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BENZIMIDAZOLONE DERIVATIVES AS BROMODOMAIN INHIBITORS

[0001] This application claims the benefits of U.S. Provisional Application-61/805,995, filed
on March 28, 2013, and U.S. Provisional Application 61/860,230, filed on July 30, 2013,

both of which are incorporated herein by reference in their entireties.

¥IELD

10002] This application relates to chemical compounds which may inhibit or otherwise
modulate the activity of a bromodomain-containing protein, including bromodomain-
containing protein 4 (BRD4), and to compositions and formulations containing such

compoundds, and methods of using and making such compounds.

" BACKGROUND

[0003] The bromodomain and extraterminal (BET) family of proteins (BET proteins) are
readers of the epigénetic code that couple acetylation of lysine residues on histones to

changes in chromatin structure and gene expression. The BET family includes BRD2,

BRD3, BRD4, and BRDT, all of which are widely expressed across diverse tissues, with the
exception of the BRDT, whose expression is restricted to the testes. See Wu, S.Y. & Chiang,‘
CM., J Biol. Chem.,282: 13141-13145 (2007). Each BET family member contains tandem
bromodomains in the N-terminal regions that specifically bind acelyated lysine residues in.
histones H3 and H4, Id. Once bound to histones, BET proteins recruit protein complexes that
modulate gene transcription either directly, such as transcriptional activators or repressors, or

indirecily such as chromatin remodeling complexes. BRD4 is the most well studied member

~of the BET family and is known to preferentially recognize tetra-acelyated histone H4

epigenetic marks. See Filippakopoulos, P., et al., Cell, 149: 214-231 (2012). BRID4 recruits
the p-TEFb complex fo nucleosomes, which in turn phosphorylates the C- terminal tail of
RNA polymerase Il and increases the franscriptional elongation of neighboring genes. See
Yang, Z., et al., Mol Cell Biol., 28: 967-976 (2008); Urano, E., et al., FEBS Lett., 582: 4053-
4058 (2008).
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[6004] The epigenetic code, including histone acetylation, is highly perturbed in many
pathological disease states, resulting in the aberrant expression of genes that control cell fate,
cell differentiation, cell survival, and inflammatory processes. See, e.g., Cohen, I, et al.,
Genes Cancer, 2: 631-647 (2011); Brooks, W.H., et al,, J. Autoimmlin., 34: J207-219 (2010;
Wierda, R.J., et al, J. Cell Mol. Med., 14: 1225-1240 (2010); Shirodkar, A.V. & Marsden,
P.A., Curr. Opin. Cardiol., 26: 209-215 (2011); Villeneuve, L.M., et al,, Clin. Exp.
Pharmacol. Physiol., 38: 401-409 (2011). BET proteins including BRD4 have been identified
as important mediators of altered gene expression profiles found in numerous discases
including cancer, diabetes, obesity, atherosclerosis, cardiovascular and renal disorders, and
viral infection. See Muller, 5., et al., Expert Rev. Mol. Med., 13: 29 (2011); Zhou, M., et
al., J. Virol., 83: 1036-1044 (2009); Chung, C.W., et al., J. Med. Chem., 54: 3827-3838
(2011). For example, MYC has been implicated in the majority of human cancers and BET
proteins have been identified as regulatory factors of c-Myc; inhibition of BET, including
BRD4, has been shown to downregulate MY C transcription. See Delmore, I.E., et al. Cell,
146, 904-17 (2011); Lovén, J. et al., Cell, 153, 320-34 (2013). Inhibitors and modulators of
BET proteins, including BRD4, are therefore needed.

SUMMARY

[0005] One aspect provides for a compound of Formula (I)
N—O
R1a ! s R‘1b

RZa RZb
HN R?
X
o Y

wherein
R'® and R'® are each independently C;-Cg alkyl, C;-Cs alkoxy, Ci-Cs haloalkyl, C(-Cs
haloalkoxy, C-Cg hydroxyatkyl, Cs-Cg cycloalkyl, or CH,-C3-Cg cycloalkyl;
R* and R are each independently H or halogen,
R*is
Cs-Cho aryl, Cs-Cyo heteroaryl, or Cs-Cp beteroarylalkyl, each of which is
optionally substituted with from 1 to 5 R* groups; or
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-S(O),NHR",
wherein R* is C;-Cyg alkyl or C5-C5 cycloalkyl, each of which is optionally
substituted with from 110 5 R?® groups; or

a moiety of the formila
RG

- _QRT
RS
wherein
R®is H, OH, or halogen; and R’ and R® are each independently C,-Cs alkyl,
C,-C; alkenyl, Cr-Cs alkynyl, Cs-Cycycloalkyl, Ci-Cg heteroalkyl, Cs-Ciz
aryl, Cs-Cys heteroaryl, or Cs-Cys heteroarylalicyl, each of which is
optionally substituted with from 1 to 5 R*® groups; or
Ris H, Ci-Cy alkyl, Co-Cs alkenyl, Cy-Cy alkynyl, Cs-Cg cycloalkyl, phenyl,
naphthyl, or C3-Ciz heteroaryl; and R” and R® togethei form a Cy-Cy
alkylidéne group having a double bond with the carbon fo which each of
R®, R7, and R® are bound wherein each of the C;-Cy alkyl, C4-Cy alkenyl,
Cy-Cg. alkynyl, -C3-Cg cycloalkyl, phenyl, naphthyl, or C3-Cis heferoaryl
groups is optionally substituted with from 1 to 5 R* groups;
XisN-Q, 0r Q;
Q is H, C,-C; alleyl, C1-C5 haloalkyl, benzyl or substituted benzyl;
each R¥ is independently C;-Cs alkyl, Cs-Cg cycloalkyl, C-Cg heteroalkyl, Ci-Cs
heterocyclic, Cs-Ciz aryl, Cs-C;z heteroaryl, halogen, oxo, —OR’, -C{O)R®, -
C(O)OR?, —C(O)NR*R®, ~OC(O)NR*R®, -~NR’R®, -NR*C(0)R®, -NR*C(O)OR’, -
S(0)p2R?, —S(O)NRR®, ~NR$(0);R", ~Ns, ~CN, or ~NO,, wherein each C,-Cg
alleyl, Cs-Cg cycloalkyl, Ci-C; heteroalkyl, C3-Cg heterocyclic, Cs-Ciy aryl, Cs-Cio
heteroaryl is optionally substituted with from one to five halogen, oxo, ~OR®, —
C(O)R?, ~C(OYOR?, —C(O)NR'R®, -OC(O)NRR", -NR*R®, -NR*C(O)R", —
NR*C(O)OR®, —S(0)0.2R?, —S(0);NR®R®, -NR®$(0),R®, -N;, -CN, or - NO»;
cach R* and R is independently H; or C;-Cy alkyl, C5-Cy cycloallkyl, C;-Cq
heteroalkyl, Cs-Cg heterocyclic, Cs-Ciz aryl, Cs-Cyp heteroaryl, each of which 1s
optionally substituted with from one to five R™; or R* and R® together with the
atoms to which they are attached form a heterocycle, and;
each R is independently C,-Cg alkyl, C3-Cg cycloalkyl, C;-Cq heteroalkyl, Ca-Cs
heterocyclic, Cs-Ci2 aryl, Cs-Cy2 heteroaryl, or halogen;
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or a pharmaceutically acceptable salt thereof.

[0006] Anotheraspect provides for a compound selected from the group consisting the title

comounds listed in Examples 1 to 201.

[0067] Another aspect provides for a pharmacentical composition comprising a compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

[0008] Another aspect provides for a use of a compound of Formula (1), ora
pharmaceutically acceptable salt thereof, in therapy. Such aspects include use of a compound
of Formmulia (I), or a pharmaceutically acceptable salt thereof, for the treatment of a subject
having a disease or condition responsive to-the inhibition of a bromodomain-containing
protein; and use of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
for the manufacture of a medicament for the freatment of a human having a disease or
condition responsive to the inhibition of a bromodomain-~containing protein. Another aspect
provides for a method of treating a subject having a disease or condition responsive to the
inhibition of a bromodomain-containing protein, comprising administering a therapeutically
effective amount of a compound of Formula (I}, or a pharmaceutically acceptable salt thereof.
In some aspects, the bromodomain-containing protein js BRD4. In some aspects, the disease
or condition is an autoimmune disease, an inflammmatory dise'ase,' a neurodegenerative disease,
a cancer, a cardiovascular disoerder, a renal disorder, a viral infection, or obesity. In cerfain
embodiments, the disease or condition is chosen from rheumatoid arthritis, osteoarthritis,
atherosclerosis, psoriasis, systemic lupus erythematosus, multiple sclerosis, inflammatory
bowel disease, asthma, chronic obstructive airways disease, pneumonitis, dermatitis,
alopecia, nephritis, vasculitis, atherosclerosis, Alzheimer’s disease, hepatitis, primary biliary
cirrhosis, sclerosing cholangitis, diabetes (including type I diabetes), -acute rejection of’
transplanted organs, lymphomas, multiple myelomas, leukemias, neoplasms and solid tumors,
In some aspects the disease or condition is a solid tumor of the colon, rectum, prostate, lung,
pancreas, liver, kidney, cervix, stomach, ovaries, breast, skin, brain, meninges, or central
nervous system (including a neuroblastoma or a glioblastoma). In some aspects, the disease
or condition is a lymphoma. In some aspects, the disease or condition is a B-cell lymphoma.
In some aspects, the disease or condition is Burkitt’s lymphoma. In some aspects, the disease
or condition is diffuse large B-cell iymphoma. In some aspects, the disease or condifion is

multiple myeloma. In some aspects the disease or condition is a carcinoma. In some aspects
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the disease or condition is NUT midline cardinoma. In some aspects the subject is a human.

[0009] Another aspect provides for a method of downregulating or decreasing MYC
transeription in a subject, comprising administering to the subject a compound of Formula (I).
Another aspect provides for a method of freating a disease or condition in a subject in which
activation of MYC is implicated, comprising administering to the subject a compound of
Formiula (I).

[0010] In some aspects, the compound is administered intravenously, intraimuscularly,

parenterally, nasally, or orally. In one aspect, the compound is administered orally.

[0011] Also provided is a method of inhibiting a bromodomain in a subject, comprising
providing to the subject a therapeutically effective amount of a compound of Formula (1) or a
pharmaceutically or a pharmaceutically acceptable salt thereof acceptable salt thereof. Also
provided is a method of inhibiting a bromodomain in a cell, comprising providing to the cell
a compound of Formula (I). It is understood that providing to the cell may be accomplished
by administering the compound to the subject. Also provided is a method of inhibiting a
bromodomain, comprising contacting the bromodomain with a compound of Formula (Ij, ora

pharmaceutically acceptable salt thereof.

[0012] Also provided is the use of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the treatment of a disease or

condition responsive to bromodomain inhibition.

[10013] Alsc provided are kits that include a compound of Formula (1), or a pharmaceutically
acceptable salt thereof. In one aspect, the kit further includes instructions for use. In one
aspect, a kit includes a compound of Formula (I), or a pharmaceuntically acceptable salt
thereof, and instructions for use of the compounds in the treatment of the diseases or

conditions described above.

[0014] Also provided are articles of manufacture that include a compound of Formula (I}, or
a pharmaceutically acceptable salt thereof. In one embodiment, the container may be a vial,

jat, ampoule, preloaded syringe, or an infravenous bag.
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DETAILED DESCRIPTION

[0015] Described herein are compounds of Formula (1), which include compounds of
Formulae (Ia) and (Ib), compositions and formulations containing siuch compounds, and

methods of using and making such compounds.

[0016] One aspect of the current disclosure relates to compounds. of Formula (I}
N—-O
Rla / s R0

RZE R2b’
HN R®
X
o D

wherein
R* and R'® are each.independently C;-Cg alkyl, C;-Cs alkoxy, Ci-C; haloalkyl, C;-Cs
haloalkoxy, Ci-Cg hydroxyallcyl, C3-Cg cycloalkyi, or CH,-C3-C; cycloalkyi;
R* and R® are each independently H or halogen;
Ris
Cs-Cigaryl, Cs-Cyp heteroaryl, or Cs-Cy heteroarylalleyl, each.of which is
optionally substituted with from 1 to 5 R* groups; or
-S(0);NHR",
whirein R* is C1-Cs alkyl or C3-C5 cycloalkyl, each of which is optionally
substituted with from 1 to 5 R?® groups; or

a moiety of the formula
RS

i

RB
wherein

R%is H, OH, or halogen; and R” and R® are each independently C;-Cg alkyl,
Cr-Cg alkenyl, Cp-Cs alkynyl, Cs3-Ceeveloalkyl, Ci-Cg heteroalkyl, Cs-Cyy
aryl, Cs-Cyz heteroaryl, or Cs-Cy heteroarylalkyl, each of which is
optionally substituted with from 1 to 5 R*® groups; or

Rbis H, C;-Cgallyl, C5-Cy alkenyl, Co-Cq alkynyl, Cs-Cq cycloalkyl, phenyl,
naphthyl, or C3-C12 heteroaryl; and R’ and R® together form a C;-Cy
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allcylidene group having a double bond with the carbon to which each of
Rﬁ, R7, and R® are bound wherein each of the Cy-Cy alkyl, Co-Cs alkenyl,
C2-Cy alkynyl, -Cy-Cy cycloalkyl, phenyl, naphthyl, or C3-Ci» heteroaryl
groups is optionally substituted with from 1 to 5 R* groups;
5 X1sN-Q, or O
Q is H, C;-Cs alkyl, C;-C; haloalkyl, benzyl or substituted benzyl;
each R¥ is independently C;-Cy alkyl, C3-Cg cycloalkyl, Cy-Cs heteroalkyl, C3-Cy
heterocyclic, Cs-Cyq aryl, Cs-Ci; heteroaryl, halogen, oxo, —~OR?, -C{O)R?, —
C(O)OR?, ~C(O)NRR®, ~OC(O)NR®R?, -NR*R®, -NR*C(O)R?, -NR*C(O)OR", —

10 S(0)2R?, —S(ORNRR®, ~NR*S(0),R®, —N3, —CN, or —-NO,, wherein each C;-Cg
alkyl, C5-C; cycloalkyl, C;-Cg heteroalkyl, Cs-Cg heterocyclic, Cs-Cyz aryl, Cs-Cyz
heteroaryl is optionally substituted with from one fo five halogen, oxo, -OR?, —
C(O)R?, ~C{O)OR?, -C(O)NR'R”, ~OC(O)NR’R’, ~-NR*R’, -NR*C(O)R”, —
NR*C(O)OR?, ~S(0)s2R?, —S(0):NRR®, —“NR*S(O)%,R”, -N1, —CN, or -NO»;

15 each R* and R”is independently H; or C~Cg alkyl, C;-C¢ cycloalkyl, C,-Cq
heteroalkyl, C5-Cq heterocyelic, Cs-Cp aryl, Cs-Ci; heteroaryl, each of which is
optionally substituted with from one to five R*'; or R* and R together with the
atoms to which they are attached form a heterocycle, and;

each R* is independently C,-Cg alkyl, C3-Cy cycloalkyl, C,-C heteroalkyl, C3-Cy
20 heterocyclic, Cs-Cip aryl, Cs-Cy2 heteroaryl, or halogen;

or a pharmaceutically acceptable salt thereof.

[0017} One subset of compounds of Formula (I) relates to compounds of Formula (Ia)
I}JMO
HaC Z=CH,

wherein
25 R’ is
Cs-Cig aryl, Cs-Cio heteroaryl, or Cs-Co heteroarylalkyl, each of which is
optionally substituted with from f to 5 R¥ groups; or
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-S(O)NHR,
wherein R? is C;-Cy alkyl or C3-C; cycloalkyl, each of which is optionally
substituted with from 1 to 5 R*® groups: or

a moiety of the formula
R6

_g‘éRT
RS
wherein
R® is H, OH, or halogen; and R’ and R® are each independently C;-Cs alkyl,
Co-Cy alkenyl, Co-Cq alkynyl, C3~Cs cycloalkyl, C-Cs heteroalkyl, Cs-C)2
aryl, Cs-Ci» heteroaryl, or Cs-C3 heteroarylalkyl, each of which is
optionally substituted with from 1 to 5 R groups; or
RS is H, C;i-Cs alkyl, C2-Cs alkenyl, C»-C; alkynyl, Cs-Cg cycloalkyl, phenyl,
naphthyl, or Cs-Ci, heteroaryl; and R’ and R® together form a C-Cq '
alkylidene group having a double bond with the carbon to which each of
RS, _R”', and R® are bound wherein each of the C;-Cg alkyl, C,-Cg alkenyl,
Cy-Cg allynyl, -C5-Cq cycloalkyl, phenyl, naphthyl, or C3-Ciy heteroaryl
groups is optionally substituted with from 1 to 5 R* groups;
Qs H, C,-C; alkyl, C;-C; haloalkyl, benzyl or substituted benzyl;
each R¥ is independently C;-Cg alkyl, C3-C; cycloalkyl, C;-Cg heteroalkyl, C5-Cq
heterocyclic; Cs-Cy; aryl, Cs-C;; heteroaryl, halogen, oxo, ~OR?, ~C{O)R?, ~
C(O)OR?, —C(O)NR’R®, —OC(O)NR*R®, -NR*R?, -NR’C(O)RP, ~NR*C(O)OR", ~
S(0)p2R%, ~S(ORNRR?, -NRS(0),R, ~Na, ~CN, or -NO,, wherein each C(-Cg
alkyl, C5-Cs cycloalkyl, C,-Cs heteroalkyl, C5-Cg heteracyclic, Cs-Cyz aryl, Cs-Cqz
heteroaryl is optionally-substituted with from one to five halogen, oxo, -OR", —
C(O)R?, ~C(O)OR?, ~C({OINR'R, ~OC(O)NR’R", -NR’R®, -NR*C(O)R", —
NR*C(0)ORP, —-5{0)2R?*, —S(O)};NR"R®, -NR*S(0);R”, N3, -CN, or -NOy;
each R* and R” is independently H; or C;-Cs alkyl, C3-Cs cycloalkyl, C,-Cq
heteroalkyl, C3-Cy heterocyclic, Cs-Cy5 aryl, Cs-Ci2 heteroaryl, each of which is
optionally substituted with from one fo five R¥: or R* and R® to gether with the
atoms to which they are attached form a heterocycle, and;
cach RY is independently C;-Cs alkyl, Cs-Cy cycloalkyl, C-Cs heteroalkyl, Cs-Cs
heterocyelie, Cs-Cyy aryl, Cs-Cys heteroaryl, or halogen;

or a pharmaceutically acceptable salt thereof.
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{0018] Another subset of compounds of Formula (I) relates to compounds of Formula (Ib)

r;lmo
HsC " ~CHg

HN R®
%NH
o (Tb)
wherein
R’ s

Cs-Cip aryl, Cs-Cyp heteroaryl, or Cs-Cyo heteroarylalkyl, each of which is
optionally substituted with from 1 to 5 R*® groups; or
-S(0),NHR",
wherein R* is C;-C alkyl or C3-Cy cycloalkyl, each of which is optionally
substituted with from 1 to 5 R? groups; or

a moiety of thé formula
RE

- —<—R7
Nt
wherein
R® is H, OH, or halogen; and R’ and R® are each independently C;-Cg alkyl,
C»-Cs alkenyl, Co-Cg allcynyl, C3-Cq cycloalkyl, Ci-Cq heteroalkyl, Cs-Cyz
aryl, Cs-Cyz heteroaryl, or Cs-Ci2 hetercarylalkyl, each of which is
optionally substituted with from 1 to 5 R* groups; or
R%is B, C;-Cgalkyl, Cy-Cq alkenyl, C5-Cg alkynyl, Ca-Cg cycloalkyl, phenyl,
naphthyl, or C3-C); heteroaryl; and R’ and R® together form a C;-Cy
alkylidene group having a double bond with the carbon to which éach of
RS, R7, and R® are bound wherein each of the C;-Cy alkyl, Co-Cq alkenyl,
C;-Cy alkynyl, -Cs-Cg cycloalkyl, phenyl, naphthyl, or C3-Cji; heteroaryl
groups is optionally substituted with from 1to 5 R* groups;
each R® is independently C-Cs alkyl, C5-Cy cycloalkyl, C;-Cq heteroalkyl, C;3-Cq
heterocyclic, Cs-C1z aryl, Cs-Cys heteroaryl, halogen, oxo, —OR®, -C(O)R? —
C(O)OR?, ~C(O)NRER?, ~OC(OINR*R®, ~NR'R®, -NRC(O)R", -NR*C(O)OR®, —
S(O)g2R%, “S(O)gNRaRb, —NR“S(O)gRb, —Naj, ~CN, or -NO,, wherein each C;-Cq
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alkyl, C3-Cs cycloalkyl, C;-Cg heteroalkyl, Cs-Cg heterocyclie, Cs-Cyz aryl, Cs-Cip
heteroaryl is optionally substituted with from one to five halogen, oxo, ~OR?, —
C(O)R%, ~C(O)OR?, ~C(O)NR’R®, ~-OC(O)NR*R®, -NR'R", -NR*C(O)R", -
NR*C(O)OR®, —S(0)02R?, ~S(0)2NR*R®, -NR*S{0),R®, N3, ~CN, or -NOy;

each R? and R® is independently H; or C;-Cg alkyl, C3-Cy cycloallyl, Cy-Cq
heteroalkyl, C3-Cg heterocyclic, Cs-Cia aryl, Cs-Cy, heteroaryl, each of which is
optionally substituied with from one to five R*; or R*and R” together with the
atoms to which they are attached form a heterocycle, and,

each R” is independently C1-Cs alkyl, Cs-Cs cycloalkyl, C;-Cs heteroalkyl, Cs-Cg
heterocyclic, Cs-Cz aryl, Cs-Ci2 heteroaryl, or halogen;

or a pharmaceutically acceptable salt thereof.

{0019} In some compounds of Formula (I), R and R'® are each independently C;-Cs-alkyl.
In some compounds of Formula (), R and R'® are each independently methyl, ethyl, or
propyl. In some compounds of Formula (D), R'® and R™ are different. In some compounds of
Formula {I), R’ and R'” are the same. In some compounds of Formuala (I), R'® and R' are
both methyl.

[0020] In some compounds of Formula (I}, R® and R? are both H. In some compounds of
Formula (I), R* and R® are both halo. In some compounds of Formula (I), one of R* and

R* is H and the other is halo. In some compounds of Formula (I), the halo is -F or ~CL.
[0021] In some compound of Formula (1), X is N-Q.
[0022] In some compounds of Formula (1) or (la), Q is H, C;-Cs alkyl, or C;-C3 haloallkyl.

[0023] In some compounds of Formula (1), (Ia) or (Ib), Ris Cs-Cyp aryl, Cs-Cyg heteroaryl,
or Cs-Cyp heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups.

[0024] In some compounds of Formula (I}, (Ia) or (Ib), R is phenyl, oxetanyl,
tetrahydrofuranyl, furanyl, tetrahydrothiophenyl, thiophenyl, pyrrolyl, pytrolinyl,
pyrrolidinyl, dioxolanayl, oxazolyl, thiazolyl, imidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyranyl, pyridinyl, piperidinyl, dioxanyl, morpholinyl, thiomorpholinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl, triazinyl, indolizinyl, indolyl, isoindolyl,
indolinyl, chromenyl, benzofuranyl, benzothiophenyl, dihydrobenzothiophenyl, indazolyl,

10
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benzimidazolyl, benzothiazolyl, benzoxazolyl, imidazo[1,2-a]pyridinyl, purinyl, quinoliayl,
quinolizinyl, isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, indenyl,

naphthalenyl, or azulenyl, each of which is optionally substituted with from 1 to 5 R* groups.

[0025] In some compounds of Formula (1), (Ia) or {Ib), Riisa moiety of the formula
RS

: _%RT

RB

wherein R is H, OH, or halogen; and R” and R® are each independently C;-Cg alkyl, Co-Cs
alkenyl, C2-Cs alkynyl, C3-C¢ cycloalkyl, C;-Cs heteroalkyl, Cs-Cy; aryl, Cs-Cia heteroaryl, or
Cs-C, heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R® 2roups.

In some comounds, R®is OH. In some compounds, R’ and R® are each independently C-Cy
alkyl, Cs-Cs cycloalkyl, C;-Cg heteroalkyl, Cs-Cy» aryl, Cs-C;; heteroaryl, or C5-C3
he'teroaryiallcyl, each of which is optionally substituted with from 1 to 5 R? groups. In some
compounds of Formula (I), (Ia) or (Ib), R’ and R? are each independently C;-Cs alkyl, C; aryl
or C heteroaryl, each of which is optionally substituted with from 1 to 5 R groups. In some
compounds, R’ and R® are each independently Cs aryl or Cs heteroaryl {e.g: & pyridyl), each
of which s optionally substituted with from 1 to 5 R*° groups. In some compounds of
Formula (1), (Ia) or (Ib), R and R® are each independently C;-C; alkyl, each of which is
optionally substituted with from 1 to 5 R groups.

[0026] Other non-limiting examples of R? include the following;

Br
> = | A~ NH2 o = ]
- N N N
‘N
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[0028] it another aspect, the compound of Formula (I) may be any of the following

10 compounds:
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[0029] Tn another aspect, the compound of Formula (I) may be any of the following

compounds:
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[0030] Unless defined otherwise, all technical and scientific terms ussd herein have the same
meaning as commeonly understood by one of ordinary skill in the art. It must be noted that as
used herein and in the appended claims, the singular forms "a", "and", and "the” include
plural referents unless the context clearly dictates otherwise. Thus, e.g., reference to "the
compound" includes a plurality of such compounds and reference to "the assay" includes
reference to one.or more assays and equivalents thereof known to those skilled in the art, and

so forth.

[0031] A dash at the front or end of a chemical group is a matter of convenience; chemical
groups may be depicted with or without one or more dashes without losing their ordinary
meaning. A wavy line drawn through a line in a structure indicates a point of attachment of a
group. A dashed line indicates an optional bond. Unless chemically or siructurally required,
no directionality is indicated or implied by the order in which a chemical group is written.
For instance, the group “-SO,CH,-" is equivalent to “~CH,S0,-" and both may be connected
in either direction. The prefix “C,.,” indicates that the following group has from u to v
carbon atoms, one or more of which, in certain groups (¢.g. heteroalkyl, heteroaryl,
hetercarylalkyl, etc.), may be replaced with one or more heteroatoms or heteroatomic groups.

For example, “Cy¢alkyl” indicates that the alkyl group has from 1 to 6 carbon atoms.

[0032] Also, certain commonly used alternative chemical names may or may not be used.
For example, a divalent group such as a divalent “alkyl” group, a divalent “aryl” group, etc.,

may also be referred to as an “alkylene” group or an “alkylenyl” group, an “arylene” group or
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an “arylenyl” group, respectively.

[0033] “Alky!l” refers to any group derived from a linear or branched saturated hydrocarbon,
Alkyl groups include, but are not imited to, methyl, ethyl, propyls such as propan-1-yl, propan-
2-y1 (iso-propyl), butyls such as butan-1-yl, butan-2-yl (sec-butyl), 2-methyl-propan-1-yl
(iso-butyl), 2-methyl-propan-2-yl (t-butyl), pentyls, hexyls, octyls, decyls, and the like.
Unless otherwise specified, an alkyl group has from 1 to about 10 carbon atoms, for example
from 1 to 10 carbon atoms, for example from 1 to 6 carbon atoms, for example from [ to 4

carbon atoms.

[0034] “Alkenyl” refers to any group derived from a straight or branched hydrocarbon with at
least one carbon-carbon double bond. Alkenyl groups include, but are not limited to, ethenyl
(vinyl), propenyl (allyl), I-butenyl, 1,3-butadienyl, and the like. Unless otherwise specified,
an alkenyl group has from 2 to about 10 carbon atorns, for example from 2 to 10 carbon atoms,

for example from 2 to 6 carbon atoms, for example from 2 to 4 carbon atoms.

[0035] “Alkynyl” refers to any group derived from a straight or brancﬂed hydrocarbon with at
least one carbon-carbon triple bond and includes those groups having one triple bond and one
double bond. Examples of alkynyl groups include, but are not limited to, ethynyl (-C=CH),
propargyl (-CH,C=CH), (E)-pent-3-en-1-ynyl, and the like. Unless otherwise specified, an
alkynyl group has from 2 to about 10 carbon atoms, foi example from 2 to 10 carbon atoms, for

example from 2 to 6 carbon atoms, for example from 2 to 4 carbon atoms.

[0236] “Aryl” refers to any group derived from one or more aromatic rings, that is, a single
aromatic ring, a bicyclic or a multicyclic ring system. Aryl groups include, but are not
limited to, those groups derived from acenaphthylene, anthracene, azulene, benzene,
chrysene, a cyclopentadienyl anion, naphthalene; fiuoranthene, fluorene, indane, perylene,

phenalene, phenanthrene, pyrene and the like.

[0037] “Arylalkyl” (also “aralkyl™) refers to any combination of one or more aryl groups and
one or more alkyl groups. Arylalkyl groups include, but are not limited to, these groups
derived from benzyl, tolyl, dimethylphenyl, 2-phenylethan-1-yl, 2-naphthylmethyl,
phenylmethylbenzyl, 1,2,3 4-tetrahydronapthyl, and the like. An arylaikyl group comprises
from 6 to about 30 carbon atoms, for example the alkyl group can comprise from 1 to about

10 carbon atoms and the aryl group can comprise from 5 to about 20 carbon atoms.
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[0038] “Cycloalkyl” refers to a cyclic alkyl group. A cycloalkyl group can have one or more
cyclic rings and includes fused and bridged groups. Examples include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, methylcycloproyl
(cyclopropylmethyl), ethyleyclopropyl, and the like.

[0039} “Halo™ and *halogen” refer to fiuoro, chloro, brome and iodo,

[0040] “Haloalkyl” refers to an alkyl wherein one or more hydrogen atoms are each replaced
by a halogen. Examples include, but are not limited to, —-CH,Cl, —-CHsF, ~CH,Br, ~CFCIBr,
—CH,CH,Ci, ~CH,CHLF, —CF;, -CH,CF3, —CH;CCl;, and the like, as well as alkyl groups

such as perfluoroalkyl in which all hydrogen atoms are replaced by fluorine atoms.

[0041] “Heteroalkyl” refers to-an alkyl n which one or more of the carbon atoms (and any
associated hydrogen atoms) are each independently replaced with the same or different

heteroatom or heteroatomic group. Heteroatoms include, but are not limited to, N, P, O, §,

, ~S(O)-, and the like, where R is H, alkyl, aryl, cycloalkyl, heteroalkyl, heteroaryl or
cycloheteroalkyl. The term “heteroalky!l” includes heterocycloalkyl (a cyclic heteroalkyl
group), alkyl-heterocycloalkyl (a linear or branched C1-C6 alkyl group attached fo a cyclic
heteroalkyl group), and the like. Heteroalkyl groups include, but are not limited to, -OCHj, -
CH,OCH,, -SCH;, -CHRSCHa, -NRCH;, -CH;NRCH3, and the like, where R is hydrogen,
alkyl, aryl, arylalkyl, heteroalkyl, or heteroaryl, each of which may be optionally substituted.
A heteroalkyl group comprises from 1 to about 10 carbon and hetero atoms, e.g., from 1 to 6

carbon and hetero atoms.

[0042] “Heteroaryl” refers to an aryl group in which one or more of the carbon atoms (and
any associated hydrogen atoms) are each independently replaced with the same or different
heteroatom or heteroatomic group, as defined above. Heteroaryl groups include, but are not
limited to, groups derived from acridine, benzoimidazole, benzothiophene, benzofuran,
benzoxazole, benzothiazole, carbazole, carboline, cinnoline, furan, imidazole,
imidazopyridine, indazole, indole, indoline, indolizine, isobenzofuran, isochromene,
isoindole, isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine, oxadiazole,
oxazole, perimidine, phenanthridine, phenanthroline, phenazine, phthalazine, pteridine,
purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine,

quinazoline, -quinoline, quinolizine; quinoxaline, tetrazole, thiadiazole, thiazole, thiophene,
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triazole, xanthene, and the like.

[0043] “Heteroarylalkyl” refers to an arylallcyl group in which one or more carbon atoms
(and any associated hydrogen atoms) are independently replaced with the same or different
heteroatoms or heteratomic groups, as defined above. Heteroarylalkyl groups include, but are
not limited to, groups derived from heteroaryl groups with alkyl substituents (e.g.
methylpyridines, ethylthiophenes, methylthiazoles, dimethylisoxazoles, efc.), hydrogenated
heteroaryl groups (dihydroquinolines, e.g. 3,4-dihydroquinoline, dihydroisoquinolines, e.g.
1,2-dihydroisoquinoline, dihydroimidazole, tetrahydroimidazole, etc.), indoline, isoindoline,
isoindolones.(e.g. isoindolin-1-one), isatin, dihydrophthalazine, quinolinone,

spiro[cyclopropane-1,1'-isoindolin}-3*-one, and the like.

[0044] “Heterocycle,” “heterocyelic,” and “heterocyclyl” refer to a single saturated or
partially unsaturated non-aromatic ring or a non-aromatic multiple-ring system with at least
one heteroatom or heteroatomic group, as defined above, Heterocycles include, but are not
limited to, groups derived from azetidine, aziridine, imidazolidine, morpholine, oxirane
(epoxide), oxetane, piperazine, piperidine, pyrazolidine, piperidine, pyrrolidine,
pyrrolidinone, tetrahydrofuran, tetrahydrothiophene, dihydropyridine, tetrahydropyridine,
quinuclidine, N-bromopyrrolidine, N~chloropiperidine, and the like.

[0045] The term "pharmaceutically acceptable” with respect to a substance refers to that
substance which is generally regarded as safe and suitable for use without undue toxicity,

irritation, allergic response, and the like, commensurate with a reasonable benefit/risk ratio.

[0046] “Pharmaceutically acceptable salt” refers to a salt of a compound that is
pharmaceutically acceptable and that possesses (or can be converted to a form that possesses)
the desired pharmacological activity of the parent compound. Such salts include acid
addition salts formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as
acetic acid, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, citric acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid, lactic acid, maleic acid,
malonic acid, mandelic acid, methanesulfonic acid, 2-napththalenesulfonic acid, oleic acid,
palmitic acid, propionic acid, stearic acid, succinic acid, tartaric acid, p-toluenesulfonic acid,
trimethylacetic acid, and the like, and salts formed when an acidic proton present in the

parent compound is replaced by either a metal ion, e.g., an alkali metal ion, an alkaline carth
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ion, or an aluminum ion; or coordinates with an organic base such as diethanolamine,
friethanolamine, N-methylglucamine and the like. Also included in this definition are
ammomnium and substituted or quaternized ammonium salts. Representative non-limiting lists
of pharmaceutically acceptable salts can be found in S.M. Berge et al., J. Pharma Sci., 66(1),
1-19 (1977), and Remington: The Science and Practice of Pharmacy, R. Hendrickson, ed.,

21st edition, Lippincott, Williams & Wilkins, Philadelphia, PA, (2005), at p. 732, Table 38-5,

both of which are hereby incorporated by reference herein.

[0047] “Subject” and “subjects” refers to humans, domestic animals (e.g., dogs and cats),
farm animals (e.g., cattle, horses, sheep, goats and pigs), laboratory animals (e.g., mice, rats,

hamsters, guinea pigs, pigs, rabbits, dogs, and monkeys), and the like.

[0048] “Treating” and “treatment” of a disease include the following:
(1) preventing or reducing the risk of developing the disease, i.e., cansing the
cliﬁical symptoms of the disease not to develop in a subject that may be exposed
to or predisposed to the disease but does not yet experience or display symptoms
of the disease,
(2) inhibiting the disease, i.e., arresting or reducing the development of the
disease or its clinical symptoms, or

{3) relieving the disease, i.e., cansing regression of the disease or its clinical

symptoms,

[0049] “Effective amount™ refers to an amount that may be effective to elicit the desired
biological, climical, or medical response, including the amount of a compound that, when
administered to a subject for treating a disease, is sufficient to effect such treatment. The
effective amount will vary depending on the compound, the disease and its severity and the
age, weight, etc., of the subject to be treated. The effective amount can include a range of

amounis.

[0050] It it understood that combinations of chemical groups may be used and will be
recognized by persons of ordinary skill in the art. For instance, the group “hydroxyalkyl”
would refer to a hydroxyl group attached to an alkyl group. A great mumber of such

combinations may be readily envisaged.

[0051] Provided are also compounds in which from 1 to n hydrogen atoms attached to a

carbon atom may be replaced by a deuterium atom or D, in which n is the number of
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hydrogen atoms in the molecule. As known in the art, thie denterium atom is a.non-
radioactive isotope of the hydrogen atom. Such compounds exhibit may increase resistance to

metabolism, and thus may be useful for increasing the hatf-life of the compounds when

‘administered to a mammal. See, e.g., Foster, “Deuterium Isotope Effects in Studies of Drug

Metabolism,” Trends Pharmacol. Sci., 5(12):524-527 (1984). Such compounds are
synthesized by means well known in the art, for example by employing starting materials in

which one or more hydrogen atoms have been replaced by deuterium.

[0052] Compounds of a given formula described herein encompasses the compound
disclosed and all pharmaceutically acceptable salts, stereoisomers, tautomers, solvates, and

deuterated forms thereof, uniess otherwise specified.

{0053] The pharmaceutical compositions of compounds of Formual (I} (including
compounds of Formulae (Ia) and (Ib)} may be administered in either single or multipie doses
by any of the accepted modes of administration of agents having similar utilities, for example
as described in those patents and patent applications incorporated by reference, including
rectal, buccal, infranasal and transdermal routes, by intra-arierial injection, intravenously,
intraperitoneally, parenterally, intramuscularly, subcutaneously, orally, topically, as an
inhalant, or via an impregnated or coated device such as a stent, for example, or an artery-

inserted cylindrical polymer.

[0054] In one aspect, the compounds described herein may be administered orally. Oral
administration may be via, for example, capsule or enteric coated tablets. In making the
pharmaceutical compositions that include at least one compound of Formula (I}, or a
pharmaceutically acceptable salt, ester, prodrug, or solvate thereof, the active ingredient is
usually diluted by an excipient and/or enclosed within such a carrier that can be in the form
of a capsule, sachet, paper or other container. When the excipient serves as a diluent, it can
be in the form of a solid, semi-solid, or liquid material (as above), which acts as a vehicle,
cartier or medium for the active ingredient. Thus, the compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions,
syrups, aerosols (as a solid or in a liquid medium), ointments containing, for example, up to
10% by weight of the active compound, soft and hard gelatin capsules, sterile injectable

solutions, and stenle packaged powders.

[0055] Some examples of suilable excipients include lactose, dextrose, sucrose, sorbitol,
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mannitol; starches, gum acacia, calcium phosphate; alginates, tragacanth, gelaiin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, sterile water, syrup, and
methyl cellulose. The formulations can additionally include: Iubricating agents such as talc,
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents;
preserving agents such as methyl and propylhydroxy-benzoates; sweetening agents; and

flavoring agents.

{0056} The compositions that include at least one compound of Formula (1), or a
pharmaceutically acceptable salt, ester, prodrug, or solvate thereof, can be formulated so as to
provide quick, sustained or delayed release of the active ingredient after administration to the
subject by employing procedures known in the art. Controlled release drug delivery systems
for oral administration include osmotic pump systems and dissolutional systems containing
polymer-coated reservoirs or drug-polymer matrix formulations. Examples of controlled
release systems are given in U.S. Patent Nos. 3,845,770; 4,326,525; 4,902,514; and
5,616,345, Another formulation for use in the methods of the present invention employs
transdermal delivery devices (“patches”). Such transdermal patches may be ﬁsed fo provide
continuous or discontinuous infusion of the compounds of the present invention in controlled
amounts. The construction and use of transdermal patches for the delivery of pharmaceutical
agents is well known in the art. See, e.g., U.S. Patent Nos. 5,023,252, 4,992,445 and
5,001,139, Such patches may be constructed for continuous, pulsatile, or on demand delivery

of pharmacetical agents.

[0057] The compositions may, in some embodiments, be formulated in a wnit dosage form.
The term *‘unit dosage forms™ refers to physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect, in association with a
suitable pharmaceutical excipient (e.g., a tablet, capsule, ampoule). The compounds are
generally administered in a pharmaceutically effective amount. In some embodiments, for
oral administration, each dosage unit contains from about 10 mg to about 1000 mgofa
compound described herein, for example from about 50 mg to about 500 mg, for example
about 50 mg, about 75 mg, about 100 mg, about 150 mg, about 200 mg, about 250 mg, or
about 300 mg. In other embodiments, for parenteral administration, each dosage unit
contains from 0.1 to 700 mg of a compound a compounnd described herein. It will be

understood, however, that the amount of the compound actually administered usually will be
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determined by a physician, in the light of the relevant circumstances, including the condition
1o be treated, the chosen route of admimgstration, the actual compound administered and its
relative activity, the age, weight, and response of the individual subject, and the severity of

the subject’s symptoms.

[6058] In certain embodiments, dosage levels may be from 0.1 mg to 100 mg per kilogram of
body weight per day, for example from about 1 mg to about 50 mg per kilogram, for example
from about 5 mg to about 30 mg per kilogram. Such dosage levels may, in certain instances,
be useful in the treatment of the above-indicated conditions. n other embodiments, dosage
levels may be from about 10 mg to about 2000 mg per subject per day. The amount of active
ingredient that may be combined with the vehicle to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. Dosage unit forms

may contain from 1 mg to 500 mg of an active ingredient,

[0059] Frequency of dosage may also vary depending on the compound used and the
particular disease or condition treated. In some embodiments, for example, for the treatment
of an autoimmune and/or inflammatory disease, a dosage regimen of 4 times daily or less is
used. In some embodiments, a dosage regimen of 1 or 2 times daily is used. It will be
understood, however, that the specific dose level for any particular subject will depend upon
a variety of factors including the activity of the specific compound employed, the age, body
weight, general health, séx, diet, time of administration, route of administration, and rate of
excretion, drug combination and the severity of the particular disease in the subject

undergoing therapy.

[0060] For preparing solid comipositions such as tablets, the principal active ingredient may
be mixed with a pharmaceutical excipient to form a solid preformulation composition
containing a homogeneous mixture of a compound of Formula (I), or a pharimaceutically
acceptable salt; ester, prodrug, or solvate thereof. When reférring to these preformulation
compositions as homogeneous, the active ingredient may be dispersed evenly throughout the
composition so that the composition may be readily subdivided into equally effective unit

dosage forms such as tablets, pills and capsules.

[0061] The tablets or pills of the compounds described herein may be coated or otherwise
sompounded to provide a dosage form affording the advantage of prolonged action, or to

protect from the acid conditions of the stomach. For example, the tablet or pill can comprise
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an inner dosage and an outer dosage component, the latter being in the form of an envelope
over the former. The two components can be separated by an enteric layer that serves to resist
disintegration in the stomach and permit the inner component to pass intact into the
duodenum or to be delayed in release. A variety of materials can be used for such enteric
layers or coatings, such materials including a number of polymeric acids and mixtures of

polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate,

[0062] Kits that include a compound of Formula (I}, or a pharmaceutically acceptable salt,
thereof, and suitable packaging are provided. In one embodiment, a kit further includes
instructions for nse. In one aspect, a kit includes a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, and instructions for use of the compounds in the

treatment of the diseases or conditions described herein.

[0063] Articles of manufacture that include a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, in a suitable container are provided. The container

may be a vial, jar, ampoule, preloaded syringe, and intravenous bag.

[0064] Compounds of Formula (F) may be combined with one or more additional anti-cancer
or anti-inflammatory agents, including any of the following. Various kinase inhibitors are
being used and are being developed to treat various cancers. For example, the activiation of
the phosphatidylinosito] 3-kinase (PI3K) pathway is observed in human cancer; and sgents
inhibiting PI3K are being investigated or developed as potential anti-cancer drugs and for the
use in anti-cancer therapies. Additional kinase inhibitors include inhibitors of spleen
tyrosine kinase (Syk) and Janus kinase (JAK), Other agents inhibiting related pathways are
also of interest as anti-cancer or anti-inflamimatory agents, including agents inhibiting the
Ras/Raf/MEK/ERK pathway and the PI3K/PTEN/Akt/mTOR pathway. As described herein,
such inhibitors include agents that inhibit all subclasses of a target (e.g. PI3K alpha, beta,
delta and gamima), agents that inbibit primarily one subclass, and agents that inhibit a subset
of all subclasses. Compounds of Formula () may also be combined with one or more
additional anti-cancer or anti-inflammatory agents including inhibitors or antagonists of lysyl

oxidase-like 2 (LOXI.2), and inhibitors or antagonists of adenosine A2B receptor.

[6065] Ini various aspects, compounds of Formula (I) may be combined with one or more
kinase inhibitors. Examples-of kinase inhibitors include PI3K inhibitors, Syk inhibitors and
JAK inhibitors.
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[0666] Examples of PI3K inhibitors include Compound A, Compound B, and Compound C:

(Compound A)

z!n
25

5 {Compound B)

‘}Q

{Compound C).

[8067] Additional examples of PI3K inhibitors include XI.147, BKM120, GDC-0941,
BAY80-6946, PX-866, CH5132799, XL756, BEZ235, and GDC-0980.

10 [0668] Inhibitors of mTOR include OSI-027, AZD2(14, and CC-223.

[0069] Inhibitors of AKT include MK-2206, GDC-0068 and GSK795,
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[0070] Examples of Syk inhibitors include compound D:
o™
N

~
Q.

N;YN

—

o N-F

\
N—NH
(Compound D).

[0071] Additional Syk inhibitors include R788 (fostamatinib), R-406 (tamatinib), and
PRT(62607.

[0072] Examples of JAK inhibitors include Compound E:

(0]
NN
[ r
L_O

NZ N
(Compund E).

[0073} Additional JAK inhibitors include Ruxolitinib, Tofacitinib, Baricitinib, CYT387,
Lestaurtinib, Pacritinib, and TG101348,

[0074] In other aspects, compounds of Formula (I) may be combined with one or more
inhibitors or modulators {c.g. antagonists) of LOX1.2, adenosine A2B receptor, MMP-9,
ASK1, BTK, mTOR, HDAC, and MEK.

[0075] In other aspects, compounds of Formula (T) may be combined with one or more

components of CHOP therapy (cyclophosphamide, Adriamycin, Vincristine, Prednisolone).

[0076] In other aspects, compounds of Formula (I) may be combined with one or more of

ribavirin and interferon.

[0077] In other aspects, compounds of Formula (I) may be combined with one or more

agents that activate or reactivate latent human immunodeficiency virus (HIV). For example,
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compounds of Formula (I) may be combined with a histone deacetylase (HDAC) inhibitor
(listed above) or a protein kinase C (PKC) activator. For example, compounds of Formula (I}

may be combined with romidepsin or panobinostat.

EXAMPLES

[0078]) General Methods. Synthesis of certain compounds, and intermediates used to prepare

compounds, is detailed in the following sections. Compound numbers are listed for

convenience.

[0079] All operations involving moisture and/or oxygen sensitive materials were conducted

‘under an atmosphere of dry nitrogen in pre-dried glassware. Unless noted otherwise,

materials were obtained from commercially available sources and used without further

“purification.

[0080] Flash chromatography was performed on an Isco Combiflash Companion using
RediSep Rf silica gel carfridges by Teledyne Isco. Thin layer chromatography was
performed using precoated plates purchased from E. Merck (silica gel 60 PF254, 0.25 mm)
and spots were visualized with long-wave ultraviolet light followed by an appropriate

staining reagent.

[0081] Nuclear magnetic resonance (“NMR™) spectra were recorded on a Varian 400 MHz
resonance spectrometer. 1H NMR chemical shifts are given in parts-per million (8)
downfield from tetramethylsilane (“TMS”) using TMS or the residual solvent signal (CHCI3
=3 7.24, DMSO = § 2.50) as internal standard. 1H NMR information is tabulated in the
following format: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet),
coupling constant(s) (J) in Hertz, number of protons. The prefix app is occasionally applied
in cases where the true signal multiplicity was unresolved and br indicates the signal in

question was broadened.
[06082] The compounds were named using ChemBioDraw Ultra Version 12.0.

[0083] LCMS analysis was performed using a PE SCIEX API 2000 spectrometer with a

Phenomenex Luna 5 micron C18 column.
[6084] Preparatory HPLC was performed on a Gilson HPLC 215 liquid handler with a
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Phenomenex column (Gemini 10 0,, C18, 110A) and a UV/VIS 156 detector.

[0085] When production of starting materials is not particularly described, the compounds
are known or may be prepared analogously to methods known in the art or as disclosed in the
Examples. One of skill in the art will appreciate that synthetic methodologies described
herein are only representative of methods for preparation of the compounds described herein,
and that other known methods and variants of methods described herein may be used. The
methods or features described in various Examples may be combined or adapted in various

ways to provide additional ways of making the compounds described herein.

[0086] Methods for obtaining the novel compounds described herein will be apparent to
those of ordinary skill in the art, procedures described in, for example, the reaction schemes

and examples below, and in the references cited herein.

EXAMPLES

[0087] Methods for obtaining the novel compounds described herein will be apparent to
those of ordinary skill in the art, with suitable procedures being described, for example, in the

reaction schemes and examples below, and in the references cited herein.

Scheme 1

Yy
12
b3
0.0
10}
<@
V O—Z

(a) Formula (A)

[0088] The compound of Formula (1-a) can be prepared by Suzuki coupling of a compound
of commercially available compound of Formula (a) to commercially available isoxazole
boronic acid ester shown above in the presence of a base. Substituents X in compound (a)
may be any appropriate leaving group-(e.g., Cl, Br, I, OTL). Suitable catalysts may include
palladium catalysts, such as (1,3-bis(2,6-dilisopropylphenyl}imidazolidene)(3-chloropyridyi)

patiadium(tl) dichloride (Peppsi-iPr). Suitable bases may include, for example, cesium
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carbonate or 1,8-diazobicycloundec-7-ene. Suitable solvents may include a combination of
organic solvents and water, including, for example, 1,4-dioxane, THF, dimethoxyethane or
dimethylformamide and water. The reaction is carried out in an appropriate solvent under
nitrogen, at an elevated temperature of about 70°C to 150°C, for about 30 seconds to 5 hours.
When the reaction is substantially complete, the reaction is allowed to cool to Toom
temperature. The reaction mixture can be partitioned between an aqueous phase and an
organic phase. The aqueous phase is discarded, and the organic phase concentrated under
reduced pressure, and the residue is purified by reverse phase high-performance liquid
chromatography, eluting with an appropriate solvent mixture such as acetonitrile and water,

to isolate compounds of Formula {A).

[0089] Another exemplary method of preparing compounds of Formula (B) is shown in
Reaction Scheme No. 2.
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Scheme 2
0_
0 S @ 0-N
Br dB X0 HO, P
B-R?
L"LL N HO
- ’ C! 2 ne Cl L‘?. N R
|
{B-1) (B-2)

Sten 1 — Preparation of Formula (B-1

[0090] The compound of Formula (B-1) can be prepared by Suzuki coupling of a compound
of commercially available compound chloro-bromo substituted aromatic heteracycle which
may bear an additional heteroaryl ring as shown above as two variable attachment bonds to
commercially available isoxazole boronic acid ester shown above in the presence of a base.
Suitable catalysts may include palladium catalysts, such as [1,1"-Bis(diphenylphosphino)
ferrocene] dichloropalladium(H). Suitable bases may include, for example, cesium carbonate
or 1,8-diazobicycloundec-7-¢ne. Suitable solvents may include a combination of organic
solvents and water, including, for example, 1,4-dioxane, THF, dimethoxyethane or
dimethylformamide and water. The reaction is catried out in an appropriate solvent under
nitrogen, at an elevated temperature of about 70°C to 150°C, for about 30 seconds to 5 hours.
When the reaction is substantially complete, the reaction is allowed to cool to room
temperature. The reaction mixture ¢an be partitioned between an aqueous phase and an
organic phase. The agueous phase is discarded, and the organic phase concentrated under
reduced pressure, and the residue is purified by reverse phase high-performance liquid
chromatography, eluting with an appropriate solvent mixture such as acetonitrile and water,
to isolate compounds of Formula (B-1). The compound of Formula (B-1) may also be

purified by other conventional means, such as silica gel chromatography.

Step 2 - Preparation of Formula (B-2)

[0091] The compound of Formula (B-2) can be prepared by Suzuki coupling of a compound
of Formula (B-1) to commercially available boronic acid derivatives bearing substituent R
as defined in the specification for compounds of Formula (T). Suitable catalysts may include

palladium catalysts, such as {1,3-bis(2,6-diisopropylphenyl)imidazolidene)(3-chloropyridyl)
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palladium(Il) dichloride (Peppsi-iPr). Suitable bases may include, for example, cesium
catbonate or 1,8-diazobicycloundec-7-ene. Suitable solvents may include a combination of
organic solvents and water, including, for example, 1,4-dioxane, THF, dimethoxyethane or
dimethylformamide and water. The reaction is carried out in an appropriate solvent under
nitrogen, at an elevated temperature of about 70°C to 150°C, for about 30 seconds to 5 hours.
‘When the reaction is siibstantially complete, the reaction is allowed to cool to room
temperature. The reaction mixture can be partitioned between an aqueous phase and an
organic phase. The aqueous phase is discarded, and the organic phase concentrated under
reduced pressure, and the residue is purified by reverse phase high-performance liquid
chromatography, eluting with an appropriate solvent mixture such as acetonitrile and water,

to isolate compounds of Formula (B-2),

[0092] Another exemplary method of preparing compounds of Formula (C-2) is shown in

- Reaction Scheme No. 3.

Scheme 3
O—N
\ O“I‘\l
' HO_ \
B~R
CDI. HO(
HN | ———
N HN R?
o @ Vs
0 Q
(C-1)

Formula (C-2)

Step 1 — Preparation of Formula (C-1)

[0093] An appropriate carbony-delivering reagent is reacted with the compound of Formula
(C-1) (with substituent Q as either H or methyl) in an appropriate solvent, and allowed to
react for a period of time such as 1-5 hours at an elevated temperature of 80-150 °C.
Appropriate solvents include organic solvents such as tetrahydrofuran. When the reaction is
substantially complete, the compound of (C-1) is isclated by removal of solvent under
vacuum and purification by conventional means, such as recrystallization or trituration in an

appropriate solvent mixture, such as hexanes and ethyl acetate,

Step 2 — Preparation of Formula (C-2)

[0094] The compound of Formula (C-2) can be prepared by Suzuki coupling of a compound
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of Formula {C-1) to boronic acid shown above in the presence of a base, As shown above,
boronic acid is substituted with carbon-linked phenyl, naphthyl, or heteroaryl R? group as
defined in the specification for compounds of Formula (1). It should be undersiood that
boronate esters, or other appropriate boron complexes (i.e. -BF3K salts, eic.) may also be
used in place of a boronic acid. Suitable catalysts may include palladium catalysts, such as
(1,3-bis(2,6-diisopropylphenyl)imidazolidene)(3 -chloropyridyl) palladium(IT} dichloride
(Peppsi-iPr). Suitable bases may include, for example, cesium carbonate or 1,8-
diazobicycloundec-7-ene, Suitable solvents may include a combination of organic solvents
and water, including, for example, 1,4-dioxane, THF, dimethoxyethane or
dimethylformamide and water. The reaction is carried out in an appropriate solvent under
nitrogen, at an elevated temperature of about 70°C to 150°C, for about 30 seconds {05 hours.
When the reaction is substantially complete, the reaction is allowed to cool to room

temperature,

[0095] The reaction mixture can be partitioned between an aqueous phase and an organic
phase. The aqueous phase'ié discarded, and the organic phase concentrated under reduced‘
pressure, and the residue is purified by reverse phase high-performance liquid
chromatography, eluting with an-appropriate solvent mixture such as acetonitrile and water,
to isolate compounds of Formula (C-2). Alternatively, the compound of Formula (C-2) may
be purified by other conventional means, such as silica gel chromatography or

recrystallization.

[0096] When the reactions described herein are substantially complete, the reaction may be
allowed to cool to room temperature. The reaction mixture can then be concentrated and
purified by any suitable method, including for example, chromatography on silica gel or
preparative HPLC to obtain the compound of Formulas (1), (Ia), and (Ib), including each of

the compounds in the examples provided below.

Step 3: Preparation of Formula (C1-C3)

[0097] The compound of Formula (C-4, C-5 and C-6) can be prepared as follows: Reacting
(C-1) with and appropriate carbonyl source as described previously affords (C-2). (C-2).is
then reacted with metalated alkyl or aryl reagents {e.g. but not limited to Li or Mg) to
symmetrical carbinols (C-4), or converted to Weinreb amide (C-3) followed by reaction with
metalated alkyl and aryl reagents to afford ketone (C-5). Ketone (C-5) can then we reacted
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again with metalated alkyl and aryl reagents to afford asymmetric carbinol (C-6).

[0098] Aliernatively, compounds above can be prepared by converting (C-1) to the
corresponding 2-alkoxy-benzimidazole (C-7), which is then further converted to (C-4)

including (C-6) using methods above.

5 Scheme 3
o-N
P
Y.
HN ¥
N, OH
o/>’ Q
(C-4)
O-N O-N O-N
~ \ b i\ 9 \
- }
s} e .
HN, . O N O N o
Q o Q 0/>’ Q
(-1} (C-2) (C-3)
o-N O-N 0-N
2 ) N ) \
%
YY - z Y
HI}‘N HN HN d
.. OH N o N
d Ta 0/)’ Q D)f' ) M
{C-4) (C-5) {C-6)

[0099] The following examples atc included to demonstrate certain preferred embodiments.
1t should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in
10 the practice of the invention, and thus can be considered to constitute certain preferred modes
for its practice. However, those of skill in the art should, in light of the present disclosure,

appreciate that many changes can be made in the specific embodiments which are disclosed,
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and still obtain a like or similar results without department from the spirit and the scope of

the invention.

[00160] The following abbreviations are used in the Examples below:
DME 1,2-dimethoxy ethane.
DMF dimethylformamide
EtOAc ethyl acetate
Hepes 4-(2-hydroxyethyl)-1-piperazineethanesuifonic acid
mCPBA meta chloroperbenzoic acid
MeCN acetonitrile
NBS N-bromosuccinimide

Peppsi-iPr (or PEPPSI iPr or PEPPST™.iPr)

(1,3-bis(2,6-diisopropylphenyl)imidazolidene)(3-
chloropyridyl)palladium(II) dichloride

PdCldppt - [1,1-Bis{diphenylphosphino)
ferrocene]dichloropalladium (If)
POCls phosphoryl chioride
if retention factor
TEA triethylamine
TFA trifluoroacetic actd
THF tetrahydrofuran
Example 1

N-cyclopentyl-6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo|d]imidazole-4-

sulfonamide
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N-Q N-O
P »
CDI, TEA
——
HoN 2.0 2.0
2 ¥ HNYS
NH2 by JNH HN
0
[00101] 2,3-Diamino—N-cyclopenty1-5—(3,5-dimeﬂ1y1isoxaz01—4—y1)benzenesulfonamide

(58 mg, 0.17 mmol) was dissolved in DMF (2 mL). To the solution was added CDI (360 mg,
4 mmol) and TEA (1 mL). The reaction was heated at 156°C in microwave for 10h. The
solvent was evaporated and the residue was purified by preparative HPLC (0-1 00%
CH;CN/H;0) to afford N-cyclopentyl-6-(3,5-dimethylisoxazol-4-yl}-2-oxo-2,3-dihydro-1H-

benzo[d]imidazole-4-sulfonamide.

[00102] Ci7HypoN4O4S. 377.0 (M+1). 'H NMR (400MHz, CD;0D) 5 7.34 (s, 1H), 7.18
(s, TH), 3.63-3.58 (m, 1H), 2.41 (s, 3H), 2.25 (s, 3H), 1.70-1.60 (m, 4 H), 1.49-1.31 (m, 4H).

Example 2

6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-yl)-1H-benzo[d] imidazol-2(3H)-one

N0 (Ho)zzéj

PEPPSI-iPr
(5 mol%)

HN ! Na,COs
% NH dioxane
o H,0

{00103] 6-(3,5~Dimethy1isoxazoi—4-yl)~4—iod0~1H-benzo[d]imidazol-Z('SH)—one (38.9
mg, 0.11 mmol) was treated with 6-methylquinolin-5-ylboronic acid (30.9 mg, 0.165 mmol,
1.5 equiv.), 2M-Na;CO; (aq) (1 mL) in the presence of PEPPSLiPr (3.7 mg, 0.0055 mmol,
0.05 equiv) in 1,4-dioxane (3 ml) at 150°C for 20 min in microwave reactor (Biotage;
Optimizer). To the reaction mixture were added water (30 mL) and BtOAc (70 mL). The
whole was filtered through Celite (3 g) and then organic layer was separated from the filtrate.
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The organic layer was washed with brine (30 mL) and dried over NaSO;. The solvent was
removed under a reduced pressure to give a crude product. The crude product was purified by
a preparative HPLC (5-95% acetonitrile: water with 0.05% trifluoroacetic acid, on a
Phenomenex Luna C18 column) and a silica gel chromatography (MeOH:CH,Cl, =
3:97~10:90) to give 6<3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-yl)-1H-
benzofd]imidazol-2(3H)-one.

[00104)} 6-(3,5-dimethylisoxazol-4-yl}-4-(6-methylquinolin-5-yl)-1H-
benzo[d]imidazol-2(3H)-one: CaHigN4sOz. MS. m/z 371.1 (M+1). "H NMR (MeOH-dy) &
9.15 (d, J= 5.3 Hz, 1H), 8.58 (1, /= 8.7 Hz, 1H), 8.58 (d, /= 9.0 Hz, 1H),8.22 (d,/=9.0
Hz, 1H), 7.95 (dd, J= 8.7, 5.3 Hz, 1H), 7.20 (d,J = 1.5 Hz, 1H), 6.95 (d, /= 1.5 Hz, 1H),
2.46 (s, 3H), 2.45 (s, 3H), 2.30 (s, 3H).

Example 3

4,6-bis(3,5-dimethylisoxazol-4-y1)-1H-benzo|[d]imidazol-2(3H)-one

[06105] 4.6-bis(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2(3H)-one was
synthesized using 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole and
Cs,COs in a similar fashion as 6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-3-y1)-1H-
benzo[d]imidazol-2(3H)-one (Example 2).

[00106] CiHN4Os. MS. 325.1 (M+1). 'H NMR (MeOH-dy) & 7.04 (d, /= 1.5 Hz,
1H), 6.87 (dd, J= 1.5 Hz, 1H), 2.43 (s, 3H), 2.35 (s, 3H), 2.27 (s, 3H), 2.20 (5, 3H).
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Example 4

6-(3,5-dimethylisoxazol-4-yl)-4-(2-phenylpyridin-3-yi)}-1 H-benzo[d]imidazol-2(3H)-one

5 [00167] 6-(3,5-dimethylisoxazol-4-yl)-4-(2-phenylpyridin-3-yl)-1H-benzo| d jimidazol-
2(3H)-one was synthsized using 2-phenylpyridin-3-ylboronic acid and Cs,COs in a similar
fashion as 6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-y1)-1H-benzo[ d jimidazol-
2(3H)-one (Example 2).

CysHysN4Oa. MS. 383.1 (M+1). 'H NMR (MeOH-ds) 8 8.89 (dd, J = 5.7, 1.5 Hz, 1H), 8.60
10 (dd,J=7.9, 1.5 Hz, 1), 8.04 (dd, J = 7.9, 5.7 Hz, 1H), 7.51 - 7.39 (m, SH), 6.98 (4, /=1.5
Hz, 1H), 6.75 (4, J= 1.5 Hz, 1H), 2.19 (s, 3H), 2.03 (s, 3H).

Example 5

4-(3,5-dimethyl-1H-pyrazol-4-yI)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo|d]imidazol-
15 2(3i)-one

100108] 4-(1,4-dimethyl-1H-pyrazol-5-y)-6-(3,5-dimethylisoxazol-4-yl)- 1 H-
benzo[d])imidazol-2(3H)-one was synthsized using 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole and Cs;CQOj in a similar fashion as 6-(3,5-dimethylisoxazol-
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4-y1)-4-(6-methylquinolin-5-yl}-1H-benzo[djimidazol-2(3H)-one (Example 2).

[00109] Cy7H 7N, MS, 324.1 (M+1). "H NMR (MeOH-ds) 5 7.51 (s, 1H), 7.11 (4,
J=1.5 Hz, 1H), 692 (d, J = 1.5 Hz, 1H), 3.74 (s, 3H), 2.43 (s, 3H), 2.28 (s, 3H), 2.00 (5,
3H).

Example 6

5-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo[d]imidazol-4-yl)-1-methyl-
3,4-dihydroquinolin-2(1 H}-one

Step 1: Preparation of 1-methyl-5-(4.4.5.5-tetramethyl-1,3.2-dioxaborolan-2-y1)-3.4-
dihvdroguinolin-2(1H)-one

TERL

Br ke B
PdCl,dppf
(5 mol%)
KOAc
N”Me DGO N‘Me
o
[00110] 5-bromo-1-methyl-3,4-dihydroquinolin-2(1H)-one (171.4 mg, 0.714 mmol)

was treated with 4,4,4',4',5,5,5",5-octamethyl-2.2'-bi(1,3,2-dioxaborolane) (272.0 mg, 1.071
mmol, 1.5 equiv.), KOAc (210.2 mg, 2.142 mmol, 3.0 equiv) in the presence of PAClxdppf
(26.1 mg, 0.0357 mmol, 0.05 equiv) in DMSO (4 mL) at 100°C for 20 min in a microwave
reactor. To the reaction mixture was added water (30 mL) and EtOAc (70 mL). The mixture
was filtered through Celite (3 g) and then organic layer was separated from the filtrate. The
organic layer was washed with brine (30 mL) and dried over Na;SO4. The solvent was
removed under a reduced pressure to give a crude product. The crude product was purified by
a preparative HPLC (5-95% acetonitrile: water with 0.05% trifluoroacetic acid, on a
Phenomenex Luna C18 column) and a silica gel chromatography (MeOH;CHxCl, =
3:97~10:90) to give 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-3,4-
dihydroquinolin-2(1H)-one (117.2 mg). CisH»nBNOs. MS. m/z 389.1 (M-+1).
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Step 2: Preparation of 5-(6-(3.5-dimethvlisoxazol-4-y1)-2-0x0-2_3-dihvdro-1H-
benzol dlimidazol-4-y1)-1-methyl-3,4-dihydroguinolin-2({ L H)-one

[00111] 5-(6~(3,5-dimethylisoxazol-4-y})-2-0x0-2,3-dihydro- 1 H-benzo{dimidazol-4-

5 yl-1-methyl-3 4-dihydroquinolin-2(1H)-one was synthsized using 1-methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-3 ,4-dihydroquinolin-2{1H)-one and CsyCO; in a similar
fashion as 6-(3,5-dimethylisoxazol-4-yl}-4-(6~-methylquinolin-5-y1)-1H-benzo[dJimidazol-
2(3H)-one (Example 2).

[00112] 5-(6~(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo]d]imidazol-4-

10 yD-1-methyl-3,4-dihydroquinolin-2(1H)-one: CoHaoN4O3. MS. m/z 389.1 (M+1). 'H NMR
(MeOH-ds) 6 741 (t,J= 8.0 Hz, 1H), 7.24 (dd, J= 8.0, 1.1 Hz, 1H), 7.11 (dd, /= 8.0, 1.1
Hz, 1H), 7.02 (d, /= 1.5 Hz, 1H), 6.84 (d, /= 1.5 Hz, 1H), 3.42 (s, 3H), 2.88 — 2.64 {m, 2H),
2.64 —2.46 (m, 2H), 2.42 (s, 3H), 2.27 (s, 3H).

15 Example 7

5-(3,5-dimethylisoxazol-4-yl)-1-methyl-7-(6-methylquinoelin-5-y})-1H-benzo[d]imidazol-
2(3H)-one

3,5-dimethvlisoxazol-4-y1)-2-iodo-N-methyl-6-nitroaniline

7 Mel, Cs,CO;4 7
DMF
0N l O,N t
NH, HN._
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[00113] Into a flask containing 4-(3,5-dimethylisoxazol-4-yl)-2-iodo-6-niiroaniline
{1000 mg, 2.78 mmol, 1 equiv) is added DMF (15 mL, 0.2 M) before adding cesium
carbonate (1.4 gm, 4.17 mmol, 1.5 equiv.) and idomethane (260 pL, 4.17 mmol, 1.5 equiv).
After an hour, the reaction was quenched with water and the reaction was partitioned between
water and ethyl acetate. The organic layer was washed with brine and dried over sodium
sulfate, Purification was carried out by flash column chromatography to furnish 4-(3,5-
dimethylisoxazol-4-yl)-2-iodo-N-methyl-6-nitroaniline (615 mg, 60 %).

[00114] LCMS (m/z +1) 373.85. "H NMR (400 MHz, cdels) & 7.81 (¢, J = 3.0 Hz, 1H),
7.70 (d,J =2.1 Hz, 1H), 2.97 (s, 3H), 2.40 (d, /= 16.8 Hz, 3 H), 2.26 (d, J = 14.2 Hz, 3H).

Step 2: Preparation of 4-(3,5-dimethvlisoxazol-4-vh-6-iodo-N1-methylbenzene-1.2-diamine

k;l*O.
7 SnCl,, EtOH
O,N |
HN._
[00115] Into a microwave vial containing 4-(3,5-dimethylisoxazol-4-yl)-2-iodo-N-

methyl-6-nitroaniline (610 mg, 1.64 mmol; 1 equiv) is added EtOH (12mL, 0.25M) and tin
(I) chioride (622 mg, 3.28 mmol, 2 equiv). The reaction was heated for 30 min at 110°C. The
reaction was then stirred in 2N NaOH solution for 20 minutes before being partitioned
between water and eihyl acetate. The organic layer was washed with brine and dried over
sodium sulfate. Purification was carried out by flash column chromatography to furnish 4-

(3,5-dimethylisoxazol-4-yl}-6-iodo-N1-methylbenzene-1,2-diamine.

[00116] LCMS (m/z +1) 344.02.
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Step 3: Preparation of 5-(3,5-dimethvlisoxazol-4-yD-7-iodo-1-methyl-1H-benzol dimidazol-

2(3H)-one

CDIl, THF

[00117] Into & flask containing 4-(3,5-dimethylisoxazol-4-yl)-6-iodo-N1-

5  methylbenzene-1,2-diamine (299 mg, 0.87mmol, 1 equiv) is added THF (8 mL, 0.1 M) and
CDI (282 mg, 1.74 mmol, 2 equiv). The reaction was heated for 2 hr at 120°C. The reaction
was then concentrated in vacuo and the solid triturated with diethyl ethér before being air
dried to furnish 5-(3,5-dimethylisoxazol-4-yl)-7-10do-1-methyl- 1 H-benzo[d]imidazol-2{3H)-

one as a light yellow solid.

10 [00118] LCMS (m/z +1) 370.00.

1)-1-methyl-7-{6~methylquinolin-5-vI)-

Step 4 Preparation of 5-(3.3-dimethylisoxazol-4-

1H-benzo[d]imidazol-2(3M)-one

B

HO ~"OH
PEPPSI, Cs,C04, DME / H,0
HN
JN
g
15 }00119} To a microwave vial containing 5-(3,5-dimethylisoxazol-4-yl)-7-iodo-1-

methyl-1H-benzo[d]imidazol-2(3H)-one (40 mg, 0.11 mmol, 1 equiv.) was added 3,5- 6-
methylquinolin-5-ylboronic acid (51 mg, 0.27 mmol, 2.5 equiv.), Cs;CO5 (141 mg, 0.43
mmol, 4 equiv.) and PEPPSI -IPr catalyst (8 mg, 0.02 mmol, 0.1 equiv.) and dissolved in
PME-H>0 (20 mL, 0.2 M, 2/1, v/v). The mixture was heated to 140C. After 2 hr, the reaction

20 was complete. After cooling, the reaction was extracted with EtOAc and washed with water
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and saturated NH4Cl. After drying with MgSOy, it was filtered and concentrated to dryness.
Purification was carried out by reverse phase HPLC to furnish 5-(3,5-dimethylisoxazol-4-yl)-
{-methyl-7-(6-methylquinolin-5-y1)- | H-benzo[dJimidazol-2(3H}-one.

[00120] LCMS (m/z +1) 385.23. 'H NMR (400 MHz, cdzod) 5 8.82 (d, J = 4.3 Hz,
1H), 8.09 (d, J = 8.7 Hz, 1H), 7.82 (t, J = 7.1 Hz, 2H), 7.47 (dd, J = 8.5, 4.3 Hz, 1H), 7.17 (d,
J = 1.6 Hz, 1H), 6.82 (d, /= 1.6 Hz, 1H), 2.53 (s, 3H), 2.42 (s, 3H), 2.33 (s, 3H), 2.27 (s,
3H).

Example 8

7-(1,4-dimethyl-1H-pyrazol-5-y)-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-
benzojd]imidazol-2(3H)-one

N-Q NNF
! ) —~N, 7

Ho B-oH
PEPPSI, Cs,C0,, DME / H,0
HN
N\
0
[00121] To a microwave vial containing 54(3,5-dimemyiisoxazol~4—yl)-7-iodo- 1-

methyl-1H-benzo[d]imidazol-2(3H)-one (40 mg, 0.11 mmol, 1 equiv.) was added 1,4-
dimethyl-1H-pyrazol-5-ylboronic acid (72 mg, 0.32 mmol, 3 equiv.), Cs»CO; {141 mg, 0.43
mmol, 4 equiv.) and PEPPST™ -1Pr catalyst (8 mg, 0.02 mmol, 0.1 equiv.) and dissolved in
DME-H,0 (20 mL, 0.2 M, 2/1, v/v). The mixture was heated to 140°C. After 1 hr, the
reaction was complete, After cooling, the reaction was extracted with EtOAc and washed
with water and saturated NFH,C1. After drying with MgSOq, it was filtered and concentrated to
dryness. Purification was carried out by reverse phase HPLC to furnish 7-(1,4-dimethyl-111-
pyrazol-5-y1)-5~(3,5-dimethylisoxazol-4-y]}- 1 -methyl- 1 H-benzo[ d}imidazol-2(3H)-one.

[00122] LOMS (m/z +1) 338.19. 'H NMR (400 MBz, cdsod) 5 7.44 (s, 1H), 7.15 (d, J
= 1.6 Hz, 1H), 6.88 (d, /= 1.6 Hz, 1H), 3.65 (s, 3H),.90 (s, 3H), 2.42 (s, 3H), 2.27 (s, 7H),
1.95 (s, 3H).
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Example 9

7-(1,4-dimethyl- 1H-pyrazol-5-y1)-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-
benzo[d]imidazol-2(3H)-one

o oy N-0
i P /%/\\
HoBon

PEPPSIHHPr, Cs,C0;, DME/ H,0 HN

[00123] To a microwave vial containing 5-(3,5-dimethylisoxazol-4-y1)-7-iodo-1-
methyl-1H-benzo[d)imidazol-2(3H)-one (40 mg, 0.11 mmol, 1 equiv.) was added 3,5-

Dimethylisoxazole-4-boronic acid pinacol ester (72 mg, 0.32 mmol, 3 equiv.), Cs;CO; (141

mg, 0.43 mmol, 4 equiv.) and PEPPSI " -IPr catalyst (8 mg, 0.02 mmol, 0.1 equiv.) and
dissolved in DME-H,0 (20 mL, 0.2 M, 2/1, v/v). The mixture was heated to 140°C. After 1
hr, the reaction was complete. After cooling, the reaction was extracted with EtOAc and
washed with water and saturated NH4Cl. After drying with MgSQy, it was filtered and
concentrated to dryness. Purification was carried out by reverse phase HPLC to furnish 7-
(1,4-dimethyl-1H-pyrazol-5-yl}-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-
benzo[d)imidazol-2(3H)~one.

[00124} LCMS (m/z +1) 339.15, '"H NMR (400 MHz, cdzod) 8 7.09 (d, J = 1.6 Hz,
1H), 6.81 (d, J = 1.6 Hz, 1H) 3.11 (d, J = 14.5 Hz, 3H), 2.41 (s, 3H), 2.35 ~2.23 (m, 6H),
2.15 (s, 3H).
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Example 10

3,7-bis(3,5-dimethylisoxazol-4-yDbenzo[d}oxazol-2(3H)-one

Q’Q
B
Br o

PEPP3I-iPr
{5 moi%)
HN Br N32C03
)/fo dioxane
O H20
[00125] 3,7-Dibromobenzo[djoxazol-2(3H)~one (100.0 mg, 0.341 mmol) was treated

with 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2~-dioxaborolan-2-yl)isoxazole (304.7 mg, 1.366
mmol, 4.0 equiv.), 2M-Na;COs (aq) (1 mL) in the presence of PEPPSI-IPr (11.6 mg, 0.017
mmol, 0.05 equiv) in 1,4-dioxane (3 mL) at 150°C for 10 min in mictowave reactor To the
reaction mixture were added water (30 mL) and EtOAc (70 mL). The mixture was filtered
through Celite (3 g) and then organic layer was separated from the fiitrate. The organic layer
was washed with brine (30 mL) and dried over Na;SO,4. The solvent was removed under a
reduced pressure to give a crude product. The crude product was purified by a preparative
HPLC (5-95% acetonitrile: ‘water with 0.05% trifluoroacetic acid, on a Phenomenex Luna
C18 column) and a silica gel column chromatography (MeOH:CH,Cl, = 3:97~10:90) to give
5,7-bis(3,5-dimethylisoxazol-4-yl)benzo{ d]oxazol-2(3H)-one.

100126] Ci7H1sN30,. MS. miz 326.0 (M+1). "H NMR (MeOH-dy) § 7.08 (s, 1H), 7.01

(s, 1H), 2.433 (s, 3H), 2.430 (s, 3H), 2.28 (s, 3H), 2.27 (s, 3H).
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Example 11

5-(3,5-dimethylisoxazol-4-yl)-7-(6-methylquinolin-S-yDbenzo[d]oxazol-2(3H)-one

Step 1:
Ny
O.Bfu o
Br o / p
PdCldppf
(5. mol%)
HN € koa
70 pmsG  FN “
o
6]
[00127] 5-Bromo-7-chlorobenzo[d]oxazol-2(3H)-one (100.0 mg, 0.4025 mmol) was

treated with 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (89.8 mg,
0.4025 mmol, 1.0 equiv.), DBU (183.8 mg, 1.2075 mmol, 3.0 equiv.) in the presence of
PdClydppf (14.7 mg, 0.02015 mmol, 0.05 equiv) in DMSO (3 mL) and water (1 mL).at
120°C for 1 h in an oil bath. To the reaction mixture were added water (30 mL) and EtOAc
(70 mL). The mixture was filtered through Celite (3 g) and then organic layer was separated
from the filtrate. The organic layer was washed with brine (30 mL) and dried over Na;SO..
The solvent was removed under a reduced pressure to give a crude product. The crude
product was purified by a preparative HPLC (5-95% acetonitrile: water with 0.05%
trifluoroacetic acid, on a Phenomenex Luna C18 column) and a silica gel column
chromatography (hexane:EtOAc = 1:1) to give 7-chloro-5-(3,5-dimethylisoxazol-4-
yl)benzo[d]oxazol-2(3H)-one.

[00128] C12HoCINo O3, MS. m/z 265.0 (M-1), 267.0 (M+1).
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PEPPSI-iPr
(5 mol%)

HN Cl Cs,C04
40 dioxane
o H,0

[00129] 7-Chloro-5-(3,5-dimethylisoxazol-4-yD)benzo[ d]oxazol-2(3H}-one (20.8 mg,
0.0786 mmol) was ireated with 6-methylquinolin-5-ylboronic acid (44.1 mg, 0.2358 mmol,
3.0 equiv.), Cs,CO; (153.7 mg, 0.:4716 mmol, 6.0 equiv.} in the presence of PEPPSI iPr (2.9
mg, 0.00393 mmol, 0.05 equiv) in 1,4-dioxane (3 mL) and water (1 mL) at 150°C for 1 hina
microwave reactor, To the reaction mixture were added water (30 mL) and EtOAc (70 mL).
The mixture was filtered through Celite (3 g) and then organic layer was separated from the
filtrate. The organic layer was washed with brine (30 mL) and dried over NaySQO,. The
solvent was removed under a reduced pressure to give a crude product. The crude product
was purified by a preparative HPLC (5-95% acetonitrile: water with 0.05% trifluoroacetic
acid, on a Phenomenex Luna C18 column) to give 5-(3,5-dimethylisoxazol-4-y1}-7-(6-
methylquinolin-5-yl)benzo[d]oxazol-2(3H)-one.

[00130] CpHi7Ns03. MS. my'z 372.1 (M+1). "H NMR (MeOH-dy) 8 9.16 (d, J = 5.3
Mz, 1H), 8.69 (d, J= 8.7 Hz, 1H), 8.28 (d, /= 8.9 Hz, 1H), 8.21 (d, /= 8.9 Hz, 1H), 7.97 (dd,
J=87,5.3 Hz, 1H), 7.27 (4,7 = 1.6 Hz, 1H), 7.07 (d, J = 1.6 Hz, 1H), 2.49 (s, 3H), 2.45 (s,
3H), 2.30 (s, 3H)
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Example 12

5-(3,5-dimethylisoxazol-4-y1)-7 -(Z—Iihenylpyridin-S-yI)benze [dloxazol-2(3H)-one

The title compound was synthsized using 2-phenylpyridin-3-ylboronic-acid in a similar
fashion with 5-(3,5-dimethylisoxazol-4-y1)-7-(6-methylquinolin-5-yl)benzo[ djoxazol-2(3H)-
one (Example 11).

[00131] CosHi7N303. MS. 384.1 (M+1). 'H NMR (MeOH-d) 8 8.02 (dd, J=5.4, 1.5
Hz, 1H), 7.68 (dd, /= 8.0, 1.5 Hz, 1H), 7.10 (dd, J = 8.0, 5.4 Hz, 1H), 6.67 - 6.55 (m, 5H),
6.21 (d, J= 1.6 Hz, 1H), 5.97 (d, /= 1.6 Hz, 1H), 1.35 (s, 3H), 1.19 (s, 3H).

Example 13 and
Example 14

{R)-6-(3,5-dimethylisoxazol-4-yl)-4-(6-methyiquinelin-5-yl)- 1H-benzo[d]imidazol-2 (3H)-

one
and

(S)-6-(3,5-dimethylisoxazol-4-yl}-4-(6-methylquinolin-5-yl)-1H-benzo[djimidazol-2 (3H)-

one
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[60132] (R)-6~(3,5-Dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-y1)-1H-
benzo[d]imidazol-2(3H)-one and {8}-6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-
vh-1H-benzo[dJimidazol-2(3H)-one were obtained by resolving the racemate (Example 2) by
supercritical fluid chromatograpity on a chiral column (25% MeOH with 0.1% v/v TFA on an
SFC Chiralpak-AD-H column.)

[00133] First eluting compound: (R)}-6-(3,5-dimethylisoxazol-4-yl)-4-{6-
methquuinoﬁn-s-yl)-1H-be_nzo[d]imidazol-?.(SH)-one. CoH1sNaOg. 371.1 (M+1). SFC
retention time 3.525 min (Chiralpak AD-H 250mm x 10mm, 16 mEL/min, 10 mingte run time,
40 °C columm oven, 10 MPa back-pressure limater). "H NMR spectra identical fo racemic

compound.

100134] Second eluting compound: (S)- 6-(3,5-dimethylisoxazol-4-yl}-4-(6-
methylquinolin-5-y1)-1H-benzo| dJimidazol-2(3H)-one. CypH;gNa0y. 371.1 (M+1). SEC
retention time 4,992 min (Chiralpak AD-H 250mm x 10mm, 16 mL/min, 10 minute run time,
40 °C column oven, 10 MPa back-pressure limiter). 'H NMR spectra identical to racemic

compound.
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-Example 15

6-(3,5-dimethylisoxazol-4-yl)-4-(2,4-dimethylpyridin-3-yl)-1H-benzo|d]imidazol-2(3H)-

one
N-O
{ =
HN [N
)——NH =
0
5 [00135] 6-(3,5-Dimethylisoxazol-4-yl)-4-(2,4-dimethylpyridin-3-yl)-1H-

benzo[dJimidazol-2(3H)-one was synthsized using 2,4-dimethylpyridin-3-ylboronic acid and

Cs,CO; in a similar fashion as Example 11.

[00136] C15H1gNoOz. MS. m/z 335.1 (M+1). 'H NMR (MeOH-da) § 8.65 (4, J = 6.2
Hz, 1H), 7.93 (d, J= 6.2 Hz, 1H), 7.16 (d, /= 1.5 Hz, 1H), 6.92 (d, /= 1.5 Hz, 1H), 2.52 (s,
10 3H),2.43 (s, 3H), 2.40 (s, 3H), 2.27 (s, 3H).

Example 16

4-(6-(3,5-dirnethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo|d]imidazol-4-yljcinnoline-
3-carboxylic acid

N-O
i P 0. OMe
ol PdCl,-dppf
N \|‘I§| DBU
50 =N pMSO, H,0
HN 3 110°C
JNH O
O
15
[00137] 6-(3,5-dimethylisoxazol-4-y1)-4-(4,4,5,5-etramethyl-1,3,2-dioxaborolan-2-y1)-

1H-benzofdjimidazol-2{3H}-one (100.0, 0.282 mmol) and 5-bromo-8-chloro-6~
methylquinoline (94.0 mg, 0.422 mmol) was treated with PdClodppf-CH,Cl; (20.6 mg, 0.028
mmol) in the presence of 1,8-diazabicycloundec-7-ene (DBU, 300.0 mg, 1.971 mmol, 7.0

50



10

15

WO 2014/160873 PCT/US2014/032031

equiv) in DMSO (1 mL) and water (1 mL). The reaction mixture was heated at 110°C for 12
min in oil bath. The reaction mixture was injected into Gilson preparative HPLC to give 4-(6-
(3,5-dimethylisoxazol-4-y1)-2-0x0-2,3-dihydro-1 H-benzo[d]imidazol-4-yl)cinnoline-3-

carboxylic acid.

[06138] CyHisNsO4. MS. m/z 402.0 (M-+1). "H NMR (400 MHz, Methanol-dy)  8.67
(d, J = 8.8 Hz, 1H), 8.09 (1, J= 8.8 Hz, 1H), 7.92 (d, J= 8.8 Hz, 1H), 7.70 (d, 7= 8.8 Hz,
1H), 7.17 (s, 1H), 6.96 (s, 1H), 2.4 (s, 3H), 2.29 (s, 3H).

Example 17

6-(3,5-dimethylisoxazol-4-yl)-4-(3-methylisoquinoiin-4-yl)-1H-benzo{d]imidazol-2(3H)-

one

N-C
// i

- PdCly-dppf
+ DBU
.0

HN B DMSO, H,0
}/'_NH 0 110°C
0

[60139] Synthesized in a similar fashion as that of Example 16.

[00140] CoaHyeN4Op MS. m/z 371.1 (M+1). 'H NMR (400 MHz, Methanol-dy) & 9.26
(s, 1H), 8.16 (d, /= 8.6 Hz, 1H), 7.70 (t, J = 8.6 Hz, 1H), 7.64 (t, J = 8.6 Hz, 1H), 742 (d,J =
8.6 Hz, 1H), 2.50 (s, 3H), 2.45 (s, 3H), 2.29 (s, 3H).
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Example 18

6-(3,5-dimethylisoxazol-4-yl)-4-(2-methylnaphthalen-1-yI)-1H-benzo[d]imidazol-2 (3H)-

one
N-O N-O
) P
OH
B PEPPSI-iPr
. HO O Cs,C04
HN I dioxane, H,0 HN
},NH MW, 150°C }"‘NH
@] o]
5 [00141) In a 2-5 mL Smith Process Vial, 6-(3,5-dimethylisoxazol-4-y1}-4-iodo-1H~

benzo[d]imidazol-2(3H)-one (100.0 mg 0.282 mmol), (2-methylnaphthalen-1-yl)boronic acid
(176.0 mg, 0.946 mmol, 3.36 equiv), PEPPSI-iPr (15.2 mg, 0.028 mmol, 0.1 equiv) and
Cs;C05(337.0 mg, 1.126 mmol, 4 equiv) were placed. The mixture was suspended in 1,4-
dioxane (1.5 mL) and water (0.5 mL) under N,. The mixture was heated at 150°C for 75 min
10 using microwave reactor (Biotage Optimizer). After an aqueous work up, the crude product
was purified by a silica-gel column chromatography (hexane / EtOAc 20:80) to give 6-(3,5-
dimethylisoxazol-4-yl)-4-(2-methylnaphthalen-1-yl)-1H-benzo[djimidazol-2(3H)-one.

[00142] CasHigN;Oz. MS. miz 370.1 (M+1). 'H NMR (400 MHz, Methanol-dy) 5 7.88
(d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 1H), 7.45 — 7.38 (m, 1H), 7.38 - 7.33 (m, 2H), 7.10
15 (s, 1H), 6.82 (s, TH), 2:43 (s, 3H), 2.28 (s, 6H).

52



WO 2014/160873 PCT/US2014/032031

Example 19

4-~(2~(difluoromethyl)-3-methylquinolin-4-yl)-6-(3,5-dimethylisoxazol-4~yl)-1H-
benzo|d]imidazol-2(3H}-one

N~
. | P PdCl-dppf
+ _ PBU _
S0
HN B DMSO, H,0
JNH O MW, 120°C
O
GS-645164
5  (00143] The title compound was synthesized in a similar fashion as that of Example
17,

[00144] Cy3H7FN4O,. MS. m/z 421.1 (M-+1). '"H NMR (400 MBz, Methanol-ds)

8.18 (d, J = 9.0 Hz, 1H), 7.83 — 7.74 (m, 1H), 7.63 — 7.57 (m, 1H), 745 (d, T = 9.4 Hz, 1H),
7.23 - 6.87 (m, 2H), 2.47 — 2.40 (m, 6H), 2.30 (s, 3H).

10
Example 20
Preparation of 4-chloro-5-(3,5-dimethylisoxazol-4-yD)-7-(6-methylquinolin-5-y1)-1H-
benzo[d]imidazol-2(3H)-one
15

160145} In 0.5-2.mL Smith Process Vial, the infermediate (25.0 mg, 0.067 mmol) and
NCS (36.3 mg, (.135 mmol) were dissolved into THF (2 mL). The mixture was heated at 80
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°C for 2 h in an oil bath. The reaction mixture was directly injected into Gilson preparative
HPLC (5-95% acetomtrile: water with 0.05% trifluoroacetic acid, on a Phenomenex Luna

C18 column) to give the desired product.

[00146] CI9H18N402. MS. m/z 405.1 (M-+1), 407.1 (M+2+1). "H NMR (400 MHz,
Methanol-ds) 8 9.25 — 9.05 (d, J = 5.8 Hz, 1H), 8.47 — 8.40 (m, 1H), 8.30 (d, J = 9.0 Hz, 1H),
8.20 (d, J = 9.0 Hz, 1H), 7.96 - 7.90 (m, 1), 7.19 (s, 1H), 2.40 (s, 3/2H), 2.39 (s, 3/2H), 2.38
(s, 3/2H), 2.34 (s, 3/2H) 2.21 (s, 3/2F), 2.19 (s, 3/21D).

Exampie 21

5-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo[djimidazol-4-y})-6~-methyl-
1-(2,2,2-trifluoroethyhquinolin-2(1H)-one

Step 1:
Br
Nai
CFiCH,OTY
| .
NH DMF
o 80°C
[00147] 5-Bromo-6-methylquinolin-2{1H)-one (103.5 mg, 0.435 mmol) was

siispended into DMF (3 mL). To the suspension, was added NaH (17.4 mg 60% in mineral
oil) at room temperature. After 2 h stirring, CF3CH,OTf (201.8 mg, 0.869 mmol) was added
into the mixture at room temperature. The reaction mixture was stirred for 2 h at the same
temperature. The reaction mixture was quenched with water (30 mL). The whole was
extracted with AcOEt (30 mL x 3). Organic layer was washed with brine (30 mL) and dried
aver NaySO4. The solvent was removed under a reduced pressure to give the crude product.
Gilson PHPLC purification gave 5-bromo-6-methyl-1-(2,2,2-trifluoroethyl)quinolin-2(1H)-

one.

[00148) "I NMR (400 MHz, Methanol-dy) § 8.41 (d, J = 10.0 Hz, 1H), 7.58 (s, 28),
6.77(d, J=10.0 Hz, 1H), 5.20 (g, J = 8.7 Hz, 2H), 2.52 (d, /= 1.0 Hz, 3H).
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N-O
! P Br
PEPPSI-HPr
+ I C52C03
-0 N . o
HN B :l\ dioxane, H,0
Jy~NH O O g
o} F

HN
MW, 150°C )"NH
o

Step 2:

[00149] In a 2-5 mL Smith Process Vial, the boronic acid pinacol ester (29.0 mg 0.82
mmol}, the bromide (26.1 mg, 0.082 mmol, 1 equiv), PEPPSI-iPr (2.8 mg, 0.004 mmol, 0.05
equiv) and Cs;CO; (53.2 mg, 0.163 mmol, 2 equiv) were placed. The mixture was suspended
in 1,4-dioxane and water under N,. The mixture was heated at 150°C. for 20 min using
microwave reactor (Biotage Optimizer), To the mixture were added EtOA¢ (70 mL) and
water (30 mL). The whole was filtered through Celite (3 gj and the filtrate was washed with
brine (30 mL), dried over Na;S0O4 and concentrated under a reduced pressure. Obtained crude
material was purified by Gilson preparative HPLC to give the desired product (23.0 mg,
60%).

[00150] CaaH1oF3N,O3. MS. vz 469.1 (M+1). "H NMR (400 MHz, Methanol-ds) 3
7.70 (d, J = 9.2 Hz, 1H), 7.67 (d, J= 9.2 Hz, 1H), 7.52 (d, J = 10.0 Hz, 1H), 7.12 (s, 1H),
6.82 (s, 1H), 6.60 (d, /= 10.0 Hz, 1H), 5.26 (g, /= 13.3 Hz, 2H), 2.43 (s, 3H), 2.28 (5, 3H),
2.20 (s, 3H).

Example 22

5-(6~(3,5-dimethylisoxazol-4-yI)-2-o0x0-2,3~dihydro-1I1-benzo[d]imidazol-4-yl}-1,6-
dimethylquirolin-2(1¥)-one

Step 1:
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Br- Br
KHMDS
f Mel |
NH THF N
3 0°Ctort o

[00151] 5-bromo-6-methylquinelin-2(1H)-one (500.0 mg, 2.1 mmol) in THF (10 mL)
was treated with KHMDS (2.31 ml., 2.31 mmol, 1.1 equiv) at 0°C for 15 min. To the reaction

mixture was added MeI (0.26 mL. 596.2 mg, 4.2 mmol, 2 equiv) was added into the mixture
at 0°C. The reaction mixture was allowed to warm up to room temperature and stirred for
overnight at the same temperature to form a precipitation. The precipitation was filtered off
using a glass filter. The filirate was concentrated and purified by a silica-gel column
chromatography (hexane / EtOAc 50:50 to 0:100) to give 5-(6-(3,5-dimethylisoxazol-4-yl)-2-
ox0-2,3-dihydro-1H-benzo[ d]imidazol-4-y1)-1,6-dimethylquinolin-2(1H)-one as colorless
crystals. ‘

[00152] C11H;oBrNO. MS. m/z 469.1 (M+1).
Step 2.
N-O
{
PEPPSI-iPr
_ CsC05
HN d|oxane H>0
%NH MY, 150°C
Qo
[00153} 5-(6-(3,5-dimethylisoxazol-4-yl}~2-0x0-2,3-dihydro-1 H-benzo[d]imidazol-4-

yl)-1 ,6-dimethylquinolin-2(1H)-one was synthesized in a similar fashion as that of Example
21.

[00154] C3HyoN4Os. MS. m/z 401.1 (M+1). "H NMR (400 MHz, Methanol-d) § 7.68
(d,7=9.6 Hz, 1H), 7.63 (d, J = 9.6 Hz, 1H), 7.45 (d, J=9.6 Hz, 1H), 7.11 (s, 1H), 6.80 (s,
1H), 6.58 (d, /= 9.6 Hz, 1H), 3,80 (s, 3H), 2.43 (s, 3H), 2.28 (s, 3H), 2.20 (s, 3H).
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Example 23

4-(3,5-dicyclopropyl-1H-pyrazel-4-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benze|[dlimidazol-2(3H)-one

PEPPSI-iPr
032C03
dioxane, H,O
MW, 150°C
5 [00155] The compound of Example 23 was synthesized in a similar fashion as that of
Example 22.
[00156] CnHz NsOs. MS. m/z 376.1 (M-+1). "H NMR (400 MHz, Methanol-ds) & 7.05
(s, 1H), 6.95 (s, 1), 2.33 (s, 3H), 2.28 (s, 3H), 1.86-1.76 (m, 2H), 1.00-0.90 (m, 4L}, 0.87-
0.78 {m, 4H).
10
Example 24
4-(3,5-dicyclopropyl-1-methyl-1H-pyrazol-4-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one
Step 1:
15
[00157] 4-Bromo-3,5-dicyclopropyl-1-methyl-1H-pyrazole (50.0 mg, 0.22 mmol) was

dissolved into DMF (3 mL). To the solution, was added NaH (17.6 mg 60% in mineral oil,
0.44 mmol, 2 equiv) at room temperature. After 30.min stirring, Mel (62.5 mg, 0.44 mmol, 2
equiv) was added into the mixture at room temperature. The reaction mixture was stirred for

20 20 min at the same temperature. The reaction mixture was quenched with water (30 mL). The
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whole was extracted with AcOEt (30 mL x 3). Organic layer was washed with brine (30 mL)
and dried over NayS0,. The solvent was removed under a reduced pressure to give the crude
product. A silica-gel column chromatography (hexane / EtOAc 87:13 to 70:30) purification
gave 4-bromo-3,5-dicyclopropyl-1-methyl-1H-pyrazole (51.8 mg, 97.6%).

5 [00158] CroH 13BNy, MS. m/z 241.0 (M-1+1), 243.0 (M+1+1).

Step 2

PEPPSHPr
Cs,CO3

dioxane, H,O
MW, 150°C

[00159] 4-(3,5-dicyclopropyl-1-methyl-1H-pyrazol-4-yl)-6-(3,5-dimethylisoxazol-4-
yl)-1H-benzo[d)imidazol-2(3H)-one was synthesized in a similar fashion as that of Example
10 21,

[00160] Ca3HagNsOs. MS. m/z 390.1 (M+1). 'H NMR (400 MHz, Methanol-d.) § 6.98
(s, 1H), 6.85 (s, 1H), 3.87 (s, 3H), 2.43 (s, 3H), 2.27 (s, 3H), 1.88-1.80 (m, 1H), 1.69-1.60 (m,
1H), 1.00-0.60 (m, 6H), 0.38-0.28 (m, 2H).

15 Exampie 25

6-(3,5-dimethylisoxazol-4-y)-4-(2-(4-fluorophenyl)pyridin-3-yl)-1H-benzo[d]imidazol-

2(3H)-one
Step b
F
Br E Pd(PPha),
Br o Na2003
Y “dioxane. FO
P dioxane, H,0  Br~_~
W, 80°C
BOH), TV P
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[60161] In a 2-5 mL Smith Process Vial, 2,3-dibromopyridine (300.0 mg, 1.266
mmol), 4-fluorophenyl boronic acid (177.2 mg, 1.266 mmol, 1 equiv) and Pd(PPh,), (73.2
mg, 0.063 mmel, 0.05 equiv) were placed. The mixture was suspended in 1,4-dioxane (3 mL)
and 2M-Nap;COj3 (1 mL) under a nitrogen atmosphere. The mixture was heated at 80°C for 10
min using the microwave reactor. To the mixture were added EtOAc (70 mL) and water (30
mL). The whole was filtered through Celite (3 g) and the filtrate was washed with brine (30
ml), dried over Na,SO4 and concentrated under a reduced pressure. Obtained crude material

was purified by Gilson preparative HPLC to give 3-bromo-2-{4-fluorophenyl)pyridine.

[00162] CyH7BIFN. MS. m/z 241.0 (M-1+1), 243.0 (M-+1+1).

Step 2:

N-O F N-QO F

/ P i

PEFPFSI-Pr
+ 032003 O
O Br .
HN 1% l N dioxane, qzo HN N
}'NH O‘é o MW, 150°C }‘NH
0 0]

j00163] This transformation wsa performed in a similar fashion as that of Example 21.
[00164] CysH17FN,O2. MS. m/z 401.1 (M+1). "H NMR (400 MHz, Methanol-dys) &

8.68 (dd, 1H, J = 4.8, 1.6 Hz), 7.77 (dd, 1H, J = 8.0, 1.6 Hz), 7.55 (dd, 1H, J = 8.0, 4.6 Hz),
7.42-7.35 (m, 2H), 7.00 (¢, 21, J = 8.0 Hz), 6.92 (d, 1, J = 1.0 Hz), 6.65 (d, 1H,.J =1.0
Hz), 2.20 (s, 3H), 2.05 (s, 3H).
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Example 26

6-(3,5-dimethylisoxazol-4-yl)-4-(2-(3-fluorophenyl)pyridin-3-yI)-1H-benzo[d]imidazol-

2(3H)-oné
Step L
Br F Pd(PPha),
Na,CC
Br l N N 2l U
e dioxane, HyO Br
MW, 80°C
5 B(OH)z
[60165] - 3~-Bromo-2-(3-fluorophenyl)pyridine was synthegized in a similar fashion with

3-bromo-2-(4-fluorophenyl)pyridine. Ci;H;BrFN. MS, m/z 241.0 (M-1+1), 243.0 (M+1+1).

Step 2:
N-Q N-O
t i
v F Pz F
PEPPSHPr
+ 032003
HN' B’O Br =N dioxane, H,O HN

)’NH b\é i P Mw, 150°C )"NH
o 0
10 [00166] This transformation wsa performed in a similar fashion as that of Example 21,

(00167 CosHj7FNO; MS. m/z 401.1 (M+1). "H NMR (400 MHz, Methanol-dy) &
8.70 (ad, 1H, J = 4.8, 1.6 Hz), 7.98 (ad, 1H, J = 8.0, 1.6 Hz), 7.57 (dd, 1H, J = 8.0, 4.8 Hz),
7.30-7.22 (m, 1H), 7.17-7.10 (m, 2H), 7.06-6.96 (m, 1H), 6.93 (d, 1H, J = 1.0 Hz), 6.68 (d,
1H,J = 1.0 Hz), 2.21 (s, 3H), 2.06 (s, 3H).

15
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Example 27

4-(3,5-dicyclopropylisoxazol-4-yD)-6-(3,5-dimethylisoxazol-4-yh)-1H-benzo[d]imidazol-

2(3H)-one
Step 1:
: o HONHHC
o DMSO
100°C
[00168] 1,3-Dicyclopropylpropane-1,3-dione (300.0 mg, 1.971 mmol) and

hydroxylamine hydrochloride (162.0 mg, 2.365 mmol, 2 equiv) were heated at 100°C in
DMSO (1 mL) in oil bath. After the reaction completed, the reaction mixture was directly

injected into Gilead preparative HPLC to give 4-bromo-3,5-dicyclopropylisoxazole,

1001691 CeH1ON. MS. m/z 228.0 (M-1+1), 230.0 (M+1+1).

Step 2:

[00170] 3,5-Dicyclopropylisoxazole-(70.0 mg, 0.469 mmotl) was treated with NBS
(167.0 mg, 0.938 mmol, equiv) in CH,Cl; at room temperature for 12 h. The solvent was
removed under a reduced pressure and the residue was directly loaded onto a silica gel

column chromatography (hexane EtOAc 87:13) to give 4-brome-3,5-dicyclopropylisoxazole.

[00171] CoHyBrON. MS. m/z 228.0 (M-1+1), 230.0 (M+1+1),
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Step 3:

N-O

! -

PEPPSI-Pr
+ Br o C52003
o
AN g =N dioxane, Hy,O
-NH b“& MW, 150°C
O

[00172] This transformation wsa performed in a similar fashion as that of Example 21.
[00173] Co1Hz0N;03, MS. m/z 377.1 (M+1), "H NMR (400 MHz, Methanol-ds) 5 7.05

(d, 1H, J = 1.0 Hz), 6.95 (d, 1H, J = 1.0 Hz), 2.43 (s, 3H), 2.28 (s, 3H), 1.90 (quin, 1H, J =
6.4 Hz), 1.60 (quin, 1H, J = 6.4 Hz), 1.01 (d, 4H, J = 6.4 Hz), 0.91 (d, 4H, J = 6.4 Hz).

Exampie 28

6-(3,5-dimethylisoxazol-4-yl)-4-(8-fluoro-6-methylquinelin-5-yl}-1H-benzo[dlimidazol-

2(3H)-one
Step 1:
Br
NBS
| Y | F
=N t =N
{00174} 3,5-Dicyclopropylisoxazole (70.0 mg, 0.469 mmol) was treated with NBS

{167.0 mg, 0.938 mmol, 2 equiv} in CHyCl, at room temperature for 12 h, The solvent was
removed under a reduced pressure and the residue was directly loaded onto a silica gel
column chromatography (hexane EtOAc 87:13) to give S5-bromo-8-fluoro-6-methylquinoline
(68.7 mg, 64.2%).

[00175] CsHioBION. MS. m/z 239.9 (M-1+1), 241.9 (M+1+1).
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Step 2
N-O
U P .
' PEPPSI-iPr
+ 052003
0 1 P
HN B~ _N dioxane, H;0
JNH b\é MW, 150°C
& |
[60176] This transformation wsa performed in a similar fashion as that of Example 21.
[00177] CooHi7FN:Oz. MS. m/z 398.1 (M-+1). 'FT NMR (400 MHz, Methanol-ds) §

5 8.93(d, 1H, J = 4.0 Hz), 8.08 (d, IH, J = 8.0 Hz), 7.70 (d, 1H, J = 11.2 Hz), 7.67 (dd, 1H, J
= 8.0, 4.0 Hz), 7.15 (d, 1H, J = 1.0 Hz), 6.88 (d, 1H, J = 1.0 Hz), 2.43 (5, 3H), 2.38 (5, 3H),
2.28 (s, 3H).

Example 29

10 -(3,5-dicyclopropyl-1-(2,2,2-triflneroethyl)-1H-pyrazol-4-y])-6-(3,5-dimethylisoxazol-4-
yI)-1H-benzo[dlimidazol-2(3H)-one

Step 1:
NaH
CF3CHLOTF
DMF
rt
[60178] 4-Bromo-3,5-dicyclopropyl-1-(2,2,2-trifluoroethyl)-1H-pyrazole was

15  synthesized in a similar fashion with 5-bromo-6-methyl-1-(2,2,2-trifluoroethyl)quinclin-
2(1H)-one. CyHyBrFsNo. MS. m/z 309.0 (M-1+1), 311.0 (M+1+1).
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Step 2:
N-C
{ £~
PEPPSI-iPr
052C03 .
HN B d»(F dioxane, H,0
JNH S FF  mMw, 150°C
o
[00179] This transformation was performed in a similar fashion as that of Example 21.
[00180] CasHnF3NsO5. MS. m/z 458.1 (M+1). "H NMR (400 MHz, Methanol-dy) 8

5 7.00(d, 1H,J = 1.0 Hz), 6.85 (d, 1H, J = 1.0 Hz), 4.95 (q, 2H, J = 9.6 Hz), 2.43 (s, 3H),
2.27 (s, 3H), 1.90-1.81 (m, 1H), 1.66-1.61 (m, 1H), 1.40-1.26 (1m, 2H), 0.94-0.68 (m, 6H),
0.42-0.32 (m, 2H).

Example 30

10 6-(6-(3,5-dimethylisoxazol-4-yI)-2-0x0-2,3-dihydro-1H-benzo[d]imidazol-4-yl)-7-methyl-
4,5-dihydro-1H-benzo[b]azepin-2(3H}-one

Br NaN,
IVleSOa
NH 0 c to rt
0

[00181] 5-Bromo-6-methyl-3,4-dihydroquinolin-2(1H}-one (477.7 mg, 1.998 mmol)
15  was treated with NaN; (194.8 mg, 0.938 mmol, 1.5 equiv) in MeSOsH (3 g) at 0°C to room
temperature for 1 h. The mixture was neutralized with NaHCOs and extracted with EtOAc

Step 1:

(30 mL x 3). The organic layer was washed with brine (30 mL) and dried over NaySQa. The
solvent was removed under a reduced pressure and the crude product was recrystallized from
EtOAc (10 ml) to give 6-bromo-7-methyl-4,5-dihydro-1H-benzo[blazepin-2(3H)-one.

20 [00182] C1HizBrON. MS. m/z 254.0 (M-1+1), 256.0 (M+1+1).
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Step 2:
N-Q N-0
{ S
Br PEPPSI-iPr
+ 032003 O
O .
HN B~ dioxane, H,O . )
JNH b~§ W ww, 160G HN/>~NH
o] O 0
0
[00183] This transformation was performed in a similar fashion as that of Example 21.
[00184] Co3HpN4Os. MS. m/z 403.1 (M+1). 'H NMR (400 MHz, Methanol-d) & 8.93

5 (d, 1H,J=4.0Hz),7.24 (d, 1H, J= 8.0 Hz), 7.04 (d, 1H, J=8.0 Hz), 7.03 (d, 18, J= 1.0
Hz), 6.73 (d, 1H, J= 1.0 Hz), 2.60-2.22 (m, 4H), 2.41 (s, 3H), 2.26 (s, 3H), 2.05 (s, IH),
2.04-1.94 (m, 3H).

Example 31

10 6-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo[d}imidazol-4-yl)-7-methyl-
4,5-dihydro-1H-benzo|bjazepin-2(3H)-one

Step 1:
Br NaH Br
Mel
—_—
DMF
NH rt N—.
[00185] 6-Bromo-7-methyl-4,5-dihydro-1H-benzo[b]azepin-2(3H)-one (100.0 mg,

15 1.998 mmol) was tréated with NaH (18.9 mg, 0.472 mmol, 1.2 equiv) in DMF (3 mL) at 0°C
to room temperature for 30 min. To the mixture was added MeI (111.7 mg, 0.787 mmol, 2
equiv). The mixture was stirred at to room temperature for | h The mixture was quenched
with water and extracted with EtOAc (30 mL x 3). The organic layer was washed with brine

(30 mL) and dried over Na;SO4. The solvent was removed under a reduced pressure and the
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crude product was purified by a silica-gel column chromatography (hexane / BtOAc 87:13 to
50:50) to give 6-bromo-1,7-dimethyl-4,5-dihydro-1H-benzo[blazepin-2(3H)-one (88.5 mg,
83.9%).

[00186] 'H NMR (400 MHz, CDCly) 8 7.16 (d, 1H, .J= 8.0 Hz), 7.03 (d, 1H, J = 8.0
5  Hz), 3.32 (s, 3H), 2.43 (s, 3H), 2.40-1.90 (broad, 6H).

Step 2:

N-O

{ 74

Br PEPPSHPr
+ 052C03
HN B’O N._ dioxane, H,O
/>»NH 5§ MW, 150°C
O 0

[00187] This transformation wsa performed in a similar fashion as that of Example 21.

100188] C24H24N403. MS. m/z 417.1 (M+1). ]H. NMR (400 IMHZ, Methanol—d4} 57.34
10 (d, 1H,J=8.0 Hz), 7.30 (d, 1H, J = 8.0 Hz), 7.04 (d, 1H, J = 1.0 Hz), 6.73 (broad, 1H), 3.36
(s, 3H), 2.60-2.20 (m, 4H), 2.41 (s, 3H), 2.26 (s, 3H), 2.07 (s, 3H).

Example 32

4~(8-chloro-6-methylquinelin-5-yh)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-

15 2(3H)-one
Step 1
Br
NBS
—_—
| Ci DME | Ci
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[00189) 5-Bromo-8-chloro-6-methylquinoline was synthesized in a similar fashion,

using S-bromo-8-fluoro-6-methylquinoline.

C1oHsCIN. MS. m/z 258.0 (M-1+1), 256.1 (M+1+1), 260.0 (M+1+2),

Step 2:
N-~O
! -
Br
3
Lo
HN B | =N
%NH 0
0 .
[00190] A mixture of 6-(3,5-Dimethylisoxazol-4-y1)-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y1)-1H-benzo[d]imidazol-2(3H)-one (100.0, 0.282 mmol) and 5-bromo-8-
chloro-6-methylquinoline (72.2 mg, 0.282 mmol) was treated with PACLdppf-CH,Cl; (20.9
mg, 0.028 mmol) in the presence of 1,8-Diazabicycloundec-7-ene (DBU, 204.0 mg, 1.34
mmol, 4.76 equiv) in DMSO (0.2 mL} and water (0.2 mL). The reaction mixture was heated
at 120°C in oil bath, The reaction mixture was diluted with THF (3 mL) and purified by
Gilson preparative HPLC to give 4-(8-chloro-6-methylquinolin-5-y1)-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[ d}imidazol-2(3H)-one

[00191] CooH7CINGOy. 'H NMR (400 MHz, Methanol-dy) § 8.97 (d, 1H, J = 4.8, 1.6
Hz), 8.08 (d, 1H, J = 8.0 Hz), 8.09 (dd, 1H, J = 9.6, 1.6 Hz), 8.08 (5, 11),7.66 (dd, 1H, J =
9.6, 4.8 Hz), 7.16 (d, 1H, J = 1.0 Hz), 6.89 (d, 1H, J = 1.0 Hz), 2.44 (s, 3H), 2.36 (s, 3H),
2.28 (s, 3H).

67



WO 2014/160873 PCT/US2014/032031

Example 33

6-(3,5-dimethylisoxazol-4-yl)-4-((7-fluoroquinolin-2-yl)(hydroxy)(phenyl)methyl)-1H-
benzo[d]imidazel-2(3H)-one

Sten 1

?ﬁ

O-N
©Mgc:|
)\ oyl O O
N 0 THF
>’ 0

; ) )

[060192] Tert-butyl 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-
(methoxy(methyl)carbamoyl)-1H-benzo[d]imidazole-1-carboxylate was dissolved in. THF (3
mL). To the solution was added a solution of phenyl magnesium chloride (2M in THF, 0.508
mmol, 0.254 mmol)y-at -78°C. after the addition, the reaction was allowed to warm up to

10 room temperature. The reaction was stirred for 17 hat the same temperature, The reaction
mixture was quenched with water (30 mL). The whole was extracted with AcOEt (30 mL x
3). Organic layer was washed with brine (30 mL) and dried over Na;SO4. The solvent was
removed under a reduced pressure to give the crude product. The crude product was purified
by a silica gel column chromatography (hexane: EtOAc, 7:1 10 3:1) to give tert-butyl 4-

15 benzoyl-6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo{d]imidazole-1-carboxylate.

[06193] CagHyyN3Os. MS. m/z 462.2 (M+1),
Step 2.
O_N F
\ \
N7
P )
)"N Buli, THF
0 N=N © ~78°C fo it
0]

68



10

15

20

25

WO 2014/160873 PCT/US2014/032031

[00194] To a solution of 7-flucro-2-bromogquinoline (54.1 mg) in THF (2 mL) was
added BuLi (1.6 M, 0.25 mL) at -78°C. After 5 min, a solution of phenyl ketone (60.0 mg) in
THF (1 mL,) was added at-78°C. The reaction was immediately allowed to warm up to room
temperature and stirred for 30 min. The reaction mixture was quenched with water (30 mml.).
The whole was extracted with AcOEt (30 mL x 3). Organic layer was washed with brine (30
mL}) and dried over Na;SO4. The solvent was removed under a reduced pressure to give the
crude product. The crude product was treated with TFA to cleave the Boc group. The crude
product was puntfied by a silica gel column chromatography (hexane: EtOAc, 7:1to 3:1) to
give tert-butyl 4-benzoyl-6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[d]imidazole-1-

carboxylate,
[09195] Cstz']NgOs. MS. m/z 509.2 (M+1).
Step 3:
4\ HCI
dioxane
EtOH
[00196] Tert-butyl 4-benzoyl-6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-

benzo[d]imidazole-1-carboxylate (18.0 mg) was dissolved into EtOH (2 mL) and 4M
HClV/dioxane (2 mL). The solution was heated at 70°C for 30 min. The reaction mixture was
quenched with water (30 mL). The whole was extracted with EtOAc (30 mL x3). Combined
organic layers were washed with brine (50 mL). The solvent was removed under a reduced
pressure to give a crude product. The crude product was purified by a a silica gel column
chromatography (hexane: EtOAc, 7:1 to 3:1} to give tert-butyl 4-benzoyl-6-(3,5-
dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[ d]imidazole-1-carboxylate.

[00197) CasHaFN4O3. MS. m/z 481.1 (M+1). "H'NMR (400 MHz, Methanol-ds) §
831 (1,J = 8.7 Hz, 1H), 8.13 (dd, J= 9.2, 5.3 Hz, 1H), 7.67 — 7.56 (m, 3H), 7.40 - 7.25 (m,
5H), 6.98 (d, J = 1.6 Hz, 1H), 6.61 (d, J= 1.6 Hz, 1H), 2.28 (s, 3H), 2.11 (s, 3H).
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Example 34

6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(phenyl){(quinolin-2-yl)methyl)-1H-
benzo[d}imidazol-2(3H)-one

S
7 O
J~N BuLi, THF

0" \=N O .78°C to rt

5 [00198] (6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzof dJimidazol-4-
yl){phenyl){quinolin-2-yl)methanol was synthesized in the similar fashion with tert-butyl 4-
benzoyl-6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-1H-benzo[ d|imidazole-1-carboxylate.
CaoHasNsOs. MS. m/z 491.2 (M+1). :

4M HC!

dioxane
—rmer i

EtOH

10 [00199] 6-(3,5-dimethylisoxazol-4-yl)-4-(kydroxy{phenyl)(quinolin-2-yl)ymethyl)-1H-

benzo[d]imidazol-2(3H)-one was synthesized in the similar fashion as that of Example 33

CogHuNoOs. MS. m/z 463.1 (M-+1). ), 'H NMR (400 MHz, Methanol-dy) § 8.30 (d, /= 8.6

Hz, 1H), 8.09 {d, J = 8.6 Hz, 1H), 7.93 (d, J = 8.6 Hz, 1H), 7.77 (ddd, J = 8.6, 7.0, 1.2 Hz,

1H), 7.61 (ddd, J = 8.6, 7.0, 1.2 Hz, 1H),7.54 (d, J = 8.6 Hz, 1H), 7.40-7.26 (m, 5H), 6.98 (d,
15 J=1.5Hz, 1H), 6.61 (d, /= 1.5 Hz, 1H), 2.27 (s, 3H), 2.10 (s, 3H).
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Example 35

6-(3,5-dimethylisoxazol-4-y)-4-(hydroxy(pyridin-2-yl)(quinolin-2-ylymethyl)-1H-
benzo[d]imidazol-2(3H)-one

O—-N
S \
NTS
o T
P T e,
=N N~ Buli, THF
O =N O -78°Ctort
b
5 [oe200] (6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[d]Jimidazol-4-yl)(pyridin-

2-yI}{quinolin-2-y[)methano! was synthesized in the similar fashion with tert-butyl 4-
benzoyl-6-(3,5-dimethylisoxazol-4-yl}-2-ethoxy-1H-benzo[ d]imidazole-1-carboxylate.
CooHz5N505. MS. m/z 492.2 (M+1).

4M HCI

dioxane
—————te .

EtOH

10 [00201] 6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(pyridin-2-yl)(quinolin-2-
ylmethyl)-1H-benzo[djimidazol-2(3H)-one was synthesized in the similar fashion as that of
Example 33.

CosHxN:Os. MS. m/z 463.1 (M+1). ). 'H NMR (400 MHz, Methanol-ds) & 8.78 (dd, J = 6.6,
1.0 Hz, 1H), 8.66 (d, J = 8.8 Hz, 1H), 8.47 (td, J= 8.8, 1.0 Hz, 1H), 8.15— 8.03 (m, 3H),

15 8.00~7.83 (m, 3H), 7.76 (1, /= 8.0 Hz, 1H), 7.07 (4, J = 1.0 Hz, 1), 6.46 (d,J = 1.0 Hz,
1H), 2.22 (s, 3H), 2.04 (s, 3H).

71



WO 2014/160873 PCT/US2014/032031

Exampie 36

6-(3,5-dimethylisoxazol-4-yl)-4-((7-fluoroquinolin-2-yl)(hydroxy)(pyridin-2-yl)methyl)-
1H-benzojdlimidazol-2(3H)-one

Step 1
F
g
B
BuLi, THF
-78°Ctort
5
[00202] (6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[d Jimidazol-4-y1)(7-

fluoroquinolin-2-yl)(pyridin-2-yl}methanol was synthesized in the similar fashion with tert-
butyl 4-benzoyl-6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy- 1 H-benzo[ d]imidazole-1-

carboxylate.

10 [06203) CagHz4FNs0O;5. MS. m/z 510.2 (M+1).

Step 2.
4M HCI
dioxane
EtOH
[00204] 6-(3,5-dimethylisoxazol-4-y1)-4-((7-fluoroquinolin-2-yl)(hydroxy)(pyridin-2-

15 ylimethyl)-1H-benzo[d]imidazol-2(3H)-one was synthesized in the similar fashion as that of
Example 33.
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CyrHyoFNsOs. MS. m/z 482.1 (M+1). 'H NMR (400 MHz, Methanol-dy) 8 8.52 (ddd, /= 4.9,
1.8,0.9 Hz, 1H), 8.26 (dd, /= 8.9, 0.8 Hz, 1H), 8.04 (dd, J = 9.2, 5.3 Hz, 1H), 7.84 (td, J =
7.8, 1.8 Hz, 1H), 7.76 (d, 7= 7.8 Hz, 1H), 7.72 (d,J = 7.8 Hz, 1H), 7.59 (dd, J=8.9, 1.8 Hz,
1H), 7.54 (d, J = 8.9, 0.8 Hz, 1H), 7.33 (ddd, J = 7.5, 4.9, 1.2 Hz, 1H), 6.96 (d, /= 1.6 Hz,
1H), 6.72 (d, J = 1.6 Hz, 1H), 2.28 (s, 3H), 2.11 (s, 3H).

Example 37

6-(3,5-dimethylisoxazol-4-yl)-4-((S-fluoropyridin-2-yl) (hydroxy)(pyridin-2-yl)methyl)-
1H-benzo[djimidazol-2(3H)-one

~PrivigCl,

PhiMe

[00205] To isopropyl magnesium chioride (1.32 mL, 2.64 mmol, 2 M in THF) in
toluene (4mL) was added 2-bromo-5-fiuoropyridine (388 mg, 2.05 mmol) in toluene (1 mL).
After 3.5 hours the Grignard solution (1 mL, 0.65 mmol) was added to tert-butyl 6-(3,5-
dimethylisoxazol-4-y1)-2 ethoxypicolinoyl-1H-benzo[d]imidazole-1-carboxylate (60 mg, 0.13
mmol} in a 1:1 mixture of toluene/2-methyl-THF(6 mL) at 0°C and the mixture was allowed
to warm to 20°C. After 16 hours, the reaction was quenched with saturated NHiCliq) (10
mL), extracted with ethyl acetate (3 x 10 mL}), dried over Na;SOy, and concentrated in vacuo.
The resulting residue (100 mg) was submitted to deprotection directly.

[00206] To 100 mg crude tert-butyl 6-(3,5-dimethylisoxazol-4-yl}-2-ethoxy-4-((5-
fluoropyridin-2-y1){(hydroxy){pyridin-2-yl)methyl)- 1 H-benzo[ djimidazole-1-carboxylate (100
mg) in ethanol (3 mL) was added hydrochloric acid (0.2 mL, 0.8 mmol, 4 M in 1,4-dioxane).
The mixture was heated to 70°C for 0.5 hours and then concentrated i» vacuo. Purification by
reverse-phase HPLC (25-50% acetonitrile/water with 0.01% trifluoroacetic acid, Gemini C18
5w) afforded the TFA salt of 6-(3,5-dimethylisoxazol-4-yl)-4-((5-fluoropyridin-2-
yl)(hydroxy)(pyridin-2-yl)methyl)- | H-benzo[d]imidazol-2(3H)-one as a light yellow solid.
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[00207] CosH gFN50s, 432.1 (M+H). "H NMR (400 MHz, ds-acetonitrile) § 10.72 (s,
1H), 9.80 (s, 1H), 8.6 (m, 1H), 7.87 (m, 1H), 7.75 (m, 1H), 7.62 (m,1H), 6.87 (s, 1H), 6.51 (s,
1H), 2.30 (s, 3H), 2.11 (s, 3H). °F NMR (376 MHz, d;-acetonitrile)  -74.7, -130.95.

Example 38

4-((2,0-difluorophenyl)(5-fluoropyridin-2-yl)(hydroxy)methyl)-6-(3,5-dimethylisoxazol-
4-yl)-1H-benzo|d]imidazol-2(3H)-one

HC1, EtOH
%‘}‘ i
N
o/—0>_ 4
[00208] To 1-bromo-2,4-diflucrobenzene (0.02 ml, 0.16 mmol} in THF (0.52 mL) at -

78°C was added n-butyllithium (0.12 mL, 0.18 mmol, 1.6 M in hexanes). After 30 minutes,
feri-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-(5-fluoropicolinoyl)-1H-
benzo[d]imidazole-1-carboxylate (50 mg, 0.10 mmol) m THF (1 mL) was added drop-wise to
the reaction. After 60 minutes, the reaction was warmed, quenched with saturated NH4Clg)
(10 mL}, extracted with ethyl acetate (3 x 10 mL), dried over Na;SO4, and concentrated in
vacuo. To the crude residue in ethanol (3.5 mL) was added hydrochloric acid (0.35 mL, 1.4
mmol, 4 M in 1,4-dioxane) and the mixture was heated to 70°C in a microwave reactor for 45
minutes. Purification by reverse-phase HPLC (40-50% acetonitrile/water with 0.01%
trifluoroacetic acid, Gemini C18 5p) gave the trifluoroacetate salt of 4-((2,6-
difluorophenyl)(5-fluoropyridin-2-yl)(hydroxy)methyl)-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol-2(3H)-one as a white solid,

[06209] CaaHi7FsN4 O3, 467.03 (M+H). "H NMR (400 MHz, ds-acetonitrile) § 8.74 (s,
1H), 8.65 (s, 1H), 8.49 (s, 1H), 7.55 (m, 1H), 6.95 (m, 3I1), 6.70 (s, 1H), 2.35 (s, 3H), 2,22 (s,
3H). "F NMR (377 MHz, ds-acetonitrile) § -77, -107, -131.
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Example 39

4-((2,4-diflnorophenyl)(5-fluoropyridin-2-yl) (hydroxy)methyl)-6-(3,5-dimethylisoxazol-
4-yl)-1H-benzo[d]imidazol-2(3H)-one

5 (00219 In a synthetic process following that described for Example 40, reaction of
tert-butyl 6-(3,5-dimethylisoxazol-4-yl}-2-ethoxy-4-(5-flucropicolinoyl)-1H-indole-1-
~ carboxylate (50 mg, 0.13 mmol) with the organolithium species resulting from metal-halogen
exchange with 1-bromo-2,4-difluorobenzene in diethyl ether gave, after silica gel
chromatography, 4-((2,4-difluorophenyl)(5-fluoropyridin-2-yh)(hydroxy)methyl)-6-(3,5-
10 dimethylisoxazol-4-y1)-1H-benzo[d]|imidazol-2{3H)-one as a white solid.

[00211] CraHyFalN4 O35, 467.1 (M+H). '"H NMR (400 MHz, ds-acetonitrile) & 8.68 (s,
1H), 8.49 (s, 1H), 7.56 (m, 1H), 7.45 (m, 1H), 7.12 (m, 1H), 6.99 -6.89 (m, 3H), 6.50 (s, 1H),
5.56 (s, 1H), 2.29 (s, 3H), 2.12 (s, 3H). "*F NMR (377 MHz, ds-acetonitrile) § -105, -111, -
132.

15
Example 40

4-((3,S-diﬂuorophenyl)(5-ﬂuoropyridin-2~y1)(hydroxy)methyl)-6.—(3,S-dimethylisoxazol—
4-yh)-1H-benzo|d]imidazol-2(3H)}-one

F

-

F

nBull, €10
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[00212] In a synthetic process following that described for Example 40, reaction of
tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-(5-fluoropicolinoyl)-1H-indole-1-
carboxylate (50 mg, 0.13 mmol) with the organolithium species resulting from metal halogen
exchange of 1-bromo-3,5-difluorobenzene in diethyl ether gave, after purification of final
material by reverse-phase HPLC (40-50% acetonitrile/water with 0.01% trifluoroacetic acid,
Gemini C18 5p) the trifluoroacetate salt of 4-((3,5-difluorophenyl)(5-fluoropyridin-2-
yDthydroxy)methyl)-6-(3,5-dimethylisoxazol-4-y1)- 1 H-benzo[d]imidazol-2(3H)-one as a
white solid.

[00213) C24H17F3N403. 467.1 (M+H). 1H NMR (400 MHz, de-DMSO) 6 10.73 (s,
1H), 9.76 (s, 1H), 8.52 (m, 1H), 7.77 (m, 1TH), 7.09 (m, 1H), 6.92.(s, 1H), 6.33 (s, 1H), 2.25
(s, 3H), 2.07 (s, 3H). "°F NMR (377 M¥z, de-DMSO) § -75, -111, -130.

Example 41

4~((2,5-difluorophenyl)(3-fluoropyridin-2-yb (hydroxy)methyl)-6-(3,5-dimethylisoxazol-
4-yI}-1H-benzo]djimidazol-2(3H)-one

[00214] In a synthetic process following that described for Example 40, reaction of
tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-(5-fluoropicolinoyl)-1H-indole-1-
carboxylate (50 mg, 0.13 mmol) with the organolithium species resulting from metal halogen
exchange of 1-bromo-2,5-difluorobenzene in diethyl ether gave after purification of final
material by reverse-phase HPLC (40-50% acetonitrile/water with 0.01% trifluoroacetic acid,
Gemini C18 5p) the triflnoroacetate salt of 4-{(2,5-difluorophenyl)(5-fluoropyridin-2-

- yh(hydroxy)methyl)-6-(3,5-dimethylisoxazol-4-y1)-1H-benzof d}imidazol-2(3H)-one as a

white solid.
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[00215] CoaHpF3N4Os. 466.9 (M+H). "H NMR (400 MHz, ds-DMSO) § 10.74 (s, 1H),
9.87 (s, 1H), 8.48 (m, 1H), 7.75 (m, 1H), 7.64 (m, 111), 7.30 (s, 1H), 7.21-7.07 (m, 3H), 6.86
(s, 1H), 6.38 (s,1H), 2.26 (s, 3H), 2.07 (s, 3H). °F NMR (377 MHz, ds-DMSO) § -76, -114, -
120, -130.

Example 42

6-(3,5-dimethylisoxazel-4-yl)-4-((5-fluoropyridin-2-yh(hydroxy)(2,4,5-
trifluorophenyl)methyl)-1H-bénzo{d]imidazol-2(3H)~one

[00216] In a synthetic process following that described for Example 40, reaction of

tert-butyt 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-(5-fluoropicolinoyl)-1H-indole-1-
carboxylate (50 mg, 0.13 mmol) with the organolithtum species resulting from metal halogen
exchange of 1-bromo-2.4,5-trifluorobenzene in diethyl ether gave, after purification of final
material by reverse-phase HPLC (40-50% acetonitrile/water with 0.-01% trifluoroacetic acid,
Gemini C18 5), the triflucroacetate salt of 6-(3,5-dimethylisoxazol-4-yt)-4-((5-
ﬂuoropyridin-2-y1)(hydroxy)(2,4,5-triﬂuoropheny1)methy1)-1H-benzo[d]imidazol-2_(3H)—one

as a white solid.

[00217] C24H15F4N403. 485.12 (M+H) 1HNMR (400 IV.[HZ, dg.-acetonitrile), 8.69 (S,
1HD), 8.49 (s,1H), 7.59 (m, 1H), 7.13 (m, 1H), 6.98 (s, 1H), 6.52 (m, 1H), 2.29 (s, 3H), 2.13 (s,
3H). “FNMR (377 MHz, ds-acetonitrile) § ~77,-110, -137, -135, -145.
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Example 43

6-(3,5-dimethylisoxazol-4-y)-4-((5-finoropyridin-2-yI)(hy droxy)}(pyrazin-2-ylimethyl)-
1H-benzo|d]imidazol-2(3H)-one

[00218] In a synthetic process following that described for Example 40, reaction of
tert-butyl 6-(3,5~-dimethylisoxazol-4-yl)-2-ethoxy-4-(5-flucropicolinoyl)-1H-indole-1-
carboxylate (50 mg, 0.13 mmol) with the organolithinm species resulting from.
deprotonoation of pyrazine byA LiTMP in THF (using the literature method described in J.
Org. Chem. 1995, 60, 3781-3786.) Following final deprotection, the combined organics were
washed with water (30 mL) and brine (30 mL), and dried over Na2804. Purification by flash
chromatography (0-100% hexanes/ethyl acetate) gave 6~(3,5-dimethylisoxazol-4-yl)-4-((5-
fluoropyridin-2-yl}(hydroxy)(pyrazin-2-yl)methyl)-1H-benzo[ d]imidazol-2(3H)-one as a
white solid.

[00219] C22H17FN603. 433.1 (M-+H). 1H NMR (400 MHz, d3-acetonitrile), 8.88 (s,
1H), 8.56-8.44 (m,3H), 7.72 (m, 1H), 7.61 (m, 1H), 6.97 (s, 1H), 6.57 (m, 1H), 2.29 (s, 3H),
2.13 (s, 3H). "F NMR (377 MHz, ds-acetonitrile) § -130,

Example 44

6-(3,5-dimethylisoxazol-4-yl-4-((5-fiuoropyridin-2-yl)(hydroxy) (6-
(trifluoromethyl)pyridin-2-ylymethyl)-1H-benzo[d]imidazol-2(3H)-one
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Step 1:
CF3
N-—-0O N=— N—-QO
P sr— 0
j-PrivgCL, 1) DMP, DCM
9\0 (s : ﬁ\o OH
N # Phiie AN 2) Boc,0, DIPEA,
O N 0 DMAP, DCM
O [+]
/— /_ CF3
[00220} To isopropylmagpesium chloride (0.63 mL, 1.26 mmol, 2 M in THF) in

toluene (1.4 mL) was added 2-bromo-5-trifluoromethyl pyridine (300 mg, 1.6 mmol) in
toluene (4 mL). After 3.5 hours, the Grignard solution (1.9 mL, 0.8 mmol) was added to tert-
butyl 6-(3,5-dimethylisoxazol-4-yl)-2-cthoxy-4-formyl-1H-indole-1-carboxylate (100 mg,
0.26 mmol) in toluene (9 mL} &t 0°C and the mix{ure was allowed to warm to 20°C. After 16
hours, the reaction was quenched with saturated NH4Claq) (10 mL), extracted with ethyl
écetate (3 x 10 mL), dried over NaySOs, and concentrated in vacuo, The resulting unpurified
product, 100 mg, was treated to oxtdation in 10mL DCM with Dess-Martin periodinane
reagent (154.1 mg, 0.34 mmol). After 15 minutes, the reaction was quenched with saturated
Na8203(aqy (10 mL) and extracted with dichloromethane (3 x 10 mL). The combined
organics were washed with water (30 mL) and brine (30 mL), and dried over Na;SO,.
Parification by flash chromatography (0-50% ethy! acetate/hexane) afforded tert-butyl 6-(3,5-
dimethylisoxazol-4-yl)-2-ethoxy-4-(6-{trifluoromethyl)picolinoyl)-1H-benzo[d |imidazole-1~

carbdxylate (30 mg, 23%) as an amber residue contamminated with unreacted aldehyde.

[60221] CagHasFsN4Os 0 531.0 (M+H).
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Step 2:

[00222] To isopropylmagnesium chloride (1.32 mL, 2.64 mmol, 2 M in THF) in
toluene (4mL) was added 2-bromo-5-fluoropyridine (388 mg, 2.05 mmol) in toluene (1 mL).
After 3.5 hours the Grignard solution (1 mL, 0.65 mmol) was added to tert-butyl 6-(3,5-
dimethylisoxazol-4-yl)-2 ethoxypicolinoyl-1H-benzo[d]imidazole-1-carboxylate (30 mg, 0.13
mmol) in toluene (6 mL) at 0°C and the mixture was aliowed to warm to 20°C. After 16
hours, the reaction was quenched with saturated NH4Cl(ygy (10 mL), extracted with ethyl
acetate (3 x 10 mL), dried over Na;SQO;, and concentrated in vacuo. The resulting residue .
(100 mg) was dissolved in ethanol (3 mL) to which was added hydrochloric acid (0.2 mL, 0.8
mmol, 4 M in 1,4-dioxane). The mixture was heated to 70°C for 0.75 hours and then
concenfrated in vacuo. Purification by reverse-phase HPLC (25-50% acetonitrile/water with
0.01% trifluoroacetic acid, Gemini C18 5p) afforded the TFA salt of 6-(3,5-
dimethylisoxazol-4-y1)-4-((5-fluoropyridin-2-yl)(hydroxy)(6-(irifluoromethyl )pyridin-2-
yhmethyl)-1H-benzo[d]imidazol-2(3H)-one as a light yellow solid.

[00223] Ca4H17F4Ns0;. 500,12 (M-+H). 1TH NMR (400 MHz, d>-acetonitrile) 5 8.82 (s,
1H), 8.76 (s, 1H), 8.45 (d, J=2.7 Hz, 1H), 8.05 (m, 1H), 7.86 (m, 1H), 7.75 (m, 2H), 7.62
(m, 1H), 6.93 (s, 1H), 6.58 (5, 1H), 6.93 (s, 1H), 6.25 (s, 1H), 2.31 (s, 3H), 2.16 (s, 3H). °F
NMR (377 MHz, ds-acetonitrile) 8 -68, -76, -131.
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Example 45

tert-Butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-(hydroxy(5-(trifluoromethyl)pyridin-
2-yDmethyl)-1H-benzo[d]imidazole-1-carboxylate

N=—

[00224] To 2-bromo-5-trifluoromethy! pyridine (200 mg, 0.89 mmol) in THF (4 mL)
at-78°C was added »-butyllithium (0.36 mL, 0.9 mmol, 2.5M in hexanes). After 15 minutes,
tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-formyl-1 H-indole-1-carboxylate (60 mg,
0.16 mmol) in THF (1 mL) was added drop-wise to the reaction. After 60 minutes, the
reaction was warmed, quenched with water (10 mL), extracted'-wiﬂl ethyl acetate (3 x 10
mL), dried over NaySO4, and concentrated in vacuo. Purification of the resulting residue by
flash column (0-50% ethyl acetate/hexanes) afforded 30 mg tert-butyl 6-(3,5-
dimethylisoxazol—4—yi)—2-ethoxy-4-(hydroxy(5-(u‘iﬂuoromethyl_)pyridin-2-y1)methyl}~lH-

benzofd]imidazole-1-carboxylate that was submitted to directly to final deprotection.

[00225] 30 mg (0.056 mmol) tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-
(hydroxy(5-(trifluoromethyl)pyridin-2-yhmethyl)- 1H-benzo[d]imidazole-1-carboxylate was
dissolved in 3 mL ethanol, and hydrochloric acid (0.1 mL, 0.4 mmol, 4 M in 1,4-dioxane)
was added. The mixfure was heated to 70°C for 0.5 hours and then concentrated in vacuo.
Purification by reverse-phase HPLC (25-50% acetonitrile/water with 0.01% trifluoroacetic
acid, Gemini C18 5p) afforded the TFA salt of 6-(3,5-dimethylisoxazol-4-yl})-4-(hydroxy(5-
(triflnoromethyl)pyridin-2-yDmethyl)-1 H-benzo[ dJimidazol-2(3H)-one as a light yellow
solid.

[00226) C19H15F3IN4O3. 405.1 (M-+H). 1H NMR (400 MHz, d3-acetonitrile) § 8.91
(s, 1H), 8.76 (s, 1H), 8.3 (s, 1H), 7.98 (4, = 8.1, 1H), 7.70 (d, J = 8.1, 1H), 6.71 (m, 2H),
5.98 (s, TH), 2.24 (s, 3H), 2.08 (s, 3H). '°F NMR (376 MHz, d;-acetonitrile) & -63.45, -74.7.
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Example 46

6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(pyrrolidin-2-yl)methyl)-1H-benzo{d}imidazol-

2(3H)-one
Da
yo
T;I'-O N I‘;J—O N
; o3 / $
sec-Buli
o y TMEDA 4Ol
%O)\N 2Me-THF W) N EIOH o y
=N G = oH
o% 0>d o JNH - OH :
) ) ¢

[00227] N-Boc-pyrrolidine (150mg, 0.39 mmol) and TMEDA (0.2 mL, 158 mg, 1.36

mmol) was dissolved in dry MeTHF (2.6 mL) under Ar and cooled to -78 °C. Sec-BuLi
(1.4M, 0.97 mL, 1.36 mmeol}) was added dropwise and the reaction was allowed to stir at -78
°C for 40 mins. tert-butyl 6—(3,S—dinlethylisoxazo1—4—y1)-2—ethoxy—4—f0rmyl—1H-
benzo[d]imidazole-1-carboxylate (150 mg, 0.39 mmol) was dissolved in MeTHF (0.5 mL)
and added dropwise via syringe to the reaction and allowed to stir at -78 °C for 10

minutes, The reaction was quenched with water and extracied three times with EtOAc,
combined organic layers were washed once with brine, concentrated, and purified by reverse-
phase HPLC to give tert-butyl 2-((6-(3,5-dimethylisoxazol-4-y1)-2-¢thoxy-1H-
benzo[d]imidazol-4-y)(hydroxy)methyl)pyrrolidine-1-carboxylate (53 mg, 30%) as a white
powder. The solid (50 mg, 0.11 mmol} was dissolved in EtOH (5 ml) and HCI (1 mL) and
heated for 12 hours at 65 °C. The reaction was cooled and concentrated to afford the desired

product as a white powder,

[00228] C17H3oN40; 329.3 (M+1). '"H NMR (400 MHz, DMSO-d6) & 10.93 (s, 2H),
10,83 (d, T = 11.8 Hz, 2H), 9.07 (s, 2H), 8.47 (s, 15, 7.03 (d,J = 1.5 Hz, 1H), 6.99 (s, 1H),
6.86 (s, TH), 6.84 (d, T = 1.6 Hz, 1H), 6.38 (d, J = 4.0 Hz, 1H), 6.10 (d, J = 4.2 Hz, 1H), 5.28
(s, 1H), 4.98 (s, 1H), 3.70 (d, T = 7.6 Hz, 1H), 3.25 — 3.07 (m, 4H), 2.39 (s, 3H), 2.38 (s, 2D,
2.21 (s,3H), 2.20 (s, 2H), 1.96 (q, J = 7.4 Hz, 3H), 1.86 (s, 2H), 1.77 (s, 2H), 1.67 (s, 1H).

(1:1.4 mixture of diastereomers)
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Example 47

4-(3-cyclopropyl-1-hydroxy-1-(pyridin-2-yl)propyl)-6-(3,5-dimethylisoxazol-4-y1)-1H-
benze|dfimidazol-2 (3H)-one
N-O

(~

OH N—
HN N\ /

)«—NH

0

[00229] Magnesium metal (39.0 mg, 2.0 mmol} and iodine (one crystal) was taken up

in dry diethyl ether (1.2 mL} and (2-bromoethyl)cyclopropane (200 mg, 1.3 mmol) was added

dropwise until iodine color faded. The remainder was then added dropwise over 15 minutes
to-maintain a gentle reflux and then cooled to 0 °C. (2-cyclopropylethyl)magnesium bromide
(1.1 M, 0.38 mL, 0.41 mmol) was added to a cooled (0 °C) solution of (6-(3,5-
dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[ dJimidazol-4-y[)(pyridin-2-yl)methanone (50 mg,
0.14 mmol) 1 dry THF (1.0 mL) under argon and allowed to stir for 10 minutes. The
reaction was quenched with water, extracted three times with EtOAc, and combined organic
layers were concentrated and purified by reverse-phase HPLC to give 3-cyclopropyl-1-(6-
(3,5-dimethylisoxazol-4-yI)-2-cthoxy-1 H-benzo| dJimidazol-4-y1)-1-(pyridin-2-yl)propan-1-ol
intermediate. The intermediate was taken up in EtOH (1.5 mL) and 0.2mL concentrated HCI
and heated to 65 °C for 2 hours and concentrated to afford the desired product as a white

powder.

[00230] Co3HpuNgO; 405.2 (M+1). "H NMR (400 MHz, Methanol-d4) 3 8.73 (ddd, J =
5.8, 1.6, 0.7 Hz, 1H), 8.43 (1d, ] =18.0, 1.6 Hz, 1H), 8.09 (dt, J = 8.2, 1.0 Hz, 1H), 7.87 (ddd, J
=17.4,5.7, 1.2 Hz, 1H), 7.13 (@, I = 1.5 Hz, 1H), 6.96 (d, J = 1.4 Hz, 1H), 2.68 (ddd, J = 10.6,
8.6, 5.1 Hz, 2H), 2.40 (s, 3H), 2.23 (s, 3H), 1.37 (ddd, T=11.8, 7.2, 4.7 Hz, 1H), 1.26 - 1.13
(m, 1H), 0.76 — 0.66 (m, 1H), 0.43 (ddt, T = 8.7, 5.4, 2.4 Hz, 21T}, 0.06 — -0.05 (m, 2H).
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Example 48

6-(3,5-dimethylisoxazol-4-yl)-4-(2-ethyl-1-hydroxy-1-(pyridin-2-yhbutyl)-18-
benze[dlimidazol-2(3H}-one
N-O
{~
OH N=

LB QW

[00231] (6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[d)imidazol-4-yl)(pyridin-
2-yhmethanone (50 mg, 0.14 mmol} was dissolved in dry THF (1.4 mL) and cooled to 0 °C.
Pentan-3-ylmagnesium bromide (2.0 M, 0.21 mL, 0.41 mmol) was added dropwise and the
reaction was allowed to stir for 10 mins and then quenched with water. Reaction was
exiracted three times with BtOAc¢ and combined organic layers were washed once with water,
concentrated, and purified by reverse-phase HPLC to give 1-(6-(3,5-dimethylisoxazol-4-y}-
2-ethoxy-1H-benzo[dJimidazol-4-y1)-2-ethyl-1-(pyridin-2-yl)outan-1-ol intermediate. The
intermediate was taken up in EtOH (1.5 mL) and 0.2mL concentrated HCI and heated to 65

°C for 2 hours and concentrated to afford the desired product as a white powder,

[00232] Co3HagN403 407.3 (M+1). 'H NMR (400 MHz, Methanol-d4) § 8.78 (d, J =
5.6 Hz, 1H), 8.54 (t, 7=17.6 Hz, 1H), 8.23 (d, T = 7.8 Hz, 1H), 7.98 (t, J = 6.4 Hz, 1H), 7.21
(d,7=1.2 Hz, 1H), 6.97 (d, T = 1.1 Hz, 1H), 2.71 (s, 1H), 2.41 (s, 3H), 2.25 (s, 3H), 1.88 —
1,76 (m, 1H), 1.59 — 1.29 (i, 3H), 1.09 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.5 Hz, 3H),
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Exampie 49

4-((2,6-diflucrophenyl)(hydroxy)(pyrazin-2-yl)methyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[djimidazol-2(3H)-one

F;i-'o I}J"O
7 1. 1,3difluorcbenzene, #
n-BuLi, THF F 1. LITMP, pyrazine, THF
2. DMP, DCM 0 O 2. HCIEWOH
Boc-p H Boc-p
>«*=N 0 YN 0 F
) )

100233] n-BulLi (0.58 mL, 0.93 mmol) was added dropwise to a solution of 1,3-
difluorobenzene (0.102 mL, 0.1 mmol} in THF (5 mL) cooled to -78 °C and allowed to stir
for 1 hour. tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-formyl-1H-
benzo[d]imidazole-1-carboxylate (200 mg, 0.52 mmol} in in THF was added and the reaction
was allowed to stir for 5 mins at -78 °C, quenched with ammonium chloride, extracted with
EtOAc and concentrated. The crude was then taken up in DCM (2 mL}, Des-Martin
periodinane (290 mg, 0.78 mmol) was added and the reaction was allowed to stir for 15 mins.
The reaction was quenched with sat. Na2S203, extracted with EtOAc, concentrated and
purified by silica gel chromatography to give tert-butyl 4‘-(2-,6-diﬂu01;obenzoyl)-6-(3,S-
dimethylisoxazol-4-yl)-2-ethoxy-1 H-benzol d]imidazole-1-carboxylate.

[00234] n-Buli (0.21 mL, 0.33mmel) was added dropwise to a solution of 2,2,6,6-
tetramethylpiperidine (0.06 mL, 0.33mmol) in THF (0.7 mL} at 0°C and was allowed to stir
for 5 minutes. Pyrazine (24 mg, 0.3 mmol) in THF (0.4 mL) was added and the reaction was
stirred for an additional 5 minutes and then cooled to -78 °C. {ert-butyl 4-(2,6-
diffuorobenzoyl)-6-(3,5-dimethylisoxazol-4-y)-2-sthoxy-1H-benzo[d]imidazole-1-
carboxylate (50 mg, 0.10 mmol) in THF (0.4 mL) was added, the solution was allowed {o stir
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for 5 minutes and then quenched with water. Solution was extracted three times with EtOAc,
washed once with brine and concentrated. Crude was purified by reverse-phase HPLC and
then taken up in EtOH (3 mL} and HCI (0.1 mL) and heated to 65 °C for 2 hours. Reaction

was cooled and concentrated to afford desired product as a pale brown powder.

[00235] CasHaiFaNsO5 478.5 (M+1), 'H NMR (400 MHz, Methanol-d4) § 9.02 (s,
1H), 8.57 (d, T=26.1 Hz, 2H), 7.44 (tt, ] = 8.3, 5.9 Hz, 1H), 7.02 ~ 6.89 (m, 4H), 2.33 (s,
3H), 2.16 (s, 3H).

Example 50

4-((2,6-difluorophenyl)(hydroxy)(pyridazin-3-ylymethyl)-6-(3,5-dimethylisoxazol-4-y1)-
1H-benzo[d]imidazol-2(3H)-one

[00236] The following compound was made in a similar fashion as that of Example 49,

but using pyridazine instead of pyrazine.

[00237] CasHoFsNsOy 478.5 (M+1). 'H NMR (400 MHz, Methanol-d4) § 9.48 (s,
1H), 8.88 — 8.81 (m, 1H), 8.42 (dd, T = 8.7, 5.0 Hz, 111), 7.54 (tt, T = 8.4, 6.1 Hz, 1H), 7.05
(dd, T = 10.6, 8.6 Hz, 2H), 6.98 (d, ] = 1.5 Hz, 1H), 6.91 — 6.87 (m, 1H), 2.32 (s, 3H), 2.15 (s,
3H).
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Example 51,
Example 52, and
Example 53

6-(3,5-dimethylisoxazol-4-yl)-4-((5-fluoropyridin-2-yl)(hydroxy)methyl)-1H-
5 benzo|d]imidazol-2(3H)-one;

6-(3,5-dimethylisoxazol-4-yh}-4-((5-fluoropyridin-2-yD) (hydroxy)(2,4,6-
trifluorophenyl)methyl)-1H-benzo[d]imidazol-2(3H)-one;

and

6-(3,5-dimethylisoxazol-4-yl)-4-(fleorobis(5-fluorepyridin-2-yl)methyl)-1H-

10 benzo[dlimidazol-2(3H)~0ne
F.
Mz N-Q Br.
o - I,
-PrigCl, 1) DMP, DCM n-Bult, ELO
——————————e (+] B e
Biibe S " 2) Boc,0, DIPEA, ®  2)Hal, EtoH
¥=N A, DMAP,DCM
0 e )
F F [
D e pr
HG:, EIOH -PrgCl, Phive
23 HCI, EtOH
_DAST. DM
[00238] To isopropylmagnesium chloride (0.63 mL, 1.26 mmol, 2 M in

tetrahydrofuran) in toluene (1.4 mL) was added 2-bromo-5-fluoropyridine (184.6 mg, 1.05

mmol) in toluene (0.48 mL}. After 3.5 hours, the Grignard solution (1.9 mL, .65 mmol) was
15 added to fert-butyl 6-3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-formyl-1H-indole-1-carboxylate

(62.2 mg, 0.16 mmol) in tetrahydrofuran (9 ml.) at 0°C and the mixture was allowed to warm

fo 20°C. After 16 hours, the reaction was quenched with saturated NH4Cl{aq) (10 mL),

extracted with ethyl acetate (3 x 10 mL), dried over Na2S04, and concentrated in vacuo.

Purification by flash chromatography (0-50% ethyl acetate/hexane) afforded tert-butyl 6-(3,5-
20  dimethylisoxazol-4-y1)-2-ethoxy-4-((5-fluoropyridin-2-yl} hydroxy)methyl)-1H-

benzo[dJimidazole-1-carboxylate as a yellow residue.
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[00239] To tert-butyl 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-((5-fluoropyridin-2-
yhy(hydroxy)ymethyl)-1H-benzo[ djimidazole-1-carboxylate (41.2 mg, 0.09 mmol) in ethanol
(5 mL) was added hydrochloric acid (0.66 mL, 2.64 mmol, 4 M in 1,4-dioxane). The mixture
was heated to 60°C for 6 hours and then concentrated in vacuo. Purification by reverse-phase
HPLC (25-50% acetonitrile/water with 0.01% trifluoroacetic acid, Gemini C18 5p) afforded
6-(3,5-dimethylisoxazol-4-yl)-4-((5-fluoropyridin-2-yl)(hydroxy)methyl)-1H-

benzo[djimidazol-2(3H}-one as a white solid.

[00240] CigH)sFN4O3. 335.03 (M+1). "H NMR (400 MHz, DMSO-dg) 8 10.73 (s, 1H),
10.70 (s, 1H), 8.45'(d, J = 2.9 Hz, 1H), 7.80 (dd, T = 8.7, 4.7 Hz, 1H), 7.73 (td, ] = 8.8, 2.9
Hz, 1H), 6.81 (d, ] = 1.6 Hz, 1H), 6.74 (d, ] = 1.5 Hz, 1H), 6.03 (s, 1), 2.31 (s, 3H), 2,12 (s,
3H). 19F NMR (376 MHz, DMSO-d6) § -76.42, -131.97.

[00241] To tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-{(5-fluoropyridin-2-
yl)(hydroxy)methyl)—lH-benzo[d]imidazoleQl-carboxylate (57 mg, 0.12 mmol) in
dichloromethane (6 mL) was added Dess-Martin periodinane (154.1 mg, 0.34 mmol). After
15 minutes, the reaction was quenched with saturated Na25203(aq) (10 mL) and extracted

with dichloromethane (3 x 10 mL). The combined organics were washed with water (30 mL)

~and brine (30 mL), and dried over Na2S04. To the crude solution was added N,N-

diisopropylethylamine (0.05 mL., 0.26 mmol), 4-(dimethylamino)pyridine (6.8 mg, 0.05
mmol), and di-fert-butyl dicarbonate (120.9 mg). After 90 minutes, the reaction mixture was
washed with water (2 x 30 L)), dried over Na;SQ4, and concentrated in vacuo. Purification
by flash chromatography (0-50% ethy] acetate/hexane) afforded ‘ert-butyl 6-(3,5-
dimethylisoxazoi-4-yl)-2-ethoxy-4-(5-fluoropicolinoyl)-1 H-benzo[ d]imidazole-1-carboxylate

as an amber residue,

[00242} To 1-bromo-2,4,6-trifluorobenzene (0.02 ml, 0.16 mmol) in diethyl ether (0,52
ml.} at -78°C was added »n-butyllithiom (0.12 mL, 0.18 mmol, 1.6 M in hexanes). Afier 30
minutes, fert-butyl 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-(5-fluoropicolinoyl)-1H-
benzo[d]imidazole-1-carboxylate (50 mg, 0.10 mmol) in diethyl ether (1 mL) was added
drop-wise to the reaction, After 60 minutes, the reaction was warmed, quenched with
saturated NHsClgy (10 ml), extracted with ethyl acetate (3 x 10 mL), dried over NaySOq,
and concentrated in vacuo. To the crude residue in ethanol (3.5 mL) was added hydrochloric
acid (0.35 mL, 1.4 mmol, 4 M in 1,4-dioxane) and the mixture was heafed to 70°Cina

mictowave reactor for 45 minutes, Purification by reverse-phase HPLC {(40-50%
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acetonittile/water with 0.01% trifluoroacetic acid, Gemini C18 5p) afforded 6-(3,5-
dimethylisoxazol-4-yl)-4-((5-fluoropyridin-2-yl)(hydroxy)(2,4,6-trifluorophenyl)methyl)- 1 H-
benzoldlimidazol-2(3H)-one as a white solid.

[00243] CouHi6F4NyOs. 485,12 (M+1). "H NMR (400 MHz, chioroform-d) § 9.40 (s,
1H), 9.18 (s, 1H), 8.48 (d, I = 2.7 Hz, 1H), 7.40 (td, T = 8.3, 2.8 Hz, 1H), 7.15 (dd, ] = 8.8,
4.2 Hz, 1H), 6.99 (s, 1H), 6.68 - 6.56 (m, 3H), 2.31 (s, 3H), 2.16 (s, 3H). 19F NMR (377
MHz, chloroform-d) § -76.51, -102.54 - -103.06 (m), -106.62 (p, J = 7.9 Hz), -127.18 (dd, T
=73,3.8 Hz).

[00244] To isopropylmagnesium chloride (0.34 mi, 0.57 mmol, 2 M in
tetrahydrofuran) in toluene (0.26 mL) was added 2-bromo-5-fluoropyridine (100 mg, 0.57
mmol) in toluene (0.78 mL). After 4 hours, the Grignard solution (1.2 mL, 0.47 mmol) was
added to tert-butyl 6-(3,5-dimethylisoxazoi-4-y1)-2~ethoxy-4-((5-fluoropyridin-2-
yl)(hydroxy)rﬁethyl)-1H—benzo[d]imidazole-1 -carboxylate (57 mg, 0.12 mmol) in
tetrahydrofuran (6 mL) at 0°C. After 60 minutes, the reaction was quenched with saturated
NEH;Claqy (10 mL), extracted with ethyl acetate (3 x 10 mL), dried over Na,SOy, and
concentrated in vacuo. To the crude dissolved in ethanol (2.5 mL) was added hydrochioric
acid (0.29 mL, 1.17 mmol, 4 M in 1,4-dioxane) and the mixture was heated to 70°C in a
microwave reactor for 45 minutes. Purification by reverse-phase HPLC (30-45%
acctonitrile/water with 0.01% trifluoroacetic acid, Gemini C18 5u) afforded 4~(bis(5-
fuoropyridin-2-yl)thydroxy)methyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo| d|imidazol-
2(3H)-one as a white solid.

[00245} CsHi7FaNs0s, 450.11 (M+1). 'H NMR (400 MHz, DMSO-dg) § 10.72 (s,
1H), 9.75 (s, 1H), 8.52 — 8.48 (m, 2H), 7.74 (td, J = 8.8, 2.9 Hz, 2H), 7.63 (dd, I = 8.9, 4.7
Hz, 2H), 6.84 (d, T = 1.2 Uz, 1H), 6.45 (d, J = 1.3 Hz, 1H), 2.27 (s, 3H), 2.08 (s, 3H). F
NMR (376 Mz, DMSO-dy) § -75.01, -130.07 (dd, J = 8.8, 4.4 Hz).

[002446] To 4-(bis(5-flnoropyridin-2-yD(hydroxy)methyl)-6-(3,5-dimethylisoxazol-4-
yl)-1H-benzo[d]imidazol-2(3H)-one (10.4 mg, 0.02 mmol) in dichloromethane (2.3 mL)
added (diethylamino)sulfur trifluoride (9.15 pl, 0.07 mmol) and stirred for 60 minutes before
adding more (diethylamino)sulfur trifluoride (0.01 ml, 0.07 mmol). After 60 minutes from the
second addition, the reaction was poured into saturated NaHCOu,q (5 mL), the layers were

separated, and the aqueous was extracted with dichloromethane (2 x 5 mL). The combined
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organics were dried over Na,SO4 and concentrated in vacuo. Purification by reverse-phase
HPLC (25-75% acetonitrile/water with 0.01% trifluoroacetic acid, Gemini C18 5p) afforded
6-(3,5-dimethylisoxazol-4-yl)-4-(fluorobis(5-fluoropyridin-2-yl)methyl)- 1 H-
benzo[dJimidazol-2(3H)-one as an off-white solid.

[00247) CoaHy6FsNsOn. 452.05 (M+1). 'H NMR (400 MHz, DMSO-dg) & 10.85 5,
1H), 10.35 (s, 1H), 8.55 (d, ] = 2.9 Hz, 2H), 7.82 (td, T = 8.6, 2.9 Hz, 2H), 7.64 (dd, I=8.8,
4.4 Hz, 25D, 6.92 (s, TH), 6.40 (s, 1H), 2.27 (5, 3H), 2.07 (s, 3H). '’F NMR (376 MHz,
DMSO-dy) § -74.14, -127.97 (dt, J= 8.3, 4.0 Hz), -136.81.

Example 54

4-((5-chloropyridin-2-yl)(hydroxy)(pyridin-2-yl)methyl)-6-(3,5-dimethylisoxazol-4-yl)-
1H-benzo[d]imidazol-2(3H)-one

N—O Nz N—O N
"/ ”Br*@*f:l 4 P 1) Br—@
n-BuLi;, Phie n-Buli, THF
[a} B i O
- #° 2) DMP, DCM P © 2) HC, EtOH
o] )”-‘N o’ =N
/—Q fO
G
{00248} To 2-bromo-5-chloropyridine (55.42 mg, 0.29 mmol) in toluene (1 mL) at -

78°C was added n-butyllithium (0.41 m¥, 0.65 mmol, 1.6 M in tetrahydrofuran), After 60
minutes, fert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-formyl-1H-indole-1-carboxylate
(100 mg, 0.26 mmol) in toluene (0.3 mL) was added drop-wise to the reaction. After 60
minutes, the reaction was warmed, quenched with saturated NH4Cliagy (10 mL), extracted
with ethyl acetate (3 x 10 mL), dried over Na,; SOy, and concentrated in vacuo, The crude
material was dissolved in dichloromethane (6 mL} and Dess-Martin periodinane (143.06 mg,
(.34 mmo)) was added. After 10 minutes, the reaction was quenched with saturated
NaS203¢aq) (10 mL) and extracted with dichloromethane (3 x 10 mL). The combined
organics were washed with water (30 mL) and brine (30 mL), dried over NapSO4, and
concentrated in vacuo. Purification by flash chromatography (0-50% ethyl acetate/hexanes)
afforded tert-butyl 4-(5 -chloropicoiinoyl)-é—(3,5-dirnethylisoxazo1—4—y1)—2—ethoxy— 1H-

benzofd]imidazole-1-carboxylate as an yellow residue.
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100249] To 2-bromopyridine (0,02 ml, 0.2 mmol} in tetrahydrofuran (4 mL) at -78°C
was added »-butyllithium (0.15 mL, 0.24 mmol, 1.6 M in hexanes). After 30 minutes, fer-

butyl 4-(5-chloropicolinoyl)-6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-1H-benzo[d}imidazole-

1-carboxylate (33 mg, 0.07 mmol} in tetrahydrofuran (1 mL) was added drop-wise to the
reaction. After 30 minutes, the reaction was warmed, quenched with saturated NH4Clgg) (10
mlL), exiracted with ethyl acetate (3 x 10 mL), dried over Na,SO4, and concentrated in vacuo.
To the crude residue in ethanol (3 mL) was added hydrochloric acid (0.17 mL, 0.66 mmol, 4
M in 1,4-dioxane) and the mixture was heated to 70°C in a microwave reactor for 45 minutes.
Purification by reverse-phase HPLC (23-40% acetonitrile/water with 0.01% trifluoroacetic
acid, Gemini C18 5y) afforded 4-((5-chloropyridin-2-yl)(hydroxy)(pyridin-2-yl)methyl)-6-
(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2 (3H)-ong as an off-white solid.

[00250] CosHigCIN50s. 448.22 (M+1). 'H NMR (400 MHz, DMSO-d) & 10.78 (s,
1H), 9.90 (s, 1H), 8.62 — 8.53 (m, 2H), 8.04 — 7.96 (m, 2H), 7.66 (dd, J=8.2, 5.2 Hz, 2H),
7.53 = 7.45 (m, 1H), 6.87 (d, /= 1.1 Hz, 1H), 6.4 (d, J = 1.6 Hz, 1H), 2.27 (s, 3H), 2.07 (s,
3H). '

Example 55

4-(bis(5-chloropyridin-2-yl)(hydrexy)methyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo|djimidazol-2(3H)-one

[00251] The following analog was prepared in the same fashion as 4-((5-chioropyridin-
2-yl)(bydroxy)(pyridin-2-ylymethyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-
2(3H)-one by substituting 2-bromo-5-chloropyridine for 2-bromopyridine.

4-(bis(5-chioropyridin-2-yl)(hydroxy)methyl)-6-(3,5-dimethylisoxazol-4-yl)-111-
benzo[d]imidazol-2(3H)-one as an off-white solid.
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[00252] CasH7CLN5O3. 482,29 (M+1). 'H NMR (400 MHz, DMSO-dg) & 10.81 (s,
1H), 9.85 (s, 111), 8.59 — 8.52 (m, 2H), 8.48 (d, /= 3.3 Hz, 1H), 8.01 (dd, J= 8.3, 2.5 Hz,
1H), 7.77 (d, J= 8.6 Hz, 1H), 7.18 (d, J = 5.0 Hz, 1H), 7.06 (s, 1H), 6.88.(d, J = 1.1 Hz, 1H),
6.34 (d, J = 1.5 Hz, 1H), 2.25 (s, 3H), 2.05 (s, 3H).

Example 56

6~(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(pyrazin-2-yl)(2,4,6-trifluorophenyl)methyl)-
1H-benzo[d]imidazol-2(3H)-one

?rwo 1y A= N—O 1Br)i>\
A~ U VA

LTMP, THF n-Buli, Et,O
ra — P .
Ju #7  2) DMP, DCM 0)\,\, - 2) HO), EtOH
e N
/—0 /-O. N“\\)
(02531 To 2,2,6,6-tetramethylpiperidine (0.27 mL., 1.56 mmol) in tetrahydrofuran (16.
[

mL) at -78°C was added »-butyllithium (0.97 mL, 1.56 mmol, 1.6 M in hexanes). Afier 5
minutes, the reaction was warmed to 0°C. After stirring for 30 minutes, the reaction was
cooled to -78°C, and pyrazine (137 mg, 1.69 mmol) in tetrahydrofuran (3.3 mL) and tert-
butyl 6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-formyl-1H-indole-1-carboxylate (498 mg, 1.3.

mmol) in tetrahydrofuran (2.6 mL) were added simultaneously in a drop-wise manner. After

stirring for 60 minutes, the reaction was quenched with saturated NHsClgg) (10 mL),
extracted with ethyl acetate (3 x 10 mL), dried over Na;SO4, and concentrated in vacuo.
Purification by flash chromatography (0-100% ethyl acetate/hexane) afforded ferz-butyl 6-
(3,5-dimethylisoxazol-4-yl)-2-ethoxy-4-(hydroxy(pyrazin-2-yl)methyl)-1H-
benzo[d]imidazole-1-carboxylate. To fert-butyl 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-
(hydroxy(pyrazin-2-yl)methyl)- 1H-benzo[dJimidazole-1-carboxylate (50 mg, 0.11 mmol) in
dichloromethane (2.5 mL) was added Dess-Martin periodinane (72.4 mg, 0.16 mmol). After
15 minutes, the reaction was quenched with saturated Na»SyOagq) (10 mL) and extracted with
dichloromethane (3 x 10 mL), dried over NaySO4, and concentrated in vacuo. Purification by
flash chromatography (0-100% ethyl acetate/hexanes) afforded fert-butyl 6-(3,5-
dimethylisoxazol-4-y1)-2-ethoxy-4-(pyrazine-2-carbonyl)-1H-benzo[djimidazole-1-

carboxylate as a vellow oil.
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[00254] To 1-bromo-2,4,6-trifluorobenzene (C.01 ml, ¢.12 mmol) in diethyl] ether (0.5
mlL,) at -78°C was added #-pugiitiom (0.13 mL, 0.14 mmol, 1.6 M in hexanes). After 30 tert-
butyl 6-(3,5-dimethylisoxazol-4-y1)-2-ethoxy-4-(pyrazine-2-carbonyl)-1H-
benzo[dlimidazole-1-carboxylate (36.6 mg, 0.08 mmmol) in diethyl ether (1 mL) was added
drop-wise to the reaction. After 90 minutes, the reaction was warmed, quenched with
saturated NH4Cliagy (10 mL), extracted with ethyl acetate (3 x 10 mL), dried over NaySOs,
and concentrated in vacuo. To the crude residue in ethanol (1.5 mL) was added hydrochloric
acid (0.20 mL, 0.79 mmol, 4 M in 1,4-dioxane) and the mixture was heated to 70°C in a
microwave reactor for 45 minutes. Purification by reverse-phase HPL.C (35-50%
acetonitrile/water with 0.01% trifluoroacetic acid, Gemini C18 5u) afforded 6-(3,5-
dimethylisoxazol-4-yl}-4-(hydroxy(pyrazin-2-y1}(2,4,6-trifluorophenylimethyl)-1H-
benzo[d]imidazol-2(3H)-one as a pale yellow solid.

[00255] Cp3H ¢F3N:05. 468.09 (M+1). 'H NMR (400 MHz, DMSO-ds) 8 10.74 (s,
1H), 9.89 (s, 1H), 9.12 (d, /= 1.2 Hz, 1H), 8.60 — 8.49 (m, 2H), 7.39 (s, 1H), 7.10 (t, /= 9.7
Hz, 2H), 6.83 — 6.77 (m, 1H), 6.63 (d, J = 1.3 Hz, 1H), 2.28 (s, 3H), 2.00 (s, 3H). "F NMR
(377 MHz, DMSO-dg) § -74.73,-100.62 (t, / = 9.1 Hz), -108.90 (p, J = 8.8 Hz).

Example 57

6-(3,5-dimethylisoxazol-4-yl)-4-(1-methyl-4-phenyl-1H-pyrazol-5-yl)-1H-
benzoldlimidazol-2(3H)-one

Step 1:_I-Methyl-4-phenyl-5-(4.4.5,5-tetramethyl- 1,3.2-dioxaborolan-2-yl)-1H-pyrazole

o P Dt
B-B 0. .0

Br o ©° B
.

N d NT
= | —nN
Pd{dpphHCl,, KOAC
1,4-dioxane, 100°C
106256} 5-bromo-1-methyl-4-phenyl-1H-pyrazole (87 mg, 0.37 mmol) and 3,5-

Dimethylisoxazole-4-boronic acid pinacol ester (373 mg, 1.47 mmol) was added to a 1,4~

dioxane (2 ml). To the above mixture were added Pd(dppD)Cl; (27 mg, 0.037 mmol) and
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potassium acetate (181 mg, 1.85 mmol). The reaction mixture was heated at 100°C for 2h.
The reaction mixture was then diluted with EtOAc (100 ml), washed with bring (50miX2).
The organic solvent was evaporated and the residue was dissolved in DCM and purified with
combi-flash column chromatography (product came out at 45% FtOAc/Hexane) to afford
141mg product 1-methyl-4-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-

pyrazole.
[00257] C16H21BN202. 285.3 (M+1).

Siep 2: Preparation of 4-(2-cthoxy-4-(1-methyl-4-phenvl-1H-pyrazol-5 ~yD-1H-

benzo[dlimidazol-6-y1)-3,5-dimethylisoxazole

o-N B
X T
ini
HN ! -
=N PEPPSHpr, Cs,CO3
0) DME/H,0, 130°C
[00258] 4-(2-ethoxy-4-iodo-1H-benzo[djimidazol-6-yl}-3,5-dimethylisoxazole (100

mg , 0.26 mmol) and 1-methyl-4-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole (37 mg, 0.13 mmol) was added to a solvent mixture of 1,2-dimethoxyethane (2 ml)
and water (1 ml). To the above mixture were added PEPPSI-Ipr (18 mg, 0.026 mmol) and
CsCOs (127 mg, 0.39 mmol). The reaction mixture was heated at 130°C in microwave reactor
for 30mins. The reaction mixture was then filtered and organic solvent was evaporated and
the residue was purified with Prep HPLC (0-100% CH3CN/H;0) to afford 8 mg product 4-(2-
ethoxy-4-(1-methyl-4-phenyl-1H-pyrazol-5-yl)-1H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole.

[00259] CoqHasNsOy. 414.5 (M+1),
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Step 3:
HCI
—_—
Dioxane, 60°C
[00260] 4-(2-ethoxy-4-(1-methyl-4-phenyl-1H-pyrazol-5-y1)-1H-benzo[ dlimidazol-6-

5 yb-3,5-dimethylisoxazole (8mg, 0.019 mmol) was dissolved in dioxane (0.5 ml), to the
solution was added concentrated HC1 (0.1 ml), heated at 600C for 2h. Solvent was evaporated
and the residue was purified with Prep HPLC (0-100% CH3CN/H20) to afford 2 mg product
6-(3,5-dimethylisoxazol-4-yl}-4-(1-methyl-4-phenyl-1H-pyrazol-5-yl)-1H-benzo[ d]imidazol-
2(3M)-one.

10 [00261] C22HI9N502. 386.2 (M+1). 1H NMR (400MHz, CD30D) § 8.20 (s, 1H),
7.91 (s, 1H), 7.64 (4, J = 7.6 Hz, 2IL), 7.55 (d, T = 7.6 Hz, 2H), 6.94 (s, 1), 6.86 (s, L H), 3.87
(s, 3H), 2.39 (s, 3H), 2.22 (s, 3H).

Example 58

15 6-(3,5-dimethylisoxazol-4-y)-4-(4-methyl-1-phenyl-1H-pyrazol-5-yl)-1H-
benzo{d]imidazol-2(3H)-one

Br

Z_Z

Q
7 Q
.

HN N
PEPPSI-Ipr, C5,C05 /}-NH N-N
DME/HL0, 130°C o]
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[00262] 6-(3,5-dimethylisoxazol-4-y1)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-
1H-benzo[d]imidazol-2(3H})-one (30 mg , 0.084 mmol) and 5-bromo-4-methyl-1-phenyl-1H-
pyrazole (30 mg, 0.13 mmol) was added to a solvent mixture of 1,2-dimethoxyethane (2 ml)
and water (1 'ml). To the above mixture were added PEPPSI-Ipr (5.4 mg, 0.008 mmol} and
Cs2CO03 (83 mg, 0.25 mmol). The reaction mixture was heated at 1300C in microwave
reactor for 30mins. The reaction mixture was then filtered and organic solvent was
evaporated and the residue was purified with Prep HPLC (0-100% CH3CN/H20) to afford
3.9 mg product 6-(3,5-dimethylisoxazol-4-yl)-4-(4-methyl-1-phenyl-1H-pyrazol-5-y1)-1H-
benzo[djimidazol-2(3H)-one (yield = 12%).

[00263] C22H19N502. 386.3 (M+1). 1H NMR (400MHz, CD30D) § 8.10 (s, 1H),
7.77 (4, T = 8.0 Hz, 2H), 7.42 (1, I = 8.0 Hg, 2H), 7.23-7.22 (m, 2H), 6.94 (s, 1H), 2.37 (s,
3H), 2.29 (s, 3H), 2.21 (s, 3H).

[00264] The following compounds were made in similar fashion as that of Example
58.

Example 59

6-(3,5-dimethylisoxazol-4-yl)-4-(4-methyl-1-phenyl-1H-pyrazol-3-yl)- 1 H-
benzo|dlimidazol-2(3H)-one

100265 CoHioNs0O,. 386.1 (M+1). "H NMR (400MHz, CD;0D) § 7.98 (s, 1H), 7.73
(d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.48 (s, 1H), 6.94 (s, 1H), 6.90 (s, 1H), 2.34 (s,
3H), 2.19 (s, 3H), 2.10 (s, 3H).
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Example 60

4-(1,4-dicyclopropyl-1H—pyrazol-3-yl)-6-(3,S—dimethyiisoxazol-4-yl)- 1H-
benzo[d]imidazol-2(3H)-one

5 [00266] CoiHyNsO,. 376.2 (M+1). 'H NMR (400MHz, CD;0D) 8 7.62 (s, 1H), 7.48
(s, 1H), 6.97 (s, 1H), 3.71-3.31 {m, 1H), 2.27 (s, 3H), 2.27 (s, 3H), 1.78-1.75 (m, 2H), 1.16-
1.06 (m, 2H), 1.05-1.02 (m, 2H), 0.61-0.59 (m, 2H).

Example 61

10 4-(4-cyclopropyl-1-methyl-1H-pyrazol-5-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one

[00267} CisHi9N50,. 350.2 (M-+1). 'HNMR (400MHz, CDs0D) § 7.19 (s, 1H), 7.00
(s, TH), 6.86 (s, 1H), 3.59 (s, 3H), 2.34 (s, 3H), 2.18 (s, 3H), 1.45-1.41 (m, H), 0.65-0.63 (m,
15 2H), 0.45-0.38 (m, 2H).
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Example 62

4-(4-cyclopropyl-1-methyl-1H-pyrazol-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one

O-N
o

HN \\

JNH Ny

8] A

5 [00268] Ci9H1sNsO,. 350.2 (M+1). "H NMR (400MHz, CD0D) 5 7.53 (s, 1H), 7.30
(s, 1H), 6.87 (s, 1H), 3.82 (s, 3H), 2.18 (s, 3H), 1.72 (s, 3H), 1.72-1.68 (m, 1H); 0.83-0.75 (m,
2H), 0.50-0.42 (m, 2H),

Example 63

10 4-(1,3-dicyclopropyl-1H-pyrrol-2-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo|djimidazol-2(3H)-one

[00269] CaiHyiN50,. 376.2 (M+1). 'H NMR (400MHz, CDs0D) 8 7.23 (s, 1H), 7.09
(s, 1H), 6.99 (s, 1H), 3.48-3.42 (m, 3H), 2.27 (s, 3H), 2.00 (s, 3H), 1.51-1.23 (m, 1H), 0.91-
15 0.85 (m, 2H), 0.80-0.71 (m, 4H), 0.56-0.46 (m, 2H).
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Example 64

4-(2-cyciopropylphenyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2(3H)-one

[00270] CoH1sN3O,. 346.1 (M+1). 'H NMR (400MHz, CD;0D) 8 7.35-7.31(m, 1H),

7.25-7.24 (m, 1H), 7.24-7.03 (m, 1H), 6.99 (s, 1H), 6.87 (s, 1H), 2:42 (s, 3H), 2.26 (s, 3H),
1.77-1.73 (m, 1H), 0.79-0.77 (m, 2H), 0.67 (bs, 2H).

Example 65

5-(3,5-dimethylisoxazol-4-yl)-1-methyl-7-(3-methylcinnolin-4-yl}-1H-benzo[d]imidazol-
2(3H)-one

10

[00271] CasH gNsO2, 386.2 (M+1). 'H NMR (400MHz, CD;0D) 5 8.42 (d, J= 8.8

Hz, 1H), 7.84 (t, J = 7.6 Iz, 1), 7.73 (t,J = 7.6 Hz, 1H), 7.44 (d, J= 8.8 Hz, 1H), 7.14 (s,
1H), 6.83 (s, 1H), 2,68 (s, 3H), 2.55 (s, 3H), 2.33 (s, 3H), 2.17 (s, 3H).

15
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Example 66

6-(3,S-dimethylisoxazol—4-yl)-4—(4-methy1—1-(tetrahydro~2H~pyran-2—yl)—IH-pyrazol-S-
y)-1H-benzol[d]imidazel-2(3H)-one

5 [00272] C2iH23Ns0s. 386.2 (M+1), 'H NMR (400MHz, CD;OD) §7.23 (s, 1H), 7.00
(s, 1H), 6.86 (s, 1H), 3.83-3,57 (m, 1H), 3.38-3.33 (m, 2H), 2.34 (s, 3H), 2.55 (s, 3H), 2.18 (s,
3H), 1.99 (s, 3H), 1.58-1.40 (m, 6H).

Example 67

10 4-(2-cyciobutylpyridin-3-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2(3H)-

[00273] CoHaoNgO2. 361.3 (M+1). "H NMR (400MHz, CD1OD) § 8.69 (d, /= 4.8
Hz, 1H), 8.31(d, /= 8.4 Hz, 1H), 7.87-7.83 (m, 1H), 7.04 (s, 1H), 6.85 (s, 1H), 3.90-3.86 (m,
15 1H), 2.33 (s, 3H), 2.30 (bs, 1H), 2.14 (s, 3H), 2.11 (bs, 1H), 1.92 (bs, 2H), 1.78-1.7t(m, 2H).

100



WO 2014/160873 PCT/US2014/032031
Example 68

4-(4~ amin0—2—cyclopl'opylpyri'din—3—yl)-6—(3,5-dimethy1isoxazol-—4-yi)-IH-
benzo[dlimidazol-2 (3H)-one

5 [00274] CaoHigNsOy. 362.3 (M+1). 'H NMR (400MHz, CD30D) 5 10.63 (s, 1H),
10.42 (s, TH), 7.82 (s, 1H), 6.81 (s, 1H), 6.61 (s, TH), 6.40 (s, 1H), 5.21 (s, 2H), 2.28 (s, 3H),
2.17 (s, 3H), 1.45-143 (m, 1H), 0.98-0.85 (m, 2H), 0.69-0.63 (m, 2H), 0.47-0.44 (m, 2H).

Example 69

10 4-(4—cyclopr0pylthiazol—S-yl)-6—(3,5-dimethylisoxazol—4—yl)-IH-benzo[d]iniidazol—?.(SH)-

one

[00275] C1sH1eN,0,8. 353.3 (M:+1). 'H NMR (400MHz, CD:OD) 6 8.81 (s, 1H), 6.98
(s, 1H), 6.88 (s, 1H), 2.26 (s, 3H), 2.19 (s, 3H), 1.78 (bs, 1H), 0.86 (bs, 2H), 0.82 (bs, 2H),

i5
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Example 70

4-(12,3"-bipyridin}-3-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo|d]imidazol-2(3H)-one

[00276] CapH 7NsO;. 384.3 (M), 'H NMR (400MHz, CD;OD) & 8.83 (dd, J=12,

5 4.8Hz, 1H), 8.75 (s, 1H), 8.63 (d, /= 5.2 Hz, 1H), 8.23 (d, /= 7.2 Hz, 1H), 8.08 (dd, J= 1.2,
8.0 Hz, 1H), 7.72-7.67 (m, 2H), 6.99 (d, J = 1.2 Hz, 1H), 6.86 (s, 1H), 2.29 (s, 3H), 2.12 (s,
3H).

Example 71

10 4-(4~cyclopropylpyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2(3H)-

one

O-N
o Y

[00277] CooHigN4O,. 347.3 (M+1). "H NMR (400MHz, CD0D) & 8.34 (d, /= 6.4
Hz, TH), 8.28 (s, 1H), 6.98-6.97 (m, 1H), 6.93 (d, /= 6.4 Hz, 1H), 6.84 (d,J = 1.2 Hz, 1H),
15 2.34 (s, 3H), 2.17 (s, 3H), 1.85-1.75 (m, 1H), 0.95 (bs, 2H), 0.78 (bs, 2H).
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Example 72

4-(3-cyclopropylpyridin-4-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2(3H)-

one

5 [00278] CooHisN4O5. 347.3 (M+1). 'H NMR (400MHz, CDs0OD) § 8.58 (d, /= 5.2
Hz, 1H), 8.43 (s, 1H), 7.82 (d, J = 6.4 Hz, 1H), 7.05 (d, J= 1.2 Hz, 1H), 6.94 (4, /= 1.6 Hz,
1H), 2.34 (s, 3H), 2.18 (s, 3H), 1.88-1.84 (m, 1H), 1.00-0.95 (m, 2H), 0.85-0.81 (r, 2H).

Example 73

10 4-(2-cyclopropylpyridin-3-yI)-6-(3,5-dimethylisoxazol-4-yl)-1H-bhenzo|d]imidazol-2(3H)-

one

[00279] CaoHisN4Oz. 347.2 (M+1). 'H NMR (400MHz, CD;0D) § 8.57 (d, J = 8.4
Hz, 1H), 8.19 (d, /= 8.4 Hz, 1H), 7.70-7.67 (m, 1H), 7.10 (s, 1H), 6.99 (s, 1H), 2.43 (s, 3H),
15 2.27(s, 3H), 2.14-2.08 (m, 1H), 1.15 (bs, 4H).

Example 74

2-eyclopropyl-3-(6-(3,5-dimethylisoxazol-4-y1)-2-0x0-2,3-dihydro-1H-benzo[d]imidazol-
4-yhpyridine 1-oxide
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[00280] 4-(2-cyclopropylpyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one (35mg, 0.1 mmol) was dissolved in MeOH/DCM (1/1 mL). To
the solution was added 3-Chloroperoxybenzoic acid (69.75 mg, 0.4 mol) and the mixture
stirred at RT overnight. The organic solvent was evaporated and the residue was purified with
Prep HPLC (0-100% CH3CN/H;O) to afford 2-cyclopropyl-3-(6-(3,5-dimethylisoxazol-4-y1)-
2-0x0-2,3-dihydro-1H-benzo{d]imidazol-4-yl)pyridine 1-oxide.

[00281] CaoHisN4Os. 363.2 (M+1). 'H NMR (400MHz, CD;0D) & 8.47 (dd, /= 1.2,
6.4 Hz, 1H), 7.64 (dd, J= 1.2, 6.4 Hz, 1H), 7.54 (t, J = 6.4 Hz, 1H), 7.08 (d, J= 1.2 Hz, 1H),

6.94 (d,J = 1.2 Hz, 1H), 2.42 (s, 3H), 2.25 (s, 3H), 2.04-1.99 (m, 1H), 0.96 (bs, 1H), 0.75

(bs, 1H), 0.61 (bs, 1FD), 0.54 (bs, 1H).

Example 75

4-(5-amino-2-cyclopropyipyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)- 1H-
bkenzoid]imidazol-2(3H)-one

NH,

[00282) 6-(3,5-dimethylisoxazol-4-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-benzo[d]imidazol-2(3H}-one (150 mg, 0.42 mmol) and 5-bromo-6-cyclopropylpyridin-3-
amine (180 mg, 0.84 mmuol) were added to a solvent mixture of 1,2-dimethoxyethane (2 mL)
and water (1 mL). To the mixture were added PEPPSI-Tpr (29 mg, 0.03 mmol) and Cs,CO;

(413 mg, 1 mmol). The reaction mixture was heated at 130°C in microwave reactor for 30

104



10

15

20

25

WO 2014/160873 PCT/US2014/032031

mins. The reaction mixture was then filtered and organic solvent was evaporated and the
residue was purified with Prep HPLC (0-100% CH3;CN/H,0}) to afford 129 mg of 4-(5-
amino-2-cyclopropylpyridin-3-y1)-6-(3,5-dimethylisox azol-4-y1)-1H-benzo{ d}imidazol-
2(3H)-one.

[00283] C20H19N502. 362.1 (M+1). 1H NMR (400MHz, CD30D) § 10.98 (s, 1H),
10.81 (s, 1H), 7.79 (s, TH), 7.05 (s, 1H), 6.99 (s, 21}, 2.26 (s, 3H), 2.18 (s, 3H), 1.62 (bs,
1H), 0.82 (bs, 2H), 0.62 (bs, 2H).

Example 76

6-cyclopropyl-5-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-benzo [d}imidazol-

4-yinicotinonitrile

[00284] 4-(5-amino-2-cyclopropylpyridin-3~y1)-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[dJimidazol-2(3H}-one (21 mg, 0.058 mmol) was suspended in a mixture of water (1
mL) and con. HCI (1 mL), cooled suspension to 0°C, a solution of sodium nitrite (4 mg, 0.058
mmol) in water was added slowly. After 5 mins, the reaction mixture was neutralised by the
addition of NaHCOj; soiution. Then the resultant suspension was added in aliquots to a
solution of copper (I) cyanide (5 mg, 0.058 mumol) and sodium cyanide (6 mg, 0.11 mmol) in
water at room temperature. Heated to 70°C for 30 mins. Extracted with EtOQAc, evaporated
organic solvent, the residue was purified with Prep HPLC. (0-100% CH3CN/B;0) to afford
1.2 mgof 6-cyclopropyl-5-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-

benzo[d]imidazol-4-yDunicotinonitrile,

[00285] C2IHI7N502. 372.4 (M+1). 1H NMR (400MHz, CD30D) § 8.63 (s, [H),
7.79 (s, 1H), 7.06 (s, 13D, 6.99 (s, 1L), 2.25 (s, 3H), 2.18 (s, 35), 1.88-1.80 (m, 1H), 0.88-
0.83 (m, 2H), 0.78-0.75 (m, 2H).
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Example 77

4-(5-bromo-2-cyclopropylpyridin-3-yl}-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one

[00286] 4-(5-amino-2-cyclopropylpyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one (75 mg, 0.21 mmol) was dissolved in acetonitrile (2 ml), at
room temperature added tert-bufyl nitrite (32 mg, 0.31 mmol) and CuBr; (56 mg, 0.25
mmol), stirred at room temperature for 1h, The reaction mixture was diluted with EtOAc,
washed with brine, evaporated organic solvent, purified with Prep HPLC. (0-100%
CH,CN/H,0) to afford 6 mg of 4-(S-bromo-2-cyclopropylpyridin-3-y1)-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-2(3H)-one.

[00287)] C20H17BiN402. 425.3 (M+1). 1H NMR (400MHz, CD30D) & 8,42 (s, 1H),
7.61 (s, 1H), 6.99 (s, 1H), 6.96 (s, 1H), 2:33 (s, 3H), 2.18 (s, 3F), 1.78-1.70 (m, 1H), 0.88-
0.81 (m, 2H), 0.71-0.64 (m, 2H).

106



WO 2014/160873 PCT/US2014/032031

Example 78

N-(6-cyclopropyl-5-(6-(3,5-dimethylisoxazol-4-yl)-2-0x0-2,3-dihydro-1H-
benzo[d}imidazol-4-yl)pyridin-3-yl)acetamide

5 [00288] 4-(5-Amino-2-cyclopropylpyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2(3H)-one (75 mg, 0.21 mmol) was dissolved in acetonitrile (2 mL), at
room temperature added tert-butyl nitrite (32 mg, 0.31 mmaol) and CuBr; (56 mg, 0.25
mmol), stirred at room temperature for Ih. The reaction mixture was diluted with EtOAc,
washed with brine, evaporated organic solvent, purified with Prep HPLC. (0-100%

10 CH:CN/H,0) to afford 16 mg of N-(6-cyclopropyl-3-(6-(3,5-dimethylisoxazol-4-y1)-2-0x0-
2,3-dihydro-1H-benzo[ d)imidazol-4-yl)pyridin-3-yDacetamide.

[00289] CHyNsOs, 404.4 (M+1). "H NMR (400MHz, CD;0D) 3 8.89 (s, 1H); 7.78
(s, 1H), 7.06 (s, 1H), 7.03 (s, 1H), 2.33 (s, 3H), 2.17 (s, 3H), 2.12 (s, 3H), 1.82-1.78 (m, 1H),
0.99-0.94 (m, 2H), 0.77-0.74 (m, 2H).

15
Example 79

4-(4-bromo-2-cyclopropylpyridin-3-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzofdjimidazol-2(3H)-one
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100290] 4-(4-bromo-2-cyclopropylpyridin-3-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo{d)imidazol-2(3H)-one was made in similar fashion to 4-(5-bromo-2-

cyclopropylpyridin-3-y1)-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[ d]imidazol-2(3H)-one

[00291] CaH17BINO,. 425.3 (M+1). 'H NMR (400MHz, CD50OD) 6 8.18 (d, /= 2.8
Hz, 110), 7.55 (d, J = 2.8 Hz, 1H), 6.98 (s, 1), 6.78 (s, 1H), 2.35 (s, 3H), 2.20 (s, 3H), 1.75-
1.65 (m, 1ID), 1.03-0.88 (m, 2H), 0.82-0.68 (m, 2H).

Example 80

4-(2,4-dicyclopropylpyri din-3-yl)-6—.(3,5-dimethylisoxazol—ttéyl)_-lH—benzo[d] imidazol-
2(3H)-one

F00292) 4-(4-bromo-2-cyclopropylpyridin-3-y13-6-(3,5-dimethylisoxazol-4-y1)-1 H-
benzo[d]imidazol-2(3H)-one (17 mg , 0.04 mmol) and cyclopropy! boronic acid (100 mg, 1.2
mmol) were dissolved in dioxane (2 mL). To the reaction mixture were added X,PO, (50 mg,
0.24 mol) and dichloro 1,1'-bis(diphenylphosphino)ferrocene palladium (II) dichioromethane
(10 mg, 0.012 mmol). The reaction mixture was heated at 100°C for 3h. Solvent was
evaporated, the residue was dissolved in EtOAc, washed with brine, evaporated organic
solvent and the residue was purified with Prep HPLC (0-100% CH3CN/H;0) to afford 5.4 mg
of 4-(2,4-dicyclopropylpyridin-3-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-
2(3H}-one.

[00293] C23H22N402. 387.3 (M+1). 1H NMR (400MHz, CD30D) § 8.30 (d, T = 6.4
Hz, 1H), 7.19 (d, T = 6.4 Hz, 1H), 7.05 (s, 1H), 6.91 (s, 1H), 2.38 (s, 3H), 2.21 (s, 3H), 1.95-
1.88 (m, LH), 1.72-1.67 (m, 1H), 1.17-1.14 {m, 21}, 1.07-0.95 (m, 6H).
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Example 81

6-(3,5~-dimethylisoxazol-4-yl)-4-(6-(trifluoromethoxy)quinolin-5-y1)-1H-
benzo[d]imidazol-2(3H)-one

Step 1:
N-O N-O
{ {2
bispin
KOAc
dppfPdCI2 o
NH | Dioxane NH _B\’
J—NH JNH O
5 0 o
[00294] Degassed dioxane (120 mL) was added to a round-bottom flask containing 6-

(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazol-2(3H)-one (6g, 16.9 mmol),
dppfPdCl, (630 mg, 5%), KOAc, (3.3g, 2 equiv) and bispinacolato diboron (8.6g, 2 equiv).
The reaction mixture was sonicated to climinate lumps, and was then heated to 120 °C

10 ovemight. The reaction was complete via TLC and HPLC analysis. The reaction mixture
was dry-loaded onto silica gel and purified by flash chromatography (¢f 0.4 in ethyl acetate,
eluting with ethyl acetate/methanol. 6-(3,5-dimethylisoxazol-4-y1)-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaboro}an-2-yl)-1H-benzo[d}imidazol-2(3H)-one was isolated and subjected to high-

vacuum drying overnight, and contained an equivalent of pinacol side-products by NMR.

15 Step2: .
l}i—O
V F dppfPdCi
AT DBU
o Br DMSO
NH B~ T >
JNH O I
[06295] A solution of 5-bromo-6-(trifinoromethoxy)quinoline (obtained by

bromination of 6-trifluoromethoxyquinoline) (50 mg, .17 mmol), 6-(3,5-dimethylisoxazol-
4-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yD)-1 H—benzo[d]imidazo]-Z(BH)-one (91
20 mg, 0.26 mmol), dichloro 1,1-bis(diphenylphosphino)ferrocene palladium(Il)
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dichloromethane (12.7 mg, 0.02 mmol), 1,8-diazabicyclo[5.4.0)undec-7-ene (0.2 mlL, 1.37
mmol), DMSO (0.2 mL) and water (0.2 mL) under nitrogen was heated at 120 °C for th. The
reaction mixture was filtered and purified by reverse-phase HPLC io give 6-(3,5-
dimethylisoxazol-4-yl}-4-(6-(trifluoromethoxy)quinolin-5-y1)- 1 H-benzo[d]imidazol-2(3H)-

one.

[00296] CaopH sF3N;O5. 441.1 (M+1)."H NMR (400 MHz, DMSO-ds) § 10.88 (s, 1H),
10.53 (d, J = 2.0 Hz, 1H), 9.00 (dd, J=4.2, 1.7 Hz, 1H), 8.25 (d, J = 9.3 Hz, 1H), 7.94 - 7.82
(m, 2H), 7.58 (dd, J = 8.6, 4.2 Hz, 1H), 7.08 — 6.97 (m, 1H), 6.88 (d, /= 1.5 Hz, 1H), 2.39 (s,
3H), 2.21 (s, 3H).

Example 82

4-(5,7-difluoroquinolin-4-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo [d]imidazol-2(3H)-

one
O-N
S
—
0
HN B
%NH 0
0
[00297] A mixture of 6-(3,5-dimethylisoxazol-4-y1)-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y1)-1H-benzo[ d]imidazol-2(3H)-one (0.05g), commercially available 4-
bromo-3,7-difluoroquincline (0.137g), Peppsi catalyst (0.009g), and Cs,CO; (0.183g) were
stirred under N, in water/dioxane (1 mL each) at 140 °C for 30 min. After cooling to room

temperature, brine (1 mL) was added, the organic layer separated and volatiles removed

under vacuum, The residue was purified by preparative HPLC (5-95% MeCN in FhO) to

afford the title compound.

[00298] CarHaFaN4Os; 393.20 (M+1). "H NMR (400 MHz, DMS0-d6) 5 10.85 (s,
'H), 10.59 (d, J = 1.7 Hz, 1H), 9.01 (d, J = 4.5 Hz, 1H), 7.78 (dt, T = 9.6, 1.7 Hz, 1H), 7.66 —
7.37 (m, 2H), 6.95 (dt, T = 18.3, 1.2 Hz, 2H), 2.38 (s, 3H), 2.32 (s, 3H).
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Example 83

4-(5,8-diftuoroquinolin-4-yI)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2 (3 H)-

one

[00299] 4-(5,8-difluoroquinolin-4-y1)-6-(3,5-dimethylisoxazol-4-y1}-1H-

benzo[d]imidazol-2(3H}-one was made in a similar fashion as that of Example 82.

100306} C21H14F2N402; 393,18 (M+1). 1H NMR (400 MHz, DMSO-d6) 5 10.85 (d,
J=1.5Hg, 1H), 10.57 (d, T = 1.8 Hz, 1H), 9.03 (d, J = 4.4 Hz, 1H), 7.76 — 7.60 (m, 1H), 7.35
(ddd, J=12.3, 8.7, 3.9 Hz, 1H), 6.94 (4d, T = 13.6, 1.6 Hz, 2H), 2.39 (s, 3H), 2.21 (s, 3H).

Example 84

4-(5-chloroquinolin-4-yl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ djimidazol-2(3H)-one

[08381] The boronic acid (0.05g), bromide (0.137g), Peppsi catalyst (0.009g), Cs2CO3
(0.183g) was stirred under N2 in water/dioxane (1 ml each) at 140 C for 30 min. After
-cooling to RT, brine (1 mL) was added, the organic layer separated and volatiles removed

under vacuum. The residue was purified by preparative HPLC (5-95% MeCN in H20) 10

afford the title compound,
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[06302] C21H15CIN4O2; 391.15 (M+1). 1H NMR (400 MHz, DMSO-d6) § 10.78 (d,
T=1.9 Hz, 1H), 10.52 (d, J = 1.9 Hz, 1H), 8.63 (d, T = 5.6 Hz, 1H), 8.11 (dd, J = 6.8, 2.6 Hz,
1H), 8.04 (d, J = 5.7 Hz, OH), 7.83 — 7.72 (m, 1H), 2.36 (s, 3H), 2.18 (s, 3H).

[00303] The following comounds were prepared in a similar fashion to that of Example

82, using the appropriate bromo or chloro derivative:

Example 85

6-(3,5-dimethylisoxazol-4-yI)-4-(6-(2,2,2-trifluoroethoxy)quinolin-5-yl)-1H-
' benzo[d]imidazol-2(3H)-one

[00304] CysHi7FsN,Os. 455.1 (M+1). 'H NMR (400 MHz, DMSO-dg) & 10.77 (d, J =
2.0 Hz, 1H), 10.38 (d, J=2.0 Hz, 1H), 8.87 (dd, J = 4.5, 1.6 Hz, 1H), 8.17 (d, J= 9.3 Hz,
1H), 7.89 (dd, J = 9.0, 5.4 Hz, 2H), 7.52 (dd, J = 8.6, 4.2 Hz, 1H), 6.97 (d, J = 1.5 Hz, 1H),
6.81 (d, J= 1.6 Hz, 1H), 4.86 (ddg, /=569, 12.0, 8.9 Hz, 2H), 2.39 (s, 3H), 2.21 (s, 3H).
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Example 86

6-(3,5-dimethylisoxazol-4-y1)-4-(6-methyl-2-(trifluoromethyl)quinolin-5-yl)-1H-
benzo[d]imidazol-2(3H)-one

[00305] CyHyFsN:Op. 439.2 (M+1). 'H NMR (400 MHz, DMSO-d¢) & 10.89 (s, 1H),
10.39 (d,./= 2.1 Hz, 1H), 8.16 (d, J= 8.7 Hz, 1H), 7.98 (d, J= 8.8 Hz, 1H), 7.93 (d, /= 8.8
Hz, 1H), 7.86 (d, J= 8.8 Hz, 1H), 7.02 (d,J = 1.4 Hz, 1H), 6.84 (d, /= 1.5 Hz, 1H), 2.41 (s,
3H), 2.32 (s, 3H), 2.24 (s, 3H).

10

Exampie 87

6-(3,5-dimethylisoxazol-4-yl)-4-(3-(triflueromethyhquinolin-4-y1)-1H-benzo[d}imidazol-
2(3H)-one

15 [00306] CoaHsF3N,O,. 425.2 (M+1). "H NMR (400 MIiz, DMSO-ds) 3 10.95 (s, 1H),
10.54 (d, /= 1.9 Hz, 1H), 9.29 (s, 1H), 8.24 (d, J= 8.4 Hz, 1H), 7.96 (t, J= 7.7 Hz, 1H), 7.67
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(t,J = 7.6 Hz, 1H), 7.47 = 7.37 (m, 1H), 7.06 (d, /= 1.5 Hz, 1H), 6.92 (d, J= 1.6 Hz, 1H),
2.40 (s, 3H), 2.22 (s, 31D).

Example 88

5 4-(6-cyclopropylquinelin-5-yI)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-
2(3H)-one

[60307] CoaHaoN; 0y, 397.1 (M+1). 'H NMR (400 MHz, DMSO-ds) § 10.83 (4, /=1.9

Hz, 1H), 10.39 (d, J="2.1 Hz, 1H), 8.83 — 8.78 (m, 1H), 7.99 (d, /= 8.9 Hz, 1H), 7.64 (d, J =
10 8.5 Hz, 1H), 7.41 (dd, J = 8.6, 4.2 Hz, 1H), 7.34 (d, J= 9.0 Hz, 1H), 6.99 (d, /= 1.5 Hz, 1H),

6.82 (d,J= 1.5 Hz, 1H), 2.41 (s, 3H), 2.23 (s, 3H), 1.80 - 1.73 (m, 1H), 0.86 (t, /= 6.8 Hz,

4H).
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Example 89

6-(3,5-dimethylisoxazol-4-yl)-4-(3-methylquinolin-4-yl)- 1H-benzo[d]imidazol-2(3H)-one

[00308] CoaH)sN4Oa. 371.1 (M+1)."H NMR (400 Mz, DMSO-dg) § 10.95 (d, /= 1.9
Hz, 1H), 10.49 (d, J= 2.0 Hz, 1H), 9.09 (s, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.84 (t, /= 7.8 Hz,
1H), 7.62 (t, J="7.5 Hz, 1H), 7.49 (d, J= 8.4 Hz, 1H), 7.05 (d, J = 1.5 Hz, 1H), 6.87 (d, J =
1.5 Hz, 1H), 2.41 (s, 3H), 2.29 (s, 3H), 2.24 (s, 3H).

Example 90

6-(3,5-dimethylisoxazol-4-yl)-4-(3-methylcinnolin-4-yi)-1 H-benzo[d}imidazol-2(3H)-one

[00309] CatHi7NsOs. 372.1 (M+1). 'H NMR (400 MHz, DMSO-dg) § 10.97 (s, 1H),

10.55 (4, /= 2.0 Hz, 1H), 8.62 - 8.41 (m, 1H), 7.97 — 7.85 (m, 1H), 7.78 (ddd, J = 8.4, 6.9,
1.4 Hz, 1H), 7.47 (d, J = 8.5 Hz, 1H), 7.15 — 7.02 (m, 1H), 6.95 (d, J= 1.5 Hz, 1H), 2.69 (s,
3H), 2.42 (s, 3H), 2.25 (s, 3H),
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Example 91

6-(3,5-dimethylisoxazol-4-yI)-4-(3-fluoro-6-methoxyquinolin-5-yl)-1H-benzo[d)imidazol-
2(3H)-one

100310 CH7EN4O5. 405.1 (M+1). "H NMR (400 MHz, DMSO-dg) § 10.80 (d,J =
2.0 Hz, 1H), 10.41 (s, 1H), 8.79 (d, /= 2.7 Hz, 1H), 8.17 (d, J=9.4 Hz, 1H), 7.77 (d, /= 9.4
Hz, 1H), 7.50 - 7.41 (m,1H), 7.00 - 6.90 (m, 1H), 6.88 — 6.76.(m, 1H), 3.89 (s, 3H), 2.41 (s,
3H), 2.24 (s, 3H). "°F NMR (376 MHz, DMSO-dg) & -128.19 (d, J = 10.8 Hz).

Example 92

6-(3,5-dimethylisoxazol-4-yD)-4-(2,6-dimethylquinolin-5-yl)-1H-benzo[d]imidazol-2(3H)-

one

[00311] Ca3HzeN:02.385.1 (M+1). 'H NMR (400 MHz, DMSO-dg) § 10.94 (s, 1H),
10.40 (d, 7= 1.9 Hz, 1H), 8.11 (d, J = 8.5 Hz, 2H), 7.99 (d, J = 8.8 Hz, 1H), 7.68 (d, /=8.7
Hz, 1H), 7.03 (4, /= 1.6 Hz, 1H), 6.82 (4, /= 1.5 Hz, 1H), 2.85 (s, 3H), 2.41 (s, 3H), 2.31 (s,
3H), 2.24 (s, 3H).
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Example 93

4-(3-chloroquinolin-4-yi)-6-(3,5-dimethylisoxazol-4-yl)-1 H-benze|d]imidazol-2(3H)-one

[00312] CoHisCINGO;. 391.1 (M+1). 'H NMR (400 MHz, DMSO-dg) § 10.95 (d, J =

5 1.9 Hz, 1H), 10.61 (s, 1H),9.03 (s, 1H), 8.22 ~ 8.02 (m, 1H), 7.91 — 7.77 (m, 1H), 7.69 — 7.58
(m, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 1.5 Hz, 1H), 6.92 (d, /= 1.6 Hz, 1H), 2.42 (s,
3H), 2.24 (s, 3H).

Example 94

10 4-(6~(difluoromethoxy)quinokin-5-yt)-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[djimidazoi-2(3H)-one

[00313] CooHi6FaN4O3, 423.1 (M+1). 'H NMR (400 MHz, DMSO-ds) 3 10.86 (s, 1H),
10.50 (s, 1H), 8.98 - 8.92 (m, 1H), 8.22 (d, 7= 9.3 Hz, 1H), 7.86 (d, /= 8.6 Hz, 1H), 7.80 (d,

15 J=9.2Hz, 1H), 7.58 - 7.5 (m, 1H), 7.23 (dd, J = 74.5, 72.9 Hz, 1H), 7.04 — 6.98 (m, 1H),
6.87 (d, J = 1.6 Hz, 1H), 2.41 (s, 3H), 2:24 (s, 3H).
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Example 95

#=(3-chloro-8-Tuorequinolin-4-yh-6-3, 5-dimethyiisoxazol-4-y1)- 1 H-benzo[dlhmidazol
2{3E-one

5
D314} Cor g CIENL O, 4087 (M1, T NMR {400 Mz, DMEO-d6} § 10.85 (4, J=
2.0 Hz, 1H), 1058 {d, J= 2.0 Hz, {H), 9.08 (s, YH), 7.73 — 7.47 (s, 7)), 7.534 — 7.21 (m,
15, 7.15 — 7.08 {mn, 1H}, 6.94 {t, /= 1.3 Hz, 15}, 2.42 (s, 3H), 2.24 (s, 3H).

10 Exampis 96

&3, 5-dimethylisexszolb-$-y-4-Z-methyibenzodlihiszel-7-vi}-1H-benze [d] imidazol-
F{3Hy-one

N~
A q

A
by

e

106315 Capiede045. 377.1 (1), 'H NMR (400 MHz, DMSO-ds) 5 10.01 (d, /=
15 2.2 Hz, 1H), 10.68 (4, J= 2.0 Hz, 1H), 7.95 (44, /= 8.0, 1.1 Hz, 15}, 7.59 {t, J = 7.8 Hz,
1H), 7.50 (dd, J= 7.4, 1.1 Hz, 1H), 7.09 - 7.01 {(m, 15, 7.00 — 6.92 fra, 1H), 2.80 (s, 35),

243 (s, 3H), 2.26 (s, 3H).
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Example 97

#-(3, S-chimethylispxazel-d-yh-4-{2~-methyl-1F.pyrrolo |2, 3-bipyridin-3-y1- 1 5~
benze{dlimiderol-23H)-one

M-

43
be
AL
po ”’:{Nﬁ

) e

1
L

ID9316} CroHll4s0n. 360.2 (M+1), "H NMR (400 MHz, DMS8O-d) 5 11.73 {5, 15},
10.75 (4, J= 1.8 Fz, 1FD), 1040 (¢, /= 1.8 Hz, 1K), 8.14 (dd, S = 4.7, 1.6 He, 1H), 7.64 (L J
= 7.8 Hz, 1H), 7.02 (3, J= 7.8, .7 He, 1H), 6.86 {m, , 2H), 2.42 (s, 3H), 2.37 {5, 35, 21.25
(g, 3H}.

HExasapke 98

§-{3.S-dimethylivoxazel-4-yi-d-(E-methyl-1, T-naphthyridin-S-yi- H-benzoldihimidszol-
I3ED-one

168317} CotHiyNs Oy, 372.1 (M+1). "H NMR {400 Mz, DMSO-dg) 8 10.93 (4, J =
1.5 Hz, 1H), 1048 (4, /= 19 Ha, 15, 9.52 (3, 1H), 9.06 (dd, J= 4.0, 1.7 Hz, 1H), 7.86 —
7.67 (m, 25}, 7.03 (4, J = 1.6 Hiz, 1H), 6.80 (&, J = 1.6 Hz, 11D, 2.48 (s, 3H), 2.41 (5, 35,
2.24 (s, 3H).

118



WO 2014/160873 PCT/US2014/032031

Example 89

§-{3,5Hmethyhsoxazol-d-yip-4-{B-methoxy-S-methylqguinolin-d-y{}-1 H-
benze[dlimiderel-2(3E}-one

5
{0318 CosFlpNeD, 4011 (M1 HNMR (400 Mz, DMSO-dg) 6 10.87 {5, 1H},
10.69.- 10,18 (m, 1H), 8.81 (5, 1H}, 7.38 (5, 1H), 7.13 (s, 1H), 7.01 {4, J= 5.0 Hz, 1H]}, 6.90
(d,J="74He, {H), 673 (d, J=4.9 Hz, 1H), 3.97 {3, 35}, 241 (5, 3H), 2.23 (d, J=4.8 Bz,
6H}.

10

Exaumple 168
4-{3-chlore-2-methylguinolin-d-yD-6-(3,5-dimethylisoxazol-4-yi)-1H-benzo[d] intdazol-
23 H-one
1§ 86319 ConTi7CING,. 4051 (M+1). 'H NMR (400 MHz, DMSO-45) § 10.90 (5, 15),

10.55 (s, 1H), .04 (s, 15), 7.76 (s, 1H), 7.52 {5, 151}, 7.37 (5, 1H), 7.05 (s, 15, 6.89 (5, 1H),
2.81 (g, 3H), 2.42 {3, I, 2.25 (¢, 7 = 4.1 Hz, 3H).
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Example 181

-3 S-dimethylisoxazol-4-vi)-4-(3-ethyi-2-methviguivelin-¢-y-1H-bengo [dlimddazol-
2{3Fnme

5 100320] CaaHnNDy. 399.2 (M+1). 'H NMR (400 MHz, DMSC-dy) §.10.86 (5, 1H),
10.43 (5, 1H), 7.95 (5, 1H), 7.63 (5, TH), 7.40 (4, J= 8.8 Hz, 1H}, 7.17 (4, J= 8.2 Hz, 11),
7.01 (s, 1H), 6,81 {5, 1), 2.76 (s, 5H), 2.41 {s, 351}, 2.23 {5, 35), 1.00 (4, J= 7.8 Fiz, 35D,

Erampis 182

10 4 {6-(3,S-dimethylisoxazol-4-yli-I-0x0-2,3-dikydro-1 H-benzojdfimidazol4-y1)-3-

methviguinoline-8-carbonitrile

194321} CosHiNs0;, 3961 (M+1). 'H NMR (400 MHz, DMSO-d5) § 10.93 (d, =
1.8 Hz, 1H), 1045 (4, J= 1.9 Hz, 1), 5.10 (s, 15), 8.31 (dd, J = 6.9, 1.6 Hz, 1H), 7.88 —

15 7.51 (m, 2H), 7.16 —6.92 (m, 1H), 6.88 (4, J = 1.6 Hz, TH), 2.41 (s, 3), 2,30 (s, 35), 2.24
{s, 3H).
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Ezample 163

4-{3-{diftmoromethyl}quinotin-d-yi}-5-(3,5-dimethylisoxazol-4-y)-1 H-benzo | d Enidazol-
2{3H}one

5 00322 Coaby ol 0y, 4071 (ML), 'H NMR. (400 MEz, DMSO-dg 3 10.96 (4, J =
1.8 Hz, 1H), 10.54 (6, /= 1.9 Hz, 1H), 9.22 (s, 15D, 8.1 (dd. J= 8.5, 1.2 Hyz, 1H), 5.06—
778 (o, YH), 7.64 (ddd, = 8.3, 6.8, 1.3 Hz, 15D, 7.54 —7.35 (m, 1H), 7.08 {d, J= 1.6 Ha,
1H), 7.05 — 6.67 {m, 2H).

i0 Exampie 104

4-{%-{3,5-dirnethyHsosazol-d-yii-t-oxo-2, 2-dihydre-1 H-benroldlimidarol-4-ylicinnoline-

3-parbozyiic acid

N-0) N (3
A A Oy, Obe A A
- POk dppt 1
N . | g DB A D OH
q Ié omores LT
A A0 o DMS0, HyO S
a Y B pa EJ 110°C Lot
S GN\\ % o A N
o o (
o
#8323 A mixture of 6-(3,5-dimethylisoxazol-4-yi}-4-(4,4,5,5-tetramethyl-1,3,2-

13 dioxaborolan-2-yD)-1H-benzofdlimidazol-2(3F)-one (100.0 mg, 0.282 mmol) and methvi 4-
chiorocinnoline-3-carboxylate (94.0 mg, 0,422 wmmol} was treated with PACLdppfCHLTL
{20.6 myg, (.028 mmol} in the presence of 1,8-Diazabicyclonndec-7-ene (DB, 300.0 mg,
1.571 meool, 7.0 equivy in DMSO0 (1 ml} and water (1 mal). The reaction mixture was heated
at 1190 °C for 12 min iv ol bath, The resction mixtore was purified by HPLC to give 4-(6-
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{3,5-dimethylisoxazol-4-yl}-2-0x0-2,3-dihydro-1 H-benzold limidazol-4-vlicinnoline-3 -

carboxyHe acid.

B0324) CoFisNsQe. MS. m/z 402.0 (M-+1). 'H NMR (400 MHz, Methanol-dy) § 8.67
(4,7 = 8.8 Hz, 1H), 8.09 (&, 7 = §.8 Hz, TH), 7.92 (4, J= 8.8 Hz, 155, 7.70 (d, J= 8.8 H,
5 1E, 7.17 (5, 1H), 6.96 (s, 1ED), 2.44 (s, 3H), 2.29 (s, 3H).

Example 108

{3, S-dimethytisozazol-4-yij-d-{3-methylizoquinolin-d-yi- 1 H-bewrs fdlimidazel-2(3H)-

TS
i0
s .
.-»"“{r P '-,
/ ,/ PACL-dppf
EL [/ _ by
/\*x\\f T
/ nwso Fa 0y
/}rNH c} TH0°C
{06325} -3, 5-Dimethylisoxazol-4-y1}-4-(3-methylisoguinolin-4-vi}-1H-

benzo]djimidazol-2(3H)-one was propared fom 4-iodo-J-methylisoguinoline in s similar

fashion as Example 104,

15 186326] CFisNGy. MS. m/z 3711 (M+1). "H.NMR {400 MEz, Methanok-d;) 9.26
{s, 1H), 8.16 (d, 7 = 7.7 Hz, 1H), 7.67 (m, 25}, 7.42 (&, J = 5.2 He, 18D, 7.15 5, 1K), 6.91 &,
JHY, 2.50 {s, 350}, 2.45 (s, TH), 2.29 (s, 3H).
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Example 106

@-(3,5-éime’a‘.hﬁissmzﬁi-4~yl}~é~{2~meﬁh}*inapiathaiﬁﬁ-I=}*E}-1H-henmM}Emﬁ'ﬁmﬁéﬁﬁ}«

oRe
51;5"@
& OH
é PEPPSHMPr
S R Caa(0,
YR PR I
R S N dioxane, Ha0
N MW, 150°C
O
5 [863IT) o g 2-5 mi Bmith Proeess Vial, 6-(3,5-dinsthylisexazol-4-y-4-icdo-1H-

benzodimidarol-2(3H)-one (100.0 mg 8.282 mmol}, {2-methylnaphthalen-1-vliboronic acid
{176.0 mg, 0.946 mmol, 3.36 equivy, PEPPSI-Pr {19.2 mg, 0.028 romol, 0.1 equiv) and
CaC; (337.0 mg, 1126 mmel, 4 equiv) were plaved. The mixture was suspended in 1,4
divxane {1.3 vol.) and water (0.5 mL) under N2, The mixture was beated at 150°C for 75 min
18 using microwave reactor (Biotage Optimizer). Afier an agueous work up, the cnude product
was purified by a silica-gel colomm chromatography (hexane / BtDAc 20:80) to give 6-(3,5-
dimethylisoxazol-4-y1}-4-(2-methylnaphthalen-1-y1}-1 He-banzo[dlimidarc-2(3H}-one.

10328] C2IFIGNIOZ. MS. m/z 370.1 (M+1). 1T NMR (400 MHyz, Methanol-d4) §
7.88 (4, Y= §.6 Hz, 2H), 7.50 (¢, ] = 8.6 Hz, 1H), 7.45 — 7.38 (m, 1H), 7.38 - 7.33 (m, 2H),
15 7.0 (s, 1H), 6.82 (s, 1H), 2.43 {5, 35T}, 2.28 {5, 63D
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Ezemplz 187

A Zn{dilluoromethyl)-3-methylguwinolin4-yi}-6-3,5-dimethylisoxazol-d-yi-1 F-
beweo]dlimidazol-2(3H)-oue

p F N-0
*’&) et ! K)\ = 4 f/’&*m
ES/ PciCEA cippf
Ty ll 8 DRMBO, HO HN ;,' /k(/j\"
N g;,hﬁm MVY, 120°C o
5 88329 4-(2-{Diftuoromethyl}-3-methylguinobin-4-yij-6-(3, 5-dimethylisoxarol-4-vi}-

1 H-benzoldiimidarzol-2(3H}-one was pwpared fom 2-(difluoromethyl}-4-iode-3-

methylgoinoling i a similar fashion as Example 104,

100330 CosgFaNaDn MS. vv/z 421.1 (V+1). 'H NMR (400 MHz, Methanol-dy) &
8.18 (. J=9.0 Hz, 11, 7.83 - 7.74 (m, VH), 7.63 — 7.57 (m, 1H), 7.45 {d, J = 5.4 Hz, 1H),
W 7.23—6.87 fm, 2F, 2.44(s, 6H), 2.30 {5, 3H).

Ezample 108

d-chloro-S-(3,5-dimethylisoxazob4-yD-7-(6~-methviguinolin-S-yh-TH-benzo jdimidevol-
I3 one

15 88331 In §.5 -2 mi. Smith Process Vial, the substrate (25.0 mg, 0.067 mmol) and
NCS {36.3 mg, 0,133 munol) were dissolved into THF (2 1oL). The mixture was heated at
8O°C for 2 b in an oil bath, The reaction mixturs was purified by BPLC (5-95% scetoniuile:
water with 9.05% tmiflucroacetic acid, on 8 Phenomenex Tuna C18 column) 10 give the

desired product.
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88332 CrHerCINGGz. MS. 22 403.1 (M1, 407.1 (M+2+1), TH NMR (400 MHz,

Methanol-dg} 8 9.25 - 9.05 {d, J= 5.8 Hz, 1H), 8.47 - £.40 {m, 1}, 8.30 (d, J = 9. Hg, 1H),

820 (d, /= 9.0 Hz, TH), 7.96 - 7.50 (m, 1), 7.19 {s, 1H), 2.40 {s, 3/2H), 2.38 (5, 3/2H), 2.38
(s, 3/2FD), 2.34 (5, 3/2H) 2.21 {8, 3/2ED), 2.19 (s, 3/2H).

Example 189

6-(3,5-dimethylisoxazol-d-yhp-4-(8-fnoro-G-methylquinolin-S-yir1 H-benzs|d Bmidazol-

3Houe
Br‘w\
R ¢ = T
DMF } J
ﬁ e
Step 1
{B8333] 3,5-Dicyelopropylisoxazole {70.0 1ag, 0.46% mmol) was treated with MBS

{167.0 mg, 0.938 mmeol, 2 eguiv) in CH2CLZ at room temperature for 12 b The solvent was
removed under & reduced pressure and the residue was divectly loaded onto a silica gel
column chromatography (hexane BiOGAc 87:13) w0 give S5-bromo-8-fluoro-6-

methyigoinokineg,
HN334) COHIOBrON, ME. m/z 239.9 (M-1-+1), 241.9 (M+1-+1},

Step 2:
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N-Q
— S B

d PEPPSLPr
GSzc:ﬁa

?7“\\

e
/\ ,0 K/N dioxane, HyO
)~——NH t MW, 150°C

(583351 CopHrENaDy. ME. 1v/z 398.1 (M+1). ' NMR (400 M¥Hz, Methanol-ds) 3

8.93 (d, 1H, 7 = 40 Hz), 8.08 (4, 1H,J =£90 Hz), 7.70 (d, 1H, J = 11.2 Hz), 7.67 (dd, 11, 7

= 8.0, 4.0 Hz), 7.15 (4, 15, 7 = 1.0 Hz), 6.88 {d, 18, J = 1.0 Hz), 2.43 (s, 3H), 2.38 {5, 3H),
5 2.2% (s, 3E.

ixample 116,
Example 111, and
Examaple 112

19 (3 S-dimethyl-1H-pyrazeb-d-yl)-5-03 S-dmethylisoxazol-d-y-1-methyl- 18-
benzold]inidansl-2(3H-one

-0
g /
Q "‘5,3 PEPRES
. ( _—
N

Ry -
| * a-B Ca00
N /,L&,N DMEH,0
é&-“ﬁ\ H
[BO326] 5-(3 3-gimethylisoxazol-4-y-7-iodo-1-methyl-1H-benzoldjimidazol-2(3F)-

one (60 mg, .16 mmel} was placed in 2 microwave vial followed by the addition of PRPPSE
15 (11 mg, 0.016 nunol) snd ceshwn carbonate (158.9 mg, 4.9 mmol), The material was then
disgolved i 1.5 ml of DME and 1.5 ml of water. The vial was then placed in the microwsve
where it was heated to 165° C for one hour. The crude solution was then diluted with water
and extracted 3 thnes with ethyl scetate. Combined organic lavers were washed with bring,

dried over sodinm sulphate, filtored, concentrated in vaoue, and purifiad via HPLC o afford
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7-(3.5-dimethyl-1 H-pyrazob-4-y1}-5-(3, 5-dimethylisoxarol-4-vi)-1-methyl-1H-
benzo{dimidazel-Z2{3i)-one.

(68337] CaFoNsD: 338.2 (a/z +1) TH NMR (400 MHz, cdsod) § 7.03 (4, /= 1.6
Flz, 1H), 6.75 (&, J= 1.6 Hz, 1H), 3.01 (s, 3H), 2.41 (s, 310}, 2.26 (s, 35, 2.12 (5, 6H),

5
Exmmaple 113
6—(3,,5=s§imethyiisaxmluéuyﬁ}-ﬂéw(}»{4~ﬂnamphmyi}ﬁnyﬁ}—ﬂiébenmi{‘i}imiﬁaminﬁiéiﬁ}»
one
M0
PN ; A~
_ _ e g0 PEPPSIIPA
/ﬁ 7 ,‘%j 33*7% - DRE © 1,0 J/\J
R F \‘ ﬁﬁzﬁ-@g
H ‘ ‘ 10°C, ol - T
T ’ ' ))I—NH
O
10 (80338 8-(3,5-Dimathylisoxazol-4-yi)-4-iodo- 1 H-benzo{dimidazol-2(3H}-one (100

g, 0.28 mmol), 1-{(4-Fluorophenylvinviboromic acid, pinacol ester {209.59 mg, 0.34 remeol},
PEPPSI-IPy catalyst (12,19 mp, 0.03 romol), 1,8-Dhiasabicyelo]5.4.0mdec-7-ene sohstion
{0.25 ml, 1.69 menol) were mixed in 1-Methyl-2-pyrrelidinone (6 ) snd Water (3 i} in
sealed o 2 microwave vial snd beated to 110°C for 30 munates in g microwave reactor. The
15 reaction mixture was then cooled and partitioned between water and ethyl acetste, The
organic layer was washed with water then brine and drisd over sodium sulfate. Puritication
on silica gel (Hexane/BtOAC) followed by preparative HPLC afforded 6-(3,5-
dimethylisoxazol-d-y1}-4-(1-(4-fluorophenylyvinyl}- 1 H-benzo] dfimidazol-2{3H}-one.

[0R339 C20HISFN302; 350.2 (M+1), 1H NMR (400 MHz, DMSO-d6) § 7.35 (dd, 1

20 =87,56¥He, I, 7.16 (, I = 8.8 Hz, 2H), 6.86 {d, I = 1.6 Hz, 1H), 6.59 (d, I = 1.6 Hy, 13D,
5.81 (s, 1H), 5.44 (s, 1H), 2.32 (s, 35, 2.14 (s, 3H). 19F NMR (376 MHz, DMSO-46) 8 -
114.96 (ddd, T = 14.4, 9.1, 5.5 Hz).

00346} The following compound{s) were made in a similar fashion using

approprisfely substituted boronic acids or esters,
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Erarmple 1314

6-(3,5-dimethylisoxazok-4-yi-4-(2-(morpholinomethyphenyl)-1H-benzofd imidazol-
23 vone

(9.

[66341] CoaHigPaO; 405.2 (ML), TH MR (400 MHz, DMBSO-d6) § 7.52 (dd, J =
7.4, 1.7 Hz, 18), 7.40 (atd, 3= 14.7, 7.3, 1.7 Hx, 253, 7.30 (44, J = 7.2, L8 Hz, 15D, 6.90 {d,
T 1.6 He, 1H), 6.78(d, J= 1.6 Hz, 1), 3.47 (¢, T=4.4 Hz, 3H), 2.41 (s, 3H), 2.24 (5, SH),
1.66 (d, T = 5.6 Fiz, TH), 1.54 (dg, T=13.7, 6.9, 6.3 Hz, 2H),

i0
Example 115
6-{3.5-dimetbylisoxazch-4-yij-4-{1-(4-fnorephenyliethyl)-1 H-benro|d fmidazol-2(3H)-
one
N-Q
i P,
| g 1% PAC, My . : N faﬁ
Bt i 34
H?é;:\f; Y S
M
b/
o
15 55-54562
{e342] A suspension of 6-(3,5-dimethyBsoxazol-4-y1)-4-( 1-{4-fncrophenylvinyl)-

{H-benzo{dinmdazel-2(3H)-one (60 mg, 0.172 mumol) and 10% palladivm on carbon (20 mg)

n 5 ml sthavol was purged with hydrogen gas and allowed o siir for 2 hours. The resction
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mixture was then filiersd and the solvents evaporated. Residus was purified by preparative
HPLC which afforded 6-(3,5-dimethylisoxazol-4-pl)-4-{1-(4-fipovophenyDethyl}- 18-
benzo{dliudazol-2(3H)-one.

1603431 CaoFirsFN:0y; 352.2 (M+1). "H NMR {400 Mz, DMBO-d6) § 10.92 (s, 150,

5 10.71(s, 1¥), 7.45 (dd, J = 8.6, 5.7 Hz, 2H), 7.12 ¢4, J= 8.9 Hz, 2H), 6.84 {4, I = 1.5 Hz, 11),
673 (d, ¥ = 1.5 Hz, 1H), 4.43 (g, 7= 7.2 Hz, TH), 2.35 (s, 31D, 2.17 {5, 350, L.63 (d, I =72
Hz, 370, °F NMR (376 MHz, DMSO-d6)§ -117.55 (1, § = 9.1, 5.6 Ha).

Ezampie 114

10 5o (3, Soddimethybisosazol-4-31)L-ethyl-7-(G-methylqninolin-S-y -1 -benze]d ) imidnzoie

23Hone
-3
q oy M- -3
-t i
Gn S AP A P
() IR N R N
ap” T T Bes, Py, J\ffi\, HeCH JE\(A\ & Bl ! EWOH
=03 lf" 'N“s?;;a'
OFy &t
. -G N~
7 epppmaps Y i
FEFPS CDI, THE
- Ay _— , R e S
P paEHo |l 106°C )\l/ﬂ,,i\ ]
N Coa005  Hy TS
HN..\ 118 C,, gﬂmﬁﬁ f“‘N\ //ﬁr/f;}
0 21
! Il
Step b
15 [i344] 4-(3,5-Dhimethylisoxazol-4-yi}-2-iodo-G-nirosniline (4g, 11.1 mmol) wag

dissolved in 100 mL DCM and to the solution was added pyridise (2.7 mL, 33.3 mmol}
before cooling to 0°C under argon. To the solution was then added dropwise iriflic anhydride
{3g, 14.5 mmol) before allowing the reaction 1o slowly wanm fo room {emperature overnight.
The reaction mixture was suspended slowly into stiveing DCM / water before extracting 3

20 times with DOM, Organics wers then washed with water, hrine then dried over sodium
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sulfate. Solvent wad removed under reduced pressure fo vield orpde N-(4-(3,5-

dimethylisoxarol-4-y1}-2-icdo-G-pitrophenyl}-2,2, 2-trifivoroacciamide as a brown oil

Step 2:

jen345] A mixture of N-{4-(3 3-dimethylisoxazol-4-y1}-2-iode-6-nitrophenyl}-2,2 2-
wriflucroacetamids (2.2 g, 4.83 oumol), cestum carbonate (3.94 g, 12.08 mmol} and NN~
Dimethylformamide (100 ml) was stirred al room temperature under argon. To the mixture
wag added fodoethane (3.77 g, 24.17 nunol} and rezction was heated i 45°C ovemnight,
Crude mistare was dilined in BtOAC and water and extracted 5 times with BtOAc. Organics
were washed with water, ag LiCI, then brine, doied over sodium sulfate and evaporsted to
dryness under reducsd pressure to afford crude N-(4-(3,35-dimethyizsorazol-d-y1)-2-dodo-G-
nitrophenyl)-N-othiyl-2,2 2-wifluoroacetamide as a dark o,

Btop 30

3461 Crode N-{4-(3,5-dimethyHsogazol-4-y1}-2-iodo-6-nitrophenyi -N-ethiyl-2,2,2-
trifluoroacetarnids (1.5g, 3.1 mmol} was dissolved in 100 mL of methanol, To the mixtors
was added 1M sodinm methoxide in methanol (15.5 mL, 15.5 muwol} end reaction sirred af
room femperature oniil comaplete. Reaction was then guenched with 15 ol of 1M HClor
until pH is approximately neuirad then diluted with agueons ammonim chloride. Methanol
was removed under redaced pressure and ther romaining suspengion was extracted with
EtOAc. The solution was washed with water, brine then dided over sodinm sulfate. Solvents

were remeoved under reduced pressurethe residue was then dissolved in 20 mll of ethanol and

placed in 4 sealed pressure tube with stanmnous chloride (2.2 g, 11.62 smmol). The mixtire was

heated st 120°C for | howr. Reaction mixture was cooled 10 room teyaperature, To the
mixture was added 1M NaQH (10 ml) and the mixiure was stired at room termperature for
30 orinotes, At €hds point the reaction mixture was dilnted with water and extracted with
BtOAe (3 tinies). The solotion was washed with wates, briné and drisd over sodium snlfste.
Solvents wers remioved under reduced pressure and orude product was purified by sitics gel
chromstography (Hexanes / BtOAC as the eluent} to provide 4-(3,5-dimethylisoxazol-4-y1}-
Nl-ethyl-6-iodobenzene-1,2-diandne(310 mg, 22%;).

Step 4:
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083471 4-(3,5-Dimethylisoxazol-d-v1}-N1-ethyl-S-iodobenzene-1,2-damine (105 me,
0.25 mmol), G-methylgomolin-S-viboronic acid (274.86 mg, 1.47 mowol), 1,8
Diazabicyclo[5.4.0lundee-T-ene  (0.26 mL, 1.76 mumol), 1-Methyl-2-pyrrolidinone (S mL),
and water (2 ml) were placed in microwave vial, pre-stineed for 2 minutes, then hested to
131G°C for 15 minutes. Reagtion mixture was dituted with BiOAc and aqueous aremonism
chloride and exiracted with BeOAc {3 tiaes). Organies were washed with smroonium
vldoride, water and brine and dried over sodium sulfate, Solvent was evaporated to dryness,
Crude meterial was purified by silica gel chromatography (DOM / MeOH a5 sluent) $o afford
4-(3, S-dmethylisozazol-d-vl)-N-sthyl-6-(6-methyiquinolin-S-vibenzene-1,2-diamine,

Step §:

[B0348] 4-(3,5-Dimothylisoxazol-4-yl}-M 1-ethyl-6-(G-methylguinolin-5-yibenzene-
1,2-diamine (%0 mg, 0.24 munol) and 1, 1-carbonylditmidarole {86.2 mg, 0.53 mmol) were
added to tetrabydreforan (10 ml) in a sealed vessel and heated to 105°C overnight. The
reaction mixtiee was the diloted in BtOAc and agueous ammonium chloride and extracted
with BtOAc (3 times). Orgavics were washed with ammoenivm chioride, water and bring and
dried over sodium sulfate. Solvent was evaporated fo drynessCrude matesial wae purified by
silica gel cheomatography (DUM / MeOH as shuent) then by prepurative HPLC to afford 5-
(3, 5-dimethylisoxazol-4-yl)-1-ethyl-7-(6-methylguinolin-5-y1}- 1H-benzof d}imidazol-2(3H)-

ORe.

H349] CoaFlasNOy, 399.2 (A+1), 1H NMR (400 MEz, Methanol-44) 5 §.86 (d, J =
4.2 Hy, 1H), 8.12 (4, T = 8.7 ¥z, 1H}, 7.97-- 7.89 tm, 15D), 7.85 (d, J = 8.7 Kz, 1H), 7.51 (4,
7=8.5,4.3 Hz, 1H), 7.19 (4, = 1.6 Hz, 1H), 6.82 (4, T = 1.6 ¥z, 1), 3.19—3.00 {m, } =7.}
Hlz, 2H), 2.43 (s, 3HY, 2.36 {9, 3H), 2.27 (5, 3H), .52 (4, ] = 7.1 H, 3H}.
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Exsomple 137

53, 5-dimethylisoxareb-4-y1-7-(-methylguinolin-S-yi-1-02, 2, 2-trifflucroethyl)-1 H-
benzo{dlimidazel-2{3H)-one

NG N0
\ 7

o " A3 REN

L i /\H PEBFSIIPA . 1. BE D, Y

) { /L [\L 2. Zn ] beOH ,& .
g Bplootine borane \/ o DMFIHD e HNT e

HN 532593 }
iy Ny fwCEmn M HN
CF; oF, CF,
5 Stepls
100338] 4-Bromo-2-chloroanitine (5000 mg, 24.22 somol) was dissolved in

triffusrogcetic acid {40 ml} and 1.2-dimethoxyethane (50 mi) then cooled under argon io
0°C. To the mixture was added 2-picoline borane corplex (12951.34 mg, 121.08 mmol)
and then the reaction mixture was heated 110°C for 8¢ mimﬁes.&oi‘vm{a wers removed uoder
10 reduced pressure and cride material was faken up dn IN HC and stimed at 110°C 30
migiries, Crude mixture was then diluled with BtOAc and wailer and extracted BEiDAc (3
tirnes}. Organice were washed with water then brine, dried over sodium sulfate and
evaporsted fo dryness under reduced pressure. Crude material was parified by silica gel
chromato gmghy using EtOAcHexanes as the elnent to afford 4-bromo-2-chloro-N-{2,2,2-
15 wrifluoroethyDandtine.

Step 2

HEIRAS Y A mixture of 4-Bromno-2-chloro-N-(2,2,2-triflucroethylaniline (5280 mg, 18.3
mmol}, 3,5-dinethylisoxazole-4-boronic acid, pingeol ester (4082.76 mg, 18.3
wmol), PEPPSI®IPr catalyst (124724 mug, 1.83 mumol), Cesium carbonate (17889.52 mg,

20 3491 mmol} in 120 ml I}Rﬁ:ﬁgﬁ (2:1} was beated to 90°C under argon. The reaction
mixtire was then cocled and partitioned between water and ethyl scetate. The organic layer
was washed with water then brine and dried over sodium sulfate. Purification on silica it
(Hexunes BtOAe) afforded 2-chloro-4-(3,5-dimethylisoxazcl-4-vi}-W-(2,2,2-

triflvoroethyljaniline.

25 Stepd:
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EEIREYS 2-Chiaro-4-(3,5-dirnethiylisoxazol-4-y1-N-(2,2,2-wifimoroethyDaniline (200
mg, 0.66 mmol} was dissolved in dichloromethane (10 mb) and acetonitrile (10 mL) and
cooled to 0°C wader mrgon. To resction mixiure was added §.5M nitronium tetraflueroborats
{1.84 o) slowly over 20 rrinates. Reaction mixure was stifred at 0°C, for 1 hour and
sltowed o wanm o oom temperaive. Afler 3 hours,  the reaction mixtre was cooled to 0°C
again and 0.5M nitroninm wetrafluoroborats in sulfolane (1.84 ml) was added and the reaction
sofution was stivred af voom femperatire overnight. Reaction solvents were removed under
reduoed pressurs and the residue taken up in BtOAc and the solution wes washed with aqg,
NaHOOs, then water, brine and dried over sodium salfate. sSolvents wers removed under
reduced pressure to vield a davk red oiMligpad. This matexial was dissolved in 2 mb of
ethano! and 2 mL of acetic acid. To the solution was added Zinc dust and suapension was
stivred. After 30 minutes of stirring the zinc dust was filtered off snd the solvenis were
removed nnder reduced pressure. The rextdue was dissolved in Bi0OAs and the solution wag
washed with ag, NaHTO;, then water, brine and dried over sodivm sulfate. Solvent was
removed and the crude residue was purified by silica gel chromatography (Hexanes/Bi0A: as
the eluent) to afford 6-chlore-4-{3,5-dimethylisoxazol-4-v1}-N1-(2,2,2-

ifuoroethyDbenzene-1,2-diamine as a light colored ofl.

Exapnpls 138

The following compound was synthesized in 2 similar fashion as that of Example 117.

_ NP A
PEFRE-IFA Cbl, THE
B \'\_,' g A ;

<

DME : H,0 /[ ) 166°C
HoH C800;  HM Y
MG, S0min M,
Fal ©

00353} CoFlis BN, Op; 453.3 (M+1). 1H NMR (400 MEz, DMSO-d6) § 1157 (5,
1H), 8.86 (3d, T =42, 1.6 Hz, 1H), 816 7.97 {xa, 180, 7.78 (4, J= 8.7 Hz, 1H). 7.73 — 7.61
(s, 130), 7.44 (8, 3= 8.6, 4.2 Hz, 1H), 7.14 (&, ¥ = 1.7 Hz, 1), 6.81 (&, ¥= 1.7 Hy, 1H),
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3.89 —3.58 (m, 28), 2.39 {5, 3T, 2,22 {d, T = 4.6 Hz, 6H). 19F NMR (376 MHz, DMS0-d6)
5 -69.65 (1, J = 8.9 Hz).

Example 119

53, 5-dimethylisozazel-4-yi)-1-methyl-7T-(G-ruethylguinetin-S-yi 1 H-benzo [ insdazol-
IGH-one

Step L 4-03 S-dimethviisoxazol-4-v11-2 -odo-No-meihvi-G-nitroaniling

N-Q N~O)
d \?/}\ P.--'{{ r/)"‘-uh
) Bal, 8,00, b
SHR
= : o
O ! O ]/“i
Ny HN._
B354 To a flask contaiming 4-(3,5-dimethylisoxazol-4-yi)-2-iodo-G-nitroaniline

(1000 mg, 2.78 mrnol, 1 equivy was added DMF (13 mL, 0.2 M), ceshum carbonate (1.4 gm,
4.17 mamol, 1.3 equiv.) and idomethane (260 pl, 4.17 ramol, 1.5 equiv). Afier an how, the
reaction was guenched with water and partitioned between water and ethyl acetate. The
orgaic layer was washed with bring and dried over sodivm sulfate. Purification was cargied
ont by flash colmnon chromatography to furnish 4-(3, S-difsethylisoxazol-4-y1)-2-iodo-N-
methyl-6-nitroaniline (615 mg, 60 %). "H NMR (400 MHz, odel) 5 7.81 (¢ J = 3.0 Hy, 11D,
1704, J=2.1Hz, 1H), 2.97 (5, 3H), 240 (d, /= 16.8 Hz, 3 H), 2.26 (d, J= 14.2 Hz, 38).

[00355] LCMS favz +13 373,

Sten 2: 503, S-dimethylisozgzol-4-v1)- l-methyl-7-{§-methviguinoln-S-yP- 1 H-
benzoldlimddazol-2(31-one

B0 N-0

;3
SnCl, EIOH A~

¥

135



WO 2014/160873 PCT/US2014/032031

HELEEE | To a microwave vial containing 4-(3,S-dimethylisoxazol-4-vi}-2-iodo-N-
methyl-G-niroanifing { 610 g, 1.64 munol, I equiv) was added FIOH {12 mk., ¢.25M) and tin
{17y chloride (622 mg, 3.28 mmol, 2 equiv). The reaction mixture was heated for 30 min at
110 %, The reaction was then stirred in ZN NaOH solution for 20 mimues snd partitioned
between water and ethyl acetate. The orpanic layer was washed with nine and deled over
sodivm gadfate, Purificetion was carvied out by flash column chromatography to furnish 4-
{3,5-dimethylisoxazol-4-vi}-6-iodo-MNl-methyibenzene.1,2-diamine,

188357 LOMS (rofz +1) 344.02

Step 3. 5-(3.5-dimethylisozazel-4-v1)-Tiodo-Lanethvl-1Fl-benvo[ dlimidazel-2( 3 -one

e

CDE THF

-‘N

f)

To 2 flagk contgindng 403, :3-dimethyh3ﬂxazm}ﬂ4~ﬂ} -G-jodo-MN1-methylbenzene-1,2-diamine
{299 mg, 0.87mmol, 1 equiv) was added THF (& mL} and CDT {282 mg, 1.74 mmol, 2 ST
"The reaction mixtore was heated for 2 hr at 120 °C. The reaction mixtwre was then
concentrated in vaexo and the solid fritwrated with diethyl ether to fumish §-(3,5-
dimethylisoxazol-4-yi}-7-iodo-1-methyl-1H-benzo| djimidazol-2(3H)}-one as a Hght yellow
solid.

LOMS (miz +1) 379,00,

Step 4;

N~ A
(%\ | H{) OM . f/\\
/Lv PEPPSI, C8,C05, DME/ HoO \ffﬂ !/L\

HN t
o s
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{a358] To a microwave vial containing 5-(3,5-dimethylisorarol-4-y1}-7-iodo-1-
methyl-1H-benzo]dlimidazol-2{3H-one (40 mg, .11 mmol, 1 equiv.) were addad 3,5+ 6~
methyviqeinelin-3-ylboronic acid (51 mg, 0.27 sumol, 2.5 equiv.), Cs,C01 {141 mg, 0.43
momol, 4 squiv.)) and PEPPST 1Py oatalyst (8 rog, 0.02 mmol, 0.1 equiv.) in DME-HLO 20
mb, (.2 M, 2/1, v/v}. The mixture was heated to 140 "C. After 2 hr, the reaction was
compiete. Following cooling, the reaction mixture was extracted with ReOAc and washed
with water, satuzated NHCL After drying with MpS80,, it was filiered and concentrated to
dryness veder roduced pressure. Porification was carried out by reverss phase BPLC o

farnigh the title compound.

100359] 'HL NMR (400 Mz, odsod) § 8.82 (d, J= 4.3 Hz, 1H), 8.09 (4, /= 8.7 Hz,
18y, 7.82 (4, J= 7.1 Hz, 2H), 7.47 (44, J = 8.5, 4.3 He, 1H), 7.17{d, J= 1.6 Hz, 16), 6.82 (4,
J= 1.6 Hz, 1H), 2.53 {5, 3H), 2.42 (5, 350), 2.33 (s, 3FD), 2.27 {5, IH). LOMS (m/z +1) 385.23.

Fxaraple 128

7-{3 d-dirmethyl-1H-pyrazol-8-y1-5-(3, 5-dimethylisoxazol-4-yl)- 1-maethyl-1H-
benzsidlioidazet-2(3H)-one

M-0 M=y N-Q
/Q\?'}‘“‘ e N%T% - : S
i HE B oM g
P P
_{,'i\ PEPPIL, C5a00y, OME 7 HO PN M,
HN Y T HNL— :*é /]Ljhi
o Y -
Cl-/ », D/ ~
128368] To a microwave vial containing 5-(3, 5-dimethylisoxazol-d-vii-7-iodo-1-

methyl-1H-benzo{diinddarol-2(3H)-one (40 rag, 0.11 mmol, 1 equiv.) were added 1,4-
dimethyl-1 H-pyrazol-5-ylboronic acid (72 meg, 0.32 muol, 3 equiv. ), CsC0; (141 mg, 0.43
mmol, 4 equiv.) and PEPEST IPr catalyst (8 mg, 0.02 mmiol, 0.1 equiv.) and DME-EL,0 (20
k., 0.2 3, 2/1, v/v). The mistore was heated to 140°C. After 1 b, the reaction was
complete. Following cooling, the reaction was extracted with BtOAc and the organic sohution
was washed with water, saturated NHLCL After drying with MgB8Qy, it was filterad and
concenirated to dryness uader reduced pressure. Purification of the residue was carried out by

reverse phase HPLC o furmish the desired product.,
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{00361} TH MR (400 Mz, cddod) § 7.44 (s, 1H}, TI5(d, F=1.6 e 1H), 6.88 (4,7

= 1.6 Bz, 1H), 3.65 (s, 3H),.90 (s, 3H), 2.42 (s, 3H), 2.27 (s, 7H), 1.95 (s, 3H). LOMS (m/z
+1) 338,19,

HExample 131

5, 7-bis(3,S-dimethylisoxszobd-yh-d-methyl-1H-benzo | d]imidazol-2{3H}-one
N-O QN

AP Y

HO oM

By h
L
P PEFPS, Con00,, DME 7 H0
HN)'F\,?’ | A el '
M
£ A

{B8363] To a microwave vial contatning 5-(3,5-dimethylisoxazel-4-v1)-7-iodo-1-
snthyl-1H-benzo[dlimidazol-2(3 H}-one (40 mg, 0.11 mmol, 1 equiv.) were added 3,5-
dimethylisoxazele-4-boronic acid pinacol ester (72 myg, .32 mmol, 3 equiv.), U0, (141
mg, (.43 sunocl, 4 equiv.), PEPPRL-IPr catalyst {8 mg, 0.02 mumol, 0.1 equiv.} and DMAE-
HpO (20 ml., 0.2 M, M1, wv). The mixture was heated to 140°C. After 1 hr, the reaction was
complete. Following cooling, the reaction mmixiure was extracted with FI0Ac and the organic
solution was washed with water, saturated NFLCL After drying with MgS0,, it was filiered
and concentrated {o dryness. The resulting solid was washed with BtGAc. Purification of the

residue was carried out by reverse phase HPLC to fumish the title compound.

188353 "H NMR {400 MHz, cdsod) & 7.09 {d, J= 1.6 Hz, TH), 6.8 (&, J= 1.5 He,
1H) 3.11 (4,7 = 14.5 Hz, 3H), 2.41 (s, 35), 2.38 — 2.23 (m, 67, 2.15 (5, IH). LOMS (m/z+1)
335.15,

13%
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Hxample 122

&3, 5-Ghmethylisoxazob-4-y-d-{1-ethyl-4-methyl- 1 H-pyrazel-5-yI)- 1 H-
benzoldjimidazel-2{3H}-ene

- ; \ Y4
O 7 NH N
4

iy

{BE364] To a microwave vial contmining 6-(3,S-dimethylisoxazol-4-y1}-4-(4,4,5 5~
tetramethyl-1,3,2-dioxaborolan-2-y1)- 1 H-benzo | dinidazol-2(3 8 )-0ne (40 mg, 0.17 mmol, 1
equiv.} were added S-bromo-1-ethyl-4-methyl-1H-pyrazole 11 (64 mg, 0.34 mmol, 3 eguiv.),
Pd{dpphiCh. CHaCl (9 myg, 0.011 numol, 0.1 equuv.), DBU 01 pL, 6 equiv) andDMSO-
Hz0 (4wl 0.2 M, 2/1, vy} The mizture was heated to 120°C for 30 1sin In microwave. The
10 reaction was concentrated under reduced pressure and purification was carried out by reverse
phass BPLC.

F0365] 1H NMR (400 MEz, Methanol-dd) 5 7.45 (d, T= 0.8 Hz, 1H), 7.00{d, Y= 1.6
Hz, 1H), .88 (d, 7= 1.6 Hz, 1H), 4.02 (44, J = 28.3, 7.2 Hz, 15), 2.43 (s, 40, 2.27 {s, 4H),
1.96 (4, 3= 0.7 Hz, 3H), 1.25 (&, J= 7.2 Hz, 4. LOMS (ovz +1) 338.22.

i5
Easruple 123

Se{6-{3, 5-dhmethylisosarol-d-yl}-2-0x0-2, 3-dihydro-1H-benze [dlimidazel-d-y - Lmethyl-
1¥-pyrazele-4-carbozanside

04 P
_'ﬂ'(\\».[\ e, ~
:{i,/'.\::‘ i iy :E,—NH.‘
A o - W
Y s L ] ;
N ?iH 4 ) DB Hogy
Of}ﬂ “f\ o
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FDG366] To & microwave vial comtaining 6-(3,5-dimethylisoxazol-4-y)-4-(4,4,3,5-
tetramethyl-1,3,2-dionaborolan-2-y13- T H-benzo{djimidazol-2(3H)-0ue (100 mg, 3.28 ool
1 equiv,) was added 5-brome-1-methyl-IH-pyrazole-4-casbonitrile (130 me, 6.30 mniol, 2.5
equiv.}, Pd{dppiCh.CH,Cl; (23 mg, 0.03 xornol, 9.1 equiv.) and DEU (253 ul., 1.69 mmdl,
& equiv.} and dissolved in DMSO-F20 (4 ml, 0.2 M, 2/1, v/v). The mixture was heated fo
120°C for 30 win 0 microwave. The reaction was concenirated in vacuo and purification was

then carned out by reverse phase HPLC,

[BO36T] “MS (miz +1) 352.99, 1H MMR (400 MHz, Methanol-d4) § 8.04 (s, 1H),
7.10 ¢d, T = 1.6 Ha, 1H}, 6.95 (4, I = 1.6 He, 1H), 3.72 (s, 41, 2.40 (d, I = 15.8 Hz, 4H), 2.25
(2, 7=16.4 Hz, 45).

Hzavnple 124

'E-e:gcﬁuprépig’luis-(_3,,ﬁwf}imethﬁisuxmsﬁr-zi»g'i}m?-{&me&yiqnimiiamﬁfyﬁ}»l75{{~

benzoldjimidazel-2(3H)-one

Sten 1 8<( 3‘5~éimethv1isoxaz<31~4~vﬂ~’?niudn—1-methvi—1H—benzef_d'iimidami—2( 3B one

N-0) o
""\ ; %“"
® - ®
HaNT N Y
LN 6?“!\3\
108368} To a mixture of 4-(3,5-dimethylisoxarci-4-y1}-6-iedo-Ni-methylbenzene-1 2~

dianzine (1.89 g, 5.5 mucol, 1 equiv.} in g pressure tube was added THE (5 ml) and CDY {2.67
g, 18.5 mamol, 3 equiv.). The mixture was heated to 120°C for 30 minues in & misrowave
reactor, The reaction was concentirsted in vacns and purified by HPLC to provide 3-{3,5-

dimethylisoxazol-4-yi}-7-iodo-1-methyl-1H-benzof dlimidazol-2(3H}-one,

120369} LOMS oz +1)3 370,16,
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) Br v’ i
{90378} To a mixiure of 4-(4-bromo-3-iodo-5-aitrophenyl)-3,5-dimethylizoxancle (1 g,

2.36 mmel, 1 equiv.) in a pressure tube was added NMP {10 mL) and cyclopropylanine (982
nl., 14.2 mmol, 6 equiv.). The mixture was heated o 135°C for 60 minutes in g microwave
reactor. The reaction was concentrated under reduced pressure and murified by flagh column
chromafography to provide N-cyclopropyi-4-(3,S-dimethyisoxazol-4-v1)-2-iodo-6-

nitroapiting,
B0371] LOMB frafe 413 400.02

Step 30 V-cvolopropyl-5-(3.5-dimethyisoxazol-4-v1)<7-dodo- 1H-bermo[ dlimidazel-2(3 D-one

el P
-"‘\\Q" - | R“”E
0 '
) - Hi' 4
HaM ) EE/‘ : o
hY ° v
100372 T a mixture of Ni-cyclopropyl-4-(3,5-dirsethylisoxazol-4-y1)-6-

iodobenzene-1,2-diamine (170 mg, 0.46 numol, 1 equiv.) in a pressure tube was added THR
(5 ml) and CDI (223 my, 1.38 mwol, 3 equiv..). The mixfure was heated to 120°C fior 30
minutes in A microwave reactor. The reaction was concentrated in vacuo and purified by
HPLC to provide 1-cyclopropyl-3-(2,5-dimethylisoxazol-4-y1}-T-dodo- H-benzof dlimidazol-
2(3t)-onelCMS {m'z +1) 396.3.

Step 4:
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88373 To a microwave vial conteining 1-cyclopropyl-3-(3,5-dimethylisoxazot-d-y{}-
7-iotdo-1 H-benzoldfimidezol-2{3H}-0ne (25 mg, 0.063 mmol, 1 eyuiv.} was added 3,5- §-
methylyuinclin-5-ylboronic acid (71 my, 0.38 munel, 6 equiv.}, PA{dppHCL.CHChL (11 mg,
0.013 mamod, 9.1 equiv.} and DBU (76 ul, 0.5 mmol, 8 equiv.) and dissolved in DMSO-
H20 (4 ml, 0.2 M, 21, wv). The mixtwe was heated to 1400 for 30 minuates in the

microwavs reactor.. Purifivation was carrded out by reverse phase HPLC.

T4} 1H NMR (400 Mz, Methanol-d4) 5 B.80 {dd, = 4.4, 1.6 Hz, 135, 8.10 -
7.98 (m, TH), 7.93 (dd, T = 8.6, 1.3 Fiz, 1H), 7.79 (&1, J = 8.7 Hz, 1H), 7.47 (&, J = 5.6, 4.3
T, 1H), 7.13 (4, J= L7 Hz, 1), 6.85 (4, J= 1.7 Hz, 1H}, 4.57 (5, 0I5, 2.42 (s, 35, 2.39 (s
3H), 2.27 (s, 3H), 193 (dt, J="7.0, 3.4 Hx, 1H). LOMS {m/z +1) 411.24,

2

frasaple 125, and
Example 124

§-(3, 8-Hmethytisoxazol-4d-yl4-{6-(triffuorometyDyuinelin-S-yi-1 H-bemen{djimidarol.
3H-one

s

-3, 5-dimethylisoxazol-4-yi-4-{G-{iriflnoromethylguinolin-7-vi}-1 H-beneo [dlimidazol-
{3 H-nne
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O—N Q-
3N \5 h\
P
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P I OFs {;’ T oR
el i
L \l —_— \. * ANy
Py JO,( ;-ggq HN I

= ¢

WY R /‘,.,NH ,LN 7 P o N
B O [’ & P
Pt s N LA

LR To a microwave vigl containing 6-(3, 5-dimethylisoxazol-4-y1}-4-(4,4,5,5-
tetrmmnetlyl-1,3,2-dioxaborolan-2-yl)-1 H-benzo| d[imidazol-2(3H}-one {100 mg, 0.28 ramol,
1 equiv.} was added S-chloro-6-{irifluoromethyDguincione (140 mg, 0.56 mmol, 2 equiv.),
Cs2C03 (450 mg, 1.41 mmol, 3 equiv.) and PEPPSI™IPr catalyst (43 mg, 0.056 mmol, 0.2
squiv.} and dissolved in DME-H20 (4 mi., 0.2 84, 2/1, v/v). The mixiure was beated t0120°0
for 30 min in microwave. The reaction was concenirated in vacuo and puification was

carried o by veverse phase HPLC.

O0376] 1H MMR {400 MHz, Mothanol-dd) & 9.00 (dd, I =4.2, 1.6 Hz, 1H), £32.(4,
= 9.1 Hz, 1H), 8.19 {4, J = 9.0 Hz, 16), 7.97 — 7.76 (m, 1H), 7.56 (dd, § = £.6, 4.3 Hz, 1H),
7.16 (4, § = 1.5 Hz, 1H), 6.91 (¢, T = L4 Bz, 15}, 2.42 (s, 3H), 2.27 (s, 3H). LOMS G/z +1)
42538

86377} {H NMR (400 MHz, Methanol-d4) 8 9.03 (ddd, Y = 20.6, 4.3, 1.6 Hz, 1H),
8,69 — 8.48 (m, TH), 8.32 (4, 1 = 9.0 Hz, OH), .19 (4, 1 = 9.0 Hz, OH), 8.09 (s, 1H), 7.86 (4, ]
= 8.7 Hz, OH), 7.72 {dd, § = 8.4, 4.4 Mz, 1H), 7.56 (dd, J = 8.6, 4.3 Hz, 0H), 7.12 (dd, J=
32.1, 1.5 He, 1H), 6.93 (4, /= 10.3 Hz, 15}, 242 (s, 3H), 2.27 (5, 3H). LCMS (av'z +1)
428,38,

Fxample 127 and
Example 128

{(S)-6-(3,5~dimnethylisosazol-4-yii-4-(G-fivifinoromethyDouinolin- Syl 1H-
benzold]imidazel-2 (3 -one

and
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{#)-6-(3,5-dimetbylisoxazol-d-yI}-d-(S-(trifluoromethybguinolinSyl)-1 H-
benzs]dlimidazoel-2(3H)-one

T '\v
/L]:j /IA% Fs [ R
= Yy T"\]
>r-—NH e (P }ﬂNH A
‘i\»ﬁ& “ Efj‘i
£B378 The crude wes separated to provide the two atropisomers ustng FPLC chiral
i g

5 sepambion.

0379 1H NMR (400 MHz, Methanol-d4) 3 9.00 (dd, ] = 4.2, L6 Hz, 1H), 8.32.(d, ¥
= 9.1 Hz, 1H), 8.19 (4, = 9.0 Hz, 1H), 7.97 — 7.76 {m, 15), 7.56 (dd, /= 8.6, 4.3 Hz, 1H),
7.16 (8,7 = 1.5 Hz, 1), 6.91 (d, J= 1.4 Ha, 1E), 2.42 {5, 3H), 2.27 (s, 350). LOMS (mfz +1)

435.38.
jit
Exzmple 126
5u{3,3-dimethylizoxseoh-d-yD-1-methyl-7-(6-{rifluoromethyquinolin. Sy} 1 H~
bezo{dlinddazel-2(3H}-one
-t
O, —— wlAS
Hy ”f) “‘%’0\/\{ 0 \,/
0!' N, Q"’f«.\ \f;"”
(5546815

15 8380 To a microwave vial containiag 5-(3,5-dimethylisoxazol-4-y1)-1-methyl-7-

{4.4,5 5-tetramethyl-13 2-dioxaborolan-2-yD)- 1 H-benzo[d)imidazol-2(3}-one (30 mg, 0.08
mmol, 1 equv.} was added S-bromo-6-{rifluoromethylguinoiine {68 mg, (.24 mmol, 3
equiv.), CC0s (105 mg, 0.33 ramol, 4 equiv.) and PEPPST -TPr catalyst {11 mg, 0.016
mmol, 0.2 efquiv.) and dissolved w DME-H20 (4 mi, 0.2 M, 271, v/}, The mixiure was
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heated 10k 20°C o 30 win in picrowave, The reaction was concenirated in vacuo and

purification was then cetried ouw by voverse phase HPLC |

(06381 TH NMR (400 MEz, Methanol-d4) § 9.28 (s, 15, 8.30—8.19 (m, 1H), 7.98
(4dd, ¥= 8.5, 68, 1.4 Hz, 1H), 7.70 {ddd, T = 8.3, 6.9, 1.2 Bz, 1H), 7.59 - 7.44 fm, 11}, 7.23
(@ J=1.6Hz 1H}, 6.92 (d, J= 1.5 Hz, 1H), 2.54.(s, 4H), 2.41 (s, 3H), 2.25 (5, 4H). LOMS
(nv/z +1) 385.22

Example 130

343, S-dimethylisoxaeob-4-5B-L-methyl-7-(6-(riftuoromethoxy)guineln-SyD-1H-
benzojdlimidazol-2(3H)-one

- Y
3 ~A A
M—r"‘!\}r/‘“- _’i:F
e E \} j’ F
i i Ny P
N E— Y Y =
W bt L
0’?” RN ' l\,,;[i
003821 To & microwave vial containing 5-03,5-dinethylsoxazol-4-yi)-1-methyl-7-
. v

{4,4,5,5-tetranethyl-1,3 2 -dioxsborolan-2-y}-1H-benzo{d fimidazol-2(3H}-one (52 mg, 0.14
mmol, 1 equiv.) was added 3-brome-6-{rifluoromethoxy)quiuoline {124 mg, §.42 munol, 3
equiv.}), Cs2C03 (230 mg, 0.70 mwmol, § equiv.) and PEPPEIPIPr catalyst (9.5 mg, 0.014
mmel, 0.1 eguiv.) and dissolved in DME-H20 (4 ml, 0.2 M, 2/ L, vfv). The mixtare was
beated t¢120°C for 3¢ min in microwave. The reaction was concenirated in vacno and

purification was then carried out by reverse phase HPLC,

(00383 1F NMR 400 MHz, Methanol-d4) & §.97 (44, 1=4.3, 1.6 Hz, 1H), 83144, 7
= 9.4 iz, 1FD), 8,11~ 7.83 (m, 2H), 7.59 (3d, T = 8.6, 4.3 Hz, 1H), 7.20 (4, T = 1.6 Hz, 1H).
6.89 (s, 1H]}, 2.61 (s, 35), 2.41 (s, 3H), 2.26 (s, 3H). *F NMR (376 MHz, Methagol-dg) 3 -
48.53. LOMS {miz +1) 455,29
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Kxampde 131

4-{5-(3,5-dimethylisoxazol-{-yI}-2-0x0-2, 3-Hiby dro- 1 F-Benroldinidarel-4-v)-3-
meibyloninoline f-oxide

5 [oB384] A solution of 6-(3,5-dimethylisoxazol-4-vlj-4-(I-methylguinoin-4-vi- 1H-
benzoldjimidarol-2(3H-one (30 mg, 0.08 wanel) and mCPBA (100 mg, 0.58 mmol) In
dickloromethane (0.5 mi.) and msthanol (0.5 mL) was stirred for 1 how at room temopersture,
The reaction was quenched with sodinm sulfite solution, extracied with ethyl soetate and
purified by reverse-phase HPLC.

10 160385 C2ZHIBNAO3. 387.1 (M+1), 'H NMR (400 Mz, DMEO-d) 5 10.90 (4, J =
1.9 Hz, 1H), 1048 (4, J= 2.0 ¥, 1HD, 8.73 (5, 1K), 8.62 — 8.56 (m, 1H), 7.81 — .75
1FD), 7.63 (ddd, J= 8.3, 6.9, 1.3 Hz, 1), 7.41 (dd, J = 8.6, 1.3 Hz, 1ED, 7.10 - 7.62 (m, 1H),
6.88 {4, J=1.6 Hz, 1H), 2.43 (5, 35, 2.25 {s, 35D), 2.17 (s, 380).

15 Erxample 132

{R}wsu(ﬁ«{3,5-&imet§ay§isammi~4«yi}mzuom~2,3=dihydro—1ﬁ»bmmEﬁ}imﬁéml4=yi}-6-

methviguinelive 1-guide
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86 g FigNGOs, 387.1 (1), "H NMER (400 MHz, DMSO-d4) § 10.86 (d, J=2.2
Hz, 1K), 10.40 (s, 1ED, 8.63 — §.48 (m, 25D, 7.80 {4, J= 9.0 Hz, 1H), 7.34 (dd, J= £.8, 6.0
¥z, 1H), 7.26 - 7.15 (m, 1H), 7.05 — 6.96 (m, 15}, 6.81 {t,J= 1.2 Hz, 1H), 2.40 (s, 3HD, 2.24
{d, J="7.9 Hz, 61

Exaoiple 133

6-(3,5-tinasthylisoxazsl-d-yi-4-(hydroxydi{pyridin-2-yDmethyl}-1H-beneo | diimidazol-

2 HRone
N2 B-O
/’J‘i {% Bg\fﬂ\j -—Jf\ ..—f(f. ,«’L-.,
N S cm

/%% . O M= = oy M= =,
s . Hz“’l YJ\J ™ ‘rf A

NH, THE Nﬂz 7] o a

3 Q ] \ B

\/’ b

fagasT Butylithivem {1.6M solution in hexanes, 24 ml, 38 memol) was added
dropwise over 20 minutes to a sclution of 2-bromeopyridine (3.7 ml, 38 mmol in methyl-
THF {100 mL) 8t ~78 °C. Tho reaction mixture was stired for | howr and o solution of
methyl 2,3-diamine-3-(3,5-dimethylisoxazol-4-ybenzoate (2.0 g, 7.7 nunol) in 20 i of
methyl-THE was added. The reaction mixture was warmed to wom femperature, stirred for
30 oeinastes snd guenched with water,  The resction mixture was extracted with ethyl scetate
and purified by silica gel chromatography (960:9:1 othvl acetaie/methancl/anmnonimn
hydroxide) to give {2,3-dismino-5-(3,5-dimethylisoxazol-d-vDphenyDdi{pyridin-2-

yipnsthano as an orange powder..

Ba388] CDI{1.1g, 6 mmol) was added to & solution of {2,3-diaraino-5-(3,5-

dimethylisoxazol-4-yliphenyldi(pyridin-2-ylimethanol {1.43 g, 3.7 wmol) in THF (10 mEL)

and the reaction mixturs was stirred for 3 davs. The reaction mixture was dilted with 100

mlL water and 100 mil. ethyl acetate and sonicated and filered to vield the desived product.

(BO3E] CI3HIGNGO3. 414.1 (M+1),  1H NMR (400 Mz, DMSO-36) 5 10,66 (4, 7
= 1.6 Hz, 1K), 0.79 (5, 1H), 8.4 (4dd, I =4.9, 1.8, 0.9 Hz, 2H), 7.80 (14, T= 7.7, 1.8 Hz, 253,
7.58 (dt, T = 8.0, 1.1 Fiz, 2H), 7.30 (ddd, T= 7.5, 4.8, 1.1 Bz, 2H), 6.86 (s, 1K), 6.81 (0, § =
1.5 Fz, 1H), 6.56 (d, = 1.6 Hz, 1H), 2.26 (s, 35, 2.06 (5, 3.

147



WO 2014/160873 PCT/US2014/032031

[Bp30g) The following compound was made similarly @ 6-(3,5-dimethylisoxszol-4-
yh-4-{hydroxydi{pyridio-2-yDmethyl)-1 H-beneo] dHmidazol-2{3H)-one using 2-pyridyl-6-

magnesiymbronaide:

5 Ezxample 134

6-(3.5-dimethvlisorgrai-4-yh-4-Chydroxybis{(S-methylpyridin-2-yDmethy-1H-
bereojdihnidaeel-Z2{3H-0ne

03911 GS-694472 CosFipalsOa. 4421 (1), TH NMR (400 MEz, DMSO0-d) 3
10 10,77 (s, 18, 10.07 (s, 15D, 7.89 {d, /= 17.5 Hz, 2H), 7.51 {t, J= 8.0 T, 2H), 7.394d, 7 =
37.6 Hz, 2H), 6.86 (4, /= 1.3 Hz, 1H), 2.50 ¢s, 65D, 2.27 (s, 35, 2.08 ¢s, 35},

Exampie 135

§-(3,5-dimethylisoxazsl-d-yH-4-(-hydrexy-2-mathyl-I-{pyridie-2-ybuiyi- 1 H-
15 benreldiimidazol.-2 (35 -one

Step Lt
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0392 Methyl ester (15 g, 0.096 mol) was dissolved in & mixmire of MeOH (400 mL)
and 1 M NaOH (200 ml}, an air condenser was attached and the reaction was heated 4o 60 °C
for 1.5 hours. Reaction was affowed 0 cool io room temperature snd concentrated in vaczo,
The residue was then diluted in o minkmal amount of water and neviralized with 1 MHC
until pH 6-7. The precipitate was collected by vacuum filtration, taken up in MeO¥, and
concentralsd v vacuo to give 2,3-damino-5-(3,5-dimethylisoxazol-d-yDbenzoic acid as a

brown powder Material was nsed withowt firther purification,

100393 CIZHIINGOS 248.1 (M + 1)

/ L3
\!Q HATU, DE?EA EJ—Q \/0 O / _,)'-\._
A e 2, .-‘A'\:;%‘&%- \.74‘0/\ i
M : O N
H - HO i l \l |
Ry NG PR N
| e EheF P o AcOH BN
Ny M N =N 0
N O Nt O G
_,)
633941 2,3-diarnine-3-(3,S-dimethylisoxarol-4-yhbenzoic acid (22 g, 0.089 mol) was

dissolved in DMF (C=3.0 M) and HATU (1.3 =q), DIPHA (7 eq), and N,{-
dimethylrydronylamine hydrochioride (2.5 eq) were added in cne portion and the reaction
was allowed to stir under air af room temperature for 1 he. The reaction was concentrated in
vacuo and the residus was dissolved in ethyl acetate, The soliztion was washed once with
MalC0; and three times with brine, The crmade was concentrated in vacuo and purified via
silica gel chromatography to give 2,3-diamino.5-(3,5-dimethylisoxazol-d-yi)-N-methoxy-N-

methytbenzanmide as a light brown powder,

ji395] 2,3-dismino-3-(3, 5-dimethylisoxazol-4-yhi-N-rsethoxy-N-methylbenzamide
(25 g, 0.086 mol} was dissolved in a 1:1 mixture (32 ml total} of ietmethylorthocarbonate
and AcOH and allowed to stir nader air af room texoperature for 1.5 he. The reaction mixture
vwas concentrated in vacuo at room temperature and the crude residue was dissolved in
BtOAc. The solution was washed three times with bicarb, once with water, and organic layer
was consendrated in vacno to give 5-(3,5-dimethylisoxazol-4-yi}-2-ethoxy-N-methoxy-N-
methyl-l H-benzoldiimidazole-d-carboxamide as 2 dark oil. Crude material was used without

firther purification.

149



WO 2014/160873 PCT/US2014/032031

PN A A
Boc, 0, DMAR
7 EtaN -y
L /& 14
.E{.N;”\\rif i r-.g:)/ THF EQG‘-N r,-" E,- qo.-f’
=i 0 == o
°> ]
{08396 6-(3,S-dimethylisoxazol-d-yl)-2-ethoxy-N-methoxy-N-naethyi-1H-

benzo{d]imiduzole-4-carboxanide (23 g, 0,067 mol) was dissolved in THF (80 ml, 1.0 M)
and BowC (2 eq), DMAP (0.4 eq), and tristhylamine (3.5 oq) were added to the reaction

5 mixtors and allowed to stiv under aiv at room temperature for 1 br. Reaction mivture was
then concentrated in vacno and purified hy silica gel chromatography (80-100 % Et0Ac/hex)
o give tert-butyl 6-(3,5-dimethylisoxazol-4-yi)-2-ethoxy-4-{methoxy(methyljcarbamoyl)-

1H-benzo[diimidazois-1-carboxyiate %) as g white powder,
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i re-Euk.d / —
‘,,J\ v/)\\ . " _,,4\;,}}\ I
] 3N o N
: o S A
PRl TR i M T N 3
Boc~y" ™Y O 2METHE S A .
:}r‘:"‘N o }.-::N O ;)w»i’ﬂi o
& » f{)
3\ \
/ / /

16 [ed3s7n 2-bromopyriding (4.5 mmol, 2 eq) was diwolved in 2-MeFHF {C=0.15 M)
and cooled io ~78 °C noder Ar. n-Buld (1.6 M, 2 eq) was added dropwise to the solution
aver 13 mintes and the reaction was allowed 1o stiv 8478 °C for 1 howr. tori-buty] 6-{3,5-
dimethylisoxazel-4-yl)-2-athoxy-4-(methoxy{methyDearbamoyh)- TH-benzo[ djimidarole-1-
carboxyiate {1 g, 2.25 mmol} was dissolved in 2 minimal amount of 2-MeTHF and added to

15 the reaction via syringe in one portion and the reaction was fhen allowed to slowly warm fo
room temperature. ‘The reaction was quenched with water, diluted with BEtQOAc, washed twice
with brine, aud concentrated in vacuo. The crude material was purified by silica gel
chromatography to give tert-butyl 6-(3,5-dihethylisonazol-4-y1}-2-ethoxy-4-picolinoyi-1H-
benzofdlircidazole- f-cathoxyviate (300 mg, 29%) a¢ a vellow powder and (6-(3,5~

20 dimethylisoxazol-4-yl)-2-ethoxy-1 H-benzo{dlimidazol-4-yD{pyridin-2-vDmethanone (460

g, 56%; as a pale yellow powder.
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398 {6-(3, 5-dimethyvlisoxazol-4-yl}-2-ethony- 1 H-benzo] dfimidaznl-d-vli{pyridin-
2-viymethanons (20 mg, 0.0553mmol) was dissolved in dey THF (.55 mL) under argon. Sec-
butylmagresium bromide (1.0 M o THE, 0.27 ml, 0.28 mmol) was added dropwise and (he
5 resction was allowsd to siir for 10 minutes. The reaction was quenched with water,
concentrated and purified by reverse-phase HPLT to give 1-{6-(3,5-dimethylisoxazol-4-yi}-2-
ethoxy-1H-benzo] djimidazol-4-y1)-2-methyl-1-{pyridin-2-yDbutan-1-ol intermediate,
Tntermediate was taken up in 0.5 wl BIOH and 0.3 mi. 4.00 HCVdioxane and heated to
65°C for 1 hr. Reaction was concenirated snd purified by reverse phase HPLC o afford the
1} desired product

[66395] CoHadi0 393.5 (M + 1. 'H NMR (400 Mz, DMSO-dg) § 10.64 (5, 1H),
9.99 (s, 15, 8.54 (s, 1HD), 7.84 (s, 25D, 7.27 (s, 1HD), 7.11 (1, J = 1.8 Hz, 1H), 6.71 {4, J=3.1
Hz, 15), 236 (4, J== 5.7 Hz, 38D, 2.18 ¢, J = 5.8 Hz, 3H), 0.87 (1, J = 7.3 Hz, §¥), 0.80 (4, J
=7.2 ¥z, 35), 0.62 (4, J= 6.5 Fiz, 2H).

Fuample 136

d-{eyclopropyi{hydroxyi{pyridin-Z-vImethyl}-6-(3,5-dimethylisoxazol-4-yh-1H-
benzodimideeel-2(3H)-vne

15%
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F00400] (6u{S,5udi:mefshylisoxazaﬁnéuyl}~2~athﬂxy—iH—‘nsm;;m{d]imi.dazoi—éﬁ-—yl}(;)yridin»
2-glimethanone (40 mg, 0.1 lmmol) was dissolved in dey THF (1.1 mL) and
cyclopropylmagnesiurn bromide (0.5 M in diethylether, 1.1 mL, 0.55 muool) was added
dropwise ai 1t and the reaction was aliowed to stir for 10 minutes. The reaction was
guenched with water, concentrated, and purifisd by reverse-phase HPLC o give

oyclopropyl(6-(3, S-dimethylisoxazol-4-yh)-2-cthoxy-1H-benzol dlimidazol-4-vi){pyridin.2-
yhmethanol intermediate which was taken up in 1.0 ml PeOH and 0.7 i 4.0M HCVdioxans
and heated for 2 hows at 65°C, Reaction waa then concentrated down and purified by

reverse-phase HFLC to afford the desived product as a white powder.
L C2IH20M403 377.3 (M)

1064021 1H NMR (400 MHz, DMSO-d6) § 10.66 (s, Y1), 9.73 (s, 130), 8.54 {5, [H),
7.92 (s, 1H), 7.71 (d, I = 8.0 Hz, 1H), 7.40 (s, 1H), 7.27 (5, 1H), 6.81 (s, 1H), 2.39 (s, 35,
2.21 (s, 3H}, 2.01 (s, 1H), 0,54 {d, J= 5.6 ¥z, 3H), 0.29 (4, J= 10.3 Hz, TH).

Exormple 137

§-{3,5-dimethylisoxazol-$-yi)-4-{ I-hydroxy-1-(pyridin-2-yDpropyl-3 8-

benzejdibmidazol-23Hone

{30403 (6-(3,5-dimethylisonazol-4-y1}-2-sthoxy-1H-benzo[ dfimidazol-4-yi¥pyridin-
Z-yhmethanone (20 my, 0.055 mmol) was dissolved in dry THF (1.5 mL) and
sthylmagnesium bromide (1.0 M, 0.27 mi, 0.27 mmol} was added dropwise. The reaction
was allowed fo stir at .1, for 1) minutes and then a mixture of BtOH {1 mL) and 4.0M
HCldioxane (0.5 mL) was added and the reaction was hested to 65 °C for 3 hours. The
reaction was concentrated and purified by reverse-phase HPLC 1o afford the desived product

as a whits powder,
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{f464] CROHZON4A03 365.1 (M+1) 1H NMR {400 MHz DMS0G-d6) 6 10.67 {s,
18}, 9.89 (=, 1H), 857 (5, 18}, 7.88 (5, 2H), 7.38 (s, 1H}, 6.97 {5, 1M}, 6.75 (5, 1H), 2.42 {4, J
= 9.1 He, 2F, 235 (s, 3H), 217 {5, 31D, 07944, J= 7.2 Hy, 3H).

5 Fxampic 138

4-{eyclopentyi(hydroxy}{pyridin-i-yhmethyl)-6-(3,5-dimethylisvracol-4-vi-1H~-
benzeldiinidazel 23 -one

M=-£3
7o

60405] {6-(3,5-dimethylisoxazol-4-v1)-2-sthoxy- 1 H-benzo{dimidazol-4-yD{pyridin-

10 Z-yDmethanone (50 mg, 0.14 mamol} was dissolved in dry THE (1.4 ml) vader argon and
gooled to © °C. Cyslopenivimagoesium chloride (2.0 M, 0,14 mL, (.28 mmol} was added
dropwise and reaction was allowed to stir for 10 minutes then cuenched with water. Reaction
mixhre was extracted three times with BiOAc and combined organic layers were washed
once with water and concentinied. Residue was taken up in BiOH (1.5 mL) and 4.0M

15 HCldioxsse {0.75 mL) and heated 10 85 °C for 2 hours. Reaction was concenirated and
purified by reverse-phase HPLC to afford the desired product aé & white powder.

[68496] CZ3H24N403 . 405.2 (Mi+H). 15 NMR (400 Mz, DMSO-d6) § 10.77 (4, 1

= 5.3 Bz, 153, 10.03 (s, 1H), 8.67 (5, 1H), 8.14 (s, LH), 7.94 (s, 1H), 7.61 {5, 1H, 719 5.

TH), 6.80 (s, 1H), 3.55-3.48 (m, 110, 2.30 (s, 3H), 2.22 (5, 38), 1.69 - 1.60 (m, 2H), 1.55
20 (dd, ¥=11.5, 5.4 g, 35), 146 (4, § = 7.7 Hz, 15D, 1.31 (d, T=11.1 Bz, 18, 112 (s, 1E).

Exzample 139

6-(3,5-dimethyitsonazol-4-yh<4-(L-bydroxy-i-{pyridin-2-yiipent-d-en-1-vD-1H-
benzo|dlimidazol-2(3H}-ene
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108487) Maguestuim metal (20 mg, 0.82 mmol) was taken up in THE (1.5 mL) and
{bromomethyl) cyclopropane (100 mg, 0.7 remol} was sdded dropwise and the reaction was
hested to 63 °C for 1 i, (CyclopropyimethyDmagnesinm bromide (0.5 M, 0.83 mL, 0.41
5 omol) was then added dropwise to a solution of (6-(3,5-dimethylisoxazol-4-y])-2-ethoxy- 1 H-

benzo{d}inidazol-4-yli{pyridin-2-viimethanone (50 mg, 0.14 mmol} in dry THF (1.4 wl)
which was cooled to 0 °C. Reaction mixtore wag allowed to stir for 10 mins, quenched with
walsr and extracted three tires with Et0Ac. Combined organic layers were washed onee
with water and eoncantrated. Residue was dissolved in 2 mixture of BtOH (1.5 mlL) and

10 4.0M HCVdiozans (.75 mL) and heated for 2 bours at 65 °C. Reaction was then
coneentrated and purified by reverse-phase HPLC to to afford the desired product es a white

vowder.

150408 C22H22N403. 391.5 (M+1). 1H NMR {400 Mz, DMSO-d6) 8 10.68 (s,
1HD), 9.93 {5, 150, 8.55 (s, 1H), 7.88 (&, 26}, 7.32 (s, 1H), 6.95 (5, 1D, 6.75 (s, 1H), 5.82 (44,
15 3=9.8,7.0 Hz, 1H), 5.00 — 4.85 (m, 3H), 2.35 (s, 350, 2.16 (5, 3H), 2.10-1.90 (n, 4H),

Exarpple 140

-3, 5-dimethylisoxasol-d-y-4-(4 4, 4-triflaove-I-hydroxy-1-{pyridin-2-yD butyD-1H-
benzoidiimidarol- 23 -0ue
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{80408 {6-(3,5-dimethylisoxazol-4-y1)-2-othoxy- 1 H-benzo [diimidazol-d-yD{pyridin-
Z-yhymethancne (50 mg, .14 mmol) was dissolved in dy THF (1.4 mL) and cooled o 0 °C.
(3.3, 3-wiftnoropropyljmeguesium bronyide (0.5 M, 0.55 ml, 0.28 nunol) was added dropwise
and the resction was allowed o stir for 10 mins and then quenched with water. Reaction was
extracted three times with BtOAc and combined organic lavers were washed once with waler
and conorutrated. Reswdue wae taken up in BtOH (1.5 ml) and 4.0M HCdioxane (0,75
mLy}, heated to 63 °C for two howrs, concentrated, then purified by reverse-phase HPLC to
afford the desired product as 2 white powder,

100418] CRUHISFINACS 433.4 (M+1). "H NMR (400 Mz, DMSO-d6) § 10.72 (s,
1H), 10.05 (5, 1H), 856 (4, J = 4.6 Fiz, 1H), 7.88 (s, 28D, 7.31 (s, 1H), 6.82 5, LFD), 6.76 (s,
1H}, 2.67 (5, 1H), 2.60 {4, T= 4.0 Hz, 1H), 2.32 (s, 45}, 2.16 (5, 25}, 2.13 (s, 3.

. Examyple 141

6-{3,5-dbmethylisozavol-d-yil4-{1-hydroxy-2-methyl-1-{pyridin-2-yhpropyl- 18-
benze{dlimidazrol-2 (3 H)-one
N-Q)
kY

_,,—'(/

R
I G
o, S

HN 7

é}wi\:iﬂ

e
P

o A

LB {6-(3,5-dimethylisoxazol-4-y1)-2-othoxy-1H-henzo]dimidazol-d-yl)(pyridin-
2-ylrasthanone (50 mg, 6.14 mmol} was dissolved in dry THF (1.4 mL) and cooled to 0 °C.
Isopropyimagnesivm bromide (2.0 M, 0.14 mL, 0.28 mumol) was added dropwise and the
reaction was allowed to siir for 10 mins and then quenched with water. Renction was
extracted three timee with Bt0OAc snd combined organic layers were washed once with water
and concentrated. Residue was takon up in BtOH (1.5 mL) and 4.0M HCVdioxane (075
mk), bested to 65 °C for two hours, ooncentrated, then purified by reverse-phase FIPLC 1o
afford the desived product as a whits powder.
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e 12] C2TH2DN4O3 3793 V+1), 1TH NMR (400 MHz, DMSO-d6) 5 10.70 .
1), 10.01 (4, J=2.1 Hz, 1H), 8.60 (5, 1H), 7.91 (5, 250, 7.41 (s, 150, 7.15 (5, 1H), 6.74 (s,
15D, 3.17 (5, THD, 2.37 (s, 3ED, 233 (d, T = 1.7 Hz, O, 2.20 {s, 34, 2.15 (s, OF), 1.23 {4, 7
= 6.7 Hz, 1), 0.53 {4, T = 6.0 Hz, 35, 0.65 (&, T = 6.9 Ha, 3.

Exampie 142

d-{eyelobutyihydroxy{pyridin-2-vDamethvi}-6-(3,5-dimethviisoxarol-6-y 1 5.
benzoldiimidazsl-23-0ne

-3

N 0
/(‘-f /"}""m..

Ry

| o
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[B8413] (6-(3,5-dimethylisoxazol-4-yi}-2-ethoxy-1 H-benzo[dlimidazol-d-vI}{pyridin-
2-yhmethanone (50 myg, ¢.14 mmol} was dissolved in dey THF (1.4 mL) and cooled 1o (G °C.
Cylobutylmagnesturn chloride (0.5 M, 1.1 mL, 4.55 nuuol} was added dropwise and the
reaction was allowed to stir for 10 mins and then guenched with water. Reaction was
extranted three times with EtDAs and combined organdc lavers were washed once with water,
concentrated, and purified by reverse-phase HPLC to give cyclobutyl{6-(3,5-
diznethylisoxazel-4-yi)-2-ethoxy~-1H-benzo{d jimidaznl-4-yD){pyridin-2-ylimethanol
intermediate, The intermediate was taken up in B0 (1.5 L) and 4.0 M HCVdioxane and
heated (o 63 °C for 2 hours, congentrated and purified by reverse-phase HPLC to afford the

desived product as & whitec powder.

[08414) C27H22NAO3 391.5 (M), TH NMR (400 Mz, DMS0-d6) 5 10.70 (&,
15, 9.93 (&, T = 2.6 Iz, 1), 5.58 (s, 1ED), 7.96 (s, LFD), 7.72 (&, T = 8.0 Hz, 1H), 7.43 (s,
1ED), 7.00 (3, 1ED), 6.79 (4, T=2.1 Fz, 1F), 3.82 — 3.71 (m, 1H), 2.39 (5, 3H), 2.21 (s, 3H),
219~ 2.10 (m, 1H), 2.02 - 1.94 (m, 1F), 1.91 (s, 1H), 1.80 (g, I =9.1 Ha, 1FD), 167 (57 =
9.7 Hz, 1H), 1.44 {g, 1=6.2, 3.9 Hz, 1H).

156



W

15

20

WO 2014/160873 PCT/US2014/032031

Exzample 143

§-{3. S-dimethybisoxazol-§-yl}-4-{I-hydroxy-3, 3-dimethyl-1-(pyridin-2-yDuy-1 H-
benzoldlimidazel-Z(3H)-one

B3
i

P

D

o i
HN f/j:
%NH/,N

e

106415} (6-(3,5-dimethylisorazokd-vl)-2-ethoxy-1 H-benzofdjimidazol-4-v1)pyridin-

Z2yhymethanone (50 mg, 0.14 mmol) was dissolved in dry THF (1.4 mL) and cooled to § °C.

Meopentylmagnesivm chioride (1.0 M, 0.55 wL, .55 mmeol} was added dropwise and the

reaction was allowed o stir for 10 ndns and then quenched with water, Reaction was

sxivacted three thmes with BtOAC and combined organie layers were washed once with water,
concenimted, and purified by reverse-phase HPLC to give 1-(6-{3,5-dimethylisoxazol-4-v1)-
2-gthoxy-1H-benze|d|imidazol-4-yI}-3,3-dimethyl-1 -(pyridin-Z-vl jbutan-1-ol intermediate.
The intermediste was faken wp in BtOH {1.5 mL) and 4.0 M HCVdioxsne and heated to 65 °C
for 2 hours, concentrated and purified by reverse-phase HPLC to afford the desired product

75 8 white powder.

416 C23H26MN403 407.3 (M+1). 1H NMR {400 MHz, DMSC-d6) 6 10,70 (4, I =

4.5 Hz, 1H), 9.94 (4, F== 2.5 He, LH), 8.98 (5, 131), 7.98 {s, 251), 7.38 (5, 1H), 7.08 (4, F = 2.5
He, TH), 6.73 (4, T=2.9 M, 1), 2.51 (5. 2503, 2.35 (5, 3H), 2.17 (d, J = 1.0 Hlz, 38), 0.75 (s,

o).
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Esaraple 144

4«{gytﬁf;}amyi(h}*ximxy}{pwiﬁiﬂ~2myE}methyi)wéw{S,%nﬁimeﬁ;yﬁmxmim@nyi)ui B
bewzo]dlhoidazel-2(3H-one

pad417 {6-(3,3-dimsthyli soxazak-d-y1)-2-ethoxy-1H-benzof diimidazol-4-v{pyridin-

2-ylymethanone (50 mg, 0.14 mmol) was dissolved in dry THF (1.4 mL) snd cooled to § °C.

Cyclohexylmagnesium chioride (2.0 ¥, 0.21 mL, 0.41 mmol} was added dropwise and the
reaction was allowed fo stir for 10 mins and then guenched with water, Reaction was
extracted three times with EiOAx and combined organic layers were washed once with water,
concentrated, and putified by reverse-phase HFLC to give cyclohexyi{(6-(3,5-
dimethylisoxseol-4-yl)-2-sthoxy-1 H-benzol dfimidazol-4-vi{pyridin-2-ylimethanol
intermediate. The intermediate was taken up in E4OH (1.5 mL) snd 0.2ml concentrated HCT
and hested to 65 °C for 2 hours and concentrated afford the desived product as a white

powder,

[90418] C24H2ENA03 419.8 (M+1), 1H NMR (400 MHz, Methanol-64) § 8.77 (4, J
= 8.7 Ha, LH), 8.54 ¢, T = 7.5 Hz, 1H), 8.15(d,.7= 7.9 Hz, 15}, 7.97 (dd, F= 7.3, 5.7 Hz,
1H), 724 {8, 7= 1.4 F, 1H), 6.99 (d,J = 1.2 Ha, 1), 2.84 (4, J= 10,6 Hz, 1H), 2.42 (5,
3H), 227 (5, 3H), 2.00 - 1.72 (m, 5ED), 1.55 - 1.33 (m, SH).
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Example 145

A-{{6-chlsropyridin-2-y)aydrenypyridin-~ymethyl)-6-(3,5-dincethy Hsoxazol-4-yi-
TH-benzoidiimidazol-2{3H-one

{aa41%) To a solution of 2-bromo-S-chloropyridine (83 mg, .43 mmol} in 2-MeTHF
(1.5 mL) cooled to -78 °C was added »-Buli (1.6 M, .27 mL, (.43 mmol} dropwise and the
reaction was nllowed o stir for 40 runs. A solution of (6-(3,5-dimethylisoxazol-4-¥1)-2~
sthoxy-1 H-benzofdlimidazol-4-yi)pyridin-2-sDracthanone (100 meg, 0.22 wmel) in 2-

MeTHF (0.5 mb) was added to the reaction and the reaction was allowed to stir for an

additional 10 mins at -78 °C and then quenched with water. The reaction mixtire was
exiracted three times with BtDAc and combined organic lavers were washed once with water,
concentrated, and purified by sifice gel chromatography to vield (6-chloropyridin-2-yI{8-
{3,5-dimethylisoxazol-4-yi)-2-cthony-1H-benzof d irnidazol-4-y ) pyridin-2-vDmethanc (51
mg, 41%:) a8 2 white solid. The solid (26.5 mg, (.055 sunol} was taken vp in BtOH (1 ml)
and 4M HCVdiosane (0.5 miL) and heated for two hours at 65 °C and then concentrated to
afford the desired product as a pale yellow powder.

16420] C23H18CINSGS 448.9 (M+1). 1T NMR {400 Mz, DMSC-d6) 5 10.80 —
10.72 (m, 1ED), 9.87 (s, 1H), 8.54 (d, I = 4.8 Hz, THY, 7.89 (¢, J = 7.9 Hz, 2H), 7.63 (&, 7= §.1
He, 1H), 7.56 (4,3 = 7.7 Hz, 1H), 745 (4 7= 7.9 Hz, 1H), 739 (s, 1FD), 6.86 (5, 1IN, 6.51 (5,
1H3, 2.30 (s, 35D, 2.10 (s, 38
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Exanple 146

6-(3,5-dimethylsoxazol-d-yD-4-(hydroxy{6-(2-methuxyethoxyipyridin-2 i} pyridin-2-
vhmethyD-1 H-benzeldiimiderel-2 (3 )-one

/
o
o
O N:-;{g
HN N A
Gg,«mﬁ Ay
- i

00421} Z-methoxyethano! (25 mg, 0.33 mmol} was dissolved in THF (0.5 mL) and
cooled to 1 °C. Bodivmn hydride (8 mg, .33 mmol} was added in one portion and the
reantion was allowed o come to vt and stir for 10 maimuies, The reaction was then cooled
back o 0 °C and tert-butyl 4-{({6-chloropyridin-2-yDihydroxy){pyridin-2-ylmethyl}-6-(3,5-
dimethylsoxazol-4-yh-2-ethoxy-1 H-benzo[ d]imidazale-1-carboxylate {24 mg, 0.04 ramol)
was added and the reaction wes sealed aed heated to 80 °C overnight. Reaction was
concentrated and the residue was taken up o BHOH (1.5 mL) and 4M FCVdioxane (.5 mL)
and heated for 2 hours 8t 60 °C. The resction was cocled to 1t and filtered to remove the

sodiam salt. Filterate was concentrated to afford the desired product as a brown fim.

[09422] C20HZENSOS 488.5 (M-+1). 1H NMR (400 Mz, DMSO-d6) § 10.81 (g,
1]}, 8.97 (s, 1H), 8.63 (5, 18}, 777 (4, 7= 7.9 Hz, 13}, 7.69 (5, 11}, 7.28 {5, 1F), 6.85 (s,
1H), 6.81 ~6.72 (m, 1H), 6.41 {5, 11}, 4.10 (¢, T = 4.5 Hz, 2H), 3.75 - 3.61 (m, 2H), 3.15 {s,
3D, 2.26 (s, 38}, 2.06 (5, 3H)
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Hxample 147

§-(3, 5-dmethyiivorazol-d-yhd-{hydroxy{&-methyipyridio-2-yi{pyridin-2-ymethyl)-
18-bepnze[diimidarot-2{3H}-one

B

S ;NMO .
z\fi L A A ,x
f\ . 284 BN {:\\r’
3 l A o %. g, o4 _astondoms [
S - Fiiehyiekshydroien % '\ [ w”
e po] c -78C, 30 min Ty £‘H i .},»rqw GH b
‘} Y
e
60423] In a 2.neck, 30l round-botiom fask, a solution of 6-bromo-Z-picoline (28.6

mg, 0,177 wenol} in 2 wi. of Z-methyltetrabydroforan was cooled 1o <78°C ina dry
ice/acetone bath while stivring vader nitrogen. Yo this stirring solution, 2 1.42 M-
butyilithium solution i hexanes (0,12 wmL, 0.17 nuool) was added dropwise and the reaction
mdxhwe was stivred at -78°C for 30 nunutes. Tert-butyl 6-(3,5-dimethylisoxazol-4-yi)-2-
ethﬁxyaa?-wpicoliﬁoylnIH—'hma[dJ mmidazole-1-carboxylaie (34.8 mg, 0.0752 nunol) was
added dropwise in a solation of | mi. of 2-methyitetrahvdrofiran. The reaction mixture was
warmed {0 room temperature for 30 minutes before the reaction was guenched with bring and
diluted with othyl acetate. The organic layer was separated and saved and the agueous laver
was exiracied throe times with ethyl acelate. The organtc layers were dried over sodiom
sulfite, decanted and concentraied. CITHIINSOS. 5561 (M+1)

804241 The cmde intermediate was taken vp in 2 mi of ethano! and mewfered o a
microwave vial. AM hydrochloric acid in dioxane {0.10 mI, 0.40 wonol) was added 1o the
reaction mixture and the vial was sealed and heated at 70°C for 1 how or unill reaction
completion. The reaction mixture was concentrated and the product was isolated by

preparatory HPLO as a yvellow oil,

190425 C24H2INS03. 428.0 (M+1). 1H NMR (400 MEz, Methanol-dd) 5 8.68
(ddd, ¥ =5.3, 1.8, 0.5 Hz, 1H), 8.25 - 8.16 (mn, 21D, 7.92 (44, T=58.1, 1.0 Hz, 1H), 7.73 - 7.61
(m, 3H), 7.09 (d, ¥ = 1.5 Ha, 1H), 6.42 (4, J= 1.5 Hz, 1), 2.75 (8, 35}, 2.31 (3, 3H), 214 G5,
3H).
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HExarmaple 148

6-(},5-dimethyhsoxazol-duylp-do{{6-ethylpyridin-2-yl}(hydroxy Xoyridin-2-yDmethyii-
1H-benzoldiimidarel-2{3H -one

10426 A procedure similar o that used for Bxample 162 was used to produce the
5  intermediate {CsklasNeQs, §T0.1(M-1}), which was taken direcily to the deprotection step to

yield a yellow oil.

Wﬁi

NH QHN

04271 CasFoahsOy, 442.0 (M), H NMR (400 Mz, Methanol-do) 5 8,75 — 8.58
(o, 1H), 829 (&, 7= 7.9, 1.7 Hz, 1H), 818 {&, 7= 7.9 Hz, 1H), 7.94 (dt, J= .1, 1.0 Hz, 1H),

10 7.76 (8dd, =77, 5.4, 1.1 He, 1H), 7.70 - 7.62 (m, 2H), 7.09 (4, /= 1.5 Hz, 1H), 6.43 (&, J
= 1.5 Hz, 1H), 3.00 {q, J= 7.6 Hz, 25}, 2.31 (5, 3H), 2.13 (5, 3H), 1.32 (¢, J= 7.6 Hz, 35,

Exaraple 143

&(3,5-dimethylisoxazol-4-yh-d-(hydroxy{phenyD{pyridin-2-vDmethyD)-15-

15 berro[diinddurel-2{3H)-one
oL,
N-0 e N~ M-t
_v-‘{\;"}‘-«.\ i{/\\j /‘J e /U‘m._
A N e LY W Y
i D N . ) ;”" AM HCHn dioxene r_\lk \::J
AP TN Tewrstydrcturan gy j’ e T Bl 700y =\
=N 5 5. Samin b OR N F8H OH N
d\ GS &
/ /

[BB428) In a Z-neck, 50-mal round bottom flask, a solution of {6-(3,5-
dimethylisoxazol-d-yi}-2-ethoxy- 1 H-beurof diimidarole-d-v [ pyridin2-yDmethanone (31.5
mg, 0.0870 mmol) in 2 mi of iwtmbydrofuran was cooled to 0°C while stixring under

20 nitogen. A 2M solution of phenylmagnesinm chloride in tetrahyﬁmfmanl {013 mL, .26
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et} was added dropwise to the reaction mixture and allowed to warm to room temperature
for 30 nuinates. The resction mixture wes.guenched with 2 M agueons hydrochloric acid and
neuiratized with aqueons sodium bicarbonate. The agqueous laver was extracted with ethyl
acetate three times, ahd the combined organic layers weore concentrated and taken directly to
the deprotection step. CsehlzaNaO;s, 4411 (MIH1)

[B0429) The crude interediate was dissolved in 3 mL of ethenol and transferred to &
mivrowave vial. Hydrochleric acid in dioxane {(0.10 mL, 0.40 romol) was added and the
reaction vial was sealed and heated at 70°C for 1 hovr. 'The reaction mixture was

concentrated down and the product was isolated by preparatory HPLC as a white solid,

[60438] CZ6HI4N4C3, 4131 M+ 1H NMR (400 MHz, Methanol-dy) § 2.80 {dad,

J=58,1.7, 0.8 Hz, 1H), 838 (1, =75, 1.7 Bz, 1), 7.8 (ddd, /= 7.8, 5.6, 1.2 Hz, 1D,

7.77(dt, J= 8.1, 1.0 Hz, 1H), 7.51 ~ 741 (s, 3H), 7.37 (dd, /= 7.9, 1.8 Hz, 2H), 7.08 (¢, J =
1.5 Hlz, YH), 648 (4, J=1.5 Hz, 1H), 2.30 (s, 3H), 2.13 (5, 3H).

Exanngle 150

§-{3,S-dimethylisoxazsl-d-y-4-{{3-ethylpbenyD{hydroxy{pyridin-2-smatinl)-1H-
benze{dlinddazel-2(3H-oue

Br

}

N-Q - M-G B0
,-{'\:/ e E ~ -y .-fs\- ' f"&:‘j"“"- i
i ™ / ! 4
N e 3 ey ]; ff;-—'»_,, /‘%‘ mw

a /E\/]\ N :;] et oulyiitum (€ eg) o /1’ i y’ A4 HCE s thiowens b Ngee!

3 L W [ictoac isimid s ML 4 o i, et g i
o = .-"\‘*N 7 R Telratwdrofuran -}_Q}‘*N \}’f\"‘“{/\ Ethannl, %0 Hy Y \f""{\/- =
7o U}=:~z 6 A, 40 i o T T N OH LA

o o

684313 In & 2-neck, 50-mi round bottom flask, 1-bromo-3-sthylbenzene (43.2 mg,
0.233 mmel) was cooled to -78°C in 2 mL of tetrahydrofian while stirring under nitrogen.
A 1.47 M solution of rers-butyllithivm in pentane (310 pL., 0.456 mumol) was added dropwise
arud the reaction was allowed & stir for 15 minntes. In a slotion of 1 mi, of tetrahvdrofuran,
tert-butyl 6-(3,5-dimethylisozazol-4-vi}-2-sthoxy-4-picolinovi- 1 H-benzoldltmidazole-1 -
carboxylaie (35.0 mg, 0.0757 nunol} was added dropwise. The reaction mixiure was warmed

t0 room temperaiure while stirriag under pittogen for 15 minutes or uniil reaction completion.
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The resction mistire was slowly quenched with brine and diluted with ethyl scetate. The
organic layer was separated and saved and the aqueocus layer was extracted with ethyl acetate
three times. The organic layers were combined, dried over sodivm sulfste, decanied and

concetdrated.

5 185432 The crude intermediste was dissolved in 1 ml of ethanol and trawsferred to &
micreweve vial before 4M hydrochloric acid in dioxane (0.100 mL, 0.400 rmo!} was added.
The vial was sealed and heated at 70°C for one hovr or until reaction completion. The
reaction minhere was concentrated and isolated by preparatory HPLC to vield the title

corpouad.

10 [60433) C26H24N403. 441.1 (M+1). 1H NMR (400 Mz, Methanol-44) § 8.89 —
8.81 (m, 1H), 8.58 (14, = 8.0, 1.6 Hy, 1H), 8.08 (ddd, J =~ 7.4, 5.8, 1.2 Hz, 150}, 7.92 7.83
{m, 1503, 740 (4, J = 7.7 Hz, 110, 7.36 — 7.29 (v, ZHD, 7.14 (&, J= 1.7 He, 1H), 7.11 (4, /=
1.5 He, 1}, 647 (3,7 = 1.5 Hz, 1H), 2.69 (g, J = 7.6 Hz, 25, 2.31 (s, 3H), 2.13 (5, 3H),
123 {, J = 7.6 Hz, 3H).

i8
Exarpie 151

&{3,5-dmethyisexazol-4-ylr4-thydroxy (pyridin-2-yi}m-tolyDmethyl- 18-
benreid]imidazol-2(310)-one

Bb434) A procedure sitnilar o that used for Example 165 was used to produce the
20 intermediste (CordlelNeOsy, 455.1 (M1} which was ivamediately taken forwand to the
deprotection siep t0 yield a vellow solid (7.7 mg, 23%).

N0

A g

;{Nu@*

)r«NM (}H E\i

{00435] CosHinNu0s. 427.1 (ML), 8 NMR (400 MEz, Methasol-dy) § 8.87 (dd, J=
6.0, 1.4 Hz, 1H), 8.61 (td, /=79, 1.5 Hz, 131}, 5.16 — 8.06 (ax, 150), 7.90 (4, J = 8.1 Hz, 1H),
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734 (4, J= 7.8 Hz, 1H), 7.12 (4, J=1.5 Hz,

YHY, 6.48 (d, J= 1.5 Hz, 1H), 2.38 (s, 3H), 2.32 (s, 3H), 2.14 (s, 3H).

Examplie 152

&3, S-dimethylisnxarel-doyi)-4-(hydrosy(G-methoxyphenylj(pyridin-2-ylimethyb- 1 -

f0436]

benzeld]imidazral-2(3{)-one

A procedure sindlar to that used 1o synthegize the compound of Example 166

was used to produce the produet as & white solid.

00437]

y !
HN)\AKQ’J

rNH Ok M

CosHnNyOs. 443.0 V1), 'H NMR {400 MHz, Chloroformed) 3 £.67 (m,

1HD), 8.56 (bs, 130, 543 (bs, LH), 7.72 (&, ZHD), 7.34 {m, 1H), 7,10 (d, J = 7.8 Hz, 1H), 6.86
(m, 3H), 6.78 (&, J = 7.8 Hz, 1H), 6.25 (s, 1E), 3.75 (s, 3H), 2.25 (5, 3H), 2.10 (s, 3H).

5

Examyple 153

Preparation of 6-(3,5-dimethyiisoxszol-d-y-4-{{ 7-flucreguinelic-2-
viavdrexyiphenylimethyl)-1 E-benzojd] imidazol-2(3H)-one

THF o N 4
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H3438] Tevi-buiyl 6-(3,5-dimethylisexazol-4-y1)-2-ethoxy-4-
{(methoxy{methyDoarbaxnoyl}-1H-benzof dlimdidazole-1-carboxylate was dissolved in THF (3
mika. To the solution was added a solution of pheuayl magnesium chloride (2M in THF, 0.508
nymol, 0.254 mmol) at -78°C. afier the addition, the reaction was allowed to warm up o
mom teroperature. The reaction was siirred for 17 hat the same temperature. The reaction
mixture was guenched with water (30 mL). The whole was extracted with AcOBt (30 mil x
3). Organis layer was washed with brine (30 mL) and dried over N304, The solvent was
removed under & reduced pressure to give the onuds product. The erude product was purified
by a silica gel column chromatography (hexane: BiOAc, 71110 3:1) o give tert-butyl 4-
benzoyl-6-(3, 5-dimethylisoxazol-4-y1}-2-ethoxy-1 H-bemzo] dlimidesole-1 -carboxyiate,

[B8439] CagtaylNa0s. ME. m/z 462.2 (M+11.

?mg::{ E
ey . :
V‘N ) )i;j‘ E
1 i | i
P N e ;
7 -2
AN B, THE
O >‘—"~N & T8 C ot
b
{64484 To a solution of 7-flucre-2-bromoguinoline {54.1 mwg) in THF (2 mL) was

added Buli (1.6 M, §.25 mL) ar -78°C. After § min, a solution of phenyl ketone (60.0 mg) in
THF {1 mL} was added at-78°C. The reaction was immediztely allowed to warm up to room
temperature and stivred for 30 min. The reaction sixture was quenched with water (30 mL).
The whole was extracted with AcOB{ (30 mL x 3). Organic layer was washed with brine {30
mi} and dried over NapSQ,. The solvent was removed under a reduced pressure to give the
erude product. The cruds product was freated with TFA to cleave the Boc group. The caude
product was purified by a sitica gel colunm chromatography (hexane: BiOAe, 7:1 to 3} o
give terl-butyl 4-bengoyh6-(3,5dimethylisoxazol-4-y1-2-sthoxy-1 H-benzol dlirnidazole- 1-
garboxylate {18.0 mg), tert-butyl 4-benzoyl-6-(3,5-dimethylisenazol-4-vi)-2-ethoxy-1H-
benzofdiimidarote-1-carboxylate. CaellyNsOs. ME. m/z 5092 (M+D.
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A4 MOH
diovane
HN EOH
{B04411 Ters-butyl 4-benroyh-6-(3,5-dimethylisoxazol-d-vi)-Z-ethoxy-1 H-

benzof d}irsidazole-1-carboxylate (18.0 mg) was dissolved into B4OH (2 mL) and 4M
HC¥Vd&oxane {2 mL). The solution was heated at 70°C for 30 min. The resction mixture was
quenched with water (30 ml). The whole was extracted with BtGA« (30 mL. x3). Combined
organic layers were washed with brine (50 m1). The solvent was removed vnder 2 reduced
pressure 0 give a crude product. The crude product was purified by a 2 sitica gel cohumn
chromstograply (hexane: BtQAc, 71 fo 3: 1} to give fertbaty! 4-benzoyl-6-(3,5-
dimetbylisoxazol-4-yi-2-sthoxy-1H-betvo]{d)imidazole-1-cartbosylate.

[80442] CIBH2TFNAGS, MS. m/z 481,1 (M1}, 1H NMR (400 MEz, Methanol-¢4) 3
B3I (1, 7=8.7 iz, 1H), 8.13 (d4, /= 9.2, 5.3 Hz, 1H), 7.67 - 7.56 {m, 3H), 7.40 - 7.25 {m,
5H), 6.98 (4, J= 1.6 Hz, 1H), 6.61 (d, /= 1.6 Hz, 15), 2.28 (s, 350, 2.11 (s, 3H).

Example 154

6-(3.3-Gimnethytisoxarol-4-yi-4-(rydroxy{pheayl{guinolin-2-yDmethyl)- 1 H-
benzojdjinidazel-2{3H -one

3TN
1 } fﬁ E!r"&“"l l T
i i Yo
PN B THE RN \/\l
' ~78°C to 1t ¥=
0
)
/
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165443] {6-(3,5-dimethylisoxazol-4-yi}-2-ethoxy- 1 H-benzo[dlinidazol-4-
yi{phenyij{guinclin-2-yimethancl was synthesized in the similar fashion with tert-buty} 4-
benzoyl-6-3, 5-dimethylisoxazol-4-yi)-2-ethoxy- 18 -benzo] dlimidazole-1-carboxylate.

{8B444] CI0H26N403. ME. oz 4902 (M+1)

Q-
wﬁ)\

M

¥

N Nk"w] " )
P foj%j dicrane

Ei0H
&
B0445] CasFlapWNeOh. MES. mfz 463.1 (M+1), ) 'H NMR (400 M, Methanol-dy) &
&30(¢, J=8.6 1z 1H), 8.09{d, J= 8.6 Ha, 11}, 7.93 (4, /= 8.6 Hz, 1), 7.77 (ddd, F= 8.5,
7.0, L2 e, 1H), 7.61{ddd, S = 8.6, 7.0, 1.2 Hz, 1H), 7.54 (d, J = 8.6 Hz, 1D, 7.40-7.26 {m,
5H), 658 (&, J= 1.5 Hz, 1H), 6.61 (4,.7= 1.5 Hz, 15}, 2.27 (s, 35), 2.10 (s, 3H).
10
Faampis 135
63 5-dimethylisoxazol-4-yh-4-(hydrosy{(pyridie-2-y{ quinetin-2-yHmethyl- 1 H-
benzo{dlimidarel-2(3)-oue
- 0-N
/(\‘/B\ g — i‘w}\\“ 7
! |
e} -
- o = N Q
}‘O i/L \.;L—*‘- i/,iGH\\Q/L’
P 7Y ONT Bull, THE MM ~
& e 8 F8C ot PN
G & o
F4
15 [Dd444] {6-(3,3-dimethylisoxazol-4-y1}-2-ethoxy-1 H-benzof d limidarol-4-yD{pyridiv-

2-yB{guinolin-2-yljmethano! was synthesized in the similar fashion with tert-buty] 4-
benzoyl-6-(3,5-dirnethylisonazol-4-yi)-2-ethoxy-1H-benzo{dimidazole-1 -carboxylate.
oot nsN:Ds, ME. iz 492.2 {Bﬁ“?i},
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4B H!

447 CreHlypNaOs. MB. oz 463.1 (M1}, ). 'H NMR (400 MHz, Methanol-d) 8

8.76.(dd, J= 6.6, 1.0 Hz, TH), 8.66 (4, /= 8.8 Hz, 150), §.47 (1, /= 8.8, 1.0 Bz, 1H), 8.15 -

8.02 (m, 3H), $.00 - 7.83 (m, 3K, 7.76 (t, /= 8.0 Hz, 1H), 7.07 (4, 7= 1.0 Hz, 1H), 6.46 (4,
5 =10 Hz, 1H), 222 (5, 35}, 2.04 5, 3H).

Exsmpie 156

I-teri-bintyl methyl 6-03,5-dimethylisexazel-4-yi)-3-methyl-2-0x0-2, 3-difvydro- 15
benzeidlimidazole-1.4-dicarboxylate

e PEPPSIIPA
1 5 MeNd kS0, ™ Broseos R
o “*’k‘r” ‘]1/ o o Y S0 Gy -+
0 2 HN O RN, @ 4402, o0min
M0 T‘f“cf
K o A e .
n
/( \L STl BOH /C\ eol e ?« . Dcaagpy j\\ o
Tawe ,‘\;l o " wee Y
PN N 12?)55 e *’A\[‘rﬁ HE 7 Y .;}"N\ b
Wi O g .
o
{00448} Methyl 2-fluoro-3-nitrobenzoate (25g, 0.126 mel) was dissolved in DM (400

o) and to this was added Potasstom carbonate {34.7 g, 0.25 mol) followed by Methylamine
{20.63 ml, 0.5 mol). Reaction was stirred at room temperatuze tnder argon. Upon

15 completion reaction was difuted with water and extracted with DCM (3x) then dried over
magnesiin sulfste. Solvents were removed under reduced pressure to afford methyl 2-

{methylaming}-3-nitrobenzeate s a vellow solid.
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[BB449] Methyl 2-{methylagino)-3-nitrobenzoate (25.5 g, 0.121 mol) was dissolved in
seetic acid {100 ml) and DDCM (40 mil). In a separate fack bromine (7.46 ml, 0.15 mol) was
cissolved i acetic acid {(13ml}. The first solution was then slowly added 1o the bromine
solution via anaddition funnel and ihe veaction was stirred for 90 mimes. At this point the
reaction was poured onto dce (200 g}, Afler the i(_)ﬁ had melted DCM was added and the
reaction was exiracted with DUM (3x), dried over magnosinm sulfate then solvents removed
uoder reduced pressure fo methyl S-romo-2-(methylamine}-3-nittobenzoate es a bright

orgnge solid,

08450 Methyl 5-bromo-2-{methylamino)-3-mitrobenzoate (20.1 g, $6.5 omol}, 3,5-
dunethyl-4-(4,4,5,5-tetramethyl-1,3,2-diokaborolan-2-viNsoxazole (24.82 g, 111.25 romnl),
PEPPEI"-IPr catabyst (2.83 g, 3.86 nunol), Cesivan carbonatc {87.96 g, 208.59 yumol), 1,2+
Dhmsethosyethane (100 ml} and Water (30 nyl) were mired together and the solution degassed
for 5 mumies before heating 10 110°C for 1 hour. Readtion mixtere was then cocled, diluied
with FtAc and water and extracted BtAc (3x). Organics wers washed with water then brine,
dried over sodivm solfite and evaporated to dryness under z-'educed pressore. Crade material
purified by sitica gel clwomatography using EtAc/flex as the eluent to methyl 5-(3,5~
dimethylisozazol-4-yh-2-{methylamine}-3-nirobanzoate (20.5 g, 96%).

[8p458] To methy] 5-03,5-dimethylsoxazoi-4-y)-2-{methylamine)-3-nitrobswzoate
{2000 mg, 6.55 mmol} was added stannous chloride {3726.606 mg, 19.65 mmol} and Fihanol
{100 mi) in a pressure tube. The suspension was then heated in sealed vessel to 120°C for S0
tairmies at which point the reaction was cooled then stived in a mixiure of BtAc / 1N NaQH
for 1 bour or vt} precipiiates form,  Precipitates were filered and orude mixture was
dituted in BtAc and water smid extracted 3x with HtAc. Orpanios were washed with water
then brine, dried over sodium suifiie and evaporated to dryness vnder reduced pressure,
Residue was purified by silica gel chromatography using MeOH/DCM as the elnent to afford
meihy! 3-amino-3-(3, 5-dimethylisorazcl-4-vi-2-fmethylaminolbenzoate 35 a dark forrm
{1.1g, 61%)

Methyl J-aming-5-(3,5-dimethylisoxazol4-y1}-2-(methvlaminoYbenzoaie {1.1 g, 4 mmol) and
L1 carbonyviditmadarole (1.3 g, 7.99 mmol} were stired in Tetrahydroforan (100 mi}ina

senled pressure vessel. Reaction was heated to 100°C and allowed fo react overnight Next

day solvents were remnoved under redoced pressure. Material was shuried iy minimmal DOM,

sonteated and filtered. Solids were air dried to afford methyl 6-(3,5-dimethylisoxazol-4-y1)-
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3-methyl-2-oxe-2,3-dhydro-1H-benzo{djimidazole-d-carboxylate as an off-wikte powder
{417 mg, 35%).

fa8452] Methyl 6-03,5-dimethylisoxazol-4-yl}-3-methyl-2-ox0-2,3-dihydro- 1 H-
benzo[diimidazole-4-carboxylate (410 mg, 1.36 nunol} was dissolved in THF (10 mD) and to
this was added Di-tert-buty] dicarbonate 97%% {593.97 mg, 2.72 meaol) followed by 4-
{Dimethylanuno)pyndine (33.25 mg, 0.27 mynol) and finally Triethylamine (0.57 mi, 4.08
mwnol). Reaction was allowed to stir al room temperature under argon for 3 hours, or until
completa. Reaction was then diluted in EtAc and agueous ammontm chioride and extracted
with EtAc (3x}. Organics were washed with ammonium chioride, water and brine and dried
over sodivan sulfate before evaporsting 0 dryness. Crode reaterial was purified by silica gel
chromatography (FtAc / Hexanes as the eluent) to provide 1-tert-buty! 4-methyl 6-(3.5-
dimethylisorazol-4-yl)-3-methyt-2-ox0-2,3-dihydro-1 H-benzo{dlimidazole-1,4-dicarboxylate

&8 an opages oil.

fxample 157

5-(3,3-dimethylisoxazel-d-yD-T-thydraxydi(pyridin-2-ylmethyl)- 1-roethyh-1 -
bonzeldlinddazol-2(3H)-one

%J-"O
N
t\/““: L br@map}’ﬁdme E/\ 7 \J
LA oATeC k/\/
Becm m \ ,ﬁg
%" N9 B
'\;-,._b /i—
68453 To a dry, argon purged flask was added 5mL THF and 2-bromopyridine {0.06

i, 0.62 nenol). Reaction was cooled to -78°C under argon and then slowly was added 1.6M
N-butyllithium in bexanes (0.43 mi) over 10 roimses, Lithio specics was allowed to form for
30 minutes af which point 1-tert-butyl 4amethy! 6~(3,5-dimethylisoxazol-4-yi)-3-methyl-2-
0x0-2,3-dibydro-1 H-benzol djimidazole-1,4-dicathosylate (50 mg, 0.12 mmel) i 0.5 mL
THY was added slowly. Reaction stirred at ~78%C for § minutes then allowed to warm. When

reaciion vessel neared (°C was quenched with INHCL  Reaction was dileied with
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EtAc/H,0 and basified with 1N MeOH until nevtral. Mixture was exiracted with BtAc (3x)
then organies wers washed with water then brine and dried over sodinm splfate. Solvents
were remnoved under reduced pressure and crude mixture was purified by -prﬁpaiztivs HPLC
to afford G8-650721 (1 10mg, 21%).

5 166454] Coulip M50 428.1 (M), TH NMR (400 MEz, DMSO-d6) 5 11.09 (s, 1D,
8.57 ~ B.50 (m, 2H),7.89 ¢, T="7.7 Hz, 2H), 7.55 (d, T = 8.0 Hy, 25), 7.39 (&, T=6.1 Hz,
2H), 6.97 (4, 1= 1.7 Hz, 1H), 5.86 (d, F=1.7 Hz, TH), 2.76 (5, 3H), 2.18 (5, 25}, 197 {s,
3H),

10 Exzmple 158,
Example 159, and
Rxampie 160

f d-(eyclopentyl(hiydroxyimethyl)-6-(3,5-dimethylisoxazol-4wi-1 B-benze [dlimidarol.
23 -one;

13 4-{dicyclopentyithydroxyimethyl-6-(3,5-dimethylisoxarsl-4-yi-1 H-benzo{dlinddazol-
23 -one;

and

d-{eyclapentanecarbonyl)-6-(3, 5-dmethylisoxazol-4-yi-1 H-bepeoldlimidazob 230 - ome

Nm G -0 - ?ff?ﬁ« }”J—i
A AP ’ ¢
/j“}-, "r\, - i = C"'Ef—.ﬂ g"}'\\ ™
g _— Irf N '\ * . 25 P 8 r
HI‘J)E\?{J\#’G“ Mg’k \f.; \T'/L"/ HN\J../' L( \) ' w{)\:f]\?{ﬁ\)
e T G ¢ A
20 100458 To & mixfure containing methyl &-{3,5-dimethylisoxazol-4-y1}-2~a%0-2,3-

ditydro-TH-benzofdlimidezcle-4-carbogylate (60 mg, 0.21 mmol, T eguiv.) and THF (3 mL)
is added cylopentyl magnesium chioride (0.88 L, 1.46 mimol, 7 equiv.) at 0°C for § min,
Adter completion, the reaction was quenched and extracted with ByOAc and washed with
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water, satarated NHLCL After drving with Mg804, it was filtered and concentrated to

dryness, Purification was carried out by reverse phase HPLC,

108456] H NMR (400 MEz, Mothanol-84) 5 6.96 (4, 7= 1.5 Hz, 15}, 6.88 (4, I= 1.6
Wy, 1H), 4.66 (4, 7= 8.3 M, 1H), 2.39 (s, 35D, 2.24 (s, 3H), 1.93 — 1.80 (e, 150}, £.76 — 1.43
5 (m, 3H), 1.40 (s, OH), 1.28 (4, J = 8.3 Hz, 1H), LCMS (m/z +1) 328.38

(09457} 1 NMR (400 MEz, Methanol-d4) § 6.94 - 6.68 (m, 1H), 2.53 (s, 0F), 2.53
{d, T=17.1 Hz, 15), 2.38 (s, 25, 2.23 (s, 21Dy, 1.84 (@4, T = 12.4, 6.4 Hz, 1F), 1.59 — 1.43
(m, 68), 1.43 — 1.31 (i, 25D LOMS (m/z +1) 396.49

[60458] 1H MMR (400 MEz, Methanol-dq) § 7.59 (4, J = 1.5 Hz, 1H), 7.19 (4, J= 1.5
10 Hz, 1H), 3.86 @, J = 7.8 Hz, 1), 2.43 (s, 350, 2.27 (s, 3E), 2.02 - 1.89 (m, 450, 1.71 (td, /=
5.4, 3.3 Hz, 4H3LOMS (miz +1) 32636

Example 161 and
Exsmple 162
IS {6-{35-imethylisozazel-d-yi}-4-(3-hydroxypentan-3-vi}- 1 H-benzoldlimidazol-2(3H)-one
and

methyl 6-(3,5-dinethylizoxazoi-4-yii-2-oxo-2,3-dihy dro-18-benzo|dlimidazale-¢-

carboxyiate

‘ N-G P
/’Y\\ AP~ AP~
’T =, r . fi S % O GHII
o

o N HN
BN A HN T P
PN D SN OH &
Q O
20 [BD4a0 Into a Hask containing methyl 6-03,5-dimethybisoxarol-4-91)-2-0%0-2,3-

dibydro-1H-benzof dlimidazole-d-carboxyvlate (60 mg, 0.21 nueaol, 1 eguiv.} is added
cylopentylmagnesium chionide (3L.88 ml, 1.46 mmol, 7 egmiv., 1M Hexanes) st 0°C for 5
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min. After completion, the reaction was queniched and extacted with BtOAc and washed
with water, setwrated NHCL After drving with MgSG4, it was filtered and concenteated to
dryness. Purification was camried out by reverse phase HPLC to (35-646013 and (8-646012.
1 NMR (400 MFz, Methanol-d4) § 7.07 - 6.91 {m, 1H), 6.88 (4, I= 1.6 Hz, 1¥), 2.39 (s,
3H), 2.23 {5, 3FD), 1.81 id, =70, 3.6 He, 2H), 0.95 {1, T = 7.4 Hz, 3H). LCMS (mvz +1}
28813

BO460] TH NMR {400 MHz, Methanol-d4) § 7.55 (4, 1= 1.6 Hz, 1M, 7.18 ¢4, 1= 1.6
Hz, TH), 3.97 (s, 38, 2.40 {s, 310, 2.24 (5, 3H). LOMS (mz +1) 28825

jH0461] 1H NMR {400 MEiz, Methanol-d4) 8 6.86 (4, =15 Hz, 1H), 6.74 (8, I=1.5
Fz, 1E, 2.39 (8, 3H), 2.23 (3, 35, 1.94(d8, 7=14.3, 7.3 Hz, 26}, 1.50 - 1.74 (m, 250, 0.82
{t, J ="7.4 oz, TH). LOMS {m/z +1) 316.38

Example 183 and
Exarnple 164

503, 5-diwmethylisoxarobd-yi-Lmethyl-7-(6-(trifiuoromethyl)gninolin-7-y)-1H-
benzo{dlimiduzei-2(3H)-one

amd

Fu{Gef 3, S-thimethylisoxazold-y)-3-methyl-2~ox0-2, 3 dibydro-1 H-benzoldiimidazol-d-yi

§-{rifinoremethyDguinokine T-oxide

NG N—C
— d ./)' e - / o
R F
/ﬂ = e 2 Ly SR
WY S w Y S
:.}”N\ N j//’]\
G G 9 j
8462} To a microwave vial containing 7-chlors-5-(3,5-cimethylisoxazol-4-yl}-1~

muethyl-1H-benzo{djimidazol-2(3H-one (100 mg, 0.36 mumel, 1 equiv.} was added 3-
(4,4,5 5-teframethyl-1,3,2-dioxsborolan-2-vi)-G-(irifluoromethyguinclone {350 mg, 1.08
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numol; 3 equiv.), CsC0s (704 mp, 2.16 mumol, 6 sguiv.) and PEPPSY -IPr catalyst (98 wmg,
0.14 mmol, (.4 equiv.} and dissolved in DME-H20 (4 mi., 0.2 M, 2/1, v/v). The mixture was
heated t0120°C for 30 wmin innmicrowave. The reacton was concentated I vacuo and

purification was carriod out by reverse phase HPLC,

100463} 15 NMR (400 MHz, Methanol-g4) § .03 (dd, J=4.2, 1.6 He, 1H), 832 (. J
= 9.1 Hy, 1H), 8.19 (&, F = 2.0 He, 110, 7.97 — 7.76 (m, 1H), 7.56 (3d, T = 8.6,4.3 Fiz, 11),
716 (4, 1=1.5Hz, 1H), 6.91 (4, = 1.4 He, 15D, 2.74 (s, 3H), 2.42 (s, SH), 2.27 (5, 3K,
TOMS {m/z +1) 439.4

106464 15 NMR (400 MHz, Methanol-d4) 8 9.19 (s, 15D, 8.30 — 8.17 (m, 1H), 8.07 ~
7.85 (m, 3H), 767 (ddd, T= 8.3, 7.0, 1.2 Hz, 1H), 6.79 (34, J= 1.3 Hz, 1H), 5.88 (4, /= 1.3
He, 1H}, 3.81 (s, 3], 2.05 (&, 3, 1.86 (5, 3H). LOMS (w/z +1) 455.26

Exanple 165

4-{1~cyclopentyb-I-hydraxypropyl-6-(3,5-dimethyitsoxarol-4-yi-1H-benzeoldiimidazol-

23H-cne

=€) N~

A3 N
A o
™ [ T

HN‘J:‘;}{'L H”/\,f/’l\f&/
ﬂ}«-uﬁ & 5}"“” .
(68465} Into a flask containing the ketone (25 mg, 0.077 ;mmol, 1 squdv.) iz added

sthyl magnesiom bromide (0.28 mi, 0.28 mmol, 4 equiv., 1M} at 8°C for S min. Afler
completion, the reaction was quenched and extracted with BiDAc and washed with water,
saturated NH,CL After drying with MgSO,, it was Bltered and concentrated 1o dryness.

Purification was carried out by reverse phase HPLC,

[09466] “H MR (400 Mz, Methanol-dg) § 6.85 (4, /= 1.5 Hz, 11, 6.78 (s, 1),
2.41 (3, J = 16.9 He, 48), 2.25 {4, J= 17.0 Hz, 4H), 2.03 - L68 (m, 4H), 1.50 (dtd J=29.4,
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15.0, 13.9, 7.8 Hz, SH), 0.76 (. J= 7.4 Hz, 45). '°F NMR (376 MHz, DMSO-d) & -136.97
(4, J = 6.5 Hz). LOMS (M+1) 355.96

Example 166

3-(3,S-dimethylsoxazol4d-yD-4-fuore-7(6-methylguinelin-S-yh-1B-benzoldlimidazol-
23 -one

-
b

- o

TT— HNJ\’L/“
}»—NE—% Q

{08467 To amicrowave vial confaining 7-chloro-3-(3,5-dimethylisoxazol-4-y1}-4-
fluore-TH-benzo[ dlimidazol-2(3i}-one {16 mg, 0.057 mmeol, § equiv.) was added 3,5- 6-
methylguinolin-3-yiboronic acid (33 mg, 0.28 mmeol, § equiv.), C5C0; (11hmg, 0.34 vunol,
& equiv.) and PEPPST -IPr catalyst {7 mg, 0.0011 mumol, 0.2 equiv.) and dissolved in 2ME-
iy (20ml, 0.2 M, 271, v/v}. The mixtare was heated to 140 °C. After 2 b, the reaction was
complete. After cooling, the reaction was extracted with FiGAc and washed with water,
saturated NHCL After drying with Mg8Gs, it was filtered and concentrated to dryness. The
resudting sobid was washed with BtOAc. Purificstion was carried out by reverse phase HPLC
to fwrnish 5-03,5-dimethylisoxazol-4-y)-4-fluoro-7-{6-methylguinolin-S-y)- 1 H-
benzofdlinddazol-2{3H)-one.

2

H458] 1 NMR (400 MEz, DMSO-d6) 6 11.42 (d, T= 1.8 Tz, 1H), 10.63 (s, 1H),
8.82 (dd, ¥ = 4.2, 1.6 Bz, 1H), 7.99 (4, F = 8.6 Ha, 1H), 7.7 — 7.56 (s, 28), 7.40 (dd, J = 8.5,
4.2 iz, TH), 6.77 (4, 7= 6.6 Hz, 1H), 2.34 (4, I = 0.9 Hz, 3H), 2.24 (s, 3H), 2.17 {d, J = 0.9
Hz, 35).

{65 19F NMR (376 Mz, DMBG-46) § -136.97 (4, = 6.5 Hx). LCMS (ov/z +1)
389.28
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Example 167 and
Exgmpie 168

{TR avd 75)5-(3,5-dimethyHsoxazol-4-yh-4-luoro-7-{G-methylguinglin-S-yi- 1 F-
bepye{dimidazel-Z(3H)}-one

qu N-Q

i 4 / " ({\//"’/\ e,
L g

Y AN oy e
f
pails P P SN ,i\f,
O 9
5 i o ' PRy
80470 The racemate of Example 166 was separated with super critical column

chromaiography (JASCO SFC) nsing DAICEL ADH (30 wm x 250 nun, 20% MeOH, 15
mal/min, 40°C, 15 aten). RT 2.733 min, 1.9 mg (G5-649951). RT 3.742 min, 2.6 mg.

10 Egample 169

§-{1.5-dimethyHsoxazol-4-y1)4-Bnove-T-(hydrozydi(pyridin-2-yDmethvi- T H-
benroldlimidazed-2{3H}-one

Ad-fuorohenzoaic

¥

gt & NH, O
15 [H8471) To methyl 2-areino-5-bromo-4-Huorohenzoate (20g, 80.6 mol.) and 3,5-

Dimethylisoxazole-d-boronic scid pinacol oster (24.2g, 108.9 mol., 1.35 mmol} was added to
a sodvent mixture of 1,2-dimethoxymethane (120ml) and water {60 mi). To the above mizturs
were added FEPPSE-Ipr (3120 mg, 4.2 mmol, 0.03 equiv.) and CspC0;3 {(78.8 g, 241 mol,, 3

equiv.). The reaction mixbire was heated at 120°C for 2 hin a prossure tube, The reaction
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mixture was then dituted with BtOAc (100 mi), washad with bring (50mlX2}). The organic
solvent was evaporzied and the residae was dissolved in DUM and purified with combi-flash
column chromatography {product came out st 50% EtQac/Hexane) to afford iyl 2-
aming-3-(3,5-dimethylisoxazol-4-y1)-4-fluorobenzoate,

H0477] THNME, (400 MHz, Chloroforme-d) & 7,79 (dd, 7= 8.1, 1.2 Hy, 15), 6.80 ~
6.60 {m, 151}, 3.90 {s, 430, 2.34 {4, T = 8.3 Hz, 45D, 2.20 {4, T = 5.5 He, 480). °F NMR (377
Mz, Chioroform-d) 3 -96.83 — -101.99 (ny), -105.54 (4, T = 13.8 Hz). LOMS (m/z +1)
265.32.

Step 20 Methvl 2-amino-5-(3. 5-dimethvlisoxarol-4-v1}-4-flnoro-3-nittobenzoats

N3 N~
A A
gi P {3 ..-‘ﬁL A
S N ~ 021“3 i Tr S
NH, O M, O
473} To a mixture of methyl 2-amino-5-03, 5-dimethylisoxazol-4-vj-4-

fluorobenzoate {14g, 53 mmol, 1 eqodv.) and TFA (100 mL} is slowly added nitronium
tewrafluorcborste (9.1 g, 68.9 nugol, 1.3 equiv.). After completion, the misture was
coneentrated under redaced pressure. The vezidue was dissolved and then the residoe was
dizsodved in BiOAe (200 md) and washed with brine (30miX2). The organic solvent was
evaporated. Methyl 2-amino-5-03,5-dinethylisoxazol-4-vl-4-fluore-3-nitrobenzoale was
usad without farther purification. "H NMR (400 MHz, Chloroform-d) § 6.92 (4, T = 5.8 He,
1H}, 4.24 {8, 4H), 4.07 - 3.85 (my, 5ET), 2,46 — 2.34 (m, 48}, 2.31 - 2.22 (o, 5H).

[8474] 19F NMR. (377 MHz, Chloroform-d) 5 -76.44, ~121.12 (4, § = 5.7 H). LOMS
{mfa1) 310.2

Step 3;. Methyl 2.3-diamino-5-(3.5-dimethvlisoxazol-4-vl)-4-fluorobenzoate

N0
F | S
L o
M q"&‘
MM, O
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[aad7s; Imto 2 pressure tube containing Momethyl Z-atnine-3-{3,5-dimethylisoxazol-4-
vi-4-fluoro-3-sitrobenzoate (16.5 g, 33.2 mol., 1 equiv.} is added B1OH (200 ml) and tin (I
chioride (20.2 g, 107 mol,, 2 equiv.). The resction was heated for 3 h at 130 °C. The reaction
was then stirred in 2N NeOH solution for 20 myimstes before being pariitioned between water
and ethyl acetate. The organic laver was washed with brine and dned over sodivm sulfase,
Pusification was carried out by flash column chromatography to furnish methyl 2, 3~-diaming-
5-{3,5-dimethvlsoxazol-4-y1}-4-fluorobenzoate (5700 mg, 3% %) LCME {m/x -+ 270.2.

{B8474] A flask coptaiping Z-bromopridine {135 ul, 1.37 mwmol, 7 equiv.) and THF (3
miy is cooled to ~78°C before Buli (0.86 mL, 1.37 nunol, 7 cquiv.) is added. Afler 30 min,
methyl 6-(3,5-dimethylisoxgzol-d4-yD-7T-flnoro-2-ox0-2, 3-dihydro-1H-banzol dfimidazcle-4-

carboxylaie (60 mg, 0.197 mueol, 1 equiv.) dissolved in THF {2 mL} is added to the reaction
mixture. Aftor completion, the reaction was quenvhed and exiracted with Bi0Ac and washed
with water, saturated NH.Cl After deying with 3MgSC,, it was fltered and concentrated 1o

dryness. Purification was carried out by reverse phase HPLC.

8477 1H NME (400 MEz, Methenol-d4) § .62 (dd, J = 5.3, 1.6 Hz, 2H), 813 {4, J
= 8.0 Hz, 2H), 7.84 (d, J = 8.1 Hz, 2H), 7.60 (dd, 7= 7.6, 5.3 Hz, 2H), 643 {8, T = 6.4 T,
1H), 2.24 (5, 3, 2.07 (s, 3. 19F NMR (377 bz, Methanol-d4) § -77.88, ~137.06. LCMS
(mfz+1) 431.92
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Example 178,
Eznmple 171, and
Example 172

5+(3,5-gimethylisosazol-4-yi)-4-fluopre-7-{hydroxydi{pyridin-2-ymethyh-1H-
) bhenzo]dlimidazol-2{3H)-one;

To{{ 1 H-imidasni-1-yhdi(pyridin-2-yDHmethyi-5-(3,5-dimethylsoxazol-4-yh-4-fluoro-1H-
benzoldlimidarol-2(3H-one;

and

T-{di{pyridin-2-yhmethyl)-5-(3, 5-dimethylsoxszol-d-yi-4-flnore-LHl-benzo [dlimidrzol-

18 203H}-vne
N-() ¥ —
,ﬁfk_ fﬂf\ j{ﬁ’k
¥ o~ B
Py 999 U
o WL Font Yy
d?’ e r/";\;?] ‘%-'-‘NH E"%i\h-
Ry l’i’;,f"
{00478} Alternatively, the tiitde cornpound was made Fom (2,3-diamine-5-{3,5-

dimethylsoxazoi-4-yi-4-fluorophenyDdi{pyridin-2-vlmethanol. Inio 8 misrowave vial
containing {2,3-diamine-5-(3,5-dimethylisoxazol-4-yh-4-BusrophenyDdi(pyridin-2-
ylymethanel {50 mg, 0.12 mmol, 1 eguiv.) 1s added THE (5 m) and CD (30 mg, 0185 mmel,

1.5 equiv.). The mixiure was boated to 120°C for 30 minutes in 2 microwave resctor. The

oy
(]

reaction was concentrated in vacuo and purified by HPLL.

00479 TH NMR (400 MHz, Methanol-d4) 5 8,65 (dde, 1= 54, 1.6, 0.7 Hz, 2H),
8.33 - .14 (m, 25D, 7.92 (dt, T= 8.1, 0.9 H, 2F), 7.68 {ddt, T =7.3, 5.4, 0.9 Hz, 2H), 6.39

20 (. T=64Hp, 1H), 2.4 (s, 4H), 2.06 {s, 4H).19F NMR (377 MEz, Methanot-d4) § -77.95 . -
136.55 (&, T=6.2 ¥iz).

{68480} LOMS (v/z+1) 431,92

{80481} TH NMR (400 Mz, Methanol-dd) §9.530 (4, I=1.5 Hz, 0H), 867 {ddd, J =
4.8,1.8,09 e, 1H), 796 -7.79 {m, 131}, 7.54 {1, = 1.8 He, O}, 747 (ddd, I=7.7, 4.7, 0.9

18¢
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He, 1H), 7.03 (dd, 7=8.1, 1.0 He, 1K), 5.92 (1, J= 6.3 Hy, 0H), 223 (d, T= 0.9 Hz, 1H),
2088, 1=09Hz IH).

[o6482] 19F NMR {377 Mz, Methanol-d4) & -77.74 , -134.19 (d, F = 6.2 Hz). LOMS
(rafe1) 482.17

[63483] 1M NMR (400 MHz, DMS0-d6) § 7.70 (dt, I=4.8, L3 Hz, 11), 6.98 (14, J=
7.8, 1.9 Hz, 155, 6.50 (ddd, 7= 7.6, 4.9, 1.1 Hz, 1H), 6.45 (4, J = 7.9 Hz, 1H), 5.83 (4, T=6.5
Fiz, 1H), 5.16 (3, 1H), 1.44 ¢4, T = 0.9 Hz, 28D, 1.27 (d, T = 0.8 Hz, 2H). °F NMR (377 Mz,
DME0-d6) § -78.29, -128.15, -140.18 (d, T = 6.3 Hz). LOMS (m/z+1) 416.1%.

Hxemple 173 and
Example 174

&{3,5-dimethyiisoxazel-doyip4-{3-bydroxy-2,4-dimethylpentan-3-y-1H-
benzo{dhmidazol-23H-one

and
6-(3,5-Hmethylisovaroh4d-yi)-d-isebutyryk-1 H-benzoid liidazel-2 3 E)-one
-0 3’4—{;\
;?;,{?‘ /J:i\ a«'*ff\
N
\L N Ry

PoU e o I‘%rj\
)rﬁeas-i

[00484] Methyl 6-(3,5-dimethylisoxazol-4-y1}-2-ox0-2,3-dibydro-1H-

benzof djimidazole-d-carvoxylate (100 myg, 0.35 manol) was dizsolved in 5 mi of THF and
stirred at room temperaturs followed by the addition of isopropyimagnesinm bromide (0.87
ml., 2.0 mmol). Addition Grignard was added in 1 howr intevvals wntl the sterting material
was consumed. Unce complete, the erude reaction mixture was quenched with DF water and
exiractsd 3x with ethvl acetate, Combined organic layers were washed with brine, dried over

sodium sulphate, filtered, concentrated in vacuo, and purified vis HFLL,
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[60485] C1YH25NI03; 344.2 (av'z +1). TH MMR (400 MEL, odSed) § 6.88 (d, T=14
Ho, 1H), 6.70 {s, 11), 2.39 (5, 3H), 2.34 (dd, = 13 .4, 6.7 Hz, 25), 2.23 (5, 37, 0.91 (4, F =
6.7 Hz, 6H), 0.85 (d, T = 6.8 Hz, 6H),

160486} CISHITNO;; 300.1 (mfz+1). TH NMR (400 MHz, cdsod) & 7.59 (5, 11D,
720{d, J= 1.3 Hz, 1H), 3.68 (4t J=13.6, 6.8 Hz, 13, 2.43 (s, 3H), 2.27 (3, 370, 1.23 (4. J
= 6.8 Hz, 65).

Eyammple 178

642, 5-dimefhyliroxaneb-d-yh4-(1-hydroxy-1-{pyridin-2-vDpentyl-1H~
benze{dlihnidazol-2{3H)-one

[B04ET) A solation of tort-butyl 6-(3,5-dimethylisorxazel-4-yi}-2-sthoxy-4-picolinoeyl-
1H-benzo{dlimidazole-1-carboxylate was treated with n-Buli {15 equiv) at -78°C. The
reaction was stivred for 13 minutes and quenched with 1M HCL concentrated, dissolved in
gtpanol (1 ml) and 4M BC in dioxane (0.5 ml) and heated t0-80°C for Ih The reaction
mixture was concentrated and purified by reverse-phase HPLT to give the desired product.

[00488] CIIHZ4NA03. 393.1 (M+1).  1H NMR (400 Mz, DMSO-46) § 10.68 (s,
1M, 9.89°(d, J= 1.9 Hg, 15D, 8.56 (4, J = 4.9 Hz, 1HD, 7.88 (&, J = 1.7 Hz, 2H), 7.37 (s, 1),
6,96 (d,J= 1.6 Hz, {H), 6.74 (&, J= 1.5 Hz, 15, 2.34 (m, 4H), 2.15 {5, 35), L.37— 1.22 (m,
4F), 1.22 - 1.01 {m, 1H), 0.80 (&, J=7.0 Hz, 45).
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A solution of test-buty! 6-(3,5-dimethylisorarol-4-yi)-2-ethoxy-4-picokinoyl-

1H-benzo{d jimidazoie-1-carboxylate {360 mg, 0.79 nunol) and p-Toluenesulionylmethyl

isocyanide (183,95 mg, 0.94 mmol) in methano! {5 oL} was stitred at room temperature

overnight. The reaction mixture was concentrated and IM agueous BCL(3 mL) and

concemrated HCL (3 ol was added. The reaction mixture was stiveed for 30 mimstes,

concenirated and purified by reverse-phase HPLC to give 2-(6-(3,5-dimethylisoxazol-d-yij-2-
gthoxy-1H-berzo[dlimidazol-4-ylj-2-hydroxy-2-{pyridin-2-yliacetaldehyde.

(490}

Byl roagnesinmmbromide (30, 0.61 ml., 1.84 mmol} was added 1o a solution

of 2-{(6-(3,5-dimethylisoxazol-4-y1}-2-cthoxy-1H-benzodhnndazol-4-y1)-2-hydroxy-2-
{pyridin-2-yljacetaldehyde {120 mg, 0.31 mmol} in methyl-THF at (I°C. After 13 min, the

reaciion miniie was guenched with 1M HCL, concentiated and & portion of this material was

purified by reverse-phass HPLC o give the major diastersomer 4-{1,2-dibydroxy-1-{pyridin-
Zyhbutyl}-6-{3,5-dimethylisoxazol-4-vi)- 1 H-benzo] djimidazol-2({3H}-one.

109491]
benze|dlimiduzol-2(31 -one.

1604971

4-{1,2-dihvdroxy-1{pyridin-2-yYoutyl)-6-(3,5-dimethylinoxazol-4-y1)- 1H-

C2IHITNG04. 3951 4+H). TH NMR {400 MiHr, DMS0-dg) ¢ 18.73 -

10.59 (m, 1K), 9.81 (s, 1H), 8.63 (d, J = 4.7 Hz, 1H), 8.04 (g, IH), 7.79 (4, J= 7.9 Hg, 11},
7.50 (g, 1), 711 {d, J= 1.7 Hz, 1), 6.77 (s, 11}, 4.39 (¢, /= 9.6 Hz, 1K), 2.34 (3, 3H),
2.5 {5, 370, 140 — 1,14 fn, 25D, 0.86 {t, J= 7.3 Hz, 3H).
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Bp493) Doss-Martin Periodinane (90 mg, 0.24 vunol) was added fo a solution of 4-
{1,2-dihydroxy-1-{pyridin-2-yhbutyl}-6-3,5-dimethylisoxazol-4-y1)-1H-benzo| dlimidazol-
2(38)-one (50 myg, (.12 mueol} in 2 mixture of dichlommethane and THY. The reaction was
stirred for 72 b at room temperature, concentrated and purified by reverse-phase HPLC. A
portion of this product was dissolved in concentrated HFCT (01 mL) and ethanol (L mi),
heated at 80°C for 3 b and concenirated to give 6-(3,3-dimethylsoxazol-4-yD-4-{ 1 -hydroxy-
2-oxo-i-{pyrdin-2-ylbuiyl)-1H-berzo{ diimidazol-2(3H)}-one.

[06494] CIUHZONAO4, 3931 (M+1). 1H NMR (400 MBz, DMSO-36) 5 10.73 (s,
1), 5.87 {5, 1H), 8.62 ~ 8.39 (m, 1H), 7.89 {1, /= 7.9 He, 1H), .61 (4, J= 7.9 Hz, 1H), 7.50
—7.27 (ma, VH), 6.83 {s, 1H), 6.40 (s, 1K, 2.83 (dd, 7= 18.2, 8.0 Hz, 281), 2.27 (s, 310), 2.07
(3, 3H), 0.91 (4, J= 7.2 Hz, 3H).

Exaraple 177

&3, 5-dimethylisoxgeol-4-y1-4-(5.5,5-trifluere-1,2-dthydroxy-1-{pyridin-2-yhpentyl)-
i¥i-benzoid|rnidazsl-2{3)-one

¥ i}
I

O
2]

r%ﬁw\ N

s

R The following two diastereomers were Bkewise prepared using

rifluoromsthylethyleagnesivm bromide in place of ethylmagnesium bromide.

8456] Major diastercomer CofyFalNala 4631 (M1 ' NMR. (400 MHz,
DMBO-ds) & 10.67 (s, 1H), 5.30 (d, = 6.8 Hz, 1H}, B.59 {s, 11}, 7.91 (s, 1H), 7.76 (5, 1 H},
7.39 (g, 18}, 7.06 (s, 1H), 6.76 (s, 1K}, 4.58 (d, J=9.9 Hz, 18), 2.40-2.50 (m, 2F), 2.42 ~
2.30 {m, 3}, 2.13 (3, 3H), 1.48 {m, 2H).

89497 Minor diastercomer: CraHyp FyhaGs. 463.1 (M+1). ' NMR (400 dEz,
DMBO-de) 6 1059 (s, 1H), 1003 (5, 1H), 8.56 (dd, J= 5.4, 1.7 Hz, 1H}, 7.52 {5, 1H), 6.64 (4,
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J=1.6 Hz, 1H), 6.41 (s, 1ED), 5.07 (s, 150, 2.40 (n, 2H) 2.17 (5, 35D, 1.9 {5, 3H), 1.65 (d,J
— 15.5 Hz, 25).

Exsmple 178

5 &3, 5-dimethylisoxazob-doyly-4-(2,2,3, 3, 3-peniafivere-1-iydroxypropyl - 1H-
hengoldjimidazel-2(3H)-0ne

N-O N0 %
f{f\\ g 8 .—-"»\2\._ . i /;.\\

o\ P - N R F
e F (2 ; T R OF
g i ¥ p . Ete| i
’ /‘,\m;\,j\” N e ﬂ'}“ N_ dad A S T e o <F
I }:&] i e SR on F }~?~!3‘i am B F
§ 7 AL A ¢
Y Ay /
664881 A solution of tert-butyl 6{3,5-dimethyliscsmml—d—yi}~2*a’f’h0xy--£§fnfcrmy1-1Hn

benzoldiimidezole-1-carboxylste (100 mg, 0.26 mmol), pentaftucroicdosthans (350 my, 1.42
1 mmol) and DME was cooled o -15°C under nitrogen. Tetra(dimethlaminojethiylene was
added {033 k., 1.42 mmol) and the reaction mixiure was iradiated with a sun lsmp, A
ihick precipitate formed, and after 30 mimes, the resction mixture was diluted with sthyl
acetate filtered. The filtrate was washed with water and the organic layer was concenirated
and dissobved in ethane] (3 mL) and 4M HCI in dioxane (1 ml} and heated o 70°C for 1k
15 Ths reaction misfure was concentrated and purified by reverse-phase HPLC to give the

desired product as a white powder.

{534591 CISHIZESNAON, 3781 (Mo+1 1H NME {460 Mz, DMSO-36) 8 11.02 {4,
T=20He 1H), 10.82 (s, 1H), 7.14 - 6.64 (1, 3H), 5.64 — 5.45 (m, 1H), 2.36 (s, 3H), 2,18 (s,
3,
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Example 173

&3, F-dimethylisonnzol-4-y}-4-(2,2, I-riffuore-1-hydroxyethyl-1 H-beneze [d hmidazol-
2 ome

5 {8506 The following compound was likewise preparad from triffuoroivdomethans to
give 6-(3,5-dimethylisoxazol-4-yi)-4-(2,2,2-trifluoro- L -hydroxyethy! -1 H-benzo| djinnidazol-
2{3H)-one g5 & white powder.

[00501] CIAHI2F3N303, 3281 (M+1). 1H NMR (400 Mz, DMSO-36) 3 10.95 —
10,85 (m, 150), 10.82 (8, T = 1.9 Hz, 1H), 7.11 — 7:00 (m, 1H), 6.90 (dd, J= 13.1, 3.6 Hz,
10 200, 5.43 (& 7= 8.0 Bz, 1H), 2.35 (s, 3H), 2.17 (5, 3H).

Exaunple 180

&-{1 6-dibydrozy-T-pxo-1-{pyridin-2-vithesy)-6-3,5-dimethyiisorazol-4-v13-1H-
benzoldiimidarel-23H-one

15 (6583 The following compound was isolated as a side product from the previous

series of reactions:

H A
o '{ff j
L:\\v,r“"

(60503] CosFaaleOs. 437.1 (MIF1}. 'H NMR (400 MHz, DMSO-d5) § 10.74 (d, J=
1.9 Hz, 1H), 289 (4, J= 1.9 Hz, 15, 8.53 (dd, J= 5.0, 1.5 He, 1H). 7.87 {1d, J="7.7, 1.7 He,
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1H), 7.60 (, J= 8.0 Hz, 1), 7.37 (44, /= 7.5, 4.8 Hz, 1H), 6.96 {5, 15, 6.85 - 6.77 (i,
TH, 6.41 (8, J= 1.5 He, 1H), 3.27 (t, 7= 6.5 Hz, 25, 2.82 (ddd, 7= 17.9, §.5, 6.2 Hz, 1H),
2.45 ~ 2,36 (m, TH), 2.26 (s, 350, 2.07 (5, 350, 1.55 — 1.34 (m, 280), 1.29 {d, J = 8.8, 4.6 Hy,
7E).

Fxampie 181

&3, 5-dimethylisoxazel-d-yi-4--cthoxy-1-hydroxy-1-{pyridin-2-vHipropyl- 1 -
benzellimidazel-2{3)-one

-0

AP

[66804] Prepared snalagously to give 6-(3,5-dimethylisoxazol-4-yi)-4-
{bydroxy(pyridin-2-v)(tetrahydro-Y H-pyran-2-yDmethyl)- 1 H-benzo{d)imidazol-2(3H)-one
using ethyl vinyl ether fn place of 2, 3-dibydro-2H-pyran,

1605658] C2ZH24NA04. 400.1 4+, 13 NMR (400 Mz, DMBSO-d6) 8 10.67(d, 1 =
2.1 He, 18,972 (s, 1H), 865 - 8.55 (m, 1M}, 787 (1, =76 He, 1HL, 7.73 (0, I=8.1 Hz,
1R}, 736 (4, I="7.2 He, 1H}, 7.15 (4, /= 1.5 Hz, 1H), 6.77(d, /= 1.5 Hz, 1H), 4.50 {q, /=
£.1 Hz, 1H), 3.62 — 3.44 (1n, 11}, 3.26 — 3.09 {1, 1H), 2.36 (s, 3H), 2.18 {y, 31, 1.02 - 0.85
{m, 6H)}.
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Example §82

(G 2-{2- ({68 )-4-{4-chlorophenyD-2,3, S-{rimethyl-6E-thieno {3, 28] [ 1,2, 4 }iviazelold, 3~
al{l 4idizzepin-6-yincelyDhydrazinyl-6-oxohexyl-3,.3-dhmethy - 2-((1 K, 38, 5K)-8-{1.3,3
irimethyiindolin-2-vlideneipenin-1,3-Eep-1-y1)-IH-indol-1-dum

Y,
N =
\\‘:{:‘ :N . \h;.ﬁ_ff
5 N_h:‘j ﬁ?N \__‘ S--...T:f \
o % N R ¢ i 15
S, S b 2 g\_#lmf >-§f
Nl 0/}-0H . 4 *\H =0
- Q
% HATU, NEY, DMF S\/
i )
5 o ol

A ({63 4-(d-chlorophenyl}-2,3,9-trimathyl-6H-thienof 3,2~

£11,2 4lidazolo[4, 32 1 4 ldiazepin-6-vhacetic acid (7 mg, 0.018 tmed) was dissolved in
Tl DIME, 10 the solation was added HATU (10mg, 0.027 mmol) and the reaction mixiure
was stirred at RT for 30ming, then to the reaction mixture was added 1-{6-hydrazinyl-6-

10 oxchexy-3.3-dimethyl-2-{(18,35,55)-5-(1,3, 3-rimethylindolin-2-ylidene}penia- 1, 3-den-1-
yi-3H-indel-{-iom (3mg, 0.009 mmol} at RT. The reaction was stivred af RT overnight. The
solvent was then evaporated, the residue was parified with Prep HPLC o afford 3.6 mg
product 1-(6-(242-{(68)-4-{4-chlorophenyl}-2,3,9-trimethyl-6H-thieno[ 3,2~
11,2 Aliviazolof4, 3-8} 1 4]diazepin-6-yhacetylfhydrazioyl)-6-oxohexyi)-3, 3~dimethyl-2-

15 ((1B3ESE)-5-1,3,3-trimethvlindolin-2-ylidenepenta-1,3-dien-1-y)-3H-indol-1 une.

BO5aT) CsiHseCNahB. 879.4 (M-13 TH NMR (4008Hz, OO0 5 7.18-7.10 (m,

IH), 6.44-6.38 (m, 4H), 6.35-6.28 (m, 451}, 6.22-6.17 {m, SH), 5.58-5.45 (m, 1H), 5.23-5.17

(rm, 2H), 3.62-3.58 (m, 1H), 3.08-2.97 (m, 2K), 2.58-2.52 (m, 150, 2.48 (5, 3H), 2.22 (s, 3H),

1.66 (g, 35}, 138 (s, 5, 1.23-1.20 (re; 2HD), 0.82-0.65 {mo, 41}, 0.62-0.60 fm, 12D, 0.34-0.48
20 {m, 25D
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¥xumiple 183

4-{{6-(timethylamingipyridin-2-yDthy droxy)(pyridie-2-ylmethyl}-6-(3,5~
dimethylisozazol-d-y1}-1 E-benzo[djimidazel-2(3H-ene

{05588] A progedurs sitoilar to that used for 6-(3,5-dimethylisozazol-4-y1)-4-
{hydroxy(6-methylpyridin-2-yD{pyridin-2-vi}methyl}- 1 H-benzofd Humidazol-2(3H}-one, using
&-bromo-2-N N-dimethyleminopyridine as the stavting material wis used to produce the
itermediate (CnllyeNeGs, 3852 (M+1)), which was tken directly to the deprotection step o
viekd the title compeund as a yellow oil

N0

fﬁﬁv \k)——«Nj
Sy n,

Hi 1
)f-'NH FH0Y Nm:ff)
O

100509 CosHagNeOs. 457.1 (M+1). "HUNMR (400 MEz, Chloroform-d) 5 8.78 (ddd, J
= 5.4, 1.7, 0.9 Hz, 1H), 8.30 (14, /= 7.9, 1.7 Hz, 15D, 3.03 (dt, J=8.2, 1.0 Fz, 1), 7.87 (44,
J=388,7.4Hy, 1H}, 7.78 (346, /= 7.7,5.3, 1.2 Hlz, 1H), 7.24 (1, J = 7.5 Hz, 1H), 7.03 (&, J =
1.5 Hz, 1H), 6.96 (44, =90, 0.8 Hz, 1H), 6.58 (4, J= 1.5 Hz, 1H), 3.20 (5, 6H), 2.30 (5,
380, 2.13 (s, 3H).

Fsample 184

&3, 5-dimethylisoxsrobdoy-d-(hydresy(pyridin2-yh(3-
{triftuoromethylinhenylinothy -1 H-benzo[dlimidazol-2(3H)-one

[asin A procedure anglogous to 6-(3,5-dimethylisoxazol-4-yhi-4-{hydroxy{6-
methylpyridin-2-yi(pyridin-2-yimethyl}-1 H-benzo{ dimidazol-2{ 3H}-one was used to
synthesize the intermediate (Capbls FiNaOs, 609.2 (ML) wihich was bnmedistely taken on to
the deprotection step to vield a vellow solid.
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09511} C25HIOFANAQS. 4811 (M+1). 'HL NMR (400 M¥z2, Methanol-dy) § 8.77 —
8.60 (m, 150, 8.22 (i, J= 7.9, 1.7 Ha, 1H), 7.76 (g, 1I0), 7.72 (ddt, J = 0.2, 6.6, 3.1 He, 35),
750 (1,0 = 7.8 Hz, 1H), 7.51 (&, J= 8.1 Hz, 1), 7.05 {d, J= 1.5 Hz, 1H), 6,43 (&, J= 1.5
Hz, 1H), 2.27 (5, 3H), 2.10 (s, 35).

Eybmpie 185

4:-{{4—91;&1@re;-phs:nyl}(hy&’imxy}{pyrieiin~2~5ri}met%§y§_}~6«(3,5«-d%methyﬁsamz&iué—yi}rlﬂw
benzo{dlimidazel-2{3H}-0ne

[B8812] A proceture simalag to 6 3,5wdimaﬁhy}isexami%yi)ﬁém{hydmxyfﬁn
methylpyridin-2-y(pyridin-2-ylmethyl}-1 H-bonzo| djimidazol-2(3H)-one was vsed to
synthesize the intermediate {(Cy HyCINGGs, 575.2 (M+1}) which was taken directly to the

deprotection step to visld 2 yellow solid (9.8 my).

N

P
ay Y Y

S Ot Q@.‘j)
d

166513 CoeFhgCINGOs. 447. 1M}, 'H MR (400 MiFx, Methanol-d,) 6 8.71 (ddd,
F=53,17,09 He, 1H), 8.19 (64, /= 7.9, 1.7 Bz, 1H), 7.74 ~ 7.66 {m, 2H), 7.44 — 7.3¢ (m,
2H}, 7.33 - 7.28 (m, 2, 7.03 (d, J= 1.5 ¥z, 18}, 6.48 (4, J = 1.5 Hz, 1H), 2.29 (5, 31,
212 (s, 38,
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Fxamgle 186

4-{{G-aminopyridin-2-3DBydroxy){(pyridin-2-yDmethyh-6-(3,5-dimethylisoxazel-4-v -
1H-benzoldibmidazoel-2 (3 -one

B3

\anV i W
T e i o e
My o o - .
N .r" "x\q .a;f‘ Y
N7 ARliRee) by ,.-*-\ o j 1} nBulb{ieg) i J o
)L,;J WTHF, 78C, @ N ‘j }_ )‘*m ""’\]r N7 WeTHF, 780, s min _‘N/'\? Ve \)
E Er/"‘\.:f/_ (2) B, Bk rNL! /\ N _"

) W e
In 8 Zaeck, 30-al. round-bottom fiask, 2 solution of 2-aming-6-Bromopyridine (265.5 mg,
1.335 mmol} and 1,2-bis{chlorodimethylsilyliothane (329.9 wag, 1.532 ramel} in 20
methyltetrabydrofuran (12 mL) wers cooled to -78°C while stining vmder 2 nitrogen
atmosphere. A solution of n-butylithinm (1.42 M in hexanes, 3.26 mL, 2.30 numol) was
added dropwise in 4 eqoal fractions (waitiog five minutes in between) and the reaction
saixture was stirred for 30 minutes afier the tinal addition. A solution of tert-butyl 6-(3,5-
dimethylisoxanol-4-yi}-2-gthoxy-4-picolinoyl-1H-benzo{dHmidazole-1-carboxylate (300.8
mg, 0.5504 mmel) in 2-methyltetmhydroforan (1.5 mL) was added dropwise. The reaction
mixture wag stirred for 43 mirmstes while warming to room temperaiare or until reaction
completion. The reaction mixture was quenched with brine and diluted with ethyl sceate.
The organic layer was separated and saved and the squeous layoer was exizactad with ethyl
acetate (three tinoes, 40 mi each). The organic fractions were combined, dried over MgSOs,
iikered and concentrated. The crude product was taken direcily to the deprotection step.
CosHogNeDs 457.2 (M+1),

[60514] The crade material was dissolved in sthanot (15 mi.) and fransferred 1o 2

microwave vial, Hydrochloric acid was added (4M in dioxans, 1.6 mL, 5.4 mmol) and the

‘reaction vial was sealed and heated at 70°C for 2 hours. The resction mixture was cooled to

roofn lemperabne and concentrated to yield a brovn oil, which was titgrated with
dichloromethane. The remaining oil was takes up in acetonitiie and concentrated 1o yield a
yellow-white solid, which was further purified by prepamtory HPLC to vield a vellow oil.

[80575] CosHonl05. 429.1 (M+1). RE= 0.2 in 20% MeOILDCM. 'H NMR (400
Mz, Methanol-dy) 5 8,67 (ddd, /= 5.0, 1.8, 0.0 Hz, 1H), 7.96 (id, J="7.8, 1.8 Hz, 1H), 7.85
(dd, J=9.0, 7.4 Hz, 1H), 7.70 (dt, J= 8.0, 1.0 Hz, 18), 7.47 (ddd, J=7.6, 4.8, 1.1 Hz, 1H),
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7.04 (& J=1.5 He, 153, 6.97 (dd, J= 9.0, 1.0 Hz, 15, 6.56 (34, /=74, 1.0 Hz, 1H), 6.42
(d, J= 1.5 Hz, 15}, 2.28 (s, 350}, 2.11 {5, 35}

Exampie 187

L-asetyl-d-({6-aminopyridin2-vDhydroxyi(pyridin-2-yDmethyl)-6-3,5-
dimethylisosgzol-4-vi-1 H-benroldjimidazel-2{3H)one

N2 o 0 Y:E*O
,A{fk A A P
289 "
J\ \x‘\ oM S-{cimethyiaminoipyridine (2 eg.) o 1 & OH
" j’/" L‘(j trigthyiamine {3 .} N Ry ] N“{
PN N { DMF, BC, 30 rin ) /\;"NH —&/
O ) " \J
e i w %/E
3051 To a microwave vial capped with 3 septum, 4-{dimethylammo)pyndine (3.8
¥ {

mg, $.047 mmol) and tristhylamine (9 gL, 0.07 momol) in NN-dimethylformamide (0.5 mlL)
were cooled to 0°C in a nitrogen stmosphers,  Acetic snhydride (4.4 pl, 0.047 mmol} was
added and the reaction mixture was stitted for 15 minutes at 0°C before a solution of 4-{{6-
aminepyridin-2-yi(hydroxy){pyridin-2-vimethyl}-6-(3, 5-dimethylisoxazol-d-y1}- 1 H-
benzof diinkdazel-2(3H}-on¢ (10 mg, 0.023 wumol) in N N-dimethylformareide {0.25 mL}
was added dropwise fo the reaction mixzture. The reaction was allowed to warm o room
temperature aud stivred for thirty minwtes (ot unti] completion). The reaction was quenched
witﬁ water and diluted with ethyl acetate. The arganic layer was separated and saved and the
oreanic layer was extracted with ethyl acetate (thwee times, 20 ol sach). The organic
fractions were collected, dried over Mg8QO,, fltered and concentrated. The product was
isciated by preparatory HPLC to visld a clear oil.

{0517 CosHpNeDy. 4711 (M+1), 'H NMR (400 Mz, Methanol-dy) § 8.68 (4, J=
4.8 Tiz, 1), 8.18 {d, = 1.6 Ha, 14, 8.02 — 7.9% {m, 1EL}, 7.85 (dd, /= 9.0, 7.4 Hz, 1H),
772 —7.65 (m, 1H), 7.52 — 7.43 (m, 15D, 6.98 {dd, J=9.2, 1.0 Hg, 1H), 6.68 — 6.61 (m, 1H),

6.57 (d, J= 1.6 Hz, 15}, 2.70 {5, 3H). 2.30 {s, 350, 2.11 {5, 3H)}.
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Example 188

d-{{-aminopyridin-2-vi{kydrovy) (pyriﬂin«2--y§}methyi}»im{cyclegrc;zmecarh&ﬁyi}é»
{3, 5-dimethylisozazol-4-yi}-1H-benzo]dlimidazel-2(3H}-one

{30518] A pirocedure stmilar fo 1-acetyl-4-{(8-aminopyridin-2-yl}{hydroxy}{pyridin-2-
yiymethyl}-6-(3,5-dimethylisoxazol-4-y1)- 1 H-benzo [ djimidazol-2{3H}-one was used.

[8651%] CorBipNeOa 497.2 (M+1). 'H NMR (400 MHz, Methanol-d;) 5 8.68 (ddd, 7
=49, 1.8 09Hz, 113, 8.13 (6, J= 1.6 Hz, 1H), 797 (1d, /= 7.5, 1.3 Mz 1H}, 7.85 (dd, /=
9.0, 7.4 Hz, TH), 7.62 {dt, J= 8.0, 1.0 Hz, 1H]}, 7.48 (ddd, /= 7.6, 4.8, 1.1 Hz, 1H), 7.25
7.08 {m, 2H), 6.98 {dd, J= 8.9, 1.0 ¥z, 1H), 6.63 (dd, /=74, 1.0 Hg, 1H}, 656 {d,7=1.6
Fiz, 1503, 3.48 {ddd, J= 8.0, 4.6, 3.2 Hu, 1H), 2.20 (s, 3H), 2.10 (5, 3H}, 1.21 {dy, /=52, 3.4
Hz, 2H), 115 - 1.06 (m, 2H).

Example 189

6-(3,5-dimethylisoxazol-d-yi-4-(hydroxy{é-(uethylamino}pyridin-2-yD(pyridin.2-
vlimethyl)-1H-benzo|diimidazel-2(3H)-one

s
[ . s =,
M THSO i1 eg.) . j Y ;
i B (2 573 g.i ~ ‘ Ny P 1) THF, -78C, 39 min N bt
M ““\:] - * 2 i j ‘ hai
a Sy, T Y. N 25 HEL EOH AT
Er’i\‘j’ _ /?-ﬁw»y! -“-";""C}:l ~B ] \g ¥ ] O !-EN\/\\;'; '?i_\ Ty
¥ A Jies §
Fant g

s
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[B6328] To a 30-mk, T-neck round-bottom fask, 6-bromo-N-methylpyridin-2-smine
{41.5 mg, 0.222 mmol} and chlorotrinethylsilans (29 ul, 0.23 mmol} were dissolved in
tetabydrofran {2 mi). The clondy white suspension was stimed under mitrogen for thirty
miruties af room temperatare. The reaction mixture was then conled to -78%C before a 1.6 M
s-butylithium solution in hexanes (0.23 mL, 0.37 sunol} was added dropwise and the
solution was stirred for thinty minutes. A sohmion of fers-buiyl 6-3,5-Gimethylisoxazol-4-
yi)~2—eﬂmxy~4~pﬁap§ina§ﬁm1H«bmm[d}imi&azula~l«caxbamylatc in tetrabydrofuran {1 mL)
was added dropwise and the reaction was warsted fo ambient temoperature and stiveed for
twenty minutes or until reaction completion. The reaction mizhire was quenched with brige
and dituied with othyl acetate. The coganic layer was separated snd saved and the aqueous
layer was neutrslized and subsequently extracted with ethyl acefate twice. The combined
argamic fractions were dried over sodinm sulfate, decanted and concentrated. The crude

intermediate was taken directly to the deprotection step. CadluNgOs. 6113 (M),

feasat} In g microwave visl, the crude intermediate was dissolved in sthanol (3 mL)
and 4M hydrochloric acid in dioxane (1 mL) was added. The vial was sealed and heoted at
£5°0 for 1 hour, The resction mixture was concentraied, filiered and the tifle compounds

was purified via preparatory HPLC to yield a yellow solid.

(09522} CoaHasNeOs. 443.1 (W+1), H NMR (400 Mz, Methanol-d;) 8 8.70 (ddd, J

=3.0,18, 0.9 F, TH), 8.03 (td, /= 7.8, 1.7 Haz, 1), 7.90(dd, J= 9.0, 7.4 Hz, 1H), 7.81 (&,

J= 8.0 Hz, 1H), 7.53 (33d, J = 7.6, 4.9, 1.1 Hz, 1H), 7.02 (& J= 1.5 Hz, 1H), 7.00 (&, /= 8.8
Hz, 1H), 6.87 (4, J= 7.4 Hz, 1H), 6.4 (4, J= 1.5 Hz, 1), 3.06 (s, 3H), 2.28 (5, 3H), 210 G,
370,
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Ezmrmpie 150

4-{{6-bromuo-3-fingro-2-methylpyridin-4d-yiihyvdroxyipyridin-2-viymethylp-6-{3,5
dimethylisexarol-4-yh- 1 H-benzoidiinidarel-2(3H)-oue

0-N O-N
R, .
N -
i i . i = F\‘ £
Boc-y" ’/k\"“f /l\f e
N0 e N4
£10 Q}" N B
\\
5 [BBA3Y To a solution of 2-bromo-S-Huoro-6-methyi-2-pytidine (411 g, 2.16 mmol}

in THE (10 mIL} wag added Boli (0.86 ml., 2.16 mamaol, 2.5 M in THY)} and the solution was
stirred ot -78 °C for 1h. To the solution of tert-buiyl 6-{3.5-dimethylisoxazol-4-y1}-2-ethoxy-
4-picolinoyi-1 H-benzof ¢ jimidazole-1-carboxylate (200 mg, 0.43 mmol) in THE (5 mL) was -
added the solution of the lithiale and the solution was stirred at -78 °C for 1h. Ag NHUl was
10 added and the solution was exwracted with BiOAc (200 mb}. The organic sohution wag
washed with brine and dried over NapyO84. Solvent was removed and the residoe was
dissolved in FIOH (6 ml) with 0.8 mi of 4N HCI in dioxane. The sobstion was heated at
microwave at 70 °C for th, Solvent was removed and the residue was purified by HPIC 1o
give 4-({6-bromo-3-fuore-2-methylpyridin-4-yB{hydroxy Mpvridin-2-yDmethyl}-6-(3,5-
15 dimethylisoxarol-4-y}-1H-benzo]djimidazol-2 3 H}-one

1005241 CoaFioBTNLOs MS miz 523.9 (1),
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Exampie 123

&{3,S-dimethylisoxazol-d-yip-4-((G-Tluore-d-methylpyridin-d-yhhvdroxypyridin 2«
yheethyl)- 1H-benze {dlimidazol-2(3H)-0one

5 082Sy A yoixture of 4+((6-brome-3-flnoro-2-methylpyridin-4-y1 ¥ hydroxy Kpyridin.2-
viimethyl)-6-{3,3-dimethylisonazol-d-yi-1 H-benzo[dlimidazol-2 (3 H)-one obtained above
and P&C (5 % 100 myg) in MeOH (10 ml) was stitred under H; balloon for 1h. Reaction
mixture was filtered and the filtvate was concentrated fo dryness. The residue was purifisd by
HPLC to give 6-(3,3-dimethyHaoxazol-4-y-4-((3-fluoro-2-methylpyridin-4-

10 yihydrosy)pyndin-2-yhimethyl)-1H-benzo[dlimidazol-2(3H)-one.

H0326] CaeHaeFNs0n. MS m/z 446,02 (VLY. TH NMR (400 MHz, Methanol-dg) §
8,56 (48, J = 5.1, 1.8,0.9 Hz, 1H), 8.42 (&, J = 5.6 ¥z, 13D, B.00 (1, /= "7.8, 1.7 Hz, 1H),
7,76 — 7.64 (1, 2E), 7.49 (ddd, J=7.6, 5.0, 1.1 Fz, 1H), 7.02(d, J = 1.5 Hz, 1H), 6.59 1, J =
1.8 Hz, 1), 2.53 (¢, J=13.9 Hz, 3H), 2.30 {5, 3H), 2.13 (5, 38).

Frzample 182
4-(3,5-dimethylisoxazal-4-vii-Z-nitroaniling
N0
i

Ig\.
oD
Br [
; &

a t -
| e
o PaClidpnhiH.U 0,
0N DMEH, /o500 ek O
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{Ba527 Yo & mizture of 4-bromo-2-atiro-phenylamine {150 g, 0.691 mol, 1.0 eg) snd
3, 5-Jimethylisoxazole-4-boronic acid pinacol ester (169 g, 0.725 mol, 1.05 eq)in 1,2-
dimethoxyethene (1.5 L} and water (700 ml} were added PdCh{dppl) (56 g, 69 mmel, 0.1
eg) and KaCO: (190 g, 1.38 mol, 2.0 eq). The reaction mixture was heated at 95 “C gvernight.
The resction mixtuve wag ditmied with BtOAe (3 L}, washed with brine (2 x 300 mL). The
orgaoic solvent was evaporated and the residue was purified with Hash chromstography on
sitica (PE/EA = 10:1 - 1:1) to give 150 g 4-(3,5-dimethylisoxazol-4-y1}-2-nitroaniline as a red
sotid

(GO528) CyHuNGOs, 234.2 (M)

Example 193
4-{3,5-dimethylisoxarol-4-vi)-2-iode-G-nitrosniline
N0 NG

Y, ARG
| i E©OH =
O DN

L ,4'\ i
NH;}_ NHZ
[66528] To & solution of compound 4-(3,5-dimethylizsoxazol-4-yl}-2-nitroaniline (334

g, 1.43 mol, 1.0 eq) in ethanol (3.3 L) were added fodine (726 g, 2.8 mol, 2.0 eq} and silver
nitmte (485 g, 2.8 mol, 2.0 eg). The resction mixture was stirred at 1t overnight, filtered, and
the filtrate was evaporated to dryness. The residue was dissolved in BtOAe (5 L) and washed
with water and brine, and dried over sodium sulfate. The organic solvent was evaporated o
give o residue, which was purified by fash coluom chromatography on silica gel (PE/EA =
4:1-3:1) fo give compound 393g of 4-(3,5-dimethylisoxazolb-4-vI)-2-iodo-6-nitroaniline as an

orange solid.

108538) 1IN Os. 360.1 (M-+1)
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Faoample 194

5-03, S-dimethylisosarel-4-yl}-3-dodobenrene-1,2-dinmine

N-Q) N-0)
..-"’.‘Qw)\\ /K,/)\"‘-
{ i {
e EHRITES0ITh Y=oy
o’ Y ‘ TR
Pt N,
B8531] To a sohution of 4-(3,5-dimethylisoxasoi-4-vi)-2-i0do-S-nitroaniline {393 g,

5 1.0%9 1ol L0 eq) in ethanol {4 1.} was addad tin (J0) ohloride (1.03 kg, 5.46 mol, 5.0 eq). The
reaction mixture was stiveed at 75 °C for 10 b The solvent was evaporated and the residue
was dissolved in FHOAc (3 L), washed with 1 N soditm hydrozide (3x 1 L) (the solid
precipitated ont should be filiered). The orgamic phase was dned over NanS0,4 and the solvent
was removed 1o give a residue. The residue was purified by flagh chromatography on silica

14 (P}fr'EA = 2:1-3:2} to give 253z of 5-(3,5-dimcthylisoxazol-4-y1-3-iodobenzene-1,2-Giamine
as & slightly brown solid.

{66552 €y HpINGD, 3301 (M)

Exammple 195

15 &(3,5-dimethylisoxazol-d-y)-4-jode- L i-benre]diimidarel-2(3H}-one

B
MN-0Q {

~(3
f /!If)\
L
CDVOMAPR Sy

7 THF/BUSCH6H L
J DN HN’I Y
Hai "T’ i }—"NH
[833] 5-(3,5-dimethylisoxazol-4-yi}-3-iodobenzenc-1,2-diamine (253 g, 0.77 mol,

1.0 e} was freated with carbony! ditmidazole (187 g, 1.15 mol, 1.5 eq) and DMAP (47 g,
384 mmol, 0.5 eq) in THF (2.5 L) at 80 °C for 16 h. The precipitate was obtained by
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filtration. The solid was triturated with EA/PE (1/1) to give 197g of 6-(3,5-dimethylisoxazol-
4-yiy-deindo-1H-benzofdlimidazol-2(3}-one as a whits solid.

[60534) CraHipIN; O3 356.1 (Vi+1y 'H NMR (400 MHz, TIMSO-dg) § 10.97 (s, 1H),
10.91 (s, TH), 7.23 (s, 13D, 5.86 {s, 1), 2.35 (g, 3H), 2.17 (s, 3E).

Example 196

§-(3, S-dimethylisoxazol-4-yi-4-(4,4,5,5-tetrametbyi-1,3,2-divxaborolan-2-yi)- 1 H-
bepzo{dhuddazol-2{3H)-one

N-Q
Pl asPS
B B e S %
P —— | ey O
g’ N KQAGPA(ppT)l, N Y BT 2<
N diexanef120 °Cri6h Q%MH Q“,f -
0

10 (80538 A mixture of 6-(3,5-dimethylisoxazol-4-yH-4-ipdo- 1 FH-benvofdlimidazol-
2(3H)-one (166 g, 468 mmol 1.0 eg), PddppfICL; (19 g, 5% mol), KOAc (92 g, 935 mumol, 2
eri} and bispinacolato diboron (237 g, 935 manol, 2.0 e} in degassed dioxane (3.5 L) was
fiushed with nifrogen, The reaction mixture was heated at 120 °C under Ny overnight. Then
the reaction mixture was concentrated and dry-loaded onto sifica gel and purified by flash

15 chromatography (PE/EA = 10:1-201) to give 725 of 63, 5-dimethylisosazal-4-y1)-4-(4,4,5,5-
tetramothyl-1,3,2-dioxaborolan-2-v1)-1H-benzo[ d fimidazol-2(3H}-one.

1005361 CrgHpBNGD,, 356.0 (M) 'H MR (400 MHz, DMSO-d5) 5 10.78 (s, 1H),
9.84 (s, 1H), 7.04 (s, 1H), 6.97 (s, 15D), 2.34 (g, 2D, 2.16 {s, 3F0).

20
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Example 197

££3.5-dmethylisoxazol-4-vi}-I-nitroaniline

N-Q)
AP N0

B
! : qt \0
/,,: m} é.»‘- i
QEN)\Yf u-_-__-——/ s e )l\/ 2

e
PERPSpy, aN F
€8:C 05, DMEMO Ny
120°C

5 HRERW 4-bromo-2-pitrosniling (Ig 4.6 mmol) and 35-Timethriisonaxole-d-boronle

o Frbpacd

soid pinssol ester (g, D2mmeoly was sdded fo p solvend paxiars of 1 2-dumethegrnetheng

17 sabt omd veaser {6 miy To the sbove mivsre wese added PEPP-Tpr 2 12mg. 0,46 mumol)

e

gnd OrO0% {452, 13,3 resoll The peaction mixture was haswed a3 120°0 for 30 yoin, Thye

soaciion orbvore was then diuind with BiGAc (100 o), washed with brfog (88 sl x 23

10 orgusie sehvent was ovaporaed and the residue was diasnlved in DON and porified with Sash

swomgiography (500 EIOAcH e} w0 allwd 02 5-dkmathylisonsmoi-deyl 2

nimouniine,

Example 198

15 4-{3 B-dimethyiisoxasol-d-yi}-2-indo-G-nitroaniline

!2, AgNOa

E10OM

200
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i

%

SRR 43, 5-dimetinylisoazoi-d-yI-2-nliroasiine {1g. 4.6 uweoll was added i

B 156 walh, 1o the mintor: was added b {14, 5.5 wovoll sod AghNGH (0,84, 5:8 wreclh

Tha ranction mixivre was gthrad ol yoom soarerahure oveny 2 BOVENL WH
3t 2. o T 5 et e ‘
andd then the restdue wis dssulved In B340 {80 maly asd was

vaporated and the waidng was dissolve ied with fash

LN CE nio anlvent wi

chirsh chovomiognphy fprodust cwme out oz 35 3.5

(‘3

dinathyisogar <S-piireanitns,

Exsmple 199

5-{3,5-dimethyiisozarel-4-yi-3-iodobonzene-1, 2-Hamine

N-O
. N....O
A v P
Bnlly v

T — .
B0k, TG /L/L =

e-f-rtiirpantiine

{BH539) 4-{3 5~ &n*ai**msc‘:&?{ﬁmﬁ--)"j'_'_ BE% el ws
sode E T = T 5‘ M }_ Y G VS weny E" 'f I

sdided o TICH 50 o), o S wmivwre were added Snlh {2.4g, 125 wmovol) The resotion
mintnre was alied w750 for Th The scivent was evepormied and Gen %o ronidue wag

3

diseodvad fn Hidas (100 ! and washod with TN NaOH {3 {Ehni¥23 The orgasie solvemd
wwas pvepornied and the residue wos Sascived i DOM wd purdfed with combi-flash colume
chiromastogiphy  {rodt came owl &l 809 BedAcMonms) o afford 5{3.5-
dimuhviinoazoi-d-yi-3-dodobonzene-1 J-diarnine.  LOME méa [MAHT  CLHIZIN,

requires: 330.00. Found 330.03 'H NMR (400 MHz, CD;0D) §2.21 {5, 3H), 2.38 (s, 3H),

7.16 (d, 11D, 7.62 {4, 15D,
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Example 268

&-(3,5-dimethytisoxazol-4-yii-d-jode-1 H-bonzo [ dlmidaret-2(3F)-one

N-U H-Q

PN oo ]
,11 P THF, reflux, 3h
Fiah ! B6%
NH, ,}44}-&

1685481 A mixtore of 3-(3,5-dimethvlisozazol-d-y1)- 3uisdgbénmne-i -danidoe (15 g,
43.6 manol, 1.0 o), DMAP (2.9 g, 22.7 mrool, 0.5 eq} and carbony! diimidazole {11.0 g, 684
myaol, 1.8 ey in THF 200 mi) was refluxed for 3 k. The roaction was cooled 0 mom
tenperatare, purified by flask column chromatography to give a solid, which contained some
imidazole and DMAP, The solid was triturated with THF (22) and fillered to afford 6-(3,5-
dimethylisoxazol-4-yi}-4-lodo-1H-bonzo[djimidazol- 2(3H)-one. LC-MS: 3540 [M-HT 'H
NMR. (400 Mz, DMSO0-16) 6 10.9 (brs, 2H), 724 (4, 1= 1.6 Hz, 1D, 6.97 (4, J = 1.6 ¥z,
1HY, 2.37 (s, 3H), 1.78 (5, 3H).

Exauaple 201

Biochemical Alrhs Assav

[(8348] Binding of the bromodomain BRD4 1 to ap acetylated histone H4 peptide was
measured using a bead besed Amplified Luminescent Proximity Homogensous Assay
(ALPHA}. The synthetic peptide containing amine scids 1-18 of histone H4 was acetylated at
ysine 3, 8, 12, 16 and confugated i biotin (SGRGACKGGACKGLGACKGGAACKRE-
GEGEE-biotin) was purchased from Millipore. BRID4_{ was expressed and purified from
Escherichia coli as an N-terminal Hisq-tagged protein, Nickel-Chelate ALPHA scoeptor
heads (Perkin Elmer) were used to specifically bind BRDY 1 and ALPHA streptavidin donor
beads (Perkin Elmer) were used because they specifically recognized the biotinylated H4
peptide. Binding of BRD4_1 to the peptide resulted i proximity of the donor and acceptor
beads which leads o an incresse in ALPHA sipnal whereas disruption of this protein-peptide

intergotion with a smafl molecule inhibitor resulted in a decrease in ALPHA signal, Assaye
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were parformed in 50 M Hepeg (pH 7.5), 130 meM WNaCl, 0.1mwg/ml BEA, 0.01% {v/v) Brij,
0.5% {vAv} DMSO, 20000 H4 peptide and 15oM of BRDM_ 1 protein. Affer an assay reaction
gime of 60 minutes &t 25°C, binding was measured with 20pug/m] streptavidin donor beads
and 20pg/ml nickle-chelate acceptor beads. ALPHA signal was detected on an Fovision plate
reader (Fx: 320 nmg Bmy 570 umy; Bx tme: 180ms), Data were nonualized based on g
positive {2 M I-BET) snd negative (DMSO) controls and ICs, values were caleulated from
the £t of the dose—response curves 1o a fowe-parameter squation. Al ICs, values represent
geometric mean valves of a punivaun of four determinations. These assays generally

produced resulis within 3-fold of the reported mean.

Biochenical HTRE Assay

[(8542] Binding of the two tandem bromodomains, BRD4 1 and BRI 2, 10 an
acetylated histone Hé paptide wore measured using & homogeneons time resolved
{luorescence resonance energy transfer (TR-FRET) assay. The gynthetic peptids conlaining
aring scids 1-18 of histone F4 was acetyiated at lysine 5, §, 12, 16 sad conjugated fo biotin
(SCGROACKGGACKGLGACKGGAACKIRI-GEGSK iotin) was purchased from
Millipore. BRD4_I and BRD4 2 were expressed and purified from Escherichia coli as N-
terminl Hiss-tagged proteins, An X1.665 Isbeled anti-His antibody {Cisbio) was used to
specifically bind BRDMY and a eryptate labeled streptavidin protein was used because it
specifically recognized fhe biotinylated H4 peptids. Bindisg of BRIM 1o the peptide resulisd
in an incresse in FRET signal whereas dissaption of this protein-peptids interaction with a
small melecule inhibitor resulted in a decroase in FRET signal. Assays were parfrmed in 58
mh Hepes (pH 7.5}, 150 raM NaCl, 0.1mg/ml BSA, 0.01% (vw/v} Brif, 0.5% (v/v) DMSO and
20080 H4 peptide af the following concentrations for each BRD4 isoforma: 60 nd BRID4_1
and 120 oM BRI 2. After an assay reaction time of 60 sunotes at 25 °C, binding was
measured with 2 oM cryiptate lsbeled streptavidin and 10 oM ant-JHs-X1.665 antibody. TR-
FRET signal was detected on an Bnvision plate reader (Ex: 320 nm; o 615/865 amy; 100us
delay and 200us read window). Data were nonmalized based on a positive (2 #M -BET) and
negative {DMS0) controls and s values were caloulated from the fit of the dose-response
curves to a four-parsmeter equation. All ICs, values reprosent geoinetric mean values of a
mintioam of four determinations. These assays generally produced results within 3-fold of

the reporied mean.
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[00543] Binding of the two tandem bromodomaing, BRD4A-] and BRID4-Z, 1o a Cys
labeled probeigand (Compound 201-A) were measured using a homogeneous time resolved

fluorescence resonance energy wwansfer (TR-FRET) assay.

Qv
) “%w@

e
T Y
i e,
¢ {201-4)
[an%44] The labsled ligand specifically binds BRIM-1 and BRD4-2 and con be

displaced by a small molecule inhibitor that shares 8 similer or overlapping binding site.
BRD4-I and BRI¥4-2 were expressed and purified from Escherichio coli as N-terminal Figs-
tageed proteins. A Bu-crypiate Iabeled auti-His antibody (Perkin Fimer) was used to
specifically bind BRDM, Binding of BRDM to the labeled prebe/ligand resulied in an increase
in FRET sigoal whereas displacement of this labeled ligand from BRD4 with a small
molecule inhibitor resulted i 8 decrease in FRET signal. Assays were porformeed in 50 miM
Hepes (pH 7.5}, 150 mM NaCl, b.lmg/ml BRA, 0.01% (v/v) Bryj, 0.5% (v/v) DMSO and
101 labeled ligand at the following concentrations for each BRIM isoform: 2 nM BRD4-1
and 0.5 ol BRI34-2, After an assay reaction time of 60 minses at 25 °C, binding was
measired with 2 oM Ev-cryptate Jabeled ant-His antibody, TR-FRET signal was detected on
an Buvision plate reader (Bx: 320 nim;, Eoa: 615/665 num; 100ps delay and 200ps read
window). Dats were normalized based on a positive (2 pM BET) and negative (NS0
controds and 1050 values were caloulated from the 61 of the dose—response wimrves 1o 2 four-
parameter squation. AL HUS0 values repressut genmetric mean values of a minboum of four
determingtions. The 130 values were converted to Ki values (dissocintion constant for
BRD4-inhibitor complex) using the Cheng and Prusoff equation for a competitive inhibitor

mode of action. These assays generally produced results within 3-fold of the reporied mean.
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MT-4 Proliferstion Assay in 384-well Format

[B3545) {Compounds were {ested in 2 standardized bigh-throughput 384-well assay
format. Bach compound was serially diluted 3-fold 1n 100% DMBSO in polypropylens 384+
wall plaies nsing 2 Biomek FX Worksiation, and 0.4 L compound added to an assay plate
containing 40 1L RPMI media. Compounds were arranged in & horizontal patiers, with 10
concentrations per componnd, and & compounds added per plata. Due to low DMSO
tolerability, the foal DMSEO concentration nover exceeded 0.5% {(v/v}. Each assay plate
contained 10uM Puromyein and 0.5% DMSO in RPMI-1640 ag positive and nepative
controls respectively, MT-4 calls {HTLY-1 transformed, human T hyraphoblastoid cells, NIH
Alds Reagent program) were added in volames of 35 ulL per well and 2,000 cells per well
using & Biotek WWlow Workstation {(Biotek, Winooski, VT), and the plates subsequently
incubated for 5 days at 37°C in an incubstor set at 5% CO2 and 90% luenidily.

63546] After § days, 22 ub, Cell Titer (Glo (Promega) was addad o the assay plates
with 2 Biotek oFlow Workstation. Plates were subsequently placed on a Perkin Elmer
Envision Plate Reader for 5 minutes before the luminescenos signal was read. CCsg values
were caloulated from the compound concentrazion that caussd a S0% decreagse In
heminescence signal, » measurs of toxicity, and caloulated by non-linear rogression using

Pipeline Pilot software (Accelrys, San Diego, CAJ.

e-Mve Down Begulation and Visbility Assays

o547 A engyme linked tromunosorbent assay using the Meso Scale Disgoostic
(MED) technology was used io detect levels of o-Mye produced in MMIS cells (ATCC).
MMIS calle were cullured in RPMIL1640 medin (Coming), supplomenied with 10% FBS
(Hyclone), 1% penicilln-streptomycin (Celigro}, 2-mercaptosthanol (Gibeo} and seeded onto
384-tiesue culture treated filier binding plates (Millipore) at s density of 40K cells/well
containing tittations of small meleculs nhibitors or DRSO (0.4%) in a volume of 100 af of
media. Afler an ineubadon time of 24 s, cells were fysed {1 X lysis buffer (Thermo)
supplemenied with protease and phosophatase inhibitor cockiz] {Themno)) and the plates
centrifuged (1000 rpm, Imin) to capture c-My¢ on MED plates coated with 2 aonoclona] ¢-
Mye antibody {Origene). Assay wells were washed (3X Invitrogen wash buffer} sed probed
with a polyclonal e-Myc antibody {Abeam) and MBD detection antibody solution in order o
detect levels of e-Myc on the MSD platform, o-Mye capiurs was reported i pg/mal based on
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1 standard curve using recombinant o-Mye protein (Prosel). BCS0 values were calonlated
from the fit of the dose-rasponse surves o & four-parameter equation. Al BCSD values
represent geometric mean values of & minimuma of four determinations. These aseays

generally produced results within 3-fold of the reported wean,

605481 For cell viability in the MMIS cell line, cells were seeded onto 384-tissue
culture treated plates (Greiner) at a density of 60K cells/well containing titmtons of small
molecnle inhibitors or DMSBO (0.2 %6). After 72 br incubation cells were anslyzed for cell
visbility by sdditicn of CeliTiter Glo (Promega) o the asssy plaies. After 13 min incubation
#t room temperaturs the sigoal from the viable cells was snslyzed on an Envision plate veader
{Perkin Blmer). BOSQ values were calonlated from the fit of the dose—response curves toa
four-parameter equation. All ¥C50 valves represent geometric mean velues of a minioanm of
four determinations, These assays generally prodoced results within 3-fold of the reported

meai.

1§0548] Results are shown in Tables § and 2. An ‘w/a” indicates that assay was not

performed for that compound.
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2335 350 144 232.94

46.8 132 108 53911

7 : M- 373 121 161 17.543

8 B 240.6 511 168 11558

9 N-O 2703 497 227 203.2
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HEIREH; While the foregoing description describes specific embodiments and
aspects, those with ordinary skill in the a3t will appreciate that various modifications and
alternatives can be developed. Accordingly, the particudar erobodiments and aspecis
desoribed above are meavt 1© be dinstrative only, end not to Hmit the scope of the
ipvertion, which is to be given the full breadth of the sppended claims, and any and all

squivalents thereof,
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We clatn:

L. A compound of Formula ()

wherein
&' and R'? are sach independently Cy-Clg alkyl, -Ce atkoxy, Cp-Cs baloalkyl,
-Ci haloalkoxy, C;-Ce hydroxyalkyl, C5-Cs oyeloalkyl, or CH-Ca-Ce
cycloalkyl;
E* and R™ ave each independentty H or balogen;
R” is
Cs5-Cya atvl, Ce-Cyg hetarosryl, or Cs-Cyp heteraryiallyl, each of which is
optionally substinted with from 1 0 5 1 gvoups; or
-S{(NHRY,
wherein B is (-Cs allyl or C5Cr eyelvalkyl, each of which is optionally
anbstituted with from 1 o 5 R* groups; or

a moiety of the formala
Rﬁ

- w.,<m;§'f

RB

whersin

R®is ¥, OH, or balogen; sad R and R are each independently C1-C
alloyl, Gy alleenyl, Cr-Ce alkyayl, Ca-Csoycloalicyl, Ci-Ce
heteroaikyl, CeCha aryl, Cﬁ“{':'g - heteroaryl, or CsCyp heteroaryiatbyl,
gach of which is optionally substioted withfrom Lo 5 R® ETORpS; OF

Réis H, CpCg alkyl, Cr-Cy alkenyl, Co-Ce slkynyl, C5-Cy cycloatkyl,
phenyl, naphtil, or C4-Cio hetsroaryl; and R and R together form a
1T aikylidens group having a double bond with the carbon t©

which cach of RS, &, and R* are bound whersin sach of the €-Cg
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alkyd, £o-Cg alkenyl, Co-Ce alloynyl, -Ca-Cy cysloaliyl, phenyl,
naphthyl, or C3-C; hetercaryl groups is optionally substituted with
from 1 to 5 R* growps;
XigW-0, or O
G is |, C-Cs allovl, $3-Cs haloaleyl, benzyl or substituled benzyi;
pach B2 is independently C-Cy alleyl, Ca-Ce cysloaliepl, Cr-C heteraaliyl, Co-Cs
heteracyelic, Cs-Cyg aryl, Co-Cyn beteroaryl, halogen, oxo, -OR®, -C{OR?, ~
COYOR®, ~C{OMECRY, -OC{THNRERE, -NRRE, NRAC(OR, -~
NEFC(OIOR®, ~8{0)2R%, ~S{ORNRRY, ~NR*S(O)RR®, N3, ~CN, or N,
wherein each Cp-U alkyl, Co-Cq oyveloalindd, C-Cy hsteroalicyl, TG
heterovyelic, CsUi aryk, T5-Cyp heteroaryl is optionally substityed with
from oue to five halogen, oxo, ~OR®, <CIOIR®, -C{OYOR®, - CIONR R, -
OC(OWRRY, -NR™R®, “NRC(OR", ~NRAC(OIIRY, ~S(0)g R, —
SOLNRRE, -DRP(ORRY, N3, —CN, or -NO,;
cach R® and R is independently I or €-Cg alid, Cs-Cg eyuloatioyl, €O
heteroalloyl, Cs-Cp heterpeyelie, Cs-Cyy aryl, C5-Cqa heteroaryl, each of which
is optionally substituted with from one to fve R or B and RP together with
the atoms to which they are aitached form 8 heterooyele, and;
sach R is independently Ci-Cy alkyl, C3-Cg cyeloalkyl, C-Cg heteroalkyl, OOy
heterocyelic, Cs-Crg aryl, Cs-Cro betercaryl, or balogen;

or a pharmaveutically acceptable salt thereof,

2. A compound of claim 1, of Formula {1a)

wherein

7 is

Cs-Chp aryl, Ce-Cip Beteroaryl, or Cs-Chp beteroarvlallyl, each of which is
aptionally substituted with from 1 to 5 R™ gronps; or
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-S(ORNER",
wherein R is £5-Cg alky! or Cs-Cr eycloatkyl, each of which is optionally
sebstitated with from 1 o 5 R™ groups; or

2 mosiety of the fomula
R%
§A<—-R?
R&
whergin
RB%is ¥, OH, or halogen; and R’ and R® are each ndependently C-Cq
alicyl, Co-Cs alkemyl, Ca-Cs alkynyl, Ca-Cs cyoloaliyl, C-Cy
heteroalkyl, Cs-Cyg aryl, Cs-Ciy heteroaryl, ox Co-Cry heteroarylalkyl,
gach of which is oplionally substimted with from 110 3 R™ groups; or
KOs H, C1-Cs allcyl, Cr-Cs alkenyl, Co-C alkynyl, C5-Cg oyeloalliyl,
phenyl, naphtirgl, or Ca-Cy; heteroarvl; and R and B together forma
O~ alkylidene group having a double bond with the carbon fo
which each of R®, R', and &% are bound wherein each of the C1-Cs
alleyl, Co-Cs alkenyl, Cp-Cs alkynyl, -C3-Cg cyeloalkyl, phenyl,
aphthyl, or C3-Cp heteroaryl groups is optionally substituted with
from 110 5 R groups;
Qis H, C,-Cy alkyl, €,-Cy haloalkyl, benzyl or substitoted benmyl;
each R¥ is independently Cr-Cs atkyl, Cy-Cy cyeloatioyl, C-Cs hetersalkyl, C5-Cs
heterocyelic, Cs-Chs aryl, Cs-Ciy heteroaryl, balogen, oxo, ~OR’, ~C{OIRY, ~
CEONORS, ~COINRRY, -OCIOINRRY, -NICRE, ~NE*COR®, ~
NRMC(OYOR", -8(0)aR®, ~S{OLNRR", ~NR*S(O)RE, -Ny, ~CN, or N0,
wherein each Cy-Cs alkyl, GO oyeloaliovt, C)-C hetervalkyl, Cy-Cy
heterocyclic, Us-Cyy aryl, Cs-Ciz heteroaryl is optionally substituted with
from ome to five halogen, oxo, ~OR®, ~COW®, “C(OHORE, -CLOINRR, -
CO{ONRRD, ~NR'R®, -NECOIRD, -NRECEHOR®, ~8(0)paR®, ~
S{ORNRR, -NR*S{ORR", -Ns, ~CN, or -NO3;
sech R® and B is independently F; or Cj-Ci alkyl, C3-Ce cyoloatioyl, Cr-Ce
heteroalkyl, C3-Ce hetaroeyolic, Co-Cyp aryl, Cs-Chp heteroaryl, sach of which
is optionally substituted with from one to five B2 or R®and R together with

the atoms to which they are attached form 2 heterooyele, and;
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each R is mdependently Ci-Cy alkyt, Cs-C; cycloalicyl, C;-Cs heteroalkyl, C3-Cy
heteroeyelic, Cs-Cyy aryl, C5-Chy heteroaryl, or halogen;

or & pharmacentically acceptable salt thereof,

3. A compound of elaim 1, of Fonmula (Ih)
5}*“9
Hsﬁ"‘l\ﬁk“‘ﬂﬁs
i

L
Yoo
MM

HN
&
o {Ib)
wherein
RYis

Cs-Cp aryl, Cs-Cip bteroaryl, or Cs-Chp heteroarylalioyl, cach of which is
optionally substiteted with fom 110 5 R® groups; or
~S{ORNERS,
wherein R? is 0)-Cg alkyl or C3-Cy cycloglkyi, each of which is onlionslly
substituied with from 1 to 5 R groups; or

g moiety of the forpmala

wherein

R® is H, OH, or halogen; and B and B are cach independently C,-Cs
alleyd, Co-Cs alkenyl, Co-Cs alkymyl, oG eycloaliyl, 03-Ce
heteroatkyl, Cs-Ci aryl, Cs-Cyz beteroaryl, or £5-Cyy heteroaryialkyl,
each of which is optionally substifuted with from 1 o 5 B? groups; or

Ria H, Ci-Cy alkyl, $o-C alirenyl, Co-Co alkynyl, €5-Csevelontkyl,
phenyi, naphthyl, or C3-Cy heteroaryl, and R7 and R together form a
y-Cy atkylidens group having a douhle bond with the carbon to
which exch of B, ®’, and R are bound wherein each of the C)-Cy
alkyl, Co-Cs alkenyl, Cp-Cs alkynyl, Ci-Cy oveloalkyl, phenyl,
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paphitvl, or C-Cpp heteroaryl groups is optiosally subatitutad with
from 110 5 B™ LYORpS;
each R¥ is independently C-Cy alkyl, C3-Cq eycloalkyl, C-Ce heteroaliyl, O3-Ce
heterocyolic, Cs-Cix aryl, C5-Cia heteroaryl, haloges, oxo, ~OR®, ~C{O)R?, -
C{OYOR®, ~C{OMRRY, ~OC{OINERY, ~NR*RY, -NRCLOR?, -
NRAC(OJOR®, —8(0a R, ~S{O)RNRAR®, -MRUS{ORR®, N, ~CN, or NGy,
wherein sach Ci-Cy alleyl, Ci-Cg eyalonlkyl, Ci-Cy heteroallyl, C3-Cy
heterooyeliz, Cs-Cip aryl, C5-Cha hetercaryt is optionally substituted with
from one to five halogen, oxo, ~OR®, ~C{ORY, ~C{OXOR®, —COINRR®,
OC{ONRRY, ~NR'RY, -NR'CIOJRE, ~NICCO)OR®, —S(()p0R%, —
SEORNRR®, NRS{ORR®, -Ns, ~CH, or -NOx;
gach R® and B is independently H; or T-Cy alloyl, Ca-Cg eyeloalkyl, Ci-Cs
hetevoalkyl, C5-Cs beterocychic, Cs-Cop mryl, C5-C)y heteroaryl, sach of which
is optionally substituted with from one to five B%; or R® and R® together with
the stomss to which they ave attached form s heterocyele, and;
each R® is independently C1-Cy allyl, Cy-Cs eysloatiyl, Ci-Cg heteroalleyl, C3-C
heterocyelic, Cs-Cip aryl, C5-Cis beteroaryl, or halogen;
or a phammaceutically accepiable salt thereof,

4, A compound of any of claims 1.3, wherein R is Cs-Lgp aryl, Cs-Chg heteroaryl,
or C5-Cyp heterparylaliyl, each of which is optionally substituted with fom 1 w5 R

grOUpS.
5 A compound of any of claims 1-3, wherein R isa meodety of the formuols
HS
- —-{—R?
Rﬂ

wherein B is H, OH, or halogen; and

R’ and R® are each independently C;-Cq alkyl, Cy-Cg slkenyl, Ty alkynyl, Oz
Cseyeloalkyl, C;-Cs heteroalkyl, Cs-Cyp aryl, Cs-Cop beteroaryl, or $5-Cia
hetaroarylatiyl, each of which is optionsally substituted with from 110 5 R®
SLOBPS.
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&. A compound of claim &, whersin R® is OHL
7. A compound of claim 5, wherein R” and R® are each independenily €-Cs alkyl,

CaCs oycloatkyl, Ci-Co heteroalkyl, Cs-Ciz aryl, Cs-Cyp heteroaryl, or Cs-Cha
heteroarylalkyl, each of which is optionally substituted with from 1 o § R groups.

§& A compouad of claim 5, wherein R and R? are each jndependently C;-Cx alkyl,
C aryl or O beteroaryl, sach of which is optionally substituted with from 1 to 5 %

FIOUpS.

9. A compound of claim 3, wherein B’ and R® are each independently Co arvl or Cg

heteroaryl, each of which is optionally substifuted with from 110 5 B groups.

10. A compound of claim 5, wherein R’ and R® ave each independently C)-Cs alkyl,
each of which is optionally substituted with from 1 to 5 R* groups.

11, A compound chosen fom the following Hst:




WO 2014/160873 PCT/US2014/032031

iZ.

221



WO 2014/160873 PCT/US2014/032031

. F. A
B oy P, 2 “ | hid |
| ] o j L On ﬂ S e
e N NS )
~ F N ] A
7N oy D} 2 R
N ’

222



13. A pharmaceutical composition comprising a compound of any of claims 1-12, or

a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

14. A use of a compound of any of claims 1-12 for the manufacture of a medicament
for the treatment of a human having a disease or condition responsive to the inhibition of

a bromodomain-containing protein.
15.  The use of claim 14, wherein the bromodomain-containing protein is BRDA4.

16.  The use of claim 14, wherein the disease or condition is a solid tumor of the
colon, rectum, prostate, lung, pancreas, liver, kidney, cervix, stomach, ovaries, breast,

skin, brain, meninges, or central nervous system.
17.  The use of claim 14, wherein the disease ot condition is multiple myeloma.

18.  The use of claim 14, wherein the disease or'condition is a B-cell lymphoma.
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19.  The use of claim 14, wherein the disease or condition is diffuse large B-cell

lymphoma or Burkitt’s lymphoma.
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