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COMPOUNDS AND METHODS FOR INHIBITING HISTONE DEMETHYLASES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to, and the benefit of, U.S. Provisional Application No.
62/042,717, filed August 27, 2014, the contents of which are incorporated herein by reference in their
entirety.

FIELD OF THE APPLICATION

[0002] The present application relates to compounds capable of modulating the activity of
histone demethylases (HDMESs), which compounds are useful for the prevention and/or the treatment

of diseases in which genomic dysregulation is involved in the pathogenesis, such as cancer.

BACKGROUND

[0003] The DNA of cukaryotic cells is packaged into chromatin by winding of the DNA around
histone proteins to form nucleosomes, the basic unit of chromatin. One of the important functions of
chromatin is to determine regions of active and silenced transcription by changing the ordered
chromatin structure. Such changes have profound effects on cellular function since they affect
fundamental processes as differentiation, proliferation and apoptosis, and are often referred collectively
to as “epigenetic” since they can lead to heritable changes that do not involve changes in gene
sequences (Quina, A.S. et al. (2006), Biochem. Pharmacol. 72; 1563-1569)

[0004] These highly controlled chromatin changes are mediated by alterations histone proteins
associated with DNA in the nucleosome. Most notably, the N-terminal histone tail of Histone H3 and
histone H4 are subject to such covalent changes, which include changes in methylation, acetylation,
phosphorylation and ubiquitination. The addition or removal of these groups on histones is mediated by
specific enzymes, e.g., histone methyl transferases and histone demethylases for methyl groups, histone
acetyltransferases and histone deacetylases for acetyl groups. In the event that the activity or expression
of these “epigenetic” enzymes is not correctly controlled and regulated it may lead to disease. Cancer,
in particular, is an area of high importance in relation to dysregulated epigenetic enzyme activity due to
the role of epigenetics in cell differentiation, proliferation and apoptosis, but epigenetics may also play
a role in other diseases such as metabolic, inflammatory, neurodegenerative and cardiovascular

diseases. Therefore the selective modulation of aberrant action of epigenetic enzymes may hold great
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promise for the treatment of human disease (Kelly, T.K. et al. (2010), Nat. Biotechnol. 28; 1069-1078,
and Cloos, P. et al. (2008), Genes. Dev. 22; 115-1140).

[0005] PCT/EP2013/070457 (W02014/053491) discloses histone demethylase (HDME)
inhibitors or activity modulators which are hereby incorporated by reference.

[0006] Embodiments of the application provide compounds capable of modulating the activity
of histone demethylases and that are useful for the prevention and/or the treatment of diseases in which
genomic disregulation is involved in the pathogenesis, e.g., cancer. By way of further example,
malnutrition or poor nutrition is thought to have an adverse epigenetic effect and the compounds of the
application may therefore have beneficial effect in treating such effects of poor nutrition. Furthermore,
epigenetic changes have been found to be linked to behavior. Accordingly, compounds according to the
application may be useful in behavior modification. Alternatively or additionally such compounds may
be useful for exploring the extent to which different methylases are inhibited by similar compounds as

an investigation of the structure, functionality and mechanism of action.
SUMMARY

[0007] Compounds of the application may be capable of modulating the activity of histone
demethylases. The application features methods of treating or preventing a disease or disorder in
which histone demethylation plays a role in a subject in need thereof by administering to said subject a
therapeutically effective amount of a compound the application, or a pharmaceutically acceptable salt,
or solvate, or prodrug thereof, as defined herein. The methods of the present application can be used in
the treatment of HDME-dependent diseases by inhibiting the activity of histone demethylases.
Inhibition of histone demethylases provides a novel approach to the prevention and treatment of
diseases in which genomic disregulation is involved in the pathogenesis, e.g., cancer, behavior
modification.

[0008] Accordingly, in a first aspect, the compounds of the application relates to a compound

of Formula (I):
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or a pharmaceutically acceptable salt, or solvate or prodrug thereof wherein each of the variables in

Formula (I) is defined and exemplified herein.

[0009] In one aspect, a compound of Formula (I) is a compound of any one of formula (II),
1), (IV), (V), (VI) (11a), (I1Ib), (1llc), (111d), (IlIe), (I1If), (1l1g),:
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or a pharmaceutically acceptable salt, or solvate or prodrug thereof wherein each of the variables in
Formula (II), (II1), (IV), (V), (VD), (1l1a), (I1Ib), (IlIc), (I11d), (1lle), (I1If) and (11Ig), is defined and
exemplified herein.

[0010] In one aspect, the present application relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for use as a
medicament useful for the treatment of a HDME-dependent disease, such as for the treatment of cancer
[0011] In another aspect, the present application relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for use in the

treatment of a HDME-dependent disease, such as for the treatment of cancer.
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[0012] In another aspect, the present application relates to the use of a compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for
the preparation of a pharmaceutical composition for the treatment of a HDME-dependent disease, such
as for the treatment of cancer.

[0013] In another aspect, the present application relates to a method of treating a HDME-
dependent disease in a subject in need thereof, wherein said method comprises administering to said
subject a therapeutically effective amount of at least one compound of the application, or a
pharmaceutically acceptable salt, or solvate or prodrug thereof, as defined herein.

[0014] In another aspect, the HDME modulating compounds of the present application may be
administered alone or in combination with other compounds, including other HDME modulating
compounds, or other therapeutic agents.

[0015] In another aspect, the compound of the application, or a pharmaceutically acceptable
salt, or solvate or prodrug thereof, as defined herein can be used in the treatment of HDME-dependent
diseases by inhibiting HDMESs. Inhibiting HDMEs provides an approach to the prevention and
treatment of cancer and other proliferative diseases. Administered alone or optionally in combination
with anti-neoplastic compounds, the compound of the application increase the efficacy of the treatment
of HDME-dependent diseases.

[0016] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this application

belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and materials similar to or equivalent to those described herein
can be used in the practice and testing of the application, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference. The references cited herein are not admitted to be prior art to the claimed
application. In the case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to be limiting.
[0017] Other features and advantages of the application will become apparent from the

following detailed description in conjunction with the examples.

DETAILED DESCRIPTION
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[0018] The above definitions of the compounds of the application are referred to herein by the

2% ¢ 2% ¢

expressions “a compound of the application,” “compounds of the application,” “a compound of
Formula (I),” and “compounds of Formula (I).” It should be understood, that such references are
intended to encompass not only the above general formula in its stated aspects, but also each and every
embodiment discussed herein. It should also be understood, that unless stated to the opposite, such
references also encompass isomers, mixtures of isomers, isotopic variants, pharmaceutically acceptable
salts, solvates and prodrugs of the compounds of the application.

[0019] The present application relates to compounds represented by Formula (1)

R N A
R M,
wherein:
Q is selected from CO,H, CO,R*, -CH=NR'?, -W, -CH,NHR"*, -CH=0 and -CH(OR""),;
Mis CHorN;

A is selected from —C(R*),C(0)-, -C(R*),C(R*),C(0)-, Cs.10 alkyl, -Z-Cs.19 cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the C; g alkyl, -Z-cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a Cs_jo cycloalkyl or heterocyclic ring;

Y is selected from -H, -NR°R, -OR’, C g alkyl, C,galkenyl, Cys alkynyl, C3.19 cycloalkyl,
heterocyclyl, heteroaryl and aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
heteroaryl and aryl are optionally substituted with one or more R*;

R' is selected from -H, C s alkyl, Cy alkenyl, C,5alkynyl, and C3.1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C_¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs. cycloalkyl; or R,
together with A-Y and the nitrogen atom to which it is attached, forms a nitrogen-containing

heterocyclic ring optionally substituted with one or more substituents independently selected from C, g
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alkyl, C,galkenyl, C,¢ alkynyl, and Cs.19 cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl
are optionally substituted with one or more substituents independently selected from -OH, aryl, C,
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs.¢ cycloalkyl; or R and R'®, together with
the atoms to which they are attached, form a nitrogen-containing heterocyclic ring optionally
substituted with one or more substituents independently selected from C; s alkyl, C,salkenyl, C,5
alkynyl, and C;_ ;o cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally
substituted with one or more substituents independently selected from -OH, aryl, C,.¢ alkoxy,
heteroaryl, aryloxy, heteroaryloxy, -NR°R, -F and Cs. cycloalkyl;

Each R? is independently selected from -H, C g alkyl, C,s alkenyl, C2s alkynyl, and Cs.1o
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, Cy.¢ alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -F, Cs. cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR”; or two R” substituents on adjacent carbon atoms, together with the carbon atoms to
which they are attached, form a C4.1¢ cycloalkyl or heterocyclic ring; or two R? substituents on the same
carbon atom, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring; or R? and Y, together with the carbon atoms to which they are attached, form a C4_1o
cycloalkyl or heterocyclic ring;

each R% is independently selected from C,¢alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_io cycloalkyl or Cs_19
heterocyclic ring;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs6 cycloalkylene;

each R*is independently selected from C,¢alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C;_4
alkoxy, Cs.10 cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H, -
OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;
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cach R’ is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C;_4
alkoxy, Cs. cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R® and R’ is independently selected from -H, C,5alkyl, C14 fluoroalkyl, C;4
hydroxyalkyl, C, g alkenyl, C,salkynyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®; or R® and R’ may, together with the N-atom to which they are
attached, form a heterocyclic ring optionally substituted with one or more R?;

cach R® is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-
NR'"R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from C;_4 alkyl, C4 fluoroalkyl, Ci_4 hydroxyalkyl, Cs.
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'"R", -Z-C(=O)-NR10R“, -Z-OR’,
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

each R’ is independently selected from -H, C)galkyl, Cy_4 fluoroalkyl, C 4 hydroxyalkyl, Cs
alkenyl, C, ¢ alkynyl, Cs_j¢ cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are
optionally substituted with one or more R’;

cach of R'” and R" is independently selected from -H, C alkyl, C_4 fluoroalkyl, C;4
hydroxyalkyl, C, s alkenyl, C,_s alkynyl, Cs_j¢ cycloalkyl, heterocyclyl, heteroaryl, and Ce 14 aryl,
wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and
aryl are optionally substituted with one or more R’; or R'® and R'! may, together with the N-atom to
which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one or
more R4;

when Q is -CH=NR'?, R"? is selected from C_10 alkyl, Cy.10 alkenyl, C,.10 alkynyl, Cs.10
cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-
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R, -Z-C(=0)-R’, -Z-OR’, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R”;

when Q is -CH,NHR", R" is selected from -H, -C(O)R’, -C(O)C(O)R’, -C(O)C(O)OR’, C5
alkyl, Cy4 fluoroalkyl, Ci_4 hydroxyalkyl, C,5alkenyl, C,g alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
and -Z-monocyclic-heteroaryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, and
heteroaryl are optionally substituted with one or more R®; or R is -CR'"R">’NR°R’, -CR*R"°CN,
or -CR"R"OR’, wherein each R'* and R" is independently selected from -H, C,5 alkyl, Cy5 alkenyl,
Cysalkynyl, Cs_19 cycloalkyl, heterocyclyl, heteroaryl, and Cg.14 aryl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R*; or
R'* and R" together with the intervening carbon atom form a Cs.jo cycloalkyl or Cs.o-cycloalkenyl
ring optionally substituted with one or more R”;

when Q is W, W is selected from a 1,3-diazacycloalk-2-yl group which is N-substituted with
R'®, optionally further substituted with one or more R”, and optionally containing one or two oxo
groups; a 1,3-thiazacycloalk-2-yl group which is N-substituted with R'°, optionally further substituted
with one or more R’ and optionally containing one or two oxo groups; and a 1,3-oxazacycloalk-2-yl
group which is N-substituted with R'®, optionally further substituted with one or more R*, and
optionally containing one or two oxo groups, wherein in all three instances two R on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring;

R'® is selected from -H, -C(O)R, -C(O)C(O)R” and - C(O)C(O)OR’;

when Q is -CH(OR'"), each R'” independently is R’; or wherein two R'” together with the
intervening —O-CH-O- form a heterocyclic ring optionally substituted with one or more R* and
optionally containing one to two oxo groups;

R'® is selected from -H, Cy_s alkyl, C\ fluoroalkyl, C,¢ hydroxyalkyl, C,alkenyl, C, alkynyl,
C3.7 cycloalkyl, and Cs.; oxyalkyl; or R' and A, together with the atoms to which they are attached,
form a heterocyclic ring; or R'® and Y, together with the atoms to which they are attached, form a
heterocyclic ring; or R'®and R', together with the atoms to which they are attached, form a heterocyclic
ring;

RY is selected from Cy.g alkyl, C, g alkenyl, C,5alkynyl, and Cs_io cycloalkyl, wherein the alkyl,

alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
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selected from aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs. cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,

halogen, -Z-SR7, -Z-SOR7, -Z-SOzR7, -Z-SO,NR°R’ and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and

when Q is CO,R?, R? is selected from C,s alkyl, Cy.4 fluoroalkyl, C,_4 hydroxyalkyl, Cy.s
alkenyl, C,¢alkynyl, C;0 cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the C, 5
alkyl, Ca.10 cycloalkyl and heterocyclyl are optionally substituted with one or more R*, and wherein the
heteroaryl and aryl are optionally substituted with one or more R’ as defined above;

or a pharmaceutically acceptable salt, or solvate or prodrug thereof.

[0020] In one embodiment, the present application relates to compounds represented by
Formula (I), wherein:

Q is selected from CO,H, CO,R*, -CH=NR'?, -W, -CH,NHR ", -CH=0 and -CH(OR""),;

Mis CHorN;

A is selected from —C(R?*),C(0)-, -C(R*),C(R*),C(0)-, Cs.10 alkyl, -Z-Cs.19 cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the Csio alkyl, -Z-cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a Cs_j cycloalkyl or Cs_j¢ heterocyclic ring;

Y is selected from -H, -NR6R7, -OR7, Cisalkyl, C,5 alkenyl, C,galkynyl, Cs_j cycloalkyl, Cs_io
heterocyclyl, Cs.i4 heteroaryl and Ce4 aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R*;

R' is selected from -H, C)g alkyl, C, alkenyl, Cy¢ alkynyl, and Cs_1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C\ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs.¢cycloalkyl; or R',
together with A-Y forms a nitrogen-containing Cs.1o heterocyclic ring optionally substituted with one
or more substituents independently selected from C;g alkyl, C,s alkenyl, C,s alkynyl, and Cs.jo
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, C,¢ alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -NR°R”, -F and Cs cycloalkyl; or R' and R'® together form a nitrogen-containing Cs.1o
heterocyclic ring optionally substituted with one or more substituents independently selected from C,5

alkyl, C,g alkenyl, Cygalkynyl, and Cs.jo cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl

10
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are optionally substituted with one or more substituents independently selected from -OH, aryl, C;
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR6R7, -F and C;4 cycloalkyl;

R’ is selected from -H, C)g alkyl, C, alkenyl, Cy¢ alkynyl, and Cs_1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents
independently selected from -OH, aryl, C;s alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, Css
cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-
R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R” and -Z-COOR’; or two
R’ substituents form a C3_19 cycloalkyl or Cs_jo heterocyclic ring; or R? and Y form a Cs_jo cycloalkyl or
Cs.10 heterocyclic ring;

each R® is independently selected from C,¢ alkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C,¢
alkenyl, Cys alkynyl, Ci.o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NRR’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may together form a spiro group;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs6 cycloalkylene;

cach R* is independently selected from Cy¢ alkyl, Ci4 fluoroalkyl, C4 hydroxyalkyl, C;4
alkoxy, Cs.1o cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H, -
OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R’ is independently selected from Cy alkyl, Ci4 fluoroalkyl, C4 hydroxyalkyl, C;4
alkoxy, Cs. cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

each R® and R’ is independently selected from -H, C,s alkyl, C;4 fluoroalkyl, C,4
hydroxyalkyl, C,.5 alkenyl, C,3 alkynyl, Cs.i9 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®*; or R® and R’ may, together with the N-atom to which they are
attached, form a Cs_jy heterocyclic ring optionally substituted with one or more RS;

cach R® is independently selected from C, alkyl, C4 fluoroalkyl, Ci.4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R"!, -Z-C(=0)-
NR''R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’, wherein the alkyl,
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alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from C,4 alkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C;
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'R', -Z-C(=0)-NR'’R", -Z-OR’
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

cach R’ is independently selected from -H, C\galkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C,s
alkenyl, C,g alkynyl, Cs.0 cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are
optionally substituted with one or more R’;

cach of R'" and R" is independently selected from -H, C,¢ alkyl, Ci4 fluoroalkyl, Ci4
hydroxyalkyl, C, s alkenyl, C, alkynyl, Cs.jo cycloalkyl, Cs_jo heterocyclyl, Cs.1o heteroaryl, and Ce.14
aryl, wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl
and aryl are optionally substituted with one or more R’; or R'’ and R'! may, together with the N-atom
to which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one
or more R4;

when Q is -CH=NR'", R" is selected from Ci.;o alkyl, Cs.10 alkenyl, C,.10 alkynyl, Cs.10
cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-
R’, -Z-C(=0)-R’, -Z-OR’, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R’;

when Q is -CH,NHR", R" is selected from -H, -C(O)R’, -C(O)C(O)R’, -C(O)C(O)OR’, C,¢
alkyl, C;.4 fluoroalkyl, C; 4 hydroxyalkyl, C,. alkenyl, C,5 alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
and -Z-monocyclic-heteroaryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, and
heteroaryl are optionally substituted with one or more R®; or R" is -CR"R""NR°R’, -CR'"R"’CN,
or -CR"R"OR’, wherein each R' and R" is independently selected from -H, C\galkyl, C,¢alkenyl,
Cys alkynyl, Cs.19 cycloalkyl, Cs.jo heterocyclyl, Cs.io heteroaryl, and Ce.14 aryl, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more R’; or wherein R'* and R" together with the intervening carbon atom form a Cs_jo cycloalkyl or

Cs.10-cycloalkenyl ring optionally substituted with one or more R”;
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when Q is W, W is selected from a 1,3-diaza-Css-cycloalk-2-yl group which is N-substituted
with R'®, optionally further substituted with one or more R’, and optionally containing one or two oxo
groups; a 1,3-thiaza-Css-cycloalk-2-yl group which is N-substituted with R'C, optionally further
substituted with one or more R’ and optionally containing one or two oxo groups; and a 1,3-oxaza-Cs.-
cycloalk-2-yl group which is N-substituted with R'°, optionally further substituted with one or more R”,
and optionally containing one or two oxo groups, wherein in all three instances two R* on the same
carbon atom may together form a spiro group;

R'® is selected from -H, -C(O)R, -C(O)C(O)R” and - C(O)C(O)OR’;

when Q is -CH(OR'"),, each R independently is R’; or wherein two R'” together with the
intervening —O-CH-O- form a Cs.io heterocyclic ring optionally substituted with one or more R* and
optionally containing one to two oxo groups;

R'® is selected from -H, Calkyl, C . fluoroalkyl, C,. hydroxyalkyl, C,7alkenyl, C,.alkynyl,
C3.7 cycloalkyl, and C3 oxyalkyl; or R'®and A form a Cs_j¢ cycloalkyl or Cs.jo heterocyclic ring; or R'®
and Y form a Csjo cycloalkyl or Cs.jo heterocyclic ring; or R'*and R' form a Cs_ cycloalkyl or Cs_g
heterocyclic ring;

RY is selected from C.s alkyl, C,salkenyl, C,.galkynyl, and Cs_j cycloalkyl, wherein the alkyl,
alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
selected from aryl, C, alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,
halogen, -Z-SR7, -Z-SOR7, -Z-SOzR7, -Z-SO,NR°R” and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and

when Q is CO,R™, R? is selected from Cyg alkyl, Ci4 fluoroalkyl, C;.4 hydroxyalkyl, C,s
alkenyl, C,¢ alkynyl, Cs ¢ cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the C,; g
alkyl, Cs.i0 cycloalkyl and heterocyclyl are optionally substituted with one or more R*, and wherein the
heteroaryl and aryl are optionally substituted with one or more R’ as defined above;

or a pharmaceutically acceptable salt or solvate thereof.

[0021] In one embodiment, in any compound being of Formula (I), M is CH.
[0022] In one embodiment, in any compound being of Formula (I), M is N.
[0023] In one embodiment, in any compound being of Formula (I), A is selected from -Z-

heterocyclylene, -Z-arylene, and -Z-heteroarylene. In one embodiment, A is selected from -Z-
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heterocyclylene, -C(R*),C(O)-, and -Z-heteroarylene. In one embodiment, A is -Z-heteroarylene. In
one embodiment, A is -Z-arylene.

[0024] In one embodiment, in any compound being of Formula (I), Y is selected

from -H, -OR’, -NR°R’, C1.¢ alkyl, C,salkenyl, and C,5 alkynyl. In one embodiment, Y is selected
from -H and C,;_galkyl. In one embodiment, Y is selected from -H and C;_4 alkyl. In one embodiment, Y
is selected from -H, methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl and tert-butyl. In one
embodiment, Y is —H. In one embodiment, Y is ethyl.

[0025] In one embodiment, in any compound being of Formula (I), each R is independently
selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl wherein the heterocyclyl is optionally
substituted with one or more R”, and the aryl, and heteroaryl are optionally substituted with one or
more R’. In one embodiment, R? is -Z-aryl optionally substituted with one or more R’. In one
embodiment, R? is phenyl optionally substituted with one or more R’

[0026] In one embodiment, in any compound being of Formula (I), Z is selected from a single
bond, C;.4 alkylene, heterocyclylene and Cs¢ cycloalkylene. In one embodiment, Z is selected from a
single bond and C,_4 alkylene. In one embodiment, Z is selected from a single bond, methylene,
ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one embodiment,
Z is butylene.

[0027] In one embodiment, in any compound being of Formula (1), R' is selected from -H, Cyg
alkyl, C,galkenyl, and C,5alkynyl. In one embodiment, R' is selected from -H and C) alkyl. In one
embodiment, R' is selected from -H and C_4 alkyl. In one embodiment, R' is -H.

[0028] In one embodiment, in any compound being of Formula (1), R'® is selected from -H, Ci.6
alkyl, C_¢ fluoroalkyl, C,¢ hydroxyalkyl, C,;alkenyl, and C,_;alkynyl. In one embodiment, R"™is
selected from -H and C\_s alkyl. In one embodiment, R'® is -H.

[0029] In one embodiment, in any compound being of Formula (I), R" is selected from C g
alkyl, Cy.s alkenyl, C,.g alkynyl, and Cs.10 cycloalkyl. In one embodiment, R" is selected from C.g
alkyl, C, g alkenyl, and C, g alkynyl. In one embodiment, R" is selected from C; 5 alkyl, C, g alkenyl,
and C,.g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,.s alkyl optionally substituted
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with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —~OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one
embodiment, R" is methyl. In one embodiment, R" is —CH,OH.

[0030] In one embodiment, in any compound being of Formula (I), Q is selected from CO,H,
W, and CO,R?. In one embodiment, Q is CO,H. In one embodiment, Q is W. In one embodiment, Q
is CO,R™.

[0031] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,
ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’, and Q
is selected from CO,H, W, and CO,R”,

[0032] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,
ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is selected from CO,H, W, and CO,R*°.
[0033] In one embodiment, in any compound being of Formula (I), R' is methyl, and Q is
selected from CO,H, W, and CO,R”.

[0034] In one embodiment, in any compound being of Formula (I), R"” is <CH,0H, and Q is
selected from CO,H, W, and CO,R”.

[0035] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,
ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’, and Q
is CO,H.

[0036] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,

ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,H.

[0037] In one embodiment, in any compound being of Formula (I), R' is methyl, and Q is
COH.

[0038] In one embodiment, in any compound being of Formula (1), R" is -CH,0OH, and Q is
CO.H.

[0039] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,

ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’, and Q
s W.
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[0040] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,

ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is W.

[0041] In one embodiment, in any compound being of Formula (I), R" is methyl, and Q is W.
[0042] In one embodiment, in any compound being of Formula (I), R"” is <CH,0H, and Q is
Ww.

[0043] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,

ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’, and Q
is CO,R™.
[0044] In one embodiment, in any compound being of Formula (I), R' is selected from methyl,

ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,R*.

[0045] In one embodiment, in any compound being of Formula (I), R' is methyl, and Q is
CO,R™.

[0046] In one embodiment, in any compound being of Formula (1), R" is —CH,OH, and Qis
CO,R™.

[0047] In one embodiment, in any compound being of Formula (I), Q is CO,H, R'is-Hand R"™
is -H.

[0048] In one embodiment, in any compound being of Formula (I), Q is CO,H, R'is-H, R"is

-H, A is -Z-heteroarylene and Z is a single bond. In one embodiment, Q is CO;H, R'is-H, R"™ is -H,
A is -Z-heteroarylene and Z is C, 4 alkylene.

[0049] In one embodiment, in any compound being of Formula (I), Q is CO,H, R'is-H, R"is
-H and A is -Z-heteroarylene. In one embodiment, Q is CO,H, R'is-H,R"¥is-H, A is -Z-
heteroarylene, and R is -Z-aryl.

[0050] In one embodiment, in any compound being of Formula (I), Q is CO,H, R is -H, R'® is
-H, A is -Z-heteroarylene, R’ is -Z-aryl and Y is -H. In one embodiment, Q is CO,H, R'is -H, R"™is -
H, A is -Z-heteroarylene, R is -Z-aryl and Y is C g alkyl.

[0051] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C, g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, and R'® is -H.
[0052] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from

-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C, g alkyl, R' is -H,
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each R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, and Z is
selected from a single bond and C;_4 alkylene.

[0053] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, and Q is CO,H.

[0054] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, and Q is W.

[0055] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C)_4 alkylene, and Q is CO,R”.

[0056] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C)_4 alkylene, Q is CO,H, and R" is methyl.

[0057] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and Cy_4 alkylene, Q is CO,H, and R" is —-CH,OH.

[0058] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C,_4 alkylene, Q is W, and R" is methyl.

[0059] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,g alkyl, R' is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and Cy_4 alkylene, Q is W, and R" is —-CH,OH.
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[0060] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C, g alkyl, R'is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and Cy_4 alkylene, Q is CO,R™, and R" is methyl.
[0061] In one embodiment, in any compound being of Formula (I), M is CH, A is selected from
-Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C, g alkyl, R'is -H,
cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and Cy_4 alkylene, Q is CO,R*, and R" is -CH,OH.
[0062] In one embodiment, the present application relates to a compound being of Formula (1),
further being of Formula (11):

Q

N

Ny N e o
or a pharmaceutically acceptable salt, or solvate or prodrug thereof,

wherein:

D is Z-heteroarylene optionally substituted with one to three R*;

E is Z-aryl or Z-heteroaryl optionally substituted with one to three R*;

cach R* is independently selected from -H, NR°R’, -OR’, C1.5 alkyl, C,galkenyl, C,5 alkynyl, Cs 19
cycloalkyl, Cs_1o heterocyclyl, Cs 14 heteroaryl and Cq_14 aryl;

each R™ is independently selected from Cygalkyl, C\4 fluoroalkyl, Ci_4 hydroxyalkyl, C,4alkoxy, Cs.
cycloalkyl, -CN, -F, -Cl, -Br, carbamoyl and -OH;

nis 0 to 3; and

Q, R’ R’, R, and Z are as defined above.

[0063] In one embodiment, n is 0. In one embodiment, nis 1. In one embodiment, nis 2. In
one embodiment, n is 3.

[0064] In one embodiment, D is imidazolyl optionally substituted with one to three R*. In one

embodiment, D is pyridinyl optionally substituted with one to three R*. In one embodiment, D is
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X N
triazolyl optionally substituted with one to three R**. In one embodiment, D is Z
optionally substituted with one to three R*’.
[0065] In one embodiment, each R* is -H, OR’, or C 5 alkyl.
[0066] In one embodiment, R* is -H or C 5 alkyl.
[0067] In one embodiment, R* is —H.
[0068] In one embodiment, R* is OR”. In one embodiment, R* is OCHs. In one embodiment,

R* is O-Z-aryl. In one embodiment, R* is O-Z-phenyl. In one embodiment, R* is O-CH,-phenyl.
[0069] In one embodiment, R* is C1.g alkyl. In one embodiment, R* is Cis6-alkyl. In one
embodiment, R* is C\4 alkyl. In one embodiment, R* is methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, or tert-butyl. In one embodiment, R* is methyl, ethyl, propyl, iso-propyl, or butyl. In one
embodiment, R* is methyl. In one embodiment, R* is ethyl. In one embodiment, R* is propyl. In
one embodiment, R* is iso-propyl. In one embodiment, R* is butyl.

[0070] In one embodiment, E is Z-aryl optionally substituted with one to three R**. In one
embodiment, E is Z-phenyl optionally substituted with one to three R**. In one embodiment, E is Z-
phenyl optionally substituted with one R**.

[0071] In one embodiment, E is Z-heteroaryl optionally substituted with one to three R**. In
one embodiment, E is Z-thiophenyl optionally substituted with one to three R**.

[0072] In one embodiment, each R** is independently selected from C s alkyl, C )4 fluoroalkyl,
C 1.4 hydroxyalkyl, C,_4 alkoxy, -F, -Cl, and -Br. In one embodiment, each R** is independently selected
from C,5 alkyl, -F, -Cl, and —Br. In one embodiment, each R*is independently selected from -F, -Cl,
and —Br. In one embodiment, each R** is independently selected from —F and -Cl. In one embodiment,
each R* is —F. In one embodiment, each R** is —Cl.

[0073] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
and E is Z-aryl optionally substituted with one to three R**,

[0074] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,

and E is Z-heteroaryl optionally substituted with one to three R**.
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[0075] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C, 5 alkyl, and E is Z-aryl optionally substituted with one to three R*,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br.

[0076] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\5 alkyl, and E is Z-heteroaryl optionally substituted with one to
three R wherein each R** is independently selected from C_s alkyl, C )4 fluoroalkyl, C,4
hydroxyalkyl, C;_4alkoxy, -F, -Cl, and -Br.

[0077] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s5 alkyl, E is Z-aryl optionally substituted with one to three R**,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br, and n is 1.

[0078] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-aryl optionally substituted with one to three R**,
wherein each R* is independently selected from C,¢ alkyl, C;4 fluoroalkyl, C;_4 hydroxyalkyl, C; 4
alkoxy, -F, -Cl, and —Br, and n is 2.

[0079] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C,¢ alkyl, C;4 fluoroalkyl, C;_4 hydroxyalkyl, C; 4
alkoxy, -F, -Cl, and -Br, and n is 1.

[0080] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C,¢ alkyl, C;4 fluoroalkyl, C;_4 hydroxyalkyl, C; 4
alkoxy, -F, -Cl, and -Br, and n is 2.

[0081] In one embodiment, Z, in any compound being of Formula (II), is selected from a single
bond, C;.4 alkylene, heterocyclylene and Cs¢ cycloalkylene. In one embodiment, Z is selected from a
single bond and C,_4 alkylene. In one embodiment, Z is selected from a single bond, methylene,
ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one embodiment,

Z is butylene.
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[0082] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C.5 alkyl, E is Z-aryl optionally substituted with one to three R*,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br, n is 1, and Z is a single bond or C, 4 alkylene.

[0083] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C.5 alkyl, E is Z-aryl optionally substituted with one to three R*,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and —Br, n is 2, and Z is a single bond or C, 4 alkylene.

[0084] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\ alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br, n is 1, and Z is a single bond or C;_4 alkylene.

[0085] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C,¢ alkyl, C;4 fluoroalkyl, C;_4 hydroxyalkyl, C; 4
alkoxy, -F, -Cl, and -Br, n is 2, and Z is a single bond or C;_4 alkylene.

[0086] In one embodiment, in any compound being of Formula (IT), R" is selected from C g
alkyl, C,salkenyl, C,5 alkynyl, and Cs ¢ cycloalkyl. In one embodiment, RY is selected from Cy.g
alkyl, C, g alkenyl, and C, g alkynyl. In one embodiment, R" is selected from C; 5 alkyl, C, g alkenyl,
and C,.g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,¢ alkyl optionally substituted
with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one

embodiment, RY is methyl. In one embodiment, RY is -CH,OH.
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[0087] In one embodiment, in any compound being of Formula (IT), Q is selected from CO,H,
W, and CO,R*. In one embodiment, Q is CO,H. In one embodiment, Q is W. In one embodiment, Q
is CO,R™.

[0088] In one embodiment, in any compound being of Formula (II), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is selected from CO,H, W, and CO,R%.

[0089] In one embodiment, in any compound being of Formula (II), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is selected from CO,H, W, and
CO,R™.

[0090] In one embodiment, in any compound being of Formula (II), R" is methyl, and Q is
selected from CO,H, W, and CO,R”.

[0091] In one embodiment, in any compound being of Formula (II), R" is —CH,OH, and Qis
selected from CO,H, W, and CO,R”.

[0092] In one embodiment, in any compound being of Formula (II), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is CO,H.

[0093] In one embodiment, in any compound being of Formula (II), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,H.

[0094] In one embodiment, in any compound being of Formula (II), R" is methyl, and Q is
COH.

[0095] In one embodiment, in any compound being of Formula (II), R" is -CH,0H, and Q is
COH.

[0096] In one embodiment, in any compound being of Formula (II), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is W.
[0097] In one embodiment, in any compound being of Formula (II), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is W.

[0098] In one embodiment, in any compound being of Formula (II), R" is methyl, and Q is W.
[0099] In one embodiment, in any compound being of Formula (II), R" is -CH,0H, and Q is
W.
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[00100] In one embodiment, in any compound being of Formula (II), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is CO,R”.

[00101] In one embodiment, in any compound being of Formula (II), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,R*.

[00102] In one embodiment, in any compound being of Formula (II), R" is methyl, and Q is
CO,R™.

[00103] In one embodiment, in any compound being of Formula (II), R" is -CH,0H, and Q is
CO,R™.

[00104] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,

wherein each R* is -H, OR’, or C\s alkyl, E is Z-aryl optionally substituted with one to three R**,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br, n is 1, Z is a single bond or C,_4 alkylene, Q is selected from CO,H, W, and
CO,R?, and R" is selected from methyl and —CH,OH.

[00105] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-aryl optionally substituted with one to three R**,
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and —-Br, n is 2, Z is a single bond or C,_4 alkylene, Q is selected from CO,H, W, and
COZRZO, and RY is selected from methyl and —-CH,OH.

[00106] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C, alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, C;_4
alkoxy, -F, -Cl, and -Br, n is 1, Z is a single bond or C; 4 alkylene, Q is selected from CO,H, W, and
CO,R?, and R" is selected from methyl and —CH,OH.

[00107] In one embodiment, D is Z-heteroarylene optionally substituted with one to three R*,
wherein each R* is -H, OR’, or C\s alkyl, E is Z-heteroaryl optionally substituted with one to three R**
wherein each R* is independently selected from C,¢ alkyl, C;4 fluoroalkyl, C;_4 hydroxyalkyl, C; 4
alkoxy, -F, -Cl, and -Br, n is 2, Z is a single bond or C; 4 alkylene, Q is selected from CO,H, W, and
CO,R?, and R" is selected from methyl and —CH,OH.
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[00108] In one embodiment, the present application relates to a compound being of Formula (1),

further being of Formula (IIT):

Q N RC
R
N
SR
s N N /Z
R19 N \QJ\N

n (IIT), or a pharmaceutically acceptable salt, or solvate or prodrug

thereof, wherein:

ZisNor CRZ;

RY, R, and R” are each independently selected from —H, Cy.¢ alkyl, C)_4 fluoroalkyl, C,_s hydroxyalkyl,
C,.¢ alkenyl, Cy6 alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-
C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-
SO,NR®R” and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and
wherein the heteroaryl and aryl are optionally substituted with one or more R’;

nis 1 or2; and

Q,R"Y, R R’,R%, R’, and Z are as defined above.

[00109] In one embodiment, Z is N. In one embodiment, Z is CR”.

[00110] In one embodiment, RY is selected from Cg alkyl, C;_4 fluoroalkyl, C,¢ alkenyl, -Z-aryl,
and -Z-heteroaryl.

[00111] In one embodiment, R is selected from —H, C,¢alkyl, C;4 fluoroalkyl, C; 4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR®-C(=0)-R’, and -Z-SR”.

[00112] In one embodiment, RZ is selected from —-H, C,¢alkyl, C;4 fluoroalkyl, C; 4
hydroxyalkyl, C,.¢alkenyl, Cy6 alkynyl, Cs_jo cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’.

[00113] In one embodiment, n is 1. In one embodiment, n is 2.

[00114] In one embodiment, Z is N, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,
-Z-aryl, and, -Z-heteroaryl, RY is selected from —-H, C,¢alkyl, C;4 fluoroalkyl, C,_4 hydroxyalkyl, C,
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR”, andn is 1.
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[00115] In one embodiment, Z is N, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,
-Z-aryl, and, -Z-heteroaryl, RY is selected from —-H, C,¢alkyl, C;4 fluoroalkyl, C,_4 hydroxyalkyl, C,
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR”, and n is 2.

[00116] In one embodiment, Z is CR%, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C,¢alkyl, C;_4 fluoroalkyl, C; 4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, Ci¢alkyl, C;_4 fluoroalkyl, C;4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, and n is 1.

[00117] In one embodiment, Z is CRZ, RY is selected from Cyg alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C;¢alkyl, C;_4 fluoroalkyl, C;_4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, Ci¢alkyl, C;_4 fluoroalkyl, C;4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, and n is 2.

[00118] In one embodiment, Z, in any compound being of Formula (III), is selected from a
single bond, C;_4 alkylene, heterocyclylene and Cs. cycloalkylene. In one embodiment, Z is selected
from a single bond and C,4 alkylene. In one embodiment, Z is selected from a single bond, methylene,
ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one embodiment,
Z is butylene.

[00119] In one embodiment, Z is N, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,
-Z-aryl, and, -Z-heteroaryl, RC is selected from —H, Cy. alkyl, Ci4 fluoroalkyl, Ci4 hydroxyalkyl, C;¢
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR’,nis 1,and Zis a single bond or C, 4 alkylene.

[00120] In one embodiment, Z is N, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,
-Z-aryl, and, -Z-heteroaryl, RC is selected from —H, Cy. alkyl, Ci4 fluoroalkyl, Ci4 hydroxyalkyl, C;¢
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR’,nis 2, and Z is a single bond or C, 4 alkylene.

[00121] In one embodiment, Z is CR%, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C;¢alkyl, C;_4 fluoroalkyl, C;_4
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hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, C,¢alkyl, C,_4 fluoroalkyl, C,_4hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, n is 1, and Z is a single bond or
Ci4 alkylene.

[00122] In one embodiment, Z is CR%, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C,¢alkyl, C;_4 fluoroalkyl, C; 4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, Ci¢alkyl, C;_4 fluoroalkyl, C;4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, n is 2, and Z is a single bond or
Cy4 alkylene.

[00123] In one embodiment, in any compound being of Formula (IIT), R" is selected from C).g
alkyl, C,salkenyl, C,5 alkynyl, and Cs ¢ cycloalkyl. In one embodiment, RY is selected from Cy.g
alkyl, C,galkenyl, and C; 5 alkynyl. In one embodiment, RY is selected from Cy.g alkyl, C, g alkenyl,
and C,.g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,¢ alkyl optionally substituted
with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one
embodiment, R" is methyl. In one embodiment, R" is —-CH,OH.

[00124] In one embodiment, in any compound being of Formula (III), Q is selected from CO,H,
W, and CO,R?. In one embodiment, Q is CO,H. In one embodiment, Q is W. In one embodiment, Q
is CO,R™.

[00125] In one embodiment, in any compound being of Formula (IIT), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is selected from CO,H, W, and CO,R%.

26



WO 2016/033169 PCT/US2015/046921

[00126] In one embodiment, in any compound being of Formula (IIT), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is selected from CO,H, W, and
CO,R™.

[00127] In one embodiment, in any compound being of Formula (IIT), R is methyl, and Q is
selected from CO,H, W, and CO,R”.
[00128] In one embodiment, in any compound being of Formula (IIT), R is <CH,OH, and Q is

selected from CO,H, W, and CO,R”.

[00129] In one embodiment, in any compound being of Formula (IIT), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR7, and Q is CO,H.

[00130] In one embodiment, in any compound being of Formula (IIT), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,H.

[00131] In one embodiment, in any compound being of Formula (IIT), R is methyl, and Q is
CO.H.

[00132] In one embodiment, in any compound being of Formula (IIT), R is <CH,OH, and Q is
CO.H.

[00133] In one embodiment, in any compound being of Formula (IIT), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is W.
[00134] In one embodiment, in any compound being of Formula (IIT), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is W.

[00135] In one embodiment, in any compound being of Formula (IIT), R" is methyl, and Q is W.
[00136] In one embodiment, in any compound being of Formula (III), R" is -CH,0H, and Q is
W.

[00137] In one embodiment, in any compound being of Formula (IIT), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR7, and Q is CO,R?’,
[00138] In one embodiment, in any compound being of Formula (IIT), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,R*.
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[00139] In one embodiment, in any compound being of Formula (IIT), R is methyl, and Q is
CO,R™.

[00140] In one embodiment, in any compound being of Formula (III), R" is —CH,OH, and Qis
CO,R™.

[00141] In one embodiment, Z is N, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,

-Z-aryl, and, -Z-heteroaryl, RY is selected from —-H, C,¢alkyl, C;4 fluoroalkyl, C,_4 hydroxyalkyl, C,
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR”,nis 1,Zis a single bond or C,4 alkylene, Q is selected from CO,H, W, and CO,R*, and
R" is selected from methyl and -CH,OH.

[00142] In one embodiment, Z is N, RY is selected from C ¢ alkyl, C;_4 fluoroalkyl, C,¢alkenyl,
-Z-aryl, and, -Z-heteroaryl, RC is selected from —H, Cy. alkyl, Ci4 fluoroalkyl, Ci4 hydroxyalkyl, C;¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,

and -Z-SR”,nis 2, Zis a single bond or C,4 alkylene, Q is selected from CO,H, W, and CO,R*, and
R" is selected from methyl and -CH,OH.

[00143] In one embodiment, Z is CRZ, RY is selected from Cyg alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C;¢alkyl, C;_4 fluoroalkyl, C;_4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, Ci¢alkyl, C;_4 fluoroalkyl, C;4 hydroxyalkyl, C,¢
alkenyl, C, alkynyl, Cs.i¢ cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, n is 1, Z is a single bond or C, 4
alkylene, Q is selected from CO,H, W, and CO,R%, and R" is selected from methyl and —-CH,OH.
[00144] In one embodiment, Z is CR%, RY is selected from Ci¢ alkyl, C;_4 fluoroalkyl, C,¢
alkenyl, -Z-aryl, and, -Z-heteroaryl, R is selected from —-H, C;¢alkyl, C;_4 fluoroalkyl, C;_4
hydroxyalkyl, C,.¢ alkenyl, Cy alkynyl, Cs_1o cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR6-C(=O)-R7, and -Z-SR7, RZ is selected from —-H, Ci¢alkyl, C;_4 fluoroalkyl, C;4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-C(=0)-R’, and -Z-COOR’, n is 2, Z is a single bond or C;_4
alkylene, Q is selected from CO,H, W, and CO,R%, and R" is selected from methyl and —-CH,OH.
[00145] In one embodiment, the present application relates to a compound being of Formula (1),

further being of Formula (IV):
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(IV), or a pharmaceutically acceptable salt, or solvate or prodrug
thereof, wherein:

R* and R*! are independently selected from —H, Ci alkyl, C\.4 fluoroalkyl, C.4 hydroxyalkyl, Cs.
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; and

nis 1 or2; and

Q,R"Y, R R’,R%, R’, and Z are as defined above.

[00146] In one embodiment, R* is —H, C,alkyl, C ;4 fluoroalkyl, C_4 hydroxyalkyl, Ca.io
cycloalkyl, -Z-heterocyclyl, -Z-aryl, or -Z-heteroaryl, wherein the heterocyclyl is optionally substituted
with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one or more

RS

[00147] In one embodiment, R* is C, ¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl
y ry ry

and aryl are optionally substituted with one or more R”.

[00148] In one embodiment, R* is Cy alkyl.

[00149] In one embodiment, R* is -Z-aryl or -Z-heteroaryl, each o tionally substituted with one
ry ry P

or more R”.

[00150] In one embodiment, R* is -Z-aryl optionally substituted with one or more R°. In one
ryl op y

embodiment, R* is -Z-phenyl optionally substituted with one or more R’. In one embodiment, R is -
Z-phenyl optionally substituted with one or more —F or —Cl. In one embodiment, R* is -Z-phenyl
optionally substituted with one or more —F. In one embodiment, R* is -Z-phenyl optionally substituted
with one —F. In one embodiment, R* is -Z-phenyl optionally substituted with one or more —CI. In one
embodiment, R* is -Z-phenyl optionally substituted with one —Cl. In one embodiment, R* is -Z-
phenyl optionally substituted with two —Cl.

[00151] In one embodiment, R* is -Z-heteroaryl, optionally substituted with one or more R’.
ryl, op y
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[00152] In one embodiment, R*! is independently selected from —H, C, alkyl, Cy4 fluoroalkyl,
C,_4 hydroxyalkyl, C,¢alkenyl, C,¢ alkynyl, Cs o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-

heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally substituted
with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one or more

RS

[00153] In one embodiment, R*! is —H, Cy alkyl, C,_4 hydroxyalkyl, Cs_io cycloalkyl, -Z-aryl,
-Z-heteroaryl, -Z-NR°R’, -Z-OR’, or -Z-SR.

[00154] In one embodiment, R*' is —H.

[00155] In one embodiment, R* is Cy¢ alkyl. In one embodiment, R is methyl. In one

embodiment, R*' is ethyl. In one embodiment, R*' is propyl.

[00156] In one embodiment, R*' is C,.6 alkenyl.

[00157] In one embodiment, R*! is C_4 hydroxyalkyl.

[00158] In one embodiment, R*' is Cs_j¢ cycloalkyl. In one embodiment, R*' is Ca cycloalkyl.
In one embodiment, R*! is cyclopropyl. In one embodiment, R*' is cyclobutyl.

[00159] In one embodiment, R*! is -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, or -Z-SR’.
[00160] In one embodiment, R*! is -Z-aryl.

[00161] In one embodiment, R*! is -Z-heteroaryl.

[00162] In one embodiment, R*' is -Z-NR°R’.

[00163] In one embodiment, R* is -Z-OR’.

[00164] In one embodiment, R* is -Z-SR”.

[00165] In one embodiment, n is 1. In one embodiment, n is 2.

[00166] In one embodiment, R* is Cy¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl

and aryl are optionally substituted with one or more R’, R*' is independently selected from —H, Cy.
alkyl, Cy4 fluoroalkyl, Ci4 hydroxyalkyl, C,.¢ alkenyl, C,¢ alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
-Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
or more R>, and nis 1.

[00167] In one embodiment, R* is Cy¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl
and aryl are optionally substituted with one or more R”, R*! is independently selected from —H, C .

alkyl, Cy4 fluoroalkyl, Ci4 hydroxyalkyl, C,.¢ alkenyl, C,¢ alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
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-Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
or more R, and n is 2.

[00168] In one embodiment, Z, in any compound being of Formula (IV), is selected from a
single bond, C;_4 alkylene, heterocyclylene and Cs. cycloalkylene. In one embodiment, Z is selected
from a single bond and C, 4 alkylene. In one embodiment, Z is selected from a single bond, methylene,
ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one
embodiment, Z is butylene.

[00169] In one embodiment, R* is C ¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl
and aryl are optionally substituted with one or more R”, R*! is independently selected from —H, C .
alkyl, Cy4 fluoroalkyl, Ci4 hydroxyalkyl, C,.¢ alkenyl, C,¢ alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
-Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
or more RS, nis 1, and Z is a single bond or C;_4 alkylene.

[00170] In one embodiment, R* is Cy¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl
and aryl are optionally substituted with one or more R”, R*! is independently selected from —H, C .
alkyl, Cy4 fluoroalkyl, Ci4 hydroxyalkyl, C,.¢ alkenyl, C,¢ alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl, -
Z-aryl, -Z-heteroaryl, -Z-NR°R”, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
ormore R>,nis?2,and Z is a single bond or C,_4 alkylene.

[00171] In one embodiment, R* is -Z-aryl, wherein aryl is optionally substituted with one or
more RS, R s independently selected from —H, C¢ alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C,
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’,
halogen, and -Z-SR’, wherein the heterocyclyl is optionally substituted with one or more R”, and
wherein the heteroaryl and aryl are optionally substituted with one or more R>, nis 1, and Z is a single
bond or C,_4 alkylene.

[00172] In one embodiment, R* is -Z-aryl, wherein aryl is optionally substituted with one or
more RS, R s independently selected from —H, C6 alkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’,
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halogen, and -Z-SR’, wherein the heterocyclyl is optionally substituted with one or more R”, and
wherein the heteroaryl and aryl are optionally substituted with one or more R, nis 2, and Z is a single
bond or C;_4 alkylene.

[00173] In one embodiment, in any compound being of Formula (IV), R" is selected from C).g
alkyl, C,salkenyl, C,5 alkynyl, and Cs ¢ cycloalkyl. In one embodiment, RY is selected from Cy.g
alkyl, C, g alkenyl, and C, g alkynyl. In one embodiment, R" is selected from C; 5 alkyl, C, g alkenyl,
and C,.g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,¢ alkyl optionally substituted
with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one
embodiment, R"Y is methyl. In one embodiment, R" is -CH,OH.

[00174] In one embodiment, in any compound being of Formula (IV), Q is selected from CO,H,
W, and CO,R?. In one embodiment, Q is CO,H. In one embodiment, Q is W. In one embodiment, Q
is CO,R™.

[00175] In one embodiment, in any compound being of Formula (IV), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is selected from CO,H, W, and CO,R%.

[00176] In one embodiment, in any compound being of Formula (IV), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is selected from CO,H, W, and
CO,R™.

[00177] In one embodiment, in any compound being of Formula (IV), R" is methyl, and Q is
selected from CO,H, W, and CO,R”.
[00178] In one embodiment, in any compound being of Formula (IV), R" is -CH,0H, and Q is

selected from CO,H, W, and CO,R”.
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[00179] In one embodiment, in any compound being of Formula (IV), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is CO,H.

[00180] In one embodiment, in any compound being of Formula (IV), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,H.

[00181] In one embodiment, in any compound being of Formula (IV), R" is methyl, and Q is
CO.H.

[00182] In one embodiment, in any compound being of Formula (IV), R" is —CH,OH, and Qis
CO.H.

[00183] In one embodiment, in any compound being of Formula (IV), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is W.
[00184] In one embodiment, in any compound being of Formula (IV), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is W.

[00185] In one embodiment, in any compound being of Formula (IV), R" is methyl, and Q is W.
[00186] In one embodiment, in any compound being of Formula (IV), R" is -CH,0H, and Q is
W.

[00187] In one embodiment, in any compound being of Formula (IV), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is CO,R”.
[00188] In one embodiment, in any compound being of Formula (IV), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,R*.

[00189] In one embodiment, in any compound being of Formula (IV), R" is methyl, and Q is
CO,R™.

[00190] In one embodiment, in any compound being of Formula (IV), R" is -CH,0H, and Q is
CO,R™.

[00191] In one embodiment, R* is C ¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl

and aryl are optionally substituted with one or more R”, R*! is independently selected from —H, C .
alkyl, Cy4 fluoroalkyl, Ci4 hydroxyalkyl, C,.¢ alkenyl, C,¢ alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
-Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
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substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
ormore R, nis 1, Zisa single bond or C;_4 alkylene, Q is selected from CO,H, W, and CO,R%, and
R" is selected from methyl and -CH,OH.

[00192] In one embodiment, R* is Cy¢ alkyl, -Z-aryl, or -Z-heteroaryl, wherein the heteroaryl
and aryl are optionally substituted with one or more R”, R*! is independently selected from —H, C .
alkyl, Cy_4 fluoroalkyl, C,_4 hydroxyalkyl, C,¢alkenyl, C,¢ alkynyl, C;.o cycloalkyl, -Z-heterocyclyl,
-Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’, halogen, and -Z-SR’, wherein the heterocyclyl is optionally
substituted with one or more R”, and wherein the heteroaryl and aryl are optionally substituted with one
or more R’, n is 2, Z is a single bond or C14 alkylene, Q is selected from CO,H, W, and CO,R*, and
RY is selected from methyl and —-CH,OH.

[00193] In one embodiment, R* is -Z-aryl, wherein aryl is optionally substituted with one or
more RS, R s independently selected from —H, C6 alkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’,
halogen, and -Z-SR’, wherein the heterocyclyl is optionally substituted with one or more R”, and
wherein the heteroaryl and aryl are optionally substituted with one or more R>, n is 1, Z is a single bond
or Cy4 alkylene, Q is selected from CO,H, W, and COR* and R" is selected from methyl and
—CH,OH.

[00194] In one embodiment, R* is -Z-aryl, wherein aryl is optionally substituted with one or
more RS, R s independently selected from —H, C¢ alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C,
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR’,
halogen, and -Z-SR’, wherein the heterocyclyl is optionally substituted with one or more R”, and
wherein the heteroaryl and aryl are optionally substituted with one or more R, n is 2, Z is a single bond
or Cy4 alkylene, Q is selected from CO,H, W, and CO,R* and R" is selected from methyl and
—CH,OH.

[00195] In one embodiment, the present application relates to a compound being of Formula (1),

further being of Formula (V):
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R™ N (V), or a pharmaceutically acceptable salt, or solvate or

prodrug thereof, wherein:

RSZ, RSS, and R* are independently selected from —H, C, ¢ alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C,.
s alkenyl, Cy.6 alkynyl, Cs.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; and

Q,R"Y, R R’,R%, R’, and Z are as defined above.

[00196] In one embodiment, R*?1is Ce alkyl, C;_4 fluoroalkyl, C,¢ alkenyl, -Z-aryl, or -Z-
heteroaryl.
[00197] In one embodiment, R* is —H, C; alkyl, C\_4 fluoroalkyl, C,_4 hydroxyalkyl, C,

alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’,
or -Z-SR’.

[00198] In one embodiment, R* is —H, C4 alkyl, C4 fluoroalkyl, C,4 hydroxyalkyl, Cy.
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-C(=0)-R’, or -Z-COOR .

[00199] In one embodiment, R* is C; alkyl and R* and R** are both —H.

[00200] In one embodiment, R* is Cy.¢ alkenyl and R* and R* are both —H.

[00201] In one embodiment, R* is -Z-aryl and R* and R** are both —H.

[00202] In one embodiment, R* is -Z-heteroaryl and R* and R* are both —H.

[00203] In one embodiment, R* is -Z-aryl, R* is C. alkyl, C, alkenyl, or C,_4 hydroxyalkyl,
and R** is —H.

[00204] In one embodiment, R* is -Z-aryl, and R* and R** are cach C ¢ alkyl.

[00205] In one embodiment, Z, in any compound being of Formula (V), is selected from a single

bond, C,_4 alkylene, heterocyclylene and C; cycloalkylene. In one embodiment, Z is selected from a
single bond and C, 4 alkylene. In one embodiment, Z is selected from a single bond, methylene,

ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
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methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one embodiment,

Z is butylene.

[00206] In one embodiment, R* is Cy_¢ alkyl, R* and R** are both —H, and Z is C1.4 alkylene.
[00207] In one embodiment, R* is Cy_¢ alkyl, R* and R* are both —H, and Z is a single bond.
[00208] In one embodiment, R* is Cy.¢ alkenyl, R* and R** are both —H, and Z is C1.4 alkylene.
[00209] In one embodiment, R* is Cy¢ alkenyl, R* and R** are both —H, and Z is a single bond.
[00210] In one embodiment, R* is -Z-aryl, R* and R** are both —H, and Z is C1.4 alkylene.
[00211] In one embodiment, R* is -Z-aryl, R* and R* are both —H, and Z is a single bond.
[00212] In one embodiment, R** is -Z-heteroaryl, R* and R** are both —H, and Z is C14 alkylene.
[00213] In one embodiment, R* is -Z-heteroaryl, R* and R* are both —H, and Z is a single bond.
[00214] In one embodiment, R* is -Z-aryl, R* is Cy alkyl, C, alkenyl, or C,4 hydroxyalkyl,
R**is -H, and Z is C\.4 alkylene.

[00215] In one embodiment, R* is -Z-aryl, R* is Cy alkyl, C, alkenyl, or C,4 hydroxyalkyl,
R**is -H, and Z is a single bond.

[00216] In one embodiment, R* is -Z-aryl, R* and R** are each C ¢ alkyl, and Z is C; 4

alkylene.

[00217] In one embodiment, R* is -Z-aryl, R* and R** are each C ¢ alkyl, and Z is a single
bond.

[00218] In one embodiment, in any compound being of Formula (V), R" is selected from C)q

alkyl, C,salkenyl, C,5 alkynyl, and Cs ¢ cycloalkyl. In one embodiment, RY is selected from Cy.g
alkyl, C,galkenyl, and C; 5 alkynyl. In one embodiment, RY is selected from Cy.g alkyl, C, g alkenyl,
and C,.g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,¢ alkyl optionally substituted
with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one

embodiment, RY is methyl. In one embodiment, RY is -CH,OH.
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[00219] In one embodiment, in any compound being of Formula (V), Q is selected from COH,
W, and CO,R*. In one embodiment, Q is CO,H. In one embodiment, Q is W. In one embodiment, Q
is CO,R™.

[00220] In one embodiment, in any compound being of Formula (V), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with

one -Z-OR’, and Q is selected from CO,H, W, and CO,R%.

[00221] In one embodiment, in any compound being of Formula (V), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is selected from CO,H, W, and
CO,R™.

[00222] In one embodiment, in any compound being of Formula (V), R" is methyl, and Q is
selected from CO,H, W, and CO,R”.
[00223] In one embodiment, in any compound being of Formula (V), R" is -CH,0H, and Qis

selected from CO,H, W, and CO,R”.

[00224] In one embodiment, in any compound being of Formula (V), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is CO,H.

[00225] In one embodiment, in any compound being of Formula (V), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,H.

[00226] In one embodiment, in any compound being of Formula (V), R" is methyl, and Q is
CO.H.

[00227] In one embodiment, in any compound being of Formula (V), R" is -CH,0H, and Qis
CO.H.

[00228] In one embodiment, in any compound being of Formula (V), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is W.
[00229] In one embodiment, in any compound being of Formula (V), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is W.

[00230] In one embodiment, in any compound being of Formula (V), R' is methyl, and Q is W.
[00231] In one embodiment, in any compound being of Formula (V), R" is -CH,0H, and Q is
Ww.
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[00232] In one embodiment, in any compound being of Formula (V), R" is selected from
methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and Q is CO,R”.

[00233] In one embodiment, in any compound being of Formula (V), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and Q is CO,R*.

[00234] In one embodiment, in any compound being of Formula (V), R" is methyl, and Q is
CO,R™.

[00235] In one embodiment, in any compound being of Formula (V), R" is —CH,0H, and Q is
CO,R™.

[00236] In one embodiment, R* is C ¢ alkyl, R* and R* are both —H, Z is Cy.4 alkylene, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00237] In one embodiment, R* is Cy_¢ alkyl, R* and R** are both—-H, Z is a single bond, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00238] In one embodiment, R* is Cy.¢ alkenyl, R* and R* are both —H, Z is C1.4 alkylene, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00239] In one embodiment, R* is Cy.¢ alkenyl, R* and R** are both—H, Z is a single bond, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00240] In one embodiment, R* is -Z-aryl, R* and R* are both —H, Z is C) 4 alkylene, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00241] In one embodiment, R* is -Z-aryl, R* and R** are both —H, Z is a single bond, Q is
selected from CO,H, W, and CO,R?’, and R" is selected from methyl and —-CH,OH.

[00242] In one embodiment, R* is -Z-heteroaryl, R* and R** are both —H, Z is C1.4 alkylene, Q
is selected from CO,H, W, and CO,R%, and R"? is selected from methyl and —-CH,OH.

[00243] In one embodiment, R* is -Z-heteroaryl, R* and R** are both—H, Z is a single bond, Q
is selected from CO,H, W, and CO,R%, and R"? is selected from methyl and —-CH,OH.

[00244] In one embodiment, R* is -Z-aryl, R* is Cy alkyl, C, alkenyl, or C,4 hydroxyalkyl,

R*is-H, Zis C14 alkylene, Q is selected from CO,H, W, and CO,R*, and R" is selected from
methyl and -CH,OH.
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[00245] In one embodiment, R* s -Z-aryl, R* is Ce alkyl, C,¢ alkenyl, or C,.4 hydroxyalkyl,
R*is-H,Zisa single bond, Q is selected from CO,H, W, and CO,R*, and R" is selected from
methyl and -CH,OH.

[00246] In one embodiment, R* s -Z-aryl, R* and R* are each C alkyl, Z is C;_4 alkylene, Q
is selected from CO,H, W, and CO,R%, and R"? is selected from methyl and —-CH,OH.
[00247] In one embodiment, R* is -Z-aryl, R* and R** are each C ¢ alkyl, Z is a single bond, Q
is selected from CO,H, W, and CO,R%, and R"? is selected from methyl and —-CH,OH.
[00248] In one embodiment, a compound of the application may be of Formula (VI):

o) R?!

R N A
R (VI), or a pharmaceutically acceptable salt or solvate thereof,
wherein:
Mis CHorN;

A is selected from —C(R*),C(0)-, -C(R*),C(R*),C(0)-, Cs.10 alkyl, -Z-Cs.19 cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the Cs_y alkyl, -Z-cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a Cs_jo cycloalkyl or heterocyclic ring;

Y is selected from -H, -NR°R, -OR’, C g alkyl, C,galkenyl, Cys alkynyl, C3.19 cycloalkyl,
heterocyclyl, heteroaryl and aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
heteroaryl and aryl are optionally substituted with one or more R*;

R' is selected from -H, C s alkyl, Cy alkenyl, C,5alkynyl, and C3.1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C,¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Ca cycloalkyl; or R,
together with A-Y and the nitrogen atom to which it is attached, forms a nitrogen-containing
heterocyclic ring optionally substituted with one or more substituents independently selected from C, g

alkyl, C,galkenyl, C,¢ alkynyl, and Cs.19 cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl
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are optionally substituted with one or more substituents independently selected from -OH, aryl, Ci.6
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs¢ cycloalkyl; or R and R'®, together with
the atoms to which they are attached, form a nitrogen-containing heterocyclic ring optionally
substituted with one or more substituents independently selected from C; s alkyl, C,salkenyl, C,5
alkynyl, and Cs_j cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally
substituted with one or more substituents independently selected from -OH, aryl, C, ¢ alkoxy,
heteroaryl, aryloxy, heteroaryloxy, -NR°R, -F and Cs. cycloalkyl;

Each R? is independently selected from -H, C g alkyl, C,s alkenyl, C2s alkynyl, and Cs.1o
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, C, ¢ alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -F, Cs. cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR”; or two R” substituents on adjacent carbon atoms, together with the carbon atoms to
which they are attached, form a C4.19 cycloalkyl or heterocyclic ring; or two R? substituents on the same
carbon atom, together with the carbon atom to which they are attached, form a Cs_yo cycloalkyl or
heterocyclic ring; or R? and Y, together with the carbon atoms to which they are attached, form a C4_1o
cycloalkyl or heterocyclic ring;

cach R” is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NRR’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_1y cycloalkyl or
heterocyclic ring;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs6 cycloalkylene;

cach R* is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C;_4
alkoxy, Ca.io cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H,
-OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR’;
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cach R’ is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C;_4
alkoxy, Cs. cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R® and R’ is independently selected from -H, C,5alkyl, C14 fluoroalkyl, C;4
hydroxyalkyl, C, g alkenyl, C,salkynyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®; or R® and R’ may, together with the N-atom to which they are
attached, form a heterocyclic ring optionally substituted with one or more R?;

cach R® is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-
NR'"R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from C;_4 alkyl, C4 fluoroalkyl, Ci_4 hydroxyalkyl, Cs.
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'"R", -Z-C(=O)-NR10R“, -Z-OR’,
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

each R’ is independently selected from -H, C)galkyl, Cy_4 fluoroalkyl, C 4 hydroxyalkyl, Cs
alkenyl, C, ¢ alkynyl, Cs_j¢ cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are
optionally substituted with one or more R’;

cach of R'” and R" is independently selected from -H, C alkyl, C_4 fluoroalkyl, C;4
hydroxyalkyl, C, s alkenyl, C,_s alkynyl, Cs_j¢ cycloalkyl, heterocyclyl, heteroaryl, and Ce 14 aryl,
wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and
aryl are optionally substituted with one or more R’; or R'® and R'! may, together with the N-atom to
which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one or
more R4;

R'® is selected from -H, Cy_s alkyl, C\ fluoroalkyl, C,¢ hydroxyalkyl, C,alkenyl, C, alkynyl,
Cs.7cycloalkyl, and Cs.7 oxyalkyl; or R'"® and A, together with the atoms to which they are attached,

form a heterocyclic ring; or R*® and Y, together with the atoms to which they are attached, form a
y g g y

41



WO 2016/033169 PCT/US2015/046921

heterocyclic ring; or R'®and R', together with the atoms to which they are attached, form a heterocyclic
ring;

RY is selected from Cy.g alkyl, C, g alkenyl, C,5alkynyl, and Cs_io cycloalkyl, wherein the alkyl,
alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
selected from aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs. cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,
halogen, -Z-SR7, -Z-SOR7, -Z-SOzR7, -Z-SO,NR°R’ and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and

wherein:

R*! is (R*),N- or R*0, wherein R* is Cgalkyl, C,5alkenyl, C,galkynyl, Cs.io cycloalkyl,
and aryloxy optionally substituted with one or more substituents independently selected from -OH, aryl,
Ci.6 alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, a sulfonamide moiety, and Cs cycloalkyl; wherein
one R* in (R**),N- is optionally -H.

[00249] In one embodiment, a compound of the application may be of Formula (VI), wherein:

Mis CHorN;

A is selected from —C(R?*),C(0)-, -C(R*),C(R*),C(0)-, Cs.10 alkyl, -Z-Cs.19 cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the Cs.o alkyl, -Z-cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a Cs_jo cycloalkyl or Cs_j¢ heterocyclic ring;

Y is selected from -H, -NR6R7, -OR7, Cisalkyl, C,5 alkenyl, C,galkynyl, Cs_j cycloalkyl, Cs_io
heterocyclyl, Cs.4 heteroaryl and Cgi4 aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R*;

R' is selected from -H, C)g alkyl, C, alkenyl, Cy¢ alkynyl, and Cs_1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C\alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Ci.cycloalkyl; or R',
together with A-Y forms a nitrogen-containing Cs 1o heterocyclic ring optionally substituted with one
or more substituents independently selected from C;g alkyl, C,s alkenyl, C,s alkynyl, and Cs.jo
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, C;s alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -NR6R7, -F and C;4 cycloalkyl; or R! and R™ together form a nitrogen-containing Cs_1g
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heterocyclic ring optionally substituted with one or more substituents independently selected from C,5
alkyl, C,¢ alkenyl, C,salkynyl, and Cs o cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl
are optionally substituted with one or more substituents independently selected from -OH, aryl, C;
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs. cycloalkyl;

R’ is selected from -H, C)g alkyl, C, alkenyl, Cy¢ alkynyl, and Cs_1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents
independently selected from -OH, aryl, C;s alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, Css
cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-
R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R” and -Z-COOR’; or two
R? substituents form a Cs.ocycloalkyl or Cs_j heterocyclic ring; or R?and Y form a Cs_ocycloalkyl or
Cs.10 heterocyclic ring;

cach R’ is independently selected from Cy alkyl, Ci4 fluoroalkyl, Ci4 hydroxyalkyl, C,.
alkenyl, Cys alkynyl, Ci.o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may together form a spiro group;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs6 cycloalkylene;

each R? is independently selected from C,¢ alkyl, C,4 fluoroalkyl, C,4 hydroxyalkyl, C;4
alkoxy, Cs.io cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H, -
OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R’ is independently selected from Cy alkyl, Ci4 fluoroalkyl, C4 hydroxyalkyl, C;4
alkoxy, Cs cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R® and R’ is independently selected from -H, C,s alkyl, C;4 fluoroalkyl, C;4
hydroxyalkyl, C,.5 alkenyl, C,3 alkynyl, Cs.i9 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®*; or R® and R’ may, together with the N-atom to which they are

attached, form a Cs_1o heterocyclic ring optionally substituted with one or more R®;
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cach R® is independently selected from C, alkyl, C4 fluoroalkyl, Ci.4 hydroxyalkyl, C,.
alkenyl, C,¢ alkynyl, Cs.io cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R"', -Z-C(=0)-
NR''R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from Ci4 alkyl, Ci4 fluoroalkyl, C;4 hydroxyalkyl, Css
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'R', -Z-C(=0)-NR'’R", -Z-OR’
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

each R’ is independently selected from -H, C, g alkyl, C,4 fluoroalkyl, C;_4 hydroxyalkyl, C,
alkenyl, C,g alkynyl, Cs.0 cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are
optionally substituted with one or more R’;

cach of R' and R'' is independently selected from -H, C, ¢ alkyl, Cy4 fluoroalkyl, C 4
hydroxyalkyl, C,5 alkenyl, C,_s alkynyl, Cs_jg cycloalkyl, Cs_o heterocyclyl, Cs_jo heteroaryl, and Ce_14
aryl, wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl
and aryl are optionally substituted with one or more R”; or R'* and R'! may, together with the N-atom
to which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one
or more R4;

R'® is selected from -H, Calkyl, C . fluoroalkyl, C,. hydroxyalkyl, C,7alkenyl, C,.alkynyl,
C3.7 cycloalkyl, and C3 oxyalkyl; or R'®and A form a Cs_j¢ cycloalkyl or Cs.jo heterocyclic ring; or R'®
and Y form a Csjo cycloalkyl or Cs.jo heterocyclic ring; or R'*and R' form a Cs_ cycloalkyl or Cs_g
heterocyclic ring;

RY is selected from Cy.g alkyl, C, g alkenyl, C,5alkynyl, and Cs_io cycloalkyl, wherein the alkyl,
alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
selected from aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs. cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,
halogen, -Z-SR7, -Z-SOR7, -Z-SOzR7, -Z-SO,NR°R’ and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and
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wherein R* is (R**),N- or R**0, where each R** independently may be consistent with any of
the examples of prodrugs provided herein. In particular, each R** independently may be selected from
Cisalkyl, Cysalkenyl, C,5 alkynyl, Cs.1o cycloalkyl, and aryloxy wherein the alkyl, alkenyl, alkynyl,
cycloalkyl and aryloxy may be optionally substituted with one or more substituents independently
selected from -OH, aryl, C;_6 alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, a sulfonamide moiety, and
Cs. cycloalkyl; and one R* in (R**),N- may be, and preferably is, -H.

[00250] In one embodiment, in any compound being of Formula (VI), M is CH.
[00251] In one embodiment, in any compound being of Formula (VI), M is N.
[00252] In one embodiment, in any compound being of Formula (VI), A is selected from -Z-

heterocyclylene, -Z-arylene, and -Z-heteroarylene. In one embodiment, A is selected from -Z-
heterocyclylene, -C(R*),C(O)-, and -Z-heteroarylene. In one embodiment, A is -Z-heteroarylene. In
one embodiment, A is -Z-arylene.

[00253] In one embodiment, in any compound being of Formula (VI), Y is selected

from -H, -OR’, -NR°R’, C1.¢ alkyl, C,salkenyl, and C,5 alkynyl. In one embodiment, Y is selected
from -H and C,_galkyl. In one embodiment, Y is selected from -H and C;_4 alkyl. In one embodiment, Y
is selected from -H, methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl and tert-butyl. In one
embodiment, Y is -H. In one embodiment, Y is ethyl.

[00254] In one embodiment, in any compound being of Formula (VI), each R” is independently
selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl wherein the heterocyclyl is optionally
substituted with one or more R”, and the aryl, and heteroaryl are optionally substituted with one or
more R’. In one embodiment, R? is -Z-aryl optionally substituted with one or more R’. In one
embodiment, R? is phenyl optionally substituted with one or more R’

[00255] In one embodiment, in any compound being of Formula (VI), Z is selected from a single
bond, C;.4 alkylene, heterocyclylene and Cs¢ cycloalkylene. In one embodiment, Z is selected from a
single bond and C, 4 alkylene. In one embodiment, Z is selected from a single bond, methylene,
ethylene, propylene and butylene. In one embodiment, Z is a single bond. In one embodiment, Z is
methylene. In one embodiment, Z is ethylene. In one embodiment, Z is propylene. In one embodiment,

Z is butylene.
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[00256] In one embodiment, in any compound being of Formula (VI), R is selected from -H,
C,5 alkyl, C,galkenyl, and C, g alkynyl. In one embodiment, R!is selected from -H and Cys alkyl. In
one embodiment, R' is selected from -H and C,4 alkyl. In one embodiment, R' is -H.

[00257] In one embodiment, in any compound being of Formula (VI), R'" is selected from -H,
C s alkyl, C ¢ fluoroalkyl, Ci hydroxyalkyl, C,.7alkenyl, and C,.; alkynyl. In one embodiment, R'® is
selected from -H and C, ¢ alkyl. In one embodiment, R'"® s -H.

[00258] In one embodiment, in any compound being of Formula (VI), R" is selected from C).g
alkyl, Cy.s alkenyl, C,.g alkynyl, and Cs.10 cycloalkyl. In one embodiment, R" is selected from C.g
alkyl, Cz.s alkenyl, and C,galkynyl. In one embodiment, R" is selected from C,.s alkyl, C,.s alkenyl,
and C,_g alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR”. In one embodiment,
R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl, ethenyl, propenyl,
butenyl, ethynyl, propynyl, and butynyl. In one embodiment, R" is C,.s alkyl optionally substituted
with one or more -Z-OR”. In one embodiment, R'? is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, and tert-butyl, optionally substituted with one -Z-OR’. In one embodiment, R" is
selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one —~OH. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-
butyl, and tert-butyl. In one embodiment, R" is selected from methyl and -CH,OH. In one

embodiment, R" is methyl. In one embodiment, R" is —-CH,OH.

[00259] In one embodiment, R*! is (R**),N-.
[00260] In one embodiment, R*' is (R**),N-, and one R** is —H.
[00261] In one embodiment, R*' is (R**),N-, one R** is —H, and the other R** is C)_galkyl, Cy5

alkenyl, C,galkynyl, or Cs.;o cycloalkyl.

[00262] In one embodiment, R?! s (R22)2N-, one R*? is —-H, and the other R*? s Cysalkyl or Cs49
cycloalkyl. In one embodiment, R*' is (R**),N-, one R** is —H, and the other R** is C) g alkyl. In one
embodiment, R*' is (R**),N-, one R* is —H, and the other R* is C3_j¢ cycloalkyl.

[00263] In one embodiment, R*! is R**O.

[00264] In one embodiment, R* is C,_g alkyl optionally substituted with one or more of -OH,
aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, a sulfonamide moiety, and Cs cycloalkyl.
[00265] In one embodiment, R* is C,s alkyl optionally substituted with one or more -F.
[00266] In one embodiment, R* is methyl.

46



WO 2016/033169 PCT/US2015/046921

[00267] In one embodiment, R* is ethyl.

[00268] In one embodiment, R* is propyl.

[00269] In one embodiment, R* is 2-propyl.

[00270] In one embodiment, R* is butyl.

[00271] In one embodiment, R* is 2-butyl.

[00272] In one embodiment, R* is iso-butyl.

[00273] In one embodiment, R* is tert-butyl.

[00274] In one embodiment, R* is methyl, substituted with one or more -F.
[00275] In one embodiment, R* is ethyl, substituted with one or more -F.
[00276] In one embodiment, R* is propyl, substituted with one or more -F.
[00277] In one embodiment, R* is 2-propyl, substituted with one or more -F.
[00278] In one embodiment, R* is butyl, substituted with one or more -F.
[00279] In one embodiment, R* is 2-butyl, substituted with one or more -F.
[00280] In one embodiment, R* is iso-butyl, substituted with one or more -F.
[00281] In one embodiment, R* is tert-butyl, substituted with one or more -F.
[00282] In one embodiment, in any compound being of Formula (VI), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and R*! is (R*),;N-.
[00283] In one embodiment, in any compound being of Formula (VI), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and R* is (R**),N-.

[00284] In one embodiment, in any compound being of Formula (VI), R" is methyl, and R*' is
(R*);N-.

[00285] In one embodiment, in any compound being of Formula (VI), R" is —CH,OH, and R*' is
(R*);N-.

[00286] In one embodiment, in any compound being of Formula (VI), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with
one -Z-OR’, and R* is R*0.
[00287] In one embodiment, in any compound being of Formula (VI), R" is selected from

methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl and R*' is R**O.
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[00288] In one embodiment, in any compound being of Formula (VI), R" is methyl, and R*' is
R*0

[00289] In one embodiment, in any compound being of Formula (VI), R" is —CH,OH, and R*' is
R*0

[00290] In one embodiment, in any compound being of Formula (VI), R' is -H and R'® is -H.
[00291] In one embodiment, in any compound being of Formula (VI), R' is -H, R'® is -H, A is -
Z-heteroarylene and Z is a single bond. In one embodiment, R'is-H,R™is-H, A is -Z-heteroarylene
and Z is C;_4 alkylene.

[00292] In one embodiment, in any compound being of Formula (VI), R' is -H, R'® is -H and A

is -Z-heteroarylene. In one embodiment, R'is-H,R"™is-H, A is -Z-heteroarylene, and R*is -Z-aryl.
[00293] In one embodiment, in any compound being of Formula (VI), R' is -H, R'® is -H, A is -
Z-heteroarylene, R*is -Z-aryl and Y is -H. In one embodiment, R'is-H,R"¥is-H, A is -Z-
heteroarylene, R’ is -Z-aryl and Y is C, alkyl.

[00294] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C,_salkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, and R'® is -H.
[00295] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, and Z
is selected from a single bond and C,.4 alkylene.

[00296] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C)_4 alkylene, and R" is methyl.

[00297] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C,_4 alkylene, and R" is -CH,OH.

[00298] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
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H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C,_4 alkylene, R" is methyl, and R*! is (R**),N-.

[00299] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, RY is —CH,0OH, and R?! s (R22)2N-.

[00300] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, R"Y is methyl, and R?! is R*0.

[00301] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C,_4 alkylene, R" is -CH,0H, and R*' is R**O.

[00302] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C, 4 alkylene, RY is methyl, and R*is (R22)2N-, wherein one R* is —H,
and the other R* is C, 5 alkyl or C;_ 1o cycloalkyl.

[00303] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, R" is -CH,OH, and R*' is (R22)2N-, wherein one R* is
—H, and the other R** is Cy.s alkyl or C3.10 cycloalkyl.

[00304] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C)galkyl, R is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and C;_4 alkylene, RY is methyl, and R?' is R*0, wherein R* is C1.5 alkyl

optionally substituted with one or more -F.
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[00305] In one embodiment, in any compound being of Formula (VI), M is CH, A is selected
from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene, Y is selected from -H and C, g alkyl, R'is -
H, cach R? is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, R'® is -H, Z is
selected from a single bond and Cy_4 alkylene, R" is —CH,OH, and R*' is R*0, wherein R* is C).
alkyl optionally substituted with one or more -F.

[00306] In one embodiment, the present application relates to a compound being of Formula (1),

further being of Formula (I11a), (I1Ib), (I1llc), (111d), (I1le), (111f), or (1lg):

mi@ .

II1a I1Ib /
F
Q CH; @
H H
N
R1ST N\/KN riS SN N J
Ilc 111d
IIle 11If , Or
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or a pharmaceutically acceptable salt, or solvate or prodrug thereof, and

Q and R" are as defined above.

[00307] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is selected from C\g alkyl, Cyg alkenyl, C,5 alkynyl, and Cs.io cycloalkyl. In
one embodiment, R is selected from Cy.g alkyl, C,galkenyl, and C, g alkynyl. In one embodiment,
R" is selected from C, s alkyl, C,alkenyl, and Cp alkynyl, optionally substituted with one or

more -Z-NR°R” or -Z-OR’. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl, tert-butyl, ethenyl, propenyl, butenyl, ethynyl, propynyl, and butynyl. In one
embodiment, R" is C,_g alkyl optionally substituted with one or more -Z-OR’. In one embodiment, R"
is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted
with one -Z-OR’. In one embodiment, R" is selected from methyl, ethyl, propyl, iso-propyl, butyl,
sec-butyl, and tert-butyl, optionally substituted with one ~OH. In one embodiment, R" is selected
from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-butyl. In one embodiment, R" is
selected from methyl and -CH,OH. In one embodiment, R' is selected from methyl and -CH,OH. In
one embodiment, R" is methyl. In one embodiment, R" is —-CH,OH.

[00308] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), Q is selected from CO,H, W, and CO,R*. In one embodiment, Q is CO,H. In
one embodiment, Q is W. In one embodiment, Q is CO,R*.

[00309] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl, optionally substituted with one -Z-OR’, and Q is selected from CO,H, W, and CO,R*’.
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[00310] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl and Q is selected from CO,H, W, and CO,R%.

[00311] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is methyl, and Q is selected from CO,H, W, and CO,R*.

[00312] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is -CH,OH, and Q is selected from CO,H, W, and CO,R*.

[00313] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl, optionally substituted with one -Z-OR’, and Q is CO,H.

[00314] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl and Q is CO,H.

[00315] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is methyl, and Q is CO,H.

[00316] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is —CH,0H, and Q is CO,H.

[00317] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl, optionally substituted with one -Z-OR’, and Q is W.

[00318] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl and Q is W.

[00319] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is methyl, and Q is W.

[00320] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is ~CH,OH, and Q is W.

[00321] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl, optionally substituted with one -Z-OR’, and Q is CO,R*.
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[00322] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is selected from methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, and tert-
butyl and Q is CO,R*.

[00323] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (ITIf), or (I1Ig), R" is methyl, and Q is CO,R*’.

[00324] In one embodiment, in any compound being of Formula (Illa), (I1Ib), (IIc), (I11d),
(Ille), (I1If), or (I1Ig), R" is —CH,0H, and Q is CO,R”.

[00325] In one embodiment, Y, in any compound or formula of the application, is
T
N ;é N
/ \
\T/\(CHz)n R

R10

10

wherein n is from 1 to 3.

[00326] In one embodiment, Y, in any compound or formula of the application, is
R‘IO
\é;‘ AN
S Ncd, R
CHs

wherein n is from 1 to 3.
[00327] In one embodiment, Y, in any compound or formula of the application, is

(CH2)m——CHj,4

N fé N
\N/\mﬁ “N(CHy)m—cH,

CHj

wherein n is from 1 to 3 and each m independently is from 0 to 2.
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[00328] In one embodiment, Y, in any compound or formula of the application, is heterocyclyl,

heteroaryl or aryl, any of which may be optionally substituted with one or more R”.

[00329] In one embodiment, Y, in any compound or formula of the application, is —H.
[00330] In one embodiment, Y, in any compound or formula of the application, is C;.s alkyl.
[00331] In one embodiment, Q, for any compound or formula of the application, is:
R26
RZS\/,L CF3
(VaVaVavy \H/
| o)

wherein R* and R* are -H, or together form a 1,3-diaza-Cs_;-cycloalk-2-yl group which is N-
substituted with R'® and optionally further substituted with one or more R®, and optionally containing
one or two oxo groups; a 1,3-thiaza-Cs.s-cycloalk-2-yl group which is N-substituted with R'® and
optionally further substituted with one or more R* and optionally containing one or two oxo groups; an
1,3-oxaza-Cs.-cycloalk-2-yl group which is N-substituted with R'® and optionally further substituted
with one or more R?, and optionally containing one or two oxo groups, wherein in all three instances
two R” on the same carbon atom may, together with the carbon atom to which they are attached, form a

Cs.o cycloalkyl or Cs_ 1 heterocyclic ring.

[00332] In one embodiment, Q, for any compound or formula of the application, is selected
from:
-~ NH,

2

BTN )km /sz /A %{\ /W
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[00333] In one embodiment, Q, for any compound or formula of the application, is selected

from:

/§\ ,/\)k ‘%J %J

N Hz N CF3 ”~
?‘TO
o) N
(|)
F F /EJ
F and .
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[00334] In one embodiment, Q, for any compound or formula of the application, is
?JTO
o N
F F
F
[00335] In one embodiment, Q, for any compound or formula of the application, is -CH=NR",
wherein:

R'? is selected from Cyioalkyl, Cy 9 alkenyl, C, 19 alkynyl, Cs_5g cycloalkyl, -Z-heterocyclyl, -Z-aryl,
-Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,

halogen, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’. In one embodiment, R'* is selected from -Z-OR’,
Cs.10 cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl.

[00336] In one embodiment, Q, for any compound or formula of the application, is CH,NHR",
wherein:

R" is selected from -H, -C(O)R, -C(O)C(O)R’, -C(O)C(O)OR’, C,galkyl, C 4 fluoroalkyl, C;4
hydroxyalkyl, C, g alkenyl, C,.salkynyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-monocyclic-

heteroaryl, -CR"RPNRCR’, and -CR'R'’CN. In one embodiment, R"* is selected from -H, -C(O)R7,
Cysalkyl, Cs.9 cycloalkyl, -CR"R"NR°R’, and -CR"*R"’CN.

[00337] In one embodiment, each R, for any compound or formula of the application, is
independently selected from -H, C, 5 alkyl, Cy4 fluoroalkyl, C,4 hydroxyalkyl, C,s alkenyl, C,¢
alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl. In one embodiment, cach R’ is
independently selected from -H, C, 5 alkyl, C,_4 fluoroalkyl, and C,_4 hydroxyalkyl.

[00338] In one embodiment, -A-Y, in any compound or formula of the application, is a moiety
that includes 1-3 cyclic moieties selected from monocyclic cycloalkyl, monocyclic heterocyclyl,
monocyclic heteroaryl, bicyclic heteroaryl and monocyclic aryl.

[00339] In one embodiment, the compound of the application is a compound having any one of

the following structures:
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or a pharmaceutically acceptable salt, or solvate or prodrug thereof.

[00340] In another aspect, the present application relates to a pharmaceutical composition
comprising at least one compound of the application, or a pharmaceutically acceptable salt thereof, or
solvate, or prodrug thereof, as defined herein, and optionally one or more pharmaceutically acceptable
excipients, diluents and/or carriers. In one embodiment, the pharmaceutical composition comprises one

or more further active substances.

Prodrugs

[00341] The compound of the application may be provided as a prodrug. The term “prodrug”
used herein is intended to mean a compound which — upon exposure to certain physiological conditions
— will liberate the compound of the application which then will be able to exhibit the desired biological
action. A typical example is a labile ester of a carboxylic acid, in particular the pyridine carboxylic
acid group of the compound of the application which, e.g., is capable of liberating the latent carboxylic
acid group. Another example is a carbamic acid of an amine, in particular the pyridine amine group of
the compound of the application, which is capable of liberating the latent amine.

[00342] Ilustrative examples of esters of a carboxylic acid group (in particular the pyridine
carboxylic acid) are C,.¢ alkyl esters, e.g., methyl esters, ethyl esters, 2-propyl esters, phenyl esters, 2-
aminoethyl esters, including (5-methyl-2-ox0-2H-1,3-dioxol-4-yl)methyl esters, 4-

methoxyphenyl esters, 2-(ethoxycarbonyl)phenyl esters, {4-[(ethoxycarbonyl)(methyl)aminoJphenyl}
methyl esters, 2-(dimethylamino)ethyl esters, 3-(dimethylamino)propyl esters,
[(ethoxycarbonyl)amino]phenylmethyl esters, 2,6- dimethoxyphenyl esters, 2,6-dimethylphenyl esters,
4-tert-butylphenyl esters, 4-oxopentan-2-yl esters, 4-(trifluoroacetamido)butan-2-yl esters, 4-(2,2,2-
trifluoro-N-methylacetamido)butan-2-yl esters, 5-(trifluoroacetamido pent-1-en-3-yl esters, 5-(2,2,2-

trifluoro-N-methylacetamido)pent-1-en-3-yl esters, 1,3-bis(hexadecanoyloxy) propan-2-yl esters, 2,3-

76



WO 2016/033169 PCT/US2015/046921

bis(hexadecanoyloxy)propyl esters, 4-oxo-4-(propan-2-yloxy)-1-(trifluoroacetamido )butan-2-yl esters,
1-oxo-1-(propan-2-yloxy)-5-(trifluoroacetamido)pentan-3-yl esters, 2,2,2-trifluoethyl esters, 2,6-
bis(propan-2-yloxy)phenyl esters, 2-fluoroethyl esters, 2,2-difluoroethyl esters, and the like.

Definitions

[00343] The term “alkyl” as used herein refers to a saturated, straight or branched hydrocarbon
chain. In one embodiment, the hydrocarbon chain contains from one to 8 carbon atoms (C, s-alkyl). In
one embodiment, from one to six carbon atoms (C;¢-alkyl). In one embodiment, from one to four
carbon atoms (C;4-alkyl). In one embodiment, “alkyl” includes methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, secondary butyl, tertiary butyl, pentyl, 2-methylbutyl, isopentyl, neopentyl, tertiary pentyl,
pentan-2-yl, pentan-3-yl, hexyl, isohexyl, 4-methyl-pentan-2-yl, heptyl and octyl. In one embodiment,
“alkyl” represents a C;_4-alkyl group, which includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
secondary butyl, and tertiary butyl. Correspondingly, the term “alkylene” means the corresponding
biradical (-alkyl-).

[00344] The term “cycloalkyl” as used herein refers to a cyclic alkyl group. In one embodiment,
“cycloalkyl” contains from three to ten carbon atoms (Cs_jg-cycloalkyl). In one embodiment, from
three to eight carbon atoms (Css-cycloalkyl). In one embodiment, from three to six carbon atoms
(Cs6-cycloalkyl), which includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl. Furthermore, the term “cycloalkyl” as used herein may also include polycyclic groups,
including fused, bridged, spiro, and mixed cycloalkyl groups, such as, for example, bicyclo[2.2.2]octyl,
bicyclo[2.2.1]heptanyl, decalinyl and adamantyl. Correspondingly, the term “cycloalkylene” means the
corresponding biradical (-cycloalkyl-).

[00345] The term “cycloalkyl” as used herein refers to a cyclic alkyl group. In one embodiment,
“cycloalkyl” contains from three to ten carbon atoms (Cs_jg-cycloalkyl). In one embodiment, from
three to eight carbon atoms (Css-cycloalkyl). In one embodiment, from three to six carbon atoms
(Cs6-cycloalkyl), which includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl. Furthermore, the term “cycloalkyl” as used herein may also include polycyclic groups,
such as, for example, bicyclo[2.2.2]octyl, bicyclo[2.2.1]heptanyl, decalinyl and adamantyl.

Correspondingly, the term “cycloalkylene” means the corresponding biradical (-cycloalkyl-).
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[00346] The term “alkenyl” as used herein refers to a straight or branched hydrocarbon chain or
cyclic hydrocarbons containing one or more double bonds, including di-enes, tri-enes and poly-enes. In
one embodiment, the alkenyl group comprises from two to eight carbon atoms (C,s-alkenyl). In one
embodiment, from two to six carbon atoms (C,s-alkenyl). In one embodiment, from two to four
carbon atoms (C,4-alkenyl). In one embodiment, examples of alkenyl groups include ethenyl; 1- or 2-
propenyl; 1-, 2- or 3-butenyl, or 1,3-but-dienyl; 1-, 2-, 3-, 4- or 5-hexenyl, or 1,3-hex-dienyl, or 1,3,5-
hex-trienyl; 1-, 2-, 3-, 4-, 5-, 6-, or 7-octenyl, or 1,3-octadienyl, or 1,3,5-octatrienyl, or 1,3,5,7-
octatetraenyl, or cyclopentenyl or cyclohexenyl. Correspondingly, the term “alkenylene” means the
corresponding biradical (-alkenyl-).

[00347] The term “alkynyl” as used herein refers to a straight or branched hydrocarbon chain
containing one or more triple bonds, including di-ynes, tri-ynes and poly-ynes. In one embodiment, the
alkynyl group comprises of from two to eight carbon atoms (C,s-alkynyl). In one embodiment, from
two to six carbon atoms (C,6-alkynyl). In one embodiment, from two to four carbon atoms (C;.4-
alkynyl). In one embodiment, examples of alkynyl groups include ethynyl; 1- or 2-propynyl; 1-, 2- or
3-butynyl, or 1,3-but-diynyl; 1-, 2-, 3-, 4- or 5-hexynyl, or 1,3-hex-diynyl, or 1,3,5-hex-triynyl; 1-, 2-,
3-,4-, 5-, 6-, or 7-octynyl, or 1,3-oct-diynyl, or 1,3,5-oct-triynyl, or 1,3,5,7-oct-tetraynyl.
Correspondingly, the term “alkynylene” means the corresponding biradical (-alkynyl-).

[00348] The terms “halo” and “halogen” as used herein refer to fluoro (-F), chloro (-CI), bromo
(-Br), and iodo (-I). Thus a trihalomethyl group represents, e.g., a trifluoromethyl group, or a
trichloromethyl group. In one embodiment, the terms “halo” and “halogen” designate fluoro or chloro.
[00349] The term “fluoroalkyl” as used herein refers to an alkyl group as defined herein which is
substituted one or more times with one or more fluoro. In one embodiment, a fluoroalkyl group is
substituted with one fluoro. In one embodiment, a fluoroalkyl group is substituted with two fluoros. In
one embodiment, a fluoroalkyl group is substituted with three or more fluoros. In one embodiment, the
term “fluoroalkyl” is perfluorinated, which, as used herein, refers to an alkyl group as defined herein
wherein all hydrogen atoms are replaced by fluoro atoms. In one embodiment, a fluoroalkyl group is
trifluoromethyl. In one embodiment, a fluoroalkyl group is pentafluoroethyl. In one embodiment, a
fluoroalkyl group is heptafluoropropyl.

[00350] The term “alkoxy” as used herein refers to an "alkyl-O-" group, wherein alkyl is as

defined herein.
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[00351] The term “hydroxyalkyl” as used herein refers to an alkyl group (as defined herein),
which alkyl group is substituted one or more times with hydroxy. In one embodiment, hydroxyalkyl

includes HO-CH,-, HO-CH;-CH,- and CH3-CH(OH)-.

[00352] The term “oxy” as used herein refers to an “-O-"" group.
[00353] The term “oxo0” as used herein refers to an “=0” group.
[00354] The term “amine” as used herein refers to primary (R-NH;, R # H), secondary (R,-NH,

R; # H) and tertiary (R3-N, R # H) amines. A substituted amine is intended to mean an amine where at
least one of the hydrogen atoms has been replaced by the substituent.

[00355] The term “carbamoyl” as used herein refers to a “H,N(C=0)-" group.

[00356] The term "aryl", as used herein, unless otherwise indicated, includes carbocyclic
aromatic ring systems derived from an aromatic hydrocarbon by removal of a hydrogen atom. Aryl
furthermore includes bi-, tri- and polycyclic ring systems. In one embodiment, aryl groups include
phenyl, naphthyl, indenyl, indanyl, fluorenyl, biphenyl, indenyl, naphthyl, anthracenyl, phenanthrenyl,
pentalenyl, azulenyl, and biphenylenyl. In one embodiment, aryl group is phenyl, naphthyl or indanyl.
In one embodiment, aryl group is phenyl. Any aryl used may be optionally substituted.
Correspondingly, the term “arylene” means the corresponding biradical (-aryl-).

[00357] The term "heteroaryl”, as used herein, refers to aromatic groups containing one or more
heteroatoms selected from O, S, and N. In one embodiment, the heteroaryl group has one to four
heteroatoms. In one embodiment, from one to three heteroatoms. In one embodiment, the heteroaryl
group contains from five to fourteen total atoms, wherein one or more atom is selected from O, S, and
N. In one embodiment, the heteroaryl group contains from five to ten total atoms, wherein one or more
atom is selected from O, S, and N. In one embodiment, the heteroaryl group contains from five to
seven total atoms, wherein one or more atom is selected from O, S, and N. In one embodiment, the
heteroaryl group contains five total atoms, wherein one or more atom is selected from O, S, and N. In
one embodiment, the heteroaryl group contains six total atoms, wherein one or more atom is selected
from O, S, and N. Heteroaryl furthermore includes bi-, tri- and polycyclic groups, wherein at least one
ring of the group is aromatic, and at least one of the rings contains a heteroatom selected from O, S,
and N. Heteroaryl also include ring systems substituted with one or more oxo moieties. In one
embodiment, heteroaryl groups include N-hydroxytetrazolyl, N-hydroxytriazolyl, N-
hydroxyimidazolyl, furanyl, triazolyl, pyranyl, thiadiazinyl, benzothiophenyl, dihydro-
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benzo[b]thiophenyl, xanthenyl, isoindanyl, acridinyl, benzisoxazolyl, quinolinyl, isoquinolinyl,
phteridinyl, azepinyl, diazepinyl, imidazolyl, thiazolyl, carbazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, oxazolyl, isothiazolyl, pyrrolyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, triazinyl, isoindolyl,
purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, 5,6,7,8-tetrahydro-
[1,2,4]triazolo[4,3,a]pyrazinyl, dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl,
tetrahydroisoquinolyl, cyclopentapyridinyl, cyclopenta-imidazolyl, benzofuryl, furopyridinyl,
pyrolopyrimidinyl, azaindolyl, pyrazolinyl, and pyrazolidinyl. Non-limiting examples of partially
hydrogenated derivatives are 1,2,3,4-tetrahydronaphthyl, 1,4-dihydronaphthyl, and 1-octalin.
Correspondingly, the term “heteroarylene” means the corresponding biradical (-heteroaryl-).

[00358] The term "heteroaryl”, as used herein, refers to aromatic groups containing one or more
heteroatoms selected from O, S, and N. In one embodiment, the heteroaryl group has one to four
heteroatoms. In one embodiment, from one to three heteroatoms. Heteroaryl furthermore includes bi-,
tri- and polycyclic groups, wherein at least one ring of the group is aromatic, and at least one of the
rings contains a heteroatom selected from O, S, and N. Heteroaryl also include ring systems
substituted with one or more oxo moicties. In one embodiment, heteroaryl groups include N-
hydroxytetrazolyl, N-hydroxytriazolyl, N-hydroxyimidazolyl, furanyl, triazolyl, pyranyl, thiadiazinyl,
benzothiophenyl, dihydro-benzo[b]thiophenyl, xanthenyl, isoindanyl, acridinyl, benzisoxazolyl,
quinolinyl, isoquinolinyl, phteridinyl, azepinyl, diazepinyl, imidazolyl, thiazolyl, carbazolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pyrazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, oxazolyl,
isothiazolyl, pyrrolyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, triazinyl, isoindolyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzotriazolyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, 5,6,7,8-tetrahydro-[1,2,4]triazolo[4,3,a]pyrazinyl, dihydroquinolyl, tetrahydroquinolyl,
dihydroisoquinolyl, tetrahydroisoquinolyl, cyclopentapyridinyl, cyclopenta-imidazolyl, benzofuryl,
furopyridinyl, pyrolopyrimidinyl, azaindolyl, pyrazolinyl, and pyrazolidinyl. Non-limiting examples of
partially hydrogenated derivatives are 1,2,3,4-tetrahydronaphthyl, 1,4-dihydronaphthyl, and 1-octalin.

Correspondingly, the term “heteroarylene” means the corresponding biradical (-heteroaryl-).

80



WO 2016/033169 PCT/US2015/046921

[00359] The term “heterocyclyl” as used herein, refers to cyclic non-aromatic groups containing
one or more heteroatoms selected from O, S, and N. In one embodiment, the heterocyclyl group has
from one to four heteroatoms. In one embodiment, one to three heteroatoms. In one embodiment, the
heterocyclyl group contains from three to fourteen total atoms, wherein one or more atom is selected
from O, S, and N. In one embodiment, the heterocyclyl group contains from three to ten total atoms,
wherein one or more atom is selected from O, S, and N. In one embodiment, the heterocyclyl group
contains from five to seven total atoms, wherein one or more atom is selected from O, S, and N. In one
embodiment, the heterocyclyl group contains five total atoms, wherein one or more atom is selected
from O, S, and N. In one embodiment, the heterocyclyl group contains six total atoms, wherein one or
more atom is selected from O, S, and N. Heterocyclyl furthermore includes bi-, tri- and polycyclic
non-aromatic groups, including fused, bridged, spiro, and mixed heterocyclyl groups, and at least one
of the rings contains a heteroatom selected from O, S, and N. Heterocyclyl also include ring systems
substituted with one or more oxo moieties. In one embodiment, examples of heterocyclic groups are
oxetane, pyrrolidinyl, pyrrolyl, 3H-pyrrolyl, oxolanyl, furanyl, thiolanyl, thiophenyl, pyrazolyl,
pyrazolidinyl, imidazolyl, imidazolidinyl, 3H-pyrazolyl, 1,2-oxazolyl, 1,3-oxazolyl, 1,2-thiazolyl, 1,3-
thiazolyl, 1,2,5-oxadiazolyl, piperidinyl, pyridinyl, oxanyl, 2-H-pyranyl, 4-H-pyranyl, thianyl, 2H-
thiopyranyl, pyridazinyl, 1,2-diazinanyl, pyrimidinyl, 1,3-diazinanyl, pyrazinyl, piperazinyl, 1,4-
dioxinyl, 1,4-dioxanyl, 1,3-diazinanyl, 1,4-oxazinyl, morpholinyl, thiomorpholinyl, 1,4-oxathianyl,
benzofuranyl, isobenzofuranyl, indazolyl, benzimidazolyl, tetrahydroisoquinolyl, cyclopentapyridinyl,
quinolinyl, isoquinolinyl, chromanyl, isochromanyl, 4H-chromenyl, 1H-isochromenyl, cinnolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, purinyl, naphthyridinyl, pteridinyl, indolizinyl, 1H-
pyrrolizinyl, 4H-quinolizinyl and aza-8-bicyclo[3.2.1]octane. Correspondingly, the term
“heterocyclylene” means the corresponding biradical (-heterocyclyl-).

[00360] The term “heterocyclyl” as used herein, refers to cyclic non-aromatic groups containing
one or more heteroatoms selected from O, S, and N. In one embodiment, the heterocyclyl group has
from one to four heteroatoms. In one embodiment, one to three heteroatoms. Heterocyclyl
furthermore includes bi-, tri- and polycyclic non-aromatic groups, and at least one of the rings contains
a heteroatom selected from O, S, and N. Heterocyclyl also include ring systems substituted with one or
more 0oxo moieties. In one embodiment, examples of heterocyclic groups are oxetane, pyrrolidinyl,

pyrrolyl, 3H-pyrrolyl, oxolanyl, furanyl, thiolanyl, thiophenyl, pyrazolyl, pyrazolidinyl, imidazolyl,
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imidazolidinyl, 3H-pyrazolyl, 1,2-oxazolyl, 1,3-oxazolyl, 1,2-thiazolyl, 1,3-thiazolyl, 1,2,5-
oxadiazolyl, piperidinyl, pyridinyl, oxanyl, 2-H-pyranyl, 4-H-pyranyl, thianyl, 2H-thiopyranyl,
pyridazinyl, 1,2-diazinanyl, pyrimidinyl, 1,3-diazinanyl, pyrazinyl, piperazinyl, 1,4-dioxinyl, 1,4-
dioxanyl, 1,3-diazinanyl, 1,4-oxazinyl, morpholinyl, thiomorpholinyl, 1,4-oxathianyl, benzofuranyl,
isobenzofuranyl, indazolyl, benzimidazolyl, tetrahydroisoquinolyl, cyclopentapyridinyl, quinolinyl,
isoquinolinyl, chromanyl, isochromanyl, 4H-chromenyl, 1H-isochromenyl, cinnolinyl, quinazolinyl,
quinoxalinyl, phthalazinyl, purinyl, naphthyridinyl, pteridinyl, indolizinyl, 1H-pyrrolizinyl, 4H-
quinolizinyl and aza-8-bicyclo[3.2.1]octane. Correspondingly, the term “heterocyclylene” means the
corresponding biradical (-heterocyclyl-).

[00361] The term “N-heterocyclic ring” as used herein, refers to a heterocyclyl or a heteroaryl as
defined herein having at least one nitrogen atom, and being bound via a nitrogen atom. In one
embodiment, examples of N-heterocyclic rings include pyrrolidinyl, pyrrolyl, 3H-pyrrolyl, pyrazolyl,
pyrazolidinyl, imidazolyl, imidazolidinyl, 3H-pyrazolyl, 1,2-oxazolyl, 1,2-thiazolyl, 1,3-thiazolyl,
piperidinyl, pyridinyl, pyridazinyl, pyrazinyl, piperazinyl, morpholinyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazolyl, pyrazinyl, tetrazolyl, and the like.

Isomers

[00362] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, may exist as geometric isomers (i.e., cis-trans isomers), optical isomers or
stereoisomers, such as diastercomers, as well as tautomers. Accordingly, it should be understood that
the definition of the compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, includes each and every individual isomer corresponding to the structural formula of
the compound of the application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof,
including cis-trans isomers, stereoisomers and tautomers, as well as racemic mixtures of these. Hence,
the definition of the compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, is also intended to encompass all R- and S-isomers of a chemical structure in any ratio,
e.g., with enrichment (i.e. enantiomeric excess or diastercomeric excess) of one of the possible isomers
and corresponding smaller ratios of other isomers.

[00363] Diastereoisomers, i.e., non-superimposable stereochemical isomers, can be separated by

conventional means such as chromatography, distillation, crystallization or sublimation. The optical
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isomers can be obtained by resolution of the racemic mixtures according to conventional processes, for
example by formation of diastercoisomeric salts by treatment with an optically active acid or base.
Examples of appropriate acids include, without limitation, tartaric, diacetyltartaric, dibenzoyltartaric,
ditoluoyltartaric and camphorsulfonic acid. The mixture of diastereomers can be separated by
crystallization followed by liberation of the optically active bases from these salts. An alternative
process for separation of optical isomers includes the use of a chiral chromatography column optimally
chosen to maximize the separation of the enantiomers. Still another available method involves
synthesis of covalent diastereoisomeric molecules by reacting compounds of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, with an optically pure acid in an
activated form or an optically pure isocyanate. The synthesized diastereoisomers can be separated by
conventional means such as chromatography, distillation, crystallization or sublimation, and then
hydrolyzed to obtain the enantiomerically pure compound. Optically active compounds of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, can likewise be
obtained by utilizing optically active starting materials and/or by utilizing a chiral catalyst. These
isomers may be in the form of a free acid, a free base, an ester or a salt. Examples of chiral separation
techniques are given in Chiral Separation Techniques, A Practical Approach, 2" ed. by G.

Subramanian, Wiley-VCH, 2001.

Pharmaceutically acceptable salts

[00364] The compounds of the application may be provided in any form suitable for the intended
administration, in particular including pharmaceutically acceptable salts, solvates and prodrugs of the
compound of the application.

[00365] Pharmaceutically acceptable salts refer to salts of the compounds of the application,
which are considered to be acceptable for clinical and/or veterinary use. Typical pharmaceutically
acceptable salts include those salts prepared by reaction of the compounds of The application a mineral
or organic acid or an organic or inorganic base. Such salts are known as acid addition salts and base
addition salts, respectively. It will be recognized that the particular counter-ion or multiple counter-ions
forming a part of any salt is not of a critical nature, so long as the salt as a whole is pharmaceutically
acceptable and as long as the counter-ion does not contribute undesired qualities to the salt as a whole.

These salts may be prepared by methods known to the skilled person. Pharmaceutically acceptable salts
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are, e.g., those described and discussed in Remington's Pharmaceutical Sciences, 17. Ed. Alfonso R.
Gennaro (Ed.), Mack Publishing Company, Easton, PA, U.S.A., 1985 and more recent editions and in
Encyclopedia of Pharmaceutical Technology.

[00366] Examples of pharmaceutically acceptable addition salts include acid addition salts
formed with inorganic acids e.g., hydrochloric, hydrobromic, sulfuric, nitric, hydroiodic,
metaphosphoric, or phosphoric acid; and organic acids e.g., succinic, maleic, acetic, fumaric, citric,
tartaric, benzoic, trifluoroacetic, malic, lactic, formic, propionic, glycolic, gluconic, camphorsulfuric,
isothionic, mucic, gentisic, isonicotinic, saccharic, glucuronic, furoic, glutamic, ascorbic, anthranilic,
salicylic, phenylacetic, mandelic, embonic (pamoic), ethanesulfonic, pantothenic, stearic, sulfinilic,
alginic and galacturonic acid; and arylsulfonic, for example benzenesulfonic, p-toluenesulfonic, oxalic,
methanesulfonic or naphthalenesulfonic acid; and base addition salts formed with alkali metals and
alkaline earth metals and organic bases such as N,N-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine), lysine and procaine; and internally

formed salts.
Solvates

[00367] The compound of The application may be provided in dissoluble or indissoluble forms
together with a pharmaceutically acceptable solvent such as water, ethanol, and the like. Dissoluble
forms may also include hydrated forms such as the mono-hydrate, the dihydrate, the hemihydrate, the
trihydrate, the tetrahydrate, and the like.

Isotopic variations

[00368] Elemental symbols and element names are used herein to include isotopes of the named
elements. In particular one, some, or all hydrogens may be deuterium. Radioactive isotopes may be
used, for instance to facilitate tracing the fate of the compounds or their metabolic products after

administration.

Methods for preparing compounds of the application

[00369] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, as defined herein may be prepared by conventional methods of chemical synthesis,

e.g., those described in the working examples, and starting from readily available starting materials.
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The starting materials for the processes described in the present application are known or may readily

be prepared by conventional methods from commercially available chemicals. The final products of

the reactions described herein may be isolated by conventional techniques, e.g., by extraction,

crystallization, distillation, or chromatography.

[00370]

Generally, the compounds of the application may be prepared according to synthetic

routes A, B, C, or D. These synthetic routes are given as non-limiting examples on how the

compounds of the application may be prepared.

Synthetic Routes
[00371] Synthetic Route A
General . General
Reagents » amino ester » Compounds of Formula (I)
Procedure B Procedure A
[00372] Synthetic Route B
G G 1 Bromo G I Boc
eneral Bromo enera o enera )
Reagent > i »  pyridine »  Amino
Procedure B pyridine  procedure D Boc Procedure ¢ ester
amine . e
amine pyridine
General
> Compounds of Formula (1)
Procedure A
[00373] Synthetic Route C
General General General
Procedure B Amino  Procedure E Amino Procedure E
Reagents Ester Ester Compounds of Formula ([)
[00374] Synthetic route D

&5




WO 2016/033169 PCT/US2015/046921

OO
N General Amino General Boc Amino Reduction
_—
| — ™ ester ester
R™N? H procedure B procedure D
(0]
iami Acylation
Boc Amino m Boc Amino Hemiaminal  Boc Amino ylaton |
methyl alcohol procedure | aldehyde formation hemiaminal
Boc Amino General
trifluoro acetamide Compounds of
hemiaminal procedure @ formula |
[00375 Useful general procedures to prepare the compounds of the application include general
g p prep p pp g

procedures A-U. These procedures are given as non-limiting examples on how the compounds of the

application may be prepared.

General Procedures

General Procedure A (Ester hydrolysis)

[00376] The ester was dissolved in a solvent such as MeOH-THF-H,0 (1:1:1) and an alkali
hydroxide such as KOH (1.0 equivalent (eq)) was added. The reaction mixture was stirred at room
temperature. Solvents were removed in vacuo to give the alkali salt of the product. The product was

optionally deprotected and purified by chromatography if needed.
General Procedure B (Reductive Amination)

[00377] A solution of aldehyde and amine with optionally protected functional groups (1.3
equiv.) in a solvent such as 1,2-dichloroethane was stirred for 1-24 hours at room temperature, before
NaBH(AcO)s (2 equivalents) was added. The mixture was stirred at room temperature. The product

was optionally deprotected and purified by chromatography if needed.
General Procedure C (Suzuki-Miyaura cross coupling)

[00378] [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (Pd(dppf).Cl,) (0.03 eq),
potassium alkynyl trifluoroborate (2.0 eq) and tricthylamine (Et:N) (1.5 eq) were added to a solution of
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a bromide in a solvent such as THF. The reaction mixture was refluxed. Solvents were removed in

vacuo and the product was purified by chromatography if needed.

General Procedure D (Boc protection of amines)

[00379] Di-tert-butylcarbonate (Boc,0) (1.2 eq) and NaHCOs; (4.0 eq) were added to a solution
of amine in THF/H,0.The reaction mixture was stirred at room temperature. Evaporation gave the title

compound which was purified by chromatography if needed.
General Procedure E (Reduction of nitriles, azides, and oximes)

[00380] A slurry of a nitrile, azide, or oxime and Pd/C in a solvent such as MeOH was stirred in

the presence of H,. The product was isolated by filtration and purified chromatography if needed.
General Procedure F (Nucleophilic substitution of sulfonate)

[00381] A nucleophile, such as an azide (2.0 eq), was added to a solution of a sulfonate ester in
a solvent such as dimethylformamide and the product was isolated by concentration of the reaction
mixture. Trituration with a solvent such as dichloromethane and purification by chromatography if

needed.
General Procedure G (Formation of sulfonate ester)

[00382] An alcohol dissolved in a solvent such as dichloromethane was treated with sulfonyl
chloride (2 eq) and tricthylamine (2 eq). The product was isolated by aqueous workup and
chromatography if needed.

General Procedure H (Formation of oxime)

[00383] Hydroxylamine hydrochloride (1.3 eq) and Na,COs (0.5 eq) was added to a suspension
of aldehyde in a solvent such as H,O at 0 °C. The reaction mixture was stirred at room temperature.
Filtration at 0 °C afforded the title compound or the product was isolated after workup and

chromatography if needed.

General Procedure I (Oxidation of benzylic alcohol)
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[00384] A mixture of the benzylic alcohol can be oxidized by MnQO,, Dess-Martin periodinane,
or by Swern Oxidation in a solvent such as toluene or dichloromethane. Filtration, aqueous work-up,

and purification by chromatography, if necessary, can afford the title compound.
General Procedure J (Phthalimide to primary amine)

[00385] Hydrazine monohydrate (1.5 eq) was added to a solution of alkyl phthalimide in a
solvent such as EtOH (ethanol). The reaction mixture was refluxed for 3 hours. The mixture was
filtered at 0 °C and evaporation of the filtrate gave the title compound, which was purified by
chromatography if needed.

General Procedure K (Mitsunobu reaction)

[00386] An azodicarbonyl compound (1.3 eq), such as 1,1’-(azodicarbonyl)dipiperidine, PPh;
(1.3 eq) and a suitable nucleophile such as phthalimide (1.3 eq), were added to a solution of the alcohol
in a solvent such as THF. The reaction mixture was stirred at room temperature. The mixture was
filtered at 0 °C and workup afforded the title compound which was purified by chromatography if

needed.
General Procedure L (2 (or 6)-hydroxymethyl pyridine from 2 (or 6)-methyl pyridine)

[00387] m-CPBA (meta-chloroperoxybenzoic acid) (1.2 eq) was added to a solution of 2-methyl
pyridine in DCM (dichloromethane) at 0 °C and the resulting mixture was then stirred at room
temperature. The resulting residue from an aqueous workup was dissolved in DCM and TFAA
(trifluoroacetic anhydride) (10 eq). The mixture was then stirred at room temperature. Aqueous work

up afforded the title compound which was purified by chromatography if needed.
General Procedure M (Alkyl ethers from alcohols)

[00388] NaH (60% in mineral oil, 1.5 eq) and an alkyl halide such as methyl iodide (3 .0 eq)
were added to a solution of a primary alcohol in DMF (dimethylformamide). The mixture was stirred at
room temperature overnight. Aqueous work up gave the title compound which was purified by

chromatography if needed.

General Procedure N (Substitution of aromatic compounds)
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[00389] To a solution of the aromatic compound in a solvent such as THF at -78 °C was added
n-butyllithium (1 eq) followed by freshly distilled DMF (1 eq) and the resulting mixture was stirred at
0 °C. Aqueous work up provided the title compound which was purified by chromatography if needed.

General Procedure O (Synthesis of 1,5-substituted imidazoles)

[00390] A mixture of alkyl aldehyde, alkylamine, and tosyl methylisocyanide in an anhydrous
solvent such as DMF were stirred at room temperature. Aqueous work up provided the title compound,

which was purified by chromatography if needed.
General Procedure P (Synthesis of triazole)

[00391] Prepared from literature procedure (Ref: Journal of Medicinal Chemistry, 2007, 50,

1939 — 1957) from [(t-butoxycarbonyl)amino]acetic acid, amine and other suitable reagents .
General Procedure Q (Removal of protecting group)

[00392] Acid such as hydrochloric acid, trifluoroacetic acid, or acetic acid was added at room
temperature to a solution of the methyl 2- {[(tert-butyldimethylsilyl)oxymethyl}-6-{[({4-[(4-

fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl } methyl)amino]methyl } pyridine-4-carboxylate in solvent
such as water, THF, or DCM. The reaction mixture was stirred 1 hour to overnight. The product was

isolated by concentration and column chromatography if needed.
General Procedure R (Cyano insertion)

[00393] A compound such as 2-methoxy-5-phenethoxypyridine 1-oxide in a solvent such as
DCM was treated with reagents such as dimethylcarbamoyl chloride and trimethylsilyl chloride for
12h. The product was isolated by aqueous workup and chromatography if needed.

General Procedure S (Formation of N-oxide)

[00394] Oxidizing agent such as m-CPBA (meta-chloroperoxybenzoic acid) was added to a
solution of 2-methoxy-5-(2-phenylethoxy)pyridine in solvent such as dichloromethane at 0 °C and the
resulting mixture was then stirred at room temperature. The product was isolated by aqueous workup

and chromatography if needed.

General procedure T (N or O-alkylation)
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[00395] 6-Methoxypyridin-3-ol in a solution such as DMF or THF was added base such as
K,COj; and (2-bromoethyl)benzene. The mixture can be heated or at room temperature overnight. The

product was isolated by aqueous workup and chromatography if needed.
General Procedure U (Formation of silyl ether)

[00396] Tert-butyldimethylsilyl chloride was added to a solution of alcohol (methyl 2,6-
bis(hydroxymethyl)pyridine-4-carboxylate), tricthylamine and 4-dimethylaminopyridine in solvent
such as dichloromethane at 0 °C, stirred at room temperature overnight. The product was isolated by
aqueous workup and chromatography if needed.

[00397] Other methods that may be useful to prepare the compounds of the application include
methods A through Q, AA through EE, VV through ZZ, and AB through AS. These methods are given
as non-limiting examples on how the compounds of the application may be prepared.

[00398] Useful methods for the generation of intermediates in route to compounds of the

application are described in Example 1.

Preparation of Compounds of Formula (1): Q is C(O)R?!

Scheme 1
o =21 o OH
NN ]
L — O
= N Y
R19J\N/ N R N S
(l) R18 R18
Method A
[00399] The compound of Formula (I) may be prepared according to scheme 1 at room

temperature, or by heating for up to several hours by use of a solvent such as DMSO, an alcohol, or
tetrahydrofuran, and a base such as LiOH, KOH, or NaOH. A purification method such as silica gel
chromatography is employed if needed.

Method B
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[00400] The compound of Formula (I) may be prepared according to scheme 1 at room
temperature, or by heating for up to several hours by use of a solvent such as water, DMSQ, an alcohol,

or tetrahydrofuran, and an aqueous acid. A purification method such as silica gel chromatography is

employed if needed.
Scheme 2
O OH
X
AN ]
(Y 1 1]
= N Y
R19J\N/ S~ R N S
@) g R18
Method C
[00401] The compound of Formula (T), where R' is a suitable amine protecting group (i.e., tert-

butoxy carbonyl (Boc)) or as defined above, may be prepared from halides or triflates (ii) (X= halogen,
OTY) according to scheme 2 either at room temperature or by heating for several hours in a solvent
such as toluene or tetrahydrofuran in the presence of a base such as cesium carbonate or potassium tert-
butoxide, a catalyst such as Pd complex and optionally a salt such as lithium chloride and carbon

monoxide. A purification method such as silica gel chromatography is employed if needed.

Preparation of Compounds of Formula (I): Q is CH,NHR "

Scheme 3
Q
B
N Y
R1® N/ \A/

Method D
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[00402] Compounds of Formula (I) may be prepared from intermediate (iii) according to scheme
3, where R’ is a suitable protecting group or R', in one-pot or by a stepwise procedure by mixing with
an amine, optionally containing orthogonal protected reactive sites, and a reducing agent such as
NaBH4, NaBH(OACc)s;, NaCNBH3, or Et;SiH, either at room temperature or by heating for up to several
hours in a solvent such as an alcohol, DCE, DCM, water, or toluene, and by optionally adding a
catalyst such as an acid or a Lewis acid. Optionally, protecting groups may be removed and a

purification method such as silica gel chromatography is employed if needed.

Scheme 4
(l)H
N\ Q
\ .
(1, — U
— N Y
R19J\N/ N\A/Y R19 N N
@) Ris R
Method E
[00403] Compounds of Formula (I) may be prepared from oximes (iv), optionally containing

orthogonally protected reactive sites, according to scheme 4, where R’ is a suitable protecting group or
R', by use of reducing agents, such as a hydrogen atmosphere over a suitable catalyst, such as
palladium on charcoal, in a suitable solvent, such as an alcohol. Optionally, protecting groups may be

removed and a purification method such as silica gel chromatography is employed if needed.

Scheme 5

Q
]
|v|| N L J/i\ X T
= N Y
0 N
R'IQJ\N/ R19 N A
) R18 R
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Method F

[00404] Compounds of Formula (I) may be prepared from intermediate (v) according to scheme

5 analogously to Method D.

Scheme 6
Q Q
M AN T ] . J\/i\ AN T1
R19J|\N/ i R™ N/ N\A/Y
(Vi) R‘]8 R18
Method G
[00405] Compounds of Formula (I) may be prepared according to scheme 6 using a suitable

solvent such as toluene or tetrahydrofuran, a base such as cesium carbonate or potassium t-butoxide, a
suitable catalyst such as Pd,(dba)s, optionally a suitable salt such as lithium chloride and the desired
electrophile such as aryl bromide or heteroaryl bromide. The compounds of Formula (I) are generated
at room temperature or by heating for several hours, such as for 2 to 5 hours. Optionally, protecting

groups may be removed and a purification method such as silica gel chromatography is employed if

needed.

Method H

[00406] Compounds of Formula (I) may be prepared from amines according to scheme 6
according to Method D.

Method [

[00407] The compounds of Formula (I) may be prepared according to scheme 6 by use of a

solvent such as DMF or THF, a base such as sodium hydride or cesium carbonate and a suitable
electrophilic species such as an epoxide, a heteroaromatic chloride, an aliphatic, allylic or benzylic
bromide, chloride or sulfonate, or a carbonyl chloride. Optionally, protecting groups may be removed

and a purification method such as silica gel chromatography is employed if needed.
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Scheme 7
o) NHR'? Q
M T' — J/i\ N T'
R19J|\N/ N\A/ Y R™ N/ N\A/Y
(vii) R18 RS
Method J
[00408] Compounds of Formula (I) may be prepared from amides (vii), optionally containing

orthogonal protected reactive sites, according to scheme 7, where R’ is a suitable protecting group or
R', by use of reducing agents, such as lithium aluminium hydride or borane-complexes, in a suitable
solvent, such as an ether or tetrahydrofuran. Optionally, protecting groups may be removed and a

purification method such as silica gel chromatography is employed if needed.

Preparation of Compounds of Formula (I): Q is CH=NR !

Scheme 8

AN :
M R — Ni T
J|\ ’L Y 19J\ Z N\ -~ Y
R19 N/ 7 R N A
(vii) R R'®
Method K
[00409] Compounds of Formula (I) may be prepared from intermediate (viii) according to

scheme 8, where R’ is a suitable protecting group or R', by mixing with an amine, optionally
containing orthogonally protected reactive sites, either at room temperature or by heating for up to

several hours in a solvent such as an alcohol, DCE, DCM, water, or toluene, and by optionally adding a
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catalyst such as a Lewis acid. Optionally, protecting groups may be removed and a purification method

such as silica gel chromatography is employed if needed.

Preparation of Compounds of Formula (I): Q is CH=0

Scheme 9
HO Q
VN R —_ = J’i\ N T'
R19J|\N/ IL\A/Y R19 N/ N\A/Y
@ s R'8
Method L
[00410] Compounds of Formula (I) may be prepared according to scheme 9, where R’ is a

suitable protecting group or R', by a Swern or alternatively a Dess-Martin oxidation of the alcohol to

aldehyde. Optionally, protecting groups may be removed and a purification method such as silica gel

chromatography is employed if needed.

Scheme 10
O O
\Alkyl Q
\ '
M R  ——— Ni T
J|\ IL Y J\ F N
R19 N/ N R1° N A
(X) R18 R18
Method M
[00411] Compounds of Formula (I) may be prepared from esters (x), where R’ is a suitable

protecting group or R', optionally containing orthogonal protected reactive sites, according to scheme

10, by use of reducing agents, such as DIBAL-H, in a suitable solvent, such as toluene. Optionally,
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protecting groups may be removed and a purification method such as silica gel chromatography is

employed if needed.
Scheme 11
X Q
M7 R — J’i\ N T'
R19J|\N/ IL\A/Y R19 N/ N\A/Y
(xi) R18 R
Method N
[00412] Compounds of (I) may prepared at low temperature, e.g., at -78 °C, from halides (xi),

where R’ is a suitable protecting group or R', optionally containing orthogonal protected reactive sites
according to scheme 11 (X designates a halogen atom) by halogen metal exchange, e.g., by treatment
with an alkyl lithium reagent, followed by addition of DMF in a solvent, such as dichloromethane.
Optionally, protecting groups may be removed and a purification method such as silica gel

chromatography is employed if needed.

Preparation of Compounds of Formula (I): Q is CH(OR"),

Scheme 12
O
A Q

\ '
= N Y

R1QJ\N/ N\A/Y R19 N \A/

(xii) R18 R
Method O
[00413] Compounds of Formula (I) may prepared from intermediates (xii) according to scheme

12 by stirring in an alcohol in the presence of a Lewis acid or an acid, such as HCI or pyridinium

toluene-4-sulfonate, optionally by reacting with trialkyl orthoformate or in the presence of a drying
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agent such as an inorganic dry salt, or with azeotropic removal of water, at room temperature or by
heating for several hours depending on the method. Optionally, protecting groups may be removed and

a purification method such as silica gel chromatography is employed if needed.

Preparation of Compounds of Formula (I): Q is W and R!®is H

Method P

[00414] Compounds of Formula (I) may prepared from intermediates (xii) according to scheme
12 by stirring in a diamine, an amino alcohol or an amino thiol, optionally in the presence of an acid
such as HCI or pyridinium toluene-4-sulfonate, optionally in the presence of a drying agent such as an
inorganic dry salt, molecular sieves, or with azeotropic removal of water, at room temperature or by
heating for several hours depending on the method. Optionally, protecting groups may be removed and

a purification method such as silica gel chromatography is employed if needed.

Preparation of Compounds of Formula (1): Q is W and R is not H

Method Q

[00415] Compounds of Formula (I) may prepared from the aforementioned compound where Q

is W and R'® is -H, by reacting with a suitably activated acyl group such as an acyl halide or acyl
anhydride at room temperature or by heating for several hours in a solvent such as dichloroethane or
THEF. Optionally, protecting groups may be removed and a purification method such as silica gel

chromatography is employed if needed.

Preparation of Reagents and Intermediates in route to Compounds of Formula (1)

Scheme 13
o R21 0) R21
M \ l\/i \ T‘I
| J\ P N Y
RmJ\N/ © R N o
(xiii)  R18 @ R
Method AA
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[00416] Intermediates (i) may be prepared from intermediates (xiii) according to scheme 13 in
one-pot or by a stepwise procedure by mixing with an amine, optionally containing orthogonal
protected reactive sites, and a reducing agent such as NaBH4 , NaBH(OAc¢)s;, NaCNBH3, or Et;SiH,
either at room temperature or by heating for up to several hours in a solvent such as an alcohol, DCE,
DCM, water, or toluene, and by optionally adding a catalyst such as an acid or a Lewis acid. Optionally,
protecting groups may be removed and a purification method such as silica gel chromatography is

employed if needed.

Scheme 14

X X
o ) 1
R19J\N/ © R19J\N/ N\A/Y
R18

(xiv) (ii)
Method BB

[00417] Intermediates (ii) may be prepared from intermediates (xiv) according to Scheme 14

analogously to Method AA.

Scheme 15

e} R21
O — SO
N Y
R19J\N/ N\)kOH R™® N/ 7
R18

R1® (xv) (ia)
Method CC

[00418] Intermediates (ia) may be prepared from (xv) according to scheme 15, where R'is a
suitable protecting group or R, by use of a solvent such as DMF or THF, a base such as a hindered

tertiary amine, a dehydrating agent such as EDCI or DCC and an amine, and by mixing at or above
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room temperature for a period up to several hours. Optionally, said protecting group may be removed,

and a purification method such as silica gel chromatography is employed if needed.

Scheme 16
X
X
\ .
(Y 11 — U
= N Y
F N\)k 19 N,
R N OH R N A
18
R1®  (xvi) (iia) R
Method DD
[00419] Intermediates (iia) may be prepared from (xvi) according to scheme 16 analogously to
Method CC.
Scheme 17
o) R?1 ° R
\ .
(Y 1 p L A
P N\)k
R19J\N/ N e RS N OH
R18 (xvii) (xv) R
Method EE
[00420] Intermediates (xv) may be prepared according to scheme 17 from (xvii), where R' is a

suitable protecting group or R' and R" is an orthogonal protecting group. R" may be selectively
removed, such as by removal of R": tert-Bu in presence of R': CF;CO- by treating with trifluoroacetic
acid in a solvent such as dichloromethane at room temperature for several hours. A purification method

such as silica gel chromatography is employed if needed.

Scheme 18
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X X

X T o . J\/i\ X T 0

R19J\N/ N\)J\O/ R R19 N/ N\)kw
R18  (xviii) (xvi) *

Method FF
[00421] Intermediates (xvi) may be prepared from (xviii) according to scheme 18 analogously to
Method EE.
Scheme 19

o o 0 R21
R19J|\N/ N\A/Y R19 N/ N\A/Y\Rs

R1S (xix) T

Method GG
[00422] Intermediates (xx) may be prepared from intermediates (xix) according to scheme 19 in

one-pot or by a stepwise procedure by mixing the amine (R': R' or a suitable protecting group) with an
aldehyde and a reducing agent such as NaBH4, NaBH(OAc);, NaCNBH3, or Et;SiH, either at room

temperature or by heating for up to several hours in a solvent such as an alcohol, DCE, DCM, water, or
toluene, and optionally adding a catalyst such as an acid or a Lewis acid. Optionally, protecting groups

may be removed and a purification method such as silica gel chromatography is employed if needed.

Method HH

[00423] Intermediates (xx) may be prepared from (Xix) according to scheme 19 by use of a

solvent such as DMF or THF, optionally a base, and a suitable electrophilic species such as an epoxide,
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an aliphatic, allylic or benzylic bromide, chloride, or sulfonate. A purification method such as silica gel

chromatography is employed if needed.

Scheme 20
X X
VN R — Jvi\ N TI
RmJ\N/ 'L\A/Y R S S N
R18 (xxi) (xxii) R
Method 11
[00424] Intermediates (xxii) may be prepared from (xxi) according to scheme 20 analogously to
Method GG.
Method JJ
[00425] Intermediates (xxii) may be prepared from (xxi) according to scheme 20 analogously to
Method HH.
Scheme 21
o R2! o) R?1
VN R —_— M| N T1
R19J|\N/ r\llH Rng\N/ N\A/Y
R'8 (xxiii) (xxiv) b
Method KK
[00426] Intermediates (xxiv) may be prepared from intermediates (xxiii) according to scheme 21

in one-pot or by a stepwise procedure by mixing with an aldehyde or ketone, optionally containing
orthogonal protected reactive sites, and a reducing agent such as NaBH4, NaBH(OAc);, NaCNBH3, or

Et;SiH, either at room temperature or by heating for up to several hours in a solvent such as an alcohol,
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DCE, DCM, water, or toluene, and optionally adding a catalyst such as an acid or a Lewis acid.
Optionally, protecting groups may be removed and a purification method such as silica gel

chromatography is employed if needed.

Scheme 22
X
X
\ 1
() 1 — U
Z N Y
R19J\N Z NH R19 N \A ~
18
R18 (xxv) (xxvi) R

Method LL
[00427] Intermediates (xxvi) may be prepared from intermediates (xxv) according to scheme 22
analogously to Method KK.
Scheme 23

o R?1 & R’

(Y 1 — 11

| |
N Y = N Y
R'8 (xxvii) (xxviii) R'®

Method MM
[00428] Intermediates (xxviii) (R": R' or a suitable protecting group) may be prepared from

intermediates (xxvii) according to scheme 23 either at room temperature or by heating for up to several
hours by use of a solvent such as toluene or tetrahydrofuran, an alkynyl trihalogen borate, a base such
as triethylamine, cesium carbonate, or potassium tert-butoxide, and a catalyst such as palladium

complex. A purification method such as silica gel chromatography is employed if needed.

Scheme 24
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Method NN
[00429] Intermediates (xxx) may be prepared from intermediates (xxix) according to scheme 24
analogously to Method D.
Scheme 25
0 0
\Pg \Pg
MO |v|| X T'
|
J\ 0 = N Y
RS N/ R N a7
R'™® (xxxi) (xxit) R
Method OO
[00430] Intermediates (xxxii), where Pg designates a suitable protecting group, such as TBMDS

or TIPS, may be prepared from intermediates (xxxi) according to scheme 25 analogously to Method D.

Scheme 26
o) (o) (0 O
\Alkyl \Alkyl
M X R' 0 M X R'
L OH R N S
R™®  (xxxiif) (xxxiv) R
Method PP
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[00431] Intermediates (xxxiv) be prepared according to scheme 26, where R’ is a suitable
protecting group or R, by use of a solvent such as DMF or THF, a base such as a hindered tertiary
amine, a dehydrating agent such as EDCI or DCC and an amine, and by mixing at or above room
temperature for a period up to several hours. Optionally, the said protecting group may be removed,

and a purification method such as silica gel chromatography is employed if needed.

Scheme 27
O O
\Pg \Pg
'Vi AN T' o I\/I| X T,
—_— >
N\)j\ J\ & N d
R‘IQJ\ N/ OH R19 N \A/
R'® (xxxv) (xxxvi) R
Method QQ
[00432] Intermediates (xxxvi) may be prepared according to scheme 27 from intermediates
(xxxv) analogously to Method PP.
Scheme 28
O 0] O 0]
\Alkyl \Alkyl
VR R 0 M| X T‘ o
| |
N\)J\ J\ & N\)J\
RWJ\N/ OR" R N OH
R™®  (xxxvii) (xxxviity R™
Method RR
[00433] Intermediates (xxxviii) may be prepared according to scheme 28 from intermediates

(xxxvii), where R’ is a suitable protecting group or R' and R** is an orthogonal protecting group, which
may be selectively removed, such as removal of R”’: tert-Bu in presence of R’: CF3CO by treating with
trifluoroacetic acid in a solvent such as dichloromethane at room temperature for several hours. A

purification method such as silica gel chromatography is employed if needed.
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Scheme 29
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Method SS
[00434] Intermediates (xxxx) may be prepared according to scheme 29 analogously to Method
RR.
Scheme 30
JSY \)J\ - JSY \)J\
(xxxxi) (xxxxii) R
Method TT
[00435] Intermediates (xxxxii) may be prepared according to scheme 30 analogously to Method
RR.
Scheme 31
0] o) 0O e}
\Alkyl “alkyl
AIkyI
M M
R19 N R19 N
R'® (xxxxiii) (xxxxiv) R'®
Method UU
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[00436] Intermediates (xxxxiv) may be prepared from aldehydes and intermediates (xxxxiii)

according to scheme 31 analogously to Method D.

[00437] Intermediates (xxxxiv) may be prepared according to scheme 31 analogously to Method
L.

Scheme 32

X X
/H /Alkyl
R® "N A r RS N/ A r
R'8 (XXXXV) (xxxxvi) R'®

Method VV

[00438] Intermediates (xxxxvi) may be prepared according to scheme 32 analogously to Method
Uu.

[00439] Intermediates (xxxxvi) may be prepared according to scheme 32 analogously to Method
L.

Scheme 33

0 0
\Pg \Pg
/H /Alkyl
MO R’ N VI R N
R "N it r RS SN S :
R™®  (xxxxvii) (xxxxviii) R'8

Method WW

[00440] Intermediates (xxxxviii) may be prepared according to scheme 33 analogously to
Method UU.

[00441] Intermediates (xxxxviii) may be prepared according to scheme 33 analogously to
Method 1
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Scheme 34

Alkyl AIkyI
AIkyI
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R'® (xxxxix)

Method XX
[00442] Intermediates (L) may be prepared from aldehydes and intermediates (xxxxix)
according to scheme 34 analogously to Method D.
[00443] Intermediates (L) may be also prepared according to scheme 34 analogously to Method
L
Scheme 35
X
T‘ /|\Iky|
—_—
J\ \ / ~k J\ Z AN N
A R,
(LD) (Lm R
Method YY
[00444] Intermediates (LIT) may be prepared from aldehydes according to scheme 35
analogously to Method D.
[00445] Intermediates (LII) may be prepared according to scheme 35 analogously to Method 1.
Scheme 36
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[00446]

Intermediates (LIV) may be prepared from aldehydes according to scheme 36
analogously to Method D.

[00447] Intermediates (LIV) may be prepared according to scheme 36 analogously to Method 1.
Scheme 37
0] 0) O e}
\Alkyl \Alkyl
VN R' M R'
J'\ = ’\llH | r\ll Y
R'® N R19 N/ ~
R'® R18
(LV) (LVI)
Method AB
[00448] Intermediates (LVI) may be prepared according to scheme 37 analogously to Method D.
Scheme 38
X X
M X R' M X R'
J|\ F ’\llH J'\ l\ll Y
R'9 N R19 N/ \A/
R18 R18
(LVID) (LVIID
Method AC
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[00449] Intermediates (LVIII) may be prepared according to scheme 38 analogously to Method
D.
Scheme 39
O 0
\Pg \Pg
M X R' M X R'
J|\ Z l\llH J|\ l\ll Y
R'® N R19 N/ \A/
R18 R18
(LIX) (LX)
Method AD
[00450] Intermediates (LX) may be prepared according to scheme 39 analogously to Method D.
Scheme 40
O o
\Alkyl O\
M X R' M X R'
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Method AE
[00451] Intermediates (LXII) may be prepared from esters (LXI), optionally containing

orthogonal protected reactive sites, according to scheme 40, by use of reducing agents, such as DIBAL-
H, in a suitable solvent, such as toluene. Optionally, protecting groups may be removed and a

purification method such as silica gel chromatography is employed if needed.

Scheme 41
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Method AF
[00452] Intermediates (LXIV) may be prepared from esters (LXIII), optionally containing

orthogonal protected reactive sites, according to scheme 41, by use of reducing agents, such as lithium
aluminium hydride or borane-complexes, in a suitable solvent, such as an ether or tetrahydrofuran.
Optionally, protecting groups may be removed and a purification method such as silica gel

chromatography is employed if needed.

Scheme 42

Method AG

[00453] Intermediates (LXVI) may be prepared according to scheme 42 using Method N.
[00454] Intermediates (LXVI) may be prepared according to scheme 42 cither at room
temperature or by heating for several hours by use of a solvent such as toluene or tetrahydrofuran, a
base such as cesium carbonate or potassium t-butoxide, a catalyst such as Pd,(dba)s, optionally a salt
such as lithtum chloride and the desired nucleophile such as carbon monoxide. A purification method

such as silica gel chromatography is employed if needed.

Scheme 43
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Method AH
[00455] Intermediates (LXVIII) may be prepared according to scheme 43 analogously to
Method DD.
Scheme 44
0) OH e} 0
“alkyl
M X R' M AN R'
R19 N \A/ R19 N/ \A/
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Method Al
[00456] Intermediates (LXX) may be prepared according to scheme 44 by use of a solvent such

as DMF or THF, a base such as cesium carbonate and an electrophile such as an alkyl halide,
heteroaromatic halide, alkenyl halide, etc., and by mixing at or above room temperature for several

hours. A purification method such as silica gel chromatography or trituration is employed if needed.

Method AJ

[00457] Intermediates (LXX) may be prepared according to scheme 44 by use of acetic catalysis

in an alcohol at room temperature or at reflux. A purification method such as silica gel chromatography

or trituration is employed if needed.

Scheme 45
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Method AK
[00458] Intermediates (LXXII) may be prepared according to scheme 45 from 4-formyl

pyridines by reaction with hydroxylamine in a solvent such as an alcohol or water.

Scheme 46

Alkyl

N
O X ILH
N Y
RwJ\N/ a7 RwJ\N/ N\A/ Y

Method AL

[00459] Intermediates (LXXIV) may be prepared according to scheme 46 from 4-formyl
pyridines by reaction with an amine, optionally containing orthogonally protected reactive sites, either
at room temperature or by heating for up to several hours in a solvent such as an alcohol, DCE, DCM,
THF water, or toluene, and by optionally adding a catalyst such as a Lewis acid. Subsequently reacting
with TMSCN in a solvent such as acetonitrile. Optionally, protecting groups may be removed and a

purification method such as silica gel chromatography is employed if needed.

Scheme 47
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Method AM

[00460] Intermediates (LXXVI) may be prepared according to scheme 47 either at room
temperature or by heating for several hours by use of a solvent such as wet toluene or tetrahydrofuran,
a base such as cesium carbonate or potassium t-butoxide, a catalyst such as Pd,(dba);, optionally a salt
such as lithtum chloride and the desired nucleophile such as carbon monoxide. A purification method

such as silica gel chromatography is employed if needed.

Scheme 48
@ Q

(A — X2

RS SN ° RwJ\N/ A
N
(LXXVII) Alkyl (LXXVIII)

Method AN
[00461] Intermediates (LXXVIII) may be prepared according to Scheme 48 from intermediates

(LXXVI) analogously to Method M.

Scheme 49
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[00462] Intermediates (LXXX) may be prepared according to scheme 49 from intermediates
(LXXIX) analogously to Method N.
Scheme 50
O R?! O R21
MO IV
R1Y N X 1T N N
(LXXXI) (LXXXIT)
Method AP
[00463] Intermediates (LXXXII) may be prepared according to scheme 50 from intermediates
(LXXXT) analogously to Method N.
Scheme 51
o) R?! o R21
MO MO
J'\ = o J|\ ¢}
R N R19 N/ F
<
(LXXVII) Alkyl (LXXVIID)
Method AQ
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[00464] Intermediates (LXXXIV) may be prepared according to Scheme 51 from intermediates
(LXXXTII) analogously to Method M.
Scheme 52
o) R?! o R21
MO M X
J\ AN J\ N
R™ N RS S N oy
(LXXXV) (LXXXVI)
Method AR
[00465] Intermediates (LXXXVI) may be prepared according to scheme 52 from intermediate

(LXXXYV) by reaction with hydroxylamine in a solvent such as an alcohol or water.
[00466]

Scheme 53
0 R?! © R¥
X
{ - 1
F NH,
N
R19J\N/ F ou R'™® N
(LXXXVII) (LXXXVIII)
Method AS
[00467] Intermediates (LXXXVIII) may be prepared from oximes (LXXXVII), optionally

containing orthogonally protected reactive sites, according to scheme 53, by use of reducing agents,

such as a hydrogen atmosphere over a suitable catalyst, such as palladium on charcoal, in a suitable
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solvent, such as an alcohol. Optionally, protecting groups may be removed and a purification method

such as silica gel chromatography is employed if needed.

Methods for Biological Assays

[00468] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are tested in an in vitro AlphalLISA assay. Enzymes are dissolved in enzyme buffer
and incubated before they are added to DMSO solutions of compounds of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, in enzyme buffer. The reaction mixture
is then incubated for an additional period of time before substrate solution is added and then the
resulting mixture again incubated. Acceptor beads and suspended Epigenetic Buffer from stock are
added and the suspension is again incubated before a suspension of streptavidin donor beads in
Epigenectic Buffer is added. After an additional period of incubation, the plates are read. Results are

shown below in Table 1. Compounds 32 and 116 can be metabolized to Compounds 4 and 93,

respectively.
[00469] TABLE 1: HDME Inhibition**
Compound # | KDM4C(nM) | KDM2B(nM) | PHF8 (nM) | KDM6A (nM) | KDMS5B (nM)

1 >10000 431 352 >10000 >10000
2 >10000 2939 >10000 >10000 >10000
3 >10000 4650 >10000 >10000 >10000
4 >10000 30 234 >10000 >10000
5 >10000 1601 3761 >10000 >10000
6 >10000 708 353 >10000 3348
7 >10000 7103 >10000 >10000 1231
8 >10000 150 384 >10000 >10000
9 299 >10000 >10000 >10000 714
10 1372 >10000 >10000 >10000 1280
11 >10000 1545 6928 >10000 5479
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12 >10000 1601 >10000 >10000 3761
13 >10000 2273 5779 >10000 >10000
14 >10000 3233 5604 >10000 >10000
15 >10000 5682 >6000 >10000 >10000
16 >10000 >6800 3492 >9000 >10000
17 >10000 >10000 >10000 >10000 >10000
18 >10000 3932 3025 >10000 >10000
19 >10000 1153 890 >10000 348
20 >10000 5428 >10000 >10000 >10000
21 >10000 5354 >10000 >10000 >10000
22 >10000 >10000 >10000 >10000 >10000
23 >10000 >10000 >10000 >10000 >10000
24 >10000 2226 nd 8350 262
25 >10000 1130 1210 >10000 >10000
26 >10000 565 1030 >10000 3018
27 >10000 158 537 >10000 >10000
28 >10000 462 1060 >10000 >10000
29 >10000 1136 2655 >10000 >10000
30 >10000 703 2219 >10000 >10000
31 >10000 3974 >10000 >10000 >10000
33 >10000 1024 2038 >10000 >10000
34 >10000 1238 >10000 >10000 >10000
35 >10000 117 437 >10000 >10000
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36 >10000 248 908 >10000 >10000
37 >10000 297 489 >10000 >10000
38 >10000 2290 >10000 >10000 4624
39 >10000 155 472 >10000 >10000
40 >10000 599 1532 >10000 >10000
41 >10000 1658 6557 nd >10000
42 >10000 659 859 nd >10000
43 >10000 442 869 nd >10000
44 >10000 2006 2375 nd >10000
45 >10000 501 491 nd >10000
46 >10000 2270 2276 nd >10000
47 >10000 1256 391 nd 4079
48 >10000 >10000 >10000 nd >10000
49 >10000 838 1109 nd >10000
50 >10000 692 1036 nd >10000
51 >10000 2828 3879 nd >10000
52 >10000 1727 1509 nd >10000
53 >10000 760 881 nd >10000
54 >10000 1140 1185 nd >10000
55 >10000 656 1300 nd 1782
56 >10000 482 883 nd >10000
57 >10000 1144 1272 nd >10000
58 nd >10000 >10000 nd >10000
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59 nd 2747 >10000 nd nd
60 >10000 1619 >10000 nd 526
61 >10000 4181 2551 nd >10000
62 7370 244 307 nd 231
63 >10000 333 1404 nd >10000
64 >10000 104 246 nd >10000
65 >10000 34 1009 nd 151
66 >10000 5772 >10000 nd 943
67 >10000 715 791 nd >10000
68 >10000 1683 1797 nd >10000
69 >10000 27 662 nd >10000
70 >10000 485 1749 nd 559
71 >10000 138 1775 nd >10000
72 >10000 283 529 nd >10000
73 >10000 252 1648 nd >10000
74 nd 1859 3815 nd >10000
75 >10000 587 1274 nd 431
76 nd 4734 >10000 nd >10000
77 >10000 379 1090 nd >10000
78 >10000 340 1136 nd 641
79 >10000 >10000 >10000 nd >10000
80 >10000 683 5297 nd 1988
81 823 140 334 nd 21
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82 >10000 1403 3320 nd >10000
83 >10000 1525 4950 nd 755
84 >10000 251 673 nd 6198
85 >10000 461 1861 nd >10000
86 >10000 >10000 >10000 nd >10000
87 >10000 1703 2297 nd >10000
88 3468 585 1273 nd 246
89 >10000 2299 >10000 nd >10000
90 >10000 2942 6969 nd >10000
91 >10000 328 1113 nd >10000
92 >10000 53 1230 nd >10000
93 >10000 32 1480 nd >10000
94 >10000 47 2030 nd >10000
95 >10000 389 9650 nd >10000
96 >10000 61 1810 nd >10000
97 >10000 308 >10000 nd >10000
98 1666 530 >10000 nd 8
99 >10000 >10000 >10000 nd 8410
100 >10000 70 1148 nd 635
101 >10000 105 1330 nd 6108
102 7050 240 >10000 nd 20
103 >10000 56 160 nd >10000
104 nd 145 400 nd >10000

120




WO 2016/033169 PCT/US2015/046921

105 nd 242 nd nd >10000
106 nd 3100 2770 nd >10000
107 >10000 5180 >10000 nd >10000
108 >10000 133 861 nd >10000
109 >10000 >10000 >10000 nd >10000
110 >10000 >10000 >10000 nd >10000
111 >10000 823 5100 nd 1070

112 >10000 375 3520 nd >10000
113 >10000 2830 >10000 nd >10000
114 >10000 317 1140 nd >10000
115 >10000 53 506 nd >10000

**nd = not determined
[00470] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are tested in histone lysine demethylase immunofluorescence assays for ICsg value
determination, in transfected and non-transfected cells, to demonstrate the ability of compounds of the
application to inhibit demethylation of H3K4 in a human osteosarcoma cancer cell line. U20S cells are
harvested and seeded into multi well plates containing media and a compound of the application. After
incubation of cells with compounds, the cells are washed, harvested by fixation, and again washed.
Subsequently, the cells are permeabilized and blocking is performed at room temperature. After
incubation with aH3K4me3 primary antibody, the cells are washed, incubated with secondary antibody,
and washed again. Finally, PBS is added and high throughput imaging and analysis are performed.
[00471] The ability of compounds of the application, or a pharmaceutically acceptable salt, or
solvate, or prodrug thereof, to inhibit the proliferation of a human breast cancer cell line is tested in a
cell proliferation assay in MCF7 cells. Cells are seeded and incubated before addition of compound.
Compounds are diluted in complete medium and added to the plates in duplicates. After addition of

compounds, the plates are harvested and analyzed. Briefly, ATP lite solution is added to each well,
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plates are vortexed, followed by incubation in the dark, and then analyzed for luminescence to
determine ECsq values. The proliferation assay is run with suspension as well as adherent cells.
[00472] Compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are tested to determine their ability to inhibit demethylation of a specific H3 lysine in
a human osteosarcoma cell line transfected to express a specific histone lysine demethylase. U20S
cells are seeded before transfection. After transfection, the cells are harvested and seeded into multi
well plates containing media and compound. After incubation of cells with compounds, the cells are
washed, harvested by fixation, and again washed. Subsequently, the cells are permeabilized, blocking
is performed and the cells are then incubated with primary antibodies. After incubation with primary
antibodies, the cells are washed, incubated with secondary antibodies, and washed again 3 times with
PBS. Finally, high throughput imaging and analysis are performed on individual cells which are
divided into HA+ (transfected cells) and HA- (non-transfected cells) and ICsg values are determined.
[00473] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are tested in an in vitro proliferation assay in combination with standard of care active
ingredients. Cells are seeded at appropriate densities in a standard medium containing compounds of
the application, or a pharmaceutically acceptable salt, or solvate, or prodrug thercof and active
ingredients from standard of care. The cells are then incubated for an additional period of time before
the medium is optionally replenished with standard medium or optionally replenished with standard
medium containing compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof and active ingredients from standard of care. The incubation and replenishment cycle
may be repeated a number of times. Cellular growth or drug tolerance is monitored continuously or at
certain time points using standard imaging techniques or standard assays for cell number or viability.

The proliferation assay is run with suspension as well as adherent cells.

Methods of Treatment

[00474] In a further aspect the present application relates to a method of treating a disease in
which HDME plays a role in a subject, said method comprises administering to said subject in need
thereof a therapeutically effective amount of at least one compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein. The disease may be

any disease or disorder, as mentioned herein, such as the examples mentioned in the section "HDME-
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dependent diseases"”, and the compound may be administered alone or in a pharmaceutical composition,
such as the examples mentioned in the section "Pharmaceutical compositions".

[00475] Hence, the application also relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for use as a
medicament useful for the treatment of a HDME-dependent disease.

[00476] The term "treating" and "treatment", as used herein, unless otherwise indicated, refers to
reversing, alleviating, inhibiting the process of, or preventing the disease, disorder or condition to
which such term applies, or one or more symptoms of such disease, disorder or condition and includes
the administration of a compound of the application, or a pharmaceutically acceptable salt, or solvate,
or prodrug thereof, to prevent the onset of the symptoms or the complications, or alleviating the
symptoms or the complications, or eliminating the disease, condition, or disorder. Preferably treatment
is curative or ameliorating.

[00477] In one embodiment, the present application relates to a method of treating a HDME-
dependent disease in a subject in need thereof, wherein said method comprises administering to said
subject a therapeutically effective amount of a compound of the application, or a pharmaceutically
acceptable salt, or solvate, or prodrug thereof, as defined herein, to a subject in need of such treatment.
The HDME-dependent disecase may be any HDME-dependent disease as described herein above.
Preferably the HDME-dependent disease is squamous cell carcinomas or any other of the cancer
conditions mentioned above.

[00478] Hence, the application also relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for use in the
treatment of a HDME-dependent disease, such as for the treatment of cancer.

[00479] Further, the application relates to the use of a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein, for the preparation
of a pharmaceutical composition for the treatment of a HDME-dependent disease.

[00480] In one embodiment, of the method of treatment of a HDME-dependent disease, the
compound of the application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, as
defined herein, is administered in combination with one or more further active substances. The active

substances may be any active substances, and preferably an active substance as described herein below
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in the section "combination treatment". More preferably, the one or more additional active substances

are selected from the group consisting of anti-proliferative or anti-neoplastic agents.

Inhibitory effect

[00481] The present application also relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, in a method for inhibiting the activity
of one or more HDMEs. The present application also relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, for use as a medicament useful for the
inhibition of one or more HDMEs. The present application also relates to a compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, for use in the
inhibition of one or more HDMEs. The present application also relates to the use of a compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, for the preparation of
a pharmaceutical composition for the inhibition of a HDME. In this respect said one or more HDMEs
may be any HDME, however preferably the one or more HDMESs are selected from the JmjC (Jumonji)
family, more preferably said one or more HDME(s) are HDME of the human JmjC family and even
more preferably are HDME belonging to the KDM7, PHF8, KDM6, KDMS5, KDM4 or KDM2
families, In one embodiment the HDME is selected from KDM4C, KDM2B, PHF8, KDM6A, and
KDMS5B. The method includes contacting a cell with a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof. In one embodiment, the method further
provides that the compound is present in an amount effective to produce a concentration sufficient to
inhibit the demethylation of a histone in the cell.

[00482] The compounds of the application can also be selective for one HDME over another
HDME. “Selective” is defined as a property of a compound whereby an amount of the compound
sufficient to effect a desired response from a particular receptor type, subtype, class or subclass with
significantly less or substantially little or no effect upon the activity other receptor types. In one
embodiment, a selective compound may have at least a 10-fold greater effect on activity of the desired
HDME receptor or receptors than on other HDME receptor types (e.g., KDM7, PHFS, KDM6, KDMS,
KDM4, KDM2). In one embodiment, a selective compound may have at least a 20-fold greater effect
on activity of the desired receptor than on other receptor types, or at least a 50-fold greater effect, or at

least a 100-fold greater effect, or at least a 1,000-fold greater effect, or at least a 10,000-fold greater
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effect, or at least a 100,000-fold greater effect, or more than a 100,000-fold greater effect. In one
embodiment, the compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, is selective for KDM2. In one embodiment, the compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, is selective for PHFS. In one
embodiment, the compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, is selective for KDM4. In one embodiment, the compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, is selective for KDMS5. In one
embodiment, the compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, is selective for KDM6. In one embodiment, the compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, is selective for KDM7.

[00483] In one embodiment, in an assay for demethylation of a histone substrate by said HDME,
a compound of the application is capable of reducing or preferably inhibiting said demethylation by
said HDME. In one embodiment, said histone substrate may be any histone, but preferably is histone
H3 or a fragment thereof. In one embodiment, a fragment comprising K4, K9, K27, or K36 of H3.
Preferably, said inhibition is determined as the ICsq of said compound of the application in respect of
the said demethylation assay.

[00484] Preferred compounds of the application, or a pharmaceutically acceptable salt, or
solvate, or prodrug thereof, which have an 1Csg at or below 1 pM, more preferably less than 300 nM,
for example less than 100 nM, such as less than 50 nM in respect of demethylation of any of said
histone substrates by any of said HDME. In one embodiment, a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, has an ICsg at or below 1 pM. In one
embodiment, less than 500 nM. In one embodiment, less than 100 nM. In one embodiment, less than
50 nM in respect of demethylation of histone H3 methylated at least on one lysine.

[00485] In one embodiment, ICs is determined as described in Example 2 herein below. Thus,
in one embodiment, a compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, has an 1Csg at or below 1 pM. In one embodiment, less than 500 nM. In one
embodiment, less than 100 nM. In one embodiment, less than 50 nM when said ICsg 1s determined as
described in one of the Examples herein.

[00486] Particularly preferred compounds of the application, or a pharmaceutically acceptable

salt, or solvate, or prodrug thereof, are compounds that lead to a decreased tumor size and/or decreased

125



WO 2016/033169 PCT/US2015/046921

number of metastases when tested in a xenograft model (Morton and Houghton, Nature Protocols, 2 (2)

247-250, 2007).

Pharmaceutical compositions

[00487] In one aspect of this application, there is provided a pharmaceutical composition
comprising at, as an active ingredient, at least one compound of the application, or a pharmaceutically
acceptable salt, or solvate, or prodrug thercof, as defined herein and optionally one or more
pharmaceutically acceptable excipients, diluents and/or carriers. The compounds of the application, or
a pharmaceutically acceptable salt, or solvate, or prodrug thereof, may be administered alone or in
combination with pharmaceutically acceptable carriers, diluents or excipients, in either single or
multiple doses. Suitable pharmaceutically acceptable carriers, diluents and excipients include inert
solid diluents or fillers, sterile aqueous solutions and various organic solvents.

[00488] The pharmaceutical compositions may be formulated with pharmaceutically acceptable
carriers or diluents as well as any other known adjuvants and excipients in accordance with
conventional techniques such as those disclosed in Remington: The Science and Practice of Pharmacy,
21st Edition, 2000, Lippincott Williams & Wilkins.

[00489] The pharmaceutical compositions formed by combining a compound of the application,
or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein with
pharmaceutically acceptable carriers, diluents or excipients can be readily administered in a variety of
dosage forms such as tablets, powders, lozenges, syrups, suppositories, injectable solutions and the
like. In powders, the carrier is a finely divided solid such as talc or starch which is in a mixture with the
finely divided active component. In tablets, the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and compacted in the shape and size desired.
[00490] The pharmaceutical compositions may be specifically prepared for administration by
any suitable route such as the oral and parenteral (including subcutaneous, intramuscular, intrathecal,
intravenous and intradermal) route. It will be appreciated that the preferred route will depend on the
general condition and age of the subject to be treated, the nature of the condition to be treated and the
active ingredient chosen.

[00491] Pharmaceutical compositions for oral administration include solid dosage forms such as

capsules, tablets, dragees, pills, lozenges, powders and granules. Where appropriate, they can be
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prepared with coatings such as enteric coatings or they can be prepared so as to provide controlled
release of the active ingredient such as sustained or prolonged release according to methods well
known in the art.

[00492] For oral administration in the form of a tablet or capsule, a compound of the application,
or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein may suitably be
combined with an oral, non-toxic, pharmaceutically acceptable carrier such as ethanol, glycerol, water
or the like. Furthermore, suitable binders, lubricants, disintegrating agents, flavoring agents and
colorants may be added to the mixture, as appropriate. Suitable binders include, e.g., lactose, glucose,
starch, gelatin, acacia gum, tragacanth gum, sodium alginate, carboxymethylcellulose, polyethylene
glycol, waxes or the like. Lubricants include, e.g., sodium oleate, sodium stearate, magnesium stearate,
sodium benzoate, sodium acetate, sodium chloride or the like. Disintegrating agents include, e.g.,
starch, methyl cellulose, agar, bentonite, xanthan gum, sodium starch glycolate, crospovidone,
croscarmellose sodium or the like. Additional excipients for capsules include macrogols or lipids.
[00493] For the preparation of solid compositions such as tablets, the active compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, is mixed with one or
more excipients, such as the ones described above, and other pharmaceutical diluents such as water to
make a solid pre-formulation composition containing a homogenous mixture of a compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof,. The term
"homogenous" is understood to mean that the compound of the application, or a pharmaceutically
acceptable salt, or solvate, or prodrug thereof, is dispersed evenly throughout the composition so that
the composition may readily be subdivided into equally effective unit dosage forms such as tablets or
capsules.

[00494] Liquid compositions for either oral or parenteral administration of the compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, include, e.g., aqueous
solutions, syrups, elixirs, aqueous or oil suspensions and emulsion with edible oils such as cottonseed
oil, sesame oil, coconut oil or peanut oil. Suitable dispersing or suspending agents for aqueous
suspensions include synthetic or natural gums such as tragacanth, alginate, acacia, dextran, sodium
carboxymethylcellulose, gelatin, methylcellulose or polyvinylpyrrolidone.

[00495] Pharmaceutical compositions for parenteral administration include sterile aqueous and

non-aqueous injectable solutions, dispersions, suspensions or emulsions as well as sterile powders to be
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reconstituted in sterile injectable solutions or dispersions prior to use. For parenteral administration,
solutions containing a compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, in sesame or peanut oil, aqueous propylene glycol, or in sterile aqueous solution may
be employed. Such aqueous solutions should be suitably buffered if necessary and the liquid diluent
first rendered isotonic with sufficient saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcutancous and intraperitoneal administration. The
oily solutions are suitable for intra-articular, intra-muscular and subcutaneous injection purposes.
[00496] The preparation of all these solutions under sterile conditions is readily accomplished by
standard pharmaceutical techniques well known to those skilled in the art.

[00497] Depot injectable compositions are also contemplated as being within the scope of the
present application.

[00498] In addition to the aforementioned ingredients, the compositions of a compound of the
application, or a pharmaceutically acceptable salt, or solvate, or prodrug thereof, may include one or
more additional ingredients such as diluents, buffers, flavoring agents, colorant, surface active agents,
thickeners, preservatives, e.g., methyl hydroxybenzoate (including anti-oxidants), emulsifying agents
and the like.

[00499] A suitable dosage of the compound of the application, or a pharmaceutically acceptable
salt, or solvate, or prodrug thereof, will depend on the age and condition of the patient, the severity of
the disease to be treated and other factors well known to the practicing physician. The compound may
be administered for example either orally, parenterally or topically according to different dosing
schedules, e.g., bi-daily, daily or with intervals, such as weekly intervals. In general a single dose will
be in the range from 0.01 to 100 mg/kg body weight, preferably from about 0.05 to 75 mg/kg body
weight, more preferably between 0.1 to 50 mg/kg body weight, and most preferably between 0.1 to 25
mg/kg body weight. The compound may be administered as a bolus (i.e. the entire daily dose is
administered at once) or in divided doses two or more times a day. Variations based on the
aforementioned dosage ranges may be made by a physician of ordinary skill taking into account known
considerations such as weight, age, and condition of the person being treated, the severity of the
affliction, and the particular route of administration.

[00500] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or

prodrug thereof, may also be prepared in a pharmaceutical composition comprising one or more further
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active substances alone, or in combination with pharmaceutically acceptable carriers, diluents, or

excipients in either single or multiple doses. The suitable pharmaceutically acceptable carriers, diluents
and excipients are as described herein above, and the one or more further active substances may be any
active substances, or preferably an active substance as described in the section “combination treatment”

herein below.

Clinical conditions and other uses of compounds

[00501] The compounds according to the application, or a pharmaceutically acceptable salt, or
solvate, or prodrug thereof, as defined herein are useful for treatment of a HDME-dependent disease,
disorder or condition. The treatment may include administering to a mammal, preferably a human,
more preferably a human suffering from a HDME-dependent disease, a therapeutically effective
amount of a compound according to the application, or a pharmaceutically acceptable salt, or solvate,
or prodrug thereof, as defined herein.

[00502] Methylation and demethylation of lysine residues on the histone H3 tail constitute
important epigenetic marks delineating transcriptionally active and inactive chromatin. For example,
methylation of lysine 9 on histone H3 (H3K9) is usually associated with epigenetically silenced
chromatin (Fischle, W., et. al. (2003), Curr. Opinion Cell Biol. 15, 172-83; Margueron, R., et al.
(2005), Curr. Opinion Genet. Dev. 15, 163-76) while methylation of lysine 4 on histone 3 is associated
with transcriptionally active chromatin. Similarly, the lysine 27 histone H3 (H3K27) mark is repressive
in its di- and tri-methylated states whereas the lysine 36 histone H3 mark is found in association with
gene activation (Barski, A. et al. (2007), Cell, 129, 823-37; Vakoc, C. et al. (2006) Mol. Cell. Biol. 26,
9185-95; Wagner, E.J. & Carpenter, P.B. (2012) Nature Mol. Cell Biol 13, 115-26). There are,
however, many exemptions from these general rules of association between methylation states of
epigenetic marks and the effect they have on transcription.

[00503] As documented by studies of the SUV39H1 knockout mouse, loss of the tri-methyl
variant of the H3K9 mark results in chromosomal aberrations and predisposes to cancer (Peters, A .H.
et al., Cell 107, 323-37,2001). The IMJD2C protein (KDM4C, GASC1) has been identified as an
eraser of the H3K9 mark (a histone demethylase) and may therefore promote cancer if its expression
and activity is not tightly controlled (Cloos, P. et al. (2006), Nature 442, 307-11; Klose, R.J. et al.
(2006), Nature 442, 312-16; Liu, G. et al. (2009), Oncogene 28, 4491-500). For example, IMJD2C has
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been shown to induce transformed phenotypes like growth factor independent growth, anchorage
independent growth and mammosphere formation, if it is overexpressed in cells (Liu, G. et al. (2009),
Oncogene 28, 4491-500). These findings are supported by the overexpression of JMID2C in a range of
human tumors like squamous cell carcinoma, metastatic lung carcinoma, prostate cancer, breast cancer
and several others (Yang, Z.Q. et al. (2000) Cancer Res. 60, 4735-39; Yang, Z.Q. et al. (2001) Jpn. J.
Cancer Res. 92, 423-28; Hu, N. et al. (2005) Cancer Res. 65, 2542-46; Liu, G. et al. (2009) Oncogene
28, 4491-500; Wissmann, M. et al. (2007) Nat. Cell Biol. 9, 347-53), indicating the potential
importance of JMJD2C as an oncogene.

[00504] The JMJD2A protein (KDM4A, JHDM3A) shows similar properties to JMID2C.
JMID2A shows high sequence identity to JMJID2C in its JmjC catalytic domain, is an eraser of the
H3K9 mark and has also been shown to be overexpressed in prostate cancer (Cloos, P. et al., Nature
442, 307-11, 2006). IMID2A has been shown to interact with the estrogen receptor alpha (ER-alpha)
and overexpression of JMJD2A enhances estrogen-dependent transcription and the down-regulation of
JMID2A reduced transcription of a seminal ER-alpha target gene, cyclin D1 (Kawazu et al., (2011)
PLoS One 6; Berry et al., (2012) Int. J. Oncol. 41). Additionally, it has been shown that catalytically
inactive JMJD2A is compromised in its ability to stimulate ER-alpha mediated transcription,
suggesting that inhibitors of JMJD2A may be beneficial for the treatment of ER-alpha positive breast
tumors (Berry et al., (2012) Int. J. Oncol. 41).

[00505] Likewise, an eraser of the tri-methyl variant of the H3K4 mark, JARID1B (KDM5B,
PLU1) has also been identified as potential oncogene. In cancer JARID1B most likely acts as a
repressor of tumor repressor genes via removal of the H3K4 tri-methylation leading to decreased
transcriptional activation in the affected chromatin regions. The oncogenic potential of JARIDIB is
demonstrated by its stimulation of proliferation in cell lines and further validated by shRNA
knockdown studies of JARID1B expression showing inhibition of proliferation in MCF7 human breast
cancer cells, in SW780 and RT4 bladder cancer cells, in A549 and LC319 lung cancer cells and in 4T1
mouse tumor cells in vitro and/or in mouse xenograft experiments (Yamane K. et al. (2007), Mol. Cell
25, 801-12; Hayami S. et al. (2010) Mol. Cancer 9, 59; Catchpole S et al. (2011), Int. J. Oncol. 38,
1267-77). Finally, JARID1B is overexpressed in prostate cancer and is associated with malignancy and

poor prognosis (Xiang Y. et al. (2007) PNAS 104). In addition, high activity of JARID1B is associated
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with poor outcome in patients with estrogen receptor positive breast tumors (Yamamoto S et al. (2014)
Cancer Cell 25).

[00506] JARIDIA (KDMS5A, RBP2) is also an eraser of the tri- and di-methyl variant of the
H3K4 mark. JARID1A is overexpressed in gastric cancer (Zeng et al., (2010) Gastroenterology 138)
and its gene is amplified in cervix carcinoma (Hidalgo et al, (2005) BMC Cancer 5). It has been
suggested that JARID1A is fine-tuning progesterone receptor expression control by estrogens
(Stratmann and Haendler (2011) FEBS J 278). Together with JARID1B, JARID1A has been implicated
in the maintenance of a slow-growing population of cancer cells that are required for continuous tumor
growth and that are resistant to cytotoxic and targeted therapy (Roesch, et al, (2010) Cell 141; Sharma,
et al., (2010) Cell 141). JARID1A is required for the tumor initiation and progression in Rb+/— and
Menl-defective mice (Lin, et al., (2011) PNAS 108). Data from Pasini show that JARID1A binds to
Polycomb group protein target genes which are involved in regulating important cellular processes
such as embryogenesis, cell proliferation, and stem cell self-renewal through the transcriptional
repression of genes determining cell fate decisions (Pasini et al., (2008) Genes & Dev 22).
Additionally, JARID1A were also shown to binds the PRC2 complex and being regulator of PRC2
target genes (Pasini et al., (2008) Genes & Dev 22).

[00507] Another potential oncogene, an eraser of the di-methyl variant of the H3K36 mark,
JHDM1B (KDM2B, FBXL10) has been shown to be highly expressed in human cancers (Tzatsos A et
al. (2009), PNAS 106 (8), 2641-6; He, J. et al. (2011), Blood 117 (14), 3869-80). Knock-down of
FBXL10 causes senescence in mouse embryonic fibroblasts (MEFs), which can be rescued by
expression of catalytic active (but not catalytic inactive) JHDM1B (Pfau R et al. (2008), PNAS 105(6),
1907-12; He J et al. (2008), Nat. Struct. Mol. Biol. 15, 1169-75). JHDM1B demethylates H3K36me2

Ink4by “and thereby silences the expression of this senescence-
s y

on the tumor-suppressor gene Ink4b (p15
mediating gene in MEFs and in leukemic cells (He, J. et al. (2008), Nat. Struct. Mol. Biol. 15, 1169-75;
He, J. et al. (2011), Blood 117 (14), 3869-80). The catalytic dependency of JHDM1B is further shown
by He et al. as catalytic activity is required for development of leukemia in a mouse AML model.
[00508] Inhibitors of the histone demethylase class of epigenetic enzymes, and in particular the
potential oncogenes JARIDIB, JARIDIA, IMJID2C, IMJD2A, and JHDMI1B, would present a novel

approach for intervention in cancers and other proliferative diseases. Being one of the most devastating
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diseases, affecting millions of people worldwide, there remains a high need for efficacious and specific
compounds against cancer.

[00509] Said HDME may be any HDME, however preferably the HDME of the present method
is selected from the JmjC (Jumonji) family, as described in Cloos, P. et. al., Genes & Development 22,
1115-1140, 2008 and Heojfeldt et al. (2013), Nature Reviews Drug Discovery 12, 917-30, which is
incorporated herein by reference, in its entirety. More preferably said HDME is a HDME of the human
JmjC family.

[00510] The present application also relates to a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein for use in the
treatment of a HDME-dependent disease, such as for the treatment of cancer.

[00511] By the term “HDME-dependent disease” is meant any disease characterized by elevated
HDME expression and/or activity in at least in some instances of the disease, or a disease which is
ameliorated by lowering the activity of HDMEs. Thus, the disease to be treated with the inhibitors of
HDME, i.e. compounds of the application, or a pharmaceutically acceptable salt, or solvate, or prodrug
thereof, may be a proliferative or hyperproliferative disease, which includes benign or malignant
tumors, for example a proliferative or hyperproliferative disease selected from the group consisting of a
carcinoma of the brain, kidney, liver, adrenal gland, bladder, breast, stomach (for example gastric
tumors), ovaries, esophagus, colon, rectum, prostate, pancreas, lung, vagina, thyroid, sarcoma,
glioblastomas, multiple myeloma or gastrointestinal cancer, for example, colon carcinoma or colorectal
adenoma, or a tumor of the neck and head, an epidermal hyperproliferation, for example, psoriasis,
prostate hyperplasia, a neoplasia, including a neoplasia of epithelial character, including mammary
carcinoma, and a leukemia.

[00512] In one embodiment, compounds of the application, or a pharmaceutically acceptable
salt, or solvate, or prodrug thereof, as defined herein are useful in the treatment of one or more cancers.
The term "cancer" refers to any cancer caused by the proliferation of neoplastic cells, such as solid
tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphomas and the like. In particular, cancers
that may be treated by the compounds, compositions and methods of the application include, but are
not limited to: Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma),
myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic carcinoma, (squamous

cell, undifferentiated small cell, undifferentiated large cell, adenocarcinoma), alveolar (bronchiolar)
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carcinoma, bronchial adenoma, sarcoma, lymphoma, chondromatous hamartoma, mesothelioma;
Gastrointestinal: esophagus (squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma),
stomach (carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal adenocarcinoma, insulinoma,
glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel (adenocarcinoma, lymphoma,
carcinoid tumors, Kaposi's sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large
bowel (adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma); Genitourinary
tract: kidney (adenocarcinoma, Wilm's tumor, nephroblastoma, lymphoma, leukemia), bladder and
urethra (squamous cell carcinoma, transitional cell carcinoma, adenocarcinoma), prostate
(adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal carcinoma, teratocarcfnoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid tumors,
lipoma); Liver: hepatoma (hepatocellular carcinoma), cholangiocarcinoma, hepatoblastoma,
angiosarcoma, hepatocellular adenoma, hemangioma; Bone: osteogenic sarcoma (osteosarcoma),
fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's sarcoma, malignant
lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant cell tumor chordoma,
osteochronfroma (osteocartilaginous exostoses), benign chondroma, chondroblastoma,
chondromyxofibroma, osteoid osteoma and giant cell tumors; Nervous system: skull (osteoma,
hemangioma, granuloma, xanthoma, osteitis deformans), meninges (meningioma, meningiosarcorna,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma, ependymoma, germinoma [pinealoma],
glioblastoma multiform, oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal
cord (neurofibroma, meningioma, glioma, sarcoma); Gynecological: uterus (endometrial carcinoma),
cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian carcinoma, serous
cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified carcinoma, granulosa-thecal cell
tumors, Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell
carcinoma, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell
carcinoma, squamous cell carcinoma, botryoid sarcoma (embryonal rhabdomyosarcoma), fallopian
tubes (carcinoma); Hematologic: blood (acute myeloid leukemia, chronic myeloid leukemia, acute
lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative diseases, multiple
myeloma, myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's lymphoma (malignant

lymphoma); Skin: malignant melanoma, basal cell carcinoma, squamous cell carcinoma, Karposi's
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sarcoma, moles dysplastic nevi, lipoma, angioma, dermatofibroma, keloids, psoriasis; and Adrenal
glands: neuroblastoma.

[00513] In one embodiment, the compounds of the application, or a pharmaceutically acceptable
salt, or solvate, or prodrug thereof, as defined herein are useful in the treatment of one or more cancers
selected from the group consisting of: leukemias including acute leukemias and chronic leukemias such
as acute lymphocytic leukemia (ALL), Acute myeloid leukemia (AML), chronic lymphocytic leukemia
(CLL), chronic myelogenous leukemia (CML) and Hairy Cell Leukemia; lymphomas such as
cutancous T-cell lymphomas (CTCL), non-cutancous peripheral T-cell lymphomas, lymphomas
associated with human T- cell lymphotrophic virus (HTLV) such as adult T-cell leukemia/lymphoma
(ATLL), Hodgkin's disease and non-Hodgkin's lymphomas, large-cell lymphomas, diffuse large B-cell
lymphoma (DLBCL); Burkitt's lymphoma; mesothelioma, primary central nervous system (CNS)
lymphoma; multiple myeloma; childhood solid tumors such as brain tumors, neuroblastoma,
retinoblastoma, Wilm's tumor, bone tumors, and soft-tissue sarcomas, common solid tumors of adults
such as head and neck cancers (e.g., oral, laryngeal and esophageal), genito-urinary cancers (e.g.,
prostate, bladder, renal, uterine, ovarian, testicular, rectal and colon), lung cancer, breast cancer,
pancreatic cancer, melanoma and other skin cancers, stomach cancer, brain tumors, liver cancer and
thyroid cancer.

[00514] In one embodiment, the compounds of the application, or a pharmaceutically acceptable
salt, or solvate, or prodrug thereof, as defined herein, are useful for the treatment of squamous cell
carcinomas. Preferably said squamous cell carcinomas are cancers of the carcinoma type of squamous
epithelium that may occur in many different organs, including the skin, lips, mouth, esophagus, urinary
bladder, prostate, lungs, vagina, and cervix; brain cancer, that is neuroblastoma, glioblastoma and other
malignant and benign brain tumors; breast cancer, pancreatic cancer, and multiple myeloma.

[00515] In one embodiment, the compounds of the application, or a pharmaceutically acceptable
salt, or solvate, or prodrug thereof, as defined herein are useful for treatment of brain cancer, tumors of
adults such as head and neck cancers (e.g., oral, laryngeal and esophageal), genito-urinary cancers
(e.g., prostate, bladder, renal, uterine, ovarian, testicular, rectal and colon), and breast cancer.

[00516] Other cancer forms for which the compounds of the application, or a pharmaceutically

acceptable salt, or solvate, or prodrug thereof, are useful as treatment can be found in Stedman’s
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Medical Dictionary (Lippincott Williams & Wilkins, 28" Ed., 2005), which is incorporated herein by
reference in its entirety.

[00517] In one embodiment, the disease to be treated by compounds of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, as defined herein is selected from
persistent proliferative or hyperproliferative conditions such as angiogenesis, such as psoriasis;
Kaposi's sarcoma; restenosis, e.g., stent-induced restenosis; endometriosis; Hodgkin's disease;
leukemia; hemangioma; angiofibroma; eye diseases, such as neovascular glaucoma; renal diseases,
such as glomerulonephritis; malignant nephrosclerosis; thrombotic microangiopathic syndromes;
transplant rejections and glomerulopathy; fibrotic diseases, such as cirrhosis of the liver; mesangial
cell-proliferative diseases; injuries of the nerve tissue; and inhibiting the re-occlusion of vessels after
balloon catheter treatment, for use in vascular prosthetics or after inserting mechanical devices for
holding vessels open, such as, e.g., stents, as immune-suppressants, as an aid in scar-free wound
healing, and treating age spots and contact dermatitis.

[00518] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are suitable as active agents in pharmaceutical compositions that are efficacious
particularly for treating cellular proliferative or hyperproliferative ailments and/or ailments associated
with dysregulated gene expression. Such pharmaceutical compositions have a therapeutically effective
amount of the compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, along with other pharmaceutically acceptable excipients, carriers, and diluents and.
The phrase, “therapeutically effective amount” as used herein indicates an amount necessary to
administer to a host, or to a cell, tissue, or organ of a host, to achieve a therapeutic effect, such as an
ameliorating or alternatively a curative effect, for example an anti-tumor effect, e.g., reduction of or
preferably inhibition of proliferation of malignant cancer cells, benign tumor cells or other proliferative
cells, or of any other HDME-dependent disease.

[00519] Another aspect of the application is a pharmaceutical composition comprising a
therapeutically effective amount of at least one compound of the application, or a pharmaceutically
acceptable salt, solvate or prodrug thereof, as defined herein, in combination with at least one further

anti-neoplastic compound, and a pharmaceutically acceptable excipient, carrier or diluent.

Combination treatment
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[00520] A compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, may also be used to advantage in combination with one or more other anti-
proliferative or anti-neoplastic agents. Such anti-proliferative agents include, but are not limited to
other HDME inhibitors, proteasome inhibitors, including bortezomib (Valcade) and Carfilzomib,
aromatase inhibitors; antiestrogens; topoisomerase | inhibitors; topoisomerase 11 inhibitors;
microtubule active agents; alkylating agents; histone deacetylase inhibitors; compounds which induce
cell differentiation processes; cyclooxygenase inhibitors; MMP inhibitors; mTOR inhibitors;
antineoplastic antimetabolites; platin compounds; compounds targeting/decreasing a protein tyrosine or
serine or threonine kinase activity; compounds targeting/decreasing a lipid kinase activity; compounds
targeting/decreasing a carbohydrate kinase activity, and further anti-angiogenic compounds;
compounds which target, decrease or inhibit the activity of a protein or lipid phosphatase; gonadorelin
agonists; anti-androgens; angiostatic steroids; methionine aminopeptidase inhibitors; bisphosphonates;
biological response modifiers; antiproliferative antibodies; heparanase inhibitors; inhibitors of Ras
oncogenic isoforms; telomerase inhibitors; proteasome inhibitors; agents used in the treatment of
hematologic malignancies; compounds which target, decrease or inhibit the activity of Flt-3; Hsp90
inhibitors; temozolomide (TEMOD AL(R)); leucovorin; immune stimulating agents, such as BCG, IL-
2 or IFN-a, antibodies, such as anti-CTLA-4 monoclonal antibody ipilimumab (Y ervoy), rituximab or
herceptin, and cancer vaccines; inhibitors/modulators of mitochondrial activity such as metformin.
[00521] A compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, as defined herein, may also be used to advantage in combination with known
therapeutic processes, e.g., the administration of hormones or tumor cell damaging approaches,
especially ionizing radiation.

[00522] A compound of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, as defined herein, may also be used as a radiosensitizer, including, for example, the
treatment of tumors which exhibit poor sensitivity to radiotherapy.

[00523] By the term "combination", is meant either a fixed combination in one dosage unit form,
or a kit of parts for the combined administration where a compound of the application, or a
pharmaceutically acceptable salt, or solvate, or prodrug thereof, and a combination partner may be
administered independently at the same time or separately within time intervals that especially allow

that the combination partners show a cooperative, e.g., synergistic, effect, or any combination thereof.
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[00524] The phrase, "aromatase inhibitor" as used herein relates to a compound which inhibits
the estrogen production, i.e., the conversion of the substrates androstenedione and testosterone to
estrone and estradiol, respectively. The term includes, but is not limited to steroids, especially
atamestane, exemestane and formestane and, in particular, non-steroids, especially aminoglutethimide,
roglethimide, pyridoglutethimide, trilostane, testolactone, ketokonazole, vorozole, fadrozole,
anastrozole and letrozole. Exemestane can be administered, e.g., in the form as it is marketed, e.g.,
under the trademark AROMASIN. Formestane can be administered, e.g., in the form as it is marketed,
e.g., under the trademark LENTARON. Fadrozole can be administered, e.g., in the form as it is
marketed, e.g., under the trademark AFEMA. Anastrozole can be administered, e.g., in the form as it is
marketed, e.g., under the trademark ARIMIDEX. Letrozole can be administered, ¢.g., in the form as it
is marketed, e.g., under the trademark FEMARA or FEMAR. Aminoglutethimide can be administered,
e.g., in the form as it is marketed, e.g., under the trademark ORIMETEN. A combination of the
application comprising a chemotherapeutic agent which is an aromatase inhibitor is particularly useful
for the treatment of hormone receptor positive tumors, e.g., breast tumors.

[00525] The term "antiestrogen" as used herein relates to a compound that antagonizes the effect
of estrogens at the estrogen receptor level. The term includes, but is not limited to tamoxifen,
fulvestrant, raloxifene and raloxifene hydrochloride. Tamoxifen can be administered, e.g., in the form
as it is marketed, e.g., under the trademark NOLVADEX. Raloxifene hydrochloride can be
administered, e.g., in the form as it is marketed, e.g., under the trademark EVISTA. Fulvestrant can be
formulated as disclosed in U.S. 4,659,516 or it can be administered, e.g., in the form as it is marketed,
e.g., under the trademark FASLODEX. A combination of the application comprising a
chemotherapeutic agent which is an antiestrogen is particularly useful for the treatment of estrogen
receptor positive tumors, e.g., breast tumors.

[00526] The term "anti-androgen" as used herein relates to any substance which is capable of
inhibiting the biological effects of androgenic hormones and includes, but is not limited to,
bicalutamide (CASODEX), which can be formulated, e.g., as disclosed in U.S. 4,636,505.

[00527] The phrase, "gonadorelin agonist" as used herein includes, but is not limited to abarelix,
goserelin and goserelin acetate. Goserelin is disclosed in U.S. 4,100,274 and can be administered, e.g.,
in the form as it is marketed, e.g., under the trademark ZOLADEX. Abarelix can be formulated, e.g., as
disclosed in U.S. 5,843,901.
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[00528] The phrase, "topoisomerase I inhibitor" as used herein includes, but is not limited to
topotecan, gimatecan, irinotecan, camptothecan and its analogues, 9-nitrocamptothecin and the
macromolecular camptothecin conjugate PNU-166148 (compound Al in W0 99/17804). Irinotecan can
be administered, e.g., in the form as it is marketed, e.g., under the trademark CAMPTOSAR.
Topotecan can be administered, e.g., in the form as it is marketed, e.g., under the trademark
HYCAMTIN.

[00529] The phrase, "topoisomerase II inhibitor" as used herein includes, but is not limited to the
anthracyclines such as doxorubicin (including liposomal formulation, e.g., CAELY X), daunorubicin,
epirubicin, idarubicin and nemorubicin, the anthraquinones mitoxantrone and losoxantrone, and the
podophyllotoxins etoposide and teniposide. Etoposide can be administered, e.g., in the form as it is
marketed, e.g., under the trademark ETOPOPHOS. Teniposide can be administered, e.g., in the form as
it is marketed, e.g., under the trademark VM 26-BRISTOL. Doxorubicin can be administered, e.g., in
the form as it is marketed, e.g., under the trademark ADRIBLASTIN or ADRIAMY CIN. Epirubicin
can be administered, e.g., in the form as it is marketed, e.g., under the trademark FARMORUBICIN.
Idarubicin can be administered, e.g., in the form as it is marketed, e.g., under the trademark ZAVEDOS.
Mitoxantrone can be administered, e.g., in the form as it is marketed, e.g., under the trademark
NOVANTRON.

[00530] The phrase, "microtubule active agent" relates to microtubule stabilizing, microtubule
destabilizing agents and microtublin polymerization inhibitors including, but not limited to taxanes,
e.g., paclitaxel and docetaxel, vinca alkaloids, e.g., vinblastine, including vinblastine sulfate, vincristine
including vincristine sulfate, and vinorelbine, discodermolides, colchicine and epothilones and
derivatives thereof, e.g., epothilone B or D or derivatives thereof. Paclitaxel may be administered e.g.,
in the form as it is marketed, e.g., TAXOL. Docetaxel can be administered, e.g., in the form as it is
marketed, e.g., under the trademark TAXOTERE. Vinblastine sulfate can be administered, e.g., in the
form as it is marketed, e.g., under the trademark VINBLASTIN R.P. Vincristine sulfate can be
administered, e.g., in the form as it is marketed, e.g., under the trademark FARMISTIN.
Discodermolide can be obtained, e.g., as disclosed in U.S. 5,010,099. Also included are Epothilone
derivatives which are disclosed in WO 98/10121, U.S. 6,194,181, WO 98/25929, WO 98/08849, WO
99/43653, WO 98/22461 and WO 00/31247. Included are Epothilone A and/or B.
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[00531] The phrase, "alkylating agent" as used herein includes, but is not limited to,
cyclophosphamide, ifosfamide, melphalan or nitrosourea (BCNU or Gliadel). Cyclophosphamide can
be administered, e.g., in the form as it is marketed, e.g., under the trademark CYCLOSTIN. Ifosfamide
can be administered, e.g., in the form as it is marketed, e.g., under the trademark HOLOXAN.

[00532] The phrase, "histone deacetylase inhibitors" or "HDAC inhibitors" relates to compounds
which inhibit at least one example of the class of enzymes known as a histone deacetylase, and which
compounds generally possess antiproliferative activity. Previously disclosed HDAC inhibitors include
compounds disclosed in, e.g., WO 02/22577, including N-hydroxy-3-[4-{[(2-hydroxyethyl)[2-(1H-
indol-3-yl)ethyl]-amino]methyl]phenyl]-2E-2-propenamide, N-hydroxy-3-[4-[[[2-(2-methyl-1 H-indol-
3-yl)-ethyl]-amino ]methyl]phenyl]-2E-2- propenamide and pharmaceutically acceptable salts thereof.
It further includes Suberoylanilide hydroxamic acid (SAHA). Other publicly disclosed HDAC
inhibitors include butyric acid and its derivatives, including sodium phenylbutyrate, thalidomide,
trichostatin A and trapoxin.

[00533] The term "antineoplastic antimetabolite" includes, but is not limited to, 5-Fiuorouracil or
5-FU, capecitabine, gemcitabine, DNA demethylating agents, such as 5-azacytidine and decitabine,
methotrexate and edatrexate, and folic acid antagonists such as pemetrexed. Capecitabine can be
administered, e.g., in the form as it is marketed, e.g., under the trademark XELODA. Gemcitabine can
be administered, e.g., in the form as it is marketed, e.g., under the trademark GEMZAR. Also included
is the monoclonal antibody trastuzumab which can be administered, e.g., in the form as it is marketed,
e.g., under the trademark HERCEPTIN.

[00534] The phrase, "platin compound" as used herein includes, but is not limited to, carboplatin,
cisplatin, cisplatinum and oxaliplatin. Carboplatin can be administered, e.g., in the form as it is
marketed, e.g., under the trademark CARBOPLAT. Oxaliplatin can be administered, e.g., in the form
as it is marketed, e.g., under the trademark ELOXATIN.

[00535] The phrase, "compounds targeting/decreasing a protein tyrosine or serine or threonine
kinase activity," as used herein, includes, but is not limited to, gefinitib, erlotinib, lapatinib, foretinib,
cabozantinib, vemurafenib or selumetinib (AZD6244). Gefinitib can be administered, e.g., in the form
as it is marketed, e.g., under the trademark IRESSA. Erlotinib can be administered, e.g., in the form as
it is marketed, e.g., under the trademark TARCEVA. Lapatinib can be administered, e.g., in the form as
it is marketed, e.g., under the trademarks TYKERB and TY VERB. Cabozantinib can be administered,
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e.2., in the form as it is marketed, e.g., vonder the trademark COMETRIG. Vemurafenib can be
administered, e.g., in the form as it is marketed, e.g., under the trademark CELBORAF. Forctinib can
be formulated, e.g., as disclosed in US 2012/0282179. Selumetinib (AZD6244) can be formulated, e.g.,
as disclosed in US 2008/0177082 and US 2009/0246274. Other suitabic protein kinase inhibitors
include without linutation Afatanib (Gilotrif, Boeringer Ingelheim), Axitinub (Inlyta, Plizer), Bosutinib
(Bosulif, Wyeth), Crizotinib (Xalkort, Pfizer), Babratenib (Tafinlar, GSK), Dasatinib (Sprycel, Bristol-
Myers Squib), Elotirub (Tarceva, OST), Everolimus (Afinitor, Novartis), Gefitimb (Tressa,
Astrazeneca), Ibrutinib (Imbruvica, Pharmacyclics and 1&J}, Idelalisib (Zydelig, Gilead), Imatanth
{Gleevec, Novartis), Nilotinib (Tasigna, Novartis), Pazopanib (Votrient, GlaxoSmithKline), Ponatinib
(Iclusig, Anad), Regoratemb (Stivarga, Bayer), Ruxohitinib (Jakafi, ncyte), Sirolinmus (Rapamune,
Wycth}), Sorafenib (Nexavar, Bayer), Sunitinib (Sutent, Pfizer), Tofacitinib (Xeljanz, Pfizer),
Temsirolivous {Torisel, Wyeth), Trametinib (Mekinist, GSK)), Vandetanib {Caprelsa, IPR Pharms) as
well as other proposed protein kinase inhibitors that can be found in the literature.

{60536] Tumor cell damaging approaches refer to approaches such as wonizing radiation. The
phrase, "ionizing radiation” referred to above and hercinafter means ionizing radiation that occurs as
either electromagnetic rays (such as X-rays and gamma rays) or particles (such as alpha and beta
particles). lonizing radiation is provided n, but not Himited to, radiation therapy and 1s known in the art,
See, e.g., Hellman, Principles of Radiation Therapy, Cancer, in Principles and Practice of Oncology,
Devita et al., Eds,, 4th Edition, Vol. 1, pp. 248-275 (1993).

605371 The phrase, "angiostatic steroids” as used herein refers to agents which block or inhibit
angilogenesis, such as, e.g., anccortave, triamcinolone, hydrocortisone, |l-[alphal-epihydrocotisol,
cortexolone, 17]alphal-hydroxyprogesterone, corticostcronce, desoxycorticostcrone, testosicrone,
estrone and dexamethasone.

[60538] Other cherotherapeutic agents include, but are not limited to, plant alkaloids, hormonal
agents and antagonists; biological response modifiers, preferably lymphokines or interferons; antisense
oligonucieotides or oligonucieotide derivatives; or miscellancous ageots or agents with other or
unknown mechanism of action.

[60539] The structure of the active agents identified by code numbers, generic ot trade names
may be taken from the actual edition of the standard compendivm "The Merck Index” or from

databases, e.g., Patents International {e.g., IMS World Publications).
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[B0540] The above-tuentioned compounds, which can be used in combination with a compound
of the application, or a pharmaccutically acceptable salt, or solvate, or prodrug thereof, can be prepared
and administered as described in the art such as in the documents cited above.

{33541} Furthermore, the compounds of the application may be used in a method of profiling the
functional and structural sirilarity of histone demethylases comprising taking a panel of at least two
histone demethylases and a panel of at least two compounds of formmula I and determining the extent to
which each said corapound of formula [ inhibits the activity of cach of said histone demethylases, and
generating a sinutlarity index reflecting the degree of similarity between the histone demethylases in

respect of their inhibition by said compounds.
EXAMPLES

FExample 1: Preparation of compounds of the application

1065842] General Methods and Materials

[60543] Table 2 below shows examples of compounds according to the application and indicates
routes that may be exaployed in their synthesis. All chericals were purchased from Sigma-Aldoch,
Alfa Acsar, Matrix, Combiblock, Gakwood, and Chembridge. Anhydrous solvents were Aldrich
Sure/Seal™ bravd. All reactions were carried out under a dry nitrogen atmosphere using dry solvents.
Reactions were monitored by thin-layer chromatography carried out on Sigma-Aldrich 6.25 v silica
gel plates (60 A, fluorescent indicator). Spots were visualized under UV light (254 nr). Tlash coluran
chromatography was performed on Biotage SNAP Flash System, or silica gel 60 (particle size $.032-
0.063 mm) obtained from Silicycle, Inc. Low-resolution ES {clectrospray) mass spectra were obtained
using a Micromass Quattro Ultima mass spectrometer in the electrospray positive (ES+) or negative
(ES-) ion mode. 1H-NMR spectra were recorded on a Bruker AM-300 spectrometer and were
calibrated using residual non-deuterated solvent as internal reference. Spectra were processed using
Spinworks version 2.5 (developed by Dr. Kirk Marat, Department of Chemistry, University of
Manttoba). Preparative HPLC was performed on Waters 2996 with Photodiode Array Detoctor, Waters
600 Controller, Waters 100 pump, and Waters 717 auto sampler, with UY detection at 254 and 280 nm.
Flow rate: 15 mL/minute, run timne 30 minutes. Solvents: §-100% (H,0-MecOHR), with and without
added THA {0.1%). Column used was Supelco €18, 25 cm x 21.2 mm, particle size 10 micrometer.

TABLE 2 ("sp = may be prepared analogously o according to synthetic route number listed)
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1H-imidazol-2- 790 (5. 14
6 | ylimethyhaminojmethyl | B | ;o) ”_5’
$-6-(prop-1-yn-1- e el
Dveidi . A-carboxvlic 5.75 (s, 2H),
yzym ine-4-carboxylic 477 (s, 28,
act 1.92 (s, 3H).
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'H-NMR
O -OH (300MHz,
2-({{{78)-5H,6H,TH-~ CInODY 8
Ry N cyclopentafblpyridin-7- 8.34 {d, 1H),
E P yilamino jmethyl }-6- A 1721 {m, 1H},
N e "i roethylpyridine-4- 422 (t, TH),
carboxylic acid 4.03 (s, 2H),
2.56 (s, 3H)
ppm.
e "H-NMR
2-4({1-[(4-
(300MHz,
fluorophenylymethyi}-5- OD.ODY: 3
O OH {propan-2-y1}-1H- ADs0D): 0
o . 7.59 {s, 1H),
imidazol-2- A s
\ . 6.70 (s, 1H},
Ty vl jmethylyaminomethyl 597 (s JH)
-6-methylpyridine-4- MRSl
. : S 1.12{d, 6H)
N carboxylic acid
ppn.
H-NMR
2-T{{5-(butan-2-yi -1~ {300MHz,
[(4- CDLODY: 8
0O, OH fluorophenylymethyi}- 7.60 {s, 1H),
1H-imidarole-2- B | 7.51 (s, 1H},
SN yiimethyi}aminemethyl] 527 (s, 2H),
E ~6-methyl-pyridine-4- 382 (5, 2H),
NZ carboxylic acid 2.48 (s, 3H),
1.92 s, 3H).
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2-{{({1-{(4-
fluorophenylymethyl}-5-

HLNMR
(300MHz,
CD:;0D): 8

Oy OH {pentan-2-yi}-1H- 7.62 (s, 1H),
18 | imidazole-2- A 1753 (s, 1H),
R vl jmethyljarino frocthyl 5.29 (s, 2H),
| }-6-methylpyridine-4- 3.84 (s, 2H),
N carboxylic acid 2.50 {s, 3H},
192 (s, 3H).
O, OH "H-NMR
(300MHe,
R B 2-(412- 3—'iar§m0pyridin~2 CD,0DY 8
I H i1 -yhethyljamino bmethyl)- A 8.44 {d, TH),
NT N S 6-methylpyridine-4-carbo | | 7.16 (dd, 1H),
1\5 xylic acid 3.18 (1, 2H),
& 2.53 (s, 3H)
ppm
"H-NMR
2-cthenyl-6- ([{{1-[(4-flu gg@gégz;
O, OH orophenylymethyl}-1H- G ) O
Sy . 8.05 (s, 1H},
iz n‘ndamE—2—j,ri}n.'w't‘ny} Jarot | B 7.56 (s, 1H),
Y no}mghyi} pyridine-4-car 6.98 {dd,
E boxylic actd Y. 5 60 ¢
. NG ), 362 (s,

2H) ppm.

RECTIFIED SHEET (RULE 91) ISA/EP




WO 2016/033169

PCT/US2015/046921

H-NMR
2-cthyl-6-{[({1-[(4- (300 Mz,
O OH fluosrophenylymethyil- C3:;0DY 6
(3 | 1H-imidazol-2- o 8196 1),
7| yiimethyhamino jmethyl © o 7.54 (s, TH),
= = spyndine-4-carboxylic 561 (s, 2H),
= N acid 310 (g, 28)
N ppr.
O, OH H-NMR
{300MHz,
S 2-({12-(3-hexylpyridin-2- CD:0OD). 8
I H 14 vhethyljamino b methyl)- A 8.24 {d, TH),
NT N N\ o-methylpyridine-4-carbo |~ | 7.14(dd, 14},
E xylic acid 3.01 {1, 2H),
e 2.51 (s, 3H)
ppm
O, _0OH 'H-NMR
(300MHz,
N 2-{{{2-G-butylpyridin-2- C00) o
! H 15 vhethyljamino tmethyl)- A 8.44 (d, 1H),
N N N\ Y| 6-methylpyridine-4-carbo | | 7.34(dd, 1 H),
E P xylic acid 3.60 (1, 2H),

2714t 2H)
ppm

146

RECTIFIED SHEET (RULE 91) ISA/EP




WO 2016/033169 PCT/US2015/046921
O, OH H-NMR
(300MHz,
o 2-methyl-6-({{2-(G-penty CD;0DY 6
I H i fpyridin-2-yhethyljamine A 8.26 {d, 1H),
N7 N N tmethyDpyridine-4-carbo | 717 {dd,1H),
| xylic acid 3.03 (t, 2H),
& 2.53 (s, 3H)
ppro
H-NMR
(300MFHz,
2-{{({1-{2-{4- CD;0Dy &
methoxyphenyljethyl]- 7.62 {s, 1H),
7 {H-imidazol-2- A 7.55 {s, 1H),
U ylimethyDaminomethyl | 0 | 6.98 (s, 1H),
}-6-methylpyridine-4- 2.90 {t, 2H),
carboxylic acid 251 (s, 3H)
ppn.
H-NMR
WO O 2emethyl-6-[({[1-(3- ?g?ggzb
fg}‘\ﬁh}ii‘out}fi)—iii— 7.63 (s, 1HD),
18 umdangf » oA 175205 180
! R H N“’% yiimethyitamino ymethyl] ﬁ'éB (;; ]H:;
P N \//L\\ pyridine-4-carboxyhic e e

acid

4.00 {t, 2H),
0.88 (s, 6H)
ppro
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HO_ O H-NMR
(300 MFiz,
o NP 2-methyl-6-{{(5,6,7,8- CD;0DY 6
E H § E (9 tetrahydroquinolin-8- A 7.70 (s, 1H},
NF N S yhamino Imethylbpyridin | 7.18 {dd,
e-4-carboxylic acid 1H), 4.02 (q.
ZH), 381 (1,
TH) ppm.
HO_ O H-NMR
{300MHz,
R 2-methyl-6-[{({2-]3-(3-me CD:0OD). 8
I H 20 thytbutylpyridin-2-yljeth A 8.26 {d, 1H),
NT N e vitaminomethvllpyridin | | 7.16 (dd, 1 H),
ki e-4-carboxylic acid 3.03 {1, 2H),
= 161 {m, 1H)
ppm
HO_ O 'H-NMR
(300MHz,
N 2-{{{2-3-heptylpyridiv-2 C00) o
! H 11 ~ylethyl jamino fmethyl)- A 841 (d, 1H),
N N /N | G-methylpyridine-4-carbo | | 7.27 {dd, 1F),
| xylic acid 3.26 (1, 2H),
S 2.67 {t, 2H)
ppm
148

RECTIFIED SHEET (RULE 91) ISA/EP




WO 2016/033169

PCT/US2015/046921

2-{[({1-{2(3.4-
dimnethoxyphenyhethyl}-
IH-tmidazol-2-

"HANMR
(300MHz,
CD:0D): 8
7.59 (s, 1H),

22 vl ymethyhamino imethyl A "'54 (Sf H),
i-6-methylnyridine-4- 6.84 (s ,i H),
yroREMEA 4.22 (t, 2H),
carboxylic acid 290 (1. 2H)
ppm
H-NMR
HO, O (300MHz,
2-({{(25)-1-hydroxy-4- CDOD) &
*n methylpentan-2- 7.60 (s, 1H),
! ﬁ 23 yijamino fmethyl}-6- A 2.62 (m, 1H),
NZ © | methylpyridine-4- 1264 (s, 3H),
y\\r/ carboxylic acid 1.63 {m, 1H)
HO ppm.
H-NMR
2-{1({1-{{4~ (300MHz,
acctylphenylmcthyl}- CD0DY 8
HO 0 1H-imidazol-2- A 7.98% (s, 1H),
24 | ylimethyhaminolmethyl | ° 7.31 (s, 1H},
$-6-methylpyridine-4- 2.62 (s, 3H),
! T carboxylic acid 2.56 (s, 3H)
N pp.
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.. H-NMR
2-{{({1-{(4- 200 M-
- e {300 MFHz,
fluorophenylmethylil- CDODY: §
HO. O 1H,4H,5H,6H- B O
. , .. ) 7.62 (s, 1H),
25 | cyclopentafdlimidazol-2- | A 516 {5, 7H
7)\ idan s érr- . vethy e ' | Dy Ly f’
E e 2,i{Tng,ihy1‘)‘i1"(‘]1'itiq}1i‘(]t,i}1yi 3.88 (5, 2H),
t-6-methylpyridine-4- ﬂ -
o M 382 (5, 2H)
N carboxylic acid
ppr.
fN H-NMR
)/ 2-methyl-6- {{{{1-]2- (300 MHz,
HO. O % (pyrimidin-S-yethyl]- CDLODY: 3
26 {H-imidazol-2- A 8.08 {s, 1H),
N vi}methyljamino jracthyl 1 7.54 (s, 1H,
E H /\‘§ tpyridine-4-carboxylic 451 (s, 2H),
NP N\/J’QN acid 2.69 (s, 3H)
ppm.
H-NMR
2-{{{{3-Ethyi-4-[{4- {300MHz,
fluorophenylymethyil- CD0DY 8
HO_ O 4H-1,2 4-triazol-3- 7.62 (s, 1H),
27 | vitmethylaminohmethyl | A | 5.35 (s, 2H},
Ty s~-6-methylpyridine-4- 2.64 (g, 2H),
| carboxylic acid 2.49 (s, 3H)
NZ ppm.
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2-{{({1-{(4-
fluorophenylymethyl}-5-

HLNMR
(300MHz,
CD:0D): 8

HO_ O {2-phenylethyi}-1H- 7.80 (s, 2H),
28 | imidazol-2- A 1539, 2H),
Sy vl jmethyljarino frocthyl 4.34 (s, 2H),
§ }-G-methylpyridine-4- 282 (s, 4H),
N7 carboxvlic acid 2.60 (s, 3H)
ppm
'H-NMR
2-4{{5-benzyl-4-[{4- {300MHz,
fluorophenylymethyi}- CD,0DY 8
HO. O 4H-1,2 4-triazol-3- 7.58 (s, 1H},
29 | ylimethyDaminojmethyl A 1523 (s 2H),
N $=6-methylpyridine-4- 4.06 (s, 2H),
E carboxylic acid 244 (s, 3H)
N7 ppm
H-NMR
2-{1({1-{{4~ (300MHz,
fluorophenylimethyi}-5- CD0DY 8
HO,_ O {2-methylbutyl)-1H- 7.60 {s, 1H),
34 | imidazol-2- A 1749 (s, 1H),
Ty yiimethyDaminojmethyl 6.78 (s, 1H),
E §-6-methylpyridine-4- 2.54 (s, 3H),
NZ carboxylic acid 2.22-2.12 (im,

1H) ppm
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H-NMR
2-{[({1-{d- 0Dy
flucrophenymethyl}-3- 7’ 65 j(s ’E‘H)
(3-phenyipropyly-1H- 7':; 1’ (q’ EH‘
31 | imidazol-2- A2l
Haaz . ' 6.79 (s, 1H),
vl jmethyljarino frocthyl 257 (t, 2H)
}-6-methylpyridine-4- Lol A L8
R 2.48 (s, 2H)
carboxylic acid
ppro
F-]6-02-{{({S-cthyl-1-[{4- fer ning
fluorophenylymethyl]- (25{;; ;:/ ;g
H~imidarol-2- (:DCi»-)' g,
yi ymethyl)aminojmethyl 7’} 4(; ‘i;’ﬂ
32 | }-6-methyvipyridin-4-yi}- D PN
5 oxa-T- 6.94 (s, 1H),
O e L . 402 {d, 1H),
azaspiro] 2.5 joctan-7-yl}- 0.77-0.59 (1r
2.2 2-trifluoroethan-1- /00T m,
one 2H) ppm.
, H-NMR
S T f /
2-({4-14- p
fluorophenylymethyi}-5- ?ggggzg
(2-phenylethyl-4H- 7‘%? s, 1ED)
1.2, 4-triazol-3- Do
330 . A | 5.16(s 2H),
vl jethylamino froethyl > 87 (s 2H)
1 -6-methylpyridine-4- :‘45 (‘E” ZH/ ’
carboxylic acid 24548, 31)
pprt.
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O, _OH 5 H-NMR
(300MHz,
e P 2-methyl-6-[{{2-[3-(thiop CD;0DY 6
E H hen-3-yhpyridin-2-yijeth 8.42 {4, TH),
/ N 34 A A S h s e
N Sy y1 tamiono jmethyljpyadin 713 {d, 1H),
e-4-carboxylic acid 3.05 (t, 2H),
F 2.52 (s, 3H)
ppm
"H-NMR
2- {1 {1-[(4-fluorophenyl) (300 MHz,
O, OH methyl]-5-{(12)-prop-1-¢ CD0D): &
35 n-1-yl}-1H-imidazol-2-y1 A 7.63 (s, 1H),
- ymethyhaminoimethyl}- 1532 (s, 2H),
E = 6-methylpyridine-4-carbo 3.87 (s, 2H),
= xylic acid 1.84 {d, 3H)
N ppn.
e "H-NMR
2-{{({4-[{4- 00 M
, e (300 MHz=,
fluorophenylimethyi}-5- CDAODY: §
0. OH (methylsulfanyl)-4H- AL O
. P o 782 (s, 1H),
36 | 1,2,4-triazol-3- A L ,
. o 5.27 (s, 2H),
ey yiimethyDaminojmethyl PP
. N o 4.61 (s, 2H),
E §-6-methylpyridine-4- P
- RS 2.71 (s, 3H}
N carboxylic acid o
ppm.
153




WO 2016/033169

PCT/US2015/046921

Fluorophenylymethyl}-5- (“?D;;()D)' ’5
G, OH roethyl-4H-1,2 4-triazol- - 65‘ (s ltH)
3- cmg e
37 vl imethyhaminojmethyl A ;g; EZ %;g
e $-6-methylpyridine-4- ~ 49 (S’ 3H)
NP carboxylic acid ;bm T
2-{{{ {5-cyclopropyl-4- (Ej {;é\]\\ﬁi
- _ CD50D): &
0. OH fluorophenylmethyi}- 756 (s, 1H)
4H-1,2 d-triazol-3- AN
38 ‘ . A 1539 (s, 2H),
vi}methyljamino jracthyl 543 (‘g %H)
E = }-6-methylpyridine-4- 0' 50 :I)M&’Z ’
NP carboxylic acid (m 4H) 'm}m.
'H-NMR
{300MHz,
2-H{ {5-cyclobutyl-1-{(4- CD0DY. 8
0. OH fluorophenyhmethyil- 7.61 (5, 1H),
19 IH-imdazol-2- A 520 (s, 2H),
© 1 yhimethyDamino jmethyl 376 (s, 2H),
E = 1 -6-methyl pyridine-4- 2.50 (s, 3H),
s carboxylic acid 1.86-174
N (m, 2H) ppm.
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fluorophenylmethyi}-5- v R
. N na C:00): 8
O OH {(thiopheu-2-vimethyl)- 773 (s, 1H)
4 4H-1,2 4-triazol-3- oy ot e
48 T , A 17.23(d, tH),
vl imethyhaminojmethyl - =
= {-6-methylpyridine-4- 324 €5, 2H),
) S 2.55 (s, 3H)
. carboxylic acid , ‘
N ppm.
e "H-NMR
2-4{{4-[ (1 -cthyl-1H-1,3- j
benzodiazol-5- ?EO&I)HZ%
yhmethyi]-4H-1,2,4- DO
OO 41 | triazol-3- A 847 (S ),
vl jmethylyaminomethyl %ég ?; igz
N V-6-methylpyridine-4- 3&; g;:;’ :H.”
| carboxylic acid S48, 21
N ppm.
'H-NMR
2-([({1-1¢4- o
fluorophenylimethyi}-5- - 6{ s /}’H"}
O, OH [(1E}-prop-1-cn-1-yl}- . {:’ IH/’
42 | 1H-imidazol-2- A UTO ,) ’
) . 6.13-6.00 (m,
Ty yiimethyDaminojmethyl ), 2.49 (s
E §-6-methylpyridine-4- e ’ | ,,( 2’
NZ carboxylic acid 3H), 176 (d,
3H) ppm.
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'H-NMR
2- ({14~ (300MHz,
fluorophenylymethyl}-5- CInODY 8
O OH (methylsulfanyly-1H- 7.63 (s, 1H),
43 | imidazol-2- A 1754 (s, 1H),
Sy vl jmethyljarino frocthyl 543 (s, 2H),
}-6-methyl pyridine-4- 2.51 (s, 3H),
N7 carboxvlic acid 2.09 (s, 3H)
ppm
2-4[(45- ‘H-NMR
Hdimethylamino ymethyl] {300MHz,
-4-1{4- CD,0DY 8
O OH fluorophenylymethyl]- 7.58 (s, 1H},
44 | 4H-1,2 4-triazol-3- A 1540 (s, 2H),
T vl jmethylyaminomethyl 2.44 (s, 3H),
E }-6-methylpyridine-4- 213 (s, 6H)
NF carboxylic acid ppr.
H-NMR
2-{{{{5-cyclobutyl-4-[{4- {300MHz,
fluorophenylymethyil- CD0DY 8
O, OH 4H-1,2 4-triazol-3- 7.50 (s, 1H),
45 | ylimethyhaminohnethyl | A | 5.15 (s, 2H},
T $-6-methylpyridine-4- 3.37 (m, 1H),
E carboxylic acid 236 (s, 3H)
N ppr.
156

RECTIFIED SHEET (RULE 91) ISA/EP




WO 2016/033169

PCT/US2015/046921

2-4({5-]2- 'H-NMR
{dimecthylamino)cthyl}-4- {(300MHz,
f{4~ CInODY 8
fluorophenylymethyi}- 7.62 (s, 1H),
46 | 4H-1,2,4-triazol-3- A 1 539(s, 2H),
vl jmethyljarino frocthyl 2.49 (s, 3H),
F-6-methylpyridine-4- 2.18 (s, 6H)
carboxylic acid ppm.
"H-NMR
2-{1{({1-{(3- (300MHe,
cyanophenylimethyl}- CD0D): &
47 tH~imidazol-2- A 7.73(d, 1H),
U ylimethyDaminomethyl | 0 | 7.39 (s, 1H),
t-6-methylpyridine-4- 5.49 (s, 2H},
carboxylic acid 2.63 (s, 3H).
"H-NMR
2-{ {{{1-{[3- (300MHz,
{aminorethyDphenylime C00) &
48 thyl}-1H-1midazol-2- C 7.61 (5, 1H),
vimethyllamino boethyly | 7 | 6.89 (s, 1H),
-6-methylpyridine-4- 383 (s, 2H),
carboxvlic acid 2.52 (s, 3H).
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'H-NMR
2- {{({S-tert-butyl-4-{(4- {300MHz,
fluorophenylymethyl}- CODY 8
4H-1,2 4-triazol-3- 7.59 (s, 1H),
4% | yiimethyDaminolmethyl | A | 555 (s, 2H),
y-6-methylpyridine-4- 2.45 (s, 3H),
carboxylic acid 1.33 (s, 9H)
ppim.
H-NMR
2~ {15 (300 MHz,
[{dimethylamino ymethyl] CDOD) &
~1-{{4- 7.59 (s, 1H),
50 fluorophenylymethyl}- A 7.51 (s, 1H),
- 1H-imidazol-2- 1 5.36(s, 2H),
viimethyllaminofmethyl 2 4” "% 3H},
$-6-methylpyridine-4- 211 {s, 6H)
carboxylic acid ppm.
H-NMR
2-{{{4-]2-(3,5~ (300MHz,
dichlorephenylethyl}- C00) &
s 4H-1,2,4-triazol-3- A B32 (s, 1H),
" vl jethylamino froethyl 7310 (s, 2H),
V-6-methylpyndine-4- 442 {d, 2H),
carboxvlic acid 2.52 (s, 3H).
1538
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2-4[(2-14-[(4- 'H-NMR
fluorophenylmethyi}-5- (300MHz,
methoxy-4H-1,2,4- CD:;0D): 6

53 triazol-3- A 7.8 (s, 1H},
) yliethyhamine]methyl}- | 5.1 (s, 2H),
6~-methylpyridine-4- 4.1 (s, 3H),
carboxylic acid 2.4 (s, 3H)
"H-NMR
2-41({4-[2-(3-chlorophen @ QO}?H‘?Z
yhethyll-4H-1.2,4-triazol CD:O): o
83 | -3-vlimethyDaminojmet A %'DP{ ,(&’ 'H),
3-¥ 3 ]
- iy 7.08 {m,1H),
byl F-6-methylpynidine-4- 420 s 70
ARG 32 (s, 2H),
carboxylic acid 268 (s, 3}{}
ppmt
'H-NMR
{300 MHz,
2-[{{[5~cthyl-1-(2- CD00Y: 6
phenylethyl)-1H- 7.58 (s, 1H),
a4 umidazol-2- A 7.54 (s, 1H),
" yiimethyitamino ymethyl] 4.15 (¢, 2H),
-6-methylpyadine-4- 2.88 {t, 2H),
carboxvlic acid 2.40 (g, 2H)
ppm.
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2-{i({4-{2-(3,5~
dichlorophenylijethyll-
41-1,2,4-triazol-3-

vi ymethyllamino fiethyl

"HANMR
(300MHz,
CD:0D): 8
8.48 (s, 1H),

yiimethyDaminojmethyl
t-6-methylpyridime-4-
carboxylic acid

55 -6 A 796 (s, 1H),
(hydroxymethylpyridine 2'23 (S 3 H),
AR 3.03 (4, 2H)
-4-carboxvlic acid ,
: ppm.
H-NMR
2-methyl-6-[({{4-(3- (300MHez,
phenylpropyi)-4H-1,2.4- CD,0DY 8
%6 triazol-3- A 8.49 (s, 1H),
- vijmethyl}amimoymethyl} | | 7.19 (m, 3H),
pyridine-4-carboxylic 2.55 (s, 3H),
acid 215 {m, 2H)
ppm
. 'H-NMR
2-{[({4-1(3.4- o
) P (3060MHz,
dichlorophenylmcthyl}- y s
; L CD:ODy &
S-methyl-4H-1,2,4- 760 (s 1H
7 | triazol-3- A | 100G L,

6.98 (d, 1H),
5.40 (d, 2H),
230 (s, 3H).
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2-[({[4-(3-chlorophenyl)-
S-methyl-4H-1,2 4-
triazol-3-

"HANMR
(300MHz,
CD:;0D): 8
7.43 {m, 1H),

58 | vilmethyliaminomethvl} | A | 3.22 (s, 4H),
-6-methylpyridine-4- 2.52 (s, 3H),
carboxylic acid 2.29 (s, 3H)
ppm.
O, OH "H-NMR
2-1{{2-3-(cyclopent-1- @ QOMH%Z
) A ‘LD_%@D) s}
= en-1-vDpyridin-2- -
I < AN 8.51 (d, 1H),
- 89 | yijethylraminoymethyl}- A 5.94 (s, br
N 6-methylpyridine-4- e e
carboxylic acid 1H), 3.57 (¢,
CAIRORYHE ac 2H), 2.66 (s,
3H) ppm
0. _OH 2-methyl-6-( {[2-(4-{[4- (?@?ﬁi
{(trifluoromethyliphenyl] T v
\ - 7 C00) &
Ry methyl}-4H-1,2 4- % 8 (s, 1H)
E 60 | triazol-3- ALY
NZ Dethyllamino fmethyl) 24 (s, 2H),
YUS Y LAmUo MEmynp 4.4 (s, 21,

yridine-4-carboxylic acid

2.5 (s, 3H)

16l
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H-NMR
(300 MHz,
2-methyl-6-[({{1-(2~ CD:0DY 6
phenylethyl)-1H- 7.61 {s, 1H),
61 imidazol-2- A 7.55 (s, 1H),
yijmethyl} aminoymethyl} | ° 4.24 {t, 2H),
pyridine-4-carboxylic 2098 {t, 2H),
acid 2.51 (s, 3H)
ppr.
s 'H-NMR
2-{{({3-{{4- OO
N {(300MHz,
fluorophenylmethyl}- R
R N CD;0ODY: 8
4H-1,2, 4-triazol-3- A ,
A yrnethyDarmino fmethyl A 846 (s, 1H),
62 |° o YUt ) 5.38 (s, 2H),
O 04 (¢ OB
{hydroxymethylipyridine 2}4 (" 2H>’
WISHEDASIRAEI 3.09 (s, 2H)
~4-carboxylic acid ‘ '
ppra.
2-{{{{1-{(4- 'H-NMR
fluorophenylymethyi}-5- (300MHz,
{I-bydroxyethyl}-1H- C00) &
63 umidazol-2- A 7.6 (s, 1H),
7yl methyDaminolmethyl | 7 | 5.3 G, 2H),
V-6-methylpyndine-4- 4.6 (s, 2H),
carboxylic acid 3.8 {s, 2H)
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H-NMR
2-{{{{5-ethyl-4-[{4- {300MHz,
Fluorophenylymethyl}- CD:0DY 6
0 OH 4412, 4-4riazol-3- 787 (s, 1H),
64 vi ymethyllamino fiethyl A 520 (s, 2H},
36~ i 4.64 (s, 2H),
(hydroxymethylpyridine 267 {g, 2H)
HO E NP -4-carboxylic acid ppnt.
2-(hydroxymethyl)-6- EL\ MFt
, , {300MHz,
[({[5-methyi-4-(3- e
) T CD;0DY: 6
phenylpropyi)-4H-1,2.4- oo ,
O OH triazal-3- A 7.82 (8, 1H},
65 | o 4.70 (s, 2H),
yijmcthyl} aminomcthyl] e AT
svridine-4-carboxylic 2.66 (i, 2H).
| o= pynd = 2.33 (s, 3H)
HO P acid ppr
N PTR.
O, OH 2-thydroxyracthyly-6- 'H-NMR
{({{2-(4-{{4- (300MHz,
{trifluoromethyliphenyl] C00) &
| R 6 | methyli-4H-1.2.4- A |85 (s, 1H),
HO P triazol-3- 5.3 (s, 2H),
N vhethyljaminolmethylp 4.7 (s, 2H),
yridine-4-carboxylic acid 3.3 (m, 4H)
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H-NMR
2-methyl-6- {{{({4-[(2E)- {300 MHz,
3-phenylprop-2-co-1-vi}- C3:;0DY 6
UM o7 | 4H-1 2 dutriazol-3- o | BA9s TR,
yiimethylaminojmethyl | ° 7.69 (s, 1H),
pa tpyridine-4-carboxylic 636 (dt, 1H),
E P acid 4.06 (s, 2H)
N ppTn.
H-NMR
2-{({5-cthyl-4-[(2E)-3- (300 MHz,
phenylprop-2-en-1-yi}- CD0D): &
O, -OH og | 4F-124driaz0l-3- o 768 (s 1),
vi}methyljamino jracthyl 1493 (d, 2H),
= t-6-methylpyridine-4- 4.03 (s, 2H},
E P carboxylic acid 280 (g, 2H)
N ppm.
2[({]5-cthyl-d-(3- H-NMR
: , (300MHz,
phenylpropyl)-4H-1,2,4~ CD:0D}: 5
O, OH triazol-3- AN
69 | vilmothyllaminoymethyl] | | /92 &5 1H),
R 7.72 ? ; H?,
Ny , C 407 (1, 2H
H N (hydroxymethylpyridine R
HO | NP N\V/L\"Ny -4-carboxylic acid ;ﬁi {m, 2H)
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2-thydroxymethyl)-6- "H-NMR
[({[5~methyi-4-(4- (300MHz,
roethylpentyl-4H-1,2,4- CD;OD) 3
70 triazol-3- A 7 77 (s, 1H]},
ylimethyl} amino)ymethyl] 66 (s, 1H},
pyridine-4-carboxylic 4.67 (s, 2H),
N\/L‘N acid 2,38 (s, 3H),
0.84 {d, 6H).
2-{J(44-[{4~ 'H-NMR
Fluorophenymethyl]-5- {300MHz,
g {(thiophen-2-vimethyl)- CD,0DY 8
{ 44H-1,2 4-triazol-3- A 7.78 {s, 1H},
N 71 | ylimethyhaminojmethyl 7 21 { d TH),
§-6- 531 (s, 2H),
{(hydroxymethyl}pyridine 386 (s, 2H)
~4-carboxyhic acid ppr.
, H-NMR
24474
LA (300MHz,
fluorophenylymethyi}-5- i v 3
methyi-4H-1,2,4-triazol- CD0D): 6
O, OH . CLOyi-Ait-1,0,5-101820 A 7.81 (5, 1H),
T2 | 537 (s, 2H),
N 273;Yﬂcihji)dl’nlni}}l’ﬂﬁih‘y1 3.92 (s, 20,
}-6-
HO E o {hydroxymethyljpyridine 2.3 (5’ 3H)
N ~4-carboxylic acid ppr.
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2-4[(14-{{4- 'H-NMR
fluorophenylmethyi}-5- {300 MHz,

0. OH pmpyi#ﬁ—i 2. A4-triazol- CD;QD): b
73 3- A 1 T7.75(s, 1H),
© | ylimethyhaminojmethyl 5.32 (s, 2H),
! Sy 16~ 4.63 (s, 2H),
HO e (hydroxymethylpyridine 386 (s, 4H)
-4~carboxvlic acic T,
N 4~carboxylic acid op
'H-NMR
O OH 2-[({[6-methoxy-3-(2- (00Mitz,
methylpropyhipyridin-2- 765 (5. TH
[y P . | vilmethyltaminomethyl] O
E H E 74 -6-methylpyridine-4- A8 {‘%’ ;"H %
N’f N \N o carboxylic acid 2.52 (s, 3H),
S ) 0.88 (m, 6H)
ppra.
'H-NMR
{300 MHz,
O, 0H Ny Z-methyl-6-[{{[1-{prop- CIRODY: §
2-en-1-yl)- 1 H-imidazol- 7.62 (s, 1H),
Wy N |2 6.04-5.84 (m,
‘ § \/L:’% s yiimethyitamino ymethyl] A 1H), 5.15 (4,
N =N pyriding-4-carboxylic 1H), 4.69 (d,
acid 2H}, 2.52 (s,
3H) ppm.
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H-NMR
(300 MHz,
2-[({[4-{4- CDLODY: 8
O flusrophenoxymethyl}- 8.59 (s, 1H),
76 1,2-oxarol-3- A 7.59 (s, 1H},
yiimethyilaminoymethyl} | | 7.47 (s, 1H),
E H == ~6-methylpyridine-4- 497 (s, 2H),
N N carboxylic acid 245 (s, 3H)
ppr.
"H-NMR
2-{{ {4-[(4-fluorophenyl) (300MHez,
methyl}-S-(1-hydroxyeth CD,0DY 8
77 yi-4H-1.2,4-triazol-3-y1} A 7.57 (s, 1H),
| methyDaminolmethyl}-6 1755 (s, 1H,
-(thydroxymethyDpyridin 487 {q, 1H),
HO g-d-carboxylic acid 2.57 {8, 3H)
ppmt
"H-NMR
2-{hydroxymethyl}-6- (300MHz,
[ {L4-(3-phenyipropyl)- C00) o
78 4H-1,2,4-triazol-3- A 8.44 (s, 1H),
yiimethyitamino ymethyl] 7.69 {s, 1H),
pyridine-4-carboxyhic 433 {, 2H),
HO acid 270 (t, 2H)
ppm
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0, _OH HNMR
e (300MHz,
2-(3{(2S -1 -hydroxy-4- CDLOD): 3
Ny rethylpentan-2- ,,'",.1.5 (s ﬁ;}
HO , P ﬁ 79 y’i}amnm}nmthyi)mé—‘ ' A 4w (s, 2}{),
N TY {hydroxymethylipyridine 5 64 (m 'EH)
~4-carboxylic acid ok {4 ATy
CH (})’.86 (d, 3H)
ppm.
'H-NMR
0, .OH 2-methyl-6-[({[1-(2- Sg?ggi%
methylpropyl)-1H- 767 (s ]} 1
imidazol-2- e T
I h H NJB 88 yijmcthyl} aminomcthyl] A 6‘&8, (s, }H )
AN s YHmCtiy e 2.56 (s, 3H),
N pyridine-4-carboxylic 509 197
acid ) .
{ra, 1H).
) H-NMR
AL (300MHz
fluorophenylymethyi}- i e
IH-irnidazol-2- CD40D): 6
O, OH e $ (s
yviimethyDamino jmethyl | A 79% “ 1 H)
81 |7 6 5.38 (s, 2H},
e g ‘ . 437 (s, 2H),
! (hydroxymethylpyridine 434 (‘§ 2H)
HO -4-carboxylic acid T
N YR ppr.
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HLNMR

0, OH {300 MHz,
2-{({2-[4-(benzvloxy)-6- CInODY 8
N methylpyridazin-3-yljeth 639 (s, 1H),
E H 82 | vltaminoymethyl}-6-met A 1543 (s, 2H),
= N hylpyridine-4-carboxylic 389 (s, 2H),
acid 2.49 (s, 3H)
ppim.
241041 -1d- . TH-NMR
fluorophenylymethyl]-
o e (300MHz,
4, 5-dimethyi-1H- o 0
e " ‘LD_%@D) O
Q. OH imidazol-2- o
83 | yl}methyhaminojmethyl AL TT (s, H),
} \‘—6; o ' o 5.2 (s, 2H),
S e 4.5 (s, 3H),
HO ! {(hydroxymethyl}pyridine 5 1 fe. 3H
i -4-carboxylic acid =148, )
'H-NMR
G, OH ,
2-{hydroxymethyl}-6- (300 MHz,
[{{{6-roethoxy-3-(2- C00) &
; = H o E 24 methylpropyhpyridin-2- A 8.06 (s, 1H),
HO & N A yijmethylamine ymethyl] 481 (s, 2H),
N N7 0 pyridine-4-carboxyhic 4.61 (s, 2H),
| acid 0.94 (d, 6H)
ppm.
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. H-NMR
I fTifa. -
-itd@- (300MHz,
fluorophenylymethyl}-5- CD.ODY: &
O, JOH {(1-hydroxyethyly-4H- 7 8 5 “ "E,H\
85 | 1,2.4-triazol-3- A e ai
Y viymethylaroino jrocthyl S'O 4 ( EH’)’
g }-6-methylpyridine-4- T es (§> it
NT N ey carboxylic acid ppm T
"H-NMR
2-({{(S-cthyl-4-{[3-(1- (300 MHz,
O OH hydroxyethyhphenyl]met CD0D): &
%6 hyl}-4H-1.2 4-triazol-3- A 7.60 (s, 1H),
vhmcthyHaminotmethyly | 0 [ 4.75 (g, [H),
E = ~6~-methylpyridine-4- 3.92 (s, 2H},
N carboxylic acid 387 (s, 2H)
ppm.
o on H-NMR
B . (300 MH
2-( {2-[4-(benzyloxy)-6- f(g?{?é}fzb
- methylpyridazin-3- DA
E s H 0 - vljethylaminoymethyl}- 6'24 “ EHB
HO 2 N 87 6 A 1550 (s, 2H3,
N = ‘ . 4.79 (s, 21),
;\! {(hydroxymethylpyridine 451 (s 2
e T . s (b, 2H)
N -4-carboxylic acid
ppr.
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2-4{{1-]{4- 'H-NMR
fluoropheny!ymethyl}-4- (300 MHz,
{hydroxymethyi)-1H- CInODY 8
imidazol-2- s | DPm 8.00 (s,
88 | vlimethyDamino}methyl | 1H), 530 (5,
-6~ 2H), 4.80 (s,
{(hydroxymethyljpyridine 2H), 4.30 (s,
~4-carboxylic acid 2H} ppm.
H-NMR
2-mothyl-6-[({2-[5- (300 Mz,
R “ ‘LD'_%@D). o]
methyl-2-(3- 7.5% (s, 1)
89 | methylbutoxyphenyljeth | A 3.84 (i’ “’H)
vl }aminoymethyllpyridin N e b e
e-d-carboxylic acid 278 8, 4H),
’ 0.92 (d, 6H)
ppn.
H-NMR
2-1{{] 5-cthyl-4-(3- (300MHz,
phenylpropyl)-4H-1,2,4~ CD,0DY 6
triazol-3- 7.69 (s, 1H),
9¢ | yilmethyl}ammoymethyll | A | 2.53 (s, 3H},
~o-methylpyridine-4- 2.03 (m, 2H),
carboxylic acid 130 (t, 3H)
ppra.
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FAYs

2-1{§}5~ethyl-1-(4-
roethylpentyl-1H-
imidazol-2-

'H-NMR
(300MHz,
CDgOD’)I 8
7.86 (s, 1H),
726 (s, 1H),

o yvijmethyl} aminomethyl} A %H; fg ;_(m"
~6-methylpyridine-4- i 6"? im 2H)
" RS A/ , LK1},
carboxylic acid 0.90 (d. 611)
ppn.
H-NMR
OOt 2-[({[3-(benzyloxy)-6- oDy &
methoxypyridin-2- 7’75 (s i‘H)
N 92 | yijmethyljaminoimethyl}l | A 6.8 (} 'dﬁ lH')n'
E -G-methylpyridine-4- 4':‘() { ",,,} {}5
& carboxylic acid PULS, <11,
N (s, 3H)
ppm
'H-NMR
O, OH 2-[{({[3-(benzyloxy}-6- (300MHz,
methoxypyridin-2- C00) o
Aimethylamine ymethyl} 7.70 (s, 1H),
e i yi , ik
| SRS 6,50 (d, 1H),
HO NT {(hydroxymethylpyridine 3.90 (s, 2H),

-4-carboxylic acid

380 (s, SH)
ppm
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2-[({[5-cthyl-4-(4- HENME
methylpentyl)-4H-1,2,4- (300 MHz,
i L " C3:;0DY 6
triazol-3- 01 (s, 1H)

94 yi}methyi} aminoymethyl] | A 4RS ef:s; o ﬂ,
-6- . 4.78 (s, 2H)
N \/L‘N { hyd@;q@qthyi}py‘ﬂdme 0.86 (d, 6H)
~4-carboxylic acid
ppr.
2-(hydroxyrethyl}-6- H-AMR
e ) \ (300MHe,
[ {{4-(3-phenylpropyl)-5- “PLODY 8
Pk I ~ p (/D_%@D). o]
O O {thiophen-2-v{)-4H-1,2,4- o~
I d A T TR3 (s, 1H),
85 | iriazol-3- P
. 471 (s, 2H),
yiimethyl}amino ymethyl] Y g e ey
% Y _— 9% s, 2H},
i pyridine-4-carboxylic 261 {1, 2H
HO & acid 261 (1,28,
N
O, JOH
'H-NMR
o 2- ({1 1-(4- (300MHz,
E P fluorophenylipent-3-yn- CD3QD}: &
N og | I-ylI-IH-imidazol-2- y | 767 (s 1H),
' yimethyDaminojmethyl | 584 {t, TH),
}-6-methylpyridine-4- 2.54 (s 3H,
carboxylic acid 1.61 {t, 3H)
ppm
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'H-NMR
0. O 2-{({[6~{benzyloxy}-3-(2- {(300MHz,
methylpropyipyridin-2- CIhODY §
N yiimethyl}aminoymethyl] A 785 (s, 1H),
wo, M WL N N PN A 1541 (s, 2H),
(hydroxymethylpyridine 4.71 (s, 2H),
d -4-carboxylic acid 24144, 2H)
ppm.
O, OH "H-NMR
2-{1({]2- (300MHe,
Y o {dimethylaming jethyl}{et CDODY: 8
E H 08 hyhicarbamoylimethyla A 7.66 (s, 1H),
NP N\/JL\N/\I minojmethyl}-6- 1391 (s, 2H),
/J ! methylpyridine-4- 2.55 (s, 3H),
AN carboxylic acid 2.26 {d, 6H).
2-(hydroxymethyl)-6- H"\MR
N ; (300MHz,
F({[5~phenyl-4-(3- : 2
7 C0D) &
O, OH phenylpropyiy-4H-1,2 4~ A 17936 1H
99 | triazal-3- A TEI G I,
) . 6.98 (m, 2H},
yiimethyi}aminemethyl] , ‘ '
= Y i » 470 (s, 2H),
E pyridine-4-carboxylic o e
HO - arid 247 (t, 2H).
N b
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H-NMR
2-{{({5-othyl-1-{(4- 0Dy
fluorophenylmethylil- 7’7,;, j(s ’E‘H)
0. OH ) 1H-irnidazol-2- 467 {.vq’ i,
106 | yiimethyDaminolmethyl | A jé S q::;’ :} {i"
Ry y }-6T(i’}y'ﬁiroanetiay‘t} :2'4; (q ;H))’
HO E P X ggﬁdmemdncarboxyhc 116 (¢, 3H)
N : ppr.
'H-NMR
OO 2-[({[6-ethoxy-3-(- (00Mitz,
methylpropylpyridin-2- 784 (5. TH)
oS H # yimethyltaminoymethyl] | A | o, .7
HO | > N - | o~ 1¢1 6 472 (s, 2H),
N N o 3 H
{hydroxymethylipyridine g;g 23’ ;i;
~4-carboxylic acid O
ppra.
H-NMR
Og-OH 2-{1(4f2- (300MHz,
L | {dimacthylaminoethyli{ct CD,0DY 6
E Ry " N/\\/N\ hylycarbamoylimethyba A 7.79 {s, 1H},
192 | minojmecthyl}-6- ) 4.69 (s, 2H),
HO N : ; : :
NZ \/’KO hydroxymethyhpyridine 233 (s, 4H),
3 3 YD )
~4-carboxylic acid 1.13 {m, 3H)
pprt.
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'H-NMR
2-{({1-{(4- (300MHz,
fluorophenylymethyl}-5- CInODY 8
O, JOH {prop-1-en-2-yl}-1H- 783 (d, IH),
143 | imidazol-2- A 1547 (s, 2H),
N vl jmethyljarino frocthyl 2.56 (s, 3H),
E }-6-methylpyridine-4- 191 (s, 3H)
N carboxylic acid ppm.
'H-NMR
2-[({[6-methoxy-3-(2- (00Miz,
: R CD;0DY: 8
O, OH phenylethoxyipyridin-2- 7 60 s, 1H}
o | mstsmnomaio || 5151 i
S cﬁrbmv?ig ;ci i ) 386 {5, 3H),
f . R ) 2.52 (s, 34}
N ppro.
U CH "H-NMR
; 2-[{{2-[3~(benzyloxy)-6- (300MHz,
E = H C methoxypyridin-2- C00) o
HO P N yijethyllaminoymethyli- 780 (s, 1H)
N 1 88 A1 650(d 1),
£ {(hydroxymethylpyridine 4.60 (s, 2H),
-4-carboxylic acid 3.80 (s, 3H)
-~ ppm
176

RECTIFIED SHEET (RULE 91) ISA/EP




WO 2016/033169

PCT/US2015/046921

fluorophenylmethyi}-4- (.ﬁD; ()Iﬁ)' 5
O, OH {m'ethex’ycarbon,yi)~lH~ 8 Og (s ltH)
imidazol-2- AL P
106 A ymethylamino fmethyl 791 (s, 1H),
S e M 5.32 (s, 2HD),
T 481 {g. 3
HO NZ (hydroxymethyhpyridine );'?i (s, 2H)
~4-carboxyhc acid ppn
O,_OH "H-NMR
2-(hydroxymethyl}-6- g Sogggz f"g
= H{{2-[6-methoxy-3-2- - )0
[ H N i A 1800 (s, 1HD)
HO N N 187 | phenylethoxy)pyridin-2- 6. ﬁ ) { lH')n'
yljethyllaminoymethylp o %Lﬁﬁ ’
ol Vi L’iiﬁ%—4-—@&i‘b0)§§lﬁ0 acid .22, 2H),
3.80 (s, 3H).
'H-NMR
2-[{{[5~ethyl-1-(3- (300MHz,
phenylpropyl)-1H- C0D) &
OO 1gg | imidazol-2- L | 819618,
* | yilmethylbaminoymethyl] | 4.64 (s, 4H),
e -6-methylpyadine-4- 2354, 2H),
E - carboxvlic acid 128 {t, 3H).
N
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O, OH 'H-NMR
ey {(300MHz,
2-({12-(3~ Ry~ . <
N OH - %} A h}”.‘f;‘)"}; 0 CD50D): §
wo. I JH methoupyridin 2|05y
& Aethylamine} methyl)- / e e
i Ny | gy | Yoetlaminoimethyh 639 (d, 1H),
e (hydroxymethylpyridine ;j' Og (_Sl?";?“'
-4-carboxvlic acid (' 4}_57;' -
P m, 4H}.
H-NMR
O (300MHz,
Y o - L1760 (ors,
3 118 | bistaminomethyhpyridin C SH), 400 -
Ho N P NH., e-4-carboxylic acid : %i) ﬂ*;r }
4H).
H-NMR
2-{1({1-{{4~ {300 MHz,
O, OH fluorophenylymethyl]-4- CD.0D): 6
formyl-1H-1midazol-2- A 987 {s, 1H),
111 | vitmethyhaminolmethyl . 8.35 (s, 1H},
| TR 1-6-(hydroxymethyl) 8.05 (s, 1H),
HO o pyridine-4-carboxylic 551 (s, 2H)
acid ppm
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H-NMR
2-1(4 S-{but-2-yn-1-yi)- {300MHz,
1-{(4- CD:0DY 6
0. OH fluosrophenylymethyil- 7.63 {s, 1H),
112 1 H-imidarol-2- A 6.80 (s, 1H},
ylimethyl} aminoymethyl} | © 4.69 (s, 2H),
= ~6-methylpyridine-4- 251 (s, 3H),
P carboxylic acid 1.67 (s, 3H)
N ppr.
O, JOH ‘
2-methyl-6- {[({S-phenyi- 25 —NE\/’ER
R SHLGH, 7H,$H- (300 MHz,
E N N CD;0D): &
P [1,2,4triazolo{4,3- o o
N I L1757 (s, T,
113 | alpyrazm-3- C co fe
3 . 3.59 (1, 1H),
vl jmethylyaminomethyl S o
ipyridine-4-carboxylic 419 (g, 2H),
spynain * 3.71 (s, 2H)
acid )
ppn.
'H-NMR
2-{({[5-(2- PN
G - A tholi T CD00Y: 6
NH carbamoylcthyly-1-{(4- 783 (s, M)
OO 2 fluorophenylymethyl]- O,
IR : - 4.45 (s, 2H),
114 | 1H-imidazol-2- A o .
. ) 2.77 (&, 2H),
Ty yiimethyi}aminemethyl] 5 e i
, o 2.59 (s, 3H),
~6-methylpyridine-4- P
P AL 248 (1, 2H)
N carboxylic acid o
ppm.
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H-NMR
oy {300MHz,
2-1{{}5~ethyl-1- CD:0DY). 6
b 3 ,
O5© = {(thiopheu-2-vimethyl)- 7.63 {s, 1H),
115 1 H-imidarol-2- A 6.82 (s, 1H},
E S H N N © | yiimethyi) amino)methyl} | 6.65 (s, 1H),
e N \/LQN ~6-methylpyridine-4- 387 (s, 4H),
N carboxylic acid 1.21 ¢t 3H)
ppr.
, , 'H-NMR
{6 {2-T(4] 3~ p g
Getryiongs6- (300 MHz
methoxypyridin-2- 5 ~§§j _'d EH)
Fio, N yiimethyltamino ymethyl] ‘53"5 }g" o {}5
\g 116 ﬁiir meshyhovrdin, | P | 392 (s, 3H),
| RN PRI 0.72-0.61 (im,
-yl -5-oxa-7- : .
HO NZ azaspire]2.Sloctan-7-y1)- éii)&: (;f:}"H
2,2, 2-trifluorocthan-1- 52 A, 28)
one ppi.
{80544 Hiustrative preparations of compounds within Table 2 are as follows.

{eneral Procedures

General Procedure 4 {Ester hvdrolvsis)

[00545]

The ester was dissolved in a solvent such as MeOH-THF-H,0 (1:1:1) and an alkali

hydroxide such as KOH (1.0 equivalent {eq)) was added. The reaction roixture was stirred at room

temperature. Solvents were removed in vacuo to give the alkali salt of the product. The product was

optionally deprotected and purified by chroruatography if needed.

General Procedure B {Reductive Amination)
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[00546] A solution of aldehyde and amine with optionally protected functional groups (1.3
equiv.) in a solvent such as 1,2-dichloroethane was stirred for 1-24 hours at room temperature, before
NaBH(AcO)s (2 equivalents) was added. The mixture was stirred at room temperature. The product

was optionally deprotected and purified by chromatography if needed.
General Procedure C (Suzuki-Miyaura cross coupling)

[00547] [1,1"-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (Pd(dppf),Cl,) (0.03 eq),
potassium alkynyl trifluoroborate (2.0 eq) and tricthylamine (Et:N) (1.5 eq) were added to a solution of
a bromide in a solvent such as THF. The reaction mixture was refluxed. Solvents were removed in

vacuo and the product was purified by chromatography if needed.

General Procedure D (Boc protection of amines)

[00548] Di-tert-butylcarbonate (Boc,0) (1.2 eq) and NaHCOs; (4.0 eq) were added to a solution
of amine in THF/H,0.The reaction mixture was stirred at room temperature. Evaporation gave the title

compound which was purified by chromatography if needed.
General Procedure E (Reduction of nitriles, azides, and oximes)

[00549] A slurry of a nitrile, azide, or oxime and Pd/C in a solvent such as MeOH was stirred in

the presence of H,. The product was isolated by filtration and purified chromatography if needed.
General Procedure F (Nucleophilic substitution of sulfonate)

[00550] A nucleophile, such as an azide (2.0 eq), was added to a solution of a sulfonate ester in
a solvent such as dimethylformamide and the product was isolated by concentration of the reaction
mixture. Trituration with a solvent such as dichloromethane and purification by chromatography if

needed.
General Procedure G (Formation of sulfonate ester)

[00551] An alcohol dissolved in a solvent such as dichloromethane was treated with sulfonyl
chloride (2 eq) and tricthylamine (2 eq). The product was isolated by aqueous workup and
chromatography if needed.

General Procedure H (Formation of oxime)
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[00552] Hydroxylamine hydrochloride (1.3 eq) and Na,COs (0.5 eq) was added to a suspension
of aldehyde in a solvent such as H,O at 0 °C. The reaction mixture was stirred at room temperature.
Filtration at 0 °C afforded the title compound or the product was isolated after workup and

chromatography if needed.
General Procedure I (Oxidation of benzylic alcohol)

[00553] A mixture of the benzylic alcohol can be oxidized by MnQO,, Dess-Martin periodinane,
or by Swern Oxidation in a solvent such as toluene or dichloromethane. Filtration, aqueous work-up,

and purification by chromatography, if necessary, can afford the title compound.
General Procedure J (Phthalimide to primary amine)

[00554] Hydrazine monohydrate (1.5 eq) was added to a solution of alkyl phthalimide in a
solvent such as EtOH (ethanol). The reaction mixture was refluxed for 3 hours. The mixture was
filtered at 0 °C and evaporation of the filtrate gave the title compound, which was purified by
chromatography if needed.

General Procedure K (Mitsunobu reaction)

[00555] An azodicarbonyl compound (1.3 eq), such as 1,1’-(azodicarbonyl)dipiperidine, PPh;
(1.3 eq) and a suitable nucleophile such as phthalimide (1.3 eq), were added to a solution of the alcohol
in a solvent such as THF. The reaction mixture was stirred at room temperature. The mixture was
filtered at 0 °C and workup afforded the title compound which was purified by chromatography if

needed.
General Procedure L (2 (or 6)-hydroxymethyl pyridine from 2 (or 6)-methyl pyridine)

[00556] m-CPBA (meta-chloroperoxybenzoic acid) (1.2 eq) was added to a solution of 2-methyl
pyridine in DCM (dichloromethane) at 0 °C and the resulting mixture was then stirred at room
temperature. The resulting residue from an aqueous workup was dissolved in DCM and TFAA
(trifluoroacetic anhydride) (10 eq). The mixture was then stirred at room temperature. Aqueous work

up afforded the title compound which was purified by chromatography if needed.

General Procedure M (Alkyl ethers from alcohols)
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[00557] NaH (60% in mineral oil, 1.5 eq) and an alkyl halide such as methyl iodide (3 .0 eq)
were added to a solution of a primary alcohol in DMF (dimethylformamide). The mixture was stirred at
room temperature overnight. Aqueous work up gave the title compound which was purified by

chromatography if needed.
General Procedure N (Substitution of aromatic compounds)

[00558] To a solution of the aromatic compound in a solvent such as THF at -78 °C was added
n-butyllithium (1 eq) followed by freshly distilled DMF (1 eq) and the resulting mixture was stirred at
0 °C. Aqueous work up provided the title compound which was purified by chromatography if needed.

General Procedure O (Synthesis of 1,5-substituted imidazoles)

[00559] A mixture of alkyl aldehyde, alkylamine, and tosyl methylisocyanide in an anhydrous
solvent such as DMF were stirred at room temperature. Aqueous work up provided the title compound,

which was purified by chromatography if needed.
General Procedure P (Synthesis of triazole)

[00560] Prepared from literature procedure (Ref: Journal of Medicinal Chemistry, 2007, 50,

1939 — 1957) from [(t-butoxycarbonyl)amino]acetic acid, amine and other suitable reagents .
General Procedure Q (Removal of protecting group)

[00561] Acid such as hydrochloric acid, trifluoroacetic acid, or acetic acid was added at room
temperature to a solution of the methyl 2- {[(tert-butyldimethylsilyl)oxymethyl}-6-{[({4-[(4-

fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl } methyl)amino]methyl } pyridine-4-carboxylate in solvent
such as water, THF, or DCM. The reaction mixture was stirred 1 hour to overnight. The product was

isolated by concentration and column chromatography if needed.
General Procedure R (Cyano insertion)

[00562] A compound such as 2-methoxy-5-phenethoxypyridine 1-oxide in a solvent such as
DCM was treated with reagents such as dimethylcarbamoyl chloride and trimethylsilyl chloride for
12h. The product was isolated by aqueous workup and chromatography if needed.

General Procedure S (Formation of N-oxide)
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[00563] Oxidizing agent such as m-CPBA (meta-chloroperoxybenzoic acid) was added to a
solution of 2-methoxy-5-(2-phenylethoxy)pyridine in solvent such as dichloromethane at 0 °C and the
resulting mixture was then stirred at room temperature. The product was isolated by aqueous workup

and chromatography if needed.
General procedure T (N or O-alkylation)

[00564] 6-Methoxypyridin-3-ol in a solution such as DMF or THF was added base such as
K,COs and (2-bromoethyl)benzene. The mixture can be heated or at room temperature overnight. The

product was isolated by aqueous workup and chromatography if needed.
General Procedure U (Formation of silyl ether)

[00565] Tert-butyldimethylsilyl chloride was added to a solution of alcohol (methyl 2,6-
bis(hydroxymethyl)pyridine-4-carboxylate), tricthylamine and 4-dimethylaminopyridine in solvent
such as dichloromethane at 0 °C, stirred at room temperature overnight. The product was isolated by

aqueous workup and chromatography if needed.

Synthetic Routes
[00566] Synthetic Route A
G | . General
Reagents Cnera’ . amino ester » Compounds of Formula (I)
Procedure B Procedure A
[00567] Synthetic Route B
G G 1 Bromo G I Boc
eneral Bromo enera o enera !
Reagent - i »  pyridine > Amino
Procedure B pyridin€ — procedure D Boc Procedure ¢ ester
amine . .
amine pyridine
General
> Compounds of Formula (1)
Procedure A
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[00568] Synthetic Route C
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Reagents Amino Amino Compounds of Formula (I)
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Examples
[00570] 2-{[({1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-yl}methyl)amino]methyl}-6-(prop-1-

yn-1-yl)pyridine-4-carboxylic acid (6):

HO O

F
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General Procedure A from Methyl 2-({[(tert-butoxy)carbonyl]({1-[(4-fluorophenyl)methyl]-1H-
imidazol-2-yl}methyl)amino } methyl)-6-(prop-1-yn-1-yl)pyridine-4-carboxylate provided the title
compound as brown solid as a sodium salt after evaporation to dryness. Sodium salt was dissolved in
HCI (conc.) and evaporated in vacuo to afford the HCI salt of the title compound as yellow solid. 'H-
NMR (300 MHz, CD;0D): 6 7.90 (s, 1 H), 7.21 (s, 1 H), 5.75 (s, 2 H), 4.77 (s, 2 H), 1.92 (s, 3 H). ES-
MS: 379 [M+1].

[00571] (S)-2-[({5H,6H, 7H-cyclopenta[b]pyridin-7-yl}amino)methyl]-6-methylpyridine-4-
carboxylic acid
O OH
X
S
H,C N
HN
v\
\ 7

General Procedure A from (S)-methyl 6-[({5H,6H,7H-cyclopenta[b]pyridin-7-yl} amino)methyl]-2-
methylpyridine-4-carboxylate provided the title compound as brown solid as a potassium salt after
evaporation to dryness. 'H-NMR (300 MHz, CD;OD): § 8.34 (d, 1 H), 7.21 (m, 1 H), 422 (t, 1 H),
4.03 (s, 2 H), 2.56 (s, 3 H) ppm. ES-MS: 282 [M-1].

[00572] 2-{[({4-[ (4-Fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methyl)amino]methyl}-6-
(hydroxymethyl)pyridine-4-carboxylic acid
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General Procedure A from methyl 2-{[({4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to dryness afforded
the title compound as white solid as the potassium salt. '"H-NMR (300MHz, CD;0D): & 8.46 (s, 1H),
7.81 (s, 1H), 7.71 (s, 1H), 7.27 (t, 2H), 7.08 (t, 2H), 5.38 (s, 2H), 4.69 (s, 2H), 3.94 (s, 2H), 3.09 (s,
2H) ppm. ES-MS: 370 [M-1].

[00573] 2-(Hydroxymethyl)-6-[({[5-methyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylic acid

N65

General Procedure A from methyl 2-(hydroxymethyl)-6-[({[5-methyl-4-(3-phenylpropyl)-4H-1,2,4-
triazol-3-yllmethyl} amino)methyl]pyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as colorless gum as the potassium salt. 'H-NMR (300MHz, CDsOD): & 7.82 (s, 1H), 7.69 (s,
1H), 7.30 - 7.21 (m, 3H), 7.20 —7.13 (m, 2H), 4.70 (s, 2H), 4.03 (t, 2H), 3.88 (s, 2H), 3.85 (s, 2H),
2.66 (t, 2H), 2. 33 (s, 3H), 2.09 — 1.98 (m, 2H) ppm. ES-MS: 394 [M-1].

[00574] 2-{[({1-[(4-Fluorophenyl)methyl]-1 H-imidazol-2-yl}methyl)amino] methyl}-6-
(hydroxymethyl)pyridine-4-carboxylic acid
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General Procedure A from ethyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({1-[(4-
fluorophenyl)methyl]-1H-imidazol-2-yl } methyl)amino|methyl } pyridine-4-carboxylate. Evaporation to
dryness afforded the title compound as a potassium salt. Dissolved in HCI (conc.) and evaporated in
vacuo to afford the HCl salt. Purification by preparative HPLC gave the title compound as colorless
gum as a TFA salt. "H-NMR (300MHz, CDs0OD): 6 7.98 (s, 1H), 7.82 (s, 1H), 7.39 - 7.26 (m, 4H),
7.16 —7.09 (m, 2H), 5.38 (s, 2H), 4.78 (s, 2H), 4.37 (s, 2H), 4.34 (s, 2H) ppm. ES-MS: 371 [M+1].

[00575] 2-[({[6-Methoxy-3-(2-phenylethoxy)pyridin-2-yl]methyl}amino)methyl]-6-
methylpyridine-4-carboxylic acid
HO.___O
AN
P
N
HN
©/\/O | N
Z o
| 104

General Procedure A from methyl 6-[({[6-methoxy-3-(2-phenylethoxy)pyridin-2-
yl]methyl}amino)methyl]-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as white solid as a potassium salt. 'H-NMR (300MHz, CD;0D): 3 7.60 (s, 1H), 7.53 (s,
1H), 7.32 - 7.14 (m, 6H), 6.57 (d, 1H), 4.15 (t, 2H), 3.86 (s, 3H), 3.80 (s, 2H), 3.73(s, 2H), 3.04 (t,
2H), 2. 52 (s, 3H) ppm. ES-MS: 406 [M-1].

[00576] 2-(Hydroxymethyl)-6-[({[5-methyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylic acid
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General Procedure A from methyl 2-(hydroxymethyl)-6-[({[5-methyl-4-(4-methylpentyl)-4H-1,2,4-

N70

triazol-3-yllmethyl} amino)methyl]pyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as a potassium salt. "H-NMR (300MHz, CD;0D): & 7.77 (s, 1H), 7.66 (s, 1H), 4.67 (s, 2H),
4.03 (t, 2H), 3.94 (s, 2H), 3.90 (s, 2H), 2.38 (s, 3H), 1.67 (m, 2H), 1.50 (m, 1H), 1.14 (m, 2H), 0.84 (d,
6H). ES-MS: 362 [M+1].

[00577] 2-{[({1-[ (4-Fluorophenyl)methyl]-4-(hydroxymethyl)- | H-imidazol-2-
yl}methyl)amino]methyl }—6—(hydroxymethyl)pyrz'dz'ne—4—carb0xylz'c acid

General Procedure A from ethyl 2-{[({1-[(4-fluorophenyl)methyl]-4-(hydroxymethyl)-1H-imidazol-2-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to dryness gave the
title compound as a potassium salt. Dissolved in HCI (conc.) and evaporated in vacuo to afford the HCI1
salt. Purification by preparative HPLC gave the title compound as colorless oil as a TFA salt. '"H NMR
(300 MHz, CDs0D): 6 ppm 8.00 (s, 1H), 7.70 (s, 1H), 7.20-6.90 (m, 5H), 5.30 (s, 2H), 4.80 (s, 2H),
4.70 (s, 2H), 4.50 (s, 2H), 4.30 (s, 2H). ES-MS: 401 [M+1].

[00578] 2-{[({4-[ (4-Fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylic acid
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N 72
General Procedure A from methyl 2-{[({4-[(4-fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to dryness afforded
the title compound as potassium salt. 'H-NMR (300MHz, CD;0D): & 7.81 (s, 1H), 7.61 (s, 1H), 7.18-
7.04 (m, 4H), 5.37 (s, 2H), 4.69 (s, 2H), 3.94 (s, 2H), 3.92 (s, 2H), 2.32 (s, 3H) ppm. ES-MS: 386
[M+1].

[00579] 2-¢{[({5-Ethyl-4-[ (4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methyl)amino]methyl }-
6-methylpyridine-4-carboxylic acid

O+ OH
= N/<\
| d N

\N N \/L N 27
General Procedure A from methyl 6-{[({5-cthyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as colorless gum as a potassium salt. '"H-NMR (300MHz, CD;0D): § 7.62 (s, 1H), 7.52 (s,
1H), 7.12 - 7.01 (m, 4H), 5.35 (s, 2H), 3.90 (s, 2H), 3.86 (s, 2H), 2.64 (q, 2H), 2.49 (s, 3H), 1.21 (t,
3H) ppm. ES-MS: 384 [M+1].

[00580] 2-{[({4-[ (4-Fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-methylpyridine-4-carboxylic acid
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General Procedure A from methyl 6-{[({4-[(4-fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate. Evaporation to dryness gave the title
compound as colorless gum as a potassium salt. Purification by preparative HPLC afforded the title
compound as colorless gum as a TFA salt. "H-NMR (300MHz, CD;0D): & 7.69 (s, 1H), 7.66 (s, 1H),
7.11 - 6.99 (m, 4H), 5.25 (s, 2H), 4.50 (s, 2H), 4.43 (s, 2H), 2.52 (s, 3H), 2.49 (s, 3H) ppm. ES-MS:
370 [M+1].

[00581] 2-{[({5-Ethyl-4-[ (4-Fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl})methyl)amino]methyl}-
6-(hydroxymethyl)pyridine-4-carboxylic acid

General Procedure A from methyl 2-{[({5-cthyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to dryness gave the
title compound as colorless gum as a potassium salt. Dissolved in aqueous TFA and evaporated in
vacuum to give the TFA salt. Purification by preparative HPLC afforded the title compound as
colorless gum as a TFA salt. '"H-NMR (300MHz, CD;0D): & 7.87 (s, 1H), 7.69 (s, 1H), 7.04 — 6.94 (m,
4H), 5.20 (s, 2H), 4.64 (s, 2H), 4.50 (s, 2H), 4.38 (s, 2H), 2.67 (q, 2H), 3.10 (s, 3H) ppm. ES-MS: 400
[M+1].

[00582] 2-{[({4-[ (4-Fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylic acid
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General Procedure A from methyl 2-{[({4-[(4-fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-

71

1,2,4-triazol-3-yl }methyl)amino Jmethyl } -6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to
dryness afforded the title compound as colorless gum as a potassium salt. 'H-NMR (300MHz,
CDs;0OD): 8 7.78 (s, 1H), 7.65 (s, 1H), 7.21 (d, 1H), 6.97 — 6.86 (m, 4H), 6.83 (t, 1H), 6.76 (s, 1H), 5.31
(s, 2H), 4.65 (s, 2H), 4.30 (s, 2H), 3.86 (s, 2H), 3.83 (s, 2H) ppm. ES-MS: 468 [M+1].

[00583] 2-Methyl-6-{[({1-[2-(pyrimidin-5-yl)ethyl]-1 H-imidazol-2-
yl}methyl)amino]methyl}pyridine-4-carboxylic acid
HO. O
~
|
N /N
HN /
l ///Q/N
N“ "N
\—/ 26

General Procedure A from methyl 2-methyl-6-{[({1-[2-(pyrimidin-5-yl)ethyl]-1H-imidazol-2-
yl}methyl)amino]methyl} pyridine-4-carboxylate. Evaporation to dryness afforded the title compound
as a sodium salt as yellow solid. "H-NMR (300 MHz, CD;0D): & 9.08 (s, 1H), 8.72 (s, 2H), 7.97 (s,
1H), 7.93 (s, 1H), 7.62 (s, 1H), 7.54 (s, 1H), 4.57 (t, 2H), 4.51 (s, 2H), 4.42 (s, 2H), 3.28 (t, 2H), 2.69
(s, 3H) ppm. ES-MS: 353 [M+1].

[00584] 2-{[({4-[(4-Fluorophenyl)methyl] -5 -(methylsulfanyl) -4H-1,2,4 triazol -3 -yl}methyl)amin
o]methyl}-6-methylpyridine -4 carboxylic acid
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General Procedure A from methyl
2-{[({4-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)-4H-1,2,4-triazol-3-yl } methyl)

amino |methyl } pyridine-4-carboxylate. Evaporation to dryness afforded the title compound as a
potassium salt. 'H-NMR (300 MHz, CD;OD): & 7.82 (s, 1H), 7.78 (s, 1H), 7.14 (d, 2H), 7.22 (t, 2H),
5.27 (s, 2H), 4.61 (s, 2H), 4.52 (s, 2H), 2.71 (s, 3H), 2.65 (s, 3H) ppm.

[00585] 2-{[({4-[ (4-Fluorophenyl)methyl]-5-propyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl }—6—(hydroxymethyl)pyrz'dz'ne—4—carb0xylz'c acid

f

General Procedure A from methyl 2-[(acetyloxy)methyl]-6-{[({4-[(4-fluorophenyl)methyl]-5-propyl-

73

4H-1,2,4-triazol-3-yl } methyl)amino Jmethyl } pyridine-4-carboxylate. Evaporation to dryness afforded
the title compound as a potassium salt. 'H-NMR (300 MHz, CD;0D): & 7.75 (s, 1H), 7.63 (s, 1H),
7.08-6.99 (m, 4H), 5.32 (s, 2H), 4.63 (s, 2H), 3.86 (s, 4H), 2.56 (t, 2H), 1.65-1.53 (m, 2H), 0.87 (t, 3H)
ppm.

[00586] 2-(Hydroxymethyl)-6-[({[6-methoxy-3-(2-methylpropyl) pyridin-2-
yl]methyl}amino)methyl]pyridine-4-carboxylic acid
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By General Procedure A from methyl 2-[(acetyloxy)methyl]-6-[({[6-methoxy-3-(2-
methylpropyl)pyridin-2-ylJmethyl } amino)methyl]pyridine-4-carboxylate. Neutralization with
trifluoroacetic acid followed by evaporation to dryness afforded the title compound. "H-NMR (300
MHz, CDs0D): ¢ 8.06 (s, 1H), 7.88 (s, 1H), 7.57 (d, 1H), 6.77 (d, 1H), 4.81 (s, 2H), 4.61 (s, 2H), 4.48
(s, 2H), 3.98 (s, 3H), 2.45 (d, 2H), 1.88-1.75 (m, 1H), 0.94 (d, 6H) ppm.

[00587] 2-[({[5-Ethyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-yl]methyl}amino)methyl]-6-
(hydroxymethyl)pyridine-4-carboxylic acid

A

By General Procedure A from methyl 2-[(acetyloxy)methyl]-6-[({[5-ethyl-4-(4-methylpentyl)-4H-
1,2,4-triazol-3-ylJmethyl } amino)methyl|pyridine-4-carboxylate. Evaporation to dryness afforded the
title compound as a sodium salt. Dissolved in HCI and evaporated to afford the title compound as an
HCl salt as light yellow solid. 'H-NMR (300 MHz, CD:0D): & 8.01 (s, 1H), 7.90 (s, 1H), 4.85 (s, 2H),
4.78 (s, 2H), 4.71 (s, 2H), 4.17 (t, 2H), 3.11 (q, 2H), 1.81-1.69 (m, 2H), 1.61-1.50 (m, 1H), 1.43 (4,
3H), 1.30-1.20 (m, 2H), 0.86 (d, 6H) ppm.

[00588] 2-Methyl-6-[({[4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylic acid
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General Procedure A from methyl 2-methyl-6-(((4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl)methylamino)methyl) pyridine-4-carboxylate afforded the title compound as white solid as a sodium
salt. "H-NMR (300MHz, CD30D): § 8.49 (s, 1H), 7.68 (s, 1H), 7.59 (s, 1H), 7.27 (m, 2H), 7.19 (m,

3H), 4.18 (t, 2H), 3.97 (s, 2H), 3.89 (s, 2H), 2.66 (t, 2H), 2.55 (s, 3H), 2.15 (m, 2H) ppm. ES-MS: 366
[M+1].

[00589] 2-(Hydroxymethyl)-6-[({[4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylic acid

N7

(]
HO N/ N\/Q\N,N

General Procedure A from methyl 2-[(acetyloxy)methyl]-6-[({[4-(3-phenylpropyl)-4H-1,2,4-triazol-3-

78

yl]methyl}amino)methyl]pyridine-4-carboxylate afforded the title compound as white solid as a
sodium salt. '"H-NMR (300MHz, CD;OD): & 8.44 (s, 1H), 7.80 (s, 1H), 7.69 (s, 1H), 7.25-7.13 (m,
5H), 4.68 (s, 2H), 4.13 (t, 2H), 3.92 (s, 2H), 3.87 (s, 2H), 2.70 (t, 2H), 2.12 (m, 2H) ppm. ES-MS: 382
[M+1].

[00590] 2-[({[5-Ethyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-yl]methyl}amino)methyl]-6-
(hydroxymethyl)pyridine-4-carboxylic acid
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General Procedure A from methyl 2-[({[5-ethyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-

yl]methyl} amino)methyl]-6-(hydroxymethyl)pyridine-4-carboxylate afforded the title compound as
white solid as a sodium salt. '"H-NMR (300MHz, CDs0OD): 6 7.85 (s, 1H), 7.72 (s, 1H), 7.32-7.20 (m,
5H), 4.72 (s, 2H), 4.07 (t, 2H), 3.90 (m, 4H), 2.68 (m, 4H), 2.06 (m, 2H), 1.32 (s, 3H) ppm. ES-MS:
410 [M+1].

[00591] 2-t[({4-[(4-Fluorophenyl)methyl] -5 -(1 -hydroxyethyl) -4H-1,2,4 -triazol -3 -yl}methyl)amin
o]methyl} -6 -(hydroxymethyl)pyridine -4 carboxylic acid
F
Os OH
X
H N \H\OH
Ho NN A
N~ 77

General Procedure A from methyl 2-[(acetyloxy)methyl]-6-{[({4-[(4-fluorophenyl)methyl]-5-(1-
hydroxyethyl)-4H-1,2,4-triazol-3-yl} methyl)amino]methyl } pyridine-4-carboxylate afforded the title
compound as white solid as a sodium salt. '"H-NMR (300MHz, CD;0D): & 7.81 (s, 1H), 7.68 (s, 1H),
7.20-7.04 (m, 4H), 5.54 (s, 2H), 4.91 (q, 1H), 3.90 (s, 2H), 3.83 (s, 2H), 1.58 (d, 3H) ppm. ES-MS: 416
[M+1].

[00592] 2-{[({4-[ (4-Fluorophenyl)methyl]-5-(1-hydroxyethyl)-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-methylpyridine-4-carboxylic acid
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General Procedure A from methyl 6-{[({4-[(4-fluorophenyl)methyl]-5-(1-hydroxyethyl)-4H-1,2,4-
triazol-3-yl} methyl)amino]methyl} -2-methylpyridine-4-carboxylate afforded the title compound as
white solid as a sodium salt. "H-NMR (300MHz, CD;0D): & 7.82 (s, 1H), 7.76 (s, 1H), 7.25-7.10 (m,
4H), 5.49 (s, 2H), 5.04 (q, 1H), 4.58 (s, 2H), 4.38 (d, 2H), 2.53 (s, 3H), 1.68 (d, 3H) ppm. ES-MS: 400
[M+1].

[00593] 2-[({[3-(Benzyloxy)-6-methoxypyridin-2-yl]methyllamino)methyl]-6-methylpyridine-4-

carboxylic acid

O OH
™ v )
N/ N \N 0/92

General Procedure A from methyl 6-[({[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl} amino)methyl]-
2-methylpyridine-4-carboxylate afforded the title compound as white solid as a sodium salt. "H-NMR
(300MHz, CD:;0OD): 6 7.70 (s, 1H), 7.80 (s, 1H), 7.60 (m, 5H), 7.30 (d, 1H), 6.80 (d, 1H), 4.50 (s, 2H),
3.90 (m, 7H), 2.55 (s, 3H) ppm. ES-MS: 392 [M+1].

[00594] 2-[({[3-(Benzyloxy)-6-methoxypyridin-2-yl]methyl}amino)methyl]-6-
(hydroxymethyl)pyridine-4-carboxylic acid

@) OH
olRhe
HO N/ N \N 0 03
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General Procedure A from methyl 2-[(acetyloxy)methyl]-6-[( {[3-(benzyloxy)-6-methoxypyridin-2-
yl]methyl}amino)methyl]pyridine-4-carboxylate afforded the title compound as white solid as a
sodium salt. 'H-NMR (300MHz, CD;0D): § 7.70 (s, 1H) 7.60 (s, 1H), 7.35 (m, 6H), 6.50 (d, 1H), 5.00
(s, 2H), 4.70 (s, 2H), 3.90 (s, 2H), 3.80 (s, SH) ppm. ES-MS: 410 [M+1].

[00595] 2-[({2-[3-(Benzyloxy)-6-methoxypyridin-2-yl]ethyl}amino)methyl]-6-
(hydroxymethyl)pyridine-4-carboxylic acid
O+ _OH
X
o L i L
p
N | N
N A
O< 105

General Procedure A from methyl 2-[(acetyloxy)methyl]-6-[({2-[3-(benzyloxy)-6-methoxypyridin-2-
yl]ethyl}amino)methyl]pyridine-4-carboxylate. Evaporation to dryness afforded the title compound as
white solid as a sodium salt. "H-NMR (300MHz, CD;0D): & 7.80 (s, 1H) 7.60 (s, 1H), 7.30 (m, 6H),
6.50 (d, 1H), 5.00 (s, 2H), 4.60 (s, 2H), 3.90 (s, 2H), 3.80 (s, 3H), 3.00 (s, 4H) ppm. ES-MS: 422
[M+1].

[00596] 2-{[({1-[(4-Fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-1 H-imidazol-2-
yl}methyl)amino]methyl}-6-methylpyridine-4-carboxylic acid
F
Os_OH
AN N o
YD
A

General Procedure A from methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-1H-
imidazol-2-yl}methyl)amino Jmethyl } -2-methylpyridine-4-carboxylate. Evaporation to dryness
afforded the title compound as a sodium salt. 'H-NMR (300 MHz, CD;0D): 3 7.63 (s, 1H), 7.54 (s,
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1H), 7.03-6.94 (m, 5H), 6.10 (d, 1H), 5.86-5.76 (m, 1H), 5.32 (s, 2H), 3.87 (s, 2H), 3.83 (s, 2H), 2.51
(s, 3H), 1.84 (d, 3H) ppm. ES-MS: 395 [M+1].

[00597] 2-{[({5-Cyclobutyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-
yl}methyl)amino]methyl}-6-methyl pyridine-4-carboxylic acid

F
@) OH Q
A N
oy BP
N N 39

~

General Procedure A from methyl 6-{[({5-cyclobutyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as brown solid as a sodium salt. 'H-NMR (300MHz, CD;0D): § 7.61 (s, 1H), 7.52 (s, 1H),
7.01 (t, 2H), 7.12 (s, 1H), 6.93 (t, 2H), 5.20 (s, 2H), 3.84 (s, 2H), 3.76 (s, 2H), 3.37-3.20 (m, 1H), 2.50
(s, 3H), 2.21—1.93 (m, 4H), 1.86-1.74 (m, 2H) ppm. ES-MS: 409 [M+1].

[00598] 2-{[({1-[ (4-Fluorophenyl)methyl]-5-(methylsulfanyl)-1 H-imidazol-2-

yl}methyl)amino]methyl}-6-methyl pyridine-4-carboxylic acid
F

| X H /\g
N/ N\/l\\N 43

General Procedure A from methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)-1H-imidazol-
2-yl}methyl)amino |methyl}-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as brown solid as a sodium salt. "H-NMR (300MHz, CD;0D): & 7.63 (s, 1H), 7.54 (s, 1H),
7.12 (s, 1H), 7.01 (d, 4H), 5.43 (s, 2H), 3.84 (s, 2H), 3.77 (s, 2H), 2.51 (s, 3H), 2.09 (s, 3H) ppm. ES-

MS: 401 [M+1].

[00599] 2-[({[5-Ethyl-1-(4-methylpentyl)-1 H-imidazol-2-yl] methyl}amino)methyl]-6-
methylpyridine-4-carboxylic acid
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e

General Procedure A from methyl 6-[({[5-cthyl-1-(4-methylpentyl)-1H-imidazol-2-ylJmethyl } amino)
methyl]-2-methylpyridine-4-carboxylate. Purification by preparative HPLC afforded the title
compound as colorless gum as a TFA salt. "H-NMR (300MHz, CD;0D): & 7.86 (s, 1H), 7.82 (s, 1H),
7.26 (s, 1H), 4.35 (s, 2H), 4.24 (s, 2H), 4.14 (t, 2H), 2.75-2.61 (m, 5H), 1.82-1.67 (m, 2H), 1.65-.1.50
(m, 1H), 1.38-1.19 (m, 5H), 0.90 (d, 6H) ppm. ES-MS: 359 [M+1].

[00600] 2-{[({1-[1-(4-Fluorophenyl)pent-3-yn-1-yl]-1 H-imidazol-2-yl}methyl)amino]methyl}-6-
methylpyridine-4-carboxylic acid
HO.__O
AN
P
N
HN:L\\
N N
\—/
F 96

General Procedure A from methyl 6-{[({1-[1-(4-fluorophenyl)pent-3-yn-1-yl]-1H-imidazol-2-yl}
methyl)amino]methyl}-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title
compound as brown solid as a sodium salt. "H-NMR (300MHz, CD;0D): & 7.67 (s, 1H), 7.58 (s, 1H),
7.34-7.20 (m, 3H), 7.03 (t, 2H), 6.91 (s, 1H), 5.84 (t, 1H), 4.0-3.77 (m, 4H), 3.06-2.94 (m, 2H), 2.54 (s,
3H), 1.61 (t, 3H) ppm. ES-MS: 407 [M+1].

[00601] 2-{[({5-Ethyl-1-[ (4-fluorophenyl)methyl]- 1 H-imidazol-2-yl}methyl)amino]methyl}-6-
(hydroxymethyl) pyridine-4-carboxylic acid
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F
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General Procedure A from methyl 2-{[({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-yl}
methyl) amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate. Evaporation to dryness afforded the
title compound as brown solid as a sodium salt. '"H-NMR (300MHz, CD;0D): § 7.77 (s, 1H), 7.65 (s,
1H), 7.09-6.88 (m, 4H), 6.68 (s, 1H), 5.26 (s, 2H), 4.67 (s, 2H), 3.88 (s, 2H), 3.78 (s, 2H), 2.42 (q, 2H),
1.16 (t, 3H) ppm. ES-MS: 399 [M+1].

[00602] 2-{[({1-[(4-Fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1 H-imidazol-2-
yl}methyl)amino]methyl}-6-methylpyridine-4-carboxylic acid

F
Os_OH @
N N 103

General Procedure A from methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1H-imidazol-
2-yl}methyl)amino |methyl} -2-methylpyridine-4-carboxylate. Purification by preparative HPLC gave
the title compound as colorless gum as a TFA salt. 'H-NMR (300MHz, CD;0D): & 7.83 (d, 2H), 7.40
(s, 1H), 7.14-7.00 (m, 4H), 5.47 (s, 2H), 5.34 (s, 1H), 5.10 (s, 1H), 4.39 (s, 2H), 4.36 (s, 2H), 2.56 (s,
3H), 1.91 (s, 3H) ppm. ES-MS: 395 [M+1].

[00603] 2-[({[5-(2-Carbamoylethyl)-1-[ (4-fluorophenyl)methyl]-1 H-imidazol-2-
yl]methyl}amino)methyl]-6-methylpyridine-4-carboxylic acid
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General Procedure A from methyl 6-({[(tert-butoxy)carbonyl]({[5-(2-carbamoylethyl)-1-[(4-fluoro
phenyl)methyl]-1H-imidazol-2-ylJmethyl} Jamino } methyl)-2-methylpyridine-4-carboxylate.
Evaporation to dryness gave the title compound as colorless solid as a sodium salt. Dissolved in TFA
and evaporated to afford the title compound as colorless gum as a TFA salt. 'H-NMR (300MHz,
CD;0OD): 6 7.83 (s, 2H), 7.33 (s, 1H), 7.17-6.98 (m, 4H), 5.49 (s, 2H), 4.45 (s, 2H), 4.32 (s, 2H), 2.77
(t, 2H), 2.59 (s, 3H), 2.48 (t, 2H) ppm. ES-MS: 426 [M+1].

[00604] 2-[({[5-Ethyl-1-(thiophen-2-ylmethyl)-1 H-imidazol-2-yl]methyl}amino)methyl]-6-
methylpyridine-4-carboxylic acid

X

DY N{
= N
N N 115

General Procedure A from methyl 6-[({[5-cthyl-1-(thiophen-2-ylmethyl)-1H-imidazol-2-yl] methyl}
amino)methyl]-2-methylpyridine-4-carboxylate. Evaporation to dryness afforded the title compound as
brown solid as a sodium salt. '"H-NMR (300MHz, CDs0OD): 6 7.63 (s, 1H), 7.54 (s, 1H), 7.29 (d, 1H),
6.92 (t, 1H), 6.82 (s, 1H), 6.65 (s, 1H), 5.47 (s, 2H), 3.87 (s, 4H), 2.61-2.50 (m, 5H), 1.21 (t, 3H) ppm.
ES-MS: 371 [M+1].

[00605] 1-[6-2-{[({5-Ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-
yl}methyl)amino]methyl}-6-methyl pyridin-4-yl)-5-oxa-7-azaspiro[2.5]octan-7-yl]-2,2,2-

trifluoroethan-1-one
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General Procedure Q from tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-

F

yl}methyl)-N-({6-methyl-4-[ 7-(trifluoroacetyl)-5-oxa-7-azaspiro[2.5]octan-6-yl]pyridin-2-yl}
methyl)carbamate. Evaporation to dryness afforded the title compound as brown solid as a TFA salt.
'H-NMR (300 MHz, CDCl:): § 7.48 (s, 1H), 7.30 (s, 1H), 7.14 (s, 1H), 7.09 (t, 2H), 6.99 (t, 2H), 6.94
(s, 1H), 5.45 (s, 2H), 4.51 (s, 2H), 4.41 (s, 2H), 4.02 (d, 1H), 3.72 (d, 1H), 3.25 (t, 2H), 2.71 (s, 3H),
2.56 (q, 2H), 1.30 (t, 3H), 0.77-0.59 (m, 2H), 0.55-0.40 (m, 2H) ppm. ES-MS: 546 [M+1].

[00606] 1-(6-{2-[({[3-(Benzyloxy)-6-methoxypyridin-2-yl]methyl}amino)methyl]-6-
(hydroxymethyl)pyridin-4-yl}-5-oxa-7-azaspiro[2.5] octan-7-yl)-2, 2, 2-trifluoroethan-1-one

F
F
N
F>Hf o)
H N _CH
O N0 M 16

General Procedure Q from tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl} -N-[(6- {[(tert-
butyldimethylsilyl)oxy]methyl}-4-[ 7-(trifluoroacetyl)-5-oxa-7-azaspiro[2.5]octan-6-yl|pyridin-2-
yl)methyl]carbamate. Purification by chromatography afforded the title compound as colorless gum as
a TFA salt. 'H-NMR (300 MHz, CD;0D): & 7.61-7.26 (m, 7H), 7.58 (d, 1H), 6.96-6.62 (m, 2H), 5.13
(s, 2H), 4.77 (s, 2H), 4.52 (s, 2H), 4.42 (s, 2H), 4.13-3.99 (m, 1H), 3.92 (s, 3H), 3.84-3.72 (m, 1H),
3.40-3.08 (m, 2H), 0.72-0.61 (m, 2H), 0.55-0.35 (m, 2H) ppm. ES-MS: 573 [M+1].

Intermediates
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[00607] (S)-Methyl-6-[({5H,6H,7H-cyclopenta[b] pyridin-7-yl}amino)methyl]-2-methylpyridine-
HaC
O O
g
AN
HaC N
HN
v\
4-carboxylate: ==
[00608] General Procedure B from methyl 2-(aminomethyl)-6-methylpyridine-4-carboxylate and

(S)-5H, 6H, 7TH-cyclopenta[b]pyridin-7-amine afforded the title compound as yellow oil after
purification by chromatography. 'H-NMR (300 MHz, CDCls): & 8.41 (d, 1 H), 7.76 (s, 1 H), 7.58 (s, 1
H), 7.53 (d, 1 H), 7.10 (t, 1 H), 4.30 (t, 1 H), 4.15 (m, 2 H), 3.93 (s, 3 H), 3.01 (m, 1 H), 2.86 (m, 1 H),
2.62 (s, 3 H),2.47 (m, 1 H), 1.97 (m, 1 H) ppm. ES-MS: 298 [M+1].

[00609] Methyl 2-(((tert-butoxycarbonyl)((1-(4-fluorobenzyl)- 1 H-imidazol-2-
vl)methyl)amino)methyl)-6-(prop-1-yn-1-yl)isonicotinate:

CHj

|

Z

AN
% N

O
HsC N\KO
)i ©
N \’<

\—/
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General Procedure C from methyl 2-bromo-6-({[(tert-butoxy)carbonyl]({1-[(4-fluorophenyl)methyl]-
1H-imidazol-2-yl} methyl)amino } methyl)pyridine-4-carboxylate and potassium
propynyltrifluoroborate afforded the title compound as yellow oil after purification by chromatography.
'H-NMR (300 MHz, CDCls): § 7.74 (s, 1 H), 7.44 (s, 1 H), 7.04 (m, 4 H), 6.92 (s, 1 H), 6.82 (s, 1 H),
5.30(s,2 H),4.74 (s, 2 H), 4.53 (s, 2 H), 3.93 (s, 3 H), 2.09 (s, 3 H), 1.29 (m, 9 H).

[00610] Methyl-2-bromo-6-({[(tert-butoxy)carbonyl] ({1-[(4-fluorophenyl)methyl]-1 H-imidazol-
2-yl} methyl)amino}methyl)pyridine-4-carboxylate:

[
O
/&
Y
Br N
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LNYO
o) CHs,
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\_/ CHj;
— CH,

F

General Procedure D from methyl 2-bromo-6-{[({1-[(4-fluorophenyl)methyl]-1H-imidazol-2-
ylymethyl)amino]methyl} pyridine-4-carboxylate afforded the title compound as yellow oil. '"H-NMR
(300 MHz, CDCI3): 6 7.85 (s, 1 H), 7.52 (s, 1 H), 7.07 (m, 4 H), 6.85 (m, 2 H), 5.31 (s, 2 H), 4.74 (s, 2
H), 4.56 (s, 2 H), 3.95 (s, 3 H), 1.32 (s, 9 H).

[00611] Methyl-2-bromo-6-{[({1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-
yl}methyl)amino]methyl} pyridine-4-carboxylate:
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General Procedure B from 1-[(4-fluorophenyl)methyl]-1H-imidazole-2-carbaldehyde and methyl 2-
(aminomethyl)-6-bromopyridine-4-carboxylate afforded the title compound as light yellow oil. 'H-
NMR (300 MHz, CDCls): 6 7.88 (s, 1 H), 7.76 (s, 1 H), 7.02 (m, 5 H), 6.83 (s, 1 H), 5.20 (s, 2 H), 3.96
(s,2 H),3.94 (s,3 H),3.86 (s,2 H).

[00612] Methyl 2-{[({4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methyl)amino] methyl}-6-
(hydroxymethyl)pyridine-4-carboxylate

General Procedure Q from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({4-[(4-
fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl } methyl)amino]methyl} pyridine-4-carboxylate. Purification
by chromatography afforded the title compound as colorless gum. "H-NMR (300MHz, CDCl;): & 8.08
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(s, 1H), 7.73 (s, 1H), 7.70 (s, 1H), 7.15 (t, 2H), 7.05 (t, 2H), 5.28 (s, 2H), 4.81 (s, 2H), 3.99 — 3.93 (m,
7H) ppm.

[00613] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({4-] (4-fluorophenyl)methyl]-4H-
1,2,4-triazol-3-yl}methyl)amino]methyl}pyridine-4-carboxylate
M
0. .0
Ao L
/Si\’o N7
HN

NlIN
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F

General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl } -6-formylpyridine-4-
carboxylate and {4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl }methanamine. Purification by
chromatography afforded the title compound as colorless gum. 'H-NMR (300MHz, CDCls): & 8.08 (s,
1H), 7.95 (s, 1H), 7.65 (s, 1H), 7.14 (t, 2H), 7.05 (t, 2H), 5.29 (s, 2H), 4.86 (s, 2H), 3.98 — 3.93 (m,
7H), 0.98 (s, 9H), 0.14 (s, 6H) ppm.

[00614] Methyl 2-(hydroxymethyl)-6-[({[5-methyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylate

General Procedure Q from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-[({[5-methyl-4-(3-
phenylpropyl)-4H-1,2,4-triazol-3-ylJmethyl } amino)methyl|pyridine-4-carboxylate. Purification by
chromatography afforded the title compound as colorless gum. 'H-NMR (300MHz, CDCls): § 7.73 (s,
1H), 7.70 (s, 1H), 7.33 - 7.21 (m, 3H), 7.17 - 7.11 (m, 2H), 5.47 (brs, 2H), 4.80(s, 2H), 4.00 — 3.90 (m,
7H), 2.67(t, 2H), 2.35 (s, 3H), 2.10 — 1.97 (m, 2H) ppm.
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[00615] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-[ ({[5-methyl-4-(3-phenylpropyl)-4H-
1,2,4-triazol-3-yl] methyl}amino)methyl] pyridine-4-carboxylate

A

By General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy|methyl}-6-formylpyridine-4-
carboxylate and [5-methyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-ylJmethanamine. Purification by
chromatography afforded the title compound as colorless gum. 'H-NMR (300MHz, CDCls): § 7.94 (s,
1H), 7.67 (s, 1H), 7.33 - 7.19 (m, 3H), 7.16 —7.11 (m, 2H), 4.85 (s, 2H), 3.99 — 3.86 (m, 9H), 2.67(t,
2H), 2.36 (s, 3H), 2.10 — 1.93 (m, 2H), 0.98 (s, 9H), 0.14 (s, 6H) ppm.

[00616] Ethyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[ ({1-[(4-fluorophenyl)methyl]-1 H-
imidazol-2-yl}methyl)amino]methyl}pyridine-4-carboxylate

CHs
Z N
| H \
j\/Si\,O\/gN\/j\/N\/L\}

General Procedure B from ethyl 2-(aminomethyl)-6-{[(tert-butyldimethylsilyl)oxy]methyl} pyridine-4-
carboxylate and 1-[(4-fluorophenyl)methyl]-1H-imidazole-2-carbaldehyde. Purification by
chromatography afforded the title compound as light yellow gum. 'H-NMR (300MHz, CDCls): & 7.94
(s, 1H), 7.69 (s, 1H), 7.27 (s, 1H), 7.12 - 6.95 (m, 4H), 6.84 (s, 1H), 5.21 (s, 2H), 4.84 (s, 2H), 4.41(q,
2H), 3.94 (s, 2H), 3.87 (s, 2H), 1.41 (t, 3H), 0.98 (s, 9H), 0.14 (s, 6H) ppm.

[00617] Methyl 6-[({[6-methoxy-3-(2-phenylethoxy)pyridin-2-yl]methyllamino)methyl]-2-
methylpyridine-4-carboxylate
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General Procedure B from methyl 6-formyl-2-methylpyridine-4-carboxylate and [6-methoxy-3-(2-
phenylethoxy)pyridin-2-ylJmethanamine. Purification by chromatography afforded the title compound
as light yellow gum. "H-NMR (300MHz, CDCls): & 7.73 (s, 1H), 7.58 (s, 1H), 7.33 — 7.20 (m, 5H),
7.12 (d, 1H), 6.55 (d, 1H), 4.13 (t, 2H), 3.95 (s, 2H), 3.94 (s, 3H), 3.90(s, 3H), 3.89 (s, 2H), 3.07 (t,
2H), 2. 61 (s, 3H) ppm.

[00618] Methyl-2-(hydroxymethyl)-6-[({[ 5-methyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylate

ERY

General Procedure Q from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-[({[5-methyl-4-(4-
methylpentyl)-4H-1,2,4-triazol-3-ylJmethyl } amino)methyl]pyridine-4-carboxylate. Aqueous work up
afforded the title compound as colorless gum. "H-NMR (300MHz, CDCls): 3 7.8 (brs, 2H), 4.8 (s, 2H),
4.1-3.9 (m, 9H), 2.4 (s, 3H), 1.7 (m, 2H), 1.5 (m, 1H), 1.3 (m, 2H), 0.85 (d, 6H).

[00619] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-[({[5-methyl-4-(4-methylpentyl)-4H-
1,2,4-triazol-3-yl] methyl}amino)methyl]pyridine-4-carboxylate
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General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl } -6-formylpyridine-4-
carboxylate and [5-methyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-ylJmethanamine. Purification by
chromatography afforded the title compound. 'H-NMR (300MHz, CDCl3): & 7.8 (s, 1H), 7.6 (s, 1H),
4.8 (s, 2H), 4.1-3.9 (m, 9H), 2.4 (s, 3H), 1.6 (m, 2H), 1.5 (m, 1H), 1.3 (m, 2H), 1.0 (s, 9H), 0.85 (d,
6H), 0.1 (s, 6H).

[00620] Ethyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({1-[(4-fluorophenyl)methyl]-4-
(hydroxymethyl)-1 H-imidazol-2-yl}methyl)amino] methyl }pyridine-4-carboxylate
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General Procedure B from 1-[(4-fluorophenyl)methyl]-4-(hydroxymethyl)-1H-imidazole-2-
carbaldehyde and Ethyl 2-(aminomethyl)-6-{[(tert-butyldimethylsilyl)oxy]methyl} pyridine-4-
carboxylate Purification by chromatography afforded the title compound.as yellow oil."H NMR 'H
NMR (300 MHz, CDCls): 6 ppm 7.90 (s, 1H), 7.60 (s, 1H), 7.00-6.80 (m, 5H), 5.10, 5.30 (2s, 2H),
4.70 (s, 2H), 4.45 (2s, 2H), 4.40 (q, 2H), 4.00 (s, 2H), 3.80 (2s, 2H), 1.35 (t, 3H), 1.00 (s, 9H), 0.20 (s,
6H).

[00621] Methyl 2-{[({4-[(4-fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl) pyridine-4-carboxylate
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General Procedure Q from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({4-[(4-
fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-yl } methyl)amino]methyl } pyridine-4-carboxylate.
Purification by chromatography afforded the title compound as colorless gum. 'H-NMR (300MHz,

CDs0D): 8 7.89 (s, 1H), 7.72 (s, 1H), 7.19-7.03 (m, 4H), 5.35 (s, 2H), 4.72 (s, 2H), 3.99 (s, 4H), 3.95
(s, 3H), 2.31 (s, 3H).

[00622] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({4-] (4-fluorophenyl)methyl]-5-
methyl-4H-1,2,4-triazol-3-yl}methyl)amino]methyl}pyridine-4-carboxylate
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General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl } -6-formylpyridine-4-
carboxylate and {4-[(4-fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-yl} methanamine.
Purification by chromatography afforded the title compound as colorless oil. 'H-NMR (300MHz,

CDs0D): 8 7.93 (s, 1H), 7.63 (s, 1H), 7.04-6.96 (m, 4H), 5.23 (s, 2H), 4.83 (s, 2H), 3.96 (s, 3H), 3.94
(s, 2H), 3.92 (s, 2H), 2.34 (s, 3H), 0.98 (s, 9H), 0.14 (s, 6H) ppm.

[00623] Methyl 6-{[({5-ethyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate
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General Procedure B from methyl 6-formyl-2-methylpyridine-4-carboxylate and {5-Ethyl-4-[(4-
fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl }methanamine. Purification by chromatography afforded
the title compound as colorless gum. 'H-NMR (300MHz, CDCls): § 7.55 (s, 2H), 7.03 — 6.93 (m, 4H),
5.22 (s, 2H), 3.94 — 3.84 (m, 7H), 2.60 (q, 2H), 2.56 (s, 3H), 1.28 (t, 3H) ppm.

[00624] Methyl 6-{[({4-[(4-fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate

F

|

0.0

7 N/\<

- I K \/k\N,N
General Procedure B from methyl 6-formyl-2-methylpyridine-4-carboxylate and {4-[(4-
fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-yl }methanamine. Purification by chromatography
afforded the title compound as colorless gum. "H-NMR (300MHz, CDCls): 3 7.56 (s, 1H), 7.55 (s, 1H),
7.00 (s, 2H), 6.98 (s, 2H), 5.23 (s, 2H), 3.96 — 3.86 (m, 4H), 3.91 (s, 3H), 2.56 (s, 3H), 2.32 (s, 3H)
ppm.
[00625] Methyl 2-{[({5-ethyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-6-(hydroxymethyl)pyridine-4-carboxylate
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General Procedure Q from methyl 2- {[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({5-cthyl-4-[(4-
fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl } methyl)amino]methyl} pyridine-4-carboxylate. Purification
by chromatography afforded the title compound as colorless gum. "H-NMR (300MHz, CDCls): & 7.76
(s, 1H), 7.59 (s, 1H), 6.99 — 6.92 (m, 4H), 5.21 (s, 2H), 4.76 (s, 2H), 3.91 — 3.86 (m, 4H), 3.87 (s, 3H),
2.58 (q, 2H), 1.25 (t, 3H) ppm.

[00626] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({5-ethyl-4-[(4-
fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methyl)amino]methyl}pyridine-4-carboxylate
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General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl } -6-formylpyridine-4-
carboxylate and {5-Ethyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl} methanamine. Purification
by chromatography afforded the title compound as colorless gum. "H-NMR (300MHz, CDCls): & 7.89
(s, 1H), 7.60 (s, 1H), 7.01 — 6.93 (m, 4H), 5.21 (s, 2H), 4.79 (s, 2H), 3.93 (s, 3H), 3.90 (s, 2H), 3.88 (s,
2H), 2.59 (q, 2H), 1.28 (t, 3H), 0.95 (s, 9H), 0.10 (s, 6H) ppm.

[00627] Methyl 2-{[({4-[(4-fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl }—6—(hydroxymethyl)pyridz'ne—4—carb0xylate

\/g\/j\/ N \/L N
General Procedure Q from methyl 2-{[(tert-butyldimethylsilyl)oxy|methyl}-6-{[({4-[(4-
fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl } methyl)amino Jmethyl } pyridine-

4-carboxylate. Purification by chromatography afforded the title compound as colorless gum.'H-NMR
(300MHz, CDCls): 6 7.73 (s, 1H), 7.63 (s, 1H), 7.15 (d, 1H), 6.97 — 6.83 (m, 5H), 6.75 (s, 1H), 5.14 (s,
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2H), 4.77 (s, 2H), 4.21 (s, 2H), 3.96-3.87 (m, 5H), 3.82 (s, 2H) ppm.

[00628] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-{[({4-] (4-fluorophenyl)methyl]-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl}methyl)amino] methyl}pyridine-4-carboxylate
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General Procedure B from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl } -6-formylpyridine-4-
carboxylate and {4-[(4-fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl}methanamine. Purification by chromatography afforded the title compound as colorless gum. 'H-
NMR (300MHz, CDCls): 6 7.91 (s, 1H), 7.60 (s, 1H), 7.15 (d, 1H), 6.97 — 6.83 (m, 5H), 6.76 (s, 1H),
5.14 (s, 2H), 4.80 (s, 2H), 4.21 (s, 2H), 3.93 (s, 3H), 3.91 (s, 2H), 3.88 (s, 2H), 0.96 (s, 9H), 0.12 (s,
6H) ppm.

[00629] Methyl 2-methyl-6-{[({1-[2-(pyrimidin-5-yl)ethyl]-1 H-imidazol-2-
yl}methyl)amino]methyl}pyridine-4-carboxylate
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General Procedure B from 1-[2-(pyrimidin-5-yl)ethyl]-1H-imidazole-2-carbaldehyde and methyl 2-
(aminomethyl)-6-methylpyridine-4-carboxylate. Purification by chromatography gave the title
compound as light yellow oil. 'H-NMR (300 MHz, CDCls): 9.08 (s, 1H), 8.43 (s, 2H), 7.27 (s, 1H),
6.96 (s, 1H), 6.93 (s, 1H). 6.75 (s, 1H), 4.28 (t, 2H), 3.90 (s, 3H), 3.81 (s, 2H), 3.45 (s, 2H), 3.09 (t,
2H), 2.58 (s, 3H) ppm.
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[00630] Methyl 6-{[({4-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl }—2—methylpyridz'ne—4—carb0xylate

8

General Procedure B from methyl 6-formyl-2-methylpyridine-4-carboxylate and {4-[(4-
fluorophenyl)methyl]-5-(methylsulfanyl)-4H-1,2,4-triazol-3-yl} methanamine. Purification by
chromatography afforded the title compound. 'H-NMR (300 MHz, CDCls): 8 7.58 (s, 1H), 7.56 (s, 1H),
7.14 (d, 2H), 7.22 (t, 2H), 5.33 (s, 2H), 4.81 (s, 2H), 4.78 (s, 2H), 3.90(s, 3H), 2.75 (s, 3H), 2.73 (s, 3H)
ppm.

[00631] Methyl 2-[(acetyloxy)methyl]-6-{[({4-[ (4-fluorophenyl)methyl]-5-propyl-4H-1,2,4-
triazol—S—yl}methyl)amino]methyl}pyridine—4—carb0xylate

f

General Procedure B from {4-[(4-fluorophenyl)methyl]-5-propyl-4H-1,2,4-triazol-3-yl }methanamine
and methyl 2-[(acetyloxy)methyl]-6-formylpyridine-4-carboxylate. Purification by chromatography
afforded the title compound. 'H-NMR (300 MHz, CDCls), 3 ppm: 7.73 (s, 1H), 7.67 (s, 1H), 7.02-6.93
(m, 4H), 5.22 (s, 2H), 5.19 (s, 2H), 3.93 (s, 5H), 3.88 (s, 2H), 2.56 (t, 2H), 2.24 (bs, 1H), 2.16 (s, 3H),
1.77-1.65 (m, 2H), 0.94 (t, 3H) ppm.

[00632] Methyl 2-[(acetyloxy)methyl]-6-[({[6-methoxy-3-(2-methylpropyl)pyridin-2-
yl]methyl}amino)methyl]pyridine-4-carboxylate
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By General Procedure B from [6-methoxy-3-(2-methylpropyl)pyridin-2-ylJmethanamine and methyl 2-
[(acetyloxy)methyl]-6-formylpyridine-4-carboxylate. Purification by chromatography afforded the title
compound. 'H-NMR (300 MHz, CDCls): & 7.92 (s, 1H), 7.76 (s, 1H), 7.30 (d, 1H), 6.56 (d, 1H), 5.26
(s, 2H), 4.07 (s, 2H), 3.96 (s, 3H), 3.94 (s, 3H), 3.88 (s, 2H), 2.38 (d, 2H), 2.18 (s, 3H), 1.83-1.68 (m,
1H), 0.88 (d, 6H) ppm.

[00633] Methyl 2-[ (acetyloxy)methyl]-6-[({[5-ethyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylate

By General Procedure B from [5-ethyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-ylJmethanamine and
methyl 2-[(acetyloxy)methyl]-6-formylpyridine-4-carboxylate. Purification by chromatography
afforded the title compound as a yellow oil.'"H-NMR (300 MHz, CDCls): & 7.78 (s, 2H), 5.26 (s, 2H),
4.01 (s, 2H), 3.99 (s, 2H), 3.97 (s, 3H), 3.92 (t, 2H), 2.72 (q, 2H), 2.31 (s, 1H), 2.20 (s, 3H), 1.74-1.63
(m, 2H), 1.58-1.48 (m, 1H), 1.42 (t, 3H), 1.23-1.15 (m, 2H), 0.87 (d, 6H) ppm.

[00634] Methyl 2-methyl-6-[({[4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
yl]methyl}amino)methyl]pyridine-4-carboxylate
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General Procedure B from methyl (2-formyl-6-methyl) pyridine-4-carboxylate and (4-(3-
phenylpropyl)-4H-1,2,4-triazol-3-yl)methanamine. Purification by chromatography afforded the title
compound as white solid. 'H-NMR (300MHz, CDCLs): 3 8.09 (s, 1H), 7.61 (s, 2H), 7.27 (m, 3H), 7.13
(d, 2H), 4.07 (t, 2H), 4.00 (s, 2H), 3.93 (m, 7H), 2.66 (t, 2H), 2.61 (s, 3H), 2.15 (m, 2H) ppm.

[00635] Methyl 2-[(acetyloxy)methyl]-6-[ ({[4-(3-phenylpropyl)-4H-1,2,4-triazol-3-
Yl]methyl}amino)methyl]pyridine-4-carboxylate
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General Procedure B from methyl 2-(acetoxymethyl)-6-formyl-4-carboxylate and (4-(3-phenylpropyl)-
4H-1,2,4-triazol-3-yl)methanamine. Purification by chromatography afforded the title compound as
colorless oil. '"H-NMR (300MHz, CDCls): § 8.11 (s, 1H), 7.78 (s, 1H), 7.76 (s, 1H), 7.32-7.13 (m, 5H),
5.26 (s, 2H), 4.08 (t, 2H), 3.95 (s, 3H), 3.99 (d, 2H), 3.80 (s, 2H), 2.67 (t, 2H), 2.19 (s, 3H), 2.12 (m,
2H) ppm.

[00636] Methyl 2-[({[5-ethyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-yl]methyl}amino)methyl]-6-
(hydroxymethyl)pyridine-4-carboxylate
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General Procedure Q from methyl-
2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-[ ({[5-cthyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-ylJmethy
1}amino)methyl]pyridine-4-carboxylate afforded the title compound. 'H-NMR (300MHz, CDCl3): &

7.74 (s, 1H), 7.70 (s, 1H), 7.32-7.13 (m, 5H), 4.81 (s, 2H), 3.97-3.88 (m, 9H), 2.14 (m, 4H), 2.04 (m,
2H), 1.36 (s, 3H) ppm.

[00637] Methyl

2-{[(tert-butyldimethylsilyl)oxy]methyl} -6 [ ({[5 -ethyl-4-(3 -phenylpropyl)-4H-1,2,4 triazol -3 yl]methyl
Jamino)methyl]pyridine-4-carboxylate
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General Procedure B from methyl 2-((tert-butyldimethylsilyloxy)methyl)-6-formylpyridine-4-
carboxylate and (5-ethyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-yl)methanamine. Purification by
preparative TLC afforded the title compound as colorless oil. 'H-NMR (300MHz, CDCls): & 7.94 (s,
1H), 7.66 (s, 1H), 7.31-7.12 (m, 5H), 4.82 (s, 2H), 3.98-3.84 (m, 9H), 2.66 (m, 4H), 2.02 (m, 2H),
1.368 (s, 3H), 0.98 (s, 9H), 0.12 (s, 6H) ppm.

[00638] Methyl 2-[(acetyloxy)methyl]-6-{[ ({4-[(4-fluorophenyl)methyl]-5-(1-hydroxyethyl)-4H-
1,2,4-triazol-3-yl}methyl)amino]methyl}pyridine-4-carboxylate
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General Procedure B from methyl 2-(acetoxymethyl)-6-formyl-4-carboxylate and 1-[5-(aminomethyl)-
4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl]ethan-1-ol. Purification by preparative TLC afforded

the title compound as colorless oil. '"H-NMR (300MHz, CDCls): § 7.73 (s, 1H), 7.69 (s, 1H), 7.07-6.94
(m, 4H), 5.20 (s, 2H), 4.87 (q, 1H), 3.94 (s, 3H), 3.92 (s, 2H), 3.80 (s, 2H), 2.17 (s, 3H), 1.58 (d, 3H)

ppm.

[00639] Methyl 6-{[({4-[(4-fluorophenyl)methyl]-5-(1-hydroxyethyl)-4H-1,2,4-triazol-3-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate
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General Procedure B from methyl 2-formyl-6-methylpyridine-4-carboxylate and 1-(5-(aminomethyl)-
4-(4-fluorobenzyl)-4H-1,2,4-triazol-3-yl)ethanol. Purification by chromatography afforded the title
compound as colorless oil. '"H-NMR (300MHz, CD;0D): 8 7.57 (s, 1H), 7.55 (s, 1H), 7.08-6.95 (m,
4H), 5.47 (s, 2H), 4.87 (q, 1H), 3.93 (s, 3H), 3.89 (s, 2H), 3.81 (s, 2H), 2.57 (s, 3H), 1.60 (d, 3H) ppm.

[00640] Methyl 6-[({[3-(benzyloxy)-6-methoxypyridin-2-yl]methyl}amino)methyl]-2-
methylpyridine-4-carboxylate
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General Procedure B from methyl 2-formyl-6-methylpyridine-4-carboxylate and (3-(benzyloxy)-6-
methoxypyridin-2-yl)methanamine. Purification by chromatography afforded the title compound as
colorless oil. '"H-NMR (300MHz, CDCls): § 7.75 (s, 1H), 7.57 (s, 1H), 7.38-7.32 (m, 5H), 7.20 (d,
2H), 5.02 (s, 2H), 4.02 (s, 2H), 4.01 (s, 2H), 3.92 (s, 3H), 3.91 (s, 3H), 2.59 (s, 3H) ppm.

[00641] Methyl 2-[(acetyloxy)methyl]-6-[({[3-(benzyloxy)-6-methoxypyridin-2-
yl]methyl}amino)methyl] pyridine-4-carboxylate

OsO-_
oD e
\n/o NSNS N

General Procedure B from methyl 2-(acetoxymethyl)-6-formylpyridine-4-carboxylate and (3-
(benzyloxy)-6-methoxypyridin-2-yl)methanamine. Purification by chromatography afforded the title
compound as colorless oil. 'H-NMR (300MHz, CDCls): § 7.90 (s, 1H) 7.75 (s, 1H), 7.35 (m, 5H), 7.10
(d, 1H), 6.50 (d, 1H), 5.20 (s, 2H), 5.00 (s, 2H), 4.05 (s, 2H), 4.00 (s, 2H), 3.90 (s, 3H), 3.80 (s, 3H),
2.20 (s, 3H) ppm.

[00642] Methyl 2-[(acetyloxy)methyl]-6-[({2-]3-(benzyloxy)-6-methoxypyridin-2-
yl]ethyl}amino)methyl]pyridine-4-carboxylate
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General Procedure B from methyl 2-(acetoxymethyl)-6-formylpyridine-4-carboxylate and 2-(3-
(benzyloxy)-6-methoxypyridin-2-yl)ethan-1-amine. Purification by chromatography afforded the title
compound as colorless oil. "H-NMR (300MHz, CDCls):  7.82 (s, 1H), 7.77 (s, 1H), 7.40-7.32 (m,
5H), 7.21 (d, 1H), 6.55 (d, 1H), 5.22 (s, 2H), 5.02 (s, 2H), 4.08 (s, 2H), 3.96 (s, 3H), 3.88 (s, 3H), 3.12
(m, 4H), 2.19 (s, 3H) ppm.

[00643] Methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-1 H-imidazol-2-
yl}methyl)amino] methyl}-2-methylpyridine-4-carboxylate
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General Procedure B from 1-[(4-fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-1H-imidazole-2-
carbaldehyde and methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate. Purification by
chromatography afforded the title compound. "H-NMR (300 MHz, CDCls): § 7.59 (s, 1H), 7.56 (s,
1H), 7.06 (s, 1H), 7.00-6.90 (m, 4H), 5.99 (d, 1H), 5.82-5.71 (m, 1H), 5.24 (s, 2H), 3.93 (m, 5H), 3.87
(s, 2H), 2.58 (s, 3H), 1.88 (d, 3H) ppm.

[00644] Methyl 6-{[({5-cyclobutyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate
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General Procedure B from methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate and 5-cyclobutyl-
1-[(4-fluorophenyl)methyl]-1H-imidazole-2-carbaldehyde. Purification by chromatography afforded
the title compound as yellow oil. '"H-NMR (300MHz, CDsOD):  7.58 (s, 1H), 7.55 (s, 1H), 7.05-6.84
(m, 4H), 6.76 (s, 1H), 5.11 (s, 2H), 3.92 (s, 3H), 3.91 (s, 2H), 3.79 (s, 2H), 3.26-3.11 (m, 1H), 2.57 (s,
3H), 2.20—1.75 (m, 6H) ppm.

[00645] Methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)-1 H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate
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General Procedure B from methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate and 1-[(4-
fluorophenyl)methyl]-5-(methylsulfanyl)-1H-imidazole-2-carbaldehyde. Purification by
chromatography gave the title compound as yellow oil. 'H-NMR (300MHz, CD;0D): & 7.60 (s, 1H),
7.56 (s, 1H), 7.19 (S, 1H), 6.98 (d, 4H), 5.37 (s, 2H), 3.94 (s, 3H), 3.92 (s, 2H), 3.81 (s, 2H), 2.59 (s,
3H), 2.07 (s, 3H) ppm.

[00646] Methyl 6-[({[5-ethyl-1-(4-methylpentyl)- 1 H-imidazol-2-yl]methyl}amino) methyl]-2-
methylpyridine-4-carboxylate
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General Procedure B from methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate and 5-ethyl-1-(4-
methylpentyl)-1H-imidazole-2-carbaldehyde. Purification by chromatography gave the title compound
as yellow oil. '"H-NMR (300MHz, CD;0D): 3 7.68 (s, 1H), 7.58 (s, 1H), 6.68 (s, 1H), 3.99 (s, 2H),
3.94 (s, 3H), 3.89 (s, 2H), 3.84 (t, 2H), 2.60 (s, 3H), 2.52 (q, 2H), 1.79-1.44 (m, 4H), 1.35-.1.11 (m,
4H), 0.90 (d, 6H) ppm.

[00647] Methyl 6-{[({1-[1-(4-fluorophenyl)pent-3-yn-1-yl]-1 H-imidazol-2-
yl}methyl)amino]methyl}-2-methyl pyridine-4-carboxylate
_0._0
AN
P
N
HNl\\
NN
\—/
F

General Procedure B from methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate and 1-[1-(4-

fluorophenyl)pent-3-yn-1-yl]-1H-imidazole-2-carbaldehyde. Purification by chromatography gave the
title compound as yellow oil. "H-NMR (300MHz, CD;OD): § 7.67 (s, 1H), 7.58 (s, 1H), 7.34-7.20 (m,
3H), 7.03 (t, 2H), 6.91 (s, 1H), 5.84 (t, 1H), 4.0-3.77 (m, 7H), 3.06-2.94 (m, 2H), 2.54 (s, 3H), 1.61 (t,

3H) ppm.
[00648] Methyl 2-{[({5-ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-yl} methyl)
amino]methyl}-6-(hydroxyl methyl)pyridine-4-carboxylate

N N{
HO N/ N\/L\N

General Procedure B from methyl 2-(aminomethyl)-6-(hydroxymethyl)pyridine-4-carboxylate and 5-
ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazole-2-carbaldehyde. Purification by chromatography gave
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the title compound as yellow oil. '"H-NMR (300MHz, CDsOD): § 7.70 (s, 1H), 7.67 (s, 1H), 7.07-6.87
(m, 4H), 6.78 (s, 1H), 5.31 (s, 2H), 4.80 (s, 2H), 3.99 (s, 2H), 3.95 (s, 3H), 3.82 (s, 2H), 2.39 (q, 2H),
1.20 (t, 3H) ppm.

[00649] Methyl 6-{[({1-[(4-fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1 H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate

F
l
00O ;
N N
| H /t
/é\/N\/L\N

General Procedure B from methyl 2-(aminomethyl)-6-methylpyridine-4-carboxylate and 1-[(4-fluoro
phenyl)methyl]-5-(prop-1-en-2-yl)-1H-imidazole-2-carbaldehyde. Purification by chromatography
gave the title compound as yellow oil. 'H-NMR (300MHz, CD;0D): & 7.59 (s, 1H), 7.55 (s, 1H), 7.09-
6.82 (m, 5H), 5.30 (s, 2H), 5.01 (s, 1H), 4.82 (s, 1H), 3.93 (s, 3H), 3.91 (s, 2H), 3.78 (s, 2H), 2.58 (s,
3H), 2.01 (s, 3H) ppm.

[00650] Methyl 6-({[(tert-butoxy)carbonyl] ({[5-(2-carbamoylethyl)-1-[(4-fluorophenyl)methyl]-
1H-imidazol-2-yl]methyl})amino}methyl)-2-methylpyridine-4-carboxylate

|
NYO
g NgN K

NH»

General Procedure D from Methyl 6-[({[5-(2-carbamoylethyl)-1-[(4-fluorophenyl)methyl]-1H-
imidazol-2-ylJmethyl} amino) methyl]-2-methylpyridine-4-carboxylate. Purification by
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chromatography gave the title compound as yellow oil. 'H-NMR (300MHz, CD;0D): & 7.55 (s, 1H),
7.38 (s, 1H), 7.00 (t, 2H), 6.88 (t, 2H), 6.76 (s, 1H), 5.31 (s, 2H), 4.71 (s, 2H), 4.46 (s, 2H), 3.93 (s,
3H), 2.71 (t, 2H), 2.58 (s, 3H), 2.45 (t, 2H), 1.22 (s, 9H) ppm.

[00651] Methyl 6-[({[5-(2-carbamoylethyl)-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-
yl]methyl}amino) methyl]-2-methylpyridine-4-carboxylate

F
| O
0s__0 NH,
AN
| Ho NN
~ >~
NSNSy

General Procedure B from methyl 2-(aminomethyl)-6-methylpyridine-4-carboxylate and 3-{1-[(4-
fluorophenyl)methyl]-2-formyl-1H-imidazol-5-yl} propanamide. Purification by chromatography gave
the title compound as yellow oil. '"H-NMR (300MHz, CD;0D): § 7.55 (s, 1H), 7.37 (s, 1H), 6.99 (t,
2H), 6.87 (t, 2H), 6.76 (s, 1H), 5.31 (s, 2H), 3.97 (s, 2H), 3.92 (s, 2H), 3.93 (s, 3H), 2.71 (t, 2H), 2.58
(s, 3H), 2.45 (t, 2H)ppm.

[00652] Methyl 6-[({[5-ethyl-1-(thiophen-2-ylmethyl)-1 H-imidazol-2-yl] methyl} amino)methyl]-
2-methyl pyridine-4-carboxylate

o <\Ps,
W {
NZ NSy

General Procedure B from methyl 2-(aminomethyl)-6-methylpyridine-4-carboxylate and 5-ethyl-1-
(thiophen-2-ylmethyl)-1H-imidazole-2-carbaldehyde. Purification by chromatography gave the title
compound as yellow oil. '"H-NMR (300MHz, CDCls): 3 7.63 (S, 1H), 7.57 (s, 1H), 7.24 (d, 1H), 6.94
(t, 1H), 6.83 (s, 1H), 6.73 (s, 1H), 5.37 (s, 2H), 3.96 (s, 2H), 3.93 (s, 3H), 3.92 (s, 2H), 2.59 (s, 3H),
2.53 (q, 2H), 1.24 (t, 3H) ppm.

[00653] Tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-yl}methyl)-N-({6-
methyl-4-[7-(trifluoroacetyl)-5-oxa-7-azaspiro[2.5 |octan-6-yl] pyridin-2-yl[}methyl)carbamate
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o

®
NI\:\O(O
g

To a solution of tert-butyl N-({5-cthyl-1-[(4-fluoro phenyl)methyl]-1H-imidazol-2-yl} methyl)-N-[(6-

F

methyl-4-{5-oxa-7-azaspiro[2.5]octan-6-yl} pyridin-2-yl)methyl]carbamate in 1,2- dichloroethane was
added trifluoroacetic anhydride. The reaction mixture was stirred at room temperature for 5 hours.
Purification by chromatography afforded the title compound as brown solid. '"H-NMR (300 MHz,
CDCls): 6 7.08-6.92 (m, 3H), 7.90-6.70 (m, 5H), 5.28 (s, 2H), 4.72 (s, 2H), 4.46 (s, 2H), 4.08 (d, 1H),
3.74 (d, 1H), 3.24-2.95 (m, 2H), 2.54 (s, 3H), 2.36 (q, 2H), 1.42-1.07 (m, 12H), 0.78-0.57 (m, 2H),
0.52-0.29 (m, 2H) ppm.

[00654] Tert-butyl N-({5-ethyl-1-[(4-fluoro phenyl)methyl]-1H-imidazol-2-yl}methyl)-N-[(6-
methyl-4-{5-oxa-7-azaspiro[2.5]octan-6-yl}pyridin-2-yl)methyl]carbamate

It

/J:NfO
g

A mixture of tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-yl} methyl)-N-[ (4-

F

formyl-6-methylpyridin-2-yl)methyl]carbamate and [1-(aminomethyl)cyclopropylmethanol in 1,2-

dichloroethane was stirred at room temperature for 3 hour and concentrated to afford the title
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compound. 'H-NMR (300 MHz, CDCls): & 7.08-6.92 (m, 3H), 7.90-6.70 (m, 5H), 5.28 (s, 2H), 4.72 (s,
2H), 4.46 (s, 2H), 4.08 (d, 1H), 3.74 (d, 1H), 3.24-2.95 (m, 2H), 2.54 (s, 3H), 2.36 (q, 2H), 1.42-1.07
(m, 12H), 0.78-0.57 (m, 2H), 0.52-0.29 (m, 2H)ppm.

[00655] Tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-yl}methyl)-N-[ (4-
formyl-6-methylpyridin-2-yl)methyl]carbamate
0
)\%\
P
N
N \(O
A

T

General Procedure I from tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-

F

yl}methyl)-N-{[4-(hydroxymethyl)-6-methylpyridin-2-ylJmethyl } carbamate gave the title product as
colorless oil. '"H-NMR (300 MHz, CDCls): 9.96 (s, 1H), 7.35 (s, 1H), 7.19 (s, 1H), 6.97 (t, 2H), 6.84 (t,
2H), 6.71 (s, 1H), 5.27 (s, 2H), 4.69 (s, 2H), 4.47 (s, 2H), 2.58 (s, 3H), 2.31 (q, 2H), 1.40-1.07 (m,
12H) ppm.

[00656] Tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazol-2-yl}methyl)-N-{[4-
(hydroxymethyl)-6-methylpyridin-2-ylJmethyl}carbamate
OH
)\II
P
N
N YO
A

T

General Procedure D from tert-butyl N-({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-

F

yl}methyl)-N-{[4-(hydroxymethyl)-6-methylpyridin-2-ylJmethyl } carbamate afforded the title
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compound as colorless oil. 'H-NMR (300 MHz, CDCls): & 6.98-6.90 (m, 3H), 6.84-6.77 (m, 2H), 6.73
(s, 1H), 6.68 (s, 1H), 5.20 (s, 2H), 4.62 (s, 2H), 4.49 (s, 2H), 4.26 (s, 2H), 2.39 (s, 3H), 2.30 (q, 2H),
1.31-1.09 (m, 12H) ppm.

[00657] (2-¢{[({5-Ethyl-1-[(4-fluorophenyl)methyl]- 1 H-imidazol-2-yl}methyl)amino | methyl}-6-

methylpyridin-4-yl)methanol
OH
fi
P
N
I NH
o
F
To a solution of methyl 6-{[({5-ethyl-1-[(4-fluorophenyl) methyl]-1H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate in ethanol was added NaBH4 and refluxed
for 2 hours. Purification by chromatography afforded the title compound as colorless oil. "H-NMR (300

MHz, CDCLs): & 7.01-6.85 (m, 6H), 6.70 (s, 1H), 5.19 (s, 2H), 4.57 (s, 2H), 3.74 (s, 2H), 3.71 (s, 2H),
2.45 (s, 3H), 2.36 (q, 2H), 1.17 (t, 3H) ppm.

[00658] Methyl 6-{[({5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazol-2-
yl}methyl)amino]methyl}-2-methylpyridine-4-carboxylate

e

General Procedure B from 5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazole-2-carbaldehyde and

F

methyl 6-(aminomethyl)-2-methylpyridine-4-carboxylate. Purification by chromatography afforded the
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title compound as yellow oil. "H-NMR (300 MHz, CDCls): § 7.57 (s, 1H), 7.54 (s, 1H), 7.00-6.85 (m,
4H), 6.74 (s, 1H), 5.17 (s, 2H), 3.91 (m, 5H), 3.80 (s, 2H), 2.56 (s, 3H), 2.36 (q, 2H), 1.17 (t, 3H) ppm.

[00659] Tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-[7-(trifluoroacetyl)-5-oxa-7-azaspiro[2.5] octan-6-yl]pyridin-2-
vl)methyl]carbamate

S L
5i7° N”
7\

N

(T
é|:“7<
|

To a solution of tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-{5-oxa-7-azaspiro[2.5]octan-6-yl } pyridin-2-yl)methyl]carbamate in
1,2 dichloroethane was added trifluoroacetic anhydride. The reaction mixture was stirred at room
temperature for 5 hours. Purification by chromatography gave the title compound as a colorless oil. 'H-
NMR (300 MHz, CDCls): 6 7.40-7.03 (m, 9H), 6.55 (d, 1H), 4.99 (s, 2H), 4.85-4.49 (m, 6H), 4.17-4.01
(m, 1H), 3.87 (s, 3H), 3.83-3.70 (m, 1H), 3.39-3.12 (m, 1H), 3.07-2.97 (m, 1H), 1.44-1.36 (m, 9H),
0.94 (s, 9H), 0.77-0.60 (m, 2H), 0.45-0.28 (m, 2H), 0.10 (d, 6H) ppm.

[00660] Tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-{5-oxa-7-azaspiro[2.5] octan-6-yl}pyridin-2-yl)methyl] carbamate
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A mixture of tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-formylpyridin-2-yl)methyl]carbamate and [1-
(aminomethyl)cyclopropyl]methanol in 1,2- dichloroethane was stirred at room temperature for 3 hour
and concentrated to afford the title compound as colorless oil as a 1:1 mixture of closed form (title
compound) and opened form (imine). 'H-NMR (300 MHz, CDCls): & 8.19 (s, 0.5H), 7.66 (d, 0.5H),
7.52 (d, 0.5H), 7.44 (s, 0.5H), 7.39-7.28 (m, 5.5H), 7.17-7.11 (m, 1H), 6.56-6.51 (m, 1H), 5.18 (d,
0.5H), 5.00-4.96 (m, 2H), 4.81-4.75 (m, 3H), 4.73-4.69 (m, 1H), 4.65-4.61 (m, 1H), 4.58-4.52 (m, 1H),
4.24 (d, 0.5H), 3.89 (s, 1.5H), 3.88 (s, 1.5H), 3.67-3.64 (m, 2H), 3.47 (d, 0.5H), 3.36 (d, 0.5H), 2.42 (d,
0.5H), 1.44-1.36 (m, 9H), 0.97 (s, 4.5H), 0.96 (s, 4.5H), 0.66-0.34 (m, 4H), 0.13 (s, 3H), 0.11 (s, 3H)
ppm.

[00661] Tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-formylpyridin-2-yl)methyl]carbamate
O\

S o L
570 N”
7\

(T
é ) <
|

General Procedure I from tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylmethyl } -N-[(6- {[(tert-
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butyldimethylsilyl)oxy]methyl}-4-(hydroxymethyl)pyridin-2-yl)methyl]carbamate to afford the title
compound as colorless oil. "H-NMR (300 MHz, CDCls): 10.05 (d, 1H), 7.76 (s, 1H), 7.58 (d, 1H),
7.39-7.27 (m, 5H), 7.15 (d, 1H), 6.53 (d, 1H), 4.98 (d, 2H), 4.84 (s, 2H), 4.80 (s, 1H), 4.74 (s, 1H), 4.67
(s, 1H), 4.59 (s, 1H), 3.86 (s, 3H), 1.40 (s, 9H), 0.97 (s, 9H), 0.14 (s, 6H) ppm.

[00662] Tert-butyl N-{[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl}-N-[(6-{[(tert-
butyldimethylsilyl)oxy]methyl}-4-(hydroxymethyl)pyridin-2-yl)methyl] carbamate
HO

S L2
57 N7
/ \

o LT
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|

To a solution of methyl 2-[({[3-(benzyloxy)-6-methoxypyridin-2-ylmethyl } [ (tert-
butoxy)carbonyl]amino)methyl]-6- {[(tert-butyldimethylsilyl)oxy]methyl } pyridine-4-carboxylate in
cthanol was added NaBH, and refluxed for 2 hours. Purification by chromatography afforded the title
compound as a colorless oil. "H-NMR (300 MHz, CDCls): ¢ 7.38-7.28 (m, 6H), 7.19 (d, 1H), 7.14 (dd,
1H), 6.53 (d, 1H), 4.97 (s, 2H), 4.77 (s, 2H), 4.74-4.68 (m, 4H), 4.61 (s, 1H), 4.55 (s, 1H), 3.87 (s, 3H),
2.27-2.15 (m, 1H), 1.40 (d, 9H), 0.96 (s, 9H), 0.11 (s, 6H) ppm.

[00663] Methyl 2-[({[3-(benzyloxy)-6-methoxypyridin-2-yl]methyl}[(tert-
butoxy)carbonyl]amino)methyl]-6-{[(tert-butyldimethylsilyl)oxy]methyl}pyridine-4-carboxylate

|
0._0 O yZ
|
.0 = N__©O
Si N
A T

General Procedure D from methyl 2-[({[3-(benzyloxy)-6-methoxypyridin-2-ylJmethyl} amino)methyl]-
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6- {[(tert-butyldimethylsilyl)oxy]methyl} pyridine-4-carboxylate. Purification by chromatography gave
the title compound as a colorless oil. "H-NMR (300 MHz, CDCls): 5 7.90 (s, 1H), 7.72 (s, 1H), 7.38-
7.30 (m, 5H), 7.15 (d, 1H), 6.54 (d, 1H), 4.99 (s, 2H), 4.81 (s, 2H), 4.78 (s, 1H), 4.73 (s, 1H), 4.65 (s,
1H), 4.57 (s, 1H), 3.95 (s, 3H), 3.88 (s, 3H), 1.41 (d, 9H), 0.97 (s, 9H), 0.13 (s, 6H) ppm.

[00664] Methyl 2-[({[3-(benzyloxy)-6-methoxypyridin-2-yl]methyl}amino)methyl]-6-{[(tert-
butyldimethylsilyl)oxy]methyl}pyridine-4-carboxylate
|

0.0
|\
HN
N/|O
O\

General Procedure B from [3-(benzyloxy)-6-methoxypyridin-2-ylJmethanamine and methyl 2-{[(tert-
butyldimethylsilyl)oxy]methyl}-6-formylpyridine-4-carboxylate. Purification by chromatography
afforded the title compound as a yellow oil. 'H-NMR (300 MHz, CDCls): § 7.92 (s, 1H), 7.81 (s, 1H),
7.38-7.30 (m, 5H), 7.20 (d, 1H), 6.56 (d, 1H), 5.02 (s, 2H), 4.86 (s, 2H), 4.02 (s, 2H), 4.00 (s, 2H), 3.94
(s, 3H), 3.91 (s, 3H), 0.98 (s, 9H), 0.13 (s, 6H) ppm.

Reagents
[00665] (S)-5H, 6H, 7H-cyclopenta[b]pyridin-7-amine:
NH,
N
X
/

General Procedure E from (S)-7-azido-5H, 6H, 7H-cyclopenta[b]pyridine affored the title compound.
The title product can be used as reagent in one or more of the Synthetic Routes described herein. Used

in the next step without characterization.
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(S)-7-azido-5H, 6H, 7H-cyclopenta[b]pyridine:

[00666]
—N

General Procedure F from (R)-5H, 6H, 7H-cyclopenta[b]pyridin-7-yl methanesulfonate afforded the titl
compound. Used in the next step without purification.
(R)-5H, 6H, 7H-cyclopenta[b]pyridin-7-yl methanesulfonate:

[00667]

/
General Procedure G from (R)-5H, 6H, 7H-cyclopenta[b]pyridin-7-ol afforded the title compound.
Used in the next step without purification. 'H-NMR (300 MHz, CDCLs): & 8.51 (d, 1 H), 7.61 (d, 1 H),
7.19 (m, 1 H), 5.37 (m, 1 H), 3.23 (m, 1 H), 3.15 (s, 3 H), 2.93 (m, 1 H), 2.65 (m, 1 H), 2.45 (m, 1 H)

[00668] (R)-5H, 6H, 7H-cyclopenta[b]pyridin-7-ol:

I

ull/lllo

N
X
/
To a solution of (S)-Me-CBS (1 eq) in THF was added borane-THF (1M in THF) (0.2 eq) and the
resulting mixture was stirred for 30 min at rt. 5SH, 6H, 7H-cyclopenta[b]pyridin-7-one (1 eq) (prepared
from literature procedure (Pereira, C.S., et als., Synlett 2013, 24 (7), 837-838) in THF was then added
to the reaction mixture followed by dropwise addition of borane-THF (1M in THF) (1.0 eq). The

resulting mixture was stirred overnight and then quenched with methanol. Aqueous work up and
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purification by column chromatography afforded the title product as brown solid. "H-NMR (300 MHz,
CDCls): 6 8.44 (d, 1 H), 7.58 (d, 1 H), 7.15 (m, 1 H), 5.32 - 5.22 (m, 1 H), 3.05 (m, 1 H), 2.86 (m, 1
H), 2.56 (m, 1 H), 2.07 (m, 1 H) ppm.

[00669] Methyl 2-(aminomethyl)-6-methylpyridine-4-carboxylate:
CHs
b o
| X
HsC N/
NH,

General Procedure E from methyl 2-[(hydroxyimino)methyl]-6-methylpyridine-4-carboxylate provided
the title compound as yellow oil. The title compound can be used as reagent in one or more of the
Synthetic Routes described herein. "H-NMR (300 MHz, CDCls): & 7.61 (s, 1 H), 7.54 (s, 1 H), 3.97 (s,
2 H),3.91 (s,3 H),2.58 (s, 3 H), 2.12 (s (br), 2 H).

Methyl 2-[(hydroxyimino)methyl]-6-methylpyridine-4-carboxylate:

General Procedure H from methyl 2-formyl-6-methylpyridine-4-carboxylate afforded the title
compound as a white solid. "H-NMR (300 MHz, CDCl5): & 8.30 (s, 1 H), 8.18 (s (br), 1 H), 8.13 (s, 1
H), 7.71 (s, 1 H), 3.97 (s, 3 H), 2.97 (s, 3 H).

[00670] Methyl 2-formyl-6-methylpyridine-4-carboxylate:
I
O O
®
Z

HsC N |
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General procedure I from methyl 2-(hydroxymethyl)-6-methylpyridine-4-carboxylate afforded the title
compound as a white solid. The title compound can be used as reagent in one or more of the Synthetic
Routes described herein. 'H-NMR (300 MHz, CDCls):  10.07 (s, 1 H), 8.26 (s, 1 H), 7.93 (s, 1 H),
3.96 (s,3H),2.72 (s, 3 H).

[00671] Methyl 2-(hydroxymethyl)-6-methylpyridine-4-carboxylate:
I
O O
[
S
HsC N
OH

A solution of (NH4),S,0s in water was added to a solution of methyl 2-methylpyridine-4-carboxylate
in methanol at reflux. The resulting reaction mixture was then stirred at reflux. Aqueous work up and
recrystallization from DCM afforded the title compound as white solid. 'H-NMR (300 MHz, CDCl): &
7.60 (s, 2 H), 4.78 (s, 2 H), 3.93 (s, 3 H), 3.81 (s (br), 1 H), 2.61 (s, 3 H).

[00672] Methyl 2-(aminomethyl)-6-bromopyridine-4-carboxylate:
I
O O
[
Z
Br N
NH,

General Procedure J from methyl 2-bromo-6-[(1,3-dioxo0-2,3-dihydro-1H-isoindol-2-
yl)methyl]pyridine-4-carboxylate afforded the title compound as yellow oil. The title compound can be
used as reagent in one or more of the Synthetic Routes described herein. '"H-NMR (300 MHz, CDCl;):
07.84(s,1H),7.76 (s, 1 H), 3.97 (s, 2 H), 3.91 (s, 3 H), 2.65 (s (br), 2 H).
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[00673] Methyl 2-bromo-6-[(1,3-dioxo-2,3-dihydro-1H-isoindol-2-yl)methyl]pyridine-4-
carboxylate:
I
o o}

= |

X
Br N

o N o

General Procedure K from methyl 2-bromo-6-(hydroxymethyl)pyridine-4-carboxylate and phthalimide
afforded the title compound as white solid. "H-NMR (300 MHz, CDCls): § 7.89 (m, 3 H), 7.78 (m, 2
H), 7.70 (s, 1 H), 4.72 (s, 2 H), 3.93 (s, 3 H).

[00674] Methyl 2-bromo-6-(hydroxymethyl)pyridine-4-carboxylate:
I
O O
= |
AN
Br N
OH

General Procedure L from methyl 6-bromo-2-methylpyridine-4-carboxylate afforded the title
compound as light yellow oil. 'H-NMR (300 MHz, CDCls): 8 7.91 (s, 1 H), 7.85 (s, 1 H), 4.81 (s, 2 H),
3.96 (s, 3 H).

[00675] Methyl 2-(aminomethyl)-6-(methoxymethyl)pyridine-4-carboxylate:
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o) NH,
HeC”

General Procedure E from methyl 2-[ (hydroxyimino)methyl]-6-(methoxymethyl) pyridine-4-
carboxylate afforded the title compound as yellow oil. The title compound can be used as reagent in
one or more of the Synthetic Routes described herein. 'H-NMR (300 MHz, CDCls): & 7.83 (s, 1 H),
7.74 (s, 1 H), 4.62 (s, 2 H), 4.03 (s, 2 H), 3.95 (s, 3 H), 3.50 (s, 3 H), 2.03 (s (br), 2 H).

[00676] Methyl 2-[(hydroxyimino)methyl]-6-(methoxymethyl)pyridine-4-carboxylate:
&
O 0]
[
F
.
O N
Hye” oH

General Procedure H from methyl 2-formyl-6-(methoxymethyl)pyridine-4-carboxylate afforded the
title compound as a white solid. '"H-NMR (300 MHz, CDCls): 5 8.29 (s, 1 H), 8.23 (s, 1 H), 7.98(s, 1

H), 7.86 (s (br), 1 H), 4.67 (s, 2 H), 3.98 (s, 3 H), 3.53 (s, 3 H).
[00677] Methyl 2-formyl-6-(methoxymethyl)pyridine-4-carboxylate:

237



WO 2016/033169 PCT/US2015/046921

o—0

|
Hg,C/O °

X
F
N

General Procedure I from 2-(hydroxymethyl)-6-(methoxymethyl)pyridine-4-carboxylate afforded the
title compound as a yellow solid. The title compound can be used as reagent in one or more of the

Synthetic Routes described herein. "H-NMR (300 MHz, CDCls): & 10.06 (s, 1 H), 8.32 (s, 1 H), 8.17 (s,
1 H), 4.68 (s, 2 H), 3.96 (s, 3 H), 3.51 (s, 3 H).

[00678] Methyl 2-(hydroxymethyl)-6-(methoxymethyl)pyridine-4-carboxylate:
I
0] 0]
[
F
N
O OH

H3C/

General Procedure L from methyl 2-(methoxymethyl)-6-methylpyridine-4-carboxylate afforded the
title compound as light yellow oil. '"H-NMR (300 MHz, CDCls): & 7.86 (s, 1 H), 7.74 (s, 1 H), 4.80 (s,

2 H),4.61 (s,2 H),3.94 (s, 3 H), 3.49 (s, 3 H).
[00679] Methyl 2-(methoxymethyl)-6-methylpyridine-4-carboxylate:
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&
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X
N CH,
O
e

General Procedure M from methyl 2-(hydroxymethyl)-6-methylpyridine-4-carboxylate afforded the
title compound as colorless oil. '"H-NMR (300MHz, CDCls): & 7.77 (s, 1 H), 7.62 (s, 1 H), 4.60 (s, 2
H), 3.94 (s, 3 H), 3.50 (s, 3 H), 2.61 (s, 3 H).

[00680] 5-Ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazole-2-carbaldehyde:
fo
NI .
—m——
F
CHs

General Procedure N from 5-ethyl-1-[(4-fluorophenyl)methyl]-/ H-imidazole afforded the title product
as colorless oil. The title product can be used as reagent in one or more of the Synthetic Routes
described herein. "H-NMR (300MHz, CDCls): § 9.73 (s, 1 H), 7.12 (s, 1 H), 7.03-6.86 (m, 4 H), 5.58
(s,2H),2.50(q, 2 H), 1.22 (t, 3 H) ppm. ES-MS: 233 [M+1].

[00681] 5-Ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazole:
N/\N
=
F
CH3
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General Procedure O from propionaldehyde and 4-fluorobenzylamine afforded the title product as
yellow oil. 'TH-NMR (300 MHz, CDCls): & 7.38 (s, 1 H), 6.99-6.80 (m, 4 H), 6.74 (s, 1 H), 4.93 (s, 2
H), 2.31 (q, 2 H), 1.08 (t, 3 H) ppm. ES-MS: 205 [M+1].

[00682] 1-[(4-Fluorophenyl)methyl]-5-(propan-2-yl)-1 H-imidazole-2-carbaldehyde:

F

_=0
A

N

—
H3C

CH;

General Procedure N from 1-[(4-fluorophenyl)methyl]-5-(propan-2-yl)-/ H-imidazole afforded the title
product as colorless oil. The title compound can be used as reagent in one or more of the Synthetic
Routes described herein. 'H-NMR (300 MHz, CDClz): 8 9.75 (s, 1 H), 7.20 (s, 1 H), 7.06-6.90 (m, 4
H), 5.63 (s, 2 H), 2.94-2.77 (m, 1 H), 1.22 (d, 6 H) ppm. ES-MS: 247 [M+1].

[00683] 1-[(4-fluorophenyl)methyl]-5-(propan-2-yl)- 1 H-imidazole:

HaC
° CHy

NN
C

General Procedure O from iso-butyraldehyde and 4-fluorobenzylamine gave the title product as yellow
oil. '"H-NMR (300 MHz, CDCls): 3 7.41 (s, 1 H), 7.02 (d, 4 H), 6.87 (s, 1 H), 5.07 (s, 2 H), 2.79-2.64
(m, 1 H), 1.19 (d, 6 H) ppm. ES-MS: 219 [M+1].

[00684] 5-(butan-2-yl)-1-[(4-fluorophenyl)methyl]-1 H-imidazole-2-carbaldehyde:

F
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CH,
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General Procedure N from 5-(butan-2-yl)-1-[(4-fluorophenyl)methyl]-1H-imidazole afforded the title
product as colorless oil. The title product can be used as reagent in one or more of the Synthetic Routes
described herein. "H-NMR (300MHz, CDCls): § 9.77 (s, 1 H), 7.18 (s, 1 H), 7.08-6.92 (m, 4 H), 5.63
(s, 2 H),2.71-2.55 (m, 1 H), 1.69-1.48 (m, 2 H), 1.17 (d, 3 H), 0.82 (t, 3 H) ppm. ES-MS: 261 [M+1].
[00685] 5-(butan-2-yl)-1-[(4-fluorophenyl)methyl]-1 H-imidazole:

CH,

CH,4

General Procedure O from 2-methylbutyraldehyde and 4-fluorobenzylamine afforded the title product
as yellow oil. "H-NMR (300MHz, CDCls): & 7.41 (s, 1 H), 7.02 (d, 4 H), 6.85 (s, 1 H), 5.05 (s, 2 H),
2.56-2.41 (m, 1 H), 1.67-1.48 (m, 2 H), 1.14 (d, 3 H), 0.82 (t, 3 H) ppm. ES-MS: 233 [M+1].

[00686] 1-[(4-fluorophenyl)methyl]-5-(pentan-2-yl)-1 H-imidazole-2-carbaldehyde:
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General Procedure N from 1-[(4-fluorophenyl)methyl]-5-(pentan-2-yl)-1H-imidazole afforded the title
product as colorless oil. The title product can be used as reagent in one or more of the Synthetic Routes
described herein. "H-NMR (300MHz, CDCls): 8 9.77 (s, 1 H), 7.18 (s, 1 H), 7.06-6.92 (m, 4 H), 5.64
(s, 2 H),2.78-2.63 (m, 1 H), 1.61-1.44 (m, 2 H), 1.30-1.13 (m, 5 H), 0.80 (t, 3 H) ppm. ES-MS: 275
[M+1].

[00687] 1-[(4-fluorophenyl)methyl]-5-(pentan-2-yl)-1 H-imidazole:

H,C

CH,

General Procedure O from 2-Methylvaleraldehyde and 4-fluorobenzylamine afforded the title product
as yellow oil. "H-NMR (300MHz, CDCls): § 7.42 (s, 1 H), 7.02 (d, 4 H), 6.84 (s, 1 H), 5.05 (s, 2 H),
2.63-2.49 (m, 1 H), 1.60-1.35 (m, 2 H), 1.31-1.15 (m, 2 H), 1.12 (d, 3 H), 0.82 (t, 3 H) ppm. ES-MS:
247 [M+1].

[00688] {4-[(4-Fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methanamine

A
N\/ N/\©\

H,N
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General Procedure P from [(t-butoxycarbonyl)amino]acetic acid and (4-fluorophenyl)methanamine to
afford the title compound as colorless gum.'"H-NMR (300MHz, CDCls): & 8.08 (s, 1H), 7.20 — 7.02 (m,
4H), 5.23 (s, 2H), 3.97 (s, 2H), 1.60 (br s, 2H) ppm.

[00689] [5-Methyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-yl]methanamine
HoN _N
@\/\//\N/\TN

'H-NMR (300MHz, CDCls):  7.37 — 7.16 (m, 5H), 3.94 — 3.85 (m, 4H), 2.70 (t, 2H), 2.35 (s, 3H),
2.10-1.99 (m, 2H), 1.51 (br s, 2H) ppm.

[00690] [6-Methoxy-3-(2-phenylethoxy)pyridin-2-yl] methanamine
e
So SN NHe

General Procedure E from 6-methoxy-3-(2-phenylethoxy)pyridine-2-carbonitrile. Purification by
chromatography if needed to afford the title compound as light yellow gum. 'H-NMR (300MHz,
CDs;OD): 6 7.49 (d, 1H), 7.35 — 7.20 (m, 5H), 7.76 (d, 1H), 4.29 (t, 2H), 4.03 (s, 2H), 3.92 (s, 3H),
3.10 (t, 2H) ppm.

[00691] 6-Methoxy-3-(2-phenylethoxy)pyridine-2-carbonitrile
o 1)
~ ~
0" N \\N

General Procedure R from 2-methoxy-5-(2-phenylethoxy)pyridin-1-ium-1-olate. Purification by
chromatography afforded the title compound as orange solid. "H-NMR (300MHz, CDCls): 5 7.38 —
7.22 (m, 6H), 6.89 (d, 1H), 4.25 (t, 2H), 3.91 (s, 3H), 3.16 (t, 2H) ppm.

[00692] 2-Methoxy-5-(2-phenylethoxy)pyridin-1-ium-1-olate
o
\O IIG/
©
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General Procedure S from 2-methoxy-5-(2-phenylethoxy)pyridine. Purification by chromatography
gave the title compound as light yellow solid. 'H-NMR (300MHz, CDCls): & 8.02 (d, 1H), 7.36 — 7.23
(m, 5H), 6.89 (m, 1H), 6.79 (d, 1H), 4.14 (t, 2H), 4.03 (s, 3H), 3.08 (t, 2H) ppm.

[00693] 2-Methoxy-5-(2-phenylethoxy)pyridine

General Procedure T from 6-methoxypyridin-3-ol. Purification by chromatography afforded the title
compound as brown oil. 'H-NMR (300MHz, CDCls): & 7.81 (d, 1H), 7.37 — 7.17 (m, 6H), 6.68 (d, 1H),
4.17 (t, 2H), 3.90 (s, 3H), 3.09 (t, 2H) ppm.

[00694] [5—Methyl—4—(4—methylpentyl)—4H—1 2,4-triazol-3-yl]methanamine

General Procedure P from tert-butyl N-{[(4-methylpentyl)carbamothioylJmethyl } carbamate and
acetohydrazide. Purification by chromatography afforded the title compound. 'H-NMR (300MHz,
CDCls): 6 4.4 (brs, 2H), 3.8 (t, 2H), 2.4 (s, 3H), 1.6 (m, 2H), 1.5 (m, 1H), 1.2 (m, 2H), 1.4 (s, 9H), 1.2
(m, 2H), 0.85 (d, 6H).

[00695] 1-[(4-Fluorophenyl)methyl]-4-(hydroxymethyl)-1 H-imidazole-2-carbaldehyde

General Procedure N from {1-[(4-fluorophenyl)methyl]-1H-imidazol-4-yl} methanol. Aqueous work up
and purification by chromatography afforded the title compound as yellow oil. 'H NMR (300 MHz,
CDCl3): 6 ppm 9.80 (s, 1H), 6.90-7.20 (m, 5H), 5.50 (s, 2H), 4.55 (s, 2H).

[00696] {1-[(4-Fluorophenyl)methyl]-1H-imidazol-4-yl}methanol

N™N
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General Procedure T from 1H-imidazol-4-ylmethanol and 1-(bromomethyl)-4-fluorobenzene.
Purification by chromatography afforded the title compound as yellow oil. 'H NMR (300 MHz,
CDCl3): 6 ppm 7.40 (s, 1H), 6.90-7.20 (m, 4H), 6.80 (s, 1H), 5.00 (s, 2H), 4.50 (s, 2H).

[00697] Ethyl 2-(aminomethyl)-6-{[(tert-butyldimethylsilyl)oxy]methyl}pyridine-4-carboxylate

rcH3
00
Ao L
5O NH
7\

General Procedure E from ethyl 2- {[(tert-butyldimethylsilyl)oxy]methyl}-6-cyanopyridine-4-
carboxylate. Purification by chromatography afforded the title compound as colorless oil.'H NMR (300
MHz, CDCls): d ppm 8.00 (s, 1H), 7.80 (s, 1H), 4.80 (s, 2H), 4.50 (s, 2H), 4.35 (m, 2H), 1.35 (t, 3H),
1.00 (s, 9H), 0.20 (s, 6H).

[00698] Ethyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-cyanopyridine-4-carboxylate
|/C Hj
0. _0
o K
O X,
/SI\ N \\N

General Procedure R from 2- {[(tert-butyldimethylsilyl)oxy]methyl} -4-(ethoxycarbonyl)pyridin-1-ium-
1-olate. Purification by chromatography afforded the title compound as colorless oil."H NMR (300
MHz, CDCls): 6 ppm 8.25 (s, 1H), 8.00 (s, 1H), 4.90 (s, 2H), 4.30 (m, 2H), 1.35 (t, 3H), 1.00 (s, 9H),
0.20 (s, 6H).

[00699] 2-{[(Tert-butyldimethylsilyl)oxy]methyl}-4-(ethoxycarbonyl)pyridin-1-ium-1-olate
rCH3
0.0
S0 L]
50 SN
/\ 0
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General Procedure S from 2- {[(tert-butyldimethylsilyl)oxy]methyl}-4-(ethoxycarbonyl)pyridin-1-ium-
1-olate Purification by chromatography afforded the title compound as white solid. "H NMR (300
MHz, CDCls): 6 ppm 8.10 (m, 2H), 7.70 (d, 1H), 4.90 (s, 2H), 4.30 (m, 2H), 1.35 (t, 3H), 1.00 (s, 9H),
0.20 (s, 6H).

[00700] {4-[(4-Fluorophenyl)methyl]-5-methyl-4H-1,2,4-triazol-3-yl}methanamine
F

4

N7
HN_ s N
2 N

General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, (4-fluorophenyl)methanamine and
acetohydrazide to get the title compound as yellow gum._'H-NMR (300MHz, CDClz): & 6.97 (s, 2H),
6.95 (s, 2H), 5.14 (s, 2H), 3.87 (s, 2H), 2.26 (s, 3H) ppm.

[00701] {5-Ethyl-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl}methanamine
F

e

N7
HoN A N
2 N

General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, (4-fluorophenyl)methanamine and
propane hydrazide to afford the title compound as yellow gum. 'H-NMR (300MHz, CDCLs): 3 6.98 (s,
2H), 6.95 (s, 2H), 5.15 (s, 2H), 3.86 (s, 2H), 2.58 (q, 2H), 1.21 (t, 3H) ppm.
[00702] Methyl 2-{[(tert-butyldimethylsilyl)oxy] methyl}-6-formylpyridine-4-carboxylate
|
0.0

=z

|
O
ﬂ\Si’O \N P
/ \

246



WO 2016/033169 PCT/US2015/046921

By General Procedure I from methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl }-6-
(hydroxymethyl)pyridine-4-carboxylate. Purification by chromatography afforded the title compound
as colorless gum. 'H-NMR (300MHz, CDCLs): 3 10.07 (s, 1H), 8.34 (s, 1H), 8.29 (s, 1H), 4.96 (s, 2H),
3.99 (s, 3H), 0.98 (s, 9H), 0.16 (s, 6H) ppm.

[00703] Methyl 2-{[(tert-butyldimethylsilyl)oxy]methyl}-6-(hydroxymethyl)pyridine-4-
carboxylate
|
00
~

|
j\Si’o SN OH
/' \

General Procedure U from methyl 2,6-bis(hydroxymethyl)pyridine-4-carboxylate. Purification by
chromatography gave the title compound as colorless oil. "H-NMR (300MHz, CDCls): & 7.96 (s, 1H),
7.69 (s, 1H), 4.88 (s, 2H), 4.80 (s, 2H), 3.97 (s, 3H), 3.69 (s, 1H), 0.98 (s, 9H), 0.15 (s, 6H) ppm.

[00704] Methyl 2,6-bis(hydroxymethyl)pyridine-4-carboxylate
|
0.0
]
HO A, OH

Synthesized from literature procedure (Ref: Org. Lett. 2014, 16, 2787-2789). A solution of (NH4),S,0s
in water was added to a solution of methyl pyridine-4-carboxylate in methanol at reflux. Aqueous work
up and column chromatography afforded the title compound as colorless gum. 'H-NMR (300MHz,
CDCls): 6 7.23 (s, 2H), 4.16 (s, 4H), 3.24 (s, 3H) ppm.

[00705] {4-[(4-Fluorophenyl)methyl]-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-

yl}methanamine
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S
ey
N7
General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, (4-fluorophenyl)methanamine and 2-
(thiophen-2-yl)acetohydrazide to afford the title compound as yellow gum. 'H-NMR (300MHz,

CDCl3): 6 7.06 (d, 1H), 6.92 — 6.77 (m, 5H), 6.70 (s, 1H), 5.05 (s, 2H), 4.15 (s, 2H), 3.81(s, 2H), 1.60
(s, 2H) ppm.

[00706] 1-[2-(Pyrimidin-5-yl)ethyl]-1 H-imidazole-2-carbaldehyde

_N
o}
Wa
N7 N

\—/

General Procedure T from 1H-imidazole-2-carbaldehyde and 5-(2-chloroethyl)pyrimidine. Purification
by chromatography afforded the title compound as colorless oil. '"H-NMR (300 MHz, CDCl:): & 9.83
(s, 1H), 9.11 (s, 1H), 8.52 (s, 2H), 7.28 (s, 1H), 6.97 (s, 1H), 4.64 (t, 2H), 3.11 (t, 2H) ppm.

[00707] 5-(2-Chloroethyl)pyrimidine

To a solution of 2-(pyrimidin-5-yl)ethan-1-ol in DCM was added SOC], at 0 °C and stirred at room
temperature for 2 hours. Concentrated to afford the title compound as yellow oil. 'H-NMR (300 MHz,
CDCls): 6 9.13 (s, 1H), 8.65 (s, 2H), 3.75 (t, 2H), 3.08 (t, 2H) ppm.

[00708] {4-[(4-Fluorophenyl)methyl]-5-(methylsulfanyl)-4H-1,2,4-triazol-3-yl}methanamine
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S_
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HN \/k\N\N

General procedure Q from tert-butyl (4-(4-fluorobenzyl)-5-(methylthio)-4H-1,2,4-triazol-3-

yl)methylcarbamate to afford the title compound which was used in the next step without further

characterization.
[00709] Tert-butyl (4-(4-fluorobenzyl)-5-(methylthio)-4H-1,2,4-triazol-3-yl)methylcarbamate
F
—S &
JN

N\N/)\/H 0
X

A solution of tert-butyl (4-(4-fluorobenzyl)-5-mercapto-4H-1,2,4-triazol-3-yl)methylcarbamate in
ethanol was added 1N NaOH followed by a solution of Mel in EtOH at 0 °C, stirred at room
temperature for 12 hours. Aqueous work up and chomatography if needed afforded the title compound.
'H-NMR (300 MHz, CDCls): § 7.12 (t, 2H), 7.04 (t, 2H), 5.16 (s, 2H), 5.15-5.08 (br s, 1H), 4.45 (s,
2H), 2.70 (s, 3H), 1.40 (s, 9H) ppm.

[00710] Tert-butyl N-({4-[(4-fluorophenyl)methyl]-5-sulfanyl-4H-1,2,4-triazol-3-
yl}methyl)carbamate
F
HS &
N

N/)\/H 0
N \g/\ﬁ
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The title compound was obtained from the general procedure outlined in Pct. Int. Appl., 2011130661,
20 Oct 2011. 'H-NMR (300 MHz, CD;0D): & 7.38 (t, 2H), 7.10 (t, 2H), 5.34 (s, 2H), 4.22 (s, 2H), 1.40
(s, 9H) ppm.

[00711] {4-[(4-Fluorophenyl)methyl]-5-propyl-4H-1,2,4-triazol-3-yl}methanamine
F
CHs;
e

General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, (4-fluorophenyl)methanamine and

butanchydrazide to afford the title compound, which was used in the next step without further

characterization.
[00712] [6-Methoxy-3-(2-methylpropyl)pyridin-2-yl] methanamine
4
SN0
NH»>

General Procedure E from 6-methoxy-3-(2-methylpropyl)pyridine-2-carbonitrile. Purification by
chromatography afforded the title compound. "H-NMR (300 MHz, CDCls): & 7.31 (d, 1H), 6.56 (d,
1H), 3.95 (s, 3H), 3.88 (s, 2H), 2.40 (d, 2H), 1.86-1.70 (m, 3H), 0.91 (d, 6H) ppm.

[00713] 6-Methoxy-3-(2-methylpropyl)pyridine-2-carbonitrile
]
Z SN0

General Procedure R from 2-methoxy-5-(2-methylpropyl)pyridin-1-ium-1-olate. Purification by
chromatography afforded the title compound. "H-NMR (300 MHz, CDCl3): & 7.48 (d, 1H), 6.90 (d,
1H), 3.95 (s, 3H), 2.65 (d, 2H), 2.01-1.87 (m, 1H), 0.97 (d, 6H) ppm.

[00714] 2-Methoxy-5-(2-methylpropyl) pyridin-1-ium-1-olate
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General Procedure S from 2-methoxy-5-(2-methylpropyl)pyridine. Purification by chromatography
afforded the title compound."H-NMR (300 MHz, CDCls): $ 8.12 (s, 1H), 7.10 (d, 1H), 6.83 (d, 1H),
4.07 (s, 3H), 2.39 (d, 2H), 1.91-1.77 (m, 1H), 0.92 (d, 6H) ppm.

[00715] 2-Methoxy-5-(2-methylpropyl)pyridine
]
SN0

General Procedure C from 5-bromo-2-methoxypyridine and isobutyl boronic acid. Purification by
chromatography afforded the title compound. "H-NMR (300 MHz, CDCls): § 7.94 (s, 1H), 7.37 (dd,
1H), 6.68 (d, 1H), 3.93 (s, 3H), 2.40 (d, 2H), 1.88-1.74 (m, 1H), 0.91 (d, 6H) ppm.

[00716] [5-Ethyl-4-(4-methylpentyl)-4H-1,2,4-triazol-3-yl] methanamine
HoN

N\/ N/\/Y
Nﬁk/

General Procedure P from 4-methylpentan-1-amine, N-Boc glycine, and propanchydrazide afforded the
title compound as a yellow liquid. "H-NMR (300 MHz, CDCls): & 4.00 (s, 2H), 3.87 (t, 2H), 2.73 (q,
2H), 1.75-1.51 (m, 5H), 1.41 (t, 3H), 1.27-1.18 (m, 2H), 0.90 (d, 6H) ppm.

[00717] [4-(3-Phenylpropyl)-4H-1,2,4-triazol-3-yl]methanamine
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General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, 3-phenylpropan-1-amine and N-Boc
glycine and formohydrazide to afford the title compound. '"H-NMR (300MHz, CDCls): & 8.09 (s, 1H),
7.34-7.15 (m, 5H), 4.00 (m, 4H), 2.68 (t, 2H), 2.16 (m, 2H) ppm.

[00718] [5-Ethyl-4-(3-phenylpropyl)-4H-1,2,4-triazol-3-yl|methanamine

General Procedure P from [(t-butoxycarbonyl)amino]acetic acid, 3-phenylpropan-1-amine and N-Boc
glycine and propanchydrazide to afford the title compound. '"H-NMR (300MHz, CDCls): § 7.32-7.15
(m, 5H), 4.05 (s, 2H), 3.98 (t, 2H), 2.68 (t, 2H), 2.58 (q, 2H), 2.02 (m, 2H), 1.31 (t, 3H) ppm.

[00719] Methyl 2-[(acetyloxy)methyl]-6-formylpyridine-4-carboxylate

Os O
\/E\;j\/
O z O
N \ﬂ/
O

General Procedure I from methyl 2-[(acetyloxy)methyl]-6-(hydroxymethyl)pyridine-4-carboxylate
afforded the title compound as an off white solid. '"H-NMR (300MHz, CDCls): & 10.12 (s, 1H), 8.41
(s, 1H), 8.13 (s, 1H), 5.38 (s, 2H), 4.01 (s, 3H), 2.22 (s, 3H) ppm.

[00720] Methyl 2-[(acetyloxy)methyl]-6-(hydroxymethyl)pyridine-4-carboxylate

OO~
\/E/%\/
HO N/ O\"/
O
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General Procedure L from methyl 6-[(acetyloxy)methyl]-2-methylpyridine-4-carboxylate afforded the
title compound. "H-NMR (300MHz, CDCls): & 7.78 (s, 2H), 5.27 (s, 2H), 4.82 (s, 2H), 3.96 (s, 3H),
2.18 (s, 3H) ppm.
[00721] Methyl 6-[(acetyloxy)methyl]-2-methylpyridine-4-carboxylate

OO

Methyl 6-(hydroxymethyl)-2-methylpyridine-4-carboxylate was treated with acetic anhydride and
triethylamine in DCM at room temperature. Aqueous work up afforded the title compound. '"H-NMR
(300MHz, CDClz): & 7.65 (s, 1H), 7.61 (s, 1H), 5.20 (s, 2H), 3.92 (s, 3H), 2.59 (s, 3H), 2.15 (s, 3H)
ppm.
[00722] 1-[5-(Aminomethyl)-4-[(4-fluorophenyl)methyl]-4H-1,2,4-triazol-3-yl] ethan-1-ol

F

H

N 0
HZN\/<\N’L]

General Procedure P from 4-methylpentan-1-amine, N-Boc glycine, and propanchydrazide afforded the
title compound as a yellow liquid 'H-NMR (300MHz, CDCLs): 3 7.06 (m, 4H), 5.42 (s, 2H), 4.90 (q,
1H), 3.79 (s, 2H), 1.61 (d, 3H) ppm.

[00723] 2-[(Tert-butyldimethylsilyl)oxy]propanehydrazide
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Methyl 2-[(tert-butyldimethylsilyl)oxy]propanoate, hydrazine and ethanol were heated to reflux.
Purification by chromatography afforded the title compound as colorless oil. 'H-NMR (300MHz,
CDCl3): 6 7.70 (br, 1H), 4.31 (m, 1H), 3.84 (br s, 2H), 1.41 (d, 3H), 0.93 (s, 9H), 0.12 (s, 3H), 0.11 (s,
3H) ppm.

[00724] Methyl 2-[(tert-butyldimethylsilyl)oxy]propanoate

General Procedure U from methyl 2-hydroxypropanoate afforded the title compound as colorless oil.
'H-NMR (300MHz, CDCls): 3 4.31 (m, 1H), 3.71 (s, 3H), 1.39 (d, 3H), 0.89 (s, 9H), 0.09 (s, 3H), 0.06
(s, 3H) ppm.

[00725] (3-(Benzyloxy)-6-methoxypyridin-2-yl)methanamine
H,oN &
2 N" o7

General Procedure E from 3-(benzyloxy)-6-methoxypyridine-2-carbonitrile afforded the title
compound as an off white solid. "H NMR (300 MHz, CDCls): & 7.30 (m, 6H) 7.15 (d, 1H) 6.50 (d, 1H),
5.00 (s, 2H), 3.90 (s, 2H), 3.80 (s, 3H) ppm.

[00726] 3-(Benzyloxy)-6-methoxypyridine-2-carbonitrile
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General Procedure R from 5-(benzyloxy)-2-methoxypyridin-1-ium-1-olate afforded the title compound.

'HNMR (300 MHz, CDCL): 3 7.30 (m, 6H) 6.85 (d, 1H), 5.00 (s, 2H), 3.90 (s, 3H) ppm.

[00727] 5-(Benzyloxy)-2-methoxypyridin-1-ium-1-olate
(j\ O | N
@
N o7
O
©

General Procedure S from 5-(benzyloxy)-2-methoxypyridine afforded the title compound as yellow
solid. "H NMR (300 MHz, CDCl3): § 8.10 (d, 1H) 7.40 (m, 5H), 6.95 (dd, 1H), 6.80 (d, 1H), 5.00 (s,
2H), 4.10 (s, 3H) ppm.

[00728] 5-(Benzyloxy)-2-methoxypyridine
S
P
N" o7

General Procedure T from 6-methoxypyridin-3-ol afforded the title compound. 'H NMR (300 MHz,
CDCl5): 6 7.80 (s, 1H) 7.30 (m, 6H), 6.70 (d, 1H), 5.00 (s, 2H), 3.90 (s, 3H) ppm.

[00729] 2-[3-(Benzyloxy)-6-methoxypyridin-2-yl]ethan-I-amine
Qe
p
H,N Nidaod
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General Procedure E from 2-(3-(benzyloxy)-6-methoxypyridin-2-yl)acetonitrile afforded the title
compound as an off white solid. "HNMR (300 MHz, CDCls): 6 7.40 (m, 5H), 7.20 (d, 1H), 6.60 (d,
1H), 5.00 (s, 2H), 3.90 (s, 3H), 3.20 (m, 2H), 3.00 (m, 2H) ppm.

[00730] 2-(3-(benzyloxy)-6-methoxypyridin-2-yl)acetonitrile

To a solution of 3-(benzyloxy)-2-(chloromethyl)-6-methoxypyridine in DMSO was added NaCN and
heated at 60 °C for 4 hours. Aqueous workup and purification afforded the title compound as yellow
solid. '"H NMR (300 MHz, CDCI3): & 7.40 (m, 5H), 7.30 (d, 1H), 6.70 (d, 1H), 5.05 (s, 2H), 3.90 (s,
3H), 3.80 (s, 2H) ppm.

[00731] 3-(Benzyloxy)-2-(chloromethyl)-6-methoxypyridine
Cl &
N" o7

To a solution of (3-(benzyloxy)-6-methoxypyridin-2-yl)methanol in DCM was added trimethylamine.
SOCI, was added dropwise at 0 °C. The reaction mixture was stirred at room temperature for 2 hours.
Aqueous workup afforded the title compound as an off white solid. '"H NMR (300 MHz, CDCI3): &
7.40(m, 5H), 7.30 (d, 1H), 6.60 (d, 1H), 5.10 (s, 2H), 4.70 (s, 2H), 3.90 (s, 3H) ppm.

[00732] [3-(Benzyloxy)-6-methoxypyridin-2-ylJmethanol
SUR
HO %
N" o7

General Procedure L from 3-(benzyloxy)-6-methoxy-2-methylpyridine afforded the title compound. 'H
NMR (300 MHz, CDCI3): 6 7.39 (m, 5H), 7.24 (d, 1H), 6.61 (d, 1H), 5.07 (s, 2H), 4.76 (s, 2H), 3.94
(s, 3H) ppm.

256



WO 2016/033169 PCT/US2015/046921

[00733] 3-(Benzyloxy)-6-methoxy-2-methylpyridine
p
N" o7

The mixture of 3-bromo-6-methoxy-2-methylpyridine, benzyl alcohol, Cul, 1,10-phenanthroline,
Cs2COs in toluene was stirred at 100 °C for 48 hours. Purification by chromatography afforded the title
compound as colorless oil. "H NMR (300 MHz, CDCI3): § 7.35 (m, 5H) 7.15 (d, 1H), 6.50 (d, 1H),
5.00 (s, 2H), 3.89 (s, 2H), 2.50 (s, 3H) ppm.

[00734] 1-[(4-Fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-1 H-imidazole-2-carbaldehyde

General Procedure Q from 2-(1,3-dioxolan-2-yl)-1-[(4-fluorophenyl)methyl]-5-[(1Z)-prop-1-en-1-yl]-
1H-imidazole. '"H-NMR (300 MHz, CDCl): 3 9.81 (s, 1H), 7.41 (s, 1H), 7.09-6.96 (m, 4H), 6.19-6.03
(m, 2H), 5.62 (s, 2H), 1.95 (d, 3H) ppm.

[00735] 2-(1,3-Dioxolan-2-yl)-1-[(4-fluorophenyl)methyl]-5-[ (1 Z)-prop-1-en-1-yl]-1 H-

imidazole

F
/
?Q
o\ﬁ N
Co
Prepared from literature procedure (Ref: J. Org. Chem. 2007, 72, 3741-3749) from 2-(1,3-dioxolan-2-

yl)-1-[(4-fluorophenyl)methyl]-5-iodo-1H-imidazole and tributyl(1Z)-prop-1-en-1-ylstannane in DMF.

Purification by chromatography gave the title compound.
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'H-NMR (300 MHz, CDCls): 8 7.11 (s, 1H), 7.06-6.97 (m, 4H), 5.97-5.89 (m, 1H), 5.94 (s, 1H), 5.85-
5.73 (m, 1H), 5.24 (s, 2H), 4.11-3.97 (m, 4H), 1.86 (d, 3H) ppm.

[00736] 2-(1,3-Dioxolan-2-yl)-1-[ (4-fluorophenyl)methyl]-5-iodo-1 H-imidazole

General Procedure N from 2-(1,3-dioxolan-2-yl)-1-[(4-fluorophenyl) methyl]-1H-imidazole and iodine.
'H-NMR (300 MHz, CDCl3): § 7.19 (s, 1H), 7.08-6.98 (m, 4H), 5.88 (s, 1H), 5.29 (s, 2H), 4.08-3.96
(m, 4H) ppm.

[00737] 5-Cyclobutyl-1-[(4-fluorophenyl)methyl]- 1 H-imidazole-2-carbaldehyde

By General Procedure N from 5-cyclobutyl-1-[(4-fluorophenyl)methyl]-1H-imidazole afforded the title
compound as colorless oil. "H-NMR (300MHz, CD;0D): § 9.76 (s, 1H), 7.23 (s, 1H), 7.05-6.89 (m,
4H), 5.52 (s, 2H), 3.43-3.26 (m, 1H), 2.32-1.84 (m, 6H) ppm.

[00738] 5-Cyclobutyl-1-[(4-fluorophenyl)methyl]- 1 H-imidazole

General Procedure O from propionaldehyde and 4-methylpentan-1-amine gave the title product as
yellow oil. 'H-NMR (300MHz, CD;0D): & 7.43 (s, 1H), 7.01 (d, 4H), 6.90 (s, 1H), 4.96 (s, 2H), 3.30-
3.14 (m, 1H), 2.23-1.76 (m, 6H) ppm.

[00739] 1-[(4-Fluorophenyl)methyl]-5-(methylsulfanyl)- 1 H-imidazole-2-carbaldehyde

e

N \N
OB

\
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General Procedure Q from 2-(1,3-dioxolan-2-yl)-1-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)-1H-.
'H-NMR (300MHz, CD;0D): § 9.73 (s, 1H), 7.31 (s, 1H), 7.21-7.08 (m, 2H), 7.07-6.94 (m, 2H), 5.64
(s, 2H), 2.54 (s, 3H), 2.13 (s, 3H) ppm.

[00740] 2-(1,3-Dioxolan-2-yl)-1-[(4-fluorophenyl)methyl]-5-(methylsulfanyl)- 1 H-imidazole
F

—

&

o)

General procedure N from 2-(1,3-dioxolan-2-yl)-1-[(4-fluorophenyl)methyl]-1H-imidazole and
dimethyl sulfide. '"H-NMR (300MHz, CD;0OD): & 7.17-7.07 (m, 2H), 7.06-6.96 (m, 2H), 6.71 (s, 1H),
5.88 (s, 1H), 5.37 (s, 2H), 4.14-3.93 (m, 4H), 2.07 (s, 3H) ppm.

[00741] 5-Ethyl-1-(4-methylpentyl)-1 H-imidazole-2-carbaldehyde
0=\ N
)\/\//T \/C

General Procedure N from 5-ethyl-1-(4-methylpentyl)-1H-imidazole afforded the title product as
colorless oil. '"H-NMR (300MHz, CD:0D): § 9.70 (s, 1H), 7.07 (s, 1H), 4.24 (t, 2H), 2.61 (q, 2H),
1.75-1.60 (m, 2H), 1.61-1.48 (m, 2H), 1.32 (t, 3H), 1.26-1.15 (m, 1H), 0.86 (d, 6H) ppm.

[00742] 5-Ethyl-1-(4-methylpentyl)-1H-imidazole

)\/\/ N N
General Procedure O from propionaldehyde and 4-methylpentan-1-amine gave the title product as

yellow oil. 'H-NMR (300MHz, CD;0D): § 7.43 (s, 1H), 6.76 (s, 1H), 3.80 (t, 2H), 2.54 (q, 2H), 1.80-
1.65 (m, 2H), 1.63-1.47 (m, 2H), 1.28 (t, 3H), 1.25-1.14 (m, 1H), 0.89 (d, 6H) ppm.

[00743] 1-[1-(4Fluorophenyl)pent-3-yn-1-yl]-1 H-imidazole-2-carbaldehyde

259



WO 2016/033169 PCT/US2015/046921

N
N
N
x
F
General Procedure Q from 2-(1,3-dioxolan-2-yl)-1-[ 1-(4-fluorophenyl)pent-3-yn-1-yl]-1H-imidazole.
'H-NMR (300MHz, CD;OD): & 9.83 (s, 1H), 7.34 (s, 1H), 7.32 (s, 1H), 7.27 (t, 2H), 7.05 (t, 2H), 6.57
(t, 1H), 3.03-2.95 (m, 2H), 1.69 (t, 3H) ppm.

[00744] 2-(1,3-Dioxolan-2-yl)-1-[1-(4-fluorophenyl)pent-3-yn-1-yl]-1 H-imidazole
F

Py

TMEDA and n-butyllithium was added to a solution of the 2-(1,3-dioxolan-2-yl)-1-[(4-
fluorophenyl)methyl]-1H-imidazole in a solvent such as THF at -78 °C. Stirred at the same temperature
for 3 min, 1-bromobut-2-yne was added and stirring continued at same temperature for 1 hour then the
reaction mixture warmed to room temperature. Aqueous work up gave the title compound which was
purified by chromatography if needed. 'H-NMR (300MHz, CD;0D): 3 7.34 (s, 1H), 7.32 (s, 1H), 7.27
(t, 2H), 7.05 (t, 2H), 5.97 (s, 1H), 5.77 (t, 1H), 4.23-3.97 (m, 4H), 3.03-2.93 (m, 2H), 1.71 (t, 3H) ppm.

[00745] 5-Ethyl-1-[(4-fluorophenyl)methyl]-1 H-imidazole-2-carbaldehyde

General Procedure N from 5-ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazole. IH-NMR (300MHz,
CDCIl3): 6 9.77 (s, 1H), 7.16 (s, 1H), 7.00 (d, 4H), 5.60 (s, 2H), 2.54 (q, 2H), 1.26 (t, 3H) ppm.

[00746] 5-Ethyl-1-[(4-fluorophenyl)methyl]-1H-imidazole

A
- 6\/
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General Procedure O from propionaldehyde and 4-fluorobenzylamine. IH-NMR (300MHz, CDCI3): &
7.38 (s, 1H), 6.99-6.80 (m, 4H), 6.74 (s, 1H), 4.93 (s, 2H), 2.31 (q, 2H), 1.08 (t, 3H) ppm.

[00747] 1-[(4-Fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1 H-imidazole-2-carbaldehyde
F
E L
«L\N

General Procedure N from 1-[(4-fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1H-imidazole. 'H-NMR
(300MHz, CD;0D): 6 9.76 (s, 1H), 7.29-7.19 (m, 2H), 7.06-6.92 (m, 3H), 5.67 (s, 2H), 5.32 (s, 1H),
5.08 (s, 1H), 2.03 (s, 3H) ppm.

[00748] 1-[(4-Fluorophenyl)methyl]-5-(prop-1-en-2-yl)-1 H-imidazole

g

General Procedure O from 2-methylprop-2-enal and 4-fluorobenzylamine gave the title product as
yellow oil. "H-NMR (300MHz, CD;OD): & 7.46 (s, 1H), 7.37-7.14 (m, 2H), 7.13-6.89 (m, 3H), 5.21 (s,
2H), 5.05 (s, 1H), 4.90 (s, 1H), 2.03 (s, 3H) ppm.

[00749] 3-{1-[(4-Fluorophenyl)methyl]-2-formyl-1H-imidazol-5-yl}propanamide

F

0O
N
NH
//\(\]/\)1\2
O N

General Procedure N from 3-{1-[(4-fluorophenyl)methyl]-1H-imidazol-5-yl} propanamide. 'H-NMR
(300MHz, CD;0D): 6 9.83 (s, 1H), 7.19 (s, 1H), 7.05-6.99 (m, 4H), 5.68 (s, 2H), 2.73 (t, 2H), 2.47 (t,
2H) ppm.
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[00750] 3-{1-[(4-Fluorophenyl)methyl]-1H-imidazol-5-yl}propanamide
F

O
N
) N
N

A mixture of methyl 3-{1-[(4-fluorophenyl)methyl]-1H-imidazol-5-yl} propanoate in 7N ammonia in
MeOH was heated to 85 °C for 12 hours in a sealed vessel. Purification by column chromatography
gave the title compound as colorless oil. "H-NMR (300MHz, CD;0D): & 7.43 (s, 1H), 7.08-6.92 (m,
4H), 6.79 (s, 1H), 6.66 (br s, 1H), 5.95 (br s, 1H), 5.03 (s, 2H), 2.73 (t, 2H), 2.45 (t, 2H) ppm.
[00751] Methyl 3-{1-[(4-fluorophenyl)methyl]-1 H-imidazol-5-yl}propanoate

F

O
N
. JAAO/
N

General Procedure O from methyl 4-oxobutanoate and 4-fluorobenzylamine. "H-NMR (300MHz,
CD:;OD): 6 7.48 (s, 1H), 7.04 (d, 4H), 6.85 (s, 1H), 5.08 (s, 2H), 3.67 (s, 3H), 2.74 (t, 2H), 2.57 (t, 2H)
ppm.

[00752] 5-Ethyl-1-(thiophen-2-ylmethyl)- 1 H-imidazole-2-carbaldehyde

T
N
2 /
@\/ N \i\
General Procedure I from [5-ethyl-1-(thiophen-2-ylmethyl)-1H-imidazol-2-ylJmethanol gave the title

product as colorless oil. 'H-NMR (300MHz, CDCl3): § 9.73 (s, 1H), 7.19 (d, 1H), 7.08 (s, 1H), 6.92 (s,
1H), 6.88 (t, 1H), 5.71 (s, 2H), 2.67 (q, 2H), 1.29 (t, 3H) ppm.

[00753] [5-Ethyl-1-(thiophen-2-ylmethyl)-1 H-imidazol-2-yl] methanol
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OH
K(/N
3 /
O\/ N \Z\
A mixture of methyl 5-ethyl-1-(thiophen-2-ylmethyl)-1H-imidazole, paraformaldehyde, and powdered
molecular sieves in anhydrous DMSO was heated at 140 °C for 15 hours in a sealed vessel. Aqueous
work up and purification by chromatography afforded the title compound as colorless oil. "H-NMR

(300MHz, CDCls): 6 7.21 (d, 1H), 6.92 (t, 1H), 6.82 (s, 1H), 6.63 (s, 1H), 5.36 (s, 2H), 4.63 (s, 2H),
2.50 (q, 2H), 1.21 (t, 3H) ppm.

[00754] 5-Ethyl-1-(thiophen-2-ylmethyl)-1 H-imidazole
s k(\N
/)
@\/N\/
General Procedure O from propionaldehyde and thiophen-2-yl-methanamine. 'H-NMR (300MHz,

CDCls): 6 7.48 (s, 1H), 7.27 (d, 1H), 6.96 (t, 1H), 6.88 (s, 1H), 6.82 (s, 1H), 5.19 (s, 2H), 2.54 (q, 2H),
1.25 (t, 3H) ppm.

Example 2: Histone lysine demethylase AlphalLISA assays for 1Cso value determination.

[00755] The ability of compounds of the application to inhibit the histone lysine demethylase
activity in vitro of different enzymes was determined. (TABLE 3).

[00756] Assays were performed analogously to the protocol described by PerkinElmer (Roy et
al. PerkinElmer Technical Note: AlphaLISA #12, Apr. 2011). Enzymes (final assay concentration 0.1
— 2.5 nM) were dissolved in enzyme buffer and incubated for 10 min before 5 uL. was added to 5 uLL
3% DMSO solutions of compounds in enzyme buffer. The reaction mixture was incubated for another
10 minutes before 5 uL of substrate solution was added and the resulting mixture was then incubated at
room temperature. 10 uL acceptor beads and suspended Epigenetic Buffer (Perkin Elmer AL0OS) from
stock were added and the suspension was incubated in the dark at room temperature before a 10 uLL
suspension of streptavidin donor beads (Perkin Elmer 6760002) in Epigenetic Buffer was added. After
incubation at room temperature in the dark, the plates were read. Results are shown in Table 1.

Compounds 32 and 116 can be metabolized to Compounds 4 and 93, respectively.
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TABLE 3:
Expression

Protein name Vendor/source | Sequence organism

KDM2B BPS,

(FBXL10) Bioscience, US | 1-650 Bac

KDMAC

(IMJD2C) BRIC, Denmark | 1-349 E.coli

KDM5B (PLU-

1) BRIC 1-809 E.coli

KDM6A (UTX) BRIC 919-1401 E.coli

KDM7

(PHF8) BRIC 1-1322 Bac
Substrates:
[00757] BK9M2: Biotin-ARTKQTAR(KMe,;)STGGKAPRKQ-NH, (AnaSpec 64359)
(SEQID.: 1)
[00758] BK9M3: Biotin-ARTKQTAR(KMe3)STGGKAPRKQ-NH; (Caslo, Denmark)
(SEQ ID.: 2)
[00759] H3K4M3B: H-ART(Kme3)QTARKSTGGKAPRKQLA-NH-Biotin (Caslo,
Denmark) (SEQ ID.: 3)
[00760] BK27M3: Biotin-ATKAAR(Kme3)SAPATGGVKKPHRY-NHj; (Caslo, Denmark)
(SEQ ID.: 4)
[00761] BH3K36M2: RKAAPATGGVK(Me2)KPHRYRPGTVK-(BIOTIN) (Anaspec) (SEQ
ID.: 5)
[00762] Substrate solution: Substrate (final assay concentration 50 - 200 nM), 50 mM Hepes (pH

7.4 -8.0), 0.003% Tween-20, 0.1% BS, 25 uM L-Asc, 10 uM o-KG. Enzyme Buffer: 50 mM Hepes
(pH 7.4 - 8.0), 0.003-0.01% Tween-20, 0.1% BSA; 5 uM (NH4),Fe(SO4),.

TABLE 1: HDME Inhibition**

Compound # | KDM4C(nM) | KDM2B(nM) | PHF8 (nM) | KDM6A (nM) | KDMS5B (nM)
1 >10000 431 352 >10000 >10000
2 >10000 2939 >10000 >10000 >10000
3 >10000 4650 >10000 >10000 >10000
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4 >10000 30 234 >10000 >10000
5 >10000 1601 3761 >10000 >10000
6 >10000 708 353 >10000 3348
7 >10000 7103 >10000 >10000 1231
8 >10000 150 384 >10000 >10000
9 299 >10000 >10000 >10000 714

10 1372 >10000 >10000 >10000 1280
11 >10000 1545 6928 >10000 5479
12 >10000 1601 >10000 >10000 3761
13 >10000 2273 5779 >10000 >10000
14 >10000 3233 5604 >10000 >10000
15 >10000 5682 >6000 >10000 >10000
16 >10000 >6800 3492 >9000 >10000
17 >10000 >10000 >10000 >10000 >10000
18 >10000 3932 3025 >10000 >10000
19 >10000 1153 890 >10000 348
20 >10000 5428 >10000 >10000 >10000
21 >10000 5354 >10000 >10000 >10000
22 >10000 >10000 >10000 >10000 >10000
23 >10000 >10000 >10000 >10000 >10000
24 >10000 2226 nd 8350 262
25 >10000 1130 1210 >10000 >10000
26 >10000 565 1030 >10000 3018
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27 >10000 158 537 >10000 >10000
28 >10000 462 1060 >10000 >10000
29 >10000 1136 2655 >10000 >10000
30 >10000 703 2219 >10000 >10000
31 >10000 3974 >10000 >10000 >10000
33 >10000 1024 2038 >10000 >10000
34 >10000 1238 >10000 >10000 >10000
35 >10000 117 437 >10000 >10000
36 >10000 248 908 >10000 >10000
37 >10000 297 489 >10000 >10000
38 >10000 2290 >10000 >10000 4624
39 >10000 155 472 >10000 >10000
40 >10000 599 1532 >10000 >10000
41 >10000 1658 6557 nd >10000
42 >10000 659 859 nd >10000
43 >10000 442 869 nd >10000
44 >10000 2006 2375 nd >10000
45 >10000 501 491 nd >10000
46 >10000 2270 2276 nd >10000
47 >10000 1256 391 nd 4079
48 >10000 >10000 >10000 nd >10000
49 >10000 838 1109 nd >10000
50 >10000 692 1036 nd >10000
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51 >10000 2828 3879 nd >10000
52 >10000 1727 1509 nd >10000
53 >10000 760 881 nd >10000
54 >10000 1140 1185 nd >10000
55 >10000 656 1300 nd 1782
56 >10000 482 883 nd >10000
57 >10000 1144 1272 nd >10000
58 nd >10000 >10000 nd >10000
59 nd 2747 >10000 nd nd
60 >10000 1619 >10000 nd 526
61 >10000 4181 2551 nd >10000
62 7370 244 307 nd 231
63 >10000 333 1404 nd >10000
64 >10000 104 246 nd >10000
65 >10000 34 1009 nd 151
66 >10000 5772 >10000 nd 943
67 >10000 715 791 nd >10000
68 >10000 1683 1797 nd >10000
69 >10000 27 662 nd >10000
70 >10000 485 1749 nd 559
71 >10000 138 1775 nd >10000
72 >10000 283 529 nd >10000
73 >10000 252 1648 nd >10000
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74 nd 1859 3815 nd >10000
75 >10000 587 1274 nd 431
76 nd 4734 >10000 nd >10000
77 >10000 379 1090 nd >10000
78 >10000 340 1136 nd 641
79 >10000 >10000 >10000 nd >10000
80 >10000 683 5297 nd 1988
81 823 140 334 nd 21
82 >10000 1403 3320 nd >10000
83 >10000 1525 4950 nd 755
84 >10000 251 673 nd 6198
85 >10000 461 1861 nd >10000
86 >10000 >10000 >10000 nd >10000
87 >10000 1703 2297 nd >10000
88 3468 585 1273 nd 246
89 >10000 2299 >10000 nd >10000
90 >10000 2942 6969 nd >10000
91 >10000 328 1113 nd >10000
92 >10000 53 1230 nd >10000
93 >10000 32 1480 nd >10000
94 >10000 47 2030 nd >10000
95 >10000 389 9650 nd >10000
96 >10000 61 1810 nd >10000
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97 >10000 308 >10000 nd >10000
98 1666 530 >10000 nd 8

99 >10000 >10000 >10000 nd 8410
100 >10000 70 1148 nd 635
101 >10000 105 1330 nd 6108
102 7050 240 >10000 nd 20
103 >10000 56 160 nd >10000
104 nd 145 400 nd >10000
105 nd 242 nd nd >10000
106 nd 3100 2770 nd >10000
107 >10000 5180 >10000 nd >10000
108 >10000 133 861 nd >10000
109 >10000 >10000 >10000 nd >10000
110 >10000 >10000 >10000 nd >10000
111 >10000 823 5100 nd 1070
112 >10000 375 3520 nd >10000
113 >10000 2830 >10000 nd >10000
114 >10000 317 1140 nd >10000
115 >10000 53 506 nd >10000

**nd = not determined

Example 3: Histone Lysine Demethylase Immunofluorescence Assays for ICsy value Determination in

Cells
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[00763] The ability of compounds of the application, or a pharmaceutically acceptable salt, or
solvate, or prodrug thereof, to inhibit demethylation of H3K4 in a human osteosarcoma cancer cell line
1s determined as described herein.

[00764] U20S cells are harvested and seeded into multi well plates into media containing
compound. The media used is DMEM containing 5% FBS and pen/strep. 20 hours after incubation of
cells with compounds, the cells are washed once in PBS, harvested by fixation with formaldehyde 4%
aqueous solution, and washed 2 times in PBS. Subsequently, the cells are permeabilized in PBS with
0.2% Triton X-100 for 10 min at room temperature. Blocking is performed in PBS with 0.2% Triton X-
100 and 5% FBS for 45 min at room temperature. The cells are incubated with aH3K4me3 primary
antibody (Cell Signaling, #9751S) diluted 1:1000 in blocking solution over night at 4 °C. After
incubation with primary antibody, the cells are washed 3 times with PBS, incubated with secondary
antibody diluted 1:1000 (Alexa fluor 594 goat anti rabbit IgG, Invitrogen, A11012) and Hoechst, 20
ng/ml (Sigma, 33342) in blocking solution, and washed again 3 times with PBS. Finally, PBS is added
and high throughput imaging and analysis are performed by an IN Cell Analyzer 1000 (GE Healthcare).

The ICsg values are based on an average measure of the staining of the H3K4me3 mark in cells.

Example 4: Cell proliferation Assays for ECs, value Determination

[00765] The ability of the compounds of the application to inhibit the proliferation of a human
breast cancer cell line is determined as described herein.

[00766] MCEF7 cells are seeded at 1250 cells/well in 50 ul medium/well in black 96 well plates.
Cells are incubated for 24 hours before addition of a compound of the application. Compounds are
diluted in complete medium (50 pl/well) and added to the plates in duplicates. The total volume of
medium in the wells was 100 puL, and the final concentration of DMSO 0.5%. Complete medium used
is DMEM with GlutaMAX containing 10% FBS and pen/strep.

[00767] 120 hours after addition of compounds, the plates are harvested and analyzed by
ATPlite 1 Step (Perkin Elmer, cat no 6016739) according to the manufactures recommendation. Briefly,
100 ul ATP lite solution is added to each well, plates are vortexed at 700 rpm 2 minutes, followed by
20 minutes incubation in the dark, and then analyzed for luminescence on EnSpire 2300 Multilabel

reader (Perkin Elmer). ECs, values are calculated using GraphPad Prism 6.
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Example 5: Histone Lysine Demethylase Immunofluorescence Assays for IC50 value Determination in
Cells

[00768] The ability of the compounds of the application, or a pharmaceutically acceptable salt,
or solvate, or prodrug thereof, to inhibit demethylation of a specific H3 lysine in a human osteosarcoma
cell line transfected to express a specific histone lysine demethylase is determined as described herein.
[00769] U20S cells are seeded 24 hours before transfection. Transfection is performed with
Fugene HD transfection reagent as recommended by the manufacturer. 6 hours after transfection, the
cells are harvested and seeded into multi well plates into media containing compound. The media used
is DMEM containing 5% FBS and pen/strep. 20 hours after incubation of cells with compounds, the
cells are washed once in PBS, harvested by fixation with formaldehyde 4% aqueous solution, and
washed 2 times in PBS. Subsequently, the cells are permeabilized in PBS with 0.2% Triton X-100 for
10 min at room temperature. Blocking is performed in PBS with 0.2% Triton X-100 and 5% FBS for
45 min at room temperature. The cells are incubated with primary antibodies diluted 1 pg/ml in
blocking solution over night at 4 °C. The primary antibodies used in the assays were HA.11 (Covance,
MMS-101P) and the antibody detecting the mark specified in the Table 4 below. After incubation with
primary antibodies, the cells are washed 3 times with PBS, incubated with secondary antibodies diluted
1:1000 (Alexa fluor 594 goat anti rabbit IgG, Invitrogen, A11012; Alexa flour 488 donkey anti mouse
IgG, Invitrogen, A21202) and Hoechst, 20 pug/ml (Sigma, 33342) in blocking solution, and washed
again 3 times with PBS. Finally, PBS is added and high throughput imaging and analysis are performed
by an IN Cell Analyzer 1000 (GE Healthcare). The robot software analyzes individual cells and divides
these into HA+ (transfected cells) and HA- (non-transfected cells). The ICsq values are based on an

average measure of the staining of the mark specified in the Table 4 below in the transfected cells.

TABLE 4
Primary Plasmid NCBIID

Construct | Vendor/| Sequence Mark antibody used
name source detected for detection of
pCMVHA Abeam NM_014663
JMJD2C BRIC Full length H3K9me3 Ab8898
pCMVHA Abeam NM_015061
JMJD2A BRIC Full length H3K9me3 Ab8898
pCMVHA Millipore NM_006618
PLUI BRIC Fragment (1-752) H3K4me2 07-030
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Example 6: In Vitro Proliferation Assay in Combination with Other Active Therapeutic Agents

[00770] The compounds of the application, or a pharmaceutically acceptable salt, or solvate, or
prodrug thereof, are tested in an in vitro proliferation assay in combination with standard of care active
ingredients. Cells are seeded at appropriate densities in a standard medium containing compounds and
active ingredients. The cells are then incubated for an additional period of time before the medium is
optionally replenished with standard medium or optionally replenished with standard medium
containing compounds and active ingredients. The incubation and replenishment cycle may be repeated
a number of times. Cellular growth or drug tolerance is monitored continuously or at certain time

points using standard imaging techniques or standard assays for cell number or viability.
EQUIVALENTS

[00771] The application can be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the application described herein. Scope of the
application is thus indicated by the appended claims rather than by the foregoing description, and all
changes that come within the meaning and range of equivalency of the claims are intended to be

embraced therein.
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CLAIMS

1. A compound being of Formula (I):

R N A
RS M,
wherein:
Q is selected from CO,H, CO,R*, -CH=NR'?, -W, -CH,NHR"*, -CH=0 and -CH(OR""),;
Mis CHorN;

A is selected from —C(R*),C(0)-, -C(R*),C(R*),C(0)-, Cs.10 alkyl, -Z-Cs.19 cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the C; g alkyl, -Z-cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a Cs_jo cycloalkyl or heterocyclic ring;

Y is selected from -H, -NR°R, -OR’, C g alkyl, C,galkenyl, Cys alkynyl, C3.19 cycloalkyl,
heterocyclyl, heteroaryl and aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
heteroaryl and aryl are optionally substituted with one or more R*;

R' is selected from -H, C s alkyl, Cy alkenyl, C,5alkynyl, and C3.1o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C,¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Ca cycloalkyl; or R,
together with A-Y and the nitrogen atom to which it is attached, forms a nitrogen-containing
heterocyclic ring optionally substituted with one or more substituents independently selected from C, g
alkyl, C,galkenyl, C,¢ alkynyl, and Cs.19 cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl
are optionally substituted with one or more substituents independently selected from -OH, aryl, Ci.6
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Cs cycloalkyl; or R' and R'®, together with

the atoms to which they are attached, form a nitrogen-containing heterocyclic ring optionally
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substituted with one or more substituents independently selected from C; s alkyl, C,salkenyl, C,5
alkynyl, and C;_ ;o cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally
substituted with one or more substituents independently selected from -OH, aryl, C,.¢ alkoxy,
heteroaryl, aryloxy, heteroaryloxy, -NR°R, -F and Cs. cycloalkyl;

Each R? is independently selected from -H, C g alkyl, C,s alkenyl, C2s alkynyl, and Cs.1o
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, Cy.¢ alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -F, Cs. cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR”; or two R” substituents on adjacent carbon atoms, together with the carbon atoms to
which they are attached, form a C4.19 cycloalkyl or heterocyclic ring; or two R? substituents on the same
carbon atom, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring; or R? and Y, together with the carbon atoms to which they are attached, form a C4_1o
cycloalkyl or heterocyclic ring;

each R% is independently selected from C,¢alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C,¢
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs6 cycloalkylene;

each R*is independently selected from C,¢alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C;_4
alkoxy, Cs.10 cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H,
-OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR’;

cach R’ is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C;_4
alkoxy, Ca cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R® and R’ is independently selected from -H, C,5 alkyl, Ci4 fluoroalkyl, C4
hydroxyalkyl, C, g alkenyl, C,salkynyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
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wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®; or R® and R’ may, together with the N-atom to which they are
attached, form a heterocyclic ring optionally substituted with one or more R?;

cach R® is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, C3.19 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-
NR''R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from C;_4 alkyl, C4 fluoroalkyl, Ci_4 hydroxyalkyl, Cs.
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-NR'’R"", -Z-OR®,
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

each R’ is independently selected from -H, C)galkyl, Cy_4 fluoroalkyl, C 4 hydroxyalkyl, Cs
alkenyl, C,¢alkynyl, Cs_1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are
optionally substituted with one or more R’;

cach of R' and R'' is independently selected from -H, C, ¢ alkyl, Cy4 fluoroalkyl, C 4
hydroxyalkyl, C, g alkenyl, C,salkynyl, Cs.1o cycloalkyl, heterocyclyl, heteroaryl, and Ce._14 aryl,
wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and
aryl are optionally substituted with one or more R’; or R’ and R'' may, together with the N-atom to
which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one or
more R4;

when Q is -CH=NR'?, R"? is selected from C_o alkyl, Cy.10 alkenyl, C,.1o alkynyl, Ca.1o
cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-
R, -Z-C(=0)-R’, -Z-OR’, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R”;

when Q is -CH,NHR", R" is selected from -H, -C(O)R’, -C(O)C(O)R’, -C(O)C(O)OR’, C5
alkyl, Cy4 fluoroalkyl, Ci_4 hydroxyalkyl, C,5alkenyl, C,g alkynyl, Cs.jo cycloalkyl, -Z-heterocyclyl,
and -Z-monocyclic-heteroaryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, and
heteroaryl are optionally substituted with one or more R®; or R is -CR'"R">’NR°R’, -CR*R"°CN,
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or -CR"R"OR’, wherein each R'* and R" is independently selected from -H, C,5 alkyl, Cy5 alkenyl,
C,salkynyl, Cs5_1¢ cycloalkyl, heterocyclyl, heteroaryl, and Cg_14 aryl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or more R*; or
wherein R'* and R" together with the intervening carbon atom form a Cs_j¢ cycloalkyl or Cs_jo-

cycloalkenyl ring optionally substituted with one or more R*;

when Q is W, W is selected from a 1,3-diazacycloalk-2-yl group which is N-substituted with
R'®, optionally further substituted with one or more R”, and optionally containing one or two oxo
groups; a 1,3-thiazacycloalk-2-yl group which is N-substituted with R'°, optionally further substituted
with one or more R’ and optionally containing one or two oxo groups; and a 1,3-oxazacycloalk-2-yl
group which is N-substituted with R'®, optionally further substituted with one or more R*, and
optionally containing one or two oxo groups, wherein in all three instances two R on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring;

R'® is selected from -H, -C(O)R, -C(O)C(O)R” and - C(O)C(O)OR’;

when Q is -CH(OR'"), each R'” independently is R*; or wherein two R'” together with the
intervening —O-CH-O- form a heterocyclic ring optionally substituted with one or more R* and
optionally containing one to two oxo groups;

R'® is selected from -H, Cy_s alkyl, C\ fluoroalkyl, C,¢ hydroxyalkyl, C,alkenyl, C, alkynyl,
C3.; cycloalkyl, and Cs.; oxyalkyl; or R' and A, together with the atoms to which they are attached,
form a heterocyclic ring; or R'® and Y, together with the atoms to which they are attached, form a
heterocyclic ring; or R'®and R', together with the atoms to which they are attached, form a heterocyclic
ring;

RY is selected from C,s alkyl, C, 5 alkenyl, C,_¢ alkynyl, and Cs_4 cycloalkyl, wherein the alkyl,
alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
selected from aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs. cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,
halogen, -Z-SR7, -Z-SOR7, -Z-SOZR7, -Z-SO,NR°R’ and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and

when Q is CO,R?, R? is selected from C,s alkyl, Cy.4 fluoroalkyl, C,_4 hydroxyalkyl, Cy.s
alkenyl, C,galkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the C, 5
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alkyl, Ca.10 cycloalkyl and heterocyclyl are optionally substituted with one or more R*, and wherein the
heteroaryl and aryl are optionally substituted with one or more R’ as defined above;

or a pharmaceutically acceptable salt or solvate thereof.

2. The compound of claim 1, wherein A is selected from -Z-heterocyclylene, -Z-arylene,

and -Z-heteroarylene.

3. The compound of claim 1 or 2, wherein A is -Z-heteroarylene.

4. The compound of claim 1 or 2, wherein A is -Z-arylene.

5. The compound of any one of claims 1-4, wherein Y is -H or C;galkyl.

6. The compound of any one of claims 1-5, wherein R? is -Z-aryl.

7. The compound of any one of claims 1-6, wherein Z is a single bond or C,4 alkylene.
8. The compound of any one of claims 1-7, wherein R' is -H.

9. The compound of any one of claims 1-8, wherein R'® is -H.

10. The compound of any one of claims 1-9, wherein RYis Cis alkyl, C, s alkenyl, or C,5

alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR’.

11.  The compound of any one of claims 1-10, wherein R'? is Cy.g alkyl optionally

substituted with one -Z-OR’.

12.  The compound of any one of claims 1-11, wherein R" is methyl.

13.  The compound of any one of claims 1-11, wherein R'’ is <CH,OH.
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14.  The compound of any one of claims 1-13, wherein M is CH.
15.  The compound of any one of claims 1-14, wherein Q is CO,H.

16.  The compound of claim 1 being of Formula (II),
Q

N

R N/ N\(CHz)n/ D\E (1),

or a pharmaceutically acceptable salt or solvate thereof,

wherein:

D is Z-heteroarylene optionally substituted with one to three R*;

E is Z-aryl or Z-heteroaryl optionally substituted with one to three R*;

cach R* is independently selected from -H, NR°R’, -OR’, C1.5 alkyl, C,galkenyl, C,5 alkynyl,
Cs.10 cycloalkyl, Cs.1o heterocyclyl, Cs.14 heteroaryl and Ce_14 aryl;

each R* is independently selected from Cy.¢ alkyl, Cy4 fluoroalkyl, C )4 hydroxyalkyl, C;_4
alkoxy, Cs cycloalkyl, -CN, -F, -Cl, -Br, carbamoyl and —OH; and

nis 0 to 3.
17.  The compound of claim 16, wherein D is imidazolyl optionally substituted with one to
three R>.

18.  The compound of claim 16, wherein D is pyridinyl optionally substituted with one to

three R,

19.  The compound of claim 16, wherein D is triazolyl optionally substituted with one to

three R,
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20.  The compound of any one of claims 16-19, wherein each R* is independently selected

from -H, -OR’, C1.5 alkyl.

21.  The compound of any one of claims 16-20, wherein each R* is -H.

22.  The compound of any one of claims 16-20, wherein R* is -OR”.

23.  The compound of any one of claims 16-20, wherein R* is C,.s-alkyl.

24. The compound of any one of claims 16-20 or 23, wherein R* is Cy_4-alkyl.

25. The compound of any one of claims 16-20, 23, or 24 wherein R* is methyl, ethyl,
propyl, isopropyl, or butyl.

26.  The compound of any one of claims 16-20 or 23-25, wherein R* is ethyl.

27.  The compound of any one of claims 16-26, wherein E is Z-aryl optionally substituted

with one to three R**.

28. The compound of any one of claims 16-27, wherein each R*is Cis alkyl, -F, -Cl, or

29.  The compound of any one of claims 16-28, wherein R** is —F.

30.  The compound of any one of claims 16-29, wherein R"’ is -CH,OH.

31.  The compound of any one of claims 16-29, wherein R" is methyl.

32.  The compound of any one of claims 16-31, wherein Q is CO,H.
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33.  The compound of claim 1 being of Formula (III),

RV RO

N

SURS

~ N >~ /Z
R19 N N
n (IIT), or a pharmaceutically acceptable salt or solvate thereof,
wherein:
ZisNor CRZ;

RN, RC, and R? are each independently selected from —H, C,¢ alkyl, C;_4 fluoroalkyl, C;_4
hydroxyalkyl, C,¢ alkenyl, C,.6 alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-
NR®R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-
SO,R’, -Z-SO,NR°R’ and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or
more R*, and wherein the heteroaryl and aryl are optionally substituted with one or more R’; and

nis 1 or2.

34.  The compound of claim 33, wherein Z is CR”.

35. The compound of claim 33 or 34, wherein RZ is selected from —-H, C,¢alkyl, C;4
fluoroalkyl, C,_4 hydroxyalkyl, C,¢alkenyl, C,¢ alkynyl, Cs_1o cycloalkyl, -Z-C(=O)-R7,
and -Z-COOR’.

36.  The compound of claim 33, wherein Z is N.

37. The compound of any one of claims 33-36, wherein R%is -H, Ci6 alkyl, Ci4
fluoroalkyl, C)_4 hydroxyalkyl, C,alkenyl, C,. alkynyl, Cs_io cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-

C(=0)-NR°R’, -Z-NR®-C(=0)-R’, and -Z-SR’.

38.  The compound of any one of claims 33-37, wherein RY is selected from C . alkyl, Cy_4

fluoroalkyl, C,¢ alkenyl, -Z-aryl, and -Z-heteroaryl.

280



WO 2016/033169 PCT/US2015/046921

39.  The compound of any one of claims 33-38, whereinn is 1.

40.  The compound of any one of claims 33-38, wherein n is 2.

41.  The compound of any one of claims 33-40, wherein R" is ~CH,OH.
42. The compound of any one of claims 33-40, wherein R" is methyl.
43.  The compound of any one of claims 33-42, wherein Q is CO,H.

44.  The compound of claim 1 being of Formula (IV),

Q 30 R31
R
AN
B N/\<N
N .
R1 9 N N
(IV), or a pharmaceutically acceptable salt or solvate thereof,

wherein:

R*® and R*' are independently selected from —H, C, alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl,
C,.s alkenyl, Cy6 alkynyl, Cs.19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-
C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-
SO,NR®R” and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and
wherein the heteroaryl and aryl are optionally substituted with one or more R’; and

nis 1 or?2.

45. The compound of claim 44, wherein R* s —-H, C,¢alkyl, C;4 fluoroalkyl, C; 4
hydroxyalkyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-aryl, or -Z-heteroaryl.

46.  The compound of claim 44 or 45, wherein R* is C\_¢ alkyl, -Z-aryl, or -Z-heteroaryl.
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47. The compound of any one of claims 44-46, wherein R*is -H, Ci alkyl, Ci4
fluoroalkyl, C, 4 hydroxyalkyl, C,alkenyl, C,¢ alkynyl, C;_j cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-
heteroaryl, -Z-NR°R’, -Z-OR’, halogen, or -Z-SR’.

48. The compound of any one of claims 44-47, wherein R*is-H, Ci6 alkyl, C;4
hydroxyalkyl, Cs.1o cycloalkyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-OR”, or -Z-SR.

49.  The compound of any one of claims 44-48, whereinn is 1.

50.  The compound of any one of claims 44-48, wherein n is 2.

51.  The compound of any one of claims 44-50, wherein R"’ is —-CH,OH.
52.  The compound of any one of claims 44-50, wherein R" is methyl.
53.  The compound of any one of claims 44-52, wherein Q is CO,H.

54.  The compound of claim 1 being of Formula (V),

R (V), or a pharmaceutically acceptable salt or solvate thereof,
wherein:

RSZ, RSS, and R** are independently selected from —H, C,¢ alkyl, C;_4 fluoroalkyl, C;_4
hydroxyalkyl, C,¢ alkenyl, C,.6 alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-
NR®R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-
SO,R’, -Z-SO,NR°R’ and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or

more R*, and wherein the heteroaryl and aryl are optionally substituted with one or more R’
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55.  The compound of claim 54, wherein R* is Cy alkyl, C1_4 fluoroalkyl, C,. alkenyl, -Z-
aryl, or -Z-heteroaryl.

56. The compound of claim 54 or 55, wherein R*¥is—H, Ci alkyl, C;_4 fluoroalkyl, C 4
hydroxyalkyl, C,.¢alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-aryl , -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-
NR®-C(=0)-R’, or -Z-SR".

57. The compound of any one of claims 54-56, wherein R*is—H, Ci alkyl, Ci4
fluoroalkyl, C)_4 hydroxyalkyl, C,alkenyl, C,. alkynyl, Cs_io cycloalkyl, -Z-C(=0)-R’, or -Z-COOR’.

58.  The compound of any one of claims 54-57, wherein R"’ is -CH,OH.

59.  The compound of any one of claims 54-57, wherein R" is methyl.

60.  The compound of any one of claims 54-59, wherein Q is CO,H.

61. A compound being of Formula (VI):

0 R21

R (VI), or a pharmaceutically acceptable salt or solvate

thereof,

wherein:

Mis CHorN;

A is selected from —C(R%),C(0)-, -C(R*),C(R*),C(0)-, Ca.1¢ alkyl, -Z-Cs_1o cycloalkylene, -Z-
heterocyclylene, -Z-heteroarylene and -Z-arylene, wherein the Cs_y alkyl, -Z-cycloalkylene, -Z-
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heterocyclylene, -Z-heteroarylene and -Z-arylene are optionally substituted with one or more R*, or A
and Y form a C;_ o cycloalkyl or heterocyclic ring;

Y is selected from -H, -NR°R, -OR’, C g alkyl, C,galkenyl, Cys alkynyl, C3.19 cycloalkyl,
heterocyclyl, heteroaryl and aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
heteroaryl and aryl are optionally substituted with one or more R*;

R! is selected from -H, C,5 alkyl, C, 5 alkenyl, C,_¢ alkynyl, and C;_o cycloalkyl, wherein the
alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents selected
from -OH, aryl, C,¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Ca cycloalkyl; or R,
together with A-Y and the nitrogen atom to which it is attached, forms a nitrogen-containing
heterocyclic ring optionally substituted with one or more substituents independently selected from C, 5
alkyl, C,galkenyl, C,¢ alkynyl, and Cs.19 cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl
are optionally substituted with one or more substituents independently selected from -OH, aryl, Ci.6
alkoxy, heteroaryl, aryloxy, heteroaryloxy, -NR°R’, -F and Ci cycloalkyl; or R' and R'®, together with
the atoms to which they are attached, form a nitrogen-containing heterocyclic ring optionally
substituted with one or more substituents independently selected from C, g alkyl, C, g alkenyl, C,5
alkynyl, and Cs_j cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally
substituted with one or more substituents independently selected from -OH, aryl, C,.¢ alkoxy,
heteroaryl, aryloxy, heteroaryloxy, -NR°R, -F and Cs. cycloalkyl;

Each R%is independently selected from -H, C,s alkyl, C, 5 alkenyl, C,_¢ alkynyl, and Cs_j,
cycloalkyl, wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or
more substituents independently selected from -OH, aryl, Cy.¢ alkoxy, heteroaryl, aryloxy,
heteroaryloxy, -F, Cs. cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-
NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR”; or two R” substituents on adjacent carbon atoms, together with the carbon atoms to
which they are attached, form a C4.19 cycloalkyl or heterocyclic ring; or two R? substituents on the same
carbon atom, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring; or R? and Y, together with the carbon atoms to which they are attached, form a C,_y
cycloalkyl or heterocyclic ring;

cach R” is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.10 cycloalkyl, -Z-heterocyclyl, -Z-aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-

284



WO 2016/033169 PCT/US2015/046921

NR®R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’, halogen, -Z-SR’, -Z-SOR’, -Z-SO,R’, -Z-SO,NR°R’
and -Z-COOR’, wherein the heterocyclyl is optionally substituted with one or more R*, and wherein
the heteroaryl and aryl are optionally substituted with one or more R’; or two R* on the same carbon
atom may, together with the carbon atom to which they are attached, form a Cs_jo cycloalkyl or
heterocyclic ring;

Z is selected from a single bond, C;_4 alkylene, heterocyclylene and Cs¢ cycloalkylene;

cach R* is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C;_4
alkoxy, Cs.10 cycloalkyl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-C(=0)-H,
-OR’, halogen, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR’;

each R’ is independently selected from C,¢alkyl, C,_4 fluoroalkyl, C,_4 hydroxyalkyl, C;_4
alkoxy, Ca. cycloalkyl, -CN, -F, -Cl, -Br, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR°-C(=0)-R’, -Z-C(=0)-
R’, -Z-C(=0)-H, -OR’, -SR’, -SOR’, -SO,R’, -SO,NR°R’, and -COOR”;

cach R® and R’ is independently selected from -H, C,5 alkyl, Ci4 fluoroalkyl, C4
hydroxyalkyl, C, g alkenyl, C,salkynyl, Cs_19 cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl and -Z-aryl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally
substituted with one or more R®; or R® and R’ may, together with the N-atom to which they are
attached, form a heterocyclic ring optionally substituted with one or more R?;

cach R® is independently selected from C s alkyl, C 4 fluoroalkyl, C;_4 hydroxyalkyl, C,.
alkenyl, Cy alkynyl, Cs.1o cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-
NR'"R", -Z-OR’, halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R” and -Z-COOR’, wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl and aryl are optionally substituted with one or
more substituents independently selected from C;_4 alkyl, C4 fluoroalkyl, Ci_4 hydroxyalkyl, Cs.
cycloalkyl, -Z-heterocyclyl, -Z-heteroaryl, -Z-aryl, -Z-NR'’R", -Z-C(=0)-NR'’R"", -Z-OR®,
halogen, -CN, -Z-SR’, -Z-SOR’, -Z-SO,R’ and -Z-COOR’; wherein the heterocyclyl is optionally
substituted with one or more R* and wherein the heteroaryl and aryl are optionally substituted with one
or more R’ ;

each R’ is independently selected from -H, C, g alkyl, C,_4 fluoroalkyl, C, 4 hydroxyalkyl, C,
alkenyl, C,¢alkynyl, Cs_1o cycloalkyl, -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl, wherein the
heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and aryl are

optionally substituted with one or more R’;
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cach of R' and R'' is independently selected from -H, C, ¢ alkyl, Cy4 fluoroalkyl, C 4
hydroxyalkyl, C, s alkenyl, C,_s alkynyl, Cs_j¢ cycloalkyl, heterocyclyl, heteroaryl, and Ce 14 aryl,
wherein the heterocyclyl is optionally substituted with one or more R* and wherein the heteroaryl and
aryl are optionally substituted with one or more R’; or R’ and R'' may, together with the N-atom to
which they are attached, form a 5- to 7-membered heterocyclic ring optionally substituted with one or
more R4;

R'® is selected from -H, Cy_s alkyl, C\ fluoroalkyl, C,¢ hydroxyalkyl, C,alkenyl, C, alkynyl,
C3.7 cycloalkyl, and Cs.; oxyalkyl; or R' and A, together with the atoms to which they are attached,
form a heterocyclic ring; or R'® and Y, together with the atoms to which they are attached, form a
heterocyclic ring; or R'®and R', together with the atoms to which they are attached, form a heterocyclic
ring;

RY is selected from Cy.g alkyl, C, g alkenyl, C,5alkynyl, and Cs_io cycloalkyl, wherein the alkyl,
alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents independently
selected from aryl, Cy.¢ alkoxy, heteroaryl, aryloxy, heteroaryloxy, Cs. cycloalkyl, -Z-heterocyclyl, -Z-
aryl, -Z-heteroaryl, -Z-NR°R’, -Z-C(=0)-NR°R’, -Z-NR®-C(=0)-R’, -Z-C(=0)-R’, -Z-OR’,
halogen, -Z-SR7, -Z-SOR7, -Z-SOzR7, -Z-SO,NR°R’ and -Z-COOR” and may optionally form a
cyclophane structure by attaching to Y or A; and

wherein:

R*! is (R*),N- or R*0, wherein R* is Cgalkyl, C,5alkenyl, C,galkynyl, Cs.io cycloalkyl,
and aryloxy optionally substituted with one or more substituents independently selected from -OH, aryl,
Ci.6 alkoxy, heteroaryl, aryloxy, heteroaryloxy, -F, a sulfonamide moiety, and Cs_¢ cycloalkyl; wherein

one R* in (R**),N- is optionally -H.

62.  The compound of claim 61, wherein:

M is CH;

A is selected from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene;

Y is selected from -H and C, g alkyl;

R'is H;

cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl;
R is H;
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Z is selected from a single bond and C,_4 alkylene; and

R" is methyl.

63.

The compound of claim 61, wherein:

M is CH;

A is selected from -Z-heterocyclylene, -Z-arylene, and -Z-heteroarylene;

Y is selected from -H and C; s alkyl;
R'is H;

cach R” is independently selected from -Z-heterocyclyl, -Z-aryl, and -Z-heteroaryl;
R is H;

Z is selected from a single bond and C,_4 alkylene; and

R is -CH,OH.

64.

65.
10 cycloalkyl.

66.

67.

more -F.

68.

The compound of any one of claims 61-63, wherein R*! is (R**),N-.

The compound of claim 64, wherein one R*? s —-H, and the other R*?is C15 alkyl or Cs.

The compound of any one of claims 61-63, wherein R*! is R*O.

The compound of claim 66, wherein R* is C\_g alkyl optionally substituted with one or

The compound of claim 1 being of Formula (I11a),
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F
Q
\ N
H\/C\>
N
RIS SN Y
Ia , or a pharmaceutically acceptable salt or solvate thercof.

69.  The compound of claim 1 being of Formula (I11b),

Q
X
N N
R N/ | N
I1Ib .
A , or a pharmaceutically acceptable salt or solvate thereof.

70.  The compound of claim 1 being of Formula (Illc),

F

Q CH3

\
-

R °N
HIc , or a pharmaceutically acceptable salt or solvate thercof.

71. The compound of claim 1 being of Formula (II1d),
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I11d

Q
\ N=
N
R 19 N/ ///,,,' \ /
, or a pharmaceutically acceptable salt or solvate thereof.

72. The compound of claim 1 being of Formula (Ille),

F
HaC
@ CHs
\ N \
H\/K
R™® N/ N

IiTe , or a pharmaceutically acceptable salt or solvate thereof.

73.  The compound of claim 1 being of Formula (I1If),

F
HsC
Q CHs
\ N \
H\/k
=~
RS N/ N

11t , or a pharmaceutically acceptable salt or solvate

thereof.

74.  The compound of claim 1 being of Formula (I1lg),
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F
a HaC
CH,
X N
fj\/H\/k \
R'® N/ " Y
1Ig , or a pharmaceutically acceptable salt or solvate
thereof.
75.  The compound of any one of claims 68-74, wherein R" is selected from C)g alkyl, Ca.s

alkenyl, and C,.5alkynyl, optionally substituted with one or more -Z-NR°R” or -Z-OR.

76. The compound of any one of claims 68-75, wherein R" is selected from methyl, ethyl,

propyl, iso-propyl, butyl, sec-butyl, and tert-butyl, optionally substituted with one —OH.

77.  The compound of any one of claims 68-76, wherein Q is selected from CO,H, W, and
COR”.

78.  The compound of claim 1, selected from any one of the following:

(¢

N
o) OH CHj
AN r:—’<
\ | H\/L \‘N
N P ’:,\:( S {
N \ e T N N

= N
HLC N N
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O, OH

2T
4

3

H.C N |\

O, OH

CH,
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B

S

e
Bl

o OH
\ N
e
= N\/K
// N N
H,C
2
0, OH
= N ="
§ /
™ No, X
H4C N
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O, OH

H4C
CH,
=z N
| - \
- N ~
H.C N N
2
9
CH,
3
2
CH;,
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CHj
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CH,

CH,
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HaC

CHj
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N /
\%N,J\\Q
i
CHj
2
2
T\:Hz
o | X
I! = Z
Na P
TcH,
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AN
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—
CH, N —=—ch
2 - = N \ 3
T \ M s
P N . HacA!\/\/ ~N
H,C TN N
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F
O
/Og\ioi/ i
A N
| H \
s, >~
iGN N Ay

, , and

or a pharmaceutically acceptable salt or solvate thereof.

79.  The compound of claim 1, selected from any one of the following:
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Os _OH
oune HOJ\/\/'L
= N > N > e
N N0, N™ "0
Os OH
Y N_(
HO AUNA N
N N , ,and
Os_OH
= N
| \g
\N N \)\\N ’
or a pharmaceutically acceptable salt or solvate thereof.
80. A pharmaceutical composition comprising at least one compound of any one of claims

1-79, or a pharmaceutically acceptable salt or solvate thereof, and optionally one or more

pharmaceutically acceptable excipients, diluents and/or carriers.
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81.  The pharmaceutical composition according to claim 80, which comprises one or more

further active substances.

82. A compound according to any one of the claims 1-79 for use as a medicament useful for

the treatment of a HDME-dependent disease.

83. A compound according to any one of the claims 1-79 for use in the treatment of a

HDME-dependent disease.

84.  Use of a compound according to any one of the claims 1-79 for the preparation of a

pharmaceutical composition for the treatment of a HDME-dependent disease.

85. A method of treating a HDME-dependent disease in a subject in need thereof, wherein
said method comprises administering to said subject a therapeutically effective amount of at least one
compound according to any one of the claims 1-79, or a pharmaceutically acceptable salt or solvate

thereof.

86. A method of inhibiting a HDME, comprising contacting a cell with a compound of any
one of claims 1-79 in an amount effective to produce a concentration sufficient to inhibit the

demethylation of a histone in a cell.

87.  The method of claim 86, wherein the HDME is a member of the KDM?7 family, PHF8
family, KDM6 family, KDM5 family, KDM4 family, or KDM2 family.

88. The method of claim 86 or 87, wherein the HDME is KDM4C, KDM2B, PHFS,
KDM6A, or KDM5B.

89.  Use of a compound according to any one of claims 1-79 for the preparation of a
pharmaceutical composition for the inhibition of a HDME, wherein the HDME is a member of the

KDM7 family, PHF8 family, KDM6 family, KDM5 family, KDM4 family, or KDM2 family .
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90.  Use of a compound according to any one of claims 1-79 for the preparation of a
pharmaceutical composition for the inhibition of a HDME, wherein the HDME is KDM4C, KDM2B,
PHF8&, KDM6A, or KDM5B.

91. A compound according to any one of claims 1-79 for use as a medicament useful for the
inhibition of a HDME, wherein the HDME is a member of the KDM?7 family, PHF8 family, KDM6
family, KDMS5 family, KDM4 family, or KDM?2 family.

92. A compound according to any one of claims 1-79 for use as a medicament useful for the

inhibition of a HDME, wherein the HDME is KDM4C, KDM2B, PHFE, KDM6A, or KDM5B.
93. A compound according to any one of claims 1-79 for use in the inhibition of a HDME,
wherein the HDME is a member of the KDM7 family, PHF8 family, KDM6 family, KDMS5 family,

KDM4 family, or KDM2 family.

94. A compound according to any one of claims 1-79 for use in the inhibition of a HDME,

wherein the HDME is KDM4C, KDM2B, PHF§, KDM6A, or KDM5B.
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