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BENZIMIDAZOLE DERIVATIVES AS BROMODOMAIN INHIBITORS

[0001] This application claims the benefits of U.S. Provisional Application 61/821,612,
filed on May 9, 2013, U.S. Provisional Application 61/826,912, filed on May 23, 2013,
U.S. Provisional Application 61/860,229, filed on July 30, 2013, and U.S. Provisional
Application 61/951,347, filed on March 11, 2014, the disclosures of all of which are

incorporated herein by reference in their entireties.
FIELD

[0002] This application relates to chemical compounds which may inhibit, or which may
otherwise modulate the activity of, a bromodomain-containing protein, including
bromodomain-containing protein 4 (BRD4), and to compositions and formulations

containing such compounds, and methods of using and making such compounds.
BACKGROUND

[0003] The bromodomain and extraterminal (BET) family of proteins (BET proteins) are
readers of the epigenetic 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 BRDT, whose expression is restricted to the testes. See Wu, S.Y. &
Chiang, C.M., J. Biol. Chem., 282: 13141-13145 (2007). Each BET family member
contains tandem bromodomains in the N-terminal regions that specifically bind
acetylated lysine residues in histones H3 and H4. /d. Once bound to histones, BET
proteins recruit protein complexes that modulate gene transcription either directly, such
as transcriptional activators or repressors, or indirectly such as chromatin remodeling
complexes. BRD4 is the most well studied member of the BET family and is known to
preferentially recognize tetra- acetylated histone H4 epigenetic marks. See
Filippakopoulos, P., et al., Cell, 149: 214-231 (2012). BRD4 recruits the p-TEFb
complex to nucleosomes, which in turn phosphorylates the C- terminal tail of RNA
polymerase II and increases the transcriptional elongation of neighboring genes. See
Yang, Z., et al., Mol. Cell Biol., 28: 967-976 (2008); Urano, E., ef al., FEBS Lett., 582:
4053-4058 (2008).

[0004] The epigenetic code, including histone acetylation, is highly perturbed in many
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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. Autoimmun., 34: 1207-
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, LM., 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
numeérous diseases including cancer, diabetes, obesity, atherosclerosis, cardiovascular
and renal disorders, and viral infection. See Muller, S., 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 ¢-Myc; inhibition of BET proteins, iricluding BRD4, has been shown to downregulate
MYC transcription, See Delmore, J.E., et al. Cell, 146, 904-17 (2011); Lovén, J. et al.,
Cell, 153, 320-34 (2013). Inhibitors and modulators of BET proteins, including BRDA4,

are therefore needed.

SUMMARY

[0005] Disclosed is a compound of Formula (1)

N—O
R1a Z =Rk
R2a R2b

da__ 3
= N\ R
D
wherein.

R' and R are cach independently C ¢ alkyl optionally substituted with from 1 to 5
R® groups;

R* and R® are cach independently H or halo;

R*is



boronic acid or halo; or
-C(O)OR?, -NHC(O)OR?®, -NHS(O),R?, or -S(O)zNRaRb; or

selected from the group consisting of C,.1g alkyl, C;.1¢ alkoxy, amino, Cs_yg aryl,
Ce.20 arylalkyl, Cy.1p heteroalkyl, Cs.1o heteroaryl, and Ce.p heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R® groups;

one of R* and R™ is selected from the group consisting of H and C, ¢ alkyl
optionally substituted with from 1 to 5 R% groups, and the otheris absent;

R’is
-C(O)OR?, -NHC({O)OR?, -NHS(O)R", or -S(O)ZNRaRb; or

selected from the group consisting of H, Cy_jp alkyl, C,.1p haloalkyl, C;.i0 alkoxy,
amino, Cs.1g aryl, Ce.z9 arylalkyl, C;. ¢ heteroalkyl, Cs.1¢ heteroaryl, and Ci g9
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R%®
groups,

each R® and R® is independently selected from the group consisting of H, C\.19 alkyl,
CS-IO aryl, C(,.zo arylalkyl, C]-IO hcter’oalkyl, Cs-m heteroaryl, and C(,.z(}
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups;
and

each R¥ is independently selected from the group consisting of acyl, Ci.yg alkyl, C;.
10 alkoxy, amino, amido, amidino, Cs.ig aryl, Cs.2 arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, C;.1o haloalkyl, C;.1q heteroalkyl,
Cs.10 heteroaryl, Ce.o0 heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,
sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cy.yp alkyl, Cs.1p aryl, Cs.a arylalkyl, Ci.jo heteroalkyl, Cs
heteroaryl, and Cg.00 heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from C, ¢ alkyl, Cs.1p aryl, halo, C;¢
haloalkyl, cyano, hydroxy, and Cy_4 alkoxy;

or a pharmaceutically acceptable salt thereof,

[0605a] One aspect provides a compound of Formula (1)



N-O
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Rza RZb
R4a -— N\ RB
FN ~mab
5 R
R @

wherein

R and R™® are each independently C,.¢ alkyl optionally substituted with from 1 to 5
R* groups; '

R** and R are each independently H -or halo;
R is
-C(O)OR?, -NHC(O)OR?, -NHS(O):R?, or -S(O);NR*R"; or

selected from the group consisting of C.1p alkyl, Cy.19 alkoxy, amino, Cs_jg aryl,
Ce-a0 arylalkyl, Cy_jp heteroalkyl, Cs.1o heteroaryl, and Cg o heteroarylalkyl, each
of which is optionally substituted with. from 1 to 5 R*® groups;

one of R* and R* is selected from the group consisting of H and C, ¢ alkyl
optionally substituted with from 1 to 5 R* groups, and the other is absent;

R’is
-C(O)OR?, '—NHC(O)ORE, -NHS(0):R?, or —S(O)zNRaR"; or

selected from the group consisting of H, C;_jp alkyl, C;.j haloalkyl, C,_; alkoxy,
amino, Cs_.m aryl, Cg.90 arylalkyl, C.1¢ heteroalkyl, Cs.jg heteroaryl, and Cgan
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R*
groups;

cach R*and R® is independently selected from the group consisting of H, C;.1¢ alkyl,
Cs.ip aryl, Ce.00 arylalkyl, Cy.j¢ heteroalkyl, Cs_jo heteroaryl, and Cg.9
heteroarylaikyl, each of which is optionally substituted with from 1 to 5 R** groups;
and

each R?” is independently selected from the group consisting of acyl, Ci:10 alkyl, C;.
10 alkoxy, amino, amido, amidino, Csj aryl, Ce.o0 arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, Ci.1o haloalkyl, Cy_j¢ heteroalkyl,
Cs.ip heteroaryl, Ce.20 heteroarylalkyl, hydroxy, hydrazino, hydroxyl, imino, oxo,
nitro, sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thiong;
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wherein the Cy.1g alkyl, Cs.10 aryl, Cs.20 arylalkyl, C,.io heteroalkyl, Cs.1o
heteroaryl, and Cg.2¢ heteroarylaikyl groups are optionally substituted with from
1 to 3 substituents independently selected from Ci. alkyl, Cs.1p aryl, halo, Ci
haloalkyl, cyano, hydroxyl, and Ci.¢ alkoxy,

or a pharmaceutically acceptable salt thereof,

[0005b] Another aspect provides for a compound of the following formula
O-N
A

S
JNH

or a pharmaceutically acceptable salt thereof.
[0005¢] Another aspect provides for a compound of the following formula

or a pharmaceutically acceptable salt thereof.

[0005d] Another aspect provides for a compound of the following formula
N-Q

or a pharmaceutically acceptable salt thereof.

[0005¢] Another aspeet provides for a compound of the following formula
N-O
(A

or a pharmaceutically acceptable salt thereof.
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[0006] One embodiment provides for a compound selected from the group consisting of
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[0007] Another embodiment provides for a compound selected from the group

consisting of

N-O N-O
.’/ P

HN ] l
<j}sN OH




and

[0008] Another embodiment provides for a compound selected from the group

consisting of



and

[0009] Another embodiment provides for a compound selected from the group

consisting of
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{0010] Another embodiment provides for a compound selected from the group

consisting of
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{0011] Another embodiment provides for a compound selected from the group

consisting of

N-QO N-O
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[0012] Another embodiment provides for a compound selected from the group

consisting of
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[0013] Another aspect provides for a pharmaceutical composition comprising a
compound described herein, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

[0014] Disclosed is a use of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in therapy. Also disclosed is 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 embodiments, the
bromodomain-containing protein is BRD4,

[0015] In some embediments, the disease or condition is chosen from an autoimmune
disease, an inflammatory disease, a neurodegenerative disease, a cardiovascular disorder,
arenal disorder, a viral infection, and obesity. In some 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), and acute rejection of
transplanted organs. In some embodiments the disease or condition is cancer, including

hematological
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cancers, lymphoma, multiple myelomas, leukemias, a neoplasm or a tumor (for example
a solid tumor). In some embodiments the disease or condition is a neoplasm or cancer of
the colon, rectum, prostate (for example castrate resistant prostate cancer), lung (for
example non-small cell lung cancer, and small-cell lung cancer), pancreas, liver, kidney,
cervix, uterus, stomach, ovary, breast (for example basal or basal-like breast cancer, and
triple-negative breast cancer), skin (for example melanoma), the nervous system
(including the brain, meninges, and central nervous system, including a neuroblastoma, a
glioblastoma, a meningioma, and a medulloblastoma). In some embodiments the disease
or condition is a carcinoma. In some embodiments, the disease or condition is
hepatocellular carcinoma. In some embodiments, the disease or condition is a
lymphoma. In some embodiments, the disease or condition is a B-cell lymphoma. In
some embodiments, the disease or condition is Burkitt’s lymphoma, In some
embodiments, the discase or condition is diffuse large B-cell lymphoma. In some
embodiments, the disease or condition is multiple myeloma. In some embodiments, the
disease or condition is chronic lymphocytic leukemia. In some embodiments the disease
or condition is NUT midline cardinoma. In some embodiments the subject is a human.

[0016] In some embodiments, the compound is administered intravenously,
intramuscularly, parenterally, nasally, or orally. In one embodiment, the compound is
administered orally.

[0017] Also provided is 2 method of inhibiting a bromodomain, comprising contacting
the bromodomain with a compound of Formula (1), or a pharmaceutically acceptable salt
thereof.

[0018} Also provided is the use of a compound of Formula (1), or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the treatment of a disease
or condition responsive to bromodomain inhibition.

[0019] Also provided is a compound of Formula (1), or a pharmaceutically acceptable
salt thercof, for use in therapy. Further provided is a compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, for use in treating a subject having a disease or
condition responsive to the inhibition of a bromodomain-containing protein.. Also
provided is a compound of Formula (1), or a pharmaceutically acceptable salt thereof, for
use in a method of treatment described above. One aspect provides for the use of a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, for the

preparation of @ medicament for the treatment of a disease or condition responsive to the
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- inhibition of a bromodomain-containing protein. Also provided is the use of a compound
of Formula (I), or a pharmaceutically acceptable salt thereof, in the manufacture of a

medicament for use in a method of treatment described above.

[0020] Also provided are kits that include a compound of Formula (I), or a
pharmaceutically acceptable salt thereof. In one embodiment, the kit further includes
instructions for use. In one embodiment, a kit includes a compound of Formula (I), or a
pharmaceutically acceptable salt thercof, and instructions for use of the compounds in

the treatment of the diseases or conditions described above,

[0021] 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, jar, ampoule, preloaded syringe, or an intravenous bag,
BRIEF DESCRIPTION OF FIGURES

{0022} FIG. 1 shows compound 1020-18 inhibited the viability of 240 cancer cell lines.

Relative ICsy values are reported.

[0023] F1G. 2 shows inhibition of tumor growth in an MM.1S xenograft model by
compound 1020-18.

[0024] FIG. 3 shows inhibition of tumor growth in 2 DHL-10 xenograft model by
compound 1020-18.

[0025] FIG. 4 shows inhibition by compound 1020-18 of BRD4 binding at the IgH

superenhancer.

DETAILED DESCRIPTION

[0026] Described herein are compounds of Formula (), which include compounds of
Formulae (Ia), (Ib), (I¢), (Id) and (Ie), compositions and formulations containing such

compounds, and methods of using and making such compounds.

[060271 One aspect of the current disclosure relates to compounds of Formula (I)
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wherein

R'® and R' are each independently Ci.¢ alkyl optionally substituted with from 1 to 5
R¥ groups;

R* and R? are each independently H or halo;
R'is
boronic acid or halo; or
-C{OYOR®, -NHC(O)OR?, -NHS(O),R?, or -S(0),NR°RY; or

selected from the group consisting of Cj.p alkyl, Cy.g9 alkoxy, amino, Cs.jq aryl,
Ce-0 atylalkyl, Cyjq heteroalkyl, Cs.1o heteroaryl, and Cg.p0 heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R* groups;

one of R* and R* is selected from the group consisting of H and Cj_¢ alkyl
optionally substituted with from 1 to 5 R*” groups, and the other is absent;

R%is
-C(O)OR?, -NHC(O)OR?, -NHS(O),R?, or —S(O)ZNRaRb; or

selected from the group consisting of H, C.39 alkyl, Cy.jp haloalkyl, Cy_y; alkoxy,
amino, Cs_ig aryl, Ce.20 arylalkyl, Cy.1 heteroalkyl, Cs. g heteroaryl, and Ce.p
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R®
groups;

each R* and RV is independently selected from the group consisting of H, Cy.19 alkyl,
Cs.i0 aryl, Ceo arylalkyl, Cy_jg heteroalkyl, Cs.;o heteroaryl, and Cea
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heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups;

and

each R is independently selected from the group consisting of acyl, Cy.1o alkyl, Ci.
10 alkoxy, amino, amido, amidino, Cs.ig aryl, Csp arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, Ci.10 haloalkyl, C;.10 heteroalkyl,
Cs.10 heteroaryl, Cs.ap heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,
sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cj.1g alkyl, Cs.1g aryl, Ceap arylalkyl, Cj.ipheteroalkyl, Cs.ig
heteroaryl, and Cs.20 heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from Ci. alkyl, Cs.1o aryl, halo, Ci¢
haloalkyl, cyano, hydroxy, and C; alkoxy;

or a pharmaceutically acceptable salt thereof.

[0028) Compounds of Formula (I) (which include compounds of any of Formulae (Ia),-
(Ib), (Ic), (Id) and (Je), described below) can include, independently, one or more of the
following features. It will be recognized that features specified in each embodiment may

be combined with other specified features to provide further embodiments.

[6029] In some compounds, R'* and R'® are each independentily C,.¢ alkyl which, as
defined herein, includes alkenyl, alkynyl and cycloalkyl. In some compounds, R™and
R'® are different, and in other compounds R!* and R'® are the same. In some
compounds, R'® and R'® are each independently a Cy.¢ alkyl optionally substituted with
1-5 R* groups. In some compounds, R and R'" are both methyl. In some compounds,
one of R!® or R'® is a methyl and the other is a methyl substituted with a hydroxy. In
some compounds, R and R'® are both methyl substituted with a hydroxy. In some
compounds, one of R*® or R™ is a methyl and the other is a methyl substituted with an

amine. In some compounds, R'® and R'® are both methyl substituted with an amine.

[0030] In some compounds, R*® and R* are both H. In some compounds, R?% and R%®
are both halo. In some compounds, one of R? and R” is H and the other is halo. In

some compounds the halo is -F or ~CL

[0031] In some compounds, R? is boronic acid, a boronic acid ester, or halo. In some
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compoﬁnds, R? is -C(O)OR?, -NHC(O)OR?, -NHS(0),R?, or -S(0);NR*R® wherein R*
and R are described above. In some compounds, R? is -C(O)OR?, -NHC(O)OR?, -
NHS(O);R", or -S(0)2NR'R", wherein each R* and R” is independently C,.1; alkyl, Cs10
aryl, Ci10 heteroalkyl or Cs.yo heteroaryl, each of which may be optionally substituted as
described above. For example, in some compounds R is -C(O)OR?, -NHC(O)OR?, -
NHS(O),R?, or -S(O)};NR’R", wherein each R? and R is independently Cs_jo aryl or Cs.jp
heteroaryl. In some compounds, R? is selected from the group consisting of Cy.yo alkyl,
Ci-10 alkoxy, amino, Cs.jg aryl, Cg.z0 arylalkyl, Ci_io heteroalkyl, Cs.jo heteroaryl, and Cg.
20 heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R groups,
wherein R is described above. In some compounds, R'3 i8 Cy0 alkyl, Ci.q0 alkoxy, or
Ci-1p heteroalkyl, each of which may be optionally substituted as described above, In
some compounds, the heteroalkyl is a heterocycloalkyl. In other compounds, R’ is Cg.10
arylalkyl or C.9 heteroarylalkyl, each of which may be optionally substituted as
described above. In other compounds, R%is Cs.10 aryl, Ce.qq arylalkyl, Cs.io heteroaryl,
or Cg.z9 heteroarylalicyl, each of which may be optioﬁally substituted as described above,
In some compounds, R® is amino optionally substituted as described above. For
example, in some compounds R® is -NH,, and in other compounds R? is -NR*R”, wherein
R and R* together with the nifrogen to which they are bonded form a C1.10 heteroalkyl or
Cs.10 heteroaryl, each of which may be optionally substituted as described above.

[0032]} Other non-limiting examples of R? include the following:

SR ol g adid 04
N A N bod
’?j \Osmo’\Q 3 jjéH |
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[0033] In some compounds, one of R* or R* is H and the other is absent, that is, in
some compounds R*is H and R™ is absent, and in other compounds R* is absent and
R* is H. In other compounds, one of R* and R? is alkyl and the other is absent, that is,
in some compounds R* is alkyl and R* is absent, and in other compounds R* {s absent

and R*? is alkyl. In some compounds the alkyl is methyl.

[0034] In some compounds, R® is -C(O)OR®, -NHC(O)OR?, -NHS(O)R", or -

S(O)ZNR"‘R]’, wherein R? and R? are deseribed above. In some compounds, R%is -
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C(O)OR?, -NHC(O)OR?, -NHS(0)R?, or -S(0),NR*R®, wherein each R? and R® is
independently Cy.i0 alkyl or Cs.jq aryl, each of which may be optionally substituted as
described above. For example, in some compounds R’ is -NHC(O)ORY, wherein R® is
methyl. In some compounds, R is -NHS(O),R®, wherein R* is Cy.1 alkyl or Cs.iq aryl,
each of which may be optionally substituted as described above. For example, in some
compounds R’ is -NHS(0),R®, wherein R is cyclopropyl. In some compounds, R® is
selected from the group consisting of H, C.19 alkyl, Cy.;o haloalkyl, Cy.10 alkoxy, amino,
Cs-1p.aryl, Cg9 arylalkyl, Cy1o heteroalkyl, Cs.;¢ heteroaryl, and Cé.20 heteroarylaikyl,
each of which is optionally substituted with from 1 to 5 R% groups, wherein R is
described above. In some oémpounds,.RS is Cy.y0 alkyl optionally substituted as
described above. In some compounds the Cy_1o alkyl is a Cy.19 cycloalkyl, e.g.
cyclopropyl. In other compounds, R’ is amino optionally substituted as described above.
For example, in some compounds R is -NHa, and in other compounds R’ is -NRR?,
wherein R” is H and R* is alkyl, e.g. cyclopropyl. In other compounds, R’ is alkoxy, e. g

methoxy.

[0635] In some compounds, R, R'®, R®, R4a, R* and R’ are optionally substituted with
from 1to 5 (ie 1,2, 3, 4 or 5) R* groups as described above. In some compounds, R",
R™, R*, R* R™ and R® are optionally substituted with 1, 2, or 3 R® groups. In some
compounds, each R¥’ is independently selected from the grbup consisting of alkyl,
alkoxy, amino, cyano, halo, haloalkyl, heteroalkyl, hydroxy, and sulfonyl. In some
comounds, each R* is independently selected from the group consisting of aryl,
alkylaryl, heteroaryl, and heteroalkylaryl. Tn some compounds, R', R'®, R®, R* R* and

R’ are not substituted. In some comounds, R*® is not substituted.

[6036] One subset of compounds of Formula (I) relates to compounds of Formula (Ia)
N~-O
i

Ria- N\ _A~Rib

R4&.__N‘ s R?’
e

4y

wherein
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R and R® are each independently Ci.¢ alkyl optionally substituted with from 1 to 5
R? groups;

R*is
boronic acid or halo; or
-C(O)OR?, -NHC(O)OR?, -NHS(O)R?, or -S(O),NR®R?; or

selected from the group consisting of Cj.ip alkyl, Cy.1¢ alkoxy, amino, Cs.10 aryl,
Ceso arylalkyl, Cio heteroalkyl, Cs.i0 heteroaryl, and Ce.a0 heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R?® groups;

one of R* and R* is selected from the group consisting of H and Cy_¢ alkyl
optionally substituted with from 1 to 5 R% groups, and the other is absent;

R'is
-C(O)OR?, -NHC(O)OR?, -NHS(0)2R", or -S(0):NR"R"; or

selected from the group consisting of H, C1.10 alkyl, Cj.10 haloalkyl, C;.10 alkoxy,
amino, Cs.1g aryl, Ce.a0 arylalkyl, Ci.10 heteroalkyl, Cs.ip heteroaryl, and Ce.20
heieroarylalkyl, each of which is optionally substituted with from 1 1o 5 R%
groups;

each R and R® is independently selected from the group consisting of H, Ci.10 alkyl,
Cs.10 aryl, Ce.a0 arylalkyl, Ci.10 heteroalkyl, Cs.q heteroaryl, and Cg20
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups;

and

each R* is independently selected from the group consisting of acyl, Ci.1g alkyl, Cy.
10 alkoxy, amino, amido, amidino, Cs.io aryl, Cs.20 arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, Cy.10 haloalkyl, Ci.1¢ heteroalkyl,
Cs.10 heteroaryl, Cgao heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,

sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cy.1p alkyl, Cs.ig aryl, Cea0 arylalkyl, Cj.joheteroalkyl, Cs.1o
heteroaryl, and Cs.59 heteroarylalkyl groups are optionally substituted with from
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1 to 3 substituents independently selected from C.4 alkyl, Cs.p aryl, halo, Ci
haloalkyl, cyano, hydroxy, and C;.¢ alkoxy;

or a pharmaceutically acceptable salt thereof.

{0037] Another subset of compounds of Formula (I) relates to compounds of Formula
(Ib)

N—O
Rla ! / R1b
R2a sz
N R3
S
R? (Tb)

wherein

R and R are each independenﬂy Ci-6 alkyl optionally substituted with from 1 to 5
R¥ groups;

R and R* are each independently H or halo;
R*is
boronic acid orhalo; or
-C({O)OR?, -NHC(O)OR", -NHS(0),R?, or -S(O)NR*R®; or

selected from the group consisting of Cy.y¢ alkyl, Ci.1p alkoxy, amino, Cs.;o aryl,
Ce-20 arylalkyl, Cy.10 heteroalkyl, Cs.1o heteroaryl, and Cg9 heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R* groups:

R’is
-C(O)OR?, -NHC(O)OR?, -NHS(O),R?, or -S(0),NR*R?; or

selected from the group consisting of H, Cy.1p alkyl, Cy.1o haloalkyl, Cy.;o alkoxy,
amino, Cs.jp aryl, Ce.g9 arylalkyl, Cy.;q heteroalkyl, Cs.jo heteroaryl, and Cg.a9
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heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R¥
groups;

each R?and R” is independently selected from the group consisting of H, C;.;5 alkyl,
Csy0 aryl, Ceao arylalkyl, Ci.10 heteroalkyl, Cs.1o heteroaryl, and Cg.ap
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups;

and

each R¥ is independently selected from the group consisting of acyl, Cy.j0 alkyl, Ci-
10 alkoxy, amino, amido, amidino, Cs.1g aryl, Cso arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, Cy.1¢ haloalkyl, Ci.1g heteroalkyl,
Cs.10 heteroaryl, Cs.op heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,
sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the C.yg alkyl, Cs.1p aryl, Cea0 arylalkyl, Cj.io heteroalkyl, Cs.10
heteroaryl, and Cy.op heteroarylalkyl groups are optionally substituted with from
1'to 3 substituents independently selected from Ci.¢ alkyl, Cs.1o aryl, halo, Ci
haloalkyl, cyano, hydroxy, and Ci alkoxy;

or a pharmaceutically acceptable salf thereof.

[0038] Another subset of compounds of Formula (I) relates to compounds of Formula

(Ie)

N-0
R‘ia / P R1b
HN R®
Y=N
RO (Ie)

wherein

R'® and R'® are each independently C)4 alkyl optionally substituted with from 1 to 5
R% groups;

R’is
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boronic acid or halo; or
-C{O)OR?®, -NHC(O)OR?, -NHS(0);R?, or -S(0).NR*R®; or

selected from the group consisting of Cy.y9 alkyl, Ci.19 alkoxy, amino, Cs.jo aryl,
Cé.20 arylalkyl, Cy.1g heteroalkyl, Cs.1o heteroaryl, and Cgaq heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R?® groups;

R®is
-C(O)OR", -NHC(O)OR?, -NHS(O):R?, or -S(O)zNRaRb; or

selected from the group consisting of H, Cy.19 alkyl, Cy.1¢ haloalkyl, Cy.i alkoxy,
amino, Cs.yg aryl, Ceag arylalkyl, Ci.i¢ heteroalkyl, Cs.ig heteroaryl, and Cez
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R*
groups;

each R*and R is independently selected from the group consisting of H, C;_3¢ alkyl,
Cs.10 aryl, Cenp arylalkyl, Ci.jg heteroalkyl, Cs.jo heteroaryl, and Csg9
heteroarylalkyl, each of which is optionally substituted with from 1 to 5§ R*® groups;

and

each R® is independently selected from the group consisting of acyl, Cy.y alkyl, Ci.
10 alkoxy, amino, amido, amidino, Cs.1¢-aryl, Cep arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, Cy.i¢ haloalkyl, C;.jo heteroalkyl,
Cs.10 heteroaryl, Csoq heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,

sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cy.g alkyl, Cs.1¢ aryl, Cs.0p arylalkyl, C,.jo heteroalkyl, Cs.io
heteroaryl, and Cg.0 heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from Cj.5 alkyl, Cs.qq aryl, halo, C.6
haloalkyl, cyano, hydroxy, and C_¢ alkoxy;

or a pharmaceutically acceptable salt thereof,
[0039] Another subset of compounds of Formula. (1) relates to compounds of Formula

(1d)
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N—-O
{ s
HN R?
V=N
R® (Id)
wherein
R%is

boronic acid or halo; or
-C(O)OR?, -NHC(O)OR?, -NHS(0),R?, or -S(0),NR*R®; or

selected from the group consisting of Ci.10 alkyl, Ci.10 alkoxy, amino, Cs.1o aryl,
Ce.20 arylalkyl, Cy_jo heteroalkyl, Cs.jo heteroaryl, and Ce20 heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R? groups;

R’is
-C(O)OR?, -NHC(O)OR?, -NHS(O),R?, or -S(O);NR*R”; or

selected from the group consisting of H, Cr.10 alkyl, Ci.i¢ haloalkyl, Ci.1q alkoxy,
amino, Cs.1g aryl, Ce.a arylalkyl, Ci.10 heteroalkyl, Cs.jo heteroaryl; and Ceo
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R*?®
groups;

each R*and R®is independently selected from the group consisting of H, Cj.10 alkyl,
Cs.0 aryl, Ce.oo arylalkyl, Cr.10 heteroalkyl, Cs.1g heteroaryl, and Ces20
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R groups;

and

each R* is independently selected from the group consisting of acyl, Ci.o alkyl, Cy.
10 alkoxy, amino, amido, amidino, Cs.1o aryl, Ce.zq arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, C1.10 haloalkyl, Ci.10 heteroalkyl,
Cs.10 heteroaryl, Ce.o0 heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,

sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;
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wherein the Cy.10 alkyl, Cs.1g aryl, Ce.o0 arylalkyl, Cj.y heteroalkyl, Cs.1o
heteroaryl, and Ceop heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from C,.¢ alkyl, Cs.1p aryl, halo, C14
haloalkyl, cyano, hydroxy, and C,.¢ alkoxy;

or a pharmaceutically acceptable salt thereof.

[0040] Another subset of compounds of Formula (I) relates to compounds of Formula

(o)

N=O
{ s

wherein
R3 1s
boronic acid or halo; or
-C(O)OR?, -NHC(O)OR?, -NHS(O)2R®, or -S(O1NR*R®: or

selected from the group consisting of Cy.1¢ alkyl; Cy.1p alkoxy, amino, Cs.1g aryl,
Cé20 arylalkyl, Cy_;g heteroalkyl, Cs.;o heteroaryl, and Cg.g0 heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R* groups;

each R*and R” is independently selected from the group consisting of H, C_jy alkyl,
Cs.10 aryl, Ce.20 arylalkyl, Cy.10 heteroalkyl, Cs.1o heteroaryl, and Ce.20
heteroarylalkyl, each of which is optionally substitated with from 1 to 5 R* groups;

and

each R? is independently selected from the group consisting of acyl, C;.; alkyl, C,.
10 alkoxy, amino, amido, amidino, Cs.1g aryl, Cg.o0 arylalkyl, azido, carbamoyl,

carboxyl, carboxyl ester, cyano, guanidino, halo, Cy.jp haloalkyl, Cy.1o heteroalkyl,
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Cs.10 heteroaryl, Cs.z0 heteroarylalkyl, hydroxy, hydrazino, imino, oxo, nitro,
sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cj.3¢ alkyl, Cs.1p aryl, Ceap arylalkyl, Cjoheteroalkyl, Cs.o
heteroaryl, and Cg.00 heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from C,.¢ alkyl, Cs.1o aryl, hale, Ci¢
haloalkyl, cyano, hydroxy, and Cy alkoxy;

or a pharmaceutically acceptable salt thereof.

[0041] Uniess defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly 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.

[0042] 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. Uniess chemically
or structurally required, no directionality is indicated or implied by the order in which a
chemical group is written. For instance, the group “-SO,CHy-" 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 (e.g. heteroalkyl, heteroaryl, heteroarylalkyl, 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.

[0043] 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 an “arylenyl” group, respectively.
[0044] “Alky]” refers to any aliphatic hydrocarbon group, i.e. any linear, branched,
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cyclic, or spiro nonaromatic hydrocarbon group or an isomer or combination thereof, As
used herein, the term “alkyl” includes terms used in the art to describe saturated and
unsaturated aliphatic hydrocarbon groups with one or more points of attachment,
including alkenyl (an aliphatic group containing at least one carbon-carbon double
bond), alkylene (a divalent aliphatic group), alkynyl (an aliphatic group containing at
least one carbon-carbon triple bond), cycloalkyl (a cyclic aliphatic group),
alkyloycloalkyl (a linear or branched aliphatic group attached to a cyclic aliphatic
group), and the like. Alkyl groups include, but are not limited to, methyl; ethyl; propyls
such as propan-1-yl, propan-2-vi (iso-propyl), and cyclopropyls such as cyclopropan-1-
yl, etc.; butyls such as butan-1-yl, butan-2-yl (see-butyl), 2-methyl-propan-1-yl (iso-
butyl), 2-methyl-propan-2-yl (t-butyl), cyclobutan-1-yl; butenes (e.g. (E)-but-2-ene, (Z)-
but-2-enc); pentyls; pentenes; hexyls; hexenes; octyls; decyls; cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, methylcyclohexyl, spiro{2.4Jheptyl, and the like. An alkyl
group comprises from 1 to about 10 carbon atoms, e.g., from 1 to 6 carbon atoms. In
some embodiments, alkyl is a monovalent, linear or branched, saturated aliphatic
hydrocarbon. group comprising from 1 to about 10 carbon atoms, e,g., from 1 to 6 carbon

atoms.

[0045] “Alkenyl” is a subset of “alkyl” and refers to an aliphatic group containing at
least one carbon-carbon double bond and having from 2 to about 10 carbon atoms, e.g.,
from 2 to 6 carbon atoms or 2 to 4 carbon atoms and having at least one site of vinyl
unsaturation (>C = C<). Alkenyl groups include ethenyl, propenyl, 1,3-butadienyl, and
the like. Alkynyl may have from 2 to about 10 carbon atoms, e.g. from 2 to 6 carbon

atoms or 2 to 4 carbon atoms.

[0046] “Alkynyl” is a subset of “alky]” and refers to an aliphatic group containing at
least one carbon-carbon triple bond. The term “alkynyl” is also meant fo include those

groups having one triple bond and one double bond.

[0047] “Alkoxy” refers to the group -O-alkyl, wherein the alkyl group may be optionally
substituted. Alkoxy includes, by way of example, methoxy, ethoxy, n-propoxy,

isoprepoxy, n-butoxy, t-butoxy, sec-butoxy, and n-pentoxy.

[0048] “Acyl” refers to a group -C(=0)R, where R is hydrogen, alkyl, cycloalkyl,
cyclobeteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl or heteroarylalkyl as defined
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‘herein, each of which may be optionally substituted, as defined herein. Representative
examples include, but are not limited to formyl, acetyl, cylcohexylcarbonyl,

cyclohexylmethyl-carbonyl, benzoyl, benzyloxycarbonyl and the like.

[0049] “Amido” refers to both a “C-amido™ group which refers to the group -
C(=0)NRYR” and an “N-amido” group which refers to the group -NR’C(=0)R”, wherein
RY and R* are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteralkyl, heteroaryl (each of which may be optionally substituted), and where RY and
RZ are optionally joined together with the nitrogen or carbon bound thereto to form an

optionally substituted heterocycloalkyl.

[0050] “Amino™ refers to the group -NR’R” wherein RY and R” are independently
selected from the group consisting of hydrogen, alkyl, aryl, heteralkyl, heteroaryl (each
of which may be optionally substituted), and where R” and R” are optionally joined
together with the nitrogen bound thereto to form a heterocycloalkyl or heteroaryl
heteroaryl (each of which may be optionally substituted).

[0051] “Amidino” refers to the group -C(ENRNR'R? where RY, R, and R” are
independently selected from the group consisting of hydrogen, alkyl, aryl, heteralkyl,
heteroaryl (each of which may be optionally substituted), and where R” and R” are
optionally joined together with the nitrogen bound thereto to form a heterocycloalkyl or
heteroaryl (each of which may be optionally substituted).

[0052] “Aryl” refers to a group with one or more aromatic rings. It may be a single
aromatic ring or multiple aromatic rings which are fused together, linked covalently, or
linked via one or more such as a methylene or ethylene moiety. Aryl groups include, but
are not limited to, those groups derived from acenaphthylene, anthracene, azulene,
benzene, biphenyl, chrysene, cyclopentadienyl anion, diphenylmethyl, fluoranthene,
fluorene, indane, indene, naphthalene, perylene, phenalene, phenanthrene, pyrene,
triphenylene, and the like. An aryl group comprises from 5 to about 20 carbon atoms,
e.g., from 5 to 20 carbon atoms, e.g. from 5 to 10 carbon atoms. In some embodiments,

aryl is a a single aromatic ring or multiple aromatic rings which are fused together.

[0053] “Arylalkyl” (also “aralkyl”) refers to an aryl group attached to an alkyl group.
Arylalkyl groups include, but are not limited to, benzyl, tolyl, dimethylphenyl, 2-
phenylethan-1-yl, 2-naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl, phenylvinyl,
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diphenylmethyl, and the like. For example, the “arylalkyl” may be attached to the rest of
the compound of formula (T) through the aryl group. Alternatively, the “arylalkyl” may
be attached to the rest of the compound of formula (T) through the alkyl group. Where
specific alkyl moieties are intended, the nomenclature arylalkanyl, arylalkenyl and/or
arylalkynyl may be used. An arylalkyl group comprises from 6 to about 30 carbon
atoms, e.g. the alkyl portion of the arylalkyl group can comprise from 1 to about 10
carbon atoms and the aryl portion of the arylalkyl group can comprise from 5 to about 20
carbon atoms. In some instances an arylalkyl group comprises from 6 to about 20
carbon atoms, e.g. the alkyl portion of the arylalkyl group can comprise from 1 to about
10 carbon atoms and the aryl portion of the arylalkyl group can comprise from 5 to about

10 carbon atoms;

[0054] “Aryloxy” refers to the group -O-aryl, including by way of example, phenoxy
and naphthoxy.

[0055] “Azido” refers to the group -Ns,
[0056] “Boronic acid” refers {o the group —B(OH);.

[0057] “Boronic acid ester” refers to an ester derivative of a boronic acid compound.
Suitable boronic acid ester derivatives include those of the formula --B(OR), where R is
hydrogen, alkyl, aryl, arylalkyl, heteroalkyl, or heteroaryl, each of which may be
optionally substituted. For example, boronic acid ester may be pinacol ester or catechol

ester.

J0058] “Carbamoyl” refers to the group -C(O)NRYR? where R? and R? are defined as in

“amino” above.
[0059] “Carbonyl” refers to the divalent group -C(O)- which is equivalent to -C(=0)-.
[0060] “Carboxyl” or “carboxy” refers to ~-COOH or salts thereof,

[0061] “Carboxyl ester” or “carboxy ester” refers to the groups -C(O)OR, wherein R is -
hydrogen, alkyl, aryl, arylalkyl, heteroalkyl, or heteroaryl, each of which may be
optionally substituted. In one embodiment, R is alkyl, aryl, arylalkyl, heteroalkyl, or
heteroaryl, each of which may be optionally substituted.
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[0062] “Cyano” or “carbonitrile” refers to the group -CN.

[0063] “Cycloalkyl” is a subset of “alkyl” and refers to a saturated or partially saturated
cyclic group of from 3 to about 10 carbon atoms and no ring heteroatoms and having a
single ring or multiple rings including fused, bridged, and spiro ring systems. For
multiple ring systems having aromatic and non-aromatic rings that have no ring
heteroatoms, the term “cycloalkyl” applies when the point of attachment is at a non-
aromatic carbon atom (e.g., 5,6,7,8,-tetrahydronaphthalene-5-y1). The term “cycloalkyl”
includes cycloalkenyl groups. Examples of cycloalkyl groups include, for instance,

adamantyl, cyclopropyl, cyclobutyl, cyclopentyl, eyclooctyl, and cyclohexenyl.
[0064] “Guanidino” refers to the group -NHC(=NH)NHa.
[0065] “Halo” or “halogen” refers to fluoro, chloro, bromo and iodo.

[0066] “Haloalkyl” refers to substitution of alkyl groups with 1 to 5 or, in some
embodiments, 1 to 3 halo groups, e.g., -CHxCl, -CHyF, -CH;,Br, -CFCIBr, -CH;CHLCL, -
CH,CH,F, -CF3, -CH;CF;3, -CH3CCls, and the like, and further includes those alkyl
groups such as perfluoroalkyl in which all hydrogen atoms are replaced by fluorine

atoms.

[0067] “Haloaryl” refers to aryl groups with one or more halo or halogen substituents.
For example, haloaryl groups include phenyl groups in which from 1 to 5 hydrogens are

replaced with a halogen. Haloaryl groups inctude, for example, fluorophenyl,

diftuorophenyl, trifluorophenyl, chlorophenyl, clorofluorophenyl, and the Iike.

[0068] “Heteroalkyl” refers to an alkyl 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. For example, heteroalkyl may include 1, 2
or 3 heteroatomic groups, e.g. 1 heteroatomic group. Heteroatoms include, but are not
limited to, N, P, O, §, etc. Heteroatomic groups include, but are not limited to, -NR-, -
O-, -S-, -PH-, -P(O);-, -S(0)-, -S(O)z~, and the like, where R is H, alkyl, aryl, cycloalkyl,
heteroalkyl, hetercaryl or cycloheteroalkyl. The term “heteroalkyl” includes
heterocycloalkyl (a cyclic heteroalkyl group), alkyl-heterocycloalkyl (a linear or
branched aliphatic group attached to a cyclic heteroalkyl group), and the like.
Heteroalkyl groups include, but are not limited to, -OCHj, -CHyOCH3, -SCHa, -
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CH,SCHs, -NRCH3, -CH;NRCHj, and the like, where R is hydrogen, alkyl, aryl,
arylalkyl, heteroalkyl, or heteroaryl, each of which may be optionally substituted. A
heteroalkyl group cemprises from 1 to about 10 carbon and hetero atoms, e.g,, from 1 to

6 carbon and hetero atoms.

[0069] “Heteroaryl” refers fo 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 heteroatoms, as defined above. For example, heteroaryl may include 1, 2 or 3
heteroatomic groups, e.g. 1 heteroatomic group. Heteroaryl groups include, but are not
limited to, groups derived from acridine, benzoimidazole, benzothiophene, benzofuran,
benzoxazole, benzothiazole, carbazole, carboline, cinnoline, firan, 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, triazole, xanthene, and the like. A heteroaryl group comprises from 5 to

about 20 carbon and hetero atoms in the ring or rings, e.g., from 5 to 20 carbon and

hetero atoms, e.g. from 5 to 10 carbon and hetero atoms.

[0070] *Heteroarylalkyl” refers to an arylalkyl group in which one or more carbon atoms
(and any associated hydrogen atoms) are independently replaced with the same or
different heteroatoms, as defined above. For example, heteroarylalkyl may include 1, 2
or 3 heteroatomic groups.Heteroarylalkyl groups include, but are no limited to, groups
derived from heteroaryl groups with alkyl substituents (c.g. methylpyridine,
dimethylisoxazole, etc.), hydrogenated heteroaryl groups (dihydroquinolines, e.g. 3,4-
dihydroquinoline, dihydroisoquinolines, e.g. 1,2-dihydroisoquinoline, dihydroimidazole,
tetrahydroimidazole, etc.), isoindoline, isoindolones {e.g. isoindolin-1-one), '
dihydrophthalazine, quinolinone, spiro[cyclopropane-1,1'-isoindolin}-3'-one, di(pyridin-
2-yDmethyl, di(pyridin-3-yDmethyl, di(pyridin-4-yl}methyl, and the like. A
heteroarylalkyl group comprises from 6 to about 30 carbon and hetero atoms, for

example from 6 to about 20 carbon and hetero atoms.

[0071] “Heterocycloalkyl” is a subset of “heteroalkyl” and refers to a saturated or

unsaturated cycloalkyl group in which one or more carbon atoms (and any associated

45



WO 2014/182929 PCT/US2014/037344

hydrogen atoms) are independently replaced with the same or different heteroatom.
Heteroatoms include, but are not limited to, N, P, O, S, etc. A heterocycloalkyl group
may also contain a charged heteroatom or group, e.g., a quaternized ammonium group
such ag -N+(R)2- wherein R is alkyl, e.g., methyl, ethyl, etc. Heterocycloalkyl groups
include, but are not limited to, groups derived from epoxide, imidazolidine, morpholine,
piperazine, piperidine, pyrazolidine, piperidine, pyrrolidine, pyrrolidinone,
tetrahydrofuran, tetrahydrothiophene, dihydropyridine, tetrahydropyridine, quinuclidine,
N-bromopyrrolidine, N-bromopiperidine, N-chloropyrrolidine, N-chloropiperidine, an
N,N-dialkylpyrrolidinium, such as N,N-dimethylpyrrolidinium, a N,N-
dialkylpiperidinium such as N,N-dimethylpiperidium, and the like. The heterocycloalkyl
group comprises from 3 to about 10 carbon and hetero atoms in the ring or rings. In

some embodiments, heterocycloalkyl includes 1, 2 or 3 heteroatomic groups.
[0072] “Hydrazino” refers to the group -NHNH,.
[0073] “Hydroxy” or “hydroxyl” refers to the group -OH.

[0074] “Imino” refers to the group -C{(=NR)- wherein R is hydrogen, alkyl, aryl,
arylalkyl, heteroalkyl, or heteroaryl, each of which may be optionally substituted.

[0075] “Nitro” refers to the group -NOa.

[0076] The terms “optional” or “optionally” mean that the subsequently described event
or circumstance may but need not occur, and that the description includes instances

where the event or circumstance occurs and instances in which it does not.

[0077] “Oxide” refers to products resulting from the oxidation of one or more

heteroatoms. Examples include N-oxides, sulfoxides, and sulfones.

[0078] “Oxo” refers to a double-bonded oxygen (=0). In compounds where an oxo

group is bound to an sp” nitrogen atom, an N-oxide is indicated.
[0079] “Racemates” refers to a mixture of enantiomers.

[0080] “Stereoisomer” or “stereoisomers” refer to compounds that differ in the chirality
of one or more stereocenters. Stereoisomers include enantiomers and diastereomers.

The compounds may exist in stereoisomeric form if they possess one or more
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asymmetric centers or a double bond with asymmetric substitution and, therefore, can be
produced as individual stereoisomers or as mixtures. Unless otherwise indicated, the
description is intended to include individual stereoisomers as well as mixtures. The
methods for the determination of stereochemisiry and the separation of stereoisomers are
well-known in the art (see, e.g., Chapter 4 of Advanced Organic Chemistry, 4th ed., J.
March, John Wiley and Sons, New York, 1992).

{0081] “Substituted” (as in, e.g., “substituted alkyl”) refers to a group wherein one or
more hydrogens have been independently replaced with one or more substituents
including, but not limited to, alkyl, alkenyl, alkynyl, alkoxy, acyl, amino, amido,
amidino, aryl, azido, carbamoyl, carboxyl, carboxyl ester, cyano, guanidino, halo,
haloalkyl, heteroalkyl, heteroaryl, heterocycloalkyl, hydroxy, hydrazino, hydroxyl,
imino, oxo, nitro, sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, thione, or
combinations thereof. Polymers or similar indefinite structures arrived at by defining
substituents with farther sﬁbst_ituents appended ad infinitum (e.g., a substituted aryl
having a substituted alkyl which is itself substituted with a substituted aryl group, which
is further substituted by a substituted heteroalkyl group, etc.) are not intended for
inclusion herein.. Unless otherwise noted, the maximum number of serial substitutions in
compounds described herein is three. For example, serial substitutions of substituted
aryl groups with two other substituted aryl groups are limited to -substituted
aryl-(substituted aryl)-substituted aryl. For example, in some embodiments, when a
group described above as being “optionally substituted” is substituted, that substituent is
itself unsubstituted.Similarly, it is understood that the above definitions are not intended
to include impermissible substitution patterns (e.g., methyl substituted with 5 fluoro
groups or heteroaryl groups having two adjacent oxygen ring atoms). Such
impermissible substitution patterns are well known to the skilled artisan. When used to
modify a chemical group, the term “substituted” may describe other chemical groups
defined herein. For example, the term “substituted aryl” includes, but is not limted to,
“arylalkyl.” Generally, substituted groups will have 1 to 5 substituents, 1 to 3
substituents, 1 or 2 substituents or 1 substituent. Alternatively, the optionally substituted

groups of the invention may be unsubstituted.
[0082] “Sulfonyl” refers to the divalent group -S(O)-.

[0083] “Tautomer” refers to alternate forms of a compound that differ in the position of
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a proton, such as enol-keto and imine~enamine tautomers, or the tautomeric forms of
heteroaryl groups containing a ring atom attached to both a ring -NH- moiety and a ring

=N- moiety such as pyrazoles, imidazoles, benzimidazoles, friazoles, and tetrazoles.
[0084] “Thiocyanate” refers to the group -SCN.

[0085] “Thiol” refers to the group -SH.

[0086] “Thione” refers to.a thioketone (=S) group.

[0087] “Pharmaceutically acceptable” refers to compounds, salts, compositions, dosage
forms and other materials which are useful in preparing a pharmaceutical composition

that is suitable for veterinary or human pharmaceutical use.

[0088] “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, €.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as diethanolamine, triethanolamine, N-
methylglucamine and the like. Also included in this definition are ammonium 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 arc hereby incorporated by reference herein.

[0089] The following abbreviations may also be.used: AcOH: acetic acid; nBuli: -
‘butyllithinm; CC: column chromatography; Cs;COs: cesinm carbonate; CH,Cl, or
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DCM: dichloromethane; CHsMgl: methyl magnesium iodide; CuCly: copper chioride;
DAST: (diethylamino)sulfur trifluoride; DEAD: diethyl azodicarboxylate; DIBAL:
diisobutylaluminum hydride; DIPEA: diisopropylethylamine; DME:
dimethylformamide; DMSO: dimethyl sulfoxide; Ei;N: tricthylamine; EtOAc: ethyl
acetate; EtOH: ethanol; g: gram(s); h: hour; Ha: hydrogen; HB1: hydrogen bromide; HCL:
hydrogen chloride; HyO: water; HoOs: hydrogen peroxide; HPLC: high performance
liquid chromatography; KCN: potassium cyanide; LHMDS: lithium
hexamethyldisilazide; LiAlHy: lithium aluminum hydride; LIOH: lithium hydroxide; M:
molar; MeCN: acetonitrile; Mel: methyl iodide; MeOH: methanol; MgSO4: magnesium
sulfate; MgCO;: magnesium carbonate; mg: millilgram; MsCl: mesyl chloride; mmol:
millimoles mL: milliliter; sodium hydrogen sulfite; mCPBA: meta-chloroperoxybenzoic
acid; N: normality; Na: nitrogen; N4;COs: sodium carbonate; NaHCOs: sodium
bicarbonate; NaNO,: sodium nitrite; NaOH: sodium hydroxide; Na,S;0;: sodium
bisulfate; NapSO4: sodium suifate; NBS: N-bromosuccinimide; NH4Cl ammonium
chloride; NH4OAc: ammonium acetate; NMR: nuclear magnetic resonance; Pd/C: .
palladium on carbon; PPh;: triphenyl phosphine; iPrOH: isopropyl alcohol; RT: room
temperature; SOCly: thionyl chloride; THF: tetrahydrofuran; TLC: thin layer

chromatography; pL; microliter.

[0090] 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

nuwmber of such combinations may be readily envisaged.

{0091] 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
hydrogen atoms in the molecule. As known in the art, the deuterium 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 half 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.
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[0092} Compounds of a given formula described herein encompasses the compound
disclosed and all pharmaceutically acceptable salts, esters, stereoisomers, tautomers,

prodrugs, solvates, and deuterated forms thereof, unless otherwise specified.

[0093] “Effective amount” or “therapeutically effective amount” means the amount of a
compound described herein that may be effective to elicit the desired biological or
medical response. These terms include the amount of a compound that, when
administered to a subject for treating a disease, is sufficient to effect such treatment for
the disease, 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.

[0094] “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.

[0095] “Treating” and “treatment” of a disease include the following: (1) preventing or
reducing the risk of developing the disease, i.e., causing the clinical 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.c., arresting or reducing the development of the disease or its clinical symptoms, and

(3) relieving the disease, i.e., causing regression of the disease or its clinical symptoms.

[0096] In some aspects, the disease or condition is chosen from an autoimmune disease,
an inflammatory disease, a neurodegenerative disease, a cardiovascular disorder, a renal
disorder, a viral infection, and obesity. In some aspects, 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, pnenmonitis, dermatitis, alopecia, nephritis, vasculitis,
atherosclerosis, Alzheimer’s disease, hepatitis, primary biliary cirrhosis, sclerosing
cholangitis, diabetes (including type I diabetes), and acute rejection of transplanted
organs. In some aspects the disease or condition is cancer, including hematological
cancers, lymphoma, multiple myelomas, leukemias, a neoplasm, cancer or tumor (for
example a solid tumor). In some aspects the disease or condition is a neoplasm, cancer
or tumor of the colon, rectum, prostate (for example castrate resistant prostate cancer),

lung (for example non-small cell lung cancer, and small-cell lung cancer), pancreas,
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liver, kidney, cervix, uterus, stomach, ovary, breast (for example basal or basal-like
breast cancer, and triiale-negative breast cancer), skin (for example melanoma), the
nervous system (including the brain, meninges, and central nervous system, including a
neuroblastoma, a glioblastoma, a meningioma, and a medulloblastoma). In some aspects
the disease or condition is a carcinoma. In some aspects, the disease or condition is
hepatocellular carcinoma. 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 lymphoma. In some aspects, the disease or condition is multiple
myeloma. In some aspects, the disease or condition is chronic lymphocytic leukemia. In
some aspects the disease or condition is NUT midline cardinoma. In some aspects the

subject is a human.

[0097] The pharmaceutical compositions may be administered in either sin gle or
multiple 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, intranasal and transdermal routes, by intra-arterial
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.

[0098] 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 (1), or a
pharmaceuticaily acceptable salt thereof, the active ingredient is usually diluted by an
excipient and/or enclosed within such a carrier that can be in the form of 2 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, carrier
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 sterile packaged powders.

[0099] Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,

51



WO 2014/182929 PCT/US2014/037344

mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin,
calcium silicate, microcrystalline celiulose, polyvinylpyrrolidone, cellulose, sterile
water, syrup, and methyl cellulose. The formulations can additionally include:
Tubricating 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.

[00100] The compositions that include at least one compound of Formula (), or a
pharmaceutically acceptable salt 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 used to
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 pharmaceutical agents.

[0010%] The compositions may, in some embodiments, be formulated in a unit
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 mg of a 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

compound described herein. It will be understood, however, that the amount of the
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compound actually administered usually will be determined by a physician, in the light
of the relevant circumstances, including the condition to be treated, the chosen route of
administration, the actual compound administered and its relative activity, the age,

weight, and response of the individual subject, and the severity of the subject’s

symptoins.

[00102] In certain embodiments, dosage levels may be from 0.1 mg to. 100 mg per
kilogram of body weight per day, for éxample 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. In 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.

[00103] 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, sex, diet, time of
administration, route of administration, and rate of excretion, drug combination and the

severity of the particylar disease in the subject undergoing therapy.

[06104] For preparing solid compositions such as tablets, the principal active
ingredient may be mixéd with a pharmaceutical excipient fo form a solid preformulation
composition containing a homogeneous mixture of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, When referring 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.

[00105] The tablets or pills of the compounds described herein may be coated or
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otherwise compounded to provide a dosage form affording the advantage of prolonged
action, or fo protect from the acid conditions of the stomach. For example, the tablet or
pill can comprise 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 mixtores of polymeric acids with such materials as shellac, cetyl

alcohol, and cellulose acetate.

[00106] 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 use. In one aspect, a kit includes a compound of Formula
(I),ora pharmaceutically acceptable salt thereof, and instructions for use of the

compounds in the treatment of the diseases or conditions described herein.

[00107] 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.

[0008] Compounds of Formula (1) may be combined or administered with one or
more additional anti-cancer or anti-inflammatory agents. For example, compounds of
Formula (I) may be administered simultaneousty with the one or more additional anti-
cancer ot anti-inflammatory agents, or may be administered sequentially (before or after)

the one or more additional anti-cancer or anti-inflammatory agents.

[0009] Sequential administration or administered sequentially means that the
inhibitors, compounds, or drugs are administered with a time separation of a few
seconds, several minutes, hours, days, or weeks. Compounds may be administered with
a time separation of up to 30 seconds, up to 15 minutes, up to 30 minutes, up to 60
minutes, or 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 7 days, or 2 weeks, 3 weeks,
4 weeks, 5 weeks, 6 weeks, 7 weeks, or 8 weeks. When administered sequentially, the
compounds or drugs may be administered in two or more administrations, and the
compounds or drugs may be contained in separate compositions or dosage forms, which

may be contained in the same or different package or packages.
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[0010] Simultanecus administration or administered simultaneously means that the
inhibitors, compounds, or drugs are administered with a time separation of no more than
a few minutes or seconds. Compounds are administered with a time separate of no more
than about 15 minutes, about 10 minutes, about 5 minutes, or 1 minute. When
administered simultaneously, the inhibitors, compounds or drugs may be in separate

compositions or dosage forms, or the same composttion or dosage form.

[00108] In some aspects, compounds of Formula (1) may be combined with the
additional anti-cancer or anti-inflammatory agents in a unitary dosage form (for example
for oral administration). In other aspects, compounds of Formula (1) and the one or more

additional anti-cancer or anti-inflammatory agents may be separate dosage forms.

[00109] Suitable additional anti-cancer or anti-inflammatory agents include but
are not limited to the following. Various kinase inhibitors are being used and are being
developed to treat various cancers. For example, the activiation of the
phosphatidylinositol 3-kinase (PI3K) pathway is observed in human cancer, and agents
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-inflammatory 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 gamma), agents that inhibit primarily one subclass, and
agents that inhibit a subset of all subclasses. Compounds of Formula (I} may also be
combined or administered with one or more additional anti-cancer or anti-inflammatory
agents including inhibitors or antagonists of lysyl oxidase-like 2 (LOXL2), and

inhibitors or antagonists of adenosine A2B receptor.

[00110] Further examples of kinase inhibitors include PI3K inhibitors, Syk
inhibitors and JAK inhibitors. Examples of PI3K inhibitors include Compound A,
Compound B, and Compound C:
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[00111] Additional examples of PI3K inhibitors include XL.147, BKM120, GDC-
0941, BAY80-6946, PX-866, CH5132799, XL756, BEZ235, and GDC-0980,
wortmannin, LY294002, PI3K II, TGR-1202, AMG-319, GSK2269557, X-339, X-414,
RP5090, KAR4141, XLA499, OXY111A, IPI-145, IPI-443, GSK2636771, BAY
10824391, buparlisib, BYL719, RG7604, MLN1117, WX-037, AEZS-129, PA799,
AS252424, TGX221, TG100115, IC87114, and ZSTK474.

[00112] Inhibitors of mTOR include OS1-027, AZD2014, and CC-223.

[00113] Inhibitors of AKT include MK-2206; GDC-0068 and GSK.795.
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[00114] Examples of Syk inhibitors include compound D:

@

\
N-NH (Compound D),

[00115] Additional Syk inhibitors include R788 (fostamatinib), R-406 (tamatinib),
and PRT062607.

Examples of JAK inhibitors include Compound E:
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{Compound E).
[00116] Compound E is described in U.S. Patent No. 8,486,941,

[00117] Additional JAK inhibitors include ruxolitinib (INCB018424), fedratinib

(SAR302503, TG101348), tofacitinib, baricitinib, lestaurtinib, pacritinib (SB1518),
XL019, AZD1480, INCB039110, LY2784544, BMS91 1543, and NS018.

[00118] In other aspects, compounds of Formula (I} may be combined or
administered with one or more inhibitors or modulators (¢.g. antagonists) of LOXL2,
inhibitors or modulators of adenosine A2B receptor, or inhibitors or modulators of
MMP-9,

[00119] In other aspects, compounds of Formula (I) may be combined or
administered with one or more agents that activate or reactivate latent human
immunodeficiency virus (HIV). For example, compounds of Formula () may be
combined or administered with a histone deacetylase (HDAC) inhibitor or a protein

kinase C (PKC) activator. For example, compounds of Formula (I) may be combined or

57



WO 2014/182529 PCT/US2014/037344

administered with romidepsin or panobinostat.

[00120] Compounds of Formula (I) may also be combined or administered with
one or more anti-androgenic agents (for example, bicalutamide, flutamide, megestrol,

and nilutamide).

[0011} Compounds of Formula (I} may also be combined or administered with one
or more immunotherapeutic agents such as abagovomab, adecatumumab, afutuzumab,
alemtuzumab, altumomab, amatuximab, anatumomab, arcitumomab, bavituximab,
bectumomab, bevacizumab, bivatuzumab, blinatumomab, brentuximab, cantuzumab,
catumaxomab, cetuximab, citatuzumab, cixutumumab, clivatuzumab, conatumumab,
daratumumab, drozitumab, duligotumab, dusigitumab, detumomab, dacetuzumab,
dalotuzumab, ecromeximab, elotuzumab, ensituximab, ertumaxomab, etaracizumab,

. farietuzumab, ficlatuzumab, figitumumab, flanyotumab, futuximab, ganitumab,
gemtuzumab, girentuximab, glembatumumab, ibritumomab, igovomab, imgatuzuméb,
indatuximab, inotuzumab, intetumumab, ipilimurab, iratomumab, labetuzumab,
lexatumumab, lintuzumab, lorvotuzumab, lucatwmumab, mapatumumab, matuzumab,
milatuzumab, minretumomab, mitumomab, moxetumomab, narnatumab, naptumomab,
necitumumab, , nimotuzumab, nofetumomabn, ocaratuzumab, ofatumumab, olaratumab,
onartuzumab, oportuzumab, oregovomab, panitumumab, parsatuzumab, patritumab,
pemtumomab, peMzurhab, pintumomab, pritumumab, racotumomab, radretumab,
rilotumumab, rituximab, robatumumab, satumomab, sibrotnzumab, siltuximab,
simtuzumab, solitomab, tacatuzumab, taplitumomab, tenatumomab, teprotumumab,
tigatuzumab, tositumomab, trastuzumab, tucotuzumab, ublituximab, veltuzumab,
vorsetuzumab, votumumab, zalutumumab, CC49 and 3F8. The exemplified therapeutic
antibodies may be further labeled or combined with a radioisotope particle, such as

indivm In 111, yttrium Y 90, iodine I-131.
EXAMPLES

[00121] Synthesis of certain compounds of Formula (1), and intermediates used to
prepare them, is detailed in the following sections. Any compound numbers are listed

for convenience.

[00122] All operations involving moisture and/or oxygen sensitive materials were

conducted under an atmosphere of dry nitrogen in pre-dried glassware. Unless noted
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otherwise, materials were obtained from commercially available sources and used

without further purification.

[60123] Flash chromatography was performed on an Isco Combiflagh Companion
using RediSep Rf silica gel cartridges 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.

[00124] Nuclear magnetic resonance (“NMR”) spectra were recorded on a Varian
400 MHz resonance spectrometer. 'H NMR chemical shifis are given in parts per
million (8) downfield from tetramethylsilane (*“TMS”) using TMS or the residual solvent
signal (CHCI3 = § 7.24, DMSO = § 2.50) as internal standard. "H 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.
[00125] The compounds were named using ChemBioDraw Ultra Version 12.0.

[00126] LCMS analysis was performed using a PE SCIEX. API 2000 spectrometer

with a Phenomenex Luna 5 micron Cig column.

[00127] Preparatory HPLC was performed on a Gilson HPLC 215 or 271 liquid
handler with a Phenomenex column (Luna 5 g4, Cig, 100A or Gemini 10 #, Cig, 110A)
and a UV/VIS 156 detector.

[06128) 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.
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{00129} 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.

Scheme 1
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Step 1: Preparation of (S§1-2)
[00130] A compound of Formula (81-2), wherein R and R™ are as defined for

compounds of Formula (f), can be prepared by Suzuki coupling of a nitro aniline (S1-1)
to a substituted isoxazole boronate ester in the presence of a base. It is understood that

isoxazole boronic acids, other boronate esters, or other appropriate boron complexes
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(e.g. -BF:K salts, etc.) may also be used in Suzuki coupling reactions. Substituent X on
nitro aniline (81-1) may be any appropriate leaving group (e.g., Cl, Br, I, OTf), and X at
each occurrence may be the same or different. Suitable catalysts include palladium
catalysts, such as ( 1,3-bis(Z,6—diisopropylphenyl)imidazolidenc)(3 -chloropyridyl)
palladium(IT) dichloride (Peppsi-iPr). Suitable bases include, for example, cesium
carbonate or 1,8-diazobicycloundec-7-ene. Suitable solvents include a combination of
organic solvents and water, including, for example, dimethoxyethane and water. The
reaction is carried out in an appropriate solvent under nifrogen, at 70 to 150 °C, for 30
minutes to 5 hours. When the reaction is substantially complete, the reaction is allowed
to cool fo 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 is purified by chromatography on silica gel. Alternatively, the compound of

Formula (S1-2) may be used in the next step without purification.

Step 2: Preparation of (§1-3)

[00131] A compound of Formula (S1-2) can then be iodinated in the presence of
an appropriate iodine source, for example, elemental iodine. The reaction is typically
conducted in the presence of a silver salt in an appropriate solvent, Suitable,silver salts
include, for example, silver nitrate. Suitable solvenis include alcoholic solvents,
including, for example, ethanol. The starting materials are typically combined at room
temperature and allowed to react for 12-18 hours. When the reaction is substantially
complete, the compound of Formula ($1-3) is isolated by conventional means, such as
by extraction using brine and an organic solvent such as ethyl acetate. The organic layer
is dried and concentrated. The crude compound of Formula (S1-3) may be purified

using chromatography on silica gel, or be used in the next step without purification.

Step 3: Preparation of (S1-4)

[00132] The nitro group of compound (S1-3) can be reduced in the presence of an
appropriate reducing agent, for example, stannous chloride, in an appropriate solvent,
including alcoholic solvents such as ethanol. The starting materials are combined and
brought to an elevated temperature such as 50 to 100 °C, and kept at an elevated
temperature for 3-10 hours. When the reaction is substantially complete, the compound

of Formula (S1-4) is isolated by conventional means, such as by extraction, and purified
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by chromatography on silica gel.

Step 4: Preparation of 51-5)

[00133] An appropriately substituted acyl chloride with substituent R, as defined
for compounds of Formula (I), is then reacted with the compound of Formula ($1-4) in
an appropriate solvent, and allowed to react for a period of time such as 1-5 hours at a
temperature near room temperature to form an acylated intermediate. Appropriate
solvents include basic organic solvents such as Pyridine. It is understood that in place of
an acyl chloride, other appropriate acylating reagents may be used, such as acyl
bromides or acid anhydrides. When reaction is sufficiently complete, solvent is removed
under reduced pressure, and crude acylated intermediate is taken up into an appropriate
acidic solvent, such as glacial acetic acid. Strong acid, such as concentrated hydrochlotic
acid, may then be added, and the reaction mixture is stirred at a refluxing temperature for
12-18 hours. When the reaction is substantially complete, the compound of Formula (S1-
5) is isolated by conventional means, such as by neutralization of acidic solvent followed
by extraction, and either used without further purification or purified by chromatography

on silica gel.

Alternative Step 4: Preparation of (S1-5)

N-O
JOL R1a [ R1D
R%” “OH
(S1-4) >
HN |
>N
Rﬁ
(S1-5)
[00134] A substituted carboxylic acid with substituent R®, as defined for

compounds of Fomula (I), or alternatively a mixture of acyl chloride bearing a
substitnent of R® in a suitable acidic solvent such as glacial acetic acid, is reacted neat
with the compound (81-4) for 15 minutes to 24 hours at the refluxing temperature of the
solvent acid. When the reaction is substantially complete, compound (S1-5} is isolated
by conventional means, such as by neutralization of acidic solvent followed by

extraction, and either used without further purification or purified by chromatography on
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silica gel.

Step 5: Preparation of (I¢)

[00135] A compound of Formula (Ic) can be prepared by Suzuki coupling of a
compound (S1-5) to a boronic acid in the presence of a base. As shown above, boronic
acid is substituted with carbon-linked aryl-or heteroaryl R* as defined for compounds of
Formula (I). Boronate esters, or other appropriate boron complexes (e.g. -BF3K salts,
etc.) may also be used in place of a boronic acid. Suitable catalysts include palladium
catalysts, such as (1,3-bis(2,6-diisopropy1pheny1)imidazolidene)(3—chloropyridy1)
palladive(II) dichloride (Peppsi-iPr). Suitable bases include, for example, cesium
carbonate or 1,8-diazobicycloundec-7-ene. Suitable solvents include a combination of
organic solvents and water, including, for example, dimethoxyethane or
dimethylformamide and water. The reaction is carried out in an appropriate solvent
under nitrogen, at 70 to 150 °C, for 30 seconds to § hours. When the reaction is
substantially 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 hi gh-performance liquid chromatography,
eluting with an appropriate solvent mixture such as acetonitrile and water, to isolate
compounds. Alternatively, the compound (Ic) may be purified by other conventional

means, such as silica gel chromatography or recrystallization.

Step 6: Preparation of (Ib)

[00136] A compound of Formula (Ib) can be prepared by halogenation of a
compound (Ic) with a halogenation agent such as NCS, NBS or NIS in an appropriate
solvent such as THF, DMF, CH,Cl, or CHCIs. The reaction is carried out at 0 to 150 °C,
for 30 seconds to 5 hours. When the reaction is substantially 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 chromato graphy, eluting with an appropriate solvent mixture
sucﬁ as acetonitrile and water, to isolate compounds. Alternatively, the compound (Ib)

may be purified by other conventional means, such as silica gel chromatography or
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recrystallization.
Scheme 2

[00137] Scheme 2 describes an exemplary method of preparing compounds of
Formula (Id) wherein R R and R are as described for compounds of Formula (Id),
and R® is aryl or heteroaryl, cach of which may be optionally substituted as described for
compounds of Formual (1d).

o N-CQ
jO‘BwB’ j/g ria-L ARt riad AR

g o

: X-R?
S1-5 —-
( ) HN :

=N
R5

B” HN R3
OH Y=N
RS
(s2-1) {id)
Step 1t Preparation of (82-1)
100138} The compound (S2-1) can be prepared by borylation of compound (S1-5),

described above, with a borylating reagent such as bis(pinacolato)diboron, shown, in the
presence of a base such as potassium acefate, in a suitable solvent. Suitable catalysts
include palladium catalysts, such as [1,1%
Bis(diphenylphosphino)ferrocene]dichloropalladium(II). Suitable solvents include polar
organic solvents such as dimethylformamide or dimethylsulfoxide. The reaction is
carried out in an appropriate solvent under nitrogen, at about 70 t0.130 °C, for 1-18
hours. When the reaction is substantially 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, the organic phase concentrated
under reduced pressure, and the residue is purified by reverse phase high-performance
liguid chromatography, eluting with an appropriate solvent mixture such as acetonitrile
and water with 0.1% TFA, with spontaneous boronic ester hydrolysis occurring under
purification conditions, to isolate compound (S85-1) as a boronic acid. Alternatively,

compound (85-1) may be used in Step 2 in its crude boronate ester form.

Step2: Preparation of (1d}

100139} The compound (Id) can be prepared by Suzuki coupling of compound
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(S5-1) in the presence of a base to X-R>, wherein X is a leaving group such as bromide
or iodide and R® is an aryl or heteroaryl, each of which may be optionally substituted as
described for compounds of Formual (Id). Suitable catalysts include palladium
catalysts, such as (1,3-bis(2,6-diisopropylphenyl)im’idazolidene)(B-chloropyridyl)
palladivm(II) dichloride (Peppsi-iPr). Suitable bases include, for example, cesium
carbonate or 1,8-diazobicycloundec-7-ene. Suitable solvents include a combination of
organic solvents and water, including, for example, dimethoxyethane or
dimethylformamide and water. The reaction is carried out'in an appropriate solvent
under nitrogen, at about 70 to 150 °C, for 30 seconds o § hours. When the reaction is
substantially 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 lquid chromatography,
eluting with an appropriate solvent mixture such as acetonitrile and water, to isolate
compound (Ie), wherein R® is aryl or heteroaryl, each of which may be optionally
substituted as described for compounds of Formual (D). Alternatively, the compound (Te)

may be purified by other conventional means, as described above.
Scheme 3

[60140] Scheme 3 describes an exemplary method of preparing compounds of
Formula (Ic) wherein R", R'® and R® are as described for compounds of Formula (I), and

R? is an optionally substituted amino group as described for compounds of Formula @.

N—~O
R1a / s R1b
opt. sub. amine
81-5 o
HN R®
N
RS
(ic)
[00141] Compound (S1-5) may be reacted with a primary or sccondary amine

NHR’R” (see definition of “amine” above) or heterocyele bearing NI in the present of
palladium or copper catalyst (eg, Cul, CuOAce, CuO, Cu,0) and an appropriate ligand

such as 4,7-dimethoxy-1,1 O-phenanthroline in the presence of a a suitable base, such as
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cesium carbonate, and PEG-3350 in a suitable solvent (e.g. butyronitrile, THF, DMF,
DMA pyridine, toluene or 1,4- dioxane) to produce a compound (Id), wherein R is an
optionally substituted amino group as described for compounds of Formula (Id). The
reaction mixture is carried out at 100 to 150 °C for 24-96 hours. When the reaction is
substantially complete, the reaction is allowed to cool to room temperature. The reaction
mixture can be concentrated and purified as described above to obtain the compound
(1d).

Scheme 4

[00142] Scheme 4 describes a particular subset of the reaction described in
Scheme 3 in which compound (81-5) is reacted with a cyclic amine (e.g. an optionally
substituted lactam, as shown) to yield compound of Formula (84-1) wherein R R and
R are as deseribed for compounds of Formula (1d), and R* is an optionally substituted
heteroalkyl or heterarylalkyl, in this case an optionally substituted lactam group wherein

cach R is as described for compounds of Formula (Id) and nis from 0 to 5, e.g. 0, 1, or

N-O N-Q
R1a P R1b HN/}/B_(REU)H R1a Va R1b
O

HN}jN [ HN>:=N ;} (R2),,

R, R o
(81-5) (S4-1)
[00143] The compound of (S4-1) can be prepared by coupling an optionally

substituted lactam to compound (81-5) in the presence-of a copper catalyst, an amino
ligand, and a base. As shown above, RS and R* are defined above for compounds of
Formula (). As described there, each R™ may be independendly selected from the
groups listed, and n is from O to 5. An appropriate copper catalyst could be copper
halide, such as copper (I} iodide. The amino ligand could be a substitoted amine, such as
N,N -dimethylethane-1,2-diamine. The base is an appropriate inorganic base, such as
cesium carbonate. The reaction is carried out in an appropriate solvent, such as 1-

methylpyrrolidin-2-one (NMP), at 50 to 200 °C for 0.5-24 hours under conventional
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heating or microwave-assisted heating. When the reaction is substantially complete, the
product (84-1) is isolated by conventional means, such as by filtration, extraction,

followed by purification by chromatography of the residue on silica gel.
Scheme 5

[00144} Scheme 5 describes an exemplary method of preparing compounds of
Formula (85-5), (S5-6) and (S5-7), all subgenera of Formula (I), wherein R R?®, R®,
and R? are as described for compounds of Formula (1), and R? is alkyl optionally
substituted with 1 to 5 R* groups, wherein each R® is independently selected from the

group described for compounds of Formula (1),
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Step 1: Preparation of (85-2)

[00145]

isoxazole boronate ester as described in Scheme 1, Step 1.

Compound (S5-2) may be prepared by reacating (S5-1) with a substituted

Siep 2: Preparation of (§5-3)

[00146] Compound ($5-3) may be prepared by reducing the nitro group in the
presence of an appropriate reducing agent such as stannous chloride, as described in

Scheme 1, Step 3. Other reducing agents such as palladium may also be used.
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Step 3: Preparation of (85-4)

[00147] Compound S5-4 may be prepared from (85-3) in a similar manner as that
described in Scheme 1, Step 4. Alternatively, this process can be carried out by treating
with ethyl alkylcarbimidate hydrochloride in alcoholic solvent such as MeOH at elevated

temperature for a few to several hours.

Step 4: Preparation of (85-5)

[00148] The compound ($5-5) can be prepared by coupling one or more Grignard
reagents to (S5-4) in the presence of a base, In this example, each R* may be the same
or different, that is, each R*° may be independently selected from the group of
substituents described for compounds of Formula (I). Where each R* is the same group,
two equivalents of RZO.MgX can be used. Where each R? is a different, one equivalent
of R*"MgX may be used followed by one equivalent of a different R*MgX. The
reactions are carried out in an appropriate solvent, such as tetrahydrofuran (THF), at
temperatures ranging from -78 °C to ambient temperature from anywhere from an hour
to 24 hours. The reaction mixture can be allowed to warm to room temperature. When
the reaction is substantially complete, it can be quenched with for example, water or
methanol and the product of Formula 2 is isolated by conventional means, such as by
extraction, followed by purification by chromato graphy of the residue on silica gel.
Alternatively, the compound (85-5) can be prepared by reacting with alkyl lithium agent
or lithium reagent generated from (hetero)aromatic compound or (hetero)aromatic halide
with strong base such as LDA,LiHMP, n-BuLi, sec-BuLi, tert-Buli in an appropriate
solvent such as hexane, THF, diethyl ether, dichrolomethane at lower temperature if

necessary,

[00149] This process can be carried out after protection of N on the benzimidazole

with appropriate protectiong group such as Boc o impropve the chemical yield.

Step 5: Preparation of (85-6)

[00150] The compound (S5-5) can then undergo a dehydroxylation in the presence
of an acid to obtain corresponding alkenes such as those of cornpound (85-6), It is
understood that a large varicty of both organic and inorganic acids can facilitate this

reaction. Suitable solvents include as toluene or acetonitrile. The reaction may also be
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performed neat, that is using the reagent acid as the solvent. Examples of strong acid that
can be used include sulfuric or phosphoric acid and also trifluoroacetic acid. The
reaction is carried out in an appropriate solvent under nitroger, at an elevated
temperature of about 70 to 150 °C, for 30 minutes to 5 hours by conventional heating or
by use of microwave irradiation. ‘When the reaction is substantially 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 is purified by chromatography on silica gel. Alternatively, compound
($5-6) may be used in the next step without purification.

Step 6: Preparation of (S§5-7)

100151} Compound (85-6) can then be reduced in the presence of an appropriate
metal catalyst and hydrogen to furnish compound of (85-7). The reaction is typically
conducted in the presence of a catalyst like 10% palladium on carbon and a solvent such
ethano! or ethyl acetate. When the reaction is substantially complete, the solid is filtered
off and the filtrate is concentrated under vacuum. The reaction mixture can be
partitioned between an aqueous phase and an organic phase. The aqueous phase is
discarded, and the organic phase is purified by chromatography on silica gel. It should
be noted that the compound (S5-7) can also be made directly from compounds (S35-5)
using methodology readily available to those skilled in the art.

Step 7: Preparation of (S5-8)

[00152] Compound (S5-8) can then be prepared from (85-5) by treating with a
fluorinating agent such as DAST in inert solvent toward electrophilic fluorination such

as dicloromethane at appropriate temperature from 0°C to rt.

Step 8: Preparation of (85-9)

[00153] Compound (S5-9) can then be prepared from (S5-8) by treating with a
cyanide such as NaCN, KCN or CuCN in polar solvent such as water, acetonitrile, DMF.
THF, dioxane or mixed solvent system if necessary and at appropriate temperature from

0°C to elevated temperature desirably at rt,
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Alternative method for the preparation of (S5-5)

Step 9: Preparation of (85-10)

[00154] Compound (S5-4) can be hydrolyzed to give the carboxylic acid (§5-10)
by treating with LiOH, NaOH or KOH in water and polar solvent such as MeOH, EtOH,.
THEF, dioxane or mixed solvent system if necessary and at appropriate temperature from

1t to elevated temperature,

Step 10: Preparation of (S5-11)

[00155] Compound (S5-11) can be obtained from the carboxylic acid (S5-10) by
treating with N,O dimethyl hydroxyl amine hydrochloride, organo tert-amine and
appropriate coupling agent such as HATU, DCC or EDC in an appropriate solvent such
as DMF, THF, dioxane or dichloromethane and at appropriate temperature from rf to

elevated temperature.

Step 11: Preparation of (§5-12)

[60156] Compound {85-12) c¢an be obtained from (85-11) by protecting NH on
the benzimidazole with BocyO in the presence of organo tert-amine and DMAP if

necessary at rt.

Step 12 and 13: Preparation of (§5-5)

[60157) Compound (85-12) was sequencially treated with organi lithium reagent
Or organ® magnesium reagent in an appropriate solvent such as hexane, THF, diethyl
ether, dioxane or dichloromethane at lower temperature to rt to install two same or
different R* onto the tert alchol. The protecting group on the N of benzimidazole falls
off during the reaction in some cases. But the product has to be treated with TFA to

remove Boc if it stays.
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Alternative method for the preparation of ( S5-2)

[00158]

NR = NH or NBoc

When the phenyl ring is mono-fluorinated at R% or R position,

compound (S5-15) can be prepared from ($5-14) in a similar manner as that described in

Scheme 1, Step 1. And then, the compound (S5-15) can be nitrated under conditions
generating NO*" to afford (85-2, R® or R is F).

R20 Scheme 1

step 1

(35-14)
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Alternative method for the preparation of (S 5-13)

[00159] The compound (S5-13) can be prepared from (85-16) by means of
lithiation using appropriate strong base such as BulLi, sec-Buli or tert-Buli at lower
temperature such as -78°C in appropriate solvent such as hexane, THF or diethyl ether,

Generated lithium intermediate can be frapped with carbonyl derivative such as Wienreb
amide to give (S5-13).

r/\1~o N-O
RENASR™  n.Buli rre 2 =
THF
-78C
———————e S
BOC%N}—— [ \O BDC‘-N : 0
=N N =N R®
R5 \FO 5>~‘
Q20 R
(S5-16) (S5-13)

Alternative method for the preparation of (S§5-13)

[00160] When R* on (S5-13) is a saturated ring system, the present keton can be
prepared from the compound (S5-11) in 3 steps sequence.

/ R1b / R1b / R1b
UAH4
BocxN Boc=N Boc_N

(85-11) (S56-17) (35-13}
N-O
R1a / P R1b
[Of
BOCNN 0
}«;N RZO
R5
(S5-13)

Step 1: Preparation of (§5-17)

[00161] The compound (85-11) is reduced by an appropriate reducing agent such
as LAH to give compound ($5-17).
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Step 2: Preparation of (55-18)

[00162] A saturated ring precursor can be treated with tert-butylhydroperoxide to
generate radical intermediate (in case the ring prescursor is a cyclic ether) or strong base
such as LDA to generate lithium enorate intermediate (in case the ring system is a cyclic
ketone) in an appropriate solvent. The intermediate can react with the compound (85-17)
to give the alcohol (85-18).

Step 3: Preparation of (S5-13)

[00163] The alcohol (S5-18) can be oxidized by an appropriate oxidizer such as

Dess-Martin reagent in an appropriate solvent such as dichloromethane or chloroform to

give (S85-13).

Scheme 6

[00164] Scheme 6 describes an exemplary method of preparing compounds of
Formula (Id) wherein R!® R and R? are as described for compounds of Formula (I},
and R” is alkyl or hetero%.lkyl, cach of which may be optionally as described for

corapounds of Formula (Id).

N-O N-0 N-O
R‘ia / 7 R1b Rla 4 S R1b O R’Ia ! s R'lb
R5JLX
H,N ! HoN R® HN R3
NHZ NH2 )*':'N
R5
(S1-4) (S6-1) (i)
Step 1; Preparation of Formula (56-1)
[00165] Compound (S6-1) can be prepared by Suzuki coupling of a compound

(S1-4) to a boronic acid as deseribed in Scheme 1, Step 3.
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Step 2: Preparation of (Id)

[00166} A substituted acyl halide (RSC(O)X wherein X is a halide, e.g. Cl, and R’
is alkyl or heteroalkyl, each of which may be optionally as described for compounds of
Formula (1)) is then reacted with compound (56-1) in an appropriate solvent for 1-5
hours at room temperature to form an acylated intermediate. Appropriate solvents
include basic organic solvents such as pyridine, It is understood that in place of an acyl
chloride, other appropriate acylating reagents may be used, such as acyl bromides or acid
anhydrides. Other acylation strategies, such as peptide coupling, can also be used to form
such an acylated intermediate. When the reaction is sufficiently complete, solvent is
removed urider reduced pressure and crude. acylated intermediate is taken up into an
appropriate acidic solvent such as glacial acetic acid. Strong acid, such as trifluoroacetic
acid, may then be added and the reaction mixture is stirred at refluxing temperature for
12-18 hours. When the reaction is substantially complete, the reaction mixture is
subjected to neutralization of acidic solvent followed by extraction, and purified by
reverse phase high-performance liquid chromatography, eluting with an appropriate

solvent mixture such as acetonitrile and water, to isolate compound (Id).
Scheme 7

[00167] Scheme 7 describes an exemplary method of preparing compounds of
Formula (S7-4) wherein R', R'®, are as described for compounds of Formula () and R*

is an optionally substituted alkyl as described for compounds of Formula (I}
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Step 1:. Preparation of (87-1)
[00168] Compound (S7-1) wherein may be prepared by alkylating the compound

(S1-3) with R*-X, wherein R** is.an optionally substituted alkyl as defined for
compounds of Formula (I) and X is an appropriate leaving group, e.g. iodo or triflate, in.
a suitable organic solvent such as dimethylformamide in presence of a suitable base such
as cesium carbonate. The starting materials are combined and allowed to react for 30
minutes to 5 hours. When the reaction is substantially complete, the compound of (S7-1)
is isolated by conventional means, such as by extraction, and purified by

chromatography on silica gel.

Step 2: Preparation of (S7-2)

[00169] The nitro group of compound (S7-1) can then have reduced in the
presence of an appropriate reducing agent, for example, stannous chloride, in an
appropriate solvent, including alcoholic solvents such as ethanol. The starting materials
are combined and brought to an elevated temperature such as 50 to 100 °C, and kept at

an elevated temperature for 3 to 10 hours, When the reaction is substantially complete,
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the compound of (S7-2) is isolated by conventional means, such as by extraction, and

purified by chromatography on silica gel.

Step 3: Preparation of (S7-3)

[00170] An appropriately substituted acyl chloride with substituent R’ , as defined
in the specification for compounds of Formula (1), is then reacted with the compound
(87-2) in an appropriate solvent, and allowed to react for a period of time such as 1-5
hours at a temperature near room temperature to form an acylated intermediate.
Appropriate solvents include basic organic solvents such as Pyridine. It should be
understood that in place of an acyl chloride, other appropriate acylating reagents may be
used, such as acyl bromides or acid anhydrides. When reaction is sufficiently complete,
solvent is removed under reduced pressure, and crude acylated intermediate is taken up
into an appropriate acidic solvent, such as glacial acetic acid. Strong acid, such as
concentrated hydrochloric acid, may then be added, and the reaction mixture is stirred at
refluxing temperature for 12-18 hours. When the reaction is substantially complete, the
compound (S7-3) is isolated by conventional means, such as by neutralization of acidic
solvent followed by extraction, and either used without further purification or purified by

chromatography on silica gel.

Step 4 — Preparation of (S7-4)

[00171] The compound ($7-4) can be prepared by Suzuki coupling of compound
(87-3) to commercially available boronic acid shown above in the presence of'a base. As
shown above, boronic acid is substituted with carbon-linked aryl or heteroaryl R? as
defined in the specification for compounds of Formula (I). It should be understood that
borenate esters, or other appropriate boron complexes (i.e. -BF;K salts, etc.) may also be
used in place of a boronic acid. Suitable catalysts may include palladium catalysts, such
as (1,3-bis(2,6-diisopropy]phenyl)imidazolidene)(3 -chloropyridyl) palladium(1I)
dichloride (Peppsi-iPr). Suitable bases may include, for example, cesium carbonate or
1,8-diazobicycloundec-7-ene. Suitable solvents nay include a combination of organic
solvents and water, including, for example, 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 room temperature. The
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reaction mixture can be partitioned between an aqueous phase and an organic phase.
The aqueous phase is discarded, and the crganic 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 acefonitrile and
water, to isolate compound (xiii). Alternatively, the compound (xiii) may be purified by

other conventional means, such as silica gel chromato graphy or recrystallization.
Scheme 8

j00172] Scheme 8 describes an exemplary method of preparing compounds of

Formula (S8-1) wherein R R R?and R* axe as described for compounds of Formula

®-

"N-O N-O

Ria [ 2 R1b Ra ria [ Rib
" N==S
HoN R?® HN R®
NH, Y=N
HN
N
Ra
(86-1) {S8-1)
[00173] An isothiocyanate substituted with substituent R as defined in this

Scheme, is reacted with compound (36-1) in an appropriate solvent, such as
tetrahydrofuran, in presence of an appropriate base, such as triethylamine, fori-5 hours
at 50 to 100 °C, at which point an activating carbodiimide such as 1-ethyl-3-(3-
dimethylaminopropyl)carbediimide hydrogen chloride is added and the reaction is
allowed to continue for an additional 1-5 hours. When the reaction is substantially
complete, the solvent is removed under reduced pressure and the crude residue is
purified by reverse phase high-performance liquid chromatography, eluting with an

appropriate solvent mixture such as acetonitrile and water, to isolate compound (S8-1).
Scheme 9

[00174] Scheme 9 describes an exemplary method of preparing compounds of

Formula (§9-1) wherein R'%, R, R and R® are as described for compounds of Formula

D-
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(S5-1) (59-1)

[00175] An orthocarbonate C(OR™), (wherein R is described above, e.g. alkyl,
haloalkyl) is reacted with compound (85-1) either neat or in the presence of an
appropriate acid, such as acetic acid, and allowed to react for 30 minutes to 18 hours 25
to 150 °C. When the reaction is substantially complete, the solvent is removed under
reduced pressure and the crude residue is purified by reverse phase high-performance
liquid chromatography, eluting with an appropriate solvent mixture such as acetonitrile
and water, or by conventional means such as silica gel chromatography, to isolate

compound (59-1).
Scheme 10

160176] Scheme 10 describes an exemplary method of preparing compounds of
Formula (810-3) wherein R", R'®, R® and R* are as described for compounds of Formula

(D.
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N-O N-O _ N-O
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BrCN Re
——— ————nr -
HaoN ! HN | HN |
HoN HI\}S,/O
{51-4) (S10-1) re” O
(S10-2)
HO, :
B-R?
HO
l}l—O
RlaN\# R
HN R
=N
HN 0
R O
(510-3)

Step 1: Preparation of (§10-1)

[00177] Compound (S1-4) in an appropriate solvent mixture such as ethanol,
acetonitrile, and water, with an appropriate base, such as sodium bicarbonate, is cooled
to a low temperature such as 0 °C. An appropriate cyanogen halide, such as cyanogen
bromide, shown, is added to the reaction mixture and the reaction mixture is allowed to
wartn to room temperature and to react for 12-18 hours. When the reaction is
substantially complete, ethanol is added, the reaction mixture is filtered, solvents are
removed under vacuum, and the crude residue is purified by conventional means such as

silica gel chromatography, to isolate compound of ($10-1).

Step 2: Preparation of (810-2)

[00178] Compound of (S10-1) is combined in an appropriate solvent, such as
tetrahydrofuran, with an appropriate base, such as triethylamine. An appropriate
suifonylating reagent, such as cyclopropanesulfony] chloride, is added to the reaction

mixture and the reaction is allowed to react for-a time of 12 to 18 hours. When the
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reaction is substantially complete, the reaction mixture may be isolated by conventional
means, such as extraction followed by removal of organic solvents, and the crude residue
is purified by conventional means such as silica gel chromatography, to isolate

compound of (S10-2).

Step 3. Preparation of (S10-3)

[00179] The compound ($10-3) can be prepared by Suziki coupling of a

compound (S10-2) to a substituted boronic acid, as described in Scheme 1 above,
Scheme 11

[66180] Scherae 11 describes an exemplary method of preparing compound (S11-

7) wherein R*is as described for compounds of Formula (D).

Br Br Br
O
S U o W o T
NO, NO, /\© NO» HiN
(811-1) (511-2)
N-Q N-O
/ P i i
—_— —_— —_—
.. 1.0
&0 -
NO2 HN NH, HND
(S11-3) Q (S11-4)
N--Q ) -0O s
i
s P RE_N/
—— T~ B
: Q
N, n.0
O,N §7° HaN g7

NH, Hi NH, HN

>..
(811-5) O (511-6) D A (311-7)1:>

Step 1: Preparation of Formula (S11-1)

[06181] Compound (S11-1) can be prepared by coupling commercially available
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benzyl mercaptan to commercially available 4-bromo-2-fluoro-1-nitrobenzene in the
presence of a base such as cesium carbonate. The reaction is carried out in an appropriate
solvent, such as dimethylformamide (DMF), at a temperature of from 0 °C to RT for
about 2 hours. When the reaction is substantially complete, the product (S11-1) is
isolated by conventional means, such as by extraction, followed by purification by
chromatography of the residue on silica gel. Alternatively, the compound (S11-1) may

be used in the next step without purification.

Step 2: Preparation of Formula (S11-2)

{00182} Compound ($11-1) can then be oxidized in the presence of an
appropriately substituted haloimidazolidine-2,4-dione compound, for example, 1,3-
dichloro-5,5-dimethylimidazolidine-2,4-dione. The reaction is typically conducted in
the presence of an acid in an appropriate solvent. Suitable acids may include, for
example, acetic acid. Suitable solvents may include a combination of solvents,
including, for example, acetonitrile and water. The reaction was conducted at 0°C and
then was allowed to warm to room temperature and stirred for 1 hour before being
partitioned between brine and ethyl acetate. The organic layer was dried uvsing sodium
sulfate and evaporated. The crude sulfonyl chloride was used without further

purification in the next step.

Step 3: Preparation of (S11-3)

[60183] The compound (S11-2) can then be used in a Suzuki coupling reaction

with a boronate ester, as described in Scheme 1, Step 1.

Step 4: Preparation of (811-4)

[00184] Compound (S11-3) can be dissolved in solvent such as HOAc and
reduced with Zn powder at RT. After stirring for about 25 min, the Zn powder is filtered
off. Volatiles are removed and the crude aniline in taken up in AcOEt, washed with

carbonate solution, and purified by chromatography on silica gel to afford (S11 -5).

Step 5: Preparation of ($11-5)

[00185] Compound {S11-4) can be nitrated using NO,BF4 in solvents like

DCM/acetonitrile. The reaction is conducted at 0 °C and then the temperature is slowly
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raised to RT overnight, The solvent is then evaporated, the residue was dissolved in
EtOAc, washed with sat. NaFHCO; solution. The organic solvent is then evaporated and
purified with chromatography on silica gel to afford (S11-5).

Step 6: Preparation of (S11-6)

[00186] Compound (S11-5) can be reduced using catalytic hydrogenation. The
reaction can be conducted in solvent such as MeOH and catalyst used was Pd (10% on
carbon). The reaction is completed in 2h at RT. The reaction mixture is filtered and

solvent is evaporated. The residue is then purified with chromatography on silica gel to
afford (S11-6).

Step 7t Preparation of (S11-7)

[00187] [0108] Compound (S11-6) can be reacted with an isothiocyanate
derivative. The reaction can be conducted in solvent such as THF in the presence of base
such as triethylamine, The reaction is heated to about 80 °C for 3-5h before 1-ethyl-3-
(3-dimethylaminopropyl)-carbodiimide hydrogen chloride is added and heated at 80 °C
for 30 mins. The solvent is then evaporated. The residue is then purified with prep-
HPLC to afford (§11-7).

Scheme 12

[00188] Scheme 12 describes an exemplary method of preparing compounds of

Formula (12-1) wherein R’ is as described for compounds of Formula (T),

N-O L
i/ O
Y RS Z
OH
0 - 0
HN §° HN 5°°
NH, HN =N HN
O <D
(S11-6) (512-1)
Preparation of ($12-1)
[00189] Compound (S11-6) can be reacted with a substituted carboxylic acid as

described in Scheme 1, Alternative Step 4, to afford (S12-1),
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Scheme'13

[00190] Scheme 13 describes an exemplary method of preparing compounds of
Formula (13-2) wherein R* is as described for compounds of Formula (I).

N-O f;’ ~-Q

i P P /
9,0

(811-6) (813-1} {513-2)

Step 1: Prepatafion of (§13-1)

[00191] Compound (S11-6) can be reacted with 1,1 "thiocarbonyldiimidazole in a
solvent such as DMF. The reaction is conducted at temperature of 90 °C overnight
before the solvent is evaporated. The residue is then purified with prep-HPLC to afford
(813-1). ‘

Step 2: Preparation of ($13-2)

[00192] Compound (S13-1) can be reacted with an iodide derivative (e.g. an
optionally substituted alkyl iodide) in solvent such as EtOH in the presence of base such
as KOH. The reaction is conducted at RT overnight before the solvent was evaporated.
The residue was then purified with prep-HPLC to afford (S13-2).

Scheme 14

[00193] Scheme 14 describes an exemplary method of preparing compounds of

Formula (14-1) wherein R® is as described for compounds of Formula (I).
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® ”
yZ I
O >
HN 520 Q.0
oD Se
0=8
R2

(S13-2) (S14-1)
Step 1: Preparation of (S14-1)
[00194] Compound (S13-2) can be reacted with 2,4,6-trichloro-1 ,3,5-triazine and

H>03 in a solvent such as acetonitrile. The reaction is conducted at RT overnight before
the solvent is evaporated. The residue is then purified with prep-HPLC to afford (S14-
1).

Scheme 15

[00195] Scheme 15 describes an exemplary method of preparing compounds of

Formula (15-1) wherein R? is as described for compounds of Formula (1).

N-Q
{
° 0
N_J BN
WD
0" e
{813-2) (815-1)
Preparation of (§15-1)
[00196] Compound (S13-2) can be reacted with mCPBA or H,05 1n solvent such

as DCM. The reaction is conducted at RT for 30 mins before the solvent is evaporated.

The residue is then purified with prep-HPLC to afford (815-1).

[00197] Compounds of Formula (I) also include the following:
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[00198] Compounds of Formula (I) also include the following:

N-O
P

O=%=0

and

100199 The following examples illustrate further aspects, and provide additional
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compounds of Formula (I).
Example 1

N—Cyclopentyl-z-(cyclopropylmethylamino)-64(3,5-dimethy1isoxazol-4-yl)-1H—
benzo[d]imidazole-4-sulfonamide (1020-1)

Step 1: Preparation of 1-bromo-3-benzylthio-4-nitrobenzene

HS
Br

Cs,CO3, DMF

F
NO,

Br
S

NO,
{00200] Benzyl mercaptan (2.36 g, 19 mmol) was added dropwise to a mixture of
1-bromo-3-fluoro-4-nitrobenzene (5 g, 19 mmol), cesium carbonate (7.87 g, 57 mmol) at
0 °C in DMF (25 ml) under nitrogen. The reaction mixture was allowed to warm to
room temperature, stirred for 2 hours and partitioned between ethyl acetate and water.
The organic phase was washed with brine (4x), dried with sodium sulfate and

concentrated. Crystallization from hot EtOAc afforded the pro&uct 1-bromo

Step 2; Preparation of 5_bromo-N-cyclopentyl-2-nitrobenzenesulfonamide

Cl~— )SL Br
Br 1. N

[00201] Solid 1,3-dichloro-5,5-dimethylimidazolidine-2,4-dione (1.21g,6.19
mmol) was added to an ice-cold suspension of the 1-bromo-3-benzylthio-4-nitrobenzene
(1 g, 3.09 mmol) in acetonitrile (25 mL), acetic acid (1 ml) and water (0.62 ml). The
clear sohition was allowed to warm to room temperature and stirred for 1 hour before
being partitioned between brine and ethyl acetate. The organic layer was dried using
sodium sulfate and evaporated. The crude sulfonyl chloride (rf = 0.23 in 9:1 hexanes/

ethyl acetate, starting material xf = 0.57) was used without further purification in the next
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step.

[00202] To a solution of cyclopentyl amine (0.52 g, 6.18 mmol) in pyridine (5 ml)
was added above sulfonyl chloride in DCM (5 mL) at 0 °C. The reaction was stirred at
room temperature for 15 minutes before being partitioned between brine and ethyl
acetate. The organic layer was washed with brine, dil. HCI and again brine, and dried
over sodium sulfate. Purification on silica gel (rf=0.33 in 9:1 hexanes/ ethyl acetate)
afforded the product 5-bromo-N-cyclopentyl-2-nitrobenzenesulfonamide as an off-white

powder.

Step 3: Preparation of N-cyclopentyl-5-( 3,5-dimethylisoxazol-4-yl}-2-

nitrobenzenesulfonamide
-0
PEPPSI-PT, Cs,C0, !
DME/H,0
o
1.0
B sf
QNO et
2HN ? NOziny
[00203] To a mixture of the 5-bromo-N-cyclopentyl-2-nitrobenzenesulfonamide

(1.394 g, 4 mmol), 3,5-dimethylisoxazole-4-boronic acid pinacol ester (1.78 g, 8 mmol),
PEPPSI™-IPr (Sigma-Aldrich Corporation) (0.271 g, 0.4 mmol) and cesium carbonate
(3.90 g, 12 mmol) under nitrogen were added. dimethoxyethane (20 mL) and water (10
mL). The reaction mixture was degassed with N» and then heated to 90 °C for 1 hour.
The mixture was partitioned between water and ethyl acetate, the organics concentrated
and purified by silica gel chromatography (gradient DCM to DCM/ethyl acetate=1/1) to
give the product N—cyclopentyI-S-(ES,5~dimethylisoxazoi—4-yl)~2~

nitrobenzenesulfonamide as a white powder.

Step 4: Preparation of 2-amino-N-cyclopentyl-5-(3,5-dimethvlisoxazol-4-

yDbenzenesulfonamide
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N-O N-O
w I 4
Zn, AcOH
._._—..)- 0
1,0 gﬂo
fos, NHz
[00204] The N-cyclopentyl—S-(3,S—dimethylisoxazol-él-yl)-Z-

nitrobenzenesutfonamide (1.27 g, 3.5 mmol) was dissolved in AcOH with stirring and
Zn powder (20 g) added in portions (5%, in 5 min intervals) at RT. After stirring for 25
min., the Zn powder was filtered off. Volatiles were removed and the crude aniline taken
up in BtOAc, washed 4x with aq. carbonate solution, and purified by column
chromatography { rf = 0.2, hexane/EtOAc : 1/1) to afford 2-amino-N-cyclopentyl-5-(3,3-

dimethylisoxazol-4-yl)benzenesulfonamide as a white powder.

Step 5: Preparation of 2 .amino-3-bromo-N-cyclopentyl-5-( 1.5-dimethylisoxazol-4-

yl)benzenesulfonamide

/ /
H,O 9

NH, HN NH, HN

[00205] The 2-amino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-
yl)benzenesulfonamide (0.26g, 0.763 mmol) was taken up in DMF (5 ml) and cooled to
0 °C. NBS (0.136 g, 0.763 mmol) was added and stirred for 10 min at 0 °C followed by
20 min at RT. The solution was diluted with EtOAc¢ (20 ml) and washed 5x with brine.
The product (rf= 0.5, hexane/ EtOAc = 1/1) was purified by CC (loaded in DCM,
gradient hexane to hexane/EtOAc = 1/1) to afford 2-amino-3-bromo-N-cyclopentyl-5-

(3,5-dimethylisoxazol-4«y1)benzencsulfonamide as a white powder.

Step 6: Preparation __of 2_amino-N-cyclopentyl-5-( 3 5-dimethylisoxazol-4-

vi}benzenesulfonamide

92



WO 2014/182929 PCT/US2014/037344

N-O N-O
! P /i P
PA/C, H,
Q 0
NH HN. : NHzp0
[00206] The 2-amino-3-bromo-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-

yDbenzenesulfonamide (4g) was dissolved in MeOH (150 ml) and DCM (10 mL). To the
solution was added Pd/C (2g, 10% on carbon) and the flask was charged with H, . The
teaction was completed overnight. The reaction mixture was filtered and thesolvent was
evaporated. The residue was purified by silica gel column chromatography (0-70%
EtOAc/Hexane) to afford 2-amino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-

yl)benzenesulfonamide.
Step 7: Preparation of 2-amino-N-cyclopentyl-5-
nitrobenzenesulfonamide
l}l—O /—0
Y NO,BF, %
—— -
DCM o
570 0.N 7

NHHN NHZN_ :

[00207] The 2-amino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-

yl)benzenesulfonamide (336mg, 1mmol)) was dissolved in DCM/acefonitrile (15/15 ml).
To the solution was added NO,BF, (1.4 mmol, 2.8 mL(0.5M)) at 0 °C. The temperature
was slowly raised to RT. Reaction completed about 30% after 1h. To the solution was
added 0.1eq of NO;BF, The reaction completed about 50% after 3h. To the solution was
added another 0.2 eq of NO,BF, and stirred é.t RT overnight. The solvent was then
evaporated, the residue was dissolved in EtOAc¢, washed with sat. NaHCO; solution. The
organic solvent was then evaporated and purified with silica gel column chromatography
(0-60% EtOAc/Hexane) to afford 2-amino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-yi)-

3-nitrobenzenesulfonamide.
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Step 8: Preparation of 2.3-diaming-N-cyclopentyl-5-(3.5 -dimethvlisoxazol-4-

yhb enzenesulfonamide

[60208] The 2-amino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-y1)-3-
nitrobenzenesulfonamide (400mg) was dissolved in MeOH (20 mi). To the solution was
added P&/C (200 mg,10% on carbon} and then placed under a hydrogen atmosphere
while stirring. When the reaction was completed the mixture was filtered and the solvent
was evaporated. The residue was then purified by silica gel column chromatography (0-
20% MeOH/DCM) to afford 2,3-diamino-N-cyclopentyl-5 -(3,5~-dimethylisoxazol-4-

yl)benzenesulfonamide.

H,N S THF, NEt,, 80°C
SEASR

[00209] 2,3-diamino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-
yl)benzenesulfonamide (20 mg, 0.06 mmol) was dissolved in THF (1 mL) and to this
solution was added cyclopropylmethyl isothiocyanate (8 mg, 0.07 mmol) and
triethylamine (84 pL). The reaction was heated at 80 °C overnight before 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrogen chloride (13 mg, 0.07 mmol) was added
and heated at 80 °C for 2h. The solvent was then evaporated under vacuum and the

residue was purified by preparative HPLC (0-100% CH5CN/H;0) to afford N-
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cyclopentyl-2—(cyclopropylmethylamino)ﬁ-(3,S-dimemylisoxazol-tl-yl)-IH-

benzo[d]imidazole-4-sulfonamide.

[00210] CaiHzN5058. 430.2 (M+1). 'H NMR (400MHz, CD;0D) 5 7.65 (s, 1H),
754 (s, 1HD), 3.66-3.57 (m, 3H), 2.38(s, 3H), 2.25 (s, 3H), 2.00-1.51 (m, 4 H), 1.49-1.39
(m, 4H), 0.84-0.80 (m, 1H), 0.32-0.27 (m, 2H), 0.08-0.05 (m, 2H).

Example 2

N-Cyclopentyl-6-(3 ,3-dimethylisoxazol-4-y1)-2-(3 -methoxypropylamino)-1H-
benzofd]imidazole-4-sulfonamide (1020-2)

/ EDC

v

[00211] 2,3-diamino-N-cyclopentyl-S-(3,5—dimethy1isoxazo]-4~
yDbenzenesulfonamide (25 mg, 0.07 mmol) (see Example 1, Step 8) was dissolved in
THF (1 mL). To the solution was added 3-methoxypropyl isothiocyanate (11 mg, 0.09
mmol) and triethylamine (300 uL). The reaction was heated at 80 °C for 4h before 1-
cthyl-3-(3-dimethylaminopropyl)-carbodiimide hydrogen chloride (16 mg, 0.08 mmol)
was added and heated at 80 °C for 30 mins. The solvent was then evaporated under
vacuum and the residue was purified with preparative HPLC (0-100% CH;CN/H,0) to
afford N-cyclopentyl-6-(3,5 -dimethylisoxazol—4-yI)-Z-(3-methoxypropy]amino)—1H-

benzo[d]imidazole-4-sulfonamide.

[00212] CaiHzoN;04S. 448.2 (M+1). 'H NMR (400MHz, CD;0D) 5 7.56 (s, 1H),
753 (s, 1H), 3.66-3.57 (m, 5H), 3.38 (5, 3H), 2.44 (s, 3H), 2.27 (s, 3H), 2.26-2.10 (m,
2H), 2.00-1.51 (m, 4 H), 1.49-1.39 (m, 4H).
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Example 3

N—Cyclopentyl-ﬁ—@,5-dimethylisoxazol—tl—yl)-Z—mercapto-1H-benzo[d]imidazole-4—
sulfonamide (1020-3)

N-Q S N-O
! 7 /”\ 0 / o
<¢‘N Ny
= =
0 o
HN %’/o HN gpo
NHz HN =N N
O w0
[00213] 2,3-diammo-N—cyclopentyl-S—(S,S-diinethylisoxazol-ﬁi-

yl)benzenesulfonamide (40 meg, 0.12 mmol) was dissolved in DMF (2 mL). To the
solution was added 1,1-Thiocarbonyldiimidazole (43 mg, 0.24 mmol). The reaction was
heated at 90-°C overnight before being evaporated under vacuum. The residue was
purified by preparative HPLC (0-100% CH3CN/H2O0) to afford N-cyclopentyl-6-(3,5-

dimethylisoxazol-4-yl)-2-mercapto-1H-b enzo[dJimidazole-4-sulfonamide.

[00214] C17H20N40382. 393.1 (M+1). 'H NMR (400MHz, CD;0D) 8 7.66 (s,
1H), 7.36 (5, 1H), 3.75-3.55 (m, 1H), 2.32 (5, 3H), 2.28 (5, 3H), 2.09-1.85 (m, 4 H), 1.64-
1.47 (m, 4H).

Example 4

N—Cyclopentyl-6—(3,S-dimethylisoxazol—4‘y1)~2—(methylthio)—1H—-benzo[d]imidazole-tl—
sulfonamide (1020-4)

N-O

{ 2

=z
N\

Mel, KOH

PE——

o

0]
L0
g* ”40

HN HN
>N HN N uN
W0 £ L
: \
[00215] N-cyclopentyl—G-(S,S-dimethylisoxazol-4-yl)-2-mercapto~IH-

benzo[d]imidazole-4-sulfonamide (12 mg, 0.03 mmol) was dissolved in EtOH (2 mL).
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To the solution was added methyliodide (5 mg, 0.037 mmol) and KOH (2.5mg, 0.045
mmol). The reaction was stirred overnight before being evaporated under vacuum. The
residue was purified by preparative HPLC (0-100% CH3CN/H20) to afford N-
cyclopentyl-6-(3,5-dim ethylisoxazol-4-yl)-2~(methylthio)- 1H-benzofd]imidazole-4-

sulfonamide.

[00216] C1gH2N;038,. 407.0 (MH+1). 'H NMR (400MHz, CD;0D) § 7.54 (s,
1H), 735 (s, 1H), 3.62-3.48 (m, 1H), 2.58 (s, 3H), 2.33 (s, 3H), 2.27 (s, 3H), 2.07-1.88
(m, 4 H), 1.68-1.45 (m, 4H).

Example 5

N—Cyclopentyl-6~(3,S-dimethylisoxazol-4-y1)-2-(methylsulﬁny1)-1H-benzo[d]imidazole-
4-sulfonamide (1020-5)

N-O : N-O
// - / Lz
H;0,
0 Cl._N.__Cl o
g 1.0
HN s7° ) HN s
N N N‘ﬁ/” =N HN
S O Ci 08, \O
\
[006217] N-cyclopentyl-6-(3 »>-dimethylisoxazol-4-yl) -2-(methylthio)-1H-

benzo[d]imidazole-4-sulfonamide (3.4 mg, 0.008 mmol} was dissolved in CH3CN (1
mL). To the solution was added 2,4,6-trichloro-1,3,5-triazine (1.5 mg, 0.008 mmol) and
H>O2 (0.2 mL, 30% in water). The reaction was stirred overnight before being
evaporated under vacuum. The residue was purified by preparative HPLC (0-100%
CH3CN/H20) to afford N—cyclopentyl—ﬁ—(3,S-dimethylisoxazol-4~yl)~2-
{(methylsulfinyl)-1H-benzo[d]imidazole-4-sulfonamide.

[00218] C15HN,048,. 423.0 (M+1). 'H NMR (400MHz, CD;0D) 5 7.68 (s,
1H), 7.42 (s, 1H), 3.71-3.52 (m, 1H), 2.98 (s, 3H), 2.34 (s, 3H), 2.29 (s, 3H), 2.11-1.92
(m, 4 H), 1.72-1.44 (m, 4H),
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Example 6

N-Cyclopentyl-6-(3 ,‘5-dimethylisoxazol—ﬁf-yl)-Z—(methylsulfonyl)-lH-
benzo[d]imidazole-4-sulfonamide (1020-6) '

N-O N-O
! - { =
mCPBA, H,0,
o) C
- It.0
HN $,o HN §”
S>; N HN O*SF N HN@
\ \Q 0"\
[00219] N-cyclopentyl-6-(3,5 -dimethylisoxazol-4-yl)-2-(methylsulfinyt)-1H-

benzo|[d]imidazole-4-sulfonamide (3.4 mg, 0.008 mmol) was dissolved in DCM (1 mL).
To the solution was added mCPBA (2.6 mg, 0.015 mmol) and H;0, (1 mL, 30% in
water). The reaction was stirred for 30 mins before being evaporated under vacuum. The
residue was purified by preparative HPLC (0-100% CH3CN/H,0) to afford N-
cyclopentyl—é-(?:,5—dimethylisoxazol-4-y1)-2-_(methyisulfony1)-1H-benzo[d]imidazole—4—

sulfonamide.

[00220] C1sHzNs05S;. 439.0 (M+1). 'H NMR (400MHz, CD;0D) § 7.91 (s,

1), 7.85 (s, 1H), 3.72-3.64 (m, TH), 3.49 (s, 3H), 2.46 (s, 3H), 2.30 (s, 3H), 1.64-1.60
(m, 4 H), 1.45-1.29 (m, 4H).

Example 7

N-Cyclopentyl-6-(3 5-dimethylisoxazol-4-y1)-2-(trifluoromethyl)-1H-
benzo[d]imidazole-4-sulfonamide (1020-7)

-0
) O
7 F>H!\ &
CH
F F
0 * O
.0 .0
HoN §” HN 8
NH2 N 7N HN
@ SIS
[00221] 2,3—diamino—N~cyclopenty1—5~(3,5-dimethylisoxazol-4-
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yl)benzenesulfonamide (20 mg, 0.06 mmol) was dissolved in 4N HCI (2mL). To the
solution was added trifluoroacetic acid (65 mg, 0.6 mmol). The reaction was refluxed
overnight before being evaporated under vacuum. The residue was purified by
preparative HPLC (0-100% CH3CN/H20) to afford N-cyclopentyl-6-(3,5-
dimethylisoxazol-4-y1)-2-(trifluoromethyl)-1 H-benzo[djimidazole-4-sulfonamide.

[00222] CISEI19F3N403S. 429.0 (M+1). 1H NMR (400MHz, CD30D) & 7.51
(s, 1H), 7.45 (s, 1H), 3.62-3.52 (m, 1H), 2.4 (s, 3H), 2.31 (5, 3H), 1.68-1.52 (m, 4 H),
1.42-1.25 (m, 4H).

Example 8

4-(2-Cyclopropy1-4—(3,5—dimethyl-1H—pyrazol-4—y1)—1H-benzo[d]imidazol—6—y1)-3,5~-
dimethylisoxazole (1020-8)

Step 1: Preparation of 4-( 3.5-dimethylpyrazol-4-y1)-2-nitroaniline

0, =N
B ‘ 0
5 &0 4
Br
0 N: i
O=N PEPPSI-IPr, Cs,C0, N

N

y

H2
DME/H,0, M.W., 120°C

[00223] Starting material 4-bromo-2-nitroaniline (1 g, 4.6 mmol) and 3,5-
dimethylisoxazole-4-boronic acid pinacol ester (2 g, 9.2 mmol) was added to a solvent
mixture of 1,2-dimethoxyethane (12 ml) and water (6 m1). To the above mixture were
added PEPPSI-IPr (312mg, 0.46 mmol) and Cs;CO; (4.5g, 13.8 mmol). The reaction
mixture was heated at 120°C for 30 mins. The reaction mixture was then diluted with
EtGAc (100 ml), washed with bring (50 mL X 2). The organic solvent was evaporated
and the residue was dissolved in DCM and purified with silica gel chromatography
(product came out at 50% EtOAc/Hexane) to afford 4-(3,5-dimethylpyrazol-4-y1)-2-

nitroaniline as a vellow solid.
[100224] CrH N3 05, 234.3 (M+1).

Step 2: Preparation of 4-( 3.5-dimethylisoxazol-4-y1)-2-iodo-6-nitroaniline
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O-N
9
lo, AGNO3
—_——
EtOH ON |
NH,
100225] Starting material compound 4-(3,5-dhnethylpyrazol—4—y1)-2-nitroani1ine

(1g, 4.6 mmol) was added to EtOH (50 ml), to the mixture were added I (1.4g, 5.5
mmol) and AgNQ; (0.94g, 5.5 mmol). The reaction mixture was stirred at RT overmight.
The solvent was evaporated and then the residue was dissolved in EtOAc (50 ml) and
washed with brine (30 mL X 2). The organics were evaporated and the residue was
dissolved in DCM and purified by silica gel column chromatography (product came out
at 35% EtOAc/Hexane) to afford 4-(3,5—din13ﬂ1y1isoxazol—4—y1)-2-iodo—6-nitroanﬂine as

an orange solid.
[00226] CyiHioIN;0s. 360.2 (M+1).

Step 3: Preparation of 5-( 3 5-dimethylisoxazol-4-vl)-3-iodobenzene-1,2-diamine

O—b{l O-N
N SnCly N
—_—
EtOH, 75°C
0N 1 H,N I
NH, NH,
[00227] 4-(3,5-dimethylisoxazol-4-yl)-2-iodo-6-nitroaniline (0.9g, 2.5 mmol} was

added to BtOH (50 ml), fo the mixture were added SnClh (2.4g, 12.5 mmol). The
reaction mixture was stirred at 75 °C for 7h. The solvent was evaporated and then the
residue was dissolved in EtOAc (100 ml) and washed with 1N NaOH (100 mL X 3). The
organic solvent was evaporated and the residue was dissolved in DCM and purified with
silica gel column chromatography (product came out at 60% EtOAc/Hexane) to afford 5-
(3,5-dime‘rhy1isoxazol-4—yl)—3.—iodobenzene-1,2—diamine as a brown solid,

[00228] C11H12IN30 330.1 (M+1). 1H NMR (400 MHz, CD30D) 8.2.21 (s,
3H), 2.39 (s, 3H), 7.16 (d, 1H), 7.62 (4, 1H),
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Step 4: Preparation of 4-( 2—cvclonronvl—4-iodo—1H—benzo[d]imidazol-6-v1)-3,5-
dimethylisoxazole

0-N o) p-N
\ 2
X > e HC!
Cl - L
Pyr CH3COOH, 100°C
HN |
H,N I =N
NH, J
100229] 5-(3,5-dimethylisoxazol-4-y1)-3 -todobenzene-1,2-diamine (0.92g, 2.8

mmol) was dissolved in pyridine (10 ml), to the solution was added cyclopropyl
carbonyl chloride (0.29g, 2.8 mmol). The reaction was stirred at RT for 3h before
solvent was evaporated. The residue was dissolved in acetic acid (5 ml) and to the
solution was added hydrogen chloride (1 ml). The reaction mixture was then heated at
100 °C overnight. The acid was then cvaporated under reduced pressure and the residue
was dissolved in DCM and purified by silica gel column chromatography (product came
out at 70% EtOAc/Hexane) to afford product 4-(2-cyclopropyl-4-iodo-1H-

benzo[d]imidazol-6-y1)-3,5-dimethylisoxazoleas as a brown solid.
[00230] CisH 1IN0, 380.1 (M+1).

Step 5: Preparation of 4-( 2-gyclopropyl-4-(3,5-dimethvl-1 H-pvrazol-4-vl)-1H-

benzofd]imidazol-6-y1)-3.5-dimethvlisoxazole

HN | I HN N
N PEPPSI-IPr, Cs,CO; N NH
DME/H,0, M.W. 120°C
[00231] 3,5-dimethylpyrazole-4-boronic acid, pinacol ester (29 mg, 0.13 mmol)

was added to a solution of 4—(2-cy010propy1~4-iodo—1Hmbenzo[d]imidazol-ﬁ—yl)~3,5-
dimethylisoxazole (25 mg, 0.066 mmol) in 1,2~-dimethoxyethane and water (2/1 ml}. To
the mixture was added cesium carbonate (65 mg, 0.2 mmol) and PEPPSI-IPr (5 mg,

3
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0.0066 mmol). The reaction was put in microwave reactor and heated at 120 °C for 30
minutes before being evaporated under vacuum. The residue was purified by preparative
HPLC (0-100% CH3CN/H;0) to afford 4-(2-cyclopropy1-4-(3,5—dhnethy1—1H—pyrazol-4.—
yl)-1H-benzo[d}imidazol-6-y1)-3,5 -dimethylisoxazole.

[00232] CooHNsO. 3482 (M+1). 'H NMR (400MHz, CD;0D) § 7.56 (s, 1H),
7.32 (s, 1HD), 2.46 (s, 3H), 2.45-2.44 (m, 1H), 2.30 (s, 3H), 2.21 (s, 6H), 1.53-1.51 (m, 2
H), 1.41-1.39 (m, 2H).

Example 9

4.(2-Cyclopropyl-7-(2-methylpyridin-3-y1)-1 H-benzo[d)imidazol-5-yl)-3,5-
dimethylisoxazole (1020-9)

O-N
o HQ
H('.)’B -
> | '
N I N
<KLNH
[00233] To a 0.5 to 2 mL Smith process vial equipped with 2 stir bar was added 2-

methylpyridin-3-ylboronic acid (0.45 mmol, 62 mg), 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]hnidazol—6-y1)-3,S—dimethylisoxazo_le (37.9 mg, 0.1 mmol) (Example 8, Step 4),
potassium carbonate (0.90 mmol, 125 mg), and PEPPSI-IPr catalyst (0.01 mmol, 6.8mg).
The reaction vessel was capped with a rubber septum, evacuated and backfilled three
times with Ny, followed by the addition of 1,4-dioxane (0.4 mL) and water (0.1 mL). The
reaction mixture was then heated in a microwave reactor for 30 minutes at 130°C. The
organic layer was then removed by syringe, filtered, and directly injected for purification
by preparative reverse phase high performance liquid chromatography (Phenomenex
Gemini C18 column, 5% to 50% gradient acetonifrile in water with 0.1% TFA) to give
4-(2-cyclopropyl-7-(2-methylpyridin-3 -y1)-1H-benzo[d]imidazol-5-y1)-3,5-
dimethylisoxazole as a TFA salt.

[00234] CyHpoN4O. 345.2 (M+1). 1H NMR (400 Mz, CD30D) § 8.81 (dd, =
5.7, 1.5 Hz, 1H), 8.43 (dd, J=7.9, 1.5 Hz, 1H), 7.93 (dd, J= 7.8, 5.8 Hz, 1H), 7.70 (4,
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=14 Hz, 1H), 7.42 (4, /= 1.5 Hz, 1H), 2.62 (s, 3H), 2.47 (s, 3H), 2.45 — 2.34 (m, 1H),
2.31 (s, 3H), 1.53 - 1.42 (m, 2H), 139 — 1.31 (m, 2H),

Example 10
4-(Z—Cyclopropyl-7a(3-methy1pyridin~4—yl)-1H-benzo{d] imidazol-5-y1)-3,5-
dimethylisoxazole (1020-10)

0-N O-N
) HO N
Ho~ BN~ l
N
N I (o
JMH JNH N
[00235] 4-(2-cyclopropyl-7-(3 -methylpyridin-4-yl)-1 H-benzo|dlimidazol-5-y1)-

3,5-dimethylisoxazole (5.8 mg, 13%) was prepared as a TFA salt in a'manner similar to
that of Example 9 substitating 3-methylpyridin-4-ylboronic acid for 2-methylpyridin-3-

yiboronic acid.

[00236) CaiHyNeO. 345.2 (M+1). "H NMR (400 MHz, CD;0D)  8.77 (s, 1H),
8.68 (d, /= 5.6 Hz, 1H), 7.81 (d, 7= 5.5 Hz, 1H), 7.63 (d, /= 1.5 Hz, 1H), 7.32 (d, J =
1.5 Hz, 1H), 2.45 (s, 3H), 2.35 (5, 3H), 2.35 - 2.29 (m, 1H), 2.29 (s, 3H), 144~ 1.34 (m
2H), 1.34 - 1.24 (m, 2H).

3

Example 11

4-(2-Cyclopropyl-7-(4-methylpyridin-3 -yD-1H-benzo[d}imidazol-5-yl)-3,5-
dimethylisoxazole (1020-11)

O—-N O-N
N HO N
HO"B N
. I
N J > N N
<{\»NH J»NH
[00237] 4-(2-cyclopropyl-7-(4-methylpyridin-3 -¥1)-1H-benzo[d]imidazol-5-y1)-

3,5-dimethylisoxazole (4.4 mg, 9.9%) was prepared as a TFA salt in a manner similar to
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that of Example 9 substituting 4-methylpyridin-3-ylboronic acid for 2-methylpyridin-3-

ylboronic acid.

[00238] CorHpNLO. 345.2 (M+1). "H NMR (400 MHz, CD;0D) 5 8.68 (d, /=
4.4 Hz, 1H), 7.83 (d, J= 5.5 Hz, 1H), 7.64 (4, /= 1.4 Hz, 1H), 7.35 (4, /= 1.4 Hz, 1H),
247 (s, 3H), 2.43 (5, 3H), 2.39 — 233 (m, 1H), 231 (s, 3H), 1.46 - 1.36 (m, 2H), 1.36 -
1.25 (m, 2H).

Example 12

4-(2-Cyclopropy1—7-(1,4—dimethy1—1H«pyrazol-S—yI)-1H—benzo[d]imidazol—S-yl)-B,5-
dimethylisoxazole (1020-12)

q °
0B\ N,
o
N [ -
J—NH
[00239] 4—(2-cyclopr0py1-7-(1,4-dimethy1-lH—p_yrazol—S—_yl)-lH—

benzo[d]imidazol—S-yl)-S,S-dimethy]isoxazole (21 mg, 46%) was prepared as a TFA salt
in a manner to Example 9 substituting 1,4-dimethyl-5 «(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-1H-pyrazole for 2-methylpyridin-3-ylboronic acid.

[00240] CaoHaiNs0. 348.1 (M:+1). 'H NMR (400 MHz, CD;0D) § 7.75 (d, I = 1.4
Hz, 1H), 7.53 (s, 1H), 7.46 (d, J = 1.4 Hz, 1H), 3.74 (5, 3H), 2.59 - 2.40 (m, 41), 2.31 (5,
38), 2.00 (s, 3H), 1.65 — 1.51 (m, 2H), 1.51 ~ 1.35 (m, 2H).

Example 13

4-(2-Cyclopropyl-7-(imidazo{1 2-ajpyridin-3-y1)- 1H-benzo[d] imidazol-5-y1)-3,5-
dimethylisoxazole (1020-13)
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N ? = P
T, —~
N
N/
N l > N
\ \ |/
<j}*NH <j)~NH N
100241)] 4-(2—cycl‘opropy]~7—(imidazo[1 ,2-a|pyridin-3-yl)-1 H-benzo[d]imidazol-5-

y1)-3,5-dimethylisoxazole (10 mg, 20%) was prepared as a TFA salt in a manner similar
to that of Example 9 substituting 3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yhimidazof1,2-aJpyridine for 2-methylpyridin-3 -ylboronic acid.

[00242] CzHi9N50, 370.1 (M+1). 'H NMR (400 MHz, CD;0D) § 8.42 (dd, J =
6.9, 1.0 Hz, 1H), 8.34 (d, 1= 1.3 Hz, 1H), 8.06 — 8.01 (m, 2H), 7.83 — 7.77 (m, 1H), 7.68
—7:63 (m, 1H), 747 (ddd, /= 7.0, 4.9,3.3 Hz, 1H), 2.46 - 2.33 (m, 4H), 2.26 (s, 3H),
1.50 - 1.37 (m, 2H), 1.32 (dd, J= 8.2, 3.7 Hz, 2H).

Example 14

4-(2—Cyclopropy1—7-(quinolin-S—yl)-1H—benz’o[d]hnidazol~5—y1)~3,S—dimethylisoxazole

(1020-14)
O-N
N \ (PH N
HO~ P |
N ! >
<j)>NH
[00243] 4-(2-cyclopropyi -7-(quinolin-§-y1)-1 H-benzo[d]imidazol-5-y1)-3,5-

dimethylisoxazole (1.7 mg, 2.8%) was prepared as a TFA salt in a manner similar to that
of Example 9 substituting quinolin-8-ylboronic acid for 2-methylpyridin-3-ylboronic

acid.

[00244] CaatizN,O. 381.1 (M+1). 1H NMR (400 MHz, CD;0D) 6 8.82 (dd, J =
4.3,1.7 Hz, 1H), 8.54 (dd, /= 8.3, 1.7 Hz, 1H), 8.18 (dd, J = 8.2, 1.3 Hz, 1H), 7.97 (dd,
J=7.1, 1.4 Hz, 1H), 7.82 (4d, J = 8.0, 7.3 Hz, 2H), 7.69 — 7.63 (m, 2H), 2.48 (s, 3H),
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2.40 —2.33 (m, 1H), 2.32 (s, 3H), 1.53 - 1.42 (m, 2H), 1.39 - 1.27 (m, 2H).
Example 15

4-(2—Cyclopropyl—7—(quinolin—S-yl)—1H-benzo[d]imidazol-S-yl)—S,S—dimethylisoxazole

(1020-15)
O-N
9
N
JN H
100245] 4-(2-cyclopropyl-7-(quinolin-5-y1)- 1H-benzo[d}imidazol-5-y1)-3,5-

dimethylisoxazole (30 mg, 49%) was prepared as a TFA salt in a manner similar to that
of Example 9 substituting guinolin-5-ylboronic acid for 2-methylpyridin-3-ylboronic

acid.

[00246] CouHagN:O. 381.1 (M+1). "H NMR (400 MHz, CD;0D) 8 9.08 (dd, /=
47,15 Hz, 1H), 8.35 (dd, /= 18.7, 8.5 Hz, 2H), 8.1 (dd, J = 8.6, 7.2 Hz, 1H), 7.93 (dd,
J=7.1, 1.0 Hz, 1H), 7.79 — 7.69 (m, 2H), 7.53 (d, /= 1.5 Hz, 1H), 2.48 (s, 3H), 2.36 (tt,
J=8.5, 5.1 Hz, 1H), 2.32 (s, 3H), 1.53 - 1.42 (m, 2D, 1.40 - 1.29 (m, 2H).

Example 16

4—(2—Cyolopropyl-7-(isoquinolin—5-y1)~ 1H-benzo[d}imidazol-5-y1)-3,5-
dimethylisoxazole (1020-16)

O-N
. \
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4-(2-cyclopropyl-7-(isoquinolin-5-y1)-1H-benzo [d]imidazol-5-y[)-3 ,»>-dimethylisoxazole
(26.7 mg, 44%) was prepared as a TFA salt in a manner similar to that of Example 9

substituting isoquinolin-5-ylboronic acid for 2-methylpyridin-3-ylboronic acid.

100247 Ca4HzoN40. 381.1 (M+1). 'H NMR (400 MHz, CD;0D) 5 9.82 (s, 1H),
8.62(d,J=8.3 Hz, 1H), 8.53 (d, 7= 6.6 Hz, 1H), 8.29 (dd, J=7.2, 1.0 Hz, 1H), 8.14
(dd, J=8.2,7.3 Hz, 1H), 7.98 (d, J = 6.6 Hz, 1H), 7.77 (d, J= 1.4 Hz, 1H), 7.55 (d, J =
1.4 Hz, 1H), 2.48 (s, 3H), 2.37 (tt, J = 8.4, 5.0 Hz, 1H), 2.32 (s, 3H), 1.52 - 1.42 (m,
2H), 1.41 - 1.29 (m, 2H).

Example 17

4-(2-Cyclopropyl-7-(isoquinolin-4-y1)-1H-benzo [d]imidazol-5-y1)-3,5-
dimethylisoxazole (1020-17)

O-N
- \ Cé)H
HO~ ] N
e
N ! b
<f\,NH
[00248] 4-(2-cycl opropyl-7-(isoquinolin-4-yl)-1 H-benzo[dJimidazol-5-y1)-3,5-

dimethylisoxazole (10.2 mg, 17%) was prepared as a TFA salt in a manner similar to
that of Example 9 substituting isoquinolin-4-ylboronic acid for 2-methylpyridin-3-

ylboronic acid.

[00249] CoHaoN4O. 381.1 (M+1). "H NMR (400 MHz, CD;0D) 6 9.86 (s, 1H),
8.78 (s, 1H), 8.61 (d, /= 8.0 Hz, 1H), 8.14 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H), 8.06 (ddd, J—
8.2,7.0, 1.1 Hz, 1H), 7.88 (d,J= 8.4 Hz, 1H), 7.84 (d, /= 1.5 Hz, 1H), 7.64 (d, J= 1.4
Hz, 1H), 2.50 (s, 3H), 2.41 (tt, /= 8.4, 5.0 Hz, 1H), 2.34 (s, 3H), 1.56 — 1.45 (rn, 21),
1.43 ~ 1.33 (m, 2H).

Example 18

4-(2-Cyclopropyl-7-(6-m cthylquinolin-3-yl)-1H-benzo [d]imidazol-5-y1)-3,5-
dimethylisoxazole (1020-18)

107



WO 2014/182929 PCT/US2014/037344

[00250] To 22 to 5 mL Smith process vial equipped with a stir bar was added 6-
methylquinolin-3-ylboronic acid (3 mmol, 561 mg), 4-(2-cyclopropyl-7-iodo-1H-
benzo[d]imidazol-5-yi)-3 ,5-dimethylisoxazole (379 mg, 1 mmol), potassium carbonate
(10 mmo}, 1.38 g), and PEPPSI-IPr catalyst (0.1 mmol, 68 mg). The reaction vessel was
capped with a rubber septum, evacuated and backfilled three times with Ny, followed by
the addition of 1,4-dioxane (4 mL) and water (1 mL). The reaction mixture was then
heated in 2 microwave reactor for 1 hour at 135°C. The organic layer was then removed
by syringe, filtered, and directly injected for purification by preparative reverse phase
high performance liquid chromatography (Phenomenex Gemini C18 column, 5% to
50% gradient acetonitrile in water with 0.1% TFA). The eluting fraction containing the
desired product was then concentrated under reduced pressure and purified again using
silica gel chromatography (0% to 20% gradient methanol in ethyl acetate) to give 4-(2-
cyclopropy1-7~(6—methy1quinolin-5-y1)~1H~benzo[d]imidazol—s-yi)—3,5-

dimethylisoxazole.

[00251] CasHpN4O. 395.2 (M+1). "H NMR (400 MHz, CD;OD) & 8.48 (dd, J =
6.9, 1.0 Hz, 1H), 8.39 (4, J = 1.3 Hz, 1H), 8.12— 8.07 (m, 2H), 7.89 - 7.83 (m, 1H), 7.74
_ 768 (m, 1H), 7.52 (ddd, J = 7.0, 4.9, 3.3 Hz, 1H), 2.51 - 2.38 (1, 4H), 2.31 (5, 3H),
1.55 — 1.43 (m, 2H), 1.42 — 1.29 (m, 2H).

Example 19

4-(2-Cyclopropyl-4-(2-phenylpyridin-3-yl)- 1H-benzo|dlimidazol-6-yl}-3,5-
dimethylisoxazole (1020-19)
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N-O
(s (HO) B~y
PEPPSI-iPr
(5 mol%)
MN_ T T Tesco,
N dioxane
H,0
[00252] 4—(2~cy010propy1~4-iodo-1H-benzo[d]imidazol—6~yl)—3,5—

dimethylisoxazole (50.0 mg, 0.132 mmol) was treated with 2-phenylpyridin-3-ylboronic
acid (39.4 mg, 0.198 mmol, 1.5 equiv.), 2M Na,CO; (ag) (1 mL) in the presence of
PEPPSI-IPr (4.5 mg, 0.0066 mmol, 0.05 equiv) in 1,4-dioxane (3 mL) at 15 °C for 10
min in microwave reactor. To the reaction mixture was added water (30 mL) and EtOAc
(70 mL), then the mixtured 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 the 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 4-(2-

cyelopropyl-4-(2-phenylpyridin-3 -yl)-1H-benzo{d]imidazoI-G-yl)-3,S-dimethylisoxazole.

[00253] C26HN:O. MS. 407.2 (M+1). 'H NMR (MeOH-dy) § 8.87 (dd, J = 5.0,
1.7 Hz, 1H), 8.35 (dd, /= 8.3, 1.7 Hz, 1H), 7.83 (dd, J= 8.3, 5.0 Hz, 1H), 7.56 (d, J =
1.7 Hz, 1H), 7.42-7.28 (m, SH), 7.22 (d, /= 1.7 Hz, 1H), 2.43-2.34 (m, 1H), 2.22 (s,
3H), 2.05 (s, 3H), 1.52-1.46 (m, 2H), 0.36-1.30 (m, 2H).

Exampie 20

4—(2—Cy_clopropy1-4-(5-(4-ﬂuorophenyi)-l H-pyrazol-4-y1)-1 H-benzo[d]imidazol-6-y1)-
3,5-dimethylisoxazole (1020-20)

-0
HN
JN

109




WO 2014/182929 PCT/US2014/037344

[00254] 4-(2—cyclopropy1-4-(5-(4-ﬂuoropheny1)-1H-pyrazol~4—y1)-1Hu
benzo[d]imidazol-fi—yl)—?a,S-dimethylisoxazole was synthsized in a manner similar to that

of Example 19 nsing S-(4—ﬂu0rophenyl)-1H-pyrazol-4-y1boronic acid.

[00255] CoiHooFN;O. MS. 414.1 (M+1). 'H NMR (MeOH-ds} & 8.03 (s, 1H),
7.53 (d, J= 1.5 Hz, 1H), 7.41 (dd, J= 8.8, 5.3 Hz, 2H), 7.20 (¢, /= 1.5 Hz, 16), 7.07 (t,
7= 8.8 Hz, 2H), 2.42 (tt, J = 8.5, 5.1 Hz, 1H), 2.29 (s, 3H), 2.12 (s, 3H), 1.56 ~ 1.46 (m,
2H), 1.35 (dt, J= 7.5, 4.7 Hz, 2H).

Example 21

4-(4-(Biphenyl—2-yl)—2-c_yclc>propyl-1H—benzo[d]imidazol-6—yl)-3,S—dimethylisoxazole
(1020-21)

100256} .4—(4—(biphenyl-.’l»yl)-2-cyclopr0pyl—1H—benzo[d]imidazol—6—y1)—3,5-
dimethylisoxazole was synthsized in a manner similar to that of Example 19 using

biphenyl-2-ylboronic acid.

[00257] CyHyN:O. MS. 406.2 (M+1). "H NMR (MeOH-ds) 8 7.66 —7.09 (m,
11H), 2.43 - 2.32 (m, 1H), 2.20 (s, 3H), 2.03 (s, 31), 1.54 - 1.44 (m, 2H), 1.38 - 1.27
{m, 2H).

Example 22

4-(4-(2-B enzylphenyl)-2-cyclopr0pyl-1H—benzo[d]hnidazol-G-yl)—S,S—dimethylisoxazole
(1020-22)
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[00258] 4-(4-(2 -benzylphenyl)-2-cyclopropyl- 1H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole was synthsized in a manner similar to that of Example 19 using 2-

benzylphenylboronic acid.

[00259] CasHzsN3O. MS. 420.2 (M+1). "H NMR (MeOH-ds) 5 7.60 — 7.50 (m,
3H), 745 (td, /=72, 2.0 Hz, 1H), 7.38 - 7.31 (m, 1H), 7.21 (d, J = 1.4 Hz, 1H), 7.02
6.93 (m, 3H), 6.67 - 6.60 (m, 2H), 3.92 (d, /= 11.5 Hz, 1H), 3.87 (d, /= 11.5 Hz, 1H),
2:40 (s, 1H), 2.25 (s, 1H), 2.30 ~ 2.22 (m, 1H), 1.53 — 1.45 (dt, /= 8.1, 3.5 Hz, 1H), 1.35
~1.27 (m, 1H).

Exampie 23

4-(2-Cyclopropy1—6—(3,5-dhnethy1isoxa201—4—y1)—1 H-benzo[d]imidazol-4-yl)benzamide
(1020-23)

[00260] 4~(2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol-4-
yl)benzamide was synthsized in a manner similar to that of Examptle 19 using 4-

carbamoylphenyl-boronic acid.

[00261] CHyiN4O2. MS. 373.1 (M+1). 'H NMR (MeOH-dy) 6 8.1 (d, /= 8.3
Hz, 2H), 7.80 (d, /= 8.3 Hz, 2H), 7.62 (d, /= 1.5 Hz, 1H), 7.52 (d, J= 1.5 Hz, 1H), 2.56
-2.48 (tt,J=8.5, 5.0 Hz, 1H), 2.46 (s, 3H), 2.30 (s, 3H), 1.61 — 1.50 (m, 2H), 1.50 ~
1.41 (m, 2H).
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Example 24

3-(2-Cyclopropy1-6-(-3,5-dimethylisoxazol—4—y1)-1H—benzo[d]imidazol—4-yl)benzamide
(1020-24)

[00262] 3—(2-cyclopropyl~6-(3,Sudimethy'lisoxaz01~4-yl)-1H—benzo[d]imidazol-4—
yl)benzamide was synthsized in a manner similar to that of Example 19 using 3-

carbamoylphenyl-boronic acid.

[00263] CarHagN4Oy. MS. 373.1 (M+1). 'H NMR (MeOH-dy) 3 8.16 (t, /= 1.4
Hz, 1H), 8.02 (dt, J="7.7, 1.4 Hz, 1H), 7.88 (dt, /= 7.7, 1.4 Hz, 1H), 7.71 (t, /= 7.7 Hz,
1H), 7.61 (d, J = 1.4 Hz, 1H), 7.54 (4, J = 1.4 Hz, 1H), 2.56 - 2.47 (m, 1H), 2.46 (s, 3H),
2.30 (s, 3H), 1.58 — 1.50 (m, 2H), 1.49 ~ 1.42 (m, 2H).

Example 25

4- (2—Cyclopropyl—4—(2—n‘[eth0xy—4—methy1pyridin— 3-yl)-1H-benzo[d]imidazol-6-yl) -3,5-
dimethylisoxazole (1020-25)

[00264] 4-(2—cyclopropyl—4—(2~methoxy—4-methylpyridin—3—yl)—IH—
benzo [d]imidazol-6-yl)-.3,S-dimethylisoxazole was synthsized in a manner similar to that

of Example 19 using 2-methoxy-4-methylpyridin-3-ylboronic acid.
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100265] CrbipNyOy. MS. 374.9 (M+1). "H NMR (MeOH-d4) 6 8.17 (d, J = 5.3
Hz, 1H), 7.62 (d, /= 1.5 Hz, 1H), 7.34 (d,/ = 1.5 Hz, 1H), 7.07 (d, /= 5.3 Hz, 1H), 3.86
(s, 3H), 2.50 - 2.38 (m, 2H), 2.46 (s, 3H), 2.29 (s, 3H), 2.19 (s, 3H), 1.56-1.49 (m, 2H),
1.46 - 1.35 (m, 2H).

Example 26

4-(2~Cyclopropyf—4~(2~ethoxy—4-methylpyridin-3 ~y1)-1H-benzo{d]imidazol-6-y1)-3,5~
dimethylisoxazole (1020-26)

[00266] 4—(2-cyclopropyI-4—(2-ethoxy—4-methy1pyﬁdin-3-yI)—1H~
benzo[d}imidazol-6-yl)-3,5-dimethylisoxazole was synthsized in a manner similar to that

of Example 19 using 2-ethoxy-4-methylpyridin-3-ylboronic acid.

[00267] Coa24N4O;. MS. 388.9 (M+1). 'H NMR (MeOH-ds) & 8.14 (d, /= 5.3
Hz, 1H), 7.62 (d, /=14 Hz, 1H), 7.34 (d, /= 1.4 Hz, 1H), 7.04 (d, J = 5.3 Hz, 1H), 4.40
~ 423 (m, 2H), 246 (s, 3H), 2.46 — 2.38 (m, 1H), 2.29 (s, 3H), 2.19 (s, 3H), 1.60 — 1.47
(m, 2H), 1.45 - 1.34 (m, 2H), 1.15 (t,/= 7.0 Hz, 3H).

Example 27

3-(2-Cyclopropyl-6-(3,5 -dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-y1)-4-
methylpyridin-2-ol (1020-27)

TFA

MW, 160°C
60 min
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[00268] A solution of 4-(2—cy010pr0py]-4—(2-methoxy—4-'methylpyridin—'3-yl)-1H—
benzo[d]hnidazol-ﬁ-yl)-S,S-dimethylisoxazole (40.0 mg, 0.08189 mmol) in TFA (3 mL)
was heated at 160 °C for 1 h in microwave reactor. The solvent was removed under a
reduced pressure to give the crude material. The crude material was purified by a
preparative HPLC (5-95% acetonitrile: water with 0.05% trifluoroacetic acid, on a
Phenomenex Luna C18 column) to give-3—(2-cyclopropy1—6—(3,S-dimethylisoxazol-4—y1)-
1H—benzo[d]imidazol-4—yl)-4-methy1pyridin-2—ol.

[00269] CorHpiNsOs. MS. 361.1 (Mi+1). 'H NMR (MeOH-ds) 8.7.59 (4, /= 1.4
Hz, 1H), 7.50 (d, J = 6.8 Hz, 1H), 7.34 (4, J = 1.5 Hz, 1H), 6.50 (4, /= 6.8 Hz, 1H), 247
_2.39 (m, 1H), 2.45 (s, 3H), 2.28 (s, 3H), 2.18 (5, 3H), 1.57 ~ 1.47 (m, 2H), 1.44 - 137
(mn, 2H).

Example 28

(E)-4-(2-Cyclopropyl-4-(hex-3-cn-3 -y1)-1H-benzo[d]imidazol-6-y1)-3,5-
‘ dimethylisoxazole (1020-28)

o-re L\ 0O-N
X 0 )
e

C52003
110°C, 90min
[00270} A suspension of 4-(2—cyclopropy1—4—iodo-1H—benzo[d]imidazol—6-y1)-3,5—-

dimethylisoxazole (100 mg, 0.265 mmol) (Example 8, Step 4), (2)-3-Hexenyl-3-boronic
acid catechol ester (81 mg, 0.400 mmol), caestum carbonate (260 mg, 0.8 mmol) and
PEPPSI-IPr™ (18 mg, 0.026 mmol) in 10 mL DME H,O (2:1) was heated by
microwave in a sealed vessel at 110 °C for 90 minutes. The reaction was then cooled
and partitioned between water and ethyl acetate. The organic layer was washed with
brine and dried over sodium sulfate. Purification on silica gel (xf= 0.5 in 60% ethyl
acetate in hexanes) afforded (E)-4-(2-cyclopropy1-4-(hex-3-en—3—yl).—1H-

benzo[d]imidazol-G—'yl)a?y,S-dimethylisoxazole as an off-white solid.

[00271] oy FpsN;O. 3362 (M), 'H NMR (400 MHz, Methanol-ds) 8 7.28 (d, J
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=1.5Hz, 1H), 6.92 (d, /= 1.6 Hz, 1H), 5.68 (t, J= 7.2 Hz, 1H), 2.66 (q, J = 7.5 Hz,
2H), 2.47 217 (m, 9H), 1.38 - 1.24 (m, 1H), 1.20 - 1.08 (m, 7H), 0.95 (t, J= 7.5 Hz,
310).

Example 29

4—(2—Cyclopropyl-4-(2,6—dimethy1phenyl)- 1H-benzo[d}limidazol-6-y1)-3,5-
dimethylisoxazole (1020-29)

0-N O-N
Y o
N \
B
o
> HN

HN I )
N PEPPSI-IPr, Cs,CO, |
DME/H,0, M.W. 120°C

[00272] 2,6-Dimethylphenylboronic acid, pinacol ester (33 mg, 0.22 mmol) was

added to a solution of 4-(2-cyclopr0py1-4-i0do~1H-benzo[d]imidazol~6-y1)—3 ,9-
dimethylisoxazole (40 mg, 0.11 mmol) (Example 8, Step 4) in 1,2-dimethoxy ethane and
water (2/1 mL). To the mixture was added cesium carbonate (107 mg, 0.33 mmol) and
PEPPSI-IPr (8 mg, 0.011 mmol). The reaction was put in microwave reactor and heated
at 120°C for 30 minutes before being evaporated under vacuum. The residue was
purified by preparative HPLC (0-100% CH3CN/H-0) to afford 4-(2-cyclopropyl-4-(2,6-
dimethylphenyl)-1H—benzo[d]imidazol—ﬁ-yl)-3,5~dimeﬂ1ylisoxazole.

[00273] CasHpN;0. 358.3 (M+1). 'H NMR (400MHz, CD50D) § 7.58 (s, 1H),
7.33-7.31 (m, 1H), 7.29-7.21 (m, 2H), 7.06-7.02 (m, 1H), 6.93-6.90 (m, 2H), 2.45 (s,
3H), 2.39-2.33 (m, 1H), 2.29 (s, 3H), 2.28 (s, 3H), 1.50-1.45 (m, 2 H), 1.38-1.35 (m,
2H).

Exampie 30

4»(2-Cyclopropyl~4-o-toly1—1H~benzo{d]imidazol-G—yi)~3,S-dimethylisoxazole {1020-30)
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100274] 4—(2-cyclopropyl-4-o—toly1—lH—benzo[d]hnidazol-6-y1)~3,5-
dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo{d]imidazol—G-yl)-B,S-dimethylisoxazolc (Example 8, Step 4) with 2-

methyiphenylboronic acid in a manner similar to that of Example 29.

[00275] CooHaNsO. 3443 (M#1). "H NMR (400MHz, CD;OD) 8 8.75 (dd, /=
5.0, 1.3 Hz, 1), 8.33 (4, J= 8.5 Hz, 1H), 8.08 (d, J = 8.6 Hz, 1H), 7.82 - 7.74 (m, 1H),

7,65 —7.62 (m, 1H), 7.20 (s, 1H), 2.74-2.71 (m, 1H), 2.35 (s, 3H), 2.26 (s, 3H), 2.19 (s,

3H), 1.14-1.10 (m, 2H), 0.97-0.82 (m, 2H).

A

Example 31

4-(2-Cyclopropyl-4-phenyl-1 H-benzo[d]imidazol-6-yl)-3,5-dimethyli soxazole (1020-31)

[00276] 4—(2-Cyc10propy1—4-phenyl-1H—benzo{d]imidazol~6—yl)—3,5~
dimethylisoxazole (40 mg, 46%) was synthesized by reacting 4-(2-cyclopropyl-4-iodo-
1H—benzo[d]imidazol~6~y1)-3,S—dimethylisoxazole (Example 8, Step 4) with

phenylboronic acid in a manner similar to that of Example 29.

[00277] CnHysN:0. 330.2 (Mi+1). 'F NIMR (400 Mz, Metbanol-ds) 3 7.78 (d,
— 53.8 Hz, 2H), 7.54 (1, /= 7.0 Hz, 2H), 7.45 (d, = 9.1 Hz, 2H), 7.16 (s, 1H), 246 (s,
3H), 2.31 (s, 4H), 1.25 - 1.07 (m, 4H).

Example 32
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4-(2-Cyclopropy]-6-(3,S—dimethylisoxazol—4-y1)-1H—benzo[d]imidazol—4—y1)phenol
(1020-32)

[00278] 4-(2-cyclopropyl-6-(3, 5-dimethylisoxazol-4-y1)-1H- -benzo[d]imidazol-4-
yl)phenol was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H- -benzo[d]imidazol- 6-
y1}-3,5-dimethylisoxazole (Example 8, Step 4) with 4-(4,4,5,5- -tetramethyl-1,3,2-

dioxaborolan-2-y})phenol in a manner similar to that of Example 29,

[00279] Cg]ngNgog. 346.2 (M'H). IH NMR (400 MHZ, Methanol-d4) 8747 (S,
2H), 7.31 (s, 1H), 7.05 (s, 1H), 6.99 — 6.87 (m, 2H), 2.41 (s, 3H), 2.26 (s, 3H), 2.19 (d, J
= 6.2 Hz, 1H), 1.20 ~ 1.06 (m, 4H).

Example 33

4-(2-Cyclo_pr0pyl-6-(3,5-dimethy1isoxazol-4~yl)- 1H-benzo[d]imidazol-4-y1)-2,6-
dimethylphenol (1020-33)

[00280] 4~(2—cyclopr0py1~6-(3,S-dime’chylisoxazol-4—yl)-lH-benzo[d]imidazol-4~
y1)-2,6-dimethylphenol was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d}imidazol-6-yl)-3,5-dimethylisoxazole (Example 8, Step 4) with 4-hydroxy-3,5-

dimethylphenylboronic acid pinacol ester in a manner similar to that of Example 29,

[00281] CosHsN305. 374.2 (M+1). "H NMR (400 MHz, Mothanol-ds) 5 7.31 (d, J
= 1.5 Hz, 1H), 7.28 (s, 2H), 7.06 (d, J = 1.6 Hz, 1H), 2.4 (s, 3H), 2.33 (s, 6H), 2.29 (s,
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3H), 2.27 - 2.21 (m, 1H), 1.17 (ddd, J=17.6,4.0, 2.5 Hz, 4H).
Example 34

4-(2-Cyclopropyl-4- (3,S-dimethylphenyl)eIH-benzo[d]imidazol—6«yl)-3,5-
dimethylisoxazole (1020-34)

[00282] 4—(2-.Cyclopropyl—4-(3,S-dimethylphenyl)—1H—benzo[‘d]imida.zol-6-y1)—
3,5-dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]imidazol-é—yl)-3,S—dimethylisoxazole (Example 8, Step 4) with 3,5-

dimethylphenylboronic acid in a manner similar to that of Example 29.

[00283] CasHysN;0. 358.2 (M+1). 'H NMR (400 MHz, Methanol-d) 8 7.34 (d, J
=208 Hz, 3H), 7.11 (d, J = 8.2 Hz, 2H), 2.44 (d, J = 13.2 Hz, 9H), 2.31 (s, 3H), 2.24 (p,
J=6.8 Hz, 1H), 1.23 — 1.07 (m, 4H).

Example 35

4~(2-Cyclopropyl-4-(2,3 —dimethylphenyl)—1H-benzo[d}imidazol-6—y1)-3,5-
dimethylisoxazole (1020-35)

[00284] 4—(2-cyclopr0py1—4—(2,3~di1'nethy1phenyl)-1H—‘oenzo[d]imidazol~6—yl)—3,5—
dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]imidazol—ﬁ-yl)-3,S-dimethylisoxazole (Example 8, Step 4) with 2,3-
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dimethylphenylboronic acid in a manner similar to that of Example 29.

[00285] CastzsN30. 358.2 (M+1). "H NMR (400 MHz, Methanol-dy) § 7.41 (s,
1H), 7.31 - 7.08 (m, 3H), 6.94 (d, J= 1.6 Hz, 1H), 2.45 (s, 3H), 2.40 (s, 3H), 2.30 (s,
3H), 2.10 (s, 4H), 1.24 — 1.04 (m, 4H),

Example 36

4-(2-cyclopropyl-4-(3 ,5-dimethoxyphenyl)-1 H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-36)

[00286) 4-(2-cyclopr0py1-4-(3,S-dimethoxyphenyl)-lH-benzo[d]imidazol~6-yl)-
3,5-dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d}imidazol-6-y1)-3,5-dimethylisoxazole (Example 8, Step 4) with 2-(3,5-
dimethoxy)-phenyl-4,4,5 ,5-tetramethyl-(1,3,2)-dioxaborolane in-a manner similar to that

of Example 29.

[00287) C23HpN305. 390.3 (M+1). "H NMR (400 MHz, Methanol-d,) 5 7.45 —
730 (m, 1H), 7.15 (d, /= 1.7 Hz, 1H), 6.87 (s, 2H), 6.65 — 6.48 (m, 1H), 3.87 (s, 61),
2.46 (s, 3H),2.30 (s, 4H), 1.24 - 1.05 (m, 4H).

Example 37

(E)-4-(2-cyclopropyl-4-styryl-1 H-benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole (1020-
37
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[00288] (E)-4~(2-cyclopr0py1_-4~styryl-1H-benzo[d]imidazol—6-yl)—3,5-
dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]imidazol~6-y.1)-3,5—dimethy1isoxazole (Bxample 8, Step 4) with irans-2-

phenylvinylboronic acid in a manner similar to that of Example 29.

[00289] CasFaN;O. 356.2 (M+1). "H NMR (400 MHz, Methanol-ds) 8 7.77 -
7.64 (m, 3H), 7.50 - 7.35 (m, 4H), 7.33 — 7.24 (m, 2H), 2.45 (5, 3H), 2.30 (5, 4H), 1.33 -
1.16 (m, 4H)

Example 38

4—(2-Cyciopropy1-4—(l-phenylvinyl)—lH-benzo[d]imidazol-6-yl)-3,S-dimethylisoxazole

(1020-38)
O-N
HO. )
OH
PEPPSI-IPr HN
DME : Hp0 =N
Cs,C04
110°C
[00290] A suspension of 4~(2~cyclopropy1—4-iodo-1H-benzo[d]imidazol—6-yl)-3,5~

dimethylisoxazole (100 mg, 0.265 mmol) (Example 8, Step 4), 1-phenylvinylboronic
acid (59 mg, 0.400 mmol), caesium carbonate (260 mg, 0.8 mmol) and PEPPSI-IPf™
(18 mg, 0.026 mmol) in 10 mL DME : H,O (2:1) was heated by microwavein a sealed
vessel at 110 °C for 90 minutes. The reaction was then cooled and partitioned between
water and ethyl acetate. The organic layer was washed with brine and dried over sodium

sulfate. Purification on silica gel (rf = 0.6 in 60% ethyl acetate in hexanes) afforded 4-
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(2-cyclopropyl-4-(1-phenylvinyl)- 1H-benzo[d] imidazol-6-yl)-3,5-dimethylisoxazole.

[00291] CosHuN;0. 356.2 (M+1). "H NMR (CDCls) 8 7.48 (s, 1H), 7.39 (m, SH),
7.04 (s, 1H), 5.73 (5, 1H), 5.59 (br, 1H), 3.69 (s, 1H), 2.39 (s, 3H), 2.26 (s, 3H), 1.87 (br,
1H), 1.14-1.03 (m, 4H). |

Example 39

4-(2-Cyclopropyl-4-( 1-(4-ﬂu0ropheny1)viny_l)-1H-benzo[d]imidazol—6~y1}~3,5—
dimethylisoxazole (1020-39)

[00292] 4-(2-Cyclopr0pyl—4-(1—(4-ﬂu0rophenyl)vinyl)-1H—benzo[d]imidazo]-6-
y1)-3,5-dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzofd]imidazol-6-y1)-3,5-dimethylisoxazole (Example 8, Step 4) with 1-(4-

fluorophenyl)vinylborenic acid, pinacol ester in a manner similar to that of Example 38.

[00293] Ca3HyFN3O. 374.2 (M+1). 'H NMR (400 MHz, Methanol-dy) 8 7.61 —
7.24 (m, 3H), 7.09 (t, / = 8.8 Hz, 2H), 6.93 (d, 7= 1.5 Hz, 1H), 5.93 (d, /= 0.9 Hz, 1H),
5.63 (s, 1H), 2.40 (s, 3H), 2.33 - 2.10 (m, 4H), 1.27 - 1.07 (m, 4H). "°F NMR (376
MHz, Methanol-dy) 8 -116.27 .

Examp_le 40

4-(2-Cyclopropyl-4-(1-(3 ~fluorophenyl)vinyl)-1H-benzo [d[imidazol-6-y1)-3,5-
dimethylisoxazole (1020-40)
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[00294] 4-(2-Cyclopropyl-4-(1-(3 -fluorophenyl)vinyl)-1H-benzo[d]imidazol-6-
y1)-3,5-dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]imidazol—Gnyl)S,S-dimethy]isoxazole (Bxample 8, Step 4) with 1-(3-

fluorophenyl)vinylboronic acid, pinacol ester in a manner similar to that of Example 38.

[00295] CsHaFN3O. 374.2 (M+1). 'H NMR (400 MHz, Methanol-ds) 8 7.46 —
7.30 (m, 2H), 7.23 — 7.01 (m, 3H), 6.89 (d,J= 1.6 Hz, 1H), 5.99 (&, /= 1.0 Hz, 1H),
570 (s, 1H), 3.67 (s, 1H), 2.39 (s, 3H), 2.26 — 2.12 {m, 4H), 1.19 - 1.09 (m, 4H). Pp
NMR (376 MHz, Methanol-ds) 5 -116.09 .

Example 41

4-(4-(1 -(4-Chlorophenyl)vinyl)-2-cyclopropyl-1 H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-41)

[00296] 4-(4-(1 ~(4—Ch10fophenyl)vinyl)—2— cyclopropyl-1H-benzofdlimidazol-6-
y1)-3,5-dimethylisoxazole was synthesized by reacting 4-(2-cyclopropyl-4-iodo-1H-
benzo [d]imidazol~6-y1)~3,-S—dimethylisoxazole (Example 8, Step 4) with 1-(4-

chlorophenyl)vinylboronic acid, pinacol ester in a manner similar to that of Example 38.

[00297] CosHpCINSO. 390.2 (M+1). 'H NMR (400 MHz, Methanol-d;) 3 7.44 —
7.32 (m, 5H), 6.91 (d, J= 1.6 Hz, 1H), 5.97 (d,J = 0.9 Hz, 1H), 5.67 (d, /= 0.9 Hz, 1H),
2.40 (s, 3H), 2.27 — 2.13 (;, 4H), 1.42 (s, 1H), 1.17 (¢, J = 6.7 Hz, 4H).
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Example 42

4-(2-Cyclopropyl-4-(1 -(4—(triﬂuoromethyl)phenyl)vinyl)— IH-benzo[d]imidazol-6-yl)-
3,5-dimethylisoxazole (1020-42)

4-(2-Cyclopropyl-4-(1 ~(4-(triffuoromethyl)phenyl)vinyl)-1H-benzo fdlimidazol-6-yl)-
3,5-dimethylisoxazole was synthesized by reacting 4-(2~cyclopropyl-4-iodo-1H-
benzo[dJimidazol-6-y1)-3,5-dimethylisoxazole (Example 8, Step 4) with 1-(4-
trifluoromethylphenyl)-vinylboronic acid, pinacol ester in a manner similar to that of

Example 38.

CaaHaoF3N;0. 424.2 (M+1). "H NMR (400 MHz, Methanol-dy) § 7.63 (d, J= 8.4 Hz,
2H), 7.54 (d, J = 8.6 Hz, 2H), 7.41 (s, 1H), 6.86 (s, 1H), 6.04 (s, 1H), 5.77 (d, /= 48.9
Hz, 1H), 2.36 (s, 3H), 2.20 (s, 4H), 1.18 — 1.00 (m, 4H). ¥F NMR (376 MHz,
Methanol-dy) & -64.6 .

Example 43

4-(2-Cyclopropyl-4-(1-phenylethyl)-1H-benzo {d}imidazol—6~yl)—3,5~dimethy1isoxazole
(1020-43)

O-N
)

10% Pd/C, H

O 1) e

HN
JM

A suspension of 4-(2-cyclopropyl-4-( 1-phenylvinyl)- 1H-benzo[d]imidazol-6-y1)-3,5-

dimethylisoxazole (50 mg, 0.141 mmol) (Example 38) and 10% pailadium on carbon (10
mg) in 5 mL ethanol was purged with hydrogen gas and allowed to stir for 2 hours. The
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reaction was then filtered and the solvents evaporated. Purification on silica gel (¢f = 0.6
in 60% ethyl acetate in hexanes) afforded 4-(2-cyclopropyl-4-(1-phenylethyl)-1H-
bcnzo[d]imidazol-6—y1)-3,S-dimethylisoxazole.

[00298] Cy3HsN-0. 358.2 (M+1). 'H NMR (CDCls) 3 7.4-7.2 (m, 6H), 6.96 (s,
1H), 441 (br, 1H), 2.38 (s, 3H), 2.21 (s, 3H), 1.85 (br, 1H), 1.74 (d, 3H, I = 7.2 Ha),
1.24 (br, 1H), 1.05 (1, 4HD).

Example 44

4-(2-Cyclopropyl-4-(1 -(4-fluoropheny!)ethyl)-1H-benzo[d] imidazol-6-yl)-3,5-
dimethylisoxazole (1020-44)

[00299] 4-(2—Cyclopropyl-4—(1-(4-ﬂuorophenyl)eﬂ1yl)-1H—benzo[d]_imidazol—6-
vh)-3 ,5-dimethylisoxazole was obtained by reducing 4-(2-cyclopropyl-4-(1-(4-
ﬂuorophenyl)vinyl)—1H-benzo[d}imidazol-6~y1)—3,S-dimeﬂlylisoxazole (Example 39) in

a manner similar to that of Example 43.

[00300] Ca3H2oFN30. 376.2 (M+1). "H NMR (400 MHz, Methanol-ds) 8 7.45 —
7.25 (m, 2H), 7.20 (s, 1H), 6.99 (t, /=8.8 Hz, 2H), 6.80 (s, 1H), 2.32 (5, 3H), 2.16 (4, J
= 3.2 Hz, 4H), 1.70 (d, J = 7.2 Hz, 3H), 1.38 (s, 1H), 1.20 — 1.06 (m, 3H). '°F NMR (376
MHz, Methanol-dy) 8 -119.6 .

Example 45

4-(2-Cyclopropyl-4-(1-(3 -fluorophenyl)ethyl)-1H-benzo [d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-45)
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[00301) 4-(2-Cyclopropyl-4-(1-(3 -fluorophenyl)ethyl)-1 H-benzo[dJimidazol-6-
y1)-3,5-dimethylisoxazole was obtained by reducing 4-(2-cyclopropyl-4-(1-(3-
ﬂuoroph_enyl)vinyl)—1H—benzo[d]imidazol-6—yl)-3,S—dimethylisoxazole {Example 40) in

a manner similar to that of Example 43,

[00302] CasHzFN;0. 376.2 (M+1). 'H NMR (400 MHz, Methanol-d,)  7.34 —
7.23 (m, 2H), 7.20~ 7.13 (m, 1H), 7.13 - 7.06 (m, 1H), 6.93 (dt, /= 8.6, 4.5 Hz, 1H),
6.87 (s, 1H), 2.36 (s, 3H), 2.20 (s, 4H), 1.75 (d, J = 7.2 Hz, 3H), 1.41 (s, 1H), 1.22 — 1.13
(m, 4H). °F NMR (376 MHz; Methanol-dy) & -116.1 .

Example 46

4-(2-Cyclopropyl-4-(1 -(4-(trifluoromethyl)phenyl)ethyl)- 1H-benzo[d]}imidazol-6-yl)-
3,5-dimethylisoxazole (1020-46)

[00303] 4—(2-cyclopropy1-4-(1-(4-(triﬂuoromethyl)phenyl)eﬂ'lyl)-1H-
benzo[d}imidazol-6-yl)-3,5-dimethylisoxazole was obtained by reducing 4-(2-
cyclopropyl-4—(1—(4—(tl'iﬂuoromethyl)_phenyl)vinyl)- }H-benzo[d}imidazol-6-y1)-3,5-

dimethylisoxazole (Example 42} in a manner similar to that of Example 43,

[00304] CasHF3N30. 426.2 (M+1). "H NMR (400 MHz, Methanol-d;) 5 7.60 —
747 (m, 4H), 7.23 (d, /= 1.5 Hz, 1H), 6.86 (d, J = 1.5 Hz, 1H), 2.32 (s, 3H), 2.24 — 2.13
(m, 4H), 1.76 (d, /= 7.2 Hz, 3H), 1.20 - 1.11 (m, 4H). "’F NMR (376 MHz, Methanol-
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ds) 6 -64,6 .
Example 47

4-(2 -Cyclopropyl—4—(2,4—dimethy1thiazol—5-yl)— 1H-benzo[d]imidazol-6-yl)-3,5-
dimethylisoxazole (1020-47)

N-O
(s
’/>. o PEPPSHPr, DBU,
L ‘t DMF/H,0, 130°C
HN I § 07\
=N
[063035] To a mixture of 2—cyc]opropyl-4—iodo—6—(3,5-dimeﬂ1ylisoxazol-4—

yDbenzimidazole (30 mg, 0.079 mmol) (Example 8, Step 4), 2 4-dimethyl-5-(4,4,5,5-
fetramethyl—l,3,2-di0xaborolan—2-y1)-1,S-thiazole (38 mg, 0.158 mmol) and DBU (75
pL; 0.50 mmol) under nitrogen was added DMF (1.6 mL) and water (0.8 mL), followed
by PEPPSI-IPz Pd catalyst (6 mg, 0.008 mmol). The reaction mixture was capped,
heated to 130 °C for 30 min in a microwave reactor. The mixture partitioned between
water and ethyl acetate, the aqueous phase was extracted with ethyl acetate twice, and
the combined organic phase was washed with 1M aqueous K,COs, brine, dried, filtered
through a layer of celite and concentrated. The crude product was purified by reverse
phase HPLC eluting with 0.1% TFA-containing acetonitrile/water to give 4-(2-
cyclopropyl—4-(2,4-dimethy1thiazol—5-y1)-lH—benzo [d}imidazol-6-y1)-3,5-

dimethylisoxazole.

[06306] CaoHaoN4OS. 365.1 (M+1). 'H NMR (DMS0-d6) 5 7.59 (s, 1H), 7.29 (s,
1H), 2.73 (m, 4H), 2.47 (s, 3H), 2.36 (m, 4H), 2.29 (s, 3H), 1.27 (m, 4H).

Example 48

4-(2—Cyclopr0py1~4-(4,5~dimethy1—1H—imidazol—1~y1)—1H—benzo[d]imidazol—G-yl)—3,5—
dimethylisoxazole (1020-48)
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0-N HN-A N-O
N ) /I.§_<N ! s
-
HN I HN N’\N
JN JN )§<
[00307) A suspension of 4-(2-cyclopropyl—4~iodo-1H-ben‘zo[d]imidazol-6-y1)-3,5-

dimethylisoxazole (35 mg, 0.13 mmol) (Example 8, Step 4), 4,5-dimethylimidazole (50
mg), CuyO (1 mg, 0.007 mmol), 4,7-dimethoxy-1,10-phenanthroline (3 mg, 0.012
mmol), cesium carbonate (41 mg, 0.126 mmol}), and PEG-3350 (20 mg) in butyronitrile
(1 mL) was heated at 120 °C for 72 hours. The solvent was removed and the residue
was purified by preparative HPLC to give 4-(2-cyclopropyl-4-(4,5-dimethyl-1H-
imidazol-1-yl)-1H-benzo[d}imidazol-6-y1)-3 ,d-dimethylisoxazole.

[00308] CaobaiN5O. 348.1 (M+1). 'HNMR (DMSO) § 9.34 (s, 1H), 7.64 (s, 1H),
7.39 (s, 1H), 2.45 (s, 3H), 2.36 (s, 3H), 2.27 (s, 3H), 2.18 (m, 1H), 2.13 (s, 3H), 1.12 (m,
2H), 1.04 (m, 2H).

[00309] Compounds (1020-49), (1020-50), {1020-51), (1 020-52), (1020-53),
(1020-54), (1020-55) and (1020-56) were prepared in a similar manner as Example 48
by substituting the appropriate commercially available heterocycle for 4,5-

dimethylimidazole:
Example 49

4-(2-Cyclopropyl-4-(3,5-dimethyl-1H-1,2,4-triazol-1 -yl)-1H-benzo[dJimidazol-6-y])-
3,5-dimethylisoxazole (1020-49)

N-0O
[~

HN N/\<
f ) ﬁ{KN

[00310] CisFipNGO. 349.1 (M+1). "H NMR (DMSO0) & 7.62 (s, 1), 7.38 (s, 1H),
2.42 (s, 3HD, 2.37 (s, 3H), 2.32 (s, 3H), 2.30 (m, 1H), 2.23 (s, 3H), 1.21 (m, 4H).
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Example 50

N—Cyclopcntyl-2—cyclopropyl—G—(3,5~dimethylisoxazol-4—y1_)-1H—benzo[d]imidazol-4—
amine {1020-50)

N-O
(

N
N H

}
[00311]} CooHa4N4O. 337.1 (M+H1). 1 NMR (DMSO) § 6.76 (s, 1H), 6.43 (s, 1H),

5.75 (br, 1H), 3.95 (br, 1H), 2.40 (s, 3H), 2.39 (m, 1H), 2.22 (s, 3H), 2.03 (w, 2H), 1.8-
1.2 (m, 121D).

Example 51

4-(2-Cyclopropyl-4-(3,5-dimethyl-4H-1 2 4-triazol-4-y1)- 1 H-benzo[d]imidazol-6-yl)-
3,5-dimethylisoxazole (1020-51)

N-OQ
{

HN N/\<
J N s

[00312) CroHpeNGO. 349.1 (M+1). "H NMR (DMSO) 8 10.19 (s, 1H), 7.41 (s,
1H), 733 (s, 1H), 2,50 (s, 3H), 2.43 (m, 1H), 2.39 (5, 3H), 221 (s, 3H), 2.16 (5, 3H),
1.29 (m, 4H).

Example 52

4-(2-Cyclopropyl—4—(2,S-dimethyl—1H—imidazol—l-yl)-lH-benzo[d]ilnidazol—6-yi)—3,5—
dimethylisoxazole (1020-52)
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[00313] CaoHziN5O. 348.1 (M+1). 'H NMR (DMSO) 8 7.66 (s, 1H), 7.58 (s, 1H),

740 (s, TH), 2.45 (s, 3H), 2.40 (s, 3H), 2.27 (s, 3H), 2.18 (m, TH), 2.06 (s, 3H), 1.2-1.0
(m, 4H).

Example 53

4-(2-Cyclopropyl-2-methyl-1'H-1 A4-bibenzo[dJimidazol-6'-y1)-3 ,o-dimethylisoxazole
(1020-53)

N

!

-0
=

HN N/é

N

[00314] CosH2iN5O. 384.1 (M+1). 'H NMR (DMSO) 5.7.91 (4, J = 8.4 Ha, 1H),
7.75 (s, 1H), 7.6-7.4 (m, 3H), 7.32 (d, ] = 8.0 Hz, 1H), 2.67 (s, 3H), 2.48 (s, 3H), 2.30 (s,
3H), 2.17 (m, 1H), 1.2-1.0 (m, 4H),

Example 54

4-(2-Cyclopropyl-4-(2-methyl-1H-imidazol- 1-yl)-1H-benzofd]imidazol-6-y1)-3,5-
- dimethylisoxazole (1020-54)
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[00315] C1oHsNsO. 334.1 (Mi+1). "H NMR (DMSO) § 7.95 (s, 1H), 7.83 (s, 1H),
7.65 (s, 1H), 7.40 (s, 1H), 2.54 (s, 3H), 245 (5, 3H), 2.27 (5, 31D, 2.19 (m, 1H), 1.13-
1.06 (m, 4H).

Example 55

4-(2'-Cyclopropyl-4,5,6,7 _tetrahydro-1'"H-1,4"-bibenzo[dlimidazol-6-y1)-3, 5-
dimethylisoxazole (1020-55)

[00316]  CoBaN;O.374.1 M+1). 'HNMR (DMS0) 3 9.38 s, 1H), 7.64 (s, 1H),
7.41 (s, 1H), 2.74 (m, 2H), 2.56 (m, 2H), 2.44 (s, 3H), 2.27 (s, 3H), 2.20 Gn, 1H), 1.80
(m, 4H), 1.2-1.0 (m, 4H).

Example 56
4-(2-Cyclopropyl-1'H-1,4"-bib enzo[d]imidazol-G‘—yI)—3_,5-dimethylisoxazole (1020-56)

N-O
[

/\
HN Ny
JN @

(00317} N0, 370.1 (M+1). 'HNMR (DMSO) 8 9.09 (s, 1H), 7.88 (4, 7=
8.0 Hz, 1H), 7.63 (s, 1H), 7.6-7.4 (m, 4H), 2.47 (5, 3H), 2.30 (s, 3H), 2.20 (m, 1H), 1.2-
1.0 (m, 4H).

Example 57
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4-(2-Cyclopropyl-7-(2,4-dimethylpyridin-3 -y1)-1H-benzo[d]imidazol-5-y1)-3,5-
dimethylisoxazole (1020-57)

oy 9 ¢ .
% 0-Bg-0 N s
s7g< o
I > N 50 ————
<R»NH <{\—NH o
[00318] To a 10 mL Smith process vial equipped with a stir bar was added 4~(2-

cyclopropy1—4~iod_o-1H—benzo[d]imidazol—é-yi)-S,S—dimethylisoxazole (758 mg, 2
mmol), (Example 8, Step 4) bis(pinacolato)diboron (2.54 g, 10 mmol), | 1,1'-
bis(diphenylphosphino)-ferrocene) dichloropaliadiuﬁ(l[) (146 mg; 0.2 mmol), and
potassium acetate (1.96 g, 20 mmol). 1,4-dioxane was then added, and the reaction
vessel was cappeﬂ with a rubber septum, and evacuated and backfilled with N, three
times. The reaction mixture was then heated for 18 hours at 100 °C, followed by 6 hours
at 110 °C. The reaction mixture was then diluted with ethyl acetate (100 mL), filtered,
washed with water (100 ml,) followed by brine (50 mLy}, and dried over anhydrous
magnesium sulfate. This mixture was then concentrated to dryness to give crude 4-(2-
cyolopropyl—?-(4,4_,5,5-tetramethyl-1,3,2—dioxaborolan—2-y1)~1H—benzo[d]imidazoLS-yl)—
3,5-dimethylisoxazole. CsH 7BN305. 298.1 ((M-Pinacol)+1).

[00319] Crude 4-(2-cyclopropyl-7-(4,4,5,5 -tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-benzo[d}imidazol-5-yl)-3,5-dimethylisoxazole (280 mg crude mixture, ~0.2 mmol)
from the previous step was added to a 0.5 to 2 mL Smith process vial equipped with a
stir bar. To the reaction vessel was added 3-bromo-2,4-dimethylpyridine (112 mg, 0.6
mmol), potassium carbonate (276 mg, 2 mmol), PEPPSI-IPr catalyst (13.6 mg, 0.02
mmol), 1,4-dioxane (0.8 mL) and water (0.2 mL). The reaction mixture was heated in a
microwave reactor for 45 minutes at 135 °C, then the organic layer was removed by
syringe, filtered, and directly injected onto preparative reverse phase high performance
liquid chromatography (Phenomenex Gemini C18 column, 5% to 50% gradient
acetonitrile in water with 0.1% TFA) to give 4~(2-cyclopropyl-7-(2,4-dimethylpyridin-3-
yl)-1H-benzo[d]imidazol-5-y1)-3,5-dimethylisoxazole (34 mg) as a TFA salt.

[00320] Co2HaaN,0. 359.2 (M+1). "H NMR (400 MHz, CD50D) 5 8.69 (d, J = 6.2
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¥z, 1H), 7.94 (d, /= 6.2 Hz, 1H), 7.79 (d, /= 1.4 Hz, 1H), 7.44 (4, J= 1.4 Hz, 1H), 2.50
(s, 3H), 2.49 — 2.40 (m, 4H), 2.36 (s, 3H), 2.30 (s, 3H), 1.57 — 1.46 (m, 2H), 1.46 ~ 1.37
(m, 2H).

Example 58

4-(2-Cyclopropyl-7 —(3-cyclopropyl—5-mcthyl-1H-pyrazol-4—yl)-IH:-'benzo[d]imidazol—S-
y1)-3,5-dimethylisoxazole (1020-58).

[00321] Crude 4—(2-cyclopr0pyl~7-(4,4,5,S-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-
1H-benzo[d]hnidazol~5-yl)-3,-S-dimethylisoxazole (729 mg crude mixture, ~0.5 mmol)
(Example 57) was added to a2 to 5 mL Smith process vial equipped with a stir bar. To
the reaction vessel was added 4-bromo-3-cyclopropyl-5-methyl-1H-pyrazole
hydrochloride (355.5 mg, 1.5 mmol), potassinm carbonate (690 mg, 5 mmol), PEPPSI-
TPr catalyst (34 mg, 0.05 mmol), 1,4-dioxane (2 mL) and water (0.5 mL). The reaction
mixture was heated in a microwave reactor for 1 hour at 135 °C, then the organic layer
was removed by syringe, filtered, and directly inj ected onto preparative reverse phase
high performance liquid chromato graphy (Phenomenex Gemini C18 column, 5% to 50%
gradient acetonitrile in water with 0.1 % TFA) to give 4-(2-cyclopropyl-7-(3-
cyclo_propyl—S-methyl—lH-pyrazol—4—y1)-1H—benzo[d]imidazol—S-—yl)—S,5-
dimethylisoxazole as a TFA salt. |

(00322 CyoHasN50. 374.2 (M+1). 'H NMR (400 MHz, CD;0D) § 7.64 (d, J = 1.4
Hz, 1H), 7.39 (d, J= 1.5 Hz, 1H), 2.53 — 239 (m, 4H), 2.29 (5, 3H), 2.23 (5, 3FD), 1.87 -
1.70 (m, 1H), 1.58 — 1.48 (m, 2H), 1.48 — 1.40 (m, 2H), 1.02 - 0.73 (m, 4H).

Example 59

132



WO 2014/182929 PCT/US2014/037344

4-(2-Cyclopropyl-4-(3-methyl-5 -phenyl-1H-pyrazol-4-yl)-1H-benzo{ dJimidazol-6-yl)-
3,5-dimethylisoxazole (1020-59)

O-N N—NH
N /V\Ph
Br
o) i
AN ?) PEPPSI-IPT,
CSzCOa, DME/HQO
M.W. 120 °C
100323] Crude 4-(2-cyclopropyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

1H-benzo[d]imidazol-5-y1)-3,5-dimethylisoxazole (74 mg ,0.05 mmol) (Example 57)
and 4-bromo-3-methyl-5-phenyl-1 H-pyrazole (36 mg, 0.15 minol) was added to a
solvent mixture of 1,2-dimethoxyethane (2 mL} and water (1 mL). To the above mixture
were added PEPPSI-IPr (4 mg, 0.005 mmol) and Cs,CO; (72 mg, 0.2 mmol). The
reaction mixture was heated at 120 °C for 30 mins in microwave reactor, The reaction
mixture was evaporated and the residue was purified by preparative HPLC {0-1 00%
CH;CN/H:0) to afford 4-(2-cyclopropyl-4-(3-methyl-5-phenyl-1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[00324] CasH2sNsO. 410.3 (M+1). 'H NMR (400MHz, CD30D) § 7.61 (d, J=1.2
Hz, 1H), 7.35-7.28 (m, 5H), 7.26 (d, J=1.2 Hz, 1H), 2.41-2.39 (m, 1H), 2.33 (s, 3H),
2.31 (s, 3H), 2.13 (s, 3H), 1.51-1.48 (m, 2H), 3.34 (s, 2H).

Example 60

4-(2-Cyclopropyl-4-(3,5-dicyclopropyl-1H-pyrazol-4-yl)-1 H-benzo[ d]imidazol-6-y1)-
3,5-dimethylisoxazole {1020-60)

Step 1
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[00325] 1,3-Dicyclopropylpropane-1,3-dione (1.1g, 7.23 mmol) was stirred at 0
°C in BtOH (25 mL) and hydrazine (0.232g, 7.23 mmol} added slowly. After stirring at
RT for 2 h, volatiles were remove, the residue taken up in EtOAc and the organic layer
washed with brine and dried over sodium sulfate. Purification on silica gel (hexanes

ethyl acetate 0-100%) afforded 3,5 -dicyclopropyl-1H-pyrazole.

Step 2

[00326] 3,5-Dicyclopropyl-1H-pyrazole (1.0g, 6.79 mmol) was dissolved in acetic
acid (10 ml) and reacted with NBS (1.209 g, 6.79 mmol). After stirring for 1 h, volatiles
were removed, the residue taken up in EtOAc and the organic layer washed with brine
and dried over sodium sulfate. Purification on silica gel (hexanes ethyl acetate 0-100%)

afforded 4-bromo-3,5-dicyclopropyl-1H-pyrazole.

Step 3

[00327] 4-Bromo-3,5-dicyclopropyl-1H-pyrazole was reacted under standard
Suzuki conditions with 4-(2-cyclopropyl-4-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan-2-
yl)-1H—benzo[_d]imidazol-G-yl)-B-methylisoxazole (see Example 59) to afford 4-(2-
cyclopropy1—4-(3,5~dicyclopropy1—1H—pyrazol-—4-y1)-lH-b'enzo{d]imidazol-G-yl) -3,5-

dimethylisoxazole.

[00328] CosHysNsO. 400.2 (M+1). 1H NMR (400 MHz, dmso) § 7.61 (s, 1H),
7.34 (s, 1H), 2.45 (s, 3H), 2.26 (s, 3H), 1.71 — 1.59 (m, 1H), 1.48 — 1.33 (m, 8H), 0.74
(m, 6H).

Example 61

5-(2-Cyclopropy1—6—(3,5-dimeﬂ1y1isoxazol—4—yl)—1H-benzo[d]imidazol—4-yl)quinolin-
2(1H)-one (1020-61)

Step 1: Preparation of 2-cyclopropyl-6-(3.5-dimethylisoxazol-4-y1)-1H-

benzo[dlimidazol-4-ylboronic acid
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r;l N
P joB‘Bo:é / P
0 0
PdClLdppf
(5 mol%)
HN I me————  HN B(OH),
DMSO

[00329] 4—(2-Cyclopropy1—4‘-iod0~1'H-benzo[d]imidazol—ﬁ—yl)-B,5-
dimethylisoxazole (300.0 mg, 0.791 mmol} (Example 8, Step 4) was treated with
4,4,4',4',5,5,5’,5'—octamethyl-2,2'—bi(1,3,2—di0xabor01ane) (301.3 mg, 1.1865 mmol, 1.5
equiv.), KOAc (232.9 mg, 2.373 mmol, 3.0 equiv.) in the presence of PACLdppf (28.9
mntg, 0.03955 mmol, 0.05 equiv) in DMSO (S mL}) at 170 °C for 30 min. in an oil bath.
To the reaction mixture were added water (30 mL) and EtOAc (70 mL), The whole 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 dﬁed over Na;SQ4. The solvent was
removed under a réduced pressure to give the 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 2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)—1H—benzo[d]imidazol-4—ylboronic acid.
[00330] Ci5H16BN3O3: MS. m/iz 297.9 (M+1).

Step 2: Preparation of 5-(2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-v1}-1H-

benzo[dlimidazol-4-yDisogquinolin-1 (2H)-one

Br
N-O
(.~ I
ﬁ o

PEPPSI-iPr
{5 mol%)
HN B(OH); ——»
=N N32003
dioxane
H;O

[00331] 2-Cyblopropy1-6-(3,S—dimethylisoxazol—4-yl)—IH—benzo[d]imidazol—4-
ylboronic acid (47.1 mg, 0.1585 mmol) was treated with 5-bromoquinolin-2(1H)-one
(106.5 mg, 0.4755 mmol, 3.0 equiv.), 2M-Na,CO; (a2q) (1 mL) in the presence of
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PEPPSI-IPr (5.3 mg, 0.007925 mmol, 0.05 equiv) in 1,4-dioxane (3 mL) at 150°C for 10
min in microwave reactor, To the reaction mixture were added water (30 mi) and
FtOAc (70 mL). The whole was filtered through Celite (3 g) and then organic layer was
separated from the filirate. The organic layer was washed with brine (30 mL) and dried
over Na;SO,. The solvent was removed under a reduced pressure to give the 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 5-(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-yl)isogquinolin-1(2H)-one.

[00332] CoeHagN.Oy. MS. m/z 396.9 (M+1). 'H NMR (MeOH-dy) § 8.45 (d, /=
7.3 Hz, 1H), 7.81 (&, J = 7.3 Hz, 1H), 7.66 (t, /= 7.3, 1.5 Hz, 1H), 748 (s, 1H), 713 (4,
J=13, 1H), 7.07 (s, 1H), 6.35 (d, J=7.3, 1H), 2.45 (s, 3H),2.30 (5, 3H), 2.15 - 2.05 (m,
1H), 1.17 — 1.05 (m, 4H).

Example 62

5—(2—Cyclopr0py1—6-(3,5-dirnethy1isoxazol—4-y1)-1H—benzo[d]imidazol-4-y1)-3,4-
dihydroisoquinolin-1(2H)-one (1020-62)

[00333] 5—(2—Cyclopr0py1—6.—(3,S-dirnethylisoxazol-4-y1)—1H-benzo [d]}imidazol-4-
y1)-3,4-dihydroisoquinolin-1(2H)-one was synthsized in a similar manner as that of
Example 61, Step 2, using 5-bromo-3,4-dihydroisoquinolin-1(2H)-one.

[00334] CoullaN4Oy. MS. 399.2 (M+1). 'H NMR (MeOH-dy) & 8.07 (dd, J=7.7,
1.4 Hz, 1H), 7.60 (dd, J= 7.7, 1.4 Hz, 1H), 7.50 (t, /= 7.7 Hz, 1H), 743 (d, /= 1.5 1z,
1H), 7.01 (d, J= 1.5 Hz, 1H), 3.41 (t, J= 6.7 Hz, 2H), 2.96 — 2.64 (m, 2H), 2.4 (5, 3H),
229 (s, 3H), 2.20 — 2.07 (quin, J= 7.0 Hz, 1H), 1.20 — 1.07 (4, /= 7.0 Hz, 4H).
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Example 63

5-(2—Cyc10propy1-6-(3,5-dimethy1isoxazol—4—y1}- 1H-benzo[d]imidazol-4-yl)quinolin-
2(1H)-one {1020-63)

N
f

-0
o

)

HN
<R: )
0]
[00335] 5~(2-Cyclopropyl-6-(3,5 -dimethylisoxazol-4—yl)~]'H-benzo[d]imidazol—ﬁl-

ylquinolin-2(1H)-one was synthsized in a similar manner as that of Example 61, Step 2,

using S-bromoquinolin-2(1H)-one.

[06336] Ca4HzN;0,. MS. 397.1 (M+1). 'H NMR (MeOH-d) & 7.68 (t, J = 8.0
Hz, 1H), 7.67 (4, /= 8.0 Hz, 1H), 7.49 (s, 1H), 7.47 (d, J= 8.0 Hz, 1H), 7.35 (d, J = 8.0
Hz, TH), 7.08 (s, 1H), 6.5 (d, /= 8.0 Hz, 1H), 2.46 (s, 3H), 2.30 (s, 3H), 211 (quin, J =
7.0 Hz, 1H), 1.13 (d, /= 7.0 Hz, 4H).

Example 64

5—(2-Cyclopropyl-6n(3,5-d1'methylisoxazol-4-yl)—I H-benzo[dlimidazol-4-y1)-3,4-
dihydroquinolin-2(1H)-one (1020-64)

N-0O
{ P
N

}
0O
[00337] -5—(2-Cyclopropyl-6—(3,S—dimethylisoxazol—4-y1)—1H~benzo[d]imidazol-4-

y1)-3,4-dihydroquinolin-2(1H)-one was synthsized in a similar manner as that of
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Example 61, Step 2, using 5.bromo-3,4-dihydroquinolin-2(1H)-one.

[00338] CoiHysN:O,. MS. 399.1 (M+1). "H NMR (MeOH-dy) & 7.41 (br s, 1H),
729 (br t, J=8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 7.01 - 6.95 (m, 2H), 2.91 - 2.60 (m,
2H), 2.55 —2.45 (brm, 1H), 2.43 (s, 3H), 228 (5, 31, 2.16 - 2.07 (m, 1K), 1.12 (4, /=
74 Hz, 4H).

Example 65

5—(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol—4—yl)—4,6—
dimethylpyrimidin-2-ol (1020-65)

[00339] 5-(2-Cyclopropyl-6-(3,5 -dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
y1)-4,6-dimethylpyrimidin-2-ol was synthsized in a similar manner as that of Example
61, Step 2, using 5-bromo-4,6-dimethylpyrimidin-2-ol.

[00340] CyiHyN5Oz. MS. 376.1 (M+1), 'H NMR (CD3CN) § 7.81 (4, /= 1.4 Hz,
1H), 7.28 (d, J= 1.4 Hz, 1H), 2.56 — 2.45 (m, 1H), 2.42 (s, 3H), 2.26 (s, 3, 2.15 - 2.05
(m, 6H), 1.57 - 1.52 (m, 2H), 1.50-1.40 (m, 2H).

Example 66

5-(2-Cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo [d}imidazol-4-y1)-4-
methylpyrimidin-2-ol (1020-66)
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[00341) 5—(2-CycIopropy1~6-(3,S-dimethy]isoxazol-4-y])-1H—benzo[d]imidazol—4-
yI)-4-methylpyrimidin-2-ol was synthsized in a similar manner as that of Example 61,
Step 2, using 5-bromo-4-methylpyrimidin-2-ol.

[00342] CaoH19N502. MS. 362.1 (M+1). "H NMR (CD,CN) § 8.29 (s, 1H), 7.75
(d, /=14 Hz, 1H), 7.34 (d, J = 1.4 Hz, 1H), 2.49 (quin, J= 6.7 Hz, 1H), 2.42 (s, 3H),
2.29 (s, 3H), 2.26 (s, 3H), 1.49 (d, J = 6.7 Hz, 4H).

Example 67

4-(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-yl)phthalazin-
1(2H)-one (1020-67)

[00343] 4—(2-Cyclopr0py]-6-(3,5-dimethy1isoxazol~4-yl)-1H-benz’0[d]imidazol-4~
yDphthalazin-1(2H)-one was synthsized in a similar manner-as that of Example 61, Step

2, using 4-bromophthalazin-1{(2H)-ote.

[00344] CostlyoN50z. MS. 398.1 (M+1). "H NMR (McOH-dy) 8 8.51 (dd, J= 7.5,
1.4 Hz, 1H), 7.95 (td, /= 7.5, 1.4 Hz, 2H), 7.92 (td, /= 7.5, 1.4 Hz, 1H), 7.77 (d, /= 1.4
Hz, 1H), 7.67 (dd, /= 7.5, 1.4 Hz, 1H), 7.66 (d, 1.4 Hz, 111}, 2.49 (s, 3H), 2.48 - 2.40
(m, 1H), 2.33 (5, 3H), 1.58 — 1.49 (m, 2H), 1.44 — 1.35 (m, 2H),

Example 68
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5'~(2-Cyclopropy1—6—(3,5—dimethylisoxazol—4—y1)—1H—benzo[d]imidazo‘1—4—
yb)spiro[cyclopropane-1,1'-isoindolin]-3'-one {1020-68)

[60345] 5‘-(2-Cyclopropy1—6—(3,5-dimethylisoxazol-4—y1)-lH-benzo[d]imidazol-4-
yl)spiro[ cyclopropane-1,1'-isoindolin]-3'-one was synthsized in a similar manner as that
of Example 61, Step 2, using 3'-oxospiro[cyclopropane-1,1 "_isoindoline}-5'-yl

trifluoromethanesuifonate.

[00346] CysHaN4O,. MS. 411.1 (M+1). "H NMR (MeOH-d,) 5 8.05 (br s, 1),
7.90 (d, 7= 8.6 Hz, 1H), 7.30 (4, J= 1.5 Hz, 1H), 7.27 (d, /= 8.6 Hz, 1H), 7.10 (¢, /=
1.5 Hz, 1H), 2.35 (s, 3H), 2.20 (s, 3H), 2.08 - 2.16 (s, 1H), 1.58 - 1.50 (m, 2H), 1.50 -
1.47 (m, 2H), 1.11 = 1.02 (m, 4H).

Example 69

5-(2-Cyclopropyl-6-(3,5-dim ethylisoxazol-4-yl}-1H-benzo[d] imidazol-4-y1)-1-methyl-
3 4-dihydroquinotin-2(1H)-one (1020-69)

B
r KHMDS O
Mei :
THE
NH Noye
o 0

[00347] 5-Bromo-3,4-dihydroquinolin-2(1H)-one (300.0 mg, 1.327 mmol) was
treated with KHMDS (1.33 mL, 1.327 mmol, 1.0 equiv., IM solution in THF) in THF (3

Step 1

mL) under a nitrogen atmosphere at -78 °C for 30 min. To the reaction mixfure was
added a solution of Mel (367.7 mg, 2.654 mmol, 2.0 equiv.) in THF (1 mlL) at the same

temperature. And then the reaction was allowed to warm to room temperature and stirred
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for 45 min. To the reaction mixture was added water (30 mL). The whole was extracted
with CHCl, (30 mL x 3). Obtained organic layer was washed with brine (30 mL) and
dried over N2,SO,. The solvent was removed under a reduced pressure to give a crude
product. The crude product was purified a silica gel column chromatography
(MeOH:CH,Cl = 0:100 ~ 1:99) to give S-bromo-I-methy1-3,4-dihydroquinolin—2(I-H)-

one.
[00348] C1oH1oBINO: MS. m/z 240.0 (M-1), 242.0 (M+1).

Step 2: Preparation of 5-(2-cyclopropyl-6-(3.5 -dimethvlisoxazol-4-y)-1H-
benzo[dlimidazol-4-v])-1 -methyl-3.4-dihydroquinolin-2(1H)-one

N
!

-0
L

HN

[00349] 5-(2—Cyclopr0pyl-6-(3,5-dimethy1isoxazol—4~yl)—1Hmbenzofd]imidazol—4~
yl)-1-methyl-3,4-dihydroquinolin-2(1H)-one was synthsized in a similar manner as that
of Example 61, Step 2, using 4-bromo-2-tert-butoxypyridine.

[00350] CasHzaNaOy. MS. m/z 413.2 (M+1). "HNMR (MeOH-dy) § 7.63 (d, J =
1.5 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.36 (d, J = 1.5 Hz, 1H), 7.35 (d, /= 7.9 Hz, 1H),
7.19 (d;J = 7.9 Hz, 1H), 3.45 (5, 3H), 2.72 (t, J = 7.3 Hz, 2H), 2.55 (br t, J = 7.3 Ha,
2H), 2.46 (s, 3H), 2.46 — 2.39 (m, 1H), 2.30 (s, 3H), 1.56 — 1.47 (m, 2H), 1.42 — 1.35 (m,
2H).

Example 70

4—(4-(thert—Butoxypyridin-4~y1)-2~cyc]opr0py1~1H-benzo{d]imidazol—ﬁ—yl)—S,S—
dimethylisoxazole (1020-70)
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[06G351}) 4-(4—(2~tert—butoxypyridin—4—yl)-2-cyclopropyl-lH-‘oenzo[d]imidazonﬁ-
y1)-3,5-dimethylisoxazole was synthsized in a similar manner as that of Example 61,

Step 2, using 4-bromo-2-fert-butoxypyridine.

[00352] CoubloeN,Op. MS. 403.2 (M+1), 'H NMR (MeOH-dj) §.8.21 (br s, 1H),
7.50 —7.30 (br m, 2H), 7.30 — 7.10 (br m, 2H), 2.43 (s, 2H), 2.28 (s, 2H), 2.22 (quin, /=
7.0 Hz, 1H), 1.61 (s, 9H), 1.16 (d, J="7.0 Hz, 4H).

Example 71

4—(2-Cyclopropy1—6—(3,_5-dimethyh'soxazol—4—y1)-1H-benzo[d]imidazol—4-yl)pyﬁdin~2-ol

(1020-71)
N-O
y
o TFA
HN
f N
[00353} 4-(4-(2-tert—Butoxypyﬂdin—tl-yl)—Z-cyclopropyl—1H-benzo[d]imidazol—6—

y1)-3,5-dimethylisoxazole (10.1 mg, 0.0251 mmol) was dissolved into TFA (2 mL) at
room temperature. The reaction mixture was stirred at the same temperature for 1 h. The
solvent was removed under a reduced pressure to give 4-(2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-yl}-1H-benzo [d}imidazol-4-yl)pyridin-2-ol.

[00354] Cooll1NOs. MS. m/z 347.1 (M+1). 'H NMR (MeOH-ds) 8 7.67 (d, J =
1.4 Hz, 1H), 7.65 (d, J = 6.8 Hz, OH), 7.55 (d, J = 1.4 Hz, 1H), 6.83 (&, /= 1.7 Hz, 1H),
6.70 (dd, J = 6.8, 1.7 Hz, 1), 2.49 - 2.57 (m, 1H), 2.45 (s, 3H), 2.29 (s, 3H), 1.60 - 1.52
(m, 1H), 1.49 - 1.41 (m, 1H).
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Example 72

N-(4~(3,S-Dimethylisoxaz01—4—yl)—2-i0do—6—nitrophenyl)-N—
methylcyclopropanecarboxamide (1 020-72)

Step 1: Preparation of '4u(3,5—dimethvlis'oxazol—4-v1)-2-iodo~N—mcthvl-6~nitroanih'ne

S 9
4 Mel, Cs,CO;4 7
DMF
O,N ! O,N I
NH, HN._
[00355] Into a flask containing 4-(3,5-dimethylisoxazol-4-yl)-2-iodo-6-

nitroaniline (1000 mg, 2.78 mmol, 1 equiv) (see Example 8, Step 2) was added DMEF (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,

[00356] LCMS (m/z +1) 373.85. "H NMR (400 Mz, cdcl3) § 7.81 (t, J = 3.0 Hz,
1H),7.70 (4,1 =2.1 Hz, 1H), 2.97 (s, 3H), 2.40 (d, J = 16.8 Hz, 3 H), 2.26 (d, ] = 14.2
Hz, 3H).

Step 2: Preparation of N-(4-(3.5 -dim‘ethvlisoxazol—4-vl)'-2~iodo~6—nitrophenvl)—N—

methvlcyclopropanecarboxamide

N-Q o N-Q
/
= >4 £
Cl
TEA, GH,Cl,
O,N O,N I
HN,_ o ZN\
[00357] To a flask containing 4-(3,5-dimethylisoxazol-4-y1)-2-iodo-N-methyl-6-

143



WO 2014/182929 PCT/US2014/037344

nitroaniline (300 mg, 0.8 mmol, 1 equiv.) was added methylene dichloride (8 ml, 0.1M)
and TEA (335 pL, 2.42 mmol, 3 equiv.). At °C, cyclopropanecarbonyl chloride (110
pL, 1.21mmol, 1.5 equiv) was added. After an hour, the reaction was complete. The
reaction was extracted with EtOAc and washed with water, saturated NH;Cl. After
drying with MgSOsg, it was filtered and concentrated to dryness. The product was
purified by flash column chromatography to furnish N-(4-(3,5-dimethylisoxazol-4-y1)-2-
iodo-6—nitrophenyl)—N-methylcyclopropanecarboxamide.

[00358] LCMS (m/z +1) 442.06

Step 3: Preparation of 4-( 2-cyclopropyl-7-iodo-1-methyl- 1H-benzoldlimidazol-5-v1}-

3.5-dimethylisoxazole

N-O N-Q
! / i
SnCly, AcOH
OzN |
OZN ~
{00359] Into a microwave vial containing N-(4-(3,5-dimethylisoxazol-4-yl)-2-

iodo-6-nitrophenyl)-N-methylcyclopropanecarboxamide (110 mg, 0.23 mmol, 1 equiv)
was added AcOH (5mL, 0.25M) and tin (II) chloride (86 mg, 0.45 momol, 2 equiv). The
reaction was heated for 90 min at 120 °C. The reaction was then stirred in 2N NaOH
solution for 20 minutes before being partitioned between water and ethyl acetate. The
organic layer was washed with brine and dried over sodium sulfate. The product was
purified by flash column chromatography to furnish 4-(2-cyclopropyl-7-iodo-1-methyl-
1H—benzo[d]imidazol—S-yl)-3,5-dimethylisoxazole.

LCMS (m/z +1) 394.05.

Step 4: Preparation of 4-( 2-cvclopropyl-7-( 3.5-dimethyl-1H-pyrazol-4-yl)-1-methvi-1H-

benzo[d]imidazoLS-vl)-3,5-dimethv1isoxazole.
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> N
PEPPSI-IPr, Cs,CO; YN
DME/H,0, M.W. 120 °C h

[06360] To a microwave vial containing 4-(2-cyclopropyl-7-iodo-1-methyl-1 H-
benzo[dlimidazol-5-y1)-3,5-dimethylisoxazole (4 mg, 0.01 mmol, 1 equiv.) was added
3,5-dimethyl-4-(4,4,5 ,S—tetfamethyL1,3,2—di0xaborolan~2-yl)-1 H-pyrazole (6 mg, 0.025
mmol, 2.5 equiv.), Cs;CO; (13 mg, 0.04 mmol, 4 equiv.) and PEPPSI " -IPr catalyst (0.8
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 120 °C. After 1 hr, the reaction was complete. The reaction was
concentrated in vacuo and purification was then carried out by reverse phase HPLC to
furnish 4-(2-cyclopropy!-7-(3 ,5-dimethyl-1H-pyrazol-4-yl)-1 -methyl-1H-

benzo[d]imidazol-5-yl)-3-,5-dimethylisoxazole.

[00361] LCMS (m/z +1) 362.22. 'H NMR (400 MHz, cdsod)  7.44 (d, J = 1.6
Hz, 1H), 6.87 (d, /= 1.6 He, 1H), 3.54 (s, 3H), 2.40 (s, 3H), 2.25 (s, 3H), 2.15 (s, 1H),
2.10 (s, 6H), 1.37 (s, 2H), 1.19 - 1.07 (m, 2H).

Example 73

4-(2-Cyclopropyl-7-(1 A-dimethyl-1H-pyrazol-5-y1)-1 -methyl-1H-benzo[d]imidazol-5-
y1)-3.5-dimethylisoxazole (1 020-73)

N-O >?L?
B /

¥

\1 N PEPPS[-'PF, 082003
<ﬁ' N DME/H,0, M.W. 120 °C
[60362] To a microwave vial containing 4-(2—cyolopropy1—7-iodo—1~methyl-1H-

benzo[dJimidazol-5-y1)-3,5-dimethylisoxazole (22 mg, 0.056 mmol, 1 equiv.) was added
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1,4—dimethy1—5-(4,4,5,5~tetramethy1—1,3,2-di0xaborolan-2~yl)—1H-pyrazolc (31 mg, 0.14
mmol, 2.5 equiv.), Cs;CO;3 (72 mg, 0.22 mmol, 4 equiv.) and PEPPSI -IPr catalyst (4
mg, 0.006 mmol, 0.1 equiv.) and dissolved in DME-H,0 (4 mL, 0.2 M, 2/1, v/v). The
mixture was heated to 120 °C. After 1 br, the reaction was complete. The reaction was.
concentrated in vacuo and purification was then carried out by reverse phase HPLC to
furnish 4-(2-cyclopropyl-7-(1 A-dimethyl-1H-pyrazol-5-y1)-1-methyl- 1H-
benzo[d]imidazol—S-yl)-3,S-dimethylisoxazole.

[00363] LCMS (m/z +1) 362.24. 'H NMR (400 Mz, cdsod) 8 7.57 (d, J= 1.6
Hz, 1H), 7.46 (s, H), 7.02 (d, J= 1.6 Hz, 1H), 3.70 - 3.58 (m, 3t), 340 (5, 3H), 242 s,
3H), 2.26 (s, 3H), 2.24 — 2,12 (m, 1H), 1.93 (s, 3H), 1.20 - 1.04 (m, 4H).

Example 74

4-(2-Cyclopropyl-1 -methy1~7-(6-m§:thquuinoiin—5~y1)-1 H-benzo[d]imidazol-5-y1)-3,5-
dimethylisoxazole (1020-74)

N‘\
~ 00
-

B

HO " OH
I o N
N, PEPPSI-Pr, Cs;COs, N
J N_ DME / H,0 JN\
[00364] To a microwave vial containing 4- (2-cyclopropyl-7-iodo-1-methyl-1H-

benzo[d]imidazol-S—yl)—?;,S—dimethylisoxazole (22 mg, 0.056 mmol, 1 equiv.) was added
3,5- 6-methylquinolin-3-ylboronic acid (26 mg, 0.14 mmol, 2.5 equiv.), Cs,CO3 (72 mg,
0.22 mmol, 4 equiv.) and PEPPSI -IPr catalyét (4 mg, 0.006 mmol, 0.1 equiv.) and
dissolved in DME-H,0. (4 mL, 0.2 M, 2/1, v/v). The mixture was heated to 120 °C. After
1 hr, the reaction was complete. The reaction was concentrated in vacuo and purification
was then carried out by reverse phase HPLC to furnish 4-(2-cyclopropyl-1-methyl-7-(6-
methquuinolin—ﬁ-yl)-lH—benzo[d]imidazol-s-yl)-S,5 ~dimethylisoxazole.

[00365] LCMS (m/z +1) 409.52. "H NMR (400 MHz, cdsod) 8 8.73 (d, /=43
Hz, 1H), .02 (d, J= 8.6 Hz, 1H), 7.75 (4, J = 8.8 Hz, 1H), 7.64 (4, /= 8.4 Hz, 1H), 7.51
(d,J=1.6 Hz, 1H), 7.34 (dd, J = 8.6, 43 Hz, 1H), 6.87 (d, /= 1.5 Hz, 1H), 2.97 (5, 3H),
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2.34(s,3H), 2.20 (d, /= 9.3 Hz, 6H), 1.99 (d, /= 8.6 Hz, 1H), 1.07 - 0,93 (m, 4H),
Example 75

4—(2—Cyclobutyl-4—(3,S-dimethyl-1H-pyraz01~4-yl)-lH-benzo[d]imidazol-6-y1)—'3,5—
dimethylisoxazole (1020-75)

Step 1: Preparation of 3-( 3.5-dimethvl-1H—DVrazoi-4—VI)—5-(3,5-dimethvlisoxazol—4-

yl}benzene-1,2-diamine

H,N | PEPPSI-IPF, Cs,C0O;
NH, DME/H,0, M.W. 130 °C
[00366] 3,5-Dimethylpyrazole-4-boronic acid, pinacol ester (1.35g, 6.08 mmol)

was added to a solution of 5-(3_,5-dimethylisoxazol-4—yl)~3—iodobenzene-1,2-diamine
(500 mg, 1.52 mmol) in 1,2-dimethoxy ethane and water (8/4 mL). To the mixture was
added cesium carbonate (2.5g, 7.6 mmmol) and PEPPSI-IPr (103 mg, 0.15 mmol). The
reaction was put in microwave reactor and heated at 130 °C for 60 minutes before being
evaporated under vacuum. The residue ' was purified by preparative HPLC (0-100%
CH,CN/H,0) to afford 3~(3,5-dimethyl-1H-pyrazol-4-yl)-5-(3,5-dimethylisoxazol-4-

yl)benzene-1,2-diamine.
[00367] C)6H19N50. 208 .4 (M'l'].).

Step 2. Preparation of 4-(2-cyeclobutyl-4-( 3,5-dimethyl-1H-pyrazol-4-v])-1H-

benzo[d]imidazol-6-v1)-3,5-dimethylisoxazole

Y

[00368] 3-(3,5-dimethy1—1H-pyrazol-4-y1)-5-(_3,S-dimethylisoxazoi-4—yl)benzene—
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1,2-diamine (50 mg, 0.17 mmol) was dissolved in pyridine (1 mL). To the solution was
added cyclobutyl carbonyl chloride (20 mg, 0.17 mmol). The reaction was stirred at RT
for 1h before the solvent was evaporated under vacuum and TFA (1 mL) was added and
the reaction mixture was heated at 80 °C overnight. The solvent was removed under
vacuum and the residue was purified by preparative HPLC (0-100% CH;CN/H;0) to
afford 4-(2—cyclobutyl-4-(3,5—dimethyl—1H—pyrazol—4—y1)-1H—benzo[d}imidazol—6-yl)-

3,5-dimethylisoxazole.

[00369] CorHsNs0. 362.3 (M+1). "H NMR (400MHz, CD;0D) § 7.77 (d, J=1.6
Hz, 1H), 747 (d, J=1.6 Hz, 1H), 4.14-4.10 (m, 1H), 2.64-2.58 (m, 4H), 2.48 (s, 3H),
2.33(s, 6H), 2.31 (s, 3H), 2.12-2.10 (m, 2H).

‘Examples 76 and 77

4-(2-(Difluoromethyl)-7-(3,5-dimethyl-1 H-pyrazol-4-yl)-1H-benzo[d]imidazol-5-yl)-
3,5-dimethylisoxazole (1020-76); and

4—(7-(3,5-Di1nethyl-1H-pyrazol—4-y1)-2—methyl-1H-benzo[d]irnidazol-5~y1)-3,5-
dimethylisoxazole (1020-77)

[00370] To a stirred round-bottomed flask was added 3-(3,5-dimethyl-1H-pyrazol-
4—y1)-5-(3,5-dimethylisoxazol—zi—yl)benzene- 1,2-diamine (52.5 mg, 0.18 mmol) (see
Example 75, Step 1) and methylene chloride (1 mL). To this solution was added
difiuoroacetic anhydride (25 pL, 0.198 mmol). This solution was allowed fo stir at room
temperature for 1 hour before adding 5 mL TFA. Resulting solution was refluxed 18
hours, then concentrated in vacuo. Residue was then taken up in methanol, and injected
onto preparative reverse phase high performance liquid chromatography (Phenomenex
Gemini C18 column, 5% to 50% gradient acetonitrile in water with 0.1% TFA) to give

two products:
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[00371] 4——(2—(Diﬂuoromethyl)-7-(3,S—dimethyl-lH—pyrazol-4—yi)~1H—
benzo[d}imidazol-5-y1)-3,5-dimethylisoxazole: CisHy7F;N50. 358.1 (M+1). "THNMR
(400 MHz, cdsod) 8 7.67 (d, J= 1.6 Hz, 1), 7.27 (d, J=1.6 Hz, 1H), 7.05 (td, J=53.4,
0.8 Hz, 1H), 2.47 (s, 3H), 2.38 — 2.35 (m, 6H), 2.32 (s, 3H).

[00372] 4~(7~(3,5~Dimethy1—1H—pyrazol-4—y1)~2—meﬂ1y1~IH—benzo[d]imidazoI—S-
y)-3,5-dimethylisoxazole: CisHoNsO. 322.1 (M+1). "H NMR (400 MHz, cdsod) & 7.72
(d,/=1.1 Hz, 1H), 7.40 (d, J = 1.4 Hz, 1H), 2.87 (s, 3H), 2.47 (s, 3H), 2.31 (s, 3H), 2.27
(s, 6H).

Example 78

4-(2-(2,2—DiﬂuorocycIo’proPyl)—7-(3,S-dimethyl--l H-pyrazol-4-yl)-1H-benzo[dJimidazol-
5-y1)-3,5-dimethylisoxazole (1020-78)

[00373] To a stirred solution of 3-(3,5-dimethyl-1H-pyrazol-4-y1)-5-(3,5-
dimethylisoxazol-4-yl)benzene-1,2-diamine (52.5 mg, 0.18 mmol) (see Example 75,
Step 1) in DMF (1 mL) was added 2,2-difluorocyclopropanecarboxylic acid (24.2 mg,
0.198 mmol}, DIPEA (157 uL, 0.9 mmol), and HATU (150 mg, 0.396 mmol). This
solution was allowed to stir 1 hr at room temperature, then 2 mL TFA was added and the
solution was heated to 80 °C for 18 hours. Resulting solution was concentrated in vacuo,
filtered, and purified by preparative reverse phase HPLC (Phenomenex Gemini C18
column, 5% to 50% gradient acetonitrile in water with 0.1% TFA) to give 4-(2-(2,2-
diﬂuorocyclopropyl)—?‘—@,S—dimethyi_—1H-pyrazol—4-yl)-1H-benzo[d]imidazoI-S—yl)—3,5-

dimethylisoxazole.

[00374] CaoH)oF2N50. 384.2 (M+1). 'H NMR (400 MHz, CD;0D) § 7.66 (d, J =
1.4 Hz, 1H), 7.35 (d, /= 1.4 Hz, 1H), 3.50 - 3.34 (i, 1H), 2.47 (s, 3H), 2.47 ~ 2.38 (m,
2H), 2.31 (s, 3H), 2.28 (s, 6H).
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Example 79

N—(Cyclopropyknethyl)—4-(3,S-dimethyl-1H—pyra.zol—4-.y1)-'6-(3,5-dimeﬂ1y1isoxazoi—4—
y1)-1H-benzo[d[imidazol-2-amine (1 (20-79)

O-N
9

EDC

[00375] 3-(3,S—Dimethyl-.1H-pyrazol—4-y1)-5—.(3,5~dimethylisoxazoi-4—y1)benzene-
1,2-diamine (20 mg, 0.07 mmol) (Example 75, Step 1) was dissolved in THF (1 mL).

To the solution was added cyclopropylmethyl isothiocyanate (9 mg, 0.08 mmol) and
triethylamine (93 uL). The reaction was heated at 80 °C for 3h before 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide .h&drogen chloride (30 mg, 0.16 mmol) was added
and heated at 80°C for 4h. The solvent was then evaporated under vacuum and the
residue was purified by preparative HPLC (0-1 00% CH3CN/H,0) to afford N-
(cyclopropylmethyl)-4-(3,5-dimethyl-1 H-pyrazol-4-yl) -6~(3,5-dimethylisoxazol-4-yh)-

1H-benzo[d]imidazol-2-amine.

[00376] Cayr NGO, 377.3 (M+1). 'H NMR (400MHz, CD;OD) 8 7.04 (s, 1H),
6.80 (s, 1H), 2.52-2.51 (m, 2H), 2.09(s, 3H), 1.99 (s, 6H), 1.91 (s, 3H), 0.95-0.85 (m,
1H), 0.30-0.27 (m, 2H), 0.15-0.05 (m, 2H).

Example 80

4-(4-(3,5-Dimethyl-1H-pyrazol-4-y1)-2-(1 fluorocyclopropyl)-1H-benzo{dJimidazol-6-
y1)-3,5-dimethylisoxazole (1020-80)

150



WO 2014/182929 PCT/US2014/037344

1y HATU
i-ProNEt
DMF, rt

R

2) TFA, 100°C

[00377] 3~(3,5-Dimethyl-1H-pyrazol-4-y1)-5-(3 ,3-dimethylisoxazol-4-yl)benzene-
1,2-diamine (20.0 mg, 0.0673 mmol) (sce Example 75, Step 1) was treated with 1-
fluorocyclopropanecarboxylic acid (7.0 mg, 0.0673 mmol, 1.0 equiv.), HATU (30.7 mg,
0.0808 mmol, 1.2 equiv) and i-Pr;NEt (0.3 mL) in DMF (1 mL) at room temperature for
2 h, To the reaction mixture was added TFA (3 mL) and the mixture was heated at 100
°C for 15 min. After removal of TFA under a reduced pressure, the reaction mixture was
quenched with brine (30 mL). The whole was extracted with AcOE¢ (30 mL x 3),
Organic layer was washed with brine (30 mL) and dried over Naz304. The solvent was
removed under a reduced pressure to give the crude product, The crude product was

purified by a silica gel chromatography (EtOAc:MeOH = 100:0 to 90:1 0).

[00378] CaoHz1FN50. 366.2 (M+1). 'H NMR (MeOH-dz) § 7.47 (d, J = 1.0 Hz,
LH), 7.05 (d, /= 1.0 Hz, 1H), 2.46 (s, 3H), 2.31 (s, 3H), 2.22 (s, 6H), 1.70-1.60 (m, 2H),
1.54-1.45 (m, 2H).

Example 81

N—Cyclopropy1—4-(3,S—dime_thyl'—1H—pyrazol-4-yl)—6—(3,5-dimeﬁ1y11'soxazol—4-yl)-lH—
benzo[d]imidazol-2-amine (1020-81)

[00379] N—Cyclopropy1-4~(3,S—dimethyl-lH-pyrazol~4-yl)-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d}imidazol-2-amine was prepared in a similar manner

as Example 79, substituting isothiocyanatocyclopropane for cyclopropylmethyl
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isothiocyanate.

[00380] CyoHpNGO. 363.1 (M+1). "H NMR (400MHz, CD30D) § 7.45 (d, /= 1.6
Hz, 1H), 7.20 (d, J= 1.6 Hz, 1H), 2.84-2.80 (m, 1H), 2.45 (s, 3H), 2.36 (s, 6H), 229 Gs,
3H), 1.05-0.98 (m, 2H), 0.84-0.80 (m, 2H).

Example 82

4-(4—(3,5—Dimethyl-1H-pyrazol-4—y1)-.2—methoxy—1H-'benzo[d]imidazol—G-yl)-3,5'-
dimethylisoxazole (1020-82)

[00381] 3-(3,5—Dimcthy1—1H-pyrazol—4—y1)—5-(3,5-dimeth}'rlisoxazol—4—y1)benzene—
1,2-diamine (60 mg, 0.2 mmol) was dissolved in acetic acid (2 mL). To the solution was
added tetramethyl ortho carbonate (55 mg, 0.4 mmol). The reaction was stirred at RT for
3h before the solvent was evaporated under vacuum and the residue was purified by
preparative HPLC (0-100% CH,CN/H,0) to afford 4-(4-(3,5-dimethyi-1H-pyrazol-4-
_yl)—2—.methoxy—I_H-benzo[d]imidazol—6-yl)—3,S-dimethyiisoxazole (8 mg, 12%).

[00382] C1sH1sN50,. 338.3 (M+1). 'H NMR (400MHz, CD;0D) § 7.08 (d, J=1.6
Hz, 1H), 6.91 (d, J=1.6 Hz, 1H), 2.42 (s, 3H), 2.35 (s, 6H), 2.34 (s, 3I1), 2.27 (s, 3H).
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Example 83

.3,5-Dimethyl—4—(4—(6-methy1quinolin~5-yl)—1H—benz0[d]imidazol—6-y1)isoxazole (1020-

83)

C-N

S

—_—P —_—
HN |
\=N

Step 1
[00383] 5-(3,5-Dimethylisoxazol—4-y1)—3—iodobenzene—l,2-diamine (1.39g) was

dissolved in formic acid and heated to reflux for 15 min. Volatiles were removed, the
residue taken up in BtOAc and thé organic layer washed with brine and dried over
sodium sulfate. Purification on silica gel (hexanes ethyl acetate 0-100%) afforded 4-(4-
iodo-1H-benzo[dJimidazol-6-yl)-3,5-dimethylisoxazole.

Step 2

[00384] 4-(4-lodo- IH-benzo[d]imidazol-6-yl)-3,5-dimethylisoxazole (0.1g,0.3
mmol) was reacted with (6-methylquinolin-5-yl)boronic acid (0.275 g, 1.47 mmol),
PEPPSI-IPr catalyst (0.02g, 0.03 mmol) and Cs,CO; (0.3g, 0.9 mmol) in dioxane/ water
{4/ 2 ml, degassed with Argon) at 130°C for 30 min in a thicrowave reactor. The aqueous
layer was discarded; volatiles were removed and the residue was purified via preparatory
HPLC (5-100%, H20-MeCN, 0.1% HCI) to afford 3,5-dimethyl-4-(4-(6-methylquinolin-
5-yl)-1H-benzo[ d}imidazol-6-yl)isoxazole.

[00385] CooHgN:O. 355.1 (M+1). TH NMR (400 MEHz, dmso) § 9.41 (s, 1H),
9.07(d, J=3.7 Hz, 1H), 8.32 (4, } = 8.8 Hz, 1H), 8.04 (d, ] = $.8 Hz, 1H), 7.96 (d, -
1.4 He, 1H), 7.65 (dd, 1 =8.5, 4.8 Hz, 1H), 7.50 (d, T = 1.2 Hz, 1H), 2.46 (s, 3H), 2.28
(d, 7= 3.0 Hz, 6H).
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Example 84

4-(4-(2,4-Dimethylpyridin-3 -y1)-1H-benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole
(1020-84)

[00386] Compound (1020-84) was synthesized in a similar manner as that of
Example 83, Step 2, using (2,4-dimethylpyridin-3-yl)boronic acid.

[00387] C1oHNO. 319.2.1 (M+1). TH NMR (400 MHz, dmso) & 9.43 (s, 1H),
9.00 (d, ] =3.7 Hz, 1H), 8.34 (4, J = 8.8 Hz, 1H), 8.05 (d, T=8.8 Hz, 1H), 7.98 (, ] =
14 Hz, 1H), 7.67 (dd, J = 8.5, 4.8 Hz, 1H), 7.52 (d, J = 1.2 Hz, 1H), 2.48 (s, 3H), 2.30
(d, T =3.0 Hz, 6H). ‘ '

Example 85

4—(4-(1,4-Dimethy1-1'H-pyrazol—5—y1)—1H—benzo[d]imidazol-é-yl)-'S,S—dimethylisomzole
(1020-85)

[00388] Compound (1020-85) was synthesized in a similar manner as that of
Example 83, Step 2, using (1,4-dimethyl-1H-pyrazol-5-yl)boronic acid, pinacol ester.

[00389] Cy7H7N50. 308.1 (M+1) 1H NMR (400 MEHz, dmso)  9.09 (s, 1H), 9.09
(s, 1H), 7.83 (s, 1H), 7.83 (s, TH), 7.45 (s, 1H), 7.45 (s, 1H), 7.40 (s, 1H), 7.40 (s, 1H),
3,70 (s, 3H), 2.47 (s, 3H), 2.29 (s, 3H), 1.95 (s, 3H).
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Example 86

3,S—Dime’thyl—4-(2—methyl—4—(é-methquuinolin—S—yl)-1 H-benzo[d]imidazol-6-
yljisoxazole (1020-86)

O-N
N

pe
4

Step 1

[00396] 4—(4—Iodo-2-methy1~1H—benzo[d]imidazol-6-yl)-3-,5-dimethylisoxazole
{1.43g, >95%) was formed using acetic acid in Example 83, Step 1, and refhuxing for 12
h.

Step 2

[00391] The product of Step 1 was used in the same procedure as that of Example
83, Step 2 to afford .3,5~dimethy1-4-(2—methyl—éi-'(6-methy1quin01in—S-yl)-IH-

benzo[d]imidazol-6-yl)isoxazole.

(00392 Ca3HzoN4O. 368.8. (M+1) 1H NMR (400 MHz, cd3cn) § 9.56 (d, J = 5.2
Hz, 1H), 8.93 (d, J = 8.9 Hz, 1H), 8.84 (d, J = 8.5 Hz, 1H), 8.63 (d, ] = 8.8 Hz, 1H), 8.49
(d, 7= 1.4 Hz, 1H), 8.31 (dd, I = 8.6, 5.2 Hz, 1H), 7.98 (d, ] = 1.4 Hz, 1H), 3.28 (s, 3H),
3.01 (s, 3H), 2.91 (s, 3H), 2.85 (s, 3H).
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Example 87

4-(4—(2,4—Dimethy1pyridjn—3-yl)—2—methy1—lH-benzo[d]imidazol-ﬁ—yl)-S,5-
dimethylisoxazole (1020-87)

[00393] Compound (1020-87) was prepared by following Example 86, Step 1, to
make the intermediate compound and using that compound in a similar manner as that of

Example 84 to make the final product.

[00394] CoollyoNsO. 332.1 (V+1). 1H NMR (400 MHz, cd3en) 8 9.10 (s, 1H),
8.84 (d, J = 1.6 iz, 141), 8.35 (d, ] = 1.3 Hz, 1H), 7.94 (4, T = 1.4 Hz, 1H), 474 s, 5H),
3.31 (s, 3H), 3.05 (s, 6H), 2.96 (s, 3H), 2.79 (s, 3H).

Example 88

3,5-Dimethyl-4-(2-(1-methyl-1 H-pyrazol-4-y1)-4-(6-methylquinolin-5-yi)-1H-
benzo[dJimidazol-6-yl)isoxazole (1020-88)

O-N
g
._.__.——>- _____...».-
HN |
=N
/N ‘N/ -~ N‘

Step 1
[00395] 5-(3,S-Dimethylisoxazol—4-y1)»3-iodobenzene-1_,2—diamine (0.1g, 0.336

mmol) ) was dissolved in acidic acid (4 ml} and stirred at RT with 1-methyl-1H-
pyrazole-4-carbonyl chloride (0.048g, 0.336 mmol) for 24 h. Volatiles were remove and
the residue purified via preparatory HPLC (5-100%, H,0-MeCN, 0.1% HCI) to afford

156



WO 2014/182929 PCT/US2014/037344

the 4—(4-.iodo-2—(1-methy1—1H—pyrazo]-4—y1)~1H-benzo[d]imidazoI-6-y1)—3,5~

dimethylisoxazole.

Step 2

[00396] Compound (1020-88) was made by using the product of Step 1 and (6-

methylquinolin-5-yl)boronic acid in a manner similar to that of Example 83, Step 2,

[00397] Ca6H22NGO. 435.21 (M+1). 'H NMR (400 MHz, dmso) § 8.94 (d, T = 4.2
Hz, 1H), 8.43 (s, 1H), 8.15 (4, T = 43 Hz, 2H), 7.93 (d, J = 8.7 Hz, 1H), 7.81 (d, = 7.0
Hz, 2H), 7.50 (dd, T = 8.6, 4.4 Hz, 1H), 7.27 (s, 1H), 3.92 (s, 3H), 2.47 (s, 17H), 2.47 s,
J=12.2 Hz, 3H), 2.30 (s, 3H), 2.29 (s, 3H).

Example 89

1-(6-(3 ,5—dimethylisoxazol—'fi-yl)-4’-(6-methquuinolin-'5~yl)- 1H-benzo{d)imidazol-2-
yl)propane-1,3-diol (1020-89)

Step 1

[00398] 2-Oxetane carboxylic acid (0.77g, 2.36 mmel) and CDI (0.858g, 3.45
mmol) were dissolved in MeCN (4.ml) and stirred for 30 min at RT. 5-(3,5-
dimethylisoxazol-4-yl)-3-iodobenzene-1,2-diamine (0.77g, 2.36 mmol) in MeCN (4 ml)
was added at the solution stirred for 4 days at RT and | days at 70 °C. Volatiles were
remove and the residue purified via preparatory HPLC (5-100%, H,O-MeCN, 0.1%
HCI) to afford 4—(4—i0do—2—(oxetan.—2—yi)-lH-benzo[d]imidazol-ﬁ—yl)-'a_’ \5-

dimethylisoxazole.

Step 2
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[00399] The method described in Example 83, Step 2, using the product of Step 1
and (6-methylquinolin-5-yl)boronic acid was used to afford compound (1020-89).

[00400] CpsHLN4Os. 429.2 (M+1). 1H NMR (400 MHz, dmso) § 9.09 (d, J = 4.7
Hz, 1H), 8.22 (d, ] = 8.9 Hiz, 1H), 8.07 (d, ] = 8.1 Hz, 1H), 8.01 (d, = 8.7 Hz, 1H), 7.80
~7.71 (m, 1H), 7.30 (s, 1H), 6.87 (s, 1H), 2.48 — 2.45 (m, 2H), 2.39 (s, 3H), 2.32 (s, 3H),
2.30 — 2.25 (m, 3H), 2.23 (s, 3H).

Example 90
5-(3 ,5-Dime’r_hy_lisoxazol-4—y1)-3—(6-methquuinolin-5-yl)benzene-1 ,2-diamine (1020-90)

Step 1: Preparation of 5-( 3.5-dimethylisoxazol-4-y1)-3~( t-methvlguinolin-3-ylYbenzene-

1.2-diamine
7 N
HO,
B
O-N HO
9
| PEPPSI-IPr, Cs,C05
HN DME/H,O, M.W. 130°C
NH,

[00401] (6-Methyl-5-quinolinyl)boronic acid (0.91g, 4.8 mmol) was added to a

solution of 5-(3,5-dimethylisoxazol-4-yl)-3 -iodobenzene-1,2-diamine (1g, 3 mmol) in
1,2-dimethoxy ethane and water (10/5 mL). To the mixture was added cesium carbonate
(2.9g, 9 mmol) and PEPPSI-IPr (200 mg, 0.3 mmol). The reaction was put in microwave
reactor and heated at 130 °C for 120 minutes before the solvent was evaporated under
vacuum. The residue was purified by preparative HPLC (0-100% CH;CN/H-0) to
afford 5-(3,5-dimethylisoxazol-4-y})-3-(6-m ethylquinolin-5-yl)benzene-1,2-diamine.

f00402] C21HzoN40. 345.18 (M+1).
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Step 2: Preparation of 4-(2-methoxy-4-( 6-methvlquinolin-5-vl)-1H—benzo[d]imidaz01—6~

v1}-3,5-dimethylisoxazole

[60403] 5-.(3,5-Dimeﬂlylisoxazol-4-yl)-3—(6-methylquinolin—S—yl)benzene—1,2-
diamine (60 mg) was dissolved in acetic acid (1 mL) and to the solution was added
tetramethyl orthocarbonate (1 ml). The reaction was stirred at RT for 30 mins, The
solvent was then evaporated under vactum and the residue was purified by preparative
HPLC (0-100% CH3CN/H;0) to afford 4-(2-methoxy-4-(6-methylquinolin-5-y1)-1 H-
benzo[dlimidazol-6-y1)-3,5-dimethylisoxazole.

[00404] CosHyoN4O,. 385.2 (M+1). "H NMR (400 MHz, CD30D) § 9.09'(dd, J =
5.1,1.3 Hz, 1H), 8.45 (t, /= 8.6 He, 1H), 8.24 (d, /= 8.8 Hz, 1H), 8.18 - 8.12 (m, 1H),
788 =777 (m, 1H), 7.51 (t, / = 1.7 Hz, 1H), 7.05 (dd, 7= 7.4, 1.6 Hz, 1H), 4.06 (s, 3H),
2.53 (s, 3H), 2.4 (s, 3H), 2.34 (s, 3H).

Example 91

4-(2-Ethoxy-4-(6-methylquinolin-5-y1)- IH-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-91)

-0 0~
/‘\OX 0/\
130°C
HN
o
Ve
[00405] 5-(3,5-Dimethylisoxazol-4-y1)-3 ~(6-methylquinolin-5-yl)benzene-1,2-

diamine (100 mg) was added to tetracthyl orthocarbonate (1.2 ml). The reaction was
stirred at 130 °C overnight. The solvent was then evaporated under vacuum and the
residue was purified by preparative HPLC (0-100% CH3CN/H20) to afford 4-(2-ethoxy-

159



WO 2014/182929 PCT/US2014/037344

4-(6-methylquinolin-5-y1)- 1H-benzo[d[imidazol-6-y1)-3,5-dimethylisoxazole.

[00406] CaaHpN:Os. 399.2 (M+1). 'H NMR (400 MHz, CD;0D) § 8.77 (dd, /=
2.8Hz, 1H), 8.05 (d,J = 8.4 Hz, 1H), 7.83-7.80 (m, 2H), 7.42 - 7.38 (m, 2H), 6.92 (s,
1H), 4.46 (bs, 2H), 2.45 (s, 3H), 2.32 (s, 3H), 2.29 (s, 3H), 1.39 (5, 3H).

Example 92

3,5—Dimethy1—4—(4-(_6—methy1quin01in~5-yl)—2-(triﬂuor0methy1)-1H-benzo[d]imidazo]-ﬁ-
yl)isoxazole (1020-92)

Step 1
O-N
0-N N
N TFA
———
60°C HN |
HoN I . )»’*N
NH2 F3c

[00407] 5-(3,5-Dimethylisoxazol-4-y1)-3 -iodobenzene-1,2-diamine (500 mg) was

dissolved in TFA (5 ml). The reaction was stirred at 60 °C overnight before solvent was
evaporated. The residue was used as crude material (4-(4-iodo-2-(trifluoromethyl)-1H-

benzo[d}imidazol-6-y1)-3,5-dimethylisoxazole.

C3HoF3IN;0. 408.1 (M‘l‘l).

Step 2

O-N

P

—— e
HN i
=N
F4C

[00408] (6-Methyl-5-quinolinyl)boronic acid (90 mg, 0.48 mmol) was added to a

solution of 4—(4-iodo-2-(triﬂuoromethyl)—lH—benzo[d}imidazol~6-yl)—3,5—
dimethytisoxazole (50 mg, 0.12 mmol) in 1,2-dimethoxy ethane and water (2/1 mL). To
the mixture was added cesium carbonate (196 mg, 0.6 mmol) and PEPPSI-IPr (6§ mg,
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0.012 mmol). The reaction was put in microwave reactor and heated at 130 °C for 120
minutes before the solvent was evaporated under vacuum. The residuc was purified by
preparative HPLC (0-100% CH;CN/H,0) to afford 3,5-dimethyl-4-(4-(6-
methylquinolin-5-yl)-2-(trifluoromethyl)-1 H-benzo[d]imidazol-6-yl)isoxazole.

[00409] CaaH17F3N40. 423.1 (M+1). 'H NMR (400 MHz, CD50D) § 9.04 (d, J =
4.4 Hz, 1H), 8.28 (d, /= 8.4 Hz, 1H), 8.24 (d, /= 8.8 Hz, 1H), 8.12 (d, /= 8.8 Hy, 1H),
7.84 (s, 1H), 7.75 (dd, 7 = 8.5, 5.0 Hz, 1H), 7.35 (d, /= 1.3 Hz, 1H), 2.49 (s, 3H), 2.37
(s, 3H), 2.33 (s, 3H).

[00410] Compounds (1020-93), (1020-94), and (1020-95) were prepared in a
similar manner as that of Example 92, substituting the appropriate commercial boronic

acid or boronate ester for (6-Methyl-5-quinolinyl)boronic acid:
Example 93

5-(6-(3 ,5-Dimethylisoxazol-4~y1)—2-(triﬂuoromethyl)-1H-benzo[d}imidazol-4—yl)—3,4~
diiydroquinolin-2(1H)-one (1020-93)

[00411] CarHiFsNO,. 427.1 (M+1). "H NMR (400 MHz, CD50D) 5 7.68 (d, J =
1.5 Hz, 1H), 7.32 (1, /= 7.8 Hz, 1H), 7.25 (d, /= 1.5 Hz, 1H), 7.11 (d, J= 6.8 Hz, 1H),
7.01(d, J=7.2 Hz, 1H), 2.76 (s, 2H), 2.50 (d, J = 7.5 Hz, 2H), 2.47 (s, 3H), 2.32 (s, 311).

Example 94

4-(4~(1,4-Dimethyt-1 H~pyrazol-5-y1)~2—_(triﬂuoromethy1}- 1H-benzo[d]imidazol-6-y1)-
3,5-dimethylisoxazole (1020-94)
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[00412] C1gH;eFsN;O. 376.1 (M#1). 'H NMR (400 MHz, CD;0D) & 7.86 (s, 1H),
7.80 (s, 1H), 7.43 (s, 1H), 3.30 (s, 3H), 2.47 (s, 3H), 2.31 (s, 3H), 2.07 (s, 3H).

Example 95

3,5-Dimethy1—4-(4-(quinolin-5-yl)-2—(triﬂuoromethy1)-1H-benzo[d]imidazol—6-
yl)isoxazole (1020-95)

[00413]) CopH sF3N,O. 409.1 (M+1). "H NMR (400 MHz, CD3;0D) 8 9.03 (dd, /=
5.0, 1.3 Hz, 1H), 8.49 (d, J= 8.5 Hz, 1H), 8.21 (d, /= 8.6 Hz, 11), 8.12 - 8.04 (m, 1H),
7.90 (d, J=7.2 Hz, 1H), 7.75 - 7.72 (m, 1H), 7.71.(d, /= 1.4 Hz, 1H), 7.38 (d,J=1.5
Hz, 1H), 2.40 (s, 3H), 2.24 (s, 3H).

Example 96

4-(3,5~Dimethy_l—1H-pyrazol—4~y1)-6—(3,5~djmethy1isoxazol~4-yl)4IH-benzo[d]imidazoL
2-amine (1020-96)

Step 1: Preparation of 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[dlimidazol-2-

amine
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O-N

O-N )

]

BrCN
EIOH, ACN, H:0,  py |
H.N 1 NaHCC4 0°C to 1t }=-N'
NH, H,N
[00414] 5-(3,5-dimethylisoxazol-4-yl)-3-iodobenzene-1,2-diamine (1.5g,4.6

mmol)} was dissolved in a mixture of ethanol (10 mL} and acetonitrile (10 mL). To this
solution was then added water (10 mL) foliowed by solid sodium bicarbonate (0.77 g,
9.2 mmol). Mixture was then stirred under nitrogen and cooled to 0 °C before adding
cyanogen bromide ( 0.97 g, 9.2 mmol). Reaction was allowed to then warm to room
temperature and stir overnight. Next day reaction solvents were removed and ethanol
(100 mL) was added. Suspension was sonicated, then the solids fitered off. Solution
was rotavapped dry then purified by silica gel chromatography (rf = 0.5 in 10%
-methanol in dichloromethane) affording 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-

benzo[dJimidazol-2-amine as a brown solid.

[00415] CizHyINGO. 355.0 (M+1). 'H NMR (400 MHz, DMSO-dg) § 11.03 (s,
1H), 7.21 (s, 1H), 7.06 (4, J = 1.5 Hz, 1H), 6.56 (s, 2H), 2.37 (s, 3H), 2.19 (s, 3H),

Step 2
O_I:' N= 0
X ! B
HN~/ T
PEPPSI-IPr
HN — : DME : H,0
CSzCO3
HoN 110°C, 90min
[00416] A suspension of 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-

benzo[d]imidazol-2-amine (150 mg, 0.425 mmol), 3,5-dimethyl-4-(4;4,5,5-tetramethyl-
1,3,'Z-dioxabomlan—Z-yl)JH—pyrazole (170 mg, 0.765 mmol), caesium carbonate (415
mg, 1.28 mmol) and PEPPSI-IPr™ (30 mg, 0.043 mmol) in 12 mL DME : H,0 (2:1)
was heated by microwave in a sealed vessel at 110 °C for 90 minutes. The reaction was

then cooled and partitioned between water and ethyl acetate. The organic layer was
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washed with brine and dried over sodium sulfate. Purification on silica gel (if=0.51n
750, methanol in dichloromethane) afforded 4-(3,5-dimethyl-1H-pyrazol-4-y1)-6-(3,5-

dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-aminc as an off-white solid.

[00417] Cr7H NGO, 323.2 (M+1). 'H NMR (DMSO) § 6.9 (s, 1H), 6.63 (s, 1H),
6.09 (br, 2H), 2.38 (5, 3H),2.21 (s, 3H), 2.11 (s, 6H).

Example 97

6-(3,5-Dimethylisoxazol-4-yl)-4-(1 -phenylvinyl)-1H-benzo[d}imidazol-2-amine (1020-

97)
oy
2 HO\BI
OH
,  PEPPSHPA
HN};N DI\C/!E: H0
5,C0O
HoN 11o°c HaN
[00418] A suspension of 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-

benzo[d}imidazol-2-amine (100 mg, 0.265 mmol), 1-phenylvinylboronic acid (59 mg,
0.400 mmol), caesium carbonate (260 mg, 0.8 mmol) and PEPPSI-IPr™ (18 mg, (.026
mmol) in 10 mL DME : H,O (2:1) was heated by microwave in a sealed vessel at 110
oC* for 90 minutes. The reaction was then cooled and partitioned between water and
ethyl acetate. The organic layer was washed with brine and dried over sodium sulfate.
Purification on silica gel (rf = 0.5 in 20% methanol in dichloromethane) afforded 6-(3,5-
dimethylisoxazol-4-y1)-4-(1 -phenylvinyl)-1H-benzo[d]imidazol-2-amine as an off-white
solid.

[00419] CaoH;sN4O. 331.2 (M+1). 'H NMR (MeOD) 8 7.36-7.31 (m, 4H), 7.10
(s, 1H), 6.69 (s, 1H), 5.79 (s, 1H), 5.55 (5, 1H), 2.35 (s, 3H), 2.20 (5, 3H).
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Example 98

6-(3,5-Dimethylisoxazol-4-yl)-4-(1 -phenylethyl)-1H-benzo| djimidazol-2-amine (1020-
98)

O-N
\\ .
10% Pd/C, Hy,
sUel"
HN
=N

HoN

[00420] A suspension of 6-(3,5-dimethylisoxazol-4-yl)-4( 1-phenylvinyl)-1H-
benzo[d]Jimidazol-2-amine (40 mg, 0.121 mmol) and 10% palladium on carbon (10 mg)
in 5 mL ethanol was purged with hydrogen gas and allowed to stir for 2 howrs. The
reaction was then filtered and the solvents evaporated. Purification on silica gel (rif=0.5
in 20% methanol in dichloromethane) afforded 6-(3,5-dimethylisoxazol-4-y1)-4-(1 -
phenylethy!)-1H-benzo[dJimidazol-2-amine as apale so]i(-l.

[00421] Ca0H2oN4O. 333.2 (M+1). "HNMR (MeOD) § 7.31-7.23 (m, 5H), 6.97
(s, 1H), 6.68 (s, 1H), 4.56 (g, 1H, , T =7.2 Hz), 2.31 (s, 3H), 2.15 (s, 3H), 1.67 (4, 3H, J
= 7.2 Hz).

Example 99

4-(4-(1,4-Dimethyl-1 H-pyrazol-5-y1)-2-methoxy-1 H-benzo[d}imidazol-6-y1)-3,5-
dimethylisoxazole (1020-99)

Step 1: 4—(4-Iodo—2~methoxy—lH-benzo[dﬁmidazol-6—vl)-3.5~dimeﬂ1vliso’xazole

0-N N
\ /0 0‘--_ /™
N
N
- CH;COOH
H,N I 3 HN I
NH, )N
—0
[00422] 5-(3,5-Dimethylisoxazol-4-y1)-3-iodobenzene-1,2-diamine (100 mg) was

dissolved in acetic acid (2 ml) and to the solution was added to tetramethyl
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orthocarbonate (0,08 ml). The reaction was stirred at RT for 30 mins. The solvent was
then evaporated under vacuum and the residue was purified by silica gel column
chromatography (0-60% EtOAc/Hexane) to afford 4-(4-iodo-2-methoxy-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[00423] CI3H12IN302. 370.1 (M+1). 1H NMR (400 MHz, CD30D) § 7.41 (s,
1H), 7.22 (s, 1€D), 4.19 (s, 3H), 2.41 (s, 3H), 2.23 (s, 3H).

Step 2

[00424] 4—(4-(1,4—Diméthy1—lH-pyrazol-S-yl)-Z—methoxy—lH-benzo[d]imidazol-G—
y1)-3,5-dimethylisoxazole was synthesized by reacting 4-{4-iodo-2-methoxy-1H-
benzo[d]imidazol-6-yl)-3,5-dimethylisoxazole with 3,5-dimethylpyrazole-4-boronic

acid, pinacol ester using similar conditions as described in Example 75, Step 1.

[00425] C1eHoN505. 338.1 (M+1). 'H NMR (400 MHz, CD;0D) § 7.32-7.25 (m,
2H), 6.89 (d, J= 1.3 Hz, 1H), 4.03 (s, 3H), 3.63 (s, 3H), 2.34 (5, 3H), 2.19 (5, 3H), 1.89
(s, 3H).

Example 100

N—(Cyclopropylmethyl)-4,6-bis(3,5—dimethylisoxazol—4—y1)-lH—benzo[d]imidazol-Z—
amine (1020-100)

Sten 1: Preparation of 2.4-bis(3.5-dimethylisoxazol-4- 1)-6-nitroaniline

o
N~ ;
Fl / B\ i
Br o? o

0,N | PEPPSI-ipr, Cs;C04
HaN DME/H,0, 120°C
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1006426} 4-bromo-2-iodo-6-nitroaniline (150mg, 0.44 mmol) and 3,5-
Dimethylisoxazole-4-boronic acid pinacol ester (390g, 1.75mmol) was added to a
solvent mixture of 1,2-dimethoxyethane (2 ml) and water (1 ml). To the above mixture
were added PEPPSI-Ipr (30mg, 0.04 mmol) and Cs,CO5 (0.86g, 2.64 mmol). The
reaction mixture was heated at 120°C in microwave reacior for 2hs. The reaction mixture
was then diluted with EtOAc (100 m]), washed with bring (50 ml, 2 times). The organic
solvent was evaporated and the residue was dissolved in DCM and purified with combi-
flash column chromatography (product came out at 25% MeOH/DCM) to afford 2 4-
bis(3,5-dimethylisoxazol-4-yl)-6-nitroaniline.

[00427] C16H16N:Oy. 329.2 (M1).

Step 2: Preparation of 3.5-bis( 3. 3-dimethvlisoxazol-4-yl)benzene-1.2-djamine

[06428] 2,4-Bis(3,5-dimethylisoxazol-4-yl)-6-nitroaniline (0.1g, 0.3 mmol) was
added to MeOH (5 ml), To the solution was added Pd (10% on carbon, 100mg). Then
the flask was charged with H; balloon. The reaction was completed in 2h. The reaction
mixture was filtered, solvent was evaporated. The residue was then purified with Prep
HPLC {0-100% CH;CN/H,0) to afford 3,5-bis(3,5-dimethylisoxazol-4-ylbenzene-1,2-

diamine,
[00429] CigH1sN4O4 299.1 (M'H).

Step 3: Preparation of N—(cvclopropyimethyl)—ﬁl,6—bis( 3,5-dimethvlisoxazol-4--vl_)-IH--

benzo[dlimidazol-2-amine
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O-N
o)

N
D‘ —\S EDC

e e

THF, NEt;, 80°C 80°C

100430] 3,5-bis(3,5-dim‘ethy1isoxazol-4—y1)benzene-l ,2-diamine (27 mg, 0.07
mmol) was dissotved in THF (1 mL). To the solution was added cyclopropylmethyl
isothiocyanate (12 mg, 0.08 mmol) and triethylamine (1 30 uL). The reaction was heated
at 80°C for 3h before 1—ethyl—3—(3-dimethylmninopropyl)carbodiimide hydrogen chloride
(20 mg, 0.08 mmol) was added and heated at 80°C for 4h. The solvent was then
evaporated under vacuum and the residue was purified with Prep HPLC (0-100%
CH3CN/H20) to afford compound (1020-106).

[00431] CyHasNsOs. 378.2 (M+1). 'H NMR (400MHz, CDs0OD) § 7.00 (s, 1H),
6.78 (s, 1H), 2.98-2.96 (m, 2H), 2.08 (s, 3H), 2.01 (s, 3H), 1.92 (s, 6H), 1.85 (s, 3H),
0.85-0.75 (m, 1H), 0.32-0.27 (m, 2H), 0.03-0.01 (m, 2H).

Example 101

Methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d}imidazole-4-
carboxylate (1020-101)

Step 1
!I\.I—O
Br Z
isoxazole pinacol ester
OuN O  PEPPS|Cs;CO5 DME/H:O 0.
NH, O NH, O
[00432] To a flask containing methyl 2-amino-5-bromo-3-nitrobenzoate (4.0 g,

14.5 mmol, lequiv.} was added 3,5-Dimethylisoxazole-4-boronic acid pinacol ester
(4866 mg, 21.8 mmol, 1.5 equiv.), Cs2CO3 (14.2 gm, 43.6 mmol, 3 equiv.) and

PEPPSI -IPr catalyst (495 mg, 0.72 mmol, 0.05 equiv.) and dissolved in DME-H,0 (70
mL, 0.2 M, 2/1, v/v). The mixture was heated to 105 °C. After 3 hr, the reaction was
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complete. After cooling, the reaction was extracted with BtOAc and washed with water,
saturated NH,4Cl. After drying with MgSOy, it was filtered and concentrated to dryness.
The resulting solid was washed with EtOAc. A mustard yellow solid was. obtained as

methyl 2-amino-5-(3,5-dimethylisoxazol-4-y1)-3-nitrobenzoate.

[00433] LCMS (m/z+1) 291.96. "H NMR (400 MHz, dmso) § 8.34 (s, 2H), 8.24
(d, /=22 Hz, 1H), 8.11 (d, /= 2.2 Hz, 1H), 3.84 (s, 3H), 2.35 (s, 3H), 2.17 (s, 3H).

Step 2

N-O N~-Q

/ P ! _

10% Pd-C, EtOH -
Pd-C
O
O,N ~ HN RN
NH, O NH, O

[00434] To a flask containing methyl 2-amino-5-(3,5-dimethylisoxazol-4-yl)-3-

nitrobenzoate (1.55 gm, 5.32 mmol, 1 equiv) was added 10% Pd-C {600 mg) and EtOH
(40 mL) and stirred under hydrogen. After 2 hr, the reaction appears complete. The
reaction was degassed and the reaction filtered and washed with methanol. The filtrate
was concentrated in vacuo to furnish methyl 2,3 -diamino-5-(3,5-dimethylisoxazol-4-

ybbenzoate. It was used in Step 3 without further purification.

[00435] LCMS (m/7+1) 262.03, "H NMR (400 MHz, dmso) 5 6.99 (d, J = 2.0 Hz,
1H), 6.66 (d, /=2.0 Hz, TH), 6.31 (s, 2H), 4.91 (s, 2H), 3.74 (s, 3H), 2.30 (s, 3H), 2.12
(s, 3H).

Step 3

N-Q cl N-O

> >— (A

o)
TEA, CH,CI ) 9
2y 2M12 9]
HN o _ %LH ~
NH, O NH, O

100436] To a flask containing methyl 2,3-diamino-5-(3,5-dimethylisoxazol-4-

yljbenzoate (750 mg, 2.9 mmol, 1 equiv.) was added THF (30 ml, 0.1M) and TEA (1.2
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mL, 8.6 mmol, 3 equiv.). At 0 °C, cyclopropanecarbonyl chloride (315 pL, 3.4 mmol,
1.1 equiv) was added. After an hour, the reaction was complete. The reaction was
extracted with EtOAc and washed with water, saturated NH4Cl. After drying with
MgSO0s, it was filtered and concentrated to dryness and used in the next reaction as crude

methyl 2-amino-3 -(cyclopropane‘carboxamido)—S-(3,5-dimethylisoxazol—4-y1)benzoate.

Step 4

-0 N-QO
! P ! P
150 °C, AcOH
O -
N O microwave HN oL
H NH, O XN o}
[00437] Into a microwave vial was placed methyl 2-amino-3-

(cyclopropanecarboxamido)—S-(3,5—dimethylisoxazol—4—y1)benzoate was added acetic
acid (10 mL) and heated in the microwave for 150 °C for 30 minutes. The reaction was
concentrated down and extracted with EtOAc and washed with water (3x), saturated
NaHCO; and brine. After drying with MgSQs, it was filtered and concentrated to
dryness and used in the next reaction as crude. The product was purified by silica gel

chromatography with hexanes-EtOAc, resulting in a light-brown powder .

[00438} LCMS (m/z+1) 312.04. 'H NMR (400 MHz, dmso) & 12.47 (s, 1H), 7.71
(d,J= 1.4 Hz, 1H), 7.58 (d, /= 1.6 Hz, 1H), 3.93 (s, 3H), 2.35 (s, 3H), 2.17 (5, 3H), 1.06
(t, J = 6.9 Hz, 5H).

Example 102

(2—Cyclopropy1—6—(3,_5-dimeﬂ1y1isoxazol-4—y1)~1H—benzo[d]imidazol-4—
* yldiphenylmethanol (1020-102)
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XN o) JN HO O

[00439] Methyl 2~cyclopropyl~6-(3,5—dimethylisoxazoi-4-'yl)—1H~
benzold]imidazole-4-carboxylate (Example 101, Step 4) was treated with PhMgBr (2.9
M MeTHEF solution, Aldrich, 1.24 mL, 3.531 mmol, 11 equiv.) in THF (3 mL) at 0 °C to
room temperature for 20 h. The reaction mixture was quenched with brine (30 mL). The
whole was extracted with AcOEt (30 mL x 3). Organic layer was washed with brine (30
mL) and dried over Na,S0O,. The solvent was removed under a reduced pressure to give
the crude product. The crude product was purified by a silica gel chromatography
(hexane:EtOAc = 1:1). |

[00440] CagHiaN3Oy. 436.2 (M+1). "H NMR (MeOF-dy) § 7.40-7.24 (m, 12H),
2.60 (s, 3H), 2.24-2.14 (m, 1H), 2.08 (s, 3H), 1.14-1.06 (m, 4H).

Example 103

(Z-CycIopropy1-6—(3,5-dimethy1isoxaz01—4-y1)—1H—benzo[d]imidazol—4—yl)di(thiazol—2-
yhmethanol (1020-103)

N-O
(s
>,
A N ’
0" °N
jw 0
[00441] Thiazole (62mg, 0.73 mmol) was dissolved in Sml THF, the reaction flask

was then put in dry ice-acetone bath to lower temperature to -78 °C, to the clear solution
was added nBuLi (0.29m], 2.5 M in hexane). The reaction mixture was stirred at -78 °C
for Th, then to the reaction mixture was added 1-tert-butyl 4-methyl 2-cyclopropyl-6-
(3,5—dimethy1isoxazol-4-y1)—1H-benzo[d]imidazole—l ,4-dicarboxylate in 2m! THF at-78
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°C. Reaction temperature was slowly raised to RT and stirred overnight. The reaction
was quenched with water, solvent was evaporated, the residue was purified with Prep
HPLC with 0.1% TFA modifier to afford 10mg product (2-cyclopropyl-6-(3,5-
dimethyli_soxazol-4—yl)~1H—benzo[d]imidaz.ol—4~y1)di(thiazol—Z-yl)methanol.

[00442] CyuH1sN5sO2S,, 450.0 (M+1). "H NMR (400MHz, CD;0D) 8 7.75 (d, J =
2.8 Hz, 2H), 7.58 (d, 7= 3.2 Hz, 2H), 7.43 (s, 2H), 2.58-2.54 (m, 1H), 2.26 (s, 3H), 2.08
(s, 3H), 1.47-1.42 (m, 2H), 1.32-1.29 (m, 2H).

Example 104

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo|d}imidazol-4-yl)di{pyridin-2-
yl)methanol (1020-104)

160443] Compound (1020-104) was made ina similar manmer as that of Example
103, using 3-bromopyridine in 2-methylTHF.

[00444] CaelizsNsO; 438.1 (M+1). "H NMR (400 MHz, DMSO-d) § 8.55 (ddd, J
=50, 1.8,0.9 Hz, 2H), 7.91 (td, J="7.8, 1.8 Hz, 2H), 7.66 (dt, /= 8.1, 1.0 Hz, 2H), 7.54
(d, J= 1.5 Hz, 1H), 7.40 (ddd, J= 7.6, 4.9, 1.1 Hz, 2H), 7.06 (d, /= 1.5 Hz, 1H), 2.70 -
2.55 (m, 1H), 2.31 (s, 3H), 2.11 (s, 3H), 1.48 — 1.22 (m, 4H).

Example 105

(2-cyclopropyl-6-(3, 5-dimethylisoxazol-4-yl)-1H-b enzo[dJimidazol-4-yl)di(pyrazin-2-
yl)ymethanol (1020-105)
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[00445] Butyllithium (1.6 M in hexanes, 0.61 mL, 1 mmol} was added to a
solution of 2,2,6,6-tetramethylpiperidine (0.18 mL, 1.1 mmol) in THF (5mL) at 0 °C.
After stirring for 5 minutes, the reaction was cooled to -78 °C and pyrazine (78 mg) was
added. The reaction mixture was stirred for 5 minutes and a solution of 1-tert-butyl 4-
methyl 2-cyc10propyl~6—(3,S-dimethylisoxazol-4—yi)-1H-benzo[d]imidazole- 1,4~
dicarboxylate (80 mg, 0.19 mmol) was added The reaction mixture was allowed to warm
to room temperature and quenched with 1M HCI, neutralized with sodium bicarbonate
solution, extracted with ethyl acetate and purified by reverse-phase HPLC to give the

desired product.

[00446] Ca4Ho1N702 440.2 (M+1).'H NMR (400 MHz, DMSO-dg) 6 8.90 (d, J =
1.5 Hz, 2H), 8.61 (d, J= 2.5 Hz, 2H), 8.56 (dd, J = 2.5, 1.5 Hz, 2H), 7.54 (s, 1H), 6.94
(s, 1H), 2.55 (m, 1H), 2.29 (s, 3H), 2.09 (s, 3H), 1.27 (m, 4H).

Example 106

(2-cyclopropyl-6-(3,5 ~-dimethylisoxazol-4-y1)-1H -benzo[dJimidazol-4-yl)(pyridin-2-
yl)(thiazol-2-yl)methanol (1020-106)

Step 1:

N-Q n-Buli N

2 Bra__N Z
l S

| Z N7
Boc—p Neo Me-THF Boc—N =
jN o | <R:N 0
[00447] 2-bromopyridine {0.87 mL, 9.0 mmol) was dissolved in MeTHF (30 mL)

and cooled to -78 °C. n-BuLi (6.2 mL, 10.0 mmol, 1.6 M) was added dropwise and the
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reaction was allowed to stir for 1 hour at -78 °C. tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-4-(m ethoxy(methyl)carbamoyl)-1H-benzo [d]imidazole-1-
carboxylate (2.0 g, 5.0 mmol) in MeTHF was added and the reaction was allowed fo
come 1o 0 °C and stir for 15 minutes before being quenched with water. Reaction was
diluted with EtOAc, washed twice with brine, concentrated, and purified by silica gel
chromatography to give tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
picolinoyl-1H-benzo[d]imidazole-1 —carboxylate (1.2g, 57%) as a pale yellow powder.

[00448] Thiazole (39mg, 0.46 mmol) was dissolved in 5ml THF, the reaction flask
was then put in dry ice-acetone bath to lower temperature to -78°C, to the clear solution
was added nBuLi (0.18ml, 2.5 M in hexane). The reaction mixture was stirred at -78°C
for 1h, then to the reaction mixture was added tert-butyl 2-cyclopropyl-6-(3,5-
dirnethylisoxazol—4—yl)-4—picolinoyl-IH-benzo[d]imidazol'e—-l -carboxylate (35mg, 0.076
mmol) in 2ml THF at -78°C. Reaction temperature was slowly raised to RT and stirred
overnight. The reaction was quenched with water, solvent was evaporated, the residue
was purified with Prep HPLC with 0.1% TFA modifier to afford 20mg product (2-
cyclopropyl-6-(3,S-dimethylisoxazol—4-y1)—1Hmbenzo[d]imidazol~4—y1)(pyridin-2-
yl){(thiazol-2-yl)methanol.

[00449] CoalInNsO58. 444.1 (M+1). "H NMR (400MHz, CD50D) & 8.56 (d, J =
3.2 Hz, 1H), 7.80 (t, J= 4.8 Hz, 2H), 7.78 (d, /= 2.8 Hz, 1H), 7.70 (d, J = 3.2 Hz, IH),

7.60 (d, J="2.8 Hz, 1H), 7.42 (d, J = 2.8 Hz, 1H), 7.38-7.35 (m, 1H), 2.68-2.56 (m, 1H),
2.33 (s, 3H), 2.15 (s, 3H), 1.48-1.42 (m, 2H), 1.38-1.30 (m, 2H).

Example 107
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(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-b enzo| d}imidazol-4-y1)(pyridin-2-
yD(pyridin-3-yl)methanol (1020-107)

[00450] Compound 1020-107 was made in a similar manner as that of Example

106, using 3-bromopyridine as the aryl bromide.

[00451] CasH3NsO, 438.2 (M+1). "H NMR (400 MHz, DMSO-dy) 5 8.78 — 8.59
(m, 2H), 8.59 - 8.50 (m, 1H), 8.02 (d, /= 8.2 Hz, 1H), 7.96 (td, /= 7.8, 1.8 Hz, 1H),
7.85 (d,/= 8.1 Hz, 1H), 7.78 (br, 1H), 7.64 (t, J = 6.7 Hz, 1H), 7.56 (4, J = 1.5 Hz, 1H),
7.41(ddd, J=7.4,438, 1.1 Hz, 1H), 6.85 (d,J = 1.5 Hz, 1H), 2.57 (s, 1H), 2.29 (s, 3H),
2.09 (s, 3H), 1.48 ~ 1.10 (m, 4H).

Example 108

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-yI)(pyridin-2-
yh(pyrimidin-2-yl)methanol (1020-108)

[00452] Butyllithium (1.6 M in hexanes, 0.2 mL, 0.32 mmol) was added dropwise
to a solution 2-bromopyrimidine (47 mg, 0.3 mmol) in dichloromethane (5 mL) at -78
°C. After stirring for 15 minutes a solution of tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-
2-cthoxy-4-picelinoyl-1H-benzo[d Jimidazole-1-carboxylate (45 mg, 0.1 mmol) in
dichloromethane (1 mL) was added. The reaction mixture was allowed to warm to room

temperature and quenched with 1M HCI, neutralized with sodium bicarbonate solution,,
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extracted with ethyl acetate and purified by reverse-phase HPLC to give the desired
product.

[00453] C,sHaoNO2 439.1 (M+1). 'H NMR (400 MHz, DMSO-ds) & 8.82 (d, /=
4.9 Hz, 2H), 8.55 - 8.35 (m, 1H), 7.91 (td, /= 7.6, 1.6 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.54 (4, J=1.5 Hz, 1H), 7.49 (t, J=4.9 Hz, 1H), 7.41 —7.31 (m, 1H), 7.09 (d, /= 1.5
Hz, 1H), 2.69 — 2.58 (m, 1H), 2.31 (s, 3H), 2.11 (s, 3H), 1.52 — 1.19 (m, 4H).

Example 109

(2-cycloprapyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-benzo[d]imidazol-4-yl)(pyridin-2-
yvi)(pyrimidin-5-yl)methanol (1020-109)

[00454] Compound 1020-109 was made in a similar manner as that of Example.
108, using 5-bromopyrimidine in place of 2-bromopyrimidine, and in 2-methyl THF

instead of dichloromethane.

[00455) C,sHasNeO, 439.1 (M+1)."H NMR (400 MHz, DMSO-ds) 3 9.09 (s, 1H),
8.72 (s, 2H), 8.59 — 8.55 (m, 1H), 7.93 (dd, J= 7.7, 1.8 Hz, 1H), 7.86 (d, /= 8.0 Hz,
1H), 7.52 (d, J = 1.6 Hz, 1H), 7.39 (dd, J = 7.6, 4.9 Hz, 1H), 6.84 (s, 1H), 2.5 (s, 1H),
2.27 (s, 3H), 2.07 (s, 3H), 1.31 (m, 4H).

Example 110

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-benzo{ dJimidazol-4-yl){pyridazin-3-
yD){(pyridin-2-yl)methanol (1020-110)
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[00456] Butyllithium (1.6 M in hexanes, 2.15 m1, 3.4-mmol) was added to a
solution of 2,2,6,6-tetramethylpiperidine (0.68 mL, 4.0 mmol) in MeTHF (20 mL) at 0
°C. Afler stirring for 5 minutes, the reaction was cooled to -78 °C and pyridazine (275
mg, 3.4 mmol) was added. The reaction mixture was stirred for 5 minutes and a solution
of tert-butyl 6-(3,5-dimethylisoxazol-4-yi)- 4-picolinoyl-1H-benzo[d]imidazole-1-
carboxylate (525 mg, 1.15 mmol) in MeTHE (5 ml.) was added. The reaction mixture
was allowed to warm to room temperature and quenched with 1M HC], neutralized with
sodium bicarbonate solution, extracted with ethyl acetate and purified by reverse-phase
HPLC to give the desired product.

[00457] CasHaNeO; 439.1 (M+1). "H NMR (400 MHz, DMSO-ds) § 9.18 (dd, J =
4.7, 1.8 Hz, 1H), 8.63 - 8.46 (m, 1H), 7.93 (td, J = 7.8, 1.8 Hz, 1H), 7.87 - 7.66 (m, 3H),
7.57(d,J= 1.5 Hz, 1H), 7.40 (ddd, J=7.5, 4.8, 1.1 Hz, 1H), 6.99 (d, /= 1.9 Hz, 1H),
2.62 (t, = 4.9 Hz, 1H), 2.29 (s, 3H), 2.09 (s, 3H), 1.54 — 1.25 (m, 4H).

Example 111

(2-cyclopropyl-6-(3,5-dimethyli soxazol-4-yl)-1H-benzo[ dJimidazol-4-y1)(pyrazin-2-
yI)(pyridin-2-ylymethanol (1020-111)

100458) Compound 1020-111 was made in a similar manner as that of Example

108, using pyrazine in place of pyridazine.
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[00459] CasHzNgO; 439.1 (M+1). "H NMR (400 MHz, DMSO-ds) 5 8.79 (d, J =
1.5 Hz, 1H), 8.59 (d, J = 2.5 Hz, 1H), 8.57 — 8.55 (m, 1H), 8.53 (4, /= 4.7 Hz, 1H), 7.91
(t, J="7.7 Hz, 1H), 7.72 (d, J= 8.0 Hz, 1H), 7.53 (d, /= 1.5 Hz, 1H), 7.39 (dd, /= 7.4,
4.9 Hz, 1H), 6.97 (s, 1H), 2.60 (m, 1H), 2.30 (s, 3H), 2.10 (s, 3H), 1.33 (d, /=25.6 Hz,
4H),

Example 112

(2-cyc10propyl—6f(3,5—dimethylisoxazol—ﬁkyl)—lH—benzo{d]imidazol—zl-
y1)(phenyl)(pyridin-3-yl)methanol (1020-112)

Step 1:

[060460] Phenylmagnesium chloride in THF (2M, 3 ml.) was added to a solution
of 2-cyclopropyl-6-(3 ,S—dimethylisoxazol—4-y1)-N-me‘rlmxy—N—methyl-lH—
benzo[d}imidazole-4-carboxamide in NMP (6 mL) and the reaction mixture was stirred
for 15 min, quenched with sodium bicarbonate solution and extracted using ethyl acetate.
Purification by silica gel chromatography gave (2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-y1}-1H-benzo[d]imidazol-4-yl){(phenylymethanone.

Step 2:

[00461] A solution of 3-pyridylmagnesium bromide (2 equiv) and (2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-y1) (phenyl)methanone (30 mg)
was stirred at room temperature for 15 min. The reaction mixture was quenched with
1M HCI solution, concentrated and purified by reverse-phase HPLC to give the desired
product.

[00462] CrrHpuNLO, 437.1 (M+1). "H NMR (400 MHz, DMSO-dq) § 8.67 — 8.50
(m, 2H), 7.81 (s, 1H), 7.53 (d, J = 7.4 Hz, 3H), 7.49 — 7.21 (m, SH), 6.62 (s, 1H), 2.25 (s,
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3H), 2.05 (s, 3H), 1.31 (m, 5H).
Example 113

(2-cyclopropy1-6-(3,5—dimethylisoxazol—4-yl)—1H-benzo[d]imidazol—4—
yD(pbenyl)(pyridin-2-yl)methanol (1020-11 3)

[60463] Compound 1020-113 was made in a similar manner as that of Example

112, using 2-pyridylmagnesium bromide in place of 3-pyridylmagnesium bromide.

[00464] CarHyN4Oz 437.1 (M+1). 'H NMR (400 MHz, DMSO-dg) 5 8.50 - 8.47
(m, 1H), 7.89 (dd, J=7.6, 1.8 Hz, 1H), 7.79 ~ 7.59 (m, 1H), 7.53 — 7.46 (m, 1H), 7.39
7.23 (m, 5H), 6.83 (d,/ = 1.4 Hz, 1H), 2.27 (s, 3H), 2.07 (s, 3H), 1.47 ~ 1.17 (m, SH).

Example 114

(2acyclopr0py1—6-(3,5-dimethylisoxazol~4—yl)—1H—benzo[d]1'midazol«4—y1) (6-
methylpyridin-2-yl)(tetrahydrofuran-2-yl)methanol {1020-114)

Step 1
-0
N—-O /
/ P .
triethylborane, THF
- 0
H t-butylhydroperoxide
BocN BocN
JN © 0°C fort XN OH

[G0465] Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4-y1)-4—formy1-lH-benzo[d]imidazole—l—carboxylaté (280 mg, 0.73 mmol, 1 equiv.) is
added THF (10 mL.) and cooled to 0C before adding triethylborane (8.8 mL, 8.8 mmol,
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12 equiv., 1 M THF). Fert-butylhydroperoxide (0.8 mL, 4.4 mmol, 6 equiv., 6 M
decanes) is added slowly to the reaction mixture and the reaction allowed to warm up
slowly to room temperature. After completion, the reaction was quenched with NH,OH
solution (5 mL) and extracted with EtOAc and washed with water (spiked with a
solution of FeS04.H>S04.H,0 (2 mL)) and then with saturated NH,CL After drying with
MgSO,, it was filtered and concentrated to dryness. Purification was carried out by flash
column chromatography to furnish tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yl)-4-(hydroxy(tetrahydrofuran-2-yl)methyl)-1H-benzo[ d] imidazole-1-carboxylate (175
mg, v.53%, dr 3:2).

[00466] LCMS (m/z +1) 454.34.
Step 2:
j (s
o
o Dess-Martin Perioiodinane o
BocN CH,Ch BocN _ 8
=N  OH N

{00467] Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4—y1)-4-(h_ydroxy(tetrahydrofuran—Z-yl)methyl)-1H-benzo[d]imidazole-l-carboxylate
(660 mg, 1.82 mmol, 1 equiv.) is added DCM (40 mL) and Dess-Martin periodinane
(802 mg, 2.4 mmol, 1.3 equiv.). After completion, the reaction was quenched with
sodium thiosulfate solution and allowed to stir for several minutes. It was extracted with
DCM and washed with water and saturated NH4CL After drying with MgSO,, it was
filtered and concentrated to dryness. Purification was catried out by flash column
chromatography to furnish tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
(hydroxy(tetrahydrofuran-2-yl)methyl)-1H-benzo[ d] imidazole-1-carboxylate (175 mg,
v.53%).

[00468] LCMS (m/z +1) 452.23.

Step 3:
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N—-Q
[ Z
=
0 l /N THF
1. MgBr
BocN
=N o] >
2. TFA
{00469} Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4—y1)-4-(hydroxy(tetrahydroﬁlran-z—yl)methyl)-1H-benzo[d]imidazole-1-carboxy1ate(60
mg, 0.13 mmol, T equiv.) is added THF (5 mL) and to it is added (6-methylpyridin-2-
yl)magnesium bromide (3.2 mL, 0.80 mmol, 6 equiv., 0.25 M THF, Rieke Metals). After
completion, the reaction was quenched and extracted with BtOAc and washed with
water, saturated NH4Cl. After drying with MgSOy, it was filtered and concentrated to
dryness. To the crude material is added TFA (5 mL) and allowed to stir for 30 min. After
the reaction was complete, it was concentrated in vacuo. Purification was carried out by
reverse phase HPLC to furnish (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol—4-y1)(6-methylpyridin-2—yl)(tetrahydrofuran-izuyl)methanol asa

mixture of enantiomers.

[00470] IH NMR (400 MHz, Methanol-d4) § 7.62 (d, T = 5.2 Hz, 1H), 7.37 (t, J =
1.6 Hz, 1H), 7.28 (s, 0H), 7.11 (dd, T = 6.1, 2.9 Hz, 1H), 5.34 (t, ) = 7.2 Hz, 1H), 3.89 (g,
1=6.9 Hz, 1H), 3.79 (1, ] = 6.8 Hz, 1H), 2.58 (s, 2H), 2.38 (d, ] = 1.4 Hz, 2H), 2.34 -
2.26 (m, 1H), 2.22 (d, J = 1.4 Hz, 2H), 2.01 - 1,69 (m, 3H), 1.16 (t, T = 5.7 Hz, 2H).

[00471] LCMS (m/z +1) 445.23
Example 115

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-yl)(pyridazin-3-
yh(tetrahydrofuran-2-ylymethanol (1020-115)
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N-O
! £
1. &) -78°C, TMP, n-Buli
THF
0 b) Pyridazine
Boc—p >
J’N 2. TFA
@]
[00472] In a flame-dried flask containing THF and 2,2,6,6-Tetramethylpiperidine

(0.12mL, 4.4 equiv.) at -78 °C, n-BuLi (0.42 mL, 4.0 equiv.) was added dropwise. After
15 minutes of stirring, Pyridazine (0.07 mL, 6 equiv,) was added. The solution was
allowed to stir for 15 minutes, followed by the addition of tert-butyl 2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-yl)-4-(tetrahydrofuran-2-carbonyl)-1 H-benzo[d]imidazole-1-
carboxylate (75 mg, 1 equiv.). The reaction was allowed to stir for 30 minutes at -78°C,
then removed from cold bath and allowed to warm to room temperature. Once complete,
the solution was quenched with DI H;O and extracted three times with EtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacuo. To the crude material was added TFA (5 mL) and
allowed to stir for 30 minutes. Once complete, the solution was concentrated in vacuo.
Purification was carried out by reverse phase HPLC to afford (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[ d}imidazol-4-yl)(pyridazin-3-yl) (tetrahydrofuran-2-
yl)methano! (23 mg, 33% yield as a mixture of enantiomers). Enantiomers were resolved
using a Chiralpak AD-H column (Heptane:IPA, 70:30)

[00473] CysHpsNsOs. MLS 432.2 (M+1) 'H NMR (400 MHz, MeOH-d,) § 9.02 (d,
J =49 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 7.65 (dd, J=8.7, 4.9 Hz, 1H), 7.29 (s, 21D,
5.48 (1, J="7.2 Hz, 1H), 3.99 ~3.87 (m, 2H), 3.78 (4d, J= 13.6, 7.2 Hz, 1H), 3.34 ~ 3.27
(m, 1H), 2.33 (s, 3H), 2.27 (dd, J= 13.0, 6.6 Hz, 1H), 2.17 (5, 3H), 1.95 (dgd, /= 26.1,
11.6, 7.5 Hz, 4H), 1.78 (qd, J= 11.3, 5.6 Hz, 1H), 1.14 (d, J = 6.1 Hz, 2H).

Example 116

(2—Cyclopropy1—6—(3,S~dimethylisoxazol—4—yl)—1H—benzo[d]imidazol-4—yl)dipyridin-3-
ylmethanol (1020-116)
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[00474] Methyl 2-cyclopropyl-6-(3 »3-dimethylisoxazol-4-y1)~-1H-
benzo[d]imidazole-4-carboxylate (Example 107, Step 4) was treated with 3-pyridine
magnesiumbromide (0.25 M MeTHFE solution, Novel, 5.6 mL, 1.42 mmol, 8.8 equiv.) in
THF (3 mL) at room temperature for 16 h. 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 NayS0y. The sotvent was removed under a
reduced pressure to give the crude product. The crude product was purified by a
preparative HPLC (5-95% acetonitrile: water with 0.05% trifluoroacetic acid, on a

Phenomenex Luna Cj column).

[00475] CosHoeNsO;. 438.2 (M+1). 'H NMR (MeOH-dy) § 8.81 (s, 2H), 8.7 (d, J
=5.0Hz, 2H), 8.27 (d, ./ = 8.3 Hz, 2H), 7.84 (dd, /= 8.3, 5.0 Hz, 2H), 7.62 (d, /= 1.0
Hz, 111), 6.94 (d, J= 1.0 Hz, 1H), 2.60-2.50 (m, 1H), 2.31 (s, 3H), 2.13 (s, 3H), 1.55-
1.47 (m, 2H), 1.40-1.34 (m, 2H).

Examples 117-118

1-(2-Cyclopropyl-6-(3,5-dim ethylisoxazol-4-y1)-1 H-benzo[d}imidazol-4-yl)propan-1-ol
(1020-117); and

3~(2-cyclopropy1-6-(3,5—dimethy]isoxazol-4—yl)~ IH-benzo[dJimidazol-4-yl)pentan-3-ol

(1020-118)
N-O N-O N-Q
(s (L~ /
EtMgBr, THF .
B
0 0°Ctort
HN ~ HN HN
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[00476} Into a flask containing methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
y1)-1H-benzol dlimidazole-4-carboxylate (60 mg, 0.19mmol, 1 equiv) (Example 107,
Step 4) was added THF (4 mL, 0.05 M) before being cooled to 0°C. Ethylmagnesium
bromide (0.39 mL, 1.15 mmol, 6 equiv., 3M Hexanes) was added slowly and the
reaction was allowed to warm up to room temperature. After the starting material was
consumed, 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 reverse phase HPLC to give two products:

[00477] 1-{2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo [d]imidazol-4-
yl)propan-1-ol: LCMS (m/z+1) 312.03. 'H NMR (400 MHz, cdzod) 8 7.74 (d, /= 1.5
Hz, 1H), 7.64 (s, 1H), 4.83 (s, 14H), 4.01 (s, 4H), 3.29 (dt, J=3.2, 1.6 Hz, 26H), 3.11 (s,
2H), 2.42 —2.20 (m, 10H), 1.22 - 1.10 (m, 6H);

[60478] 3—(2-Cyclopropy1—6-(3,5-dimethy1is’oxazol—4—y1)-1H—benzo[d]imidazol—4—
yl)pentan-3-ol: LCMS (m/z+1) 339.07. 'H NMR (400 MHz, cdels) 6 7.38 (s, 1H), 6.71
(s, 1H), 2.38 (d, /= 5.8 Hz, 3H), 2.24 (d, J= 7.2 Hz, 3H), 2.10 (5, 1H), 1.99 (dd, /=
14.4, 7.4 Hz, 2H), 1.90 (td, J=14.7, 7.4 Hz, 2H), 1.46 (s, 2H), 1.30 (5, 2 H), 1.17 (s,
1H), 0.84 (t, J= 7.4 Hz, 6H).

Example 119

4-(2-Cyclopropyl-4-(pent-2-en-3 —yl)'—lH-—benzo[d]imidazol-6-y1)—3,S-dimethylisoxazole

(1020-119)
N-Q N-O
(s y
TFA, 150 °C
HN HN
KN HO JN
[60479] Into a microwave vial was placed 3-(2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-yl)pentan-3-ol (25 mg, 0.074 mmol, 1
equiv) (Example 111} and TFA (4 ml). The reaction was subjected to microwave

irradiation at 150 °C for 30 minutes. Following completion of reaction, the mixture was
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concentrated in vacuo and the reaction was partitioned between water and ethyl acetate.
The organic layer was washed with saturated NaHCO; solution and brine and dried over
sodium sulfate. Purification was carried out by reverse phase HPLC to furnish 4-(2-
cyclopropyl-4-(pent-2-en-3 -yl)-lH—benzo[d]imidazol-G-yl)~3,5~dimethylisoxazolc (10.

3mg, 44%). This compound was isolated as a mixture of B/Z isomers.

[00480] LCMS (m/z+1) 322.20. 'H NMR (400 MHz, cdcls) § 7.34 (s, 1H), 6.91
(s, 1H), 5.82 (dd, /=2.2, 6.8 Hz,1H), 2.58 (d, J = 7.6 Hz, 2H), 2.38 (s, 3H), 2.25 (s, 3H),
2.08 (m, 1H), 1.87 (d, J=6.8Hz, 1H), 1.26 (m, 2H), 1.15 (m, 2 H), 0.97 (i, 4H).

Example 120

4-(2-Cyclopropy1-4-(pentan-3—y1)~1H—benzo[d]imidazol-G~y1)-3,5~djmethy1isoxazole
(1020-120)

10% Pd-C, H,

EtOH

[60481] Into a flask containing 4-(2-cyclopropyl-4-(pent-2-en-3 —3-/1)-1H-
benzo[d]imidazol-6-yl)-3,5-dimethylisoxazole (20 mg, 0.062 mmol, 1 equiv.) (Example
112) was added Pd-C (30mg, 10%) and ethanol (5 mL). The suspension was stirred
under a hydrogen atmosphere for an hour. After the solid was filtered off and the filtrate
was concentrated in vacuo. Purification was carried out by reverse phase HPLC to
furnish 4—(2—cyc10propy1~4-(pentan~3-yl)-IH—benzo[d]imidazol—6~yl)—3,5-

dimethylisoxazole.

[00482] LCMS (m/z+1) 324.22, 'H NMR (400 MHz, cdsod) § 7.21 (s, 1H), 6.88
(s, 1H), 2.38 (s, 3H), 2.23 (s, 3H), 2.18 (s, 1H), 1.93 — 1.78 (m, 3H), 1.78 - 1.63 (m, 3H),
1.13 (d, /= 7.4 Hz, 5H), 0.80 (¢, J = 7.4 Hz, TH).

Examples 121-122
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Cyclopentyl(Z-cyclopropy1-6-(3,5-dimethylisoxaz01~4-yl)-lH-benzo [dlimidazol-4-
yl)methanol (1020-121); and

Dicyclopentyl(Z—cyclopropyl—6—(3,5-dimethy1isoxazo_1—4-y1)-1H—benzo[d]imidazol—4-
yl)methanol (1020-122)

N-O N-Q N-Q
i ! P /

CyclopentylMgBr, THF

: +
0 DU
HN ~ peCiort HN HN
=N  OH

" 4 a

[00483] Into a flask containing methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-

y1)-1H-benzo[d]imidazole-4-carboxylate (45 mg, 0.14mmol, 1 equiv) (Example 107,
Step 4) was added THF (4 mL, 0.05 M) before being cooled to 0 °C.
Cyclopentylmagnesium bromide (0.29 mL, 1.15 mmol, 4 equiv., 2M Diethyl ether) was
added slowly and the reaction was allowed to warm up to room temperature. After the
starting material was consumed, 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 reverse phase HPLC to furnish two products:

[00484] Cyclopentyl(2—cyclop_ropyl-é-(B,S—dilnethylisoxazolftl-yl)-IH-
benzo[d]imidazol-4-ymethanol: LCMS (m/z+1) 352.02. 'H NMR (400 MHz, cdsod) 8
7.26 (s, 1H), 6.88 (s, 1H), 2.57 (s, 2H), 2.38 (s, 3H), 2.22 (s, 5H), 1.83 (s, 3H), 1.47
(s,5H), 1.12 (d, J= 7.2 Hz, SH).

[00485] Dicyclopentyl(2-cyolopropy1—6—(3,5-dimethy1isoxaz01—4-yl)-IH-
benzo[dJimidazol-4-yl)methanol: LCMS. (m/z+1) 420.03. 'H NMR (400 MHz, cdsod) 8
7.26 (s, 1H), 7.08 (s, 1H), 2.46 ~2.31 (m, 4H), 2.31 - 2.15 (m, 4H), 1.84 (s, 1H), 1.77 -
1.45 (m, 58H), 1.33 (dd, /=19.7, 11.9 Hz, 7H), 1.13 (4, /="7.8 Hz, 6H).

Examples 123-124

(S)-Cyclopentyl(Z-cyclopropyl-6-(3,S-dimethylisoxazol-4-y1)—I'H-benzo[d]imidazol-4-
ylymethanol (1020-123) and
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(R)~Cyclopentyl(2-cyclopropyi-6—(3,5-dimethylisoxazol-4-yl)‘—1H-benzo[d]imidazol-4~
yDmethanol (1020-124)

N-O
{ /
chiral separation
HN
JN OH
[00486] The enantiomers of compound 1020-121 were separated by chiral

column (DAICEL Chirapak-IC, heptane: EtOH (80:20)).

[00487] (S)-Cyclopentyl (2-cyclopropyl-6-(3,5 -dimethylisoxazol-4-yl)-1H-~
benzo[d]imidazol-4-yl)methanol: LCMS (m/z+1) 352.02. 'HNMR (400 MHz, cdzod) &
7.26 (s, 1H), 6.88 (s, 1H), 2.57 (s, 2H), 2.38 (s, 3H), 2.22 (s, SH) 1.83 (s, 3H), 1.47
(s,5H), 1.12 (d, J= 7.2 Hz, 5H).

[004388] (R)~Cyclopentyl(2-cyclopropy1—6—(3,5-dimethy1isoxazol—4~yl)-1H-
benzo[d}imidazol-4-y)methanol; LCMS (m/z+1) 352.02. "H NMR (400 MHz, cdsod) §
7.26 (s, 1H), 6.88 (s, 1H), 2.57 (s, 2H), 2.38 (s, 3H), 2.22 (s, 5H), 1.83 (s, 3H), 1.47
(s,5H), 1.12(d, J = 7.2 Hz, 5H).

Examples 125-126

1-(2-Cyclopropyl-6-(3,5-dim ethylisoxazol-4-yl)- 1H-benzo[d]imidazol-4-y1)-2-
methylpropan-1-ol (1020-125); and

3-(2-Cycl'0propyl-6-(3,S-djmeﬂlylisoxazol—4-yl)-_1H—benzo[d]imidazol—4-yl)—2,4-
dimethylpentan-3-ol (1020-126)
N-O
! 5 L
IsopropyiMgBr, THF

T

HN O 0°C to rt HN
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[00489] Into a flask containing methyl 2-cyclopropyi-6-(3,5-dimethylisoxazol-4-
yl)-1H-benzo[dlimidazole-4-carboxylate (40 mg, 0.13mmol, 1 equiv) (Example 107,
Step 4) was added THF (4 mL, 0.05 M) before being cooled to 0°C.
Isopropylmagnesium bromide (0.60 mL.,0.77 mmol, 6 equiv., 2M Diethyl ether) was
added slowly and the reaction was allowed to warm up to room temperature. After the
starting material was consumed, 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 reverse phase HPLC to furnish two products:

[00490] 1-(2-Cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
y1)-2-methylpropan-1-ol: LCMS {m/z-+1) 326.01. 'H NMR (400 MHz, cdcls) 8 7.36 (s,
1H), 6.81 (s, 1H), 4.70 (d, J = 6.6 Hz, 1H), 2.36 (s, 3H), 2.22 (s, 3H), 2.14 (dd, /= 13.2,
6.9 Hz, 3H), 1.26 (d,.J = 18.0 Hz, 4H), 1.15 (d, J= 6.7 Hz, 2H), 1.05 (d,J=6.6 Hz, 4H),
0.88 (d, /= 6.8 Hz, SH).

. [00491] 3-(2—Cyclopropy1—6—(3,S—dimethylisoxazol—4-y1)—1H-benzo[d]imidazol—4-—
y1)-2,4-dimethylpentan-3-ol: LCMS (m/z+1) 368.03. "H NMR (400 MHz, cdcl) 3 7.45
(s, 1H), 6.80 (s, 1H), 2.49 —2.28 (m, 6H), 2.21 (d, J=15.9 Hz, 4H), 1.36 (s, 2H), 1.27 -
1.10 (m, 3H), 0.85 (dt, /= 18.2, 9.1 Hz, 12H).

Example 127

4-(2—Cyclopropy1—6—(3,5~dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4«y1)heptan-4—o}

(1020-127)
N-O N-O
t P ! P
PrimgBr, THF
[+]
HN 10 N 0°Ctort HN
XN 0 JN HO
[00492] Into a flask containing methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-

yl)-1H-benzo[d]imidazole-4-carboxylate (50 mg, 0.16 mmol, 1 equiv) (Example 101,
Step 4) was added THF (3 mL, 0.05 M) before being cooled to 0°C.
Isopropylmagnesium bromide (0,53 mL, 1.15 mmol, 6 equiv., 27% THF) was added
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slowly and the reaction was allowed to warm up to room temperature. After the starting
material was consumed, 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 reverse phase HPLC to furnish 4-(2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-yl}-1H-benzo[d}imidazol-4-yl)heptan-4-ol.

[00493] LCMS (m/z+1) 368.22. "H NMR (400 MHz, cdel;)  7.38 (s, 1H), 6.71
(s, 1H), 2.38 (d,./=5.8 Hz, 3H), 2.24 (d, /= 7.2 Hz, 3H), 2.10 (s, 1H), 1.9 (dd, /=
14.4,7.4 He, 2H), 1.90 (td, /= 14.7, 7.4 Hz, 2H), 1.46 (s, 2H), 1.30 (5, 2 H), 1.17 (s
1H), 0.84 (t, J= 7.4 Hz, 6H).

2

Example 128

4«(2-Cyclopropy1—4—(hept-3-en—4-yl)~1H—benzo[d]imidazol—G-yl)-3,S-dimethylisoxazole
(1020-128)

TFA, 150 °C

[00494] Into a microwave vial was placed 4-(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-yi)heptan-4-ol (24 mg, 0.068 mmo], 1
equiv) (Example 120) and TFA (4 ml). The reaction was subjected to microwave
irradiation at 150 °C for 30 minutes. Following completion of reaction, the mixture was
concentrated in vacuo and the reaction was partitioned between water and ethyl acetate.
The organic layer was washed with saturated NallCO3 solution and brine and dried over
sodium sulfate. Purification was carried out by reverse phase HPLC to furnish 4-(2-
cyclopropyl-4-(hept-3-en-4-yl)-1H-benzo[ djimidazol-6-y1)-3,5-dimethylisoxazole as a

mixture of E/Z isomers.

[00495] LCMS (m/z+1) 350.21. "H NMR (400 MHz, cdsod) 8 7.28 (s, 1H), 7.24
(d,J=1.4Hz, 1H), 6.88 (d, /= 1.5 Hz, 1H), 6.77 (d, J = 1.5 Hz, 1H), 5.68 (ad, J= 15.7,
8.5 Hz, 2H), 2.61 (t, J = 7.4 Hz, 2H), 2.55 ~ 2.39 (m, 2H), 2.39 — 2.28 (m, 4H), 2.28 —
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2.10 (m, 5H), 1.85 (dd, J=15.0, 7.6 Hz, 1H), 1.31 (dt, /= 14.9, 7.4 Hz, 3H), 1.20 - 1.01
(m, 7H), 0.88 (dt, J=13.1, 7.5 Hz, 5H).

Example 129

4-(2-Cyclopropyl-4-(heptan-4-yl)-1H-benzo[dlimidazol-6-yl)-3,5-dimethylisoxazole
{1020-129)

10% Pd-C, H,

EtOH
HN
J N
[00496] Into a flask containing 4-(2-cyclopropyl-4-(hept-3-en-4-y1)-1H-

benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole (16 mg, 0.045 mmol, 1 equiv.) (Example
121) was added Pd-C (30mg, 10% Pd-C) and ethanol (5 mL). The suspension was stirred
under 2 hydrogen atmosphere for an hour. After the solid was filtered off and the filtrate
was concentrated in vacuo, Purification was carried out by reverse phase HPLC to
furnish 4-(2-cyclopropyl-4-(heptan-4-yl)-1H-benzo[d}imidazol-6-y1)-3,5-

diinethylisoxazole.

[00497] LCMS (m/z+1) 352.26, H NMR (400 MHz, cdsod) § 7.19 (s, 1H), 6.89
(s, 1H), 3.18 (s, 1H), 2.39 (s, 3H), 2.21 (d, = 10.4 Hz, 3H), 2.18 (4, /= 7.0 Hz, 1H),
1.72 (4d, J= 15.2, 7.4 Hz, 4H), 1.37 — 1.17 (m, 3H), 1.12 (dd, J = 14.5, 6.7 Hz, 6H),
0.84 (t, J = 7.4 Hz, TH).

Example 130-131

Methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzofd}imidazole-4-
carboxylate (1020-130); and

Methyl 2-cyclopropyi-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo[d]imidazole-7-
carboxylate (1020-131)
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N-O §-0 N-O
Lz N Yz
Vel, K2003 +
O 0
HN N pwF ~N A N o~
J’N 0 J N O <R\»N 0

AN

[00498] Into a flask containing methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-

y1)-1H-benzo[dJimidazole-4-carboxylate (500 mg, 1.60 mmol, 1 equiv.) (Example 107,
Step 4} was added DMF (16, 0.1 M) and cesium carbonate (1560 mg, 4.81 mmol, 3
equiv.). To this was then added iodomethane (0.30 mL, 4.81 mmol, 3 equiv.). The
reaction was allowed to stir overnight and showed consumption of starting material.
After the starting material was consumed, the reaction was partitioned between water
and ethyl acetate. The organic layer was washed with brine and dried over sodium
sulfate, Purification on silica gel (rf = 0.3 in 20% ethyl acetate in hexanes) separated the

two isomers (1:1 ratio):

[00499] Methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 -methyl-1H-
benzo[d}imidazole-4-carboxylate: LCMS (m/z+1) 326.16. 'H NMR (400 MHz, cd3od)
6 7.72(d, J = 1.6 Hz, 9H), 7.64 (d, J = 1.6 Hz, 8H), 3.95 (d, J = 4.2 Hz, 52H),2.41 (s,
27H), 2.34 - 2.16 (m, 37H), 1.34 - 1.22 (m, 19H), 1.22 ~ 1.08 (m, 22H).

j00309] Methyl 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1 -methyl-111-

benzo[d]imidazole-7-carboxylate: LCMS (m/z+1) 326.16. 'H NMR (400 MHz, cdsod)
87.63 (d,J=1.6 Hz, 1H), 7.61 (d, J= 1.6 Hz, 1H), 4.03 (s, 3H), 3.97 (s, 3H), 2.41 (4, J
= 15.6 Hz, 3H), 2.31 - 2.17 (m, 4H), 1.19 (dt, J = 8.2, 2.9 Hz, 2H)}, 1.16 — 1.08 (m, 2H).

Example 132

3-(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 -methyl-1H-benzo[d]imidazol-4-
yDpentan-3-ol (1020-132)
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N-Q
{ Z
EtMgBr, THF
~N O.
JN o
[00501] Into a flask containing methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-

y1)-1-methyl-1H-benzo[dJimidazole-4-carboxylate (35 mg, 0.11 mmol, 1 equiv)
(Example 130) was added THF (4 mL, 0.05 M) before being cooled to 0 °C.
Ethylmagnesium bromide (0.22 mL, 1.15 mmol, 6 equiv., 3M hexanes) was added
slowly and the reaction was allowed to warm up to room temperature. After the starting
material was consumed, the reaction was partitioned between water and ethyl acetate.
The organic layer was washed with brine and dried over sodium su_lfate. Purification was

carried out by reverse phase HPLC to afford the title compound.

[00502]  LCMS (m/z+1) 354.00. "H NMR (400 MHz, cdsod) 3 7.22 (d, =13
Hz, 1H), 6.92 (d, J="1.3 Hz, 1H), 3.88 (s, 3H), 2.40 (5, 3H), 2.23 (d, /= 10.0 Hz, 3H),
2.18 (id, J= 8.0, 4.0 Hz, 15), 2.08 (dg, J = 14.8, 7.4 Hz, 2H), 1.86 (dq, J = 14.6, 74 Hz,
2H), 1.23 - 0.99 (m, 4H), 0.72 (t, J = 7.4 Hz, 6H).

Example 133

1-(2-Cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo [dlimidazol-7-
yl)propan-1-ol (1020-133)

N-Q N-O
/ P P
EtNMgBr, THF
o . |
N\ ~ 0°% tort N\
4™° J
[00503] Tnto a flask containing methyl 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-

y1)-1-methyl-1H-benzo[d]imidazole-7-carboxylate (39 mg, 0.12 mmol, 1 equiv)
(Example 124) was added THF (4 mL, 0.05 M) before being cooled to 0 °C.

192



WO 2014/182929 PCT/US2014/037344

Ethylmagnesium bromide (0.24 mL, 1.15 nimol, 6 equiv., 3M hexanes) was added
slowly and the reaction was allowed to warm up to room temperature. After the starting
‘material was consumed, 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 reverse phase HPLC to afford the title compound.

[00504] LCMS (m/z+1) 326.22. "H NMR (400 MHz, cdsod) § 7.35 (d, /= 1.6
Hz, 7H), 7.23 (d, /= 1.4 Hz, 8H), 5.30 (dd, J = 7.4, 5.8 Hz, 9H), 4.17 (s, 22H), 2.39 (s,
20H), 2.31 - 2.20 (m, 23H), 2.20 ~ 2.13 (m, 7H), 2.02 ~ 1.80 (m, 18H), 1.23 — 0.97 (m,
530).

Example 134

3-(2-Amino-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-yl)pentan-3-ol

{1020-134)
Step 1
BrCN
EtOH/CH;CN/H,0
NH, O
[60505] Into a flask containing methyl 2,3-diamino-5-(3,5-dimethylisoxazol-d-

yD)benzoate (155 mg, 0.59 mmol, 1 equiv.) was added EtOH (2 mL), H>O (2 raL) and
CH;3CN (2 mL) before cyanogen bromide (75 mg, 0.71 mmol, 1.2 equiv.) was added.
After an hour, at room temperature, the reaction was then warmed 65 °C. After the
reaction was complete, it was concentrated iz vacuo and then washed with dilute sodium.
bicarbonate solution. A precipitate formed and was filtered and washed with water and

warm ethanol to afford the product.

[00506] LCMS (m/z+1) 286.96. "H'NMR (400 MHz, cdsod) § 7.41 (d, J= 1.4
Hz, 1H), 7.25 (d, /= 1.4 Hz, 1H), 3.90 (5, 3H), 2.31 (s, 3H), 2.15 (s, 3H), 1.94 (s, 1H).

Step 2
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N-O N-O
/ P t P
EtMgBr, THF
o. 0°Ctort
N ~ HN
»-NH 0 =N HO
HoN HoN
[00507] Into a flask containing methyl 2-amino-5-(3,5-dimethylisoxazol-4-y1)-1H-

benzo[d]imidazole-7-carboxylate (30 mg, 0.09 mmol, 1 equiv) (Example 127) was
added THE (4 mL, 0.05 M) before being cooled to 0 °C. Ethylmagnesium bromide (0.29
mL, 0.88 mmol, 10 equiv., 3M Hexanes) was added slowly and the reaction was allowed
to warm up to room temperature. After the starting material was consumed, 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 reverse phase HPLC

to affored the title compound.

[00508] LCMS (m/z +1) 314.91. 'H NMR (400 MHz, cdsod)  7.00 (d, J= 1.4
Hz, 2H), 6.67 (4, J = 1.3 Hz, 2H), 2.38 (d, J=2.9 Hz, 6H), 2.22 (4, /= 3.1 Hz, 6H), 2.05
—1.91 (m, 4H), 1.91 — 1.72 (m, 5H), 0.79 (dd, /= 9.1, 5.7 Hz, 13H).

Example 135

4,4'-(2-Cyc10propyl-1H-benzo[d]imidazole~4,6-diyl)bis(3,S-dimeﬂlylis_oxazole) (1020-

135)

N-O N-O

/ P y
isoxazole pinacol ester
PEPPSI-IPr, Cs,C03, DME / H;0

HN HN N
J )
[00509] Toa flask containing 4-(2-cyclopropyl-4-iodo-1H-benzo[d])imidazol-6-

y1)-3,5-dimethylisoxazole (650 mg, 1.7 mmol, 1 equiv.) (Example 8, Step 5) was added
3,5-Dimethylisoxazole-4-boronic acid pinacol ester (840 mg, 3.8 mmol, 2.2 equiv.},
Cs,CO; (1.67 gm, 5.1 mmot, 3 equiv.) and PEPPSI -IPr catalyst (120 mg, 0.2 mmol, 0.1
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equiv.} and dissolved in DME-H,0 (20 mL, 0.2 M, 2/1, v/v). The mixture was heated fo
125 °C. After 3 hr, the reaction was complete. After cooling, the reaction was extracted
with EtOAc and washed with water; saturated NH,Cl. After drying with Mg80Q,, it was
filtered and concentrated to dryness. The resulting solid was washed with EtOAc. A

mustard yellow solid was obtained as the title compound.

[00510] LCMS (m/z+1) 349.13. "H NMR (400 MHz, cdsod) § 7.39 (s, 2H), 6.99
(d, 7= 1.5 Hz, 2H), 3.64 (s, 2H), 2.42 (s, 6H), 2.35 (s, 6H), 2.26 (s, 6H), 2.20 (s, 6H),
2.15 (s, 3H), 1.15 (s, 9H).

Example 136

1-(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-y1)-5-
methylpyrrolidin-2-one (1020-136)

N-0O N-O

/ P / P

Cul, Cs,CO,, dioxane,

. mw 140°C,40min
+ HN o
H N
HN HN
ol e

[00511] To a mixture of 4-(2-cyclopropyl-4-iodo- 1H-benzo[djimidazol-6-yl)-3,5-
dimethylisoxazole (30 mg, 0.08 mmol) (Example 8, Step 4), 5-methylpyrrolidin-2-one
(100 mg, 1.00 mmol), copper(I) iodide (15 mg, 0.08 mmol), cesium carbonate (163 mg,
0.50 mmol) in 1,4-dioxane (2 mL} under nitrogen was added N,N-dimethylethane-1,2-
diamine (14 mg, 0.16 mmol). The reaction mixture in a microwave vial was purged with
dry nitrogen, capped, heated to 140 °C in a microwave reactor for about 40 minutes.

The mixture was cooled, diluted with ethyl acetate (10 mL), filtered through a layer of
celite, then partitioned between water and ethyl acetate, the aqueous phase was extracted
with ethyl acetate twice, and the combined organic phase was washed with 1M aqueous
K2C03, 30% aqueous ammonium chloride, brine, dried and concentrated. The crude
product was purified by reverse phase HPLC eluting with 0,1% TFA-containing

acetonitrile/water to afford the title compound,
[00512] CopHzN402. 351.2 (M+1). TH NMR (DMSO-d6) & 7.54 (s, 1H), 7.32 (s,
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1H), 4.55 (m, 1H), 2.59 (m, 2H), 2.40-2.51 (m, 6H), 2.28 (s, 3H), 1.83 (m, 1H), 1.39 (m,
4H), 1.14 (d, ] = 6.2 Hz, 3H).

Example 137

1—(2-Cyclopropyl-6-(3,5~dimethylisoxazol-4-y1_)-1H—benzo[d]imidazol—4—yl)—5-
ethylpyrrolidin-2-one (1020-137}

N-O
P

[00513] Compound 1020-137 was synthesized from 4-(2-cyclopropyl-4-iodo-1H-
benzo[d]Jimidazol-6-yl)-3,5-dimethylisoxazole and 5-ethylpyrrolidin-2-one, using similar

conditions as described in Example 136.

[00514] CyFsN4Os. 365.2 (M+1). 'H NMR (DMSO-d6) §7.47 (s, 1H), 7.25 (s,
1H), 4.87 (m, 1H), 2.59 (m, 2H), 2.45 (s, 3H), 2.30-2.43 (m, 3H), 2.27 (s, 3H), 1.80-2.00
(m, 1H), 1.54 (m, 1H), 1.20-1.45 (m, 5H), 0.85 (¢, J = 7.4 Hz, 3H).

Example 138

(5)-1-(2-Cyclopropyl-6-(3 ,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)-5-
(triflucromethyl)pyrrolidin-2-one (1020-138)

N-Q
(

[00515] Compound 1020-138 was synthesized from 4-(2-cyclopropyl-4-iodo-1H-
benzofd]imidazol-6-yl)-3,5-dimethylisoxazole and 5-rifluoromethylpyrrolidin-2-one
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using similar conditions as described in Example 136.

[00516] CaoH19F3N4O;. 405.1 (M+1). "H NMR (DMSO-d6) § 7.47 (s, 1H), 7.32
(s, 1H), 5.60 (m, 1H), 2.52-2.80 (m, 2H), 2.48-2.50 (m, 4H), 2.40-2.47 (m, 6H), 1.23 (m,
4H).

Example 139

2-Amino-N-cyclopentyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[dlimidazole-4-
sulfonamide (1020-139)

O-N O-N
g o
BrCN
y p— g
HzN " I§: CH3CNIMGOH/H20 HN ). \“
H,N
[66517) 2,3-diamino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-

yl)benzenesulfonamide (17 mg, 0.05 mmol) (Example 1, Step 8) was dissolved in
MeOH (1 mL). The solution was added slowly to a stirred solution of 5M BrCN in
acetonitrile (11ul) in water (1 mL). The reaction was stirred at RT for 1h before being
evaporated under vacuum. The residue was purified with Prep HPLC (0-100%
CH3CN/H20) to afford the title compound.

[00518] CrsHz1N5058. 376.0 (M+1). 'H NMR (400MHz, CD;0D) § 7.57 (s, TH),
7.53 (s, 1H), 3.67-3.63 (m, 1H), 2.42 (5, 3H), 2.21 (s, 3H), 1.78-1.61 (m, 4 H), 1.50-1.38
(m, 4H).

Example 140

N-Cyclopentyl-6-(3,5-dimethylisoxazol-4-yl)-2-(hydroxymethyl)-1H-
benzofd]imidazole-4-sulfonamide (1020-140)
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o o-n

1o~ -OH N
_—
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HO

HCI, reflux
[00519] 2,3-Diamino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-

yl)benzenesulfonamide (20 mg, 0.06 mmol) (Example 1, Step 8) was dissolved in 4N
HCI (2 mL). To the above solution was added glycolic acid (13mg, 017 mmol). The
reaction was refluxed overnight before being evaporated under vacuum. The residue
was purified with Prep HPLC (0-100% CH3CN/H20) to afford the title compound.

[00520) C1sH2oN404S. 391.1 (M+1). "H NMR (400MHz, CDs0OD) § 7.88 (s, 1H),
7.81 (s, 1H), 5.08 (s, 2H), 3.68-3.65 (m, 1H), 2.46 (s, 3H), 2.29 (5, 3H), 1.73-1.61 (m, 4
H), 1.49-1.46 (m, 4H). '

Example 141

2-Benzyl-N-cyclopentyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-benzo[ d]Jimidazole-4-
sulfonamide (1020-141)

160521} Compound 1020-141 was prepared in a similar manner as that of
Example 7 by reacting 2,3-diamino-N-cyclopentyl-5-(3,5-dimethylisoxazol-4-
ylbenzenesulfonamide (20 mg, 0.06 mmol) (Example 1, Step 8) with 2-phenylacetic

acid.

[00522} CosHasN4O5S. 451.2 (M+1). 'H NMR (400MHz, CD30D) & 7.66 (s, 1H),
7.58 (s, 1H), 7.49-7.32 (m, 5H), 3.85 (s, 2H), 3.64-3.62 (m, 1H), 2.44 (s, 3H), 2.24 (s,
3H), 1.75-1.62 (m, 4 H), 1.58-1.44 (m, 4H),
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[00523] Compounds 1020-142, 1020-143, 1020-144, 1020-145, 1020-146, 1020-
147, and 1020-148, were prepared in a similar fashion as N-cyclopentyl-2-
(cyclopropylmethylamino)-6-(3 S-dimethylisoxazol-4-yl)-1 H-benzo[d}limidazole-4-
sulfonamide (Example 1) by substituting the appropriate commercial isothiocyanate in

Example 1, Step 9:
Example 142

N—Cyclop_entyl—G-(B,5-dimethylisoxazol-4-yl)_-2—(pheny]amino)—1H-benzo[d] imidazole-
4-sulfonamide (1020-142)

0O-N
Y

N
HN S0
YN 00 :
NH

[00524] Ca3HasN5O;S. 452.2 (M+1). "H NMR (400MHz, CD50D) § 7.57-7.51
(m, 6H), 7.40-7.36 (m, 1H), 3.68-3.65 (m, 1H), 2.42 (s, 3H), 2.26 (s, 3H), 1.79-1.62 (m,
4H), 1.52-1.44 (m, 4H).

Example 143

2-(B enzyIamino)-N-cyclopentyl-6—(3,5~dimeﬂ1y1isoxazol—4-y1)-1H-benzo[d]imidazo]e—4-
sulfonamide (1020-143)

[00525] CoHxN5058. 466.2 (M+1). 'H NMR (400MHz, CD;0D) § 7.56 (s, 1H),
751 (s, 1H), 7.48-7.34 (m, 5H), 4.74 (s, 2H), 3.65-3.62 (m, 1H), 2.42 (s, 3H), 2.24 (s,
3H), 1.79-1.64 (m, 4 H), 1.58-1.48 (m, 4H).

199



WO 2014/182929 PCT/US2014/037344

Example 144

N—Cyclopcntyl—é-(?:,5-dimethylisoxazol—4-yl)—2-(Lmorpholinoethylamino)-1H-
benzo[dJimidazole-4-sulfonamide (1020-144)

O-N
o
H

N
HN 2
o~ S0 D
[\, /NH
o N
_/

[00526) CpsHaaNOsS. 489.2 (M+1). 'H NMR (400MHz, CD;OD) § 7.61 (s, 1H),
7.59 (s, 1H), 4.74 (s, 2H), 4.08-4.01 (m, 6H), 3.67-3.64 (m, 1H), 3.60-3.48 (m, 6H), 2.44
(s, 3H), 2.27 (s, 3H), 1.74-1.64 (m, 4 H), 1.51-1.42 (m, 4H).

Example 145

N—Cyclopentyl-z—(cyclopropylamino)-6-(3',5-dhne&ylisoxazol—él-yl)—1H-
benzo[dlimidazole-4-sulfonamide (1020-145)

C-N
™ X

[00527] CoollasN5058. 416.1 (M+1). 'H NMR (400MHz, CD;0D) 8 7.68 (s, 1H),
7.52 (s, 1H), 3.68-3.57 (m, 1H), 2.42 (s, 3H), 2.28 (s, 3H), 2.05-1.58 (m, 4 H), 1.49-1.39
(m, 4H), 1.35-1.20 (m, 1H). 0.35-0.24 (m, 2H), 0.18-0.15 (m, 2H).

Example 146

N-Cyclopentyl-6-(3,5 -dimethylisoxazol-4-yl}-2- ((tetrahydrofuran-2-yl)methylamino)-
1H-benzo[d]imidazole-4-sulfonamide (1020-146)
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[00528] CaaHyoNs048. 460.1 (M+1). 'H NMR (400MHz, CDs0D) § 7.67 (s, 1H),

7.58 (s, H), 3.81-3.75 (m, 2H), 3.45-3.37 (m, 2H), 3.00-2.95 (m, 1H), 2.43 (s, 3H), 2.28
(s, 3H), 2.05-1.58 (m, 8 H), 1.49-1.39 (m, 41T).

Example 147

N-Cyclopentyl-6-(3,5 ~dimethylisoxazol-4—y1)-2—(Z-me'thoxyethylamino)—1 H-
benzo[d]imidazole-4-sulfonamide (1020-147)

O-N

[00529] CaoHzN5048. 434.2 (M+1). 'H NMR (400MHz, CD;0D) § 7.78 (s, 1H),

7.62 (s, 1H), 3.81-3.48 (m, 5H), 2.45(s, 3H), 2.27 (s, 3H), 2.02-1.59 (m, 4 H), 1.48-1.39
(m, 4H).

Example 148

N—Cyclopentyl-6—(3,5~dimethyiisoxazol-4—yi)—2»(2,2,Z-triﬂuoroethylamino)—IH—
benzo[d]imidazole-4-sulfonamide (1020-148)
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[00530] C1sHxFsNs05S. 458.1 (M+1). 'H NMR (400MHz, CD;0D) § 7.72 (s,
1H), 7.58 (5, 1H), 3.60-3.58 (m, 3H), 2.43(s, 3H), 2.25 (s, 3H), 2.08-1.54 (m, 4 H), 1.48-
1.32 (m, 4H).

Examples 149 and 150

(R)-4-(2-cyolopropy1—4-(6—_methy1quinolin-5-yl)—lH-benzo[d]imidaz01~6-yl)-—3,5-
dimethylisoxazole (1020-149)

and_

(S)-4-(2-cyclopropyl-4-(6-methylquinolin-5-y1)-1 H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-150)

racemate

[00531] 4-(2-cyclopropyl-4-(6-methylquinolin-5-yl)-1H-benzo [d]imidazol-6-y1)-
3,5-dimethylisoxazole from Example 18 was optically resolved by DAICEL, Chiralapk
IC, EtOAc / hexane / diethylamine =70 : 30 : 0.1.

[00532] (R)-4-(2-cyclopropyl-4-(6—methquuinolin—5—y1)~1H—benzo[d]imidazol—6-
yl)-3,5-dimethylisoxazole (1020-149): retention time 5.46 min, 99.8% e.e.

(entantiomeric excess).
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{5)-4-(2-cyclopropyl-4-(6-methylquinolin-5-y1)-1H-benzo[ dlimidazol-6-y1)-3,5-
dimethylisoxazole (1020-150): retention time 5.87 min, 99.2% e.e.

Example 151

(8)~3-(2~cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-benzo[d]limidazol-4-yl)-6-
methylquinoline 1-oxide (1020-151)

[00533] (8)-4-(2-Cyclopropyl-4-(6-methylquinolin-5-yl)-1H-benzo[djimidazol-6-
y1)-3,5-dimethylisoxazole (0.015g) was subjected to MCPBA (0.016g) in MeOH/ DCM
(1/1 ml) and stirred at RT for 24 h. Volatiles were removed and the residue purified by
reverse phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford (S)-5-(2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-yl)-1H-benzofd]imidazol-4-y1)-6-methylquinoline 1-oxide.

[00534] LCMS (m/z +1) 411.22. "H NMR (400 MHz, DMSO-d6) & 8.58 (d, J =
8.9 Hz, 1H), 8.53 (d, ] = 6.0 Hz, 1H), 7.84 (d, J = 9.1 Hz, 2H), 7.55 (s, 2H), 7.35 — 7.23
(m, 1H), 7.11 (d, J = 8.8 Hz, 1H), 7.01 (s, 1H), 2.42 (s, 3H), 2.24 (s, 2H), 2.21 (s, 2H).

Example 152

5-(2-cyclopropyl-5-(3 ,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo[d}imidazol-7-y1)-6-
methylquinoline 1-oxide (1020-152)
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mCPBA

DCM

[00535] Into a flask containing 4-(2-cyclopropyl-1-methyl-7-(6-methylquinolin-5-
y1)-1H-benzo[d]imidazol-5-y1)-3,5-dimethylisoxazole (120 mg, 0.29 mmol, 1 equiv.
from Example 74) in DCM (5 mL) is added mCPBA (130 mg, 0.59 mmol, 2 equiv.,
77%). After completion, the reaction was quenched with water and extracted with DCM
and washed with water, saturated NH,Cl. Afier drying with MgSO4, it was filtered and
concentrated to dryness. Purification was carried out by reverse phase HPLC to 5-(2-
cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo{ d]imidazol-7-y1)-6-

methylquinoline 1-oxide.

[00536] LCMS (m/z+1) 425.34. 1H NMR (400 MHz, Methanol-d4) 3 8.75 (d, J =
6.8 Hz, 1H), 8.62 (d, | = 4.2 Hz, 1 H), 7.90 (d, ] = 5.2 Hz, 1 H), 7.60 (s, 1H), 7.55 — 7.40
(M, 2H), 7.00 (s , 1TH), 3.29 (s, 3 H), 2.32 (s, 3H), 2.27 (5, 3H), 2.15 - 2.00 (m, 1H), 1.19
-1.02 (m, 4FD. '

Example 153

5-(2-cyclopropyl-6-(3;5-dimethylisoxazol-4-yl)-1H-benzo[ dJimidazol-4-y1)-6-
methylquinolin-2(1H)-one (1020-153)

[00537] 5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-1H-benzo[dJimidazol-4-
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y1)-6-methylquinolin-2(1H)-one was synthsized in a similar manner as that of Example

61, Step 2, using 5-bromo-6-methylquinolin-2(1H)-one.

[00538] CasHoN40,. MS. 411.1 (M+1). 'H NMR (MeOH-dy) § 7.59 (d, J = 8.5
Hz, 1H), 7.50 (s, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.405 (d, J= 9.8 Hz, 1H), 6.96 (d, /= 1.5
Hz, 1H), 6.47 (d, /= 9.8 Hz, 1H), 2.45 (s, 3H), 2.30 (s, 3H), 2.15 (s, 3H), 2.09 (quin, J =
6.7 Hz, 1H), 1.18 — 1.06 (m, 4H).

Example 154

5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d}imidazol -4-y1)-4-
methylpyridin-2(1H)-one (1020-154)

N-O

/

[00539] 5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[dlimidazol-4-
y1)-4-methylpyridin-2(1H)-one was synthsized in a similar manner as that of Example
61, Step 2, using 5-bromo-4-methylpyridin-2(1H)-one.

[00540) CoiHaoNeOs. MS. 361.1 (M+1). “H NMR (MeOH-dy)  7.33 (s, 1H), 7.32
(d,/=1.5 Hz, 1H), 6.89 (d, /= 1.5 Hz, 1H), 6.48 (br s, 1H), 2.33 (s, 3H), 2.17 (s, 3H),
2.11-2.01 (m, 1H), 2.01 (s, 3H), 1.11 — 1.00 (m, 4H).

Example 155

4-(2-cyclopropy!-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-y1)-5-
methyipyridin-2(1H)-one (1020-155)
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[00541] 4-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-
yl)-5-methylpyridin-2(1H)-one was synthsized in a similar manner as that of Example
61, Step 2, using 4-bromo-5-methylpyridin-2(1H)-one.

[00542] CoiHaoNsOs. MS. 361.1 (M+1). 'H NMR (MeOH-da) & 7.33 (s, 1H), 7.32
(d,J=1.5 Hz, 1H), 6.89 (d,/= 1.5 Hz, 1H), 6.48 (br s, 1H), 2.33 (s, 3H), 2.17 (s, 3H),
2,11-2.01 (m, 1H), 2.01 (s, 3H), 1.11 — 1.00 (m, 4H).

Example 156

5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ dJimidazol-4-yl)-6-
methylpyridin-2(1H)-one (1020-156)

[00543] 5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[dlimidazol-4-
yI)-6-methylpyridin-2(1H)-one was synthsized in a similar manner as that of Example
61, Step 2, using 5-bromo-6-methylpyridin-2(1H)-one.

[00544] Co1HaoN4O,. MS. 361.1 (M+1). 'H NMR (MeOH-dy) § 7.61 (d, J=9.2
Hz, 1H), 7.41 (&, J= 1.5 Hz, 1H), 7.01 (d, /= 1.5 Hz, 1H), 6.51 (d, J=9.2 Hz, 1H), 2.43
(s, 3H), 2.28 (s, 3H), 2.21 (s, 3H), 2.19 2,14 (m, 1H), 1.20 — 1.13 (m, 4H).

Example 157
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3,5~dimethyl~4-(4—(6-methquuinolin—5-yl)-2-(oxetanu3-yl)-1 H-benzo[dJimidazol-6-
yhisoxazole (1020-157)

O—N O—N
Ty \
X NS
— R~ — 2
HoN I HN" I
NH, JN
8]
[00545] 3,5-Dimethy1~4-(4-(6-meﬂlyl'quinolin—S-yl)-Z-(oxetan-3 -yl)-1H-

benzo[d]imidazol-6-yl)isoxazole was synthsized in a similar fasion as that of Example
88, Steps 1-2 replacing 1-methyl-1H-pyrazole-4-carbonyl chloride with oxetanc-3-

carbonyl chioride.

Step 1: 4-(4-iodo-2-( oxetan-B-vI)-lH—benzofd}imidazol-G-vl)—S,S-dimethvlisoxazoie.

[00546] LCMS (m/z+1) 396.0 .

Step 2: 3.5-Dimethyl-4-(4-( 6-methylguinolin-5-yi)-2-( oxetan-3-vD)-1H-

benzo[d]imidazol-6-yD)isoxazole

[00547] LCMS (m/z +1) 411.1.
Example 158

3,5-dimethyl-4-( 1-methyl-7-(6—methquuin01i'n—5-y1)—2-(triﬂu0romethy1)-1H-

benzo|d]imidazol-5-yl)isoxazole

f}l—O
7
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[00548] To a microwave vial containing 4-(7-iodo-1-methyl-2-(trifluoromethyl}-
1H-benzo[d]imidazol-5-y1)-3,5-dimethylisoxazole (80 mg, (.19 mmol, 1 equiv.} was
added 3,5~ 6-methylquinolin-5-ylboronic acid (106 mg, 0.57 minol, 3 equiv.), Cs2CO3
(371 mg, 1.14 mmol, 6 equiv.) and PEPPSI " -IPr catalyst (51 mg, 0.076 mmol, 0.4
equiv.) and dissolved in DME-H,0 (10 mL, 0.2 M, 2/1, v/v). The mixture was heated to
140 °C for 30 min, The reaction was extracted with EtOAc and washed with water,
saturated NH,Cl. After drying with MgSOs, it was filtered and concentrated fo dryness.

The resulting solid was washed with EtOAc. Purification was carried out by reverse

phase HPLC to furnish 3,5-dimethyl—4-(l-methyl-?-(6-methquuinolin-5-‘yl)-2-

(triﬂuoromethyl)—1H—benzo[d]imidazol—5-yl)isoxazole.

[00549] LCMS (m/z+1) 437.50. 'H NMR (400 MHz, Methanol-d4) 3 8.85 (d,
1H), 8.10 (&, T = 5.8 Hz, 1 H), 7.90 (¢, ] = 5.2 Fiz, 1 ), 7.82 (d, I = 5.8 Hz, 1 H), 7.78
(4, 1=82 Hz, 1H), 743 (d, J = 8.2 Hz, 1H), 7.20 (d, T = 4.8 Hz, 1 H), 3.29 (5, 3 H), 2.46
(s, 3ED), 2.30 (s, 3HD. |

Example 159
4-(2-cyclopropyl-4-(3,5 —dimethyl-lH-pyrazol—4-y1)-1-methyl-1H~benzo{d]imidazol—6-

y1)-3,5-dimethylisoxazole (1020-159)

-0
y

N

Yy

[00550] * To a microwave vial containing 4-(2-cyclopropyl-4-iodo-1-methyl-1H-
benzo[dJimidazol-6-y1)-3,5-dimethylisoxazole (125 mg, 0.32 mmol, 1 equiv.) was 3,5-
dimethyl-4-(4,4,5,5-tetramethyl—1,3,2-di0xabor0]an—2—y1)-1H-pyrazole (140 mg, 0.64
mmol, 2 equiv.), Cs,CO; (310 mg, 0.95 mmol, 3 equiv.) and PEPPSI"-IPr catalyst (22
mg, 0.031 mmol, 0.1 equiv.) and dissolved in DME-H,0 (5 mL, 0.2 M, 2/1, v/v). The
mixture was heated to 140 °C for 30 min. The reaction was exiracted with EtOAc and
washed with water, saturated NH4CL After drying with MgSOq, it was filtered and
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concentrated to dryness. The resulting solid was washed with BtOAc. Purification was
carried out by reverse phase HPLC to furnish 4-(2-cyclopropyl-4-(3,5-dimethyl-1H-
pyrazol—4—y1)—l-methyl—1H~benzo[d]imidazol—6-yl)-’3,S-dimethylisoxazole.-

100551 LCMS (m/z+1) 362.21. "H NMR (400 MHz, Methanol-d4)  7.73 (d, ] =
1.2Hz, 1H), 6.95 (4, 7= 1.2 Hz, 1 H), 3.92 (s, 3H), 2.43 (5, 3H), 2.29 (s, 3H), 2.18 (S.3),
2.19 (s, 3H), 2.20 -2.15 (m, 1H), 1.15 -1.05 (m, 4H),

Example 160

4-(2-cyclopropyl-4-{prop-1-yn- 1—yl)-1H—benzo[d]imidazol~6-y1)-3,5-dimethy1isoxazole

N—O N—Q
P P
HN | HN
[00552] To a microwave vial containing 4-(2-cyclopropyl-4-iodo-1H-

benzo[d]imidazol-6—y1)-3,S-dimethylisoxazole (200 mg, 0.53 mmol, 1 equiv.) was
added tributyl(prop-1-yn-1-yl)stannane (245 pL, 0.79 mmol, 1.5 equiv.), Pd(PPhs), (61
mg, 0.051 mmol, 0.1 equiv.) and dissolved in THF (10 mL).. The mixture was heated to
120 *C for 30 min. The reaction was extracted with EtOAc and washed with water,
saturated NH4Cl, After drying with MgSQs, it was filtered and concentrated to dryness,
Purification was carried out by reverse phase HPLC to furnish 4~(2-cyclopropyl-4-(prop-
1-yn-1-y1)-1H-benzo[d}imidazol-6-y1)-3 9 -dimethylisoxazole.

[00553] LCMS (m/z+1) 292.11. 'H NMR (400 MHz, Methanol-d4) § 7,23 (s,
1H), 7.05 (d, I = 1.2 Hz, 1 H), 2.37 (s, 3H), 2.21 (s, 3H), 2.20 -2.15 (m, 1H), 2.13 (s,
3H), 1.15 -1.05 (m, 4H).

Example 161

N—(6—(3,5—dimethylisoxazol-4—yl)-4—(6—methquuinolin-S-yl)-1 H-benzo[d}imidazel-2-
yheyclopropanesulfonamide (1020-161)

209



WO 2014/182929 PCT/US2014/037344

Step 1: Preparation of N—cvanocvclonropa.nesulfonamide calcium salt

Q H,O Q
N=-NZ2Ca*? =+ 5-CI ———> S-N—=N | ¢a*2
& 45°C J .
[00554] Cyclopropanesulfonyl Chloride (1.09 ml, 10.14 mmol) was added

dropwise to a suspension of Calcium Cyanamide (0.89 g, 11.15 mmol) in 25 ml. of
distilled water under stirring at 45°C. The mixture was stirred for 3 hours at that

temperature and filtered, collecting the filtrate for subsequent use.

Step 2: Preparation of N-(6-( 3.5-dimethvlisoxazol-4-yl)-4-iodo-1H-benzo[dlimidazol-2-

vl)evclopropanesulfonamide.

N-Q N2
i £
i
? . IPA, AcOH, HCY
+ D—S“N-—._'_N Cgte o~
1 o HN 1
H,N 1 o) 2 80C =N
NH, HN '
[00555] 5—(3,5-dimethylisoxazol—4-yl)-3—iodobenzene—1,2—diamine (750 mg, 2.28

mmol) in 15 mL of solvent (2-Propanol : acetic acid, conc (36%) HCI - 10:1:1) was
added 25 mL of aqueous calcium sulfonyl cyanamide salt. Reaction was heated to 90°C

for 2 days in a sealed tube.

[00556] After 2 days reaction was cooled and diluted 1x with water then placed on
ice. Precipitates formed which were subsequently filtered and collected to afford N-(6-
(3,5-dimethylisoxazol-4-yl)-4-iodo.~1H-benzo[d]iinidazol—Z—yl)cyclopropanesulfonamide
(215mg, 21%).

LCMS (m/z + 1) 459.1

Step 3: Preparation of N-(6-(3.5-dimethvlisoxazol-4-yl)-4-( g-methvlquinolin-5-vl)-1H-

benzo[dlimidazol-2-vl)cvelopropanesulfonamide
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PEPPSI-Pr
—_— e
NMP, H,0
DBU
135°C, 45 min

[00557] In a microwave vial were combined N-(6-(3,5-dimethylisoxazol-4-y1)-4-
iodo-1H-benzo[d}imidazol-2-yl)cyclopropanesulfonamide (50 mg, 0.11 mmol), (6-
methylquinolin-5-yl)boronic acid (61.21 mg, 0.33 mmol), 1,8-Diazabicyclo[5.4.0Jundec-
7-ene (0.1 ml, 0.65 mmol), PEPPSI-IPr catalyst (2.48 mg, 0.005 mmol) and 9 mL NMP /
H,0 (2:1 by volume) and heated to 135°C for 45 minutes. After cooling, the reaction
diluted in EtAc and aqueous ammonium chloride, was then extracted 3x with EtAc,
organics were washed with water and then brine, Organics were then dried over sodium
sulphate, filtered and concentrated to dryness. Purification was carried out first by silica
gel chromatography (DCM/EtAc as the eluent) followed by reverse phase HPLC to
furnish N-(6-(3,5-dimethylisoxazol-4-yl}-4-(6-methylquinolin-5-y1)-1H-

benzo[d]imidazol-2-yljcyclopropanesulfonamide.

[00558] LCMS (m/z +1) 474.3. "H NMR (400 MHz, DMS0-d6) § 11.74 (s, 1H),
8.87 (dd, T =4.1, 1.6 Hz, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.79 (d, I = 8.7 Hz, 1H), 7.72 —
7.59 (m, 1H), 7.53 - 7.32 (m, 2H), 7.03 (d, T = 1.6 Hz, 1H), 2.63 — 2.58 (m, 1H), 2.46 (s,
3H), 2.28 (s, 6H), 1.38 (d, ] = 3.8 Hz, 1H), 0.94 (dt, ] = 5.2, 2.9 Hz, 2H), 0.88 (d, T =
8.1, 3.0 Hz, 3H).

Example 162

N-(4-(3,5-dimethyl- 1 H-pyrazol-4-y1)-6-(3,5-dimethylisoxazol-4-y1)- 1H-
benzo[d]imidazol-2-yl)cyclopropanesulfonamide (1020-162)
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N-O
g NP

0.0 PEPPSI-Pr

| —_— 3

HN _ * N NMP, H,0

=N \ DBU
HN N-NH 135°C, 45 min
o-Z-o

[00559] N-(4-(3,5-dimethyl-1 H-pyrazol-4-y1)-6-(3,5-dimethylisoxazol-4-y1)-1H-

benzo[d}imidazol-2-yl)cyclopropanesulfonamide was prepared using 3,5-dimethyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazole in a.similar fashion to N-(6-
(3,5-dimethylisoxazol-4-yl}-4-(6-methylquinolin-5-y1}-1H-benzo[d}imidazol-2-
yl)eyelopropanesulfonamide Example 161, step 3.

[00560] LCMS (m/z +1) 427.2. "H NMR (400 MHz, DMSO-d6) § 12.39 (s, 11I),
11.66 (s, 2H), 7.30 (d, J = 1.6 Hz, 1H), 6.92 (d, T = 1.6 Hz, 1H), 2.68 —2.59 (m, 1H),
2.45 (s, 3H), 2.27 (s, 3H), 2.13 (s, 6H), 1.01 — 0.84 (m, 4H).

Example 163

N-(6-(3,5-dimethylisoxazol-4-yl)-4-(2-phenylpyridin-3-yl)-1H-benzo[d]imidazol-2-
yheyclopropanesulfonamide (1020-163)

N-O
(2
?H PEPPSI-IPr
HN - >
=N HO™ YN NMP, H,0
DBU
Hl‘;l 135°C, 45 min HI}!
0=8=0 0=5=0
100561] N-(6-(3,5-dimethylisoxazol-4-yl)-4-(2-phenylpyridin-3-yl)- 1 H-

benzo[d]imidazol-2-yl)cyclopropanesnlfonamide was prepared using (2-phenylpyridin-
3-yl)boronic acid in a similar fashion to N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-
methylquinolin-5-yl)-1H-benzo[dlimidazol-2-yl)cyclopropanesulfonamide Example
161, step 3.
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[00562]  LCMS (m/z +1) 486.3. 'H NMR (400 MHz, DMSO-d6) § 11.95 (d, ] =
4.8 Hz, 1H), 11.65 (s, OH), 8.74 (dd, } = 4.7, 1.7 Hg, 1H), 7.94 (dd, T = 7.8, 1.7 Hz, 1H),
7.51 (dd, = 7.7, 4.8 Hz, 1H), 7.39 — 7.31 (m, 2H), 7.26 (dt, ] = 4.3, 2.9 Hz, 4H), 6.71
(d,7=1.6 Hz, 1H), 2.66 — 2.57 (m, 1H), 2.14 (s, 3H), 1.97 (s, 3H), 1.00 — 0.84 (m, 4H),

Example 164

N-(6-(3,5-dimethylisoxazol-4-y1) -4-(6-methylquinelin-5-y1)-1H-benzo[d]imidazol-2-
ylethanesulfonamide (1020-164)

Step 1: Preparation of N-( 6-(3,Sadimethvlisoxazol—4—v1)~4—iod0-1H-benzofd]imidazol—2~

yl)ethanesulfonamide
N-O
{
HN !
=N
Hy
0=5=0
[00563] Preparation of N-(6-(3,5-dimethylisoxazol-4-y1)-4-iodo-1H-

benzo[d]Jimidazol-2-yl)ethanesulfonamide was accomplished in a similar fashion as N-
(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazol-2- '
yDeyclopropanesulfonamide by using ethanesulfonyl chloride; Example 161, steps 1-2.

[00564] LCMS (m/z +1) 447.0.

Step 2: Preparation of N—(6-(3,5-dimethvlisoxazol—4—v1)—4—(6-‘methvlquinolin.—5-vl)—IH-

benzo|d]imidazol-2-vl)ethanesulfonamide
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-0
Z

PEPPSI-IPr
—
H
¥ NMIP, H,0 N>=.,N
DBU HN
135°C, 45 min i N
0=5=0
[00565] In a microwave vial were combined N-(6-(3,5-dimethylisoxazol-4-y1)-4-

iodo-1H-benzo[d]imidazol-2-yl)ethanesulfonamide (50 mg, 0.11 mmol), 6-
methylquinolin-5-ylboronic acid (83.81 mg, 0.45 mmol), 1,8-Diazabicyclo[5.4.0Jundec-
7-ene (0.1 ml, 0.67 mmol), PEPPSI-IPr catalyst (7.64 mg, 0.01 mmol) and 9 mL NMP /
H,0 (2:1 by volume) and heated to 135°C for 45 minutes. After cooling, the reaction
diluted in EtAc and agueous ammogium chloride, was then extracted 3x with EtAc,
organics were washed with water and then brine then dried over sodium sulfate, filtered
and concentrated to dryness. Purification was carried out first by silica gel
chromatography (DCM/EtAc as the eluent) followed by reverse phase HPLC to furnish
N-(6-(3,5 -dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-y1)-1H-benzo[d]imidazol-2-

ylethanesulfonamide.

[00566] LCMS (m/z +1) 462.3. "H NMR (400 MHz, DMSO-d6) & 11.60 (s, 2H),
8.83 (dd, J = 4.2, 1.6 Hz, 1H), 8.01 (d, T = 8.7 Hz, 1H), 7.75 (d, J = 8.7 Hz, 1H), 7.64
(ddd, T =8.5, 1.6, 0.9 Hz, [H), 7.47 - 7.36 (m, 2H), 6.98 (d, T = 1.6 Hz, 1H), 2.95 (¢, ] =
7.3 Hz, 2H), 2.41 (s, 3H), 2.24 (s, 6H), 1.18 (t, I = 7.3 Hz, 3H).

Example 165

N-(4,6—bis(S,5-dimethylisoxaz01~4-y1)-'1H~benzo[d]imidazol-2-y1)ethanesulfonamide
(1020-165)
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N-O
! /
O\B,O PEPPSI-IPr
- ——— e
HN}_,,N * \(%/ NMP, H,0
N N d DBU
| 135°C, 45 min
0=5=0
[00567) N-(4,6-bis(3,5-dimethylisoxazol-4-yl)-1H-~benzo[d]imidazol-2-

ylethanesulfonamide was prepared using 3,5 -dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)isoxazole in a similar fashion to N-(6-(3,5-dimethylisoxazol-4-yl)-4-
(6—methquuinolin-5~yl)-1H—benzo[d]imidazol—?.-yl)ethanesulfonamide, Example 164,
step 2.

[00568} LCMS (m/z +1) 416.2. "H NMR (400 MHz, DMSO-d6) 3 11.97 (s, 1H),
11.70 (s, 1H), 7.37 (d, T = 1.6 Hz, 1H), 7.03 (d, J = 1.6 Hz, 1H), 3.02 (q, J = 7.3 Hz, 2H),
2.43 (s, 3H), 2.31 (s, 3H), 2.25 (s, 3H), 2.15 (s, 3H), 1.23 (t,  =7.3 Hz, 3H).

Example 166

N-(6-(3,5-dimethylisoxazol~4-yl)-4-(2-phenylpyridin-3-y1)-1 H-benzofd]Jimidazol-2-
ylethanesulfonamide (1020-166)

| OH PEPPSHPr
| — S
"N + no? | >N NMP, H,0
’ DBU
Hl}ﬂ = 135°C, 45 min Hi}!
0=8=0 0=5=0
[00569] N-(6-(3,5-dimethylisoxazol-4-yl)-4-(2-phenylpyridin-3-yl)-1H-

‘benzofd]imidazol-2-yl)ethanesulfonamide was prepared using (2-phenylpyridin-3-
yDboronic acid in a similar fashion to N-(6-(3,5 -dimethylisoxazol-4-y1)-4-(6-
methylquinolin-5-y1)-1H-benzo[d]imidazol-2-yl)ethanesulfonamide, Example 164, step
2.
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[00570] LCMS (m/z +1) 474.3.

[00571] 'H NMR (400 MHz, DMSO-d6) § 11.84 (s, OH), 11.67 ~ 11.60 (m, 1H),
8.71 (dd, J = 4.8, 1.6 Hz, 1H), 7.91 (dd, T = 7.8, 1.7 Hz, 1H), 7.48 (dd, ] = 7.7, 4.8 Hz,
1H), 7.35 — 7.28 (m, 2H), 7.26 — 7.19 (m, 4H), 6.70 (d, I = 1.6 Hz, 1H), 2.97 (¢, T =73
Hz, 2H), 2.12 (s, 3H), 1.95 (s, 3H), 1.20 (t, J = 7.4 Hz, 3H).

Example 167

'N-(6-(3,S-dimethylisoxazol-4-yl)—4~(6-methy1quinolin—5-y1)-lH-benzo[d]imidazol-Z-
yl)propane-2-sulfonamide (1020-167)

Step 1: Preparation of N-(6-( 3.5-dimethvylisoxazol-4-y)-4-iodo-1H-benzo[djimidazol-2-

vl)propane-2-sulfonamide

[60572] Preparation of N-(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-
benzo[d]Jimidazol-2-yl)propane-2-sulfonamide was accomplished in a similar fashion to
N-(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d}imidazol-2-
yl)eyclopropanesulfonamide by using propane-2-sulfonyl chloride, Example 161, steps
1-2.

[00573] LCMS (m/z +1) 461.1.

Step 2: Preparation of N-(6-(3.5-dimethylisoxazol-4-y1)-4-iodo-1H-benzo[d]imidazol-2-

vl)propane-2-sulfonamide
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N-0O
{ -
lOl-i

HO B PEPPSI-IPr

| ——

HN I, " i NMP, H,0

N DBU
N Z 135°C, 45 min
0=8=0
[00574] In a microwave vial were combined N-(6-(3,5-dimethylisoxazol-4-y1)-4-

iodo—1H~bcnzo[d]imidazol—Z-yl)propane—Z-sulfonamide (50 mg, 0.11 mmol), 6-
methylquinolin-5-ylboronic acid (81.25 mg, 0.43 mmol), 1,8-Diazabicyclo[5.4.0Tundec-
7-ene (0.1 ml, 0.67 mmol), PEPPSI-IPr catalyst (7.64 mg, 0.01 mmol) and 9 mL NMP /
H,0 (2:1 by volume) and heated to 135°C for 45 minutes. After cooling, the reaction
diluted in EtAc and aqueous ammonium chloride, was then extracted 3x with EtAc,
organics were washed with water and then brine. Organics were then dried over sodium
sulphate, filtered and concentrated to dryness. Purification was carried out first by silica
gel chromatography (DCM/EtAc as the eluent) followed by reverse phase HPLC to
furnish N—(6—'(3,5-dimethylisoxazol-4~yl)-4—(6—methquuinolin-5—y1)-1H-

benzo[d}imidazol-2-yl)propane-2-sulfonamide.

[00575] LCMS (m/z +1) 476.2. "H NMR (400 MHz, DMSO0-d6) § 11.69 (s, 2H),
8.87 (dd,J=4.1, 1.6 Hz, 1H), 8.05 (4,J = 8.7 Hz, 1H), 7.79 (d, ] = 8.7 Hz, 1H), 7.72
7.65 (m, TH), 7.51 - 7.40 (m, 2H), 7.02 (d, ] = 1.7 Hz, 1H), 3.09 (p, ] = 6.7 Hz, 1K),
2.45 (s, 3H), 2.28 (s, 61), 1.24 (d, T = 6.8 Hz, 6H).

Example 168

N-(4,6-bis(3 ,>-dimethylisoxazol-4-yl)-1H-benzo[ d}imidazol-2-yl)propane-2-
sulfonamide (1020-168)
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N-O N-O
{ Z Z
0.g0 PEPPSH-IPr
i ——————J-
RS L = Bt
\\
HN N-O bBU HN
A 135°C, 45 min )
0=5=0 0=8=0
[060576] N—(4,6'-bis(3,5-dimethylisoxazol—4-y1)-lH—benzo[d]imidazol—Z-

yl)propane-2-sulfonamide was prepared using 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)isoxazole in a similar fashion to N-(6-(3,5-dimethylisoxazol-4-yl)-4-
(6-methy1quinolin-5—yl)-1H-benzo[d]imidazol‘-Z-yl)prop ane-2-sulfonamide, Example
167, step 2.

[00577] LCMS (m/z +1) 430.2. "H NMR (400 MHz, DMSO-d6) § 11.97 (s, 1H),
11.67 (s, 1H), 7.37 (d, T = 1.6 Hz, 1H), 7.03 (d, T = 1.6 Hz, 1H), 3.13 (p, ] = 6.7 Hz, 1H),
243 (s, 3H), 2.31 (s, 3H), 2.25 (s, 3H), 2.15 (s, 3H), 1.26 (4, ] = 6.7 Hz, 6H).

Example 169

N—(G-(S,5-dhnethylisox’azol-4-y1)-4-(2-pheny1pyridin-3 -y1)-1H-benzo[d}imidazol-2-
yl)propane-2-sulfonamide (1020-1 69)

N-Q N-O
! Y v
(I)H PEPPSI-IPr
HN l — HN N
=N + o B | =N NMP, H,0 V=N
HN y DBU HN
) 135°C, 45 min )
0=8=0 0=5=0
[00578] N-(6-(3,5-dﬁnethylisoxazol-4—yl)-4—(2-pheny1pyridin—3-yl)—lI—I-

benzo[d]imidazol-2-yl)propane-2-sulfonamide was prepared using (2-phenylpyridin-3-
yl)boronic acid in a similar fashion to N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-
meﬂ1y1quinolin~5-yl)—lH—benzo[d]imidazol—Z-yl)propa.ne-Z-sulfonamide, Example 167,
step 2.
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[00579] LCMS (m/z +1) 488.4. "H NMR (400 MHz, DMSO-d6) § 11.85 (s, 1H),

11.61 (s, 1H), 8.75 (dd,  =4.8, 1.7 Hz, 1H), 7.95 (dd, ] = 7.8, 1.7 Hz, 1H), 7.52 (dd, J =
7.7,4.8 Hz, 1H), 7.38 - 7.31 (m, 2H), 7.25 (dt, T = 5.7, 2.2 Hz, 4H), 6.76 (d, ] = 1.7 Hz,
1H), 3.10 (p, I = 6.8 Hz, 1H), 2.17 (s, 3H), 2.00 (s, 3H), 1.25 (d, J = 6.7 Hz, 6H).

Example 170

N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-yl)-1 H-benzo[dJimidazol-2-
yl)methanesulfonamide (1020-170)

Step 1: Preparation of N-(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[dlimidazol-2-

ylmethanesulfonamide
N-O
/ -
HN 1
—N
H
0= ?20
[00580] Preparation of N-(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-

benzo[d]imidazol-2-yl)methanesulfonamide was accomplished in a similar fashion to N-
(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[ d]Jimidazol-2-

yheyclopropanesulfonamide by using methanesulfony! chloride, Example 161, steps 1-2.
[00581] LCMS (m/z-+1) 433.0.

Step 2: N-(6-(3.5-dimethylisoxazol-4-y1)-4-(6-methvlquinolin-5-v1)-1H-

benzo[dlimidazol-2-vDimethanesulfonamide
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N-O
{ -
PEPPSI-Pr
1 e
HN = ¥ NMP, H;O
HN DBU
| 135°C, 45 min
o=?=o
[00582] In a microwave vial were combined N-(6-(3,5-dimethylisoxazol-4-yl)-4-

iodo-1H-benzo[dJimidazol-2-yl)methanesulfonamide (90 mg, 0.21 mmol), 6-

- methylquinolin-5-ylboronic acid (116.81 mg, 0.62 mmol), 1,8-
Diazabicyclo[5.4.0Jundec-7-ene, PEPPSI-IPr catalyst (4.73 mg, 0.01 mmol) and 15 mL
NMP / H,0 (2:1 by volume) and heated to 135°C for 45 minutes. After cooling, the
reaction diluted in EtAc and agueous ammonium chloride, was then extracted 3x with
FtAc, organics were washed with water and then brine. Organics were then dried over
sodium sulphate, filtered and concentrated to dryness. Purification was carried out first
by silica gel chromatography (DCM/EtAc as the eluent) followed by reverse phase
HPLC to furnish N-(6-(3,5-dimethylisoxazol-4-y1)-4-(6-methylquinolin-5-yl}-1H-

benzo[djimidazol-2-yl)methanesulfonamide.

[00583] LCMS (m/z +1) 448.2. "H NMR. (400 MHz, DMS0-d6) 8 11.64 (s, 2H),
8.84 (dd, J = 4.2, 1.6 Hz, 1H), 8.03 (d, J = 8.7 Hz, 1H), 7.76 (d, ] = 8.7 Hz, 1H), 7.70 -
7.60 (m, 1H), 7.41 (dd, J = 8.5, 4.0 Hz, 2H), 6.95 (s, 1H), 2.90 (s, 3H), 2.43 (s, 3H), 2.26
(T = 1.4 Hz, 6H).

Example 171

N-(6-(3,5-dimethylisoxazol-4-y1)-4-(2-phenylpyridin-3 -yl)-1H-benzo[d}imidazol-2-
ylmethanesulfonamide (1020-171)
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|
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[00584]

(l.'lH

.B

PEPPSI-IPr
—-
NMP, H,0
DBU
135°C, 45 min

|
0=?:0

PCT/US2014/037344

N-(6-(3,5-dimethylisoxazol-4-y1)-4-(2-phenylpyridin-3-y1)-1H-

benzo[d]imidazol-2-yl)methanesulfonamide was prepared using (2-phenylpyridin-3-

yl)boronic acid in a similar fashion fo N-(6-(3,5-dimethylisoxazol-4-y1)-4-(6-

methylquinolin-5-yl)-1H-benzo[d}imidazol-2-yl)methanesulfonamide, Examptle 170,

step 2.

[00585]

LCMS (m/z +1) 460.3. 'H NMR (400 MHz, DMSO-d6) § 11.90 (s, 1H),

11.72 (s, 1H), 8.75 (dd, T= 4.8, 1.6 Hz, 1H), 7.94 (dd, T = 7.8, 1.7 Hz, 1H), 7.52 (dd, ] =
7.8, 4.8 Hz, 1H), 7.39 - 7.23 (m, 7H), 6.70 (d, T = 1.6 Hz, 1H), 2.95 (s, 3H), 2.13 (s, 3H),

1.96 (s, 3H).

Example 172

N-{(4-(3 ,5-dimethyl-1H-pyrazol-4-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2-ylymethanesulfonamide (1020-1 72)

N
/

HN
=

HN\S¢O

o\

[00586]

-0
y
;é(o
€
. 0-B

"

I=

-

PEPPSI, Cs,C0,

———————————— -

DME, H,0

N-O
>

In a microwave vial containing N-(6-(3,5 -dimethylisoxazol-4-yl}-4-iodo-

1H-benzo[d}imidazol-2-yl)methanesulfonamide (50 mg, 0.12 mmol), PEPPSI (16 mg,

0.023 mmol), 3,5-dimethy]—4-(4,4,5,S-tetramethyL1,3,2-dioxaborolan-2-yl)—1H—pyra;zole

(77 mg, 0.35 mmol), and cesium carbonate (226 mg, 0.69 mmol) was added 2 mL of

DME and 1 mL of DI water. The vial was placed in a microwave and heated to 130°C
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for 30 minutes. Once complete, Once complete, the solution was quenched with DI H,O
and extracted three times with EtOAc. The combined organic layers were washed with
saturated NaCl, dried over sodium sulfate, filtered and concentrated in vacuo.
Purification was carried out by reverse phase HPLC to afford N-(4-(3,5-dimethyl-1H-
pyrazol-4-y1)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzof d] imidazol-2-

yl)methanesulfonamide.

[00587] CysHaoN¢OsS. MS. m/z 401.5 (M+1). 'H NMR (400 MHz, cdsod) § 7.25
(4,7 = 1.5 Hz, 1H), 6.94 (s, 1H), 3.02 (s, 3H), 2.44 (s, 3H), 2.28 (5, 3H), 2.19 (s, 6H).

Example 173
Preparation of N-(4,6-bis(3,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol-2-

yhmethanesulfonamide (1020-173)

-0
Z

HN N
HN‘S’O
(o KN
[00588] N-(4,6-bis(3,5-dimethylisoxazol-4-yl)- 1H-benzo[d]imidazol-2-

yDmethanesulfonamide was synthesized in a similar fashion as that of Example 172,
substituting 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxab orolan-2-yl)-1H-pyrazole
for 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaboroian—Z-yl_)isoxazole.

[00589] CigH1oN5048. MS m/z 402.1 (M+1)."H NMR (400 MHz, cd;od) § 7.30
(4, /=1.4 Hz, 1H), 6.97 (d, = 1.3 Hz, 1H), 3.03 (s, 3H), 2.43 (s, 3H), 2.36 (s, 3H), 2.28
(s, 3H), 2.21 (s, 3H).

Example 174

N-(6-(3,5-dimethylisoxazol-4-y1)-4-(6-methylquinolin-5-yl)-1H-b enzofdJimidazol-2-
yl)benzenesulfonamide (1020-174)
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Step 1. Preparation of N-(6-(3.5-dimethylisoxazol-4-y1)-4-iodo-1H-benzo[dlimidazol-2-

yl)benzenesulfonamide

-0
£

[00590] Preparation of N-(6-(3,3-dimethylisoxazol-4-yl)-4-iodo-1H-
benzo[d]imidazol-2-yl)benzenesulfonamide was accomplished in a similar fashion to N-
(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d }imidazol-2-
yDeyclopropanesulfonamide by using benzenesulfonyl chloride, Example 161, steps 1-2.

[00591] LCMS (m/z +1) 495.1,

Step 2: N-(6-(3,5-dimethylisoxazol-4-y1)-4-(6-methylquinolin-5-y1)-1H-

benzo[d]imidazol-2-vihenzenesulfonamide

N-O
{ =
PEPPSI-IPr
I — >
HN}_;N * NMP, H,0
HN DBU
| 135°C, 45 min
0=8=0
[00592] In a microwave vial were combined N-(6-(3,5-dimethylisoxazol-4-y1)-4-

iodo-1H-benzo|d]imidazol-2-yl)benzenesulfonamide (50 mg, 0.11 mmol), 6-
methylquinolin-5-ylboronic acid (83.81 mg, 0.45 mmol), 1,8-Diazabicyclo[5.4.0Jundec-
7-ene (0.1 ml, 0.67 mmol), PEPPSI-IPr catalyst (7.64 mg, 0.01 mmol) and 9 mL NMP /
HO (2:1 by volume) and heated to 135°C for 45 minutes. After cooling, the reaction
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diluted in EtAc and aqueous ammonium chloride, was then extracted 3x with EtAc,
organics were washed with water and then brine. Organics were then dried over sodium
sulphate, filtered and concentrated to dryness. Purification was carried out first by silica
gel chromatography (DCM/EtAc as the eluent) followed by reverse phase HPLC to
furnish N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-3-yl)-1H-

benzo[dlimidazol-2-yl)benzenesulfonamide.

[00593] LCMS (m/z +1) 510.3. "H NMR (400 MHz, DMSO-d6) § 11.90 (s, 2H),
8.84 (dd, J = 4.2, 1.6 Hz, 1H), 8.03 (d, ] = 8.7 Hz, 1H), 7.91 - 7.79 (m, 2H), 7.76 (d, ] =
8.7 Hz, 1H), 7.64 (dt, T = 8.4, 1.3 Hz, 1H), 7.60 — 7.4 (m, 4H), 7.39 (dd, T = 8.6, 4.2 Hz,
1H), 7.02 (s, 1H), 2.44 (s, 3H), 2.27 (s, 3H), 2.23 (s, 3H).

Example 175

N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-y1)- 1H-benzo[ d]imidazol-2-y1)-
3,3,3-trifluoropropane-1-sulfonamide (1020-175)

Step 1: Preparation of N-(6-(3,5-dimethylisoxazol-4-y1)-4-iodo-1H-benzo[d]imidazol-2~

v1}-3.3.3-trifluoropropane-1-sulfonamide

CF,

{00594] Preparation of N-(6-(3,5 -dimethylisoxazol—4—y1)-4-iodo-iHL
benzo[d]imidazol-2-y1)-3,3,3-trifluoropropane- 1 -sulfonamide was accomplished in a
similar fashion to N-(6-(3,5-dimethylisoxazol-4-y1)-4-iodo-1H-benzo[d]imidazol-2-
yl)eyclopropanesulfonamide by using 3,3,3-triflucropropane-1-sulfonyl chloride,
Example 161, steps 1-2.

{00595] LCMS (m/z +1) 515.0.
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Step 2: Preparation of N-(6-(3.5-dimethvlisoxazol-4-y1)-4-(6-methviquinolin-5-v1)-1H-

benzo{d]imidazol-2-v}-3,3.3-trifluoropropane-1-sulfonamide

N-O
4 £

PEPPSI-IPr

| r——

HN | * NMP, H,0

bBU
HN 135°C, 45 min
0=8=0
CFy CF3
[00596] In a microwave vial were combined N-~(6-(3,5-dimethylisoxazol-4-yl)-4-

iodo-1H-benzofd]imidazol-2-yl)-3,3,3-trifluoropropane-1-sulfonamide (50 mg, 0.1
mmol), 6-methylquinolin-5-ylboronic acid (72.73 mg, 0.39 mmol), 1,8-
Diazabicyclo[5.4.0Tundec-7-ene (0.09 ml, 0.58 mmol), PEPPSI-IPr catalyst (6.63 mg,
0.01 mmol) and 9 mL NMP / H»O (2:1 by volume) and heated to 135°C for 45 minutes.
After cooling, the reaction diluted in EtAc and aqueous ammonium chloride, was then
extracted 3x with EtAc, organics were washed with water and then brine. Organics were
then dried over sodium sulphate, filtered and concentrated to dryness. Purification was
carried out first by silica gel chromatography (DCM/EtAc as the eluent) followed by
reverse phase HPLC to furnish N-(6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylquinolin-5-
yl)-1H-benzo[d]}imidazol-2-yl)-3,3,3-trifluoropropane-1-sulfonamide.

[00597] LCMS (m/z +1) 530.3. "H NMR (400 MHz, DMSO-d6) & 11.87 (s, 1H),
11.81 (s, 1H), 8.83 (dd, T = 4.3, 1.6 Hz, 1H), 8.02 (d, ] = 8.7 Hz, 1H), 7.75 (4, ] = 8.7
Hz, 1H), 7.68 - 7.60 (m, 1H), 7.47 — 7.35 (m, 2H), 7.01 (s, 1H), 3.25 — 3.16 (m, 2H),
2.71 —2.59 (m, 2H), 2.42 (s, 3H), 2.24 (s, 6H). '°F NMR (376 MHz, DMSO-d6) -
64.98 (1, F = 11.1 Hz).

Example 176

N-(5-(3,5-dimethylisoxazol-4-y1)-1-methyl-7-(6-methylquinolin-5-yi)-1H-
benzo[d]imidazol-2-yl)methanesulfonamide (1020-176)

Step 1: Preparation of 2-chloro-4-{3,5-dimethylisoxazol-4-v)-N-methvi-6-nitroaniline
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MeNH,-HCI SnCl,, EtOH _
—_—

r o

NMP, 120°C 120°C
O,N Cl O.N

=z
N\

IPA, AcOH, HCI

80°C o N’ cl
7N
HN

o=$=o

[00598] 4-(3-chloro-4-iodo-5-nitrophenyl)-3,5-dimethylisoxazole (4 g, 10.57
mmol) was taken up in 1-methyl-2-pyrrolidinone (10 ml) in a sealed vessel. To this was
added methylamine hydrochloride (1.43 g, 21.13 mmol) and triethylamine (5.89 ml,
42.27 mmol)., The vessel was capped and stirred at 120°C for 1 day. Reaction was then
cooled to room temperature and the crude mixture was diluted in EtAc and aqueous
ammonium chloride and extracted 3x with EtAc. Organics were washed with
ammenium chloride, water then brine, dried over sodium sulfate and evaporated to
dryness under reduced pressure to afford 2-chloro-4-(3,5-dimethylisoxazol-4-yl)-N-
methyl-6-nitroaniline as a very dark red oil.

[00599] LCMS (m/z +1) 281.9

Step 2: Preparation of 6-chloro-4-(3,5-dimethylisoxazol-4-v])-N1-methvlbenzene-1.2-

diamine

[00600] 2-chloro-4-(3,5-dimethylisoxazol-4-yl)-N-methyl-6-nitroaniline (3.3 g,
11.7 mmol), stannous chloride (6.66 g, 35.1 mmol) were mixed in 100mL ethanol in a
pressure sealed vessel and heated to 120°C for 1 hour. Reaction was then cooled to
room temperature before being poured into stirring EtAc/I1N NaOH for 20 minutes.
Reaction was then extracted 3x with EtAc, washed with 1N NaOH, water 2x .and
brine. Organics were then dried over sodium sulfate and solvents removed under

reduced pressure. Crude material was purified by silica gel chromatography, with Hex /
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EtAc as the eluent to provide 6-chloro-4-(3,5-dimethylisoxazol-4-yl)-N1-

methylbenzene-1,2-diamine as a dark yellow solid.

[00601] LCMS (m/z +1) 252.2

Step 3: Preparation of N-(7-chloro-5-(3.5-dimethvylisoxazol-4-y])-1-methyl-1H-

benzo[d]imidazol-2-yl)methanesulfonamide from 6-chloro-4-(3.5-dimethvlisoxazol-4-

yvi)-N1-methvibenzene-1,2-diamine

[00602] Preparation of N-(7-chloro-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-
benzo[d]imidazol-2-yl)methanesulfonamide from 6-chloro-4-(3,5-dimethylisoxazol-4-
yl)-N1-methylbenzene-1,2-diamine (420 mg, 1.67 mmol) was accomplished in a similar
fashion to N—(6—(3,5-dimethylisoxazol—4—y1)-4—iodo-1H-benzo_[d]1'midazol—2-
yl)eyclopropanesulfonamide by using methanesulfonyl cyanamide, Example 161, steps
1-2.

100603] LCMS (m/z +1) 355.1

Step 4. Preparation of N-(5-(3.5-dimethylisoxazol-4-v1)-1-methyl-7-(6-methylquinolin-

5-yh-1H-benzo[d]imidazol-2-yDimethanesulfonamide

N-O
{ =

PEPPSI-IPr

+ —

N Cl NMP, H,O

YN DBU
HI"\I N 160°C, 45 min
0=?=0
[00604) Preparation of N-(5-(3,5-dimethylisoxazol-4-yl)-1-methyl-7-(6-

methylquinolin-5-yl)-1H-benzo[d]imidazo!l-2-yl)methanesulfonamide was done in a
similar manner as the preparation of N-(6-(3,5-dimethylisoxazol-4-y1)-4-(6-
methylquinolin-5-y1)-1H-benzo[d] imidazol-2-yl)cyclopropanesulfonamide by using N-
(7-chloro-5-(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo[d}imidazol-2-
ylmethanesulfoniamide as the starting material and heating the reaction to 160 °C for 45

minufes,
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[00605] LCMS (m/z +1) 462.3. "H NMR (400 MHz, DMSO-d6) § 11.96 (s, 1H),
8.90 (dd, I =42, 1.6 Hz, 1H), 8.11 (4,7 =8.7 Hz, 1H), 7.83 (d, T = 8.7 Hz, 1H), 7.68 (dt,
T=8.5,1.2 Hz, 1H), 7.58 (d, ] = 1.6 Hz, 1H), 7.47 (dd, ] = 8.5, 4.2 Hz, 1H), 6.99 (3,1 =
1.6 Hz, 1H), 2.99 (s, 3H), 2.57 (s, 3H), 2.45 (s, 3H), 2.28 (d, ] = 8.4 Hz, 6H).

Example 177

N-benzyl-6-(3,5-dimethylisoxazol-4-y1)-4-iodo-1 H-benzo[d}imidazol-2-amine (1020-
177)

Step 1: Preparation of 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazol-
2(3H)-one

N-Q
[ 2
cDI, THF POCl;
105°C 105°C
HN i
=N
Cl

[00606] 5-(3,5-dimethylisoxazol-4-y1)-3-iodobenzene-1,2-diamine (2.5 g, 7.6

mmol) and 1,1'-carbonyldiimidazole (2:71 g, 16.72 mmol) were added to tetrahydrofuran
(75'ml) in a sealed vessel and heated to 105°C overnight white stirring. Reaction was
cooled then diluted in EtAc / H,O and extracted 4x with EtAc. Organics were washed
with water, brine and dried over sodium sulfate. Solvents were removed under reduced
pressure, then triturated with minimal EtAc and filtered to provide solids. Process was
repeated and solids combined to afford 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-
benzo[d]imidazol-2(3H)~one.

[00607] LCMS (m/z +1) 356.0.

Step 2: Preparation of 4-(2-chloro-4-iodo-1H-benzo[dlimidazol-6-y1)-3.3-

dimethvlisoxazole

[00608] 6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[dlimidazol-2(3H)-one
(4.5 g, 12.67 mmol) was taken up in 100 mL POC]; and heated to 105°C

overnight. Next day POC]; was removed under reduced pressure. Resulting residue was
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azeoptroped 2x with DCM then to afford a yellowish brown solid. Crude mixture was
diluted in EtAc and water and extracted 3x with BtAc. Organics were washed with
water then ag. sodium bicarbonate, brine. Organics were then dried over sodium sulfate
and evaporated to dryness under reduced pressure to afford 4-(2-chloro-4-iodo-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[00609] LCMS (m/z +1) 374.0/376.0.

Step 3: N-benzyl-6-(3,5-dimethylisoxazol-4-y1)-4-jodo- [H-benzo[dlimidazol-2-amine

N-O N—-O.
/ P S
BnNH,
NMP, TEA
HN I
—N
Cl
[00610] 4-(2-chloro-4-iodo—1H—benzo[d]imidaz01-6-yl)~3,S—dimethylisoxazoie

(800 mg, 2.14 mmol) was dissolved in 1-methyl-2-pyrrolidinone {25 ml) and to this was
added benzylamine (1.88 ml, 17.14 mmol) and triethylamine (1 mL, 7.17

mmol. Reaction was sealed in a pressure vessel and heated to 120°C for 1 day. Ath this
point reaction was cooled, then diluted in BtAc/ aq. ammonium chloride, extracted 3x
with EtAc, washed with ammoium chloride 2x, water 2x, brine, then dried over sodium
sulfate before evaporating to dryness under reduced pressure. Residue was purified by
flash chromatography using Hex / EtAc as the eluent to afford N-benzyl-6-(3,5-

dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazol-2-amine.

[00611] LCMS (m/z +1) 445.1. 'H NMR (400 MHz, Methanol-d4) § 7.34 (ddd,
J=33.2,23.7,7.0 He, 5H), 7.13 - 7.06 (m, 1H), 4.63 (s, 2H), 2.39 (s, 3H), 2.23 (s, 3H).

Example 178
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4-(2-ethoxy-4-(1-methyl-4-phenyl-1H-pyrazol-5-y1)-1 H-benzo[d)imidazol-6-y1)-3,5-
dimethylisoxazole (1020-178)

Step 1:
O-N
o)
> HN !
=N
?
[00612] 5-(3,5-dimethylisoxazol-4-yl)-3-iodobenzene-1,2-diamine (1g, 3 mmol)

was dissolved in tetraethylorthocarbonate (2 mL). The reaction mixture was then heated
at 130°C overnight. The solvent was then cvaporated and the residue was purified with
combi-flash column chromatography to afford 1.1g of 4-(2-ethoxy-4-iodo-1H-
benzo[d]imidazol-6-yl)-3,5-dimethylisoxazole.

[00613] C14aH;4N30,. 384.1 (M+1).

Step 2:

- O T F )
NN P
[00614] 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(dppDCl, (27 mg, 0.037 mmol}
and 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 mi), washed with bring

(50m1X2). The organic solvent was evaporated and the residue was dissolved in DCM
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and purified with combi-flash column chromatography (product came out at 45%,
EtOAc/Hexane) to afford 1-methyl-4-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-1H-pyrazole.

[00615] Ci6H21BN20;. 285.3 (M+1).
Step 3:
O-N
N b\
HN I >
=N

\\/O

[00616] 4-(2—ethoxy-4-iod0-1I-I-benzo{d]imidazol—6~yl)-3,S-dimethylisoxazole
(100 mg , 0.26 mmol) and l-methyl-4-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-1H-pyrazole (37 mg, 0.13 mmol) were 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 mmiol) and Cs2CO3 (127 mg, 0.39 mmol). The reaction mixture was
heated at 130°C in microwave reactor for 30mins. The reaction mixture was then fltered
and organic solvent was evaporated and the residue was purified with Prep HPLC (0-
100% CH3CN/H,0) to afford 4-(2-ethoxy-4-(1-methyl-4-phenyl-1H-pyrazol-5-yl)-1H-
benzo[d]imidazo]-6-y1)-3,5-dimethylisoxazole.

[00617] CaaHsNs0,. 414.5 (M+1). "H NMR (400MHz, CD30D) 5 8.20 (s, 1H),
7.91 (s, 1H), 7.64 (d, J = 7.6 Hz, 2H), 7.55 (d, J = 7.6 Hz, 2H), 6.94 (s, 1H), 6.86 (s, 1H),
3.87 (s, 3H), 4.18 (q, = 8.0 Hz, 2H), 2.39 (s, 3H), 2.22 (s, 3H), 1.22 (t, ] = 8.0 Hz, 3H).

Example 179

4-(2-isopropoxy-1-methyl-7-(6 -methylquinolin-5-yl)-1H-benzo[d)imidazol-5-y)-3,5-
dimethylisoxazole (1020-179)

231



WO 2014/182929 PCT/US2014/037344

Step 1:
O-N O-N
S P
—
Hl\}r R ! N I
N
o O o O
[00618] 5-(3,5-dimethylisoxazol-4-y1)-7-iodo-1-methyl-1H-benzof d}imidazol-

2(3H)-one (48mg, 0.13 mmol) was added to POCl; (0.1 mL) in round bottom flask and
heated at 80°C overnight. POCl; was then evaporated; the residue was dissolved in
EtOAc, washed with NaHCOs3, dried organic layer over MgS80s,, filtered, and then
evaporated. The residue was dried over high vacuum pump to afford 69mg of crude 4-

(2-chloro-7 -iodo-1-methyl-1H-benzo[ d]imidazol-5-y1)-3,5-dimethylisoxazole.

[00619] Cy3H1;CIN;O. 388.1 (M+1).
Step 2:

O-N

g

: |
\ N\
5

[00620] 4-(2-Chloro-7-iodo-1-methyl-1H-benzo[d]imidazol-5-y1)-3,5-

dimethylisoxazole (46mg, 0.12 mmol) was dissolved in isopropanol (2 mL), to the
solution was added sodium isoproponoxide {(195mg, 2.4 mmol) and the reaction mixture
was heated at 80°C for 2h. The solvent was then evaporated and the residue was purified
with Prep HPLC to afford 14mg of 4-(7-iodo-2-isopropoxy-1-methyl-1H-
benzo[d]imidazol-5-y1)-3,5-dimethylisoxazole.

[00621] CisHisIN3O,. 412.1 (MH1).
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[00622] 4~(7-iodo-2—i30propoxy-1-methyl~1H—benzo[d]imidazol-S-yl)-3,5-
dimethylisoxazole (13mg, 0.03 mmol) and (6-methylquinolin-5-yl)boronic acid (26 mg,
0.14 mmol) were added to a solvent mixture of 1,2-dimethoxyethane (2 ml) and water (1
ml}, To the above mixture were added PEPPSI-Tpr (3 mg, 0.004 mmol) and Cs,CO, (52
g, 0.16 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% CH3;CN/H,0) to afford 4-(2-
isopropoxy-1-methyl-7-(6-methylquinolin-5-y1)-1 H-benzo[d)imidazol-5-y1)-3,5-

dimethylisoxazole.

[00623] CacHaeN4Oy. 427.5 (M+1). 'H NMR (400MHz, CD;OD) 5 8.72 (d, J =
4.0 Hz, 1H), 8.00 (d, /= 8.8 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.68 (d, /= 8.0 Hz, 1H),
741 (s, 1H), 7.35 (d, /= 4.0, 8.4 Hz, 1H), 6.78 (s, 1H), 5.20-5.16 (m, 1H), 2.62 (s, 3H),
2.35 (s, 3H), 2.22 (s, 3H), 2.19 (s, 3H), 1.37-1.34 (m, 6H).

Example 180

(4-chlorophenyl)(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
yD)(pyridin-3-yl)methanol (1020-180)

233



WO 2014/182929 PCT/US2014/037344

N-O N-O
f P ¥ P /O\N”'
N - Hel
NaQH HATU, DIPEA
r———————— - e
O._  MeOH OH DMF
HN HN
JN 0 KN o}
N-O <
/ {7
= Boc, 0, DMAP
EtaN |
ll\l\ THF Boc—pN N"O.

Step 1:

[00624] From Example 101, step 4, methyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d]Jimidazole-4-carboxylate (500 mg, 1.61 mmol) was.
dissolved in MeOH (5 mL) and NaOH (2M, 1.6 mL). Reaction was allowed to stir at
room temperature overnight. The reaction was then neutralized to pH-7 with 1N HCl
and precipitate was collected by vacuum filtration to give 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d]imidazole-4-carboxylic acid (329 mg, 69%) as a

white powder.

Step 2:

[00625] 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d}imidazole-4-
carboxylic acid (284mg, 0.95mmol) in DMF (10 mL) with HATU (581mg, 2 mmol) for
15mins, then added N,0-dilmethythydroxylamine HCl salt (0.28g, 3 mmol) and
triethylamine.(0.53ml, 4 mmol), stirred at RT overnight. Diluted with EtOAc, washed
with brine, backextracted with EtOAc 4 times, evaporated organic solvent, purified with
Combi-Flash column, product came out at 100% EtOAc, quantitative yield of 2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-N-methoxy-N-methyl-1H-

benzo[d]imidazole-4-carboxamide.
Step 3:
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}00626] .2—'cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-N—methoxy—N-methyi-lH-
benzo[d)imidazole-4-carboxamide (500mg, 1.47mmol) was dissolved in THEF, to the
solution was added Di-tert-butyl dicarbonate (641mg, 2.94 mmol), N,N-
Diisopropylethylamine (0.77ml, 4.14 mmol) and 4-(Dimethylamino)pyridine (36mg,
0.29 mmol). After stirring at RT for 30mins, reaction was completed. Diluted with
EtOAc, washed with brine, evaporated organic solvent, purified with Combi-Flash
column, Product came out at 70% EtOAc/Hexane to give tert-butyl 2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-yl)-4-(methoxy(methyl)carbamoyl)-1 H-benzo[d]imidazole-1-
carboxylate (563 mg, 87%) as a white solid.

Steps 4 and 5:
N~-Q
! P
| example 118
. N\ —————
Boc-~N
40
100627] (2-6yclopropy1—6~(3,S-dimcthylisoxazol—4-y1)—1H~benzo[d]1'midazol—4—

yl)(pheny))(pyrimidin-5-yl)methanol was synthesized in similar fashion to Example 112

using 4-chlorophenylmagnesium chloride in place of phenylmagnesium chloride.

C2iHzCINGO, 471.2 (M+1). 'H NMR (400 MHz, DMSO-dg) § 8.61 (dd, J = 15.4, 3.5
Hz, 2H), 7.85 (s, 1H), 7.58 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 8.6 Hz, 2H), 7.39 — 7.26 (m
2H), 6.69 (s, 1H), 2.27 (s, 3H), 2.07 (s, 3H), 1.31 (d, J = 27.1 Hz, 5H).

3

Example 181

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d}imidazol-4-yl)(pyridin-3-
yD)(pyrimidin-2-yl)methanol (1020-181)
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[00628] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-benzo[ d imidazol-4-
y1)(phenyl)(pyrimidin-5-yl)methanol was synthesized in simitar fashion to Example 112
using 3-pyridylmagneisum bromide in place of phenylmagnesium chloride in step 1 and
2-pyrimidynyilithium in step 2.

[00629] CasHzsNGO; 439.1 (M+1). 'H NMR (400 MHz, DMSO-dg) & 8.90 (d, J =
4.9 Hz, 2H), 8.73 (s, 1H), 8.69 — 8.57 (m, 1H), 8.00 (m, 1H), 7.54 (4d, J = 10.6, 5.7 Hz,
4H), 6.84 (s, 1H), 2.29 (s, 3H), 2.09 (s, 3H), 1.28 (d, J = 28.3 Hz, 4H).

Example 182

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d}imidazol-4-
yl){phenyl)(pyridazin-3-yhmethanol (1020-182)

[00639] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[dJimidazol-4-
yl)(phenyl)(pyrimidin-5-yl)methanol was synthesized in similar fashion to Example 112
using 2-pyridazinelithium in Step 2.

[00631] CasHa3N5O; 438.2 (M+1). 'H NMR (400 MHz, DMSO-ds) 8 9.32 - 9.14
(m, 2H), 7.69 (s, 1H), 7.55 (s, 1H), 7.50 — 7.36 (m, 3H), 7.36 - 7.23 (m, 2H), 6.66 (s,
1H), 2.27 (s, 3H), 2.07 (s, 3H), 1.31 (s, 4H).

Example 183
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(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzofd]imidazol-4-
yD(phenyl)(pyrazin-2-ylymethanol (1020-183)

[00632] (2-cyclopropy1-6—(3,S-dimethylisoxazol-4-y1)—1H~benzo[d]imidazol-4~
y)phenyl)(pyrimidin-5-yl)methanol was synthesized in similar fashion to Example 112
using 2-pyrazinelithium in Step 2.

[00633] CasHasNs0; 438.2 (Mi+1). "H NMR (400 MHz, DMSO-dg) § 9.05 (4, J =
1.5 Hz, 1H), 8.64 - 8.52 (m, 2H), 7.64 (s, 1H), 7.53 (s, 1H), 7.41 — 7.24 (m, 6H), 6.78 (d,
J = 1.8 Hz, 1H), 2.60 (br, 1H), 2.28 (s, 3H), 2.07 (s, 3H), 1.34 (d, J = 24.7 Hz, 4H).

Example 184

(2-cyclopr0pyl-6—(3,5-dimeﬂ1y1isoxazol—4—y1)~ IH-benzo[d]imidazol-4-
yD(phenyl)(pyridin-4-yl)methanol (1020-184)

[00634] (2-cyclopropyl-6-(3,5 ~-dimethylisoxazol-4-yl)-1H-benzo[d limidazol-4-
yD(phenyl)(pyrimidin-5-yl)methanol was synthesized in similar fashion to Example 112
using 4-pyridinyllithium in Step 2.

[00635] Ca7H24N40; 438.2 (M+1). "H NMR (400 MHz, DMSO-dq)  8.70 — 8.64
(m, 2H), 7.61 (s, 1H), 7.54 (5, 3H), 7.45 — 7.34 (m, 3H), 7.32 — 7.25 (m, 2H), 6.61 (s,
1H), 2.55 (m, 1H) 2.26 (s, 3H), 2.06 (s, 3H), 1.32 (br, J = 8.4 Hz, 2H), 1.25 (br, 2H).
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Example 185

(2-'cyc10p1f0py1—6-(3,5-dimethylisoxazol-4—y1)—1H-benzo[d]imidazol-4-
yh)(phenyl)(pyrimidin-5-ylmethanol (1020-185)

[00636] (2-cyc10propyl-6—(3,S-dimethylisoxazol-4-yl)—1H-benzo[d]imidazol—4-
y)(phenyl}pyrimidin-5-yl)methanol was synthesized in similar fashion to Example 112
using 5-pyrimidinyllithium in Step 2.

[00637] CasHzNsO; 438.2 (M+1)."H NMR (400 MHz, DMSO-dg) § 9.15 (s, 1H),
8.67 (s, 2H), 7.55 (d,J = 1.8 Hz, 2H), 7.47 - 7.23 (m, 6H), 6.72 (4, J = 1.5 Hz, 1H), 2.58
(m, 1H), 2.25 (s, 3H), 2.05 (s, 3H), 1.32 (d, /= 24.4 Hz, 4H).

Example 186
(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[dJimidazol-4-yl}di(pyridin-4-

yhmethanol (1020-186)

O-N O-N
2 ) N
Br/Q
%0 | n-Bult %\0

N. .
N 07 Eto J~N
0 KN 0 78°Ctort O JN o
[00638] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazo}-4-

yl)di(pyridin-4-yl)methano! was synthesized using 4-bromopyridine in ether in a similar
fashion to Example 112, steps 1-2.

(00639] CocHasNsOp. MS. 438.1 (M+1). 'H NMR (MeOH-de) 5 8.82 (d, 7= 6.4
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Hz, 2H), 7.90 (d, J= 5.2 Hz, 2H), 7.64 (s, 1H), 6.95 (s, 1H), 2.56 (td, J = 8.6, 4.3 Hz,
1H), 233 (s, 3H), 2.14 (s, 3H), 1.57 ~ 1.47 (m, 2H), 1.42 — 1.34 (m, 2H).

Example 187

(2-cyclopropy1~6-(3,5—dimethylisoxazol—4—yl)-1H—benzo[d}imidazol—4—yl)(pym'dazin—3—
yD)(thiazol-2-yl)methanol (1020-187)

Step 1:
N-O
! -
>l\0 \(;)
A N
0“ N ~
JN 0
[00640] Thiazole (0.35g, 4mmol) was dissolved in 5ml THF, put the reaction flask

in dry ice-acstone bath at -78°C, to the clear solution was added nBuli (2.55m], 1.6 M in
Hexanethe reaction mixture was stirred at -78°C for 1h, then added the solution of tert-
butyl 2-cycloprqpy1-6—(3,5—dimethylisoxazol-4-yl)-4-(methoxy(methyl)carbamoyl)—1H—
benzo[d]imidazole-1-carboxylate in 2ml THF to the above reaction mixture at-78°C.
Temperature was slowly raised to RT, stirred at RT for 3h. The reaction was quenched
with water, solvent was evaporated, the residue was purified with combi-flash to afford
500mg of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[dJimidazol-4-
yl)(thiazol-2-yl)methanone.

Step 2:
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[00641] Pyridazine (52mg, 0.65 mmol} was dissolved in 2m} THF, put the
reaction flask in dry ice-acetone bath at -78°C, to the clear solution was added TMP-
MgCI-LiCl (0.365 ml, 1.0 M in Hexane/toluene), let Temperature warm up to 0°C, The
reaction mixture was stirred at 0°C for 30mins, to the reaction mixture was added (2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ djimidazol-4-yl)(thiazol-2-
yl)methanone (50mg, 0.1 mmol) in THF at 0°C and stirred for 1h and then stirred at RT
overnight. The reaction was quenched with water, extracted with EtOAc, evaporated
organic solvent, then purified with Prep HPLC. Then added 1ml TFA to the pure HPLC
fraction of product and evaporated solvent at 50°C, the residue was purified again with
Prep HPLC to afford 13mg of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-

. benzo[d]imidazol-4-yl)(pyridazin-3-yl)(thiazol-2-yl)methanol.

[00642] CosHyNgO,S. 445.1 (M+1). 'H NMR (400 MHz, CD;0D) 8 9.4 (d, ] =
2.4 Hz, 1H), 9.29-9.17 (m, 1H), 8.07-7.82 (m, 2H), 7.73 (d, ] = 3.2 Hz, 1H), 7.58 (4, I =
1.6 Hz, 1H), 7.41 (d, ] = 1.6 Hz, 1H), 2.63 (tt, J = 8.4, 6.0 Hz, 1H), 2.35 (s, 3H), 2.17 (s,
3H), 1.64-1.47 (m, 2H), 1.50-1.32 (m, 2H).

Example 188

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[d]imidazol-4-y1)(3,5-
dimethylisoxazol-4-yl)(pyridin-3-yl)methanol (1020-188)

Step 1: tert-butyl 2-cyclopropyl-6-(3.5-dimethylisoxazol-4-yi)-4-nicotinoyl-1 H-

henzo[dlimidazole-1-carboxylate

O—-N
N h\
\
N,/ ——
Boc—N - 8]
JN 0
[00643] To a solution of tert~butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-

4-(methoxy(methyl)carbamoyl)-1H-benzo[d]imidazole-1-carboxylate (300 mg, 0.68
mmol) in THE (30 mL) was added a solution of 3-pyridinylMgCl (2eq} and the solution
was stirred at room temperature for th. To the solution was added 3-pyridinylMgCl
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(2eq) and the solution was stirred at room temperature for 20 min. Additional 0.25 mmol-
of 3-pyridinylMgCl was added and the solution was stirred at room temperature for 1.5
h. Aq. NH4Cl was added and the mixture was extracted with FtOAc (200 mL). The
organic solution was washed with brine and dried over Na,SO,. Solvent was removed
and the residue was purified by silica gel column chromatography (0-100% EtOAc in
hexane) to give tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-nicotinoyl-1H-

benzo[d]imidazole-1-carboxylate.

[00644] Cagtl26N404. MS. m/z 459.0. '"H NMR (Chloroform-d) & 8.92 (dd, J= 2.2,
0.9 Hz, 1H), 8.79 (dd, /= 5.0, 1.7 Hz, 1H), 8.25 (d, /= 8.0 Hz, 1H), 8.07 (d, /= 1.6 Hz,

1H), 7.57 (d, /= 1.6 Hz, 1H), 7.50 (m, 1H), 2.76 (ddd, J= 8.0, 5.0, 2.8 Hz, 1H), 2.46 (s,

3H), 2.32 (s, 3H), 1.73 (s, 9H), 1.08 — 0.95 (m, 4H).

Step 2: (2-cyclopropyl-6-( 3.3-dimethylisoxazol-4-y1)-1H-benzo[ d]imidazol-4-y1)( 3,5-

dimethylisoxazol-4-vl}{pyridin-3-v)methanol

[00645] To a solution of 3,5-dimethylisooxazole (446 mg, 2 mmol) in THF (5
mL) was added butyllithium ( 96 mg, 1.5 mmol, 1.6 M'in THF) and the solution was
stirred at -78 °C for 1h. To the solution was added a solution of tert-butyl 2-cyclopropyl-
6-(3,5—dimethy1isoxazol—4—y1)-4-—nicotinoyl—1H-benzo[d]imidazole—1-carboxylate (69 mg,
0.15 mmol) in THF (3 mL) at -78 °C and the solution was stirred at room temperature for
5h. H,0 (0.5 mL) was added and the solution was stirred at room temperature for 20h,
EtOAc (100 mL) was added. The organic solution was washed with brine and dried over
Nay304. Solvent was removed and the residue was purified by silica gel column
chromatography (0-5% MeOH/CHCL) to give (2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-y1)—1H—benzo{d]imidazol-4-y1)(3,5-dimethylisoxazol—4—y1)(pyridin—3 -yDmethanol.

[00646] CostlosNsOs. MS m/z 4562 (M+1), "H NMR (Methanol-dy) & 8.59 (d, J =
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2.6 Hz, 1H), 8.52 (dd, J = 5.0, 1.5 Hz, 1H), 7.85 (ddd, /= 8.1, 2.3, 1.5 Hz, 1H), 7.51 -
7.34 (m, 2H), 6.43 (d,7= 1.5 Hz, 1H), 2.28 (s, 3H), 2.25 — 2.15 (m, 1H), 2.11 (s, 3H),
1.92 (s, 3H), 1.53 (s, 3H), 1.17 — 1.06 (m, 4H).

Example 189
(2-cyclopropy1—_6-(3,5-d'1methy1isoxazol—4-y1)—1H-benzo[d]imidazol-4—yl)(pyridinv3—

yl)(thiazol-2-yhmethanol (1020-189)

O-
AN

[00647] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
yl)(pyridin-3-yl)(thiazol-2-yl)methanol was synthesized using thiazole in a similar
fashion as Example 188.

[00648] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-
yl)(pyridin-3-yl)(thiazol-2-yl)methanol: Cs3HzN50,8. MS m/z 444.1 (M+1). '"H NMR
(Methanol-ds) 3 8.64 (d, J= 2.3 Hz, 1H), 8.44 (dd, /= 4.6, 1.6 Hz, 1H), 7.92 (dt, /= 8.4,
1.9 Hz, 1H), 7.81 (4, J= 3.0 Hz, 1H), 7.59 (d, /= 3.3 Hz, 1H), 7.39 (dd, /= 8.1, 4.8 Hz,
2H), 6.94 (s, 1H), 2.32 (s, 3H), 2.20 (s, 1H), 2.15 (s, 3H), 1.10 (d, /= 8.1 Hz, 4H).

Example 190
(2-cyclopropy1-6~(3,S-dimethylisoxazol~4-y1)-1H—benzo[d]hnidazoi—4—y1)(oxazol-2~

y)(pyridin-3-yl)methanol (1020-190)

o
N
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[00649] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol-4-
yl)(oxazol-2-yl)(pyridin-3-yl)methanol was synthesized using oxazole in a similar

fashion as Example 188.

[00650] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
yl){oxazol-2-yl)(pyridin-3-yl)methanol: Co4H, N5O;. MS m/z 428.1 (M-+1). '"H NMR
(Methanol-ds) § 8.66 (t, /= 1.6 Hz, 1H), 8.52 — 8.41 (m, 1H), 8.10 — 7.84 (m, 2H), 7.42
(dd, J= 8.1, 4.8 Hz, 2H), 7.22 (s, 1H), 6.56 (s, 1H), 2.32 (s, 3H), 2.19 (s, 1H), 2.15 (s,
3H), 1.09 (d, J= 7.9 Hz, 4H),

Example 191

1 —(2~cyclopr0pyl—6-(3,5~dimethylisoxazol—4-y1)—1H-benzo[d]ﬁnidazol—4—yl)-1 \2-
di(pyridin-3-yl)ethanol (1020-191)

[00651] 1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
y1)-1,2-di(pyridin-3-yl)ethanol was synthesized using 3-picoline in a similar fashion as
Example 188.

[00652] 1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
yh)-1,2-di(pyridin-3-yljethanol: C;2H,sNsO2. MS m/z 452.1 (M+1). 'H NMR (Methanol-
ds) 8 8.93 (d, J=2.2 Hz, 1H), 8.77 — 8.63 (m, 2H), 8.55 — 8.4 (m, 2H), 8.14 (dd, J =
8.1, 1.7 He, 1H), 7.84 (ddd, /=15.5, 8.2, 5.4 Hz, 2H), 7.55 (dd, J= 10.0, 1.3 Hz, 2H),
4.14(d,J=2.2 Hz, 2H), 2.50 (dd, /= 8.8, 1.9 Hz, 1H), 2.40 (s, 3H), 2.23 (s, 3H), 1.56 —
1.42 (m, 2H), 1.32 (td, 7= 6.9, 6.3, 3.9 Hz, 2H).

Example 192

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-y1)(6-
methylpyridin-2-y1)(pyridazin-3-ylymethanol (1020-192)
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[00653] To a flame dried flask containing THF and 2,2,6,6-Tetramethylpiperidine
(1.6 mL, 9.6 mmol.) at -78°C, n-BuLi (5.9 mL, 9.5 mmol, 1.6 M) was added dropwise.
After 15 minutes of stirring, Pyridazine (0.66 mL, 9.1 mmol) was added. The solution
was allowed to stir for 15 minutes, followed by the addition of tert-butyl 2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-yl)-4-(methoxy(methyl)carbamoyl)-1H-benzo[d]imidazole-1-
carboxylate (500 mg, 1.1 mmol). The solution was allowed to stir for 30 minutes, then
was removed from the cold bath to warm to room temperature. Once complete, the
solution was quenched with DI ﬁzo and extracted three times with EtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacuo. To the crude product was added 5 mL of TFA and
was allowed to stir for 30 minutes. The solution was concentrated in vacuo and was
purified via flash column chromatography to afford tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-4-(pyridazine-3-carbonyl)-1H-benzo[d]imidazole-1-carboxylate
(270 mg, 52% yield).

[00654] CosHpsNsOy. MS. m/z 460.5 (M+1).

Step 2: Preparation of (2-cyclopropyl-6-(3.5-dimethylisoxazol-4-yl)-1¥-

benzo[dlimidazol-4-v1)(6-methylpyridin-2-yl}(pyridazin-3-yl)methanol
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[00655] To a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-yl)-4-(pyridazine-3 -carbonyl)-1H-benzo[d]imidazole-1-carboxylate
(50 mg, 0.11 mmol) was added (6-methylpyridin-2-yl)magnesium bromide (1.3 mL,

0.33 mmol, 0.25 M). The reaction was allowed to stir for 30 minutes. Once complete, the
solution was quenched with DI H,O and extracted three times with EtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacuo. To the crude product was added 5 mI. of TFA and
was allowed to stir for 30 minutes. The solution was concentrated i1 vacuo and was
purified via flash column chromatography to afford (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-TH-benzo[ dlimidazo]-4-y1)(6-methylpyridin-2-yl)(pyridazin-3-
yDmethanol.

[00656] CasHaaNgO2. MS. m/z 443.5 (M+1). 'H NMR (400 MHz, cdsod) § 9.09
(d,7=3.9 Hz, 1H), 8.03 (4, /= 7.6 Hz, 1H), 7.76 ~ 7.63 (m, 2H), 7.37 (d, /= 8.6 Hz,
2H), 7.20.(d, J="7.6 Hz, 1H), 6.73 (d, /= 1.3 Hz, 1H), 2.51 (s, 3H), 2.31 (5, 3H), 2.16
(d,J=9.4Hz, 1H), 2.14 (s, 3H), 1.09 (d, /= 7.1 Hz, 4H).

Example 193

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ dJimidazol-4-
yD(3-methylpyridin-2-yl)(phenyl)methanol (1020-193)

Br .
1) -78°C, n-Buli, THF
+ N7~ -
L 2) TFA
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[00657] Using the intermediate from Example 112, step 1, to a flame dried flask
containing THF and 2-bromo-3-methylpyridine (56 mg, 0.33 mmol) was added n-BuLi
(0.41 mL, 6.6 mmol) dropwise at -78°C. The solution was allowed to stir for 15
minutes, followed by the addition of tert-butyl 4-benzoyl-2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl1)-1H-benzo[d]imidazole-1-carboxylate (50 mg, 0.11 mmol) in 2
mL of THF. The solution was allowed to warm to room temperature. Once complete, the
solution was quenched with DI HO and extracted three times with EtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacuo. To the crude product was added 5 mL of TFA and
was allowed to stir for 30 minutes. The solution was concentrated in vacuo and was
purified via reverse phase HPLC to afford (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-
1H-benzo[d]imidazol-4-y1)(3-methylpyridin-2-yl)(phenyl)methanol.

[00658] CosFneN4Og. MS. m/z 451.5 (M+1). 'H NMR (400 MHz, cdsod) & 8.39 (s,
1H), 7.62 (d, J= 7.5 Hz, 1H), 7.46 — 7.27 (m, 6H), 7.22 (s, 2H), 6.32 (s, 1H), 2.25 (s,
3H), 2.12 (d, J = 18.5 Hz, 2H), 2.06 (s, 3H), 1.92 (s, 3H), 1.08 (d, J = 8.1 Hz, 4H).

Example 194

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-1H-benzo{d]Jimidazol-4-
y){phenyl)methanone (1020-194)

[00659] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[dJimidazol-4-
y1)(phenyl)methanone was obtained from Example 193. In this case, deprotected starting

material was recovered and characterized.

[00660] CosH 1oN300. MS. m/z 358.4 (M-+1). "H NMR (400 MHz, cdzod) & 7.83
(d, J=17.2Hz, 2H), 7.67 (dd, J= 18.5, 11.1 Hz, 2H), 7.56 (t, /= 7.6 Hz, 2H), 7.37 (s,
1H), 2.40 (s, 3H), 2.34 (s, 1H), 2.24 (s, 3H), 1.21 (d, J = 8.1 Hz, 4H).
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Example 195

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
yh(4-methylpyridin-2-yl)(phenyl)methanol (1020-195)

[00661] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-
yl)(4-methylpyridin-2-yl)(phenyl)methanol was synthesized in a similar fashion as
Example 193, substituting 2-bromo-3-methylpyridine for 2-bromo-4-methylpyridine.

[00662] CasHagN4O;. MS. m/z 451.5 (M+1). 'H NMR (400 MHz, dmso) 5 8.33 (d,
J=37.9Hz, 1H), 7.77 (d, J= 51.4 Hz, 1H), 7.49 — 7.03 (m, 8H), 6.78 (d, J = 63.4 Hz,
1H), 6.4 (s, 1H), 2.09 (s, 1H), 0.95 (s, 4H).

Example 196

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo| d]imidazol-4-
yD(5-methylpyridin-2-yl)(phenyl)methanol (1020-196)

[00663] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo{d}imidazol-4-
yD)(5-methylpyridin-2-yl)(phenyl)methanol was synthesized in a similar fashion as
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Example 193, substituting 2-bromo-3-methylpyridine for 2-bromo-5-methylpyridine.

[00664] CosHagN,4Oy. MS. m/z 451.5 (M+1). "H NMR (400 MHz, cdsod) § 8.33 (s,
1H), 7.61 (ad, J=8.2, 2.3 Hz, 1H), 7.45 — 7.19 (m, 7H), 6.33 (s, 1H), 2.52 (s, 3H), 2.26
(s, 3H), 2.17 (d, J = 8.2 Hz, 1H), 2.08 (s, 3H), 2.00 (s, 1H), 1.11 (dd, J=18.3, 7.0 Hz,
4H).

Example 197

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
yl)(2-methylpyridin-3-yl)(phenyl)methanol (1020-197)

[00665} (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
yD(2-methylpyridin-3-yi}(phenyl)methanol was synthesized in a similar fashion as
Example 193, substituting 2-bromo-3-methylpyridine for 3-bromo-2-methylpyridine.

[00666] CasHa6N402. MS. m/z 451.5 (M+1). 'H NMR (400 MHz, dmso) 8 8.33 (d,
J=3.6 Hz, 1H), 7.65 (s, 1H), 7.31 (dt, J= 16.0, 7.6 Hz, 5H), 7.02 (s, 1H), 6.78 (s, 1H),
6.15 (s, 1H), 2.28 (s, 3H), 2.19 (s, 3H), 1.98 (s, 3H), 1.10 ~ 0.89 (m, 4H).

Example 198

1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-y1)-1-(5-fluoro-
6-methylpyridin-2-yl)-2-methylpropan-1-ol (1020-198)
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Step 1:
[00667] To a solution of 2-bromo-5-fluoro-6-methyl-pyridine (345 mg, 1.82

mmol) in toluene (4 mL) was added iPxMgCl/LiCl (0.187 g, 1.8 mmol, 1M in THF) and
the solution was stirred at room temperature for 4h. To the solution was added tert-butyl
2—cyclopropyl-ﬁ—(3,5-dimethyli_soxazol-4—yl)—4-(m‘ethoxy(methyl) carbamoyl)-1H-
benzofd]imidazole-1-carboxylate (100 mg, 0.227 mmol) in THF (2 mL) and the solution
was stirred at room temperature for 1h. EtOAc ( 100 mL) was added and the solution was
washed with aq NH4Cl and brine, dried over Na,SO,. Solvent was removed and the
residue was purified by silica gel column chromatography (0-10% MeOH in CH,Cl,),
then 0-60% EtOAc in hexane) to give ketone intermediate (30 mg) which was dissolved
in 2-methyl-THF (2 mL) for the next reaction.

Step 2:

[00668] To a solution of 2-bromo-5-fluoro-6-methyl-pyridine (93 mg, 0.49 mmol)
in toluene (4 mL) was added iPtMgCI/LiCl (50 mg, 0.49 mmol, IM in THF) and the
solution was stirred at room temperature for 4h. To the solution was added a solution of
ketone prepared above and the solution was stirred at room temperature for 1h. BEtQAc
(100 mL) was added and the solution was washed with aq NH4Cl and dried over
Na;SOy4: Solvent was removed and the residue was purified by silica gel column
chromatography (0-10% MeOH in CH2C12 then 0-60% EtOAc in hexanes) to give N-
Boc protected product which was dissolved in THF (2 mL), TFA (2 mL) and waster (0.1
mL). The solution was heated at 50 °C for 1h. Solvent was removed and the residue was
purified by HPLC to give 1~(Z-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-
benzo[d]imidazol-.4-yl)-.1—(5-ﬂuoro—6-methylpyn'din—2~y1)—2—methylpropan-1-01.

[00669] CasHz7FN4O5. MS m/z 435.2 (M+1). "H NMR (Methanol-dy) § 7.72 (ddd,
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J=8.7,3.6,0.8 Hz, 1H), 7.65 (d, J= 1.4 Hz, 1H), 7.48 (t, J = 8.9 Hz, 1H), 7.40 (d, /=
1.4 Hz, 1H), 3.18 (p, J = 6.7 Hz, 1H), 2.67 (it, J = 8.5, 5.0 Hz, 1H), 2.51 (d, /= 2.9 Hz,
3H), 2.40 (s, 3H), 2.24 (s, 3H), 1.61 ~ 1.49 (m, 2H), 1.40 (dddd, J="14.2,7.4,5.6,3.9
Hz, 2H), 0.94 (d, 7= 6.8 Hz, 3H), 0.81 (d, J= 6.6 Hz, 3H).

Example 199

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[d]imidazol-4-yl)(pyridazin-3-
yl)(thiazol-2-yl)methanol (1020-199)

[00670] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ dJimidazol-4-
yD)(pyridazin-3-yl)(thiazol-2-ylymethanol was synthesized in a similar fashion to
Example 198.

[00671] CisHasNG05S. 445.1 (M+1). 'H NMR (400 MHz, CD;0D) 5 8.86 (d, J =
2.4 Hz, 1H), 7.79-7.77 (m, 1H), 7.74-7.72 (m, 1H), 7.64 (d, J = 2.8 Hz, 1H), 7.58 (d, ] =
1.6 Hz, 1H), 7.51 (d, J = 1.6 Hz, 1H), 7.44-7.42 (m, 1H), 5.68 (s, 1H), 2.58-2.47 (m,
1H), 2.38 (s, 3H), 2.21 (g, 3H), 1.55-1.53 (m, 2H), 1.44-1.42 (m, 2H).

Example 200

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ dJimidazol-4-y1)(2,6-
dimethylpyridin-3-yl)(pyridin-3-yl)methanol (1020-200)
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[00672] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[dlimidazol-4-
yD(2,6-dimethylpyridin-3-yl)(pyridin-3-yl)methanol was synthesized in a similar fashion
to Example 198.

[00673] CasHzNsO;. 466.2 (M+1). "H NMR (400MHz, CD;0D) § 8.41 (d, J =
3.6 Hz, 2H), 7.69 (d, /= 8.0 Hz, 1H), 7.38-7:35 (m, 1H), 7.31 (bs, 1H), 6.88 (bs, 2H),
6.18 (d, /= 1.6 Hz, 1H), 2.41 (s, 3H), 2.33 (s, 3H), 2.17 (s, 3H), 2.13-2.04 (1, 1H), 1.98
(s, 3H), 1.13-1.01 (m, 4H).

Example 201

cyclopropyl(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-
yD(pyridin-3-ylymethanol (1020-201)

[00674] cyclopropyl(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol-4-y1)(pyridin-3-ylymethanol was synthesized in a similar fashion to
Example 198.

[00675] CoaH24N4O;. 401.1 (M+1). "H NMR (400MHz, CD;0D) § 8.97 (d, J =
2.0 Hz, 1H), 8.70 (dd, J= 1.2, 6.4 Hz, 1H), 8.42 (tt, J= 1.6, 8.0 Hz, 1H), 7.84 (dd, J =
1.6, 8.4 Hz, 1H), 7.55-7.52 (m, 2H), 2.58-2.51 (m, 1H), 2.41 (s, 3H), 2.24 (s, 3H), 1.88-
1.83 (m, 1H), 1.53-1.49 (m, 2H), 1.38-1.36 (m, 2H), 0.74-0.65 (m, 4H).

Example 202

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzofdfimidazol-4-y1)(6-
methylpyridin-2-yl){(phenyl)methanol (1020-202)
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[00676] Into a flask containing tert-butyl 4-benzoyl-2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)-1H-benzo[dJimidazole-1-carboxylate (50 mg, 0.11 mmol, 1
equiv.) is added THF (5 mL) and to it is added (6-methylpyridin-2-yl)magnesium
bromide (2.6 mL, 0.66. mmol, 6 equiv., 0.25 M THF, Rieke Metals). After completion,
the reaction was quenched and extracted with EtOAc and washed with water, saturated
NH4Cl. After drying with MgSQs, it was filtered and concentrated to dryness. To the
crude material is added TFA (5 mL) and allowed to stir for 30 min. After the reaction
was complete, it was concentrated in vacuo, Purification was carried out by reverse
phase HPLC to (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-1H-benzo[dJimidazol-4-
y)(6-methylpyridin-2-yl)(phenyl)methanol (as a racemate).

[00677] LCMS (m/z +1) 467.23

Example 203

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
y1)(3-methylpyridin-2-y1)(pyridin-2-yl)methanol (1020-203)

100678] To a flame dried flask containing THF and tert-butyl 2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-y1)-4-(6-methylpicolinoyl)-1H-benzo[ d|imidazole-1-
carboxylate (45 mg, 0.095 mmol) was added (pyridin-2-yl)magnesium bromide (2.3 mL,
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0.57 mmol). The solution was allowed to stir for 1 hour, Once complete, the solution
was quenched with DI HoO and extracted three times with EtOAc. The combined
organic layers were washed with saturated NaCl, dried over sodium sulfate, filtered and
concentrated in vacuo. To the crude product was added 5 mL of TFA and was allowed to
stir for 30 minutes. The solution was concentrated in vacuo and was purified via reverse
phase HPLC to afford (2-cyclopropyl-6~(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol-4-y1)(6-methy1pyridin-2-yl)(pyridin—Z-yl)meﬂlanoI.

[00679] CoHasNsOz. MS, m/z 452.5 (M+1). 'H NMR (400 MHz, cdsod) § 8.51
(d,J=4.3 Hz, 1H), 7.80 (td, J= 7.8, 1.7 Hz, 1H), 7.67 ~ 7.60 (i, 2H), 7.36 (s, 1H), 7.33
~7.28 (m, 1H), 7.24 (d,J=7.8 Hz, 1H), 7.18 (d, J= 7.7 Hz, 1H), 6.68 (d, J = 1.4 Hz,
1H), 2.52 (s, 3H), 2.29 (d, 7 = 6.8 Hz, 3H), 2.18 (dd, J= 13.4, 7.0 Hz, 1H), 2.13 (s, 3H),
1.09 (d, J = 7.9 Hz, 4H).

Example 204

(2-cycloprqpy1-6—(3,5-dimethylisoxazo1—4--y1)-1H—benzo[d]imidazol—4—y1)(6- .
methoxypyridin-3-yI)(pyridin-2-yl)methanol (1020-204)

Step 1: Tert-butvl 2-cyclopropyl-6-{ 3,5-dimethvlisoxazol~4-vl)—4—_( 6-

methoxynicotinoyl}-1H-benzofdlimidazole-1-carboxviate

N—O N—O
/ / A
-
|
. N. O
o
| N
BooN "0 BocN
=y & | =N O
[00680] A flask containing S-bromo-2-methoxypyridine (705 uL, 5.45 mmol, 4

equiv.) and MeTHF (10 mL}) was cooled to -78 °C before BuLi (3.41 mL, 5.45 mmol, 4
equiv.) was added. After 30 min, tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-
4-(methoxy(methyl)carbamoyl)-1H-benzo[d]imidazole- 1-carboxylate (600 mg, 1.36
mmol, 1 equiv.) dissolved in MeTHF (4 mL) was added to the reaction mixture, After

completion, the reaction was quenched and extracted with EtOAc and washed with
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water, saturated NH,C). After drying with MgSOy, it was filtered and concentrated to
dryness. Flash column chromatography was carried out to tert-butyl 2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-yl)-4-(6-methoxynicotinoyl)- 1H-benzo[d]imidazole-1-
carboxylate (325 mg, 49%, 7/3 EtOAc/ Hex}.

[00681] LCMS (mv/z+1)489.48

Step 2: (2-cyclopropyl-6-(3.5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-y1){6-

methoxypvridin-3-vl)(pyridin-2-yl)methanol

N—O
4 Vi
I
/N | 0 - o
I
BacN
=N O
{00682] Into a flask containing 2-bromopyridine (110 pL, 1.15 mml, 8 equiv.) was

added MeTHF (5 mL) and to it is added BuLi (720 pL, 1.15 mmol, 8 equiv.) slowly at -
78 ‘C. After 45 minutes, tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(6-
methoxynicotinoyl)-1H-benzo[ d]imidazole-1-carboxylate (70 mg, 0.14 mmol, 1 equiv.)
dissolved in MeTHF (2 ML) was added slowly to the reaction. After completion, the
rea’cﬁon was quenched and extracted with EtOAc and washed with water, saturated
NH,CL. After drying with MgSQ,, it was filtered and concentrated to dryness. To the
crude material is added TFA (5 mL) and allowed to stir for 30 min. After the reaction
was complete, it was concentrated in vacuo, Purification was carried out by reverse
phase HPLC to (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ dJimidazol-4-
y1)(6-methoxypyridin-3-yl)(pyridin-2-ylymethanol (as a racemate).

[00683) LCMS (m/z +1) 468.23. "H NMR (400 MHz, Methanol-d4) § 8.62 (ddd,
7=4.9,1.8,0.9 Hz, 1H), 7.99 - 7.80 (m, 2H), 7.72 (dt, ] = 8.1, 1.0 Hz, 1H), 7.64 (dd, T =
8.8, 2.6 He, 1H), 7.52 (d, ] = 1.5 Hz, 1H), 7.42 (ddd, I = 7.6, 4.9, 1.1 Hz, 1H), 7.04 (d,J
= 1.4 Hz, 1H), 6.83 (dd, T = 8.8, 0.7 Hz, 1H), 3.91 (s, 3H), 2.67 - 2.49 (m, 1H), 2.33 (s,
3H), 2.15 (5, 3H), 1.52 (ad, J = 8.4, 2.8 Hz, 2H), 1.45 - 1.26 (m, 2H). FNMR (377
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MHz, Methanol-d4) & -78.08.

Example 205

'

5-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol-4-
yD{hydroxy)(pyridin-2-yl)methyl)pyridin-2-ol (1020-205)

P Y

[00684} Into a microwave vial containing (2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-y1)-1H-benzo[dJimidazol-4-yl}(6-methoxypyridin-3-yl)(pyridin-2-yl)methanol (35 mg,
0.075 mmol, I equiv.) is added THF (5 mL} and to it is added HCI (1 mL, IN). The
reaction was heated to 100 °C for 30 min. After completion, the reaction was
concentrated to dryness. Purification was carried out by reverse phase HPLC to furnish
5-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
yDhydroxy)(pyridin-2-yl)methyl)pyridin-2-ol {as a racemate).

[00685] "H NMR (400 MHz, Methanol-d4) § 8.61 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H),
7.92 (td,J=7.8, 1.8 Hz, 1H), 7.78 (dt, J = 8.1, 1.0 Hz, 1H), 7.58 (dd, ] = 9.6, 2.8 Hz,
1H), 7.52 (d, T = 1.4 Hz, 1H), 7.40 (ddd, J = 7.6, 4.8, 1.1 Hz, 1H), 7.18 — 7.06 (m, 2H),
6.54 (d,J = 9.6 Hz, 1H), 3.89 (s, 1H), 2.98 (s, 1H), 2.65 (s, 2H), 2.63 — 2.57 (m, 1H),
2.35 (s, 3H), 2.17 (s, 3H), 1.63 - 1.45 (m, 2H), 1.45— 1.17 (n, 2H). °F NMR (377
MHz, Methanol-d4) § -77.94.

Example 206

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-ylbis(6-
fluoropyridin-3-ylymethanol (1020-206)
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Step  1: Preparation of methvl 2-cvclopropyl-5-{3.5-dimethvlisoxazol-4-

benzo[djimidazole-7-carboxylate

N-O
! HCl Z

H N ™ A NH O
NH, O

[00686] Methyl 2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)benzoate (10 g, 0.038
mol) was added to MeOH (50 ml) and to this was added ethyl cyclopropanécarbimidate
hydrochioride (8.6 g, 0.057 mol) and heated to 50°C for 3 hours, Solvents were then
removed under reduced pressure and residue co-evaporated with toluene (2x), dissolved
in BtAc, solids filtered off and 6rganics washed with water and then solvents removed
“-under reduced pressure to afford methyl 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-
1H-benzo[d]imidazole-7-carboxylate (11.3g, 94%).

[00687] LCMS (m/z +1) 312.1

Step 2. Preparation of 1-tert-butvl 4-methvl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-

1}-1H-benzo[dlimidazole-1.4-dicarboxvlate

~0 E;I—O
y o

{Boc),0, TEA, DMAP

o THF Boc-N Os

[00688] Methyl 2-eyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d}imidazole-4-carboxylate (24 g, 77.09 mmol) was taken up in tetrahydrofuran
(500 ml) and to this was added di-tert-butyl dicarbonate (33.65 g, 154.17 mmol}, 4-
(dimethylamino)pyridine (1.88 g, 15.42 mmol) and finally triethylamine (32.23 ml,

231.26 mmol). Reaction was stirred at room temperature for 2 hours under nitrogen. At
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this point solvents were removed under reduced pressure and the residue was diluted in
EtAc/ aq. ammonium chloride. Material was extracted 3x with EtAc, washed with
ammonium chloride, water, brine then dried over sodium sulfate. Solvents were
removed under reduced pressure and the residue purified by silica gel chromatography
using Hex / EtAc as the eluent. Solvents were removed under reduced pressure to give a
yellowish solid. Material was triturated in minimal Et,O and filtered and air dried to
provide 1-tert-butyl 4-methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)- 1H-
benzo[d]imidazole-1,4-dicarboxylate a pure white solid. (28.0 g, 88%).

[00689] LCMS (m/z +1) 411.7. "H NMR (400 MHz, DMSO-d6) § 8.00 (d, J =
1.7 Hz, 1H), 7.69 (d, T = 1.7 Hz, 1H), 3.87 (s, 3H), 2.80 (ddd, J = 8.2, 5.7, 3.1 Hz, 1H),
2.40 (s, 3H), 2.21 (s, 3H), 1.24 — 1.00 (m, 4H).

Step 3:  Preparation of fert-butyl 4-(bis(6-fluoropyridin-3-yD{hvdroxy)methyl)-2-

cyclopropyl-6-(3.5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazole-1-carboxvlate

[0G690] [-tert-butyl 4-methyl 2-cyclopropyl-6-(3,5 -dimethylisoxazol-4-yl)-1H-
benzo[d]imidazole-1,4-dicarboxylate was treated with 2-fluoropyridine-5-magnesium
bromide (0.062M in Me-THF, 3.8 mL, 3.0 equiv.) at room temperature for 16 h. Afier an
aqueous work-up, the cride material was purified by an HPLC purification to give 1-
tert-butyl 4-(bis(6-fluoropyridin-3 -yl)(hydroxy)methyl)-2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d}imidazole-1-carboxylate.

Cs1HaoFaNsO4 MS, 5742 (M+1).

Step 4 Preparation _of _ (2-cyclopropyl-6-(3.5-dimethvlisoxazol-4-v])-1H-

benzo[d}imidazol-4-yDbis(6-fluoropyridin-3-yhmethanol
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[00691] 1-tert-butyl 4-(bis(6-fluoropyridin-3-yl)(hydroxy)methyl)-2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-yl)-1H-benzo{djimidazole-1-carboxylatem was then treated
with TFA at room temperature for 1 h and 15 min. After removing TFA under a reduced
pressure, the material was purified by an HPLC to give the (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d}imidazol-4-yl)bis(6-fluoropyridin-3-yl)methanol.

[00692] 'H NMR (MeOH-d;) 3 8.22 (d, J = 2.6 Hz, 2H), 7.95 (td, 7= 8.0, 2.6 Hz,
2H), 7.57 (d, J = 1.6 Hz, 1H), 7.13 (dd, J=8.0, 2.6 Hz, 2H), 6.88 (d, /= 1.6 Hz, 1H),
2.64-2.56 (m, 1H), 2.32 (s, 3H), 2.14 (s, 3H), 1.58 — 1.50 (m, 2H), 1.42 — 1.36 (m, 2H).

Example 207 and 208

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]Jimidazol-4-y)bis(4-
fluorophenyl)methanol (1020-207) and

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ dJimidazol-4-y)(4-
fluorophenyl)methanone (1020-208)

[00693] The above two compounds were synthesized in a similar manner as that

of Example 206, Steps 3-4, using 4-fluorophenyl magnesium bromide.

[00694] (2-cyclopropyi-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d}imidazol-4-
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yhbis(4-fluorophenylmethanol: CosHysF2N350,, MS. 472.1 (M+1). "H NMR (MeOH-dy)
87.50 (d, J=1.6 Hz, 1H), 7.34 (dd, /= 9.6, 6.1 Hz, 4H), 7.11 (, J=9.6 Hz, 4H), 6.70
(d, /= 1.6 Hz, 1H), 2.62-2.53 (m, 1H), 2.30 (s, 3H), 2.11 (s, 3H), 1.52 — 1.46 (m, 2H),
1.38 —~1.32 (m, 2H).

[00695] (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
y)(4-fluorophenyl)methanone: CpHisFN30,. MS, 376.1 (M+1). 'H NMR (MeOH-dy) §
7.99(dd, J=9.6, 6.1 Hz, 2H), 7.85 (d, /= 1.6 Hz, 1H), 7.68 (d, /= 1.6 Hz, 1H), 7.35 (1,
J=9.6 Hz, 2), 2.56-2.64 (m, 1H), 2.44 (s, 3H), 2.28 (s, 3H), 1.61 — 1.54 (m, 2H), 1.50
-~ 1.44 (m, 2H). '

Example 209

(2-cyc]opropyl-G-(S,5-dimethylisoxazol-4~yl)-lH—benzo[d]imidazol-4—yl)(6-
methylpyridazin-3-ylymethanone (1020-209)

Step 1. Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-4-(6-

methylpyridazine-3-carbonyl)-1H-benzo[dlimidazole-1 -carboxylate

N-O
{2

[00696] To a solution of tetramethylpiperidine (68.7 mg, 0.486 mmol, 4 equiv) in
Me-THF (1 mL) was treated with BuLi (1.4 M in hexane, 0.49 mL, 0.486 mmol, 4
equiv) at -78°C, After 15 min to the solution was added 3-methylpyridazine (57.2 mg,
0.608 mmol, 5 equiv) in Me-THF (3 mL). After 1 h stirring, 1-tert-butyl 4-methyl 2-
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cyclopropyl-6-(3,5-dimethylisoxazol-4-y1}-1H-benzo[dJimidazole-1 ,A-dicarboxylate
(50.0 mg, 0.122 mmol) was added at -78°C. Afier an aqueous work-up, The crude’
mixture was purified by a column chromatography and Preparative HPLC to give teri-
butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(6-methylpyridazine-3-carbonyl)-
1H-benzo[d]imidazole-1-carboxylate. C;6Ha7NsO4 MS. 474.2 (M+1).

Step 2: Preparation of (2-cyclopropyl-6-(3.5-dimethylisoxazol-4-yl)-1H-

benzofdlimidazol-4-v))(6-methylpyridazin-3-y)methanone

[60697] tert-Butyl 2-cy01015r0py1_-6—(3,5—dimethy1isoxazol—4—yl)—4—(6-
methylpyridazine-3-carbonyl)-1H-benzo[d]imidazole-1-carboxylate was treated with
TFA at 1t for 30 min to give (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[dlimidazol-4-y1)(6-methylpyridazin-3-yl)methanone.

[00698] CyiHioFNSOy. MS. 374.2 (M-+1). "H NMR (MeOH-dy) § 8.48 (s, 1H),
8.30 (d, J= 8.0 Hz, 1H), 7.90 (d, /= 8.0 Hz, 1H), 7.88 (s, 1H), 2.84 (s, 3H), 2.64-2.56
(m, 1H), 2.49 (s, 3H), 2.33 (s, 3H), 1.60 - 1.40 (m, 4H).

Example 210

3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d Jimidazol-4-
yl)(hydroxy)(pyridin-3-yhmethyl)pyridine 1-oxide (1020-210}

Step 1
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[00699] 1-tert-Butyl 4-methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-

benzo[d}imidazole-1,4-dicarboxylate (().15 g) was reacted with 3-MgCl-pyrdine (excess,
Novel, 0.25 M) in THF (3 ml) at RT and stirred for 20 min. After adding MeOH (1 mL),
volatiles were removed and the residue purified by reverse phase HPLC (5-95% MeCN
in water, 0.1% TFA) to afford tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-4-
(hydroxydi(pyridin-3-yl)methyl)-1H-benzo[d]imidazole- 1-carboxylate.

[00700} LCMS (m/z +1) 438.2 (fragment parent - Boc)

Step 2

[00701] The substrate (0.057g) was subjected to MCPBA (0.037g) in MeOH/
DCM (1/1 ml) and stirred at RT for 3 h. Volatiles were removed, the residue dissolved in
TFA and stirred for 1 h, Volatiles were removed and the residue purified by reverse
phase HPLC (5-95% MeCN in water, 0.1% 'TFA) to afford 3~((2-cyclopropyl-6-(3,5-
dimethylisoxazol—4—yl)—1H—benzo[d]hnidazol-4—y1)(hydroxy)(pyridin—ﬁ%-
ylymethyl)pyridine 1-oxide. The bis-N-oxide was also 1solated, see below.

(60702 LCMS (m/z +1) 454.0. 'H NMR (400 MHz, Methanol-d4) & 8.63 — 8.53
(m, 1H), 8.35 (d, ] = 1.9 Hz, 1H), 8.31 - 8.23 (m, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.61 —
740 (m, 2H), 6.85 (d, T = 1.4 Hz, 1H), 2.49 (s, 1H), 2.24 (s, 1H), 2.06 (s, 1H), 1.43 (dd, J
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=8.4,2.9 Hz, 3H), 1.32 — 1.23 (m, 3H).

Example 211

3,3'-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-1H-b enzo[d]imidazol-4-
yl)(hydroxy)methylene)bis(pyridine 1-oxide) (1020-211)

[00703]  LCMS (m/z-+1) 569.8. 'H NMR (400 Mz, Methanol-d4) 8 8.42 (t, J =
1.5 Hz, 1H), 8.36 (dt, 1= 6.1, 1.5 Hz, 1H), 7.63 - 7.48 (m, 3H), 7.00 (4, J = 1.4 Hz, 1H),
2.58 (s, 1H), 2.34 (s, 2H), 2.17 (s, 2H), 1.52 (dd, ] = 8.3, 3.0 Hz, 2H), 1.43 ~ 1.29 (m,
2H).

Example 212

(2—cyclopropyl-6-(3,S—dimcthylisoxazol-4~y1)-1Hnbenzo[d]imidazol-4-yl)(6~
methylpyridazin-3-yl)methanone (1020-212)

Step 1: Preparation of fert-butyl 2-cyclopropyl-6-(3.5-dimethvlisoxazol-4~-yl}-4-(2-

methvlisonicotinoyl)-1H-benzo[djimidazole-1-carboxylate

-0
/
§‘ OMe t BulLi
Me-THF
-78°C
[00704] To a solution of 4-bromo-2-methylpyridine (41.8 mg, 0.243 mmol, 4

equiv) in Me-THF (1 mL) was treated with t-BuLi (1.7 M in hexane, 0.14 mL, 0.243
‘mmol, 4 equiv) at -78°C. After 10 min to the solution was added 1-tert-butyl 4-methyl 2-

262



WO 2014/182929 PCT/US2014/037344

cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-b enzo[d]imidazole-1,4-dicarboxylate
(25.0 mg, 0.061 mmol) in Me-THF (2 mL). After | h stirring, the reaction mixture was
worked-up. The crude mixture was purified by a column chromatography (35% to 60%
EtOAc/hexane) to give tert-butyl 2—cyclopropy1—6—(3,5-dimethylisoxazol—4-yl)-4-(2-
methylisonicotinoyl)-1H-benzofd]imidazole-1 -carboxylate. Cy7HpsN4Oy4. MS. 473.2
(M+1).

Step 2. Preparation of (2-cyclopropvl-6-( 3.5-dimethylisoxazol-4-yl)-1H-

benzofd]imidazol-4-v1)bis( 2-methylpyri din—4-_v1)methan01

[00705] tert-butyl 2-cyclopropyl-6-(3,5—dimethylisoxazol—4-yl)—4—(2-
methylisonicotinoyl)-1H-benzo[d)imidazole-1 -carboxylate was re-sbjected to the stmilar
conditions to the preparation of present intermediate to give (2-cyclopropyl-6-(3,5-

dimethylisoxazol—4-y1)—1H—benzo[d]hnidazol-4-y1)bis(2-methylpyridin—4-yl)methanol.

CasHyiN5Oy. MS. 466.2 (M+1). 'H NMR (MeOH-dy) § 8.71 (d, J = 6.4 Hz, 2H), 7.93 (s,
2H), 7.84 (d, J= 6.4 Hz, 2H), 7.64 (d, J= 1.0 Hz, 1H), 7.00 (d, /= 1.0 Hz, 1H), 276 (s,
6H), 2.60-2.50 (m, 1H), 2.35 (s, 3H), 2.17 (s, 3H), 1.56 — 1.47 (m, 2H), 1.40 ~ 1.35 (m,
2H).

Example 213

(2-cyclopropyl-6-(3,5-dim ethylisoxazol-4-y1)- 1 H-benzo[d]imidazol-4-yl)bis(3-
methylpyridin-4-yl)methanol (1020-21 3)

Step 1: Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-yl)-4-

{hvdroxvbis(3 —meﬂ1v1nyridin~4-v1)methvl]-1H—benzofd]imidazole—l-carboxvlate
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<N

0 -Buli
OMe {-Buli

[00706] To a solution of 4-bromo-3-methylpyridine (167.2 mg, 0.972 mmol, 8
equiv) in Me-THF (1 mL) was treated with t-Buli (1.42 M in hexane, 0.68 mL, 0.972
mmol, 8 equiv) at ~78°C. After 10 min to the solution was added 1-zert-butyl 4-methyl 2-

cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d] imidazole-1,4-dicarboxylate
(50.0 mg, 0.122 mmol} in Me-THF (2 mL). After 1 h stirring at 1t, the reaction mixture
was worked-up. The crude mixture was purified by a prep-HPLC fo give tert-butyl 2-
cyclopropy1f6—(3,5-dimethylisoxazol—4~y1)-4-(hydroxybis(3 -methylpyridin-4-yl)methyl)-
1H-benzo[d]imidazole-1-carboxylate. Ca3HasNsO4. MS. 566.3 (M+1).

Step 2: Preparation of (2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-1H-

benzoldlimidazol-4-yDbis(3-methylpyridin-4-vl)methanol

[00707] tert-butyl 2~cyclopropyl-6—(3_,5—dirnethylisoxazol-4—y1)-4—(hydroxybis(3~
mcthylpyridin-4-y1)meﬂ1y1)—1H-benzo[d]imidazol’e—l-carboxylate was treated with TFA
at rt to give (2—cyclopropy1-6—(3,5—dimethylisoxazol-4~yl)_—1I—I~benzo[d]imidazol-4—
yl_)bis(3—meﬂlylpyridin-ﬁt—yl)methanoll

[00708] . CisHa7NsOz MS. 466.2 (M+1). "H NMR (MeOH-ds) & 8.70 (br s, 1H),
8.58 (brs, 1H), 7.64 (d, J= 1.0 Hz, 1H), 7.48 (br s, 1H), 6.61 (d,J=1.0 Hz, 1H), 2.40
(m, 1H), 2.30 (s, 6H), 2.30 (s, 3H), 2.09 (s, 3H), 1.45 ~ 1.26 (m, 4H).

Example 214
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(2-cyciopr0pyl-6-(3,S-dimethylisoxazol-él-yl)-1H-benzo[d]imidazol-4~yi')(2,5—
dimethylpyridin-4-yl)methanone (1020-214)

[00709] (2-cyclopr0pyl-6-(3,5-dimethy1isoxazol-4-yl)—1H-benzo{d]imida-zol-4-
yD(2,5-dimethylpyridin-4-yl)methanone was synthesized in a similar fashion to Example
209, steps 1-2.

Step 1:
/
\,@‘\
9\ t- BULI
Me-THF
~-78°C
[00710] Ci33H35N504. MS. 566.3 (NI+1)..

Step 2: Preparation of ( 2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-1H-

benzo{dJimidazol-4-v1)( 2,5-dimethylpvridin-4-yDmethanone

O
P

[00711] CosHzoNeOz. MS. 378.2 (M+1). "H NMR (MeOH-dy) 5 8.72 (s, 11), 7.92
(s, IH), 7.87 (s, 1H), 7.42 (s, IH), 2.75 (5, 3H), 2.65-2.56 (m, 1H), 2.42 (s, 3H), 2.37 (s,
3H), 2.20 (s, 3H), 1.56 — 1.40 (m, 4F0),

Example 215

(2-cyclopropyl-6-(3 ;>-dimethylisoxazol-4-y1)-1H-benzo [d]imida.zol—4—y1)_(6-
(triftuoromethyl)pyridazin-3 ~-yDmethanone (1020-2135)

[00712] (2—cy010propy1-6~(3,S—dimethylisoxazol—ﬁl—yl)- 1H-benzo[dJimidazol-4-
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yI)(6—(t1iﬂuoromethyl)pyﬁdazin—3-—yl)metha.ncne was synthesized in a similar fashion to
Example 209, steps 1-2.

N-O
Z

[00713] CotH;F3N3Os. MS. 428.1 (M+1). 'H NMR (MeOH-dy) § 8.62 (d,/=8.0
Hz, 1H), 849 (s, 1H), 8.44 (d, J=8.0 Hz, 1H), 7.94 (s, 1H), 2.70-2.62 (m, 1H), 2.50 (5,
3H), 2.33 (s, 3H), 1.64 — 1.44 (m, 4H).

Example 216

(2-cyclopropyl-6-(3,5 -dimethylisoxazol—4-y1)-1H—benzo[d]imidazol—4—y1) {pyridazin-3-
yljmethanone (2010-216)

[00714] _(2~cyclopropy1-6-(3,5-dimeﬂxylisoxazol-ﬁt-yl)-lH-benzo[d]imidazol—4-
yl)(pyridazin-3-yl)methanone was synthesized in a similar fashion to Example 209, steps
].“2'.

[00715] CagH7FsN5Os. MS. 360.1 (M+1). 'H NMR (MeOH-d4) 8 9.44 (d, J=5.2
Hz, 1H), 8.52 (s, 1H), 8.43 (d, J= 9.0 Hz, 1H), 8.04 (dd, /= 8.6, 5.1 Hz, ZH), 7.93 (s,
1H), 2.73 — 2.62 (m, 1H), 2.50 (s, 3H), 2.33 (s, 3H), 1.65 — 1.44 (m, AH)

Example 217
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(2—cyc10propy1-6—(3,5-dimethylis0xazol—4—yl)-1H-benzo[d]imidazol-4-y1)bis(5—
fleoropyridin-2-yl)methanol (2010-217)

Step 1: Preparation of tert-butyl 4-(bis( S-fluoropyridin-2-yh(hvdroxyimethyi)-2-

cyclopropyl-6-(3,5-dimethvlisoxazol-4-y1)-1H-benzo[d}limidazole-1 -carboxylate

Y i
Br
% IPrMigBr
3\ OMe ——»
e

foluene
=N O rt

[00716] 4-Fluruolo-2-bromopyridine (128.3 mg, 0.729 mmol, 10 equiv) was
treated with isopropyl magnesiumbromide (2M, THF, 0.33 mL, 0.656 mmol, 9 equiv) in
toluene (2 mL) at room temperature for 1 h. To the reation mixture was added 6-(3,5-
dimethylisoxazol-4—yl)-2-methy1—1H—benzo[d]imidazole—4-carboxylate (50.0 mg, 0.175
mmol} in toluene (1 mL) at room temperature. After 18 h stirring, the reaction mixture
was worked-up. The crude mixture was purified by a prep-HPLC to give tert-butyl 4-
(bis(S—ﬂuoropyridin-2-yl)(hydroxy)methyl)—?.-cyclopropyl-é—(3,5-dimethyh'soxazol—4-
yD)-1H-benzo[d]imidazole-1-carboxylate. C3,HaoF>NsO,. MS. 574.2 (M+1).

Step 2: Preparation of (2-cyclopropvl-6-( 3,5-dimethvlisoxazol-4-v1)-1H-

benzo[dlimidazol-4-yDbis(5-fluoropyridin-2-vlimethanol

[00717] tert-Butyl 4-(bis(5-fluoropyridin-2-yl)(hydroxy)methyl)-2-cyclopropyl-6-
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(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazole-] ~carboxylate was treated with TFA
(3 mL) at toom temperature for 1 h. After removing of TFA, the mixture was purified by
a prep-HPLC and a silica gel column chromatography (50 t0100% EtOAc/hexane) to
give (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ d]imidazol-4-yl)bis(5-
fluoropyridin-2-yl)methanol.

[00718] CogHaiFaNsOg. MS. 474.1 (M+1). 'H NMR (MeOH-dy) § 8.43 (d, J=2.8
Hz, 1H), 7.72 (dd, J= 8.6, 4.3 Hz, 1H), 7.64 (td, J= 8.6, 2.9 Hz, 1H), 7.50 (d, /= 1.5
Hz, 1H), 7.21 (d, /= 1.5 Hz, 1H), 2.62-2.54 (m, 1H), 2.35 (s, 3H), 2.17 (s, 3H), 1.56 -
1.48 (m, 2H), 1.42-1.34 (m, 2H).

Example 218

(6—(3,5-dirnethylisoxazol-4-y1)—2-methyl—IHwbenzo[d]imidazol—4—y1)bis(5-ﬂuor0pyn'din—
2-yl)methanol (1020-218)

Step 1: Preparation of N-(( 3-methvlisoxazol-5-ylmethvl)acetamide

O-N O—-N

2 ) 2 )
NH HCI
o

ONie — OM
H;N ®  MeOH HN ¢
NHy O 70°C, 1h )—’;N 0
[00719] Methyl 2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)benzoate (351.8 mg,

1.346 mmol) was treated with ethyl acetimidate hydrochloride in MeOH at 70°C for 1 h.
After an aqueours work-up, the crude mixture was purified by a silica-gel column
chromatography (20 to 40% EtOAc/hexane) to give methyl 6-(3,5-dimethylisoxazol-4-
y1)-2-methyl-1H-benzo[d]imidazole-4-carboxylate. CisH;isN3O3. MS. 286.1 (M+1).

Step 2: Preparation of (6-( 3.5-dimethylisoxazol-4-y1)-2-methyi-1H-benzo[d]imidazol-4-
yl)bis(5-fluoropyridin-2-yl)methanol
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0.._

g N F
Br =

IPrMgBr

OMe —— ™

HN foluene.

=N 0] rt
[00720] 4-Fluoro-2-bromopyridine (308.4 mg, 1,753 mmol, 10 equiv) was treated

with isopropyl magnesiumbromide (2M, THF, 0.789 mL, 1.58 mmol, 9 equiv) in toluene
(3 mL) at room temperature for 1 h. To the reation mixture was added 6-(3,5-
dimethylisoxazol-4-yl)-2-methyl-1H-benzo[ d]imidazole-4-carboxylate (50.0 mg, 0.175
mmol) at room temperature. After 2 h stirring, the reaction mixture was worked-up. The
crude mixture was purified by a prep-HPLC to give (6-(3,5-dimethylisoxazol-4-y1)-2-
methyl-1H-benzo[ dlimidazol-4-y1)bis(5-fluoropyridin-2-yl)methanol.

[00721] CaaHl1oP;N50,. MS. 448.1 (M+1). 'H NMR (MeOH-dy) 8 8.42 (d, J=2.9
Hz, 1H), 7.72 (dd, J=8.5, 5.8 Hz, 1H), 7.65 (dd, J = 8.5, 2.9 Hz, 1H), 7.61 (d, /= 1.6
Hz, 1H), 7.25 (d, /= 1.5 Hz, 1H), 2.84 (s, 2H), 2.36 (5, 2H), 2.18 (s, 2H).

Example 219

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[dJimidazol-4-yl)bis(5-
methylthiazol-2-yl)methanol (1020-219)

O-N O-N
. 9
O —_— OH 5
N 0 =N
J N\ <f' s N
[00722] To a solution of 5-methylthiazole (170 mg, 2.0 mmol) in THF (5 mL) was

added butyllithium (96 mg, 1.5 mmol) and the solution was stirred at -78 °C for 1h. To
the solution of 1-tert-butyl 4-ethyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzofdlimidazole-1,4-dicarboxylate (212 mg, 0.50 mmol} in THF (5 mL) was added a
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solution of the lithiate prepared above at room temperature and the solution was stirred
at room temperature for 4h. Water (2 mL) was added and the solution was stirred at
room temperature for 1h. EtOAc (100 mL) was added and the organic solution was
washed with brine and dried over Na;SO4. Solvent was removed and the residue was
purified by silica gel column chromatography (0-50% MeOH/CH,Cl,) to give (2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)bis(5-
methylthiazol-2-yl)methanol.

[00723] CuF123N502Ss. MS m/z 478.1 (M+1). 'H NMR (Methanol-d;) § 7.41 (d, J
=24.1 Hz, 3H), 7.12 (5, 1H), 2.49 — 2.40 (m, 6H), 2.34 (s, 3H), 2.26 (d, J = 15.4 Hz,
1H), 2.18 (s, 3H), 1.18 — 1.07 (m, 4H).

Example 220

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[dJimidazol-4-yl)(pyridin-2-
yl)(thiazol-2-yl)methanol (1020-220)

[00724] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}- 1H-benzo[dJimidazol-4-
yD(pyridin-2-yl)(thiazol-2-yl)methanol was synthesized in a similar fashion as Example
219.

[00725] CosH19NsO5S,. 449.9 (M+1). 'H NMR (400MHz, CD;OD) § 8.47 (d,J =
1.6 Hz, 2H), 7.60 (d, J = 1.2 Hz, 1H), 7.35 (d, J = 1.6 Hz, 2H), 7.10 (d, /= 1.2 Hz, 1H),
2.68-2.64 (m, 1H), 2.33 (s, 3H), 2.18 (s, 3H), 1.57-1.51 (m, 2H), 1.44-1.39 (m, 2H).

Example 221
(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[ d}imidazol-4-yl)bis(2-

methylpyridin-3-yl)methanol (1020-221)
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[00726] (2-Cyclopropyl-6-(3 ,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
yDbis(2-methylpyridin-3-yl)methanol was synthesized in a similar fashion as Example
219.

[00727] CasHyNsOp. 466.2 (M+1). 'H NMR (400MHz, CD;0D) & 8.48 (d, J =
4.4 Hz, 2H), 7.42 (s, 2H), 7.36 (bs, 3H), 6.38 (s, 1H), 2.44 (s, 6H), 2.23 (s, 3H), 2.18-
2.11 (m, 1H), 2.03 (s, 3H), 1.17-1.13 (m, 2H), 1.08-1.05 (m, 2H).

Example 222

(2-cy_clopropﬂ-6-(3,5 -dimethylisoxazol-4-yl)-1H-b enzo[dJimidazol-4-yl)bis(2,6-
dimethylpyridin-3-yl)methanol (1020-222)

[00728] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
yhbis(2,6-dimethylpyridin-3-yl)methanol was synthesized in a similar fashion as
Example 219,

[00729] CsoH31NsOz. 494.3 (M+1). "H NMR (400MHz, CD;0D) & 7.87-7.85 (m,

2H), 7.60 (s, 1H), 7.58 (s, 1H), 7.55 (d, /= 1.2 Hz, 1H), 6.72 (d, /= 1.2 Hz, 1H), 2.75 (s,
6H), 2.64 (s, 6H), 2.33 (s, 3H), 2.22-2.18 (m, 1H), 2.14 (s, 3H), 1.25-1.21 (m, 2H), 1.10-
1.09 (m, 2H).

Example 223
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(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]Jimidazol-4-yl)bis(5-
fluoropyridin-3-ylymethanol (1020-223)

[00730] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[ d limidazol-4-
yl)bis(5-fluoropyridin-3-yl)methanol was synthesized in a similar fashion as Example
219.

[00731] CocHy FoNsO,. 474.0 (M+1). 'H NMR (400MHz, CD;0D) 8 8.42 (d, J =
2.8 Hz, 2H), 8.32 (t, J = 1.6 Hz, 2H), 7.61-7.58 (m, 2H), 7.46 (d, J = 1.6 Hz, 1H), 6.79
(d,J=1.2 Hz, 1H), 2.48-2.42 (m, 1H), 2.44 (s, 3H), 2.04 (s, 3H), 1.39-1.38 (m, 2H),
127-1.24 (m, 2H).

Example 224

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-7-fluoro-1 H-benzo[dJimidazol-4-
yl)di(pyridin-2-yl)methanol (1020-224)

Step 1: Methyl 2-cyclopropvl-6-(3,5-dimethvlisoxazol-4-yi)-7-fluoro-1H-
benzo[d]imidazole-4-carboxylate

-0 Cl ) -0
{# 1. Mo 2
F. TEA, CH,Cly F
” 0
HoN OL 2150°C,AcOH  HN ~
NH, O N O
[00732] To a flask containing methyl-2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)-

4-fluorobenzoate (500 mg, 1.95mmol, 1 equiv.) is added 1,2 DCE (20 ml, 0.1M) and
DIPEA (1.0 mL, 5.87 mmol, 3 equiv.). At 0 °C, cyclopropanecarbonyl chioride (198
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pL, 3.4 mmol, 1.1 equiv.) was added. After an hour, the reaction was complete. The
reaction was extracted with BtOAc and washed with water and saturated NH4Cl. After
drying with MgSQy, it was filtered and concentrated to dryness and used in the next
reaction as crude methyl 2-amino-3-(cyclopropanecarboxamido)-5-(3,5-

dimethylisoxazol-4-yl)-4-flucrobenzoate.

[00733] Into a microwave vial was placed methyl 2-amino-3-
(cyclopropanecarboxamido)-3-(3,5-dimethylisoxazol-4-yl)-4-fluorobenzoate and to it
added acetic acid (10 mL) and heated in the microwave for 150 °C for 30 mimutes. The
reaction was concentrated down and extracted with EtOAc and washed with water (3x),
saturated NaHCO; and brine. After drying with MgSOs, it was filtered and concentrated
to dryness. Silica gel chromatography was carried out with Hexanes-EtOAc to furnish
methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-7-fluoro-1H-benzo[d]imidazole-4-
carboxylate (535 mg, 85%) as a light brown powder,

[00734] LCMS (m/z+1) 330.04

Step 2: (Z-cyclopropyl-6-( 3.5-dimethylisoxazol-4-v1)-7-fluoro-1H-benzoldlimidazol-4-

yDdi(pyridin-2-vDmethanel

N-Q
(s
F
HN™ Y ~
JN 0
[00735] A flask containing 2-bromopridine (135 pL, 1.37 mmol, 7 equiv.) and

THF (3 mL} is cooled to -78°C before Buli (0.86 mL, 1.37 mmol, 7 equiv.) is added.
After 30 min, methyl 6-(3,5-dimethylisoxazol-4-yl)-7-fluoro-2-0xo0-2,3-dihydro-1H-
benzo[d]imidazole—4—ca1’boxylate (60 mg, 0.197 mmol, 1 equiv.) dissolved in THF (2
mlL) is added to the reaction mixture. After completion, the reaction was quenched and
extracted with EtOAc and washed with water, saturated NH4CL After drying with
MgS0,, it was filtered and concenirated to dryness. Purification was carried out by

reverse phase HPLC to furnish (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-7-fluoro-
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1H-benzo{d]imidazol-4-y1)di(pyridin-2-y}ymethanol.

[00736] LCMS (m/z+1) 455.48. 'H NMR (400 MHz, Methanol-d4) § 8.62 (ddd, J
=5.1,1.8,0.9 Hz, 1H), 8.09 (ddd, J = 9.5, 6.5, 1.8 Hz, 1H), 7.88 (dq, ] = 8.0, 15, 1.0
Hz, 1H), 7.58 (ddd, J = 7.4, 5.0, 1.3 Hz, 1H), 6.97 - 6.67 (m, OH), 2.37 (td, ] = 8.9, 8.4,
42 Hz, 1H), 2.27 (5, 1H), 2.09 (s, 2H), 1.46 — 1,14 (m, 2H). 19F NMR (377 MHz,
Methanol-d4) § -77.94, -132.51.

Example 225

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-5-fluoro-1H-benzo[ djimidazol-4-
yhdi(pyridin-2-yl)methanol (1020-225)

N-O
Br ji B /
TMSCHN, F

OH O
CH,Cl> _ PEPPSI-Pr
NH, O MeOH NH, O Cs,CO4
HCl BMF, H,O NH, O
step 1 step 2 _
cl N-O
e O
£
SnC|2 TEA. CH2012
—— - F L
EtOH 2. 150 °C, AcOH
O O
>~  stepd HoN ™~ step 5-6
NH, O
Step 1: Methyl 6-amino-3-bromo-2-fluorobenzoate
[00737] Into a flask 6-amino-3-bromo-2-fluorobenzoic acid. HCL salt, (6000 mg,

22 mmol, 1 equiv.), DCM (75 mL) and MeOH (20 mL) is added
Trimethylsilyldiazomethane (22 mL, 44 mmol, 2 equiv.) slowly over 5 min. After an
hour the reaction is quenched with 1N HCL (3 mL) and concentrated in vacuo. DCM is
added and the reaction is washed with a solution of sodium bicarbonate and water and
NH,Cl solution. After drying with MgSQy, it was filtered and concentrated to dryness.
The material is used as is without further purification to methyl 6-amino-3-bromo-2-

fluorobenzoate.
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[00738] 1H NMR (400 MHz, Chloroform-d) 8 7.20 (dd, T = 8.9, 7.1 Hz, 1H), 6.37
~6.18 (m, 1H), 3.77 (s, 3H). 19F NMR (377 MHz, Chloroform-d) & -99.18 d,J=170
Hz).

Step 2. Methyl 6-amino-3-(3.5-dimethvlisoxazol-4-vl}-2-fluorobenzoate

[00739] Methyl 6-amino-3-bromo-2-fluorobenzoate (5100 mg, 20.56mol, 1
equiv.), 3,5-dimethylisoxazole-4-boronic acid, pinacol ester (6880 mg, 30.84 mmol, 1.5
equiv.), Pd(PHs)s (1155 mg, 1.03 mmol, 0.05 equiv.), cesium carbonate (20098 mg,
61.68 mmol, 3 equiv.) in 150mL DME:H,0 (2:1) were stirred and heated to 13°Cin a
pressure tube. The reaction was then cooled and partitioned between water and ethyl
acetate. The organic layer was washed with water then brine and dried over sodium
sulfate. Purification on silica gel (Hex/EtOAc) afforded methyl 6-amino-3-(3,5-

dimethylisoxazol-4-yl)-2-fluorobenzoate.

[00740] LCMS (m/z+1) 265.30. "H NMR (400 Mlz, Chioroform-d) § 7.03 (dd, J
= 8.6, 7.6 Hz, 1H), 6.54 (dd, T = 8.5, 1.1 Hz, 1), 3.92 (s, 3H), 2.31 (d, T = 0.9 Hz, 3H),
2.18 (d, 7= 0.9 Hz, 3H). "°F NMR (377 MHz, Chloroform-d) 5 -106.99 (d, J = 7.5 Hz).

Step 3 and 4: Methyl 2,3-diamino-5-(3,5-dimethvlisoxazol-4-v1)-6-flucrobenzoate

[606741) Methyl 6-amino-3-(3,5-dimethylisoxazol-4-yl}-2-fluorobenzoate {1400
mg, 5.29 mmol) was dissolved in TFA (20 mL) and cooled to 0°C under argon. To this
was slowly added Nitronium tetrafluoroborate (13.7 mL, 6.89 mmol, 1.3 equiv., 0.5M
sulfolane) slowly over 20 minutes. The reaction was stirred at 0°C, then after 1 hour was
allowed to warm and react overnight. Reaction solvents were removed under reduced
.pr_essure and the residue taken up EtOAc and washed with aq, NaHCOs, then water,
brine and dried over sodjum sulfate before removing solvents under reduced pressure to
yield a dark red oil/liquid. This material was taken up in 20 mL ethanol and stannous
(II) chloride (2.50 g, 13.25 mmol, 2.5 equiv.) and heated to 110°C in a pressure tube.
After 2 hr. the reaction was allowed to cool and to it added NaOH (10 mL, 1 N} and
stirred for an additional 10 min and the solvents removed under reduced pressure. The
residue was taken up EtOAc and washed with aq. NaHCO3, then water, brine and dried
over sodium sulfate before removing solvents under reduced pressure. Crude residue

was purified by silica gel chromatography (Hex/EtOAc as the eluent) to afford methyl-
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2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)-6-fluorobenzoate (1.63 g 41% yield) as a
light coloured oil:

[00742] LCMS (m/z+1) 280.2

Step 5 and 6: tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-4-formyl-1H-

benzo[dlimidazole-1-carboxylate

{00743} To a flask containing Methyl 2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)-
6-fluorobenzoate] (150 mg; 0.53 mmol, 1 equiv.) is added 1,2 DCE (10 ml, 0.1M) and
DIPEA (0.44mL, 1.53 mmol, 3 equiv.). At 0 °C, cyclopropanecarbonyl chloride (38 uL,
0.58 mmol, 1.1 equiv.) was added. After an hour, the reaction was complete. The
reaction was exiracted with EtOAc and washed with water and saturated NH4Cl. After
drying with MgSQy, it was filtered and concentrated to dryness and used in the next
reaction as methyl 3-amino-2-(cyclopropanecarboxamido)-5-(3,5-dimethylisoxazol-4-

yl)-6-fluorobenzoate.

[00744] Into a microwave vial was placed methyl 3-amino-2-
(cyclopropanecarboxamido)-5-(3,5-dimethylisoxazol-4-yl)-6-fluorobenzoate and to it
added acetic acid (10 mL) and heated in the microwave for 150 °C for 30 minutes. The
reaction was concentrated down and extracted with EtOAc and washed with water (3x),
saturated NaHCO; and brine. After drying with MgSQy, it was filtered and concentrated
to dryness. Silica gel chromatography was carried out with Hexanes-EtOAc to furnish
methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-7-fluoro-1H-benzo[d]imidazole-4-
carboxylate (97 mg, 55%) as a light brown powder.

[00745] LCMS (m/z+1) 330.04
Step 7:
N-O
(A
F Bulli, 2-Bromopyridine
HN O~ -78°C, THF
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[00746] A flask containing 2-bromopridine (60 L, 0.61 mmol, 8 equiv.) and THF
(3 mL) is cooled to -78°C before BuLi (0.38 mL, 0.61 mmol, § equiv.) is added. After
30 min, methyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-5-fluoro-1H-
benzofd)imidazole-4-carboxylate (25 mg, 0.076 mmol, 1 equiv.) dissolved in THE (2
ml) is added to the reaction mixture. After completion, the reaction was quenched and
extracted with EtOAc and washed with water followed by saturated NH,CL. After drying
with MgSQy, it was filtered and concentrated to dryness, Purification was carried out by
reverse phase HPLC to furnish (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-5-fluoro-
1H-benzo[djimidazol-4-yl)di(pyridin-2-yl)methanol.

[00747) LCMS (m/z+1) 455.48. "H NMR (400 MHz, Methanol-d4) § 8.63 (ddd, J
=5.1,1.9, 0.9 He, 1H), 8.02 (td, T = 8.1, 2.0 Hz, 1H), 7.64 (dd, T = 8.1, 1.2 Hz, 1H), 7.60
—7.42 (m, 1H), 2.58 (d,J = 4.7 Hz, 0H), 2.27 (s, 2H), 2.07 (s, 1H), 1.49 (dd, ] = 8.3, 3.0
Hz, 1H), 1.34(dd, ] = 4.9, 2.7 Hz, 1H). "’F NMR (376 MHz, Methanol-d4) 5 -77.91,

Example 226

{2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1-methyl- 1H-benzo[d]imidazol-7-
yhdi(pyridin-2-ylymethanol (1020-226)

C e
MeN Hz BI’2 Br j ng
/1:;:1\“/ KOs /I:;:l\”/o AcOH 0
" CHyol, | OaN
_NH ©

PEPPSHPr
052003
110°C, 1h

I;l—O
Vi
SFIC|2
—
~ H 2N 0\
_NH ©
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[00748] To a stirred solution of methyl 2-flucro-3-nitrobenzoate (1 g, 5 mmol) in
DCM (10 mL), potassium carbonate (1.38 g, 10 mmol} was added at room temperature.
To the reaction was then added methylamine in THF (20 mL., 40 mmol, 2M). The
progress of reaction was monitored by LCMS which shows complete conversion of
methyl 2-fluoro-3-nitrobenzoate, Reaction was diluted with water (50mL,) then extracted
with DCM (50 mL). Organic was condensed to give methyl 2-(methylamino)-3-
nitrobenzoate (1 g, 95%)

Step 2:

[00749] . To astirred solution of methyl 2-(methylamino)-3-nitrobenzoate (2 g, 10
mmol) in acetic acid (14 mL) bromine (0.49 mL, 10 mmol) in acetic acid (2 mL) was
added. Reaction was stirred at rt for 30 min. The reaction was complete by LCMS and
then was poured on ice (~100 g). The resulting solid was filtered and dried on high vac
10 give methyl 5-bromo-2-(methylamino)-3-nitrobenzoate (2.6 g, 94%) as a orange solid.

Step 3:

[00750] To astirred solution of methyl 5-bromo-2-(methylamino}-3-nitrobenzoate
(1.5 g,’5.2 mmol) in 1,2-deimethoxyethane (15 mL) and water (3 mL), 3,5-dimethyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (2.1 g, 9.3 mmol) was added,
followed by cesium carbonate (2.8 g, 8.6 mmol). After addition was completed, resulting
reaction mixture was stirred at rt for 30 min. followed by degas with argon for 15 min.
Then PEPPSI-IPr catalyst (0.2 g, 0.2 mmol) was added and again reaction mixture was
degas with argon for another 15 min. Then resulting reaction mixture was heated to stir
at 110 °C for 1 h under argon atmosphere. Reaction monitored by LLCMS till completion.
Reaction was cooled to rt then diluted with EtOAc (25 mL) and water (15 mL). BtOAc
(25 mL) was used twice to extract product. Organic layers were combined and dried with
magnesium sulfate and condensed. The resulting mixture was purified via normal phase
0-25% (EtOAc/Hexanes) to give methyl 5-(3,5-dimethylisoxazol-4-yi)-2-(methylamino)-
3-nitrobenzoate (1.5 g, 38%)

Step 4:

100751} To a stirred solution of methyl 5-(3,5-dimethylisoxazol-4-y1)-2-
(methylamino)-3-nitrobenzoate (0.6 g, 2 mmol) in EtOH (15 mL) stannous chloride
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(1.87 g, 10 mmol) was added at room temperature. Then resulting reaction mixture was
heated to stir at 60 °C for 1 h under argon atmosphere reaction was monitored by LCMS
to be complete. Material was condensed to a dark solid, then slurried in EtOAc. This was
then filiered thru celite and condensed down to give methyl 3-amino-5-(3,5-

dimethylisoxazol-4-yl)-2-(methylamino)benzoate (0.5 g 99%).

Step 5:

[00752] . To a stirred selution of methyl 3-amino-5-(3,5-dimethylisoxazol-4-yl)-2-
(methylamino)benzoate (6.5 g, 24.0 mmol) in MeOH (125 mL), ethyl
cyclopropanecarbimidate hydrochloride (4.2 g, 30 mmol) was added. The reaction was
then heated to 50C overnight. The reaction was then condensed down and coevaporated
with Toluene (100 mL) to give methyl 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1-
methyl- [ H-benzo[d]imidazole-7-carboxylate (7.5 g, 98%)

Step 6: (2-cyclopropyl-5-(3.5-dimethylisoxazol-4-y1)-1-methyl-1H-benzo[dlimidazol-7-
vDdi(pyridin-2-vDmethanol

N-O
(~
NS ™
JN\ 0
[00753] 2-bromopyridine (0.18 mL, 1.84 mmol) was dissolved in THF (22 mL)

and cooled to -78 °C. n-Buli (1.28 mL, 2.02 mmol, 1.6 M) was added dropwise and the
reaction was allowed to stir for 30 minutes at -78 °C methyl 2-c§clopropy1-5-(3,'5-
dimethylisoxazol-4—yl)-I—rnethyl~1H—benzo[d]imidazo]e—’/‘—carboxylate {150 mg, 0.46
mmeol) in THF (3 mL) was added. The reaction was allowed to stir at rt for 1 hour. The
reaction was monitored by LCMS and when complete it was quenched with water (50
mL) and EtOAc (50 mL) the organic layer was exiracted and condensed to an light oil.
The oil was purified by RPHPLC 0-50% (Acetonitrile/water) to give (2-cyclopropyl-5-
(3,5-dimethylisoxazol-4-y1}-1-methyl-1H-benzo[dlimidazol-7-y)di(pyridin-2-
yl)methanol (110 mg, 54%)
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[00754] CyHasNsOp MS = 452.21 (M + H+). 'H NMR (400 MHz, Methanol-d4)
§8.58 (ddd, T = 5.0, 1.8, 0.9 Hz, 25, 7.95 — 7.86 (m, 2H), 7.62 — 7.51 (m, 3H), 7.4
(ddd, ¥ = 7.6, 4.9, 1.1 Hz, 2H), 6.50 (d, J = 1.6 Hz, 1H), 3.67 (d, ] = 13.5 Hz, 3H), 2.42 -
2.34 (m, 1H), 2.25 (s, 3H), 2.07 (s, 3H), 1.46 — 1.39 (m, 2H), 1.32 — 1.23 (1, 2H).

Example 227

(2-cyclopropyl-5-(3,5-dimethylisoxazol-4-y})-1-methyl-1H-benzo[d]imidazol-7-
y1)(pyridin-2-yl)(pyrimidin-2-yl)methanol (1020-227)

N-0O N-O N-O
. /O"N/ S
H
HCI
— |
HATU N.__-
DIPEA N o

\ \
N
J . © ) DMF JN\ 0

-~

Step 1:

[00755] To a stirred solution of methyl 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-
y1)-1-methyl-1H-benzo[d]imidazole-7-carboxylate (4.5 g, 14 mmol) in McOH (100 mL)
was added sodium hydroxide (1.2 g, 30 mmol). The reaction was heated to 40C
overnight under an atmosphere of argon. The reaction was monitored by LCMS and was
complete. The reaction was then condensed down to a solid to give 2-cyclopropyl-5-
(3,5-dimethylisoxazol-4-yl)-1-methyl-1H-benzo[d]imidazole-7-carboxylic acid (4.1 g,
95%)

[00756] 2-cyclopropyl-5-(3,5-dimethylisoxazol-4-y1)-1-methyl-1H-
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benzo[dJimidazole-7-carboxylic acid (1.2 g, 3.9 mmol) in DMF (15 mL) with HATU
(1.76 g, 4.6 mmol) for 15mins, then added N,O-dilmethylhydroxylamine HCI salt (0.56
g, 5.8 mmol) and DIPEA (3.1 mL, 22 mmol), stitred at RT overni ght. Diluted with
EtOAc, washed with brine, backextracted with EtOAc 4 times, evaporated organic
solvent, purified with normal phase 0-100% (EtOAc/Hexanes) to give 2-cyclopropyl-5-
(3,5-dimethylisoxazol-4-yl)-N-methoxy-N, 1 -dimethyl-1H-b enzo[djimidazole-7-
carboxamide (1 g, 73%)

Step 3:

[00757] 2-bromopyridine (0.80 mL, 8.4 mmol) was dissolved in THF (35 mL} and
cooled to -78 °C. n-Buli (6.2 mL, 10.0 mmol, 1.6 M) was added dropwise and the
reaction was allowed to stir for 1 hour at -78 °C, 2-cyclopropyl-5-(3,5-dimethylisoxazol-
4-yl)-N-methoxy-N, 1 -dimethyl-1H-benzo[dJimidazole-7-carboxamide (0.5 g, 1.4mmol)
in THF (5 mL) was added and the reaction was allowed to come to 0 °C and stir for 15
minutes before being quenched with water. Reaction was diluted with EtOAc, washed
twice with brine, concentrated, and purified by silica gel chromato graphy to give (2-
cyc]opropyl—S-(3,5~dimethylisoxazol-4~yl)-1-methyl~1H~benzo[d]imidazol—7-
yD(pyridin-2-yl)methanone (0.46 g, 88%).

Step 4: (2-cyclopronyl-5-( 3.5-dimethylisoxazol-4-y1)-1-methvl- 1 H-benzo[dlimidazol-7-

Yl pyridin-2-v){(pyrimidin-2-yDmethanol

N-G
(s

Br.N

= @

)W

N N .
n-Buli
J N © THF
[00758] (2-cyclopropyl-5-(3,5-dimethylisoxazol-4-y1)-1 -methyl-1H-

benzo[d]imidazol—’?-yl)(pyridin~2-yl)(pyrimidin-nyl)methanol was synthesized using 2-
bromopyrimidine and (2-cyclopropyl-5-(3 ,9-dimethylisoxazol-4-y1)-1-methyl-1H-

benzo[dlimidazol-7-yI)(pyridin-2-yl)methanone in a similar fashion as Example No. 1

[00759] CasH24NsO; MS = 453.23 (M + H+)., 'H NMR (400 MHz, Methanol-d4)
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§9.21 (dd, J=4.9, 1.6 Hz, 1H), 8.63 ~ 8.60 (m, 1H), 8.06 - 7.96 (m, 2H), 7.92 (td, J =
7.8, 1.8 Hz, 1H), 7.87 — 7.78 (m, 2H), 7.62 (d, J= 1.6 Hz, 1H), 7.51 (dt, /= 8.0, 1.0 Hz,
1H), 7.46 (ddd, J=7.6, 4.9, 1.1 Hz, 1H), 6.53 (d,J= 1.6 Hz, 1H), 3.92 (s, 1H), 3.67 (d, J
=11.2 Hz, 3H), 2.47 — 2.33 (m, 3H), 2.26 (s, 3H), 2.08 (s, 3H), 1.49 - 1.36 (m, 3H), 1.28
(dt, J= 6.5, 3.4 Hz, 3H).

Example 228

(2-cyclopropy1—5-(3,5-dimethy1isoxazol—4~yl)—l-methyl-lﬂ-b enzo[d]imidazol-7-
yl)(pyridazin-3-yl)(pyridin-2-yl)methanol (1 020-228)

N-O N
&

-0
Vi

| =
N o SN
S = N
NS LiITMP \ N
AN n-Buli h
THF
[007607 2.,2.6,6-Tetramethylpiperidine(0.15 mL, 0.88 mmol) in THEF (4 mL) was

cooled to -78C, n-BuLi (0.50 mL, 0.80 mmol) was added and the reaction was allowed
to stir at OC for 1 hr. The reaction was cooled to -78C and pyridazine (0.06 mL, 0,80
mmol) was added. The Teaction was stirred for 5 minutes and to this was added (2-
cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1 -methyl-1H-benzo[d]imidazol-7-
yl){pyridin-2-yl)methanone (100 mg, 0.27 mmol) in THF (1 mL). The reaction was
allowed to warm to rt then quenched with 1M HCI (5 mL) the reaction was tehn
concentrated and TFA (2 mL) was added and concentrated again to a light yellow oil.
The reaction was then purified vial RPHPLC 0-60% (Acetonitrile/water) to give (2-
cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1-m ethyl-1H-benzd[d}imidazol-7-
yl)(pyridazin-3-yl)(pyridin-2-yl)methanol.

[00761] CoctN6Os MS = 453.32 (M + H+). 'H NMR (400 MHz, Methanol-d4) 8
$.85 (d, J = 4.9 Hz, 2H), 7.94 (ddd, T = 8.0, 7.6, 1.8 Hz, 1H), 7.70 (dt, T = 8.0, 1.0 Hz,
{H), 7.61 (d, T = 1.6 Hz, 1H), 7.50 (t, T = 4.9 Hz, 1H), 7.44 (dad, T = 7.5, 4.9, 1.1 Hz,
1H), 6.48 (d, J = 1.6 Hz, 1H), 3.71 (s, 3H), 2.40 (tt, ] = 8.5, 5.2 Hz, 1H), 2.26 (s, 3H),
2.08 (s, 3H), 1.50 - 1.39 (m, 3H), 1.30 (ddt, 7 = 5.8, 4.8, 1.9 Hz, 3H).
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Example 229

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-yl)di(thiophen-2-
' yDmethanol (1020-229)

N-O - N-Q
' Br.
(A s P
s
1) nBull, -78C
o 2) TFA
Boeay - HN
<R:N O
[00762] (2-cy010pr0py1-6-(3,5-dimethy1isoxazol-4—yl)—1H—beﬂzo[d]imidazol-4-

yl)di{thiophen-2-yl)methanol was synthesized using 1-tert-butyl 4-methyl 2-cyclopropyl-
6-(3,5-dimethy1150xaz01—4-y1)—1H-benzo[d}imidazoie—l,4-dicafboxylate and 2~

bromothiophene in a similar fashion to BExample 206.

[00763] Ca4H21N30,8, MS = 447.80 (M + H"). 'H NMR (400 MHz, Methanol-
d) 87,48 (d, /= 1.4 Hz, 1H), 7.44 (dd, J = 5.0, 1.3 Hz, 1H), 7.04 — 6.94 (m, 3H), 6.90
(s, 1H), 3.75 (s, 1H), 3.65 (s, 1H), 2.32 (s, 2H), 2.14 (s, 3H), 1.45 (s, 2H), 1.34 (d, J =
7.6 Hz, 3H).

Example 230

(2-cyclopropyl-6-(3,5 -dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-y1)(ﬁ1ran-2-
yI)(pyridin-2-ylymethano! (1020-230)

[00764] The title compound was synthesized in a similar fashion as that of
Example 106, step 2.

-0
=
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[00765) Cp5HpsN3Os. MS. 427.1 (M+1). 'H NMR (MeOH-dy) § 8.00 (td, J=8.0,
1.9 Hz, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.60 (dd, J = 4.8, 1.0 Hz, 1H), 7.54 (4, /= 1.9 Hz,
1H), 7.49 (ddd, J = 8.0, 4.8, 1.0 Hz, 1H), 7.08 (d, = 1.9 Hz, 1H), 647 (4d, J=4.8, 1.6
Hz, 1H), 6.19 (dd, J= 4.8, 1.0 Hz, 1H), 2.65-2.56 (m, 1H), 2.36 (5, 3H), 2.18 (5, 3H),
1.60-1.34 (m, 4H).

Example 231

(2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-yl)(pyridin-2-
y1)(5-(triffuoromethyl)thiophen-2-ylymethanol (1020-23 1)

[00766] The title compound was synthesized in a similar fashion as that of
Example 106, step 2.

[00767] CacHo FNG0,S. MS. 511.1 (M+1). *H NMR (MeOH-ds) § 8.64 (id, J =
4.8 Hz, 1H), 7.92 (td, J= 8.0, 1.6 Hz, 1H), 7.81 (d, /= 8.0 Hz, 1H), 7.53 (d, /= 1.6 Hz,
1H), 7.46-7.40 (m, 2H), 7.22 (d, J = 1.6 Hz, 1H), 7.03 (4, J = 4.8 Hz, 1H), 2.68-2.60 (m,
1H), 2.34 (s, 3H), 2.16 (s, 3H), 1.60-1.48 (m, 2H), 1.44-1.34 (m, 2H).

Example 232

(5-chlorothiophen-2-y1)(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[dJimidazol-4-yl)(pyridin-2-ylymethapol (1020-232)

[00768] The tifle compound was synthesized in a similar fashion as that of
Example 106, step 2.
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[00769] CasHy CIN,O,S. MS. 477.1 (M+1). 'H NMR (MeOH-d) 3 8.62 (d, J =
4.8 Hz, 1H), 7.91 (td, J= 8.0, 1.6 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.52 (d, J= 1.6 Hz,
1H), 7.41 (dd, J = 6.7, 4.8 Hz, 1H), 7.21 (d,.J = 1.6 Hz, 1H), 6.88 (d, /= 3.2 Hz, 1H),
6.73 (4, = 3.2 Hz, 1H), 2.67-2.58 (m, 1H), 2.36 (s, 3H), 2.18 (s, 3H), 1.60-1.48 (m,
2H), 1.44-1.34 (m, 2H).

Example 233

Benzofuran—Z-yl(2—cyclopropy1-6~(3,5-dimethy1i_soxazol-4-yl)-1H-benzo[d]imidaz01~4—
yD(pyridin-2-yl)methanol (1020-233)

(00770} The title compound was synthesized in a similar fashion as that of
Example 106, step 2.

N-O
Vs

[00771] CaoHpaNsO5. MS. 477.2 (M+1). "H NMR (MeOH-ds) § 8.60 (d, J = 4.8
Hz, 1H), 7.96 (td, J = 6.4, 1.6 Hz, 1H), 7.84 (d, J = 6.4 Hz, 1H), 7.57 (d, J = 6.4 Hz, 1H),
7.54(d, J= 1.6 Hz, 1H), 7.46 (dd, J = 6.4, 4.8 Hz, 1H), 7.42 (d, J = 6.4 Hz, 1H), 7.30 (4,
J=6.4Hz, 1H), 7.24 (d, /= 6.4 Hz, 1H), 7.18 (d, J = 1.6 Hz, 1H), 6.60 (s, 1H), 1.60-
1.30 (m, 4H).

Example 234
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(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-1H-benzo[ d]imidazol-4-yl)(pyridin-2-
yl)(quinolin-7-yl)methanol (1020-234)

[00772] The title compound was synthesized in a similar fashion as that of

Example 106, step 2.

)/“N N HN
_ Me-THF —
0 JN 0 _7800 JN
[00773]. Cs0HosNsOo. MS. 488.2 (M+1). 'H NMR (MeOH-dy) 8 8.75 (dd, J=4.3,

1.7 Hz, 1H), 8.71 (4, J= 8.7 Hz, 1H), 8.66 (d, J= 4.6 Hz, 1H), 8.02 (d, /= 8.5 Hz, 1H),
7.81 (td, J="7.9, 1.8 Hz, 1H), 7.57 (dd, J = 8.5, 7.3 Hz, 1H), 7.47 — 7.34 (m, 3H), 7.28
(4d, J= 8.8, 4.3 Hz, 1H), 6.84 (dd, J = 7.4, 1.1 Hz, 1H), 6.31 (d, /= 1.5 Hz, 1H), 2.24 ~
2.14 (m, 1H), 2.05 (s, 3H), 1.84 (5, 3H), 1.17 - 1.06 (m, 4H).

Example 235

(2—cyclopropy1-6-(3,S-dimethyl'isoxazol—4-y1)~1H—benzo[d]imidazol—4-yl)(pyridin-2-
yl)(m-tolylmethanol (1020-235)

Br
¥ 3
P o
3 eq.
= | fert-butyllithium (6 eq.) O Q
- -
Boc—p N THF . HN o
[00774] In a 2-neck, 50-mL round bottom flask, a solution of 3-bromotoluene

(30pL, 0.25 mmol) stirring in tetrahydrofuran (2 mL) was cooled to ~78°C in a dry
ice/aceione bath. A 1.47 M tert-butyllithium solution in pentane (330 uL, 0.48 mmol)

was added dropwise and the reaction mixture was stirred at -78°C for 15 minutes. Ina
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solution of 1 mL of tetrahydrofuran, tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yl)-4-picolinoyl-1H-benzo[d]imidazole-1-carboxylate (36.8mg, 0.0803 mmol) was
added dropwise and the reaction mixture was warmed to room temperature. The
reaction was complete after fifteen minutes and quenched with brine and diluted with
ethyl acetate. The organic layer was separated and saved and the aqueous layer was
back-extracted three times with ethyl acetate. The organic layers were combined, dried
over sodium sulfate, decanted and concentrated. The crude reaction mixture was

1solated by preparatory TLC to yield the title compound (19.4, 54%).

[00775] CasHzeN4Oy. 451.2 (M+1). Rf=0.15(1:1 Bthyl Acetate:Hexane). 'H
NMR (400 MHz, Chioroform-d) § 8.81 (d, J = 5.5 Hz, 1H), 8.25 (t, J/= 8.0 Hz, 1H), 7.84
(dd,J=7.4,5.5 Hz, 1H), 7.65 (4, J = 1.4 Hz, 1H), 7.48 (d, J= 7.9 Hz, 1H), 7.29 - 7.26
(m, 2H), 7.00 (d, /= 1.9 Hz, 1H), 6.91 (dd, J = 5.8, 2.4 Hz, 1H), 6.76 (4, J= 1.4 Iz,
1H), 2.43 (td, J=8.5, 4.4 Hz, 1H), 2.30 (s, 3H), 2.27 (s, 3H), 2.07 (s, 3H), 1.60 — 1.47
(m, 2H), 1.41 (dd, J= 8.5, 4.5 Hz, 2H).

Example 236

eyclopentyl(2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol -4~
yD(pyridin-2-ylymethanol (1020-236)

O-N
S
Z
o)
Boc-py N
JN o}
100776] tert-Butyl 2-cyclopropyl-6-(3 ,5>-dimethylisoxazol-4-yl)-4-picolinoy}-1 H-

benzo[dJimidazole-1-carboxylate (35 mg, 0.076 mmol) was dissolved in Sm] THF, to the
reaction flask was added cyclopropylmagnesium bromide at RT. The reaction mixture
was stirred at RT overnight. Then it was quenched with water. To the work-up mixture
was added 1m] of TFA, heated to 70°C for 1h. Then the solvent was evaporated, the
residue was purified with Prep HPLC to afford cyclopentyl(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl}-1H-benzo [d]'imidazo}-dtuyl)(_pyridin-Q—yl)meth anol.
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[00777] CacHasNGOy. 429.1 (M+1). *H NMR (400 MHz, CD;0D) 8.49-8.48 (m,
1E), 7.78-7.76 (m, 2H), 757 (s, 1H), 7.31 (s, 1H), 7.27-7.24 (m, 1H), 3.40-3.36 (m,
1§1), 2.55-2.52 (m, 1H), 2.30 (s, 3H), 2.13 (5, 3H), 1.58-1.50 (m, 6H), 1.44-1.42 (m, 2H),
1.18-1.08 (m, 4H).

Example 237

Cycl0propyl(2—cyclopropy1—6-(3,5-dimethylisoxazol—4—yl)-1H—benzo[d]imidaiol—4-
yD(pyridin-2-yl)methanol (1020-237)

N-O
(A
= 1 D—MgBr
HN N THF
XN 0
[00778] Cyclopropylmagnesium bromide (0.9 mL, 0.45 mmol) was added to a

solution of (2-cyclopropy1-6-(3,5-d'1methy1isoxazoi-4—y1)-1H-benzo[d]imidazol—4—
yl)(pyridin-2-yl)methanone (40 mg, 0.11 mmol) in THF (1.2 mL) at room temperature
and allowed to stir for 30 minutes before being quenched with water, concenirated, and
purified by reverse-phase HPLC to afford cyclopropyl(2-cyclopropyl-6-(3,5-
dimethylisOxazol-4-yl)-1H—benzo[d]imidazol-4~y1)(pyridin-2-y1)methanol

[00779] CpablaaN4Os 401.4 (M+1). 'H NMR (400 MHz, DMSO-dg) 8 8.53 (dt,
—48, 1.3 Hz, 1H), 7.95 — 7.87 (m, 2H), 7.61 (d,/ = 1.5 Hz, 1H), 7.49 (s, 1H), 7.36 (ddd,
J=17.1,5.0,2.3 Hz, 1), 2.61 (d, J= 5.0 Hz, 1H), 2.42 (s, 3H), 2.23 (s, 3H), 2.17 s,
1H), 1.42 — 1.24 (m, 4H), 0.70 — 0.40 (m, 4H).

Example 238 and 239

(R} and (S)-(2—cyclopropy1—6—(3,5-dimethy1isoxazol~4~y1)—1H—benzo[d]imidazol-4-
y1)(pyridin-2-yl)(pyrimidin-2-yl)methanol
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[0G780] The enantiomers described by compound 1020-108 were separated by a
chiral column (DAICEL, ChiralPak AD-H, Heptane/IPA 70:30) to afford the following

enantiomers.
First eluting compound is 1020-238; the second eluting compound is 1020-239.
Example 240

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo [dfimidazol-4-yD)(1H-imidazol-
2-y1)(pyridin-2-yl)methano! (1020-240)

Stepl: Preparation of (1-(tert-butyidimethylsilyl)-1H-imidazol-2-v1)( 2-cvclopropyl-6-

{ 3,5—dime€hv1isoxazol-4—v1)—1H—benzoFd]imidazol-4-vl)(pvridin—2—vl)methanol

[00781] To a solution of N-TBS iﬁu‘dazolc (16 mg, 0.087 mmol) in THF (5 mL)
was added LiBu (0.044 mmol) and the solution was stirred at -78 °C for 1h. To the
solution was added tert-butyl 2-cyclopropyl-6-(3,5 -dimethylisoxazol-4-yl)-4-picolinoyl-
1H-benzo[d]imidazole-1-carboxylate (20 mg, 0.044 mmol) in THF (3 mL). The reaction
solution was stirred at room temperature for 1h. EtOAc (100 mL) was added and the
organic solution was washed with brine and dried over Na,SO;. Solvent was removed
and the residue was purified by silica gel column chromatography (0-50%
MeOH/CH,Cly) to give fraction containing ( 1-(tert-butyldimethylsilyl)-1H-imidazol-2-
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yl)(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)(pyridin-2-
yhmethanol identified by LCMS, which was used for the next deprotection without

further purification.

imidazol-2-yl idin-2-vlimethanol

—_———

[00782] To a solution of crude (1-(tert-butyldimethylsilyl)-1 H-imidazol-2-y1)(2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-yl)}(pyridin-2-
yhymethanol in THF (5 mL) was added TBAF (0.029 g, 0.11 mmol) and' the solution
was stirred at room temperature for 20h. Solvent was removed and the residue was
purified by HPLC to give (2~cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol-4-y1)(1H-imidazol-2-yl)(pyridin-2-ylimethanol.

[00783] CosHpNeOy. MS m/z 427.1 (M+1). 'H NMR (Methanol-dy) & 8.76 (dd, J
=2.4,0.8 Hz, 1H), 8.71 (dd, J=5.1, 1.5 Hz, 1H), 8.15 (ddd, /= 8.2, 2.4, 1.5 Hz, 1H),
7.69 (ddd, J=18.2, 5.1, 0.8 Hz, 1H), 7.65 — 7.50 (m, 3H), 7.12 (d, J = 1.4 Hz, 1H), 2.45
(tt, J= 8.4, 5.0 Hz, 1H), 2.36 (s, 3H), 2.18 (5, 3H), 1.41 (ad, J= 8.4, 1.7 Hz, 2H), 1.28
(ddd, J=17.8,3.6, 1.8 Hz, 3H).

Example 241 and 242

1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-y1)-2,2-
dimethylpropan-1-one (1020-241) and

3-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-y1)-2,2,4,4-
tetramethylpentan-3-ol (1020-242)
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N-0Q
(A

[00784]  In aflame dried flask containing methyl 2-cyclopropyl-6-(3,5-
dimethyliszazol-4-y1)—lH-benzo[d]imidazole~4—carboxylate (50 mg, 0.16 mmol) in
THF was added tert-Butyl Magnesium Chloride (1.6 mL, 1.6 mmol) in THF. The
reaction was allowed to run for 24 hours. Once complete, the solution was quenched
with DI H,O and extracted three times with EtOAc. The combined organic layers were
washed with saturated NaCl, dried over sodium sulfate, filtered and concentrated in
vacuo. Purification was carried out by reverse phase HPLC to afford 1-(2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-yl)-1H-b enzo[d]imidazo1-4-yl)—Z,Z-dimethylpropan-.I -one. In

some cases, the ketone, secondary, and tertiary alcohol were isolated and characterized.

[00785] Compound 1020-241: CooHz3N30; . MS. m/z 338.5 (M+1). "H NMR (400
MHz, cdsod) § 7.73 (s, 1H), 7.59 (s, 1H), 2.43 (s, 3H), 2.27 (s, 3H), 1.28 (dd, J = 30.6,
6.8 Hz, 1H), 1.17 (d, J = 7.0 Hz, 4H),

[00786] Compound 1020-242: Co4H33N30;. MS. m/z 396.3 (Mi+1) 'H NMR (400
MHz, cdsod) § 7.29 (d, J = 6.7 Hz, 1H), 7.20 (s, 1H), 2.40 (s, 1H), 2.24 (s, 3H), 2.20 (d,
J =172 Hz, 3H), 1.36 - 1.26 (m, 1H), 1.13 (d, /= 9.0 Hz, 23H).

Example 243

Preparation of (2—cyclopro'py1-6-(3,5—dimethy1isoxazol-4-y1)-].H—benzo[d]imidazol—4-
yD(6-methylpyridin-2-yl)methanone (1020-243)
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[00787] (2-cyclo_propyl-6—(3,5-di1nethy1isoxazol—4~y1)-1H—benzo[d]imidaz01_—4—
y1)(6-methylpyridin-2-ylmethanone was synthesized in a similar faghion as that of
Example 241, substituting tert-Butyl Magnesium Chloride for (6-methylpyridin-2-

yl)magnesium bromide.

[00788] CpoHaoNsOy. MS. m0/z 373.2 (M+1). 'H NMR (400 MHz, cdsod) § 7.92 (1,
J=17.7THz, 3H), 7.83 (d, J = 7.6 Hz, 1H), 7.72 (s, 1H), 7.51 (d, /= 7.6 Hz, 1H), 2.61 (s,
3H), 2.44 (s, 3H), 2.35 (¢, J= 6.5 Hz, 1H), 2.28 (s, 2H), 1.25 — 1.18 (m, 4H).

Example 244
1—(2-cyclopropy1—5-(3,S-dime&ylisoxazol—éi—yi}—1H-benzo[d}imidazol—'?-yl)-1-(p_yridin-

2-yl)prop-2-yn-1-ol (1020-244)

-0
=

THF
Mag—-Br
i 78°Cto rt
N
X\'NH o}
[00789] (2-cyclopropyl-6~(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-

y)(pyridin-2-ylymethanol (100 mg, 0.28 mmol) was dissolved in THF (10 ml) and
cooled to -78°C under argon. To this was added 0.5M ethynylmagnesium bromide (5.6
ml, 2.8 mmol) and reaction warmed to room temperature and allowed to react for 24
howrs. Reaction was diluted in EtAc and agqueous ammonium chloride, extracted 3x
‘with BtAc then washed with ammonium chloride, water, brine before drying the organics
over sodium sulfate. Material was filtered and solvents removed under reduced pressure
afford crude material which was purified by silica gel chromatography using Hex / EtAc
as the eluent to afford 1-(2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[djimidazol-7-y1)-1-(pyridin-2-yl)prop-2-yn-1-ol.

[00790] LCMS (m/z +1) 385.1. "H NMR (400 MHz, DMSO-d6) & 8.46 (dt, ] =
47, 1.3 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.86 (td, T = 7.7, 1.8 Hz, 1H), 7.73 (s, 1H),
7.55 (s, 1H), 7.48 (d, J = 1.5 Hz, 1H), 7.29 (ddd, ] = 7.5, 4.8, 1.2 Hz, 1H), 3.89 (s, 1H),
2.61 (s, 1H), 2.39 (s, 3H), 2.21 (s, 3H), 1.33 — 1.22 (m, 4H).
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Example 245

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[djimidazol-4-y1)(pyridin-2-
yD(1H-1,2,3-triazol-4-ylymethanol (1020-245)

TFA

[00791) (2-cyclopropy1~6—(3,5-dimethy1isoxazol-4-y1)—1H—benzo[d]imidazoi—4—
yI)(1 -(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)(pyridin-2-yl)methanol (25 mg, 0.05
mmol) from ag-2238 was dissolved in 5SmL TFA and heated to 65°C for 4 hours.
Solvents were removed under reduced pressure and crude material was pufiried by
reverse phase HPLC to afford (2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-y1)-1H-
benzo[dJimidazol-4-yl)(pyridin-2-yI)(1H-1,2,3 -triazol-4-yl)methanol as a TFA salt.

[00792] LCMS (m/z +1) 428.1. "HNMR (400 MHz, Methanol-d4) & 8.58 (ddd,
T=5.0,1.8,09Hz, 1H),7.93 - 7.81 (m, 2H), 7.76 (s, 1H), 7.48 (d, ] = 1.5 Hz, 1H), 7.38
(ddd, J = 7.3, 4.8, 1.3 Hz, 1H), 7.28 - 7.22 (m, 1H), 2.65 — 2.56 (m, 1H), 2.34 (s, 3H),
2.17 (s, 3H), 1.56 — 1.47 (m, 2H), 1.41 — 1.35 (m, 2H). |

Example 246

(6-bromo-3-fluoro-2-methylpyridin-4-y1)(2-cyclopropyl-6-(3,5-dim ethylisoxazol-4-yl})-
1H-benzo[d]imidazol-4-yl)(pyridin-2-yl)methanol (1 020-246)

F
— N-O
\ /N 5
Br
nBulli, -78C
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[00793] (6-Bromo-3-fluoro-2-methylpyridin-4-y1}(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d}imidazol-4-yl)(pyridin-2-ylymethanol was
synthesized using 6-bromo-3-fluoro-2-methylpyridine and tert-butyl 2-cyclopropyl-6-
(3,5-dimethylisoxazol-4-y1)-4-picolinoyl- 1 H-benzo[d]imidazole-1-carboxylate in a

similar fashion as Example No. 5

[00794] Co7Ha3BrFNO, MS = 548.50 (M + H'). 'H NMR (400 MHz,
Chloroform-d) & 8.61 — 8.52 (m, 1H), 7.72 (td, /= 7.8, 1.7 Hz, 1H), 7.39 (d, /= 16.1 Hz,
OH), 7.28 (ddd, J = 7.3, 4.9, 1.0 Hz, 1H), 7.05 (d, J = 4.8 Hz, 1H), 6.63 (s, 1H), 2.37 (d,J
= 3.2 Hz, 3H), 2.23 (s, 3H), 2.13 — 1.96 (m, 4H), 1.24 — 1,12 (m, 2H), 1.07 (dt, /= 8.6,
3.4 Hz, 2H).

Example 247

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)(3-fluoro-2-
methylpyridin-4-y1)}(pyridin-2-yljmethanol (1020-247)

[00795] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
y)(3-fluoro-2-methylpyridin-4-yl)(pyridin-2-yl)methanol (40 mg, 0.07 mmol) was
dissolved in EtOH (5SmL) and to the reaction was added Pd/C (20 mg). The reaction was
then degassed and put under a atmosphere of Hydrogen via balloon. After 2h the
reaction was stopped and filtered through celite. EtOH was condensed down and purified
via RPHPLC 0-40% (Acetonitrile/water w/ 0.1% TFA).

[00796] Cyo7HsBrFNsO, MS = 470,25 (M + HY. 'H NMR (400 MHz,
Chloroform-d) 5 8.58 — 8.47 (m, 1H), 8.31 (d, J= 5.5 Hz, 1H), 7.79 (1d, /= 7.8, 1.7 Hz,
1H), 7.59 (d, J= 1.4 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.38 — 7.33 (m, 1H), 7.30 (t, J =
5.8 Hz, 1H), 6.79 (t,J = 1.3 Hz, 1H), 2.57 — 2.43 (m, 4H), 2.23 (s, 3H), 2.06 (5, 3H),
1.29 (dg, J = 7.9, 4.6 Hz, 2H).

294



WO 2014/182929 PCT/US2014/037344
Example 248

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d}imidazol-4-y1)(thiazol-2-
ylmethanol (1020-248)

O-N
(L
S ]
~ 3 —_— :‘\>
HN
JN OH
[60797] tert-Butyl 2-cyclopropyl-6-(3,5-dimethyli soxazol-4-yl}-4-(thiazole-2-

carbonyl)-1H-benzo[d]imidazole-1-carboxylate in was dissolved in 2ml MeCH, the
reaction flask was then put in ice bath, to the solution was added NaBH,4 (10mg, 0.26
mmol), stowly raised T to RT, stirred overnight. Then the reaction was quenched with
NH4C], extracted with EtOAc to afford 170mg crude product. Dissolved 60mg crude
product in EtOAc, added 0.5ml TFA, heated overnight at 60°C, then evaporated solvent,
the residue was purified with Prep HPLC to afford 25mg (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1 H-benzofd}imidazol-4-yl)(thiazol-2-yl)methanol.

[00798] C1oH1gN4O,S. 367.0 (M+1). 'H NMR (400 MHz, CD;0D) § 7.64 (d, | =
3.2 Hz, 1H), 749 (d,] = 3.2 Hz, 1H), 7.42 (d, J = 0.9 Hz, 1H), 7.39 (s, 1H), 6.43 (s, 11,
2.51-247 (m, 1H), 2.30 (s, 3H), 2.15 (s, 3H), 1.48-1.45 (m, 2H), 1.36-1.33 (m, 2H).

Example 249

4-(4-(cycl opropoxy(pyridin-2-yl)methyl)-2-cyclopropyl-1 H-benzo [d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-249)

Step 1:
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[00799] tert-Butyl 2.—cyclopropy1—6-(3,5—dimcthylisoxazol-4-yl)-4-picolinoy1—1H-
benzo]d}imidazole-1-carboxylate (170mg, 0.37 mmol) was dissolved in 5m} MeO1l,
lowered T to 0 degree, added NaBH, (21mg, 0.56 mmol) to the solution, slowly raised T
to RT, stirred overnight. Then the reaction was guenched with NH,Cl, extracted with
EtOAc, evaporated organic solvent to afford 170mg crude 4-(4-(cyclopropoxy(pyridin-
2-y_1)methyl)-2-cyclopropy1—1H—benzo[d}imidazol-é-yl)-?:,S-dimethylisommle.

[00800] C25H23N404. 461.5 (M+].).
Step 2:

O-N

)

—e i
Boc~N
JN OH

[00801] 4-(4-(Cyclopropoxy(pyridin-2-yl)methyl)-2-cyclopropyl-1H-

benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole (32mg, 0.09 mmol) was dissolved in Sml
DCM, to the solution was added SOCl, (42mg, 0.36 mmol), stirred at RT for 10mins.
Then to the reaction mixture was added cyclopropanol (41mg, 0.7 mmol) at RT.
Reaction completed instantly and was quenched with aq. NaHCO3, evaporated organic
solvent, the residue was purified with Prep HPLC to afford 4-(4-(cyclopropoxy(pyridin-
2-yl)methyl)-2-cyclopropyl-1H-benzo[d] imidazol-6-y1)-3,5-dimethylisoxazole.

[00802] CodHauN4Op. 401.1 (M+1). "H NMR (400 MHz, CD;0D) 8 8.82-8.81 (m,
1), 7.90-7.88 (m, 1H), 7.86 (&, = 1.6 Hz, 1H), 7.66-7.64 (m, 1H), 7.50-7.47 (m, 2H),
6.66 (s, 1H), 3.98-3.87 (m, 1H), 2.40-2.38 (m, 1H), 2.32 (s, 3H), 2.15 (5, 3H), 2.16-2.10
(1, 2H), 1.35-1.24 (m, 8H).
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Example 250

4-(4-((1H-imidazol-1 -yl)(pyridin—Z-yl)methyl)—'Z-cyclopropyl-IH-benzo[d]imidazoI_-G—
¥1)-3,5-dimethylisoxazole (1020-250)

[00803] 4-(4-((1H-imidazol-1 -y)(pyridin-2-yDmethyl)-2-cyclopropyl-1H-
benzo[dJimidazol-6-yl)-3,5-dimethylisoxazole was synthesized in a similar fashion to

Example 249.

[00804] Ca4HaaNO. 411.0 (M+1). "H NMR (400 MHz, CD;0D) § 9.01-9.00 (m,
1H), 8.66-8.65 (m, 1H), 7.94-7.89 (m, 1H), 7.71-7.70 (m, 1H), 7.58 (d, ] = 2.0 Hz, 2H),
7.54 (4,1 = 0.8 Hz, 2H), 7.52-7.46 (m, 1H), 7.01 (s, 1H), 2.35-2.32 (m, 1H), 2.31 (s,
3H), 2.14 (s, 3H), 1.34-1.24 (m, 4H).

Example 251

cyclopentyl(2—cyclopropy1—6_-(3,5-dimethylisoxazol—4—yl)-1H—benzo[d]imidazol-4-
yD(pyrimidin-2-ylymethanol (1020-251)

Step  1: tert—.butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-v1)-4-(pyvrimidine-2-

carbonyl)-1H-benzo[dlimidazole-1-carboxylate

4

N~
i’ P _

o]

o )X\\/N n-Buli; THF, -78C

Boc. ~ “ —r-

N N NJ Boc-N ’
N

Ny
o

[00805] To a dry, argon purged round-bottom flask was added tert-butyl 2-
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cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazole-1-carboxylate
(2.00g 0.004 mol) in THF (75 mL), flask was placed in a -78C bath. To the reaction was
added n-Butyllithium (3.39 mL, 0.01mol) over a period of 2 minutes. N-methoxy-N-
methylpyrimidine-2-carboxamide (1.74g 0.01mol) in 25mL THF was added quickly and
the reaction was allowed to stir for 10minutes. To the reaction was added Sat.
Ammonium Chloride (50 mL) followed by EtOAc¢ (250 mL). Organic layer was washed
with Sat. Brine (50 mL) then dried over Magnesium Sulfate and condensed to a dark
brown oil. Material was then purified via normal phase chromatography 0-50%
EtOAc/Hexanes to give tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-4-
(pyrimidine-2-carbonyl)-1H-benzo[d]imidazole-1-carboxylate which was used for the

next examples.

Step 2: lcvclopentvl(Z-cvclonronvi—é—( 3.5-dimethylisoxazol-4-v1)-1H-benzofdJimidazol-

4-vl imidin-2-yDmethanol

N—O N-O
/ P ! .
1)cyclopentylmagnesium bromide
THF, -78C
2) TFA, DCM OH
o »
Boc—p HN
=N NP N N7 ]N
U </
[00806] tert-Butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-4-(pyrimidine-2-

carbonyl)-1H-benzo[d]imidazole-1-carboxylate (100mg, 0.21 mmol) was dissolved in
THF (5 ml.), reaction was cooled to 0C. Cyclopentylmagnesinm bromide (2.0M) (0.43
ml, 0.87 mmol) was added. The reaction was stirred for 30 minutes, to the reaction was
added Sat. Ammonium Chloride (15 mL) followed by EtOAc (20 mL). Organic layer
was washed with Sat. Brine (15 mL) then dried over Magnesium Sulfate and condensed
to an yellow oil. The material was then run through a small silica plug and condensed
down. This oil was then dissolved in DCM (5 mL} and TFA (1 mL) was added. The
reaction was stirred for 30 mins then condensed down to a yellow oil. The residue was
purified by RPHPLC (5-50% Acetonitrile/Water), affording cyclopentyl(2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[djimidazol-4-yl)(pyrimidin-2-ylymethanol.
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CasHyNsO, MS =430.23 (M + H+). 'HNMR (400 MHz, Chloroform-d) § 10.83 (s,
1H), 8.77 (4,1 = 4.9 Hz, 2H), 7.65 (d, J = 1.5 Hz, 1H), 7.42 (d, J = 1.5 Hz, 1H), 5.98 (s,
IH), 3.31 (t, J = 8.4 Hz, 1H), 2.40 (s, 3H), 2.27 (s, 3H), 2.11 (d, ] = 3.8 Hz, 2H), 1.70 -
143 (m, 6H), 1.37 (s, 1H); 1.34 ~ 1.13 (m, 7H).

Example 252

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo [d]imidazol-4-y1)(5-
fluoropyridin-2-y1)(pyrimidin-2-yl)methanol (1 020-252)

N-O
{ o
F
-
ol ]
HN =
L
[00807] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-

yD(5-fluoropyridin-2-yl)(pyrimidin-2-yl)methanol was synthesized using 2-
magnesiumbromide-5-fluoropyridine and tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazo]-4—yl)—4—(pyi'imidine-2-carbonyl)—1H-benzo[d]imidazole—1-carboxylate

in a similar fashion as Example 248 step 2.

[00808] CasHz1FNgO, MS = 457.27 (M + H+). “H NMR (400 MHz, Chioroform-
d) 88.79 (d, J = 4.8 Hz, 2H), 8.35 (d, = 2.7 Hz, 1H), 7.65 ~ 7.52 (m, 2H), 7.39 (td, ] =
8.4,2.8 Hz, 1H), 7.32 (1, ] = 4.9 Hz, 1H), 2.39 (s, 0H), 2.35 (s, 3H), 2.27 (d, T = 10.5 Hz,
OH), 2.18 (s, 2H), 1.36 — 1.28 (m, 2H), 1.28 — 1.16 (m, 2H).

Example 253

(5—chloropyridin—2—yl)(2-Cyclopropy1—6—(3,5 -dimethylisoxazol-4-y1)-1H-
benzo[dlimidazol-4-y1)(pyrimidin-2-yl)methanol (1 020-253)
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[00809] (5-Chloropyridin-2-yi)(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-4-yl)(pyrimidin-2-yl)methanol was synthesized using 2-
magnesiumbromide-5-chloropyridine tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-yl)—4—(pyrimidine~2-carbony1)—1H-benzo[d]imidazole—l-carboxyl ate in a similar
fashion as Example 248, step 2.

100810} (ka1 CINGOs MS = 473.36 (M + H"). 'H NMR (400 MHz, Chloroform-
d)58.79 (d, J = 4.9 Hz, 2H), 8.46 (d, = 2.3 Hz, 1H), 7.66 (dd, ] = 8.6, 2.4 Hz, 1H),
7.63 —7.49 (m, 3H), 7.33 (d, J = 4.9 Hz, 1H), 2.36 (5, 4H), 2.21 (s, 3H), 1.49 - 1.18 (mn,
7H), 0.92 — 0.83 (m, 1H).

Example 254

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d}imidazol-4-
y1)(phenyl)(pyrimidin-2-yl)methanol (1020-254)

=0

Ve

HN ]

J NN
W

j00811] (2-Cyclopr0py1-6-(3,5-dimethy1isoxazol~4—yl)-1H-benzo[d]imidazol—4-

y1)(phenyl)(pyrimidin-2-ylymethanol was synthesized using phenylmagnesium bromide

and tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(pyrimidine-2-carbonyl)-

1H-benzo[d]imidazole-1-carboxylate in a similar fashion as Example 248, step 2.

[00812] CaeHuiNsOs MS =438.28 (M + HY). 'H NMR (400 MHz, Chloroform-d)
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8 8.82(d,J=4.7Hz, 2H), 7.57 (4, = 1.6 Hz, 1H), 7.51 (d, J=1.4 Hz, IH), 737 (t, } =
4.6 Hz, 1H}, 7.30 (d, J = 3.0 Hz, 3H), 7.22 (dd, T = 6.4, 2.9 Hz, 2H), 3.02 (s, 1H), 2.93 (s,
1H), 2.41 (d,J = 11.9 Hz, 1H), 2.33 (s, 3H), 1.42 (d, ] = 5.1 Hz, 2H), 1.38 — 1.29 (m,
2H), 1.27 (d, 1 = 8.7 Hz, 1H).

Example 255

(6-Bromo-3-.ﬂuoro-2-meﬂ1y1pyridin—4-yl)(2-cyc10propyl-6-(3,5-dimcthylisoxazol—4—yi)-
1H-benzo[d]imidazol-4-yl)(pyrimidin-2-yl)methanol (1020-255)

O-N
N h)
O
BOCHN ——e e
=N
<f’ NZ N
N
[00813] To & solution of 2-bromo-5-fluoro-6-methylpyridine (165 mg, 0.87 mmol)

in THF (5 mL) was added BuLi (56 mg, 0.87 mmol, 1.6 M in hexanes) and the solution
was stirred at -78 °C for 1h. To the solution was added a solution of tert-butyl 2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(pyrimidine-2-carbonyl)- 1 H-
benzo[d]imidazole-1-carboxylate (100 mg, 0.22 mmol) in THF (2 mL) and the solution
was stirred at -78 °C for 1h. Aq NH4Cl was added and the solution was extracted with
EtOAc (200 m1.). The organic solution was washed with brine and dried over NayOS,.
Solvent was removed and the residue was purified by silica gel column chromato graphy
(0-10% MeOH in CH,Cl,) to give N-Boc protected intermediate which was dissolved in
THF (2 mL), TFA (2 mL) and water (0.1 mL). The solution was heated at 50 °C for 3h
and concentrated to dryness under reduced pressure. The residue was purified by HPLC
to give (6-bromo-3-fluoro-2-methylpyridin-4-y1)(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[dlimidazol-4-yl)(pyrimidin-2-yl)methanol.

[00814] Ca6HpBIFNGO, MS. m/z 549.5 (M+1), "H NMR (Methanol-dy) 5 8.86 (d,
J=4.9 He, 2H), 7.64 - 7.55 (m, 2H), 7.50 (t, J = 4.9 Hz, 1H), 7.13 (t, J= 1.7 Hz, 1H),
2.61 (tt, = 8.4, 5.0 Hz, 1H), 2.41 - 2.29 (m, 6H), 2.16 (s, 3H), 1.60 - 1.51 (m,2H), 1.51
—1.38 (m, 2H). '
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Example 256 and 257

(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d}imidazol-4-y1)(2,6-
difluorophenyl)(pyrimidin-2-yl)methanol (1020-256) and

(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]Jimidazol-4-yl)(2,4-
difluorophenyl)(pyrimidin-2-yl)methanol (1020-257)

Br
F
F
n-Buld, THF
F
[00815) 1-Bromo-2,4-difluorobenzene (520 mg, 2,70 mmol) was dissolved in

THF (5 mL) and cooled to -78 °C. n-BuLi (1.68 mL, 2.70 mmol, 1.6 M) was added
dropwise and the reaction was allowed to stir for 30 minutes at -78 °C. To the reaction
was added Compound A, The reaction was allowed to stir for 30 minutes to the reaction
was added Sat. Ammonium Chloride (15 mL) followed by EtOAc (20 mL). Organic
layer was washed with Sat. Brine (15 mL) then dried over Magnesium Sulfate and
condensed to an oil, The material was then run through a small silica plug and condensed
down. This oil was then dissolved in DCM (5'mL) and TFA (1 mL} was added. The
reaction was stirred for 30 minutess then condensed down to an oil. The residue was
purified by normal phase chromatography (0-10%) MeOLI/DCM.

[00816] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[dJimidazol-4-
y1)(2,6-difluorophenyl)(pyrimidin-2-yl)methanol: CpeHaiFaNsO, MS =474.22 (M +
HY. 'H NMR (400 MHz, Methanol-d4) 8 8.83 (dd, J = 10.2, 4.9 Hz, 2H), 7.53 (dd, J =
17.4, 1.5 Hz, 1H), 7.47 — 7.39 (m, 3H), 6.98 — 6.89 (m, 2H), 2.60 (it, J = 8.4, 5.0 Hz,
1H), 2.34 (d, J = 5.8 Hz, 3H), 2.16 (d, ] = 5.7 Hz, 3H), 1.59 — 1.48 (m, 2H), 1.48 -~ 1.34
(m, 2H) '

[008171 (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
y1)(2,4-diftluorophenyl)(pyrimidin-2-yl)methanol: CogHz1 FaNsOz MS = 474.28 M+ H".
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'H NMR (400 MHz, Methanol-d4) § 8.85 (d, J = 4.9 Hz, 2H), 7.54 (4, | = 1.5 Hz, 1H),
7.47 (t, 1= 4.9 Hz, 1H), 7.29 - 7.23 (m, 1H), 7.22 (q, ] = 1.5 Hz, 1H), 6.99 — 6.91 (m,
2H), 2.99 (s, OH), 2.86 (d, J = 0.8 Hz, OH), 2.59 (tt, I = 8.4, 5.0 Hz, 1H), 2.34 (s, 3H),
2.15 (s, 3H), 1.57 - 1.49 (m, 2H), 1.43 — 1.37 (m, 2H).

Example 258

1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)-1-(pyridin-
3-yl)ethanot (1020-258)

Step 1:
O-N O-N
U ) N )
| —_—
N__ .~
HN 0 HN
JN o} JN o
[00818] 2-Cyclopropyl-6-(3,5 -dimethylisoxazol-4-yl)-N-methoxy-N-methyl-1H-

benzo[dlimidazole-4-carboxamide (116mg, 0.34 mmol) was dissolved in THF (2 ml),
the reaction flask was put in ice bath. To the solution was added methylmagnesium
bromide (0.45 mL, 3M in THF) and stirred at 0°C for 4h. The reaction mixture was
diluted with EtOAc, washeé with brine, back-extracted with EtOAc, evaporated organic
solvent to afford 116mg of 1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-

benzo[d}imidazol-4-yl)ethanone.

[00819] C17H N30, 296.2 (M+1).
Step 2:
O-N
N Y
————
HN
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[00820] 1-(2—cyclopropyl-6-.(3,5—dimethylisoxazol—4—_yl)—1H-beﬁzo[d]imidazol-4-
yethanone (30mg, 0.1 mmol) was dissolved in THF (1 ml), the reaction flask was put
in ice bath. To the solution was added 2-pyridylmagnesium bromide (2.4 mL, 0.25M in
THF) and stitred RT overnight. The reaction mixture was diluted with EtOAc, washed
with brine, back-extracted with EtOAc, evaporated organic solvent and then purified
with Prep HPLC to afford 1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-

benzo[ d]imidazol-4-yl)-1-(pyridin-3-yl)ethanol.

[00821] CoyHyoN4Os. 373.3 (M-1). 'H NMR (400 MHz, CD;0D) 8.91 (d, ] = 1.6
Hz, 1H), 8.54 (dd, ] =1.2, 5.2 Hz, 1H), 834 (it, ] = 1.6, 8.0 Hz, 1H), 7.67 (dd,T=1.2,
8.0 Hz, 1H), 7.41 (d,J = 1.2 Hz, 1H), 7.31 (4, 1= 1.6 Hz, 1H), 2.54-2.50 (m, 1H), 2.31
(s, 3H), 2.14 (s, 3H), 2.07 (s, 3H), 1.45-1.39 (m, 2H), 1.31-1.25 (m, 2H).

Example 259

4-(2-cyclopropyl-4-(1-(pyridin-3-yl)vinyl)- 1H-benzo[d}imidazol-6-y1)-3,5-
dimethylisoxazolle (1020-259)

[00822] 1-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazol-4-
yi)-1-(pyridin-3-yl)ethanol (10mg, 0.27 mmol) was dissolved in 2ml of TFA, heated to
160°C in microwave reactor for 6h. Solvent was evaporated and the residue was purified
with Prep HPLC for to afford 4-(2-cyclopropyl-4-(1-(pyridin-3-yljvinyl)-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[00823] CroH,N,0. 357.3 (M+1). 'H NMR (400 MHz, CDsOD) 8.75 (s, 1H),
8.69 (d, J = 4.8 Hz, 1H), 8.25-8.22 (m, 1H), 7.78-7.63 (m, 1H), 7.41 (d, T =12 Hz,
1H), 7.63 (d, 1= 1.2 Hz, 1H), 7.30 (d, T = 1.6 Hz, 1H), 6.36 (s, 1H), 5.94 (s, 1H), 2.47-
2.43 (m, 1H), 2.41 (s, 3H), 2.24 (s, 3H), 1.54-1.49 (m, 2H), 1.41-1.39 (m, 2H).

Example 260
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4-(2-cyclépropy1-4—(1 -(pyridin-3-yl)ethyl)-1H-benzo[d}imidazol-6-y1)-3,5-
dimethylisoxazole (1020-260)

[00824] 4-(2-cyclopropyl-4-(1-(pyridin-3-yl)vinyl)- 1 H-benzo[ djimidazol-6-y1)-
3,5-dimethylisoxazole (5mg; 0.014 mmol) was dissolved in EtOAc (2 ml). The reaction
flask was degassed and to the solution as added palladium (5mg, 10% on activated.
carbon). The flask as degassed again and a hydrogen balloon was put on the top of
reaction flask. The reaction mixture was stirred at RT for 1h. Then the reaction mixture
was filtered, solvent was evaporated, and the residue was purified with Prep HPLC to
afford Smg of 4~(2-cyclopropyl-4-(1 ~(pyridin—3-yl)eﬂ1y1)~1H-benzo[d]imidazo]-ﬁ-yl)—

3,5-dimethylisoxazole,

[00825] CoHaN40. 359.3 (M+1). 'H NMR (400 MHz, CD50OD) 8.63 (s, 1H),
8.52(d, } = 5.2 Hz, 1H), 8.17 (d, ] = 8.0 Hz, 1H), 7.67 (d, } = 5.2, 8.0 Hz, 1H), 7.39 (d,
J = 1.6Hz, 1H), 7.18(d, J = 1.2 Hz, 1H), 4.85 (q, J = 6.8 Hz, 1H), 2.39-2.28 (m, 1H),
2.28 (s, 3H), 2.11 (s, 3H), 1.78 (d, J = 6.8 Hz, 1H), 1.43-1.40 (m, 2H), 1.31-1.28 (m,
21).

Examples 261 and 262

3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo| dJimidazol-4-
yD(kydroxy)(pyridin-2-ylymethyl)bicyclo[2.2.1]heptan-2-one (1020-261) and (1020-
262)
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[00826] Norcamphor (494.84 mg, 4.49 mmol) was taken up in THF (40mi)ina
dry argon purged flask. Solution was cooled to -78°C under argon. To this was added
M lithium diisopropylamide (2.34 ml) slowly and reaction allowed to mature for 30
minutes. At this point a solution of (2-cyclopropyl-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d}imidazol-7-yl)(pyridin-2-yD)methanone (230 mg, 0.64 mmol) in 20 mL THF
was added rapidly and reaction allowed to stir at -78°C for 10 minutes. Reaction was
removed from ice bath and allowed to warm for 30 minutes. Reaction was quenched
into stirring EtAc, aqueous ammonium chloride and was exiracted 3x with EtAc,
washed with water then brine and dried over sodium sulfate before removing solvents
vnder reduced pressure. A portion of this material was purified by reverse phase HPLC
to afford 2 diastereomers of 3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-4-yl)(hydroxy)(pyridin-2-ylmethylbicyclo[2.2.1]heptan-2-one.

[00827] LCMS (m/z +1) 469.2
[00828] 1020-261 — Diastereomer “A”
[00829] 'H NMR (400 MHz, DMSO0-d6) 8 9.21 (s, 1H), 8.71 (d, J = 30.1 Hz, 2H),

8.34 (s, 1H), 8.11 (s, 1H), 7.54 (d, ] = 42.0 Hz, 2H), 6.77 (s, 1H), 2.89 (s, 2H), 2.39 -
1.81 (m, 6H), 1.53 (dd, 7 = 31.5, 18.4 Hz, 2H), 1.36 — 1.06 (m, 5H), 0.89 (d, J = 50.4 Hz,
3H).

[60830] 1020-262 — Diastereomer “B™

[00831] 11 NMR (400 MHz, DMSO-d6) 8 11.44 (s, 1H), 9.33 (d, ] = 6.1 Hz, 1H),

8.50 (t, J = 7.8 Hz, 1H), 8.15 (t, ] = 6.9 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 7.64 (s, 1H),

7.43 (4,7 =1.5 Hz, 1H), 721 (s, 1H), 3.00 (d, § =3.0 Hz, 1H), 2.81 (s, 1H), 2.75 (s, 1H),

2.46 (s, 3H), 2.27 (s, 3H), 2.05 (td, J = 8.0, 3.2 Hz, 2H), 1.68 (dp, I = 7.3, 4.1, 3.6 Hz,

2H), 1.43 - 1.30 (m, 2H), 1.11 (qd, J = 6.2, 3.2 Hz, 3H), 0.95 (dd, J = 9.6, 4.5 Hz, 1H),
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0.75 (d, T = 9.0 Hz, 1H).
Example 263
3-((2-cyclopropy1—6-(3,5-dimethy1isoxazol—4-yl)-1H-benzo[d]imidazol~4-

yl)(hydroxy)(pyn'din-2-y1')methyl)bicyclo{2.2. 1]heptan-2-ol (1020-263)

0
o

NaBH4 -
HN MeOH, 0°C
JO0832] Crude 3-((2-cyclopropyl-6-(3,5-dimethylisoxazol- -4-yi)-1H-

benzo[dJimidazol- 4-y1)(hydroxy)(pynd1n 2-yl)methyl)bicyclo[2.2.1]heptan-2-one (300
mg, 0.64 mmol) 25mL methanol and cooled to 0°C under nitrogen. To this was added
sodium borohydride (145 mg, 3.84 mmol) and reaction allowed to stir at 0°C. After 2
hours reaction was quenched into stirring EtAc, aqueous ammonium chloride and was
extracted 3x with EtAC, washed with water then brine and dried over sodium sulfate
before removing solvents under reduced pressure. Material was purified by silica gel
chromatography using Hex / EtAc as the cluent. Material was then further purified by
reverse phase HPLC to afford 3~((2~cyclopropy1—6~(3,S~dimethylisoxazol-4-yl)~1H—
benzo[d]hnidazol—4-yl)(hydroxy)(pyridin-z—-yl)methyl)bicyclo[z.2. 11heptan-2-0l as a
racemic mixture as the TFA salt.

[00833] LCMS (m/z +1) 471.2. 'H NMR (400 MH7, Methanol-d4) 5 8.62 (ddd,

J=5.1,17, 0.9 He, 1H), 7.96 - 7.88 (m, 1H), 7.85 (dt, = 8.1, 1.1 Hz, 1H), 7.51 (d, ] =

1.4 Hz, 1H), 745-7.32 (m, 2H), 4.23 - 4.13 (m, 1H), 2.68 (tt, ] = 8.5, 5.0 Hz, 1H), 2.52
(dd, 7=5.4, 1.8 Hz, 1H), 2.35 (s, 3H), 2.17 (s, 4H), 1.96 — 1.81 (m, 3H), 1.55 — 1.28 (m,

10H).

Example 264 and 265

2-((2-cyclopropyl-6-(3,5 ~dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-
yl}(hydroxy)(pyn'din.—Z-yl)methyI)cyclopentanol (1020-264) and (1020-265)
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. é LDA, THE _ NaBH,
..,___.—..--b O
g MeOH, 0°C

Step 1: Preparation of 2-((2-cyclopropvl-6-( 3.5-dimethvlisoxazol-4-vl)-1H-

benzol dlimidazol-4-vD(hydroxv)(pyridin-2-ylimethyl)eyclopentanone

[00834] Cyclopentanone (0.13 mi, 1.46 mmol) was taken up in THF (5ml)ina
dry nitrogen purged flask. Solution was cooled to -78°C under argon. To this was added
2M lithium diisopropylamide (0.73 ml) slowly and reaction allowed to mature for 30
minutes. At this point a solution of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1 H-
benzo[d]imidaz01-4-y1)(pyridin-2-yl)méﬂ1anol (75 mg, 0.21 mmol) in 1 mL THF was
added slowly and reaction allowed to stir at -78°C for 10 minutes. Reaction was
quenched into stirring EtAc, aqueous ammonium chloride, was extracted 3x with EtAc,
washed with water, brine, dried over sodium sulfate. Solvents were then removed under

reduced pressure (92 mg, 100%).

[00835] LCMS (m/z +1) 443.1

Step 2: Preparation of 2-((2-cyclopropy!-6-( 3.5-dimethylisoxazol-4-y1)-1H-

benzoldlimidazol-4-yl)(hydroxy)(pyridin-2-vl)methyl}cyclopentanol

[00836] Crude 2-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-4-y1)(hydroxy)(pyridin-2-yl)methyl)cyclopentanone (92 mg, 0.21
mmol) was taken up in 5 ml methanol, cooled to 0°C under nitrogen and to it added
sodium borohydride (23.75 mg, 0.63 mmol). Reaction was allowed to sﬁr for 2 hours

at 0°C. Solvents were removed under reduced pressure and reaction was diluted in
EtAc and ag. ammonium chloride. Reaction was then extracted 3x with EtAc, washed
with water, brine, dried over sodium sulfate. Solvents were then removed under reduced
pressure and the residue was purified by reverse phase IPLC to afford 2-((2-
cyclopropyl—6-(3,5—d.imethy1isoxazol—4-y1)—1H-benzo[d]irnidazol—4-

v} (hydroxy)(pyridin-2-yl)methyl)cyclopentanol as two diastereomers.
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[00837] LCMS (m/z +1) 445.2
[00838] 1020-264 — Diastereomer “A”
[00839] '"H NMR (400 MHz, DMSO-d6) § 8.53 — 8.39 (m, 1H), 7.92 (dt, J = 8.1,

1.1 Hz, 1H), 7.79 (td, 1 = 7.7, 1.8 Hz, 1H), 7.71 (s, 1H), 7.41 (d, J = 1.5 Hz, 1H), 7.24 —
7.12 (m, 1H), 6.98 (s, 1H), 3.93 (dt, J = 6.1, 4.3 Hz, 1H), 2.68 (s, 1H), 2.41 (s, 3H), 2.23
(s, 3H), 1.83 = 1.07 (m, 11H).

[00840] 1020-265 — Diastereomer “B”

[00841] 'H NMR (400 MHz, DMSO-d6) 5 8.65 — 8.53 (m, TH), 8.00 (dt, ] = 8.1,
1.1 Mz, 1H), 7.83 (td, J = 7.8, 1.8 Hz, 1H), 7.53 (d, ] = 1.5 Hz, 1H), 7.40 (d, ] = 1 4 He,
1H), 7.27 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 6.97 (s, 1H), 3.42 (ddd, J = 12.0, 8.5, 3.9 Iz,
1H), 2.73 (ddd, J = 13.1, 8.3, 5.0 He, 1H), 2.34 (s, 3H), 2.15 (5, 3H), 2.01 - 1.87 (m,
1H), 1.83 -'1.67 (m, 2H), 1.63 ~ 1.50 (m, 2H), 1.46 — 1.27 (m, 6H).

Example 266

N-(4-(dicyclopentyl(hydroxy)methyl)—6—(3,S-dimethyﬁsoxazol—fi—yi)—lH—
benzo[d]imidazol-2-yl)methanesulfonamide (1020-266)

O—N
S \
e,
HN ™~
==N O
HN
\ —_—
0
[00842] To a mixture containing methyl 6-(3,5-dimethylisoxazol-4-yl)-2-

(methylsulfonamido)-1H-benzo[dJimidazole-4-carboxylate (40 mg, 0.11 mmol, 1 equiv.)
and THE (3 mL) is added cylopentylmagnesium chloride (0.38 mL, 0.77 mmol, 7 equiv.)
at 0°C for 30 min. Afier completion, the reaction was quenched and extracted with
BEtOAc and washed with water, saturated NH,CI. After drying with MgSQ,, it was

filtered and concentrated to dryness. Purification was carried out by reverse phase HPLC
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to furnish N-(4-(dicyclopentyl(hydroxy)methyl}-6-(3,5-dimethylisoxazol-4-yl)-1H-

benzo[dlimidazol-2-ylymethanesulfonamide.

[00843] LCMS (m/z+1) 472.3. 'H NMR (400 MHz, DMSO0-d6) § 7.33 (s, 1H),
7.09 (s, 1H), 6.5 (s, 1H), 5.20 (bs, 1H), 2.90 (s, 3H), 2.48 (s, 3H), 2.15 (s, 3H), 1.80 ~
1.72 (m, 2H), 1.43 -1.15 (m, 16H.

Example 267

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

(1020-267)
Step 1:
N-O
4 s
0
NH, O
[00844] Butyllithium (1.6 M in hexanes, 21 mL, 34 mmol) was added dropwise to

a solution of 2-bromopyridine (3.0 mL, 31 mmol) in MeTHF (100 mL) at -78 °C. The
reaction mixture was stirred for 1 hour and methyl 2,3-diaminoc-5-(3,5-dimethylisoxazol-
4-yl)benzoate (2g, 7.7 mmol) in MeTHF (10 mL) was added. The reaction mixture was
warmed to room temperature, and guenched with 1M HCI, neutralized with sodium
bicarbonate solution, extracted with ethyl acetate and purified silica-gel chromatography
(EtOAc/MeOH/NH,OH) to give (2,3-diamino-5-(3,5-dimethylisoxazol-4-
yl)phenyl)di(pyridin-2-yl)methanol.

[00845] 'H NMR (400 MHz, DMSO-dq) & 8.53 (dd, J=5.1, 1.5 Hz, 2H), 7.95 (t,J
= 8.0 Hz, 2H), 7.64 (d, /= 8.1 Hz, 2H), 7.42 (1, J = 6.1 Hz, 2H), 6.94 (s, 1H), 6.08 (s,
1H), 2.21 (s, 3H), 2.01 (s; 3H).

Step 2:
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[00846] (2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)phenyl)di(pyridin-2-
yDmethanol (75 mg, 0.19 mmol) was dissolved in formic acid (1 mL) and heated to 120
°C for 3 hours. The reaction mixture was purified by reverse-phase HPLC to give the

desired product.

[00847] CsHigNsO; 398.1 (M+1). 'H NMR (400 MHz, DMSO-ds) § 9.22 (s, 1H),
8:51 (ddd, J= 5.0, 1.7, 0.9 Hz, 2H), 7.89 (td, J= 7.8, 1.8 Hz, 2H), 7.71 (d, J= 1.5 Hz,
1H), 7.65 (dt, J = 8.0, 1.0 Hz, 2H), 7.37 (ddd, /= 7.6, 4.9, 1.1 Hz, 2H), 7.19 (, /= 1.5
Hz, 1H), 2.33 (s, 3H), 2.13 (s, 3H).

Example 268

(6-(3,5-dimethylisoxazol-4-yl)-2-methyl-1H-benzo[dJimidazol-4-y)di(pyridin-2-
yl)methanol (1020-268)

[00848] A solution of (2,3~-diamino-5-(3,5-dimethylisoxazol-4-
yDphenyl)di(pyridin-2-yl)methanol (100 mg, 0.26 mmol) and ethyl acetimidate
hydrochloride (52 mg, 0.52 mmol) was heated at 50 °C for 24 hours. The reaction
mixture was concentrated and purified by reverse-phase HPLC to give the desired

product.

[00849] CogHz(N50, 412.1 (Mi+1). 'HNMR (400 MHz, DMSO-d) § 8.61 — 8.43
(m, 2H), 7.88 (td, J=7.7, 1.8 Hz, 2H), 7.74 —7.58 (m, 3H), 7.44 — 7.29 (m, 2H), 7.12 (4,
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J=1.6 Hz, 1H), 2.77 (s, 3H), 2.32 (s, 3H), 2.12 (s, 3H).
Example 269

(6~(3,5-dimethylisoxazol-4-yl)-2-isopropyl-1H-benzo[ dJimidazol-4-yl)di(pyridin-2-
yhmethanol (1020-269)

[00850] The title compound was made in a similar fashion as that of Example 268,
using isopropyl acetimidate hydrochloride.

[00851] 'H NMR (400 MHz, DMSO-d¢) § 8.63 — 8.44 (m, 2H), 7.88 (td, J= 7.7,
1.8 Hz, 2H), 7.71 — 7.54 (m, 3H), 7.37 (ddd, J = 7.6, 4.9, 1.2 Hz, 2H), 7.13 (d, /= 1.6
Hz, 1H), 3.58 (p, J= 7.0 Hz, 1H), 2.31 (s, 3H), 2.10 (s, 3H), 1.38 (d, J = 7.0 Hz, 6H).

Example 270

(2-(difluoromethyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d}imidazol-4-yl)di(pyridin-
2-yl)methanol (1020-270)

CHzciz'
0°C to reflux

[00852] (2,3-Diamino-5-(3,5-dimethylisoxazoi-4-yl)phenyl)di(pyridin-2-
yDmethanol (30.0 mg, 0.049 mmol) was treated with difluoroactic anhydride (8.5 mg,
0.049 mmol) in the presence of IPr2EtN (0.1 mL) in CH,Cl, (3 mL) at 0°C for 15 min.
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The reaction mixture was heated under a reflux conditions for 15 h. After removing the
solvent under a reduced pressure, the mixture was purified by prep-HPLC to give (2-
(difluoromethyl)-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d}imidazol-4-yl)di{pyridin-2-
yl)methanol.

[00853] CoqHi1sF>N505. MS. 448.1 (M+1). 'H NMR (MeOH-ds) & 8.66 (d, J = 4.8
Hz, 2H), 8.23 (td, J= 8.0, 1.6 Hz, 1H), 8.11 (d, J= 8.0 Hz, 2H), 7.70 (ddd, J = 8.0, 4.8,
1.6 Hz, 2H), 7.63 (d, /= 1.6 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 6.84 t, /= 51.2 Hz, 1H),
2.35 (s, 3H), 2.18 (s, 3H).

Example 271

(2-cyclobutyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d] imidazol-4-yl)di{pyridin-2-
yDmethanol (1020-271)

N-O
» NH-CIH
o™
Q
HN MeOH, 50C
HN - O
Step 1:
[00854] 2-bromopyridine (1.83 mL, 19 mmol) dissolved in THF (75 mL) and then

cooled to -78C. N-BuLi (12 mL, 19 mmol, 1.6M) was then added. The reaction was
allowed to stir 2 minutes then (methyl 2,3-diamino-5-(3,5-dimethylisoxazol-4-
yl)benzoate (1.0 g, 3.8 mmol) was added in THF (25 mL) the reaction was allowed to
stir for 30 minutes. To the reaction was added Sat. Ammonium Chloride (50 mL)
followed by EtOAc (100 mL). Organic layer was washed with Sat. Brine (50 mL) then

dried over Magnesium Sulfate and condensed to a dark oil.

Step 2:

100855] The material was then run through a small silica plug and condensed
down to get 350 mg of (2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)phenyl)di(pyridin-2-
yDmethanol. (2,3-diamino-5-(3,5-dimethylisoxazol-4-yl)phenyl)di{pyridin-2-
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yl)methanol (100 mg, 0.26 mmol) was taken and dissolved in MeOH (10 mL) and to this
was added ethyl cyclobutanccarbimidate hydrochloride (64 mg, 0.39 mmol). The

reaction was then heated at 50C for 2h. The reaction was then condensed down and
purified via RPHPLC 0-50% (Acetonitrile/Water)

[00856] Ca7HasNsOy MS = 452,25 (M + HY). 'H NMR (400 MHz, Chloroform-d)
& 8.56 (dt, J = 4.8, 1.4 Hz, 2H), 7.78 — 7.70 (m, 3H), 7.63 (s, 1H), 7.32 - 7.19 (m, 3H),
7.10 (s, TH), 3.83 (dd, J = 16.9, 8.0 Hz, 1H), 2.49 (g, J = 9.7 Hz, 4H), 2.33 (s, 3H), 2.18
(s, 4H), 1.25 (s, LH).

Example 272

N-(6-(3,5-dimethylisoxazol-4-y1)-4-(hydroxydi(pyridin-2-y)methyl)-1H-
benzo[d]imidazol-2-ylymethanesulfonamide (1020-272)

80°C

[00857] Preparation of N-(6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxydi(pyridin-2-
yhmethyl)-1H-benzo[d]imidazol-2-ylymethanesulfonamide from (2,3-diamino-5-(3,5-
dimethylisoxazol-4-yl)phenyl}di(pyridin-2-yl)methanol was accomplished in a similar
fashion to N-(6-(3,5-dimethylisoxazol-4-yl)-4-iodo-1H-benzo[d]imidazol-2-
yl)methanesulfonamide. Isolated solids were then purified by reverse phase HPLC to
farnish N-(6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxydi(pyridin-2-yl)methyl)-1H-
benzo{d}imidazol-2-ylmethanesulfonamide as a TFA salt.

[00858] LCMS (m/z +1) 491.2 'H NMR (400 MHz, DMSO-d6) § 11.96 (s, 1H),
11.31 (s, 1H), 8.50 (ddd, T = 4.8, 1.7, 0.8 Hz, 2H), 7.87 (td, T = 7.8, 1.9 Hz, 2H), 7.60 (d,
1=18.1 Hz, 2H), 7.35 (dd, J = 7.4, 5.0 Hz, 2H), 7.17 (d, I = 1.5 Hz, 1H), 7.07 (5, 1H),
2.83 (s, 3H), 2.33 (s, 3H), 2.13 (s, 3H).
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Example 273

(2~cyclopr0py1~6-(3,S-dimethylisoxazol-4—y1)—1H—benzo[d]imidazol—4~y1)(5-
methylpiperidin-3-yl)methanol (1 020-273)

O—N
S \
-9 OH
)4 PN l
N
H
[00859] To a solution of the iodide (0.070 g) and the ketone {0.047 g) at -78C in

THF (4 ml) was added drop wise Buli (2.5 M, hexanes, 0.1 ml) and the solution warmed
to RT (step 1). After adding MeOH (1 ml), volatiles were removed, the residue dissolved
in TFA, volatiles removed, and the residue purified by reverse phase HPLC (5-95%
MeCN in water, 0.1% TFA) to afford (2-cyclopropyl~6~(3,5—d1'methy1isoxazol-4—yl)-1H-
benzo[d]imidazol-4-yl)(5 -methylpiperidin-3-yl)methanol (step 2).

Step 1: LCMS (m/z +1) 467.1

Step 2: LCMS (m/z +1) 367.1. 'H NMR (400 MHz, Methanol-d4) 5 7.43 (d, T = 1.3 Hz,
1H), 7.26 {4, 7= 1.4 Hz, 1H), 3.54 (dtd, J = 18.3, 7.6, 6.9, 4.4 Hz, 2H), 3.38 (p, ] = 1.6
Hz, OH), 3.11 (ddd, T=13.2, 7.7, 3.8 Hz, 1H), 3.03 (p, J = 1.6 Hz, OH), 2.61 — 2.40 (m,
2H), 2.34 (s, 2H), 2.17 (s, 3H), 2.09 - 1.99 (m, 1H), 1.56 — 1.38 (m, 3H), 1.31 (dt, J =

-7.8, 4.8 Hz, 1H).

Example 274

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d}imidazol-4-y1)(quinuclidin-3-
yhmethanol (1020-274)
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[00860] (2-Cyelopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ d]imidazol-4-
v} quinuclidin-3-yl)methanol was synthesized in a similar fashion to Example 273 using

quinuclidine-3-one.
[00861] LCMS (m/z +1) 379.3
Example 275

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ dJimidazol-4-yl)(1,3~dioxolan-
2-ylmethanol (1020-275)

Step 1: Preparation of tert-butyl 2-cyelopropyl-6-( 3.5-dimethvlisoxazol-4-yD-4-formyl-

1H-benzo[dlimidazole-1-carboxvylate

N—-0 N-Q
} /
o /
E LIAIH,
N v H
Boc~N ~o THF,0°C Boc—p
f ne X "
[00862] To a flame dried, nitrogen purged flask was added tert-butyl 2-

‘ cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(methoxy(methyl)carbamoyl)-1H-
benzo[d]imidazole-1-carboxylate (5 g, 11.35 mmol) and 20 mL THF. Reaction was
stirred and cooled to -78°C under nitrogen. To this was slowly added 1M lithium
aluminum hydride in diethyl ether (18 ml, 18 mmol). Reaction was queched into large
stitring flask of EtAc, dilute ammonium chloride that was pre-cooled to 0°C. Crude

suspension was filtered thru celite extracted with EtAc (3x) and organics washed with
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water and then brine. Organics were dried over sodium sulfate before removing solvents
under reduced pressure and purifying by silica gel chromatography to afford of tert-butyl
2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-formyl-1H-benzo[ djimidazole-1-
carboxylate 3.57 g (82.5%) as a yellow powder.

[00863] LCMS (nv/z +1) =381.8

Step 2. Preparation of tert-butyl 4-((1,3-dioxolan-2-yl}(hvdroxyimethvl)-2-cvclopropyl-

6-(3,5-dimethylisoxazol-4-yl}-1H-benzo[d]imidazole-1-carboxviate

N—Q N-O
/ p '
¥z
0 tert-butyl hydroperoxide 0
H* g\) » 3
Boc-N triethylborane Boc-p 0
f " j -
[00864] tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-4-formyl-1 H-

benzo[d}imidazole-1-carboxylate (500 mg, 1.31 mmol) in 1,3-dioxolane (5 ml) was
cooled to 0°C under nitrogen. To this was added 1M triethylborane (7.87 ml) followed
by 5.5M tert-butyl hydroperoxide in decane (2.38 ml) . Reaction was allowed to warm
and react for 3 days. To the reaction was then added NH4OH solution (5 mL) and after
stirring for 5 minutes was added FeSO4H,S04H,0 solution (5 mL). Solution was
extracted with EtAc 3x, washed with water, added FeSO4H;S04H»O solution, water,
brine then dried over sodium sulfate. Solvents were removed under reduced pressure to
afford tert-butyl 4-((1,3-dioxolan-2-yl)(hydroxy)methyl)-2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d]imidazole-1-carboxylate as a yellow film. (212 mg,
32 %)

[00865] LCMS (m/z +1) 455.9

Step 3: (2-cyclopropyl-6-(3.5-dimethylisoxazol-4-y1)-1H-benzo{dlimidazol-4-vi)(1.3-

dioxolan-2-yl)methanol
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0’> TFA, DCM
—_———
&)

[00866] Crude tert-butyl 4-((1,3-dioxolan-2-yl)(hydroxy)methyl)-2-cyclopropyl-
6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d}imidazole-1-carboxylate (53 mg, 0.116
mmol) was taken up in 5 mL DCM and to this was added 1mL TFA and reaction stirred
at 1t for 3 hours. Solvents were removed under reduced pressure and crude material was
purified by reverse phase HPLC to afford (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yi)-
1H-benzo[d]imidazol-4-y1}(1,3-dioxolan-2-yl)methanol.

[00867] LCMS (m/z +1) 356.1. 'H NMR (400 MEz, DMSO-d6) § 7.46 (s, 1H),
7.34 (s, 1H), 6.24 —'5.93 (m, 1H), 5.08 (d, T = 4.0 Hz, 1H), 5.01 (d, T = 3.9 Hz, 1H), 3.87
(q, T="7.6,7.1 Hz, 1H), 3.83 — 3.69 (m, 4H), 2.40 (s, 3H), 2.21 (5, 3H), 1.43 — 1.22 (m,
AH]).

Example 276

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[ dfimidazol-4-y1)(1,3-dioxolan-
2-y1)(2-methylpyridin-3-yl)methanol (1020-276)

Step 1: Preparation of tert-butvl 2-cvclopropyl-6-(3.5-dimethylisoxazol-4-y1)-4-(1.3-

dioxolane-2-carbonyl)-1H-benzoldJimidazole-1-catboxyiate

~0Q
v

Dess-martin periodinane ;
"" 7
DCM

, o Boc-p o
jm OH jn o

[60868] tert-butyl 4-((1,3-dioxolan-2~yl)(hydroxy)methyl)-2-cyclopropyl-6-(3,5-
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dimethylisoxazol-4-yl)-1H-benzo[d]imidazole~l-carboxylate (600 mg, 1.32 mmol) was
taken up in 100 mI DCM and to this was added Dess-Martin periodinane (594.56 mg,
1.58 mmol) and reaction allowed to stir at room temperature under nitrogen. After 1
hour reaction was quenched with aqueous sodium thiosulfate and stirred for 15 minutes,
Reaction was then extracted 3x with FtAc, washed with sodium thiosulfate, water, brine
and finally dried over sodium sulfate. Solvents were removed under reduced pressure
and residue was flashed on silica gel chromatography using Hex / BtAc as the eluent to
afford tert-butyl 2-cyclopropyl—6-(3,5~dimethy1isoxazol~4-yl)-4-(1 ,3-dioxolane-2-
carbonyl)-1H-benzo[dJimidazole-1-carboxylate (160 m g, 27%).

[00869]  LCMS (m/z+1) 4538

Step 2; Preparation of tert-butyl 4-(¢1.3 ~-dioxolan-2-yl)(hydroxy)(2-methylpvridin-3-

yhmethyl)-2-cyclopropyl-6-(3 S-dimethylisoxazol-4-y1)-1H-benzo[dlimidazole-1-
carboxviate

THF
-78°C

[00870] tert-butyl 2~cyoiopropyl-6-(3,5»dimethylisoxazol—ti—yl)—4-(1,3-di0xola:_ne-
2-carbonyl)-1H-benzo[d]imidazole-1-carboxylate (50 mg, 0.11 mmol) was taken up in
THF (5 ml) and cooled to -78°C under nitrogen. To this was added 0.25M (6-
methylpyridin-2-yl)magnesivm bromide (1.31 ml) over 5 minutes. Reaction was
allowed to stir at -78°C for 30 minutes. Reaction was then quenched into stirring EtAc /
ammonium chloride extracted 3x with BtAc, organics were washed with

ammonium chloride, water, brine then diied over sodium sulfate. Solvents were
removed under reduced pressure and crude residue purified by silica gel chromatography
using Hex / EtAc as the eluent to afford tert-butyl 4-((1,3-dioxolan-2-yl)(hydroxy)(2-
methylpyridin-3-ylmethyl)-2-cyclopropyl-6-(3,5-dim ethylisoxazol-4-yl)-1H-
benzo[dlimidazole-1-carboxylate (20 mg, 34%).

[00871} LCMS (m/z +1) 546.3
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Step 3: Preparation of (2-¢yclopropyl-6-(3.5-dimethylisoxazol-4-y1)-1H-

benzoldlimidazol-4-v1)(1,3-dioxolan-2-y1)(2-methylpyridin-3-ylimethanol

[00872] tert-butyl 4-((1,3-dioxolan-2-yl)(hydroxy)(2-methylpyridin-3-ymethyl)-
2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d]imidazole-1 carboxylate (20
mg, 0,037 mmol) was then dissolved in 2 ml 4N HCl in dioxanes and 2 ml ethanol and
heated to 75°C for 1 hour. Solvents were removed under reduced pressure and material
was purified by reverse phase HPLC to afford (2-cyclopropyl-6<(3,5-dimethylisoxazol-
4-y1)-1H-benzo[d]imidazol-4-yl)} 1,3-dioxolan-2-yl}(2-methylpyridin-3-yl)methanol as a

mixture of diastereomers.

[00873] LCMS (m/z +1) 447.1. "H NMR (400 MHz, DMSO-d6) § 8.67 (d, J =
5.7 Hz, 2H), 7.86 (td, T = 14.4, 13.8, 5.4 Hz, 1H), 7.52 (s, 1H), 7.13 (s, 1H), 6.71 (s, 1H),
5.82 (s, 1H), 3.87 (dt, J = 15.4, 6.2 Hz, 4H), 2.81 (s, 1H), 2.43 —2.29 (m, 3H), 2.24 (s,
3H), 2.02 (s, 3H), 1.61 — 1.26 (m, 4H).

Example 277 and 278

3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[ d}imidazol-4-
y)(hydroxy)methyl)bicyclo[2.2.1Theptan-2-one (1020-277) and

(Z)-3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d}imidazol-4-
yl)methylene)bicyclo[2.2.1]Theptan-2-one (1020-278)

Step 1: Preparation of tert-butyl 2-¢yclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-4-

(hydroxv(-3-oxobicyclo[2.2.1 Theptan-2-yl)methyi)-1 H-benzo[dlimidazole-1-carhoxylate

N-O
4 2
Boc-~y
=N
[60874] 2-norbornanone (173.28 mg, 1.57 mmol) was taken up in THF (5 m]) and

cooled to -78°C under nitrogen. To this was slowly added 2M lithium diisopropylamide
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in THF (0.92 ml) over 5 minutes and the resulting solution was.allowed to stir for 30
minutes. At this time a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yl)-4—formy1—1H~benzo[d]imidazole~1-carboxylate (100 mg, 0.26 mmol) in 2 mL THF
was slowly added. Reaction was allowed to stir atr -78°C for 10 minutes before being
allowed to warm up. when solution was at approximately 0°C material was quenched
into stirring aqueous ammonium chloride / EtAc, extracted 3 with EtAc, then organics
were washed with water, brine and dried over sodium sulfate before removing solvents
under reduced pressure to afford crude tert-butyl 2-cyclopropyl-6-(3,5 ~dimethylisoxazol-
4-y1)-4-(hydroxy(-3-oxobicyelo[2.2.1 Jheptan-2-yl)methyl)-1H-benzo [d]imidazole-1-

carboxylate as a mixture of isomers (50 mg, 39%).

[00875] LCMS (m/z +1) 492.1

Step 2; Preparation of 3-((2-cyclopropyl -6-( 3.5-dimethylisoxazol-4-v1)-1H-
benzo[djimidazol-4-yl)(hydroxy)m ethyl)bicyclo[2.2.1Theptan-2-one and (Z)-3-((2-

cyclopropyi-6-( 3,5-dimethvlisoxazol-4-vl}f1H—benzofd]i1rﬁdazol-4-

yDmethivlene)bicyelo[2.2.1Theptan-2-one

!

~Q
Y
Boc-y ethanol HN

f N OH f&f OH

[00876] 2-cyclopropy1-6~(3,5—dimethylisoxazol-4-y1)~4—(hydroxy(—3-

4N HCI
in dioxanes. 0

oxobicyclo[2.2.1Theptan-2-ylimethyl)-1 H-benzo[d]imidazole-1 -carboxylate (50 mg, 0.1
mmol) was dissolved in 2 ml 4N HCl in dioxanes and 2 m1 ethanol and heated to 50°C
for | hour. Solvents were removed under reduced pressure and material was purified via
reverse phase HPLC to afford both 3~((2~'cyclopr0py1-6—(3,5-dimethylisoxazol—4—yl)~IH—
benzo[d]imidazol-4-y1)(hydroxy)methyl)bicyelo[2.2.1 theptan-2-one and (Z)-3-((2-
cyclopropyl—6~(3,5-dimethylisoxazol~4-yl)-1H-benzo[d]imidazol-4—

yl)methylene)bicyclo[2.2.1]heptan-2-one both as a mixture of isomers,

[60877] 3-((2—cyclopropyi—6~(3,5-dimethylisoxazol-4~yl)~1H-benzo[d]imidazol-4-
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yI)(hydroxy)methyl)bicyclo[2.2.1]hepta11—2—one: LCMS (m/z +1) 392.2, TH NMR. (400
MHz, DMS0-d6) 8 7.51 — 7.38 (m, 1H), 7.23 (s, 1H), 5.91 (s, 1H), 5.22 (d, J = 5.7 Hz,
1H), 2.51 (m, 2H), 2.40 (s, 4H),2.32 (dd, F = 5.8, 2.9 Hz, 1H), 2.21 (d, ] = 2.2 Hz, 3H),
1.84 (4,7 = 10.2 Hz, 1H), 1.76 - 1.64 (m, 2H), 1.33 (td, = 10.9, 10.1, 4.4 Hz, 7H).

[00878] (Z)-3 -((2-cyclopropy}-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol—4—y1)methylenc)bicyclo[2.2.1]heptan-2-onc: LCMS (m/z +1) 374.2.
'HNMR (400 MHz, DMSO-d6) & 8.37 (d, J=7.3 Hz, 2H), 8.15 (s, 1H), 3.61 —3.53
(m, 1H), 3.28 (s, 3H), 3.10 (s, 4H), 3.00 — 2.73 (m, 3H), 2.40 — 2.26 (m, 2H), 2.18 (d, ] =
3.7 Hz, 2H), 2.07 (4, ] = 7.7 Hz, 8H).

Example 279

3-((2—cyclopropy1—6-(3,5~dimethy1isoxazol—4-y1)—1H—benzo[d]imidazol—4—
yl)(hydroxy)methylbicyclo{2.2.1 Theptan-2-ol (1020-279)

N—-O N—Q
! P / P
0 NaBH, HO
—
MeOH,0C
HN HN
=N OH J‘N OH
[00879] 3-((2~cyclopropyl-6-(3,5~di1113ﬂ1y1isoxazol—4—yl)-1H-bcnzo[d]imidazol-4-

yl)(hydroxy)methyl)bicyclo[2‘2.I]heptan-Z-one (15 mg, 0.04 mmol) was dissolved in
im MeOH and cooled to 0°C under argon. To this was added sodium borohydride (4.35
mg, 0.11 mmol) and reaction allowed to warm to room temperature for 2

hours. ‘Solvents were removed under reduced pressure and residue was diluted in EftAc/
aqueons ammonium chloride, extracted 3x with FtAc, washed with water then brine then
dried over sodium sulfate before removing solvents under reduced pressure. Crude
residue was purified by reverse phase HPLC to afford 3-((2-cyclopropyl-6-(3,5-
dimethylisoxazol-4—y1)-1H—benzo[d]imidazol-4n
y1)(hydroxy)methyl)bicyclo[2.2.1]heptan-2-ol as a mixture of isomers.
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[00880] LCMS (m/z+1) 394.3. "H NMR (400 MHz, DMSO-d6) § 7.42 (s, 1H),
7.26 (s, 1H), 4.80 (d, J = 8.0 Hz, 1H), 2.40 (s, 3H), 2.21 (s, 3H), 2.15 - 2.08 (m, 1H),
1.86 — 1.75 (m, tH), 1.72 (d, J = 4.0 Hz, 1H), 1.57 (4, ] =9.9 Hz, 1H), 1.43 (4, ] = 8.7
Hz, 1H), 1.48 — 0.91 (m, 9H).

Example 280

2~((2acyclopr_opyl-G—(f%,5-dimethyl-isoxazol-4-yl)-IH-benzo[d]imidazo]-4-
yD(hydroxy)methyl)cyclopentanol (1020-280)

N-O N-O N-O
) P i

N

0 HO Lo
. 1. LDA, THF,-?BDC AN HCI in dioxanes
H by

—.-.,...__,—_b
HN

2.NaBH4, MeOH, 0°c  °°C~N ethanof
KN o j“ OH JN

Step 1: Preparation of tert-butyl 2-cvelopropyl-6- 3.5-dimethvlisoxazol-4-v1)-4-

(hvdroxy( 2-h‘vdroxvcvclopentvl)methvl)— 1H-benzo[d]imidazole-1-carboxylate

[00881] Cyclopentanone (0.14 ml, 1.57 mmol) was taken up in THF (5 ml) and
cooled to -78°C under argon. To this was slowly added 2M lithium diisopropylamide in
THF (0.92 ml) over 5 minutes and the resulting solution was allowed to stir for 30
minutes. At this time a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yl)—4-‘f0rmy1-1H—benzo[d]imidazole-1-carboxylate (100 mg, 0.26 mmol) in 2 mL, THE
was slowly added. Reaction was allowed to stir atr -78°C for 10 minutes quenched into
stirring aqueous ammonium chloride / EtAc, extracted 3x with EtAc, washed with water
then brine then dried over sodium sulfate before removing solvents under reduced
pressure. Material was immediately taken up in 5 mL methanol, cooled to 0°C and had
sodium borohydrode (19.83 mg, 0.52 mmol) added to it. Reaction was allowed to warm
to room temperature and react for 2 hours. Solvents were removed under reduced
pressure. Residue was dissolved in BtAc / aqueous ammonium chloride, extracted 3x
with BtAc, washed with water then brine then dried over sodium sulfate before removing
solvents under reduced pressure to provide crude tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol—4—yl)-4-(hydroxy(2—hydroxycyclopentyl)methyl)-1H—

benzo{d]imidazole—l-carboxyiate as racemic mixture of 2 diasterecomers.
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[00882] LCMS (m/z +1) 468.2

Step 2: Preparation of 2-((2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-1H-

benzofdlimidazol-4-y1) Iﬁvdroxv)methvl)cvclopentmml

[00883] tert-butyl 2-cyclopropyl-6-(3,5-dimethyli soxazol-4-yl)-4-(hydroxy(2-
hydroxycyclopentyl)memyl)-1H—benzo[d]imidazole—l-'carboxylate (122 mg, 0.26 mmol)
was taken up in ethanol (5 ml) and 2.5 mL HCl in dioxane. Mixture was then heated to
65°C for 40 minutes. Solvents were removed under reduced pressure and residue
purified by reverse phase HPLC to afford the TFA salt of 2-((2-cyclopropyl-6-(3,5-
dimeﬂlylisoxazol-4—y1)-1H-benzo[d]imidazol-4-yl)(hydroxy)met_hyl)cyclopentanol as a

racemic mixture of 4 diastereomers.

[00884] LCMS (m/z +1) 368.2. 'H NMR (400 MHz, DMSO-d6) & 7.46 (dq, J =
4.5, 1.4 Hz, 1H), 7.40 - 7.26 (m, 1H), 5.10 (d, ] = 9.1 Hz, 0.3H), 5.01 (d, J = 9.1 Hz,
0.3H), 4.92 (d, J = 9.1 Hz, 0.3H), 4.87 (d, T = 9.1 Hz, 0.5H), 4.34 (t, ] = 3.5 Hz, 0.3H),

" 410 (dt, T =62, 4.3 Hz, 0.3H), 3.85 (g, I = 5.3 Hz, 0.5H), 3.61 (dd, T = 7.9, 4.3 Hz,
0.3H), 2.58 - 2.49 (m, 1H), 2.39 (d, T = 1.7 Hz, 3H), 221 (4, T = 1.5 Hz, 4H), 1.88 - 1.26
(m, 10H).

Example 281 and 282

(S)—(2—cyciopropyl—6~(3,S-dimethylisoxazol-4-yl)—IH—benzo[d]imidazol—4~y1)(6-
methylpyridin-2-yl)((R)-tetrahydrofuran-2-yl)methanol (1020-281) and

(R)-(2-cyclopropyl-6-(3 _5-dimethylisoxazol-4-yl)-1H-benzo{d]imidazol-4-y1) (6-
methylpyridin-Z-y]_)((S)-tetrahydroﬁlran«Z—yl)methanol (1020-282)

N—-Q N—Q
-

1020-281 1020-282
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[00885] From Example 114, the mixture was separated to provide the two

enantiomers using HPLC chiral column.
LCMS (m/z +1) 445.23
Example 283 and 284

(R)-(Z-cyclo_propyl-6-(3,5—dimethy1isoxaz01—4-yl)-1H—benzo[d]hnidazol—4-y1)((S)-
tetrahydrofuran-2-yl)methanol (1020-283) and

(R)-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-b enzo[dJimidazol-4-y1)((R)-
tetrahydrofuran-2-ylymethanol (1020-284)

N—O N—0
/ P /
o) + ' S
BocN : HN :
KN OH <ﬁ' <ﬁ:” OH
[00886] To tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-4-

{(hydroxy(tetrahydrofuran-2-ylymethyl)-1H-benzo[d]imidazole-1 -carboxylate (36 mg,
0.079 mmol, 1 equiv.) 1 is added TFA (5 mL) and allowed to stir for 30 min. After the
reaction was complete, it was concentrated in vacuo. Purification was carried out by
reverse phase HPLC to furnish a mixture of isomers. It was then separated to provide
the two isomers using HPLC chiral separation to furnish (R)-(2-cyclopropyl-6-(3,5-
dimethylisoxazol~4—yl)~1H-benzo[d]imidazol—4—y1)((S)—tetrahydrofuran-Q—yI)methanol
and (R)—(2-cyclopr0pyl-6~(3,5-dimethy1isoxaz01—4—yl)—1H~benzo[d]imidazol-4—yl)((R)-
tetrahydrofuran-2-ylymethanol.

[00887] Compound 1020-283: LCMS (m/z +1) 352.46. 'H NMR (400 MIiz,
Methanol-d4) § 7.33 (s, 1H), 7.19 (s, 1H), 5.05 (d, J = 6.0 Hz, 1H), 4.27 -4.18 (m, 1 H),
3.89-3.80 (m, 1 H), 3.78 -3 .60 (m, 1 H), 2.41 (s, 3H), 2.27 (s, 1H), 2.28 (m, 1 H), 1.49
(dd, 7= 8.3, 3.0 Hz, 4H), 1.34 (dd, T = 4.9, 2.7 Hz, 4H). "’F NMR (376 MHz, Methanol-
d4)§-77.91.
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[00888] Compound 1020-284: LCMS (m/z +1) 352.42. "H NMR (400 MHz,
Methanol-dy) § 7.33 (s, 1H), 7.19 (s, 1H), 5.04 (&, J= 6.1 Hz, 1H), 431 - 4.15 (m, 1H),
3.96 —3.82 (m, 1H), 3.79 (q, /= 7.3, 6.9 Hz, 1H), 2.41 (s, 4H), 2.25 (s, 5H), 1.95 - 1.68
(m, SH), 1.21 (ddt, J=10.3, 7.5, 2.6 Hz, 5H).

Example 285

Cycl0penty1(2—cyc10propyl~6-(3,5-dimethylisoxazol-4—yl_)-1H-benzo[d]imidazol—4—
yDmethanone (1020-285)

N—0Q

N—O p

4 £

B ————— O
OH HN
HN KN
e
[00889] Into a flask containing cyclopentyl(2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)-1H-benzo[d]Jimidazol-4-yl)methanol (25 mg, 0.07 mmol, 1
equiv.) in DCM (3 mL) is added Dess-Martin periodinane (150 mg, 0.36 mmol, 5
equiv.). The reaction was extracted with DCM and washed with water, saturated NH,Cl.
After drying with MgSQs, it was filtered and concentrated to dryness. Purification was
carried out by reverse phase HPLC to furnish cyclopentyl(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl}-1H-benzo[d]imidazol-4-yl)methanone.

[00890] LCMS (m/z+1) 350.28. 'H NMR (400 MHz, Methanol-d4) 8 7.77 (s,
1H), 7.64 (s, 1H), 4.00 -3.90 (m, 1 H), 2.42 (s, 3H), 2.27 (s, 3H), 2.32-2.25 (m, 1 H),
2,05-1.90 (m, 4H), 1.75-1.60 (m, 4H), 1.20.—1..10 (m, 4H). R NMR (376 MHz,
Methanol-d4) & -77.91.

Example 286

(2-Cy010propy1-6-(3,5-dimethy1isoxazol—4-y1)—1H-benzo[d}imidazol-4—y1) (pyrimidin-2-
yl)(tetrahydrofuran-2-yl)methanol (1020-286)
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N-O N-Q

Br
)\ 1) -78°C, n-BuLi, DCM
e

N -

v 2) TFA

[00891] In a flame dried flask containing 2-bromopyrimidine (111 mg, 0.70
mmol) in DCM was added n-BulLi (0.39 ml., 0.62 mmol) at -78°C. The solution was
allowed to stir for 30 minutes, followed by the addition of tert-butyl 2-cyclopropyl-6-
(3,5-dimethy1isoxazoI-4—y1)-4-(tetrahydroﬁlran—Z-carbonyl)- 1H-benzo[d]imidazole-1-
carboxylate (70 mg, 0.16 mmol). The solution was allowed to warm to room
temperature. Once complete, the solution was quenched with DI H20 and extracted three
times with EtQOAc. The combined organic layers were washed with saturated NaCl, dried
over sodium sulfate, filtered and concentrated in vacuo. To the crude product was added
5 mL of TFA and was allowed to stir for 30 minutes. The solution was concentrated in
vacuo and was purified via reverse phase HPLC to afford (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4—y1)-1H—ben'zo[d]imidazol-4-y1)(pyriniidin-fz-yl)(tetrahydroﬁlran—Z-
yDmethanol.

[00892] CaaHasN5Os. MS. m/z 432.5 (M+1). "H NMR (400 MHz, cdsod) 5 8.86
(d,/=4.9 Hz,2H), 7.94 (d, / = 1.4 Hz, 1H), 7.48 (d,J= 1.4 Hz, 1H), 7.41 (t, /= 4.9 H,
1H), 5.24 (t, /= 6.8 Hz, 1H),3.92 (d, /= 13.8, 7.0 Hz, 2H), 3.76 (dd, J = 12.4, 7.4 Hz,
2H), 2.43 (s, 3H), 2.26 (s, 3H).

3

Example 287

6~((2-Cyclopropyl-6-(3 ,o>-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
yD(hydroxy)(tetrahydro furan-2-yl)methyl)-1 -methylpyridin-2(1H)-one (1020-287)
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[00893] 6-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-1 H-benzo[d}imidazol-4-
yl)(hydroxy)(tetrahydrofuran-2-ylymethyl)-1 -methylpyridin-2(1H)-one was synthesized
in a similar fashion to Example 286, substituting 2-bromopyrimidine for 6-bromo-1-
methylpyridin-2(1H)-one (128 mg, 0.68 mmol), and DCM for THF as the solvent.

[00894] CHpsN4Og. MS. m/z 641.5 (M+1). "H NMR (400 MHz, cdzod) 8 7.61
(dd, J=9.0, 7.4 Hz, 1H), 7.52 (d,J = 1.3 Hz, 1H), 7.17 (d, /= 6.5 Hz, 1H), 6.80 (d, /=
1.1 Hz, TH), 6.61 (d, J= 8.2 Hz, 1H), 3.28 (s, 3H), 2.27 (s, 3H), 2:06 (5, 3H), 1.95 - 1.79
(m, 3H), 1.59 (td, J = 7.8, 5.0 Hz, 2H), 1.49 - 143 (m, 2ED), 1.43 - 1.34 (m, 1H).

Example 288

(2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1H-benzo[dlimidazol-4-yl)(pyridin-2-
yl)(tetrahydrofuran-2-ylymethanol (1020-288)

[06895] (2-cyclopropyl~6-(3,S-dimeﬂ1y1isoxazol—4—y1')-1H-benzo[d]imidazol—4—
yl)(pyridin—2—yl)(tetrahydroﬁlran-?.—yl)methanol was synthesized in a similar fashion to
Example 286, substituting 6-bromo-1 -methylpyridin-2(1H)-one for 2-bromopyridine.

[00896] CasELeNsOs. MS. m/z 431.5 (M+1). 'H NMR (400 MHz, cdsod) & 8.74
(d, =47 Hz, 1H), 8.25 (sd, J="7.9, 1.6 Hz, 1H), 8.12 (d, /= 8.1 Hz, 1H), 7.73 - 7.69
(m, 1H), 7.5 (d, J= 1.3 Hz, 1H), 7.53 (d, /= 1.2 Hz, 1H), 5.19 (t, /= 6.8 Hz, 1H), 3.99
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~3.90 (m, 1H), 3.85 (dd, /= 14.2, 6.6 Hz, 1H), 2.67 (ddd, J=13.5, 8.5, 5.0 Hz, 1H),
2.38 (s, 3H), 2.21 (s, 3H), 1.96 — 1.86 (m, 4H), 1.57 — 1.51 (m, 2H), 1.45 - 1,38 (m, 2H).

Example 289 and 290

(2—cyclopropyl—6—(3,5-dimethylisoxazol-4-yl)-1H—benzo[d]imidazol-4-yl)(pyridazm—3-
yh)(tetrahydrofuran-2-ylymethanol enantiomer 1 (1020-289) and

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo [d]imidazol-4-yl)(pyridazin-3-
yb(tetrahydrofuran-2-yl)methanol enantiomer 2 (1020-290)

[00897] Enantiomers were resolved using a Chiralpak AD-H column
{Heptane:IP A, 70:30) to afford the two title compounds.

Example 291

tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-4-(hydroxy(2-
(methylthio)phenyl)(tetrahydrofuran-2-yl)methyl)- 1 H-benzo[d]imidazole-1-carboxylate
(1020-291)

[60898] The ketone (0.1g) was dissolved in 2-Me-THF (4 ml), cooled to -20 C,
and the Grignard reagent (0.1 ml, 0.5 M in THF) added drop wise, After stirring for 20

min, MeOH (I ml) was added, volatiles were removed and the residue purified by
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reverse phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford tert-butyl 2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(2-
(methylihio)phenyl)(tetrahydrofuran-2-yl)methyl)- 1H-benzo[d]imidazole-1 -carboxylate.

[00899] LCMS (m/z+1) 440.1. 'H NMR (400 MHz, Acetonitrile-d3) 3 12.05 (s,
1H), 7.81 — 7,70 (m, 1H), 7.45 (d, T = 1.5 Hz, 1H), 7.40 (d, I = 1.4 Hz, OH), 7.27 - 7.17
(m, 2H), 7.14 (ddd, = 7.7, 6.2, 2.6 Hz, 1H), 7.07 (d, ] = 1.4 Hz, 0H), 7.00 (d, T = 4.4
Hz, 1H), 6.46 (d, ] = 1.5 Hz, 1H), 4.73 (dd, ] = 7.6, 62 Hz, 1H), 434 (d, T = 13.0 Hz,
1H), 3.96 — 3.79 (m, 2H), 3.77 — 3.58 (m, 1H), 2.52 (tt, J = 8.5, 5.1 Hz, 2H), 2.24 (s, 1H),
1.92 (s, 2H), 1.83 ~ 1.48 (m, 7H), 1.45 = 1.33 (m, 2H), 1.34 ~ 1.24 (m, 1H), 1.19 (s, 1H).

Example 292

1-(2-cyclopropyl—6—(3,5-dimeﬂ1ylisoxazol-4-y1)-1H-benzo[d]imidazol-4-y1)-2-meﬂ1y1—1-
(tetrahydrofuran-2-yl)propan-1-ol (1020-292)

O-N
N \

[00900] To a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
(tetrahydroﬁlran-Z—carbonyl)—lH—benzo[d]imidazole—l-carboxylate (100 mg, 0.22 mmol)
in toluene (4 mL) was added iPrtMgCl (273 mg, 2.66 mmol) and the solution was stirred
at room temperature overnight. EtOAc (100 mL) was added and the solution was washed
with aqg NH4Cl, brine and dried over Na,S0.. Solvent was removed and the residue was
purified by silica gel column (0-15% MeOH in CH,Cly), then (0-60% EtOAc in hexane)
to give product as N-Boc intermediate which was dissolved in a mixture of MeTHF (2
mL), TFA (2 mL) and H,O (0.2 mL). The solution was heated at 50 °C for 1h. The
solution was concentrated to dryness and the residue was purified by HPLC to give 1-(2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-y1)-2—methy1—1—
(tetrahydrofuran-2-yl)propan-1-ol.

[00901] CysHoN:05. MS. m/z 396.2 (M+1), "H NMR (Methanol-d) & 7.45 (d, J
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= 1.4 Hz, 1H), 7.19 (d,/ = 1.5 Hz, 1H), 4.64 (t, /= 7.4 Hz, 1H), 3.91 - 3.76 (m, 2H),
2.66 (tt, J = 8.5, 5.1 Hz, 1H), 2.54 - 2.38 (m, 4H), 2.25 (s, 35D, 1.88 — 1.73 (m, 2H), 1.70
— 160 (m, 2H), 1.58 — 1.49 (m, 2H), 1.46 — 1.33 (m, 2H), 0.94 (dd, J = 13.2, 6.8 Hz,
6H).

Example 293

(6-bromo-3-fluoro-2-methylpyridin-4-y1) (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-
1H-benzo[d]imidazol-4-yl)(tetrahydrofuran-2-yl)methanol ( 1020-293)

O—N O-N
N ) X
0
Boc-~N - Boc~
J‘N 0 <f:N
[00902] To a solution of 2-bromo-5-fluoro-6-methyl-2-pyridine (337 mg, 1.77

mmol) in THF (10 mL) was added BuLi (0.113 mg, 1.77 mmol) and the solution was
stirred at -78 °C for Th. To the solution was added a solution of tert-butyl 2-cyclopropyl-
6-(3,S—dimethylisoxa_zol—4-y1)-4-(tetrahydroﬁ1ran-2—‘carbonyl)-1H—benzo[d]imidazole—l-
carboxylate (200 mg, 0.443 mmol) in THF (2 mL) and the solution was stirred at -78 °C
for 1h. Aq NH,CI was added and the solution was exiracted with EtOAc {200 mL). The
organic solution was washed with brine and dried over Na,0S4. Solvent was removed
and the residue was purified by silica gel column chromatography (0-10% MeOH in
CHCh) to give tert-butyl 4-((6-bromo-3-fluoro-2-methylpyridin-4-
yl)(hydroxy)(tctrahydro‘furan—Z-yl)methyl)—2—cyclopropy1~6h(3,5-dimethy1isoxazol-4—y1)~
1H-benzo[d]imidazole-1-carboxylate and (6-bromo-3 -fluoro-2-methylpyridin-4-yl)(2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo [dJimidazol-4-y1)(tetrahydrofuran-
2-yDmethanol.

[00903] tert-Butyl 4-((6-bromo-3-fluoro-2-methylpyridin-4-

yl)(hydroxy)(tetrahydrofuran-2-yl)methyl)-2~cyclopr0pyi-6-(3,5—dimethylisoxazol—4~y1)-
1H-benzo[djimidazole-1-carboxylate: C3;H3sBrFN4Os. MS. m/z 640.6 (M+1). '"HNMR
(Chloroform-d) 6 7.88 (d, J= 5.1 Hz, 1H), 7.72 (d, J = 1.4 Hz, 1H), 7.32 (dd, J = 24,15
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Hz, 1H), 5.25 (t, J = 6.6 Hz, 1H), 4.05 - 3.95 (m, 1H), 3.88 (td, /= 7.5, 5.2 Hz, 1H),
2.91—2.74 (m, 1H), 2.43 (s, 3H), 2.34 (d, J = 3.4 Hz, 3H), 2.29 (s, 3H), 2.02 - 1.76 (m,
4H), 1.68 (s, 9H), 1.18 (ddt, J = 10.8, 5.3, 2.6 Hz, 4H).

[00904] (6-Bromo-3-fluoro-2-methylpyridin-4-y1)(2-cyclopropyl-6~(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d]imidazol-4-yl)(tetrahydrofuran-2-ylymethanol:
CsHasBrEN;Os. MS. m/z 541.5 (M+1). "H NMR. (Methanol-d4). 1H NMR (Methanol-
di) 8 8.07 (d, J=5.0 Hz, 1H), 7.47 (d,J = 1.4 Hz, 1H), 7.31 - 7.21 (m, 1H), 5.07 (t, /=
6.5 Hz, 1H), 4.01 (g, J= 7.1 Hz, 1H), 3.95 - 3.81 (m, 1H), 2.77 - 2.63 (m, 1H), 2.37 -
2.29 (m, 6H), 2.17 (s, 3H), 2.01 — 1.86 (m, 3H), 1.76 (d, /= 6.0 Hz, 1H), 1.56 (dd, /=
8.5, 2.8 Hz, 2H), 1.47 —1.33 (m, 2H).

Example 294

(2—0yclopropyl—6-(3,5-dimeﬂ1y11'soxazol—4-yl)-1H—benzo[d]hnidazol—él-yl)ﬁ-ﬂuoro-Z-
methylpyridin-4-yl)(tetrahydrofuran-2-yl)methanol (1020-294)

O-N
™

e

[00905] A mixture of (6-bromo-3-fluoro-2-methylpyridin-4-yl)(2-cyclopropyl-6-
(3,5—dimethy1isoxazol—4—yl)-lH-benzo[d]hnidazol—4—y1)(tetrahydrofuran—z-y_l)methanol
(25 mg, 0.046 mmol) and Pd/C (10 % 10 mg) in MeOH (5 mL) was stirred under H,
balloon for 3h. Reaction mixture was filtered and the filirate was concentrated to
dryness to give (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo|d]imidazol-4-
yI)(3-fluoro-2-methylpyridin-4-yl)(tetrahydrofuran-2-yl)methanol.

[00906] CaeHip7FN4O5. MS. m/z 463.2 (M+1). 'H NMR (Methanol-dy) § 8.38 (d, J
— 5.5 Hz, 1H), 8.10 (t, J = 5.8 Hz, 1H), 7.50 (d, /= 1.4 Hz, 1H), 7.22 (t, /= 1.3 Hz, 1H),
5.11 (t, J= 7.0 Hz, 1H), 4.09 - 3.96 (m, 1H), 3.89 (ddd, J="7.9, 6.4, 4.4 Hz, 1H),2.73
(tt, J= 8.4, 5.0 Hz, 1H), 2.44 (d, /= 3.2 Hz, 3H), 2.34 (5, 3H), 2.16 (5, 3H), 2.04 ~ 1.90
(m, 3H), 1.78 (qd, J= 7.1, 4.8 Hz, 1H), 1.62 — 1.50 (m, 2H), 1.43 (tt, /= 5.1,3.8 Hz,
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2H).
Example 295

(2-cyclopropy1—6—(3,5-dimethylisoxazol—4—yi)—1H-benzo{d]imidazo[-4-yl)(3 -fluoro-2-
methyl—ﬁl—(methylthio)pyridin—4—y1)(tetrahydrofuran-2-'yl)methanol {1020-295)

O-
N

HN
<R:N

[00907] To a solution of (6-bromo-3-fluoro-2-methylpyridin-4-yl) (2-cyclopropyl-

6-(3,5—dhnethy1iszazol-4—y1)-IH-benzo[d]imidazol-4—yl)(tetrahydrofuran-Z-yl)methanol
(20 mg, 0.037 mmol) in DMF (5 mL) was added NaSMe (0.1 g, excess) and the mixture
was heated a 120 °C for 1h. Solvent was removed and the residuc was purified by HPLC
to give (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-b enzo[dJimidazol-4-y1)(3-
ﬂuoro—2—rnethyl-6~(methylthio)pyridin-4—yl)(tetrahydroﬁ1ran—2-yl)methanol.

[00908) CoHa9FN4038. MS m/z 509.3 (M+1), ITH NMR (Methanol-dy) & 7.74 -
7.68 (m, 1H), 745 (4, J= 1.4 Hz, 1H), 7.22 (t, J = 1.4 Hz, 1H), 5.06 (d, /= 6.8 Hz, 1),
4.05-3.96 (m, 1H), 3.89 (t, /= 6.9 Hz, 1H), 2.68 (dq, /= 9.2, 5.3, 4.6 Hz, 1H), 2.54 (s,
3H), 2.37 - 2.28 (m, 6H), 2.16 (s, 3H), 1.92 (s, 3H), 1.74 (d, /= 7.3 Hz, 1H), 1.55 (dd, J
=8.5,2.8 Hz, 2H), 1.45 - 1.35 (m, 2H).

Example 296

(2-cyclopropyI-6-(3,5-dimeﬂ1y1isoxazol—4—yl)—1H—benzo[d]imidazol—4—y1) (5,5-
dimethyltetrahydrofuran-2-yl)(pyridin-2-yl)methanol (1020-296)

Step 1: Tert-butyl 2-cyclopropyl-6-( 3.5-dimethylisoxazol-4-v1)-4-((5.5-

dimethyltetrahydrofuran-2-v1)(hvdroxy)methyl)-1H-benzo [d]imidazole-1-carboxvlate
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N—O
N-0O /
I Y

triethylborane, 2,2-DiMeTHF
- O
H . d i
BooN t-butylhydroperoxide BocN
0°C tort 7N OH
[00909] Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4-y1)-4-formyl-1H-benzo[d}imidazole-1-carboxylate (600 mg, 1.57 mmol, 1 equiv.) was
added 2,2-dimethyltetrahydrofuran (20 mlL) and cooled to 0T before adding
triethylborane (2.2 mL, 14.16 mmol, 9 equiv.). Tert-butylhydroperoxide (1.7 mL, 9.43
mmol, 6 equiv., 6 M decanes) was added slowly to the reaction mixture and the reaction
allowed to warm up slowly to room temperature. After completion, the reaction was
quenched with NH4OH solution (5 mL) and extracted with EtOAc and washed with
water (spiked with a solution of FeS04.H2S04.Hz0 (2 mL)} and then with saturated
NH,Cl. After drying with MgSOs, it was filtered and concentrated to dryness.
Purification was carried out by flash column chromatography to tert-butyl 2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-((5 ,5-dimethyltetrahydrofuran-2-
yl)(hyd;roxy)methyl)-1H-benzo[d]imidazole—l -carboxylate (505 mg, y. 41%, dr 3:2).

" [00910] LCMS (m/z +1) 481.14

Step 2: tert-butyl-2-cyclopropyl-6-(3 .5-dimethvlisoxazol-4-y)-4-(5.5-

dimeth\'rltetrahvdroﬁlran-z-carbonVl)—1H—benzo[dlimidazole-1-carboxv1ate

N—Q N—O
[ & A >
O > 0
BocN BocN
==N OH =N o
[00911] Into a flask containing to tert-butyl 2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)-4-((5,5-dimethyltetrahydrofuran-2-yl) (hydroxy)methyl)-1H-
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benzo[d]imidazole-1-carboxylate (505 mg, 0.73 mmol, 1 equiv.) was added DCM (100
ml.) and Dess-Martin periodinane (467 mg, 1.10 mmol, 1.5 equiv.). After completion,
the reaction was quenched with sodium thiosulfate solution and allowed to stir for
several minutes. It was extracted with DCM and washed with water and saturated
NH,CL After drying with MgSQ,, it was filtered and concentrated to dryness.
Purification was carried out by flash column chromate graphy to furnish tert-butyl 2-
cyclopr0py1-6—(3,S;dimethylisoxazobﬁl-ylj-4-(5,S-dimethyltetrahydrofuran-2—carb0ny1)-
1H-benzo[d]imidazole-1-carboxylate (202 m g, ¥.57%).

[00912) LCMS (m/z +1) 480.51

Step 3: (2-cvelopropyi-6-( 3,5-dim’ethvlisoxazol—4-vl)-1H~benzo[ dlimidazol-4-v1)(5.5-
dimethyltetrahvdrofuran~2-vl)(nvﬁdin-Q-vl)methanoi

N—O
{ 7
O
BocN
=N 0
[00913] In a flame dried flask containing 2-bromopyrimidine (99 pL, 1.04 mmol,

10 cquiv.) in THF was added n-BuLi (0.71 mL, 1.14mmol, 11 equiv.) at -78°C. The
solution was allowed to stir for 30 minutes, followed by the addition furnish tert-butyl 2-
cyc]opropy1-6-(3,5-dimethylisoxazol-4-y1)—4-(5,S-dimethyltetrahydrofuran-Z-carbonyI)~
1H-benzo[d]imidazole-1-carboxylate (50 mg, 0.10 mmol, 1 equiv.). The solution was
allowed to warm to room temperature. Once complete, the solution was quenched with
water and extracted three times with EtOAc. The combined organic layers were washed
with saturated NaCl, dried over sodium sulfate, filtered and concentrated in vacuo. To
the crude product was added 5 mL. of TFA and was allowed to stir for 30 minutes. The
solution was concentrated in vacuo and was purified via reverse phase HPLC to afford
(2-cyclopropyl-6-(3,5-dim ethylisoxazol-4-yl)- 1H-benzo[dJimidazol-4-y1)(5,5-
dimethylictrahydrofuran-2-yl)(pyridin-2-yl)methanol.
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[00914] I{ NMR (400 MHz, Methanol-d4) 5 8.76 — 8.59 (m, 1H), 7.96 (t, J = 7.6
Hz, 1H), 7.89 — 7.80 (m, 1H), 7.71 (4, § = 1.5 Hz, 1H), 7.55 - 7.39 (m, 1H), 5.24 1=
7.3 Hz, 1H), 2.61 (ddd, ] = 8.5, 5.0, 3.5 Hz, 1H), 2.41 (s, 3H), 2.24 (5, 3H), 2.05 - 1.69
(m, 4H), 1.68 — 1.44 (m, 2H), 1.44 - 1.30 (m, 1H), 1.25 (5, 3H), 1.17 (s, 3H), 1.00 (t, T =
7.4 Hz, 1H). '*F NMR (377 MHz, Methanol-d4) 8 -77.90.

Example 297

(2-cyclopropy1—6-(3,5-dimeﬂ1ylisoxazol—4~yl)-«1H-benzo[d]imidazol—4-y1)(5,5—
dimethyltetrahydrofuran-2-yl) (6-methylpyridin-2-yl)methanol (1020 -297)

N—0
/ N—QO
Y
ey
N
% @ THF
1 MgBr
BocN N
XN 0

2. TFA

[00915] Into a flask containing tert-butyl 2-cyc10propy1-6-(3,SI—dimethylisoxazol-
4-y1)-4-(5,5-dimethyltetrahydroﬁxran-fl-carbon_yl)—1H-benzo[d]imidazole—l-carboxylatc
(50mg, 0.10 mmol, 1 equiv.) is added THF (5mL) and to itis-added (6-methylpyridin-
2-yl)magnesium bromide (2.5 mL, 0.63 mmol, 6 equiv., 0.25 M THF, Rieke Metals).
After completion, the reaction was quenched and extracted with EtOAc and washed with
water, saturated NH,Cl. After drying with MgSOx, it was filtered and concentrated to
dryness. To the crude material is added TFA (5 mL) and allowed to stir for 30 min. Affer
the reaction was complete, it was concentrated iz vacuo. Purification was carried out by
reverse phase HPLC to furnish (2-cyc10propy1-6-(3,5-dimethylisoxazol—4-yl)-lH-
benzo[d]imidazol—4-yl)(5,5-dimethyltetrahydroﬁ:ran—Z-yl)(6-methy1py1'idin—2~

yl)methanol (as a racemic single diastereom er).

[00916] ' NMR (400 MHz, Methanol-d4) § 7.99 — 7.80 (m, 1H), 7.70 (g, = 3.5
Hz, 3H), 7.50 — 7.46 (m, 1H), 7.37 (s, 1H), 5.21 (t, 1 = 7.3 Hz, 1H), 2.67 (5, 4H), 2.64 -
9.53 (m, 1H), 2.41 (s, 4H), 2.24 (5, 4H), 2.05 — 1.81 (mn, 2ED), 1.83 ~ 1.70 (m, 1H), 1.64 -
1.55 (m, 1H), 1.54 — 1.47 (m, 2H), 1.36 (dd, J = 6.1, 2.6 Hz, 2H), 1.25 (5, 4H), 1.17 (s,
4H). "F NMR (377 MHz, Methanol-d4) 5 -77.87,
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Example 298

(2-cyclopropy1-6-(3,5—dimemylisoxazol—tl—yl}1H-be'nzo[d]imidazol-4—yl)(5,5—
dimethyltetrahydrofuran-2-yl)(pyridazin-3 ~yDmethanol (1020-298)

N—O
4 Vs
G
BocN
=N 0
[00917] Into a flask containing pyridazine (110 pL, 1.15 mml, 8 equiv.) was

added MeTHF (5 mL) and to it slowly added TMP.MgCLLiCl (1.46 mL, 1.46 mmol, 10
equiv., IM) at -78 C over 10 min. After 45 minutes tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-y1)-4-(5 »5-dimethyltetrahydrofuran-2-carbonyl)-1H-
benzo[d]imidazole-1-carboxylate (70 mg, 0.14 mmol, 1 equiv.) dissolved in MeTHF 2
ML) is added slowly to the reaction. After completion, the reaction was quenched and
extracted with EtOAc and washed with water, saturated NH,Cl. After drying with
MgSO,, it was filtered and concentrated to dryness. To the crude material is added TFA
(5 mL) and allowed to stir for 30 min. After the reaction was complete, it was
concentrated in vacuo. Purification was carried out by reverse phase HPLC (2-
cyGIOpropylu6-(3,5-dimeﬂnylisoxazol—ﬂr-yl)—1H-benzo[d]imidazol~4—yl)(5,5 -
dimethyltetrahydrofuran—2~yl)(pyridazin-3 -yl)methanol (as a racemic single

diastereomer).

[00918] LCMS (m/z +1) 460.23. 'H NMR (400 MHz, Methanol-d4) § 9.33 (dd, J
=2.3, 1.2 Hz, 0H), 9.18 (dd, Y = 5.5, 1.2 Hz, OH), 9.11 (dd, J =4.9,1.6 Hz, 1H), 8.12
(dd, T =3.7, 1.6 Hz, 1H), 8.03 (dd, } = 5.5, 2.4 Hz, OH), 7.65 (d, F = 1.5 Hz, 1H), 7.53 (d,
J=1.5Hz, OH), 748 (d, T = 1.5 Hz, 1H), 5.41 (t, J = 7.4 Hz, 1H), 2.65 (s, 3H), 2.43 (d, J
=4.8 Hz, 2H), 2.38 (s, 3H), 2.34 - 2.11 (m, 5H), 2.13 - 1.86 (m, 3H), 1.86 — 1.58 (m,
4H), 1.58 — 1.45 (m, 4H), 1.45 — 1.34 (m, 4H), 1.34 — 1.10 (m, 8H), 1.06 (s, 1H). 19F
NMR (377 MHz, Methanol-d4) § -77.96.

Example 299
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Preparation of (2—cyclopropyl—6—(3,5-dimethylisoxazol-4—yl)~1H—benzo{d]imidazol-4—
yl)(oxetan-2-yl)methanol (1020-299)

Step 1: Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethylisoxazol-4-v1)-4-

(hvdroxv(oxetan-2-vhmethyl)-1H-benzo{dJimidazole-1 -carboxvlate

N-Q N
//

. TEB, {-BHP
Q __Oxefans 0
O)\N 0 0°C to RT )\N

<j}=N H °<<X=N HO

[00919} Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-
4-y)-4-formyl-1H-benzo|d]imidazole-1 -carboxylate (100 mg, 0.73 mmol) is added

Oxetane (10 mL) and cooled to 0°C before adding triethylborane (3.1 mL, 3.14, mmol,
1M in hexanes). Tert-butylhydroperoxide (0.27 mL, 1.6 mmol, 5.5M) is added slowly to

-0
£

the reaction mixture and the reaction was allowed to warm slowly to room temperature.
After completion, the reaction was quenched with NH4OH solution and extracted with
BtOAc and washed with water (spiked with a sotution of FeSO4.H;804.Hy0 (2 mL)) and
then with saturated NH,CL. After drying with MgSOs, it was filtered and concentrated to
dryness. Purification was carried out by flash column chromatography to afford tert-
butyl 2-cyclopropy1'-6—(3,5-dimethylisoxazol—4-yl)-4-(hydroxy(oxetan-Z—yI)methyl)-1H—

benzo[dlimidazole-1-carboxylate.
[00920] CraHzoN3Os. MS. m/z 440.5 (M+1).

Step 2: Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethvylisoxazol-4-vl)-4-

(oxetane-2-carbonvl)-1H-benzo[dlimidazole-1-carboxylate

N-O N
£

-0
=

Dess-Martin
Periodinane o)

OH DCM T;HO)HN
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[00921] To a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazo]-4—y1)-4-(hydroxy(oxetan-Z—yl)methyI)— IH-benzo[d]imidazole-1-
carboxylate (155 mg, 0.35 mmol) was added Dess-Martin Periodinane (0.194g, 0.46
mmol). The reaction was allowed to stir for 1 hour. Once complete, the solution was
quenched with saturated sodium thiosulfate and allowed to stir for 20 minutes. Once
complete, thé solution was quenched with DI H,0 and extracted three times with EtOAc.
The combined organic layers were washed with saturated NaCl, dried over sodium
sulfate, filtered and concentrated in vacuo and purified via flash column chromatography

(97.7 mg, 63% yicld).

Step 3: Preparation of (2-cyclopropyl-6-( 3.5-dimethylisoxazol-4-y1)-1H-

benzo[dlimidazol-4-vl)(oxetan-2-vIImethanol

[00922] To a flask containing 5 mL of TFS was added tert-butyl 2-cyclopropyl-6-
(3 ,5-dimethyh'soxazol-4-y1}-4-ﬂlydroxy(oxetan—Z-yl)methyl)- 1H-benzo[dlimidazole-1-
carboxylate (34 mg, 0.08 mmol). The reaction was allowed to stir for 30 minutes. Once
complete, the solution was concentrated in vacuo where is was then purified via reverse
phase HPLC to afford (_2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[d]imidazol-4-yl)(oxetan-2-yl)methanol.

[00923] CioHa1N3O3. MS. m/z 440.5 (M+1).
Example 300

Preparation of 1 -(2—cyciopropy1-6-(3,5-dimethy1isoxazol—4~y1)-1H-benzo[d]imidazol-4-
yD)-1-(6-methylpyridin-2-yl)butane-1,2,4-triol (1020-300)

339



‘WO 2014/182929 PCT/US2014/037344

MgBr

1) THF
+ I 2 N =
Q\ 2) TFA

[00924] In a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-

dimeﬂlylisoxazol-4—yl)-4—(oxetane~2-carﬁony1)-IH—-benzo[d]imidazole-l-carboxylatc (50
mg, 0.1 mmol) was added (6-methylpyridin-2-yl)magnesium bromide (2.74 mL, 0.69
mmol, 0.25M) in THF. The reaction was allowed to stir for 1 hour. Once complete, the
solution was quenched with DI H;O and extracted three times with EtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacuo. To the crude product was added 5 mL of TFA and
was allowed fo stir for. 30 minutes. The solution was concentrated in vacuo and was
purified via reverse phase HPLC to afford 1-(2-cyelopropyl-6-(3,5-dimethylisoxazol-4-
y1)-1H-benzo[dJimidazol-4-yl)-1-(6-methylpyridin-2-yl)butane-1 ,2,4-triol.

[00925) CysHsN4Oy. MS. m/z 449.5 (M+1). ‘I NMR (400 MHz, cdzod) & 7.83 (t,
J=7.8 Hz, 1H), 7.74 (d, J= 8.1 Hz, 1H), 7.50 (d, /= 1.3 Hz, 1H), 7.42 (d, /= 1.3 Hz,
1H), 7.29 (d, 7= 7.5 Hz, 1H), 5.04 (dd, /= 103, 2.0 Hz, 2H), 3.70 (4d, J= 7.2, 5.3 Ha,
2H), 2.64 (s, 3H), 2.37 (s, 3H), 2.20 (s, 3H), 1.85 — 1.74 (m, 2H), 1.56 — 1.49 (m, 4H).

Example 301

Preparation of (chyclopropy1—6—(3,S-dimethylisoxazol-4-yl)-1H—benzo[d]imidazol—4—
yl)(pyridin-2-yl)(tetrahydrofuran-3-yl)methanol (1020-301)

Step 1: Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethylisoxazol-4-yl}-4-
(tetrahydrofuran-3-carbonyl)-1H-benzo[dlimidazole-1-carboxylate
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0, -78°C, n-Buli ‘

+ /N ——— 18]
5 THF % N
o

[00926] In a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-

-0
=

dimethylisoxazol-4—y})-4~iodo—IH-benzo[d]imidazole—I-Ga.rbox'ylate (712 mg, I mmol)
and N-methoxy-N-methyltetrahydrofuran-3-carboxamide (215 mg, 1 mmol) at -78°C in
THF was added n-BuLi (1.1 mL, 2 mmol, 1.6M). The solution was allowed to stir for 10
minutes, then was pulled from the cold bath to warm to room temperature. Once
complete, the solution was quenched with DI H,O and extracted three times with EtOCAc.
The combined organic layers were washed with saturated Na(Cl, dried over sodium
sulfate, filtered and concentrated in vacuo and purified via flash column chromatography
to afford tert-butyl 2—cyc10pr0py1~6—(3,S-dimethy]isoxazol-4—y1)-4—(tetrahydrofuran—3-
carbonyl)-1H-benzo[d]imidazole-1-carboxylate (0.56 mg, 46% yield).

[00927] CasHaoN3Os. MS. m/z 452.5 (M+1),

Step 2: Preparation of ( 2-cyclopropyl-6-(3.5-dimethvlisoxazol-4-yi)-1H-
benzo[d]imidazol-4-yh(pyridin-2-vIX tetrahydrofuran-3-vl)methanol

-0
-

[00928] Was synthesized in a similar fashion as that of Example 288, substituting
tert-butyl 2—cyclop1'opy1-6—(3,5~dimethy1isoxazol-4-y1)—4-(tetrahydrofuran-2-carbonyl)-
1H-benzo[d]imidazole-1-carboxylate for tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-4-(tetrahydrofuran-3 -carbonyl)-1H-benzo[d}imidazole-1-
carboxylate (275 mg, 0.6 mmol).
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[00929] CysH56Ns0s. MS. m/z 431.5 (M+1). "H NMR (400 MHz, cdsod) & 8.60
(dd, J= 6.7, 5.6 Hz, 2H), 7.92 — 7.81 (m, 5H), 7.64 (d,J= 1.3 Hz, 1H), 7.61 (d,/=1.3
Hz, 1H), 747 (d, J= 1.1 Hz, 2H), 7.38 — 7.33 (m, 2H), 4.39 —4.28 (1, 1H), 4.16 - 4.04
(m, 2H), 4.00 —3.83 (m, 7H), 3.83 —3.71 (m, 6H), 3.65 (dt, /= 15.8, 8.7 Hz, 3H), 2.46
(s, 2H), 2.40 (s, 3H), 2.39 (s, 3H), 2.36 ~ 2.28 (m, 4H), 2.23 (s, 3H), 2.21 (s, 3H), 2.09 -
1.96 (m, 2H), 1.95 — 1.79 (m, 3H), 1.79 — 1.67 (m, 2H).

Example 302

Preparation of (2-cyclopropy1-6~(3,5-dimethy1isoxazol—4-yl)—1I—I~benzo[d]imidazol-—4-
y1)(6-methylpyridin-2-yl)(tetrahydrofuran-3-yl)methanol (1020-302)

[00930] (2~cyclopropyl-G’-(3,5-dimethylisoxazol—4—y1)—1H—benzo[d]imidazal—4—
yl)(6-methy1pyridin—2-y1)(tetrahydroﬁnan-S—yl)methanol was. synthesized in a similar
fashion as that of Example 301 step 2, substituting pyridin-2-ylmagnesium bromide for
(6-methylpyridin-2-yl)magnesium bromide (2.4 mL, 0.61 mmol, 0.25 M).

[00931] CasHasN4O3. MS. m/z 445.5 (M+1). 'H NMR (400 MHz,r cdsod) 6 7.89
(ddd, J=13.2,12.1, 7.8 Hz, 3H), 7.75 - 7.67 (m, 3H), 7.63 (dd, /= 8.3, 1.3 Hz, 2H),
7.49 (dd, J=3.1, 1.3 Hz, 2H), 7.37(d, /= 7.7 Hz, 1H), 7.33 (d, /= 7.7 Hz, 1H), 4.16 -
4,04 (m, 1H), 3.97 — 3.85 (m, 5H), 3.83 - 3.72 (m, 5H), 3.70 - 3.61 (m, 3H), 2.71 - 2.60
(m, 9H), 2.41 (s, 3H), 2.40 (s, 3H), 2.24 (s, 3H), 2.23 (s, 3H), 2.03 (ddd, J=18.6, 11.8,
5.6 Hz, 2H), 1.97 — 1.80 (m, 3H), 1.80 - 1.68 {m, 2H).

Example 303

(2-cyclopr0pyl—6—(3,5-dimethy1isoxazol—4~y1)-1H-benzo[d]imidazol~4-yl)(6~
methylpyridin-2-y1)(tetrahydro-2H-pyran-2-yl)methanol (1020-303)
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Step 1: Preparation of tert-butyl 2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-y1)-4-

(tetrahvdro-2H-pvran-2-carbonyl)-1H-benzo [dlimidazole-1-carboxylate

{00932] Tert-butyl 2-cyclopr0pyl-6-(3,5~dimethylisoxazol-4—yl)-4—(tetrahydr0-2H—
pyran—Z-carbonyl)-1H—benzo[d]imidazo’l&1-carboxy1ate was synthesized iﬁ a similar
fashion as tert-butyl 2-cyclopr0pyl-6~(3,5—dhnethylisoxazol-4-yl)—4—(hydroxy(oxetan—?.-
ylmethyl)-1H-benzo[d}imidazole-1 -carboxylate, substituting the oxetane solvent for

tetrahydropyran.

[00933] Ca6H3sN30s. MS. m/z 468.6 (M+1).

Step 2: Preparation of tert-buty] 2-cyclopropvi-6-( 3.5-dimethvlisoxazol-4-yl}-4-

(tetrahydro-2H-pyran-2-carbonvi)-1 H-benzo[dJimidazole-1-carboxvlate

[00934] Tert-butyl 2—cyclopropy1—6—(3,5-‘dimethylisoxazol~4—yl)—4—(tetrahydro—2H’~
pyran~2-carbony1)-lH-benzo[d]imidazole-l-carboxylatewas synthesized in a similar
fashion as tert-butyl 2—cyclopropy1—6-(3,S—dimethylisoxazol~4—yl)-4—(_oxetane-2-
carbonyl)-1H-benzo[d]imidazole-1-carboxylate, substituting tert-butyl 2-cyclopropyl-6-
'(3,'5—dimethylisoxazol-4—y1)-4-(hydroxy(oxetan—2—y1)methyl)-1H-benzo{d]imidazole—l—
carboxylate for tert-butyl 2-0y¢10pr0py1—6-(3,S—dimethylisoxazol-4—y1)—4—
(hydroxy(tetrahydro—ZH-pyran—Z-yl)methyl}1 H-benzo[d}imidazole-1-carboxylate (184
mg, 0.39 mmol) (87.5 mg, 48% yield).
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Step 3: Preparation of (2-cvclopropyl-6-( 3.5-dimethylisoxazol-4-yl)-1H-
benzofdlimidazol-4-v1)(6-methylpyridin-2-yl}{ tetrahyvdro-2H-pyran-2-vmethanol

[00935] (2—cyclopropy1—6—(3,S-dimethylisoxazol-4-yl)-1H~benzo[d]imidazol—4—
yl)(6-methyipyridin—2—yl)(tetrahydro-2H—pyran—2—y1)methanol was synthesized in a
gimilar fashion as that of Example 302, substituting tert-butyl 2-cyclopropy}-6-(3,5-
dimethylisoxazol-4-yl)-4-(tetrahydrofuran-3-carbonyl)-1 H-benzo[d}imidazole-1-
carboxylate for tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(tetrahydro-2H-
pyran-2-carbonyl)-1H-benzo[d]imidazole-1-carboxylate.

[00936] CyHoN,Os. MS. m/z 459.5 (M+1). "H NMR (400 MHz, cdsod) § 8.03 (1,
7=7.9 Hz, 1H), 7.91 (4, J= 7.9 Hz, 1H), 7.50 (d, J= 1.4 Hz, 1H), 7.46 (dd, J=4.5,3.1
Hz, 2H), 2.68 (s, 3H), 2.63 (td, J = 8.5, 4.2 Hz, 1H), 2.36 (s, 3H), 2.19 (s, 3H), 1.84 (s,
1H), 1.61 — 1.46 (m, 6H), 1.42 —1.18 (m, 6H).

Example 304

Preparation of (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-1H-benzo [d]imidazol-4-
§1)(5,5-dimethyltetrahydrofuran-3-ylymethanol (1020-304)

Step 1: Preparation of tert-butyl 2-cyclopropyl-4-(( 5.5-dimethyl-2-oxotetrahydrofuran-3-
vhi(hydroxy)methy}-6-( 3.5-dimethylisoxazol-4-y1)-1H-benzo[dlimidazole- 1 -carboxylate

-0
e
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[00937] In a flame dried flask containing 5,5-dimethyldihydrofuran-2(3H)-one (90
mg, 0.79 mmol) at -78°C, LDA was added (0.59 mL, 1.18 mmol, 2M). The reaction
mixture was allowed to stir for 10 minutes, followed by the addition of tert-butyl 2-
cyclopropy1-6-(3,S—dimethylisoxazol-4-y1)—4-formy1—1H-benzo[d]imidazole—i-
carboxylate (300 mg, 0.79 mmol). Once complete, the solution was quenched with DI
H»O and extracted three times with EtOAc. The combined organic layers were washed
with saturated NaCl, dried over sodium sulfate, filtered and concentrated in vacuo.
Product was purified via flash column chromato graphy to afford tert-butyl 2-
cycIopropy1-4-((5,5mdimethyl-.?-oxotetrahydrofuran-i%-yl)(hydroxy)methyl_)-6~(3,5—
dimethylisoxazol—4—yl)—1H~benzo{d]imidazole—1—carboxylate (40 mg, 10% yield).

[00938] C27H33N306. MS m/z 496.6 (M+1).

Step 2: Preparation of tert-butvl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-4-
(hydroxy( 2~hvdroxsg-5,5-diniethvltetrahvdrofuran&—Vl)methvl)-1H—benzofd}i'midazole—

1-carboxylate

DIBAL
Boc~py DCMm
[00939] To a flame dried flask containing tert-butyl 2-cyclopropyl-4-((5,5-

: dimethy]-2-oxotetrahydrofuran-3-yI)(hydroxy)methyl)—G—(3,5-dimethy1iszazoi-4-yl)-
1H-benzo[d]imidazole-1-carboxylate (30 mg, 0.065 mmol) at -78°C was added DIBAL
(0.21 mL, 1M in hexanes). The reaction was allowed to warm to room temperature.
Once complete, the solution was quenched with HCI and exiracted three times with
EtOAc. The combined organic layers were washed with saturated NaCl, dried over
sodium sulfate, filtered and concentrated in vacuo. Product was purified via flash column
chromatography to afford tert-butyl 2-cyclopropy1—6~(3,5—dimethy11’soxazol-4—y])—4-
(hydroxy(2-hydroxy-5 ,5-dimethyltetrahydroﬁ1ran~3-yl)methyl)—IH~benzo[d]imidazole-

1-carboxylate,

[00940] Ca7H3sN3Og. MS mi/z 498.6 (M+1).
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Step 3: Preparation of (2-cyclopropyl-6-( 3.5-dimethvlisoxazol-4-yl)-1H-
benzofd]imidazol-4-vD)(5 _5-dimethyltetrahvdrofuran-3-vhmethanol

N-O N-O
i P / P
Ho_ o TES, BF - O(CzHg): 0
BOC"‘N -78°C, DCM HN
XN OH fN OH
[00941] To a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-

dimethylisoxazol-4-y1)-4-(hydroxy(2-hydroxy-5 ,5-dimethyltetrahydrofuran-3-
yhmethyl)-1H-benzo{d}imidazole-1-carboxylate (11 mg, 0.02 mmol) at -78°C was added
triethylsilane (0.14 mL, 0.84 mmol), followed by boron trifluoride diethyl etherate (0.06
.inL, 0.44 mmol). The reaction was allowed to run overnight. Once complete, the reaction
was quenched with sodium bicarbonate and extracted three times with FtOAc. The
combined organic layers were washed with saturated NaCl, dried over sodium sulfate,
filtered and concentrated in vacto. Product was purified via prep HPLC to afford (2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-y1}(5,5-
dimethyltetrahydrofuran-3-ylymethanol.

[00942) CpHarN3Os. MS m/z 382.2 (M+1). "H NMR (400 MHz, Methanol-ds) 8
747 (& J=1.4Hz, 1H), 739 (d, J= 1.4 Hz, 1H), 4.97 (4, J = 7.6 Hz, 1H), 3.67 (d, /=
8.0 Liz, 2HD), 3.02 — 2.89 (m, 1H), 2.57 (i, J = 8.5, 5.0 Hz, 1H), 2.43 (s, 3H), 2.26 (s,
3H), 2.03 — 1.87 (m, 2H), 1.59 — 1.49 (m, 2H), 1.42 (dt, /= 7.9, 4.8 Hz, 2H), 1.33 G5,
3H), 1.20 (s, 3H).

Example 305

Preparation of (48,5R)-5-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[dJimidazol-4-yl)-1-methyl-4-(phenylsulfonyl)pyrrolidin-2-one (1 020-305)
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1) TEOF, THF

% " 2) .00
2
o Me PhO,S
K,CO3, H,0
3) TFA
[00943] In a flame dried flask containing tert-butyl 2-cyclopropyl-6-(3,5-

'dimethylisoxazol-4—yl)—4—fonnyl—IH-benzo[d]imidazole—l—carboxylate (200 mg, 0,52
mmol) was added methylamine (0.262 mL, 0.52 mmol} and triethylorthoformate (0.262
mlL, 2 mmol). The solution was allowed to stir for 3 hours, followed by the addition of 3-
(phenylsulfonyl)dihydrofuran-2,5-dione (0.13g, 0.53 mmol). The solution was allowed
to stir for 3 more hours, followed by the addition of potassium carbonate (145 mg, 1
mmol) and DI water. Once complete, the solution was quenched with DI H,O and
extracted three times with EtOAc. The combined organic layers were washed with
saturated NaCl, dried over sodium sulfate, filtered and concentrated in vacuo. To the
crude product was added 5 mL of TFA and was allowed to stir for 30 minutes. The
solution was concentrated in vacuo and was purified via reverse phase HPLC to afford
(45,5R)-5 -(2—cycIopropjl-6-(3 »J-dimethylisoxazol-4-y1)-1H-benzo[d] imidazol-4-yl)-1-
methyl-4-(phenylsutfonyl)pyrrolidin-2-one.

[00944] C25H25N404S. MS. m/z 491.6 (M—!—l).

Example 306

(2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl1)-1 H-benzo[d]imidazol-4-y1)(1,4-dioxan-2-
yD{(pyridazin-3-ylymethanol (1 020-306)

Step 1; tert-butyl 4-((1 .4~dioxau-2—v1)(hvdroxv)methvl)-z.-cvclot)ronvl-6-(3.5-

dimethvlisoxazol-4-y1)-1H-benzo [diimidazole-1 -carli;oxvl ate

347



WO 2014/182929 PCT/US2014/037344

N—O
! P s
triethylborane, 1,4-dioxane
- o
H t- dro i O
BooN butylhydroperoxide BocN
0°C tort N OH
[00945] Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4-yl)-4-formyl-1H-benzo [dlimidazole-1~carboxylate (600 mg, 1.57 mmol, 1 equiv.) was
added 1,4-dioaxane (40 mL) and cooled to 0C before adding triethylborane (2.7 mL,
18.88 mmol, 12 equiv.). Tert-butylhydroperoxide (2.86 mL, 15.73 mmol, 10 equiv., 6 M
decanes) was added slowly to the reaction mixture and the reaction allowed to warm up
slowly to room temperature. After completion, the reaction was quenched with NH4OH
solution (5 mL) and extracted with EtOAc and washed with water (spiked with a
solution of FeS04.H2804.H,0 (2 mLL)) and then with saturated NH,CL. After drying with
MgSO,, it was filtered and concentrated to dryness. Purification was carried out by flash
column chromatography to tert-butyl 4-((1,4-dioxan-2-yl) (hydroxy)methyl)-2-
cyclopropyl—G-(S,5-dimethyli§oxazol—4—yl)—lHébenzo[d]irrlidazole-l~carb0xy1'ate (140
meg, y. 18%, dr5:3).

[00946] LCMS (m/z +1) 470.55

Step 2: tert-butyl 2-cyclopropyl-6-( 3.5-dimethylisoxazol-4-vl}-4-(1.4-dioxane-2-

carbonyl)-1H-benzo{d]imidazole-1-carboxylate

N—O N—Q
/ p /

BocN BocN

100947} Into a flask containing to tert-butyl 4-((1,4-dioxan-2-
yI)(hydroxy)methyl)-Z-cyclopropyl-6-(3,5-dimethylisoxazol-4_—yl)-1H—
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benzo[d]imidazole-1-carboxylate (140 mg, 0.29 mmof, 1 equiv.) was added DCM (100
ml) and Dess-Martin pericdinane (164 mg, 0.38 mmol, 1.5 equiv.). After completion,
the reaction was quenched with sodium thiosulfate solution and allowed to stir for-
several minutes. It was extracted with DCM and washed with water and saturated
NH,CL After drying with MgSOy, it was filtered and concentrated to dryness.
Purification was carried out by flash column chromatography to furnish tert-butyl 2-
cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-4-(1,4-dioxane-2-carbonyl)-1H-
benzo[d}imidazole-1-carboxylate (102 mg, v.75%).

[00948] LCMS (m/z +1) 468.55

Step 3: (2-cyclopropyl-6-(3.5-dimethylisoxazoi-4-vI)-1H-benzo[d]imidazol-4-y)(1 A

dioxan-2-yi)(pyridazin-3-ylimethanol

N—Q
! 2
oY
o —_—
BocN
=N O
[00949] Into a flask containing pyridazine (110 pL, 1.15 mml, 10 equiv.) was

added MeTHF (5 mL) and to it slowly added TMP.MgCL.LiCl (1.46 mL, 1.46 mmol, 10
equiv., IM) at -78 C over 10 min.. After 45 minutes tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol~4—yl)—4-(1,4—di0xane-2—carbonyl)—IH-benzo[d]imidazole-I-carboxylate
(70 mg, 0.15 mmol, ] equiv.) dissolved in MeTHF (2 ML) is added slowly to the
reaction. After completion, the reaction was quenched and extracted with EtOAc and
washed with water, saturated NHCIL. After drying with MgSOy, it was filtered and
concentrated to dryness. To the crude material is added TFA (5 mL) and allowed to stir
for 30 min, After the reaction was complete, it was concentrated in vacuo. Purification
was carried out by reverse phase HPLC (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-
1H-benzo[d]imidazol-4-yl)(1,4-dioxan-2-yl)(pyridazin-3-yl)methanol (as a racemic

single diastereomer).

[00950] LCMS (m/z +1) 448.62. "H NMR (400 MHz, Methanol-d4) § 9.45 (dd, I
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=2.5,1.2 Hz, 1H), 9.18 (dd, ] = 5.5, 1.1 Hz, 1H), 8.10 — 8.01 (m, 1H), 7.48 (dd, J =
22.5,1.3 Hz, 2H), 4.75 (dd, ] = 9.4, 3.2 Hz, 1H), 3.89 (ddd, J =23.9, 11.5, 2.9 Hz, 2H),
3.79 —3.63 (m, 3H), 3.58 (dd, = 11.6, 3.1 Hz, 1H), 2.65 (s, 3H), 2.36 (s, 3H), 2.19 (s,
3H), 1.79 — 1.46 (m, 2H), 1.40 (ddd, T ="7.5, 4.8, 2.7 Hz, 2H). '°F NMR (377 MHz,
Methanol-d4) § -77.96.

Example 307

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[dJimidazol-4-y1)(2,3-
dihydrobenzofuran-2-yhmethanol (1020-307)

Siep 1: tert-butvl 2-cyclopropyl-4-((2.3-dihydrobenzofiuran-2-yD{hydroxyimethyl)-6-

(3.5-dimethylisoxazel-4-vl)-1H-benzo[dlimidazole-1-carboxvlate

N—Q
N-Q I
&
triethylborane, 2,3-dihydrobenzofiiran O 0 O
BocN ' H t-butylhydroperoxide, 0°C to rt BocN '
=N 0 ==N OH
[00951] Into a flask containing tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-

4-y1)-4-formyl-1H-benzof d]imidazole-1-carboxylate (200'mg, 0.52 mmol, 1 equiv.) was
added 2,3-dhydrobenzofuran (10 mL) and cooled to 0°C before adding triethylborane
(0.91 mL, 6.29 mmol, 12 equiv.). Tert-butylhydroperoxide (0.57 mL, 3.14 mmol, 6
equiv., 5.5 M decanes) was added slowly to the reaction mixture and the reaction
allowed to warm up slowly to room temperature. After completion, the reaction was
quenched with NH4OH solution (5 mL) and extracted with EtOAc and washed with
water (spiked with a solution of FeSO4.H,S04.Hy0 (2 mL)) and then with saturated
NH,4CIL. After drying with MgSOy, it was filtered and concentrated to dryness.
Purification was carried out by flash column chromatography tert-butyl 2-cyclopropyl-4-
((2,3-dihydrobenzofuran-2-ylj(hydroxy)methyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazole-1-carboxylate (dr 3:2).
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[00952] LCMS (m/z +1) 502.60

Step 2: ( 2—cvclonropv1-6-(3,5—dimethylisoxazol~4-v1)—1H—benzo[d1imidazol-4—vl)(2,3-

dihydrobenzofirran-2-vlymethanol

-0 N—-O

! //

Pz

L O —— g W

HN

BocN

=N OH XN OH
[00953] To tert-butyl 2-cyclopropyl-4-((2,3-dihydrobenzofuran-2-

yl)(hydroxy)methyl)—ﬁ—(3,S-dimethylisoxazol-4—y1)-l‘H-benzo[d]imidazole—l-carboxylate
(50 mg, 0.06 mmol, 1 equiv.) is added TFA (3 mL). After 30 min the reaction is
complete and was concentrated in vacuo. Purification was carried out by reverse phase
HPLC (2-cyelopropyl-6-(3,5-dimethylisoxazol-4-yI)-1H-benzo[d] imiéiazol-4—y1)(2,3-
dihydrobenzofuran-2-yl)methanol,

[00954] LCMS (m/z +1) 402.50. "H NMR (400 MHz, Methanol-d4) § 7.52 (dd, J
=1.6,0.7 Hz, 1H), 7.45 (d, ] = 1.4 Hz, 1H), 7.39 (dd, J = 3.2, 1.5 Hz, 1H), 7.06 (d, J =
8.6 Hz, 1H), 6.94 (t, ] = 7.7 Hz, 1H), 6.72 — 6.62 (m, 1H), 6.56 — 6.43 (m, 111}, 5.39 (d, J
= 4.6 Hz, 1H), 5.21 - 5.02 (m, 1H), 3.25 (dt, ] = 9.0, 4.6 Hz, 2H), 2.57 (¢, ] = 4.9 Hz,
1H), 2.40 (d, } =3.3 Hz, 4H), 2.24 (d, T = 3.4 Hz, 4H), 1.56 (ddd, T = 8.4, 5.1, 3.3 Hz,
3H), 1.49 - 1.30 (m, 2H). “F NMR (377 MHz, Methanol-d4) § -77.71

Example 308

(S)-(Q.-cyclopropyl—ﬁ-(S,5—dimethylisoxaz01~4-y1)-1H—benzo[d]imidazol—4-yl)(pyridin-Z—
y)((R)-4-oxaspiro[2.4}heptan-5-y)methanol (1020-308)

Step 1: (S)-5-({( tert-butyldiphenylsily)oxy)ymethyl}dihvdrofuran-2(3H)-one
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'
Tepo T -"5Okéfo

[00955] To a solution of (8)-5-(hydroxymethyl)dihydrofuran-2(3H)-one (5 g, 43
mmol) in CH>Cl, (100 mL) were added imidazole (8.74 g, 129 mmol) and TBDPSC]
(14.2 g, 52 mmol), and the solution was stirred at room temperature for 4h. Solvent was
removed and the residue was mixed with EtOAc (300 mL) and the organic solution was
washed with water, brine and dried over Na;SOy4. Solvent was removed and the residue
was purified by silica gel column chromatography (0-60% EtOAc in hexane) to give (S)-
5-(((teri-butyldiphenylsilyloxy)methyl)dihydrofuran-2(3H)-one.

[00956] H NMR (Chloroform-d) 8 7.71 - 7.62 (m, 4H), 7.50 — 7.34 (m, 6H), 4.66
_ 4,55 (m, 1H), 3.88 (dd, J = 11.3, 3.4 Hz, 1H), 3.69 (dd, J = 114, 3.4 Hz, 1H), 2.68
(ddd, J=17.5, 10.1, 7.1 Hz, 1H), 2.51 (ddd, J= 17.7, 9.9, 6.6 Hz, 1H), 2.36 — 2.13 (m,
2H), 1.06 (s, 9H).

Step 2: (S)-1-(4-((tert-butyidiphenvlsilyl)oxy)-3-hydroxybutyl)eyclopropanol

———

>
+éojff°

[00957] To a solution of (S)-5-(((tert-
butyldiphenylsilyl)oxy)methyl)dihydrofuran-2(3H)-one (15.2 g, 42 .88 mmol) in THF
(200 mL) was added Ti(OiPr)4 (4.87 g, 17.15 mmol) followed by the addition of a
solution of EtMgBr (14.29 g, 107 mmol, 3M in EtO) at 15-20 °C and the solution was
stirred at 15 °C for additional 1h. The reaction was quenched with Aq NH4Cl. Filtered.

¢

and extracted with EtQAc (200 mL). The combined organic solution was washed with
brine and dried over Na;SO;. Solvent was removed and the residue was purified by silica
gel column chromatography (0-50% EtOAc in hexane) to give (S)-1-(4-({tert-
butyldiphenylsilyl)oxy)-3- hydroxybutyl)cyclopropanol (15.2 g, 92%).
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[00958] 'H NMR (Chloroform-d) § 7.69 — 7.63 (m, 4H), 7.50 — 7.33 (m, 5H),
3.91-3.78 (m, 1H), 3.66 (dd, /=101, 3.5 Hz, 1H), 3.52 (dd, J= 10.1, 8.1 Hz, 1H),
1.87-1.72 (m, 1H), 1.6 - 1.51 (m, 3K), 1.07 (s, 9H), 0.84 (td, /="7.5, 3.1 Hz, 1H),
0.78 - 0.67 (m, 3H).

Step 3: (R)-(4-oxaspiro{2.4]heptan-5-yimethox v)( tert-butyvl)diphenvisilane

Qe ¢

[00959] To a solution of (8)-1-(4~((tert-butyldiphenylsilyl)oxy)-3-
hydroxybutyljeyclopropanol (15.2 g, 39.5 mumol) in THF (150 mL) were added Ph,P
(15.55 g, 59.3 mmol) then diisopropyl azocarboxylate (11.99 g, 59.28 mmol) at room
temperature then the solution was heated at 60 °C for 4h. The 'solﬁﬁon was concentrated
to dryness and the residue dissolved in CH,Cl,. The solution was filtered through silica
gel (2 inches high) to removed most of thiphenyl phosphoxide. The column was washed
with CHyCly. The combined filtrate was concentrated to dryness and the residue was
purified by silica gel column chromatography (0-40% EtOAc in hexane) to give (R)-(4-
oxaspiro[2.4]heptan-5-y1methoxy)(tert-butyl)diphenylsilane (9.5 g, 65.6%).

[00960] 'H NMR (Chloroform-d) 8 7.71 — 7.59 (m, 4H), 7.46 — 7.31 (m, 611), 4.22
—4.11 (m, 1H), 3.72 (dd, /=104, 4.9 Hz, 1H), 3.64 (dd, J = 10.4, 5.6 Hz, 1H), 2.20 -
2.09 (m, 1H), 2.07 - 1.87 (m, 3H), 1.06 (s, 9H), 0.79 (d, J= 1.8 Hz, 2H), 0.49 — 0.40 (m,
2H). |

Step 4.. (R)-4-oxaspiro[2.4]heptan-5-yimethanol

[00961] To a solution of (R)~(4~0xaspiro[2.4]heptan-5-y1meﬂ10xy)(tert—
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butyl)diphenylsilane (9.5 g, 25.9 mmol) in THF (150 mL) was added TBAF (6.8 g,
25.9 mmol, 1 M in THF) and the solution was stirred at room temperature for 3h.
Solvent was removed and the residue was purified by silica gel column chromatography
(10-80% EtOAc in hexane) to give (R)-4-oxaspiro[2.4Theptan-5-yimethanol (3.0 g,
90.4%).

[00962] 'tf NMR (Chloroform-d) § 4.25 — 4.08 (m, 1H), 3.68 (dd, J=11.5,3.3
Hz, 1H), 3.57 (dd, J= 11.6, 6.3 Hz, 1H), 2.18 —2.03 (m, 1H), 2.00 — 1.92 (m, 2H), 1.92
_ 1.81 (m, 1H), 0.89— 0.80 (m, 2H), 0.61 - 0.40 (m, 2H).

Step 5: (R)-4-oxaspiro[2.4Theptane-5-carbaldehyde

HO— =0
[00963] To a solution of (R)-4-oxaspiro[2.4]Jheptan-5-ylmethanol (0.2 g, 1.56

mmol) in CH;Cl, was added Dess-Martin periodinane ( 0.9 g, 2.34 mmol) in one-
portion. To the mixture was added two drops of water and the mixture was stirred at
room temperature for 1h. To the mixture was added Dess-Martin periodinane (0.6 g, 1.4
mmol) and the mixture was stirred at room temperature for additional 1h. To the mixture
was added hexane (10 mL) and the mixture was stirred at room temperature for 10 min.
Filtered and solid was washed with 10 m1. of solution of CH;Cly-hexane (1:1). Solvent
was removed and the residue was triturated with Et,0 (10 mL) and filtered. Solid Filtrate

was concentrated to dryness at room temperature and the residue was used for the next

reaction without further purification.

OH
0
[00964] To solution of 2-bromopyridine (2.47 g, 15.6 mmol) in THF (20 mL}) was

added Buli (1.6 M in hexane, 15.6 mmol) and the solution was stirred at -78 °C for 1h to
form 2-pyridine-litiate.

[00965] To the solution was added a solution of the aldehyde prepared on in the
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step 5 in THF (4 mL) at -78 °C and the solution was stirred at -78 °C for 20 min. To the
solution was added aq. NH4Cl and the mixture was extracted with EtOAc (200 mL). The
organic solution was washed with brine and dried over NapS04. Solvent was removed
and the residue was purified by silica gel column chromatography (0-80% EtOAc in
hexane) to give (R,S)—pyridin-Z—yl((R)~4—oxaspiro[2.4]heptan—5-yl)methanol (45 mg,

14%) as a mixiure of diastereomers.

[00966] C12HsNOz. MS m/z 206.2. "H NMR (Chloroform-d) & 8.54 (ddt, J = 6.3,
4.9,1.3 Hz, 1H), 7.75 - 7.61 (m, 1H), 7.45 — 7.35 (m, 111}, 7.20 (dddd, J= 7.7, 4.5, 3.0,
1.2 Hz, 1H), 476 (dd, J = 23.7, 5.6 Hz, 1H), 4.34 - 4.19 (m, 1H), 2.23 — 1.74 (m, 4H),

1.05 - 0.75 (m, 2H), 0.63 — 0.34 (m, 2H),

Step 7: (R)-pyridin-2-vl(4-oxaspirol 2.4Theptan-5-yimethanone

OH
7 N o 7N\ 1
O
[00967] To a solution of (R)-pyridin—Q—yl((R)-4—oxaspiro[2.4]heptan—5-

yDmethano! (0.19 g, 0.93 mmol) in CH,Cl, (10 mL) was added Dess-Martin periodinane
(0.59 g, 1.39 mmol) in one-portion and the solution was stirred at room temperature for
4h. Solid was filtered off and the solvent was removed. The residue was purified by
silica gel column chromatography (0-70% EtOAc in hexane} to give (R)-pyridin-2-yl(4-
oxaspiro[2.4]heptan-5-yl)methanone as solid (85 mmg, 45%).

[00968] Ci2H1sNO,. MS m/z 204.08 (M+1). 1H NMR (400 MHz, Chloroform-d)
§8.67 (ddd, /=4.9,1.7, 0.9 Hz, 1H), 8.08 (dt, /= 7.9, 1.1 Hz, 1H), 7.84 (td, /= 7.7, 1.7
Hz, 1H), 7.46 (ddd, J = 7.6, 4.8, 1.3 Hz, 1H), 5.79 (dd, J= 8.5, 7.1 Hz, 1H), 2,71 (dtd, J
=11.7,8.2, 5.4 Hz, 1H), 2.21 - 1.87 (m, 4H), 1.17 — 1.04 (m, 1H), 1.03 — 0.90 (m, 1H),

0.65 — 0.46 (m, 2H).

Step 8: (S)—(Z-cvclobronv1—6-(3,S—dimeth.vlisoxazol—4~vl)—I'H-benzo[d]imidazolwﬂrn
¥Ipyridin-2-y1)((R)-4-oxaspiro| 2.4 Theptan-5-y]methanol
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[60969] To a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
jodo-1H-benzo[d]imidazole-1-carboxylate (472 mg, 0.98 mmol) in THF (10 ml) was
added Buli (63 mg, 0.98 mmol, 1.6 M in THF) followed by immediate addition of a
solution of '(R)-pyrid_in—z-yl(é‘r-oxaspiro[2.4]heptan—5—y1)methanone' (40 mg, 0.2 mmol) in
THF (4 mL) and the solution was stirred at -78 °C for 30 min. Aq NH4Cl was added then
the mixture was extracted with EtOAc (200 mL). The organic solution was washed with
brine and dried over Na;SOs. Solvent was removed and the residue was purified silica
gel column chromatography (0-20% MeOH/ CH,Cly) to give tert-butyl 2-cyclopropyl-6-
(3,5-dimethjrlisoxaz’ol—4—y1)—4-((S)-hydroxy(pyridin—2—yl)((R)-4—oxaspiro[2.4]hepta11—5-
yl)methyl)-1H-benzo[d]imidazole-1-carboxylate which was dissolved in THF (2 mL),
TFA (2 mL) and water (0.2 mL). The solution was heated at 50 °C for 1h. Solvent was
removed and the residue was purified by HPLC to give (8)-(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4—y1)(pyridin-Q—yl)((R_)-4-
oxaspiro[2.4]heptan-5-yl)methanol.

[00970] CarHpsN4Os. MS. m/z 457.3 (M+1). '"H NMR (Methanol-ds) 8 8.60 (dt, J
= 5.0, 1.3 Hz, 1H), 8.05 —7.96 (m, 2H), 7.61 (d, J= 1.5 Hz, 1H), 7.49 - 7.38 (m, 2H),
5.26 (&, J = 7.0 Hz, 1H), 2.64 (ddd, = 8.5, 5.1, 3.5 Hz, 1H), 2.40 (s, 3H), 2.23 (s, 3H),
2.10 - 1.81 (m, 4H), 1.60 — 1.47 (m, 2H), 1.47 — 1.29 (m, 2H), 0.83 (ddd, J=11.3,6.5,
5.2 Hz, 1H), 0.70 (ddd, J = 113, 6.3, 4.6 Hz, 1H), 0.59 - 0.40 (m, 2H).

Example 309

(S)—(Z-cycl()propyl-é—(3,5-dimeﬂ1y1isoxazol—4—yl)-IH-benzo[d]imidazol-4—yl)(6—
methylpyridin-2-y1)((S)-4-oxaspiro [2.4]heptan-5-yl)methanol (1020-309)

Step 1: (R)-5-(((tert-butyldiphenylsilyloxy)methyl)dihydrofuran-2(3H)-one
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HO= 60 o | Si-0—

1

[00971) R)-5 -(((tert—butyldiphenylsilyl)oxy)methyl)dihydroﬁlran-Z(3H)-0ne was
synthesized from (R)-5-(hydroxymethyl)dihydrofuran-2(3H)-one in a similar fashion as
that of Example 308, step 1.

[00972] (R)—S—(((tert—butyldiphenylsiiyl)oxy)methyl)dihydroﬁ1ran-2(3H)-one: 'H
NMR (Chloroform-d) § 7.70 - 7.61 (m, 4H), 7.49 — 7.32 (m, 6H), 4.66 — 4.53 (m, 1H),
3.88(dd, J=11.3,3.4 Hz, 1H), 3.69 (dd, J= 11.4, 3.4 Hz, 1H), 2.67 {ddd, J=17.4, 10.1
7.1 Hz, 1H), 2.51 (ddd, /= 17.7, 10.0, 6.6 Hz, 1H), 2.36 — 2.09 (m, 2H), 1.06 (s, 9H).

3

Step 2: (R)-1-( 4-(( tert-butvldinhenvlsil-vl)oxv)~3—hvdrovautvl)cvciopropanol

TLéo"?@jv,o T ‘E’S"‘dﬁ

[00973] (R)-1-(4-( (tert-butyldiphenylsilyl)oxy)-3 -hydroxybutyl)cyclopropanol
was prepared (R)-5—(((tert-butyldiphenylsilyl)oxy)methyl)dihydroﬁ;ran-Z(BH)-one ina
similar fashion as that of Example 308, step 2.

[00974] (R)-1-(4-((tert-butyldiphenylsilyl)oxy)-3 -hydroxybutyl)cyclopropanol: 'H
NMR (Chloroform-d) 8 7.71 — 7.59 (m, 4H), 7.46 — 7.33 (m, 6H), 3.85 (dtd, /= 11.6,
3.8,3.5Hz, 1H), 3.71 - 3.61 (m, 1H), 3.52 (dd, /= 10.1, 8.1 Hz, 1H), 1.88 ~ 1.74 (m,
1H}, 1.67 - 1.55 (m, 2H), 1.48 — 1.40 (m, 1H), 1.07 (d, T = 2.6 Hz, 9H), 0.84 (id, J = 7.5,
3.1 Hz, 2H), 0.78 — 0.66 (m, 2H),

Step 3: (8)-¢ 4-oxaspiro[2.4]heptan-5-yimethoxy)( tert-butyl)diphenvlsilane
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2.

[00975] (S)-(4-oxaspiro[2.4}heptan—5-y1methoxy)(tert—butyl)diphenylsi_lane was

prepared from (R)~1-(4—((tert-butyldiphenylsilyl)oxy)—3—hydroxybutyl)cyclopropanol ina
similar fashion as that of Example 308, step 3.

[00976] (S)-(4-oxaspiro{2.4]heptan—5-ylmethoxy)(tert-butyl)diphenylsilane: 'H
NMR (Chloroform-d) 6 7.75 —7.61 (m, 4H), 7.48 - 7.29 (m, 6H), 4.17 (dq, /= 7.5, 5.5
Hz, 1H),3.72 (dd, J = 10.4, 5.0 Hz, 1H), 3.64 (dd, J = 10.5, 5.6 Hz, 1H), 2.21 - 2.06 (m,
1H), 2.03 — 1.84 (m, 3H), 1.06 (s, 9H), 0.79 (q, /= 1.6, 1.0 Hz, 2H), 0.51 - 0.39 (1n, 2H).

Step 4: (8)-4-oxaspiro[2.4]heptan-5-yimethano}

>
+5°7€N — HOW

[00977] (S)-4-oxaspiro[2.4]heptan-5-ylmethanol was prepared from (S)-(4-
oxaspiro[2.4]heptan-5-ylmethoxy)(tert-butyl)diphenylsilane in a similar fashion as that
of Example 308, step 4.

[60978] (S)-4-oxaspiro{2.4]heptan-5-ylmethanol: 'H NMR (Chloroform-d) & 4.23
~4.09 (m, 1H), 3.68 (dd, J=11.5,3.3 Hz, 1H), 3.57 (dd, J=11.6, 6.2 Hz, 1H), 2.18 —
2.02 (m, 1H), 2.00 — 1.92 (m, 2H), 1.92 - 1.79 (m, 1H), 0.92 - 0.79 (m, 2H), 0.60 — 0.40
(m, 2H).

Step 5: (S)-4-oxaspiro{2.4Theptane-5-carbaldehyde
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[00979] (8)-4-Oxaspiro[2.4Theptane-5-carbaldehyde was prepared from (S)-4-
oxaspiro[2.4]heptan-5-ylmethanol in a similar fashion as that of Example 308, step 5.
The prepared crude aldehyde was purified by silica gel column (0-100% Et;0 in hexane)
to give pure (§)-4-oxaspiro[2.4]heptane-5-carbaldehyde which was used for the next
reaction freshly,

[00980] 'H NMR (Chloroform-d) & 9.71 (d, /= 1.8 Hz, 1H), 4.35 (ddd, J = 8.4,

6.2, 1.8 Hz, 1), 2.33 (dtd, /= 12.6, 8.7, 5.6 Hz, 1H), 2.19 (ddt, J = 12.8, 8.7, 6.5 Hz,

1H), 2.03 (ddd, J=12.1, 8.5, 6.6 Hz, 1H), 1.88 (ddd, J=12.1, 8.7, 5.6 Hz, 1H), 1.01 -
0.83 (m, 2H), 0.66 — 0.43 (m, 2H).

Step  6:  tert-butyl 2-cvc10nropvl-6-(3,S—djmethvlisoxazol—4—v1)-4—(hvdroxv((S_)—4-

oxaspiro[ 2. 4theptan-5-ylimethvl)-1H-benzo[dlimidazole-1 -carboxylate

-Q
=

0= o .
ey B?

[00981] To a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
iodo-1H-benzo[dJimidazole-1-carboxylate (1.46 g, 3.04 mmol) in THF (40 mL) was
added BuLi (2 mL, 1.6 M in hexanes) at -78 °C. To the solution was added a solution of
freshly prepared in a similar fashion as that of Example 308, step 6 in THF (4 mL) at -78
°C immediately and the solution was stirred at -78 °C for 20 min. To the solution was
added aq. NH,Cl and the mixture was extracted with FtOAc (100 mL). The organic
solution was washed with brine and dried over NapSO4. Solvent was removed and the
residue was purified by silica gel column chromatography (0-80% EtOAc in hexane) to
tert-butyl 2-cyclopropy1~6—(3,5-dimethylisoxazol—4—yl)—4-(hydr0xy{(S)'—4-
oxaspiro[2.4]heptan—5-yl)mcthyl)-IH-benzo[d]imidazole—l—carboxylate (220 mg, 15%)

as a mixture of diastereomers,

[00982] Co7H33N305. MS m/z 479.9 (M+1). 1H NMR (Chloroform-d) § 7.69 (dd,
J=1.3, 1.5 Hz, TH), 7.19 - 7.09 (m, 1H), 5.09 (br s, 1H), 4.30 (m, 1H), 2.93 ~ 2.78 (m,
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1H), 2.42 (d, J=2.3 Hz, 3H), 2.28 (t, /= 1.4 Hz, 3H), 2.08 — 1.81 (m, 2H), 1.75 - 1.62
(m, 11H), 1.31 — 1.20 (m, 2H), 1.18 — 1.07 (m, 2H), 0.95 - 0.72 (m, 2H), 0.49 (ddd, J=
28.2, 5.4, 4.1 Hz, 2H).

Step 7: (S)-tert-butvl 2-cvelopropyl-6-(3,5-dimethylisoxazol-4-yi)-4-(4-

oxaspiro[2.41heptane-5 -carbonvi)-1H-benzo[dJimidazole-1-carboxvlate

-0
4

[00983] To a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
(hydroxy((S)-4-oxaspiro[2.4]heptan-5-yl)methyl)-1 H-benzo[d]imidazole-1-carboxylate
(190 mg, 0.40 mmol) in CH,CJ; (10 mL) was added Dess-Martin periodinane (252 mg,
0.60 mmol) in one-portion and the mixture was stirred at room temperature for 4h. Solid
was filtered and the solvent was removed. The residue was purified by silica gel column
chromatography (0-70% EtOAc in hexane) to give (S)-tert-butyl 2-cyclopropyl-6-(3,5-
dimethylisoxazol—4-yl)—4»_(4-oxaspiro[2.4]heptane-5-carbonyl)~lH-benzo[d]imidazole-l-

carboxylate as solid. -

[00984] CarHayNzOs. MS m/z 477.8 (M+1). 'H NMR (Chloroform-d) 8 8.01 (d, 7
= 1.7 Hz, 1H), 7.85 (d, J = 1.7 Hz, 1H), 6.20 (dd, /= 8.7, 5.8 Hz, 1H), 2.97 - 2.85 (m,
1H), 2.72 - 2.61 (m, 1H), 2.43 (s, 3H), 2.29 (5, 3H), 2.19 - 1.91 (m, 3H), 1.72 (5, 9H),
1.43 131 (m, 2H), 1.27 - 1.18 (m, 2H), 1.16 — 0.93 (m, 2H), 0.62 — 0.52 (m, 2H).

Step 8 (S)-(2-cyclopropyl-6-(3.5-dimethylisoxazol-4-y1)-1H-benzo[dlimidazol-4-
v} (pyridazin-3-yD{(S)-4-oxaspiro[2.4Theptan-5-vi)methanol
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[00985] To a solution of pyridazine (84 mg, 1.05 mmol} in THF (4 mL) was
added TMP-MgCI-LiCl (1.04 mmol, 1.0 M in Hexane/toluene) at -78 °C and the mixture
was stirred at 0 °C for 30 min. A lot of solid precipitated in the reaction mixture. 3 mL of
THF was added fo rinse solid on wall of flask. To the mixture was added (S)-tert-butyl
2-cyc10pr0py1—6-(3,S—djmethylisoxazol-4~yi_)—4—(4~oxaspiro[2.4]heptane—5-—carbony1)—IH-
benzo[d]imidazole—l-;car‘poxylate (50 mg, 0.1 mmol) in THF (4 mL) and the mixture was
stirred at 0 °C for 4h. The reaction was quenched with aq NH4Cl and extracted with
EtOAc. Organic solution was washed with brine and dried over Naz504. Solvent was
evaporated and the residue was purified by silica gel column chromatography (0-20%
MeOH/CH2CI2) to give Boc-protected and de-Boc products. Combined mixture was
treated with TFA (2 mL), THF (2 mL) and H,O (0.2 mL}. The solution was heated at 50
°C for 1h. Solvent was removed and the residue was purified by HPLC to give product.

HPLC indicated that the product was a mixture of diastereomers with ratio of 92:8.

[00986] C26HoN303. MS m/z 558.4 (M+1), 'H NMR (Methanol-d4) § 9.38 (dd, J
=24,1.2 Hz, 1H), 9.17 (4d, J=5.5, 1.2 Hz, 1H), 8.03 (ad, J= 5.5, 2.4 Hz, 1H), 7.55
(dd, /=182, 1.4 Hz, 2H), 5.13 (t, /= 7.3 Hz, 1H), 2.65 (td, /= 8.4, 42 Hz, 1H), 2.39 (s
3H),2.22 (s, 3H), 2.17 - 2.05 (m, 2H), 1.96 — 1.76 (m, 2H), 1.62 — 1.48 (m, 2H), 1.47 —
1.33 (m, 2H), 0.86 ~ 0.75 (m, 2H), 0.57 -- 0.42 (m, 2H),

£

_ Example 310

(5)-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y])-1 H-benzo[d]imidazol-4-y1){(6-
methylpyridin-Z—yI)((S)-4-oxaspiro[2.4}hep’can¢5-y1)methanol (1020-310)
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[00987] To a solution of (S)-tert-butyl 2-cj/clopropyl—6—(3,5-dime’thy1isoxazol-4-
yl)-4-(4—oxaspiro[2.4]heptane—5-carbony1)-1H-benzo[d]imidazole~1-carboxylate (60 mg,
0.126 mmol) in THF (4 mL) was added a solution of 6-methylpyridinyl-2-magnisium
bromide (148 mg, 0.75 mmol) and the solution was stirred at room temperature for 4h.
Aq NH,Cl was added followed by extraction with EtOAc (150 mL). The organic
solution was washed with brine and dried over Na;SOs. Solvent was removed and the

_ residue was purified by silica gel column chromatography (0-10% MeOH in CH2Cl,) to
give crude N-Boc protected intermediate which was dissolved in THF-TFA-H,0 (2 mL-
2 mL-0.2- mL). The solution was heated at 50 °C for 1h. Solvent was removed and the
residue was purified by HPLC to give (8)-(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-
1H-benzo[d]imidazol-4-yl)(6-methylpyridin-2-yl)((8)-4-oxaspiro[ 2.4 Jheptan-5-

yl)methanol containing inseparable impurities (5-8%).

[00988] CosHaoN4Os. MS m/z 471.2 (M+1). 'H NMR (Methanol-d4) § 7.87 (t, J =
7.8 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.64 (d, J= 1.4 Hz, 1H), 7.46 (d, J= 1.4 Hz, 1H),
7.35(d, J="7.7 Hz, 1H), 5.34 (t, /= 7.3 Hz, 1H), 2.68 — 2.53 (m, 4H), 2.40 (s, 3H), 2.23
(s, 3H), 2.1 (g, J = 4.2 Hz, 1H), 2.05 — 1.83 (m, 3H), 1.53 (dd, J = 9.4, 2.5 Hz, 2H),
1.44—1.31 (m, 2H), 0.85 (dt, /= 10.4, 5.3 Hz, 1H), 0.79 — 0.64 (m, 1H), 0.59 — 0.39 (m,
2H).

Example 311

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1H-benzo[ dJimidazoi-4-y1) (pyridazin-3-
y1)((R)-4-oxaspiro[2.4]heptan-5-yl)methanol (1020-311)

Step 1: tert-butyl 2-cyclopropyl-6-(3.5-dimethvlisoxazol-4-v1)-4-(hydroxy((R)-4-

oxaspiro[ 2.4Theptan-5-ylymethvl)-1H-benzo[d]imidazole-1-carboxylate
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[00989] tert-butyl 2-cyclopropyi-6-(3 ,5-dimethylisoxazol-4-yl)-4-(hydroxy((R)-4-
oxaspiro[Z.4]heptan~5~y1)methyl)-1H—benzo[d]imidazole—1-carboxylate was prepared
from R-aldehyde in a similar fashion as that of Example 309, step 6.

Step 2: (R)-tert-butyl 2-cyclopropyl-6-(3.5-dimethylisoxazol-4-y1)-4-(4-

oxaspiro[2.4]heptane-5-carbonyl)- 1 H-benzo[dJimidazole-1-carboxylate

=0
/

[00990] (R)-tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(4-
oxaspiro[2.4]heptane-5-carbonyl)-1H-benzo[d]imidazole- 1-carboxylate was prepared

from R-alcohol in as similar fashion as that of Example 309, step 7.

[00991] Co7H31N30s. MS m/z 477.7 (M+1). "H NMR (400 MHz, Chloroform-d) &
g.01(d,JT= 1.7 Hz, 1H), 7.85(d, ] = 1.7 Hz, 1H), 6.20 (dd, J = 8.7, 5.8 Hz, 1H), 2.98 —
2.82 (m, 1H), 2.75 - 2.57 (m, 1H), 2.42 (s, 3H), 2.29 (s, 3H), 2.19 — 1.91 (m, 4H), 1.72
(s, 9H), 1.41 —1.29 (m, 2H), 1.20 (dd, J = 8.2, 3.5 Hz, 2H), 1.17 — 0.93 (m, 2H), 0.57 (td,
J=2.6,0.8 Hz, 2IH).

Step 3: (2-cyclopropyl-6-(3.5-dimethvlisoxazol-4-yl)-1H-benzo]dlimidazol-4-
yl)(pyridazin-3-v1)((R)-4-oxaspiro[2.4] heptan-S-vl)m_ethanoI
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[60992] (2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo{d]imidazol-4-
yD(pyridazin-3-yl)((R)-4-oxaspiro[2.4Theptan-5-yl)methanol was prepared from (R)-tert-
‘butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(4-oxaspirof2.4Theptane-5-
carbonyl)-1H-benzo[d]imidazole-1-carboxylate in a similar fashion as that of Example
309, step 8. HPLC indicated that the product was a mixture of diastereomers with ratio
of 56/39.

[00993] CoeHaNOs. MS mi/s 458.15 (M+1). 1TH NMR. (Methanol-ds) § 9.37 (dd,
J=24,1.2 Hz),9.16 (dd, J= 5.5, 1.2 Hz), 9.09 (dd, J = 5.0, 1.6 Hz), 8.13 (dd, J = 8.7,
1.6 Hz), 8.02 (dd, J=5.5, 2.4 Hz), 7.72 (dd, J= 8.7, 5.0 Hz), 7.64 (d, J = 1.5 Hz), 7.59 —
7.43 (m), 5.13 {t, J = 7.3 Hz), 2.66 (ddd, J = 16.8, 8.4, 4.2 Hz), 2.38 (d, /= 4.8 Hz), 2.21
(d,7=6.1 Hz), 2.20 — 1.72 (m), 1.63 — 1.28 (m), 0.95 —0.35 (m).

Example 312

4-(2-cyclopropy!-7-fluoro-4-(fluorodi(pyridin-2-yl)mettryl)- 1 H-benzo[ d Jimidazol-6-yl)-
3,5-dimethylisoxazole (1020-312)

[00994] To flask containing (2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-7-
fluoro-1H-benzo{dJimidazol-4-yl)di(pyridin-2-ylymethanol (21 mg, 0.046 mmol, 1
equiv.) and DCM (3 mL}) is added DAST (31 pL, 0.23 mmol, 5 equiv.). After an hour

the reaction is complete and is poured into a solution of sodium bicarbonate and
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extracted with DCM. The combined organic layers are washed with water and saturated
NH¢ClL. After drying with MgSQ,, it was filtered and concentrated to dryness.
Purification was carried out by reverse phase HPLC to 4-(2-cyclopropyl-7-fluoro-4-
(ﬂuorodi(pyridin-z-yl)methyl)-lH-benzo[d]imidazol-6~yl)-3,S—dimethylisoxazole.

[00995] LCMS (m/z+1) 458.48. "HNMR (400 MHz, Methanol-d4) & 8.61 — 8.49
(m, 1H), 7.97 (td, 1= 7.8, 1.7 Hz, 1H), 7.74 - 7.61 (m, 1H), 7.48 (ddt, ] = 7.0,5.0,0.9
Hz, 1H), 7.09 - 6.84 (m, 0H), 2.50 - 2.36 (m, OH), 2.34 — 2.23 (m, 2H), 2.10 (d, I = 0.9
Hz, TH), 1.47-1.27 (m, 2H). 19F NMR (376 MHz, Methanol-d4) § -77.92, -131.68 1]
= 6.1 Hz), -142.09 .

FExample 313

4-(2-cyclopr0py1-4-(ﬂu0ro(oxazol-2-yl)(pyridin-3~yl)meth‘yl)— 1H-benzo{d]imidazol-6-
y1)-3,5-dimethylisoxazole (1020-31 3)

[00996} To a solution of (2-cyclopr0py1—6-(3,5-dimethy_1isoxa.zol—4-yl)-1 H-
benzo[d]imidazol-4-y1)(oxazo}-Q-yI)(pyridin-3~y1)methanol (40 mg, 0.094 mmol) in
CHCl; (5 mL) was added DAST (0.1 mL) and the solution was stirred at room
temperature for 2h. EtOAc (100 mL) was added and the solution was washed with ag
NaHCOs, brine and dried over Na,S04. Solvent was removed and the residue was
purified by HPLC to give-4-(2-cyclopropyl—4—(ﬂuoro(oxazol-Z—yl)(pyridin—3 ~ylDmethyl)-
1H-benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[00997] C24H20FNsOp. MS m/z 430.2 (M+1). 'H NMR (Methanol-d;) § 8.79
8.65 (m, 2H), 8.19 (dt, /= 1.6, 0.8 Hz, 1H), 8.02 (ddd, J = 8.3, 2.4, 1.2 Hz, 1H), 7.75 -
7.62 (m, 2H), 7.43 - 7.30 (m, 1H), 6.91 (t, ] = 1.6 Hz, 1H), 2.49 (ddd, J = 8.4, 5.0, 3.4
Hz, 1H), 2.34 (d, /= 0.8 Hz, 3H), 2.15 (d, J = 0.8 Hz, 3H), 1.59 - 1.48 (m, 2H), 140
(dd, J =5.0, 2.6 Hz, 2H). F (Methanol-d4) § 138.53
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Example 314

4-(2-cyclopropyl-4-(fluoredi(pyridin-3-yl)methyl)- 1H-benzofd]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-314)

O—
x

[00998] 4-(2-Cyclopropyl-4-(fluorodi(pyridin-3 -yDmethyl)-1H-benzo[dJimidazol-
6-y1)-3,5-dimethylisoxazole was synthesized from (2-cyclopropyl-6-(3,5-
dimethylisoxazol—4-yl)-1H-—benzo[d]imidazol—4—§1)di(pyridin—3—yl)methanol in a similar
fashion as Example 313.

[00999] 4-(2-cyclopropyl-4-(fluorodi(pyridin-3 -ymethyl)-1H-benzo[dlimidazol-
6-y1)-3,5-dimethylisoxazole: CagHnFNsO. MS m/z 440.1. TH NMR (Methanol-d4) & 8.75
(d, J = 5.0 Hz, 2H), 8.60 (d, 7= 2.6 Hz, 2H), 7.92 (ddd, J=8.2, 2.6, 1.3 Hz, 2H), 7.74 -
7.59 (m, 3H), 6.79 (t, /= 1.6 Hz, 1H), 2.55 —2.38 (m, 1H), 2.30 (d, /= 0.9 Hz, 3H), 2.10
d,J=0.9 Hz, 3H), 1.51 (td, J= 7.8, 4.8 Hz, 2H), 1.39 (dt, /= 8.1, 5.1 Hz, 2H). B
(Methanol-d4) 8 132.2.

Example 315

4-(2-cyclopropyl-4-(3-fluoro-2,4-dimethylpentan-3-yl)-1H-b enzo[d}imidazol-6-yl)-3,5-
dimethylisoxazole (1020-315)

Q
|

N

. O-
™ \\

OH — F
HN HN

KN XN
1001000] 4-(2-cyclopropyl-4-(3-flucro-2,4-dimethylpentan-3-yl)-1H-
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benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole was synthesized from 3-(2-cyclopropyl-6-
(3,5-dimethylisoxaz01~4-yl)-1H—benzo[d]imidazol-4-y1)~2,4—dimethy1pentan—3-01 ina

similar fashion as Example 313.

[001001] 4-(2-cyclopropyl-4-(3-fluoro-2,4-dimethylpentan-3-yl)-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole: CoHagFN3O, MS m/z 370.1. 'l NMR
(Methanol-dy) 6 7.53 (d, /= 1.4 Hz, 1H), 7.18 (s, 1H), 2.73 — 2.55 (m, 3H), 2.43 (s, 3H),
2.31,2.26 (s, 3H), 1.54 (dt,J = 7.8, 3.7 Hz, 2H), 1.47 — 1.38 (m, 2H), 0.96 (dd, J=33.9,
6.8 Hz, 12H). "°F (Methanol-d4) § 172.9,

Example 316

4—(2-cyclopropyl-4~((S)-ﬂuoro(pyridin-z-yl)((R)—4-oxaspiro[2.4]heptan-5-yl)methyl)-
IH-benzo[d]imidazol-6-yi)-3,5-dimethylisoxazole (1020-316)

[001002] To a solution of tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-
((S)-hydroxy(pyridin-Z&yl)((R)~4—oxaspiro{'2.4]heptan-5-yl)methyl)-IH- :
benzo[d]imidazole-1-carboxylate (200 mg, 0.36 mmol) in CH,Cl, was added EtsN (182
mg, 1.8 mmot) then DAST (174 mg, 1.1 mmol) and the solution was stirred at room
temperature for 1h. EtOAc (100 mL} was added and the solution was washed with
NaHCOs, brine and dried over NaySO4. Solvent was removed and the residue was
dissolved in THF (5 mL), TFA (5 mL)} and water (0.5 mL). The solution was heated at
50 °C for 1h. Solvent was removed and the residue was purified by PHLC to give 4-(2-
cyclopropyl-4-((S)-fluoro(pyridin-2-yl)((R)-4-oxaspiro {2.4]heptan-5-yl)methyl)-1H-
benzo[d]imidazol-6-y1)-3,5-dimethylisoxazole.

[001003] CarHlrFN4Oy. MS. /7 459.3 (M+1). "H NMR (Methanol-dy) 5 8.70 —
8.60 (m, 1H), 7.96 — 7.82 (m, 2H), 7.64 (t, /= 1.4 Hz, 1H), 7.51 (d, /= 1.5 Hy, 1H), 7.38
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(ddd, J= 7.5, 4.8, 1.2 Hz, 1H), 5.51 — 5.29 (m, 1H), 2.73 ~2.59 (m, 1H), 2.38 (s, 3H),
2.20 (s, 3H), 2.16 ~ 1.87 (m, 2H), 1.72 — 1.52 (m, 2H), 1.48 -1.32 (m, 4H), 0.78 — 0.35
(m, 4H). °F (Methanol-ds). § 179.28 (d, J= 29Hz).

Example 317

4-(2-cyclopropyl-4-(fluoro(6-methylpyridin-2-yl)(tetrahydrofuran-2-ylymethyl)-1H-
benzo[dlimidazol-6-y1)-3,5-dimethylisoxazole (1020-317)

[0601004] The substrate (0.067g) was dissolved in DCM (4 ml) and reacted with
DAST (0.109g) at RT for 20 min. Sat. aequ. NaHCO3 (1 ml) was added, stirred for 30
min, the organic layer separated, volatiles removed and the residue purified by reverse
phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford 4-(2-cyclopropyl-4-(fluoro(6-
methylpyridin-2-yl)(tetrahydrofuran-2-yl)methyl)- 1H-benzo[d]imidazol-6-y1)-3,5-

dimethylisoxazole.

[001005] LCMS (m/z +1) 477.0. '°F NMR (376 MHz, Methanol-d4) § -77.70. 'H
NMR (400 MHz, Methanol-d4) § 7.66 (t, J = 7.8 Hz, 1H), 7.61 (t, J = 1.2 Hz, 1H), 7.53
(d, = "7.9 Hz, 1H), 7.42 (d, ] = 1.4 Hz, 1H), 7.16 — 7.09 (m, 1H), 5.20 (s, 2H), 3.86 ~
3.61 (m, 3H), 2.53 (s, 1H), 2.47 (s, 2H), 2.33 (s, 2H), 2.16 (s, 2H), 1.85 (4, J = 6.5, 2.8
Hz, 4H), 1.52 — 1.40 (m, 2H), 1.31 (dd, T = 5.6, 3.1 Hz, 2H).

Example 318

4-(2-cyclopropyl-4-(fluorodi(pyridin-2-ylymethyl)- 1H-benzo[d Jimidazol-6-y1)-3,5-
dimethylisoxazole (1020-318)
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{001006] The substrate (0.1g) was dissolved in DCM (4 ml) and reacted with
DAST (0.074g) at RT for 20 min. Sat. aequ. NaHCO3 (1 ml) was added, stirred for 10
min, the organic layer separated, volatiles removed and the residue purified by reverse
phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford 4-(2-cyclopropyl-4-
(fluorodi(pyridin-2-ylymethyt)-1H-benzo[d}imidazol-6-y1)-3,5-dimethylisoxazole.

[001067] LCMS (m/z +1) 440.1. *F NMR (376 MHz, Methanol-d4) § -142.63. 'H
NMR (400 MHz, Methanol-d4) & 8.74 — 8.59 (m, 1H), 8.12 (t, ] = 7.4 Hz, 1H), 7.77 (dd,
1=8.0, 1.4 Hz, 1H), 7.71 - 7.66 (m, 0H), 7.62 (d, J = 6.9 Hz, 1H), 7.14 (s, 1H), 3.04 (d,
=13 Hz, 0H), 2.54 (ddd, ] = 8.4, 5.0, 3.4 Hz, 1H), 2.33 (s, 1H), 2.14 (s, 1H), 1.64 ~
1.49 (m, 1H), 1.48 — 1.36 (m, 1H).

Example 319

4-(2-cyclopr0pyl-7-(ﬂuofodi(pyﬁdin—Z-y})meth yI)-1-methyl-1H-benzo[ d}imidazol-5-y1)-
3,5-dimethylisoxazole (1020-319)

[0061008] The substrate (0.05g) was dissolved in DCM (4 m]) and reacted with
DAST (0.036g) at RT for 20 min. Sat. aequ. NaHCOs (1 ml) was added, stirred for 15
min, the organic layer separated, volatiles removed and the residue purified by reverse
phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford 4-(2-cyclopropyl-7-
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(fluorodi(pyridin-2-ylymethyl)-1-methyl-1H-benzo[d]imidazol-5-yl)-3,5-

dimethylisoxazole.

[001009] LCMS (m/z +1) 4543, '°F NMR (376 MHz, Acetonitrile-d3) § -77.00.
'H NMR (400 MHz, Acetonitrile-d3) & 8.62 — 8.40 (m, 1H), 8.02 — 7.85 (m, 1H), 7.70 -
7.55 (m, 1H), 7.53 ~ 7.32 (m, 1H), 6.72 (t, J= 1.9 Hz, 1H), 3.50 (d, ] = 2.4 Hz, 2H), 2.24
(s, 2H), 2.07 (s, 1H), 1.42 — 1.26 (m, 2H).

Example 320

4-(2-cyclopropyl-7-(fluorodi(pyridin-2-yl)methyl)-1-methyl-1H-benzo[d]imidazol-5-yl)-
3,5-dimethylisoxazole (1020-320)

0O—
X

{061010] The substrate (0.046g) was dissolved in water/MeCN (5/1 ml) and NaCN
(0.05g) added at RT. After stirring for 24 h at RT, volatiles were removed and the
residue purified by reverse phase HPLC (5-95% MeCN in water, 0.1% TFA) to afford 4-
(2-cyclopropyl-7-(fluorodi(pyridin-2-ylmethyl)- 1 -methyl-1H-benzo[d]imidazol-5-yl)-

3,5-dimethylisoxazole.

[001011]  LCMS (m/z +1) 447.2. 'H NMR (400 MHz, Methanol-d4) § 8.61 (dt, J =
4.7,1.5 Hz, 1H), 7.92 (td, T = 7.8, 1.8 Hz, 1H), 7.63 (d,J = 1.5 Hz, 1H), 7.54 — 7.37 (m,
2H), 6.72 (d, ] = 1.4 Hz, 1H), 2.43 (s, 1H), 2:33 (s, 2H), 2.15 (5, 2H), 1.45 (dd, J'= 8.2,
3.0 Hz, 1H), 1.32 (dd, J = 4.9, 2.8 Hz, 1H).

Example 321

(4-(1H-benzo[d}imidazol-6-yl)-5-methylisoxazol-3-yl)methanamine (1020-321)
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[001012] Benzyl ((4-(1H-benzo[dJimidazol-6-y1)-5-methylisoxazol-3-
ylmethyl)carbamate was treated with 48% aq. HBr (6.7 m g) in AcOH (1 mL) at room
temperature for 30 min. The aqueours AcOH was removed under a reduced pressure to

give (4-(1H-benzo[d}imidazol-6-yl)-5-methylisoxazol-3-yl)methanamine.

[001013]  CppHENGO. MS. 229.1 (M+1). "H NMR (MeOH-dy) § 9.50 (s, 1H), 8.00
(d, 7= 8.0 Hz, 1H), 7.90 (s, 1H), 7.65 (dd, J = 8.0, 1.0 Hz, 1H), 4.32 (s, 2H), 2.52 (s,
3H).

Example 322

N-((4-(1H-benzo[d]imidazol-6_-y1)-5-methylisoxazolu3—yl)methyl)acetamide (1020-322)

O-N O-N H
\ NH, \ N
X ACQO X j(
pyridine 0
——— e I
HN ' HN
\=N \=N

[001014] (4-(1H-benzo[d]jimidazol-6-y1)-5 -methylisoxazol-3-yl)methanamine was
treated with Ac;O in pyridine at room temperature for 1 h. The reaction mixture was
treated with MeOH (3 mL} at room temperature for 30 min and then 80°C for 30 min.
The mixture was purified by prep-HPLC to give N-((4-(1 H-benzo[d]imidazol-6-yl)-5-

methylisoxazol-3-y)methyl)acetamide.

[001015]  CpHNGO. MS. 271.1.1 (M+1). 'H NMR (MeOH-d;) § 9.37 (s, 1H),
7.92(d, J=9.6 Hz, 1H), 7.81 (s, 1H), 7.59 (dd, J = 9.6, 1.0 Hz, 1H), 4.45 (s, 2H), 2.43
(s, 3H), 1.80 (s, 3H),

Example 323

N—((4—(1H—benzo[d]imidazol—ﬁ—yl)-3-methylisoxaz_ol-.S-yl)methyl)acetamide (1020-323)
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Step 1: Preparation of N-({ 3-methvlisoxazol-S-yl)methvl)acetam_ide

AcsO
'[71’0 NH, pyriding
7

-0 H
-

[001016] (3-Methylisoxazol-5-yl)methanamine (100.0 mg, 0.892 mmol) was
treated with Ac,Q and pyridine at room temperature for 7 h. After an aqueours work-up,
the crude mixture was purified by a silica-gel column chromatography (20 to 40%
EtOAc/hexane) to give N-((3-methylisoxazol-5-yl)methyl)acetamide.

[001017]  ‘H NMR (MeOH-ds) 3 6,14 (s, 1H), 4.43 (s, 2H), 2.25 (s, 3H), 1.99 (s,
3H).

Step 2: Preparation of N-((4-bromo-3-methylisoxazol-5-yl)methyl)acetamide

o H NBS o H
N- DMF N-
PPpWL G- /g/)\ﬂw(
O O
Br
[001018] N-((3-methylisoxazol-5-yl)methyl)acetamide. (86.4mg, 0.56 mmol) was
treated with NBS (109.7 mg, 0,616 mmol, 1.1 equiv) in DMF (2 mL) at room

temperature for 17 h. The mixture was purified by prep-HPLC to give N-((4-bromo-3-
methylisoxazol-3-yl)methyl)acetamide. C;HoBrN2O,. MS. 233.0 (M-1), 235.0 (M+1).

Step 3: Preparation of N-({4-(1H-benzo[d)imidazol-6-y1)-3-methylisoxazol-5-

yDmethylacetamide
bt
r 3N
o 0 /Kf\’ g N-O H
BT o r v N\“/
B PEPPSIiPr o)
"0 Cs,C0,
Q + 70
}“N }“N dioxane
0" \=p 0 \=p MW, 120°C  HN

\=N

[001019] tert-butyl 5- and 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
benzo[d]imidazole-1-carboxylate (116.0 mg, 0.337 mmol, 1.6 equiv) and N-({4-bromo-
3-methylisoxazol-5-yl)methyl)acetamide (48.5 mg, 0.208 mmol) were treated with
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PEPPSIiPr (28.4 mg, 0.042 mmol, 0.2 equiv) and Cs,CO; (203.4 mg, 0.624 mmol, 3
equiv) in 1,2-dimethoxyethane (2 mL) and water (1 mL) at 140°C for 30 min using
microwave reactor. The mixture was purified by prep-HPLC to give N-((4-(1H-
benzo[d]imidazol-6-y1)-3-methylisoxazol-5-yl)methyl)acetamide.

[001020]  Cy4HisNyOz. MS. 2711 (M+1). "H NMR (MeOH-dj) § 9.42 (s, 1H), 7.94
(d, 7= 9.6 Hz, 1H), 7.93 (s, 1H), 7.67 (dd, J = 9.6 Hz, 1H), 4.50 (s, 2H), 2.28 (s, 3H),
1.88 (s, 3H).

Example 324

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1 H-benzo[d]imidazol-4-yl)(pyridin-3-
yhmethanol (1020-324)

1001021) (2-cyck)propy1-6-(3,S—dimethylisoxazol—4—y1)~'lH-benzo[d}imidazol—4—
yD(pyridin-3-ylymethanol was obtained from 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yh-1H-benzo[d]imidazole-4-carbaldehyde (29.0.mg, 0.103 mmol) by treating with 3-
pyridine magnesium bromide (IMin Me-THF, 0.91 mL, 8.8 equiv.) at room temperature
for 16 h. After an aqueous work-up, the crude material was purified by an HPLC

purification.

[001022]  CHyoNyOz. MS. 3613 (M+1). "H NMR (MeOH-ds) § 9.00 (br s, 1),
8.74 (brs, 1H), 8.50 (d, J= 8.0 Hz, 1H), 7.91 (br s, 1H), 7.55 (d, /= 1.0 Hz, 1H), 7.45
(d, /=10 Hz, 1H), 6.47 (s, 1H), 2.62-2.53 (m, 1H), 2.40 (s, 3H), 2.23 (s, 3H), 1.62 —
138 (m, 4H).

Example 325
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3-((2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)- 1 H-benzo[d]imidazol-4-
yl)(hydroxy)(tetrahydrofuran-2-yl)methyl)pyridine 1-oxide (1020-325)

[001023] 2-Cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(hydroxy(pyridin-3-
yl)(tetrahydrofuran-2-yl)methyl)-1H-benzo[d]imidazole (0.067g) was subjected to
MCPBA (0.175g) in MeOH/ DCM (1/1 ml) and stirred at RT for 24 h. Volatiles were
removed and the residue purified by reverse phase HPLC (5-95% MeCN in water, 0.1%
TFA) to afford 3-((2-cyclopropyl-6-(3 ,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-
yl)(hydroxy)(tetrahydrofuran-2-yl)methyl)pyridine 1-oxide.

[001024]  LCMS (m/z+1)461.3. 'H NMR (400 MHz, Acetonitrile-d3) § 7.84
778 (m, 1H), 7.59 (d, J = 1.5 Hz, 1H), 7.43 (1, J = 7.9 Hz, 1H), 7.36 (dd, ] = 7.8, 1.9 Hz,
1H), 6.69 (s, 1H), 4.70 (s, 2H), 3.82 (q, T = 7.2 Hz, 2H), 3.74 (1d, ] = 7.6, 5.3 Hz, 1),
2.51 —2.36 (m, 2H), 2.27 (s, 3H), 2.14 (s, 3H), 2.07 — 1.97 (m, 1H), 1.96 (s, 3H), 1.75
(dt, 7 =11.9, 7.7 Hz, 2H), 1.54 (dt, J = 7.8, 4.7 Hz, 2H), 1.45 ~ 1.28 (m, 4H).

Example 326

2-cyclopropy1-6-(3,5~dimethy1isoxazol-4-yl)—4-(hydroxybis(S-methylthiazoLZ—
yl)methyl)- 1H-benzo[d}imidazol-1 -yl)(thiophen-2-yl)methanone (1020-326)

0-N
)
0 OH g
| — \S! N \N |
=N
S8” N

[6010625] Using the product from Example 219, to a solution of (2-cyclopropyl-6-
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(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-yl)bis(5-methylthiazol-2-
yl)methanol (60 mg, 0.126 mmol) in CHyCly (5 mL) and pyridine (1 mL) was added
thiophenecarbonyl chloride (37 mig, 0.25 mmol) dropwise and the solution was stirred at
0 °C for 1h. BtOAc (100 mL) was added and the solution was washed with brine and
dried over Na;SOq. Solvent was removed and the residue was purified by silica gel
column chromatography (0-10% MeOH/CH,Cl,) to give (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-4-(hydroxybis(5 -methylthiazol-2-yl)methyl)-1H-
benzo[d]imidazol-1-yl){thiophen-2-yl)methanone.

[001026]  CaoH,sN5O38s. MS m/z 587.9 (M+1). 'H NMR (Methanol-ds)  8.10 (dd,
J=5.0,1.2 Hz, 1H), 7.80 (dd, J = 3.9, 1.2 Hz, 1H), 7.39 (q, J= 1.1 Hz, 2H), 7.32 — 7.23
(m, 2H), 7.14 (d, T = 1.5 Hz, 1H), 2.45 (d, J = 1.2 Hz, 6H), 2.30 - 2.15 (m, 4H), 2.08 (s,
3H), 1.30 — 1.16 (m, 2H), 1.16 — 1.04 (m, 2H).

Example 327 and 328

(S) and (R)—4—(2-cyclopr0i)yl-5-methoxy-4-(2-methylpyridin-3~yl)—1H—
benzo[d)imidazol-6-yl)-3,5-dimethylisoxazole (1020-327) and (1020-328)

N—-O N—-O N-O
e P ! -
chiral-separation
- +
HN HN : HN
HzN HoN H,N

(S) (R)

[001027] Racemic 6-(3,5-dimethylisoxazol-4-yl)-4-(1-phenylethyl)-1H-
benzo[d}imidazol-2-amine (product from Example 98) was chirally resolved using chiral
reverse phase HPLC (Chiralpak AD-H, 150 x 4.6 mm, 5 micron, 15ml / min for 15
minutes. 90:10 Heptanes : IPA) to afford both — (R) and (S)-4-(2-cyclopropyl-5-
methoxy—4—(2-meﬂ1yipyridin-3-yi)—1H-benzo[d]imidazol-6~y1)~3,S—dimethylisoxazale.

[001028] Compound 1020-327: Retention time — 7.808 minutes.

[001029] Compound 1020-328: Rentention time — 11.188 minutes,
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Example 329

(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-4-y1)(2,6-
dimethylpyridin-3-yl)(pyridin-2-yh)methanol (1020-329)

N-O

S

[001036] tert-Butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-picolinoyl-1H-
benzo[d]imidazole-1-carboxylate (25 mg, 0.05 mmol) was dissolved in 2 ml THF, to the
solution was added (2,6-dimethylpyridin-3-yl)magnesium bromide (0.65 mL, 0.5M) at
RT. The reaction mixture was stirred at RT overnight. The reaction was quenched with
water;fo the reaction mixture was added TFA (1.mL) and the reaction mixture was
heated at 60°C for 2h. Then solvent was evaporated, the residue was purified with Prep
HPLC with 0.1% TFA modifier to afford 23 mg product (2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-yl)-1H-benzo[d)imidazol-4-y1}(2,6-dimethylpyridin-3-yl)(pyridin-2-
ylymethanol.

[001031]  CagHyNsOy. 466.2 (VEH1). 'H NMR (400MHz, CD;0D) 3 8.63-8.62 (m,
1H), 7.99-7.95 (m, 1H), 7.81-7.78 (m, 2H), 7.60-7.46 (m, 2H), 7.45-7.42 (m, 1H), 6.86
(@, J7=1.2 Hz, 1H), 2.74 (s, 3H), 2.57-2.54 (m, 1H), 2.52 (s, 3H), 2.31 (s, 3H), 2.12 (s,
3H), 1.52-1.49 (m, 2H), 1.40-1.38 (m, 2H).

Example 339

(6-aminopyridin-3-y1)(2-cyclopropyl-6-(3,5-dimethylisoxazol-4-y1)-1H-
benzo[dJimidazol-4-yl)(pyridin-2-yl)methanol (1020-330)
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1} n-Buli
THF
-78°C to -40°C

- NTMS);

23TFA It

[001032] In a 2-neck, 25-mL round bottom flask, 2-amino-5-bromopyridine (38.4
mg, 0.222 mmol) was dissolved in tetrahydrofuran (1.1 mL), followed by
chlorotrimethylsilane (58 pL, 0.46 mmol). The reaction mixture was stirred under
nitrogen at room temperature for 30 min and subsequently cooled to -78°C in a dry
ice/acctone bath. A 1.6 M solution of n-butyllithium in hexanes (0.43 mL, 0.69 mmeol)
was added dropwise and the reaction mixture was warmed to -40°C in adry
ice/acetonitrile bath and aliowed to stir for 1 hour. The reaction mixfure was cooled
back to -78°C; before a solution of fert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-
yl)-4-picolinoyl-1H-benzo[d]imidazole-1-carboxylate (25.9 mg, 0.0565 mmol) in
tetrahydrofuran (0.5 mL) was added slowly to the reaction mixture. The reaction was
stirred at -78°C for thirty minutes before it was quenched with brine, followed by
aqueous sodium bicarbonate to neutralize the reaction mixture. The aqueous layer was
exiracted with ethyl acetate (three times). The combined organic layers were dried over
magnesium sulfate, filtered and concentrated. The crude reaction mixtire was dissolved
in trifluoroacetic acid (for complete boc deprotection) and stirred for 30 minutes at room
temperature. The reaction mixture was concentrated and the title compound was isolated
by preparatory HPLC to yield (6-aminopyridin-3-y1)(2-cyclopropyl-6-(3,5-
dimethylisoxazol-4-y1)-1H-benzo[d}imidazol-4-y1)(pyridin-2-yl)methanol.

[001033]  CyHysNsOs. 453.1 (M+1). 'H NMR (400 MHz, Methanol-dy) § 8.66 (d,
J=4.9,1.3 Hz, 1H), 8.03 — 7.92 (m, 2H), 7.88 (dt, J= 8.0, 1.1 Hz, 1H), 7.68 (d, J= 2.2
Hz, 1H), 7.60 (d, J= 1.5 Hz, 1H), 7.47 (ddd, J= 7.6, 4.9, 1.2 Hz, 1H), 712 (d, J= 1.5
Hz, 1H), 7.05 (d, /= 9.4 Hz, 1H), 2.66 (tt, J = 8.5, 5.0 Hz, 111}, 2.37 (s, 3H), 2.18 (s,
3H), 1.56 (dt, /= 9.4, 3.8 Hz, 2H), 1.44 (dt, J= 7.7, 4.9 Hz, 2H).

Example 331

(2-cyclopropyl-6-(5-(hydroxymethyl)-3-methylisoxazol-4-yl)-1 H-benzo[d]imidazol-4-
yldi(pyridin-2-yl)methanol (1020-331)
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Step 1: methyl 2,3-diamino-5-bromobenzoate

[601034] Methyl 2-amino-5-bromo-3-nitrobenzoate (0.67 g, 2.44 mmol), iron (0.68
g, 12.0 mmol), and ammonium chloride (1.96 g, 37.0 mmol) were dissolved ina 1:1:0.4
mixture of THF/ethanol/water (29 mL) and heated at 95 °C with vigorous stirring for 1
hour. The reaction mixture was cooled to room temperature and filtered through a plug
of Celite to remove solids. The plug was rinsed repeatedly with methanol and
tetrahydrofuran. The filterate was concentrated and the residue partitioned between
ethyl acetate and water. The organic later was washed once with brine and .c'oncentrated
to give methyl 2,3-diamino-5-bromobenzoate (0.59 g, 99%) as a yellow powder which

was used without further purification.

Step 2: methyl 6-bromo-2-cyclopropyl-1H-benzo[d]imidazole-4-carboxylate

[001035]  Methyl 2,3-diamino-5-bromobenzoate {0.59 g, 2.0 mmol) and ethyl
cyclopropanecarbimidate (0.43g, 3.0 mmol) was dissolved in methanol (20 mL) and
heated to 50 °C for 5 hours, Reaction was then cooled to rt-and solvent was removed in
vacuo. Crude material was dissolved in BtOAc and washed 3 times with sodium
bicarbonate, once with water and concentrated to give methyl 6-bromo-2-cyclopropyl-

1H-benzo[dJimidazole-4-carboxylate (0.7g, 98%) which wasused without further

purification.
Br n-BuLi
. Br N
‘ N
=
O -
HN h Me-THF
=N O
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Step 3: (6-bromo-2-cyclopropyl-1H-benzo[dlimidazol-4-y)di(pyridin-2-yl)methanol

{001036] 2-bromopyridine (1.3 mL, 2.2g, 14.0 mmol) was dissolved in Me-THF
under Ar and cooled to -78 °C. n-Buli (9.0 mL, 0.92¢g, 14.0 mmol) was added dropwise
over 15 minutes and the reaction was allowed to stir for an additional 5 minutes at -78
°C. Methyl 6-bromo-2—cyclopropy1—1H—benzo[d]imidazole—4—carboxylate (0.7g, 2.4
mmol), dissolved in a minimal amount of Me-THF, was added to the reaction and
allowed to stir for 3 minutes at -78 °C before being quenched with water, The reaction
was exiracted three times with EtOAc and combined organic layers were washed once
with water then concentrated. Crude material was purified by silica gel flash
chromatography (80-100% EtOAc/hex, Rf 0.42 in 100% EtOAc) to give (6-bromo-2-
cyclopropyl-1H-benzo[d]imidazol-4-yl)di(pyridin-2-yl)methanol (0.62g, 62%) as a pale

yellow powder.

[001037]  CuHpBrN,O 422.4 (M+1). 'H NMR (400 Mz, DMSO-d6) § 12.45 (s,
11), 11.78 (s, 1H), 8.55 — 8.49 (m, 2H), 7.82 (t, T = 8.3, 4.3 Hz, 2H), 7.58 (d, J = 8.0
Hz, 2H), 7.53 (d,J = 1.9 Hz, 1H), 7.32 (dt, I = 7.4, 3.1 Hz, 2H), 7.08 (s, 1H), 6.85 (s,
1H), 2:27 (q, 1 = 6.5, 6.0 Hz, 1H), 0.99 (ddt, J = 13.1, 7.7, 4.4 Hz, 4H).

O\
BH
o
N-O.  OTIPS

TIPS-Cl : PdCly(MeCN)s,, |
NO O imidazole  N-Q PTPS gppls BN 7
L/ —_— = Ny _—_—_
DMF 1.4-dioxane o o
o y s

Step 4: 4-bromo-3-methvl-5-{({ triisopropvlsilyl)oxy)methylisoxazole

[001038] To a solution of (4-bromo-3-methylisoxazol-5-yl)methanol (0.5, 2.6
mmol) in DMF (2.6 mL) at 0 °C under Ar, was added TIPS-CI (0.72 mL,0.65g, 3.0
mmol) and imidazole (0.27 g, 4.0 mmol) and the reaction was allowed to come to rt and
stir for 5 hours. The mixture was then diluted with water and DCM and washed three
times with water and once with brine. The organic layer was concentrated in vacuo and
purified by silica gel flash chromatography (0-10% EtOAc/hex, RF: 0.6 10% EtOAc/hex)
to give 4-bromo-3-methyl-5-(((triisopropylsilylJoxy)methyl)isoxazole (0.65g,71%) asa
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clear, colorless oil.

Step 3: 3‘~methvl-4~(4,4.5,S—tetramethvl-l.3.2~dibxaborolan—2-vl)—5-
(((triisopropylsilyloxy)methyl Jisoxazole

[0601039] 4-bromo-3-methyl-5-(((triisopropylsilyl)oxy)methyl)isoxazole (0.32 g,
0.93 mmol), bis(acetonitrile)paltadium(Il) chloride (9.6 mg, 0.037 mmol), and 2-
dicyclohexylphosphino-2’-6’-dimethoxybiphenyl (61 mg, 0.15 mmol) were dissolved in
1,4-dioxane (1 mL) under Ar. 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (0.20 mL, 0.18 g,
1.0 mmol) and triethylamine (0.4 mL, 0.28g, 3.0 mmol) were added via syringe and the
reaction was heated to 80 °C for 1.5 hours. The reaction was then cooled to rt, diluted
with BtOAc, filtered through celite, and concentrated in vacuo to give 3-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y})-5-
(((triisopropylsilyl)oxy)methyl)isoxazole which was used without further purification.

N-Q
B .
r N-O.  OTIPS 1 pdCi,(dppf)
iz Cs,C04
OH N= DMF/water

——
+ B

HN B~0
=N \_/ Q 2. TBAF, THF  HN
i\ =N
g Ve

Step 6: (2-cyclopropyl-6-(5-(hydroxymethyl)-3-methylisoxazol-4-y1)-1H-

benzo[dlimidazol-4-yDdi{pyridin-2~vD)methanol

[001040} (6-Bromo-2-cyclopropyl-1H-benzo[d]imidazol-4-yl)di(pyridin-2-
yl)methanol (40 mg, 0.095 mmol) and 3-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-v1)-5-(((triisopropylsilyl)oxy)methyl)isoxazole (150 mg, 0.38 mmol)
was dissolved in DMF (2 mL) and water (1 mL). Dichioro 1,1-
bis(diphenylphosphino)ferrocene palladium(Il) dichloromethane (6.9 mg, 0.009 mmol)
and cesium carbonate (123 mg, 0.38 mmol) were added, the reaction vessel was sealed
and heated to 85 °C for 1.5 hours. The reaction was cooled to rt, diluted with EtOAc,
washed three times with water, and concentrated in vacuo. The crude material was taken
up in THF (2 mL) and a few drops of TBAF solution (1.0M in THF) was added and the
reaction was allowed to stir for 6 hours. The reaction was concentrated and purified by
silica gel flash chromatography (0-15% MeOH/DCM) to give (2-cyclopropyl-6-(5-
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.(hydroxymethyl)-S—methylisoxazol-4-yl)—IH-benzo[d]imidazol—4—y1)di(pyn‘din-2-
yDmethanol.

[001041]  CyeHyNsOs 454.1 (M+1). *H NMR (400 MHz, Methanol-d4) 5 8.53
(ddd,7=4.9,1.8, 0.9 Hz, 2H), 7.80 (td, J = 7.8, 1.8 Hz, 2H), 7.59 (dt, I = 8.1, 1.0 Hz,
2H), 7.47 (4,1 = 1.5 Hz, 1H), 7.32 (ddd, J =7.6, 4.8, 1.1 Hz, 2H), 6.77 (d, T = 1.5 Hz,
1H), 4.54 (s, 2H), 2.25 — 2.08 (m, 4H), 1.10 (d, J = 6.2 Hz, 4H).

Example 332

(2—cyclopropy]—6-(3-(hydroxymethyl)-S-rnet-hylisoxazol—4-_y1)-1H—benzo[d]imidazol-4—
yl)di(pyridin-2-yl)methanol (1020-332)

PdClL(MeCN);,
SPhos, Ei;N

N-O
TIPS-CI, ’ |
N-O. ICI TRA N- c,>/ imidazole \/@_ 9\: TIPSO\/L\,%‘
I B-,
/ - water Towr | TPSO l ‘I A-dioxane K?<

Step 1: (4-iodo-5-methvlisoxazol-3-vDmethanol

[001042] (5-Methylisoxazol-3-yl)methanol (200 mg, 1.77 mmol) was added to a
suspension of IC1 (0.115 mL, 0.37 g, 2.0 mmol) in water (4.5 mL) followed by TFA
(0.135mL, 0.2 g, 2.0 mmol) and the reaction was heated to 65 °C under argon for 2
hours. The reaction was allowed to cool to 1t, diluted with water, and treated with 10%
Nay3,0s (5 mL). The mixture was made basic by addition of solid Na;CO, and then
extracted three times with DCM. Combined organic layers were washed once with
watet, then brine, dried over sodium sulfate, filtered, and concentrated to dryness to give

(4-10do-5-methylisoxazol-3-yl)methanol (0.24g, 56%) as a white powder.

Step 2: 4-iodo-5-methyl-3-(({triisopropyisilyDoxvimethvhisoxazole

[001043] TIPS-C1 (0.52 mL, 0.46 g, 2.0 mmol) and imidazole (0.19 g, 3.0 minol)
was added to a solution of (4-iodo-5-methylisoxazol-3-yl)methanol (0.24g, 1.86 mmol)
in DMF (1.9 mL) under Ar and the reaction was allowed to stir at 1t for 4 hours. The
mixture was then diluted with water and DCM and washed three times with water and

once with brine. The organic layer was concentrated in vacuo and purified by silica gel
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flash chromatography (0-10% EtOAc/hex, Rf: 0.36 10% BtOAc/hex) to give 4-iodo-5-
methyl-3-(((triisopropylsilyloxy)methyl)isoxazole (0.31 g, 42%) as a clear, colorless oil.

Step 3: 5-methyl-4-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1}-3-
{((triisopropylsilyloxyimethvl)isoxazole .

[001044] 4-Todo-5-methyl-3-(((friisopropylsilyl)oxy)methyl)isoxazole (0.31 g, 0.79
mmol), bis(acetonitrile)palladium(Il) chloride (8.0 mg, 0.031 mmol), and 2-
dicyclohexylphosphino-2’-6’-dimethoxybiphenyl (52 mg, 0.13 mmol) were dissolved in
1,4-dioxane (1 mL) under Ar. 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.17 mL, 0.11 g,
1.0 mmol) and triethylamine (0.33 mL, 0.24¢, 2.0 mmol) were added via syringe and the
reaction was heated to 80 °C for 1.5 hours. The reaction was then cooled to 1t, diluted
with EtOAc, filtered through celite, and concentrated in vacuo to give S-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-3-
(((triisopropylsilyl)oxy)methyl)isoxazole which was used without further purification.

Br
N-© _
L 1. PdClx{dppf), Cs,004
OH N— TIPSC DMF/water
+ B i =
HN _ \_/ g g 2. TBAF, THF
Q) <

benzo[dlimidazol-4-yDdi(pyridin-2-ymethanol

[001045] (6-Bromo-2-cyclopropyl-1H-benzo{ dJimidazol-4-yl)di(pyridin-2-
ymethanol (40 mg, 0.095 romol) and 5-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-3-(((triisopropylsilyljoxy)methyl)isoxazole (225 mg, 0.57 mmol)
was dissolved in DMF (2 mL) and water (1 mL). Dichloro 1,1-
bis(diphenylphosphino)ferrocene palladium(Il) dichloromethane (7.0 mg; 0.0095 mmol)
and cesium carbonate (186 mg, 0.57 mmol) were added, the reaction vessel was sealed
and heated to 85 °C for 1.5 hours. The reaction was cooled to rt, diluted with EtOAc,
washed three times with water, and concentrated in vacuo. The crude material was taken
up in THF (2 mL) and a few drops of TBAF solution (1.0M in THF) was added and the

reaction was allowed to stir for 6 hours. The reaction was concenirated and purified by
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silica gel flash chromatography (0-15% MeOH/DCM) to give (2-cyclopropyl-6-(3-
(hydroxymethyl)-5-methylisoxazol-4-yl)-1H-benzo[dJimidazol-4-yl)di(pyridin-2-
yl)methanol.

[001046]  CheHyNsOs 454.3 (M+1). 'H NMR (400 MHz, Methanol-d4) 5 8.52
(ddd, ] = 4.9, 1.8, 0.9 Hz, 2H), 7.78 (td, ] = 7.8, 1.8 Hz, 2H), 7.59 (dt, J = 8.0, 1.0 Hz,
2H), 7.54 (4, T = 1.5 Hz, 1H), 7.30 (ddd, T = 7.6, 4.9, 1.2 Hz, 2H), 6.79 (d, ] = 1.5 Hz,
1H), 4.53 (s, 2H), 230 (s, 3H), 2.21 - 2.11 (m, 1H), 1.12 - 1.04 (m, 4H).

Example 333

{6-(3,5-dimethylisoxazol-4-yl)-2-ethoxy-1H-benzo[d]imidazol-4-y)di(pyridin-2-
ylymethanol (1020-333)

[001047] 2-Bromopyridine (85 mg, 0.54 mmol) was dissolved in 2 ml THF, to the
solution was added N-butyllithium (0.34 mL, 1.6M) at -78°C and stirred at -78°C for
15mins, then to above solution was added tert-butyl 6-(3,5-dimethylisoxazol-4-yl)-2-
ethoxy-4-picolinoyl-1H-benzo[d]imidazole-1-carboxylate (50 mg, 0.11 mmol). The
reaction temperature was slowly raised to RT and stirred overnight. The reaction was
then quenched with water. Then solvent was evaporated, the residue was purified with
Prep HPLC with 0.1% TFA modifier to afford 13 (6-(3,5-dimethylisoxazol-4-y1)-2-
ethoxy-1H-benzo[d}imidazol-4-yl)di(pyridin-2-yl)methanol.

[001048]  CysHyN505. 442.2 (M+1). 1H NMR (400 MHz, CD;0D) § 8.65 (ddd, J
=5.3,1.7, 0.8 Hz, 2H), 8.19 (ddd, T = 8.2, 7.6, 1.7 Hz, 2H), 8.06 (dt, J = 8.1, 1.1 Hz,
2H), 7.67 (ddd, T = 7.6, 5.3, 1.2 Hz, 2H), 7.30 (d, J = 1.5 Hz, 1H), 6.72 (d, ] = 1.5 Hz,
1H), 437 (g, T="7.1 Hz, 2H), 2.31 (s, 3H), 2.13 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H).

Example 334
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4-(2-cyclopropyl-4-(2-cyclopropylpyridin-3-yl)-1H-benzo[d]imidazol-6-y1)-3,5-
dimethylisoxazole (1020-334)

[001049] tert-Butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl}-4-iodo-1H-
benzo[d]imidazole-1-carboxylate (400 mg, 0.83 mmol) and Bis(pinacolato)diboron (848
mg, 3 mmol) was added to 1,4-dioxane (5 ml). To the above mixture were added
Pd(dppHCl; (61 mg, 0.084 mmol) and potassium acetate (491 mg, 5 mmol). The reaction
mixture was heated at 80°C for 1h. The reaction mixture was then diluted w;'.th EtOAc
(100 ml), washed with bring (50m1X2). The organic solvent was evaporated and the
residue was dissolved in DCM and purified with combi-flash column chromatography to
afford 300 mg tert-butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-benzo[d]imidazole-1-carboxylate.

[001050]  CagH3iBN;Os. 480.3 (M:+1).

Step 2:

[001051) tert-Butyl 2-cyclopropyl-6-(3,5-dimethylisoxazol-4-yl)-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-benzo[d]imidazole-1-carboxylate
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(200 mg , 0.53 mmol) and 3-bromo-2-cyclopropylpyzidine (209 mg, 1 mmol) were
added to a solvent mixture of 1,2-dimethoxyethane (2 ml) and water (1 ml). To the above
mixture were added PEPPSI-Ipr (36 mg, 0.053 mmol) and Cs,CO; (687 mg, 2 mmol).
The reaction mixture was heated at 150°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% CH3;CN/H,O) to afford 8 mg 4-(2-cyclopropyl-4-(2-
cyelopropylpyridin-3-yl)-1H-benzo[dJimidazol-6-y1)-3,5-dimethylisoxazole.

[001052]  CpsHzN,O.371.4 (M+1). 1H NMR (400 MHz, CD;0D) 5 8.67—8.58 (m,
1H), 8.09 (dt, J= 7.7, 1.3 Hz, 1H), 7.69 (d, J = 1.4 Hz, 1H), 7.61 (dt, J =7.7, 5.0 Hz,
1H), 7.48 (d, ] = 1.4 Hz, 1H), 2.46 (s, 3H), 2.45-2.38 (m, 1H), 2.30 (s, 3H), 1.98-1.85
(m, 1H), 1.59-1.44 (m, 2H), 1.44-1.32 (m, 2H), 1.23-1.16 (m, 2H), 1.01 (dt, ] = 8.3, 3.3
Hz, 2H).

Example 335

1001053] HTRF Assay: Binding of the two tandem bromodomains, BRD4-1 and.
BRD4-2, to an acetylated histone H4 peptide was measured using a homogeneous time
resolved fluorescence resonance energy transfer (TR-FRET) assay. The syathetic peptide
containing amino acids 1-18 of histone H4 was acetylated at lysine 5, 8, 12, 16 and
conjugated to biotin (SGRGACKGGACKGLGACKGGAACKRH-GS GSK-biotin) was
purchased from Millipore. BRD4-1 and BRD4-2 were expressed and purified from
Escherichia coli as N-terminal Hisg-tagged proteins. An X1L665 labeled anti-His
antibody (Cisbio) was used to specifically bind BRD4 and a cryptate labeled streptavidin
protein was used because it specifically recognized the biotinylated H4 peptide. Binding
of BRD4 to the peptide resulted in an increase in FRET signal whereas disruption of this
protein-peptide interaction with a small molecule inhibitor resulted in a decrease in
FRET signal. Assays were performed in 50 mM Hepes (pH 7.5), 150 mM NaCl,
0.1mg/ml BSA, 0.01% (v/v) Brij, 0.5% (v/v) DMSO and 200nM H4 peptide at the
following concentrations for each BRD4 isoform: 60 nM BRD4-1 and 120 nM BRD4-2.
After an assay reaction time of 60 minutes at 25 °C, binding was measured with 2 nM
crytptate labeled streptavidin and 10 nM anti-His-XL665 antibody, TR-FRET signal
was detected on an Envision plate reader (Ex: 320 nm; Em: 615/665 nm; 100 ps delay
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and 200 ps read window). Data were niormalized based on a positive (2 uM I-BET) and
negative (DMSO) controls and ICsg values were calculated from the fit of the
dose—response curves fo a four-parameter equation. All ICsg values represent geometric
mean values of a minimum of four determinations. These-assays generally produced

results within 3-fold of the reported mean. Results are reported in Table 1.

[001054) Alpha Assay: Binding of the bromodomain BRD4-I to an acetylated
histone H4 peptide was measured using a bead-based Amplified Luminescent Proximity
Homogeneous Assay (ALPHA). The synthetic peptide containing amino acids 1-18 of
histone H4 was acetylated at lysine 5, 8, 12, 16 and conjugated to biotin
(SGRGACKGGACKGLGACKGGAACKRH-GSGSK-biotin) was purchased from
Millipore. BRD4-I was expressed and purified from Escherichia coli as an N-terminal
Hise-tagged protein. Nickel-Chelate ALPHA acceptor beads (Perkin Elmer) were used to
specifically bind BRD4-1 and ALPHA streptavidin donor beads (Perkin Elmer) were
used because they specifically recognized the bioﬁn).rlated H4 peptide. Binding of
BRD4-1 to the pepfide resulted in proximity of the donor and acceptor beads which leads
to an increase in ALPHA signal whereas disruption of this protein-peptide interaction
with a small molecule inhibitor resulted in a decrease in ALPHA signal. Assays were
performed in 50 mM Hepes (pH 7.5), 150 mM NaCl, 0.1mg/ml BSA, 0.01% (v/v) Brij,
0.5% (v/v) DMSOQ, 200 nM H4 peptide and 15 nM of BRD4-1 protein. After an assay
reaction time of 60 minutes at 25 °C, binding was measured with 20pg/ml streptavidin
donor beads and 20 pg/ml nickle-chelate acceptor beads. ALPHA signal was detected on
an Envision plate reader (Ex: 320 nm; Em: 570 nm; Ex time: 180 ms). Data were
normalized based on a positive (2 pM I-BET) and negative (DMSO) conirols and ICsq
values were calculated from the fit of the dose—response curves to a four-parameter
equation. All ICsq values represent geometric mean values of a minimum of four
determinations. These assays generally produced results within 3-fold of the reported

mean. Results are reported in Table 1.

[001055] MT-4 Proliferation Assay: Compounds were tested in a standardized

high-throughput 384-well assay format. Each compound was serially diluted 3-fold in
100% DMSO in polypropylene 384-well plates using a Biomek FX Workstation, and 0.4
uL compound added to an assay plate containing 40 ul. RPMI media. Compounds were

arranged in a horizontal pattern, with 10 concentrations per compound, and 8 compounds
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added per plate. Due to low DMSO tolerability, the final DMSO concentration never
exceeded 0.5% (v/v). Each assay plate contained 10uM Puromyein and 0.5% DMSO in.
RPMI-1640 as positive and negaiive controls respectively. MT-4 cells (HTLV-1
transformed, human T lymphoblastoid cells, NTH Aids Reagent program) were added in
volumes of 35 pL per well and 2,000 cells per well using a Biotek uFlow Workstation
(Biotek, Winooski, VT), and the plates subsequently incubated for 5 days at 37 °C in an
incubator set at 5% CO, and 90% humidity.

[001056]

plates with a Biotek uFlow Workstation. Plates were subsequently placed on a Perkin

After 5 days, 22 uL Cell Titer Glo (Promega) was added to the assay

Elmer Envision Plate Reader for 5 minutes before the luminescence signal was read.
ECs values were calculated from the compound concentration that caused a 50%
decrease in luminescence signal, a measure of toxicity, and calculated by non-linear
regression using Pipeline Pilot software (Accelrys, San Diego, CA). Results are reported
in Table 1. |

Table 1
Com HTRF  |HTRF |4Pha | MT4
Ng p. Structure BRD4-1 BRD4-2 (-szay a;é"‘y
o ' (ICsg, nM) | (ICs0, nM) nMﬁO’ nM).se;
N—0
4 P
1020-1 0 . 200.6 97.6 ofa 193.0
HN ?’
=N HN
4D
N—O
4 P
1020-4 336.6 220.9 n/a 192.1
e}
HN %ﬁo
>==N HiN
< O
\
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N—0O
4 &£
1020-5 ‘I?’O 616.3 357.1 n/a 329.2
HN $’
=N HN
St
1020-12 137.9 69.2 46.2 213
1020-18 87.1 78.6 14.4 7.5
1020-19 134.3 171.6 280 24.4
N-0
{2
1020-28 71.8 65.5 i8.1 51.6
N "
<?\,NH
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O—N
X k\
1020-37 20893 2509.7 | 3170.1 | 518.0
N o
A ®
N=-O
{ P
1020-44 O O F 139.1 110.9 22.0 86.1
J\'NH
N-0O
¥ P
1020-50 /O 299.0 317.6 125.1 | 353.0
HN N ' |
1020-57 109.2 54.4 22.6 13.6
1020-72 100.7 69.1 12.3 6.5
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1026—74 97.1 111.8 18.9 153
1020-75 120.9 78.2 33.5 184
1020-77 244.5 | 64.8 42.7 39.4
1020-78 160.5 94.1 25.1 25.7
1020-79 161.0 87.2 33.6 338
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1020-8% 168.8 118.8 50.7 7.6

N—0O

(s
1020-84 481.0 234.0 2773 236.0

HN , SN

1020-88 104.0 131.0 15.9 452
1020-89 379.0 151.0 130.3 104.3
1020-90 110.0 121.0 28.9 25.0
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1020-92 133.0 102.0 37.7 73.1
1020-96 276.4 96.9 53.7 3184
1020-102 101.2 75.7 14.3 497
1020-120 88.5 76.1 39.7 48.8
N—QO
{ s
1020-121 95.2 80.8 247 428
HN
XN OH
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1020-132 6098 882.9 572.7 5436
—~N
jm OH
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1020-136 823.2 727.1 512.9 | 3352
HN N
j N
o
N~-Q
| (A
1020-137 186.6 399.0 52.8 112.7
HN N
X N
o)
N~
{
1020-141 0 704.4 111.0 n/a 887.2
HN %’0
O o
N—0
(s
1020-148 1,0 185.618 180.0 n/a 4847
HN .
—N HN .
NH
F‘;( \O
Fr

n/a: data not available (assay not performed)
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Example 336

[001057] BRD4-1 Ligand KI and BRD4-2 Ligand KT Assays: Binding of the two
tandem bromodomains, BRD4-I and BRD4-2, fo a Cy5 labeled probe/ligand (Compound

1020-501) were measured using a homogeneous time resolved fluorescence resonance

energy transfer (TR-FRET) assay.

. ’N'N
s N4
\ | il H
=N —N
o>_ ~yo
H
ol (1020-501)

[001058] The labeled ligand specifically binds BRD4-1 and BRI)4-2 and can be
displaced by a small molecule inhibitor that shares a similar or overlapping binding site.
BRDA4-I and BRD4-2 were expressed and purified from Escherichia coli as N-terminal
Hisg-tagged proteins. A Eu-cryptate labeled anti-His antibody (Perkin Elmer) was used
.to specifically bind BRD4. Binding of BRD4 to the labeled probe/ligand resulted in an
increase in FRET signal whereas displacement of this labeled ligand from BRD4 with a
small molecule inhibitor resulted in a decrease in FRET signal. Assays were performed
in 50 mM Hepes (pH 7.5), 150 mM NaCl, 0.1mg/ml BSA, 0.01% (v/v} Brij, 0.5% (v/v)
DMSO and 10nM labeled ligand at the following concentrations for each BRD4 isoform:
2 1M BRD4-1 and 0.5 tM BRD4-2. After an assay reaction time of 60 minutes ﬁt 25 °C,
binding was measured with 2 nM Eu-cryptate labeled anti-His antibody. TR-FRET
signal was detected on an Envision plate reader (Ex: 320 nm; Em: 615/665 nm; 100us
delay and 200us read window). Data were normalized based on a positive (2 pM I-BET)
and negative (DMSO) controls and IC50 values were calculated from the fit of the
dose—response curves to a four-parameter equation. All IC50 values represent geometric
mean values of a minimum of four determinations. The IC50 values were converted to

Ki values (dissociation constant for BRD4-inhibitor complex) using the Cheng and
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Prusoff equation for a competitive inhibitor mode of action. These assays generally

produced results within 3-fold of the reported mean.

[001059] MT-4 Proliferation Assay: As described above.

[001060} ¢-Mye Down Regulation and MM. 18 Viability Assays: An enzyme
linked immunoserbent assay using the Meso Scale Diagnostic (MSD) technology was
used to detect levels of c-Mye produced in MM.1S cells (ATCC). MM.1S cells were
cultured in RPMI-1640 media (Corning), supplemented with 10% FBS (Hyclone), 1%

penicillin-streptomyein (Cellgro), 2-mercaptoethanol (Gibco) and seeded onto 384-tissue
culture treated filter binding plates (Millipore) at a density of 40K cells/well containin g
titrations of small molecule inhibitors or DMSO (0.4 %) in a volume of 100 pul of media.
After an incubation time of 24 hrs, cells were lysed (1 X lysis buffer (Thermo)
supplemented with protease and phosophatase inhibitor cocktail (Thermo)) and the
plates centrifuged (1000 rpm, 1min) to capture c-Myc on MSD plates coated with a
monoclonal c-Myc antibody (Origene). Assay wells were washed (3X Invitrogen wash
buffer) and probed with a polyclonal c-Myc antibody (Abcam) and MSD detection
antibody solution in order to detect levels of c-M ycon the MSD platform. c-Mye capture
was reported in pg/ml based on a standard cur\-/e using recombinant c-Myc protein
(Prosci). EC50 values were calculated from the fit of the dose—response curves to a
four-parameter equation. All EC50 values represent geometric mean values of a
minimum of four determinations. These assays generally produced results within 3-fold

of the reported mean.

[001061] For cell viability in the MM.1S cell line, cells were seeded onto 384-
tissue culture trea'ted‘plates (Greiner) at a density of 60K cells/well containing titrations
of small molecule inhibitors or DMSO (0.2 %). After 72 hr incubation cells were
analyzed for cell viability by addition of Cell Titer Glo (Proméga) to the assay plates.
After 15 min incubation at room temperature the signal from the viable cells was
analyzed on an Envision plate reader (Perkin Elmer). BC50 values were calculated from
the fit of the dose—response curves to a four-parameter equation. All EC50 values
represent geometric mean values of a minimum of four determinations. These assays

generally produced results within 3~fold of the reporied mean.

[001062] Results are reported in Table 2. _
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Table 2
. | lilflmj BRD4-2 | MT4 | e-Mye M(Djilis
-Omp. igan Ligand Assa .
: Structure g y . 7 ars
No. KI (;gso, KI (ICs, | (EC50, | EC30: "(‘]f:"é‘;‘('}‘y
n )
nM) uM) | ad). | O
N—O
{
1020-103 4.0 124 10.0 37.3 72.8
1020-104 7.2 11.7 12.6 51.5 55.5
1020-112 10.4 13.5 18.2 56.7 145.3
1020-113 10.7 12.8 19.9 63.1 168.8
racemate
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1020-114 3.8 2.7 2.5 4.8 21.2
pure single
diastereomer
1020-224 10.8 20.2 20.5 103.6 84.0
J
1020-239 59 6.0 14.0 33.1 47.5
pure engntiomer
the second eluting compoun
1020-257 4.7 5.6 14.2 55.7 28.4
1020-289 2.0 2.0 4.2 5.7 17.8
pure enantiomer
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1020-298 54 3.6 5.6 15.3 16.9

diastereomer

Example 337

[001063] Compound 1020-18 reduced the viability of 17 Diffuse Large B Cell
Lymphoma (DILBCL), three Multiple Myeloma (MM), and two Follicular Lymphoma
(FL) cell lines as shown in Table 3. ECsq values across all cell lines ranged from 9 to

2300 nM with a median of 53 nM.

[001064] Cell Titer Glo Viability Assay: All procedures were performed at Gilead
Sciences, Inc. in Seattle, WA and Branford, CT. Compound 1020-18 was dissolved in
DMSO to prepare a 10 mM stock solution then serially diluted three-fold in DMSO in a
96 well plate format to achieve a final dose range of 10 uM to 0.17 oM in 0.1% DMSO
in the test medium. Cells were plated at 10,000 — 30,000 cells per well in duplicate or
triplicate plates and incubated at 37°C with 5% CO; for four days in RPMI
supplemented with 10 —20% FBS and 100 U/L penicillin-streptomycin. Cell viability
was assessed using Cell Titer Glo (Promega, Madison, W) following the manufacturer's
protocol. ECsp values were determined using a four parameter variable slope model
(GraphPad Prism 6). All ECs, values represent mean values of three to five
determinations. These assays generally produced results within three-fold of the

reported mean. Results are reported in Table 3.

Table 3
Cell line Disease Inhibig(gzoo(fn‘l:gbﬂity,
DB DLBCL 153
SU-DHL-2 DLBCL 11
SU-DHL-4 DLBCL 351

398



WO 2014/182929 PCT/US2014/037344

SU-DHL-5 DLBCL 67
SU-DHL-6 DLBCL 29
SU-DHL-8 DLBCL 18
SU-DHL-10 DLBCL 31
HT DLBCL 147
Karpas422 |  DLBCL 9
OCI-LY3 DLBCL 162
OCI-LY4 DLBCL 135
OCI-LY7 DLBCL 2300
OCI-LY10 DLBCL 410
OCI-LY19 DLBCL 29
Pfeiffer DLBCL ' 16
Toledo DLBCI 59
U-2932 DLBCL 56
KMS-11 MM 13
NCI-H929 MM 7
OPM-2 MM 20
RPMI-8226 MM 70
WSU-FSCCL FL 19
WSU-NHL FL 34
Example 338

[001065] Compound 1020-18 inhibited the viability of 240 cancer cell lines in the
Onco240 cell linepanel (Eurofins, Bothell, WA) across 15 different broad cancer types
(FIG. 1). Relative IC50 values across all cell lines ranged from 0.012 to >10 pM with a
median value of 0.22 pM and a mean value of 0.575 pM.

[001066] Onco240 Ricerca Panel: All procedures were performed at Eurofins
Panlabs, Bothell, WA.. Cells were seeded into 384 well plates at a single cell density in
standard media in duplicate. Test compounds were added 24 hrs later, and the time zero
plate was fixed, stained and analyzed for doubling calculations. Compound was diluted '
in DMSO starting at 10 uM and then serially diluted in DMSO by 3.16-fold to complete
the concentration curves. Compounds were added directly from these dilutions to cell
plates using Echo 550 acoustic energy based transfer. The control compound

Staurosporine was included on each test plate, Test compound plates were incubated. for
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72hrs. Relative cell count ICsy values were calculated as the concentration on the dose
curve where 50% growth inhibition is achieved relative to the DMSO control (100%
growth). Relative cell count ICsy values are reported in FIG. 1. Medians for each cancer

type are indicated by horizontal lines.
Example 339

[001067] Compound 1020-18 inhibited ¢-MYC protein expression in 17 Diffuse
Large B Cell Lymphoma (DLBCL), four Multiple Myeloma (MM), and two Follicular
Lymphoma (FL) cell lines (Table 4). ECsj values across all cell lines ranged from 19 to
853 nM with a median of 103 nM and maximum percent c-MYC inhibition ranged from
31 to 108%.

[001068] ¢-MYC Protein Assay: All procedures were performed at Gilead

Sciences, Inc. in Branford, CT. ¢-MYC cellular protein levels were measured with a
MesoScale (Rockville, MD) assay. Cells were seeded into a 96-well plate at 2.5 x 10°
cells per well in 270 pl of growth media appropriate to the cell line. OCI-Ly3, OCI-Ly4
and OCI-Ly7 were grown in Iscove’s + 20% FBS, OCLLyl 0 was grown in RPMI +
20% FBS, OCI-Ly19 was grown in alphaMEM + 20% FBS, and all other cell lines were
grown in RPMI + 10% FBS. To each well, 30 pul of 10X compound in serum-free media
was added and cells were incubated at 37 °C in 5% CO; for 4 hours. Compound final
concentrations in 3-fold serial dilutions ranged from 10 to 0.0005 uM with a final
DMSO concentration of 0.1% (v/v). Assay plates were cenfrifuged at 300 x g at room
temperature for 5 minutes and cell pellets were washed once with DPBS and centrifuged
at 300 x g. Drained pellets were vortexed briefly to loosen and tysed in 30 ul 1X RIPA
buffer (Cell Signaling Technology, Danvers MA) containing protease (Roche, Palo Alto
CA) and phosphatase inhibitors (Sigma, Saint Louis MO; Santa Cruz Technologies,
Dallas TX). Assay plates wereincubated on ice for 10 minutes, and either used directly

or frozen at -80°C for use in a MesoScale assay.

[001069] MesoScale assay standard-bind 96-well plates were coated with mouse
anti-c-MYC antibody at | pg/mL (Origene, Rockville MD) overnight at 4°C, washed 3
times in Wash Buffer (TBS-Tween 0.05%, v/v) and blocked in 3% Blocker A (w/v;
MesoScale) in PBS. Sample lysate was added at 30 pl per well and incubated 1 hour

with oscillation at room temperature. A standard 9-point, 3-fold serial dilution curve of
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¢-MYC purified recombinant protein (ProSci, Poway CA) starting at 60 ng/mL diluted in
PBMOC lysate was included on every assay plate. Lysates from unstimulated human B
cells (AllCells Ltd, Alemeda CA; 2.5 x 10° cells/well) as a negative control and human
B cells stimulated with 20 pg/mL anti-CD40 (R&D Systems) and 40 pg/mL anti-
IgG/anti-IgM (Jackson ImmunoResearch, West Grove PA) as a positive control were
included on every assay plate. Assay plates were washed 3 times in Wash Buffer,
secondary antibody rabbit anti-c-MYC (Abcam, Cambridge MA) was added at 0.1
pg/mL in Assay Buffer (1% Blocker A (w/v) in PBS/0.05% Tween, MesoScale), plates
were incubated for 1 hour and washed 3 times in Wash Buffer. Detection antibody aniti-
rabbit Sulfo-TAG (MesoScale) was added at 0.5 pg/mL in Assay Buffer and incubated
for 1 hour, plates were washed 3 times in Wash Buffer, and Read Buffer (MesoScale)
‘was added for 5 nﬁnutes. Signal was immediately detected on a Meso Scale Sector 2400
Imager (MesoScale). Sample signal was normalized to ¢-MYC signal in DMSO-treated
cells (100% c-MYC) and unstimulated B cells (0% c-MYC). The ¢-MYC protein
concentration was interpolated from the standard curve. ECs; values were caleulated
from the fit of the dose response curves to a four-parameter logistical fit equation. All
ECsp values represent means of two-four determinations, These assays generally

produced results within 3-fold of the reported mean. Results are reported in Table 4.

Table 4
Compound 1020-18 | Compound 1020-18

Cell line Disease ¢-MY C Inhibition, Maximum % c-

ECsp(nM) MYC Inhibition
DB DLBCL 122 73
SU-DHL-2 DLBCL 20 99
SU-DHL-4 DLBCL 93 86
SU-DHL-5 DLBCL - 82 : 40
SU-DHL-6 DLBCL 46 : 70
SU-DHL-8 DLBCL 150 48
SU-DHL-10 DLBCL 33 90
HT DLBCL 84 108
Karpas 422 DLBCL 369 49
OCI-LY3 - DLBCL 78 84
OCI-LY4 DLBCL 177 82
OCI-LY7 DLBCL 853 31
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OCI-LY10 DLBCL 662 44
OCL-LY19 | DLBCL 103 59
Pfeiffer DLBCL 124 68
Toledo DLBCL 182 46
U-2932 DLBCL 330 35
KMS-11 MM 74 99
MM.18 MM 53 106
NCI-H929 MM 62 . 4]
OPM-2 MM 19 92
WSU-FSCCL FL 143 66
WSU-NHL | FL 166 55
Example 340

[001070] Compound 1020-18 significantly inhibited tumor growth in MM.1S (FIG.
2) and DHL-10 (FIG. 3) xenograft models.

MM.18 Xenograft model:

[001071) All procedures were performed at Molecular Imaging, Inc. (Ann Arbor,
MI). Male Charles River SCID Beige Mice (CB17.Cg-PrkdcscidLystbg-J/Crl) at 7-8
weeks old were used in this expériment. MM.18-luc cells were obtained from DFCL
Cells were grown in RPMI 1640 Media supplemented with 10% FBS and 1% PSG. Test
animals were implanted subcutaneously on Day 0 with 200 pL of MM.18-lue cells (5 x
10° cells/mouse) using a 27-gauge needle. The mean estimated tumor burden for all
groups on Day 10 was 167 mg and all of the groups were matched (range of group
means, 158 mg-175 mg). Groups of 12 animals were dosed PO twice a day (sec Table
5) according to individual body weight on the day of treatment (0.1mL/20g) beginning
on Day 11. All animals were observed for clinical signs at least daily. Animals with
tumors in excess of 2 g or with ulcerated and weeping tumors for longer than 48 hours

were euthanized, as were those found in obvious distress or in a moribund condition.

[001672] Vehicle and compound solutions were supplied by Gilead Sciences, Ine.
and prepared weekly. Solutol HS-15, EtOH, PEG400, and water (FICL adjusted)
[10/10/40/40 v/v] vehicle was stored at 4°C. Compound 1020-18, at concentrations of §
mg/mL, 4 mg/mL, and 2 mg/mL in vehicle were stored at 4°C. The pH of solutions
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ranged from 7.3 ~ 7.68 for vehicle and 3.25 — 4.54 for Compound 1020-18.

[001073] Body weights and tumof measurements were recorded three times a
week. Tumor burden (mg) was estimated from caliper measurements by the formula for
the volume of a prolate ellipsoid assuming unit density as: Tumor burden (mg)=(Lx
W2)/2, where L and W are the respective orthogonal tumor length and width
measurements (mm). Tumor weights per day between groups were analyzed by the
application of a two-way analysis of variance (ANOVA) and P values for each treatment
group were highly significant compared to vehicle (*#* <0.0001) on the last day of
dosi"ng. Results of tumor burden as means + SEM per group are shown in FIG. 2,

Table 5
Group # Treatment Dose (mg/kg/inj) Schedule
1 | Vehicle Control 0.1 mL/20g b.i.d.
2 Compound 1020-18 40 b.i.d.
3 Compound 1020-18 20 bi.d
4 Compound 1020-18 10 b.i.d.

DHL-10 Xenograft model:

[001074] All procedures were carried out at Omeros Animal Facility {Seattle, WA).
Female Scid beige mice (CB17.Cg-PrkdcscidLystbg-J/Ctl) from Charles River were
used in this study. Animals were 6-7 weeks old on Day 1 of the experiment (the day of
tumor cell inoculation). SU-DHL-10 cells were obtained from ATCC and grown in
RPMI 1640 Media supplemented with 10% FBS. Cells were grown and resuspended
using serum-free media and 50% Matrigel® to generate a concentration of 25 x 10°
cells/mL in 0.2 mL. Test animals were implanted subcutaneously in the right dxilla (just
under arm) on Day 1 with 0.2 mL (5 x 10° cells/mouse) using a 27-gauge needle. All
animals were-observed for clinical signs at least daily. Body weights and tumor volume
were monitored with a laser scan system, Biopticon Tumorimager (Biopticon), and

recorded two times per week. Clinical signs were monitored daily during the dosing
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phase of the study. All animals were sacrificed by carbon dioxide exposure at

designated time points.

{001075] The day of tumor cell inoculation was marked as day 1 with treatment
beginning on day 29. The mean tumor volume for all experimental animals on day 29
was 246.3 mm® and all of the groups in the experiment were well matched (range of

group means, 244.5-248.9 mm®). All mice weighed from 16.9 to 23.1 grams on day 29.

[001076] Vehicle contained Solutol HS-15/EtOH/PEG400/pH?2.5 water
[10/10/40/40 v/v]. Compound 1020-18 was formulated as solutions at concentrations of
4 mg/mL, 2 mg/mL, 0.6 mg/ml., and 0.2 mg/mL in vehicle. All vehicle and pre-

formulated compound in the vehicle were stored at 4°C and prepared weekly.

[001077] The mice in Groups 1, 2, 3, 5, and 6 were orally dosed twice a day with
vehicle, Compound 1020-18 at 20 mg/kg, 10 mg/kg, 3 mg/kg, and 1 mg/kg, respectively.
The mice in Group 4 were dosed once daily with Compound 1020-18 at 10 mg/kg (Table
6). All mice were dosed according to individual body weight on the day of treatment (5
mL/kg). After 21 days of treatment, 5 mice from all groups were euthanized via

exposure to carbon dioxide between 2 hours and 12 hours post-last dose.

[001078] Daily inter-group tumor weights were analyzed by the application of a’
two-way analysis of variance (ANOVA) and P values on the last day of dosing for the 20
mg/kg b.i.d., 10 mg/kg b.i.d. and 10 mg/kg q.d. and treatment groups were significant
compared to vehicle (** <0.005). The 3 mg/kgb.i.d. and 1 mg/kg b.i.d. groups were not
significantly different from the vehicle group on the last day of dosing. Results.of tumor
burden as means + SEM per group are reported in FIG. 3.

Table 6
Group # Treatment Dose (mg/kglinj) Schedule
| Vehicle Control 0.1 mL/20g b.i.d.
2 Compound 1020-18 20 b.id.
3 Compound 1020-18 10 b.i.d.
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4 Compound 1020-18 10 q.d.

5 Compound 1620-18 3 b.i.d.

6 Compound 1020-18 1 b.id.
Example 341

[001079] MM.1S cells contain an IgH insertion at breakpoint of der3t(3:8) which
hyperactivates the transcription of MYC, BRID4 was shown previously to bind fo this
IgH superenhancer and to the MYC promoter in MM. 1S cells (Delmore et al., BET
Bromodomain Inhibition as a Therapeutic Strategy to Target ¢-Mye, Cell (2011),
d0i:10.1016/j.cell.2011.08.017). BRD4 binding at the IgH superenhancer was >420-fold
over the control Utrl2 locus and was inhibited by Compound 1020-18, as determined by
dose responsive inhibition of BRD4 binding by chromatin immunoprecipitation followed
by PCR (ChIP-PCR) shown in FIG. 4. Results in FIG. 4 are reported as mean of
duplicates + SEM as binding events per 1000 cells. Concentrations of Compound 1020-
18 ranged from 1.0 uM to 0.0015 nM and the O points were treated with DMSO alone.
By contrast, BRD4 only bound weakly at the promoter of the MYC gene (MY C-+966),
and not at all to a non-control region of the MY C gene (MYC-NR1), or to a control

locus in a gene desert on chromosome 12 (Uirl2).

[001080] ChIP-PCR Assay: MM.1S cells (1 x 107 cells per dose) were treated in

duplicate with Compound 1020-18 in a three-fold serial dilution series ranging from
1111 nM to 1.5 nM for 4 hours in a final concentration of 0.1% DMSQ. Cells were
fixed with 1/10 volume of freshly-prepared Formaldehyde Solution (final concentration
of 11% viv formaldehyde, 0.1 M NaCl, ] mM EDTA, pH § in 50 mM HEPES buffer)
added directly to the existing media in each flask of cells and agitated for 15 minutes at
room temperature. Fixation was stopped by addition of 1/20 volume Glycine Solution
(final concentration of 0.125 M Glycine, M.W. 75) to the existing media and cells were
incubated at room temperature for 5 minutes. Cells were centrifuged at 800 x gina
refrigerated centrifuge for 10 minutes in 50 mL conical tubes and pellets were re-
suspended in 10 mL of chilled PBS-Igepal (0.5% Nonidet P-40 in PBS). Cells were

centrifuged again at 800 x g for 10 minutes and pellets were re-suspended in 10 mL of
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chilled PBS-Igepal with 1 mM PMSF. Cells were centrifuged a third time at 800 x g for
10 minutes and pellets were snap-frozen on dry ice, stored at “80 C, and shipped to

Active Motif (Carlsbad, CA) for ChIP-PCR analysis.

[001081] Chromatin was isolated by adding lysis buffer, followed by disraption
with a Dounce homogenizer. Lysates were sonicated and the DNA sheared to an
average length of 300-500 bp. Genomic DNA (Input) was prepared by treating aliquots
of chromatin with RNase, proteinase K, and heated for de-crosslinking, followed by
ethanol precipitation. Pellets were resuspended and the resulting DNA was quantified
on a NanoDrop spectrophotometer. Exfrapolation to the original chromatin volume
allowed quantitation of the total chromatin yield. An aliquot of chromatin (30 pg) was
precleared with protein A agarose beads (Invifrogen). Genomic DNA regions were I
isolated using an antibody against BRD4 (Bethyl Laboratories, A301-985A100, 4 g per
IP). After incubation at 4°C overnight, protein-A agarose beads were used to isolate the
immune complexes. Complexes were washed, eluted from the beads with SDS buffer,
and subjected to RNase and proteinase K tredtment. Crosslinks were reversed by
incubation overnight at 65°C, and ChIP DNA was purified by phenol-chloroform
extraction and ethanol precipitation. Quantitative PCR (QPCR) reactions were carried
out in triplicate on specific genomic regions shown i Table 7 using SYBR Green
Supermix {Bio-Rad). The resulting signals were normalized for primer efficiency by
carrying out QPCR for each primer pair using input DNA. The primer efficiency ratio
was determined with internal controls by Active Motif. Data was normalized to binding

events per 1000 cells with the following formula:

(Average qPCR value x (resuspension volume/5) x (1000/cell equivalents in

ChIP))/primer efficiency ratio = binding events per 1000 cells

Table 7
Genomic Locus Primer Set! Chromosomal Location
Please refer to Active Motif human
) ) Gene desert on
Unirl2 negative control primer set 1, chromosome 12
catalog number 71001 osom

! Primer sets for MYC-+966, MYC-NR1, and IGH-E2 were identical to primer sets in Delmore, et al. Cell,
2011,
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wvC soss | COGACATTCCTGCTTTATTG | hyg:128,749,029-
- GCGATATGCGGTCCCTACTC 128,749,395

MYC NRI GCAGCTAGATCGTTGGGAAG | ¢hrg:127,714,271-
- GCTGGTGATTTCAGTGCAGA | 127,788,621

GH gy | TOGCGTACAAGAGGCTTCAG | ghr14:106,047 824-
- CAGTACAGGAGTGGGGACAG | 106,049,452
Example 342
[001082] Meningioma Growth Inhibition: Sixteen 8- to 10-week-old nude mice are

used for subarachnoidal tumor inoculation with IOMM-Lee cells. The animals are
anesthetized i.p. (Rompun/Ketamin) and stabilized in a stereotactic head frame. Two
holes are drifled 2 mm anterior of the bregma and ‘1.5 mm left and right from the sagittal
suture, just deep enough to penetrate bone and underlying meninges with minimal
alteration of the neocortex. Approximately 2.5 x 10° cells in 5 mL PBS are stowly (1
minute) injected per hole to a depth of 1 mm with a Hamilton syringe. After 2 days, 8
mice receive a daily dose of a compound of Formula (I), for example compound 1020-
18, at 20 mg/kg i.p., and the remaining 8 receive only the diluent PBS {control group).
Meningioma growth is monitored my magnetic resonance imaging at 2 days and 9 days

after inoculation.

[001083] While the foregoing description describes specific embodiments and
aspects, those with ordinary skill in the art will appreciate that various modifications and
alternatives can be developed. Accordingly, the particular embodiments and. aspects
described above are meant 1o be illustrative only, and not to limit the scope of the
invention, which is to be given the full breadth of the appended claims, and any and all

equivalents thereof,
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We claim:

1. A compound of Formula (I)
N—-O
Rla 4 o nlo
Rza RZb
R4&__N Ra
=N *db
5 R
R ey
wherein

R'" and R'® are each independently Cy¢ alkyl optionally substituted with from 1 to 5
R® groups;

R* and R? are each independently H or halo;
R’ is
-C(O)OR?, -NHC(O)OR?, -NHS(O),R?, or ~S(0)NR'R"; or

selected from the group consisting of Cy.yp alkyl, C;y alkoxy, amino, Cs.p aryl,
Ce0 arylalkyl, Cyp heteroalkyl, Cs.1p heteroaryl, and Cs.gol heteroarylalkyl, each
of which is optionally substituted with from 1 to 5 R*® groups;

one of R* and R* is selected from the group consisting of H and C ¢ alkyl
optionally substituted with from 1 to 5 R?” groups, and the other is absent;

R%is
-C(O)OR?, -NHC(O)OR?, -NHS(O),R?, or -S(O),NR*R"; or

selected from the group consisting of H, C;.16 alkyl, Ci.io haloalkyl, C;.y¢ alkoxy,
amino, Cs.1p aryl, Cg.a arylalkyl, Cy.;¢ heteroalkyl, Cs.io heteroaryl, and Ce.20
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R
groups;
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each R*and R” is independently selected from the group consisting of H, Cy.10 alkyl,
Cs.10 aryl, Cgq arylalkyl, Cy.1q heteroalkyl, Cs.1p heteroaryl, and Cgag
heteroarylalkyl, each of which is optionally substituted with from 1 to 5 R* groups;

and

each R?" is independently selected from the group consisting of acyl, Cy.p alkyl, Ci-
10 alkoxy, amino, amido, amidino, Cs.j¢ aryl, Ceao arylalkyl, azido, carbamoyl,
carboxyl, carboxyl ester, cyano, guanidino, halo, C;.io haloalkyl, C;.1 heteroalkyl,
Cs.10 heteroaryl, Ce.z¢ heteroarylalkyl, hydroxy, hydrazine, hydroxyl, imine, oxo,

nitro, sulfinyl, sulfonic acid, sulfonyl, thiocyanate, thiol, and thione;

wherein the Cy.¢ alkyl, Csjp aryl, Ceo arylalkyl, C,.g heteroalkyl, Cs.o
heteroaryl, and Cg.20 heteroarylalkyl groups are optionally substituted with from
1 to 3 substituents independently selected from Cj.g -alkyl, Cs.1g aryl, halo, C.e
haloalkyl, cyano, hydroxyl, and C;.¢ alkoxy;

or a pharmaceutically dcceptable salt thereof.

2. A compound of claim 1 of Formula (1d)
N-C
i

P

HN R®
V=N
R® (1d)
or a pharmaceutically acceptable salt thercof.

3. A compound of claim 1 of Formula (le)

N-0O
¥l P
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ot & pharmaceutically acceptable salt thereof.

4, A compound of any of claims 1-3, wherein R’is Cy.10 alkyl, Cy_yp alkoxy, or Cyp
heteroalkyl, each of which may be optionally substituted with from 1 to 5 R*® groups, or

a pharmaceutically acceptable salt thereof.

5. A compound of any of claims 1-3, wherein R’ is an, Cs.1g aryl, Cg.29 arylalkyl, Cs.
10 heteroaryl, or Cqo heteroarylalkyl, each of which may be optionally substituted with

from 1 to 5 R* groups, or a pharmaceutically acceptable salt thereof.

6. A compound of claim 1 selected from the group consisting of
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or a pharmaceutically acceptable salt thereof,
7. A compound of the following formula

O-N
N

XNH

ot a pharmaceutically acceptable salt thereof.

8. A compound of the following formula

N-Q
{z

or a pharmacentically acceptable salt thereof.

9. A compound of the following formula
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or a pharmaceutically acceptable salt thereof.

10. A compound of the following formula

or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a compound of any of claims 1-10, or

a pharmaceutically acceptable salt thercof, and a pharmaceutically acceptable carrier.

12.  The use of a compound of any of claims 1-10, or a pharmaceutically acceptable
salt thereof, for the preparation of a medicament for the treatment of a diseasc or

condition responsive to the inhibition of a bromodomain-containing protein.
13.  The use of claim 12, wherein the bromodomain-containing protein is BRD4.

14.  The use of claim 12, wherein the disease or condition is a neoplasm, cancer or
tumor of the colon, rectum, prostate, lung, pancreas, liver, kidney, cervix, uterus,

stomach, ovary, breast, skin, or the nervous system.

15.  The use of claim 12, wherein the disease or condition is diffuse large B-cell

lymphoma or multiple myeloma.
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