}, and {viu}
apply. In one varation, {1) and (IV) apply. In one vanation, (inn}, {iv), and (vin) apply. In
one variation, (iit) and (JV) apply.

1251} In one aspect, provided is a compound of formula (I) such as those provided in
the Examples {¢.g., Examples 1-49} below and tabulated in Table 1| (Examples 50-2323, or a
tautomer or an N-oxide thereof, or an isotoporer of each thereof, or a prodrug of each of the
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above, or a stercoisomer of the aforesaid, or a pharmaceutically acceptable salt of cach of the

foregoing, or a sulvate of cach of the preceding.

[3252] This disclosure also mcludes all salts, such as pharmaceuotically acceptable salts,
of compounds referred to herein. This disclosure also includes any or all of the
stereochemical forms, including any enantiomeric or diastereomeric forms, and any
tautomers or other forms, such as N-oxides, solvates, prodrugs, or isotopomers, of the
compounds described. Unless stereochemistry 1s explicitly mdicated in a chemical stracturg
or name, the structure or name 1s intended to embrace all possible stercoisomers 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 embraced by the mvention, such as crystalline or non-crystatiing
forms of the compounds. Compositions comprising a compound of the invention are also
mtended, such as a composition of substantially pure compound, including a specific
stereochemical form thereof. Compositions comprising a mixture of compounds of the
mvention in any rafio are also embraced by the invention, includiog mixtures of two or more
stereochemical forms of a compound of the invention i any ratio, such that racemic, non-

racemic, enantioenriched and scalemic mixtures of a compound are embraced.

[0253] In the descriptions herein, it is understood that every description, variation,
embodiment, or aspect of a moietv can be combined with every deseription, variation,
embodiment, or aspect of other moigties the same as if cach and every combination of
descriptions is specifically and individually listed. For example, every description, vanation,
embodiment, or aspect provided herein with respect to R! of formula (1) may be combined
with every description, variation, embodiment, or aspect of R? R°. R* 5, RO RV X L)Y,
and/or Z the same as if each and every combination were specifically and individeally histed.
It is also understood that all descriptions, varations, embodiments or aspects of tormula (i),
where applicable, apply equally to other formulae detailed herein, and are equally described,
the same as if each and every description, variation, embodiment or aspect were separately
and individually lsted for all formulae. For example, all descriptions, variations,
embodiments, or aspects of formula (1), where applicable, apply equally to anv of formulae
(-3, (Ia}, A), JA-1), (1A), (1IB), (HC), (11D}, (IE3, (IF), GIG), (TTHD, (db), (Io), {Id), and
{le}) detailed herein, and are equally described, the same as if each and every description,
variation, embodiment or aspect were separately and individually listed for all formulae.
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[0254] The mvention also includes all salts, such as pharmaceutically acceptable salts, of
compounds referred to herein. The invention also includes any or all of the stereochemical
forms, including any cnantiomeric or diastereomeric forms, and any tavtomers or other
forms, such as N-oxides, solvates, prodrugs, or isotopomers, of the compounds described.
Unless stercochemistry is explicitly indicated in a chemical structure or name, the structure or
name 1s intended to embrace all possible stercoisomers of a compound depicted. In addition,
where a specific stercochenucal form is depicted, i is understood that other stercochemical
forms are also embraced by the invention. All forms of the compounds are also embraced by
the invention, such as crystalline or non-crystalline forms of the compouands. Compositions
corprnsing a compound of the invention are also intended, such as a composition of
substantially pure compound, including a specific stercochemical form thercof.
Compositions comprising a mixture of compounds of the invention in any ratio are also
embraced by the invention, including mixtures of two or more stereochentical forms ofa
compound of the mvention 1n any ratio, such that racemic, non-racemic, enantioenriched and

scalemic mixtures of a compound are embraced.

Pharmaceutical Compositions and Formulations

[0255] Pharmaceutical compositions of any of the compounds detailed herein are
embraced by this invention. Thus, the invention includes phamnaceutical compositions
corpnsing a compound of the invention or a phammaceutically acceptable salt thercof and a
pharmaceutically acceptable carrier or excipient. In one aspect, the pharmaceutically
acceptable salt is an acid addition salt, such as a salt formed with an morganic or organic
acid. Phammaceutical compositions according to the invention may take a form suitable for
oral, buccal, parenteral, nasal, topical or rectal administration or a form surtable for

administration by nhalation.

[(3254] A compound as detaiied herein may in one aspect be in a punfied form and
compositions comprising a compound in purified forms are detailed herein. Compositions
comprising a compound as detailed herein or a salt thercof are provided, such as
compositions of substantially pure compounds. in some crabodiments, a composition
containing a compound as detailed herein or a salt thereof 1s in substantially pure form. In
one variation, “substantially pure” intends a composition that contains no more than 33%
impurity, wherein the tmpurity denotes a compound other than the compound comprising the
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majority of the composition or a salt thereof. For example, a composition of a substantially
pure compound selected from a compound of Table 1 (A, B, ¢tc.} intends a composition that
contains no more than 33% impurity, wherein the tupurity denotes a compound other than
the compound or a salt thereof. In one vanation, a composttion of substantially pure
compoand or a salt thereof is provided wherein the composition contains no more than 23%
impurity. In another variation, a composition of substantially pure compound or a salt thereof
1s provided wherein the composifion contains or no more than 20% impurity. In stil another
variation, a composition of substantially pure compound or a salt thereot 15 provided wherein
the composition contains or no more than 10% mpurity. In a further vanation, a composition
of substantially purc compound or a salt thercof is provided wherein the composition contains
ot 1o more than 5% tmpurity. In another variation, a composition of substantially pure
compoand or a salt thereof 1s provided wherein the composition contains or no more than 3%
impurity. In still another vanation, a composition of substantially pure compound or a salt
thercof 1s provided wherein the composition contains or no more than 1% impurity. Ina
further vanation, a composition of substantially pure compound or a salt thereof 1s provided
wherein the composition contains or ng more than 0.5% impurity. In yet other variations, a
composition of substantially pure compound means that the composition 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% mpurity, which impurity
may be the compound in a different stereochemical form. For instance, 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.

{3257} In one varation, the compounds herein are synthetic compounds prepared for
administration to an individual such as a8 human. In another variation, compositions are
provided containing a compound 1o substantially pure form. In another vanation, the
mvention embraces pharmaceutical compositions comprising a compound detailed herein and
a pharmaceutically acceptable carrier or excipient. In another variation, methods of
administering a compound are provided. The purified forms, pharmaceutical compositions
and methods of administering the compounds are suitable for any compound or form thereot

detatled herein.
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[0258] The compound may be formulated for any avadlable delivery route, including an
oral, mucosal {e.g., nasal, sublingual, vaginal, buccal or rectal), parenteral (e.g.,
mtramuscular, subcutancous or intravenous}), topical or transdermal delivery form. A
corapound may be formulated with suitable camiers to provide delivery forms that include,
but are not himited to, tablets, caplets, capsules (such as hard gelatin capsules or soft elastic
gelatin capsules), cachets, troches, lozenges, gums, dispersions, suppositories, ointments,
cataplasms {poultices), pastes, powders, dressings, creams, solutions, patches, acrosols {e.g.,
nasal spray or inhalers), gels, suspensions {e.g., aqueous or non-agueous higquid suspensions,

otl-in-water emulsions or water-in-otl liquid emulsions), solations and elixirs.

[(3259] Omne or several compounds described herein can be used in the preparation of a
formmdation, 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 system (e g, transdermal patch
vs. oral tablet), the carmer may be in varicus forms. In addition, pharmaceutical
formulations may contain preservatives, solubilizers, stabilizers, re-wetting agents,
emulgators, sweeteners, dyes, adjusters, and salts for the adjustment of osmaotic pressure,
buffers, coating agents or antioxidants. Fornuilations comprising the compound may also
contain other substances which have valuable therapeotic properties. Pharmaceutical
formulations may be prepared by known pharmaceutical methods. Suitable formulations can
be found, e.g., i Remingron: The Science and Practice of Phavmocy, Lippincott Wilhams &

Wilking, 215 ed. (20035), which is mcorporated herein by reference.

{6260} Compounds as described herem may be administered to individuals {e.g., a
human) in a form of generally accepted oral compositions, sach as tablets, coated tablets, and
gel capsules 1 a hard or in soft shell, emulsions or suspensions. Exampies of carriers, which
may be used for the preparation of such compositions, are lactose, corn starch or s
dernivatives, talc, stearate or its saits, efc. Acceptable carriers for gel capsules with soft shell
are, for instance, plant oils, wax, fats, semisolid and hguid polyols, and so on. In addition,
pharmaceutical formulations may contain preservatives, solubifizers, stabilizers, re-wetting
agents, emulgators, sweeteners, dves, adjusters, and salis for the adjustment of osmotic

pressure, buffers, coating agents or antigxidants,

60



WO 2020/061086 PCT/US2019/051567

[0261] Any of the compounds descnbed herein can be formulated m a tablet i any

dosage form described.

[8262] Compositions comprising a compound provided herein are also described. Inone
variation, the composition comprises a compound and a pharmaceutically acceptable carrier

or excipient. In another variation, a composition of substantially pure compound is provided.

Methods of Use/Treatments

[0263] Compounds and compositions detailed herein, such as a pharmaceutical
compoesition contaiming a compound provided herein, or a salt thereof, and a
pharmaceutically acceptable carrier or excipient, may be used in methods of administration
and treatment as provided herein. The compounds and compositions may also be used 1 i
vitro methods, such as in vitro methods of administering a compound or composition to cells

for screening purposes and/or for conducting quality control assays.

10264] In one aspect, provided herein is a method of inlubiting tyrosine kinase enzymatic
activity of a protein selected from Abelson protein (ABL1), Abelson-related protein (ABL2),
or a chimeric protein BCR-ABL1, comprising contacting an effective amount of a compound
or composition provided hercin, to the protein. In one embodiment, provided herein is a
method of inhibiting tyrosine kinase enzymatic activity of Abelson protein (ABL1)
comprising contacting an effective amount of a compound or composition provided herein to
ABL1. In another embodiment, provided herein 158 a method of inhibiting tvrosine kinase
enzymatic activity of Abelson-related protein (ABL2) comprising contacting an effective
amount of a compound or composition provided herein to ABL2. In a further embodiment,
provided herein is a method of inhibiting tyrosine kinase enzymatic activity of a chimeric
protein BCR-ABL 1 comprising contacting an effective amount of a compound or

composition provided herein to the chimeric protein.

[06265] In one aspect, provided herein is a method of treating a discase in a patient in need
thereot, comprising administering to the patient a therapeutically effective amount of a
compound provided herein or a salt thereof, or a composition provided herein. In some
crbodiments, the compound, or salt thereof, or the composition is administered according to

a dosage described herein.
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[08266] The compounds, or salts thereof, described herein and compositions described
herein are behieved to be effective for treating a variety of diseases and disorders. In some
embodiments, a compound, or salt thercof, described herein or a composition described
herein may be used in a method of reating a disease mediated by ABL1Y, ABL2, and/or BCR-

ABLL

[0267] In one aspect, provided herein is a method of treating a disease, wherein
modulation of BCR-ABLI activity prevents, inhibits, or ameliorates the pathology and/or
symptomology of the discase, in a patient, comprising administering to the patient a
therapeutically effective amount of a compound or composition provided herein. In one
embodiment, provided herein is a method of treating a discase, wherein modulation of BCR-
ABL1 activity prevents the pathology and/or symptomaology of the disease, in a patient,
comprising administering to the patient a therapeutically effective amount of a compound or
composition provided herein. In one embodiment, provided herein is a method of treating a
disease, wherein modulation of BCR-ABLT activity mhibits the pathology and/or
symptomology of the discase, in a patient, comprising administering 1o the patient a
therapeutically effective amount of a compound or composition provided herein. In one
embodiment, provided herem s a method of treating a discase, wherein modulation of BCR-
ABL1 activity ameliorates the pathology and/or symptomology of the disease, in a patient,
comprising administering to the patient a therapeutically effective amount of a compound or

composition provided herein.

[0268] In some embodiments, the discase is leukemia. In some embodiments, the
leukemia is chronic myveloid leukenia (CML), acute myeloid jeukemia (AMLY), or acute
tymphoblastic leukemia (ALL}. In some embodiments, the feukemia i3 chronic myeloid

levikemia (CML).

[0269] In one aspect, provided herein is a method of treating leukemia in a patient
comprising administering o the patient a therapeutically effective amount of a compound or
composition provided herein. In onc aspect, provided herein i1s a method of treating foukenua
i a patient comprising administering to the patient a therapeutically effective amount of a
compound or composition provided herein, wherein the leukemia is chronic myeloid

jeukenia (CML), acute myeloid leukemia {AML), or acute lymphoblastic leukemia (ALL).
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[8278] In some embodiments, the leukemia treated hereinis CML or ALL, and the
method further comprises administering a therapeutically effective amount of a compound
selocted from imatinib, nilotinib, dasatintb, bosutinib, ponatinib and bafetinib. In some
embodiments, the leukemia is CML or ALL, and the method further comprises administering
a therapeutically effective amount of a compound selected from mmatinib, nilotinib, dasatinib,

bosutinib, ponatinib and bafetinib.

[8271] In some embodiments, the leukemia is resistant to treatment. In some
cmbodiments, the leukemia is resistant to treatment with imatiub, nilotinib, dasatinib,
bosutinib, ponatinib, and/or bafetinib. In some embodiments, the CML 1s resistant to
standard-of-care treatment such as treatment with one or more of imatinib, nilotinib, and
dasatinib. In some embodiments, the leukemia progressed during a prior treatment. In some
embodiments the prior treatment comprised administration of imatinub, nilotinib, dasatinib,

bosutinib, ponatinib, and/or bafetinib,

[6272] In some embodiments, the method further comprises administering a
therapeutically cffective amount of a compound selected from imatinib, nilotinib, dasatinib,

bosutinib, ponatinib and bafetinib,

10273] In some embodiments, the AML 1s secondary AML, which develops after

myvelodysplastic syndromes (MBS} or myeloproliferative neo-plasms {(MPN}.

3274} In one aspect, provided herein 1s a method of treating a cancer 1n a patient
comprising administering to the patient a therapeutically effective amount of a compound or
composition provided herein. In some embodiments, the cancer is melanoma, hereditary

leiomyomatosts, renal cell carcinoma (HLRCC), or other sohid tumors.

{8275] In ong aspect, provided herein is a method of treating a neurodegenerative discase
i a patient comprising administerig to the patient a therapeutically effective amount of a
compoand or composition provided herein. In some embodiments, the neurodegenerative

disease 1s Alzheimer’s or Parkinson’s disease.

[8276] In another aspect 15 provided a method of delaving the onset and/or development
of a discase or disorder that 1s mediated by BCR-ABL1 activity in a patient {(such as a
human} who is at risk for developing the discase or disorder. It is appreciated that delayed
development may encompass prevention in the event the mdividual or patient does not
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develop the disgase or disorder. In one aspect, an individual or patient at risk of developing a
disg¢ase or disorder that is mediated by BCR-ABLT activity has one or more risk factors for
developing the disease or disorder, such as a famaily history of an individual or patient having
the disease or disorder, or having an underlying genetic condition that is associated with an

mcreased likelihood of developing the disease or disorder.

10277} In one aspect, provided herein is a method of delaying the onset and/or
development of leukemia n a patient in need thereof, comprising administering to the patient
a therapeutically effective amount of a compound or composition provided herein. In one
variation, provided herein 1s a method of delaying the onset and/or development of CML mm a
patient i need thereof, comprising administering to the patient a therapeutically effective
amount of a compound or composition provided herein. In one variation, provided herein is a
method of delaving the onset and/or developraent of AML in a patient 1o need thercof,
comprising administering to the patient a therapeutically effective amount of a compound or
composition provided herein. In one variation, provided herein is a method of delayving the
onset and/or development of ALL in a patient in need thereof, comprising administering to

the paticnt a therapeutically effoctive amount of a compound or composition provided hercin.

103278} Methods of treating a disease mediated by BCR-ABL1, such as various leukemias
and the like, arc well known to the skilled artisan and can be adapted to treating such a

disease with a corapound or composition provided herem.

[6279] In some embodiments, the patient 1s a mammal. n some embodiments, the
patient is a primate, dog, cat, rabbif, or rodent. In some embodiments, the patient is a
primate. In some cmbodiments, the patient 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 83 vears old. In some
embodunents, the human is a child. In some embodiments, the human is less than about or about
any of 21, i8, 15, 10,5, 4,3,2, or 1 vears old. In some embodimenis, the patient has a genetic
condition that is associated with an increased likelihood of developing the discase, such as the
leukemia, In some emabodiments, the patient has a mutation in the ABLT and/or ABLZ gene. In

some embodiments, the patient 1s Philadelphia chromosome positive.

[0280] A compound or composition provided herein may be admimstered to a patient in
accordance with an effective dosing regimen for a desired period of time or duration, such as
at feast about one month, at least about 2 months, at least about 3 months, at least about 6
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months, or at least about 12 months or longer, which in some variations may be for the
duration of the patient’s life. In one variation, the compound i1s administered on a daily or
mtermittent schedule. The compound can be administered to an patient continuously (for
example, at least once daily}) over a peniod of ime. 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 daily. The dosing frequency can also be intermitient
{e.z., once daily dosing for 7 days followed by no doses for 7 davs, 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.

10281} The compounds provided herein or a salt thereof may be administered (o a patient
via various routes, including, ¢.g., mtravenous, mtramuscular, subcutancous, oral and

transdermal.

[0282] The dose of a compound administered to a patient may vary with the particular
corapound or salt thereof, the method of admunistration, and the particular disease. In some
embodiments, the amount of the compound or salt thereof 1s a therapeutically effective

amount.

[0283] 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 modehing, dose escalation,
or clinical trials, taking mnto account routine factors, e.g., the mode or route of administration
or drug delivery, the pharmacokinetics of the agent, the severity and course of the disease to
be treated, the subject’s health status, condition, and weight. An exemplary dose is in the
range of about from about 0.7 mg to 7 g in a day, or about 7 mg to 350 mg in a day, or about

350 mgto 1.75 ginaday, orabout 1.75t0 7 g tn a day.

[284] Also provided herein are uses of a compound described heren or a salt thereof, or
a composition described herein, 1 the manufacture of a medicament. In some embodiments,
the manufacture of a medicament is for the freatment of a disease described herein. In some

embodiments, the manufacture of a medicament is for the treatment of a discase mediated by

ABLI1, ABL2, and/or BCR-ABLI
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Articles of Manufacture and Kiis

[B285] The present disclosure further provides articles of manufacture comprising a
compound described herein or a salt thereof, a composition described herein, or one or more
unit dosages described herein in suitable packaging. In certain embodiments, the article of
manufacture is for use in any of the methods described herein. Suttable packaging s known
in the art and inclades, for example, vials, vessels, ampules, bottles, jars, flexible packaging

and the hke. Anr article of manufacture may further be sterilized and/or sealed.

3286} 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 herem. The kits may cmploy any of the
compounds disclosed herein. In one variation, the kit emplovs a compound described herein
or a 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 cancer,

13287} The kits may be in unit dosage forms, bulk packages {e.g., multi-dose packages)
or sub-unit doses. For example, kits may be provided that contain sufficient dosages of a
compound as disclosed herein and/or an additional pharmaceutically active compound useful
for a discase detailed herein to provide effective treatment of a patient 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 umit doses of
the compounds and instructions for use and be packaged in quantities sufficient for storage

and vse in pharmacies {e.g., hospital pharmacies and compounding pharmacies).

[0288] The kits may optionally include a set of instructions, generally written
mstructions, although electronic storage media (e.g., magnetic diskette or optical disk}
containing mstructions are also acceptable, relating to the use of component(s) of the methods
of the present disclosure. The instractions included with the kit generally include information

as to the components and their administration to a patient.
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Exemplary Embediments

[(289] The present disclosure 1s further described by the following embodiments. The
features of cach of the embodiments are combinable with any of the other embodiments

where appropriate and practical.

0294} Embodiment 1. A compound of formula (1) or ({a);

R4_,x P E R4,x P E
S lz\ R SN lz\ R
¢ N & N
N:;(Rs R2N‘<‘R3

(B {1a)

or a tautomer or an N-oxide thercof, or an isctopomer of cach thereof, 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:
L is -NH-CO-, -CO-NH-, -NH-802-, or -802-NH-;

R} is optionally substituted Cs-Cho aryl, optionally substituted 3-10 membered heteroaryl,
optionally substituted 4-10 membered heterocyele, C{OINROR”, S{ORNRR7, NR*COR’, or
NRPSOR’, or C{O0RS,

R? is H, optionally substituted C1-Cs alkvl, optionally substituted C3-Cs cycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted Ca2-Co alkenyl, optionally
substituted C:-Cs alkvnyl, optionally substituted Co-Cio aryl, or optionally substituted 5-10

membered heteroarvi;

R3 is H, optionally substituted C1-Cs alkyl, optionally substituted C2-Cs alkenyl, optionally
substituted Ca-Cs alkynyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl, OR®, or
NROR”; or R? and R? together with the intervening atoms form cycloalkyl or heterocycloatkyl,
preferably an optionally substituted (5-Cs eveloalkyl or an optionally substituted 4-10

membered heterocveloalkyl;
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R* is optionally substituted C1-Cs alkyl, preferably C1-Cs haloalkyl, such as CFs or CF2CL

optionally substituted C2-Cs alkenyl, optionally substituted Co-Cs alkynyl;
XisQor§;

Y 1s CH, C(C1-Cs alkyl), or C-halo or N

ZisCRor N;

R® is H or halogen when Z is CH;

R% is H, optionally substituted C1-Cs alkvl, optionally substituted C3-Cs cyeloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted Co-Cio arvl, or optionally

substituted 5-10 membered hetercaryl; and

R’ is H, optionally substituted C1-Ce alkyl, optionally substituted Cz-Cs cycloalkyl, optionally
substituted 4-10 membered heterocyeloalkyvl, optionally substituted Ce-Cro arvl, or optionally
substituted 3-10 membered heteroarvl; or R® and R together with the nitrogen to which they
are attached form an optionally substituted 4-7 membered heterocvele.

j3291] Embodiment 2. A compound of embodiment 1 of formula (IAY:

(1A}
wherein the variables are defined as i embodument 1.

3292} Embodiment 3. A compound of embodiment 2 selected from formula [TA-ITE:
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(ilH)

wherein R' is a 5-6 membered heteroarvl, preferably the heteroaryl moiety has up to 2 ring

nitrogen atoms;

R is optionally substituted C:-Cs atkyl or optionally substituted C3-Ca cyeloalkyl,

preferably, R?Y is methyl, optionally substituted isopropyl, or cvclopropyl;
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R is H, optionally substituted {1-Cx alkyl or optionally substituted C:-Cs cycloalkyl,
preferably optionally substituted cyclopropyl; and

the remaining variables are defined as in embodiment 1.

103293} Embodiment 4. The compound of embodiment 2 or 3, wherein X 15 O,

{0234} Embodiment 5. The compound of any one of embodiments 2-4, wherein R is 3-
10 membered heteroaryl, preferably the heterparyl motety containing up to 2 ring nitrogen

atoms, or R! is 4-10 membered heterocyele, preferably the heterocyelvl moiety containing up

to 2 ning nitrogen atoms.
[8295] Embodiment 6. The compound of any one embodiments 2-5, wherein Rl is:

-CONH(cvelopropyly, -CONH:z, -CONHMe,
N

N
"N N\ ﬁ )—<
/%z\ ’ Q= ’ ot

13296} Embodiment 7. The compound of any one of embodiments 2-6, wherein R! is

pyvrinudinyl or pvrazolyl
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{6297} Embodiment 8. The compound of any one of embodiments 2-7, wherein R? is
optionally substituted C1-Cs alkyl or optionally substituted C5-Ca eycloalkyl, preferably, R? is

methyl, optionally substituted isopropyl, or cyclopropyl.

3298} Embodiment 9. The compound of any one of embodiments 2-7, wherein R? is:
methyl, isopropyl, tertiary butyl, cyclopropyl, cyclobutyl, cyvclopentyl, tetrahvdrofuranyi,
tetrahvdropyranyl,

Ohle OH

)

\/\OH

QH

hY
m§§> -
b

pa
- OH
QOH
P %K
b ;Lz" oH O
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{0299] Embodiment 10. The compound of any one embodiments 2-9, wherein RY is: H,

methvl, isopropyl, difluoromethyl, hvdroxyethyl, eyclopropyl, cvelobutyl, -C{Me):OH,

methoxymethyl, hydroxymethyl, methoxy, hvdroxvethyl, -CHzCH2OH, or tetrahvdropyranyl.

[3309] Embodment 11, The compound of any one of embodiments 2-6, wherein R? and

R’ together form:
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OH . — """O i
----------- OH

-
E g N
2

- ».._/ \COCH;, ’ g - ~W/"O
g .

3301} Embodiment 12. The compound of any one of embodiments 2-11, wherein R* is
optionally substituted C1-Cs alkyl, preferably wherein the alkyl group is substituted with one

or more halo substituents, more preferably, R* is CFs or CF2Cl

$302] Embodiment 13, The compound of any one of embodiments 2-12, wherein R is
f P 3

H.

{0303] Embodiment 14. The compound of anv one of embodiments 2-13, wherein Y is

CH.

[(3304] Embodiment 15, The compound of embodiment § of formula (Ib) or (Ic):

R l R ; e 1
S { E Z\ R S N i Z\ R
5 H £
»J{N ’,N
N N
4 R3 or & RB
(Tb) {Ic)
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wherein the remaining variables are defined as m embodiment 1.

{8305] Embodiment 16, A compound selected from Compounds of formulda (I} of
Examples 1-26 and from Table 1, or a tamtomer or an N-oxide thereof, or an isotopomer of
each thereof, or a prodrug of each of the above, or a stercoisomer of the atoresaid, or a
pharmaceutically acceptable salt of each of the foregoing, or a solvate of cach of the

preceding.

{8306} Embodiment 17. A composition comprising a compound of any one of

crbodiments 2 to 16, and at least onc pharmaceutically acceptable excipient.

3307} Embodiment 18. A method of whibiting tyrosine kinase enzymatic activity of a
protein selected from Abelson protein (ABL1}, Abelson-related protem (ABL2), ora
chimeric protein BCR-ABL1, comprising contacting an effective amount of a compound of

any one of embodiments 2 to 16, or the composition of embodiment 17, to the protein.

(1308} Embodiment 19. A method of treating a disease, wherein modulation of BOR-
ABL1 activity prevents, inhibits, or ameliorates the pathology and/or symptomology of the
disease, in a patient, comprising administering o the patient a therapeutically effective
amount of a compound of any one of embodiments 2 to 16, or the composition of

embodiment 17.

[0309] Embodiment 20. A method of treating leukermia in a patient comprising
administering to the patient a therapeutically effective amount of the compound of any one of
embodiments 2 to 16, or the composition of embodiment 17, wherein the leukenuia is chronic
mveloid leukemia (CML), acute myeloid leukemia (AML), or acute lymphoblastic leukemia

(ALL),

16316} Embodiment 21, The method of embodiment 20, wherein the leukenua is CML or
ALL, and the method further comprising administering a therapeutically effective amount of

a compound selected from imatinib, nilotinib, dasatinib, bosatinth, ponatinib and bafetinib.

16311} Embodiment 22. The method of embodiment 20 or 21, wherein the CML s
resigtant to standard-of-care treatment such as treatment with one or more of imatinib,

nilotinib, and dasatinib.
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{6312} Embodiment 23, The method of embodiment 20 or 21, wherein the AML s
secondary AML, which develops after myelodysplastic syadromes {(MDS) or
myeloproliferative neo-plasms (MPN}.
EXAMPLES
[3313] The following abbreviations mayv be relevant for the application.
Abbreviations
Ac: acetyl
Bn: benzyl
Bu: butyl
Bz benzovl
CMC: carboxymethyl celhulose
DCM: dichloromethane
DIPEA. ditsopropylethylamine
DMF: dimethylformamide
DMEDA: N, N-Dimethylethylenediamine
DSC: N N-Disuccininudyl carbonate or bis(2,5-dioxopyrrolidin--vl) carbonate
dppf: 1,1-bis{diphenyiphosphino)ferrocene
Et: ethvi

HATU: 1-|Bistdimethvlaminoymethylene]-1H-1,2 3-triazolof4 . 3-Apyridinim 3-oxid

hexatluorophosphate,
NBS: N-bromosuccininude

PEG: polyethylene glyveol
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PMB: paramethoxybenzyl

Pr: propvl

Pyv: pynidine

tf room temperature

TEA: tricthylamine

TBEPS: tertiarvbutyidiphenyisitvl
TBAF: tetrabutylammonium fluoride
THEF: tetrahydrofuran

TMS: trimethylsilyl

TFA: trifluorcacetic acid

Ts: tosyl

Kphos: 2-dicyclobexylphosphine-2',4",6"-tiiisopropyibiphenyl

Svathetic Examples

Preparing Compounds of Formula (I): Synthetic Schemes

PCT/US2019/051567

[8314] As depicted in the Examples of Compounds of Formula (1), below, in certain

exemplary embodiments, compounds of Formula (I} are prepared according to the following

general procedures. It will be appreciated that, although the general methods depict the

synthesis of certain compounds of the prescnt invention, the following general methods, and

other methods known to one of ordinary skill in the art, can be applied to all compounds and

subclasses and species of each of these compounds, as described herein.
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Scheme 1
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wherein R! and R? are as defined for the compound of formula (1)
[3315] Compounds of formula (87) may be prepared by general svnthetic methods as
shown in Scheme 1. Treatment of 1a with various primary amines (81} in a suitable solvent
such as cthanol with a base such as. but not limited to, tricthylaming at a temperature from
about room temperature to reflux and for a time varving from about 30 minutes to about 8
hours, can readily produce nitroaniling (523, The phenylenediamine (53) can be formed by
reduction of nitreaniline {52} using a reductant sach as, but oot limited to, iron in a solvent
such as, but not imited to acetic acid at a temperature from about room temperature o reflux
and for a time varving from about 1 hour. The cyclization of phenvienediamine (83) to
benzimidazole (S4) can be carned out using a reagent such as, but not imited to, trimethyl
orthoformate in the presence of an acid such as, but not limited to p-TsOH at a temperature
from about room temperature to 100 “C and for a time varying from about 10 min to 1 hour.
Compounds of formula (88) can be prepared from the bromude (54} upon treatment with arvi,
heteroaryl or heterocyelic boronic acids or boronate esters under palladium catalyst
conditions such as, but not funited to, {1,1-his{diphenviphosphinojferrocene]
dichloropaliadium(il) in the presence of water and an imorganic base such as, but not limited
to, sodium carbonate, potassium carbonate, or potassivm phosphate in an organic solvent
such as, but not hmited to, 1 4-dioxane at an elevated temperature. Treatment of the ester
(55) with hydroxide sources such as, but not imited to, lithium hydroxide n the presence of
water and organic solvents such as, but not limited to, methanol and/or tetrahvdrofuran vields

carboxylic acid of formula (56). Reaction of carboxylic acid (86) with a coupling reagent
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such as, but not hmited to, T-{bistdimethylaminoymethylene-1/4-1,2 3-tnazolof4,5-
bipyndinium 3-oxide hexafluorophosphate, a base such as, but not limited to,

diisopropyicthyiamine, and amine (1h) provides amide of formula (87}
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wherein R! and R? are as defined for the compound of formula (I); X is halogen; and Z is CH
or N,

{8316} Compounds of formula (518) may be prepared by general synthetic methods ag
shown in Scheme 2. Treatment of the ester (85) with hydroxade sources such as, but not
himited to, lithium hydroxide in the presence of water and organic solvents such as, but not
fimited to, methanol and/or tetrabhydrofuran vields carboxylic acid of formula (58). Reaction
of carboxylic acid (88) with a coupling reagent such as, but not hinuted to, 1-
[bis{dimethviamino)methviene]-1H-1.2 3-triazolo[4,5-blpyridinium 3-oxide
hexafluorophosphate, a base such as, but not limited to, ditsopropylethylamine, and aming
{1h) provides amide of formula (89). Compounds of formula {518} can be prepared from the
halide (59) upon treatment with arvi, heteroaryl or heterocvelic boronic acids or boronate
esters under palladium catalyst conditions such as, but not hmted to, [1,1'-
bis(diphenylphosphino}errocene] dichloropalladium(il) in the presence of water and an
morganic base such as. but not limited to, sodium carbonate, potassium carbonate, or
potassium phosphate in an organic solvent such as, but not limited to, |,4-dioxane at an

clevated temperature.
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wherein R! and R are as defined for the compound of formula (I).

[6317] Compounds of formula (515) may be prepared by general synthetic methods as
shown in Scheme 3. Compound (3a} can be treated with various carboxylic acids at a
temperature from about 80 °C 1o 130 °C and for a time varying from about 1 hour t¢ 2 hours
to produce benzimidazoles of formula (811). Treatment of benzimidazole (511) with
methvliodide n the presence of a base such as, but not limuted to, potassium carbonate in an
organic solvent such as, but not limited to, N, N-dimethvliformamide at a temperature at about
50 °C and for a time for about 3 hours to produce benzimidazole (812}, Treatment of the
ester (512) with hydroxide sources such as, but not limited to, lithium hvdroxide in the
presence of water and organic solvents such as, but not limited to, methanol and/or
tetrahvdrofuran vields carboxyvlic acid of formula (5813). Reaction of carboxylic acid (513}
with a coupling reagent such as, but not imited to, I-fhis{dumethyviaminoymethylenei-14-
1,2,3-tnazolo4,5-bpvndminm 3-oxide hexafluorophosphate, a base such as, but not imited
to, diisopropylethvlamine, and amine (§h) n an organic solvent such as, but not imited to,
N N-dimethylformamide at about room temperature and for a time of about 30 mimutes
provides amide of formula (814). Compounds of formula (515) can be prepared from the
bronude {514) upon treatment with arvl, heteroaryl or heterocyelic boronic acids or boronate
esters under palladiom catalyst conditions sach as, but not houted to, [1,1-
bis(diphenyiphosphino)ferrocene] dichloropalladiumll} m the presence of water and an
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morganc base such as, but not limited to, sodium carbonate, potassium carbonate, or
potassium phosphate in an organic solvent such as, but not limited to, 1,4-dioxane at an

clevated tomperature.
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wherein R, R? and R® are as defined for the compound of formula (1)

{6318} Compounds of formula (528) may be prepared by general synthetic methods ag
shown in Scheme 4. Substituted phenylenediammes of formula (S16) can be treated with
various carboxyvlic acids at a temperature from about 80 °C to 130 °C and for a time varving
from about 1 hour to 2 hours to produce benzimidazoles of formula (817}, Treatment of the
ester (517} with hydroxide sources such as, but not limited to, lithium hydroxide in the
presence of water and organic solvents such as, but not imited to, methanol and/or
tetrahvdrofuran vields carboxylic acid of formula (S18). Reaction of carboxyvlic acid (S18)
with a coupling reagent such as, but not limited to, I-jbis{(dimethylaminoymethylene]-17-
1,2 3-triazolol4,5-plpyridiminm 3-oxide hexafluorophosphate, a base such as, but not limited
to, diisopropvicthylamine, and amine (1h) i an organic solvent such as, but not limited to,
NN-dimethylformamide at about room temperature and for a time of about 30 minutes
provides amide of formula (519). Compounds of formula (826) can be prepared from the
bromide (319) upon treatment with arvl, heteroarvl or heterocvelic boronic acids or boronate
esters under palladium catalyst conditions such as, but not limited to, [1,1'-
bis{diphenviphosphinciferrocene} dichloropalladium{il} in the presence of water and an
morganic base such as, but not limited to, sodium carbonate, potassium carbonate, or
potassium phosphate 1n an organic solvent such as, but not himated to, 1,4-dioxane at an

clevated temperatore.

&0



Scheme 5

Q Q
B B f 0
~o ' base HO ' ‘ CI>|/ coupling reagent
- COUPIng TERnen
JRE _R? ;
MO, NO;
s 522 1h
F L8] cl (9]
a \?< O 0
RSN LS N SURY
N reductant N HOT TR
H R2 - > H R2 -
NOy NH;
523 sS4
Cl.. O -
7~ wl N 9 R Cl._ 0O
FrEoL L B F-p” Ho-g-R’ \?(' o]
e l\Jl I "'\I >§V/n or ! F F R1
Y 5 CH N
Y n-R - H
;
N={ _ palladium catalyst n—R?
R M=
R?
$24-a $26

wherein R, R?, and R® are as defined for the compound of formula (1).

Compounds of formula (S26) may be prepared by general synthetic methods as shown in
Scheme 5. Treatment of the ester (S21) with hydroxide sources such as, but not limited to,
lithium hydroxide in the presence of water and organic solvents such as, but not limited to,
methanol and/or tetrahydrofuran yields carboxylic acid of formula (S22). Reaction of
carboxylic acid (S22) with a coupling reagent such as, but not limited to, 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate, a base such as, but not limited to, diisopropylethylamine, and amine
(1h) in an organic solvent such as, but not limited to, N,N-dimethylformamide at a
temperature from room temperature to 50°C and for a time of about 2 hours provides amide
of formula (S23). The phenylenediamine (S24) can be formed by reduction nitroaniline (S23)
using a reductant such as, but not limited to, iron in a solvent such as, but not limited to acetic
acid at a temperature from about 35 °C and for a time varying from about 3 hours.
Substituted phenylenediamines of formula (S24) can be treated with various carboxylic acids
at a temperature from about 80 °C to 130 °C and for a time varying from about 1 hour to 2
hours to produce benzimidazole bromide of formula (S24-a). Compounds of formula (S26)
can be prepared from the benzimidazole bromide of formula (S24-a) upon treatment with
aryl, heteroaryl or heterocyclic boronic acids or boronate esters under palladium catalyst
conditions such as, but not limited to,[1,1'-bis(diphenylphosphino)ferrocene]

dichloropalladium(ll) in the presence of water and an
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morganc base such as, but not limited to, sodium carbonate, potassium carbonate, or
potassium phosphate in an organic solvent such as, but not limited to, 1,4-dioxane at an

clevated tomperature.
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wherein R!, R?, and R? are as defined for the compound of formula (I).

66320} Compounds of formula (829} may be prepared by general synthetic methods as
shown in Scheme 6. Compounds of formula {827) can be prepared from the bromide ($25)
upon treatment with aryl, heteroaryl or heterocyelic boronic acids or boronate esters under
palladium catalyst conditions such as, but not hmited to, {1,1'-
bis{diphenviphosphinciferrocene} dichloropalladium{il} in the presence of water and an
morganic base such as, but not limited to, sodium carbonate, potassium carbonate, or
potassium phosphate 1n an organic solvent such as, but not imited to, 1,4-dioxane at an
elevated temperature. Treatment of the ester {8273 with hyvdroxide sources sach as, but not
tmited to, lithnum hydroxide in the presence of water and organic solvents such as, but not
himited to, methanol and/or tetrahydrofuran vields carboxvlic acid of formula (828). Reaction
of carboxylic acid (828) with a coupling reagent such as, but not himited to, 1-
[bis{dimethvlamino)methviene}-1H-1,2 3-riazolo[4,5-blpyridiminm 3-gxide
hexaftluorophosphate, a base such as, but not limited to, ditsopropvlethylamine, and amine
{1h) 10 an organic solvent such as, but not hnuted to, N NV-dimethyiformamide at a
temperature from room temperature to S0°C and for a time of about 2 hours provides amide

of formula (529).
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wherein R is as defined for the compound of formula (I); X is a halide; and as used herein,
RY and R'® are opticnal substituents.

{0321} Compounds of formula (838} may be prepared by general synthetic methods as
shown m Scheme 7. In the presence of an acid such as, but not hmited to, hyvdrochloric acid
i an organic solvent such as, but not limited to, ethyl acctate at a temperature at about 15 °C
from a time of about 2 hours, compounds of formuda (838) can be converted to compounds of

formula (831). Treatment of amine (831) with (1a) in a suitable solvent such as ethanol with
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a base such as, but not imited to, tricthylamine at a temperature at about 15 °C and for a time
of about 1 hour, can readily produce nitroantline ($32). The phenyienediamineg (833) can be
formed by reduction nitroaniline (832) using a reductant such as, but not himited to, iron in a
solvent such as, but not imited to acetic acid at a temperature from about room temperature
to reflux and for a time varying from about 1 hour. Reaction of carboxylic acid (833) with a
coupling reagent such as, but not limited to, 1-[bis(dimethylamino}methylene}-14-1,2 3-
triazolo}4,3-plpyridimium 3-oxide hexafluorophosphate, a base such as, but not limited 1o,
ditsopropylethvliamine in an organic solvent such as, but not imited to, N V-
dimethylformanude at a temperature from about room temperature and for a time of about 16
hours provides benzimidazole of formula (834). Treatment of the ester (834) with hydroxide
sources such as, but not linuted to, hithium hydroxade mn the presence of water and organic
solvents such as, but not limited to, methanol and/or tetrahydrofuran vields carboxylic acid of
formula {835}, Reaction of carboxyvlic acid (835} with a coupling reagent such as, but not
himited to, 1-{bis(dimethvliamino)methvienc|-14-1,2 3-tnazolo[4,5-b |pyridinium 3-oxide
hexafluorophosphate, a base such as, but not imited to, pyridine, and amine (1h) in an
organic solvent such as, but not limited to, N, N-dimethvliformamide at a temperature at about
40 °C and for atime of about 6 hours provides amide of formula (836). Compounds of
formula (837) can be preparcd from the bromide (836) upon treatment with arvl, heteroaryl
or heterocyelic boronic acids or boronate esters under paliadiom catalyst conditions such as,
but not hmited to, |1.1'-bis{diphenylphosphinciferrocene | dichloropalladiom{il} in the
presence of water and an inorganic base such as, but not limited to, sodium carbonate,
potassium carbonate, or potassium phosphate in an organic solvent such as, but not limited to,
1,4-dioxane at an elevated temperature. Alternatively, compounds of formula (837} can be
prepared by Stille coupling. Bromide (836) is converied to stannanc (838} vnder under
palladium catalyst conditions such as, but not himiuted to, palladivm tetrakis
triphenylphosphine in an organie solvent such as, but not limited to, toluene at an elevated
temperature. Stannane {838} can be treated with various ary! or heteroary! halides under
under palladium catalyst conditions such as, but not hmited to, pailadivm tetrakis
triphenylphosphine i an organic solvent such as, but not himited to, DMSO at an elevated

temperature.
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wherein R! and R® are as defined for the compound of formula (I}

16322} Compounds of formula (548) may be prepared by general synthetic methods ag
shown in Scheme 8. Compound (838) can be treated a tetramethoxy-alkane at a temperature
at about 30 °C and for a time of about 16 hours can afford compounds of formula (839).
Compounds of formula (S48} can be prepared from the bromide (839) upon treatment with
arvl, heteroarvl or beterocyclic boronie acids or boronate esters under palladimn catalyst
conditions such as, but not limited 1o, [1,1'-bis{diphenyiphosphino)ferrocene]
dichloropalladium(l} in the presence of water and an inorganic base such as, but not hmited
to, sodium carbonate, potassivm carbonate, or potassium phosphate in an organic solvent

such as, but not hmited to, 1.4-dioxane at an elevated temperature.
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wherein R! and R? are as dgﬁned for the compound of formula (I); and R'® and R'® are
optional substitucnts.

[8323] Compounds of formula (837 and $41) may be prepared by general synthetic
methods as shown in Scheme 9. Compound (536) can be treated with various aryl and
heteroaryl stannancs under palladium catalyst conditions such as, but not limited to,
palladiom tetrakis triphenyiphosphine m an organic solvent such as, but not himited to,
toluene at an elevated temperature to afford compound (837). Additionally, bromude (836)
can be treated with various amines under palladiom catalyst or copper conditions such as, but
not limited to, [(2-di-cyvelohexyiphosphino-3,6-dimethoxv-2',4" 6/ triisopropyi-1. 1 -biphenyl)-
2-{F -amino-1, 1 -biphenyl) jpalladium (I} methanesulfonate or (BusNCulz)z 1 an organic
solvent such as, but not himited to, tetrahydrofuran or 1 4-dioxane at an elevated temperature

to afford compounds of formula (541).
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wherein R! and R? are as defined for the compound of formula (1)
[3324] Compounds of formula (546) may be prepared by general synthetic methods as
shown in Scheme 10, In the presence iron and acetic acid, compound (542) can be cyclized
to compounds of formula {543}, Treatment of the ester {843} with hydroxide sources such as,
but not hmited to, ithinm hydroxide 1o the presence of water and organic solvents such as,
but not imited to, methanol and/or tetrabydrofuran vields carboxylic acid of formula (S44).
Reaction of carboxyvlic acid (844) with a coupling reagent sach as, but not imited to, 1-
ibis(dimethviaminoymethyiene}-14-1,2 3-triazolol4,5-5pyridiminm 3-oxide
hexatluorophosphate, a base such as, but not hmited to, pyndine, and amine (1h) in an
organic solvent such as, but not hmited to, N N-dimethyHormamide at a temperature at about
40 °C and for a time of about § hours provides amide of formula (545). Compounds of
formula (846) can be prepared from the bromide (845) upon treatment with arvl, heteroaryl
or heterocvelic boronic acids or boronate esters under paliadium catalyst conditions such as,
but not hmited to, {1, 1 -bis(diphenylphosphino}errocene] dichloropalladium(ll) in the
presence of water and an incrganic base such as, but not inmited to, sodium carbonate,
potassium carbonate, or potassium phosphate m an organic solvent such as, but not himted to,
1. 4-dioxane at an elevated temperatare.
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Example 1 (General Procedure A}

N-{(4~-(chlorodifluoromethoxy)phenyl)-1-methyl-7-(pyrimidin-3-y}-1 -

benzoldlimidarzele-S-carboxamide

[8325] The title compound was prepared according to Scheme 1. This General Procedure

A exemplifies Scheme 1 and provides particular synthetic details as applied to the title

corpound.
o 9
,l}\ LB [N ; .Br 3-Ta0
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[3326] Methyl 3-bromo-4-{methylamino}-S-nitrobenzoate {1¢}. To a solution of
methyl 3-bromo-4-fhugro-3-nitro-benzoate (1a, 3 g, 10.79 mmol, 1 eq) and methylamine
hydrochlonde {1b, 874.23 mg, 12.95 mmol, 1.2 eq} in EtOH (50 mL) was added TEA {328
g, 3237 mmol, 451 mL, 3 eq). The nuxture was stirred at 15 °C for 12 hours. TLC
{petroleum etherethyl acetate = 5311, Re = 0.50) one major new spot with larger polarnity was
detected. The reaction muxture was concentrated under reduced pressure. The mixture was
difuted with water and extracted with EtOAc. The combined organic lavers were washed with
brine, dried over NaxSOq, filtered and concentrated under reduced pressure to give Icasa
vellow solid. 'H NMR (400 MHz, CDCh-d) 8852 (d..J=2.0Hz, 1H), 830(d, /=20 Hz,
1H), 6.54 (brs, 1H}, 3.91 (s, 3H), 3.09(d, J = 5.5 Hz, 3H).

{6327} Methyl 3-amino-3-bromo-4-(methylaminojbenzoate {1d}. To a solution of
methy! 3-bromo-4-{methylamino}-S-nitrobenzoate (I¢, 1.5 g, 5. 19 mmol, 1 eq) in AcOH (20
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mb} at 15°C was added Fe (2.90 g, 51 .89 mmol, 10 eq} in one portion. The mixture was
stirred at 15 °C for 1 hour. Another batch of Fe (86931 mg, 15.57 munol, 3 eg) was added m
one portion at 15 °C and the mixture was stirred at 35 °C for | hour. TLC (petrolcum
ctherethyl acetate = 3:1, Re = 0.30) indicated 1¢ was consumed completely, and one major
new spot with larger polanty was detected. Ethyl acetate (100 mL) was added. The orgamic
tavers were washed with HoO {530 mL = 2}, saturated NaHCO: (30 ml. x 4) and brine (30
mk}, and dred over anhvdrous NaxSOs, filiered and concentrated in vacuo. The product was
used in the next step without further punification. Compound 1d was obtained as a brown oil.
TH NMR (400 MHz, CDCl-d) 6 7.63(d, J= 1.8 Hz, 1H), 731 (d, /= 1.8 Hz, 1H), 4.05-3.93
(o, ZH), 3.89-3 84 (m, 3H}, 3.61 (brs, 1H), 2.81-2.72 {m, 3H).

10328} Methyl 7-bromo-1-methyl-1H-benve{dlimidazole-5-carboxylate (Ie). Toa
solution of methyl 3-amino-3-bromo-4-(methyiamino)benzoate (id, 0.1 g, 0.386 mmol, 1 cg)
m trimethoxymethane (15 mb) was added p-TsOH (6.65 mg, 0.039 mumol, 0.1 eq). The
mixture was stirred at 100 °C for T hr. LOMS showed 1d was consumed completely and one
main peak with desired mass was detected. The mixture was concentrated and ethyl acetate
{20 mL) was added. The organic layers were washed with saturated NaHCO5 (5 mL) and
brine (5 mL}, dried over anhydrous NaxSO4, filtered and concentrated m vacuo to afford ie as
a white solid. The product was used in the next step without further purification. 'H NMR
(400 MHz, CDClL-d) 6 843 (d. J=15Hz, 1H), 8.16(d, /=13 Hz, [H), 791 (s, 1H). 418
(s, 3H), 4.060-3.92 (m, 3H).

16329} Methyl {-methyl-7-{pyrimidin-5-yi}-1 H-benzold]imidazole-S-carboxylate (1f).
To a muxture of methyl 7-bromo-l-methyl-1H-benzo|d]imidazole-S-carboxvlate (le, 0.1 g,
$.372 mmol, 1 eq) and pyrimidin-3-yiboronic acid (92.09 mg, 6.743 mmol, 2 eq} i dioxane
{5 mL} and H20 (0.3 mL} under N» was added Pd(dppHiCh (19.03 mg, 0.026 mmol, 0.07 ¢q),
MNaxCOs (78.77 mg, 0.743 muol, 2 eq). The nuxture was stirred at 100 °C for 12 hours.
LCMS showed e remained and one main peak with desired mass was detected. The mixture
was filtered and concentrated to give the crude restdue. The residue was purified by prep-
TLC (8i0s, ethyl acetate:methanol = 9:1). Compound £f was obtained as a brown solid. 'H
NMR (400 MHz, CDCls~} 5 9.35 (s, 1H), 890 (s, 2H), 862 (d, /= 1.5 Hz, 1H), 7.97-7 .88
(m, 2H), 3.98 {s, 3H}), 3.51 {s, 3H}.
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18334} I-Methyl-7T-(pyrimidin-S-yD-1H-beneo|dlimidazole-S-carboxvlic acid (Ig). To
a solution of methyl 1-methyl-7-(pyrimidin-5-y1}-1H-benzoldjimidazole-S-carboxylate (1,
0.045 g, 0.168 amol, 1 eq) in THF (2 mL), MeOH (2 mL) and H20 (1 ml) at 15°C under Nu
was added LiOH . H20 (14.08 mg, 0.335 mmol, 2 eq). The mixture was stirred at 15 °C for 12
hours. LOMS showed 1f was consumed completely and one main peak with desired mass
was detected. The mixture was adjusted to pH = 5 with aquecus HCE (1M} and concentrated
to give the crude product 1g as a brown solid. The product was used into the next step

without further punfication.

{08331} N-{4-(chlorodifiuoromethoxy)phenyh)-i-methyl-7-(pyrimidin-5-yi}- 1 H-
benzoldlimidarzele-S-carboxamide (1), To a solution of T-methyl-7-(pvrimidin-S-yi}-1H-
benzo{d jimidazole-5-carboxvlic acid (1g, (.04 g, 0.1537 mmol, 1 eq) and
4~{chlorodiflucromethoxy)aniline (33.50 mg, 0.173 aumol, 1.1 eq). HATU (71.79 mg, 0.189
mmol, 1.2 eq) in DMF (1 mL) at 15 °C was added DIEA (61 .00 mg, 0.472 mmol, 82.21 ul, 3
¢q). The mixture was stirred at 15 °C for 12 hours. LCMS showed 1g was consumed
completely and desired mass was detected. The mixture was concentrated, and the resulting
residue was purified by prep-HPLC (FA condition, colunuu Luna €18 100%30 Su; mobile
phase: fwater (0.225%FAACN]: B%: 35%-50%, 14 min) to afford the title compound 1 as
a vellow sohid. 'H NMR (400 MHz, McOD-ds) 8'H NMR (400 MHz, McOD-d} 8 9.31 (s,
1H), 9.06 (s, 2H), 845(d, J=15Hz 1H), 839 (s, 1H),791(d, J=15Hz IH), 784 {d.J=
9.0 Hz 2H), 7.31{d, /=90 Hz, 2H}, 3.60 (5, 3H).

Example 2 {(General Procedure B)

N-{4-(chioredifluoromethoxyjphenyi)-1-{(1s,3s}-3-hydroxyeyclobuiyl}-7-(pyrimidin-5-

yh-1H-benzoldlimidazole-S-carboxamide

3332} The title compound was prepared according to Scheme 2. This General Procedure
B exemphlifics Scheme 2 and provides particular syathetic details as applied to the title

compound.
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{8333} 7-Bromo-1-{{1s,3s)-3-hvdroxyeydobutyl}-1 H-benzo{dlimidazole-S-carboxylic
acid (2b). To a sohition of methyl 7-bromo-1-({1s,3s}-3-hyvdroxycyclobutvl}-1H-
benzo|dlinudazole-S-carboxvlate (synthesized 1n a similar fashion to 1e; 2a, 140 mg, 0431
mmol, 1 eq) in THF (2 mL), MeOH (2 mL) and H2O (1 mL) was added LiOH H20 (27.10
mg, 0.646 mmol, 1.5 eq). The muxture was stirred at 15 °C for 12 hr. LCMS showed 2a was
consomed completely and desired MBS was detected. The agqueous phase was acidified to pH
= 3 with the addition of agueous HCL The nuxture was filtered and concentrated in vacuo
and compound 2b obtamed as a white solid. 'H NMR (400 MHz, DMSO-ds) & 13.10 (brs, |
HWy872(, 1H)B819{(d, J=11Hz, 1 H} 796 (5, 1 H} 337 (brd, J=062Hz, 1 H}4.94-5.07
{m, T H}4.01-4 11 {m, 1 H) 2.86-2.95 (m, 2 H) 2.37-2.44 (m, 2 H).

3334} 7-Bromo-N-{4-(chlorodifluoromethoxy iphenyi}-1-({(1s,35}-3-
hydroxyeyelobutyl}-1 H-benzo{d]imidazole-5-carboxamide (2¢) To a solution of 7-bromo-
1~((1s,3s)-3-hydroxyeyclobutyl)-1H-benzo|dlimidazole-3-carboxylic acid (2b, 100 mg, 0.321
mmol, 1 eq) and 4-{chloro{difluoroymethoxy Janihine (74.66 mg, 0.386 mmol, 1.2 eq) in DMF
2 mL) was added HATU (146.65 mg, 0.386 mmol, 1.2 eq} and DIEA (83.08 mg, 0.643
mmol, 111.97 ul. 2 eq). The mixture was stirred at 15 °C for 12 hr. LCMS showed 2b was
consumed completely and desired MS was detected. The mixture was diluted with water (3
mb} and extracted with EtQAc (10 mbL = 3} The combined organic layers were washed with
brine (3 mL}, dried over Naz504, filtered and concentrated under reduced pressure to give a
residuc. The residuc was purified by prep-TLC (8102, cthyl acetate methanol = 10:1} to give
2¢ as a white solid. 'TH NMR (400 MHz, DMSO-ds} 6 1048 (s, 1 H)R 72 (s, L H} 840 (d, /=
13Hz 1H805(d,J=13Hz 1H) 792, J/=90Hz 2H)736(d,J=90Hz 2H) 537
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(d,J=64Hz 1 H)4.96-5.08 (m, 1 H) 4.01-4.13 (m, 1 H) 2.89-2.98 (m, 2 H) 2.36-2.43 (m,
2 H).

3335} N-{4-(chlorodifluoromethoxy jphenyl}-1-((1s,35}-3-hvdroxycyclobutyi}-7-
{pyrimidin-5-yh-1H4-benzoldjimidazcle-S-carboxamide (2). To a solution of 7-bromo-N-{4-
{chlorodifluoromethoxy)phenyl)-1~((1s,3s)-3~hydroxvevelobutyl}-1H-benzo|djhimidazole-5-
carboxamide (Zc, 40 mg, 0.082 mmol, 1 eq) and pyrnimidm-5-vlboronic acid (2037 mg, 0.164
mmol, 2 eq} in dioxang (3 mb) and HaO (0.3 mL) was added Pd{(dppHCh (6.01 mg, 822
umol, 0.1 eq) and KsPO4 (52.34 mg, 0.247 vunol, 3 eq). The mixture was stirred at 100 °C
for 12 hr. LCMS showed 2¢ was consumed completely and desired MS was detected. The
aqueous phase was extracted with H:0 (5 mL) and ethyl acetate (5 mL x 3). The combined
organic layvers were washed with brine {5 mb), dried over anhydrous Na:SGOq, filtered and
concentrated in vacuo. The nuxture purified by prep-HPLC (NHaHCO: condition, columm:
Waters Xbridge Prep OBD C18 130%30 10u; mobile phase: [water (10mM NHaHCO:)-
ACNYE, B%: 25%-45%,10min) to give the title compound 2 as a white solid. MS mass
calculated for IM+H| (CasHie0:NsCIF2) requires m/z 486.1, LCMS found m/z 486.1. 'H
NMR (400 MHz, DMSO-de) 6 1046 (s, 1 H) 936 (s, LH) 906 (s, 2H) 8.62 (5, 1 H) 8.51 (d,
J=15He, I 794 (d,/=90Hz, 2H)y 781 (d,/=15Hz, IH}737(d,/J=88Hz 2 H)
521 {d. J=066Hz 1 H)397 (quin, J=80Hz 1 H)3.66 (sxt. J=71Hz 1 H}2.06-2.16
{m, 4 H).

Example 3 {General Procedure C)

N-{4-(chloredifiueromethoxyjphenyl}-2-(difluoromethyl)-1-methyi-4-(pyrimidin-5-yi)-

1 H-benzoldlimidazole-6-carboxamide

[3336] The title compound was prepared according to Scheme 3. This General Procedure
€ exemphifies Scheme 3 and provides particular synthetic details as applied fo the title

compound.
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{6337} Methyl 4-bromo-2-(diftuoromethyl}-1 H-benzoldlimidazole-6-carboxylate
{3b}. Methyi 3 4-diamino-5-bromobenzoate (synthesized in a similar fashion to 1d; 3a. 02 ¢,
0.816 mmol, 1 eq) was dissolved m CHF2CO0H (3 mL}), the mixture was stirred at 130°C
for 1 hr. TLC (petrolcum ether:ethyl acetate = 3: 1) showed the starting matenial was
consomed and LOMS showed the desired MS. The mixtore was concentrated, and the residue
was dissolved in EtOAc (10 mb). The organic lavers were washed with ag. NaHCOs (5 mb
3} and then concentrated to afford 3b as a brown solid. The crude product was used in the

next step without firrther purification.

[338] Methyl 4-bromo-2-{difluoromethyl)-1-methyi-1 H-benzojdfimidazole-6-
carboxylate (3e). To a solution of methyl 4-bromo-2-{difluoromethyl}-1H-
benzo{dlimidazole-6-carboxylate (3b, 200 mg, 0.656 mmol, 1 eg) in DMF{ 2 mL) was added
KoCO: (271.82 mg, 1.97 mmol, 3 eq) and Mel (936,52 mg, 6.56 mmol, 408.12 ul, 10 eqg).
The nuxture was stirred at 50 °C for 10 hr. TLC (petroleum ether:ethyl acetate = 2:1) showed
the starting material was consemed. The mixture was concentrated and the residoe was
purificd by prep-TLC {5102, petroleum etheriethvi acetate = 2:1) to afford 3¢ as a yellow
solid. TH NMR (400 MHz, CDCL-d} 8 8.24 (d, /= 1.1 Hz, 1H), 8.17(d,J= 1.1 Hz, 1H),
7.17-6.85 (m, 1H), 4.04 (s, 3H), 3.98 (s, 3H).
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10339] 4-Bromo-2-{difluoromethyl}- i-methvl-1H-benzofdjimidazole-6-carboxylic
acid {34d). To a solution of methy! 4-bromo-2-(diflucromethyl}--methyl-1H-
benzo|dlimidazole-6~carboxylate (3¢, 115 mg, 0.36 mmol, 1 eg)in THF (3 mb), MeGH (2
mb} and HzO (1 mL) at 25°C was added LaOH HzG (30.24 mg, 8.721 mmol, 2 eq). The
mixture was stirred at 50°C for 2 hr. TLC {petroleum etherethyl acetate = 2:1) showed the
starting material was consamed. The mixture was concentrated and ag. HCH (1M} was added
until pH = 3~4. The suspension was filtered, and the solid was washed with H20O (1 mL} and
dried to give 3d as a vellow solid. The crude product was used i the next step without
further purification. 'H NMR (400 MHz, MeOD-dy) § 8.35 (s, 1H), 8.07 (s, 1H), 7.70-7.32
{m, 1H), 4.02 (s, 38).

13340} 4-Brome-N-{4-(chlorodifluoromethoxyphenyl}-2-(diflucromethyh- -methyl-
1 H-benzo|djimidazole-6-carboxamide {3e). To a solution of 4-bromo-2-{difluoromethyl}-1-
methyvl-1H-benzoldimidazole-6-carboxylic acid (3d, 110 mg, 0.361 mmol, | eq) in DMF(3
mb} was added DIPEA (9320 mg, 0.721 mmol, 12561 ul, 3 eq) and HATU (205,65 mg,
$.541 mmol, 1.2 cq}. The mixture was stirred at 25 °C for 0.5 hr before
4-{chlorodifluoromethoxy)aniline (1h, 83.76 mg, 0.433 mmol, 1.2 eq) was added. The
reaction mixture was stirred at 25 °C for 3.5 hrs. TLC (petroleum etherethvl acetate = 3:1)
showed the starting material was consumed and LCMS showed desired MS. The mixtare was
conceuntrated and the residue was purified by column chromatography by prop-TLC (85102,
petroleuwm etherethvl acetate = 1:1} to afford 3e as a yellow solid. "H NMR (400 MHz,
CDCL-) 8810 {d, J=12 He, 1H), 798-791 (m, ZH). 774 (d. /=89 Hz, 2H), 730 (d, /=
8.9 Hz, 2H), 7.18-6 88 {m, 1H), 4.07 (s, 3H).

3341} N-{4-{chlorodiflusromethoxyiphenyl)-2-(difluoromethyi}-1-methyi-4-
{pyrimidin-S-yH-1 H-benzoldlimidazole-6-carboxamide (3). To a solution of 4-bromo-N-
{4-{chlorodifluoromethoxy yphenyl}-2-{difluoromethyl)-1-methyl-1 H-benzo|djimidazole-6-
carboxamide (3e, 100 mg, 0.208 mmol, 1 eg} and pynimidin-5-yiboronic acid (51.56 mg,
0.416 mmol, 2 eq) in dioxane {4 mL) and HoO (1 mL) under N2 was added K:PQO4 (132 49
mg, 0.624 mmol, 3 eq) and Pd(dppHiCla (15.22 mg, 0.021 mmol, 8.1 eq). The mixture was
stirred under MNo at 100 °C for 4 hrs. LCMS showed the starting maternial was consumed and
desired product was detected. The mixture was poured into water and extracted with EtQAc,
The organic layers were concentrated and the resulting residue was purified by prep-HPLC
(NH:HCOs condition, column: Waters Xbridge Prep OBD C18 150%30 10u; mobile phase:
94
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fwater (10mM NHHCGO:3-ACN]; BY%: 30%-50%, 10mun} to give the title compound 3 asa
white solid. MS mass caleulated for [M+HJ (CoiHiaCIFaNsOn) requires m/z 480.1, LCMS
found m/z 480.1. 'H NMR (400 MHz, DMSO-ds) & 10.58 (s, 1H), 9.535 {5, 2H}, 9.26 (s, 1H},
8.46{s, 1H), 8.32 (s, 1H}, 7.93 (4, /= 9.2 Hz, 2H), 7.69-7.37 {m, 3H}, 4.08 {5, 3H).

Example 4

N-{(4-(chlorodifluoromethoxy)phenyl)-1,2-dimethyl-4-(pyrimidin-S-y- 15~

benzoldlimidarzole-6-carboxamide

o L
/l = Br g /J/
.?Jleo’j{\v‘/\n«’t‘r p-TSOH, AcGH 120 ﬂ/\i/ CHy), NaH, DMF MeO \L I oy S

| | i A

. LN

\‘\?’/)\NH? Y\RIH f i PA{epphICl, NayCla, dioxane, HyO
NH, N-1'< \l ,x
3a 42 4

N N o
2 ; AN ~, N
1 S T o W O P ¢
MeO' *T/\\\/\/ LIOH, THE, H,0 HO \C\ N S T\ \,
i L ey o | -

S = HATU, DIEA, DMF P

\.(/\N ‘/ . \(\

- ]

[3342] Methyl 7-bromo-2-methyl-1H-henzo|djimidazole-5-carboxylate (4a). Toa
mixture of Methy! 3 4-diamino-S-bromobenzoate {synthesized in a similar fashion to 1d; 3a,
0.16 g, 0.653 mmol, 1 eq} in CHaCOOH (GmL) at 20 °C was added 4-methvibenzenesulfonic
acid {11.24 mg, 0.065 mmol, 4.1 eq). The mixture was stirred at 100 °C for 3 hours. LCMS
showed desired MS. The muxture was poured into water {20 mL), and then was exiracted
with EtOAC (20mbL x 33, The combined organic lavers were dried with anhydrous NaxSQ,

filtered and concentrated in vacuo to give 4a as a brown oil.

3343} Methyl 4-bromo-1,2-dimethyl-1 H-benzoldlimidazole-6-carboxylate {4b}. Toa
mixtare of Methyl 7-bromo-2-methyi-1H-benzoldjinmidarole-S-carboxylate (4a, 0.15 g, 0557
mmaol, 1 eq) and NaH (44.59 mg, 1.11 mmol, 60% purity, 2 eq) in DMFE (Iml.}) was added
CH3E (158.24 mg, 1.1 immol, 69.40ul., 7 ¢q). The mixiure was stivred at 15 “C for 16 hours.
LCMS showed desired MS. The mixture was poured into water (20 mL}), and then was

extracted with EtOAC (20 mL x 3}, The combined organic layers were dried over anhydrous
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NazS50, filtered and concentrated in vacuo to give the product. The residue was purified by

prep-TLC (Petroleum cther:Ethyl acetate = 01, Re=0.40} to give 4b as a brown oil.

3344} Methyl 1,2-dimethyl-d-(pyrimidin-S-y1}-1H-benzoldlimidarole-6-carboxylate
{4¢}. To a mixture of methyl 4-bromo-1 2-dimethyl-1H-benzo|djmidazole-6-carboxylate
(4b, 0.02 g, 0.071 numol, 1 eq), pyrimidin-3-vi-boronic acid (2626 mg, 0.212 mmol, 3 cq)
and K5POs (44,98 mg, 0.212 mmol, 3 eq} in dioxane ZmL), HoO (0.2mL) under Nz was
added Pd{dppH)Clz (5.17 mg, 7.06 umol, 0.1 eq). The mixture was stirred at 110 °C for 16
hours. LCMS showed desired MS. The nuxture was poured into water and extracted with
EtOAc. The combined organic layvers were dried over anhydrous NaxSOa, filtered and
concentrated in vacuo to give the crude product. The residue was purified by prep-TLC

{petroleum cthericthyl acetate = O: 1, Re = 0.37) to afford 4¢ as yellow oil.

[0345] 1,2-Dimethyl-4-{pyrimidin-3-yi}- 1 -benzofdlimidazole-6-carboxylic acid
{44d}. To amixture of 4¢ (0.015 g, 0.053 mumol, 1 eq} in HoG (0.5mL), THF (ImL}, MeOH
(1mL) was added LiOH H0 (4.46 mg, 0.106 mmol, 2eq). The mixture was stirred at 15 °C
for 16 hours. LCMS showed the desire MS. The muxture was poured into water and extracted
with EtOAc, the combined organic layers were dried over anhvdrous NaxSOq, filiered and
concentrated m vacuo to give the 4d as red solid. The crude product was used in the next step

without further purification.

{6346} N-{d-{chlorodifluoromethoxyjphenyi}-1,2-dimethyi-4-{pyrimidin-S-yI}- 1 H-
benzojdlimidazole-6-carboxamide {4). To a muxture of 1.2-dimethvi-4-(pyrimidin-5-yi)-
1H-benzofdhmidazole-6-carboxvlic acid (4d, 15 mg, 0.056 mmol, 1 eq) and HATU (255
mg, 0.067 mmol, 1.2 eq), DIPEA (14 45 mg, (.112 sumol, 1948 ul, 2 eq) in DMF (ImL} at
20 °C was added 4-~{chloro{difluoro)methoxylaniline (1h, 16.24 mg, 0.084 mmol, 1.5 eq).
The nuxture was stirred at 20 °C for 16 hours. The nuxture was concentrated n vacuo.
LCMS showed desired MS. The mixture was poured mto water and extracted with EtOAc,
and the combined organic layers were drigd over anhydrous Nax50q, filtered and
concentrated in vacuo to give the crude product. The residue was purified by prep-HPLC
(TFA condition, colomn: Nano-Micro UniSil 5-100 C18 ULTRA 100%250mm Sum; mobile
phase: fwater (0. 1% TFA}ACN]; B%: 25%-50%, 11 min) to afford the title compound 4 as a
white solid. MS mass calculated for [M+1]" (CaiHisClF2NsO2) requires sz 444 .1, LOMS
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found m/z 444.1. 'H NMR (400 MHz, MeOD-d4) 6 9.33-9.25 (m, 3H), $.48 (s, 1F), 8.25 (s,
1H), 7.88 (d, J = 9.0 Hz, 2H), 7.33 (4, J = 8.8 Hz, 2H), 4.07 (s, 3H), 2.85 (s, 3H).

Example 8 {General Procedure B}

{#}-N-{4-(chiorodifivoromethoxyjphenyi}-2-(diftuoromethyi}-1-{1-hydrexypropan-2-yi}-

T-{pyrimidin-5-y1)-1H-benzo|djimidazole-S-carboxamide

0347] The title compound was prepared according to Scheme 4. This General Procedure

D exemphifies Scheme 4 and provides particular synthetic details as apphied to the nitle

compound.
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{3348} {(B}-methyl 7-bromo-2-(diflsoromethyl)-1-(-hydroxypropan-2-yi)-1H-
benzoldlimidazole-S-carboxylate (8b). A sohution of {(R)-methyl 3-amine-5-bromo-4-{(1-
hyvdroxypropan-2-vhaminobenzoate (synthesized in a similar fashion to 1d; Sa, 230 mg,
0.739 mmol, 1 eq) m 2,2-difluoroacetic acid {4.59 g, 0.048 mmol, 3 mb, 63 eq) was stirred at
110 °C for 3 hr. LCMS showed 8a was consumed completely and desired MS was detected.
The mixture was filtered and concentrated vunder reduced pressure to give the crude residue.
The residue was purified by prep-TLC (8102, petroleum ether:ethyi acetate = 0:1) to provide
8b as a white solid. "H NMR (400 MHz, DMSO-ds) § 834 (s, TH) 8.11 {5, 1 H), 7.37-7.75
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(m, 1H), 5.95-6.10 (m, 1 H), 5.31 (1, J= 5.2 Hz, 1 H), 3.90 (s, 3 H), 3.74-3.87 (m, 2 H),
1.59 (brd, 7= 7.3 Hz, 3 H).

3349} {(#y-7T-brome-2-(difluoromethyi}-1-(1-hydroxypropan-2-yi)- 1 H-
benzoldlimidazole-S-carboxylic acid (5¢). To a sohution of (}-methyl 7-bromo-2-
(difluoromethyl)-1-(1-hydroxypropan-2-vi}-14-benzoldhimidazole-5-carboxylate (8b, 130
mg, 0.358 mmol, 1 eq) n THF (I mL), MeOH (1 mL} and H2O (0.5 mL} was added

LiOH H0 (30.04 mg, 0.716 mmol, 2 eq}. The mixture was stirred at 15 °C for 2 hr. LCMS
showed 3b was consumed completely and desired MS was detected. The aqueous phase was
acidified to pH = 5 with agucous HC. Tthe mixture was filtered and concentrated in vacuo.
The product was used m the next step without further purification. Compound 3¢ was

obtained as a whiie solid.

163541 {K)-7-bromo-N-(4-{chlorodifluoromethoxyphenyl}-2-{difluoromethyi}-1-(i-
hydroxypropan-2-yl}-1 H-benzoldlimidazole-S-carboxamide (Se}. To a sclution of (#}-7-
bromo-2-(difluoromethyi}-1-(1-hvdroxypropan-2-vi)-1H-benzofdlimidazole-5-carboxylic
acid (3¢, 100 mg, 0.286 mmol, | eq) and 4-(chlorodifluoromethoxyjanitine (1h, 66.54 mg,
0.344 mmol, 1.2 eq} in DMF (2 mL) was added HATU (130.69 mg, 0.344 mmol, 1.2 eq) and
DIEA (148 08 mg, 115 mmol, 19956 ul, 4 eg). The mixture was stirred at 15 °C for 12 hr.
LCMS showed 5¢ was consumed completely and desired MS was detected. The nuxture was
diluted with water (5 mL) and extracted with EtOAc (10 mL x 3}, The combined organic
lavers were washed with brine {5 mb), dried over NaxSQ4, filtered and concentrated under
reduced pressure to give the crude residue. The residue was purified by prep~TLC (510,
ethyl acetate:methanol = 10:1} to afford Se as a vellow oil. "H NMR (400 MHz, DMSQO-ds} &
1056(s, 1 H), 849 (s, THL 821 (s, T HL 793(, /=93 Hz 2 H), 743-771 (m, 1 H), 738
(brd, J=90Hz 2H), 6.02(rd J=62Hz 1 H), 523-345(m, 1 H), 3.72-3.93 (m, 2 H),
1.60(brd.J=68Hz 3 H).

{6351} {R3-N-{4-{chlorodifluoromethoxy)phenyl)-2-{difluoromethy-1-{1-
hydroxypropan-2-yh)-7-(pyrimidin-3-vi}-1H4-benzoldlimidazole-S-carboxamide (5. To a
solution of (J}-7-bromo-N-(4-(chlorodifluoromethoxy ypheny}-2-(difluoromethyvi}-1-(1-
hvdroxypropan-2-yH-1H-benzo|dfimidazole-3-carboxamide (Se, 60 mg, 0.114 mmol, 1 eg)
and pyrimidin-5-ylboronic acid (28 34 mg, 0.229 mmol, 2 eq) in dioxane (1 mL) and Ho©

(0.1 mL) was added Pd(dppHCl2 (837 mg, 11.44 umol, 0.1 eg) and KaPOu4 (72.82 mg, 0.343

98



WO 2020/061086 PCT/US2019/051567

mmol, 3 eq}. The mixture was stirred at 100 °C for 16 hr. LOMS showed Se was consumed
completely and desired MS was detected. The muxture was filtered and concentrated under
reduced pressure to give the crude residue. The residue was purified by prep~TLC (510,
ethyl acetate methanot = 10:1) to afford title compound § as a white solid. MS mass
calculated for [M+H] (CosHisOsNsCIF) requires mz 5241, LCMS found m/z 5241, 'H
NMR (400 MHz, DMSO-de) 3 1050 (s, 1 H) 935 (. 1 H}9.07 (s, ZH) 858 (d, J=15Hz 1
HYy7.93(d,/=93Hz, 2H) 784 (4, J=18Hz 1 H) 742-770(m, 1 H) 7.38¢(d, J=90 Hz,
ZERS I J=531Hz 1 H) 425445 (m, L H)341-363(m, 2H) 137 (brd, /=71 Hz 3
H).

Example 6 {General Procedure E)

N-{4-(chlerodifluoromethoxy)phenyi}-2-isopropyl-1-methyl-7-(pyrimidin-5-yi}-1H-

benzojdlimidazole-5-carboxamide

[0352] The title compound was prepared according to Scheme 5. This General Procedure

E exemplifies Scheme 5 and provides particular synthetic details as applied to the title

compound.
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[B3353] 3-Bromo-4-(methylamino}-5-nitrebenzoic acid (6a). To a mixture of methyl 3-

bromo-4-(methvlamino}-S-nitrobenzoate (¢, 1.7 g, 5.88 mmol, | eq) in THF (20 mL) and
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H20 (4 mb) was added LiOH HoO (493 .55 mg, 11.76 mmol, 2 eq) 1n one portion. The
maxture was stirred at 60 °C for 12 hours. TLC {petroleum etherethy! acetate = 3.1, Re= 0.0}
indicated 1c was consumed completely, and one major now spot with farger polanty was
detected. The mixture was adjusted to pH = 3 with agucous HCI (1M). The mixture was
filtered, and the yellow solid was washed with HzO (10 mL) to give 6b as a yellow solid. The

product was used in the next step without further punification.

{6354} 3-Bromo-N-{4-{chlorodiflucromethoxy}phenyl)-4-{methylamine}-5-
nitrobenzamide {6b} To a mixture of 3-bromo-4-{methylamino}-5-nitrobenzoic acid (ba,
1.27 g, 6. 54 mmol, 1.2 ¢q) and 4-(chlorodifluoromethoxyianiline (3h, 1.50 g, 5.45 mmol, 1
gq} in DMF (10 mL} was added HATU (2.28 g, 6.00 mmol, 1.1 eq} and DIEA (77528 mg,
6.00 mmol, 1.04 mL, 1.1 eq) in one portion. The mixture was heated to 30 °C and stirred for
12 hours. LC-MS showed one main peak with desired mass was detected. The nuxture was
concentrated and the resulting residue was punified by column chromatography (510,

petroleum etherethyl acetate = 20:1 to 5:1) to vield 6b as a yellow solid.

J355] 3-Amino-S-bromo-N-{(4-{chlorodifluoromethoxy)phenvi)-4-
(methylamingo)benzamide (6¢). A solution of 3-bromo-N-(4-
{chlorodiflucromethoxyphenvi}-4-(methylaming)-3-aitrobenzamide {6b, 2.1 g, 4. 66 mmol, }
eq) m AcOH (15 mL) at 20 °C was added Fe (2.60 g, 46.60 mumol, 10 ¢q) in one portion. The
mixture was stirred at 35 °C for 3 h. TLC (petroleum etherethyl acetate = 1:1, Ri= 0.6}
mdicated 6k was consumed completely and one new spot formed. Ethyl acetate (40 mL) was
added and the mixture was filtered through a Celite® pad. The filtrate was washed with H20
30 mL), saturated NaHCO3 solution (20 mL x 3), and brine (20 ml) before being dred over
anhydrous NaxSQ4, filtered and concentrated in vacuo to afford 6¢ as a yellow sohid. The

crude prodact was used in the next step without further punfication.

{6356} 3-Amine-5-bromo-N-{(4-{chloredifiuoromethoxy)phenyli}-4-
{methylamino}benzamide (6d). A muxture of 3-aming-3-bromo-N-{(4-
{chlorodifluoromethoxyiphenviy-4-{(methylamino)benzamide {6¢, 0.075 g, 0.178 mmol, 1 eqg)
mn Z-methylpropanocic acid (314.18 mg, 3.57 mmol, 330.72 vl 20 eq) was stirred at 130 °C
for 12 hours. The mixture turned from brown to dark. LC-MS showed 6e was consumed
completely and desired mass was detected. The residue was purified by prep-TLC (510,

petroleum ether: ethyvl acetate = 1:1) to afford 64 as a vellow oil.
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{8357} N-{4-(chlorodifluoromethoxy)phenyl)-Z-isopropyl-1-methyl-7-(pyrimidin-5-
yvh-1H-benzoldlimidazole-S-carboxamide {6). To a mixture of 3-amino-5-bromo-N-(4-
{chlorodifluoromethoxyiphenvi}-4-{(methylamino)benzamide (64.0.03 g, 0.063 mmol, 1 eqg)
and pyrinidin-3-ylboronic acid (15.73 mg, 0.127 mumol, 2 eq) in dioxane (4 mL) and Ho(
(0.3 mL} at 15 °C under N2 was added Pd{dppf)(l: (4.64 mg, 6.35 umol, 0.1 ¢g), KsPOu
(40.41 mg, 0.190 mmol, 3 ¢g) in one portion. The mixture was stirred at 110 °C for 12 hours.
LC-MS showed the starting material was consumed completelv and one main peak with
desired mass was detected. The muxture was filtered through a Celite® pad and the filtrate
was concentrated to give a crude residue. The restdue was parified by prep-HPLC (TFA
condition: column: Luna C18 100%30 5u; mobile phase: [water (0.196TFA)-ACN]; B%:
15%—45%, 14min} to provide the title compound 6 as a white sohd. MS mass calculated for
IMAHT (CasHz00:N5CIF) requires mz 4721, LCMS found m/z 4721, 'TH NMR {400 MHz,
MeOD-~ds) 6§ 934 (s, 1H), 907 (s, 2H), 843 (d, /= 1.5 Hz, 1H), 8.01 (d, /= 1.3 Hz, 1H),
784(d, J=90Hz, 2H), 731 (d, /=90 Hz, 2H), 3.64-3.55 (m, 4H), 1 52 (d, /= 6.8 Hz,
GH).

Example 7 {General Procedure I}

N-{4-(chlorodifluoromethoxyiphenyl}-1,2-dimethyl-7T-(pyrimidin-S-yl}- 1 H-

benzoldlimidazole-S5-carboxamide

{3338} The title compound was prepared according to Scheme 6. This General Procedure

F exemplifics Scheme 6 and provides particular synthetic details as apphied to the title

compound.
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{8359} Methyl 1,2-dimethyl-7-(pyrimidin-3-yl}-1H-benzo|dimidazole-5-carboxylate
{7b}. To a mixture of methy!l 7-bromo-1,2-dimethyi-1H-benzoldjimidarole-S-carboxylate
{synthesized in a similar fashion to 1e; 7a, 0.15 g, 0.53 mumol, 1 eq) and pyrnmidin-3-
viboronic acid (65.65 mg, 0.53 mmol, 1 eq) in dioxane (5 mL) and Hz0 (0.5 mL) under No
was added Pd{dppHClz (38.77 mg, 0.53 mmol, 0.1 eqg) and KsPO4.3H0 (423 28 mg, 1.59
mmal, 3 eg). The mixture was stirred at 110 °C for 16 hours. TLC {(ethyl acetate: methanol =
8:1. Rr =0.20) indicated 7a was consumed completely, and one major new spot with larger
polarity was detected. LC-MS showed Ta was consumed completely and one main peak with
desired mass was detected. The mixture was filtered and concentrated to give a residue that
was purified by prep-TLC (510, cthyl acetate'methanol = 8: 1} to atford 7b as a light brown
solid. TH NMR (400 MHz, DMSO-ds) 8 9.30 (s, 1H}, 9.01 (s, 2H), 821 (d, /= 1.3 Hz, IH),
7.67{d, J=13Hez I1H), 3.87 (s. 3H), 3.32-3.31 (m, 3H), 2.55 {s, 3H).

0364} 1,2-Dimethyl-7-{pyrimidin-3-yi}- 1 /-benzodlimidazole-5-carboxylic acid {7¢).
To a solution of methyl 1.2-dimethyl-7-(pyrimidin-5-v1}- 1 -benzofdimidazole-3-
carboxylate {7h, 0.06 g, 0.213 mmol, 1 eq) in THF (2 mb}, MeOH 2 mbL), HoO (I mL) was
added LiOHH0 (17.84 mg, 0.425 mmol, 2 eq). The nuxture was stirred at 36 °C for 3
hours. LC-MS showed 7b was consumed completely and one main peak with desired mass
was detected. The muixture was adjusted to pH = 5 with HCI aquecus (1M} and concentrated
to give 7¢ as a brown solid. The product was used in the next step without further

purification.

8361} N-{4-{chlorodifluoromethoxyjphenyl}-1.2-dimethyl-7-(pyrimidin-5-yi)-1.5-
benzoldlimidazole-5-carboxamide (7) To a mixture of 1, 2-dimethyl-7-<(pyrimidin-5-vi)- 1H-
benzold]imidazole-5-carboxylic acid (7¢, 0.057 g, 0.212 mmol, 1 eqg) and 4-
{chlorodifluoromethoxyjanidine (1h, 4524 mg, (.234 mumel, 1.1 eq), HATU (96.95 mg, 0.255
mmol, 1.2 eq)y in DMF (2 mL) was added DIEA (82 38 mg, 0.637 mmol, 111.03 ul, 3 eg).
The mixture was stirred at 15 °C for 12 hours. LC-MS showed 7¢ was consumed completely
and one main peak with desired mass was detected. The mixture was concentrated to give a
crude residue that was purified by prep-HPLC (FA condition: column: Nano-micro Kromasi]
C18 100%*30mm Sum; mobile phase: [water {0.225%FA»ACN]; B%: 19%-50%, 15nun) to
vield the title compound 7 as a white solid. MS mass calculated for [M+H]™

(CoH1sCIFaN5O2) requires m/z 444 1, LOMS found m/z 4442 'H NMR (400 MHz, DMSO-
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ds) & 10.42 (s, 1H), 9.32 (s, 1H), 9.06 (s, 2H), 835 (d, J= 1.3 Hz, 1H), 7.92 (4, J = 9.0 Hz,
2H), 776 (d, J= 1.5 Hz. 1H), 7.36 (4,7 = 9.0 Hz, 2H), 3.37 (s, 3H), 2.57 (s, 3H).

Example 8 {(General Procedure G)

N-{4-ichlero({diftuoroimethoxy]phenyl]-6-pyrimidia-5-yi-3,4-dihydro-15-

{1,4]oxazine|4,3-¢]benzimidazole-8-carboxamide

10362] The title compound was prepared according to Scheme 7. This General Procedure

G exemplifies Scheme 7 and provides particular synthetic details as applied to the title

compound.
o
o HOVELC o E : Br o
Boe O\/U\ HCVEIOAC o i ~0 - TEA, EtOH
-“\Nf’\/ aH e TR g I~ N | ----------------------------- 2o
H AT 2 QH P
H ~F
NC;,
8a 8b ir
o
o /L o Fe \O/'L | N B o HATU, DIEA
-
o
/\ O ﬂ\o:--l AcOH 7 ‘g/\/‘ \)\'o:‘-s DMF
NO, H NH,
8c 8¢
i I
~ Br Br = ;
o N NN ) H;
o l LioH HCY > N HATU
oA, e L + Ci ; o 3
T TN THF, MeOH, H,0 { N—"\ SN, Py
N > N:—;& ) ’
\ao —03
8e 8f 1h
Ch_ O N Ci_ O N
,X.\ \Tf//\ o e ﬁ hat A / o > \.
290% et TR !
R N e YLl I Ny SN N
oo ' Hoof
7 - Fol{dppfiCiy, K P0, ‘/ N
N—...—-« ) dioxane, H,0 Ri=== —\/
e ___O
3g 8

{6363} 2-(2-Aminoethoxy)acetic acid (8b). A solution of 2-[2-(ters-
butoxvcarbonviaminojethoxyiacetic acid (8a, 800 mg, 3.65 mumol, 1 eq) m HCVEIGAC (5
mb} was stirred at 15 °C for 2 hr. LCMS showed 8} was consumed completely and desired
MS was detected. The mixture was filtered and concentrated under reduced pressure to give

8b as a white solid. The product was used in the next step without further purification. 'H
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NMR (400 MHz, DMSO-ds) § 12.76 (brs, 1 H) 8.09 (brs, 3 H} 4.06 (s, 2 H) 3.66 {t, /=52
Hz. 2 H) 2.87-3.02 (m, 2 H).

3364} 2-12-(2-Bromo-4-methoxycarbonyl-6-nitro-anilinoethox vl acetic acid (8¢). To
a solution of methyl 3-bromo-4-flusro-3-nitrobenzoate (1a, 500 me, 1.280 mmol, T eg) and 2-
{Z-anunocethoxylacetic acid (8b, 335.75 mg, 2.16 mmol, 1.2 eg, HCY) in EtOH (16 mL) was
added TEA (454 94 mg, 4.50 mmol, 625.78 ul,, 2.5 eqg). The mixture was stirred at 15 °C for
1 hr. LCMS showed $a was consumed completely and desired MS was detected. The reaction
mixture was concentrated under reduced pressure. The mixture was diluted with water {25
ml} and extracted with EtOAc (20 mL x 3). The combined organic layvers were washed with
brine (15 mL}, dried over NaxS04, filtered and concentrated under reduced pressure to give
the crude residuc. The residuc was punfied by silica gel chromatography (column height: 250
mm, diameter: 100 mm, 200-300 mesh silica gel, petroleum ether/cthvl acctate = 5/1, ethyl
acetate /methanol/CH:COOH = 5/1/0.1%) to afford 8e as a vellow solid. 'H NMR (400 MHz,
DMSO-de) 68284{d, J=17Hz, 1 H)8I18(dJ=17Hz 1 H)709%¢brs, 1 H) 389 (5,2 H)
3835, 3HY365(brt, J=50Hz 2H) 3 19-328 (m, 2 H).

3365} 2-12-(2-Amine-6-bromo-4d-methoxyearbonyl-anilinojethoxviacetic acid (8d).
To a solation of 2-[2-(2-bromo-4-methoxycarbonyl-6-nitro-aniling Jethoxy Jacetic acid (8¢,
420 mg, 1.11 mmol, 1 eq) in AcOH (5 mL) was added Fe (621.91 mg, 11.14 mmol, 10 eq).
The reaction mixture was stirred at 33 °C for | hr. LCMS showed 8¢ was consumed
completely and desired MS was detected. The mixture was filtered through a Celite® pad and
washed with cthyl acetate. The mixture was concentrated under reduced pressure to give the
crude residue that was purified by prep-HPLC (HCH condition, column: Phenomenex Luna
C18 200%40mm™ 10am; mobile phase: [water (0.05%HCH-ACN], B%: 15%-45%,10 min) to
give 8d as a vellow solid. "H NMR (400 MHz, DMSO-ds) § 753 (s, FH) 749 (s, 1 H} 416
(brs, 2H) 405 (s, 3H)3.60(brt, J=49Hz 2 H)326-335(m, 2 H).

{6366} Methyl 6-bromo-3,4-dihydro-1H-{1,4|oxarinc]4,3-albenzimidazole-8-
carboxylate (8e). To a solution of 2-[2~(Z-amino-6-bromo-4-methoxycarbonyl-
anilinglethoxylacetic acid (8d, 100 mg, 0.261 mmol, 1 eg, HCI) in BMF (20 mL} was added
HATU (109.93 mg, 6.287 amol, 1.1 eq) and DIEA (101.07 mg, 0.782 mmol, 136.21 ul., 3
eq}. The mixture was stirred at 20 °C for 16 hr. LCMS showed 8d was consumed completely

and desired MS was detected. The mixture was diluted with water (5 mL) and extracted with
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EtOAc (53 mL x 3). The combined organic layers werg washed with bnne {5 mL), dried over
Na:504, filtered and concentrated under reduced pressure to give the crude residue. The
residue was purified by prep-TLC (5102, petroleum ctherethy] acetate = 0:1) to afford 8e as a
white solid. "HNMR (400 MHz, CDCL-y 8834 (d, J=13Hz, IHDR I {d, J=13Hz |
Hy5.05 (s, 2H3 471 (6, /=53 Hz, 2H) 4.15-4.26 (m, 2 H) 3.95 (s, 3 H}.

16367} 5-Bromo-3,4-dihydro-1H-[1 4joxazino|4,3-¢lbenzimidazole-8-carboxylic acid
{8f). To a solution of Methyl 6-bromo-3 4-dihydro-1H-[1 4]oxazino|4,3-¢ benzimidazole-8-
carboxylate (8e, 50 mg, 0.161 nunol, 1 eq) in McOH (1 mL), THF (1 mL) and H20 (0.5 mL)
was added LiOH.H:0 (13.49 mg, 0.321 mmol, 2 eq}. The mixture was stirred at 40 °C for 6
hr. TLC (petroleum ether:ethyl acetate = 0:1, Re= 0} showed 8¢ was consumed completely
and one major new spot with more polarity was detected. The mixture was concentrated in
vacuo. The mixture was added to HaO (3 mi) and the aqueous phase was acidified topH =35
with aqueous HCI. The mixture was concentrated in vacuo to afford 8f as a white solid. The
product was used in the next step without further parification. "H NMR (400 MHz, DMSQO-
dey 813, J=12Hz TH)794(d. J=13Hz 1 H)300(s 2H)463(, . /=53Hz 2H)
416 (t, /=53 Hz, 2 H).

{3368} 6-Brome-N-[4-{ehloro{difluoro)methoxyiphenyl}-3.4-dihydro-14-
{1.4]oxazino{4,3-albenzimidazole-8-carboxamide (8g). To a solution of 6-bromo-3,4-
dihydro-1H-] 1 4joxazino[4,3-aglbenzimidazole-8-carboxylic acid (8f, 45 mg, 0.151 mmol, |
eq) and 4-{chlorodiflucromethoxyjanitine (1h, 35.18 mg, 0.182 mmol, 1.2 eq) in pyndine (2
mhb} was added HATU (69.11 mg, 0.182 mumol, 1.2 ¢q). The nuxture was stirred at 40 °C for
6 hr. LEMS showed 8f was consumed completely and desired MS was detected. The maxture
was diluted with water (5 mL} and extracted with EtQAc¢ (5 mL x 3). The combmed organic
lavers were washed with brine (5 mL)}, dried over Na:50., filtered and concentrated vader
reduced pressure to give the crude residue. The residue was purified by prep-TLC (5102,
petrolewn etherethvl acetate = (1) to obtain 8g as a white solid. 'H NMR (400 MHz,
CDCL-D S8 {5, TH)B00 (s, T} 796 (brs. I1H}7.73(d. /=89 Hz 2H)}729%(brs, 2
Y3066, 2473, J=33Hz 2H)422¢. J=51Hz ZH).

[3369] N-[4-[chloro{diflusro)methoxy]phenyl]-6-pyrimidin-5-y1-3,4-dihydro-1H-
{1.4]oxazino{4,3-albenzimidazole-8-carboxamide (8). To a solution of 6-bromo-N-{4-

[chloro{difluoroymethoxyiphenyl]-3, 4-dihvdro~-1 /-] | 4joxazino{4,3-ajbenzimidazole-§-
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carboxanude (8g, 40 mg, 0.085 nunol, 1 eq) and pyrimudin-3-viboronic acid {20.97 mg, 0.169
mmol, 2 eq) in dioxane (1 mb} and HoO (0.1 mL} was added Pd(dppHCh (6.19 mg, 8.46
umol, 0.1 eq) and KsPO4 (53.89 mg, 0.254 nunol, 3 eq). The mixture was stirred at 110 °C
for 16 hr. LCMS showed 8g was consumed completely and desired MS was detected. The
mixture was diluted with water (15 mL) and extracted with EtOAc (35 mL x 3). The
combined organic layers were washed with brine (10 mL), dred over NanS{q, filtered and
concentrated under reduced pressure to give the crude residue. The residue was purified by
prep-TLC (8102, cthy! acetate:methanol = 10:1) to afford the title compound 8 as a vellow
sohid. MiS mass calculated for [MAH]™ (CoaaHisOsNsCIF2) requires mz 4721, LCMS found
m/z 4721 'H NMR (400 MHz, DMSO-ds) 6 1046 (s, 1H} 932 (s, L H} 9.10 (5, 2 H) 8.42 (s,
THY793(d,J=90Hz, 2H) 782 (s, I H) 726-745 (m, L H} 736 (brd, /=88 Hz, | H)
503(s,2H)3.98¢brt, J=49Hz 2H})3.70-3.83 (m, 2 H}.

Example 9 (General Procedure H)

N-{4-{chlorodifluoromethoxy)phenyl)-1-isopropyl-Z-methoxy-7-(pyrimidin-S-yI-1 H-

benzoldlimidazole-S-carboxamide

[0379] The title compound was prepared according to Scheme 8. This General Procedure
H exemplifies Scheme 8 and provides particular svnthetic details as apphied to the title

corapound.
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{3371} 7-Bromo-N-{4-(chlorodifluoromethosy)phenyl)-1-isopropyi-2-methoxy-1H-
benzo[djimidazole-S-carboxamide (9b). To a solution of 3-aminc-3-bromo-N-{(4-
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{chlorodifluoromethoxy)phenyl}-4-(isopropylamincibenzamide (synthesized in a similar
fashion to 6¢; 9a, 100 myg, 0.223 mmaol, 1 eq) in AcOH {2 mL) was added
tetramethoxymethane (197.23 mg, 1.45 mmol, 6.5 eq}. The nuxture was stirred at 50 °C for
16 hr. LCMS showed 9a was consumed completely and desired MS was detected. TLC
(petroleum ctherethyl acetate = 311, Re= 0.4) showed 9a was consumed completely, ong
major new spot with less polarity was detecied. The reaction mixture was concentrated under
reduced pressure. The mixture was washed with saturated agueous NaHCOs, dried over
Nax504 and evaporated to dryness. The crude residue was purified by prep-TLC (5102,

petroleum etherethyl acetate = 3:1} to afford 9b as a white solid.

{3372} N-{4-(chlorodiflusromethoxy)phenyl}-1-isopropyl-2-methoxy-7-{pyrimidin-5-
yi-1H-benzojdlimidazole-S-carboxamide (%), A mixture of 7-bromo-N-{4-
{chlorodifluoromethoxyiphenyi}-1-1sopropyi-2-methoxv~-1 H-benzold {imidazole-5-
carboxamide (9b, 40 mg, 0.082 mmol, 1 eq), pyrmmdin-3-yiboronic acid (30.42 mg, 0.246
mmol, 3 eq}, Pd {dppt) Ch (599 mg, 8. 18 umol, 0.1 eq) and K5P04 (52,12 mg, 0.246 mmol,
3 eq) n dioxane (4 mL) and H20 (0.4 mL} was degassed and purged with Nz 3 umes. The
mixture was stirred at 110 “C for 16 br under N» atmosphere. LCMS showed 9b was
consumed completely and desired MS was detected. The reaction mixture was concentrated
under reduced pressure. The residue was purtfied by prep-TLC (510:, petroleum cther ethyl
acctate = 1:1) to vield the title compound 9 as a white solid. MS mass calculated for [M+1]*
{C2aHzoCIF2N5Os) requires /7 488 .1, LCMS found m/z 488.0. TH NMR (400 MHz, DMSO-
dsy 5 10.33 (s, 1H), 933 (s, 1H), 9.06 (s, 2H}, 8.21 {d, J= 1.5 Hz, 1H), 7.94-7.89 (m, 2H},
764(d, J=15Hz 1H), 735(d. J=90Hz ZH), 418 (s, 3H), 3.99-3.91 {m, 1H}, 1.29(d..J
=6.8 Hz, 6H).

Esxample 10

N-{4-(chlerodifluoromethoxy)phenyl)-7-(4-cyciopropyi-1H-imidazol-1-vl}-1-isopropyl-

1 H-benzoldlimidazole-5-carboxamide
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{8373} N-{4-(chlorodifluoromethoxy)phenyl)-7-(4d-cyclopropyl-1 H-imidazol-1-yi)-1-
isopropyi-1H-benzojd]imidazole-S-carboxamide (18} A mixture of 7-bromo-N-{4-
{chiorodifluoromethoxyiphenvl)-1-isopropyi-1H-benzoldhimidazole-5-carboxamide
(synthesized m a sinular fashion to 2¢; 18a, 50 mg, 0.109 mmol, 1 eq), 4-cyclopropyl-1H-
mdazole (18b, 23 58 mg, 0.218 mmol, 2 eq), Cul (20.76 mg, 0.109 mmol, 1 eq), KaCOs
(150.65 mg, 1.09 mmol, 10 eq} and DMEDA (1922 mg. 0.218 mmol, 23.47 pl, 2 eqi n
DMF (2 mL) was degassed and purged with N2 3 times before the nuxture was stirred at 140
°C for 16 hrunder N2 atmosphere. The reaction mixture was concentrated, and the aqueous
phase was extracted with ethyl acetate (30 mL}. The combined organic layers were washed
with brine (5 mL), dried over anhydrous NaxSOs, filtered and concentrated in vacuo. The
crude product was punified by prep-TLC {ethy! acetate: methanol = 10:1, Re=0.2) to give the
crude prodact, which was further purified by prep-HPLT (NHUHCO:, column: Waters
Xbridge Prep OBD (18 150%30 10u; mobile phase: (water (10mM NH:HCO;3-ACNY; B%:
35%-55%,10min) to give title compound 10 as a white solid. MS mass calculated for [M+1]*
{C2aH CIFaN3O2) requires m/z 486 1, LCMS found mi/z 486.1; 'H NMR (400 MHz, MeOD-
da3 5 8.61 (s, 1H), 849(d, J = 1.5 Hz, 1H}, 7.92 (s, 2H}, 7.87-7.81 {m, 2H), 7.33-7.24 (m,
3H), 378 (id, J = 6.7, 134 Hz, 1H), 2.01-1.89 (m, IH), 1 46 {brs, 6H), 093 (dd, / =2.0,84
Hz, 2H), .77 (br s, 2H).

Example 11

N-{(4-(chlorodifluoromethoxy)phenyl)-7- (1 H-imidazol-1-yi)-1-isopropyl-1 H-

benzoldlimidarzele-S-carboxamide
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[3374] N-{4-{chlorodifluoromethoxyjphenyl}-7-{1 H-imidazol-1-yl}-1 -isopropyl-1H4-
benzojdlimidazole-5-carboxamide (11). To a solution of 7-bromo-N-(4-
{chlorodifluoromethoxyiphenyl)-1-isopropyl-1H-benzoldlimidazole-5-carboxamide (10a,
200 mg, 0436 munol, 1 eq) and imidazole (148 42 mg, 2.18 mmol, 5 e} in DMF (2 mL} was
added K2CO; (602.64 mg, 4.36 mmol, 10 eq), Cul (83 04 mg, 0.436 mmol, 1 eq) and

DMEDA (115331 mg, 131 mumol, 140.79 ul., 3 eq). The mixtare was stirred at 120 °C for 12
108
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hrs. The muxture was dissolved in EtOAc (20 mi), washed with water (10 mL ~ 5} and the
organic layers were concentrated. The residue was purified by prep-HPLC (NHHCO;
condition, column: Waters Xbridge Prep OBD CI18 150%30 10u; mobile phase: {watcr
(10mM NHHCO:)-ACNT, B%: 35%-55%,10mim) to give title compound 11 as a white
solid. MS mass calculated for [M+1]7 (CoHisCHNsOY) requires m/z 446 1, LCMS found
m/z 446.1; 'H NMR (400 MHz, MeOD-ds) 8§ 8.63 (s, 1H), 851 (d,J = 1.5 Hz, 1H). 8.11 (s,
1H), 795¢d,J=15Hz 1H), 7.89-778 (m, 2H), 758 (d,J = 1 3 Hz, 1H), 735-721 {(m,
3H), 3.70 (quin, J = 6.7 Hz, 1H), 1.43 (brs, 6H}.

Example 12

N-{4-(chlorodiftuoromethoxyiphenyl}-2-(2-hydroxyethyl}-1-methyl-7-{pyrimidin-5-yi}-

1H-benzoldjimidazole-S-carboxamide
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{8375} Methyl 3-((3-bromo-3-{{(4-{chiorodifluoromethoxyiphenyijcarbamoyi)-2-
{methylamino)phenvhamino)-3-exopropancate {12a}. To a solution of 3-amino-3-bromo-
N-{(4-{chlorodifluoromethoxy jphenyli-4-(methylamino)benzamide (6¢, 300 mg, 0.713 mmol)
and methy! 3-chloro-3-oxo-propancate (107.11 mg, 0.784 mumol, 83.68 ul, 1.1 eq) in DCM
was added TEA (72.17 mg, 0.713 mmol, 99.27 uL, 1 eq) drop-wise. The misture was
warmed o 30 °C and stirred for 0.5 hr. The reaction mixture was concentrated under reduced
pressure to remove solvent, The residue was purified by prep-TLC (5102, petroleum

ctherethyl acctate = 1: 1) to give 12a as a brown solid.

[3376] Methyl 2-(7-bromo-5-{{4-{chlorodifluoromethoxy)phenyijcarbamoyi)-1-
methyl-1H-benzoldjimidazol-2-vlacetate (12b}. A solution of methyl 3-((3-bromo-5-((4-
{chlorodifluoromethoxyphenvljcarbamovh-2-(methylaminc)phenyamino)-3-
oxopropanoate {12a, 130 mg, 0.25 mumol) in AcOH was heated to 60 °C and stirred for 6
hours. LC-MS showed reactant was consumed completely and one main peak with desired
mass was detected. The mixture was poured into EtOQAc and the mixture was washed with
water, saturated NaHCO; and bring. The combimed organic layers were dried over Nax504

and concentrated. The residue was purified by prep-TLC to give 12b as a vellow sohid.

{6377} 7-Bromo-N-{4-{chlorodifluoromethoxy phenyi}-2-(2-hydroxyethyl)-1-methyl-
1H-benzo|djimidazole-S-carboxamide (12¢). To a solution of methyl 2-(7-bromo-5-({4-
{chlorodifluoromethoxyiphenyvlcarbamovl)-1-methvi-1H-benzoldlimidazol-2-yhacetate
{12b, 50 mg, 0.099 mmol, 1 ¢q) 1n THF at 20 °C was added LiBH: (10.83 mg, 0.497 mmol, 5
e} slowly in one portion under Nz, The mixture was heated to 30 °C and stirred for 50 mun.
LC-MS showed reactant was consumed completely and one main peak with desired mass was
detected. After the reaction mixtire was cooled to § °C, the reaction mixture was guenched
by addition of HaO, and acidified with IN HCl o pH = 6. The reaction mixture was
concentrated under reduced pressure to remove solvent. The residue was purified by prep-

TLC (8102, ethyl acetate:methanol = 10: 1} to give 12¢ as a vellow sohid.

[B378] N-{4-{chlorodifluoromethoxy)phenyi}-2-(2-hydroxyethyl)-1-methyi-7-
{pyrimidin-S-yD-1 H-benzoldlimidazole-S-carboxamide (12}, To a mixtare of 7-bromo-N-
{4-{chlorodiflucromethoxyphenvi)-2~(2-hydroxyethyl)-1-methyl-1H-benzo|dlimidazole-5-
carboxanude (12¢, 40 mg, 0.084 mmol, 1 eq) and pyrimdin-5S-yiboronic acid (12¢, 20.88 mg,

0.16%9 mmol, 2 eq) in dioxane (3 mL} and HoO (0.3 mL) at 20°C under N2z was added

H1o
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Pd{dppHCly (6.17 mg, 8.43 amol, 0.1 eg) and K5PO4y (53.66 mg, 0.253 mmol, 3 eq} in ong
portion. The mixture was heated to 110 °C and stirred for 12 hours. LC-MS showed reactant
was consumed completely and one main peak with desired mass was detected. The mixture
was filtered through a Celite® pad, and the filtrate was concentrated to give crude product,
which was purified by prep-HPLC {(FA condition, column: Waters Atlantis T3 150%30%*Sam;
mobile phase: [water (0.225% FAY-ACN], B%: 109-50%,13 min} to afford the title
compound 12 as a white solid. MS mass calculated for [M+11" (C22HizCIF2NsOs) requires
m/z 4741, LCMS found m/z 474.0; 'TH WNMR (400 MHz, DMSO-ds} & 1043 (s, 1H), 9.33 (s,
1H), 9.07 (s, 2H), 840 (s, 1H), 794 (4, /= 92 Hz, 2H), 7.77 (s, 1H}, 737 (d. J = 9.0 Hz,
2H). 489 (1, J=56Hz, 1H), 396-3 86 (m, 2H), 341 (s, 3H), 3.07 (1. / = 6.9 Hz, 2H).

Example 13

N-{4-(chiorodiflucromethoxyiphenyl)-N'-cyclopropyl-1-isopropyl-1H-

benzojdjimidazole-5,7-dicarboxamide
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16379} Methyl 5-({(4-(chlorodifiucromethoxyiphenyhicarbamoyi}-i-isoprepyvil-1 H-
benzojdjimidazole-7-carboxylate (13b}. To a mixture of 7-bromo-N-(4-
{chlorodifluoromethoxyyphenyl}-1-1sopropyl-1H-benzo|dhimidazole-5-carboxamide (18a,
200 mg, 0.436 mmol, 1 eg) and TEA {17649 mg, 1.74 mmol, 242.76 uL,, 4 eq) in McOH (20
mb} at 20 °C under Nz was added Pd{(PPha)a (5039 mg, 0.044 mumol, 0.1 ¢g) in one portion.
The mixture was heated to 100 °C and stirred for 24 hours under CO {0.436 mmol, 3 MPa).
LC-MS showed ~60% of reactant remained. One new peak was observed by LC-MS and
~30% of the desired compound was detected. HPLC showed 60% of reactant remained. The

mixture was filtered through a Celite® pad, and the filtrate was concentrated to give crude
Hil
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product. The residue was purified by prep-HPLC (NH4AHCO3, columm: YMC-Actus Triart
C18 100*30mm* Sum; mobile phase: fwater (10mM NH4HCO3)-ACN]; B%: 45%-65%, 12
min} to give 13b as a white solid. 'H NMR (400 MHz, MeOD-ds) 5 8.64 (s, 1H), 834 (d.J =
17Hz, 1H3, 845{d,.J = V.7 Hz, 1H}, 7.90-784 (m, 2H), 733(d, J = 9.0 Hz, 2H), 540 (1d, .J
=6.6, 133 Hz, 1H}, 4.06 (s, 3H), 1.62(d,J = 6.7 Hz, 6H).

{0384] 5-{{(4-{Chiorodifluoromethoxy)phenyljcarbamoyl}-1-isopropyl-15-
benzoldlimidazole-7-carboxylic acid {(13¢}. To a mixture of methyl 5-((4-
{chlorodifluoromethoxyiphenvijcarbamovl)-1-isopropyi-1H-benzoldlimidazole-7-
carboxylate (13b, 10 mg, 0.023 momol, 1 eq) i THF (1 mL), Ho0O (1 mb) and Me(OH (0.5
mb} at 20 °C was added LiOH.H0 (1.92 mg, 0.046 mmol, 2 eq} in one portion. The mixture
was heated to 45 °C and stirred for 2 hours. LC-MS showed that the reactant was consumed
completelv and one main peak with the desired mass was detected. The reaction nuxture was
concentrated under reduced pressure (o remove solvent. The residue was poured into HaO
{0.5 mL} and acidified with 1N HCl to pH = 5. The mixture was filtered, and the filter cake
was washed with 0.5 mL of H2O and dried i vacuo to give the crude product. The crude
residue 13¢ was obtained as a white solid and used into the next step without further

purification.

{0381} N-{4-{chlorodifluoromethoxy)phenyl}-N-cyclopropyl-1-isopropyl-1H-
benzojdjimidazole-5,7-dicarboxamide (13}. To a mixture of 5-({4~
{chiorodiftuoromethoxyiphenylicarbamoyl)-1-isopropyi- 14 -benzofdimidazole-7-carboxvlic
acid (13¢, 40 mg, 0.094 mmol, 1 cq) and cvclopropanamine (6.47 mg, 0.113 nunol, 7.85 ul.,
1.2 eg) i DMF (2 mL) at 20 °C was added HATU (39.48 mg, 0.104 mmol, 1.1 eq) and DIEA
(24.40 mg, 0.189 mumol, 32.88 uL, 2 eq} in one portion. The mixture was stirred at 20 °C for
12 h. LC-MS showed 40% of reactant remained. One new peak was observed on LEC-MS and
60% of the desired compound was detected. The reaction muxture was concentrated under
reduced pressure 1o remove solvent. EtQAc (15 mL) was added to the residue. The organic
lavers were washed with HzO (10 mL) and brine (10 mL), dried by NaxS(h4 and concentrated
uader reduced pressure to give the crude product. The residue was purified by prep-TLC
(SiOn, EtQAc:McOH = 10:1) to give the title compound 13 as a white solid. MS mass
calculated for M+11" (CoHniCIF:NGGs) requires mz 463.1, LCMS found m/z 463.1; 'H
NMR {400 MHz, DMSO-ds) 5 10.49 (s, 1H), 8.88 (d, ./ =43 Hz, 1H), 8.61 (s, 1H}, 848 (d. J
=16Hz IH). 79 {(d.J=90Hz 2H), 789(d,J = 1.6 Hz, 1H), 737(d, /= 9.0 Hz, 2H),
2
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4.96 (quin, J ~ 6.7 Hz, TH), 3.02-2.87 (m, 1H), 1.50 (d, J = 6.7 Hz, 6H), 0.85-0.70 {m, 2H),
0.65-0.56 (m., 2H).

Example 14

N-{4-(chlerodifluoromethoxyiphenyl)-1-{(1-hyvdroxycyclopropylmethyl}-7-(pyrimidin-

5-yl)-1H-benzo|d]imidazole-S-carboxamide
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[3382] Methyl 3-bromo-4-({{1-{{{eri-
butyldipheayhsilyDoxyicyclopropylimethyDamino}-S-nitrobenzoate (14b). A mixture of
methvl 3-bromo-4-({{1-hydroxveyclopropvimethylamino)-5-nitrohenzoate {synthesized n
similar fashion to 1¢; 14a, 0.48 g, 1.39 mmol, 1 eq), mmdazole (142.02 mg, 2.09 manol, 1.5
eq) and TBDPSCI (458 70 mg, 1.67 mmol, 428,69 aL, 1.2 eq) in DCM (S mL} at 25 °C was
stirred at 25°C for 16 hrs. Water (10 ml) was added and the mixture was extracted with DCM
{20mL x 3}, The organic layers were dried over Nax504 and concentrated to give the crude
product. The crude residue was purified by column chromatography to give ic as a yellow

pil, 'H NMR (400 MHz, CDCli-d) 68,43 (d, J = 2.0 He, 1H), 822 (d, J = 2.0 Hz, 1H), 7.55~

113
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7.48 (m, 4H), 7.39-7.28 (m, 6H), 6.94-6 84 (m, 1F), 3.85 (s, 3H), 2.92 (d, J — 4.4 Hz, 2H),
0.89 (s, 9H), 0.84-0.79 (m. 2H). .39-0.29 (m, 2H).

3383} Methyl 3-amino-5-bromo-4-(((1-({ters-
butyldipheaylstiyhoxyicyelopropylmethyijamino}benzoate {14¢). A solution of methyl 3-
bromo-4-{{({1-({rerr-butyldiphenvisilyDoxvicyclopropyhmethvllamino)-5-nitrobenzoate (14h,
634 mg, 1.09 mmol, T eq) and Fe (606.79 mg, 10.86 mumol, 10 eq} in AcOH {7 mL) was
stirred at 35 °C for | hr. EtOA¢ (20 mi) was added and the mixture was filtered. The filtrate
was washed with water (20ml. x 3}, the organic lavers were dried over Na:x$0Os and the
mixture was concentrated. Compound 14¢ was obtained as a vellow o1l and required no
further purification. 'H NMR (400 MHz, CHLOROFORM-4} & 7.67-7.63 {m, 4H), 7.54 (d,
J=1THz IH), 737-730(m, 6H), 717 (d, /= 1.8 Hz, 1H), 3.79 (s, 3H)}, 2.84 (s, ZH),
1.00-0.98 (m, 9H), 0.76-0.67 {m, 2H), 0.33-0.21 (m, 2H} .

{6384} Methyl 7-bromo-1-{{(1-{{fers-butyldiphenyisilyDoxyicyclopropylmethyh-1 H-
benzojdlimidazole-5-carboxvlate (14d). A solution of methyl 3-amino-5~-bromo-4-({(1-
({tert-butvldiphenvisilyDoxy)evelopropvhmethyDaminolbenzoate (14c, 0.6 g, 1.08 ramol, 1
eq) and TsOH (18.66 mg, 0.108 mmol, 0.1 eq) in CH(OMe}s (10 mL) was stirred at 106 °C
for 1 br. The crude product was washed with TMBE/PE, the mixture was filtrated and the
solid was concentrated. No further punfication was required. Compound 14d was obtained as
avellow solid. 'H NMR (400 MHz, CDCla-d) § 8.46 (s, 1H), 8.38 (s, 1H). 8.12 (s, 1), 7.61
{d,J =7.1Hz 4H), 7 48-7 41 {m, 2H), 7.39-7 33 (m, 4H), 452 (s, ZH), 398 (s, 3H}, 1.05~
0.93 (m, 11H), 0.67-0.54 (m, 2H).

3385} Methyl 1-{({i-({(fer-butyldiphenylsilylloxyjeyciopropyimethyl)-7-{pyridin-3-
vii-1H-benzoldlimidazole-5-carboxylate (14f). To a solution of methyl 7-bromo-1-{(1-
{{tert-butyldiphenvisilyDoxyicyclopropylmethyl)- 1 -benzo[dhinudazole-3-carboxylate
{14d, 440 mg, 0.781 mmol, 1 eq} and 12¢ (116.09 mg, 0.934 mmol, 1.2 eg) in dioxane (5
mb} and H2O (1 mb) onder No was added KGPQO: (497 19 mg, 2.34 mmol, 3 eq) and
Pd{dppHHCl {28.56 mg, 0.039 numol, 0.05 ¢q}. The nuxture was stirred at 100 °C for 4 brs.
The mixture was concentrated, and the residue was purified by columm chromatography .
Compound 14f was obtained as a vellow solid. 'H NMR (400 MHz, CDCls-d) 8 9.20 (s, 1H),
8.60-8.52 (m, 2H), 839 (s, 2H), 7.70 (d. J = 1 5 Hz, 1H), 7.34-7.23 {m, 6H), 7.16-7.09 (m,
4H}, 3.92 (s, 3H), 3.36 (s, 2H), 0.87-0.76 (m, 11H), 0.30-0.23 (m, 2H).
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{0386} 1-{{1-{{Tert-butyldiphenylsilyloxy)cyclopropyhmethyl}-7-(pyridin-3-vl}- 1 H-
benzoldlimidazoie-S-carboxvlic acid {14g}. To a solution of methyl 1-{(1-({ters-
butyldipbenyisiivioxy)evelopropyUmethyh-7-(pyridin-3-vi)- L4 -benzofdlinuidazole-3-
carboxylate (14f, 360 mg, 0.64 mmol, T eq) in THF (3 mL), MeOH and H:0 (2 mL)at 25 °C
was added LiOH H:0 (40.26 mg, 0.96 mmol, 1.5 eq). The reaction was stirred at 25 °C for 3
hrs. The reaction mixture was concentrated under reduced pressure. Water {5 mi) was added
and the mixture was extracted with EtOAc (10 ml). Aqueous HCH (IM) was added until the
agueous phase reached pH = 3~4. The aqueous phase was again exiracted with EtGAc (10
mk, % 3}, the organic layers were dried over Na:50u, filtered and concentrated, to give the
crude product. No further punfication was required. Compound 14g was obtained as a red

sohid.

{6387) -{{3-{{Tert-hutyldiphenylsilyl)oxycyclopropyhimethyl}-/V-(4-
{chlorodifluoromethoxy)phenyl)-7-(pyrimidin-3-yi)- 1. H-benzo|d]imidazole-5-
carboxamide {141}. To a sohution of 1-({1-({zerr-butyldiphenylsilvhoxyeyelopropyDmethy -
T-(pyridin-3-y1}-1H-benzojdlinidazole-5-carboxyhic acid {14g. 90 mg, 0.164 mmol, 1 eq}
and th (38,10 mg, 0.197 mmol, 1 2 eq) m DMF (3 ml) at 25 °C was added DIPEA (6359
mg, 0.492 mmol, 85.71 ul, 3 eq) and HATU (93.55 mg, 0.246 mmol, 1.5 eg). The mixture
was stirred at 25 °C for 12 hrs. EtOAc (10 ml) was added, the mixture was washed with
water (10 mL ~ 5}, the organic layers were dried over Nax50s and concentrated to give the
crude product. The residue was purified by column chromatography. Compound 141 was

obtamed as a light-yellow solid.

{3388] N-{4-(chlorodifiuoromethoxyphenyii-1-({1-hydroxycyciopropyhmethyl}-7-
{pyrimidin-S-yH-1 H-benzoldlimidazole-S-carboxamide (14}, To a solution of 1-{((1-{{sert-
butyldiphenylsilyhoxy joyclopropy methyli-V-{4-(chlorodiflucromethoxyipheny )-7-
{pyrimidin-5~-vh-1H-benzo|djimidazole~5-carboxamide (144, 0.03 g, 0.041 numol, 1 eq) in dry
THF (3 mL) at 25 °C under N2 was added TBAF (1M, 41.42 ul., 1 eq). The muxiure was
stirred at 23 °C for 2 hrs and was concentrated. The residue was purified by prep-HPLC
{NH:HCO5 condition, column: Waters Xbridge Prep OBD C18 150%30 100, mobile phase:
[water (10mM NHaHCOs-ACN]; B%: 35%-55%, 10 min} to vield the title compound 14 as
a vellow solid. MS mass calculated for IM+117 (CoaHieCIFNsGs) requires mz 4861, LOMS
found m/z 486 1, TH NMR (400 MHz, DMSO-de) & 10.45 (s, 1H}, 9.33 (s, 1H), 9.04 (s, 2H),
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8.53 (s, 2H), 7.98-7.93 (m, J = 9.2 Hz, 2H), 7.81 (s, 1F), 7.42-7.33 (m, J = 9.0 Hz, 2H),
546 (s, 1H), 3.94 (s, 2H), 0.61-0.52 (m, 2H), 0.49-0.41 (m, 2H).

Example 15

N-{4-(chlerodifluoromethoxyiphenyi)-1-cyclopropyl-2-{difluoromethyl)-7-{(pyrimidin-5-

yvi-1H-benzold|imidazole-S-carboxamide
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{0389} Methyl 3-bromo-4-(cyclopropylamine}-5-(2,2-difleeroacetamidofbenzoate
{15¢). To a solution of methyl 3-amino-5-bromo-4-(cyclopropylaminoibenzoate (synthesized
m simular fashion to 1d; 18a, 200 mg, 0.701 mmol, 1 eg) in BCM (8 mL) at 0 °C was added
TEA (212 93 mg, 2. 10 mmol, 3 eq) and 2, 2-difluoroacetic anhydride (15b) (122.08 mg, 0.701
mmal, 1 eq). The mixture was stirred at 135 °C for 2 hr under N» atmosphere. LCMS showed a
peak with desired MS was detected. The reaction nuxture was concentrated. The crude
product was purtfied by prep-TLC (petroleum ether: ethyl acetate = 3: 1, Ry = 0.4} to give 15¢

as a yellow solid.

{3350} Methyl 7-bromeo-1-cyelopropyl-2-{difluoromethyi)- 1 f-benzofdlimidazole-5-
carboxylate (1d). To a sohution of 154 (20 mg. 0.220 mumol, 1 eq) in toluene (3 mL) was

added AcOH {1.32 mg, 0.022 numol, 10 eq). The mixture was stirred at 60 °C for 16 hr.
Ii6
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LCMS showed a peak with desired MS. The reaction mixture was concentrated, and the
crude product was purified by prep-TLC (petroloum ether: ethyl acetate = 11 1, Re = 0.4} to
give 154 as a yellow solid. 'H NMR (400 MHz, CDCli-o) 3843 (d.J = 1.3 Hz, 1H). 8.29 (d,
J=13Hz, 1H), 7.18-6.85 (m, 1H), 3.97 (s, 3H), 3.70-3.60 (m, 1H), 1 46-1.39 (m, 2H},
1.39-1.34 (m, 2H)

{0391} 7-Brome-1-cyclopropyl-2-(difluoromethyl)- 1 #-benzeld]imidazole-5-
carboxylic acid (15e). To a solution of 154 (1520 mg, 0.058 mmol, 1 eq) in THF {1 mL),
MeOH (1 mL) and H20 (0.5 mL) was added LaOH HxO (4. 86 mg, 6.116 mmol, 2 ¢g). The
mixture was stirred at 50 °C for 2 hr. LCMS showed a peak with desired MS. The mixture
was concentrated and poured nto HaO (1 mL), and the pH was adjosted to S by HC1 (1M in
H:0). The mixture was concentrated to give 15e as a vellow solid. 'H NMR {400 MHz,
CDC-d) 38,49 (s, 1H), 8.32(d, ./ = 1.3 Hz, 1H), 7.04-6.89 (m, [H), 3.65 (brdd, J =34,
72 Hz, 1H), 1.46-1.41 {(m, 2H), 137 (brs, 2H).

[6392] 7-Bromo-N-{4-{chlorodiflusromethoxy)phenyl)-i-cyclopropyl-2-
{difluoromethyi}-1 H-benzold]imidazole-5-carboxamide (15g). A muxture of 15e (18 mg,
0.054 mmol, 1 eq), 1h (1579 mg, 0.082 mmol, 1.5 eq}, HATU (31.01 mg, 0.082 mmol, 1.5
eq) and DIEA (21 08 mg, 0.163 mmaol, 3 eq) in BMF (1 mL) was stirred at 15 °C for 2 br,
LCMS showed a peak with desired MS. The reaction mixture was concentrated, and the
crude product was purified by prep-TLC (petroleum ether: ethyl acetate =2:1, Re=05) to
give 15g as a vellow sohid. "H NMR (400 MHz, CDCh-) 8 8.20(d, J = 1.5 Hz, 1H). 8.16 (d.
J=15Hz, 1H), 785(s, 1H), 7.72(d,.7 = 9.0 Hz, 2H), 7.30 (brs, 2H), 7.04 (s, 1H), 3.72 (br
s, 1H), 147-1.42 {m, 2H}, 1.37 (brd, J = 4.4 Hz, 2H).

[6393] N-{4-{chlorodifiluoromethoxy)phenyi}-1-cyclopropyl-2-{difiuoromethyl)-7-
{pyrimidin-3-vi}-1 H-benzo|d|imidazole-S5-carboxamide (15}). A mixture of 15g (35 mg,
0.069 mmol, 1 eq), pynmdin-5S-viboronic acid (25.68 mg, 0.207 mmol, 3 eq), Pd{dppHiChL
{5.05 mg, 691 umol, 0.01 eq}, KsPOs {(43.99 mg, 0.207 mmol, 3 eq) in dioxane {2 mb) and
Hz0 (0.2 mL) was degassed and purged with N2 3 times. The reaction mixture was stirred at
100 °C for 8 hr under N2 atmosphere. LCMS showed a peak with desired MS. The reaction
mixtare was concentrated, and the crude product was purified by prep-TLL (petroleum cther:
cthvl acetate = 0:1, Re= 0.45) to give the title compound 15 as a white solid. MS mass
calculated for [M+HT (CosHisCIFNsO2) requires m/z 5061, LCMS found m/z 506.1. 'H
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NMR (400 MHz, CH:OD-d4) § 9.29 (s, 1H), 9.15 (s, 2FD, 8.50 (4, J = 1.5 Hz, 1H), 8.02(d, J
= 1.5 Hz, 1H), 7.86 (d,./ = 9.0 Hz, 2H), 7.48-7.21 (m, H; 345 (td, J = 33.7.1 Hz, 1H),
0.80 (br s, 2H), 0.60 (br d. J = 6.6 Hz, 2H).

Example 16

N-{4-(chiorodifluoromethoxy)phenvl}-1-(1-hydroxy-2-methylpropan-2-y1)-7-(pyrimidin-
5-yi)-1 H-benzo|djimidazole-S-carboxamide
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[(33594] Methyl 3-bromo-4-((3-hydroxy-2-methylpropan-2-yl)amino}-S-nitrobenzoate
{16b}. A mixture of methyl 3-bromo-4-flucro-S-nitrobenzoate (1a, 300 mg, 1.08 mmol}, 2-
amino-Z2-methyl-propan-1-ol (11541 mg, 1.29 ramoly, TEA (131.02 mg, 1.29 mmol) in EtOH
{5 mL} was stirred at 13 °C for 3 hr. The reaction nuxture was concentrated, and the crude
product was purtfied by prep-TLC (petroleum ether: ethyl acetate = 3:1, Rr= 0.5} to give 16b
as a yvellow oil. TH NMR (400 MHz, CDCl3-d) 8 8.41 (d, /= 2.0 Hz, 1H), 839(d, /=20
Hz, 1H), 5.06 (brs, 1H), 3.95 (s, 3H), 3.48 (s, 2H), 1.19 (s, 6H}.
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{0395] Methyl 4-((1-hydroxy-2-methylpropan-2-yl)amino}-3-nitro-3-(pyrimidin-3-
vhbenzoate (16d). A mixtare of 16b (200 myg, 0.576 mmol), 16¢ (142.76 mg, 1.15 mmol),
Pd{dpphHiCl2 (21.08 mg, 0.029 mmol}, KsP0O4 (366.86 mg, 1.73 mmol) in dioxane (4 mL} and
Hz0 (0.4 mL) was degassed and purged with Nz 3 times. The muxture was stired at 110 °C
for 6 hr under a Nz atmosphere, LCMS showed a peak with desired MS. The reaction
mixtare was concentrated, and the crude product was purified by prep-TLL (petroleum cther:
ethy! acetate = 0:1, Re= 0.4) to give 16d as a yellow solid. 'H NMR (400 MHz, CDCli-d) &
925(s, 1H), 9.02 (s, 2H), 863 (d, /=20 Hz 1H), 8.14{(d, J=2.0Hz, 1H), 579 (s, 1H},
4.02-3.93 (m, 3H), 3.15 (br s, 2H}, 0.76 {s, 6H).

3396} Methyl 3-amino-4-{{1-bydroxy-2-methylpropan-2-ylamino}-5-(pyrimidin-5-
yhbenzoate {16¢). To a solution of 164 {70 mg, 0.202 mmol} in EtOH (4 mL} was added Fe
{(112.837 mg, 2.02 mmol} and NHCI (108.11 mg, 2.02 mmol}. The mixture was stirred at 80
°C for 0.5 hr. LCMS showed a peak with desired MS. The mixture was filtered through a
Celite® pad and the filtrate was concentrated. The crode product was punfied by prep-TLC
{petroleum ether:ethyl acetate = 10:1, Ry = 0.3} to give 16e as a vellow solid. 'H NMR (400
MHz, CDCl3-d3 3919 (s, 1H), 890 (s, 2H), 748(d, J=2.0Hz [H), 739 (d, J=20Hz,
1H), 3.91 (s, 3H), 3.50 (s, 2H}, 3.25 (s, 2H), 0.76 (s, 6H).

13397} Methy! 1-(1-{dimethoxymethoxy)-2-methyipropan-2-vi}-7-{pyrimidin-5-yi}-
1H-benzo|dlimidazole-S-carboxylate (16}, To a solution of 16e {20 mg, 0.063 mmol} in
mmethoxymethane {1.94 g, 18.24 mmol} was added PTSA (1.09 mg, 6.32 umol}. The
mixture was stirred at 80 °C for 1 hr. LCMS showed a peak with desired MS. The reaction
mixture was concentrated and the crude residue was puritied by prep-TLC (cthyl

acetate: methanol = 10:1, Rr = 0.4) to give 16f as a vellow oil. 'H NMR (400 MHz, CDCls-d}
5933 (s, 1H), 8.84 (s, 2H), 8.60 (s, 1H), 831 (s. 1H), 7.70 (s, 1H}. 4.85 (s, 1H)}, 396 (s, 3H),
358 (s, 2H), 3.09 (s, 6H), 1.44 (s, SH), 142 (brs, 1H).

{8395} Methyl i-(1-bydroxy-2-methylpropan-2-yi}-7-{pyrimidin-S-yl}-1H-
benzojdlimidazole-5-carboxvlate (16g). To a solution of 16f (10 mg, 0.025 numol) n
MeOH (2 mL} was added HCIL{0.1M, 499 .47 ul). The muxture was stirred at 15 °C for 3 hr.
LCMS showed a peak with desired MS. The reaction mixtare was concentrated to give 16g as

a vellow oil. The product was used to the next step without purification.
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{8399} 1-(1-Hydroxy-2-methylpropan-2-yl)-7-(pyrimidin-3-vi}- 1 H-
benzoldlimidazole-S-carboxylic acid {16h). To a solution of 16g {10 mg, 0.031 mmol} in
MeOH (1 mL), THF (1 mL) and H20 (0.5 mL) was added LIOH H0 (3.86 mg, 0.092
mmol}. The mixture was stirred at 50 °C for 3 hr. LCMS showed a peak with desired MS.
The mixture was concentrated, and the residue was poured into HzO (1 mL). The pH of the
solution was adjusted to 4 by addition of HCU(IM in H20) to give 16k as a white solid. The

product was used in the next step without further purification.

{6404} N-{d-{chlorodifluoromethoxyjphenyi}-1-(1-hydrexy-2-methyipropan-2-yi}-7-
{pyrimidin-5-vi}-1 H-benzold]imidazole-5-carboxamide (16). A nuxture of 16h (10 mg,
0.032 mmol), 4-{chlorodifluoromethoxy yantdime (Th), HATU (18.26 mg, 0.048 mmol) and
DIEA (12.41 mg, 0.096 mumol} in DMF (1 mb} was stirred at 15 °C for 3 hr, LCMS showed a
peak with desired MS. The reaction mixture was concertrated, and the residue was puritied
by prep-HPLC (NH4HCO;s, column: Agela Durashell C18 150%25 Su; mobile phase: [water
{10mM NH4HCGO:3-ACN], B%: 35%-65%, 10 min) to give the title compound 16 as a white
solid. MS mass calculated for {M+1]" (Cx3HoCIFINsOs) requires m/z 488.1, LCMS found
m/z 488.1. 'TH NMR (400 MHz, McQOD-dy) § 9.31 (5. 1H), 8.98 (s. 2H), 8.55 (s, 1H}, 8.47 (d.
J=18Hz, 1H), 783(d,.J=00Hz 2H}, 771{d,J=1.8Hz 1H), 729, /=90 Hz, 2H).
3.56 (s, 2H), 141 {s, 6H).

Example 17

N-{4-{chlorodifiuoromethoxy)phenyi)-7-{4-fhuoro-1 H-pyrazol-5-yi-1-isopropyi-1H-

benzo|d]imidazole-S-carboxamide
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{8461} 4-Fluoro-1-{4-methoxybenzyl}-1 H-pyrazele (17b}). To a solution of 4-fluoro-
1H-pyrazole (174, 1 g, 11.62 mmol} in THF (15 mL} at 0 °C was added Nal (697.06 mg,
17.43 mmol, 60% purity). After 10 min stirring, 1-(chloromethyl}-4-methoxv-benzene (2.18
g, 13.94 mmol} was added slowly to the reaction muxture. The resuliing solution was stirred
for 16 hratto 15 °C. TLC (petroleum etherethyl acetate = 5:1, Re= 0.4} indicated a new spot
was generated. LUMS showed a peak with desired MS. The reaction mixture was
concentrated. To the residue was added H20 (20 mL) and the agueous phase was extracted
with ethyl acetate (60 mL}. The organic layers were washed with brine (5 mL x 2}, dried over

anhydrous Na:50, filtered and concentrated m vacuo. The crude product was porified by

as a vellow oil. "H NMR (400 MHz, CDCl-d) § 7.35 (d, J = 4.0 Hz, TH), 7.21-7.17 (m, 3H),
6.91-6.87 (m, 2H), 5.14 (s, 2H), 3.81 (s, 3H).

{64062} 5-Bromo-4-fluorc-1-(4-methoxyvbenzyl}-1H-pyrazole (17d). To a solution of
17b (850 mg, 4.12 mmol) in THF (15 mL} at -70 °C was added a solotion of n-Buli 2.5 M,
247 mL, 1.5 eq) slowly. The muxture was stirred for 15 min while maintaining the
temperature below -60 °C. A solution of 1,2-dibromo-1.1,2,2~tetrachlorocthane (17¢, 1 61 g,
4.95 mmol) i THF (I mL} was added to the reaction mixture and the resulting solution was
continuously stirred for an additional 2 hr. TLC (petroleum etherethyl acetate = 3:1, Re=
0.6} indicated a new spot was generated. LCMS showed a peak with desired MS. The
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reaction misture was guenched with the addition of water HoO (20 mL} and folowed by the
addition of ethy! acetate (80 mL). After quenching the reaction, the reaction mixture was
poured into a separatory funnel and separated. The organic layers were concentrated and the
crade product was purified by silica gel colunm chromatography (petroleum etherethyl
acetate = 45:1~10:1) to give 17d as a yellow solid. 'H NMR (400 MHz, CDCl-d) 8 743 (d, J
=4 8 Hz, 1H), 720 (d,J = 8.8 Hz, 2H), 6.89-6 85 {m, 2H), 5.23 (5. 2H), 3.80 (s, 3H).

{6403} 4-Fluore-1-(4d-methoxybenzyD}-5-(trimethylstannyl}- 1 H-pyrazole (17¢}. A
mixture of 17d (360 mg, 1.05 mmol), trimethyl{trimethyistannyl)stannane (413 68 mg, 1.26
mmol}, Pd{PPha)s (121.59 mg, 0.105 mmol) in toluene (5 mL) was degassed and purged with
Nz 3 times. The mixture was stirred at 130 °C for 16 hr under N: atmosphere. TLC
{petroleum cthe r: ethyl acetate = 3.1, Re= 0.7) indicated a new spot was generated. LCMS
showed a peak with desired M8 was detected. The reaction mixture was quenched by
addition of KF (5 mL), followed by the addition of ethyi acetate (40 mL). After quenching
the reaction, the reaction mixture was poured into separatory funnel and separated. The
organic layers were concentrated and the residue was purified by prep-TLC {(petroleum
cther:ethyl acetate = 3.1, Re = 0.7) to give 17e as a yellow oil. 'H NMR (400 MHz, CDCls-d)
8740¢d,J=48Hz 1H), 692, .J=84Hz 2H), 6.88-6.83 {m, 2H}, 521 (s, 2H)}, 3.79 (s,
3H), 0.25 (s, OH).

[0404] N-{4-{chlorodifluoromethoxy)phenyi}-7-(4-fluoro-1-{4-methoxybenzyl}-1 H-
pyrazol-5-vij-1-isepropyl-1H-benzojdiimidazole-S-carboxamide (17g). A mixture of 7-
bromo-N-{4-{chlorodifluoromethoxy)phenyl}-1-isopropvi-1 H-benzold{imidazole-5-
carboxamide (10a, 74 .58 mg, 0.163 mmol}, 17e (120.00 mg, 0.325 mmol) and Pd{PPhs)s

37.58 mg, 0.033 mmol} in BMSO (3 mL} was degassed and porged with Na 3 times. The
mixtare was stirred at 100 °C for 16 hr under Na atmosphere. LCMS showed a peak with
desired MS was detected. The nuxture was quenched with the addition of water (40 ml) and
the mixture was extracted with ethyl acetate (60 mL » 3). The combined organic layers were
dried over NaxSQq, filtered and concentrated to give the crude product. The crude residue was
purified by prep-TLC (ethyl acetate methanol = 10:1, Ry =0.6) to give 17g as a vellow oil. 'H
NMR (400 MHz, CDCli~) 5849 (d, J = 1.5 Hz, 1H), 8. 13-8.08 (m, 1H), 7.87 (s, 1H), 7.72
(s, 2H), 7.61-7.56 (m, 2H}, 749 (3, 2H}, 728 {brs, 1H), 6.77 (d, J = 8.6 Hz, 2H), 6.70-6.65
(ra, ZH), 5.70-3.57 {m, 1H), 5.10-4.92 {m, 3H), 3.91-3.78 (m, 2H), 3.66 (s, 3H}, 1.67 (d,J =
6.6Hz 2H), 1.34(d,J=66Hz 3H), 1.15(d, J=6.6 Hz, 3H).
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[0405] N-{4-(chlorodifluoromethoxy)phenyl)-7-(4-fluore-1 H-pyrazel-5-yi)-1-
isopropyi-1H-benzojd]imidazole-5-carboxamide (17}, A solution of 17g (80 mg, 0.137
mmol) in TFA (2 mbL) was stirred at 15 °C for 16 hr. LCMS showed a peak with desired MS
was detected. The reaction mixture was concentrated. The crude residue was purified by
prep-TLC (ethyl acetate:methanol = 1011, Rr= 0.4} to give the title compound 17 as a whiie
sohid. MS mass calculated for [M+HJ (CaHCIFsNsO2) requires mvz 464.1, LCMS found
m/z 464.0. 'TH NMR (400 MHz, McOD-ds) 8§ 8.56 (brs, IH), 843 (brs, 1H), 793¢(d. /=128
Hz, 1H), 787-780 (m, 3H}, 7.29(d, J =90 Hz, 2H}, 4.67 (brs, 1H), 143 (d, /=66 Hz,
6H).

Example 18

N-{4-{chlerodifluoromethoxy)phenyi}-1-cycloprepyl-7-{(4-fluoroe-1 H-pyrazol-3-ylj-1H-

benzojdlimidazole-5-carboxamide
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{6406} N-{4-{chlorodifluoromethoxyjphenyi}-f-cyclopropyl-7-(4-fluore-1-{4-
methoxybenzyl)-1 H-pyrazol-5-yi)-1 H-benzold]imidazole-5-carboxamide (18h). Toa
mixture of 7-bromo-N-(4-(chlorodifluoromethoxyiphenyi)-1-cyclopropyl-14-
benzo{dlimidazole-5-carboxamide {synthesized in similar fashion to ¥8a; 18a, 100 mg, 0.219
mmad, 1 eq) and 4-fluoro-1-(4-methoxvhenzyiy-5-(tnmethyistannyl}- 1 H-pyrazole (17e, 8081
mg, 0.219 mmol, 1 eq) i DMSO (1.5 mL} was added Pd{PPhs)s (12.65 mg, 0.011 mmol,
0.05 eq). The reaction misture was stirred at 100 °C for 16 hr. LCMS showed a peak with

desired MS was detected. The mixture was poured into water {10 mL} and the mixture was
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extracted with EtOAc (10 mL x 2}. The combined organic layers were concentrated and

purified by prep-TLC (EtOAc MeOH = 10:1, Re= 0.6} to give 18b as a yelow ol

3407} Ne{4-{chlorodiflusromethoxyiphenyi)-1-cyclopropyl-7-(4-fhuore-1 H-pyrazel-
S-yl)-1 H-benzo|dlimidazole-5-carboxamide {18}, N-{4-{chlorodiflucromethoxyiphenyi}-1-
cyclopropyl-7-(4-fluoro-1-(4-methoxvbenzyly- 1 H-pyrazol-5-yI}-1 H-benzofdlimidazole-3
carboxamide (18b, 120 mg, 0.206 mmol, | eq) was dissolved m TFA (3 mL}. The reaction
mixture was stirred at 20 °C for 2 hr. LCMS showed a peak with desired MS was detected.
The solvent was evaporated under vacuum and the residue was dissolved in EtOAc (5 mL).
The organic layer was washed with saturated NaHCOs (2 mL}, brine (2 mL) and concentrated
to give the crude residue that was purified by prep-TLC (EtOAcMeOH = 10: 1, Re= 03} 10
give the title compound 18 as a white solid. MS mass calculated for [M+H]|"
(Co1HusCIFsNsO») requires m/z 4621, LOMS found mvz 462.0. TH NMR (400 MHz, CDCls-
dy 8955 (brs, 1H), 831 (s, 1H}, 8.01 (5, 1H), 7.92 (s, 1H}, 7.82-7.75 (m, 2H), 7.50(d, J =
46Hz 1H), 722 (brd, /=88 Hz, 2H), 3.42 (brd..J = 3.3 Hz, 1H}, 0.80-0.63 {mn, 4H).

Example 19

N-{4-(chliorodifluoromethoxyiphenyl)-1-(1,1-dioxidethictan-3-y1)-7T-(pyrimidia-S-y}-1H-

benzojdlimidazole-5-carboxamide
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0408 N-{4-{chlorodifluoromethoxy)phenyi})-7-{pyrimidin-5-vi)-1-{thietan-3-y1)}-1 H4-
benzoldlimidazele-S-carboxamide (19¢}, To a mixture of 7-bromo-N-(4-
{chlorodiflucromethoxyphenvi}-1-(thietan-3-yh-1H-benzoldjimidazcle-5S-carboxamide (1%a,
130 mg, 0.266 munol, 1 ¢q), pyvrimidin-5-ylboronic acid {synthesized in a similar fashion to
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2¢; 19b, 98 .87 mg, 0.798 mmol, 3 eq}, KsPO4 (16938 mg, 0.798 mmol, 3 eq) in dioxane
(2mb) and HoO (0.2mL) under No was added Pd(dppHCh (1946 mg, 0.27 mmol, .1 eqg).
The mixture was stirred at 100 °C for 16 hours. LCMS showed desired MS. The mixture was
poured into water, and then was extracted with EtOAc. The combined organic layers were
dried over anhydrous NapSQhy, filtered and concentrated in vacuo to give the crude product.
The residae was purified by prep-TLC {ethyl acetate: methanol=10:1, Re=0.30) to afford 19¢
as a white solid. 'H NMR (400 MHz, CDCl-d) 6 9.36 (s, 1H), 8.82 (s, ZH), 8.43 (s, 1H), 8.31
(s, 1H}, 8.01 (s, 1H), 7.71 (s, 1H), 766 (brd,J = 8.8 Hz, 2H), 7.22 (brs, 2H), 5.06 (quin, J =
82 Hz, 1H), 3.63(,J=90Hz 2H), 3.14¢t,.J = 9.0 Hz, 2H}.

j3409] Ne{4-{chlorodiflusromethoxyiphenyi)-1-(1,1-dicxdothictan-3-y1)-7-
{pyrimidin-S-yi-1 H-benzoldlimidazole-S-carboxamide (19}, To a mixture of N-{4-
{chlorodifluoromethoxy)phenyl}-7-(pyrimidin-3-v)-1 -(thictan-3-v1)- 1H-benzo|djinudazole-
S-carboxamide (19¢, 40 mg, 0.082 mmol, 1 eq) was dissolved in BCM (2ml} at 0 °C was
added saturated agueous sodium hyvdrogen carbonate and mCPBA (70.74 mg, 0.328 mmol,
80% purtty, 4 eq). The reaction mixture was stirred at 15 °C for 16 hours. LCMS showed
desired MS. The mixture was poured into water, and then was extracted with EtOAC. The
combined organic lavers were dried over anhydrous NaxSQOs, filtered and concentrated n
vacuo to give the required product. The residue was purified by prep-TLC (ethvl
acetate:methanol=10:1, Re=0.37) 10 afford the title compound 19 as a white solid. MS mass
calculated for [M+1]" (CaoHisCIFaNsQuS) requires m/z 520.1, LCMS found m/z 520.0.H
NMR (400 MHz, DMSO-ds) § 10.50 (s, 1H), 938 (s, 1H), 9.03 (s, 2H), 8.83 (s, 1H}, 8.55 (s,
1H), 795 (brd, /= 88 Hz, 2H), 78&-7.77 (m, 1H)}, 738 (brd. J =8 6 Hz, 2H). 4 94-4 83
(o, 1H), 4.74 (brd, J =132 Hz, 2H), 4 41-4 26 (m, 2H).
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N-{4-(chioredifluoromethoxyjphenyl)-6-fluoro-1-isopropyl-7-{pyrimidin-5-vi}-1H-

benzojdjimidazole-5-carboxamide
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{0414} Methyl 2-fluoro-4-{isopropylamino)-S-nitrebenzeoate (20b}. To a solution of
methy! 2 4-difluorc-S-nitrobenzoate {28a, 2 g, 9.21 mumech, 1 eqy in THF (10 ml) at 15 °C
was added THA (2.80 g, 27.63 mmol, 3.85 mL, 3 eq) drop-wise, followed by propan-2-amine
(653.37 mg, 11.05 mmol, 949.67 uL., 1.2 eg} drop-wise. The resulting mixture was stirred at
°C for 1 hr. TLC (petroleum ether:EtOAc = 5:1, Re= 0.50) indicated 28a was consumed
completely, and one major new spot was detected. The aqueous phase was extracted with
EtOAc (20 mL x 3). The combined organic layers were washed with brine (30 mL), dried
over anhydrous NaxSQ4, filtered and concentrated in vacuo. The product was used in the next
step without further purification. Compound 20b was obtained as a yellow solid. 'H NMR
(400 MHz, CDCl3-d) 3891 (d, /=78 Hz, 1H), 829(brd, J=49Hz [H), 652(d.J=137
Hz, 1H), 3.90 (s, 3H), 3.83-3.70 (m, 1H)}, 1 36 (d./ = 6.4 Hz, 6H).

{0411} Methyl 3-brome-2-fluoro-4-(isopropylamino}-S-nitrobenzoate (28¢). To a
sohution of methyl 2-fhioro-4-(isopropylamino)-3-nitrobenzoate (20b, 2 g, 7.81 mmol, 1 eqg)
m DCM (5 mL) was added Bry (2.00 g, 12 .51 mmol, 64516 uL., 1.60 ¢q). The mixture wag
stirred at 0 °C for 1 hr. TLC (petroleum cther: EtOAc= 5.1, Re= 0.50) indicated 20b was
consumed completely. The reaction mixture was quenched by the addition of saturated
NapSOs (5 mL). The residae was diluted with HoO (20 mb) and extracted with DCM (10 mL
x 3}. The combined organic layers were washed with brine (30 mL), dried over Naz504,
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filtered and concentrated under reduced pressure to give the crude product. The residue was
purified by sifica gel column chromatography (S10s, petroleum etherethyl acetate =10: 1} to
afford 20¢ as a yellow solid. TH NMR (400 MHz, CDCl:-d) 88.72 (d, J = 7.3 Hz, 1H), 4 49—
434 (m, 1H), 3.93 (s, 3H), 1.29-1.27 {m, 6H)}.

{0412} Methyl 5-amino-3-bromo-2-fluoro-4-(isopropylaminojbenzoate (20d). Toa
solution of methyl 3-bromo-2-fluoro-4-(isopropyvlamino)-S-mitrobenzoate (20¢, 1 g, 2.98
mmol, 1 eq) in EtOH (20 mL} was added Fe (1.67 g, 29.84 mmol, 10 eq} and NH4(C1{1.60 g,
29.84 mmol, 1.04 ml., 10 cq). The mixture was stured at 80 °C for 6 hr. TLC (petroleum
cther EtOAc = 3:1) ndicated 20¢ was consumed completely. The reaction mixture was
concentrated under reduced pressure. The residue was diluted with H: O (20 mL) and
extracted with EtOAc (10 mb = 3} The combined organic layers were washed with brine (30
mkL}, dried over Na:SQ4, filiered and concentrated under reduced pressure to give the crude
product. The residue was purified by column chromatography (5102, petroleum ether/ethyi
acetate=10/1 to 1:1}. Compound 20d was obtained as a brown ¢il. 'H NMR (400 MHz,
CDCL-d) 6721{(d. J =68 Hz, 1H). 390 (s, 3H), 380-3 71 {(m, 1H), 1.17(d, /=64 Hz,
6H).

13413} Methyl 7-bromo-6-fluoro-1-isopropyl-1H-benzoldjimidazole-S-carboxylate
{20e). To a solution of methyl 5-amino-3-bromo-2-fluoro-4-(isopropylaminoybenzoate {20d,
180 mg, 0.590 mmol, 1 eq) m CH{OMe)3 (2 mL) was added p~TsOH (10.16 mg, 0.059 mmol,
0.1 eg}. The mixture was stirred at 100 °C for 1.5 hr. TLL (petroleum etherethyl acetate =
1:1} indicated 20d was consumed completely. The reaction nuxture was concentrated under
reduced pressure. The residue was diluted with Hz0O (20 mL) and extracted with EA (10 mL
% 3). The combined organic layers were washed with brine (30 mL), dried over Naz504,
filtered and concentrated under reduced pressure to give the crude product. The residue was
puritied by prep-TLC (8100, petroleum ether/ethyi acetate = 1:1). Compound 28e was
obtained as a white solid. 'H NMR (400 MHz, CDCh-} 6 834 (d, J =59 Hz, 1H), 815 (s,
1H), 564 {(quind, / = 6.7, 13.4 Hz, 1H), 3.97 (s. 3H), 1.65 (d, J = 6.4 Hz, 6H).

[3414] 7-Bromeo-o-fluoro-1-isopropyl-1 H-benzo|dlimidazole-S-carboxvhe acid (28).
To a solution of methyl 7-bromo-6-fluore-1-isopropyi-1H-benzodjimidazole-S-carboxylate
{20e, 140 mg, 0.444 mmol, 1 ¢q) in THF (5 mL), McOH (5 mL) and H20 (2 mL) was added
LiOH HoO (46.60 mg, 1.11 mmol, 2.5 e¢q). The muxture was stirred at 50 °C for 12 hr. TLC
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{petroleum ether ethyvl acetate = 1:1) mdicated 28e was consumed completely. The mixture
was adjusted to pH = 5 with aqueous HCl {1 M} and concentrated to give 26f as a white solid,

which was used in the next step without further purification.

3415} 7-Brome-N-{4-(chlorodifluoromethoxy)phenyi}-6-fluoro-i-isepropyl-1H-
benzoldlimidazele-S-carboxamide (20g). To a solution of 7-bromo-6-fluoro-1-isopropvl-

1 H-benzofdimidazole-S-carboxyhic acid (20, 70 mg, 0.232 mmol, 1 eq} in DMF (2 mL) was
added HATYU (106.07 mg, 0.279 mmol, 1.2 eq)}, 4-[chloro(difluoreimethoxy janiline (1h,
4950 mg, 0.2536 numol, 1.1 eq) and DIEA (90.13 mg, 0.697 mumol, 121.47 ul,, 3 ¢q). The
mixture was stirred at 50 °C for 3 hr. TLC (petroleum cther:ethvl acetate = 1:1) indicated 20f
consumed completely. The reaction mixtare was concentrated under reduced pressure. The
residue was diluted with Ho2O (10 mL) and extracted with EtOAc (10 mL x 3}, The combined
organic layers were washed with brne (10 mL), dried over NaxS04, filtered and concentrated
under reduced pressure to give the crude product. The residue was purified by column
chromatography (5:0z, petroleum cther/ethyl acetate=10/1 to 1:1}. Compound 20g was
obtained as a white solid. 'H NMR (400 MHz, MeOD-dy) 6857 (s, 1H), 8.01 (d,J = 6.4 Hz,
IH), 782(d. J=88Hz 2H), 730 (d, J=93Hz 2H), 370 ¢d, J = 6.7, 13.6 Hz, 1H), 1.67
{d,J =68 Hz, 6H).

{0416} N-{4-{chlorodifluoromethoxy)phenyi)-6-fiucre-1-isopropyl-7-(pyrimidin-5-
vi-1H-benzoldlimidazole-5-carboxamide (24}, To a solution of 7-bromo-N-(4-
{chiorodifluoromethoxyiphenyly-6-fluoro-1-isopropyi-1H-benzojdiimidazole-5-carboxamide
{28g, 50 mg, 0.105 mmol, 1 eq) in dioxane (2.5 mL) and H2O (0.5 mL) was added
Pd{dppfClz2 (7.68 mg, 0.01 mmol, 0.1 eq), pyomidin-S-ylboronic acid (3899 mg, 0.315
mmol, 3 eq) and KsPQOy (66.80 mg, 0.315 mmol, 3 eq). The mixture was stirred at 100 °C for
6 hr. LC-MS showed 28g was consumed completely and one main peak with desired MS was
detected. The nuxture was concentrated to give the crude product. The residue was purified
by prep-HPLC (NHsHCOs condition, column: Waters Xbridge 150%30 10u; mobile phase:
fwater (10mM NHHCO:-MeOH], B%: 55%-75%, 12 min) to afford the title compound 26
as a white solid. MS mass caleolated for [MH-HT (Ca2HClFsN:O:) requires sz 476 1,
LCMS found m/z 476.1; TH NMR (400 MHz, CDCl-d) § 9.42 (s, 1H), 8.93 (s, 2H), 8.74 (d,
=73 Hz 1H}, 844 (brd,J = 15.7Hz 1H), 818 (s, 1H), 7.72(d, /= 88 Hz, 2H}, 7.25 (4. J
=88 Hz 2H), 396 (td, /=68 133 Hz, 1H), 1.38(d,./ =68 Hz, 6H}
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Example 21

N-{(4~-(chlorodifluoromethoxy)phenyl)-1-(2-{cyclopropylamino}-2-oxoethyl}-7-

{pyrimidin-S-yH-1 H-benzold]imidazole-S-carboxamide
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16417} 7-Bromo-N-{4-{chlorodifluoromethoxy)phenyi}- 1-(2-(cyclopropylaminoe)-2-
oxoethyl)-1#H-benzo[dimidazole-5-carboxamide {(21¢). To a mixture of 7-bromo-N-(4-
{chlorodifluoromethoxyyphenyl}-1H-benzoldlimidazole-S-carboxamide (synthesized in a
similar fashion to 2¢; 21a, 80 mg. 0.192 mumol, 1 eq) and 2-chloro-N-cyclopropylacetamide
{21b, 30.78 mg, 0.230 mmol, 1.2 eq) in DMF (1 mL) under N2 was added K:COs (18 58 mg,
0.134 mmol, 0.7 eq}. The muxture was stirred at 80 °C for 4 hours. TLC {(ethyl

acetate methanol = 10:1, Re= 0.32) showed the reaction was completed. The mixture was
poured into water (20 mLb), and then was extracted with EtOAc (20 mL x 3}, The combined
organic layers were dried over anhydrous Nax50Oq, filtered and concentrated in vacuo to give
the crude product. The residue was purified by prep-TLC (ethyl acetate methanol = 10:1, Re=
0.32) to give 21¢ as a white sohid. 'H NMR (400 MHz, McOD-d;} 8 8.21(d, J = 6.2 Hz, ZH),
801(s, 1H), 774 (d,./ =89 Hz, 2H), 720 (brd, /=89 Hz 2H), 519 (s, 2H), 261 (dt. J =
37, 75Hz D, 065 (rd, J=51Hz, 2H)}, 046 (brd, J = 2.4 Hz, 2H).

13418} N-{4-{chlorodiflucromethoxy)phenyi}-1-(2-(cyclopropylamino}-2-oxoeethyl)-7-
{pyrimidin-3-yD-1H-benzoldlimidazole-S-carboxamide (21). To a solution of 7-bromo-N-
{4-{chlorodifluoromethoxy jphenvh)-1-(2-(cyclopropylamino}-Z-oxoethyl}-14-
benzojdjinudazole-S~carboxamude (21¢, 10 mg, 0.019 mmol, 1 ¢g) and pyrimidin-5-

viboronic acid (214, 4.82 mg, 0.039 mmol, 2 eq) n dioxane (2 mL} and Fo0 (0.4 mL) was
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added Pd{dppH)Clz (1.42 mg, 1.95 umol, 0.1 eg) and KsPO4 (12.40 mg, 0.058 mmol, 3 eq).
The reaction mixture was stirred at 100 °C for 6 hr. LCMS showed a peak with desired MS
was detected. The reaction mixiure was concentrated, the residue was dissolved i EtGAc (5
mb} and washed with HzO (2 mL) and brine (5 mL). The organic laver was concentrated and
purified by prep-TLC (EtQAc:MeOH = 5:1) to afford the title compound 21 as a white solid.
MS mass calcelated for [M-+H| (CasHioCIF2NeO3) requires mz 513.1, LCMS found m/z
5131 TH NMR (400 MHz, MeGD-d2) 3 891 (s, 1H). 8.54 (s, 2H), 8.08 (d, / = 1.5 Hz, 1H),
791 (s, 1H), 7.50-7.41 (m, 3H), 6.92{d, J=9.0Hz, 2H}, 432 (5, 2H}, 205 (11, /=39, 7.2
Hz, 1H), 0.31-0.21 (m, 2H}, 0.01-0.00 (mn, 2H).

Example 22 {General Procedure D)

N-{4-(chlerodifluoromethoxyphenyi}-1-isopropyl-7-(thiazol-4-yi}-1 H-

benzojdlimidazole-5-carboxamide

{0419} The title compound was prepared using an analogous coupling reaction as
outlined in Scheme Y. This General Procedure T exemplifies Scheme 9 and provides

particolar synthetic details as applied to the title compound.

5 Cin o
gl O
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H & g x U
P N,< Sk, dioxane, 150°C, 2 h 7 w{
&

10a 225 22

{6428} N-{4-{chlorodifluoromethoxy jphenyi}-f-isopropyl-7-{thiazol-4-y1}-15H-
benzojdlimidazole-5-carboxamide (22}, 7-Bromo-N-(4~(chlorodifluoromethoxy)phenvi)-1-
isopropyl-1H-benzoldlimidazole-S-carboxamide (18a, 100 mg, 0.218 mmol, 1 eq),
tributyl{thiazol-4-vi}stanoane (22b, 97 89 myg, 0.262 mmol, 1 2 eq} and Pd{PPhs3}¢ (2519 mpg,
0.022 mumol, 0.1 eq) were added to a microwave tube in dioxane {4 mL). The sealed tube was
heated to 150°C for 3 hrs under microwave wrradiation, Water (5 mi) was added to the
reaction mixture, and the extracted with EtOAc (10 mL = 2}, The combined organic layers
were concentrated, and the crude residue was purified by prep-HPLC (TFA condition,
column: Luna C18 1006*30 5u; mobile phase: fwater (0. 1% TFA-ACN], B%: 15%-50%, 10
min} to afford the title compound 22 as a yellow solid. MS mass calculated for [M+1]7
(CoH7CIFaNO28) requires m/z 463.1, LCMS found m/z 463.0. 'H NMR (400 MHz, CDCls-
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) 8.95-8.91 (m, 1H), 8.86 (d,J ~ 1.6 Hz, 1H), 8.40 (s, 1H), 8.03 (s, 1H), 7.84 (s, 1H). 7.74
(brd,J = 8.8 Hz, 2H), 7.50 (d,J = 1.6 Hz, 1H), 7.24-7.15 (m, 2H). 4.53 (td, J = 6.6, 13.3
Hz 1H), 1.26 (4, J = 6.6 Hz, 6H).

Example 23

N-{4-(chlerodifivoromethoxyiphenvl)-1-isopropyl-7-(4H-1,2 4-triazol-4-yi}-1 H-

benzojdjimidazole-5-carboxamide
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8421} N-{4-(chlorodifluoromethoxy)phenyl)-1-isopropyi-7-({4-
methoxybenzyamino}-1 H-benzoldlimidazole-5-carboxamide (23b). To a mixture of 7-
bromo-N-{4-{chlorodifluoromethoxy)phenyl}-1-isopropvi-1 H-benzold{imidazole-5-
carboxamide (18a, 900 mg, 1.96 mmol) in DME (15 mL) was added PMBNH: (323 .00 mg,
2.35 mmol, 304.71 ub}, NaQOBu- (56570 mg, 5.89 mmol}, XPhos (93.54 mg, 0.196 mmol)
and Pda{dba); (179.6% mg, 0.196 mmol}. The mixture was stirred at 100 °C for 12 hr under
M2 atmosphere. LCMS showed a peak with desired MS was detected. The reaction nuxture
was concentrated under reduced pressure. The residue was diluted with water {5 mL) and
extracted with EtOAc (5 mL x 3). The combined organic layers were washed with bnne (5
mb.}, dricd over anhydrous NaxSO;, filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography (petroleum ether/ethyl acetate = 3/1, 1/3) to afford 23b
as a yellow solid. MS mass calculated for [M+117 (CasHasCIFNaO:) requives mz 5152,
LCMS found m/z 5132 TH NMR (400 MHz, DMSO-ds) 6 10.24 (s, 1H), 8.38-8.36 (m, 1H),
793-789 (m, 2H). 7.78{d,J = 1.2 Hz, I1H), 738 (d, /= 8.6 Hz, ZH), 733 (brd, ./ = 9.0 Hz,
2Hy, 7.04 (s, 1H), 6.91 (d,J = 8.7 Hz, 2H), 6.01-5.94 (m, 1H), 5.32-5.23 (m, 1H), 440 (br d,
J=33Hz 2H), 3.72 (s, 3H), 1.57 (4. J = 6.5 Hz, 6H).
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8422} 7-Amino-N-{4-(chloredifluoromethoxyiphenyl)-1-isopropyl- 1.H-
benzoldlimidazole-S-carboxamide (23¢). A solution of N-{4-
{chlorodifluoromethoxyiphenvi)-1-isopropyl-7-{{4-methoxvbenzyhaming}- LH-
benzo|djimidazole-5~carboxamide {23b, 100 mg, 0.194 mmol) in HCVdioxane (40 mL) was
stirred at 20 °C for 12 hr. LOCMS showed desired MS was detected. The reaction mixture was
concentrated under reduced pressure. The mixture was punfied by prep-HPLC (NH4HCO3
condition, columm: Agela Durashell CI18 150%23 5u; mobile phase: fwater (10mM
NH4HCO3)-ACN]; B%: 35%—-65%,10 min} to give 23¢ as vellow solid. MS mass calculated
for M1} (CisHi7CIFIN4G2) requires mvz 3951, LCMS found m/z 3951 'H NMR (400
MHz, MeOD-dy) 6 834 (brs, 1H), 7.82 (d, ./ =9.0Hz, 2H), 7.69(d, J = 1.6 Hz, 1H)}, 7.29(d,
J=92Hz, 2H), 723 (d,.J = 1.6 Hz, 1H), 525-512 (m, IH), 1.66(d.J =67 Hz, 6H).

10423} N-{4-{chlorodifluoromethoxy)phenyi}-1-isopropyl-7-{4H-1,2 4-triazol-4-vi)-

1 H-benzoldlimidazole-S-carboxamide (23). To a solution of 7-amino-N-(4-
{chlorodifluoromethoxy)phenyl)-1-tsopropyl- 1 -benzofdjimidazole-5-carboxamide (23¢, 14
mg, 0.035 mmol} and N-formamidoformamide (9.37 mg, 0.106 mmol) in pyridine (1.5 mL}
was added chloro-trimethyl-sfane (57.79 mg, 0.532 mmol, 67.51 ul) and TEA (25.12 mg,
$.248 yomol, 34.35 ull). The mixture was stirred at 100 °C for 18 hr. LCMS showed 23¢ was
consumed completely and one main peak with desired mass was detected. The reaction
mixture was concenirated under reduced pressure. The residue was purified by prop-HPLC
{column: Waters Atlantis T3 150*30% 5um; mobile phase: [water (0.225%FAACN]; B%:
20%-60%, 13 min} to afford the title compound 23 as a white solid. MS mass calculated for
IMA 1] (CooH17CHF N6 Q2) requires mz 447 1, LOMS found sz 447 1. 'H NMR (400 MHz,
CDCL-d) 6 8.50-8.45 (m, 3H). 823 (s, 2H), 791 (d,J=1.0Hz 1H), 7.75(d, ./ =8 8 Hz,
2ED, 729 (e d, J =93 Hz, 2H), 3.74-361 {m, 1H), 1.45({d,J = 6.4 Hz, 6H).

Example 24 (General Procedure J}

{5)-N-(4-{chlorodiflueromethoxy)phenyl)-1-(5-oxopyrrolidin-3-y1)- 7-(pyrimidin-S-y1}-

1 H-benzo{d}imidazole-S-carboxamide

[8424] This General Procedure | provides particular synthetic details as applied to the
title compound. Additional compounds can be prepared according to this method by varying

the coupling reagents.
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[(3425] 3-Bromo-4-fluorg-S-nitrobenzoic acid (24h}). To a solution of 4-fluorg-3-
nitrobenzoic acid (24a, 5 g, 27 01 mmol} in Ho504 (30 mL) was added NBS (577 g, 32.41
mmal}. The mixture was stirred at 60 °C for 6 hr. The mixture was added to ice~-water (2 L)
drop-wise with vigorous stirrmg. The precipitate was filtered to afford 24b as a white solid.
TH NMR (400 MHz, CDCla-d} 6 8.72(dd, J =22, 6.4 Hz, 13, 8.58(dd, J = 2.2, 5.5 Hz,
1H).

3426} 3-Brome-N-{4-(chlorodifluoromethoxyiphenyi}-4-fluoro-S-nitrobenzamide
{24¢). A suspension of 3-bromo-~4-fluoro-5-nitrobenzoic acid (24b, 150 mg, 0.568 mumol) in
SOC 2 mL) was stirred at 60 °C for 3 hours. The nuxture was concentrated to obtain 3-
bromo-4-fluoro-5-nitro-benzoyl chioride (214 mg, crude) as a white sohid. To a mixture of 4-
{chiorodiftuoromethoxylaniline (ih, 146.64 mg, 0.758 mmol) and pyridine {89.89 mg, 1.13
mmol, 91.72 ul) in THF (2 mL) under N2 was added 3-bromo-4-fluorc-5-nitro-benzoyl
chloride (213.97 mg, 0.758 mumol). The mixture was stirred at 20 °C for 3 hours. LCMS
showed the desired MS. The mixture was extracted with gthyl acetate (2 mL « 3}, the
combined organic layers were washed with brine {5 mb x 2}, dned over anhydrous NaxSQa,
filtered and concentrated in vacuo. The residue was purified by prep-TLC (5102, petroleum

ctherethyl acetate = 1: 1, Re = 0.3). Compound 24¢ was obtained as a white solid.
[B427] ($)-3-bromo-N-{4-(chlorodifiuoromethoxyjphenyl}-S-nitro-4-{(5-

osxopyrrolidin-3-yhaminotbenzamide (24¢). To a mixture of 3-bromo-N-(4-

{chlorodifluoromethoxyjphenvi}-4-fluoro-5-nitrobenzamide (24¢, 100 mg, 228 mmol} and
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{4Sy-d-aminopyrrolidin-2-one (24d, 22 78 mg, 0.228 mmol} in EtOH (2 mL} was added TEA
{69 .06 mg, 0.682 mmol, 94 99 ul). The mixture was stirred at 56 °C for 3 h. LOMS showed
the desired MS. The mixture was concentrated and purified by prep-TLC (8102, petroleum
etherethyl acetate = 3.1, Re= 0.1} to afford 24e as a vellow solid. 'H NMR (400 MHz,
MeOD-ds} § 862 (d,J =22 Hz 1H),845¢(d,J =22 Hz, 1H), 7.84-7.80 {m, 2H), 730 (d, J
= 8.8 Hz, 2H), 4.64 (brs, 1H), 3.80(dd, /= 6.8, 10.7 Hz, 1H), 339(dd. /= 4.2, 10.7 Hz,
1H), 2.80(dd, ./ =79,171 Hz, 1H), 241 (dd, ./ =48, 17.1 Hz, 1H).

{6428} {$}-3-amine-S-bromo-N-{4-{chlorodifluoromethoxy)phenyl}-4-({5-
oxopyrrolidin-3-yljaminolbenzamide (24f). To a muxture of (5)-3-bromo-N-(4-
{chlorodifluoromethoxyiphenyli-S-nitro-4-((S-oxopyrrolidin-3-vlamino Yoenzamide (24e,
0.053 g, 0.102 mmol) in AcOH (1 mb} at 20 °C under Ny was added Fe (56 95 mg, 1.02
mmal} in one portion, and the mixture was stirred at 33 °C for 2 hours. LCMS showed the
desired MS. The muixture was poured into sat. NaHCOs and extracted with ethyl acetate (5
ml » 2}. The combined organic layvers were washed with brine (3 mL x 2), dried over

anhydrous Nax50q, filtered and concentrated m vacuo to give 24f as a vellow solid.

j3429] {(3)-7-brome-N-{4-(chlorodifhuoromethoxyiphenyl}-1-{S-oxopyrrolidin-3-yi}-
1 H-benzoldlimidazole-S-carboxamide {24g). To a muxture of (8)-3-amino-3-bromo-N-(4-
{chlorodifluoromethoxy)phenyl)-4-((S-oxopyrrolidin-3-vljaminotbenzamide (241, 0.0358 g,
73.11 mmol) in CH{OMe)s (2 mb) at 20°C under N2 was added TsOH (1.26 mg, 7.31 umol)
in one portion, and the mixture was stirred at 20 °C for 30 min. LCMS showed the desired

MS. The mixture was exiracted with cthvl acetate (3 ml. x 2), the combined organic layers

were washed with brine (3 mL x 2}, dried over anhvdrous Nax504, filtered and concentrated

i vacuo to obtain 24g as a vellow solid.

10434 {(&)-N-(4-(chiorodifluoromethoxyiphenyi}-1-{S-oxopyrrolidin-3-vi)-7-
{pyrimidin-5-vD-1H-benzoldlimidazole-S-carboxamide (24). To a mixture of {8)-7-bromo-
N-{4-{chlorodifluoromethoxy yphenyi-1-(5-oxopyrrohdin-3-yij-1H-benzofdhmidazole-5-
carboxamide (24g, 353 mg, 0.071 mmol} and pyrimidin-3-viboronic acid (17 .51 mg, 0.141
mmol} in HoO (0.1 mL) and dioxane (1 mL) ander Nz was added Pd{dppfiClz (5.17 mg, 7.06
wmol), K5P04 (29,99 me, 0.141 mmol) i one portion. The mixture was stirred at 100 °C for
12 hours. LCMS showed the desired MS. The nuxture was extracted with ethy! acetate (3 mL

x 3}, the combined organic lavers were washed with brine (5 mL x 2), dried over anhvdrous
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Na:z50, filtered and concentrated in vacuo. The residug was punified by prep-TLC (510,
petroleum etherethvl acetate = 1:5, Ry = 0.1} {o afford the title compound 24 as a brown
solid. MS mass calculated for {M-+1]+ (CasHi-CiF2Ne(O3) requires m/z 4991, LCMS found
m/z 4991, TH NMR (400 MHz, DMSO-de) 8 939 (s, 1H]}, 8.90 (br s, 2H), 8.49 (5, 1H), §.40
(s, 1H), 8.10 (s, 1H}, 783 (s, 1H}, 7.78 (s, 1H), 7.28 {brs, 2H), 6.12 (brs, 1H), 469 (brs,
1H), 3.65(dd, /=65 111 Hz, 1H), 351 (brd, J = 11.7 Hz, 1H), 2.82-2.60 (m, 2H}.

Example 25

N-{4-(chlorodifiueromethoxy)phenyl}-1-isopropyl-7-(5-0x0-4,5-dihydro-1,2 4-oxadiazol-
3-yi)-1 H-benzo|dlimidazole-S-carboxamide

Z
. P
N::/ N’“/

i:>l/o l//\ o C!\,’\/Of ‘ o
Foi ] e N i LN s i
Ci g Ny Br Zn(CN),, PA(PPhs), S N \N/W? NH OH.HCH, TEA
Hooi - il H i S
Lz /< DR / DMSO
i
18a

28¢ 25
{8431} N-{4-{chlorodiflucromethoxy}phenyl}-7-cyano-1-isopropyl-1H-
benzoldlimidazole-S-carboxamide (25b). A solution of 7-bromo-~-N-{(4-
{chlorodifluoromethoxyyphenyl)-1-isopropvl- LH-benzofdlimidazole-5-carboxamide (18a,
0.15 g, 0.327 mmol}, Zo{CN}: (57.60 mg, ¢.491 mmol, 31.14 ul} and PA(PPh2)s (18.89 mg,
0.016 mmol} in DMF (3 mbL} were put into a microwave tube. The sealed tube was heated at
150 °C for 2 b under pucrowave wrradiation. LCMS showed the desired MS. The mixture was
extracted with ethyl acetate (2 mL x 3}, the combined organic lavers were washed with brine
(5 mL x 2}, dried over anhydrous NaxS0q, filtered and concentrated in vacoo. The residue
was purified by prep-TLC (510, petroleum cthericthyl acetate = 0:1, Re= 0.67) to afford 1b
as a white solid. 'H NMR (400 MHz, CDCls-) 6 852 (s, 1H), 8.30-8.21 {m, ZH), 8.09 (s,
1H)Y, 773¢d,J =88 Hz, 2H), 728 (4, /=86 Hz, 2H), 532 (spt, J = 6.7 Hz, 1H), 1.72 (4. J
= 6.6 Hz, 6H).
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16432} {£3-N-{4-{chlorodifiuoromethoxyphenyl)-7-(¥'-hydroxycarbamimidoyl}-1-
isopropyi-1H-benzo|d]imidazole-5-carboxamide {25¢}. To a solution of NV-(4-
{chlorodifluoromethoxyiphenvi}-7-cvano-1-isopropyvi-1+-benzo{dlimidazole-5-carboxamide
{25b, 20 mg, 0.04% mmol} n DMF (3 mL) was added NHOH HCI (34.33 mg, 0.494 mmol)
and TEA (49.99 mg, 0.49 mmol, 68.76 ul) The mixture was stirred at 75 °C for 12 hours.
LCMS showed the desired MS. The aqueous phase was extracted with ethyl acetate (5 mL x
3}. The combined organic layers were washed with brine (10 ml. x 2}, dried over ashvdrous
NazS0, filtered and concentrated in vacuo. The residue was purified by prep-TLC (5102,
petroleum etherrethyl acetate = 011, Re = 0.5) to afford 25¢ as a white solid. MS mass

calculated for M+ 117 (CioHaCIFaNsOs) requires mz 4381, LCMS found m/z 4383,

13433} N-{4-{chlerodiflucromethoxy)phenyl)-1-isopropyi-7-(5-0x0-4,5-dihydro-1,2,4-
oxadiazol-3-yl)-1H-benzo|d|imidazole-5-carboxamide (25). To a solution of (Z}-N-(4-
{chlorodifluoromethoxyipheny!)-7-(N-hydroxycarbamimidoyl}-1-1sopropyvi- 1 H-
benzoldlimidazole-S-carboxamide (25¢, .02 g, 0.046 mumol) in THF (2 mL} under Nz was
added bis(Z,5-dioxopyrrolidin-1-yi} carbonate (15.21 me, 0.059 mmol} and TEA (9.24 mg,
0.091 mmol, 12.72 ul). The mixture was stirred at 60 °C for 12 hours. LCMS showed the
desired MS. The aqueous phase was extracted with ethyl acetate (3 mL = 3}, the combined
organic lavers were washed with brine {5 mb x 2), dried over anhydrous Na:S50a, filtered and
concentrated in vacuo. The residue was purified by prep-TLC (810, ethyl acetate:methanol =
10: 1, Re= 0.1} to vield the title compound 25 as a vellow solid. M8 mass calculated for

IMA 1T (CooH1sCHF NG requires mz 4641, LCMS found m/z 464.1; "H NMR (400 MHz,
MeOD-d) 83855 (s, 1H), 843 (d, /= 16Hz 1H) &09(d, J=16Hz 1H),785{(d.J=90
Hz, 2H), 7.29(d, /=89 Hz, 2H), 525 (td, J = 6.6, 133 Hz, 1H}, 1.53(d,.J = 6.7 Hz, 6H).

Example 26

N-{4-{chiorodiflucromethoxy)phenyl)-1-isopropyl-1H-benzo{dlimidazole-5,7-

dicarboxamide
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8434} N*-(4-{chlorodifluoromethoxy)phenyl}-1-isopropyl-1H-benzo{dlimidazole-5,7-
dicarboxamide {26). To a solution of N-(4-(chlorodifluoromethoxy)phenyl)-7-cvano-1-
isopropyl- 15 -benzofdimidazole-3-carboxamide (25b, 30 mg, 0.074 mmol} in DMSO (3 mL)
was added NHOH HCI (41.20 mg, 0.593 mmol} and TEA (13.86 mg, 0.137 mmol) The
mixture was stirred at 80 °C for 12 hours. LCMS showed the desired MS. The aqueous phase
was extracted with ethyi acetate {5 mb x 3). The combined organic layers were washed with
brine (10 mb # 2), dried over anhydrous Na:SOq, filtered and concentrated in vacuo. The
residue was purified by prep-TLC (510s, petroleum ether: ethyl acetate = 0: 1, Re=05) o
afford the title compound 26 as a white solid. MS mass calculated for [M+1]7
{C1oH17CIFaNLO3) requires m/z 4231, LCMS found m/z 423.0. TH NMR (400 MHz, DMSO-
dsy 8 10.48 (s, 1H), 8.62 (s, 1H), 848¢{d, /=1 6 Hz, 1H}), 827 (s, IH), 798 (d, /=17 Hz,
1H), 7.97-7.94 (m, 2H), 7.78 {5, 1H}, 7.37{d, J = 9.0 Hz, 2H), 5.0% (quin, J = 6.6 Hz, 1H),
1.52 (s, 3H), 1.50 (s, 3H).

Example 27

N-{4-{chlorodifiuoromethoxy)phenyi}-3-isopropyl-4-{pyrimidin-5-yi)}-3H-imidazc{4,5-

cipyridine-6-carboxamide

LS
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{8435} Methyl 4-chlore-3-isopropyi-3#H-imidazo4,5-cjpyridine-6-carboxyviate (27b).
To a solution of methyl 4-chlore-3H -inudazci4, 5-clpyriding-6-carboxylate (27a, 200 mg,
0.945 mmol) and 2-iodopropanc (482.01 mg, 2.84 mmol, 283 .53 ul) in DMF (G ml) was
added K2COs (391.88 mg, 2.84 mmol}). The mixture was stirred at 30 °C for 16 hr. LCMS

showed 27a was consumed completely and desired MS was detected. The muxture was
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diluted with water (5 mL) and extracted with EtQOAc¢ (5 mL x 3). The combined orgamic
lavers were washed with brine {5 mb), dried over NaxSQ4, filtered and concentrated under
reduced pressure to give a residue. The residue was purnfied by prep-TLC (8100, petroleum
etherethvl acetate = 1:2) to afford 27¢ as a white solid. 'H NMR (400 MHz, CDCl-d) 5 8.54
(s, 1H), 8.30 (s, 1H), 5.60-342 (m, 1H), 4.04 (s, 3H), 1.70 (4, J = 6.7 Hz, 6H).

{0436} Methyl 3-isepropyl-4-{pyrimidin-S-y}-3H-imidazo[4,5-clpyridine-6-
carboxviate (27¢). To a solution of methyl 4-chioro-3-1sopropyl-3H-tmidazol4,5-clpyridine-
t-carboxylate (27b, 70 mg, 0.276 mmol} and pyrimidin-3-yviboronic acid (68 38 mg, 0.552
mmol} in dioxane (I mL) and H20 (0.1 mL) was added Pd{dppH)Cl (20.19 mg, 27.59 umol}
and KsPQs (175.71 mg, 0.828 mmol}. The mixture was stirred at 110 °C for 16 hr under N,
LCMS showed 27b was consumed completely and desired MS was detected. The mixture
was diluted with water (5 mL) and extracted with EtOAc (5 mL x 3). The combined organic
layvers were washed with brine (5 mL), dried over NaxSOq, tiltered and concentrated under
reduced pressure to give a residue. The residue was purnified by prep-TLC (5102, ethyl
acetate:methanol = 10:1) to afford 27¢ as a white solid. 'H NMR (400 MHz, MeQOD-ds) &
036(s, 1H), 913 (s, 2H}, 8.82 (s, 1H), 8.56 (5, IH), 436-423 (m, 1H), 401 (5, 3H), 1.45(d,
J=6.6Hz, 6H).

10437} 3-isopropyl-4-(pyrimidin-5-yl}-3H-imidazol4,5-cipyridine-6-carboxylic acid
{27d}. To a solution of methyl 3-sopropyl-4-(pvrimidin-5-y1)-3H-imidazo[4,5-clpyndine-6-
carboxylate (27¢, 35 mg, 0.118 mumaol) in THF (0.5 mL), MeOH (0.5 mL) and H:0 {(0.25 mL)
was added LiOH H20 (9.88 mg, 0.235 mmol). The muixture was stirred at 20 °C for 2 hr. TLC
{cthvl acetate methanol = 10:1, Re= 0.0} showed 27¢ was consumed completely and one
major new spot with more polarity was detected. The mixture was concentrated in vacuo.
Then the mixture was added to H20 (3 mL) and the agqueous phase was acidified with
aqueous HCl to pH = 5. The mixture was concentrated in vacuo. The product was used in the
next step without further purification. Compound 27d was obtamed as a white solid. '"H NMR.
{400 MHz, Me0OD-ds} § 9.69 (s, 1H}, 9.46 (s, 1H), 9.22 (s, 2H), 8 80-8.67 (m, 1H)}, 442 (s,
1H), 1.50(d, /= 6.6 Hz, 6H).

{3438} N-{4-(chlerodiflusromethoxy)phenyl}-3-isopropyl-4-(pyrimidin-S-yi)-3H-
imidazol4,5-c|pyridine-6-carboxamide (27}. To a solution of 3-isopropyl-4-(pyrimidin-5-

vi}-3H-imidazof4,5-clpyndine-6-carboxylic acid (274, 32 mg, 0.113 mmol} and 1h (32.80
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mg, 0.169 mmol} in DMF (2 mL) was added DIEA (43 80 mg, 0.339 mimol, 59.03 ul)) and
HATU (51 54 mg, 0.136 mmol}. The mixture was stirred at 25 °C for 4 hr. LCMS showed
27d was consumed completely and desired MS was detected. The mixture was diluted with
water (5 mb) and extracted with EtOAc (5 mL « 3}. The combined organic layers were
washed with brine (& mL}, dried over Nax$SQOq, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC {5102, petroleum cther
cthvl acetate = 0:1) to afford 27 as a white solid. MS mass calculated for [M+H]"
(CaH170aNeCIE2) requires m/z 459 1, LCMS found m/z 459.0. TH NMR (400 MHz, DMSO-
ds3 § 10.61 (s, 1H), 9.42 (s, 1H), 930 (s, 2H), 8.94 {5, 1H)}, 8.50 ¢s, 1H), 8.05-7.95 {m, 2H)},
737(d,J=90Hz 2H), 438-4.09 (m, 1H), 1 38(d,./=6.7Hz, 6H).

Example 28 (General Procedure K)

{#)-N-{4-(chlorodifluoromethoxy)phenyl}-2-{diflucromethyl}-1-(1-fluoropropan-2-yi}-7-
{1 H-pyrazol-5-yl}-1H-benzo|dlimidazole-S-carboxamide

[0439] This General Procedure K provides particular synthetic details as applied {o the
title compound. Additional compounds can be prepared according to this method by varying

the coupling reagents.
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{6448} N-{d-{chloredifluoromethoxy)phenyl}-2-(difluoromethyi}- 1 -{{(R)-1-
fluorepropan-2-yi)-7-(i-(tetrahvdro-2H-pyran-2-yi)-1H-pyrazol-5-yi)-1H-
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benzojdjimidazole-5-carboxamide (28b). To a solution of (1)-7-bromo-N-(4-
{chlorodifluoromethoxy)phenyl}-2-{diflucromethyi)-1-{1-Hucropropan-2-y1}-1H-
benzo|d]imidazole-5~carboxamide {svnthesized in a similar fashion to 15g; 28a, 30 mg, 0.057
mmol} and -tetrahydropyran-2-y1-5-(4,4,5 5 -tetramethvi-1.3,2~-dioxaborolan-2-vlpyrazole
{6338 mg, 0.228 mmol} in BME (1.5 mL}), EtOH (1.5 mL) and H20 (0.3 mL) was added
PA(PPh3pCh (4.00 mg, 570 umeol), Nax{U'Os3 (12.07 mg, 0.114 mmol}. The mixtare was
stirred at 80 °C for 2 hr. LCMS showed 28a was consumed completely and desired MS was
detected. The muxture was diduted with water {8 mL} and extracted with EtOAc (3 mbL x 3}
The combined organic layers were washed with brine (5 mL}, dried over NanSQOy, filiered and
concentrated under reduced prossure to give a residuc. The residue was purified by prep-TLC

{5100, petroleum etheriethyl acetate = 2:1) to afford 28b as a yellow sohd.

{0441} {(Ky-N-(4-{chlorodifluoromethoxy)phenyi)-2-{diflucromethvi)-1-(1-
fluorepropan-2-vi)-7-(LH-pyrazel-5-yi}-1H-benzofdlimidazole-53-carboxamide (28}. To a
solution of N-(d-(chlorodifluoromethoxy phenviy-2-(difluoromethyl)-1-({R)-1-fluoropropan-
2-y13-7-{ 1-(tetrahvdro-2H-pyran-2-yi}-1H-pyrazol-5-vi}- 1 H-benzofd|imidazole-3-
carboxamide {28b, 25 mg, 0.042 mmol) in DCM (1 mL) was added TFA (1.54 g, 13.51 mmol,
1 mL). The mixture was stirred at 20 °C for 1 hr. LOCMS showed 28b was consumed
completely and desired MS was detected. The mixture was diluted with water {5 mb) and
extracted with EtOAc (5 ml x 3). The combined organic layers were washed with brine (5
mb}, dried over NaxSQ4, filiered and concentrated under reduced pressure to give a residue.
The residue was purified by prep-TLC (8i0», petroleum etherethyl acetate = 1.1} to afford
28 as a white schid. M5 mass calculated for [M+H|T{C2H70:NsCIFs) requires mz 514 .1,
LCMS found m/z 5141, TH NMR (400 MHz, MeOD-d) § 847 (d, J= 13 Hz, 1H). 798 (d,J
=17 Hz, 1H), 7.88 {(brs, 1H), 787-7.81 {m, 2H}, 7.44-7.15 {m, 3H)}, 6.66 (d, /=22 Hz,
1H), 4.70-4.67 (m, 1H), 4.63-4.45 (m, 2H), 1.52 (brd, ./ = 7.2 Hz, 3H).

Example 29

N-{4-{chlorodifiuoromethoxy)phenyi)-6-{pyrimidin-5-yi}-3,4-dihydro-1/-

benzo|4,5}imidazo|2,1-c]|1,4]thiazine-8-carboxamide 2,2-dioxide

140



WO 2020/061086 PCT/US2019/051567

\ 0. ;
P ¢ 20g P e
F F S I\N)L Br ; Ry ; PN B HLJ”B e N
H

. NN :
\F\ QOxcne H EE - (I)H
| . . oo
a acetone \‘;\‘_ﬁ ,N"> PdldppiGia, K4PO,
N-t< ’» \&f‘i:O dioxane, H.O
NS i

23a 28b

NG NPy N

F J\ ; i
v NG N Ny N
H P
4

29

[0442] 6-bromo-N-{4-{chlorodifiuoromethoxy)phenyi}-3,4-dihydro-1H-
benzo[4,5himidazo2, i-c]{l,4]thiazine-8-carboxamide 2,2-dioxide {29b}. To a sclution of
6-bromo-N-{4-(chlorediflucromethoxy)phenyl)-3 4-dihydro-1H-benzol4 5 limidazo{2, 1-

ci[ 1. 4jthiazine-8-carboxanide (synthesized in a similar fashion to 8g; 29a, 2 mg, 4.09 umol)
i acetone (0.5 mL) and Ho( (0.1 mL) was added Oxone (5.03 mg, 8 18 umol). The mixiurg
was stirred at 20 °C for 24 hr. TLC (petroleur ctherethyl acetate = 01, Be = 0.77) indicated
2%a was consumed completely and one major new spot with larger polarity was detected. The
reaction was guenched by sodium sulfide. The reaction mixture was concentrated under
reduced pressure to remove acetone. The residue was diluted with HzO (10 mL) and extracted
with EtOAc (10 mE x 3}, The combined organic layers were washed with brine {10 mL},
dried over NaxSOa, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by prep-TLC (510, Petroleum ether:Ethyl acetate = 0:1) to afford 29b
as a brown solid. 'H NMR (400 MHz, MeOD-/:} § 818 (4, /=15 Hz, 1H), 8.05(d, J=15
Hz, 1H), 7.73 (4, /= 8.8 Hz, 2H), 720 (brd, /=8 8 Hz, 2H). 5.17-5.12 (m, 2H), 5 08 {s,
2HD, 3.81-3.75 (im, 2H).

{344 3] Ne{4-{chlorodiflucromethoxyiphenyi}-6-{pyrimidin-5-y1)-3,4-dihydre-1 H-
benzol4,Shmidazo{2,i-c]{l 4]thiazine-8-carbosamide 2,2-dioxide {29). A muxture of 6-
bromo-N-{4-{ chlorodifluoromethoxyphenyl)-3 d-dihydro-1H-benzold, Shmidazof 2,1 -
cil,4lthiazine-R-carboxamide 2,2-dioxide (295, 6 mg, 0.012 mmol}, pyrimidin-5-viboronic
acid (4.28 mg, 0.035 mumol), Pd{dppHClz (843.09 ug, 1.15 umol}, KsPO4 (7 34 mg, 0.035
mmol} i dioxane (1 mL) and HzO (0.1 mL) was degassed and purged with Nz three times,

and then the mixture was stirred at 110 °C for 16 hr under N2 atmosphers. TLC (petroleam
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ctherethyl acetate = 0:1, Re = 0.3} indicated 28b was consumed completely and one major
new spot with larger polarity was detected. The reaction mixture was concentrated vunder
reduced pressure to remove dioxane. The residue was diluted with H20O (1 mL) and extracted
with ethvl acetate (1 mL x 3). The combined organic lavers were washed with brine (1 mL),
dried over NazS§0q, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by prep-TLC {(petroleum etherethyl acetate = 0:1) to afford 2% as a
white solid. 'H NMR (400 MHz, DMSO-ds) & 10.49 (s, 1H). 9.33 (s, 1H), 9.09 (s, ZH), 8.45
(d,./=10Hz 1H)L 721 (d. /=93 Hz 2H), 783(d, J=1 5 Hz, 1H), 736 (d. /= 8.8 Hz,
2H), 5.09 (s, 2H), 4.12 (bort, J =59 Hz, 2H), 3.75 (brt, /= 5.6 Hz, 2H).

Example 30 {General Procedure L}

N-{4-(chlerodifiuoromethoxyiphenyi)-1-isopropyl-7-(1H-1,2 3-triazol-5-yi}-1 H-

benzojd]imidazele-S-carboxamide

[0444] This General Procedure L provides particular synthetic details as applied to the
title compound. Additional compounds can be prepared according to this method by varying

the coupling reagents and/or the deprotection reagents.

sodium ageorbate, THE, H0

PN cl
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[(3445] N-(4-{chlorodiflusromethoxy)phenyi}-I-isopropyl-7-({trimethylsilyliethynyl}-
1 H-benzold}imidazole-S-carboxamide {38a). To a muxture of 7-bromo-N-{4-

{chlorodifluoromethoxyiphenyi}-1-isopropyi- 1H-benzo|dlinudazole-5-carboxamide (10a, 80
mg, 0.174 mmol} and cthynvi{trimethylisilane (85,65 mg, 0.872 mmol, 120.81 uly in TEA (1
mb} was added Cul (3.32 mg, 0.017 mmol}, PA(PPha3:Clz (12.24 mg, 0.017 mmol) under Na,

the mixture was stirred at 80 °C for 2 hours. LCMS showed desired MS. Water was added to
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the reaction mixture and the mixture was extracted with ethyl acetate (5 mL x 3). The
combined organic layers were washed with brine (10 mL x 2}, dried over anhydrous Naz504,
filtered and concentrated 1n vacuo. The residue was purified by prep-TLC (510, petrolowm
etheriethyl acetate = |1 1, Re= 0.4) to give 30a as a white solid. 'H NMR {400 MHz, CDCls-
dys 831 (s, 1H), 8.15 (brd, J=7.2 Hz, 2H}, 8.00 (s, 1H), 7.75 (br d, /= 8.9 Hz, 2H}, 730~
727 {m, 2H), 565 (td, J=6.8, 134 Hz, 1H), 1.66(d, /= 6.7 Hz, 6H}), .31 (s, OH}.

[8446] N-{4-(chlorodifluoromethoxy)phenyl}-7-ethynyl-1-isopropyl- 18-
benzojdlimidazole-5-carboxamide (30b). To a mixture of N-(4-
{chlorodifluoromethoxy)phenyl)-1-isopropyl-7-((trimethvisilyDethvnvi)- 1 H-
benzold]imidazole-5-carboxamide (30a, 70 mg, 0.147 mmol) in MeOH (2 mL} was added
KaoCOs (40.65 mg, 0.294 mmol, 2 eq). The mixture was stirred at 20 °C for 0.5 howrs. TLC
{petroleum ctherethyl acetate = 1 1, Re = 0.5) inditcated 38a was consumed, and one major
new spot with larger polarity was detected. The mixture was concentrated and extracted with
cthyl acctate (5 mL x 3). The combined organic layers were washed with brine (16 mb = 23,
dried over anhydrous Na:SO4, filtered and concentrated in vacuo. The residue was punfied
by prep-TLC (5100, petroleum etherethyl acetate = 0: 1, Re=0.5) to give 30b as a vellow
solid. 'H NMR (400 MHz, CDCh~/) § 833 (d, /= 1.6 Hz, 1H), 8.22-8.13 (m, 2H). 806 (d. J
= 1.5 Hz, 1H), 7.78-7.72 (m, 2H), 7.29 (s, 2H}, 5.68-549 (m, 1H), 3.44 (s, 1H), 166 (d, /=
6.7 Hz, 6H).

{6447} N-{&-{chlorodifluoromethoxyiphenyi}-1-isopropyh-7-(1-(4d-methoxybenzyl}-
14-1,2,3triazol-4-vi)-1 H-benzo|d]imidazole-5-carboxamide {30¢). To a mixture of N-(4-
(chlorodifluoromethoxy)phenvl)-7-cthyvnyl-L-isopropvl-1 H-benzoldhimidazole-5-
carboxamide (30b, 50 mg, 0.124 mmol} and 1-(azidomethyl}-4-methoxy-benzene (22 23 mg,
0.136 mumol) 10 THF (1 mL}, H2O (1 mL) under No was added CoS04.5H:0 (155 mg, 6.19
wmol) and sodium (2R)-2-[(15)-1,2-dihydroxyethyl}-4-hydroxy-5-oxo-2H-furan-3-olate (2.45
mg, 0.012 mmol). The mixture was stirred at 20 °C for 3 hours. LCMS showed the desired
MS. The mixture was extracted with ethyl acetate (3 mE x 3). The combined organic layers
were washed with bring (5 mL = 2}, dried over anhydrous NaxSQ:, filtered and concentrated

in vacuo. The residue was purified by prep-TLC (5102, petroleum ether:ethyl acetate = 0: 1,

1H), £.09 (br s, 1H), 7.79-7.66 {m, 4H), 7.32 (br d, .J = 8.4 Hz, 2H). 7.26-7.25 {m, 1H), 6.95
(d,.J=8.4 Hz, 2H). 5.59 (s, 2H). 5.11-5.02 (m, 111, 3.84 (s, 3H), 1.36 (d, J = 6.7 Hz, 6H).
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{0448} N-{4-(chlorodifluoromethoxy)phenyl)-1-isopropyl-7-(1 #-1,2 3-triazol-3-vi)-
1H-benzoldjimidazole-S-carboxamide (38). The mixture of N-(4-
{chlorodifluoromethoxyiphenvi)-1-isopropyl-7-(1-{(4-methoxybenzyl}-14-1,2,3trazol-4-vyl}-
1H-benzofdhnudazole-3-carboxamide (30¢, 40 mg, 0.071 mmol) in TFA (3 mL) was stirred
at 60 °C for 12 howrs. LCMS showed the desired MS. The mixture was concentrated and
extracted with ethyl acetate (5 mb = 3}, The combined organic layers were washed with brine
{10 mL x 2), dried over anhydrous NaxSOa, filtered and concentrated in vacuo. The residue
was purified by prep~TLC (8102, petroleum etheriethvl acetate = 0: 1, Re=0.3) to give 38 ag
an off-white solid. M5 mass calculated for [M+1]7 (CaoHuCHFNe(h) requires m/z 447 1,
LCMS found m/z 447.0; TH NMR (400 MHz, DMSO-ds) 5 10.47 (s, 1H), 8.62 (s, 1H]}, 8.48
(d,J=13Hz 1H}, 831 (brs, IH), 795(d,/=9.0Hz 2H}, 785 (d, /=13 Hz, 1H), 736
(d,/=9.0Hz 2H)}, 463 {(brs, 1H), 1.32(d, ./ = 6.6 Hz, 6H).

Example 31{General Procedure M}

N-{4-{chlorodifluoromethoxy)phenyl)-7-(4-cyano-1H-pyrazol-3-yi}-1-isopropyl- 1LH-

benzoldlimidazole-S-carboxamide

{0449} This General Procedure M provides particular synthetic details as applied to the
title compound. Additional compounds can be prepared according to this method by varving

the coupling reagents and/or the deprotection reagents.
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[0454] N-{4-(chlorodifluoromethoxy)phenyl)-1-isopropyl-7-(irimethyistannyl)-LH-
benzoldlimidazole-S-carboxamide (31a}. To a mixture of 7-bromo-N-{4-
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{chlorodifluoromethoxy)phenyl)-1-1sopropyi- 1 -benzofdlimidazole-5-carboxamide (10a,
54.7 mg, 0.206 mmol} and trimethyl(frimethyistannyl)stannane (270.57 mg, 0.826 mmol,
171.25 ul} intoluenc (3 mL) under N2 was added Pd(PPha): (23 86 mg, 0.021 mumel). The
mixture was stirred at 130 °C for 12 hours. LCMS showed the desived MS. Water was added
to the reaction mixture and the mixture was extracted with ethyl acetate (5 mbL x 2). The
combined organic layvers were washed with brine (10 mL x 2}, dnied over anhvdrous Nax S50,
filtered and concentrated in vacuo. The residue was purified by prep-TLC (5102, petroleum

cther: ethvl acetate = 1 1, Re=0.4) to give 31a as a coloriess oil.

[B451] N-{4-{chlorodifluoromethoxy)phenyi}-7-{4-cyano-1-((2-
{trimethylsilyDethoxymethyl}-1 H-pyrazel-3-yi)-1-isopropyl-1 H-benzo|dlimidazole-5-
carboxamide (31b). To a mixture of N-(4-{chlorodifivoromethoxy jphenyi)-1-isopropyl-7-
{trimethyistannyl)- 14 -benzojdjimidazole-5-carboxamide (31a, 50 mg, 0.92 mmol} and 3-
iodo-1-(2-trimethvisilvlethoxyvmethylpyrazole-4-carbonitnle (64.37 mg, 0.184 mmol) in
DMSO (3 mL) under N2 was added PA{PPhs}s (10.65 mg, 9.22 umol). The mixture was
stirred at 100 °C for 12 hours. LCMS showed the desired MS. The mixture was filiered and
extracted with cthyl acetate (3 mk. x 3) and water. The combined organic layers were washed
with brine (5 mL x 2}, dried over anhydrous Nax50O4, filtered and concentrated in vacuo. The
residue was purified by prep-TLC (510, petroleum ether: ethyl acetate = 0:1, Re = 0.6} to
afford 31b as a vellow oil. MS mass calculated for [M+1T (CoaHs1 CIF2NeG:81) requires w7z
601.2, LCMS found m/z 601.2.

{6452} N-{4-{chlorodifluoromethoxyjphenyi}-7-{4-cyance-1 H-pyrarol-3-yh-1-
isopropyi-LH-benzo[dlimidazole-5-carboxamide (31}, A mixture of N-(4-
{chlorodifluoromethoxyiphenyl}-7-(4-cvano-1-((2-{tnmethyisilvljethoxyymethyvl)-14-
pvrazol-3-y1i-1-isopropvi-1H-benzoldimidazole-5-carboxamide (31b, 20 mg, 33.27 mmol)
m TFA (0.5 mL) and DCM (0.5 mL) was stirred at 20 °C for 2 hours. LCMS showed the
desired MS. The mixture was concentrated under reduced pressure. The residue was punified
by prep-TLL (5102, petroleum ether: ethyl acetate = 00 1, Re = 0.4) to give 31 as a yellow
solid. MS mass calculated for {M+1]" (CnHi7CIFaNeO) requires m/z 471.1, LCMS found
m/z 471.0; 'TH NMR (400 MHz, DMSG-de) § 14.16 (br s, 1H), 10.52 (s, 1H). 8.90-8.78 (m,
1H), 8.68 (brs, 1H}, 859 (brs, 1H), 796 (d,J = 9.0 Hz, 2H), 7.91 (s, 1H), 737 (brd, J = 8.8
Hz, 2H), 439 (brs, 1H), 136 (br d, J = 6.7 Hz, 6H).
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Example 32

(R)-N°-{4-(chlorodiflusromethoxy jphenyl})-N° 4-dimethyl-3,4-dihydro-1H-

benzeold Slimidazo|2,i-c]{1,4]oxazine-6,8-dicarboxamide
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{6453} {Ry-methyl 8-((4-(chlorodifluoromethoxyiphenylcarbamoyl}-4-methyl-3.4-
dibydro-1H-benzojd,Slimidazo|2,1-¢]{1,4]oxazine-6-carboxylate (32h). To a solution of
{#)-6-bromo-N-{4-(chlorodifluoromethoxy)phenyiy-4-methvi-3 4-dihydro~- 1 H-
benzol4,5limidazof2, 1l 1 4]oxazine-8-carboxamide (svnthesized in a sinular fashion to 8g;
32a, 50 mg, 0.103 mmol} in MeOH (1 mL) and DMF (3 mL} under N> was added
Pd{dppHCh (15.03 mg, 0.021 ramol), TEA (51 98 mg, 0.514 mmol, 71.50 uL), Pd{OAch
{4.61 mg, 0.021 mmol), Xantphos (11.89 mg, 0.021 mmol), PPhs (5.39 mg, 0.021 mmol and
DPPP (.47 mg, .021 mmol). The suspension was degassed under vacuum and purged with
O several times. The mixture was stirred under CO (2 MPa) at 120 °C for 12 hours. LCMS
showed desired ms was detected. The reaction mixture was concentrated under reduced
pressure. The residue was diluted with FhO (10 mL) and the mixture was extracted with
EtOAc (10 mbL = 3}, The combined organic lavers were washed with brine (10 mL), dried
over NaxSQOu, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by prep~TLC (8102, cthyl acetate: petroleum ether =31, Rr= 0.3) to afford the
title compound 32b as a brown solid. 'H NMR (400 MHz, MeOD-ds) & 8.53-8.42 (m, 2H),
788781 (m, ZH), 730(d, J=90Hz 2H), 541 (brdd, /=18, 6.5 Hz, 1H}, 5.18-4.95 (m,
2H), 4. 24-4 18 (m, 1H), 4.12-4.08 (m, 1H), 4.04 (s, 3H), 1 406 (d, /= 6.5 Hz, 3H).
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10454} {R)-8-{{4-(chlorodifluoromethoxy)phenyljcarbamoyl}-4-methyi-3,4-dibhydro-
1H-benzold,Slimidazo]2,1-c}}i 4joxazine-6-carboxylic acid (32¢). To a solution of ()~
methy! 8-({(4-(chlorodifluoromethoxyiphenvlcarbamovt)-4-methyl-3 4-dibydro-14-
benzol4,5jimidazo{2, 1 c}[ 1 4]joxazine-6-carboxylate (32b, 22 mg, 0.047 mmol} in MeOH (1
mL), THF (1 mL) and H20 (1 mL) was added LaOH.Hz0 (7.93 mg, 0.18% mmol). The
mixture was stirred at 50 °C for 5 hr. LCMS showed desired ms was detected. The reaction
mixture was concentrated under reduced prossure to remove solvent. HaO was added, and 1M
HCI was added to the mixture drop-wise until pH = 5. The muxture was concenirated to give
a crude product, which was used in next step without purification. 'H NMR (400 MHz,
DMSO-de) 6 1060 (s, 1H), 855(d, J=17Hz, 1H), 838, /= 17Hz 1H), 796 (. /=92
Hz, 2H), 7.38 (d, J=9.0 Hz, 2H), 538-3.26 (m, TH), 5.16-4 90 {m, 2H}, 4.29-3.98 {(m, 2H),
1.314{d, /=65 Hz, 3H).

{0455] (R)-N*-(4-{chlorodiflusromethoxy)phenyD-N 4-dimethyl-3,4-dihydro-1 H-
benzold, Shimidaze]2,i-c}{1 4]oxazine-6,8-dicarboxamide (32). To a solution of (#}-8-((4-
{chiorodifluoromethoxyiphenylcarbamoyt)-4-methyi-3.4-dihvdro-14-
benzol4,5imidazof2,1-¢}f1,4joxazine-6-carboxylic acid {32¢, 21 mg, 0.046 mmol) and
methanamine hydrochlonide (31.38 mg, 0.465 mmol) in DMF (2 mL) was added HATU
{53.02 mg, 0.139 umol} and DIEA (48 06 mg, 0.372 mmol, 64.77 ul). The mixture was
stirred at 20 °C for 24 br. LCMS showed desired ms was detected. The reaction nuxture was
concentrated under reduced pressure (o remove solvent. The residue was diluted with HzO (5
mb} and extracted with EtOAc (5 mL x 3). The combined organic layers were washed with
brine {5 mL}, dried over Na:SQ4, filtered and concentrated under reduced pressure to give a
residue. The residue was punfied by prop-TLC (5100, petroleum cther: othyl acetate = 0:1, Ry
= .60} to afford the title compound 32 as a white solid. MS mass calculated for [M+1]7
(CotH1oCIF:NaQs) requires m/z 463 1, LCMS found m/z 465.1. 'H NMR (400 MHz, DMSO-
dsy 6 10.50 (s, 1H), 8.85-8.73 (m, 1H), 842 (d, J= 1.6 Hz, 1H}, 8.04-790 (m, 3H), 737 (d,J
=00 Hz, ZH), 5.13-4.89(m, 3H)}, 418395 (m, 2H), 287 (d,J=4.6 Hz, 3H), 1 28¢(d, J =
6.5 Hz, 3H).

Examople 33 (General Procedure N}

{R)-N-{d-(chlorodifluoromethoxy)phenyvli-3-methyl-3-(1 H-pyrazol-3-yi)-2,3-
dibyvdrobenzold, Slimidazo{2,1-bloxazole-T-carboxamide
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[8456] This General Procedure N provides particalar synthetic details as applied to the
title compound. Additional compounds can be prepared according to this method by varving

the coupling reagents,
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[B3457] {(F3-5-bromo-N-(4-(chlorodifluoromethoxy)phenyl}-3-methyl-2,3-
dibvdrobenzol4,3limidazo2,1-Sjthiazole-7-carboxamide (33b} & (R)-5-brome-N-{4-
{chlorodifluoromethoxy)phenyl}-3-methyl-2,3-dihydrobenzol4,5limidazs]2,1-bloxazele-
T-carboxamide {33¢). A sohution of {&)-1-(3~-amino-S-bromo-4-{{1-hydroxypropan-2-
vhamino)phenyh-2-(4-(chlorodifluoromethoxy )phenyijethanone (synthesized in a sinlar
fashion to 6¢; 33z, 330 mg, 0.71 mmol} and diimidazol-1-yDmethane thione (379.68 mg,
2.13 mmol} in THF (15 mbL) was stirred at 15 °C for 16 hr. TLC {petroleum etherethyl
acetate = 0.1, Re = 0.6) showed two new spots were generated. LUMS showed two peaks with
with MS of 33b and 33¢ was detecied. The muxture was concentrated. The crude product was
purified by sihica gel column chromatography (petroleum ctheriethyl acetate =3:1 ~ 0:1) o
give 33b as a yvellow solid. TH NMR (400 MHz, CDCl-d) 8 8.14 (5. 1H), 7.99(d, J= 1.3 Hz,
1H), 7.93¢d,J=15Hz, 1H), 7.77-7.69 {m, 2H}, 7.28 (brs, 1H), 7.26 (brs, 1H). 539 {quin,
J=65Hz, 1H),435-424 (m, 1H), 348, J=11 1 Hz, IH). 1 57(d. /=64 Hz, 3H). A
batch of crude product was further purtfied by silica gel column chromatography (petroleum
ether:ethyl acetate = 3:1~0:1) to give 33¢ as a colourless solid. 'H NMR (400 MHz, CDCh-)
S849¢s, 1H)Y, 8.02(d, J=13Hz 1H).792(d, J=15Hz, 1H), 7.79-7.72 {m, 2H), 728 (br
8, 1H), 7.26 (s, 1H), 537 {quin, J=66 Hz, 1H), 426 (dd. /=72, 11.1Hz, 1H), 4.13{q, J=
72Hz 1H), 346(d,J=11.0Hz 1H), 1 56{(d, J=64 Hz 3H)
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{0458] (Ry-N-(4-{chlorodifluoromethoxy)phenyl-3-methyi-5-(0 H-pyrazol-5-y1)-2,3-
dibyvdrobenzold,Slimidazo{2,1-bloxazole-7T-carboxamide (33}). A mixture of {R}-3-bromo-
N-(4-{chlorodifluoromethoxy)phenyl)-3-methyl-2,3-dihydrobenzol4,5 fimidazo| 2. 1-
Aloxazole-T-carboxamide (33¢, 20 mg, 0.042 mmol), 5-(4,4.5,5-tetramethyi-1,3,2-
dioxaborolan-2-v1}-1H-pyrazole (32 84 mg, 0.169 mmol), K5PO: (2694 mg, 0.127 mmol)},
Pd(dpphHCl: (6.19 mg, 8.46 umol) and Boc:( {4 62 mg, 0,021 umol, 4.86 ul} in dioxane {2
ml} and H2O (0.2 ml.) was degassed and purged with N2 3 times. The mixture was stirred at
110 °C for 16 hr under N2 atmosphere. LCMS showed 33¢ remained. To this mixture was
added 5-(4,4,5 S-tetramethyl-13 2-dioxaborolan-2-vi}-1H-pyrazole (24.63 mg, 0.127 mmol),
K3P04 (17.96 mg, 0.085 mmol) and Pd{dppHCh (6.19 mg, 8.46 umol). The mixture was
stirred at 110 °C for 4 hr under Nz atmosphere. LCMS showed a peak with desired MS was
detected. TLC {ethyl acetate methanol = 10:1, Ry = 0 48} showed a new spot was generated.
The reaction mixture was concentrated and H>O {10 mL) was added. The mixture was
extracted with ethyl acetate (20 mi. « 3). The combined organic layers were washed with
brine (10 mL}, dned over anhydrous Na:50s, filtered and concentrated i vacuo. The crude
product was porified by prep-TLC {ethyl acetate:methanol = 10:1, Re= 0.48} to give a crude
product, which was farther purified by prep-TLC (BCM:methanol = 10:1, Re = 0.5} to give
33 as a white solid. MS mass calculated for [M+11" (C2:HisCIF2NsOs) requires m/z 460.1,
LCMS found m/z 460.1. 'H NMR (400 MHz, MeOD-ds) 8§ 8.00 (brd, J=9.7 Hz, 2H), 7.88-
7.81 {m, 3H), 7.29(d, /=88 Hz ZH} 679 {brs, 1H), 529 {brd, /=79 Hz 2H}) 479 (brd,
J=37Hz, 1H), 1L.00 (brd, J=49Hz, 3H).

Example 34 (General Procedure Q)

{R)-N-{4-(chlorodifluoromethoxy)phenyl}-4-(hydroxymethyi}-6-(1 H-pyrazoi-5-yi)-3,4-

dibvdro-1H-benzo[4,5]imidazo|2,1-c]{1,4]oxazine-8-carboxamide

[3459] This General Procedure O provides particular synthetic details as applied 1o the
title compound. Additional compounds can be prepared according to this method by varving

the coupling reagents and/or deprotection reagents.
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{3460} {(R}-methyl 6-bromo-4-(thydroxymethyl})-3.4-dihydre-1H-
benzo|4,5}imidazo|2,1-c]l1,4]oxazine-8-carboxylate {34b}. A solution of (R)-methyl 4-
{{benzyloxymethyl}-6-bromo-3 4-dihvdro- L -benzof4, 5 jimidazo| 2, 1-¢}{ 1 4 Joxazme-8-~
carboxylate (synthesized in a similar fashion to 8e; 34a, 1.2 g, 2.78 mmol} in TFA (10 mL}
was stirred at 75 °C for 16 howrs. LCMS showed the desired MS. The mixtire was
concentrated to afford 34b as a vellow o1l MS mass calculated for M1 {(CisHuBrN204)

requires m/z 341.0, LCMS found m/z 341.0.

{0461} {K)-6-bromo-4-(hydroxymethyl}-3,4-dihydro-1H-benzo{4,5jimidazo|2,1-
c}{i,4joxazine-8-carboxylic acid {34¢}). To a solution of (#}-methyi 6-bromo-4-
(hydroxymethyl}-3 4-dihvdro-1H-benzof4, 53 imidazo|2, 1-cii 1 4joxazine-8-carboxylate {34b,
0.95 g, 2.78 mmol) in THF (5§ mL), MeOH (5 mb) and H20 (1 mL) was added LA10H H:0
(233.71 mg, 5.57 mmol). The mixture was stirred at 50 °C for | hour. LCMS showed the
desired MS. The mixture was concentrated and the residue was dissolved mn water (3 mL).
The suspension was e¢xtracted with ¢thyl acetate (10 mb » 2} and to the water phase was
added HCI (1M} drop-wise until pH = 3. The precipitated solid was collected by filtration and
dried to afford 34¢ as a white solid. 'H NMR (400 MHz, DMSO-ds) 8 8.12 (s, 1H), 7.95(d, .J
=12 Hz 1H), 545-536 (m, 1H), 5.13-5.05 (m, 1H), 497488 (m, 1H). 438 (4. J=121
Hz, 1H), 4.02(brd. J=119Hz 1H), 390 (brd, /= 101Hz 1H) 367 {dt, /=59 101 Hz
1H).

3462} {K}-6-brome-N-(4-(chlorodifiuoromethoxyjphenyi}-4-(thydroxymethyl)-3,4-
dibvdro-1H-benzo[4,5]imidazo|2,1-c}{1,4]oxazine-8-carboxamide (34d). To a mixture of

{#)-6-bromo-4-(hvdroxymethyl}-3 4-dihydro-1H-benzol4,5 imidazo|2 1-c]] 1,4 Joxazine-8-
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carboxylic acid (34e¢, 0.85 g, 2.60 mmol} and 4-(chlorodiflusromethoxy)amline (1h, 528.13
mg, 2.73 mmol} in pyridine (10 mL) was added HATU (1.48 g, 3.90 mmol}. The mixture was
stirred at 40 °C for 6 hours. LCMS showed the desired MS. The reaction mixture was poured
mto water (30 mL} and the mixture was extracted with ethyl acetate (50 mL = 3}. The
combined organic lavers were washed with bring {100 mL x 23, dried over anhydrous
NSO, filtered and concentrated in vacuo. The residue was purified by colomn
chromatography (8102, petroleum etherethyl acetate = 100:1 to 0:1, Re = 04) give 34d as a
white solid. Mass calculated for [M+11" {CisHisBrUIFaNaQ4) requires mz 502.0, LCMS
found n/z 502.0; 'H NMR (400 MHz, CDClz-) 8 8.10 (brs, 1H), 8.04(d, J= 13 Hz, 1},
798(d, J=13Hz 1H),772(d.J=90Hz, ZH), 728 (s, 2H), 5.16 (d, J= 165 Hz, 1H},
SA2-506{m, 1H), 4943, /=163 Hz, 1H), 457, J=123Hz 1H},422{dd, J=28,
10.5 Hz, 1H), 4.15-4.08 (m, ZH}, 2.27 {brs, 1H).

10463} {Ry-N-(4-{chlorodifluoromethoxy)phenyl)-4-(hydroxymethyl)-6-(3 H-pyrazol-
5-y1)-3,4-dibydro-1#H-benzel4,5imidazo{2,1-c}]1 4]oxazine-8-carboxamid (34}, To a
mixture of (3-6-bromo-N-{4-(chlorodiflucromethoxy)phenyh-4-(hydroxymethyl}-3 4-
dihydro-1H-benzol4,5limidazo|2, 1 -c}} 1.4 joxazine-8~carboxamide (34d, 0.5 g, 0.995 mmol)
and pyrimidin-S-vlboronic acid (369.72 mg, 2.98 mmol) i dioxane (5 mL), HoO (0.3 mL)
was added K3PO4 (422 27 mg, | .99 mmol), PddppHiCh (72.78 mg, 0.099 mmol}, (BochD
(217.08 mg, 0.995 mymol, 228.51 uLl) under Na. The mixture was stirred at 110 °C for 16
hours. LCMS showed the desired MS. The muxture was filtered and concentrated. The
residue was purified by column chromatography (5102, petroleum ether: ethyl acetate = 100:1
to 0.1, Re=0.3) to give 34 as a vellow solid. Mass calenlated for [M+1]7 (CnHisCIF2NsO4)
requires »/z 490.1, LCMS found m/z 490.1; '"H NMR (400 MHz, MeQD-ds} & 8.29 (brs, 1H},
795(s, 1H), 784 (brd, /=86 Hz 3H}, 730 (brd, /=88 Hz, 2H), 6.7} {brs, 1H),5.17-
493 {(m,2H), 437 (brd, /=122 Hz 1H}, 408 (brd, /= 11.0 Hz, 1H), 3.60 (s, 1H), 3.53~
3.40 {m, 2H).

Example 35

{5)-N-{4-(chlorodiflusromethoxy)phenyl)-4-(fluoromethyi}-6-(1 H-pyrazol-5-yh-3,4-

dibvdro-1H-benzo[4,5]imidazo|2,1-c]{1,4]oxazine-8-carboxamide
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j3464] {$)-6-brome-N-{4-(chlorodifiuoromethoxyphenyl}-4-(fluoromethyi}-3,4-
dihydro-1H-bengzo|d Slimidaze]2,1-c}{1,4]oxazine-8-carboxamide {35a). To a mixture of
{(#)-6-bromo-N-{4-(chlorodifluoromethoxyiphenvh-4-thvdroxymethy}-3, 4-dihvdro-14-
benzol4,Sjimidazof2, 1 -c] | ,4]joxazine-8-carboxamide (34d, .03 g, .06 mmol) m DCM (2
mb} at 0 °C under N2 was added DAST (1924 mg, 0.119 mmol, 15.77 ub}. The mixture was
stirred at 25 °C for 8 hours. LCMS showed the desired MS. The crude product was purified
by prep-TLC (5102, petroleum etherethyl acetate = 0:1, Re = 0.6} to give 35a as a white
solid. MS mass calculated for [M+1]" (CroHuaBrCIFN;Os) requires mvz 504 .0, LCMS found
m/z 504.0.

[0465] {8)-N-(4-(chiorodiflueromethoxyiphenyi}-4-(fluoromethyl}-6-(0 H-pyrazol-5-
yi-3,4-dihydro-1H-benzo[4,5imidaze2,1-c}1 4joxazine-8-carboxamide (35). Toa
mixture of (8)-6-bromo-N~(4-{chlorodifluoromethoxyphenvi)-4-{fluoromethyl}-3,4-dihydro-
1H-benzof4, 5 jimidazo|2, I-c]{ | 4joxazine-8~carboxamude (38a, 10 mg, 0.02 mumol) and 5-
(44,5 5-<tetramethyl-1,3 2-dioxaborolan-2-viy-1H-pyrazole (11.53 mg, 0.059 mmol) in
dioxane {2 mL) and HoO (0.2 mb) was added {BocpO (4.32 mg, 0.02 mmol, 4.55 ul),
Pd{dppHCl (1.45 mg, 1.98 umol), K3PO4 (12.62 mg, 0.059 mmol}. The mixture was stirred
at 110 °C for 12 hours. LCMS showed the desived MS. The mixture was filtered and
concentrated. The residue was purified by prep-HPLC (column: Nano-micro Kromasil C18
100*30mm Sum; mobile phase: fwater(0 196TFA-ACNBY%: 36%-53%,10 min} to give 35
as a white solid. MS mass calculated for [M+1]7 {CoaH17CIFaNsO3) requires m/z 4971,
LCMS found m/z 492 1; 'THNMR (400 MHz, CDCL-d) 8 821 (brs, 1H), 8.11 (brs, 1H),
7.92 (s, 1H), 7.80-7.73 (m, 3H), 7.29 (s, ZH)}, 6.68 (brs, 1H), 533 {(brg, 1H), 518 (brd, /=
16,1 Hz, 1H}, 5.05-4.92 (m, 1H), 4.49-4.27 (m, 2H), 4 17-3 98 (m, 2H).

Example 36

{R)-N-{4-(chlorodifluoromethoxy)phenyl}-6-(3-hydroxyazetidin-1-vi}-4-methyl-3,4-
dibvdro-1H-benzo[4,5]imidazo|2,1-c]{1,4]oxazine-8-carboxamide
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{3466} {(F3-N-{4-{chlorodifluoromethoxyiphenyl)-6-(3-hydroxyaretidin-1-yi}-4-
methyi-34-dihydro-1H-benzo4,5limidazo2,1-c}|1,4}oxazine-8-carboxamide (36). To a
mixture of (f)-6-bromo-N-(4-(chlorodifluoromethoxy)phenyi}-4-methyl-3,4-dihydro-14-
benzo|4,5imidazof2 1-c}| 1 4]oxazing-8-carboxamide (32a, 20 mg, 0.041 mmol}, azetidio-3-
ol {36a, 15.02 mg, 0.205 nunol) in THF (0.8 mL) under N2 was added BretiPhos Pd G3 (3.73
mg, 4.11 umol} and -BuONa (2 M, 41.09 uL}. The mixture was stirred at 100 °C for 16 hrin
a sealed tube. LCMS showed a peak with desired MS. TLC (ethyl acetate methanol = 10:1,
Ri=0.47) showed a new spot was generated. The reaction mixture was concentrated. The
crude product was purtfied by prep-TLC {(ethyl acetate: methano! = 10:1, Ke= 0.47), which
was further punfied by prep-HPLC (Column: Waters Xbridge 150%25 Su; mobile phase:
fwater (10 mM NH4HCO3)-AUN]; B%: 25%-55%, 7 min) to afford 36 as a white solid. MS
mass calculated for [M+1} (CaaHo1 CIF2NaOs) requires m/z 479.1, LCMS found m/z 479.1;
TH NMR (400 MHz, MeOD-ds) 5 791 (d, /= 1.3 Hz, IH), 7.86-7.81 (m, 2H}, 7.54(d, J =
13 Hz 1H), 7.30(d, /= 9.0 He, 2H), 5.05-4.99 (m, 2H), 4.95 (s, 1H), 4.72-4.65 (m, 1H},
436{(brt. J=65Hz 1H), 422 (dd, /=33, 12.0 Hz, 1H}, 4.10-4.04 (m, 2H}, 4.02-3.96 (m,
1H), 354 J=63Hz, IH). 156 {d, J=64Hz 3H).

Example 37

N-{4-(chloredifiuveromethoxyphenyl}-9-(1H-pyrazol-5-vi}-1,2,3,4-

tetrahydrobenzo4.Slimidazefl,2-apyridine-7-carboxamide
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{8467} Methyl 9-bromo-1,2,3,4-tetrabydrobenzold,Slimidaze]l,2-alpyridine-7-
carboxylate {37b}. To a solution of methyl 3-amino-5-bromo-4-{pipendin-1-vijbenzoate
{synthesized in a similar fashion to 1d; 37a. 160 mg, 0.511 mmol) in formic acid (3 mL) was
added Hz02 (321.32 mg, 4.60 mmol, 441.79 ul., 30% purity}. The mixture was heated at
reflux temperature for 40 min. LCMS showed 37a was consumed completely and one main
peak with desired mass was detected. TLC {(petroleum ctheriethyl acetate = 2:1, Re= 0.20)
mdicated the reactant was consumed completely and one new spot formed. The mixture was
concentrated under reduce pressure. The residue was dissolved in ethyl acetate (30 mL). The
organic layers were washed with saturated aq. NaHCO; (10 mL = 3}, dried over Na:50q,
filtered and concentrated. The crude product was purified by prep-TLC {(petroleum
etherethyl acetate = 2: 1, Re = 0.20) to afford 37b as a white sohid. 'H NMR (400 MHz,
CDCl-d) 6 8.24-8.18 (m, 1H), 800 (d, J= 13 Hz, 1H), 4.61-4.55 (m, 2H), 3.87 (s, 3H),
3.09-3.01 {m, 2H), 2.10-2 .03 {m, ZH), 1.99-1 89 (m, ZH).

{8468} 8-Bromo-1,2,3,4-tetrahydrobenzo]d,Slimidaze[1,2-alpyridine-7-carboxylic
acid {37¢}. To a solution of methyi 9-bromo-1,2,3 4-tetrabhydrobenzof4, 5 fimidazo{1,2-
alpyridine-7-carboxylate (37h, 50 mg, 0.162 mmol) in MeOH (1 ;i) H2O (0 mL) and THF
{i mL) was added LiOH.Ha0 (13.57 mg, 0.323 mmol). The mixture was stirred at 50 °C for
2 hr. LCME showed 37b was consumed completely and one main peak with desired mass
was detected. The mixture was concentrated to remove THF and MeOH. Then 1M HClin
water was added to the reaction mixture drop-wise until pH = 5. The suspension was filtered,

and the filter cake was washed with HoO (1 mL) and dried to afford 37 as white solid. 'H
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NMR (400 MHz, CDCli-d) § 8.34 (d, J= 1.3 Hz, 1H), 831 (d, /= 1.2 Hz, 1H), 487484
(m, 2F), 3.32-3.32 (m, ZH), 2.28-2.06 (m, 4H).

[3469] 9-Brome-N-{4-(chlorodifluoromethoxy)phenyi}-1,2,3,4-
tetrahydrobenzol4,Slimidaroll, 2-¢lpyridine-7-carboxamide (37d). To a sohution of 9-
bromo-1,2,3 4-tetrabvdrobenzof 4,5 imidazo| 1, 2-aipynidine-7-carboxvlic acid (37¢, 47 mg,
0.139 mmol) in DMF (4 mL) was added HATU (72.66 mg, 0.191 mmol), DHEA (61.75 mg,
0.478 mimel, 83.22 ul) and 4-{chlorodifluoromethoxyaniline (3h, 61.66 mg, 0.319 umol).
The mixture was stirred at 15 °C for 16 hr. LCMS showed 37¢ was consumed completelv and
one main peak with desired mass was detected. TLC (cthy! acctate:methanol = 10:1, Re =
0.36} indicated 37¢ was consumed completely and one new spot formed. H2 O {20 mL} was
added to the mixture. The muixture was extracted with ethy! acetate (10 mL x 3}, The
combined organic layers were washed with brne (20 mL), dred over NaxSQq, filiered and
concentrated m vacuo. The crude product was purified by prep-TLC (ethvl acetate:methanol
= 10:1, Re= 0.36) to afford 37d as a white oil. 'H NMR (400 MHz, CDCla-d) 3 8.01 (d, J =
13Hz, 1H), 796(d, /= 15Hz 1H), 7.75-7.67(m, 2H), 715{(d, J=88 Hz, ZH), 460 (1, J
=62 Hz, 2H), 302 (t, /=635 Hz 2H), 2.09-2.04 {m, 2H), 1.97-1.88 {m, ZH}.

{36470} Ne{d-{chlorodiflucremethoxyiphenyl}-9-{1 H-pyrazol-5-y1)-1,2,3.4-
tetrahydrobenzol4,5{imidazo]l,2-a|pyridine-T-carboxamide (37). A mixture of 9-bromo-
N-{4-(chloroditffuoromethoxy)iphenvi}-1,2,3 4-tetrahydrobenzol4,5 jimidazo] 1, 2~afpynidine-7-
carboxamide {374, 20 mg, 0.042 mmol}, 3-{4.4,5,5-tetramethyl-1,3.2-dioxaborolan-2-yi}- 14~
pyvrazole (24.73 mg, 0.127 mmol), Pd{dppHCh (3. 11 mg, 4.25 umol} and K3P(a (27.06 mg,
0.127 mmol) m dioxane {1 mL} and HoO (0.1 mL) was degassed and purged with N2 3 times.
The mixture was stirred at 110 °C for 16 hr under N> atmosphere. LCMS showed 374 was
consumed completely and one main peak with desired mass was detected. TLC
{dichloromethanc:methanol = 10:1, Kr = 0.44) indicated 37d was consumed completely and
ong new spot formed. The nuxture was concentrated and HoO (10 mL) was added. The
mixture was extracted with ethyl acetate (10 mL x 33, The combined organic layers were
washed with brine (10 mL), dried over anhydrous Na:x50,, filtered and concentrated in vacuo.
The crude product was purified by prep-TLC (dichloromethanc:methanol = 10:1, Rr= 0.30)
to afford 37 as a white solid. MS mass calculated for [M+1]7 {CaxHieCIF2NsGr) requires mi/z
458 1, LCMS found m/z 458.1; 'H NMR (400 MHz, MeOD-dy) 6 8.26-823 {(m, 1H), 7.86~
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7.81 (m, 4H), 7.29 (d, 2H, J = 9.0 Hz), 6.62 (s, 1H), 3.86 (brs, 2H), 3.12 (brt, 2H, J= 6.1
Hz). 1.99 {brs, 4H).

Example 38 (General Procedure F)

{f}-N-{(4-(chiorodificoromethoxy)phenyii-4-hydroxy-9-(1H-pyrazel-5-vi}-1,2,3,4-

tetrabydrobenzo|4,5|imidazoll,2-ajpyridine-7-carboxamide

10471} The title compound was prepared according to Scheme 10. This General
Procedure P exemplifies Scheme 10 and provides particular svnthetic details as apphied to the

title compound.
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{6472} {Ry-methyl 9-bromo-2-hydroxy-1,2.3,4-tetrahydrobenzo}4,5limidazof1,2-
ajpyridine-7-carboxylate (39b} and (&)-methyl 9-bromo-4-hydroxy-1,2,3,4-
teirahydrobenzol4,5limidazo{l,2-alpyridine-7-carboxylate (38¢). A solution of methyl
{(R}-methyl 3-bromo-4-(3-hydroxypiperidin-1-y1}-S-nitrobenzoate (synthesized i a similar
fashion to 1d; 38a, 100 mg, 0.278 mmol) m AcOH (3 mL) was stirred at 30 °C. Iron powder
{155 48 mg, 2.78 mmol} was added slowly to the reaction mixture portion-wise over 32 hrs,

TLC (ethyl acetate:methanol = 10:1, Re = 0.37) showed two new spots were generated.
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LCMS showed two peaks with desired MS was detected. The reaction mixture was filtered,
and the filtrate was partitioned between ethyi acetate {50 mL} and HzO (50 mL). The
separated organic layer was washed with water (50 mL x 3), and then washed with saturated
NaHCOs agueous (30 mb x 3), dried over NazS04 and evaporated to dryness. The crude
product was purified by prep-TLC {(ethvl acetate methanol = 10:1, Re= 03} to give 38bas a
vellow solid. "H NMR (400 MHz, MeOD-ds) 3 8.16 (d, /= 1.1 Hz, 1H), 8.02 (d./= 1.3 Hz,
1H), 4.82-4.74 (m, 1H), 4.69-4.61 (m, 1H),4.50-442 (m, 1H), 3.93(s,3H)},3.25(dd, J=
6.7, 9.8 Hz, [H), 3.13-3.04 (m, 1H), 2.20-2.09 (m, 2H). The crude product was purified by
prep-TLC (ethyl acetate methanol = 10:1, Re= 0.37) to give 38¢ was obtained as a yellow
solid. '"H NMR (400 MHz, McOD-d) 5§ 827 (d. J=09Hz 1H),807(d,/=1.1Hz H),
4971, J=54Hz 1H), 479470 (u, 1H), 4.65-452 (m, 1H), 3.94 (s, 3H}, 238 {(brdd, /=
6.8, 13.5 Hz, 1H), 2.26-2.04 (m, 3H).

16473} {R)y-9-bromo-4-hvdroxy-1,2,3 4-tetrahydrobenzo{4,5]imidazo{l. 2-glpyridine-
7-carboxylic acid (384). To a sclution of (R}-methyl 9-bromo-4-hydroxy-1,2,3,4-
tetrahydrobenzo{d Shimidazo| 1, 2-a|pyridine-7-carboxylate {38¢, 25 mg, 0.077 mmol) n
MeOH (1 mL}, HoO (1 mL) and THF (1 mL) was added LiOH H20 (6.45 mg, 0.154 ramol}).
The mixture stivred at 30 °C for 2 hr. TLC {(ethyl acetate:methanol = 10:1, Rr= 0.0) showed a
new spot was generated. The mixture was concentrated to remove solvent, To the mixture 1M
HC! was added to the reaction mixture drop-wise until pH = 5. The mixture was

concentrated. and the crude product was used into the next step further without punfication.

{0474} {R3-9-bromo-N-{4-{chlorodifhuoromethoxyiphenyl}-4-hydroxy-1,2,3,4-
teirahydrobenzol4,3limidazo|l,2-alpyridine-7-carboxamide (38e). To a solution of (R}-9-
bromg-4-hydroxy-1,2.3 d-tetrahydrobenzol4, Simidazol 1 2-alpyndine-7-carboxylic acid
(38d, 30 mg, 0.096 mmol) 1o DMF (2 mL) was added HATY (34 99 mg, 0.145 mmol), DIEA
{124.62 mg, 0.964 nunol, 167.95 ul)) and 4-[chloro{difluoro)methoxyijaniline (1h, 28.00 mg,
0.143 mymol). The mixture was stitved at 15 °C for 16 hr. TLC (ethyl acetate:methanol = 10:1,
Re=03) indicated anew spot was generated. LCMS showed a peak with desired MS was
detected. The mixture was quenched with water (20 mb} and the mixture was extracted with
cthyl acetate (30 mi x 3). The combined organic layers were washed with brine (20 mi),
dried over anhvdrous NaxSOa, filtered and concentrated in vacuo. The crude product was

pusified by prep-TLL (ethyi acetate:methanol = 10:1, Re= 0.3} to give 38¢ as a vellow solid.
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{0475] (Ry-N-(4-{chlorodifluoromethoxy)phenyi}-4-hydroxy-9-(1 H-pyrazol-53-yi}-
1,23 4-tetrahydrobenzold Shimidazoll, 2-glpyridine-7-carboxamide (38}, A nuxture of
{#)-9-bromo-N-{4-{chlorodifluoromethoxy)phenyl}-4-hydroxy-1,2,3 4~
tetrabvdrobenzo{4,Shmidazof 1,2-ajpynidine-7-carboxamide (38e, 15 mg, 0.031 mmol), 3-
(4,45 S-<tetramethyl-1,3 2-dioxaborolan-2-v1y-1H-pyrazole (17.94 mg, 0.092 mmol},
Pd(dpphHCl: (4.51 mg, 6.16 umol}, KsPO4 (19.63 mg, 0.092 mmol} in dioxane (2 mL) and
H>(Q (0.2 mL) was degassed and purged with N2 3 times. The mixture was stirred at 120 °C
for 16 hr under N2 atmosphere. TLC (ethyl acetate:methanol = 5:1, Ry = 0.2) showed a new
spot was generated. LCMS showed a peak with desired MS was detected. The mixture was
concentrated. The crude product was purified by prep-HPLC (Colwmn:Lona C18 100%30 Su;
mobile phase: [water (0.225%FA)-ACNY, B%: 1%-50%, 12 mun} to give 38 as a white sohid.
Mass calenlated for [M+117 (CaaHieClFaNsOn) requires m/z 474.1, LOMS found mz 474.1;
"H NMR (400 MHz, MeOD-ds) & 8.34 (s, 1H), 7.88 (d, /= 1.6 Hz, 1H), 7.87-7.82 (m, 3H),
729(d. J=89Hz ZH), 6.62(d,.J=2.1Hz, 1H}), 501 (t,.J=51Hz 1H), 395376 (m,
ZH}, 2.19(brd, J=6.7 Hz, 2H}, 2.07-1 88 (m, 2H).

Example 39 (General Procedure Q)

{(f)-N-{(4-{chlorodiflesromethoxy)phenyl)-6-{(4-hydroxypyridin-2-y)-4-methyl-3,4-

dibydro-1H-benzold, Slimidaze{2,1-c}j1 4]oxarine-8-carboxamide

3476} This General Procedure Q@ provides particular synthetic details as applied to the
title corpound. Additional compounds can be prepared according to this method by varying

the coupling reagents.
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16477} {Ky-N-(4-{chlorodifluoromethoxy)phenvi)-4-methyi-6-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yi}-3.4-dihydro-1H-benzol4, Slimidaro[2,1-c}{1 4loxazine-8-
carboxamide (39a). A mixture of (K)-6-bromo-N-{4-(chlorodifluoromethoxy jphenyi)-4-
methyl-3,4-dihydro~-1H-benzof4.5 imidazo|2, I-c]] 1,4 joxazine-8-carboxamide (32a, 200 mg,
0.411 mmol), 4,45 S-tetramethyi-2-(4,4 5, 5-tetramethyl-13 2-dioxaborolan-2-y1}-1,3 .2~
dioxaborolane (939,17 mg, 3.70 mmol}, PA{OAC): (9.23 mg, 0.041 mmol), XPhos (4897 mg,
0.103 mumol) and KaPO4 (261.68 mg, 1.23 mmol} in dioxane (6.2 ml) was degassed and
purged with N2 3 times. The nuxture was stirred at 60 °C for 16 hr under N2 atmosphere
snder microwave. LCMS showed desired M5 was detected. The reaction mixtore was
concentrated under reduced prossure to remove solvent. The residue was purified by prep-

TLC (8102, petrolenm cther: ethyl acetate = 0:1) to afford 3%a as a white solid.

[0478] {(Fy-N-(4-{chlorodifluoromethoxy)phenyl)-6-(4-hydroxypyridin-2-yi)-4-
methyvi-3.4-dihydro-1 #-benzo[4,Slimidazo2,1-c} {1 ,4joxazine-8-carboxamide (39). A
mixture of (R)-N-(d-(chiorodiflusromethoxyv)phenyly-d-methyi-6-(4, 4,5 S-tetramethyl-1,3,2-
dioxaborolan-2-y1}-3 4-dihydro-14-benzo{4, 5 limidazo| 2, 1-c}{ 1 4joxazine-8-carboxamide
{3%a, 5 mg, 9.37 umol), 2-bromopyridin-4-ol (2.44 mg, 0.014 ramol), Pd{dppHiClz (685.43
ug, 9.37 umotl), NazCO: (2.98 mg, 8.028 mmol} in DME (0.5 mL) and H20 (0.1 mL) was
degassed and purged with N2 3 times. The mixture was stirred at 120 °C for 1 hr under Na
atmosphere in a microwave reactor. LCMS showed 3%a was consumed completely and
desired MS were detected. The reaction nuxture was concentrated under reduced pressure fo
remove solvent. The residue was purified by prep-HPLC (column: Xtimate 18
150%25mm* Sum;, mobile phase: fwater(10mM NHHCGO:3-ACNEBY: 25%-55%, 10mun} to
afford 39 as a white solid. MS mass calculated for [M+1}7 (CaaHioCIF2N4O4) requires nv/z
5011, LCMS found m/z 501.1; "H NMR (400 MHz, MeOD~d 86841 (d,J=15Hz, 1H),
83.03{(brd, J=68Hz 1H),796(d.J=15Hz 1H), 7.88-781 {(m, 2H), 7.29(d, /= 8.8 Hz,
ZH), 6.79 (brs, 1H). 668 (brd, /=68 Hz, 1H), 5.15-4.96 (m, 2H), 4 46 {brs, 1H), 413 (br
d, J=31Hz 1H), 39, J=123Hz 1H), 1.14(d, .J=6.6 Hz, 3H).

Example 40 (General Procedure B}

(8)-N-{4-(chlorodiflusromethoxy)phenyl}-2-(-hydroxyethyl)-1-isopropyl-7-(1 H-

pyrazol-3-yl)- 1 H-benvoldlimidazole-S-carboxamide
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[8479] This General Procedure R provides particular svnthetic details as apphed to the
title compound. Additional compounds can be prepared according to this method by varying

the coupling reagents.
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[0480] {(83-3-bromo-N-{(4-(chiorodifluoromethoxy)phenyl}-5-(2-
hydroxypropanamido)-4-(isopropylaminojbenzamide (468a). To a solution of 3-amino-5-
bromo-N-{4-{chlorodifhioromethoxy)phenyl)-4-(isopropyviaminobenzamide (8a, 350 mg,
0.78 mmol} in DCM (1 mL) was added DIEA (302.44 mg, 2.34 mmol, 407.60 ul), (28)-2-
bydroxypropanoic acid {140.33 mg, 1.56 munol, 116.14 ul)) and 2-chloro-1,3-
dimethylimidazolinium chlonide (158.24 mg, 0.936 mmol). The mixture was stirved at 15 °C
for 4hr. TLC (petroleam ether:Ethyl acetate = 1.1, Re = 0.45) indicated 9a was consumed
completely and one major new spot with larger polarity was detected. LCMS detected the
desired MS. The reaction muxture was diuted with H20 (20 mL) and extracted with DCM
{10 mL = 3}. The combined organic layers were washed with brine (30 mL), dried over
Na:504 filtered and concentrated vnder reduced pressure to give a residue. The residue was
purified by prep-TLC (8102, petroleum cther:ethyl acetate = 1:1) to afford 40b as a white
solid. 'H NMR (400 MHz, MeOD-ds} 5853 (d, /=24 Hz, 1TD), 7.99(d, J=2.0 Hz, IH),
7.83-780 (m, 2H), 730 ¢brd, S =93 Hz, 2H}, 434 {q, /=68 Hz, 1H), 356 (td, J = 6 4,
1277Hz, 1H), 149 (d, /=68 Hz, 3H), 1 24 {d,J=6.4 Hz 6H).

{06481} ($3-T-bromo-N-{(4-(chlorediflueromethoxy)phenyl}-2-(L-hydroxyethyl)-1-
isopropyi-1H-benzojd]imidazole-5-carboxamide (40b). To a solution of (5)-3-bromo-N-{4-
(chlorodifluoromethoxy)phenvl)-53-(2-hydroxypropanamido)-4-(isopropylamino)benzamide

(482, 40 mg, 0.077 mmol} in toluene (1 mL) was added 4-methylbenzenesulfonic acid (2.65
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mg, 0.015 mmol}. The mixture was stirred at 100 °C for 4hr. TLC {(petroleam etherethyl
acetate = 1.1, Re= 0.15) indicated 48a was consumed completely and one major new spot
with farger polarity was detected. LUMS detected the desived MS. The residue was diluted
with H20O (20 mb) and extracted with DCM (10 mL ~ 3}, The combined organic lavers were
washed with brine (30 mL}, dried over NaxSO4, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC {510s, petroleum
ether:ethyl acetate = 1:1) to afford 40b as a white solid. 'H NMR (400 MHz, MeQOD-d4) §
829 (s, 1H). 814 (brs, 1H), 786(d, /=93 Hz, 2H), 732 (brd, /=93 Hz, 2H}, 4.92-4.92
{m, 1H), 4.87-4.86 (m, 1H), 1.91 (brs, 3H), 1.76{(br d, J= 6.4 Hz, 6H).

[3482] (8)-N-{4-(chlorodiffusromethoxyiphenyl}-2-(1 -hydroxyethyl}-1-isopropyl-7-
{1 H-pyrazol-5-yD-1H-benzo|dlimidazole-S-carboxamide (48}, A mixtare of {(83-7-bromo-
N-{4-(chlorodifluoromethoxviphenvl)-2-(1-hvdroxyethyvh)-1-1sopropyi-14-
benzold]imidazole-S-carboxamide (48b, 10 mg, 0.02 mmol), 5~(4.4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-y1}-1H-pyrazoie (11.58 mg, .06 mmol), KsP34 (12.67 mg, §.06 mmol},
Pd{dppHHClz (1 46 mg, 1.99 umol} and 5-(4,4.5 S-tetramethyl-1,3 2-dioxaborclan-2-vi}-1H-
pyrazole {11.58 mg, 0.06 mmol) in dioxane {1 mb) and Hz0 (0.1 mL) was degassed and
purged with N2 3 times. The mixture was stirred at 115 °C for 4 hr under N2 atmosphere.
TLC (ethyl acetate:methancl = 20:1, Re= 0.24) mndicated 40b was consumed completely and
one major new spot with larger polarity was detected. LUMS detected the desired MS. The
reaction mixture was concentrated under reduced pressure to remove solvent. The residue
was diluted with HoO (20 mb) and extracted with ethyl acetate (10 mL » 3}. The combined
organic favers were washed with brine (30 mL), dried over Naz504, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by prep-TLC {ethy!
acetate methanol = 20: 1) to afford 40 as a white solid. Mass calculated for [M+1]7

(Cosbn CIF:N5O3) requires m/z 490.1, LCMS found m/z 490.1; 'H NMR (400 MHz, MeOD-
day 6 834 (brs, 1H), 7.92-7.79 (m, 4H), 7.29(d, /=93 Hz, 2H), 6.61(d, /= 2.0 Hz, 1H}),
529{(q,J=06.0Hz, 1H),476 (brs, 1H), 1.73(d, /=64 Hz 3H), 1 45{dd, /=71, 12.0Hz,
6H).

Example 41

{(f)-N-{d-{chlorodifluoromethoxy)phenyl)-4-methyl-6-(pyrrolidin-1-yB-3,4-dibydro- 141~
benzold, SHimidaze|2,i-c}{1,4]oxazine-8-carboxamide
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{3483} {(F3-N-{4-{chlorodifluoromethoxyiphenyi)-d-methyl-6-{pyrrolidin-1-y}-3,4-
dihvdro-1H-benzoj4,5)imidazo]2,1-c}{1,4]oxazine-8-carboxamide (41). A mixture of (K)-
6-bromo-N-(4-(chlorodifluoromethoxy phenyl}-4-methyi-3 4-dihvdro- LH-
benzo|4,5imidazof2 -] 1 4loxazing-8-carboxamide (32a, 50 mg, 0,103 mmol), pyrroliding
{438.39 mg, 6.16 mmol, 514.54 ul), (BusNCulx)z (23.00 mg, 0.621 mmol}, Cs2C0O; (66.95
mg, 0.205 mmol) and 3,4,7 8-tetramethyi-1, 1 0-phenanthroline (2.43 mg, .01 mmol} in
dioxane (2 mL) was degassed and purged with Nz 3 times. The mixture was stirred at 120 °C
for 16 hr ander Nz atmosphere. LCMS showed desired mass was detected. The reaction
mixture was filtered and concentrated under reduced pressure to give a residue. The residue
was purified by prep~TLC (8102, cthy! acetate: methanol = 20:1) to afford 41 as a white solid.
Mass calculated for [M+11 (CusHaCIF2N4Gs) requires mvz 4771, LOMS found m/z 477 1.
TH NMR (400 MHz, CDCl-d) 861 (s, 1H), 7.74 (d, /= 9.0 Hz, 2H), 725 (s, 1H). 722 {d. J
=6.6 Hz, 2H), 5.16-4.92 (m, 2H), 447 (brs, 1H}, 4.15-4.00 {m, 2H), 3.26 (brs, 4H), 2.12
(brs, 4H), 1.63 {d, J= 6.6 Hz, 3H).

Example 42 {General Procedure S)

{(R)-N-{4-(chlerodifluoromethoxyiphenyl)-3-methyl-S-{pyridazin-3-y1}-2,3-
dihydrobenzo(4,S|imidazo]2,i-bloxazole-7-carboxamide

{0484} This General Procedure S provides particular synthetic details as applied to the
title compound. Additional compounds can be prepared according to this method by varving

the coupling reagents.
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{(#3-3-amino-S-bromo-4-({1-{{tert-butyldimethylsilyljoxy)propan-2-yvijamino}-

~

N-{4-{chlorodifluoromethoxyjphenyl)benzamide (42a). A mixture of (K)-3-amino-5-

bromo-N-{4-(chlorodifluoromethoxyphenyl)-4-({1-hydroxypropan-2-ylamino}benzamide
{33a, 2 g, 430 mmol}, midazole (439,50 mg, 6.46 mmol}, TBSCI (973,05 mg, 6.46 mmol,
791 10 ul) and DMAP (52.58 mg, 430.40 umol} in DCM (30 mL) was degassed and purged

with N» three times, and then the maxture was stirred at 15 °C for 2 hr under a Nz atmosphere.

TLC (petroleum ether:ethyl acetate = 3:1, Rr= 0.5) showed a new spot was gencrated. LCMS

showed a peak with desired MS was detected. The reaction mixture was concentrated and

H20 (20 mL) was added. The agueous phase was extracted with ethy! acetate (30 mL x 3).

The combined organic lavers were washed with brine (10 mL), dried over anhydrous NaxS{a,

filtered and concentrated in vacuo. The crude product was purified by silica gel column

chromatography (petroleum ether:ethyl acetate = 10:1~5:1) to give 42a as a vellow oil. 'H
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NMR (400MHz, CDCli-d) & 7.69 (br s, 1H), 7.66 (4. J= 9.0 Hz, 2H), 7.37(d, J= 1.8 Hz,
1H), 7.25 (brd, J = 8.8 Hz, 2H), 7.14 (d. J= 1.8 Hz, 1H), 4.31 (br 5, 2H), 3.78-3.66 (m, 2H),
3.62-3.50 (m, 2H), 1.15(d,.7= 6.2 Hz, 3H). 0.94 (s, 9H), 0.11 (s, 6H).

{3486} {(#3-T-brome-1-{1-{{tert-butyldimethyksilylloxypropas-2-yh-N-(4-
{chlorodifluoromethoxy)phenyl)-2-thioxo-2,3-dihydro-1H-benzo|dlimidazole-5-
carboxamide (42b). A nuxture of (#)-3-ammo-5-bromo-4-({1-({tert-
butyldimethylsilyDoxy)propan-2-ylamine }-N-(4-{chlorodiflocromethoxy jphenybenzamide
{42a, 2.4 g, 4 15 mmol}, diimidazol-1-ylymethancthione (2.22 g, 12.44 mumol), DIEA (1.07
g, 8.29 mmol, 1.44 mL) in THF (20 mL) was degassed and purged with N three times. The
mixture was stirred at 60 °C for 16 hr under a No atmosphere. TLC {petroleum etherethyl
acetate = 2.1, Re = 0.54) mdicated a new spot was generated. LCMS showed a peak with
desired MS was detected. The nuxture was concentrated and H2O (50 mL) was added. The
agueous phase was extracted with ethyl acetate (50 mL x 3). The combined organic lavers
were washed with brine {20 mL}, dried over anhydrous NaxSQs, filtered and concentrated m
vacuo. The crude product was purified by silica gel column chromatography {(petroloum
ether: ethy! acetate = 8:1-~2:1) to give 42b as a vellow solid. 'H NMR (400MHz, CDCls-) §
21, THY, 796 (s, 1H), 7.86¢(d, J= 11 Hz, 1H), 7.75-7.67 {(m, 3H}, 728 (5, 1H), 7.26 (s,
1H), 6.11-597 (m, 1H), 499, 7=96Hz 1H), 395(dd. J=51,104 Hz, 1H), 1.86(d, J=
7.1 Hz. 3H), 0.68 (s, 9H), 0.00 (s, 3H).-0.12 (s, 3H).

{6487} {Ry-T-bromo-1-(1-((tert-butvidimethvisilyl}oxyipropan-2-yh-N-(4-
{chlorodifluoromethoxyjphenyi)-2-{methyithic}- 1 H-benzold]imidazole-S-carboxamide
{42¢). To a solution of (R)-7-bromo-1-(1-{(tert-butvidimethvisilvljoxy)propan-2-y1)-N-(4-
{chlorodiflucromethoxyphenyl}-2-thioxo-2,3-dihvdro-1 H-benzo[dlimidazole-5-carboxamide
{42b, 2.4 g. 3.86 mumol) in DMF (20 mL) was added Mel (822 82 mg, 5 80 mmol, 360.89 oL}
and KoCO3 (1.07 g, 7.73 nunol). The mixture was stirred at 15 °C for 2 hr. TLC {(petroleum
ctherethyl acetate = 2:1, Re= 0.72) mdicated a new spot was generated. LCMS showed a
peak with desired MS was detected. The mixture was quenched with water (50 mL) and
extracted with ethyl acetate {50 mL x 3}, the combined organic layers were washed with brine
{20 mL). dried over anhydrous Na:SOq4, filtered and concentrated in vacuo. The crude product
was purified by silica gel column chromatography {petroleum etherethyl acetate = 3:1~2: 1)
to give 42¢ as a vellow oil. TH NMR (400MHz, CDCli-d) 6 8.03 (d, J = 1.6 Hz, 1H), 7.97 (4.
J=1.6Hz, 1H), 789 (s, 1H), 7.74-7.67 {m, 2H}, 728 (s, IH), 7.25 (s, IH). 6.21-6.05 (m,
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1H), 428 (dd, J= 9.2, 10.4 Hz, 1H), 3.89 (dd, J= 5.7, 10.6 Hz, 1), 2.83 (s, 3H), 167 (d, J =
7.3 Hz, 3H), 0.67 (s, 9H), -0.04 (s, 3H), -0.18 (s, 3H)

j(3488] {(F3-7T-bromeo-N-(4-(chlorodifluoromethoxy)phenyvi}-1-(1-hydroxypropan-2-
yi-2-(methylthio}- 1 H-benzo{dlimidazole-S-carboxamide {42d}. To a solution of (#}-7-
bromo-1-(1-{(tert-butyldimethyisitvloxypropan-2-v1}-N-(4-
{chlorodifluoromethoxyipheny!}-2-(methyithio)- LA -benzofd jinudazole-3-carboxamide (42¢,
1 g, 1.57 mmol} in THF (20 mL) was added TBAF (1M, 1.73 mL)}. The muxture was stirred at
15 “C for 3 br. TLC (petroleum ctherethy! acetate = 0:1, Re = .65} showed a new spot was
generated. LCMS showed a peak with desired MS was detected. The mixture was gquenched
with AcONH (30 mL) and extracted with ethyl acetate (50 mL x 3). The combined organic
lavers were washed with brine (20 mL), dried over anhydrous Nax504, filtered and
concentrated in vacuo. The crude product was purified by silica gel column chromatography
{petroleum ether:ethyl acetate = 3:1~0:1) to give 42d as a vellow solid. 'H NMR (400MHz,
CDCL-) 88,63 (s, 1H), 787(d, J=90Hz, 2H), 762 (d, J=17Hz 2H)}, 731{d, /=88
Hz, ZH), 6,14 (ddd, =46, 74, 100 Hz, 1H), 459 (dd, /=100, 12.7Hz, 1H). 391 {dd, J=
44,128 Hz, 1H), 2.84 (s, 3H), 1.59(d, /=73 Hz, 3H).

[3485] {(#}-5-brome-N-{4-(chlorodifluoromethoxyphenyi}-J-methyl-2,3-
dihvdrobenzo4,5limidazo|2,1-bjoxazole-7-carboxamide (42e} A solution of (K)-7-bromo-
N-{4-(chioroditluoromethoxy phenyi}- 1-(1-hydroxypropan-2-y-2-(methylthio)- 1 H-
benzo|dlimidazole-5~-carboxamide (42d, 500 mg, 960.11 umol) in DMF (6 mL} was degassed
and purged with (1 three times and the mixture cooled to 0 °C. NaH (46.08 mg, 1.15 mumol,
60% purity, 1.2 eq) was added. The nuxture was stirred at 0~15 °C for 6 hr under G2, TLLC
{petroleum cther: ethyl acetate = 1:2, Rr= 0.5} showed a new spot was generated. LCMS
showed a peak with desired MBS was detected. The mixture was quenched with NH4Cl1 (50
mk} and extracted with ethyl acetate (50 mL x 3), the combined organic lavers were washed
with brine (20 mL}, dried over anhydrous NaxSQy, filtered and concentrated in vacuo. The
crude product was purified by silica gel column chromatography (petrolevm ctherethyl
acetate = 2:1~0:1) to give 42e as a white solid. 'H NMR (400MHz, CDCl-0) 8 824 (s, 1H),
790{dd, J=13, 159 Hz 2H), 7.74 (d, /=90 Hz, 2H), 7.25 (s, 1H), 5.29-5.19 {(m, 1H),
5.09-498 (m, 1H), 478(dd, /=22, 86 Hz, 1H), 1.69(d. /=64 Hz 3H)
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{0494] (Ry-N-(4-{chlorodifluoromethoxy)phenyi)-3-methyi-5-(pyridazin-3-y1}-2,3-
dibyvdrobenzold,Slimidazo{2,1-bloxazole-7T-carboxamide (42} A mixture of {R}-3-bromo-
N-(4-{chlorodifluoromethoxy)phenyl)-3-methyl-2,3-dihydrobenzol4,5 fimidazo| 2. 1-
bloxazole-T-carboxamide (42e, 25 mg, 52 89 umol), tnibutyl{pvridazin-3-ylstannane (39.05
mg, 105.78 umol, 2 eq), palladivm;tritert-butyiphosphane (2.70 mg, 529 umol, 0.1 eg} in
dioxane {2 mL) was degassed and purged with N2 three times, and then the mixture was
stirred at 110 “C for 16 brunder No. TLC (ethyl acetate:methanol = 10:1, Re=0.31) showed a
new spot was generated. LCMS showed a peak with desired MS was detected. The reaction
mixture was concentrated and H20O (20 mL) was added. The agueous phase was extracted
with ethvl acetate (30 mL x 3). The combined organic layers were washed with brine (10
ml}, dried over anhydrous Nax50q, filtered and concentrated in vacuo. The crude product
was purtfied by prep-TLC {(ethyl acetate:methanol = 10:1, Re= 031} to give a crude product,
which was further purified by prep-HPLC {Column: Luna C18 100%30 5u; mobile phase:
[water (0.225%FA)-ACN]; B%: 20%-70%, 12 min.) to give 42 as a light vellow solid. MS
mass calculated for [M+1T {CaoHisClFaNsOs) requires m/z 4721, LCMS found m/z 472 .0,
1H NMR (400MHz, MeOD-dy) 3928 (dd, J= 1.5, 49 Hz, 1H), 833 (dd, /= 1.5, 8.6 Hz,
1H), 8.21-8.17{m, 1H), 8.16(d, /= 1.6 Hz, 1H}. 795 (dd, J=5.0, 8.6 Hz, 1H), 7.88-7.84
(o, ZH), 7.31 (d, /= 9.0 Hz, 2H), 539-526 (m, 2H), 483 {dd. /=28, 84 Hz, 1H}, 0.94 (d,
J=6.4Hz, 3H).

Example 43 {General Procedure T)

{5)-N-(4-{chlorodiflusromethoxyjphenyl)-2-hydroxy-3-(pyrimidin-5-y1}-1,2,3,4-

Tw
i

tetrahydrobenzol4,5limidaroll 2-a]pyridine-7-carboxamide

8491} This General Procedure T provides particular synthetic details as applied to the

title compound. Additional compounds can be prepared according to this method by varving

the coupling reagents.
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[3492] (S}-methyl 3-amino-5-bromo-4-{3-({tert-hutyidimethvisilyoxyipiperidin-1-
vitbenzoate {43b). To a mixture of (8)-methvl 3-amino-5-bromo-4-(3~hydroxvpiperidin-1-
viybenzoate (synthesized in a similar fashion to 1d; 43a, 970 mg, 2.95 mmol) and imidazole
{501.52 mg, 7.37 mmol} in DCM (20 mL) at 20 °C was added TBSCL (666.18 mg, 4 .42
mmol) and DMAP (36.00 mg, 0.295 nunol) in one portion under N2, The nuxture was stirred
at 20 °C for 12 hours. TLC (petroleum etherethyl acetate = 3.1, Re= 0.7) ndicated 43a was
consumed completely and one new spot formed. The mixture was washed with water (8 mL
x 3} and brine (8 mL}, dried over Na:SQO4, filtered and concentrated to give 43b as a yellow

oil, which was used in the next step without further purification.

{6493} {($r-methyl S-brome-2-({tert-butyldimethyisityhoxy-1,2,3,4-
tetrahydrobenzol4,5}imidaze|l,2-a|pyridine-7-carboxylate (43¢). To a solution of (5)-
methy] 3-amine-3-bromo-4-3-({tert-butvidimethylsidyloxy)piperidin-1-yhbenzoate {43b,
1.18 g, 2.66 mmol} in 2 2 2-trifluorocthanol (10 mL) at 20 °C ander N» was added
chlﬁroiridium;(EZ,SZ)-cycioocta~1,5~diene (268.11 mg, 0.399 mumol) in one portion. The
mixture was heated to 85 °C and stirred for 72 hours. LCMS showed 43b was consumed
completely and one main peak with desired mass was detected. TLC (petroleum ether:ethyl
acetate = 1.1, Re= 0.4} indicated 43b was consumed completely and one new spot formed.
The reaction mixture was concentrated under reduced pressure to remove solvent. The
residue was purified by column chromatography (5102, petroleum cther/ethvl acetate=20/1 to

2/1) to give 43¢ as a vellow oil. 'H NMR (400 MHz, CDCla-d) 5 8.30 (s, 1H), 8.08 (s, 1H).
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4.69-4.57 (m, 2H), 4.46 (brd, J = 3.9 Hz, 1), 4.15-4.06 (m, 1H), 3.95 (s, 3H), 3.41-3.29
(m, TH), 3.12-3.07 (m, 1H), 2.13-2.00 (m, 1H), 0.88 (s, 9H}. 0.15 (br d, J = 6.4 Hz. 6H).

(3494} (3)-methyl Sbromo-2-hydroxy-1,2.3.4-tetrahydrobenzol4,Slimidazof1,2-
aipyridine-7T-carboxylate (43d}. To a sohution of {5)-methy! 9-brome-2-{{tort-
butyldimethyisiyloxy)-1,2,3,4-tetrahydrobenzol4, S imidazol 1, 2-ajpyridine-7-carboxylate
{43c, 550 mg, 1.25 mmol} in THF (10 mL) at 20 °C was added TBAF (iM, 1.38 mL} in one
portion. The mixture was stirred at 20 °C for 30 min. TLC (ethyl acetate methanol =10:1}
mdicated 43¢ was consumed completely and one new spot formed. The mixture was
concentrated under reduced pressure. The residue was dissolved mto EtOAc (20 mL), washed
with water (7 mL x 3) and brine (5 mL), dried over Naz50,, filtered and concentrated to give
43d as a yellow oil, which was used in the next step without further purification. 'H NMR
(400 MHz, DMSO-ds} 38.09(d. /=13 Hz, 1H), 790 (d, J=135Hz, iH),534({d, /=34
Hz, 1H), 457 (d./=3.9 Hz 2H), 437-4.28 {m, 1H), 3.87 (s, 3H), 3.18-2.96 (m, 2H), 2.04-
1.99 (m, ZH).

[(3495] {$}-9-bromo-2-hydroxy-1,2,3 4-tetrahydrobenzo}4,5limidazo{l,2-g|pyridine-
T-carboxvhe acid (43e}. To a solution of (3)-methyl 9-bromo-2-hydroxy-1,2,3 .4~
tetrahydrobenzold Shmidazof 1, 2-ajpyridine-7-carboxylate (434, 320 mg, £.984 mmol) in
THF at 20 °C (5 mL) and HoO (2 mbL) was added LiOH H:0 (61 .95 mg, 1 48 numol) in one
portion. The mixture was stirved at 20 °C for 16 hours. LCMS showed 43d was consumed
completely and one main peak with desired mass was detected. The reaction mixture was
concentrated under reduced pressure to remove solvent. The residue was dissolved mto H20
(1 mL) and the pH was adjusted to 4-5 by HCI (1M). The muxture was filtered and the filter
cake was washed with HzO (0.5 mL} to give 43e as a white solid, which was used in the next
step without further purification. 'H NMR (400 MHz, DMSO-ds) 6 8.05 (s, 1H), 7.88 (s, 1H),
5.41-5.28 (m, 1H), 4.56 (brs, 2H), 4.38-4.25 (10, 1H}, 3.16-2.91 (m, 2H), 1.99 {(brs, 2H).

{6496} {$3-9-bromo-N-{(4-{chlorodifluoromethoxy)phenyl}-2-hydroxy-1,2,3,4-
tetrabhydrobenzol4,5}imidazo|l,2-a|pyridine-7-carboxamide (43f}). To a mixture of (5)-9-
bromg-2-hydroxy-1,2.3 d-tetrahydrobenzol4, Simidazol 1 2-alpyndine-7-carboxylic acid
{43e, 280 mg, 89994 uymol} and HATU (376 40 mg, 989 .93 umol) in BMF (3 mb) at 20 °C
was added 4-{chlorodifluoromethoxy)aniling (1h, 209.05 mg, 1.08 munol) and DIPEA

(232.62 mg, 1.80 mmol) in one portion. The mixture was stirved at 20 °C for 12 hours. LCMS
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showed 43¢ was consumed completely and one main peak with desired mass was detected.
TLL (methanol . dichloromethane = 1001, Re= 0.41) indicated 43¢ was consumed completely
and one new spot formed. The mixture was poured into EtOAc (20 mL), washed with water
{5 mL x 4} and brine {§ mL), dried over NaxSQ4, filtered and concentrated. The residue was
purified by prep-TLC (8102, cthyl acetate:methanol = 10:1} to give 43f as a vellow solid. 'H
NMR (400 MHz, CDCl-d) 8 1047 (s, 1H), 8.25(d,J=1.1Hz 1H} 799{d. /=12 Hz,
1H), 796-790 (m, 2H), 736 (d. /=89 Hz, 2H}, 537(d, /=34 Hz, 1H), 458(d, J=38
Hz, 2H), 4 38-4.30 (m, 1H}, 3.22-2.96 (m, 2H), 2.04-1.99 (m, 2H).

[0497] ($3-N-(4-(chlorodifluoromethoxyiphenyi)-2-hydroxy-9-{pyrimidin-5-yi}-
1.2,3,4-tetrabvdrobenzefd Slimidaze|l,2-a]pyridine-7-carboxamide (43}. To a mixture of
{(8)-9-bromo-N-{(4-{chlorodifluoromethoxyphenvl)-2-hydroxy-1,2,3 4-
tetrahydrobenzol4,5 imidazof 1,2-a|pyrdine-7-carboxamide (43f, 30 mg, 0.062 mmol} and
pyrimidin-5S-viboronic acid (13.28 mg, 0.123 mmol) in dioxane (2 mL) and Ho0O (0.2 mL) at
20°C under Nz was added Pd{dppHHCh (4.51 mg, 6.16 umol} and KsP04s (39.25 mg, 184.92
umol} in ong portion. The mixture was heated to 110 °C and stirred for 12 hours, LCMS
showed 43f was consumed completely and one main peak with desired mass was detected.
TLC (ethyl acetate:methanoi = 10:1, Re= 0.4) indicated 43§ was consumed completelv and
one new spot formed. The mixture was filtered through a Celite pad. The pad was washed
with EtOAc (10 ml) and the filtrate was concentrated to give the crude product. The residue
was purified by prep-TLC (510:, cthy] acetate:methanol = 10:1) 1o give 43 as a vellow sohid.
Mass calculated for [M+1T" {(CasHuisCIF2NsOs) requires sz 486.1, LCMS found m/z 486.1;
'H NMR (400 MHz, DMSO-ds) 5 10.44 (s, 1H), 9.34 (5. 1H), 9.06 (s, 2H), 837 (d. J= 1.6
Hz, 1H), 794 (d, /=92 Hz 2H), 776 (d. /=15 Hz, 1H), 7.37(d,.7=90Hz, 2H), 5.16 (d,
J=33Hz IH),412brd, J=21Hz, 1H),384{dd, /=37 11.7Hz, 1H),345(rdd, /=
44, 11.7Hz, 1H), 3.19-2.97 (m, 2H}, 2.02-1.92 {m, 2H}.

Example 44 {General Precedure U)

{5)-N-{4-{chlorodiflueromethoxyiphenyl}-3-hydroxy-6-(1 H-pyrazol-5-y1}-3,4-dihydro-
2H-benzol4,5limidazc]2,1-5{{1,3]oxazine-8-carboxamide
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[0498] This General Procedure U provides particalar synthetic details as applied to the

title compound. Additional compounds can be prepared according to this method by varying

the coupling reagents,
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[6499] {$3-3-bromo-N-(4-(chlorodifluoromethoxy)phenyl}-4-((2,3-
dibydroxypropyljamine}-5S-nitrobenzamide {44b}. To a mixture of 3-bromo-N-(4-
{chlorodifluoromethoxy)phenvl}-4-fluoro-S-nitrobenzanude (24¢, 1.2 g, 2.73 mmol) and (5})-
J-aminopropane-~-1,2-diol (44a, 261.16 mg, 2. 87 mmol, 221 32 ul} in EtOH (3 mL) was
added TEA (552 49 mg, 5.46 mumol, 759 .96}, The mixture was stirred at 25 °C $for 12 hours.
LCMS showed the desired MS. The mixture was concentrated and poured into water, filtered
to give 44b as a red solid. 'H NMR (400 MHz, Me(OD-ds) § 853 (d, /= 2.1 Hz, 1H), 8 38 (d,
Je=22Hz, 1H), 7.80{d, /=90 Hz, 2H}, 7.28 (br d. ./ = 8.9 Hz, 2H), 3.83-3.75 {m, 1H)},
3.61-3.41 (m, 3H), 3.26-322 (m, I1H).
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16504 3-bromo-N-{4-{chlorodifluoromethoxyiphenyi}-S-nitro-4-({{{45)-2-phenyl-1,3-
dioxolan-4-ylmethyl}amine}benzamide (444}, To a muxture of (8)-3-bromo-N-(4-
{chlorodifluoromethoxyiphenvi}-4-((2,3-dithydroxvpropyliamine)-S-nitrobenzamide (44b, 1.2
g, 2.35 mmol} and TsOH (40.46 mg, 0.235 mmol) in DCM (10 mL} at 0 °C under Na was
added dimethoxymethvlbenzene (44¢, 1.07 g, 7.05 mmol, 1.06 mL). The mixture was stirred
at 25 °C for 12 hours. TLC (petroleun etherethyl acetate = 3.1, Be = 0.60) indicated 44b was
consumed completely and two new spots formed. The mixture was extracted with ethyl
acetate (30 mL x 3}, the combined organic lavers were washed with brine (50 mi x 2}, dried
over anhydrous NaxSQq, filtered and concentrated in vacuo. The residue was purified by
coluom chromatography (8100, petroleum etherethyl acetate = 100:1 to 31, Re= 0.60) 10
give 444 as a vellow solid. 'H NMR (400 MHz, DMSO-ds) & 10.46 (s, 1H), 10.43 (s, 1H),
854{d, J=21Hz IH,847(d, /=2 1Hz IH),846{(d, J=21Hz 1H),842(d, /=22
Hz, 1H), 789 (d, /=13 Hz, ZH), 786 (s, 2H}, 742-731 (m, 14H) 675 (1, /=57 Hz, 1H),
6671, J=57THz 1H). 584 (s, 1H),5.72 (s, 1H}), 451447 (m, 2H), 4.18(dd, J=66,84
Hz, 1H), 394 (dd, /=50,85Hz, 1H}, 3.73(dd, /=64, 85 Hz, IH), 3.61-3.53 (m, 1H),
3.49-3.42 (m, ZH).

0801 3-amino-3-bromo-N-{4-{chlorodiflusromethoxyjphenyl}-4-({({{45)-2-phenyi-
1,3-dioxeolan-4d-yiimethyamino)benzamide (44e}. To a solution of 3-bromo-N-{4-
{chlorodifluoromethoxyphenyl}-5-nitro-4-({{({45)-2-phenvl-1,3-dioxolan-4-
vhmethyDamino)benzamide (d4d, 0.7 g, 1.17 mmoi) in AcOH (10 mL} was added Fe

{652 86 mg, 11.69 mmol}. The mixture was stirred at 35 °C for 0.5 hr. TLC indicated 44d
was consumed completely and one new spot formed. The mixture was poured into water and
extracted with cthyl acetate (10 ml x 2). The combined organic layers were washed with sat.
NaHC(s, washed with brine (50 mL x 2), dried over anhvdrous Naz50q, filtered and

concentrated in vacuo to give 44e as a velow oil.

[0502] 7-bromo-N-{4-(chiovodifiuoromethoxy)phenvl}-1-{((45)-2-phenyl-1,3-
dioxolan-4-ylimethyl)-2-thioxe-2,3-dihydre-1 H-benzo|dlimidazole-3-carboxamide (44f}
A solution of 3-amino-5S-bromo-N-{4-(chlorodiflacromethoxy phenyl}-4-(({{45})-2-phenvl-
1.3-dioxolan-4-yhmethvDamimobenzamide (44f, 0.9 g, 1.58 mmol), di{imidazol-1-
viimethangthione (845.96 mg, 4.75 mmeol} in THF (10 mL) was added DIEA (40899 mg,
3.16 mmol, 351.20 ul) and the mixture was stirred at 60 °C for 12 hours. LCMS showed the
desired MS. The nuxture was extracted with ethyl acetate (30mi. x 2), the combined organic
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lavers were washed with brine (30 mL = 2}, dnied over anhydrous NanSQq, filtered and
concentrated in vacuo. The residue was purified by prep-TLC (810, petroloum ctherethyl
acetate = 111, Re= 0.30) to give 44f as a vellow solid. '"H NMR (400 MHz, DMSO-de) &
1355(s, TH), 1053 (s, 1H), 8.05(dd, J= 15,42 Hz, IH), 792-785 (m, 2H), 778 (d. /=
1.2 Hz, 1H), 7.50-7.45 (m, 1H), 742-7.33 (m, 6H), 6.11-5.69 {(m, 1H), 5.17-4.69 (m, 3H),
4354727 (m, 1H), 4 08-3 98 {m, 1H).

[6503] 7-bromo-N-(4-(chiorodifivoromethoxyiphenyi}-2-(methylthio)-1-(({45}-2-
phenyi-1,3-dioxolan-4-ylimethyl}-1H4-benzo{dlimidazole-S-carboxamide (44¢). Toa
solation of 7-bromo-N-{(4-(chlorodifluoromethoxyiphenyl)-1-(((45)-2-phenyl-1, 3-dioxolan-4-
vhmethyiy-2-thioxo-2 3-dihydro-1H-benzoldimidazole-5-carboxamide (44, 072 g, 118
mmal} in DMF (10 mbL) was added Mel (184 03 mg, 1 30 mmol, 80.72 ul} and 003
{325 830 mg, 2.36 mmol). The mixture was stirred at 25 °C for 2 hours. LCMS showed the
desired MS. The mixture was extracted with ethyi acetate (20 mL = 3}, The combined
organic layers were washed with brine (50 mL x 2}, dried over anhydrous NaxS04, filtered
and concentrated in vacuo. The residue was purified by coluomn chromatography (810,
petroleum ether:ethyl acetate = 100:1 to 1:1) to give 44g as a white solid. 'H NMR (400
MHz, DMSO-ds) 5 1044 (s, 1H), 8.29(d, /= 1.2 Hz, 1H), 8.00 (s, 1H), 7.97-7.90 (m, ZH),
7.52-7.47 (m, 1H), 743-7 33 {m, 5H), 6.07-5.70 (m, 1H), 4 85-4.60 (m, 3H). 4 46-3.91 (m,
2H), 2.79-2.71 (m, 3H).

{0504} {($3-1-(2-{benzyloxy}-3-hydroxyproepyl})-7-bromo-N-{4-
{chlorodifluoromethoxyjphenyi)-2-{methyithic)}- 1 H-benzold]imidarcle-S-carboxamide
{44h}. To a solution of 7-bromo-N-(4-{chlorodifluoromethoxyphenyl)-2-(methyithio)- -
(({45}-2-phenyl-1 3-dioxolan-4-yDmethyl}- 1 H-benzoldlimidazole-5-carboxamide (44g, .06
g, 0.96 mmol}, ZnBr (64 87 mg, 0.288 mumel, 14 42 uby in DCM (2 mL} at 0 °C was added
BHs-MexS (10 M, 11.52 ul, 1.2 eg}. The nuxture was stirred at 25 °C for 12 hours. LCMS
showed the desired MS. The mixture was gquenched by sat. NaHCOz and extracted with BCM
2mL x 2}. The combined organic layers were washed with brine (5 mL}, dried over
anhydrous Nax50q, filtered and concentrated i vacuo. The residue was purified by prep-TLC
{5100, petroleum ether: ethyl acetate = 0:1, Re = 0.40) to give 44h as a white solid. 'H NMR
(400 MHz, DMSO-ds) 6 1043 (s, 1H), 8.28 (d, J= 1.2 Hz, 1H}, 797-7.91 (m, 3H), 7.37(d,J
=§.8 Hz, 2H), 7.09-7.04 (m, 3H), 6.89-6.85 (m, 2H), 500 {(t. ./ = 5 6 Hz, 1H), 4 68-4.59 {m,
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1H), 447 (d, J= 122 Hz, 2FH), 4.13 (d, J = 12.2 Hz, 1H), 3.89 (brdd, J= 4.0, 9.5 Hz, 1H),
367 (t,J= 4.9 Hz, 2H), 2.72 (5. 3H).

[3305] {3)-3-{benzyloxy)-6-bromeo-N-{4-(chlorediflupromethoxyiphenyi}-3,4-
dihydro-2H-benzo}d Slimidaze]2,1-5}{1,3joxazine-B-carboxamide (441} To a mixture of
(5)-1-(2~(benzyloxy)-3-hydroxypropyi}-7-bromo-N-{(4-(chlorodifluoromethoxy jphenvi}-2-
{methvyithio)-1H-benzodjimidazole-5-carboxamide {44k, 20 mg, 0.032 mmol) in THF (2
mb} at 0 °C under O2 was added NaH (1.78 myg, 0.045 mmol, 60% purity). The mixiure was
stirred at 25 °C for 12 hours. LCMS showed the desired MS. The mixture was quenched by
Hz( and extracted with ethyl acetate (2 mL » 3). The combined organic layers were washed
with brine (5 mL x 2}, dried over anhydrous Naz80q, filtered and concentrated m vacuo. The
residue was purtfied by prep-TLC (5i0:, petroleum ether: ethyl acetate = 0:1, Re= 0,40} to

give 441 as a white solid.

{6506} {$3-6-bromo-N-{(4-(chlprodiflvoromethoxy)phenyl}-3-hydroxy-3,4-dihydro-
2H-benzoj4,Slimidazo|2,1-5}{1,3]oxazine-8-carboxamide (44}}. To a mixture of (8)-3-
(benzyloxy)-6-bromo-N-(4-{chlorodifluoromethoxviphenyi)-3,4-dihydro-2H-
benzol4,5limidazof2, 1-61{ 1, 3loxazme-8-carboxamide (441, 30 mg, 0.052 mmol) in BCM (2
mL} at -70 °C under N2 was added BCls (1M, 259.16 ul}. The mixtare was stirred at -70 °C
for 1 hour. LCMS showed the desired MS. The reaction was quenched with water and DCM
(3 mL = 2}. The combined organic layers were washed with brine (8 mL x 2), dried over
anhydrous Nax80, filtered and concentrated in vacuo to give 44j as a white solid. '"H NMR
(400 MHz, DMSO-ds) 3 10.42 (s, 1H), 8.08 (s, 1H}, 7.95-7.86 (m, 3H), 7.36 (brd, /=288
Hz, 2H), 4.66 (brd, J= 119 Hz, tH), 4.58-4.49 (m, 2H), 4 46-4.36 {m, 2H).

16507} {(&)-N-(4-(chlorodifluoromethoxyiphenyl}-3-hydroxy-6-(1H-pyrazol-5-vi)-3,4-
dibvdro-2H-benzo[4,5]imidazo|2,1-5}[1,3joxazine-8-carboxamide {44). To a solution of
{($3-6-bromo-N-{(4-(chlorodifluoromethoxy)phenvl)-3-hydroxy-3 4-dihydro-2H -
benzol4,5limidazof2 1-A}i 1, 3loxazine-R-carboxamide (44§, 15 mg, 0.031 mmol}, 5-(4.4,5,5-
tetramethyi-1.3,2-dioxaborolan-2-vi-1H-pyrazole (17.87 mg, 0.092 mmol) in dioxane (2
mbL}, HoO (0.2 mb) was added KsPO4 (19.55 mg, 0.092 mmol) and Pd{(dppHCh (2.25 mg,
3.07 umoly, (Bock( {6.70 myg, 0.031 umol, 7.05 ull). The mixture was stirred at 110 °C for
12 hours. TLC (ethyl acetate: methanol = 10:1, Rr = 0.24) indicated 44} was consumed

completely and many new spots formed. The mixiure was filiered and poured into water,
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extracted with ethyl acetate (5 mbL x 2). The combined organic layers were washed with brine
{10 mbL x 2}, dried over anhydrous NaxS0y, filtered and concentrated 1n vacuo. The residue
was purified by prep-TLC (8102, ethyl acetate: methanol = 10:1) to give 44 as a vellow solid.
TH NMR (400 MHz, MeOD-d) 5 8.06 (s, 1H), 7.85-7.77 (m, 4H), 7.28 (d, /= 9.0 Hz, 2H),
6.64 (s, 1H}, 4.57-4.44 {m, 2H), 428 (brs, 1H), 4.12 (br 4, J=13.1 Hz, 1H}, 3.73 (br s, 1H).

Example 45 (General Precedure V)

{5)-N-{4-{chiorodiflueromethoxy)phenyl)-4-{hydroxymethyl}-6-(pyridazin-3-yi}-3,4-

dihvdro-2H-benzoj4,5)imidazo]2,1-5}{1,3joxazine-8-carboxamide

[0508] This General Procedure V provides particalar synthetic details as applied to the
fitle compound. Additional compounds can be prepared according to this method by varying

the coupling reagents,
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[6509] {($)-6-bromo-N-{(4-(chlorodifiuoromethoxy)phenyl}-4-(hydroxymethyl}-3.4-
dihydro-2H-benzol4,Slimidaze]2,1-51[1,3loxazine-8-carboxamide (45h), (8)-5-brome-N-
{4-{chlorodiflusromethoxy)phenyl}-3-(2-hydroxyethyl}-2,3-
dihvdrobenzo4,5jimidazo|2,1-bjoxazole-7-carboxamide (45¢). To a solution of (5)-7-
bromo-N-{4-({chlorodifluoromethoxyphenyi)- 1-( 1, 4-dihydroxybutan-2-v1)-2-(methyithio)-
1H-benzoldlimidazole-S-carboxamide (synthesized in a sinlar fashion to 424d; 45a, 260 mg,
0.472 ramol} in THF {5 mL) at 6 °C was added NaH (2832 mg, 0708 mmol, 60 % purity).
The mixture was stirred at 20 °C for 1 hr under G2, LCMS showed 48a was consumed
completely and desired MS was detected. TLC (cthyl acetate methanol = 10:1, Pu Re=0.5,
P2 Ry = 0.4) showed the reaction was completed. The mixture was diluted with ag NH«ClH (10
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mb} and extracted with EtOAc (20 mL x 3). The combined organie layers were washed with
brine {10 mL)}, dried over NaxS{Qs, filtered and concentrated under reduced pressure to give a
residue. The residue was punfied by silica gel chromatography (petroleum ether/ethyvl acctate
=571, O/1, ethyl acetate methanol = 20/1) to give 45b as a white solid and 43¢ as a white
solid. (43b) 'H NMR (400 MHz, MeOD-dy) 3 792 (d,J = 1.5 Hz, 1H}, 7.83-7.77 (m, 2H),
7.62{d. J=18Hz 1H),7.29(d,J=90Hz 2H). 6.13-599 (m, 1H), 422 (q, /=76 Hz,
1H), 4.18-4.06 (m, 2H), 399 (dt, ./ =51, 8.0 Hz, 1H), 2.75-2.58 {(m, 1H), 2.41-2.23 {m,
1H). (48¢) 'H NMR (400 MHz, DMSO-ds) & 10.40 (s, 1H), 8.06 (d,.J= 1.1 Hz, 1}), 7.98-
785 (m, 3H), 735 {brd, J=9.0Hz, 2H), 530-522 (m, 1H). 5.15(dd, /=23, 8.7 Hz, 1H),
SA2-500(m, 1H), 468 ¢ J=48Hz, 1H), 3532 0d, J=58, 114 Hz 2H), 2.27-2.14 (m,
1H), 2.09-2.00 (m, 1H).

[0510] {(&)-N-(4-(chiorodiflucromethoxyiphenyl)-4-(hydroxymethyi}-6-{pyridazin-3-
vi}-3,4-dihydro-2H-benzo4,5limidazo2,1-5] {1, 3joxazine-8-carboxamide {(45). To a
sohution of ($}-6-bromo-N-{(4-(chlorodifluoromethosy)phenvi}-4-(hvdroxymethyl}-3,4-
dihydro-2H-benzo{4 Shimidazo]2,1-5]{1,3 Joxazine-8-carboxamide {45k, 40 mg, 0.08 mmol)
and tributyl{pyridazin-3-vhstannane (58.74 mg, 0.159 mmol) in dioxanc (4 mL) was added
palladivm tritert-butylphosphane (4.07 mg, 7.96 umol}. The muxture was stirred at 110 °C for
16 hr under N2, LCMS showed 45b was consumed completely and desired MS was detected.
The reaction mixture was diduted with HaO (5 mb) and extracted with EtOAc (10 mbL x 2).
The combined organic lavers were dried over NaxSO;, filtered and concentrated under
reduced pressure to give a residue. The mixture was further purification by pre-HPLC (FA,
colomn: Phenomenex Luna C18 200%40mm™ 10um; mobile phase: fwater{0.225%FA)-
ACNLB%: 40%-70%,12min) to give 45 as a white solid. MS mass calculated for {[M+1]"
(CosHisCIFaNsO) requires m/z 302.1, LCMS found m/z 502.1; 'H NMR (400 MHz, MeOD-
dy8935(dd, J=1551Hz, 1H),817(dd, /=14 85Hz 1H}, 801{dd,/=51, 84 Hz,
1H), 7.84-7.78 (m, 3H), 7.76 (d. /= 1.8 Hz, 1H), 7.29(d, /= 9.0 Hz, 2H). 4.16-3.99 (m,
3H), 3.91-3.82 (m, 1H), 3.79-3.70 (m, 1H), 2.54-2.43 (m, 1H}, 2.01 (brs, IH)

Example 46

{(R)-N-(4-(chlorodifluoromethoxy)phenvl)-4-hydroxy-9-{pyridazin-3-vi}-1,2,3.4-

tetrabydrobenzold Slimidaze{l 2-alpyridine-7-carboxamide
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{6511} Methyl 9-bromo-1,2.3,4-tetrabydrobenzol4, Slimidazofi,2-a|pyridine-7-
carboxylate {(46b}. To a mixture of methyl 3-amino-3-bromo-4-(piperndin- I -vi}benzoate
{46a, 1.8 g, 5.75 mmol} in HCOOH (20 mL) was added Hz02 (5.86 g, 51.73 mmol, 4.97 mi,
30% purity) under Nz, The mixture was stirred at 110 °C for 40 mins. LCMS showed the
desired MS. The mixture was quenched with sat. Nan$:03, made basic with NaHCO; (pH =
7} and extracted with ethyl acetate (50 mL x 3}, The combined organic lavers were washed
with brine (100 mL), dried over anhvdrous NaxSQ4, filtered and concentrated in vacuo. The
residue was purified by column chromatography ($102, petroleum etherethyt acetate = 100:1

to 001, Re=0.20) to give 46b as a brown solid.

[8512] Methyl 4,9-dibromo-1,2,34-tetrahydrobenzol4, Slimidazo{l 2-g]pyridine-7-
carboxylate (46¢). To a solution of methyl S-bromo-1,2,3 4-
tetrahvdrobenzoi4,5 imidazof 1,2-apyridine~-7-carboxvlate (46b, 0.7 g, 2.26 mmol), AIBN
{37.18 mg, 0.226 umol) in CCly 20 mL} was added NBS (402.99 mg, 2.26 mmol}. The

mixture was stirred at 30 °C for 12 hours. LCMS showed the desired MS. The mixture was
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gquenched by HzO and extracted with BCM (30 mL x 2). The combined organic layers were
washed with brine (30 mL x 2}, dried over anhvdrous Na:504, filtered and concentrated in
vacuo. The residue was purified by column chromatography (5102, petroleum ethercthy!

acetate = 100: T 1o 111, Re=0.30) to give 46¢ as a brown solid.

[6513) Methyl 9-bromo-4-hydroxy-1,2,3,4-tetrahydrobenzo[4,5]imidaze|1,2-
ajpyridine-7-carboxyiate {46d}. To a solution of methyl 4,9-dibromo-1,2,3 4-
tetrahydrobenzo{d, 5 imidazol 1,2-a|pyridine-7-carboxviate (46¢, 0.7 g, 1.80 mmol) in MeCN
{5 mL) and HaO (5 mL) was added Oxone (2.22 g, 3.61 mumol). The mixture was stirred at 50
°C for 12 hours. LCMS showed the desired MS. The mixture was concentrated, poured into
water and extracted with ethy] acetate (10 mL x 2}. The combined organic lavers were
washed with brine {30 mb = 23, dried over anhyvdrous Nax50y, filtered and concentrated in
vacuo. The residuc was purified by column chromatography (510:, petroleum ctherethvl

acetate = 100:1 to 0:1) 1o give 464 as a white sohid.

[0514] Methyl 3-bromo-4-0x0-1,2,3,4-tetrahydrobenzo(4,5imidaro]l,2-a|pyridine-7-
carboxylate (46e). To a solution of methyl 9-bromo-4-hydroxv-1,2,3,4-

tetrahvdrobenzol4,5 hmidazof 1, 2-alpyridine-7-carboxylate (46d, 0.3 g, 0.922 mmol} in DCM
{5 mL} was added DMP (395 24 myg, 0,932 mumol) at 0 °C. The mixtare was stirred at 25 °C
for 10 muns. TLC (petroleum ethercthy! acctate = 0:1, Re = 0.50) indicated 46d was
consumed completely and one new spot formed. The mixture was poured into water and
extracted with ethyl acetate {3 mb x 2). The combined organic layers were washed with brine
{5 mb x 2}, dried over anhydrous Na:SQO4, filtered and concenirated in vacuo. The residue
was purified by prep-TLC (51(), petroleum ctheriethyl acetate = 0:1, Re = 0.50) to give 46e

as a brown solid.

[6515] {Ky-methyl 9-bromo-4-hydroxy-1,2,.3,4-tetrabydrobenzo{4.5imidazof1,2-
a#jpyridine-7-carboxylate (46f). A solution of dichlororuthenium; H-sopropyl-4-methyl-
benzene (18.00 mg. 29.40 amol), N-{{1R 2R)-2-aninoc-1,2-diphenyl-ethylj-4-methyl-
benzenesulfonamide (25.86 mg, 76.56 umol) in HzO (10 mL) was stired at 70 °C for 1.5
hours. Sodm formate (199.93 mg, 2.94 mmol, 158 68 ul}, methyl 9-bromo-4-ox0-1,23 4-
tetrahydrobenzold, Shmidazof 1, 2-ajpyridine-7-carboxvlate (46e, 0.19 g, 0.588 mmol} in THF
{5 mL) was added and the mixture was stirred at 40 °C for 0.5 hours. LCMS showed the

desired MS. The mxiture was fittered, poured mto water and extracted with ethyl acetate (10
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mkb x 2} The combined organic lavers were washed with brine (30 mL x 1), dried over
anhydrous Nax50q, filtered and concentrated i vacuo. The residue was purified by prep-TLC

{Si1On, petrolcum ctheriethy] acetate = 011, Re=0.20) 1o give 46f as a yellow solid.

{3516} {(#}-S-bromeo-4-hydroxy-1,2,3,4-tetrabyvdrobenzof4 Slimidazo{l,2-a|pyridine-
7T-carboxylic acid (46g). To a solution of (R)-methy! 9-bromo-4-hvdroxy-~1,2,3 4-
tetrahvdrobenzoi4,5 himidazof 1,2-ajpyridine~-7-carboxvlate (46f, .06 g, 0.185 mmol) in
MeQOH (0.5 mL), THF (0.5 mL) and HoO (0.1 mb) was added LiOH H20 (15,49 mg, 0.369
mmol). The mixture was stirred at 50 °C for 0.5 hours. LCMS showed the desired MS. TLC
(ethyl acetate :methanol = 10:1, Re=0.05) and indicated 46f was consumed completely. The
mixture was concentrated and poured into ag. HC (1M) to adjust the pH = 5 - 6, The

precipitate was filtered and dried to give 46g as a white solid.

[6517] {Ry-9-bromeo-N-{4-{chlorodifluoromethoxyphenyl}-4-hyvdroxy-1,2,3.4-
tetrabydrobenzod,Slimidazel,2-alpyridine-7-carboxamide {46k). To a solution of (K}-9-
bromo-4-hvdroxy-1,2.3 4-tetrahydrobenzo{4,5 imidazo| 1, 2-apyridine-7-carboxvlic acid
{d46g, 0.06 g, 0.193 mumol), 4-[chloro{difluoroymethoxyianiline (3h, 41.06 mg, 0.212 mmol)
i DMF (2 mL)Y was added HATU (87,99 mg, 0.23 mmol} and DHEA (74 77 mg, 0.579 mmol,
100.77 ul). The mixture was stirred at 25 °C for 12 hours. LUMS showed the desired MS.
The puxture was extracted with ethyl acetate (3 mi. » 3}, The combined organic layers were
washed with brine (3 mL x 2}, dried over anhvdrous Naz504, filtered and concentrated in
vacuo. The residue was purified by prep-TLC (8:i0s, ethyl acetate methancl = 10:1, Ry =

.40} to give 46h as a vellow oil.

{3518} {(F3-N-{4-{chlorodifluoromethoxyphenyi}-d-hydroxy-S-{pyridazig-3-yi)-

1,2,3 4-tetrabhydrobenzoj4,5jimidazo{l,2-g]pyridine-7-carboxamide {46). To a sclution of
{R)}-9-bromo-N-{4-(chlorodifluoromethoxy)phenvi)-4-hvdroxy-1,2.3 4-
tetrahydrobenzold, 5 hmidazo| 1, 2-a|pyridine-7-carboxamide (46h, 0.05 g, 0.103 mmol},
tributyl{pvridazin-3-vl)stannane (75.84 mg, 0.2035 mmol} in dioxane (2 mL) was added
palladim;tritert-butyiphosphane (5.25 mg, 10.27 wool). The mixture was stirred at 120 °C
for 12 hours. LCMS showed the desired M5, The muxture was filtered and poured nto water
and extracted with ethyl acetate (Sml = 2}. The combined organic layers were washed with
brine (10 mb = 1}, dried over anhydrous Na:SOq, filtered and concentrated in vacuo. The

residue was purified by prep-HPLC (FA, column: Phenomenex Luna C18 200%40mm* | Oum;
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mobile phase: [water (0.225%FA)-ACNY; B%: 209%-30%, 12 min) to give 46 as a vellow
sohid. 'H NMR (400 MHz, McOD-d;) 8931 (dd, /=14, 5.0Hz 1H), 845 (d, J= 1.3 Hz,
1H). 8.13{dd, J=15,84Hz 1H), 796(d,.J=15Hz 1H), 793 (dd, /=5.1,84 Hz, 1H),
7.85{d,./=9.0Hz 2H), 7.30(d, /=93 Hz, ZH), 5.06-5.00 (m, 1H), 3.82-3.72 {m, 2H),
220 {brd, J= 115 Hz, 2H), 2.07-2.00 (m, 1H), 1.98-1.86 (m, 1H).

Example 47

(25,381-N-{4-(chlorodiflusromethoxy)phenyi}-2-(hydroxymethyi)-3-methyi-5-(1 H-
pyrazol-S-yi}-2,3-dihydrobenzol4,S]imidazo|2,1-#]oxazole-T-carboxamide

O iy yo
J\- H\ ,41: toros \CL A :;L ’( F JH/ \j\/w

WOH 5
N~< oy { .
N TBych ,\ iy
OH {\O._J = /"v
47a
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NH r“\>
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§ \1/ Yy o HN*?‘-
-0 ,JL \
“ =7 & \
Pa(dppiiCla, KePO, j:
\dwczahelHZO \ N v\",
l\*ﬂ OH
o

a7
[0519] {35,4%8)-6-bromo-N-{4-{chlorediflusremethoxy)phenyi)-3-hydroxy-4-methyl-
34-dihyvdro-2H-benzo}4,5}imidazo{2,1-5]{1,3]oxazine-8-carboxamide {(47b}. NaHMDS
{iM, 21.79 ul.) was added to a solution of 7-bromo-N-{(4-(chlorodifluoromethoxy)phenyi}-1-
((28,35)-3 4-dihvdroxybutan-2-y1}-2-{methvithic}- 1 H-benzo[dhimidazole-5-carboxamide
{synthesized in a similar fashion to 45a; 473, 10 mg, 0.018 mmol} m THF (1 mL} at 0 °C.

The solution was stirred at 20 °C for 40 min under O2. TLC showed 47a disappeared and four
new main spots appeared. LCMS detected the desired MS and showed that the reaction was
complete. NH4{C1 {10 mbL} was added to the mixture dropwise and the reaction was extracted
with ethvl acetate (5 mL x 3}. The combined organic layers were washed with brine (10 mL),
dried over Naz58Qq, filtered and concenirated in vacuo. The residue was purified by prep-TLC
(petroleum ether:ethyl acetate = 0:1) to give 47b as a white solid. 'H NMR {400 MHz
MeOD-d) 6801 {(d. J=13Hz 1H), 796(d, J=15Hz 1H), 785778 (m, 2H), 729 (brd,
J=90Hz, 2H), 5.5 1 (dt, /=52, 6.8 Hz, 1H}, 5.23-5.14 (m, 1H), 4.14-4.00 (m, 2H), 1.53
(d,./= 6.6 Hz, 3H).
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{6524 (25,38)-N-{4-(chlorodifluoromethoxyphenyl}-2-(hydroxymethyi}-3-methyi-3-
{1 H-pyrazel-5-vi}-2,3-dihydrobenzo|4,5imidaze|2,i-bloxazele-T-carboxamide (47). To a
solution of (35,45)-6-bromo-N-(4~(chlorodifluoromethoxy)phenvi)-3-hydroxy-4-methyl-3.4-
dihydro-2H-benzol4, 5 imidazo]2,1-0]] 1,3 Joxazine-8~-carboxamide (47¢, 30 mg, .06 mmol)
and 5-{4,4 5 S-tetramethyl-1,3 2-dioxaborolan-2-v1}-1H-pyrazole (34.74 mg, 0.179 mmol} in
dioxane {2 mL) at 20 °C and Hx0 (0.2 mL) was added Pd{dppHCl2 {437 mg, 5 97 umol},
BocO (6.51 mg, 0.03 mmol, 6.86 ul) and KaPO4 (38.00 mg, 0.179 mmol). The reaction was
stirred at 120 °C for 16 hr. LCMS detected the desired MS and showed that the reaction was
complete. The mixture was concentrated to remove the solvent. The residue was purified by
prep-TLC (cthyl acctate methanol = 10:1) to give 47 as a white solid. MS mass calculated for
IMH 1] (CozHisCIF2N5O4) requires mz 490 1, LCMS found m/z 490 1, 'H NMR (400MHz,
MeOD-ds) 8 8.02 (s, 2H}, 7.87-7.79 {m, 3H), 7.30 (d, /= 9.0 Hz, 2H), 6.81 {5, 1H}, 552~
544 (m, 1H), 537 (brt, /=66 Hz 1H) 4.08-391 (m, 2H), 093 {brd, /= 6.4 Hz, 3H).

Example 48

{5)-N-{4-{chlorodifleeromethoxy)phenyl}-2-hydroxy-2-methyl-3-(1 H-pyrazel-5-y1}-

1,2,3 4-tetrahydrobenzo4,3limidazo{l,2-¢|pyridine-7-carboxamide

CXO\E«\ 5 ] «:s\:/{.owf?1 0
FF «//\N \T/E‘"' . HN/A‘«Q; OH TEA, EtOH FFoU B A NN
T A i\j o e
NO, NO, o
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48¢ 43

{3521} (8)-3-bromo-N-{4-(chloredifiuoromethoxyiphenyl}-4-(3-hydroxy-3-
methyipiperidin-1-y}-S-nitrobenzamide (48b). To a solution of 3-bromo-N-(4-
{chlorodifluoromethoxy)phenyl}-4-fluorc-5S-nitrobenzamide (24¢, 300 mg, 1.14 mumol) and
{35)-3-methylpiperidin-3-ol hvdrochloride (48a, 206.98 mg, 1.36 mmol) mn EtOH (6 mL) was
added TEA (345 30 mg, 3.41 mmol, 474 97 ul). The mixture was stirred at 15 °C for 16 hr,
LCMS showed the desired ms was detected. TLC {patroleum etherethyl acetate = 3.1, Ry =
0.4) showed a new spot was generated. The reaction nuxture was concentrated under reduced
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pressure to remove solvent. The residue was punified by column chromatography (5102,
petroleum ether/ethyl acetate = 60/1 to 1/1) to give 548b as a vellow solid. 'H NMR
(400MHz, CDCL-o) 6 833 (s, 1H), 8.11 (s, 1H), 7.76 (s, 1H), 7.69(d, ./ = 9.0 Hz, 2H}, 7.30
(s, 2H), 338 (brs, 1H}, 3.28-3.00 {(m, 1H), 293 (brd, /=112 Hz, 1H), 261 (brs, 1H}, 2.20
(brs, TH), 1.89-1.63 (m, 2H}, 1.56 (s, 3H), 1.33-1.39 {(m, IH).

[0522] ($)-N-(4-(chiorodifiueromethoxyiphenyi}-4-(3-hydroxy-3-methyipiperidin-1-
yh-3-nitro-5-(3 H-pyrazol-5-ylibenzamide (48¢). A mixture of {(5}-3-bromo-N-{4-
{chlorodifluoromethoxyiphenv}-4-(3-hydroxy-3-methvipiperidin- 1 -vi-5-nitrobenzanude
{48b, 100 mg, 0.187 mmol}, 5-(4.4,5,5~tetramethyi~1,3,2-dioxaborolan-2-vhy- 1H-pyrazole
(108 86 mg, 0.561 mmol), KPOs (119.09 mg, 0.561 mmol}, (Boch( (2041 mg, 0.094
mmol, 21 .48 ul} and Pd(dppfiClz (27.37 mg, 0.037 mmol} in dioxane (1 mL) and Ha0 (0.1
ml.} was degassed and purged with N2 3 times The mixture was stirred at 110 °C for 16 hr
under a Nz atmosphere. LCMS showed the deisred ms were detected. TLC (petroleum
ctheriethyl acetate = 1:1, Re= 0.45) showed a major spot was generated. The reaction mixture
was concentrated under reduced pressure to remove solvent. The residue was purified by
prep-TLC (8102, petroleum ctheriethy! acetate = 1:1, Re= 0.45) to give 48¢ as a vellow solid.
TH NMR (400MHz, CDCl-d) 58.09(d, /= 2.0Hz, 1H), 8.05(d, J=22Hz, IH), 7.95 (brs,
1H), 7.73-7.68 (m, 3H), 7.29 (s, 1H}, 6.61 {s, 1H), 3.02 (brs, ZH), 2.85(d, /= 11.5 Hz, 1H},
270(brd, J=108Hz, 1H), 1L.75(brd, /=150 Hz, 2H), 1 46 (dt, J=4.6, 13.5 Hz, 2H).
134 (brs, 1H), 1.25 (s, 3H).

{6523} {($3-N-(d-(chlorodifluoromethoxyiphenyi}-2-hydroxy-2-methyl-9-{1 H-pyrazel-
5-y1)-1.2,3,4-tetrahydrobenzo|4,S|imidazo]l,2-ajpyridine-7-carboxamide (48). To a
solution of (8)-N-{4-(chlorodiflusromethoxyphenyi}-4-(3-hydroxy-3-methvipiperidin-1-y1)-
3-nitro-3-(1 H-pyrazol-3-yhibenzamide (48¢, 20 mg, 0.038 mol) in AcOH (I mL) was added
Fe (21.40 mg, 0.383 mmol). The nuxture was stirred at 35 °C for 1 hr. LCMS showed desired
ms was detected. The reaction mixture was quenched by addition of EtOAc (15 mL). To the
mixture was added NaHCOs (50 mL) and the muxture was extracted with EtOAc (10mL x 3},
The combined organic layers were washed with brine {15mL}), dried over Na:SGq, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by prep-
HPLC (neutral condition; columm: Waters Xbridge BEH C18 100*25mm* Sum; mobile
phase: pwater (10mM NHBHCGO:-ACN] B%: 30%-45%. 10min) to give 48 as a white sohd.
Mass calculated for PM+11" {CasHaoCIFaN50s) requires m/z 488.1, LCMS found nv/z 488 1.
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H NMR (400MHz, MeOD-ds) 3 8.25 (brs, 1H), 7.92-7.77 (m, 3H), 729 (brd, /= 8.9 Hz,
2H), 663 (brs, 1H}, 3.91-3.65 (m, 2H}, 3.28-3.21 (m, 1H}, 3.20-3.05 {m, 1H), 2.14-1 94
{m, 2H), 1.30 (s, 3H).

Example 49 (General Procedure W3

(1R 4AR)-N-(4-(chlorodifluoromethoxyjphenyl}-4-hydroxy-1-methyl-9-(1 H-pyrazel-5-yi}-

1.2,3,4-tetrahvdrobenzoj4 Slimidazoll,2-a]pyridine-7-carboxamide

[0524] This General Procedure W provides particular synthetic details as apphied to the
title compound. Additional compounds can be prepared according to this method by varying

the amines and coupling reagents.
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{0525} {R}-methyl 3-bromo-4-(2-methylpiperidin-1-yi)-5-nitrobenzoate (49b}. Toa

solution of methy! 3-bromo-4-fluore-5-nitrobenzoate {1a, 1000 mg, 3.60 mumol) m DIPEA

(4.65 g, 35.97 mmol, 6.26 mL} and was added (2R)-2-methylpipenidine {(48a, 713 40 mg,

7.19 mmol}. The mixture was stirred at 40 °C for 16 hr. LCMS showed desired ms was

detected. TLC (petroleum ctherethyl acetate= 5: 1, Rr = 0.60) showed a new major spot was
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generated. The reaction mixture was concentrated under reduced pressure to remove solvent.
The residue was diluted with H2O (5 mL) and extracted with EtOAc (5 mL x 3). The
corbined organic lavers were washed with brine (5 mL), dried over Na:xSQOu, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (8102, petroleum ether/ethyl acetate = 50/1 to 10/1) to give 49b as a white
solid. 'H NMR (400MHz, CDCl:) 8 8.38 (brs, 1H), 8.15 (brs. 1H}, 3.97-3.92 (m, 1H), 3.95
(s, 2H), 311 (brd, J=115Hz 2H), 1 76 (brd, /= 13.1 Hz, 2H}, 1.63 (brs, 1H), 1.53-1.41
(o, 1H), 1.39-1.23 (m, 1H), 0.83 (brs, 3H).

[6526] {Ky-methyl 3-amino-5-brome-4-(2-methyipiperidin-1-yhbenzoate (49¢). Toa
soletion of methyl (R}-methyl 3-bromo-4-(Z-methyipipendin- 1-y)-5-nitrobenzoate (49b,
0.78 g, 218 mmol) in AcOH (5 mL) was added Fe {(1.22 g, 21 .84 mmol}. The mixture was
stirred at 35 °C for | hr. LCMS showed desired ms was detected. The reaction nixture was
filtered and concentrated under reduced pressure to give a residue. The mixture was dissovied
with EtOA¢ and washed with NaHC(:. The orgamic laver was concentrated onder reduced
pressure 1o give 49¢ as brown oil, which was used i the next step without further
purification. 'H NMR (400MHz, CDCh-d) 8 =749(d, /=18 Hz, 1H), 732 (d, /=1 8 Hz,
1H), 456 (brs, 2H), 3.88 (s, 3H}, 3.74-3.61 {m, 1H), 338 (dt, /=24, 11 8§ Hz, IH), 274 (br
d,JJ=117Hz 1H) 1.90-1.67 (m, 3H), | 66-138 (m, 3H), 1.35-1.19(m, 2H), 081 (d, J =
6.4 Hz, 3H).

{6527 {Ry-methyl 9-bromo-1-methyl-1,2,3 4-tetrahydrobenzo4,5imidazo],2-
alpyridine-7-carboxvlate (49d}. To a solution of methvl (R)-methy! 3-amino-5-bromo-4-(2-
methylpipendin-1-yi) benzoate (49¢, 300 mg, 0.917 mmol) in 2,2 2-triflucrocthanol (2 mL)
was added chloroiridiom; (17, 57)-cycloocta-1,5-diene {92.38 mg, 0.138 mmol}. The mixture
was stirred at 80 °C for 4 hr under an O: atmosphere. LCMS showed desired ms was
detected. The reaction mixture was filtered and concentrated under reduced pressure to give a
residue. The residue was punfied by prep-HPLC (neutral condition; column: Waters Xbridge
Prep OBD C18 150%40mm* 1 0um; mobile phase: fwater (10mM NHHCO:)-ACN] B%:
30%-65%, Smin) to give 49d as a brown solid. "H NMR (400MHz, CDC3-d) 3 8.29(d, /=
13Hz 1H), 810({d,/=13Hz 1H). 545 (brt,J=62Hz 1H),395(s, 3H), 327 (brdd, J
=30, 173 Hz, 1H), 3.01 (ddd, J =64, 11.2, 179 Hz, 1H), 2.28-2.06 (m, 3H), 2.03 (s, 1H),
1.52{d. J=6.6Hz 3H).
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[0528] {1 R)-methyl 4,9-dibromo-1-methyi-1,2,3,4-teirabydrobenzoi4,5limidazo|1,2-
ajpyridine-7-carbeoxylate (49¢). To a solution of (Ry-methy! 9-bromo-1-methyl-1,2,3 4-
tetrahvdrobenzo{4.5imidazof 1,2-a|pyridine-7-carboxylate {49d, 30 mg, 6.093 mmol) n CCly
(1 mL) was added NBS (16.52 mg, 0.093 mmol} and AIBN (1.52 mg, 0.0093 mmol). The
mixture was stirred at 50 °C for 12 hr. TLC (petroleum etherethyl acetate = 0.1 Re= 0.7)
showed a new spot with low polarity was formed. AIBN (333 mg, 0.032 munol) and NBS
{8.26 mg, 0.046 mmol) were added. The mixture was stirred at 50 °C for 12 hr. LCMS
showed desired ms was detected. TLC (ethyl acetate petroleum ether= 211, Ri = §.58) showed
anew spot was formed. The reaction mixture was concentrated under reduced pressure o
remove solvent. The residue was purified by prep~-TLC (5103, cthyl acetate petroleum cther =
2:1, Re = 0.58) to give 49¢ as a white solid. 'H NMR (400MHz, MeOD-43 36 827(d,J=13
Hz, 1H), 8.15(d, /=13 Hz, 1H), 3.76 {brs, 1H), 5.66-3.54 (m, 1H), 3.95 (s, 3H), 2.89-2.68
(m, ZH), 237 {brd. J= 154 Hz, 1H), 207 (brd, J= 138 Hz, 1H), 1.66{d. J=6.5 Hz, 1H),
1.50(d. /= 6.6 Hz, 3H).

{6523} (1R 4R}-methyi S-bromo-4-hydroxy-1-methyi-1,2,3.4-
tetrabydrobenzo|4,5)imidaze|l,2-alpyridine-7-carboxylate {49f). (1R 45)-methyi 9-
bromo-4-hydroxy-1-methyi-1,2,3 4-tetrabhydrobenzo{4,3imidazo{l.2-g]pyridine-7-
carboxylate (49¢}. To a sclution of (1#}-methyl 4 9-dibromo-1-methyl-1.23 4~
tetrahydrobenzo4,5 hmidazof 1,2-ajpyridine-7-carboxvlate (4%e, 40 mg, 0.099 mmol) in
MeCN (2 mL) and HoO (2 mb} was added Oxone (183.48 mg, 0.298 mmol). The muxiure
was stirred at 50 °C for 16 hr. LCMS showed desired ms was detectd. TLC {petroleum
cther:ethyl acetate= 1.2 Rr = 0.40} showed a new spot was formed. The reaction mixiure wag
concentrated under reduced prossure to remove solvent. The residue was purified by prep-
HPLLC (FA condition; column: Phenomenex Luna C18 180*30mm* 5um; mobile phase:
Iwater (0. 2%FAMACN]BY: 159%-45%, 10min) to give 491 as a white sohid and 49g as a
white solid. (49f) 'H NMR (400MHz, MeOD-ds) §8.29(d. J= 13 Hz, 1H), 8.12(d, /=13
Hz, 1H), 5.54-5.43 {m, 1H}, 5.01 (brs, 1H), 461 (brs, 1H), 394 (s, 3H}, 2.72-2.58 (m, 1H},
235, J=35,144Hz, 1H), 207 (brdd, /=26, 146 Hz, 1H), 192 (brd,J= 146 Hz,
1H), 150 (d. /= 6.4 Hz, 3H). (49¢) 'H NMR (400MHz, MeOD-d4) 6 8.28 (s, 1H), 8.09 (s,
TH), 548-537 {m, 1H), 493 (brs, 2H), 3.93 (s, 3H), 2.44-2.23 (m, 2H), 2.19-2.03 (m, ZH),
1.55(d, /=66 Hz, 3H).
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16534] (1R 4R})-9-bromo-4-hyvdroxy-I-methyl-1,2,3,4-
tetrabydrobenzod,Slimidazel,2-alpyridine-T-carboxvlic acid {(49h}. To a solution of

(1R 4Ry-methy! 9-bromo-4-hydroxy-1-methvi-1,2,3 4-tctrahvdrobenzol4, 5 fimidazof 1,2-
alpyridine~T~carboxylate (49f, 15 mg, 0.044 mmol) m MeOH (1 mL), THF (1 mL) and H2O
(1 mL}y was added LiOH Ho0 (2.78 mg, 0.066 mmol}. The muxture was stirred at 15 °C for
16 hr. TLC (petroleum ctheriethyl acetate = 0:1) showed 491 remained and a new spot was
formed. LiOH H2O (927 .89 ug, 0.022 mmol) was added to the reaction mixture. The mixture
was stirred at 15 °C for 16 hr. LCMS showed desired ms were detected. The muxture was
adjosted to pH = 4 with aqueons HCE (1 M) and concentrated to give 49h as a white solid,
which was used in the next step without further purification. 'H NMR (400MHz, MeOD-ds) §
840{(d, J=11Hz 2H), 567 (rt, J=4.9Hz, 1H}L 520 (brd, J=32Hz, 1H),2.71-2.40
(m, 2H3, 2.18-1.99 (m, 2H), 1.67 (d, J= 6.6 Hz, 3H).

{0531} (1R 4R)-9-bromo-N-(4-{chlorodifluoromethoxy)phenyi}-4-hyvdroxy-1-methyl-
1,2,3 4-tetrahydrobenzold Shimidazoll,2-glpyridine-7-carboxamide (491}, To a sclution
of {1R 4R)-9-bromo-4-hydroxy-1-methyi-1.2,3 4-tetrahvdrobenzol4, 5 imidazof1.2-
alpyridine-7~-carboxylic acid (4%h, 10 mg, 0.031 mmol}, 4-[chioro{difluoroymethoxy]aniline
{1h, 7.14 mg, 0.037 mumol) in DMF (1 mL) was added HATU (14.03 mg, 0.037 munol) and
DIEA (11.92 mg, 0.092 mmol, 16.07 ul}. The mixture was stirred at 15 °C for 5 hr. LCMS
showed desired ms was detected. TLC (ethyl acetate:methanol = 10:1, Ry = 0.40) showed a
new spot was formed. The reaction mixture was concentrated under reduced pressure to
remove solvent. The residue was diluted with H:O (10 mL} and extracted with EtAGc (10
mlb x 3}. The combined organic lavers were washed with brine, dried over Ns250a, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by prep-
TLC (8i():, ethyl acetate:methanol = 10:1) to give 4% as a white solid. "H NMR (400MHz,
CBCl-d) 58.09(d, /=13 Hz 1H), 800{d, J=13Hz IH), 771 (4, /=89 Hz, 2H}, 725
(s. 1H), 546 (brt, /=58 Hz 1H) 518 {brg, 1H), 2.76-2.60 (m, 1H), 2.39-2.17 (m, Z2H},
1.96-1.86 {m, 1H), 1 53 (d,.J=6.6 Hz, 3H}.

{6532} (IR 4R-N-{4-{chlorodifluoromethoxy)phenyi)-4-hydroxy-t-methy]-9-(1 H-
pyrazol-5-vi}-1,2,3,4-tetrahydrobenzol4,5]imidazo[1,2-a]pyridine-7-carboxamide (49} A
mixture of (1R 41)-9-bromo-N-(4-{chlorodiflucromethoxyiphenyl}-4-hvdroxy-1-methyl-
1,2.3 4-tetrahydrobenzold, Shinudazo| 1, 2-a|pyridine-7-carboxamide {48i, & mg, 0.016 munol),
5-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-vl)-1H-pyrazole (9.30 mg, 0.048 vunol), KsPOu
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{10.17 mg, 0.048 mmol), Pd{dppHCh (1.17 mg, 1.60 wmnol} in dioxane (2 mL) and Fa(0 {0.2
mb} was degassed and purged with N2 3 times. The mixture was stirred at 120 °C for 16 hr
voder a Nz atmosphere. LCMS showed desired ms was detected. The reaction mixture was
concentrated under reduced pressure to remove solvent. The residue was punfied by prep-
HPLC (neutral condition; columm: Waters Xbridge BEH C18 160%30mm™* 10um; mobile
phase: pwater (10mM NHEHCO-ACNE B%: 35%-35%. 10min) to give 49 as a white sohid.
Mass calculated for M+11" {(CasHaoCIF2Ns0s) requires m/z 488.1, LCMS found nv/z 488 1.
H NMR (400MHz, MeOD-ds) 5 834 (brs, 1FD, 7.94 (s, 1H}, 7.85(d, /=89 Hz, 3H). 7.30
{d, /=88 Hz, 2H), 6.69 (brs, 1H), 5.14-4.94 (m, 2H), 2.75-2.55 {m, 1H}, 2.25 (brt, J =
42Hz H)L,204(brd, /J=119Hz, 1H), 1.73(rd, J=138Hz, 1H), 088 {rd, J=62
Hz, 3H).

{3533} The compounds in the table below (Table 1) were made and can be made similarly

following the procedures described above.

Table 1

Example Nructure LCMS 'H NMR General

w7 Procedure

50 ;XO\V/\\ Ef\eg 4581 {'H NMR (400 MHz A

F N Ny N DMSO-de) 3 10.44 (s, 1H),
N 9.34 (s, 1H), 9.10 (s, 2H).
§.65 (s, 1H), 852 (d, J =
1.8 Hz, 1H), 8.14 (s, 1H).
7.98-7.90 (m, 2H), 7.77 (d.
J=15Hz 1H), 7.36(d. J
= 9.0 Hz, 2H), 4.03 (quin,
J = 67 Hz, 2H), 132 (s,
3H). 130 (s, 3H).

4562 | 'H NMR (400 Milz A
DMSO-ds) § 10.47 (s, 1H),
931 (s, 1H), 9.14 (s, ZH),
8.52-8.44 (m, 2FD), 7.95 (d,
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J =92 Hz, 2H). 788 (d, J
= 1.6 Hz 1H), 735 (4, J =
9.0 Hz 2H), 3.29 (dt. J =
37,72 Hz, 1H), 0.84-0.75
(m. 2H). 049-041 (m,
2H).

2N 14701 H O ONMR (400 MHz, A
S CDCE) 3938 (s, 1 H) 8.89
{brs, 2 H) 843 (brs, 2 H)
822 (brs, 1 Hy 7.67-788
(m, 3H) 729 {(brs, 1 H)
438 (br s, 1 H) 2.16-2.37
(m, ZH3 199 (brd, J=70
Hz, 2H) 1 82(brd. /=99
Hz, 1 H) 163-1.72 (m, 1
H).

v 5
)
O

X

[}

N #
Iz

[_2:0
W />

/ A\

& O

53 Cf{oxﬁ/j 5 AN [RETTTH NMR (400 MHz, A
o \*C:/“\\/“\ MeOD-ds) 935 (s, 1H),
"./_;N’Cé 9.07 (s, 2H), $.88 (s, 1H),
850 (d, J ~ 1.6 Hz, 1H),
796 (d, J ~ 16 Hz, 1H),
7.90-7.80 (m, 2H), 7.31 (d.
J = 9.0 Hz, 2H), 471-4.62
(m, 1H), 424-408 {(m,
2H), 386-3.76 (m,
3.67 (dd. .J — 4.8, 10.6 Hz,
1H), 2.28-2.16 {m, 2H),

93
I
\<

O\@ i A 14841 TH ONMR (400 MHz, X
P \\/K”‘j\/\“’i DMSO-~de) 3 1045 (s, 1H),

\,/ L 933 (s, 1H), 9.09 (s, 2H),

8.61 (s, 1H), 851 (d, J =

187
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15 Hz IH), 793 (d, J =
8.1 Hz, 2H), 780 (d, J =
1.3 Hz, IHy, 736 (d, J -
%8 Hz 2H), 4.22 {qum, J
= 64 Hz, iH). 1.86-1.64
{m, 6H), 164-137 (m,
2H}.

, N 5001 | 'H NMR (400 MHz A
s i/\" DMSO-de) & 10.48 (s, 1H),
LT 9.3 (s, 1H), 9.13 (s, 2H),
8.78 (s, 1H), 8.34 (d, J =
1.5 Hz, (H). 794 (d. J =
9.3 Hz, 2H), 7.85 (4. J -
1.5 Hz, 1H), 7.37 (br d.J =
9.0 Hz, 2H), 3.87 (br dd, J
= 3.7, 112 Hz, 2H), 3.90-
3.84 (m, 1H), 2.81 (br t, J
- 114 Hz, 2H), 2.06-1.93
{m, ZH), 180 (br d, J =
14.1 Hz, 2H),

(i}
oy
Q
N/
2
e
\
i\j V4
o
7N
P

2
N

cn>/ \C 4‘\ 5001 H O ONMR (400 MHz, A
Ay M(\\ CDCl-d) § 937 (s, 1H),
\c/ o \ ,
586 (s, ZH), 845 {br s,
2H), 819 (s, 1H), 7.71-
7.86 (m, 3H), 7.29 (br s,
iH), 7.27 (s, 1H), 451-
464 {m, 1H), 3.94-4.07
{m, 1H), 3.16 (s, 3H), 2.44
(dt, J = 13.18, 633 Hz,
2H), 2.04-2.20 (m, 2H).
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(o
)

>/O\ o

L
=

I g
'\j O’?“i;

N ==

5001

H NMR (400 Mz
DMSO-de) & 10.45 (s, 1 H)
935 (5. 1 H) 9.06 (s, 2 H)
863 (s, 1 H) 851 (d, J =
18 Hz, | H) 794 (d, J =
93 Hz, 2 H) 781 (d, J -
15 Hz, 1 H) 736 (d. J =
90 Hz. 2 H) 483 (s. 1 H)
461 ¢ J =77 Hz. 1 H
2.21-2.36 (m, 2 H) 1.77-
1.88 (m, 2 H) 1.15 (s, 3 H).

38

476.1

"M NMR (400 Mz,
MeOD-ds) 3 933 (s, 1H),
9.04 (s, 2H), 8.64 (s, 1H),
849 (d, J = 1.6 Hz, 1H).
7.91-7.80 (m, 3H), 7.31 (d.

J =89 Hz 2H), 463 (d,J

~ 53 Hz 1H), 451 (d.J =
5.1 Hz. 1H), 4.45-4.30 (m,
1H), 151 (d, J = 62 Hz,
3H).

474.%

H NMR (400 Mz
DMSO-de) & 9.36 (s, LH),
9.07 (s, 2H). 8.95 (s, 1HD).
853 (d. J = 1.3 Hz, 1H),
793 (d. J = 9.0 Hz, 2H),
786 (d, J - 1.3 Hz, 1H),
737 (d, J = 90 Hz, 2H),
4.08-4.01 (m, 1H). 3.60-
347 (m, 2H), 135 (d, J =
6.8 Hz, 3H).
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60

474.0

H NMR (400 Mz
DMSO-de) & 10.46 (s, 1FD.
934 (s, 1H). 9.06 (s, 2H).
867 (s, 1H). 852 (d, J =
1.3 Hz, 1H), 7.94 (d. J =
9.0 Hz, 2H), 7.78 (d. J -
1.1 Hz, 1H), 7.37 (d. J =
9.0 Hz, 2H), 4.07-3.91 (m.
1), 3.61-3.51 (m, 2FD.
1.32(d.J ~ 6.8 Hz, 3H).

61

>/ /’“m

B 3
A F
~ N“"y

e

488.1

'H NMR (400 MHz,
DMSO-ds) 1046 (s, 1H),
833 (s, 1H), 9.05 (s, 2H),
875 (s, 1H}, 851 (4, J =
15 Hz IH), 793 (d, J =
90 Hz, ZH), 781 (d, J =
1.5 Hz, 1Hy, 736 (d, J -
9.0 Hz, 2H), 4.89-4.61 {m,
1H}, 404 {quin, J = 80
Hz, 1H), 2.59 (ddd, J =
33, 82, 153 Hz, 2H),
2.46-231 (m, 2H).

A

62

.. O\,
/ \
21 4
" \ /tx/

S

488.1

H NMR (400 Milz
DMSO-ds) § 10.48 (s, 1H),
937 (s, 1H), 9.07 (5. 2HD),
880 (s, 1H). 853 (d, J =
1.1 Hz, 1H), 7.94 (4. J -
9.0 Hz, 2H). 7.86 (s, 1H),
737 (d, J = 88 Hz, 7H).
534-510 (m, ), 4.74

(quin, J =~ 7.2 Hz, 1H).
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287271 (m, 2H), 2.23—
2.07 G, 2H),

63

470.0

H NMR (400 Milz
DMSO-ds) & 1047 (br s,
1H), 936 (s, 1H), 9.13 (s,
2H), 8.53 (d, J - 1.5 Hz,
1H), 851 (s, 1H), 7.91-
7.97 (m, 2H), 7.83 (d, J =
1.3 Hz, 11D, 737 (4, J -
9.0 Hz, 2H). 3.75 (d, J -
7.1 Hz, 2H), 0.63-0.74 (m,
1H), 030-039 (m, 2H)
0.12-0.22 (m, 2H).

A

64

N
H

VN "\, OMe

N===/

488.2

'H NMR (400 MHz,
DMSO-ds) 3 10.50 (s, 1H),
935 (s, 1H), 9.08 (br s.
2H), 8.85 (s, 1H), 8.53 (d,
J = 13 Hz, 1H), 7.93(d, J
~ 9.0 Hz, 2H), 7.83 (d.J -
15 Hz, 1H), 737 (brd. J =
8.9 Hz, 2H), 4.19-4.07 (m.
1H), 3.59-340 (m, 2H).
3.06 (s, 3H), 1.38 (4, J =
6.8 Hz, 3H).

63

"\/ \/\
e \//\

A(L

' A
\ e/ -~OMe

488.1

"H NMR (400 Mz,
MeOD-ds 5 942 (s, 1H),
914 (br s, 1H). 913 (s,
2H). 839 (d, J = 1.5 Hz,
1H), 8.02 (d, J = 1.5 Hz.
1H). 7.93 (d. J = 9.0 Hz,
2H), 7.39 (4. J ~ 8.9 Hz

A
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2H), 4.45-436 (m, 1H),
3.65-3.61 (m, 2H), 3.41-
3.40 (m, 1H}, 3.40 (s, 2H),
1.57{(d, J = 6.8 Hz, 3H).

- PN N ) T NRA _ ML
66 I \Ej 0 5021 | 'H NMR (400 MHz A
N :: . DMSO-ds) 5 10.43 (s, 1H),
\(
. 933 (s, 1H), 9.04 (s, 2H),

853 (s, 1H), 850 (d, J =
1.3 Hz, 11D, 7.92 ¢4, J -
9.0 Hz, 2H)y, 775 (d, J =
1.5 Hz, 1H), 7.35 (d. J =
8.8 Hz, 2H), 4.84 (s. 1H),
373 (q, J - 7.0 Hz, 1H),
145 (d, J = 7.1 Hz, 3H),
0.84 (s, 3H), 0.55 (s, 3H).

67 (j;;ﬁ/*:*{\l o AN AT [TH O NMR (400 Mz, A
N \g”‘j{:["\v“ DMSO-de) & 10.44 (s, | H)
P
N__j"@' 33 (s, 1 H) 9.00 (brs, 2
OH

H) 8.63 (s, | H) 8.50 (d. J
~ 1.8 Hz, 1 H) 7.88-8.02
(m, 2 H) 776 (d, J = 1.5
Hz, 1 H) 736 (d, J = 9.0
Hz, 2 H) 523 (d, J = 5.1
Hz, 1 H) 424-445 (m, 1
H) 3.69 (br s, 1 H) 2.68-
2.79 (m, 1 H) 2.20 (ddd. J
= 115,55, 3.1 Hz, 1 H)
195 (br dd, J = 12.1, 6.4
Hz, 1 H) 1.69-182 (m, 1
H).
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68

N

F /O /\ oz
T LI L
2 N "~ /=§) iyt
e

e

!/ OH

488.0

H NMR (400 Mz
MeOD-ds) § 930 (s. 1H),
8.99 (s, 2H), 8.69 (s, 1HD).
8.49 (s, 1H), 7.91 (s. 1H),
784 (d. J = 9.0 Hz, 2H),
730 (brd.J -~ 8.8 Hz, 2H),
3.99 (s, 2H), 0.89 (s, 6H).

69

476.%

H NMR (400 MHz,
DMSO-de) & 10.46 (s, 1 )
935, 1 Hy 206 (brs, 2
H) 869 (s, 1 H) 854 (d. J
~ 18 Hz 1 H} 794 (d. J =
90 Hz, 2 H) 779 {d, J -
15 Hz, 1 H) 737 (d. J =
§.8 Hz, 2 H) 4.57-4 68 (m.
I H) 445456 (m, 1 )
415-429 (m, 1 H) 1.42 {d,
J=6.6Hz 3 H).

70

4701

T NMR (400 MHz,
MeOD-ds) § 928 (s, 1H),
9.12 (s, 2H), 842 (4, J =
1.3 Hz, 1H). 840 (s, 1H).
789 (d, J = 1.5 Hz, 1HD.
7.86-7.82 (m, 2H), 7.30 (d.
J = 9.0 Hz, 2H), 3.06 (td, .J
= 35, 69 Hz 1H), 1.18
(tdd, J = 3.2, 6.3, 9.4 Hz,
1H), 1.02 (ddd, J = 3.7,
58, 9.6 Hz 1H), 0.64 (d, J
= 6.0 Hz, 3H), 0.39 (g, J =
6.2 Hz, 1H).
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71

5001

H NMR (400 Mz
DMSO- ds) & 1047 (s,
1), 935 (s, 1H), 9.08 (s.
7H), 852 (4, J = 16 Hz,
1H), 847 (s, 1H), 7.96 (s,
1H), 7.93 (s, 1H), 7.83 (4,
J = 16 Hz, 1H), 737 (4. J
= 8.8 Hz, 2H), 4.02-3.96
(m, 1H), 3.93 (&, J = 77
Hz, 1H), 3.65 (br s, 1H).
3.57-3.51 (m, 2H), 1.64 (s
1), 159-147 (m, 2H),
121 (brd.J = 6.6 Hz, 1T,

72

416.0

'H NMR (400 MHz,
MeOD-ds) &  9.35-927
(m, 3H), 9.05 (s, 1FD), 8.45
(d, J - 13 Hz, 1H), 825
(d, J = 1.3 Hz 1H). 7.87
d, J = 9.0 Hz. 2H). 7.33
(d,.J=9.0Hz, 2H).

73

1\1 Hon

\..«/

&/J

500.1

'H NMR (400 MHz,
MeOD-ds} 6 9.29 (s, 1H),
901 (s, 2H), 845 (d, J =
1.5 Hz, 1H), 838 (5, 1H),
7.86-7 81 {m, 3H), 7.29 (4,
J =90 Hz ZH), 4.07 (dd,
J=31, 148 He, 1H), 3.94
(dd, J = 82, 14.8 Hz, 1H),
3.82-376 {m, 1H), 3.67-
354 (m, 2H), 1.79-1.60
(m, 3H), 132-123 {(m,
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1H).
74 SO o A 4860 | NMR (400 MHz, A
T 'g’f\@g\\/j DMSO- do) & 1048 (s,
P
&J‘“Z\/o 1H), 935 (s. 1H), 9.09 (s,

7H), 853 (s, 2H). 7.94 (4,
J = 9.0 Hz, 2H), 7.83 (d. J
= 13 Hz 1H). 737, J =
88 Hz, 2H), 4.53 (br s
1H), 4.08-3.93 (m, 2F).
3.54 (s, 2F1), 2.22-1.94 (m,
ZH).

DMSO-ds) & = 1047 (s,
v 1H). 9.35 (s, 1H). 9.08 (s,
JH). 8.56-846 (m, 2H).
7.97-791 (m, 2H), 7.81 (d.
J =15 Hz, 1H), 736 (d, J
- 8.8 Hz, 2H), 4.52 (br s,
H), 4.03-395 (m, 2H),
368 (dL J = 5.4, 8.8 Hz,
2H). 2.19-2.07 (m, 2H),

75 PPNy o AN 486.0 H NMR (400 MHz, A
o fI: I/’ /EL\C’Y[§/?N
|
N

76 i;ioxil § = ) 5000 | 'H NMR (400 MHz, A

'y \H/\A/“\ MeOD-ds} § 9.25-9.42 (m,

NP 1 H) 9.04 (s, 2 H) 848 (d,
_ J=17Hz 1 H) 836 (s, 1
H) 7.77-7.94 {m, 3 H) 7.30
{(d, J = 9.0 Hz, 2 H) 450~
456 (m, 1 H) 4.20-4.31
(m, 1 H) 3.71-3.81 (m, 1
H) 3.65 (dd. J = 6.2, 44
Hz, 1 H) 2.54-2.67 (m, 1
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H) 236-2.49 (m, 1 H) 0.67
(d,J=62Hz 3H).

"H NMR (400 MHz,
MeOD-ds) & 932 (s, 1H),
9.06 (s, 2H), 8.49 (s, 1H),
847 (d, J = 1.5 Hz, 1H),
7.90-7.79 (ma, 3H}, 7.30(d,
J =190 Hz 2H), 454-4.47
(o, 1H), 426419 (m,
2H), 3.98 (dd, J = 6.5, 10.0
Hz 1H), 389 (dd, J = 6.0,
99 Hz, IH) 376 (dd, J =
3.5,97Hz, 1H).

A

74

502.1

'H NMR (400 MHz,
MeOD-ds) & 931 (s, 1H).
09.06 (s, 2H), 8.49 (s, 1H),
847 (d, J = 1.8 Hz, 1H},
7.88-781 {m, 3H), 7.30 (4,
J =90 Hz, 2H), 4.53-4 .46
{(m, 1H), 426-418 (m,
2H}, 398 (dd, J =966, 101
Hz, 1H), 389 (dd, J =57,
09 Hz, 1H), 376 (dd, J =
3.6, 98 Hz, 1H).

~3
]

502.0

"H NMR (400 Mz,
MeOD-ds 3 931 (s, 1H),
9.05 (s, 2H), 847 (4. J ~
16 Hz, 1H). 839 (s, 1H),
7.88-7 83 (m, 3H), 7.30 (d.
J = 8.9 Hz, 2H), 4.36 (brd.
J = 5.1 Hz, 1H), 426 (brd.

A
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J = 9.0 Hz, 2H). 4.14 (dd.
J= 32,102 Hz, 1H), 4.04

(dd, J = 5.2, 10.7 Hz, 1H),
361 {dd, J = 2.6, 10.2 Hz,
1H).

3

4440

HONMR (400 MHz,
MeQOD-di} 5833 (brd, J =
62 Hz, 2H), 795 (d, J =
1.3Hz 1H), 784 {(brd, J =
8.0 Hz, 3H), 7.31-7.27 {mn,
2H), 6.67 (br 5, 1H), 347
(br s, 1H), 0.78 (br s, 2ZH),
(.63 (br s, 2H).

31

\( ,N»xrix

473.1

I NMR (400 MHz,
DMSO-de) & 1045 (s, 1H),
§.75-8.66 (m, 2H), 8.47 (d.

J = 1.3 Hz, 1H), 8342 (s,

1H), 8.10 (br d. J = 9.0 Hz,
1H), 7.94 (4, J = 9.0 Hz,
2H), 784 (4, J = 13 Hz,
1H), 7.36 (brd,J = 8.8 Hz,
2H), 324 d. J = 3.4, 6.9
Hz, 1H). 0.75 (br s, 2H).
0.43 (brd, J = 6.4 Hz, 2H).

.\/

Q L L

I \.
\\4 f\

N»-/

486.2

"H NMR (400 Mz,
MeOD-ds 5 892 (s, 1H),
8.86 (s, 21D, 843 (d. J
1.1 Hz, 1H), 7.99 (d. J =
11 Hz, 1H), 7.84 (d, J =
9.0 Hz, 2H). 7.30 (d, J -
8.8 Hz, 2H), 4.11 (s, 3HD).
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339 (e, J =37 7.0 Hz,
iH), 1.01-0.92 (m, 2H),
0.77-0.68 (m, 2H}.

"H NMR (400 Mz,
CDCL-d) & 942 (s. 1H),
8.90 (s, 2H), 8.40 (s, 1H),
8.29 (s, 1H), 7.99 (s, 1H),
784 (s, 1H), 7.74 (d, J =
§8 Hz, 2. 731 (br s
2H), 4.42 (br s, 1H), 2.99-
2.68 (m, B4H),

486.0

M NMR (400 Miz,
MeOD-ds) § 935 (s, 1H),
9.13 (s, 1H), 9.04 (s, 2H),
849 (4, J = 13 Hz, 1H).
798 (d, J = 1.3 Hz, 1HD.
784 (d, J = 9.0 Hz, 2H).
730 (d. J = 8.8 Hz, 2H),
478 (quin, J = 7.0 Hz,
1H), 443-433 (m, 1H),
2.76-2.60 (m, 2H). 2.07-
1.93 (m, 2H).

HN-"'“{\
A
.y,

446.1

'H NMR (400 MHz,
MeOD-dg 6 8.52 {(br s,
1H), 8.38 (br 5, 1H), 791
(s, IH), 784 (br d, /=85
Hz, 3H), 729 (brd, J = 8.6
Hz, 2H), 6.65 {(br 5. 1H),
4.79-4 .66 (m, 1H}, 1.39 (br
d,J=6.4Hz, 6H).

B
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N 7

475.%

H NMR (400 Mz
DMSO-de) 6 10.45 (s. 1FD.
876 (d, J = 2.7 Hz, 11,
8.68 (d, J = 11.1 Hz, 2H),
851 (d. J = 1.5 Hz, 1H),
8.12 (brd.J - 9.8 Hz, 1H),
795 (d, J = 9.0 Hz, 2H),
777 (s, 1H), 737 (d, J =
9.0 Hz, 2H), 4.12-4.03 (m,
1H), 132 (4. J ~ 6.7 Hz
6H).

87 PO,

43472

"M NMR (400 Mz,
DMSO-d) & 10.76 (s, 1H),
961 (br s, 1H), 932 (s,
1H). 9.09 (s, 2H). 8.56 .
1H). 7.99 (s, 1FD). 7.91 (br
4,7~ 8.8 Hz, 2H), 7.32 (br
d,J = 8.6 Hz, 2H). 3.32 (br
t..J =74 Hz, 1H), 1.38 (br
s, IH), 121 (brd, J = 6.6
Hz, 3H), 0.56 (br s, 1H),
0.41 (br s, 1H), 0.20-0.12
(o, 1D, 0.01 {brd, J = 4.0
Hz, 1H).

88 ‘FXO‘\(\-}
ot L

484.1

"H NMR (400 Milz
DMSO-ds) § 10.76 (s, 1H),
961 (br s, 1H). 932 (s,
1H), 9.09 (s, 2H). 8.56 (s,
1H), 7.99 (s, 1H). 7.91 (br
d.J = 8.8 Hz, 2H), 7.32 (br
d,J ~ 8.6 Hz, 2H), 3.32 (br
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t.J =~ 7.4 Hz, 1H). 1.3% (br
s, ), 121 (or d, J = 656
Hz, 3H), 0.56 (br s, 1H).
0.41 (br s, 1H), 0.20-0.12
(. 1FD), 0.0 (brd,J = 40
Hz, 1H).

89 XYY 9 Jiﬁ/v\ 4881 |H NMR (400 MHz B
) /\ﬁ/’l\@(\’h’ McOD-dy) § 882 (s, 2H),
Vs §.60 (s, 1H), 844 (s, 1H).

786 (d, J = 8.9 Hz, 2H).
780 (s, 1H), 732 (d, J =
8.8 Hz, 2H), 4.37-4.28 (m,
1H), 4.14 (s, 3H), 145 (4,
J = 6.6 Hz, 6H).

90 "X LS 4621 |'H NMR (400 MHz B
o Y Y, MeOD-ds) § 852 (s. 1 H)
N 837 (s, 1 H) 7.90 (d, J =

1.8 Hz, 1 H) 7.79-7.88 (m,
3H)7.29(d.J =90 Hz 2
H) 6.65 (d, J = 2.0 Hz, 1
H) 471 (br s, 1 H) 3.57-
375 (m. 2 H) 1.44 (d, J =
6.8 Hz. 3 H)

91 C“XO\@ o AN 14721 T'HO ONMR O (400 MHz, B
E ‘l:: « i I
> *ﬁk@%’” MeQD-d4) & 931 (s, 1H),
# & , , ,
Lot 8.99 (s, 2H), 8.56 (s, 1H).

847 (4, J = 1.8 Hz, 1D,
7.85-7.80 (m, 2H), 7.72 (4,
J=2.0Hz 1H), 7.29 (d, J

200
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=9.0Hz, 2H), 1.50 (s, OH).

480.0

H NMR (400 Milz
CDClL-d) § 931 (s, 1H),
880 (s, 2H), 834 (d, J =
1.5 Hz, 1H), 8.05-7.96 (m,
2H), 774 (d, J - 15 Hz,
1H), 767 (d, J = 8.9 Hz,
2H). 722 (s, 1H), 5.82-
544 (m, TH), 4.16 {dt. J -
2.8, 14.7 Hz, 2H).

B

436.1

'H NMR (400 MHz,
MeOD-da) 5 930 (s, | H)
005 (s, 2Hy 846 (5, 1 H)
8.40 (s. | HY 7.76-7.93 (m,
3H)730(d./=90Hz 2
H)364-392(m, 1 H) 295
(brd.J=40Hz 1 H) 130
{brs, 1 H) 1.08 (brs, 2 H)
.35 (brs, 1 H).

94

4706.1

H NMR ({400 MiL,
DMSO-c) 3 10.45 (5. 1 H)
933 (s, 1 H) 9.10 (s. 2 H)
§.44-8.55 (m, 2 FD 7.94 (d.

J=90Hz 2H) 780 (d, J

=15Hz 1 H}736{(d. J=
90 Hz 2 H) 122 (3, 3 H)
1.14 (br s, 2 H) 0.53 {br s,
2 H).
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95 C\(&@\ o Y 4621 H NMR (400 MHz, B
N CDCL-d)) 5 8.76 9.07 (br

g/ ,N’(fo.k-: s, 1H), 7.93 (s, 1H), 7.72-
7.55 (m, 4H), 748 (s, 1H),
747 (ord, J =87 Hz 2H),
649 (s, 1H), 456 (br s,
1Hy, 385 (brd, J =120
Hz, 1H), 348 (brd.J =86
Hz, 1H), 144 (brd, /=68
Hz, 3H).

96 C*?\f@ o iN\] 4941 |{'H NMR (400 MHz B
YN O MeOD-dsy & 932 (s, 1H),
et F 9.00 (br s, 2H). 860 (s,
" iH). 848 (d, J = 1.8 Hz,
1H). 7.85-7.84 (m. 1H).
7.84-7.81 (m, 2H), 7.29 (4.
J =93 Hz, 2H), 6.14-5.83
(m, 1H), 445-432 {(m,
1H), 1.66 (d. J = 7.1 Hz,
3H).

XYY 9 ) 4631 |'H NMR (400 MHz, B
TN NH’W‘/S MeOD-ds) § 923 (s, 1H),

N §.50 (s, 1H), 8.44 (d, J —
18 Hz, 1H), 808 (s. 1H),
790 (d. J = 18 Hz, 1H),
7.87-7.82 (m, 2H), 7.30 (d,
J =92 Hz, 2H), 4.42-4 34
(m, 1H), 145 (4. J = 66
Hz, 6H),

202
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9% Ch C o N 494 0 H NMR 400 Mz B
FF N)\[ L \;Eq

N ;ﬁ:\i’ MeOD-dy) § 932 (s, 1H).
NP :
TPy 9.00 (brs, 2H), 8.59 (4, J -
F

0.7 Hz, 1H), 848 (d, J =
1.5 Hz, 1H), 7.86-7.84 (m,
3H), 729 (d, J - 9.0 Hz,
2H), 6.15-3.82 (m, 1H),
4.47-4.32 (m, 1H), 1.66 (d.
J = 7.1 Hz, 3H).

99 ca\j\/o\@ . iN\'ii 4741 | 'H NMR (400 Mz B

: ﬁJ\(\:L g MeOD-ds} 6 931 (5, 1H),
9.03 (s, 2H). 845 (d, J =
1.5 Hz, 1H), 833 (s, 1H),
7.88-7.80 (m, 3H), 7.29 (d,
J = 8.8 Hz, 7H), 3.93-3 81
{(m, 2H}, 359-351 (m,
1), 083 (d. J — 64 Hz,
7H).

100 4861 |'H NMR (400 Mz, B
MeOD-ds) 6 931 (s, 1 H)
9.08 (s, 2 H) 8.37-8.54 (m,
2 H) 780-794 (m, 3 H)
730 (d. J = 90 Hz, 2 H)
435 (dd, J = 7.5. 6.6 Hz, 2
H) 431(d, J = 7.5 Hz, 2
H)4.24 (t.J = 6.2 Hz, 2 H)
3.00-3.11 ¢m, 1 H).

101 P o N 4741 |'H NMR (400 MHz, B
STy N”:jfﬁ\/” MeOD-ds) & = 9.05 (s, 1H),
L
i

NN o 878 (s, 2H), 8.20 (d, J =
1.5 Hz, 1H), 808 (s, 1H).
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7.62-7 56 (m, 3H), 7.04 (br
d.J = &3 Hz. 2H), 3.65-
358 (m, 2H). 3.33-3.25
(., 1H), 0.57 (d, J = 64
Hz, 3H).

102 e

H NMR ({400 MiL,
MeOD-ds) 8= 9.34 (s, 1H),
9.08 (br s, 2H), 8.69 (s.
1H). 849 (d. J = 1.5 Hz.
1), 7.87-7.82 (m, 3H).
730 (d. J = 8.8 Hz, 2H),
447-438 (m, 1H), 3.06-
7 (m, 2H), 1.64 (d, J -
Hz, 3H).

FAN

6.

103 EN

483.0

H NMR (400 Mz
MeOD-ds) 6 9.34 (5. 1FD.
907 (br s, 2H), 8.69 (.
1H), 848 (d, J = 1.5 Hz,
1), 7.86-7.52 (m. 3H),
729 (d, J - 8.8 Hz, 2H),
445-439 (m, 1H), 3.03-
2.86 (m, 2H), 1.63 (d, J =
6.8 Hz, 3H).

104 IO

300.1

H NMR (400 Milz
MeOD-ds) § 937 (5, 1 H)
9.12 (s, 2 H) 8.35-8.61 (m,
2 H) 7.82-7.90 (m, 3 H)
730 (d, J = 8.9 Hz, 2 H)
477 4. J = 71 Hz, 1 B
456463 (m, 1 H) 441
(dd, J = 938, 6.5 Hz, 1 H)

2
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411 (dt, J = 153, 6.1 Hz,
2H) 357 (brs, 1 H) 1.33
(d,J =67 Hz 3 H).

103 o O 9 HN- 4820 |'H NMR (400 MHz B
P YUY ~ MeOD-~ds) & 8.54 (s, 1H),
S
= )T 8.40 (s, 1H), 7.98 ¢s, 1H),
F

7.89 (brs. 1H), 7.85(d.J =
8.9 Hz, 7H), 7.30 (d, J =
5.6 Hz, 2H). 6.69 (s, 1HD.
6.00 (s, 1H), 5.18 (br s.
1H), 165 (d, J = 7.2 Hz,

106 nyox/\i o le* 4820 {'H NMR {400 MHz, B
TN ”\T N) MeOD-dy) § 8.54 (s, 1H),
P 7
NTN-F 8.40 (br s, 1H), 798 (s

N== g

1H), 7.93-7.77 (m, 2H).
7.92-7.74 (m, 1H), 7.30 (d.
J = 9.0 Hz, 2H), 6.69 (br s,
1H), 6.00 (brd. J = 2.2 Hz,
1), 6.12-5.90 (m, 1H),
5.19 (brs. 1H), 1.65(d,J =
7.1 Hz, 3H).

4722 | 'H NMR (400 Milz C
DMSO-ds) § 10.44 (s, 1H),
9.63 (s, 2H), 9.21 (s. 1H),
8.24 (d, J = 10.4 Hz, 2H),
792 (d, J - 8.8 Hz, 2H),
738 (brd, J = 8.8 Hz, 2H),
301 (s, 3H). 3.45-3 37 (m.
1H), 136 (d. J = 66 Hz
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6H).
108 cﬁ/{){:@\ F &l 4611 |['H NMR (400 MHz, C
Ny DMSO-ds) & 10.47 (s. 1H),
;:_//“ 9.30 (s, 1H), 8.63-8.51 (m,
’ 7H), 820 (d, J = $.8 Hz,
2H), 792 (4, J ~ 9.0 Hz,
2H), 738 (d, J = 8.8 Hz
2H). 387 (s, 3H), 2.64 (.
3H).
109 CTXG(E 0 ey | 4321 HONMR (400 MHz, C
TE A ﬁ/'\/\\\/J*) DMSO-de) 5 815 (br s,
\;’3\\ 1H), 7.99 (br s, 1FD), 7.77
7N {(brd, J = 8.6 Hz, 2H). 7.63
(brs, IH), 721 (br d, J =
§4 Hz, 7H), 7.00 (br s.
1H). 3.79 (br s. 3FD, 2.65—
2.52 (m, 3H).
110 Y o M 4851 | 'R NMR (400 MHz D
TS ﬁ)ﬁ”*f[ - DMSO-de) 3 10.39 (s, 1 H)
\%/ N":\,,OH

933 (s, 1 H) 9.02 (s, 2 H)
835(d, J =~ 1.8 Hz, 1 H)
792(d, J =90 Hz, 2 H)
766 (d. J -~ 1.5 Hz, 1| H)
736 (d, J ~ 8.8 Hz, 2 H)
495 (¢, J = 53 Hz, 1 H)
4.14-4.27 (m, 1 H) 3.66 (br
s, 1 H) 3.41-3.56 (m, 1 1)
267(s,3H) 129 (brd, J =
7.1 Hz, 3 H).

206
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111 5081 | 'H NMR (400 MHz D
DMSO-de) & 10.50 (s, 1 H)
937 (5. 1 H) 9.12 (s, 2 H)
859 (d, J =~ 1.5 Hz 1 H)
7.89-7.97 (m, 2 H) 7.86 (4,
J=1.5Hz, 1 H) 7.43-7.73
(m, 1 H) 737 (d, J = 9.0
Hz, 2 H) 426-4.57 (m, 1
M) 136(d, J = 7.1 Hz, 6
H).

DMSO-ds) § 9.28 (5. 1H),
‘{ N 912 (5. 2H), 833 (4, J -

A 15 Hz, 1H), 7.93 (. J =
90 Hz, 2H), 7.83 (d, J =
15 Hz 1), 7.36 (4, J —
9.0 Hz, 2H), 3.30-3.24 (m,
1H), 2.75-2.60 (m, 3H),
0.63-0.55 (m, 2H), 047-
0.39 (m, 2H).

1iZ C‘\(O\i/j\ o ?N\ﬂ 4761 '"H NMR (400 MHz, 1)
AN i
N N/"\T/\ i\/‘\'
H i

113 F/Yaf\l o My 4721 'H NMR (400 MHz D

PN N |f\~, SN DMSO-~ds) 3 10.40 (5. | H)

N, 935 (s, 1 H) 9.07 (s, 2 H)

\ 836 (d. J = 1.5 Hz, 1 H)
792 (4, J = 93 Hz 2 H)
769 (4, J = 1.5 Hz 1 )
736 (d, J = 9.0 Hz, 2 H)
4.13-4.34 (m, | H) 2.70 (s,
IH)134(d.J=71Hz 6
H).

267
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114

54214

H NMR (400 Mz
MeOD-ds) & 931 (s, 1 H)
903 (5. 2 H) 835 (s, 1 H)
783 (brd,J = 8.9 Hz, 2 H)
773 ¢s. 1 H) 729 (brd, J =
8.7 Hz, 2 H) 4.45 (dt, J =
14.1, 6.9 Hz, 1 H) 4.10 (br
dd. J = 113, 3.4 Hz. 2 H)
364 (brt.J = 118 Hz, 2
H) 343 (brt, J = 115 He,
1 H) 2.13-2.32 (m, 2 H)
191 (brd, J = 123 Hz, 2
H) 145 (brd,J = 7.1 Hz 6
H).

D

113

496.}

H NMR (400 Mz
DMSO-de) & 1323 (br s,
1H), 10.52 (s, 1H), 8.50 (br
s, 1H), 7.99-7.87 (m, 4H),
7.68-7.67 (m, 1H), 7.36 (4,
J =93 Hz 2H), 6.62 (4. J
= 2.0 Hz, 1H), 4.8 (br s,
1H), 136 (d, J = 68 Hz,
6H).

D

116

:/2\;@

470.1

T NMR (400 Milz
DMSO-ds) § 10.36 (s, 1H),
930 (s, 1H), 9.05 (s, 2H),
829 (d, J = 13 Hz, 1H),
790 (d, J = 93 Hz, 2H),
770 (d, J = 13 Hz, 1H).
733 (d, J = 9.0 Hz, 2HD.
3.48 (s, 3F), 2.27-2.19 {m.

rri
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1H), 1.18-0.97 (m, 4H).

117 FYO( s S AN 14881 'H  NMR (400 MHz, E
T LI
N C[ DMS0-dsy & 10.44 (s, 1H),
P \ N |
- 934 (s. 1H). 9.08 (s. 2H),
,}*\‘\OH 846 (d, J = 1.7 Hz, 1H),

794 (4, J = 92 Hz,
782 (d, J = 16 Hz,
737 (d, J = 90 Hz,

2H),
tH),
2H).

3.70 (s, 3H), 1.69 (s, 6H).

118 FXO\“/\\;L o JN? 4800 |'H NMR (400 MHz, E
c | i
P T SN DMSO-ds} § 10.52 (s, 1H),
N 934 (s, 1H), 9.12 (s, 2H),

8.57 (s, 1H). 7.93 (dd, J =
3.9, 5.1 Hz, 3H), 7.66-7.33
(m, 3H). 3.57 (s, 3H).

119 4841 'H NMR (400 MHz,
DMSO-ds) & 1042 (s, 1H),
9.32 (s, 1H), 9.07 (s, ZH),
844 (d, J = 1.3 Hz, 1H),
795 (d, J = 92 Hz, 2H),
776 (d, J = 1.5 Hz, 1H),
737 (d,.J = 89 Hz, 2H),
388 {gqumn, J = 83 Hz,
1H), 3.30 (s, 3H), 245 (br
d, /J = 89 Hz, 4H}, 2.16-
205 (m, 1H), 2.02-1389
{m, 1H},

rri
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120 ey o Ny 146027 TH ONMR (400 Mz ¥
e E\\/)\ A '\\\/[%/rii . c
Y MeOD-ds} § 9.35 (s. 1H).
P
A 9.08 (s, 2H), §.47 (s, 1H),
HO> 805 (s, 1H), 7.85 (d, J =
9.0 Hz, 2H), 7.32 (d. J =
8.8 Hz, 2H), 5.09 (s, 2H),
3.57 (s, 3H).
121 Fo 0~y o No 14741 | 'H NMR (400 MHz ¥
T T L ;
Ny MeOD-ds} § 9.34 (s. 1H).
N o
“’:{: 907 (s, 2H), 8.46 (d, J -
J 13 Hz 1H), 8.00 (d, J =
\ |
13 Hz, 1H), 7.85 (d. J =
9.0 Hz, 2H), 731 (d, J
8.8 Hz, 2H). 4.92 (s, 2H),
356(d,J = 4.3 Hz, 6H).
122 Cixﬁfj\ N -t | 4600 [ TH NMR (400 Mz G
F | | L.
T N/L\I/\/L\j DMSO-ds) & 13.14 (br s.
oo
- 1H), 10.48 (s, 1H), 832 (br
-
=4 s, 1H), 7.96 (s, L), 7.93
(s, 2H), 7.88 (s, 1H), 7.36
d. J = 8.6 Hz 2H), 6.67
{br s, 1H), 502 (s, 2H),
4.04 (br s, 4H).
123 Gt o A 4861 | 'H NMR (400 MHz G
Y N/L\g/ j gl MeOD-da} & 930 (s, 1 H)
NP
“Ni@‘m 9.06 (s, 2 H) 837 {d, J =
G
13 Hz 1 H) 7.80-7.88 (m,
3H) 729 (d. J = 9.0 Hz, 2
H) 498-520 (m, 2 H)
395-4.05 (m, 1 H) 3.61-
372 (m, 2 H) 1.26 (d, J =

210
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6.1 Hz, 3 H).

Cl-

[®)
2P P
' \ '\,i/ R \/N

N
H

I
=

486.0

H NMR (400 Milz
CDCL-d) 8 937 (s, 1H),
8.91 (s, 2H), 828 (s. 1H),
8.13 (s, 1H), 7.81-7.69 (m,
3H), 7.29 (s, 1HD). 521 (d,
J = 163 Hz, 1H), 4.99 (d,
J = 163 Hz, 1H). 3.99-
389 (m, 1FD. 3.63-3.54
(m, 1H), 3.50-344 (m.
1H), 131 (d, J = 62 Hz,

G

123

486.1

H NMR ({400 MiL,
MeOD-ds) § 932 (s, 1H),
911 (s, 2H), 8.39 (d, J =
1.3 Hz, 1H), 7.87-7.52 (m,
3H), 730 (4, J = 9.0 Hz
7H), 5.16-4.96 (m, 2H),
4.19-4.11 (m, 2D, 3.95 (4,
J =112 Hz, 1H), 1.00 (d
J = 6.8 Hz, 3H).

>

126

486.1

H NMR (400 Mz
MeOD-ds) § 932 (s. 1H),
9.11 (s, 2H), 8.39 (4, J =
1.6 Hz, 1H), 7.88-7.81 (m,
3H), 7.30 (d, J = 9.0 Hz,
2H), 5.19-4.97 (m, 2H),
4.18-4.12 (m, 2H), 3.95 (d,
J =114 Hz, 1H), 1.00 (d.
J = 6.8 Hz, 3H).
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127 u;bf @ HN,N 4760 | 'H NMR (400 MHz. H
DMSO-de) & 1296 (br s,
O M,k 1H), 10.17 (s, 1H), 8.13 (br
= 5. 1H), 7.97-7.83 (m, 3H),
771 (s, 1H), 731 (d, J =
90 Hz, 2H), 6.53 (br s,
1H), 4.53 (br s, 1H), 4.18
(s, 3H), 131 (d, J = 68
Hz, 6H).

123 oy vC 5021 | 'H NMR (400 Mz, H
F
F MeOD-d4) § 9.29 (s, 1H),

\/\ s 9.01 (s. 2H). 8.16 (d. J =
o~/ 1.8 Hz, 1H), 7.85-7.80 {m,

2H), 7.65(d. J = 1.8 Hz,
1H), 7.29(d.J = 9.0 Hz,
2H), 4.66 {q.J = 7.2 Hz,
2H), 4.06 (quin, J = 6.8
Hz, 1H). 1.54 (¢, J = 7.1
Hz 3H), 140(d. /=618
Hz, 6H).

129 C'?(O\f/f\{ o f‘? 4990 1H NMR (400 MHz, ]

: R CDCh-d) 8 9.39 (s, 1H),
S §.90 (s, 2H), 845 (s, 1H).
840 (d, J = 1.5 Hz, 1H).
8.10 (s, 1H). 783 (d, J =
1.5 Hz, 1H), 7.80-7.74 (m,
2H), 7.29 (s, 2H), 6.03 (s,
1H), 469 (brt, J = 7.1 Hz,
1H), 3.71-3.47 (m, 2H),
2.81-2.58 (m, 2H), 1.26 (s,
2H).
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130

Tl Oz
% O o
FoF Ny N/IJ\/W

. .

'\\/\N, P
N

))—'."
F

4940 |'H NMR (400 MHz 3
MeOD-ds) § 841 (br s.
1H), 8.06 (d, J = 1.5 Hz.
1H), 7.88-7.83 (m, 2H).
7.48-7.18 (m, 4H). 6.72 (br
s, 1H), 3.49 (1d. J=3.3,7.2
Hz, 1H). 0.77 (br s, 2H),
0.66 (brd, J=5.7 Hz, 2H).

131

4641 | NMR (400 Mz, B
MeOD-d4) 5 8.53 (s, 1H),
840 (s, 1H), 7.95 (s, 1H),
789 (s, IH). 7.87-7.83
(m, 2H), 7.30 (d, J - 9.0
Hz, 2H). 6.67 (d, J = 2.1
. IH), 5.23-5.05 (m.
iH), 458 (d. J = 4.2 Hz.
1H), 4.46 (d. J ~ 4.0 Hz,
1H), 153 (d. J = 7.0 Hz,
3H).

Hz

5261 | 'H NMR (400 Miz, E
DMSO-de) & 10.53 (s, 1H),
937 (5. 1H), 9.06 (br s.
2H). 860 (d. J = 1.1 Hz
M), 7.97-7.84 (m, 3H).
770-7.50 (m, 1H), 7.44-
733 (m. 2H), 4.74-4.48
(m, 3H), 1.44 (brd, J = 6.0
Hz, 3H)

o]
o
(]
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133 ¢!

.
r

F\{/O\ H S

474.0

H NMR (400 Mz
DMSO-de) & 13.16 (br s,
1H), 10.48 (s, 1HD), 8.31 (s,
1H), 7.94 (br d, J = 9.0 Hz,
3H), 789 (d. J = 1.2 Hz,
1H), 7.36 (brd, J = 8.7 Hz,
2H), 670 (s, 1H), 5.13-
491 (m, 3H), 4.14 (brdd. J
=29, 119 Hz, 1H), 3.96
(bor d, J = 11.9 Hz, 1H).
0.86 {brd. J = 6.5 Hz, 3H).

462.0

"M NMR (400 Mz,
MeOD-ds) § 9.07 (s, 1H),
844 (d, J = 1.7 Hz, 1H),
805 (d, J = 1.6 Hz, 1H).
7.90-7.83 (m, 2F). 742 (s.
1H), 7.32 (4. J ~ 92 Hz
7H), 495492 (m, 1H)
148 (d, J = 6.6 Hz, 6H).

M

s
2
Wn

526.1

H NMR (400 MiL,
MeOD-ds) § 932 (s, 1H),
9.01 (brs, 2H), 8.53 (d, /=
1.8 Hz, 1H), 7.90-7.51 (m,
3H), 7.45-7.16 (m, 3H).
4.83-4.67 (m, 2H), 4.64-
443 (m, 1H), 1.50 (brd. J
=7.1 Hz, 3H).
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136

Ci Q. N 4
g \@ o y/Ej 513.1
FF ‘N/‘L\/\\\I NN

H NMR (400 Mz
MeOD-ds) 8 8.24 (s, 1H),
8.08 (s, 1H), 7.83 (d. J =
9.0 Hz, 2H), 730 (4. J =
9.0 Hz. 2H), 5.17-5.12 (m,
2H), 5.10-5.03 (m, 4H),
420-4.10 (m, 2H). 2.30-
225 (m, 3H)

P O Hi-N 464 1

H ONMR (400 MHz,
MeOD-d4} § 8.56-8.50 {m,
1H}, 8.43-835% (m, 1H),
7.96-792 {m, 1H), 7.89-
7.80 {m, 3H), 7.34-726
(m, 2ZH), 670-663 (m,
1H), 5.03-4.89 (m, 1H).
458 (d, J =42 Hz, 1H),
446 (d, T =40 Hz, 1H),
1.52{d, F=7.1Hz 3H).

N 5141

T NMR (400 MHz,
MeOD-ds) § 848 (s, 1H),
8.00 (4, J = 1.7 Hz, 1H),
7.92 (s. 1H). 7.89-7.83 (m,
OH), 7.45-7.15(m, 3HD.
667 (d, J = 2.1 Hz. 1H).
514 (br dd, J = 6.2, 12.8
Hz, 1H), 4.75-446 (m,
2H), 1.53 (brd, J= 6.7 Hz,
3H).

EK

2
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139 %
F O.

F L

-

AN
Q N >
Hoood

gt

N==/

460.1

H NMR (400 Mz
DMSO-d6) 5 10.45 (s, 1H),
8.68 (s, 1H), 854 (d. J =
16 Hz, 1H), 795 (4, J =
9.0 Hz, 2H). 783 (d, J =
1.5 Hz, 1), 764 (d, J =
18 Hz, 1H), 737 (brd, J =
8.9 Hz, 2H), 6,58 (d. J =
1.8 Hz, 1H), 357 (td, J =
6.6, 13.2 Hz, 1H). 3.61 (s.
3H), 1.38 {brd, J = 6.6 Hz,
36y, 1.30 (brd, /=65 Hz,
3H).

E

140 F o~
\} K\

460.1

'H NMR (400 MHz,
DMSO-ds) 3 10.46 (5, | H)
559 (s, 1 H) 841 (4, J =
1.5 Hz, 1 H) 7.95 (4, J =
9.0 Hz, 2 H) 7.89-7.81 (m,
2H) 736(d, J=8.8 Hz 2
H) 659 (d, J =20 Hz |
H) 4.90-4.71 (m, 1 H) 3.95
(s, 3H) 135(d, /=66 Hz,
6 ).

141 I

474.1

T NMR (400 Milz
MeOD-ds) & 8.16 (d, J =
1.7 Hz, 1H). 803 (d, J =
1.7 Hz, 1H). 791 (d, J =
2.3 Hz, 1H), 7.88-7.82 (m.
2H). 732 (d, J = 90 Hz
2H). 677 (4, J = 2.3 Hz,
M), 530-3.22 (m, 1H).

S
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486481 (m, 2H). 2.63
(dt, J = 63, 15.5 Hz, 1H).
2.15 (dd, J = 2.4, 15.1 Hz.
1H), 1.08 (d. J = 6.6 Hz,

142 F\?O ~ . o 4861 | 'H NMR (400 Mz N
£ L, N)L \Y/k\/N CDCL-d) § 235 (s, 1H),
H \[C/\N 893 (br s. 2H), 8.08 (br s,
k={i> 2H). 7.73 (brd, J= 9.0 Hz.
-
2H). 7.64 (s, 1H), 7.30-
727 (m. 2H), 4.56 (br d, J
= 0.3 Hz, 2H). 422 (br s,
1H), 2.55 (br s, 11D, 1.90
(br d, J = 141 Hz, 1H),
0.95 (d, /= 6.4 Hz, 3H).
143 F o L 4630 [TH ONMR (400 Mz, El
\i/ _ ) i A MeOD-ds)  9.13 (s, 1 H)
ROl . 874 (s, 1 H) 8.55 (s, 1 H)
=/ 840 (4, J =17 Hz, 1 1)

784 (d, J =92 Hz, 2 1)
781(d, J= 17 Hz, 1 H)
729 (d, J =90 Hz, 2 H)
4.33-4.16 (m, 1 H) 1.40 (d.
J=6.7Hz, 6 H)

144 4910 |'H NMR (400 MHz, G
MeOD-ds) & 9.17 (s, 1 H)
879 (s. 1 H) 8.32 (d, J =
1.7 Hz, 1 H) 7.87-7.84 (m,
1 H) 7.83-7.80 (m. 2 H)
729 (d, J =90 Hz. 2 H)
513-5.04 (m, 1 H) 5.02-




WO 2020/061086

PCT/US2019/051567

494 (m, 1 H) 427-4.18
(o, 1 H) 416407 (m, 1
Hy 395 (d, J=121 Hz 1
Hy 102 (d,J =65 Hz 3
H)

438.1

H NMR ({400 MiL,
MeOD-ds) 5 9.34 {dd, J =
50,1.5Hz | H) 8.61 (s, 1
H) 851 (4, J = 1.6 Hz, |
H) 817 (dd, J = 84, 1.5
Hz, 1 H) 8.00-7.94 (m, 2
H) 7.88-7 83 (m, 2 H) 7.31
(d,J =90 Hz, 2 H) 4.49-
434 {m, 1 H) 138 (d, J =
6.7 Hz, 6 H

M

146 v \f{/o

4751

H ONMR (400 MHz,
DMSO-de) & 1049 (s, 1 H}
839 {d, J=16 Hz, 2 H}
8.05-7.80 (m, 3 H) 7.37 (d,
J=90 Hz, 2 Hy 513-4.94
{m, 2 H) 494-482 {m, 1
H) 400 (s, 2 Hy 087 (d, J
=6.5Hz, 3 H).

G.L

147

5131

H NMR (400 Milz
CDCls-d) & 8.67 (s, 1H),
8.54 (s, 1H), 8.26 (d, ] =
1.8 Hz, 1H), 7.91 (s, 1H),
771 (d, J = 1.5 Hz, 1H),
7.68-761 (. 2H), 721 (s,
1H), 7.19-7.18 (m, IH).
711-6.7% (m, 1), 4.51
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(td, J = 6.9, 14.0 Hz, 1H).
1.35(d. J="7.1 Hz, 6H).

148 el 4911 |'H NMR (400 Mz G
DMSO-ds) & 10.49 (s, 1H),
933 (d. J = 1.6 Hz, 1H),
838 (s, 11D, 8.15 (d. J ~
1.6 Hz, 1H), 8.01-7.89 (m,
3H). 7.36 (brd, J = 8.6 Hz
OH). 5.10-4.92 (m, 2FD.
486-4.78 (m, 1F), 4.18-
387 (m. 2H), 0.84 (br d, .7
=~ 6.5 Hz, 3H)

149 ¢ 4901 TTH NMR @00 Mz, N
4 MeQOD-ds) § 825 (s, 1H),
P 8.06 (s, 1H), 7.92 (d, J —
}\E:{\I > 13 Hz, 1H), 7.84 (d. J =
i 8.8 Hz, 2H), 7.30 (4, J =
8.8 Hz 2H), 6.76 (s. 1H),
539 (brd, J=5.7 Hz, 1H),
3.66-3.55 (m. 1H), 3.39 (br
4 J= 127 Hz, 1H), 2.46
(brd,J=3.5Hz, 2H), 1.13
(@, J=6.6 Hz, 3H).

150 . G N 302.1 H NMR (400 MHz, N

£ O
O s
\F}:/ \N “ \x\E]‘J I\’i@OD"({'/;) 6 930 (d: J ==

A
: @,\ 1.1 Hz, 1H), 9.08 (br s,

\ N"‘X

= 2H), 820 (s, 1H), 7.86-
7.78 (m, 2H), 7.68 (s, 1H),
728 (brd, J=382Hz, 2H),
436 {br s, 1H), 3.58-3.42
(m, 1H), 312 (br d, J =

ALY
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135 Hz, 1H), 249-235
(m, 1H}, 233-221 (m,
IH), 104 (d, J = 6.6 Hz,
3H).

154

5131

'H NMR (400 Mz,
CDCh-f) § 8.98 (br s, 1H),
834 (s, 1H), 7.96 (br s,
1H). 7.89 (bor s, 1H), 7.71
(brd, J=7.1Hz 2H), 7.59
(br s, 1H). 7.26 (s, 2HD.
717-68% (m, 1H), 4.72-
458 (m. 1H), 1.46-139
(m, 1H), 1.44 (brd, J= 6.4
Hz, 6H)

476.0

H NMR (400 Mz
MeOD-ds) § 8.13 (5. 1H),
7.95 (s, 1H), 7.87-7.79 {(m,
3H), 7.33-7.26 (m, 2H),
675 (4. J = 2.2 Hz, 1H),
552-538 (m, 1H), 433
(dd, J= 7.5, 11.2 Hz, 1H),
360-3.51 (m, 1H). 0.99-
0.93 (m, 3H),

510.1

H NMR (400 Milz
DMSO-ds) § 10.45 (s, 1H),
921-9.13 (m. 2H), §.75-
8.62 (m, 1H), .43 (d, J
1.3 Hz, 1H), 7.97-7.90 (m,
2H). 7.80 (s, 1H), 7.37 (d.

J =88 Hz 2H}), 5.12-4.90

{(m, 2H), 4.14-395 (m,
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2H). 390 (d, J — 112 Az
1), 0.83 (br d, J = 6.4 Hz.
3.

154 . q?:@ ] R 4911 |'H NMR (400 MHz N
: \QN ] \\/i N MeOD-da) § 9.14 (s. 1 H)
N U G 8.78 (s. 1 H) 8.08 (d, J =
N:J\N ’ﬂ> 15 Hz | H) 7.91-7.77 (m,
o 2 H) 769 d..J = 1.8 Hz, 1
) 7.28 (4, J = 93 Hz, 2
) 4.67-4.53 (m, 2 H) 4.39
(d. J = 60, 23 Hz. 1 H)
2.63-2.44 (m, 1 H) 1.99-
193 (m, 1 H) 1.00 (d, J =
6.4 Hz, 3 H)
155 ENGENEN v | 4381 | NMR (400 MHz G
7 Ti// N I o P“\Q MeOD-ds) § 8.23 (s, 1H),
}: {gj 7.9% (s, 1H), 7.89-7.82 (m,
3H), 730 (d. J = 8.8 Hz
IH), 673 (d, J = 2.0 Hz,
1H), 5.06 (br s, 1FD), 3.22-
291 (m, 3H), 2.36-2.26
(m, 1H), 0.86 (d. J = 6.6
Hz, 3H).
156 ) . n H861HONMR @00 MHz Gl
£ M\N PN DMSO-dsy § 10.48 (s, 1H),
H

Lz __?
S
Nl )
e C

961 (5. 1H), 942 (d. J =
51 Hz 1H), 846 (d. J -
1.5 Hz, 1H), 8.05 (dd, J =
23,52 Hz 1H). 7.93 (4, J
= 0.0 Hz 2H), 7.84 (4, J -
15 Hz, 1H), 737 (d, J =
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9.0 Hz, 2H), 5 16-4 87 (m.
OH), 4.23-4.02 (m, 2F).
3.97-3.86 (m, 1H), 0.79 (d.
J = 6.6 Hz, 3H).

157 o BT [ ONMR (400 Mz | NI
[ DMS0-d6) 5 1041 (s, 1H),
032 (d J = 15 Hz 1H),
§.17-8 08 (m. ZH). 7.93 (br
d..J=93 Hz 2H). 778 (s,
1H), 735 (brd, J = 83 Hz,
H), 4.89 (br s, 1H), 4.60-
445 (m, 2H), 2.33 (br s,
H), 192 (br d, J = 122
Hz. TH). 0.83 (brd,.J = 6.4

Hz, 3H).
15% ,;:\?Lo ~ N 3102 TTH NMR (400 MHn | N
L ﬁ/‘-’\(;f’m/j\m MeOD-d) 3 9.12-9.03
N , n :
Nz{\x—} (nf/ij 2H), 8.52 (br s, /1H),
o- 8.11(d, J = 1.7 Hz, 1H),
7.87-778 (m, 2H), 7.67
(A, J — 1.6 Hz, 1H), 7.28
(d.J = 9.0 Hz, 2H), 470
452 (m, 2H), 426 (br s,
IH), 2.65-2.45 (m, 1H),
2.08-190 (m. 1H), 096
(d,J = 6.5 Hz, 3H)
139 ;th/ - s [4910 TH NMR @00 M. G
“ \“'\H%ﬁi/‘ \f’ MeOD-ds) 5 921 (s, 1 H)
¢ N 836 (d, J =16 Hz 1 H)
= O e
~d 812 (s, 1 H) 7.90 (d, J =

16 }-HZ’ 1 }{) 784 (d’ ,] ==
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90 Hz, 2 H) 730 (d, J =
5.9 Hz, 2 1) 5.14-5.08 (m.
1 H) 501 (s, 1 H) 445~
434 (m, 1 H) 413 @d, J=
12.2, 2.9 Hz, 1 H) 3.97 (d,
J=121Hz, 1H) 1.12(d, J
= 6.6 Hz, 3 H)

160 . \T/O . o 4752 |'H NMR (400 MHz G
F NN MeOD-ds) & 9.09 (s, 1 H)
A M\ 881 (s, 1 H) 832 (d J =
V= 13 Hz, 1 H) 7.90-7.77 {m,
3H) 730 (d, J =89 Hz 2
H) 5.00 (s, 1 F) 5.00 s, 1
H) 437 (brdd, J= 68, 2.1
Hz, | H) 4.14 (brdd, J =
12.2. 2.8 Hz, 1 H) 4.0 (.
J=120Hz 1H) 116 (d.J
= 6.6 Hz, 3 H)
161 iXO o = 911 |'H NMR (400 Mz | GM
< T ad MeOD-ds) § = 842 (d, J =
Rl ;\ﬁ\ 15 Hz, 1H), 8.13 (d, J =
AN 1.5 Hz, 1H), 805 (d, J =

3.4 Hz, IH), 7.87 (s, 1HD.
7.86-7.83 (m, 2H), 7.31 (br
d, J = 88 Hz, 2H), 5.23-
520 (m. 1H), 5.15-4.99
(m, 2HD, 4.20 (dd, J = 32,
12.5 Hz, 1H), 4.02 (d. J =
12.2 Hz, 1H), 099 (d, J =
6.4 Hz, 3H)

o]
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H ONMR (400 MHz,
MeOD-ds) 6 8.33 (s, 1H),
796 {s, 1H), 785 (br d, .J
= 972 Hz, 2H), 772 (s,
IHy, 731 (br d, J = &2
Hz, 2H), 513-500 (m.
2H), 4.65-454 (m, 1H),
416 (br d, J = 9.9 Hz,
1H), 4.02-3.97 (m, 1H),
2.82 {s, 3H) 1.04-099
(m, 3H).

H NMR ({400 MiL,
MeOD-ds) § 843 (s, 1H),
8§38 (4, J = 13 Hz, 1H).
501 (d, J = 1.5 Hz, 11D,
785 (d, J = 9.2 Hz, 2H).
731 (d. J = %8 Hz, 2H),
5.14-4.97 (m. 2H), 4.80-
4.74 (m, 1H), 4.19 (dd, J =
3.1, 12.3 Hz, 1H), 4.02 (d,

J =123 Hz, 1H), 1.03 (.
J = 6.6 Hz, 3H)

162 g O

163 —>r
e

164 F\TL

H NMR ({400 MiL,
MeOD-ds) § 835 (d, J =
1.3 Hz, 1H). 797 (s, 1H).
7.87-7.50 (m, 3H), 7.29 (d.

J = 8.8 Hz, 2H}, 5.16-4.95

(m, 2H), 4.76 (br s, 1H),
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414 (dd, J = 3.2, 125 Hz,
1H), 4.00 (4, J = 12.1 Hz.
1H), 1.09 (4. J = 6.4 Hz,
3H).
165 - 30 ~ o 4920 |'H NMR (400 MHz,| NM
N . JJ\C\E \ﬁ/ MeQD-ds) 5 817 (s, 1H),
R \r”’\f 7.987(& 1@, 787 (d, J =
N O) 46 Hz, 1H), 783 (d. J =
9.0 Hz, 2H), 7.30 (br d. J =
86 Hz, 2H), 5.04 (br s,
1H), 4.80 (brd, J = 7.7 Hz,
2H), 2.61 (brd,.J= 82 Hz,
1H), 2.13 (br d, J = 148
Hz, 1H), 1.14 (d, J = 6.4
Hz, 3H).
166 P © N o Ny [ 4880 1 H NMR (400 MHz, G
TN E/LK\/%;\ MeOD-ds) & 833 (s. 1H),
| f:{’"\ 7.88-7.81 (m, 3H). 7.66 (br
~C s, 1H), 7.29 {d, /= 8.8 Hz,
2H), 5.15-4.95 (m. 2H),
4.49 (br s, 1H). 4.10 (dd. J
=29, 12.1 Hz, 1H), 3.95
(d, J=12.1 Hz, 1H), 2.10
{br s, 3H), 103 (br d, J=
6.4 Hz, 3H).
167 - \ﬂ}“/c ~ N”N\! 4861 1 H NMR» (zi(io M}-i? G.0Q
Ay N f\\ MeQOD-d) § 9.33 (dd, J =
: i\(/ y 15,49 Hz 1H), 8.44 (d. J
N = 1.6 Hz, 1H), 823 (dd, J
= 1.5, 8.6 Hz, 1H), 8.03 (d.
J = 1.6 Hz, 1H), 7.97 (dd.
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J =50, 8.6 Hz, 1H), 7.85
(d, J = 92 Hz, 2F), 7.30
(d, J = 92 Hz, 2H), 5.07
(q,J = 16.1 Hz, 2H), 478
(br s, 1H). 430-38% (m,
2H), 0.88 (d, J - 6.6 Hz,
3H).

168 . \<[‘/O \fi : - 5021 H ‘NMR; »(ii’(:;()mMHz? G
S NG SR CDCh) 6 937931 (m,

o= 1H), 9.04-8.84 (m, 2H),

":&} 822 (d. J = 1.5 Hz, 1H).
8.12 (s, 1H), 7.76-7.71 (m,
2H), 7.29 (br s, 1H), 7.27-
725 (m, 1H)., 5.20.5.10
an, 1H), 503492 (m.
1), 432 (d, J/ = 123 Hz,
1H), 4.05 (dd, J = 2.6, 12.5
Hz, 1H), 392 (brd, ./ =35
Hz, 1H), 367357 (m,
1H), 3.43 (br d, J = 10.1
Hz, 1H).

169 - \?/q ] o [SSETTHONMR @00 MHz G
; \©\N P, MoOD-d) & 8.16-8 22 (m,
H A F 1H), 783 (d, J = 1.0 Hz,

/ 1H), 7.79-7.71 (m, 3H)
719 (d. J = 8.9 Hz, 2H),
6.61-6.56 (m, 1H), 5.00-
484 (m, 2H), 4.64-443
(m, 1H), 4.11-4.05 (m.
1H), 4.00-3.91 (m, IFD.
1.60-1.44 (m, 1H), 1.22-
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102 (m, 1H). 048039
{m, 3H)
170 ; \?O ) o | B2ETTH ONMR 400 MHz E
) ye “ PSS MeOD-ds) & 8 47-8.28 (m,
i \ﬁ\//i w; JH), 794 (s, 1H). 7.90-
=/ 777 (m. 3H), 7.37-7.20
(m, 2ZH), 673-634 (m,
1H), 4.38-4.02 (m, 2H).
1.10-0.98 (m, 3H).
171 F\;ﬁ,@ N o et 4741 'H NMR (400 MHz p
P \)\S S MeOD-ds) 5 822 (s, 1H),
AN 7.86-7.76 (m, 4H), 7.25 (d,
AN J =93 Hz, 2H). 6.59 (d. J
or = 2.0 Hz 1H), 5.34-525
(Stereochemistry is arbitrarily (m, 1H), 433 (brd, /=49
assigned®) Hz, 1H), 2.18-2.12 {(m.
1), 2.10-2.04 (m, 1H),
2.02-1.90 (m, 2H).
72 - \Tl(' Y\fj\ . . 741 1. NMRﬁ @00 Mz, P
OGP | e
T N d-Lm, 2, /.
Nz’x_z s, 1H), 7.19 (d. /= 9.3 Hz.
or IH), 652 (d, J = 2.0 Hz,
{Stercochemistry is arbitrarily iH), 527-521 (m, 1H),
assigned) 426{brd, /=49 Hz, 1H),
3.00 (dd. J = 4.9, 17.1 Hz,
1H), 2.12-2.07 (m, 1H),
205-1.98 (m, 1H), 1.98-
1.91 (m, 2H)
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173 S O\C N NEZ H NMR (400 MHz | GM
|
(/\\l\g MeOD-ds) & 8.62-8.47 (m.
g: - 1H), 8.41 (s, 1H), 8.05 (s.
K J 1H), 7.85 (d. J = 9.0 He,

2H), 730 (d, J = 90 Hz,
2H), 5.21-4.94 (m, 2H),
478-4.63 (m, 1H), 423~
3.93 (m, 2H), 1.05 (d, J =

6.6 Hz, 3H).
174 ro O ~N e NS0T HONMR (300 Mz, G
& ﬁ/"\(\: \/"“ MeOD-ds) 6 931 (s, 1H),
¢ 'Nﬂ% 9.11 (s, 2H). 838 (d, J =
AN 5 He, 1H), 7.89-7.79 (m,
3SH), 729 (d, J - 84 Hz
JH), 5.17-4.94 (m, 2H).
£21-4.09 (m, 2H), 3.95 (d,
J = 115 Hz, 1H), 1.04-
{(4.95 {(m, 3H).
173 PN N 14382 [TH NMR (400 Mz, G
LA I A MeOD-ds) 8 829 (s, 1H),
NN . 1H),
& N— 795 (s. 1H), 7.90-7.80 (m,
N’""J\”U 3H), 729 (d, J - 8.4 Hz

2H)., 671 (d, J = 2.0 Hz
M), 5.13-4.93 (m, 3H).
416 (br dd. J = 3.0, 12.0
Hz, 1H), 3.98 (d. .7 = 121
Hz, 1H), 1.00 (br d, J ~ 6.4
Hz, 3H).
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486.1

H NMR (400 Mz
MeOD-ds) 5 944 (4, J =
1.0 Hz, 1H), 927 (dd. J =
1.0, 5.3 Hz, 1H), 8.06 (d, J
= 1.7 Hz, 1H), 7.91 (dd. J
=23, 53 Hz, 1H). 7.76-
7.69 (m, 2H), 7.62 (d. J =
1.7 Hz, 1H), 719 (d. J =
9.0 Hz, 2H), 4.61-4.42 (m,
2H), 4.25 (dt, J = 3.0, 6.2
Hz, 1H), 2.58-239 (m,
1H), §94-183 (m, IH),
0.87-0.78 (m, 3H).

NI

474.1

'H NMR (400 MHz,
MeOD-ds) § 825 (s, 1H).
7.86-7.50 (m, 4H), 7.28 (d.
J=8.7 Hz, 2H), 6.63 (d, J
= 1.7 Hz, 1H), 4.25 (brt, J
= 4.0 Hz, 1H), 4.00 (br dd,
J=134, 13.0 Hz, 1), 3.75
(br dd, J = 34, 13.2 Hz,
1H), 328-322 (m, 1H),
3.17-3.04 (m, 1H), 2.15-
2.05 (m, 2F).

P

502.1

"H NMR (400 Milz
CDC-d) 8922 ¢d, /=51
Hz, 2H), 9.04 (s, 1H), 8.14
(s, 1H), 775 (&, J = 9.0
Hz, 2H), 7.70 . J = 13
Hz, 2H), 721 (d, J = 8.9
Hz, 2H), 5.085.00 (m.

0,1
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1H). 489 (d, J - 16.3 Hz.
1H), 430 (br d, J = 115
Hz, 1H), 405 (br d, J =
10.1 Hz, 2H), 3.56 (brdd. J
=71, 10.8 Hz, 1H). 347
3.36 (m, 1FD).

4751

'H NMR (400 MHz,
MeOD-ds) 5 8.40 (dd, J =
2.0, 11.2 Hz, 2D, 8.16 (s.
M), 7.87-7.84 (m, 2H).
745 (d. J = 1.0 Hz, 1H),
730 (d. J = 9.3 Hz, 2H),
567 (brdd,J=2.0,6.8 Hz,
1H), 5.14-4.9% (m, 2H),
423 (dd, J =34, 122 Hz
1H), 407 (4, J = 12.2 Hz.
1H), 1.16 (d, J = 6.4 Hz.
3H).

Gl

150 cl

490 1

T NMR (400 MHz,
MeOD-ds) & 8.34 (br s,
1H), 7.90-7.79 (m, 4H),
730 (d, J = 8.8 Hz 7H).
661 (d, J =24 Hz 11D,
530 (g, J = 6.4 Hz. 1H).
4.76-4.76 (m, 1H). 4.77 (br
s, IH), 1.73(d, J=64 Hz,
3H), 1.46 (dd, /= 7.1, 12.0
Hz, 6H).
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181 4741 |H NMR (400 MHz. p
MeOD-ds) 6 8.39-8.29 (o,
1H), 7.92-7.80 (m, 4H),
729 (d. J = 92 Hz, ZH),
WG 6.63 (s, 1H), 5.01 (dd, J =
43, 6.1 Hz, 1H), 3.96-3.65
{(m, 2H), 225-190 (m,
4H).

4991 'H  NMR (400 MHz, G,Q

187 £ o ,
\{/ \r\ o N
» o CN

E s N)K'E/\ s > MeOD-ds) § 8.40 (s, 1H),
H i - ’ ‘

\N/_\ N’\> 794 (d. J = 1.3 Hz, 1H),

—© 7.85 (d, J = 9.0 Hz, 2H),

730 (d, J = 9.0 Hz, 2H),
7.22 (s, 1H), 5.16-4.95 (m,
2H)., 4.49-435 (m, 1H).
414 (dd, J - 258,122 Hz.
1H), 4.05-3.97 (m, 1H)
1.07(d,J = 6.4 Hz, 3H).

183 s 4741 | 'H NMR (400 MHz, P
UL 8
ro L NJ'\fw\J McOD-ds) & 825 (s, 1H),
H ;
e 787-778 (m, 4H), 7.32-
}‘\jﬁfN ;\/}-ﬂOH ﬁ‘ s

725 {m, 2H), 663 {d, J =
2.0 Hz, 1H), 4.29-4.21 {m,
1H), 4.06-3.94 (m, 1H),
381-3.70 {(m, iH), 3.29-
322 {m, 1H), 3.15-303
{m, 1H), 2.16-205 (m,
2H}.

o]
(5]
et
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184 C‘\(OW o 5080 H NMR 400 Mz DI
/ i ]

N
H

N.,

2 N

|

_/\r&)
i /

\

N
.,

MeOD-ds) & 9.53 (dd, J =
1.2, 2.2 Hz, iH), 9.42 (dd.
J = 12,51 Hz, 1H), 8.56
d, J = 2.0 Hz. 1H), 8.03
(dd, J ~ 2.4, 54 Hz, 1H),
791 (d, J = 1.5 Hz, 1H),
789-784 (m, 2H). 7.51-
736 (o, 1H), 7.32 (d, J =
93 Hz, 2H), 449 (td. J ~
72, 139 Hz, IH), 154~
1.43 (m, 6H).

486.1

H NMR (400 MiL,
MeOD-ds) & 922 {dd, J =
14,50 Hz 1H), 8.11 @, J
=13 Hz, 1H), .09 (4, J=
1.7 Hz, 1H), 7.86 (dd. J =
5.0,8.6 Hz, 1H), 7.77(d, J
= 1.6 Hz, 1H), 7.76-7.71
(m, 2H), 7.19 (d, J = 9.0
Hz, 2H), 4.79 (br d, J = 2.7
Hz, 1H)., 4.60-440 (m,
OH), 2.55-2.39 (m, IFD.
1.95-1.79 (m, 1H), 0.76 (d.
J= 6.6 Hz, 3H).

NG

494.0

"M NMR (400 Mz,
MeOD-ds) § 9.60-9.56 (m,
1H), 942 (dd, J = 1.2, 5.1
Hz, 1H), 8358 (d, J = 1.5
Hz, 1H). 8.06 (dd, J = 2.2,
51 Hz 1H), 797 (d. J =

o]
(5]
()
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13 Hz, 1H), 7.90-7 84 (m.
OH). 732 (d, J = 93 Hz.
JH), 726-7.10 (m, 1H).
419 (q. J = 7.3 Hz, 2H),
0.99(t,.J =71 Hz, 3H).

187 e i

g

6.1 'H  NMR (400MHz, R

..\{/O\ o "'“}4'4\\‘}
: PPN, MeOD-ds) & 833 (s, 1H),
H)\E; ) 7.89 (s, 1H), 7.87-7.81 {m,
34-:% 3H), 7.30 (4, J = 8.6 Hz,

St
2H), 6.66 (s, 1H), 5.18 (q.
J =63 Hz, 1H), 4.58-4.29
{(m, 2H), 174 (4, J = 6.6
Hz, 3H), 0.96 (brt, J =72

Hz, 3H).

183 SO o men 4761 |H  NMR  (i00MAz | R
i L%}\E/L\E; S MeOD-d) 8 833 (s, 1H),

N 789 (s, 1H), 7.87-7.81 {m,
N‘:&"OH 3H), 730 (d, J = 8.6 Hz,
2H), 666 (s, 1H). 5.18 (q.
J =63 Hz, 1H), 4.58-4.29
(m. 7H), 174 (d. J = 6.6
Hz, 3H), 0.96 (brt. J =72
Hz, 3H).

189 F\T;o\ -~ ne TAS3TTTHTUNMR (400MH, J
N P N LJ MeOD-chs) & 946 (s, 1H),

;[N":\KF 939 (d, J = 53 Hz, 1H),

862 (s, 1H), 851 (d, J =
15 Hz, 1H), 7.96 (dd, J =
23,52 Hz, 1H), 7.87-7.82
(m, 2H), 7.30 (d. J = 9.0
Hz, 2H), 613-582 (m.

o]
5]
3]
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1H). 439 (br s, 1H), 1.68
(d,J=7.1Hz 3D

190 F~>r/0\ 27 o an-N [ 4621 1TH NMR O (400MHz, R
F Ci 1/\ 'i’i\\ /U\\v/‘ y ;
' MeOD-ds) & 8.34 (s, 1H),
HOof
N- 791 (d, J =15 Hz, 1H
}‘\!:2«”“\\ ( 2 “77 }3
-OH 7.84 (brd, .J= 9.0 Hz, 3H),

729 (d, J = 9.0 Hz, 2H),
666 (4, J = 2.0 Hz, 1H).
4.89 (s, 2H), 437 (brd. J =
152 He. 2H), 0.99 (¢, J =
6.9 Hz, 3H)

91 %;AI N Nﬁ 5021 | 'H NMR (400 MHz. 0
S N PPN MeOD-ds) § 9.29 (dd, J =
75\{;{ w 13,51 Hz? 1H), 8.42 (d,g
—d =1.5Hz, 1H), 8.19 (dd, ./

= 14,85 Hz 1H), 8.00(d,
J=1.5Hz, 1H), 7.95 (dd, J
=51, 86 Hz, 1H), 7.85 (d,
J=9.0Hz 2H), 7.30(d, J
= 8.8 Hz, 7H), 5.15-4.99
(m, 2H), 4.67 (br s, 1H),
428 (d,J=12.6 Hz, 1H),
£12(dd. J=30,12.5Hz,
1H), 3.45 (Ad, /=83, 10.9
Hz, 1H), 320 (dd. /=51,
10.8 Hz, 1H).

192 4931 |'H NMR  (400Milz, Il
. MeOD-ds) § 9.36-9.32 (m,
&J’J}/F 1H), 8.64 (s. 1H), 8.54 (d,

¢ J=15Hz 1H).8.19(dd. J

=1.5. §.6 Hz, 1H), 8.06 (d.

o]
(]
KN
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J=15Hz 1H), 787 (d, J
=90 Hz, 2H), 7.32 (4, J =
9.0 Hz, 2H), 6.16-5.88 (m,
ZH), 4.95 (br d, J = 7.5 Hz,
1H), 172 (d. J = 7.1 Hz,
3H)

'H  NMR  (400MHz, IR
MeQOD-ds) & 936 (dd, J =
15,49 Hz, 1H), 856(d,J
= 2.0 Hz, 1H}, &16-8.12
(m, IH), 3.01-795 {(m,
2H), 7.87-783 (m, ZH),
751722 {m, 3H), 450~
441 (m, 1H), 143 (d, J =

193 e o
e 'S

7.3 Hz. 6H)
194 e O g N_ 14901 [TH  NMR  (400MHz, Il

MeOD-ds) & 9.36 {dd, J =
14, 5.0 Hz. 1H), 8.59 (d, J
= 1.5 Hz, 1H). 821 (dd, J
= 1.5, 8.6 Hz, 1H), 8.10 (d.
J= 1.5 Hz, 1H), 7.99 (dd, .J
=51, 86 Hz, 1H), 7.89-
783 (m. 2H)., 7.38-7.11
(m. 3H), 440-432 (m,
7H), 0.89 ¢ J = 72 Hz,

3H).
195 SO o ASTASTTHONMR 00z R
SR KEJL\KT[\/N MeOD-d) § 932 (s, 1HD),
RN 9.08 (s, 2FD), 8.41 (d. J =
MN==
\}OH 15 Hz, 1H), 7.91-7.76 (m.

3H), 7.30 {br d, J = 8.8 Hz,

o]
(]
W
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2H). 519 (q, J = 64 Hz
1H), 428-4.00 (m, 2F).
175 (d, J = 6.6 Hz. 3H).
0.96 (t,J = 7.2 Hz, 3H)

196 G!F \FO\E ~ f NJJ\J 4881 | 'H NMR  (400MHz, RI
' \1& MeOD-ds) § 934 (dd, J =
g” SN 1.5,5.0 Hz, 1H), 8.46 (4, J
}OH = 1.7 Hz, 1H), 8.18 (dd, J
= 16, 8.4 Hz, 1H), 8.00-
7.93 (m, 2H), 785 (d. J =
9.0 Hz, 2H), 7.30 (d. J =
9.0 Hz, 2H), 521 (q. J =
6.4 Hz, 1H), 4.50-4.19 (m,
2H), 1.76 (4. J = 6.6 Hz,
3H), 0.85 (1. J = 7.1 Hz,
3H)
197 >/O 2, | 4632 H NMR (400 MHz G

EEEEN NJ\@N‘J MeOD-d7) § 7.88-7.82 {m,
H >
N 3H), 749 (d, J = 1.3 Hz

1H), 732 (d. J = 9.0 Hz,
7H), 3.07-4.93 (m. 3H)
429-422 (m, 3H), 4.11-
405 (m. 1H), 3.79 (q, J =
6.9 Hz, 2H). 2.39 {q, J =
72 Hz, 2H), 1.58 (4, J =

6.5 Hz, 3H)
g Cl O N 5
198 Yy @ @ 020 iy NMR O (aooMbz | R
FF “\;/\N_J\( P N 7 o 7
i /I ; MeOD-da) & 931 (s, 1H),
¢ i\!"\ , i )
. 9.03 (5. 2H). 840 (d, J =
\}O“ 1.7 Hz, 1H), 7.88-7.80 (m,

o]
(5]
N
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2H), 775 (d, J = 1.7 Hz
1H), 7.29 (d, J = 9.0 Hz.
2H), 5.29 {q, J = 6.4 Hz
1H), 459444 (m, 1H),
175 (d. J = 6.4 Hz, 3H),
146 (t, J= 7.2 Hz, 6F)

S Cl O N ; B
199 it T 1§ R b NMR @oomEz, |
FF vz NJL N NG
N MeOD-ds) § 934 (d, J =
| N 3.7 Hz, 1H), 8.44 (s, 1H),
ok §.16-8.06 (m, M), 7.95

(dd, J = 5.1, 8.4 Hz, 1H),
7.89-7 80 (m, 3H), 7.29 (.
J=5§8Hz, 7). 530 (q. J
= 6.1 Hz, 1H). 437 (br s,
1H), 1.75 (d, J = 64 Hz,
3H). 144 (brt, J= 6.7 Hz.

6H)
200 P o P 4881 |H NMR  (400MHz. S
T L\Lﬁ”’j\(’\j\j‘ MeOD-d) & 9.18 (s, 1H),
w@“‘\ o 9.02 (s, 2H), 8.04 (d. J =
**&O/
1.6 Hz, 1H), 7.79-7.70 (m,
3H), 720 (4. J = 9.0 Hz,
2H), 521 {t. J = 85 Hz,
1H), 497 (dd, J = 3.1, 8.9
Hz, 1H), 4.56 (br dd, J =
32,82 Hz, 1H). 3.16 (dd.
J=29, 122 Hz, 1H), 2.79
(dd, /=33, 12.1 Hz, 1H)
20l F\?/C‘\i{\ 0 v 4800 1y NMR O @ooMHz | M
S 2 e MeOD-d) 8 932 (brd, J =
;Nyr 49 Hz, 1H), 853 (s, 1H).
.

o]
(5]
~3
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8§43 (s, 1H), 822 (brd, J =
8.6 Hz, 1H), 8.14-8.07 (m,
1), 7.97 (br dd, J = 5.0,
8.5 Hz, 1H). 7.87 (brd, J =
8.8 Hz. 2H). 731 (brd, J =
8.4 Hz. 2H), 6.13-5.84 (m,
1H), 4.87-4.78 (m, 2H)

202 (”Y \(1 /L 486.1 | 'H NMR (400 MHz. P
N I S CDCh-o) § 9.34 (s, 1H).
TN 8.89 (s, 2H), §.29 (brs.
p 4 1H). 8.17 (brs, 1FD, 7.72

(brd,/=10.1Hz 3H),
7.23 (s, 2H}. 514 {brg,
1H), 3.63(brdd, /=772,
12.1 Hz, 2H}, 2.35-2.19
(o, 2H), 2.07 (brd, /=94
Hz, 1H), 1.95 (brs, 1H)

. o] Y
203 F\i/o\efj g -y 2 by NMR O oomHz | TR
LYY ™ MeOD-d) 6 828 (s, 1H),
NN o
LN 7.91 (brd..J = 1.3 Hz, 1H),
E\\&”O

7.84 (brd,.J = 9.0 Hz, 2H),
730 (brd, J = 8.8 Hz, 2H),
6.33 (s, 1H), 5.12-4.95 (m,
3H), 4.22-3.92 (m, 2H).
2.10-1.97 (m, 1H), 1.12-
0.97 (m, 5H), 083 (br d, J
= 2.4 Hz, 7H)

204 XOO 0 \;j 485.11 | 'H NMR (400 MHz, T
F F i
Z C h DMSO-de) § 10.50 (s, 1H),
W\).M 937 (dd, J=14,50Hz,
1H), 840(d, J=13Hz,
1H). 811 (dd, J= 15,856
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Hz, 1H), 7.99-7 83 (m,
4H), 7.36 (brd. J= 8.8 Hz,
2H), 5.16 (brd, J= 2.8 Hz,
1H), 4.10 (br d, J = 1.5 Hz,
1), 3.89-3.77 (m. 1H),
345 (brdd, J=3.9,12.6
Hz, 1H),3.21-3.11 (m,
1H), 3.10-2.99 (m, 1H),
2.05-1.90 (m, 2F)

205 F\?('O»(\ - PN 5351 TIH  NMR  {400MHz i
i ’\/\NJ’\TA\/\J MeOD-da) §9.35 (brd, J =
H H 2 ) o _ ) )
\iq"“‘&” 42 Hz, 1H), 858 (s, 1H),
)or 8.14 (brd, J = 8.2 Hz, 1H),
) 8.06-7.94 (m, 2H), 7.85 (br
4 J = 86 Hz, 2H), 7.35-
728 (m, 3H), 477 (br s,
SH), 1.53 (brd, J = 5.5 Hz,
3H)
206 F\T}o\/&\ R o 4731 | 'H NMR (400 MHz, IR
F ’\Q\.«» PN | MeOD-d4) 5 9.34 (d, J =
Ho sz
o 49 Hz, 1H), $.63 (s, 1H),

§52(d,J=13Hz IH),
§.16(dd.J=12, 8.6 Hz,
1H), 8.02-7.94 (m, 2H),
787 (4, J= 9.0 Hz, 2H),
732 (d,J= 8.8 Hz, 2H),
4.46-4.30 (m, 1H), 3.67-
3.61(m, 2H), 1.47 (4. J =
7.0 Hz, 3H)

o]
(]
R
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207

T L /J:J

4881

H  NMR  (400MHz
MeOD-ds) & 9.25 (dd, J =
14, 5.0 Hz, iH), 831 (dd.
J=13, 86 Hz, 1H), 8.16
{dd, J = 1.7, 8.5 Hz. 2H),
792 (dd, J = 5.0, 8.7 Hz,
1H), 7.85 (d, J = 93 Hz,
2H). 730 (d, J = 90 Hz
OH). $36-3.28 (m, IFD.
(dd. J = 2.9, 8.2 Hz,
1H), 5.09 (dd. J = 2.6, 8.6
Hz, 1H), 3.36 (dd, J = 2.8,
12.2 Hz, 1H). 2.99 (dd, J =
3.4, 12.0 Hz, 1H).

5.2

3

208

C!Xo\m o P !

PP A /'k/\ NN
1 P
\xt\/

oH

(Stercochemistry 1s arbitranly

assigned)

486.2

J = 50,

H  NMR  (400MHz.
MeOD-ds) & 9.30 (s, 1H),
9.04 (s, 1H), 834 (d. J =
1.5 Hz, 1H). 785 (d, J =
9.0 Hz, 2H). 779 {d, J =
1.5 Hz, 1H), 7.30 (br d, J =
8.8 Hz, 2H), 439 (brd, J =
4.2 Hz, 1H), 3.96-3.54 (m,
1), 3.76-3.65 (m, 1H).
335 (brs, 1H), 3.13 (br dd.
173 Hz 1H),
2.16-2.02 (m., 2F)

209

436.1

'H  NMR  (400MIz,
MeOD-ds) & 9.29 (s, 1H),
9.08-9.01 (m, 1H). 9.04 (s.
1H), 833 (d, J = 1.5 Hz.
1H), 7.84 (d, J = 9.0 Hz.

240
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(Stereochemistry 1s arbitrandy

assigned)

2H), 779 ¢d, J = 1.5 Hz,
IH). 7.30 {br d, /= 8.8 Hz,
2H), 438 (brd, /=44 Hz,
1H}, 396-382 {(m, 1H),
370 ¢d. J =56, 115 He,
1H}, 335 (brd, J=42 Hz,
1H}, 312 (brdd, J = 50,
173 Hz, 1H), 2.17-2.01
{m, 2H)

210

O
{Stereochemistry is arbitrarily

assigned)

486.2

H  NMR  (400MHz.
MeOD-ds) & 9.32 (dd, J =
1.2, 5.0 Hz, 1H), 838 (d, J
= 1.3 Hz. 1H), 8.14 (dd. J
=12, 8.5 Hz, 1H). 7.98-
7.91 (m, 2H), 785 (d. J =
9.0 Hz, 7H), 7.30 (brd. J =
5.8 Hz, 711), 438 (brd. J =
4.4 Hz, 1H), 3.99-3.89 (m,
1H), 384375 (m,
3.39-3.34 (m, 1H). 3.14 (br
dd, J = 5.0, 175 Hz. 1H),
2.15-2.00 (m, 2H)

T

>

211

_ Gl
F .

f@k\»\)

%N-*\

Pt
A}
Ne=

OH
(Stereochemistry 18 arbitranly

assigned})

486.1

H  NMR  (400MHz,
MeOD-ds) § 9.36-9.26 (m,
1H), 8§37 (d, J = 1.3 Hz.
1H), 8.13 (dd, J = 1.3, 86
Hz, 1H), 7.96-7.90 (m,
7H), 7.84 (d. J = 90 Hz,
2H), 7.29 (brd, J= 9.0 Hz,
2H), 437 (brd, J= 4.4 Hz,
1H), 3.98-3.86 (m, IH).
3.85-3.73 (m, 1F). 3.30-

T1

241
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3.33 (m, 1H), 3.13 (brdd. J
=51, 172 Hz, 1), 2.16-
1.97 {m, 2H)

NI ‘ , )
ALy MR dooMez, | Y

MeOD-ds) & 932 (br s,
1), 825 (brd, J= 4.9 Hz,
1H), 8.15 (br s, 1H). 7.94
(br 4, J = 139 Hz, 1H)
7.90-7 80 (m, ZH), 7.31 (br
s, 2H), 427 (br d, J = 3.7
Hz, 3H), 3.91 (brd, J = 7.1
Hz, 2H), 0.90 (br d. J = 6.6
Hz. 3H)

[ ]
.
L3

4621 | 'H NMR (400Miz, H
MeOD-ds) 5 8.12 (s, 1H),
7.91-7.75 {m, 4H), 7.29 (d,
J= 8.9 Hz, 2H), 6.64 (s,
1H), 4.24 (s, 3H). 4.09-
3.95 (m, 2H), 0.94 (brt, J
= 7.0 Hz, 3H)

-

&l 477.1 'H NMR (400MHz, R

F\E/O\ 0 O
Lo ;\NJ A MeOD-ds) 5 = 9.05 (s, 1),
Moo

L 8.77 (s. 1H), 8.34 (d, J =
‘W;";! 1.8 Hz, 1H), 7.86-7.80 {m,
2H). 778 (d. J= 1.8 Hz,
1H). 7.29 (4. J=9.0 Hz,
2H), 5.18 (q. /= 6.6 Hz,
1H), 4.39-4.16 (m, 2H),
1.74(d, J= 6.6 Hz, 3H),
1.09 (¢, J= 7.2 Hz, 3H)

214

242
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215 :l‘/,)\ ~ o o 4751 | H NMR (400MHz, T
¢ Q\E‘J\g/\ 2 MeOD-ds) § 8.98 (s, 1H),
S 8.72 (s, 1F]), 8.24 (d.J =
N:"-/\ el
i

1.5 Hz, 1H), 7.82(d, J=
9.0 Hz, 2H), 7.75 (d, J =
1.3 Hz, 1H).7.25(d.J=
9.0 Hz, 2H). 432 (br dd, J
=30, 5.4 Hz, 1H), 4.07
{dd, J=3.6,12.5 Hz, 1H),
3.83(dd, /=39, 12.5 Hz.
1), 3.26 (dd, J= 7.2, 9.4
Hz, 1H), 3.15-3.04 (m,
1H), 2.19-2.07 (m, 2F)

216 F\T;o ~ o o 4891 |'H NMR  (400MHz. U
L&’\Nki P MeOD-ds) § 8.07 (s, 1H),
i |\§\;<'@‘>OH 7.86-7.80 (m, 3H), 7.78 (d,
o J=15Hz 1H). 728 (4. J
= 9.0 Hz, 2H), 6.65 (d. J =
(Stercochemistry is arbitranly 22 Hz, 1H), 494 (br s,
assigned) 1H), 463 (d, J= 119 Hz,
1H), 447 (br d. J = 12.1
Hz, 1H), 4.03 (s, 1H), 0.99
(br d..J = 6.7 Hz, 3H)
217 et T AN 1022 Ly MR @00 Mz v
' o™ MeOD-ds) 5 930 (s, 1H),
g 4 , ;
Nt{g\_‘) 9.02 (s, 2H), 7.84-7.72 (m.

3H). 7.62 (s, 1H). 7.28 (br
4, J = 8.8 Hz, 2H), 4.30-
418 (m, 1H). 4.15-4.01
(m. 2H). 3.83-372 (m,
7H), 2.56-2.37 (m. 1H),
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210-1.92 (m, 1H)

218 . O

474.1

1 NMR (400MHz,
MeOD-4) § 9.30 (s, 1H).
9.04 (s, 2H), 8.19(d. J =
1.5 Hz, 1H), 7.83 (brd, J =
93 Hz, 2H), 7.69 (d, J =
1.3 Hz, 1H), 729 (brd, J =
§.8 Hz, 2H). 4.25 (s, 31,
3.75 (q. J = 7.3 Hz, 2H),
1.00-0.90 (m, 3H)

219 F

4741

"H  NMR  (400MHz,
MeOD-ds 3 9.06 (s, 1H),
8.79 (s, 1H), 8.07 (s, 1H),
7.82 (brd. J = 8.9 Hz, 2H),
7.6% (s, 1H), 7.29 (br d, J =
8.6 Hz, 2H), 4.70-4.47 (m,
3H), 2.55 (br s, 1H), 2.07-
1.96 (m, 1H), 1.15 (brd, J
= 6.1 Hz, 3H)

220

490.1

'H NMR (400 MHz,
MeOD-ds) & 8.03 (br s.
2H). 7.86 (brd, J=8.9 Hz.
3H), 7.31 {brd, J = 8.7 Hz,
2H), 6.81 (br s, 1H), 531
(brd, J=4.8 Hz. 2H). 5.13
(br &, J = 5.7 Hz, 1H),
3.53-3.39 (m, 2H), 1.60 (br
d.J =61 Hz, 1H), 1.55-
1.45 (m, 1H)

‘%17
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5031 | 'H NMR  (400MHz. H
MeOD-ds) § 928 (5. 1H),
9.02 (s, 2FD), 8.18 (d. J =
1.7 Hz, 1H), 7.86-7.79 {m,
7H), 7.65 (d. J = 1.7 Hz,
1H), 7.29 (br d, J = 9.0 Hz,
2H), 425 (s, 3H), 4.09-
3.93 (m. 2H), 3.53 (dd, J =
49, 11.1 Hz, 1HD), 2.02 (s.
1H), 132 (d, J = 7.0 Hz.
3H).

222 1&0\/\ 0 Nc”J 4881y MR @ooMHz |

Ty, MeOD-ds) § 9.37-9.29 (m,
h{"’ka 1H), 835 (4, J = 1.5 Hz,
H), 811 (dd. J =13, 8.6
Hz, 1H), 7.95 (dd, J = 5.0,
8.5 Hz, 1H), 7.87-7.80 (m,
3H), 729 (brd, J=9.0 Hz,
M), 427 (brd.J =71 Hz,
1H), 3.81 (dd, /= 88, 11.7
Hz 1H). 361 (br dd, J =
56, 118 Hz, 1H), 2.79 (s,
M), 144 (brd, J=6.4 Hz,
3H)

[N
(9]

4920 T NMR (400 Miiz, H
RPN L MeOD-d4) 8 8.11 (br s,

NS o 1H), 7.82 (brd. J= 9.0 Hz,
o 3H), 7.76 (s, 1H), 7.29 (br
d,J = 8.8 Hz, 2H), 6.64 (br
s, 1H), 4.45 (br s, 1H), 4.23
(s, 3H), 391 (brs, 1H),
361 (brs, 1H), 133 (d,J =

[N
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70 Hz, 3H).

3040

TH NMR (400 Miz,
MeOD-dys) § 9.30 (dd, J =
15,51 Hz, 1H), 8.22(d.J
=1.7Hz 1H), 8.11(dd. J
= 1.6, 8.4 Hz, 1H), 7.93
(dd,J= 5.0, 8.4 Hz, 1H),

7 86-7.78 (m, 3H). 7.29 (d,

J=89Hz 2H}, 425 (s,

3H), 3.96-3.89 (m, 2H),
352 (brd.J= 5.9 Hz, 1H),
1.37(d, J= 6.6 Hz, 3H).

H.I

B

4

~J

6.1

'H  NMR  (400MHz,
Me(D-ds) & 8.07 (s, 1H),
787779 (m, 4H), 7.29 (br
d../=8.6 Hz, 2H), 6.65 (s,
1H), 451 {g, J= 114 Hz,
ZH), 430 (br s, 1H}, 4.12
{brs, 1H}, 3.75 (brg, 1H)

U

226

438.1

'H  NMR  (400MHz,
McQOD-ds} & 931 {d, J =
50 Hz, 1H), 8.22-8.15 {m,
2H), 798-7.8% (m, 2H),
784 {(d, J = 8.8 Hz, ZH),
730 {d. J = 8.6 Hz, ZH),
4.63-4.57 {m, 1H), 4.54-
447 {m, 1H), 429 {(br s,
1H3, 418 (dd, /=38, 128
Hz, 1H), 355 (br d, J =
12.8 Hz, 1H)

246




WO 2020/061086

PCT/US2019/051567

4881

1H NMR (400MHz,
MeOD-ds) § 9.29 (s, 1H).
9.05 (s. 2H), 8.15 (d, J =
1.6 Hz, 1H), 7.83 (d, J=
9.0 Hz, 2H), 7.73 (d, J =
1.6 Hz, 1IH). 7.29 (br d, J =
9.0 Hz, 2H). 4.59-4.46 (m,
2H), 4.29 (br s, 1H), 4.06
{dd,J=3.5,11.7 Hz, 1H),
3.51-3.46 (m, 1H)

228

488.1

H NMR (400MHz.
MeOD-ds) 5 8.32 (brs,
1H), 7.91 (s, 1H), 7.84 (br
d.J=58.9 Hz, 3H), 7.30 (d,

J=8.8 Hz 2H), 6.69 (brs,

1H), 496(brdd, /=64,
104 He, ZH3, 2.39-2 18
{m, 2H), 2.11-1 .89 (m,
2H), 092¢brd, /=59 Hz,
3H)

W

5071

H NMR (400MHz,
DMSO-de) 5 10.48 (s, 1H),
935 (s, 1H), 5.06 (s, 2F),
8.57 (s, 1H). 7.95-7.89 (m,

J=89Hz IH), 7.84 (s,

1), 7.69-7 41 (m, 1H),
738 (brd, /= 8.8 Hz, 2H),
5.10 (1. J= 5.0 Hz, 1H),
4.40-431 (m, 1H), 3.61-
3.44 (m, 2H), 1.37 (brd, J
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=7.0 Hz. 3H)

230

5114

H NMR (400MHz,
DMSO-dsy 6 13.31-13.18
(m, 1H), 10.52 (s, IH),
848 (s, 1H), 7.99-7 88 (m,
4H), 756 (brt, J=52.1

Hz, 1H), 736 (brd, /=89
Hz, 2H), 6.62 (brs, 1H),
5.21-5.12 (m, 1H}, 4.86 (br
dd, /=52, 107 Hz, 1H},
3.59-3.54 (m, 2H}, 1 39 {br
d,./=6.8 Hz, 3H)

5240

T NMR (400 MHz.
MeOD-ds) 5 9.31 (s, 1H),
9.03 (s, 2H), 8.52 (s, 1H),
785 (brd,J= 9.3 Hz, 3H).
7.54-7.26 (m, 3H). 4.53 (br
d,J=56Hz, 1H), 3.78-
3.70 (m, 1H). 3.66-3.59
(m, 1H), 1.45 (brd. /=72
Hz, 3H)

232

500.1

TH NMR (400MHz,
MeOD-ds} 8 9.31 (s, 1H),
9.10 (brs, 2H), 8.43 (d, J =
1.5 Hz, 1H). 7.85 (dd, J =
37,53 Hz, 3H), 7.30 (br
d,.7=8.8 Hz. 2H). 5.03 (br
s, 1H), 432 (brt, J=6.1
Hz, 1H), 2.79-2.57 (m,
1H), 225 (brt. J= 143
Hz, 1H), 2.05 (brd, J=

W
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117 Hz, IH), 1.73 (brd, J
= 14.7 Hz, 1H), 0.86 (d, J
= 6.6 Hz, 3H)

*Biological data reported 1n Table 2 for the compounds whose stercochemistry is noted as
arbitrarily assigned in Table 1 can be associated with the appropriate compound of Table | by
reference to the corresponding H NMR data. It is thus possible that the compound
associated with a given 'H NMR and biological data set will have the same absolute
stereochemistry or a different absolute stercochemistry from the compound whose
stercochemistry 18 noted as arbitrarily assigned in Table 1.

Biclogical Examples
Biological Assays
ABL1 Biochemical kinase assay

[4534] ABLI WT protein {64-515aa) containing an N-terminal His tag was produced by
co-expression with YopH in 59 msect cells. Cells were harvested by centrifigation and
resuspended in 50 mM Tris, 500 mM NaCl, 5 mM B-ME, pH 8.2. Cells were fysed by
sonication and clanfied by centrifugation. ABL1 was purified by affinity chromatography
using a HisTrap column with a wash step i 4% wash buffer (50 mM Trig, 500 mM Na(Cl,
500 mM imidazole, 5 mM B-ME, pH 8.2} and elhuted in a linear gradient of the same buaffer.
Fractions contaiming ABL1 were pooled, concentrated and further purified using an ion
exchange column washed with 30mM Tris, pH 8.3 and cluted with a linecar gradient of elution
buffer (50 mM Tris, 1M Na(’l, pH 8.3}, Punfied protein was stored at -80°C 1n 50 mM Tris
{(pH 8.2}, 360 mM Na(l, 1 mM DTT and 20% glvcerol.

{8535} The activity of the enzyvme and compound inhibition was tested using an EZ
reader microftuidic mobility shift assay (PerkinEhmer, Waltham, MA). For inhibition studics,
corapounds were serially dilited in DMSO, using an 11-point 3-fold fommat, from a 1000 uM
top compound concentration. 20 nk per well of senal diluted compounds were transferred to
Greiner polypropylene flat-bottom 384-well assay plates using an acoustic transfer system
{Echo 5350). A 15 ulL reaction mixture containing fluorescent peptide, enzyvme, buffer, co-
factors and detergent was added to each well and imcubated at room temperature (RT) for 30
minutes. 5 ul per well of an ATP solution was then added and reactions were carried out for

50 minutes before being quenched with 70 pL of stopping buffer contaming 500 mM EDTA.
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The reactions were read on an EZ Reader (PerkinEImer, Waltham, MA} using a mobility shift
readout. The final concentrations m each reaction were 1.5 uM FL-Peptide 2 {PerkinElmer,
Waltham, MA), | aM ABL1 WT (64-515 aa) enzyme, 50 mM HEPES {(pH 7.5}, I mM
EGTA, 2 oM DTT, 0.05% BSA, 10 mM MgC12, 0.01% Triton-X100 and 20 pM ATP. The
final BMSO concentration was 0.196 and the final whibitor concentration ranged from 1000
nh to0 0.017 oM. Each compound was tested in doplicate and the inhibitor dose response

curves analyzed using ICs0 regression curve fitting using GraphPad Prism.

ABLI K562 assay

[8536] Compound activity was tested using the Cell Titer Glo assay (CTG, Promega).
K562 cells {(Chronic Myeloid Leukemia) were maintained in IMDM + 10% FBS. One day
prior to testing compound activity, 300 K562 cells per well were plated 10 coltore medium at
16K cells/mL and imcubated overnight at 37 °C, 5% CO.. Compounds were serially diluted 1n
IMDM + 10% FBS, using a Y-point 3-fold format, from a 2000 nM top compound
concentration. DMSO concentration was kept constant at 0.4%. 50 ul per well of serial
diluted compounds were transferred to the plates containing K362 cells and incubated at 37
°C, 3% COr for 72 h (final DMSO concentration of 0.2%). Afier 72 b plates and CTG reagent
were equilibrated to room temperature for 30 minutes before addition of 25 L per well CTG
reagent. Plates were shaken for 2 munutes and then incubated at room temperature for 10
minutes. The reactions were read on an EnVision luminescence reader (PerkinElmer,
Waltham, MA). Each compound was tested i duplicate and the inhibitor dose response

curves analvzed using ICso regression curve fitting using GraphPad Prism.

{8537} The resulis are tabulated below m Table 2.
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Table 2
Example AbI WT ICs (nM) Abl K562 CCsp (nM)

1 ND 28.36
2 0.37 i1.64
3 1.07 55.29
4 (.27 15.11
3 (.38 891

6 0.63 30.27
7 0.33 1411
8 ND 927

9 (.33 .89

10 0.63 29.25
[ 0.16 8.73

12 0.38 14.85
13 0.71 24 41
14 (.86 41.08
15 (.41 522

16 0.58 13.80
17 0.34 832
18 0.51 819
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Example Abl WT ICs (M) AbI K562 CCso (nM)

19 1.02 60.18
20 0.50 59.12
21 0.64 95.95
22 031 11.21
23 072 4823
24 0.40 40.23
25 20.69 1000.00
76 231 11456
27 4.78 383.74
28 0.57 69.03
29 0.62 31.34
30 0.80 52.02
31 0.66 30.96
32 0.37 9.23
33 0.60 19.36
34 0.74 12.60
35 0.32 6.11
36 4.20 352.61
37 0.54 20.45
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Example Abl WT ICs (M) AbI K562 CCso (nM)
38 0.63 17.67
39 111 28.77
40 0.48 6.76
41 281.23 >1000
42 0.56 14.41
43 0.38 913
44 0.65 60.78
45 0.41 33.21
46 0.67 39.85
47 317 27752
48 1.30 3528
49 ND 6.53
50 0.27 9.93
51 0.26 9.37
52 0.37 10.46
53 0.54 14.02
54 051 6.70
55 ND 15.16
56 ND 14.75
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Example Abl WT ICs (M) AbI K562 CCso (nM)
57 ND 825
58 0.43 11.62
59 0.47 18.27
60 0.36 800
61 0.47 13.76
62 0.45 17.28
63 0.59 15.35
64 0.48 732
65 0.77 41.05
66 0.56 16.83
67 0.61 25.94
68 1.21 59.13
69 0.49 833
70 0.39 R.65
71 0.78 46.84
72 0.79 54.13
73 0.83 42.01
74 0.32 7.04
75 0.41 15.88
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Example Abl WT ICs (M) AbI K562 CCso (nM)
76 0.55 27.44
77 0.71 34.04
78 1.03 98.87
79 0.41 15.20
R0 031 10.72
g1 0.40 7.28
82 0.52 13.67
83 0.40 19.48
84 0.57 13.48
85 0.52 8.61
86 0.51 6.76
87 0.44 12.53
88 0.62 16.36
89 0.61 21.73
90 032 8.65
91 0.50 6.83
92 0.50 6.37
93 0.52 23.27
94 0.52 14.25
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Example Abl WT ICs (M) AbI K562 CCso (nM)
95 033 25.07
9% 0.47 11.19
97 0.59 935
98 042 4.20
99 0.41 22.67
100 0.46 26.49
101 0.63 22.29
102 0.61 33.13
103 0.46 16.88
104 0.71 22.39
105 0.56 30.61
106 0.29 6.84
107 0.77 35.25
108 0.73 51.39
109 1.74 236.76
110 051 7.82
111 0.60 6.48
112 0.30 430
113 0.40 6.43
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Example Abl WT ICs (M) AbI K562 CCso (nM)
114 0.25 834
113 0.54 755
116 0.46 18.58
117 0.43 26.60
118 0.34 12.02
119 0.48 17.50
120 0.4% 23.09
121 ND 71.59
122 0.42 15.45
123 0.58 12.86
124 0.53 36.29
125 1.35 106.48
126 0.25 132
127 0.36 R.94
128 0.48 15.39
129 1.07 14579
130 0.45 6.56
131 0.36 10.46
132 0.54 R.06
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Example Abl WT ICs (M) AbI K562 CCso (nM)
133 031 434
134 0.65 23.11
135 0.36 422
136 ND 178.51
137 0.56 5.96
138 0.52 20.01
139 2.49 14167
140 1.26 61.82
141 0.34 522
142 0.30 125
143 0.36 15.50
144 035 338
143 0.57 17.00
146 0.33 15.95
147 0.39 5.26
148 0.54 7.89
149 0.36 411
150 0.36 1.83
151 0.77 13.71
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Example Abl WT ICs (M) AbI K562 CCso (nM)
152 0.56 821
153 0.28 1.94
154 0.43 6.88
155 0.97 17.09
156 0.35 3.92
157 035 8.93
158 0.34 2.72
159 0.28 231
160 0.52 10.62
161 0.55 17.54
162 0.73 15.22
163 0.63 20.80
164 0.81 975
163 0.38 4.94
166 0.45 6.60
167 251 22.71
168 033 224
169 0.53 512
170 0.49 9.79
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Example Abl WT ICs (M) AbI K562 CCso (nM)
171 ND 19.33
172 ND 40.17
173 0.76 38.92
174 0.47 7.40
175 0.46 11.74
176 051 14.07
177 0.62 22.15
178 0.70 78.10
179 1.52 130.86
180 1.13 37.62
181 0.76 47.14
182 0.59 722
183 0.38 11.31
184 0.59 2233
185 031 800
186 0.45 14.96
187 033 417
188 0.4% 11.42
189 0.49 16.35
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Example Abl WT ICs (M) AbI K562 CCso (nM)
190 0.87 17.51
191 0.46 772
192 0.62 7.46
193 0.53 12.75
194 0.57 10.40
195 0.54 3 41
196 0.44 14.93
197 237 14953
198 0.47 7.06
199 0.47 15.92
200 0.4% 15.32
201 0.49 16.03
202 0.66 13.36
203 0.77 17.71
204 0.41 42.03
205 0.97 >1000
206 0.55 26.56
207 1.41 101.03
208 0.37 10.84
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Example Abl WT ICs (M) AbI K562 CCso (nM)
209 0.45 18.53
210 0.51 36.62
211 0.55 56.46
212 0.73 22.02
213 0.44 977
214 0.45 17.46
215 1.03 45.52
216 0.99 194.06
217 0.56 23.54
218 0.34 6.53
219 0.93 23.67
220 2.35 170.95
221 0.28 6.71
222 0.67 79.06
223 0.26 4.46
224 1.00 45.33
225 8.71 54.91
226 27.98 19262
227 9.67 35.88
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Example Abl WT ICs (M) AbI K562 CCso (nM)
228 ND 13.93
229 ND 36.82
230 ND 6.9%
231 ND 13.52
232 ND 1.32

ND = not determuned

In Vive Efficacy In KC1.-22 Xenooraft Model-Dual Asent Treatment

{3538} 6-8 week old female nude mice are implanted subcutaneously with 2x10° K(CL-22
cells in 50% matrigel (BD Biosciences) in the right dorsal axillary region. Drug treatment is
nitiated when tumor volume reached an average of 189 mm” (about 9 days post tumor
implantation}. Compounds provided herein, in a phosphate-buffered saline solution are
prepared woekly and dosed by oral gavage at about 25-35 mg/kg twice daily, and Nilotinib
solution is dosed at 75mg/kg twice daily. Amimals receive either single agent alone or
combination of both simubtancousty. Tumor volume is determined by twice weekly digital
calipering and calculated as Length x Width? /2. Animals treated with nilotinib alone can
achicve tumor regression after 4 week daily treatment, but tumors can relapse, e.g., to
>500mm’ thereafter. Animals with nilotinib resistant turnors then receive daily treatment of a

compound provided herein, and are monitored for tumeor response.



WHAT IS CLAIMED IS:

1. A compound of formula (I) or formula (la):
XY
R4/X /Y | R4 = | ]
N Z R X ‘S R

m or (1a),
or a pharmaceutically acceptable salt or tautomer thereof,

wherein:

Lis -C(O)NH-, -NHC(O)-, -NHS(O).-, or -S(0)2NH-;

Xis -O-or -S-;

Y is CH, C(halo), C(C1-C: alkyl), or N;

ZisCR%or N;

R! is C(O)NR®R’, C(O)OR®, NR®C(0O)R’, NR®S(0)2R’, S(0).NR°R’, 4-10 membered
heterocyclyl, Cs-C1o aryl, or 5-10 membered heteroaryl, wherein the 4-10 membered
heterocyclyl, Ce-Cyo aryl, and 5-10 membered heteroaryl are each optionally substituted with
1, 2, or 3 substituents independently selected from the group consisting of halo, CN, C1-Cs
alkyl, OH, OC;-Cs alkyl, and C3-Ce cycloalkyl;

R? is H, C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cs cycloalkyl, 4-10 membered
heterocycloalkyl, Cs-C1o aryl, or 5-10 membered heteroaryl, wherein the C1-Cs alkyl, C2-Cs
alkenyl, C,-Cs alkynyl, C3-Cgcycloalkyl, 4-10 membered heterocycloalkyl, Ce-C1g aryl, and
5-10 membered heteroaryl are each optionally substituted with 1, 2, or 3 substituents
independently selected from the group consisting of oxo, halo, CN, C:-Cs alkyl, C(O)NHC1-
Ce alkyl, (O)NHC3-Ce cycloalkyl, OH, OC1-Cs alkyl, C3-Cs cycloalkyl, and 4- to 6-
membered heterocyclyl;

R3 is:

(i) H, NR®R’, or ORS;
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(if) C1-Ce alkyl optionally substituted with 1-3 substituents selected from the
group consisting of halogen, hydroxyl, and —O(C1-Ce alkyl); or

(i) C2-Ce alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, 4- to 6-membered
heterocycloalkyl, Ce-C1o aryl, or 5- to 10-membered heteroaryl, wherein the C>-Ce
alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, 4- to 6-membered heterocycloalkyl, Ce-C1o

aryl, and 5- to 10-membered heteroaryl are each optionally substituted with 1, 2, or 3

substituents independently selected from the group consisting of halo, C1-Ce alkyl,

and OH; or

R? and R®, together with the intervening atoms to which they are attached, form a 4-
10 membered heterocycloalkyl, wherein the 4-10 membered heterocycloalkyl is optionally
substituted with 1, 2, or 3 substituents independently selected from the group consisting of
0xo, C1-Cs alkyl, C1-Cs alkyl-OH, C(O)C1-Cs alkyl, and OH;

R*is C1-Cs alkyl, C2-Cs alkenyl, or C2-Ce alkynyl, wherein the C1-Cs alkyl, C2-Cs
alkenyl, and C»-Ce alkynyl are each optionally substituted with 1, 2, or 3 independently
selected halo substituents;

R® is H or halo;

R® is H, C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, Cs-Cio aryl,
or 5-10 membered heteroaryl, wherein the C1-Cs alkyl, C3-Cg cycloalkyl, 4-10 membered
heterocycloalkyl, Ce-C1o aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1 -Cs
alkyl, and OH; and

R is H, C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, C6-C1o aryl,
or 5-10 membered heteroaryl, wherein the C1-Cs alkyl, C3-Cg cycloalkyl, 4-10 membered
heterocycloalkyl, Cs-C1o aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1-Cs
alkyl, and OH; or

R® and R’, together with the nitrogen atom to which they are attached, form a 4-7
membered heterocyclyl, wherein the 4-7 membered heterocyclyl is optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1-Cs
alkyl, and OH;

with the proviso that the compound is not:
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(i) O H or (ii)

O«__OH O~__OH
/O / \/O /
0 N 0 N
% % % %
/7 \N N
O H

2. The compound of claim 1, wherein the compound is of formula (1A-1):
R4/X = | 0
NN z R
Hol
N-R?
N=
=,
(1A-1) ,

or a pharmaceutically acceptable salt or tautomer thereof.

3. The compound of claim 2, wherein the compound is of formula (11A), formula (11B),
formula (11C), formula (11D), formula (1IE), formula (11F), formula (11G), or formula (11H):
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N N
H H
N-R? N-R?
N= N=
R3 R3
(ITA) , (IIB)
X
N R N R
H H
N,Rz N/R20
N=/ N=/
(I1C) (IID)
_X
R* 0
\©\ R10
N
H
N’RZO
N=
R30
(ITE) ,
X Y-
R4/ =~ | R4/x O
X R? N R
H H
8 2o
(IIF) (1IG)
R4/X\©\ (@]
10
H
8o
or (IIH) :

or a pharmaceutically acceptable salt or tautomer thereof,
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wherein:

R is 5-6 membered heteroaryl, optionally substituted with 1, 2, or 3 substituents
independently selected from the group consisting of halo, CN, C1-Cs alkyl, OH, OC1-Cs
alkyl, and C3-Ce cycloalkyl;

R? is C1-Cj alkyl, C3-C4 cycloalkyl, or 4-6 membered heterocycloalkyl, wherein the
C1-Cs alkyl, C3-C4 cycloalkyl, and 4-6 membered heterocycloalkyl are each optionally
substituted substituted with 1, 2, or 3 substituents independently selected from the group
consisting of oxo, halo, CN, C1-Cs alkyl, C(O)NHC1-Cs alkyl, C(O)NHC3-Cs cycloalkyl,
OH, OC;-Ce alkyl, C3-Cs cycloalkyl, and 4- to 6-membered heterocyclyl;

R is H, C1-Cs alkyl, C3-C4 cycloalkyl, or 5-6 membered heterocycloalkyl, wherein
the C1-Csz alkyl, C3-C4 cycloalkyl, or 5-6 membered heterocycloalkyl are each optionally
substituted with 1, 2, or 3 substituents independently selected from the group consisting of
halo, C1-Ce alkyl, and OH; and

Ring A is 5-6 membered heterocycloalkyl, optionally substituted with 1, 2, or 3
substituents independently selected from the group consisting of oxo, C1-Cs alkyl, C1-Ce
haloalkyl, C1-Cs alkyl-OH, C(O)C1-Cs alkyl, and OH.

4. The compound of claim 3, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R* is C1-Cs alkyl, Cs-Ca cycloalkyl, or 5-6 membered heterocycloalkyl, wherein the
C1-Cs alkyl, Cs-C4 cycloalkyl, or 5-6 membered heterocycloalkyl are each optionally
substituted with 1, 2, or 3 substituents independently selected from the group consisting of
halo, C1-Ce alkyl, and OH.

5. The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein X is -O-.

6. The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein Y is CH.

7. The compound of claim 3, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R! is 4-10 membered heterocyclyl or 5-10 membered heteroaryl, wherein the 4-10
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membered heterocyclyl and 5-10 membered heteroaryl are each optionally substituted with 1,
2, or 3 substituents independently selected from the group consisting of halo, CN, C1-Cs
alkyl, OH, OC;-Cs alkyl, and Cs-Cs cycloalkyl.

8. The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,

wherein R is -C(O)NH., C(O)NHCHg3, C(O)NH(cyclopropyl),
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9. The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R is pyrazolyl or pyrimidinyl, wherein the pyrazolyl and pyrimidinyl are each
optionally substituted with 1, 2, or 3 substituents independently selected from the group
consisting of halo, CN, C1-Cs alkyl, OH, OC;-Cs alkyl, and C3-Ces cycloalkyl.

10.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R? is C1-C3 alkyl or C3-Ca cycloalkyl, wherein the C1-Cs alkyl and C3-Cs cycloalkyl
are each optionally substituted with 1, 2, or 3 substituents independently selected from the
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group consisting of oxo, halo, CN, C1-Cs alkyl, C(O)NHC1-Cs alkyl, C(O)NHC3-Cs
cycloalkyl, OH, OC1-Cs alkyl, C3-Cs cycloalkyl, and 4- to 6-membered heterocycly 1.

11.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R? is CHs, CH2CH3, CH(CHs)2, C(CHa)s, cyclopropyl, cyclobutyl, cyclopentyl,
tetrahydrofuranyl, tetrahydropyranyl,
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12.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,

wherein R® is H, CH3, CHF», CH,OH, CH>OCH3, CH>CH,0H, CH(CH3)QH, CH(CH3)>,
C(CHz3)20H, OCH3s, OCH2CHs, cyclopropyl, cyclobutyl, or tetrahydropyranyl.

13.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,

wherein R? and R? together form:

OH OH
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14.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R* is C1-C3 alkyl, optionally substituted with 1, 2, or 3 independently selected halo

substituents.
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15.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,
wherein R* is CF3 or CF2Cl.

16.  The compound of claim 2, or a pharmaceutically acceptable salt or tautomer thereof,

wherein R® is H.

17.  The compound of claim 2, wherein the compound is of formula (Id) or formula (le):

N
N X N
H H

N-R?

N:<R3

or

(1d) (le)
or a pharmaceutically acceptable salt or tautomer thereof.

18.  The compound of claim 1, or a pharmaceutically acceptable salt or tautomer thereof,

wherein:

R? is 4-10 membered heterocyclyl, Ce-Cio aryl, or 5-10 membered heteroaryl, each
optionally substituted with 1, 2, or 3 substituents independently selected from the group
consisting of halo, CN, C1-Cs alkyl, OH, OC1-C6 alkyl, and Cz-Cs cycloalkyl;

R? is C1-Cs alkyl, C,-Cs alkenyl, C2-Cs alkynyl, C3-Cg cycloalkyl, 4-10 membered
heterocycloalkyl, Ce-C1o aryl, or 5-10 membered heteroaryl, wherein the C1-Ce alkyl, C>-Cs
alkenyl, C»-Cs alkynyl, C3-Cg cycloalkyl, 4-10 membered heterocycloalkyl, Ce-Cyo aryl, and
5-10 membered heteroaryl are each optionally substituted with 1, 2, or 3 substituents
independently selected from the group consisting of oxo, halo, CN, C1-Cs alkyl, C(O)NHC:-
Cs alkyl, C(O)NHC3-Cs cycloalkyl, OH, OC1-Ce alkyl, C3-Cs cycloalkyl, and 4- to 6-

membered heterocyclyl;

R3 is C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, 4- to 6-membered
heterocycloalkyl, Ce-Cio aryl, or 5- to 10-membered heteroaryl, wherein the C,-Ce alkenyl,

C»-Cs alkynyl, Cs-Ce cycloalkyl, 4- to 6-membered heterocycloalkyl, Cs-C1o aryl, and 5- to
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10-membered heteroaryl are each optionally substituted with 1, 2, or 3 substituents

independently selected from the group consisting of halo, C1-Ce alkyl, and OH; or

R? and R3, together with the intervening atoms to which they are attached, form a 4-
10 membered heterocycloalkyl, wherein the 4-10 membered heterocycloalkyl is optionally
substituted with 1, 2, or 3 substituents independently selected from the group consisting of
oxo, C1-Cs alkyl, C1-Cs alkyl-OH, C(O)C1-Cs alkyl, and OH,;

R* is C1-Cs alkyl, C2-Cs alkenyl, or C»-Cs alkynyl, wherein the C1-Cs alkyl, C2-Cs
alkenyl, and C»-Cs alkynyl are each optionally substituted with 1, 2, or 3 independently

selected halo substituents;

R® is C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, Cs-Cio aryl, or
5-10 membered heteroaryl, wherein the C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered
heterocycloalkyl, Cs-C1o aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1-Cs
alkyl, and OH; and

R’ is C1-Cs alkyl, C3-Cs cycloalkyl, 4-10 membered heterocycloalkyl, Cs-Cio aryl, or
5-10 membered heteroaryl, wherein the C1-Ce alkyl, C3-Cs cycloalkyl, 4-10 membered
heterocycloalkyl, Cs-C1o aryl, and 5-10 membered heteroaryl are each optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1-Cs
alkyl, and OH; or

R® and R’, together with the nitrogen atom to which they are attached, form a 4-7
membered heterocyclyl, wherein the 4-7 membered heterocyclyl is optionally substituted
with 1, 2, or 3 substituents independently selected from the group consisting of halo, C1-Cs
alkyl, and OH.

19. A pharmaceutical composition comprising a compound of any one of claims 1-18, or
a pharmaceutically acceptable salt or tautomer thereof, and at least one pharmaceutically

acceptable excipient.

20.  Aninvitro method for inhibiting tyrosine kinase activity in a cell, comprising

contacting the cell with an effective amount of a compound of any one of claims 1-18, or a
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pharmaceutically acceptable salt or tautomer thereof, wherein the tyrosine kinase is selected
from the group consisting of Abelson homolog 1, Abelson homolog 2, and breakpoint cluster
region-Abelson homolog 1.

21. Use of a compound of any one of claims 1-18, or a pharmaceutically acceptable salt
or tautomer thereof, for the manufacture of a medicament for inhibiting tyrosine kinase
activity in a patient in need thereof, wherein the tyrosine kinase is selected from the group
consisting of Abelson protein, Abelson-related protein, and breakpoint cluster region-

Abelson protein.

22.  The use according to claim 21, wherein the patient has a disease selected from the

group consisting of leukemia, Alzheimer's disease, and Parkinson's disease.

23. Use of a compound of any one of claims 1-18, or a pharmaceutically acceptable salt
or tautomer thereof, for the manufacture of a medicament for treating leukemia in a patient in
need thereof, wherein the leukemia is selected from the group consisting of acute

lymphoblastic leukemia, acute myeloid leukemia, and chronic myeloid leukemia.
24. The use according to claim 23, wherein:

(@) the leukemia is selected from the group consisting of acute lymphoblastic

leukemia and chronic myeloid leukemia; and

(b) the medicament further comprises a therapeutically effective amount of a
compound selected from the group consisting of bafetinib, bosutinib, dasatinib, imatinib,

nilotinib, and ponatinib.

25.  The use according to claim 23, wherein the chronic myeloid leukemia is resistant to

standard-of-care treatment.

26.  The use according to claim 23, wherein the chronic myeloid leukemia is resistant to
treatment with a compound selected from the group consisting of dasatinib, imatinib, and

nilotinib, or a combination thereof.

27.  The use according to claim 23, wherein the acute myeloid leukemia is secondary
acute myeloid leukemia.
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28. A compound of any one of claims 1-18, or a pharmaceutically acceptable salt or
tautomer thereof, for use in inhibiting tyrosine kinase activity in a patient in need thereof,
wherein the tyrosine kinase is selected from the group consisting of Abelson protein,

Abelson-related protein, and breakpoint cluster region-Abelson protein.

29.  The compound according to claim 28, wherein the patient has a disease selected from

the group consisting of leukemia, Alzheimer's disease, and Parkinson's disease.

30. A compound of any one of claims 1-18, or a pharmaceutically acceptable salt or
tautomer thereof, for use in treating leukemia in a patient in need thereof, wherein the
leukemia is selected from the group consisting of acute lymphoblastic leukemia, acute

myeloid leukemia, and chronic myeloid leukemia.
31.  The compound according to claim 30, wherein:

(@) the leukemia is selected from the group consisting of acute lymphoblastic

leukemia and chronic myeloid leukemia; and

(b) the treatment further comprises a therapeutically effective amount of a compound
selected from the group consisting of bafetinib, bosutinib, dasatinib, imatinib, nilotinib, and

ponatinib.

32.  The compound according to claim 30, wherein the chronic myeloid leukemia is

resistant to standard-of-care treatment.

33.  The compound according to claim 30, wherein the chronic myeloid leukemia is
resistant to treatment with a compound selected from the group consisting of dasatinib,

imatinib, and nilotinib, or a combination thereof.

34.  The compound according to claim 30, wherein the acute myeloid leukemia is

secondary acute myeloid leukemia.

35. A compound selected from the group consisting of:
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or a pharmaceutically acceptable salt or tautomer thereof.

36.  The compound of claim 35, wherein the compound is selected from the group

consisting of:
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or a pharmaceutically acceptable salt or tautomer thereof.
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37.  The compound of claim 36, wherein the compound is:

rd
HsC

or a pharmaceutically acceptable salt or tautomer thereof.

38.  The compound of claim 36, wherein the compound is:

or a pharmaceutically acceptable salt or tautomer thereof.

39.  The compound of claim 36, wherein the compound is:
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or a pharmaceutically acceptable salt or tautomer thereof.

40.  The compound of claim 36, wherein the compound is:

or a pharmaceutically acceptable salt or tautomer thereof.

41.  The compound of claim 36, wherein the compound is:

F T(;\O\
i

or a pharmaceutically acceptable salt or tautomer thereof.
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42. A pharmaceutical composition comprising a compound of any one of claims 35-41,
or a pharmaceutically acceptable salt or tautomer thereof, and at least one pharmaceutically
acceptable excipient.

43.  Aninvitro method for inhibiting tyrosine kinase activity in a cell, comprising
contacting the cell with an effective amount of a compound of any one of claims 35-41, or a
pharmaceutically acceptable salt or tautomer thereof, wherein the tyrosine kinase is selected
from the group consisting of Abelson homolog 1, Abelson homolog 2, and breakpoint cluster

region-Abelson homolog 1.

44, Use of a compound of any one of claims 35-41, or a pharmaceutically acceptable salt
or tautomer thereof, for the manufacture of a medicament for inhibiting tyrosine kinase
activity in a patient in need thereof, wherein the tyrosine kinase is selected from the group
consisting of Abelson protein, Abelson-related protein, and breakpoint cluster region-

Abelson protein.

45.  The use according to claim 44, wherein the patient has a disease selected from the
group consisting of leukemia, Alzheimer's disease, and Parkinson's disease.

46. Use of a compound of any one of claims 35-41, or a pharmaceutically acceptable salt
or tautomer thereof, for the manufacture of a medicament for treating leukemia in a patient in
need thereof, wherein the leukemia is selected from the group consisting of acute
lymphoblastic leukemia, acute myeloid leukemia, and chronic myeloid leukemia.

47.  The use according to claim 46, wherein:

(@) the leukemia is selected from the group consisting of acute lymphoblastic

leukemia and chronic myeloid leukemia; and

(b) the medicament further comprises a therapeutically effective amount of a
compound selected from the group consisting of bafetinib, bosutinib, dasatinib, imatinib,

nilotinib, and ponatinib.

48.  The use according to claim 46, wherein the chronic myeloid leukemia is resistant to
standard-of-care treatment.
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49.  The use according to claim 46, wherein the chronic myeloid leukemia is resistant to
treatment with a compound selected from the group consisting of dasatinib, imatinib, and

nilotinib, or a combination thereof.

50.  The use according to claim 46, wherein the acute myeloid leukemia is secondary

acute myeloid leukemia.

51. A compound of any one of claims 35-41, or a pharmaceutically acceptable salt or
tautomer thereof, for use in inhibiting tyrosine kinase activity in a patient in need thereof,
wherein the tyrosine kinase is selected from the group consisting of Abelson protein,

Abelson-related protein, and breakpoint cluster region-Abelson protein.

52.  The compound according to claim 51, wherein the patient has a disease selected from
the group consisting of leukemia, Alzheimer's disease, and Parkinson's disease.

53. A compound of any one of claims 35-41, or a pharmaceutically acceptable salt or
tautomer thereof, for use in treating leukemia in a patient in need thereof, wherein the
leukemia is selected from the group consisting of acute lymphoblastic leukemia, acute
myeloid leukemia, and chronic myeloid leukemia.

54.  The compound according to claim 53, wherein:

(@) the leukemia is selected from the group consisting of acute lymphoblastic

leukemia and chronic myeloid leukemia; and

(b) the treatment further comprises a therapeutically effective amount of a compound
selected from the group consisting of bafetinib, bosutinib, dasatinib, imatinib, nilotinib, and

ponatinib.

55.  The compound according to claim 54, wherein the chronic myeloid leukemia is

resistant to standard-of-care treatment.

56.  The compound according to claim 54, wherein the chronic myeloid leukemia is
resistant to treatment with a compound selected from the group consisting of dasatinib,

imatinib, and nilotinib, or a combination thereof.
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57.  The compound according to claim 54, wherein the acute myeloid leukemia is

secondary acute myeloid leukemia.
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