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NOVEL CHOLINE KINASE INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priorty to U.S. Provisional Application Serial No.
61/800,428 filed March 15, 2013, which is hereby incorporated herein by reference in
its entirety.

FIELD
The present disclosure relates to compounds having choline kinase modulatory
activity, processes for the preparation of such compounds, compositions and methods

of using such compounds.

BACKGROUND

Choline Kinase (ChoK) catalyzes the synthesis of phosphocholine (pCh) as the
first step in the metabolic pathway towards synthesis of the major membrane
phospholipid, phosphatidylcholine.

The choline kinase family is encoded by two separate genes, CHKa and CHKR,
resulting in three different proteins with variable choline/ethanolamine kinase
(ChoK/EtnK) activity, namely, ChoKa1, ChoKa2 and ChoK@1. Both ChoKa1 and
ChoKa2 preferentially phosphorylate choline over ethanolamine, compared to ChoKg1.

ChoKa1 is a 457 amino acid polypeptide provided in the NCBI database under
accession number NP 001268 (release of June 17, 2012). The polypeptide is encoded
by a 2733 base-pair (bp) transcript formed by alternative splicing from the ChoKa gene.
The cDNA sequence of the transcript encoding ChoKa1 is provided in the NCBI
database with accession number NM 001277 (release of June 17, 2012).

ChoKa2 is a 439 amino acid polypeptide provided in the NCBI database under
accession number NP 997634 (release of June 17, 2012). The polypeptide is encoded
by a 2679 bp transcript formed by alternative splicing from the ChoKa gene. The cDNA
sequence of the transcript encoding ChoKaz2 is provided in the NCBI database with
accession number M_M 212469 (release of June 17, 2012).

Abnormal choline metabolism is characteristic of oncogenesis and cancer
progression in an array of cancer types. Exogenous expression of ChoKa1, but not
ChoKPp1, is capable of driving tumor formation in non-transformed cells (Gallego-Ortega

et al., PLoS One, 2009). It is known that increased phosphorylation of choline is a
1
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hallmark of certain malignant phenotypes. ChoK over-expression, (primarily ChoKa1),
has been associated with certain human cancers, including breast, liver, lung,
colorectal, ovary and prostate (Glunde et al. Nat Rev Can, 2011). For example, ChoKa,
phosphocholine and total choline were increased in breast carcinomas compared with
normal breast tissue, and this increase correlated with advanced tumor grade (Ramirez
de Molina et al., Oncogene, 2002; Gribbestad et al., Anticancer Res, 1999). This
finding suggests that any tumor type that displays elevated pCho or ChoK itself would
be a candidate for ChoK inhibitor therapy.

In addition to tumor type, there is preclinical evidence that inhibition of ChoK
expression in cell lines results in disruption of MAPK and AKT activity and decreased
cell proliferation (Yalcin, et al. Oncogene, 2009; Clem et al. Oncogene, 2011). It has
also been found that cell lines expressing activated RAS exhibit sensitivity to ChoK
knockdown by siRNA or small molecule inhibition (Ramirez de Molina et al. Biochem
Biophys Res Commun, 2001). These studies indicate that tumors demonstrating
aberrant MAPK, AKT or RAS signaling may be used as a general target for ChoK
anticancer drug design.

These observations have motivated efforts to develop anti-cancer agents

targeting ChoK.

SUMMARY OF THE INVENTION

In various aspects and embodiments, the present invention comprises new

ChoK modulating compounds and use of these compounds in treating certain cancers
and other diseases.

In further aspects and embodiments, the present invention comprises the
preparation of a compound of any of Formulas | through XLVIII or of any other of the
compounds of this invention shown as Examples 1-160 herein.

In further aspects and embodiments, the present invention encompasses a
composition comprising a compound of the invention or a salt, hydrate or other solvate
thereof, including a compound of any of the described classes or subclasses, including
those of any of the formulas discussed below, in association with at least one
pharmaceutically acceptable carrier, adjuvant or diluent. Such compositions can be
administered to a subject in need thereof to inhibit the growth, development and/or
metastasis of cancers, including solid tumors (e.g., breast, colon, pancreatic, CNS and

head and neck cancers, among others) and various forms of leukemia, including
2
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leukemias and other cancers which are resistant to other treatment, including those
which are resistant to treatment, and generally for the treatment and prophylaxis of
diseases or undesirable conditions.

In further aspects and embodiments, the compounds of the present invention are
also useful in the manufacture of a medicament to attenuate or prevent disorders
through inhibition of ChoK.

In various embodiments, the present invention comprises a method for treating
cancer in a subject in need thereof, which comprises administering to the subject a
treatment effective amount of a composition containing a compound of this invention.
Various cancers which may be thus treated are noted elsewhere herein and include,
among others, cancers which are or have become resistant to another anticancer agent
or one of the other agents noted herein.

In various embodiments, the cancer treatment method of the present invention
involves administering a therapeutically effective amount of a compound of the
invention to a human or animal in need of it in order to inhibit, slow or reverse the
growth, development or spread of cancer, including solid tumors or other forms of
cancer such as leukemias, in the recipient. Such administration constitutes a method
for the treatment or prophylaxis of diseases mediated by choline kinase inhibited by one
of the disclosed compounds or a pharmaceutically acceptable derivative thereof.

In various embodiments, compounds of the present invention are used as
standards and reagents for characterizing various kinases, especially, but not limited to,
choline kinases, as well as for studying the role of such kinases in biological and
pathological phenomena; for studying intracellular signal transduction pathways
mediated by such kinases, for the comparative evaluation of new kinase inhibitors; and

for studying various cancers in cell lines and animal models.

DETAILED DESCRIPTION OF THE INVENTION

1. General Description of Compounds of the Invention

In one aspect, the present disclosure provides compounds of Formula (1),
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(1
a tautomer, an individual isomer, a mixture of isomers or a pharmaceutically acceptable
salt, solvate or hydrate thereof, wherein:

Ring T is optionally substituted on a C or N ring atom with R’; (i) wherein R'is
substituted on any two adjacent ring atoms, and, taken together with said ring atoms to
which they are attached, form a 5-6 membered cycloalkyl, cycloalkenyl or heterocycly!
fused ring, (i) wherein R'is substituted on any two non-adjacent ring atoms, and, taken
together with the ring atoms to which they are attached, form a 1-3 carbon bridge, or
(iii) wherein R'is substituted on a common ring atom, and, taken together with that ring
atom to which it is attached, forms a 5-6 membered cycloalkyl, cycloalkeny! or
hetrocyclyl spirocyclic ring; and wherein said Ring T or said ring formed by any adjacent
or non-adjacent R! substituents is further optionally substituted with 1-4 R? groups;

R'is alkylenyl, alkenylenyl, heteroalkylenyl, or heteroalkenylenyl;

R7is alkyl, alkenyl or cycloalkyl;

L"is (CHa), (CHa)xO(CHa)x or (CH2),NR'(CHy),, wherein L"is present in either
direction;

Ring A is a 5-6 membered aryl or heteroaryl ring containing 1-2 nitrogen ring
atoms, with the remaining ring atoms being carbon, optionally substituted on any ring
atom with R wherein R? when substituted on any two adjacent ring atoms, and, taken
together with said ring atoms to which they are attached, form a 5-6 membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl fused ring, wherein said heterocyclyl or
heteroaryl fused ring contains 1-3 heteroatoms selected from O, N, and S and wherein
said Ring A or the ring formed by adjacent R? substituents is further optionally
substituted with 1-4 R® groups;

R?is alkylenyl, alkenylenyl, heteroalkylenyl, or heteroalkenylenyl;

R® is independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, carbonyl, cyano, halo, nitro, oxo, -OR", -alkyl-C(O)-R’, -C(O)-R",

-CO,R" -C(O)NR'R?, -NR'R?, -SO,R", -SO,NR'R?, -NHSO.R";
LZis (CHa)x, (CH2)xC(O)(CHa)x, or (CH2),NR'(CH,),, wherein L? is present in

either direction;
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Ring B is aryl, heterocyclyl, or heteroaryl, optionally substituted on any ring atom
with R®;

R? is independently selected from alkyl, cyano, halo, nitro, R", R?,

OR' -C(O)NR'R?, -C(R")=NR?, -alkyl-C(O)NR'R?, alkyl-R", R'-alkyl-R? -NR'R?,
-alkyl-NR'R?, -SO,R’, -SO,NR'R?, -NHSO,R', -C(O)-R", or CO;R";

R' and R? are independently selected from H, alkyl, alkenyl, alkynyl, amino,
amido, acetamido, acetyl, alkylaminocarbonyl, alkoxy, formyl, hydroxyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphoryl, hydrazinyl, or acetyl hydrazinyl: or R" and R? taken
together with the atom(s) to which they are attached, form a 5- or 6-membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl ring, wherein said heterocyclyl or heteroaryl
ring contains 1-3 heteroatoms selected from O, N, and S(O);; or R" and R? when
substituted on any two adjacent ring atoms of Ring B, and, taken together with the
atoms to which they are attached, form a 5- or 6- membered cycloalkyl, heterocyclyl,
aryl, or heteroaryl fused ring, wherein said heterocyclyl or heteroaryl! fused ring contains
at least one of (i) 1-3 O and S atoms; or (ii) 2-3 N atoms;

each of the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl
moieties is unsubstituted or substituted with one or more groups selected from amino,
alkylamino, dialkylamino, aminocarbonyl, halo, acetyl, alkyl, alkenyl, alkynyl, cyanoalkyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkylsulfonyl, alkylsulfonamido, nitro,
cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, acyloxy, haloalkoxy, =O, =S, NH, NNR'R?, NNHC(O)R', NNHCO:R',
NNHSO,R', -YP(=0)(YR")(YR?) wherein Y is independently a bond, -O-, -S- or -NR";
and each of the cycloalkyl, heterocyclyl, aryl, heteroaryl moieties is unsubstituted or
substituted with one or more groups selected from amino, alkylamino, dialkylamino,
aminocarbony!, halo, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, heterocyclyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
alkoxy, acyloxy, and haloalkoxy;

n is independently 0 to 2;

p is independently O to 2;

g is independently O to 5;

ris independently 0 to 2;
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x is independently 0 to 5; and

z is independently 1 to 2;

with the proviso that where Ring B is substituted R®, and R’is selected from R’
and R? which are substituted on any two adjacent ring atoms of Ring B, and, taken
together with the atoms to which they are attached, form a 5- or 6- membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl fused ring, said fused ring contains no further
R’ substituents:with the proviso that where both z=1 and Ring B is pyrazole, g=0; and
with the proviso that where both L? = -(CHy),- and x=0, then either p or g is not equal to
0.

In certain embodiments, the present disclosure provides compounds of Formula

N/ﬁ (R%),
%N\L_I Q (Rb)q

L2

()

a tautomer, an individual isomer, a mixture of isomers or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein:

Ring T is optionally substituted on a C or N ring atom with R" (i) wherein R'is
substituted on any two adjacent ring atoms, and, taken together with said ring atoms to
which they are attached, form a 5-6 membered cycloalkyl, cycloalkenyl or heterocyclyl
fused ring, (i) wherein R'is substituted on any two non-adjacent ring atoms, and, taken
together with the ring atoms to which they are attached, form a 1-3 carbon bridge, or
(i) wherein R'is substituted on a common ring atom, and, taken together with that ring
atom to which it is attached, forms a 5-6 membered cycloalkyl, cycloalkeny! or
hetrocyclyl spirocyclic ring; and wherein said Ring T or said ring formed by any adjacent
or non-adjacent R' substituents is further optionally substituted with 1-4 R? groups;

R'is alkylenyl, alkenylenyl, heteroalkylenyl, or heteroalkenylenyl;

R%is alkyl, alkenyl or cycloalkyl;

L' is (CHa)x, (CH2)xO(CHa)x or (CH2)NR'(CHy)x, wherein L'is present in either
direction;

Ring A is a 5-6 membered aryl or heteroaryl ring containing 1-2 nitrogen ring
atoms, with the remaining ring atoms being carbon, optionally substituted on any ring

atom with R?, wherein R?, when substituted on any two adjacent ring atoms, and, taken
6
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together with said ring atoms to which they are attached, form a 5-6 membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl fused ring, wherein said heterocyclyl or
heteroaryl fused ring contains 1-3 heteroatoms selected from O, N, and S and wherein
said Ring A or the ring formed by adjacent R? substituents is further optionally
substituted with 1-4 R® groups;

R?is alkylenyl, alkenylenyl, heteroalkyleny!, or heteroalkenylenyl;

R® is independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, carbonyl, cyano, halo, nitro, oxo, -OR", -alkyl-C(0)-R", -C(0)-R",

-CO,R", -C(O)NR'R?, -NR'R?, -SO;R", -SO,NR'R?, -NHSO.R";

L2 is (CHz)x, (CH2)xC(O)(CHa)y, or (CHQ)XNR1(CH2)X, wherein L? is present in
either direction;

Ring B is aryl, heterocyclyl, or heteroaryl, optionally substituted on any ring atom
with R®;

R is independently selected from alkyl, cyano, halo, nitro, R', R,

OR’, -C(O)NR'R?, -C(R")=NR?, -alkyl-C(O)NR'R?, alkyl-R", R'-alkyl-R? -NR'R?,
-alkyl-NR'R?, -SO,R", -SO,NR'R?, -NHSO,R", -C(0)-R’, or CO,R”,;

R' and R? are independently selected from H, alkyl, alkenyl, alkynyl, amino,
amido, acetamido, acety!, alkylaminocarbonyl, alkoxy, formyl, hydroxyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphoryl, hydrazinyl, or acetyl hydrazinyl; or R' and R?, taken
together with the atom(s) to which they are attached, form a 5- or 6-membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl ring, wherein said heterocyclyl or heteroaryl
ring contains 1-3 heteroatoms selected from O, N, and S(O); or R' and R? when
substituted on any two adjacent ring atoms of Ring B, and, taken together with the
atoms to which they are attached, form a 5- or 6- membered cycloalkyl, héterocyclyl,
aryl, or heteroaryl fused ring, wherein said heterocyclyl or heteroaryl fused ring contains
at least one of (i) 1-3 O and S atoms; or (ii) 2-3 N atoms; each of the alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl moieties is unsubstituted or
substituted with one or more groups selected from amino, alkylamino, dialkylamino,
aminocarbonyl, halo, acetyl, alkyl, alkenyl, alkynyl, cyanoalkyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, alkylsulfonyl, alkylsulfonamido, nitro, cyano, carboxy,
alkoxycarbony!, alkylcarbonyl, hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, acyloxy,

haloalkoxy, =0, =S, NH, NNR'R? NNHC(O)R', NNHCO,R', and NNHSO,R"; and
7
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each of the cycloalkyl, heterocyclyl, aryl, heteroaryl moieties is unsubstituted or
substituted with one or more groups selected from amino, alkylamino, dialkylamino,
aminocarbonyl, halo, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, heterocyclyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
alkoxy, acyloxy, and haloalkoxy;

n is independently 0 to 2;

p is independently 0 to 2,

g is independently 0 to 5;

ris independently 0 to 2;

x is independently 0 to 5; and

z is independently 1 to 2;
with the proviso that where Ring B is substituted R®, and R”is selected from R' and R?
which are substituted on any two adjacent ring atoms of Ring B, and, taken together
with the atoms to which they are attached, form a 5- or 6- membered cycloalkyl,
heterocyclyl, aryl, or heteroaryl fused ring, said fused ring contains no further R®
substituents;with the proviso that where both z=1 and Ring B is pyrazole, g=0; and with
the proviso that where both L2 = -(CH,),- and x=0, then either p or g is not equal to 0.

The foregoing definitions are further elaborated upon and exemplified below and
apply to all subsequent occurrences except to the extent otherwise specified.

2. Featured Classes of Compounds and Uses Generally

In various compounds, Ring T is a piperazinyl ring when zis 1, or a
homopiperazinyl ring when z is 2. A nitrogen atom in Ring T is connected to Ring A with
a linker designated L' and discussed below. The remaining nitrogen atom in Ring T is
either unsubstituted (having hydrogen) or substituted with some substituent other than
hydrogen, as discussed below.

Ring T is optionally substituted on any carbon or nitrogen ring atoms with at least
two R’ substituents, selected from alkylenyl, alkenylenyl, heteroalkylenyl or
heteroalkenylenyl radicals, which combine to form various ring structures attached to
Ring T. For example, when two R’ groups are substituted on any two adjacent ring
atoms of Ring T, the R groups, along with the adjacent Ring T atoms to which they are
attached, combine to form a 5-6 membered cycloalkyl, cycloalkeny! or heterocyclyl
fused ring onto Ring T. In various embodiments, two alkylenyl R’ groups are substituted

on non-adjacent Ring T atoms, and the R" groups, along with the non-adjacent ring
8
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atoms to which they are attached, form a 1-3 carbon bridge across Ring T. Examples of

such fused ring and carbon bridged bicyclic systems include, but are not limited to:

(R%1.4 (R%,4

In various embodiments, one or more R groups may be substituted on a
common Ring T atom. In this case, the R’ groups, taken together with the one atom to
which they are attached, form a 5-6 membered cycloalkyl, cycloalkenyl or heterocyclyl
spirocyclic ring with Ring T. Examples of spirocyclic systems resulting from the use of

R! groups on a common Ring T atom include, but are not limited to:

In various embodiments, Ring T, or the fused, bicyclic or spirocyclic ring system
resulting from the modification of Ring T with various R’ groups, is optionally substituted
with 1-4 R? groups as indicated in the above ring system examples. In the case of
fused, bicyclic and spirocyclic ring systems resulting from the operation of R’ groups
with Ring T, the optional 1-4 R groups may be dispersed on the original 6-7 membered
Ring T, on any ring formed from R’ groups, or on both the original Ring T and any R!
formed rings. That is, the optional 1-4 R’ groups may be distributed anywhere around
the fused, bicyclic or spirocyclic ring structure.

The optional 1-4 RY groups are selected from alkyl, alkenyl and cycloalkyl
groups. If there are no R groups, then any remaining unsubstituted nitrogen or carbon

ring atoms are assumed bonded to hydrogen in order to fill the valence. The following
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non-limiting examples show an unmodified Ring T system (i.e., no R group

substitution) with and without various R groups:

HaC_

N N

In various embodiments, the optional 1-4 RY groups are selected from alkyl,
alkenyl and cycloalkyl groups, and each of the alkyl, alkenyl and cycloalkyl moieties
may be unsubstituted or substituted with one or more groups selected from amino,
alkylamino, dialkylamino, aminocarbonyl, halo, acetyl, alkyl, alkenyl, alkynyl, cyanoalkyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkylsulfonyl, alkylsulfonamido, nitro,
cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, acyloxy, haloalkoxy, =0, =S, NH, NNR'R?, NNHC(O)R', NNHCO.R", and
NNHSO,R', wherein each of the cycloalkyl, heterocyclyl, aryl, heteroaryl moieties
recited above is unsubstituted or substituted with one or more groups selected from
amino, alkylamino, dialkylamino, aminocarbonyl, halo, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, cycloalkyl, heterocyclyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, nitro, cyano, carboxy, alkoxycarbonyl,
alkylcarbonyl, hydroxy, alkoxy, acyloxy, and haloalkoxy. In this way, the optional 1-4 R?
groups on Ring T or the fused, bicyclic or spirocyclic ring systems derived from Ring T
after operation of R’ groups, take on functional complexity beyond bare alkyl, alkeny!
and cycloalkyl options.

In various compounds, Ring T is 4-methylhomopiperazin-1-yl (i.e., where z is 2,
nis 0, R%is CHs, and R is bonded to the 4-nitrogen atom of Ring T). In other
embodiments, Ring T is 4-methylpiperazin-1-yl (i.e., where zis 1, nis 0, with no further
R substitution on Ring T other than CHj on the 4-nitrogen atom).

In various compounds, Ring T is linked to Ring A via the linker moiety
designated L". L" is selected from (CHy)y, (CH2)xO(CHz)x or (CH2)xNR'(CHy),, wherein
L"is present in either direction. As used herein, any x in the L" linker is chosen
independently to produce symmetrical or unsymmetrical linkages. For example,
(CH,),NR'(CH,)x may denote the linkage -(CH2).NH-, where one x value is 2 and the

10
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other is zero. “Either direction” means that for an unsymmetrical linkage such

s -(CH2)2NH-, the linkage can be arranged in either direction between Ring T and Ring
A. That is, the N of Ring T may be covalently bonded to the carbon of the
linkage -(CH,);NH- and Ring A bonded to the N of the linker, or alternatively, the N of
Ring T may be covalently bonded to the N of the linker -(CH;).NH- and Ring A bonded
to the carbon chain of the linker.

In various embodiments, L' is a covalent bond, where L' is (CHy), and x is zero.

In various embodiments, L' is an ether, where L' is (CH,),-O-(CHy)x and x is
zero for each instance of x.

In various embodiments, Ring A is a 5-6 membered ary! or heteroary! ring
containing 1-2 nitrogen ring atoms. Thus, Ring A may include, for example, imidazoly!,
phenyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyrimidiny! or pyrrolyl. Since Ring A is
attached to Ring T through linker L', and also attached to Ring B through linker L?,
there are already two positions of Ring A occupied by these bonds, as indicated in the

examples of Ring A shown below:

SEIE NS

In various embodiments, Ring A is optionally substituted on any two adjacent
ring atoms with R? where R? is selected from alkylenyl, alkenylenyl, heteroalkylenyl, or
heteroalkenylenyl radicals, which together with the ring atoms to which they are
attached, form a 5-6 membered cycloalky!, heterocyclyl, aryl, or heteroaryl fused ring
onto Ring A, wherein the resulting heterocycly! or heteroaryl fused ring contains 1-3
heteroatoms selected in any combination from O, N, and S atoms.

Thus, when R? substitution on adjacent Ring A atoms operates to cyclize a 5-6
membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring onto Ring A, a fused ring

system results, producing, for example, indene, 2,3-dihydro-1H-indenyl, indolyl,

11
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isoindolyl, benzpyrazoly!, benzimidazolyl, 1H-pyrrolo[2,3b]pyridinyl, 1H-
pyrrolo[2,3c]pyridinyl, 1H-pyrrolo[3,2c]pyridinyl, 1H-pyrrolo[3,2b]pyridinyl, naphthalenyl,
quinolinyl, isoquinolinyl, phthalazinyl, quinazoliny!, quinoxalinyl, 2,6-naphthyridinyl, 2,7-
naphthyridinyl, 1,5-naphthyridinyl, 1,6-naphthyridinyl, 1,7-naphthyridinyl, or 1,8-

5 naphthyridiny! from Ring A. Since Ring A is attached to Ring T through linker L', and
also attached to Ring B through linker L?, there are already two positions of a fused ring
system resulting from Ring A occupied by these bonds, as indicated in the examples of

fused ring systems from Ring A shown below:

\

Pﬁ\ N\ ‘ N\\Z‘ﬁ X N
N/

\

\
\ / \ /

\

z
\_/
I\/

P
P
N
Oé/}

10
When no R? substitution operates to modify Ring A, Ring A remains a 5-6
membered aryl or heteroaryl ring containing 1-2 nitrogen ring atoms, such as for

example, phenyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridiny!, pyrimidiny! or pyrrolyl.
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In various embodiments, Ring A, or the fused ring system resulting from the
modification of Ring A with various R? groups, is optionally substituted with 1-4 R°®
groups. In the case of fused ring systems, the R® may be substituted on original Ring A,
on any ring formed from R? groups, or on both original Ring A and any R formed rings;
i.e. anywhere on the fused ring structure.

In various embodiments, Ring B is aryl, heterocyclyl, or heteroaryl!.

In various embodiments, Ring B is phenyl.

In various embodiments, Ring B may comprise 2-furanyl!, 3-furanyl, 1-imidazolyl,
2-imidazoly!, 4-imidazolyl, 5-imidazoly!, 1-imidazolidinyl, 2-imidazolidinyl, 4-
imidazolidinyl, 3-isothiazolyl, 4-isothiazolyl, 5-isothiazoly!, 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl, 2-isoxazolidinyl, 3-isoxazolidinyl, 4-isoxazolidinyl, 5-isoxazolidinyl, 2-
morpholinyl, 3-morpholiny!, 4-morpholinyl, 2- oxazolyl, 4-oxazolyl, 5-oxazoly!, phenyl, 1-
piperadinyl, 2-piperadinyl, 3-piperadinyl, 4-piperadinyl, 1-piperazinyl, 2-piperaziny!, 1-
pyrazolidinyl, 3-pyrazolidinyl, 4-pyrazolidinyl, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazoly!, 2-
pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidiny!, 1-
pyrrolidinyl, 2-pyrrolidiny!, 3-pyrrolidinyl, 1-(2-pyrrolidonyl), 3-(2-pyrrolidony!), 4-(2-
pyrrolidonyl), 5-(2-pyrrolidony!), 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-(2,3,4,5-
tetrahydropyridinyl), 3-(2,3,4,5-tetrahydropyridinyl), 4-(2,3,4,5-tetrahydropyridinyl), 5-
(2,3,4,5-tetrahydropyridinyl), 6-(2,3,4,5-tetrahydropyridinyl), 1-(1,2,3,4-
tetrahydropyridinyl), 2-(1,2,3,4-tetrahydropyridinyl), 3-(1,2,3,4-tetrahydropyridinyl), 4-
(1,2,3,4-tetrahydropyridinyl), 5-(1,2,3,4-tetrahydropyridinyl), 6-(1,2,3,4-
tetrahydropyridinyl), 1-(1,2,3,6-tetrahydropyridinyl), 2-(1,2,3,6-tetrahydropyridinyl), 3-
(1,2,3,6-tetrahydropyridiny!), 4-(1,2,3,6-tetrahydropyridinyl), 5-(1,2,3,6-
tetrahydropyridinyl), 6-(1,2,3,6-tetrahydropyridinyl), 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-
thiazolidinyl, 3-thiazolidiny!, 4-thiazolidiny!, 5-thiazolidinyl, 2-thiomorpholiny!, 3-
thiomorpholinyl, 4-thiomorpholinyl, 2-(thiomorpholinyl-1,1-dione), 3-(thiomorpholinyl-1,1-
dione), 4-(thiomorpholiny!-1,1-dione), 1-(1,2,4-triazolyl), 3-(1,2,4-triazolyl), 4-(1,2,4-
triazolyl), 1-(1,2,3-triazolyl), 2-(1,2,3-triazolyl), or 4-(1,2,3-triazolyl).

Ring B is optionally substituted on any two adjacent ring atoms with R® groups,
R?" and R In the case where R’ is R' and R??is R? R' and R?, along with the two
Ring B atoms to which they are attached, may form a 5 or 6-membered cycloalkyl,
heterocyclyl, aryl or heteroary! ring, wherein the heterocyclyl or heteroaryl ring contains
at least one of: (i) 1-3 O and S atoms; or (ii) 2-3 N atoms. In this way, a fused ring

system may be formed from Ring B with adjacent R® substituents. If adjacent R°” and
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RP2 groups are selected in this way, then it is implied that R and R? are independently
selected from alkyleny!, alkenyleny!, heteroalkyleny!, or heteroalkenylenyl radicals such
that a 5 or 8-membered cycloalkyl, heterocycly!, ary!l or heteroaryl ring can be fused
onto Ring B to produce a fused ring system.

In various embodiments, when R® substitution on adjacent Ring B atoms
operates to cyclize a 5 or 6-membered cycloalky!l, heterocyclyl, aryl or heteroary! ring
onto Ring B, wherein the heterocyclcyl or heteroaryl ring contains at least one of: (i) 1-3
O and S atoms; or (ii) 2-3 N atoms, the resulting fused ring system may include, for
example, naphthalenyl.

In various embodiments, when R” substitution on adjacent Ring B atoms
operates to cyclize a 5 or 6-membered cycloalkyl, heterocyclyl, aryl or heteroary! ring
onto Ring B, wherein the heterocycleyl or heteroary! ring contains at least one of: (i) 1-3
O and S atoms; or (ii) 2-3 N atoms, the resulting fused ring system may include, for
example, benzotriazolyl, indazolyl, indeny!, 2,3-dihydro-1H-indenyl, benzpyrazolyl,
benzimidazolyl, 1H-pyrrolo[2,3b]pyridiny!, 1H-pyrrolo[2,3c]pyridinyl, 1H-
pyrrolo[3,2¢]pyridiny!, 1H-pyrrolo[3,2b]pyridinyl, quinolinyl, isoquinolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 2,6-naphthyridiny!, 2,7-naphthyridinyl, 1,5-naphthyridinyl, 1,6-
naphthyridiny!, 1,7-naphthyridinyl, and 1,8-naphthyridinyl.

Where a heterocyclcy! or heteroaryl ring resulting from R® substitution is a 5 or 6-
membered cycloalkyl, heterocyclyl, aryl or heteroaryl ring, such ring contains at least
one of: (i) 1-3 O and S atoms; or (ii) 2-3 N atoms, which eliminates the possibility for R?
substitution to form a 4-, 5-, 6- or 7-indolyl, or the 4-, 5-, 6-, or 7-isoindolyl fused ring
system from Ring B. However, when Ring B is a pyrrole ring, R” substitution may
operate to fuse an aryl ring onto Ring B to arrive at 1-, 2-, or 3-indolyl or 1-, 2-, or 3~
isoindolyl ring structures from Ring B. Additionally, when Ring B is a pyrrolidine ring, R®
substitution may operate to fuse an ary! ring onto Ring B to arrive at 1-, 2-, or 3-indolinyl
or 1-, 2-, or 3-isoindolinyl ring structures from Ring B.

In various embodiments, any one or more R groups on Ring B may be selected
from alkyl, cyano, halo, nitro, R', R?, OR", -C(O)NR'R?, -C(R")=NR? -alkyl-C(O)NR'R?,
alkyl-R", R'-alkyl-R?, -NR'R?, -alkyl-NR'R? -SO;R", -SO,NR'R?, -NHSO;R", -C(O)-R’,
or CO,R", wherein: R* and R? are independently selected from H, alkyl, alkenyl, alkynyl,
amino, amido, acetamido, acetyl, alkylaminocarbony!, alkoxy, formyl, hydroxyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino,

monocyclopropylamino, dialkylamino, dialkylphosphoryl, hydrazinyl, or acety!
14



10

20

25

30

WO 2014/151761 PCT/US2014/026404

hydraziny!l; or R' and R?, taken together with the atom(s) to which they are attached,
form a 5- or 6-membered cycloalkyl, heterocyclyl, aryl, or heteroary! ring, wherein said
heterocyclyl or heteroaryl ring contains 1-3 heteroatoms selected from O, N, and S(O),,
and wherein each of the alkyl, alkenyl!, alkynyl, cycloalkyl, heterocycly!, ary! and
heteroaryl moieties is unsubstituted or substituted with one or more groups selected
from amino, alkylamino, dialkylamino, aminocarbonyl, halo, acetyl, alkyl, alkenyl,
alkynyl, cyanoalkyl, cycloalky!, heterocyclyl, aryl, heteroaryl, alkylaminocarbonyl,
dialkylaminocarbonyl!, alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkylsulfonyl,
alkylsulfonamido, nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, acyloxy, haloalkoxy, =0, =S, NH, NNR'R?,
NNHC(O)R', NNHCO,R', and NNHSO,R": and each of the cycloalkyl, heterocycly!,
aryl, heteroaryl moieties is unsubstituted or substituted with one or more groups
selected from amino, alkylamino, dialkylamino, aminocarbonyl, halo, alkyl, alkenyl,
alkynyl, aryl, heteroaryl, cycloalkyl, heterocyclyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy, dialkylaminocarbonyloxy, nitro, cyano,
carboxy, alkoxycarbonyl, alkylcarbonyl!, hydroxy, alkoxy, acyloxy, and haloalkoxy.

With the above mentioned options for R” noted, in various embodiments R?
is -C(O)NR'R? (i.e., an amide bonded to Ring B). In various embodiments, R, R?
along with the N atom to which they are attached, form a heterocyclic ring and the
heterocyclic ring is further optionally substituted as described herein. For example, in
various embodiments, -C(O)NR'R? may be selected from 4-methyl-1,4-diazepan-1-
carbony!l and 4-methylpiperazin-1-carbonyl.

In various embodiments, R is -alkyl-NR'R?. In the case where -alkyl- is -(CHz)-,
R® may be -CH,-NR'R2 Of the many possibilities for this disubstitued aminomethy!
substituent, one example is where R', R? and the N atom to which they are attached
form a heterocyclic ring, and the heterocyclic ring is optionally substituted with a methy!
group. Therefore, in various embodiments, -CH,-NR'R? may be selected from (4-
methyl-1,4-diazepan-1-yl)methy! or (4-methylpiperazin-1-yl)methyl .

In various embodiments, R? is R' and R' is “aryl.” Therefore R” may be, for
example, phenyl, with pheny! optionally substituted as described above.

In various embodiments, R? may be selected from:
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In various embodiments, any one or more R” groups may comprise the following

general structure:

.

L3
wherein:

Ring C represents a cyclopropy! ring, aryl, or a 5, 6 or 7 membered heterocycly!
or heteroaryl ring comprising 1-4 heteroatoms independently selected from N, O and
S(0),

L? is selected from -CHy-, -O-, -SOy-, -C(O)-, -C(0)-NH-, -HN-C(O)-, or a
covalent bond;

R®, at each occurrence, is selected from -R®, -OR?, =0, -CN, -C(0)-R?,
halo, -NR°R*, -NO,, -SO,R?, -C(O)NR®R* and -NR*SO,R*;

R® and R* are independently selected from H, alkyl, alkenyl, alkyny!, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, heteroaryl and heterocycly!;

each of the foregoing alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heteroary! and heterocyclyl moieties is further optionally substituted;
and

mis0,1,2 3o0r4.

In various embodiments, the following substructure:

(R)o4

>

may be, for example,
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In various embodiments, the compounds of the present invention have the

10 Formula (II), with all substituents defined as above:
(R®)1.4

Q-

(Ih
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In Formula (I1), Ring A, substituted with R® on two adjacent ring atoms, and,
taken together with said ring atoms to which they are attached, to form a 5-6 membered

ary! or heteroary! fused ring, may be selected from, for example:
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In various embodiments, compounds of the present invention have the Formula

(1), with all substituents defined as above:

R4 (Ra)P
\N/\N @\
(A A,

(I
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Formula (I1) represents compounds of the present invention wherein Ring T is a
4-substituted-homopiperazin-1-yl moiety. R? is on the 4-position of the homopiperazine,
and in various embodiments, is alkyl, alkenyl or cycloalkyl.

In various embodiments, compounds of the present invention have Formula (1V),

with all substituents defined as above:

LZ
N/h
t
(R )n’% RO),

N
\L1

(R®)0-4
(V)

In Formula (IV), Ring A is phenyl, and the connectivity of linkers L' and L? to
Ring A is selected in the para position.
In various embodiments, compounds of the present invention have Formula (V),

with all substituents defined as above:

N/\ (Ra)p
" LGP CN
N
N L2 Rs

(V)

In Formula (IV), Ring E is selected from:

(i) phenyl, or a 5-6 membered heterocyclyl or heteroary! ring containing 1-3
nitrogen atoms and 0-2 sulfur atoms with the remaining ring atoms being carbon; where
sis from 1 to 5;

(i) naphthalenyl; where s is 0; and

(i) a 9-10 membered bicyclic hetero-aromatic ring containing 1-4 nitrogen ring
atoms with the remaining ring atoms being carbon; where s is 0.

Ris selected from alkyl, cyano, halo,
nitro, -R®, -R®, -OR®, -C(O)NR°R, -C(R®)=NR®, -CH,-C(O)NR’R®, -CH,CH,-
C(O)NRSR®, -CH2-R®, -CH,CH,-R®, -CgHq-

CH2-R®, -NR°R®, -CH2-NR°R®, -CH,CH,-NR°RE, -CH,NHCH,CH2-NR°R®, -SO2R®, -SO;
NR°R®, -NHSO,R®, -C(0)-R?®, and -CO,R’ R® and R® are independently selected from
H, alkyl, alkeny!, alkynyl, amino, amido, acetamido, acetyl, alkylaminocarbony!, alkoxy,
formyl, hydroxyl, cycloalkyl, heterocycly!, aryl, heteroary!, cyano, monoalkylamino,
monocyclopropylamino, dialkylamino, dialkylphosphoryl, hydrazinyl, and acetyl
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hydraziny!l; and each of the alky!, cycloalkyl, heterocyclyl, aryl and heteroaryl moieties is
unsubstituted or substituted with one or more groups selected from alky!,
alkylsulfonamido, alkylsulfony!, amino, n-butoxycarbony!, t-butoxycarbonyl, carboxy,
cyano, 1-cyanoethyl, 2-cyanoethyl, cyanomethyl, dialkylamino, dialkylaminocarbonyl!,
ethoxycarbonyl, 1-ethoxyethyl, 2-ethoxyethyl, ethoxymethyl, halo, 1-hydroxyethy!, 2-
hydroxyethyl, hydroxyl, hydroxymethyl, methanesulfonyl, methoxycarbonyl, 1-
methoxyethyl, 2-methoxyethyl, methoxymethyl, 4-morpholinyl, NH, nitro, /-
propoxycarbonyl, and n-propoxycarbonyl; with the proviso that if zis 1 and Ring C is
pyrazole, then s is 0.

In various embodiments, compounds of the present invention have Formula (VI):

, (R®)0.4
R /ﬁ (R9)
N
Gl
pea
(V1)
wherein:

R’ is alky! or alkenyl;

L' is -(CHa)x-;

R® is selected from alkyl, cyano, halo, hydroxy! and nitro;

L2 is selected from -(CHa)x-, ~(CHa2)x-NH-, or -NH-(CHa),-;

Ring F is selected from 2-furan, 3-furan, 1-imidazole, 2-imidazole, 4-imidazole,
5-imidazole, 1-imidazolidine, 2-imidazolidine, 4-imidazolidine, 3-isothiazole, 4-
isothiazole, 5-isothiazole, 3-isoxazole, 4-isoxazole, 5-isoxazole, 2-isoxazolidine, 3-
isoxazolidine, 4-isoxazolidine, 5-isoxazolidine, 2-morpholinyl, 3-morpholinyl, 4-
morpholinyl, 2- oxazole, 4-oxazole, 5-oxazole, phenyl, 1-piperadiny!, 2-piperadinyl, 3-
piperadinyl, 4-piperadinyl, 1-piperazinyl, 2-piperazinyl, 1-pyrazolidine, 3-pyrazolidine, 4-
pyrazolidine, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-pyridinyl, 3-pyridiny!, 4-pyridinyl, 2-
pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 1-pyrrolidiny!, 2-pyrrolidiny!, 3-pyrrolidiny!, 1-(2-
pyrrolidonyl), 3-(2-pyrrolidonyl), 4-(2-pyrrolidonyl), 5-(2-pyrrolidonyl), 1-pyrrolyl, 2-
pyrrolyl, 3-pyrrolyl, 2-(2,3,4,5-tetrahydropyridinyl), 3-(2,3,4,5-tetrahydropyridiny!), 4-
(2,3,4,5-tetrahydropyridinyl), 5-(2,3,4,5-tetrahydropyridiny!), 6-(2,3,4,5-
tetrahydropyridinyl), 1-(1,2,3,4-tetrahydropyridinyl), 2-(1,2,3,4-tetrahydropyridinyl), 3-
(1,2,3,4-tetrahydropyridiny!), 4-(1,2,3,4-tetrahydropyridinyl), 5-(1,2,3,4-
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tetrahydropyridinyl), 6-(1,2,3,4-tetrahydropyridinyl), 1-(1,2,3,6-tetrahydropyridinyl), 2-
(1,2,3,6-tetrahydropyridiny!), 3-(1,2,3,6-tetrahydropyridinyl), 4-(1,2,3,6-
tetrahydropyridiny!), 5-(1,2,3,6-tetrahydropyridinyl), 6-(1,2,3,6-tetrahydropyridiny!), 2-
thiazole, 4-thiazole, 5-thiazole, 2-thiazolidine, 3-thiazolidine, 4-thiazolidine, 5-
thiazolidine, 2-thiomorpholinyl, 3-thiomorpholiny!, 4-thiomorpholinyl, 2-(thiomorpholiny!-
1,1-dione), 3-(thiomorpholinyl-1,1-dione), 4-(thiomorpholinyl-1,1-dione), 1-(1,2,4-
triazolyl), 3-(1,2,4-triazolyl), 4-(1,2,4-triazolyl), 1-(1,2,3-triazolyl), 2-(1,2,3-triazoly!), or 4-
(1,2,3-triazoly!);

RY is selected from alkyl, cyano, halo,
nitro, -R%, -R%, -OR®, -C(O)NR®R®, -C(R®)=NR?, -CH,-C(O)NR®R®, -CH,CH,-
C(O)NR®R?, -CH2-R®, -CH,CH»-R®, -CgHas-

CH,-R®, -NR®R®, -CH,-NRER?®, -CH,CH,-NR®R?, -CH,NHCH,CH»-NR°R®, -SO;R®, -SO;
NRER?, -NHSO;R?, -C(0)-R®, and CO,R®;

R® and R® are independently selected from H, alkyl, alkeny!, alkynyl, amino,
amido, acetamido, acety!, alkylaminocarbonyl!, alkoxy, formy!, hydroxy!, cycloalkyl,
heterocycly!, aryl, heteroary!, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphory!, hydraziny!, or acety! hydraziny!; each of the alkyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl moieties is unsubstituted or substituted with
one or more groups selected from alky!, alkylsulfonamido, alkylsulfonyl, amino, n-
butoxycarbonyl!, t-butoxycarbonyl, carboxy, cyano, 1-cyanoethy!, 2-cyanoethyl!,
cyanomethyl!, dialkylamino, dialkylaminocarbony!, ethoxycarbonyl, 1-ethoxyethyl, 2-
ethoxyethyl, ethoxymethyl, halo, 1-hydroxyethyl, 2-hydroxyethyl, hydroxyl,
hydroxymethyl, methanesulfonyl, methoxycarbony!, 1-methoxyethyl, 2-methoxyethyl,
methoxymethy!, 4-morpholiny!, NH, nitro, i-propoxycarbony!, and n-propoxycarbonyl;
and

w is from O to 5,

with the proviso that if z is 1 and Ring B is pyrazole, then wis 0; and

with the proviso that if L? is -(CH2),- and x is 0, then at least one R® or R? is
present. This last proviso excludes the possibility that the phenyl ring and Ring F are
both unsubstitued in Formula (V).

In various embodiments of Formula (VI), the heterocyclyl moieties are selected
from: 1-(4-methylhomopiperazinyl), 1-(4-methylpiperazinyl), 1-(4-acetylpiperazinyl), 1-
[4-(2-methoxyethyl)piperazinyl], 4-morpholinyl, 1-piperidinyl, 1-(piperidin-4-ony!), 4-

(piperazin-2-onyl), and 1-pyrrolidinyl. Any ary! is limited to only phenyl, and each of the
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above heteroaryl moieties is limited to 4-(1H-pyrazolyl), 2-(1,3,4-thiadiazoly!), 5-(1H-
tetrazolyl), 2-pyridinyl, 3-pyridiny!, or 4-pyridiny!.
In various embodiments, compounds of the present invention have Formula
(VI
o (R®0-4

)R

(V)

In Formula (VI1), R"® is alky! or alkenyl;

R® is selected from -CHj3, cyano, halo, hydroxy! and nitro;

L2 is selected from -(CH,)-, a covalent bond, -O-, -CH,-NH-, and =NH-CH,-; and

Ring G is selected from unsubstituted indeny!, 2,3-dihydro-1H-indenyl, 1-
indolinyl, 2-indoliny!, 3-indoliny!, 1-indolyl, 2-indolyl, 3-indolyl, 1-isoindolinyl, 2-
isoindolinyl, 3-isoindoliny!, 1-isoindolyl, 2-isoindoly!, 3-isoindolyl, benzpyrazolyl,
benzimidazolyl, 1H-pyrrolo[2,3b]pyridiny!, 1H-pyrrolo[2,3c]pyridiny!, 1H-
pyrrolo[3,2¢]pyridinyl, 1H-pyrrolo[3,2b]pyridinyl, naphthaleny!, quinoliny!, isoquinoliny!,
phthalazinyl, quinazolinyl, quinoxalinyl, 2,6-naphthyridiny!, 2,7-naphthyridiny!, 1,5-
naphthyridinyl, 1,6-naphthyridinyl, 1,7-naphthyridinyl, and 1,8-naphthyridinyl.

In various embodiments, compounds of the present invention may be

represented by the general Formula (VIlI):

(Re)0-4 G (Rb)q
Y

N

(Rd)ét/

(VI

For the compounds having Formula (VII!):

R?is alkyl or alkeny!:

R® is selected from -CH,R'!, -OR'?, -NHSO,CHs, -CO,H, -CO,CH3, -CF3, -CN,
halo and -NO,.

R" is selected from -NH,, -OH and -N(CHa)z;

R'? s selected from -CHj, -CH,CHj;, -CH,CH,0H, -CH,CN, -CH,OCH;
and -CH,CONH;; and,
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R? is selected from:
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0 0
le'/u\N/OCHa ;{\{COZH zi)l\ _CH,CH,0H
|
o

Ha NHz  and

1

oO—=

-E—CONH(CHg)gN(CHg)g , Ha

Compounds of Formula (V!II) exclude compounds devoid of substitution on the
bipheny! rings. That is, compounds of Formula (VI!l) have at least one R® or R® group.

3. Definitions

As used herein, the term "alky!" means acyclic linear and branched hydrocarbon
groups, e.g. “(C4-Cg)alky!”. Examples of alky! gropus include, but are not limited to,
methyl, ethyl, n-propy!, isopropy!, cyclopropy!, butyl, isobuty!, sec-butyl, tert-buty!,
cyclobuty!, pentyl, isopentyl tert-pentyl!, cyclopentyl, hexyl, Isohexy!, cyclohexyl, etc.
Other alky! groups will be readily apparent to those of skill in the art given the benefit of
the present disclosure. An alky! group may be optionally substituted with one or more
functional groups, discussed below.

As used herein, “-alkyl-", when embedded within substituents such as, for
example, -alkyl-C(O)-R’, -alkyl-C(O)NR'R?, -alkyl-R", R'-alkyl-R?, and -alkyl-NR'R?
means a divalent hydrocarbon residue of any carbon length and any degree of
unsaturation, optionally substituted with one or more functional groups, discussed
below.

As used herein, "alkenyl" means any linear or branched hydrocarbon chains
having one or more unsaturated carbon-carbon bonds that may occur in any stable
point along the chain, e.g. “(C,-Cg)alkenyl”. For example, an alkeny! group includes
prop-2-enyl, but-2-enyl, but-3-enyl, 2-methylprop-2-enyl, hex-2-enyl, hex-5-enyl, 2,3-
dimethylbut-2-enyl, and the like. Furthermore, an alkenyl groups may be substituted
with one or more functional groups, discussed below.

As used herein, "alkynyl" means any hydrocarbon chain of either linear or
branched configuration, having one or more carbon-carbon triple bonds occurring in
any stable point along the chain, e.g. “(C,-Cg)alkyny!”. Examples of an alkyny! group
includes prop-2-yny!, but-2-ynyl, but-3-ynyl, pent-2-ynyl, 3-methylpent-4-ynyl, hex-2-
ynyl, hex-5-ynyl, etc. “Alkyny!” groups may be substituted with one or more functional
groups, discussed below.

As used herein, the term “cycloalky!l” means a nonaromatic, saturated,
monocyclic or multicyclic substituent, e.g. “(C3-Cyg)cycloalkyl.” Multicyclic, individual

rings can be fused, bridged, or spirocyclic, in addition to having covalent bond
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substitution. Examples of a cycloalkkyl group includes cyclopropy!, cyclobutyl,
cyclopentyl, cyclohexyl, norbornanyl, bicyclo[3.2.1]octanyl, octahydro-pentalenyl, and
spiro[4.5]decanyl, and the like. The term "cycloalky!" may be used interchangeably with
the term "carbocycle". A cycloalkyl group may be optionally substituted with one or
more functional groups, discussed below.

As used herein, the term “cycloalkeny!l” means a nonaromatic, unsaturated,
monocyclic or multicyclic substituent, e.g. “(Cs-Cys)cycloalkenyl.” Examples a
cycloalkenyl group includes cyclopent-1-en-1-yl, and cyclohex-1-en-1-yl, and the like. A
cycloalkenyl groups may be optionally substituted with one or more functional groups
discussed below.

As used herein, the term “cycloalkynyl” means a stable cyclic or polycyclic
hydrocarbon groups of from 5 to 13 carbon atoms, containing at least one carbon-
carbon triple bond, e.g. “(Cs-C13)cycloalkynyl”. Examples include cyclooct-5-yn-1-yl, and
the like. A cycloalkynyl group may be optionally substituted with one or more functional
groups discussed below.

As used herein, the term “alkyleny!” means the divalent, saturated hydrocarbon
radicals -(CHy)x-, €.9., "(C1-Cg)alkylenyl”. Examples
include -CHj-, -CH,-CH(CH3;)-CH»- and -CH,CH,CH,-, and the like, with any degree of
branching. An alkylenyl group may be optionally substituted with one or more functional
groups discussed below.

As used herein, the term “alkenylenyl” means the divalent, hydrocarbon alkylenyl
radicals described above having any degree of unsaturation in any position, e.g., “(Cs-
Csg)alkenyleny!l”. Examples include -CH=CH-, -CH=CHCH-, -CH,CH,CH=CH-, and
—CH,CH=CHCHz;-, and the like. An alkenylenyl group may be optionally substituted with
one or more functional groups, discussed below.

As used herein, the term “heteroalkylenyl” means the divalent, saturated
hydrocarbon alkylenyl radicals described above having any number of any types of
heteroatoms in any position, e.g. “(C1-Cg)heteroalkyleny!”. Examples
include -CH2-NH-CHy-, -8-CH2-NH-CHj,-, -CH3-O-CHy-, ~O-CH3-CH,-CH,-O-,
and -O-C(CH3),-C(CH3)2-0-, and the like. A heteroalkylenyl group may be optionally
substituted with one or more functional groups discussed below.

As used herein, the term “heteroalkenylenyl” means the divalent, unsaturated
hydrocarbon alkenyleny! radicals described above having any number of any types of

heteroatoms in any position, e.g. “(C1-Cg)heteroalkenylenyl”. Examples
31



20

25

30

WO 2014/151761 PCT/US2014/026404

include -CH,-N=CH- and -CH,-S-CH,-NH=CH-CH,-, and the like. A heteroalkenylenyl
group may be optionally substituted with one or more functional groups, discussed
below.

As used herein, the term "alkoxy" means an alkyl, or an alkenyl! group, linear,
branched or cyclic, attached through an oxygen bridge, e.g., “(C4-Cg)alkoxy”. Examples
include ~OCHgs, -OCH,CHjs, -O-CH(CHs),, -OCH,CH=CH,, and the like. An alkoxy
group may be optionally substituted with one or more functional groups discussed
below.

As used herein, the term “aryl” means a single ring structure that is
polyunsaturated and aromatic, such as for example phenyl. The term "aryl" may be
used alone or as part of a larger moiety as in "aralkyl", "aralkoxy", or "aryloxy-alky!",
indicating the inclusion of “aryl” as a divalent radical. Anryl group may be optionally
substituted with one or more functional groups discussed below.

As used herein, the term “heterocycly!” means a nonaromatic, single ring
structure having at least one of any type of heteroatom as ring atoms, and having any
degree of unsaturation, e.g. "(Cs-Cqg)heterocycloalkyl”, (excluding aromatic heterocyclic
rings that are defined as “heteroaryl” below). The one or more heteroatoms may be
selected from nitrogen, sulfur, and oxygen. The heterocycloalky! group can be attached
as a substitutent via a carbon atom or a heteroatom, e.g. a nitrogen atom. Examples
include 2-tetrahydrofuranyl, 3-tetrahydrofuranyl, dihydrofuranyl, tetrahydropyranyl,
pyranyl, thiopyranyl!,2-tetrahydrothiophenyl!, 3-tetrahydrothiophenyl, 2-morpholinyl, 3-
morpholinyl, 4-morpholinyl, 2-thiomorpholinyl, 3-thiomorpholinyl, 4-thiomorpholinyl, 1-
pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-piperazinyl, 2-piperazinyl, 1-piperidinyl, 2-
piperidinyl, 3-piperidinyl, 4-piperidinyl, 1,3-oxazolidin-3-yl, isothiazolidinyl, 1,3-
thiazolidin-3-yl, 1,2-pyrazolidin-2-yl, 1,3-pyrazolidin-1-yl, 1,2- tetrahydrothiazin-2-yl, 1,3-
tetrahydrothiazin-3-yl, tetrahydrothiadiazinyl, 1,2- tetrahydrodiazin-2-yl, 1,3-
tetrahydrodiazin-1-yl, tetrahydroazepinyl, piperizin-2-onyl, piperizin-3-onyl, 2-pyrrolinyl,
3-pyrrolinyl, imidazolidinyl, 2-imidazolidinyl, 1,4- dioxanyl, and 4-thiazolidinyl, and the
like. The term "heterocycle", "heterocyclyl", "heterocyclic", and “heterocyclic ring” are
used interchangeable herein. A heterocyclyl group may be optionally substituted with
one or more functional groups discussed below.

As used herein, the term “heteroaryl” means a single ring polyunsaturated and
aromatic moiety having at least one of any type of heteroatom, e.g. *(Cs-C14)heteroaryl!”.

Examples include 5-membered monocyclic rings such as thienyl, pyrrolyl, imidazolyl,
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pyrazolyl, furyl, isothiazolyl, furazanyl, isoxazolyl, thiazolyl and the like; and 6-
membered monocyclic rings such as pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl
and the like. For further examples, see e.g. Katritzky, Handbook of Heterocyclic
Chemistry. Further specific examples of heteroaryl rings include 2-pyridyl, 3-pyridyl, 4-
pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl, 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, 5-tetrazolyl, 2-triazolyl, 5-triazolyl, 2-thienyl, 3-thienyl and carbazolyl. The term
"heteroary!" also refers to rings that are optionally substituted. The term "heteroary!"
may be used interchangeably with the term "heteroaryl ring" or the term
"heteroaromatic”. A heteroaryl group may be optionally substituted with one or more
functional groups discussed below.

As used herein, the term "halo" means fluorine, chlorine, bromine, or iodine.

As used herein, the term "amino" means a free radical having a nitrogen atom
and 1 to 2 hydrogen atoms. As such, the term amino generally refers to primary and
secondary amines. In that regard, as used herein and in the appended claims, a tertiary
amine substituent is represented by the general formula RRN-, wherein R and R' are
carbon radicals that may or may not be identical, and that may or may not connect into
a N-heterocyclic ring. Nevertheless, the term "amino” generally may be used herein to
describe a primary, secondary, or tertiary amine, and those of skill in the art will readily
be able to ascertain the identification of which in view of the context in which this term is
used in the present disclosure.

As used herein, a circle having a capital letter designation in the circle, such as
A, B or C, means a generic single ring structure having no specific number or type of
ring atoms and no particular stereochemistry or regiochemistry with regard to any
substitution or connectivity to other rings.

Any of the above defined substitutents may be optionally substituted with one or
more functional groups. When an acyclic or cyclic substituent is optionally substituted,
(e.g., an alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl, or heteroaryl
substituent), it is understood that the total number of substituents does not exceed the
normal available valencies or the carbon or heteroatom substituted under the existing
conditions. Thus, for example, a phenyl ring substituted with "p" substituents (where "p"
ranges from 0 to 5) can have 0 to 5 substituents, whereas it is understood that a
pyridinyl ring substituted with "p" substituents has a number of substituents ranging
from O to 4. Also, nitrogen may be quaternized as a quaternium salt. The maximum

number of substituents that a group in the compounds of the invention may have can
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be easily determined. In the instances where there is no further substitution on a carbon
or heteroatom, hydrogen atoms are presumed present to fill the remaining valence.
Thus for example, an “unsubstituted phenyl ring” is presumed to be —CgHs, i.e., having
hydrogen atoms in place of optional substitution in order to fill the requisite valence.

In general, the present invention encompasses substituents and variables that
result in those compounds that are stable and/or chemically feasible. A stable
compound or chemically feasible compound is one that has stability sufficient to permit
its preparation and detection. Preferred compounds of this invention are sufficiently
stable that they are not substantially altered when kept at a temperature of 40 °C or
less, in the absence of moisture or other chemically reactive conditions, for at least a
week.

Exemplary “optional substitution” is set out herein below for the various
substituents defined above.

As used herein, the phrase “optionally substituted with one or more functional
groups” means that any substituent defined above, such as for example “alkyl”,
‘heteroalkyl”, “aryl” and the like, can have any number of functional groups appended
onto the particular substituent. Examples of functional groups usable as “optional
substitution” include -H, amino, alkylamino, dialkylamino, aminocarbonyl, halo, acetyl,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, cyanoalkyl, heterocyclyl,
aryl, heteroaryl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, alkylsulfonyl, alkoxysulfonyl, alkylsulfonamido, nitro, cyano,
carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy, hydrogen, hydroxyalkyl, haloalkyl,
alkoxy, alkoxyalkyl, acyloxy, haloalkoxy, =0, =S, -SO;R’, =NH, =N-OH, =N-

R’, N-NRR’, -N-NHC(O)R, -N-NHCO,R’, -N-NHSO,R, R, -C(O)SR,

-C(=NR)NRR’, -C(=NR)OR’, -C(=NR)R’, -C(0)-C(O)R, -P(O)R'R”, -Si-R'R'"R”, -Si-
NR'SO,R’, and -NR'SO,NRR’, wherein R, R and R at each occurrence are
independently hydrogen, hydroxyl, alkyl, alkeny!, alkynyl, cycloalky!, cycloalkenyl,
cycloalkynyl, aryl, heteroaryl or heterocyclyl, or wherein any two of R’, R” and R, taken
together with the single carbon or heteroatom to which they attach, form a carbocyclic,
heterocyclic, aryl, or heteroaryl ring. Hydroxy may be protected by any protecting group.
Any two hydroxyl groups may be part of a cyclic protecting group.

“Alky!” groups, aong with -alkyl- divalent radicals, may be substituted anywhere
in the chain of carbon atoms with any number of heteroatoms selected from N, O and

S. That is, any carbon atom can be replaced by a heteroatom. Thus for example, “alky!”
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includes —CH,NHCH3;, -CH,-S-CHs;, and the like. Also for example, the general
substituent -alkyl-NR R" necessarily includes the specific

substituent -CH,NHCH,CH,-NHCO,'Bu, where the “-alkyl-" portion of the substituent is
“.CH,NHCH,CH,-*, a butylene residue, (“alkyl” in the broader definition), with the
second carbon replaced with “NH”.

In various embodiments, optional halo substitution on “alkyl” provides for such
groups as fluoromethyl, difluoromethyl, trifluoromethyl, perfluoroethyl, and the
likeHeterocyclic substituents as defined above may be optionally substituted with one or
more divalent heteroatoms replacing hydrogen atoms or pairs of electrons. Thus for
example, thiomorpholine-1,1-dione is included within “optionally substituted
heterocyclyl” as it is a heterocyclic ring, (thiomorpholine), substituted two “=0" groups
on the same sulfur atom of the ring. In another exemplary embodiment, 2-pyrrolidinone
is also included within “optionally substituted heterocyclyl”. Pyrrolidine comprises a
heterocyclyl; the substitution of a single “=O" group on a carbon atom adjacent to the
ring nitrogen atom provides 2-pyrrolidinone.

Certain compounds of this invention may exist in tautomeric forms, and this
invention includes all such tautomeric forms of those compounds unless otherwise
specified. Unless otherwise stated, structures depicted herein are also meant to
include all stereochemical forms of the structure; i.e., the R and S configurations for
each asymmetric center. Thus, single stereochemical isomers as well as enantiomeric
and diastereomeric mixtures of the present compounds are within the scope of the
invention. Thus, this invention encompasses each diasteriomer or enantiomer
substantially free of other isomers (>90%, and preferably >95%, free from other
stereoisomers on a molar basis) as well as a mixture of such isomers. Particular optical
isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, e.g., by formation of diastereoisomeric salts, by treatment with
an optically active acid or base. Examples of appropriate acids are tartaric,
diacetyltartaric, dibenzoyltartaric, ditoluoyltartaric, and camphorsulfonic acid and then
separation of the mixture of diastereoisomers by crystallization followed by liberation of
the optically active bases from these salts. A different process for separation of optical
isomers involves the use of a chiral chromatography column optimally chosen to
maximize the separation of the enantiomers. Still another method involves synthesis of
covalent diastereoisomeric molecules by reacting compounds of the invention with an

optically pure acid in an activated form or an optically pure isocyanate. The synthesized
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diastereoisomers can be separated by conventional means such as chromatography,
distillation, crystallization or sublimation, and then hydrolyzed to deliver the
enantiomerically pure compound. Optically active compounds of the invention can be
obtained by using active starting materials. These isomers may be in the form of a free
acid, a free base, an ester or a salt. The compounds of this invention can exist in
radiolabelled form, i.e., said compounds may contain one or more atoms containing an
atomic mass or mass number different from the atomic mass or mass number:
ordinarily found in nature. Radioisotopes of hydrogen, carbon, phosphorous, fluorine
and chlorine include 3H, ™C, 3P, %S, **F and *Cl, respectively. Compounds of this
invention which contain those radioisotopes and/or other radioisotopes of other atoms
are within the scope of this invention. Tritiated, i.e., *H, and carbon-14, i.e., 'C,
radioisotopes are particularly preferred for their ease of preparation and detectability.
Radiolabelled compounds of this invention can generally be prepared by methods well
known to those skilled in the art. Conveniently, such radiolabelled compounds can be
prepared by carrying out the procedures disclosed herein except substituting a readily
available radiolabelled reagent for a non-radiolabelled reagent.

As used herein, the term "pharmaceutically acceptable salt" means either a
pharmaceutically acceptable acid addition salt or a pharmaceutically acceptable base
addition salt of a currently disclosed compound that may be administered without any
resultant substantial undesirable biological effect(s) or any resultant deleterious
interaction(s) with any other component of a pharmaceutical composition in which it
may be contained. It includes those salts which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of humans and lower animals
without undue toxicity, irritation, allergic response and the like, and are commensurate
with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts of amines,
carboxylic acids, phosphonates and other types of compounds are well known in the
art. For example, S. M. Berge, et al. describes pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences, 66: 1-19 (1977), incorporated herein by reference.
The salts can be prepared in situ during the isolation and purification of the compounds
of the invention, or separately by reacting the free base or free acid of a compound of
the invention with a suitable base or acid, respectively. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of an amino group formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric

acid and perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic
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acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as ion exchange. Other pharmaceutically acceptable salts include
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate,
gluconate, hernisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-
ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methane-sulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, and
the like. Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonium, and amine cations formed using counterions such
as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and
aryl sulfonate.

The phrase, "pharmaceutically acceptable derivative", as used herein, denotes
any pharmaceutically acceptable salt, ester, or salt of such ester, of such compound, or
any other adduct or derivative which, upon administration to a patient, is capable of
providing (directly or indirectly) a compound as otherwise described herein, or a
metabolite or residue (MW>300) thereof. Pharmaceutically acceptable derivatives thus
include among others pro-drugs.

As used herein, the term "prodrug" means a pharmacological derivative of a
parent drug molecule that requires biotransformation, either spontaneous or enzymatic,
within the organism to release the active drug. For example, prodrugs are variations or
derivatives of the compounds of Formula (I) that have groups cleavable under certain
metabolic conditions, which when cleaved, become the compounds of Formula (1).
Such prodrugs then are pharmaceutically active in vivo, when they undergo solvolysis
under physiological conditions or undergo enzymatic degradation. Prodrug compounds
herein may be called single, double, triple, etc., depending on the number of
biotransformation steps required to release the active drug within the organism, and the
number of functionalities present in a precursor-type form. Prodrug forms often offer
advantages of solubility, tissue compatibility, or delayed release in the mammalian

organism (See, Bundgard, Design of Prodrugs, pp. 7-9, 21-24, Elsevier, Amsterdam
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1985; Silverman, The Organic Chemistry of Drug Design and Drug Action, pp. 352-401,

Academic Press, San Diego, CA, 1992; T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems, Vol. 14 of the A.C.S. Symposium Series; and Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American Pharmaceutical Assocn. and
Pergamon Press, 1987, each incorporated herein by reference. Prodrugs commonly
known in the art include well-known acid derivatives, such as, for example, esters
prepared by reaction of the parent acids with a suitable alcohol, amides prepared by
reaction of the parent acid compound with an amine, basic groups reacted to form an
acylated base derivative, etc. Other prodrug derivatives may be combined with other
features disclosed herein to enhance bioavailability. As such, those of skill in the art will
appreciate that certain of the presently disclosed compounds having free amino, amido,
hydroxy or carboxylic groups can be converted into prodrugs. Prodrugs include
compounds having an amino acid residue, or a polypeptide chain of two or more (e.g.,
two, three or four) amino acid residues which are covalently joined through peptide
bonds to free amino, hydroxy or carboxylic acid groups of the presently disclosed
compounds. The amino acid residues include the 20 naturally occurring amino acids
commonly designated by three letter symbols and also include 4-hydroxyproline,
hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine,
gamma-aminobutyric acid, citrulline homocysteine, homoserine, ornithine and
methionine sulfone. Prodrugs also include compounds having a carbonate, carbamate,
amide or alkyl ester moiety covalently bonded to any of the above substituents
disclosed herein.

As used herein, the term "pharmaceutically acceptable carrier or adjuvant"
means a carrier or adjuvant that may be administered to a patient together with a
compound of this invention, which does not destroy the pharmacological activity thereof
and is nontoxic when administered in doses sufficient to deliver a therapeutic amount of
the compound. Pharmaceutically acceptable carriers, adjuvants and vehicles that may
be used in the pharmaceutical compositions of this invention include, but are not limited
to, ion exchangers, alumina, aluminum stearate, lecithin, self-emulsifying drug delivery
systems (SEDDS) such as d-atocopherol polyethyleneglycol 1000 succinate,
surfactants used in pharmaceutical dosage forms such as Tweens or other similar
polymeric delivery matrices, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial

glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such
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as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium ftrisilicate, polyviny! pyrrolidone,
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene
glycol and wool! fat. Cyclodextrins such as u-, P-, and y-cyclodextrin, or chemically
modified derivatives such as hydroxyalkylcyclodextrins, including 2 and 3-
hydroxypropyl-cyclodextrins, or other solubilized derivatives may also be
advantageously used to enhance delivery of compounds of the formulae described
herein.

A "pharmaceutically acceptable ester" includes esters which hydrolyze in vivo
and include those that break down readily in the human body to leave the parent
compound or a salt thereof. Suitable ester groups include, for example, those derived
from pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic,
alkenoic, cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety
advantageously has not more than 6 carbon atoms. Examples of particular esters
include formates, acetates, propionates, butyrates, acrylates and ethylsuccinates.
Obviously, esters can be formed with a hydroxy! or carboxylic acid group of the
compound of the invention.

Various abbreviations used herein include: ACN refers to acetonitrile; DMF
refers to N,N-dimethylformamide; DMSO refers to dimethylsulfoxide; EtOAc refers to
ethyl acetate; EtOH refers to ethanol.; Hunig's Base refers to diisopropylethyl amine
("DIPEA"), MeOH refers to methanol; NaOH refers to sodium hydroxide; THF refers to
tetrahydrofuran; and TFA refers to trifluoroacetic acid.

"Administration," as used herein, refers to the delivery to a recipient of a
compound of the sort described herein, or a prodrug or other pharmaceutically
acceptable derivative thereof, using any suitable formulation or route of administration,
as discussed herein. Typically the compound is administered one or more times per
month, often one or more times per week, e.g. daily, every other day, 5 days/week, etc.
Oral and intravenous administrations are of particular current interest.

The expression "dosage unit form," as used herein, refers to a physically
discrete unit of anticancer agent appropriate for the patient to be treated. As is normally
the case, the total daily usage of the compounds and compositions of the present
invention will be decided by the attending physician using routine reliance upon sound

medical judgment. The specific therapeutically effective dose level for any particular
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patient or organism will depend upon a variety of factors including the disorder being
treated; the severity of the disorder; the potency of the specific compound employed,
the specific composition employed; the age, body weight, general health, sex and diet
of the patient; the route and schedule of administration; the rate of metabolism and/or
excretion of the compound; the duration of the treatment; and like factors well known in
the medical arts.

A "therapeutically effective amount” is that amount effective for detectable killing
or inhibition of the growth or spread of cancer cells; the size or number of tumors; or
other measure of the level, stage, progression or severity of the cancer. The exact
amount required will vary from subject to subject, depending on the species, age, and
general condition of the subject, the severity of the disease, the particular anticancer
agent, its mode of administration, and the like.

4. Pharmaceutical Methods: Compositions: Formulations: Uses

The method of the invention comprises administering to a subject in need thereof
a therapeutically effective amount of a compound of the present invention.

A compound of the present invention, or a composition comprising at least one
compound of the present invention, may be administered using any amount and any
route of administration effective for killing or inhibiting the growth of tumors or other
forms of cancer.

The anticancer compounds of the present invention are preferably formulated in
dosage unit form for ease of administration and uniformity of dosage.

Furthermore, after formulation with at least one pharmaceutically acceptable
carrier in a desired dosage, the compositions of this invention can be administered to
humans and other animals, orally, rectally, parenterally, intracisternally, intravaginally,
intraperitoneally, topically (as by transdermal patch, powders, ointments, or drops),
sublingually, bucally, as an oral or nasal spray, or the like.

The effective systemic dose of the compound will typically be in the range of
0.01 to 500 mg of compound per kg of patient body weight, preferably 0.1 to 125 mg/kg,
and in some cases, 1 to 25 mg/kg, administered in single or multiple doses. Generally,
the compound may be administered to patients in need of such treatment in a daily
dose range of about 50 to about 2000 mg per patient. Administration may be once or
multiple times daily, weekly (or at some other multiple-day interval) or on an intermittent
schedule. For example, the compound may be administered one or more times per day

on a weekly basis (e.g. every Monday) indefinitely or for a period of weeks, e.g. 4-10
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weeks. Alternatively, it may be administered daily for a period of days (e.g. 2-10 days)
followed by a period of days (e.g. 1-30 days) without administration of the compound,
with that cycle repeated indefinitely or for a given number of repetitions, e.g. 4-10
cycles. As an example, a compound of the invention may be administered daily for 5
days, then discontinued for 9 days, then administered daily for another 5 day period,
then discontinued for 9 days, and so on, repeating the cycle indefinitely, or for a total of
4-10 times.

The amount of compound which will be effective in the treatment or prevention of
a particular disorder or condition will depend in part on well known factors affecting drug
dosage. In addition, in vitro or in vivo assays may optionally be employed to help
identify optimal dosage ranges. A rough guide to effective doses may be extrapolated
from dose-response curves derived from in vitro or animal model test systems. The
precise dosage level should be determined by the attending physician or other health
care provider and will depend upon well known factors, including route of
administration, and the age, body weight, sex and general health of the individual; the
nature, severity and clinical stage of the disease; the use (or not) of concomitant
therapies; and the nature and extent of genetic engineering of cells in the patient.

When administered for the treatment or inhibition of a particular disease state or
disorder, the effective dosage of the compound of this invention may vary depending
upon the particular compound utilized, the mode of administration, the condition, and
severity thereof, of the condition being treated, as well as the various physical factors
related to the individual being treated. In many cases, satisfactory results may be
obtained when the compound is administered in a daily dosage of from about 0.01
mg/kg-500 mg/kg, preferably between 0.1 and 125 mg/kg, and more preferably
between 1 and 25 mg/kg. The projected daily dosages are expected to vary with route
of administration. Thus, parenteral dosing will often be at levels of roughly 10% to 20%
of oral dosing levels.

Compounds

Compounds of present invention can exist in free form for treatment, or where
appropriate, as a pharmaceutically acceptable salt or other derivative, defined and
discussed above.

Compositions

Compositions are provided which comprise at least one of the compounds

described herein (or a prodrug, pharmaceutically acceptable salt or other
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pharmaceutically acceptable derivative thereof), and one or more pharmaceutically
acceptable carriers or excipients. These compositions may further comprise one or
more additional therapeutic agents.

As described herein, a pharmaceutically acceptable carrier includes for example
any and all solvents, diluents, or other vehicle, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or emulsifying agents, preservatives, solid
binders, lubricants and the like, as suited to the particular dosage form desired.
Remington's Pharmaceutical Sciences, Fifteenth Edition, E. W. Martin (Mack Publishing
Co., Easton, Pa., 1975) discloses various carriers used in formulating pharmaceutical
compositions and known techniques for the preparation thereof. Except where a
conventional carrier medium is incompatible with the compounds of the invention, such
as when producing any undesirable biological effect or otherwise interacting in a
deleterious manner with any other component(s) of the pharmaceutical composition,
the use of any carrier medium is contemplated to be within the scope of this invention.
Some examples of materials which can serve as pharmaceutically acceptable carriers
include, but are not limited to, sugars such as lactose, glucose and sucrose; starches
such as corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as
peanut oil, cottonseed oil; safflower oil, sesame oil; olive oil; corn oil and soybean oil;
glycols; such a propylene glycol; esters such as ethyl oleate and ethyl laurate; agar,
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate
buffer solutions, as well as other non-toxic compatible lubricants such as sodium lauryl
sulfate and magnesium stearate, as well as coloring agents, releasing agents, coating
agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants
can also be present in the composition.

Formulations

This invention also encompasses a class of compositions comprising the active
compounds of this invention in association with one or more pharmaceutically-
acceptable carriers and/or diluents and/or adjuvants (collectively referred to herein as
"carrier" materials), and, if desired, other active ingredients. The active compounds of
the present invention may be administered by any suitable route, preferably in the form

of a pharmaceutical composition adapted to such a route, and in a dose effective for the
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treatment intended. The compounds and compositions of the present invention may, for
example, be administered orally, mucosally, topically, rectally, pulmonarily such as by
inhalation spray, or parentally including intravascularly, intravenously, intraperitoneally,
subcutaneously, intramuscularly, intrasternally and infusion techniques, in dosage unit
formulations containing conventional pharmaceutically acceptable carriers, adjuvants,
and vehicles.

The pharmaceutically active compounds of this invention can be processed in
accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, including humans and other mammals.

For oral administration, the pharmaceutical composition may be in the form of,
for example, a tablet, capsule, suspension or liquid. The pharmaceutical composition is
preferably made in the form of a dosage unit containing a particular amount of the
active ingredient.

Examples of such dosage units are tablets or capsules. For example, these may
contain an amount of active ingredient from about 1 to 2000 mg, preferably from about
1 to 500 mg, more commonly from about 5 to 200 mg. A suitable daily dose for a
human or other mammal may vary depending on the condition of the patient and other
factors, but, once again, can be determined using routine methods.

The amount of compounds administered and the dosage regimen for treating a
disease condition with the compounds and/or compositions of this invention depends
on a variety of factors, including the age, weight, sex and medical condition of the
subject, the type of disease, the severity of the disease, the route and frequency of
administration, and the particular compound employed. Thus, the dosage regimen may
vary widely, but can be determined routinely using standard methods. A typical daily
dose is in the range of 0.01 to 500 mg of compound per kg body weight, preferably
between 0.1 and 125 mg/kg body weight and in some cases between 1 and 25 mg/kg
body weight. As mentioned previously, the daily dose can be given in one
administration or may be divided between 2, 3, 4 or more administrations.

For therapeutic purposes, the active compounds of this invention are ordinarily
combined with one or more adjuvants, excipients or carriers appropriate to the indicated
route of administration. If administered per os, the compounds may be admixed with
lactose, sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alkyl
esters, talc, stearic acid, magnesium stearate, magnesium oxide, sodium and calcium

salts of phosphoric and sulfuric acids, gelatin, acacia gum, sodium alginate,
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polyvinylpyrrolidone, and/or polyvinyl alcohol, and then tableted or encapsulated for
convenient administration. Such capsules or tablets may contain a controlled-release
formulation as may be provided in a dispersion of active compound in
hydroxypropylmethy! cellulose. In the case of skin conditions, it may be preferable to
apply a topical preparation of compounds of this invention to the affected area two to
four times a day. Formulations suitable for topical administration include liquid or semi-
liquid preparations suitable for penetration through the skin (e.g., liniments, lotions,
ointments, creams, or pastes) and drops suitable for administration to the eye, ear, or
nose. A suitable topical dose of active ingredient of a compound of the invention is 0.1
mg to 150 mg administered one to four, preferably one or two times daily. For topical
administration, the active ingredient may comprise from 0.001% to 10% wiw, e.g., from
1% to 2% by weight of the formulation, although it may comprise as much as 10% w/w,
but preferably not more than 5% w/w, and more preferably from 0.1% to 1% of the
formulation.

When formulated in an ointment, the active ingredients may be employed with
either paraffinic or a water-miscible ointment base. Alternatively, the active ingredients
may be formulated in a cream with an oil-in-water cream base. If desired, the aqueous
phase of the cream base may include, for example, at least 30% w/w of a polyhydric
alcohol such as propylene glycol, butane-1,3-diol, mannitol, sorbitol, glycerol,
polyethylene glycol and mixtures thereof. The topical formulation may desirably include
a compound which enhances absorption or penetration of the active ingredient through
the skin or other affected areas. Examples of such dermal penetration enhancers
include dimethylsulfoxide and related analogs.

The compounds of this invention can also be administered by a transdermal
device. Preferably transdermal administration will be accomplished using a patch either
of the reservoir and porous membrane type or of a solid matrix variety. In either case,
the active agent is delivered--continuously from the reservoir or microcapsules through
a membrane into the active agent permeable adhesive, which is in contact with the skin
or mucosa of the recipient. If the active agent is absorbed through the skin, a controlled
and predetermined flow of the active agent is administered to the recipient. In the case
of microcapsules, the encapsulating agent may also function as the membrane. The
oily phase of the emulsions of this invention may be constituted from known ingredients

in a known manner.
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While the phase may comprise merely an emulsifier, it may comprise a mixture
of at least one emulsifier with a fat or an oil, or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the emulsifier(s)
with or without stabilizer(s) make-up the so-called emulsifying wax, and the wax
together with the oil and fat make up the so-called emulsifying ointment base which
forms the oily dispersed phase of the cream formulations. Emulsifiers and emulsion
stabilizers suitable for use in the formulation of the present invention include Tween 60,
Span 80, cetosteary! alcohol, myristy! alcohol, glyceryl monostearate, sodium lauryl
sulfate, glyceryl distearate alone or with a wax, or other materials well known in the art.

The choice of suitable oils or fats for the formulation is based on achieving the
desired cosmetic properties, since the solubility of the active compound in most oils
likely to be used in pharmaceutical emulsion formulations is very low. Thus, the cream
should preferably be a non-greasy, non-staining and washable product with suitable
consistency to avoid leakage from tubes or other containers. Straight or branched
chain, mono- or dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene
glycol diester of coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl
palmitate, butyl stearate, 2-ethylhexyl palmitate or a blend of branched chain esters
may be used. These may be used alone or in combination depending on the properties
required.

Alternatively, high melting point lipids such as white soft paraffin and/or liquid
paraffin or other mineral oils can be used.

Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredients are dissolved or suspended in suitable carrier, especially
an aqueous solvent for the active ingredients.

The active ingredients are preferably present in such formulations in a
concentration of 0.5 to 20%, advantageously 0.5 to 10%, and particularly about 1.5%
w/w. Formulations for parenteral administration may be in the form of aqueous or non-
agueous isotonic sterile injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of
the carriers or diluents mentioned for use in the formulations for oral administration or
by using other suitable dispersing or wetting agents and suspending agents. The
compounds may be dissolved in water, polyethylene glycol, propylene glycol, ethanol,

corn oil, cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium chloride,
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tragacanth gum, and/or various buffers. Other adjuvants and modes of administration
are well and widely known in the pharmaceutical art. The active ingredient may also be
administered by injection as a composition with suitable carriers including saline,
dextrose, or water, or with cyclodextrin (i.e. Captisol), cosolvent solubilization (i.e.
propylene glycol) or micellar solubilization (i.e. Tween 80).

The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent or solvent, for example as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed, including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables.

For pulmonary administration, the pharmaceutical composition may be
administered in the form of an aerosol or with an inhaler including dry powder aerosol.

Suppositories for rectal administration of the drug can be prepared by mixing the
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene
glycols that are solid at ordinary temperatures but liquid at the rectal temperature, and
will therefore melt in the rectum and release the drug.

The pharmaceutical compositions may be subjected to conventional
pharmaceutical operations such as sterilization and/or may contain conventional
adjuvants, such as, preservatives, stabilizers, wetting agents, emulsifiers, buffers etc.
Tablets and pills can additionally be prepared with enteric coatings. Such compositions
may also comprise adjuvants, such as wetting, sweetening, flavoring, and perfuming
agents. Pharmaceutical compositions of this invention comprise a compound of the
formulas described herein or a pharmaceutically acceptable salt thereof; an additional
agent selected from a kinase inhibitory agent (small molecule, polypeptide, antibody,
etc.), an immunosuppressant, an anticancer agent, an anti-viral agent, anti-
inflammatory agent, antifungal agent, antibiotic, or an anti-vascular hyperproliferation
compound; and any pharmaceutically acceptable carrier, adjuvant or vehicle.

Alternate compositions of this invention comprise a compound of the formulae
described herein, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier, adjuvant or vehicle. Such compositions may optionally comprise one

or more additional therapeutic agents, including, for example, kinase inhibitory agents
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(small molecule, polypeptide, antibody, etc.), immunosuppressants, anti-cancer agents,
anti-viral agents, anti-inflammatory agents, antifungal agents, antibiotics, or anti-
vascular hyperproliferation compounds.

The pharmaceutical compositions may be orally administered in any orally
acceptable dosage form including, but not limited to, capsules, tablets, emulsions and
agueous suspensions, dispersions and solutions. In the case of tablets for oral use,
carriers which are commonly used include lactose and corn starch. Lubricating agents,
such as magnesium stearate, are also typically added. For oral administration in a
capsule form, useful diluents include lactose and dried corn starch. When aqueous
suspensions and/or emulsions are administered orally, the active ingredient may be
suspended or dissolved in an oily phase is combined with emulsifying and/or
suspending agents.

If desired, certain sweetening, flavoring and/or coloring agents may be added.
The pharmaceutical compositions may comprise formulations utilizing liposome or
microencapsulation techniques, various examples of which are known in the art.

The pharmaceutical compositions may be administered by nasal aerosol or
inhalation. Such compositions are prepared according to techniques well known in the
art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other solubilizing or dispersing agents,
examples of which are also well known in the art.

Treatment Kits

In other embodiments, the present invention relates to a kit for conveniently and
effectively carrying out the methods in accordance with the present invention. In
general, the pharmaceutical pack or kit comprises one or more containers filled with
one or more of the ingredients of the pharmaceutical compositions of the invention.
Such kits are especially suited for the delivery of solid oral forms such as tablets or
capsules. Such a kit preferably includes a number of unit dosages, and may also
include a card having the dosages oriented in the order of their intended use. If desired,
a memory aid can be provided, for example in the form of numbers, letters, or other
markings or with a calendar insert, designating the days in the treatment schedule in
which the dosages can be administered. Optionally associated with such container(s)

can be a notice in the form prescribed by a governmental agency regulating the
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manufacture, use or sale of pharmaceutical products, which notice reflects approval by
the agency of manufacture, use or sale for human administration.

The compounds of the present invention are thus of interest for the treatment of
cancers, including both primary and metastatic cancers, including solid tumors as well
as lymphomas and leukemias, and including cancers which are resistant to other
therapies.

Such cancers include, among others, cancers of the breast, cervix, colon and
rectum, lung, ovaries, pancreas, prostate, head and neck, gastrointestinal stroma, as
well as diseases such as melanoma, multiple myeloma, non-Hodgkin's lymphoma,
melanoma, gastric cancers and leukemias (e.g., myeloid, lymphocytic, myelocytic and
lymphoblastic leukemias) including cases which are resistant to one or more other
therapies.

Resistance to various anticancer agents can arise from one or more mutations in
a mediator or effector of the cancer (e.g., mutation in a choline kinase) which correlate
with alteration in the protein's drug binding properties, phosphate binding properties,
protein binding properties, autoregulation or other characteristics.

Compounds of this invention are contemplated to be useful against various
cancers, including those which are resistant in whole or part to other anticancer agents,
and specifically including leukemias involving one or more mutations in choline kinase,
within or outside the kinase domain, including but not limited to those noted in any of
the known literature.

5. Synthetic Overview; Examples

The practitioner has a well-established literature of heterocyclic, heteroaryl, aryl
and other relevant chemical transformations, recovery and purification technologies to
draw upon, in combination with the information contained in the examples which follow,
for guidance on synthetic strategies, protecting groups, and other materials and
methods useful for the synthesis, recovery and characterization of the compounds of
this invention, including compounds containing the various choices for the R
substituents, Ring T, Ring A, Ring B, Ring C, Ring D, and Ring E.

Various synthetic approaches may be used to produce the compounds
described herein, including those approaches depicted schematically below. The
practitioner will appreciate that protecting groups may be used in these approaches.
"Protecting groups", are moieties that are used to temporarily block chemical reaction at

a potentially reactive site (e.g., an amine, hydroxy, thiol, aldehyde, etc.) so that a
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reaction can be carried out selectively at another site in a multifunctional compound. In
preferred embodiments, a protecting group reacts selectively in good yield to give a
protected substrate that is suitable for the planned reactions; the protecting group
should be selectively removable in good yield by readily available, preferably nontoxic
reagents that do not unduly attack the other functional groups present; the protecting
group preferably forms an readily separable derivative (more preferably without the
generation of new chiral centers); and the protecting group preferably has a minimum of
additional functionality to avoid the complication of further sites of reaction. A wide
variety of protecting groups and strategies, reagents and conditions for deploying and
removing them are known in the art. See, e.g., "Protective Groups in Organic
Synthesis" Third Ed. Greene, T. W. and Wuts, P. G., Eds., John Wiley & Sdns, New
York: 1999. For additional background information on protecting group methodologies
(materials, methods and strategies for protection and removal) and other synthetic
chemistry transformations useful in producing the compounds described herein, see in
R. Larock, Comprehensive Organic Transformations, VCH Publishers (1989); T. W.
Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis, 3rd. Ed., John
Wiley and Sons (1999); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for
Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Sons (1995). The entire contents of
these references are hereby incorporated by reference.

Also, one may choose reagents enriched for a desired isotope, e.g. deuterium in
place of hydrogen, to create compounds of this invention containing such isotope(s).
Compounds containing deuterium in place of hydrogen in one or more locations, or
containing various isotopes of C, N, P and O, are encompassed by this invention and
may be used, for instance, for studying metabolism and/or tissue distribution of the
compounds or to alter the rate or path of metabolism or other aspects of biological
functioning.

The compounds of this invention can be synthesized using the methods
described below, together with synthetic methods known in the art of synthetic organic
chemistry, or by a variation thereon as appreciated by those skilled in the art. Preferred
methods include, but are not limited to those described below. The reactions are
performed in a solvent system appropriate to the reagents and materials employed and
suitable for the transformation being effected. It will be understood by those skilled in

the art of organic synthesis that the functionality present on the molecule should be
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consistent the transformations proposed. This will sometimes require some judgment in
modifying the order of the synthetic steps or the selection of a particular process
scheme over another in order to obtain a desired compound of the invention.

In various embodiments, compounds of the present invention may be prepared
as outlined in Scheme | below, supplemented and/or modified with any necessary
methods known to those skilled in the art.

The following representative examples contain important additional information,
exemplification and guidance, which can be adapted to the practice of this invention in
its various embodiments and equivalents thereof. These examples are intended to help
illustrate the invention, and are not intended to, nor should they be construed to, limit its
scope. Indeed, various modifications of the invention, and many further embodiments
thereof, in addition to those shown and described herein, will become apparent to those
skilled in the art upon review of this document, including the examples which follow and
the references to the scientific and patent literature cited herein. The contents of those
cited references are incorporated herein by reference to help illustrate the state of the
art. In addition, for purposes of this invention, the chemical elements are identified in
accordance with the Periodic Table of the Elements, CAS version, Handbook of
Chemistry and Physics, 75.sup.th Ed., inside cover. Additionally, general principles of
organic chemistry, as well as specific functional moieties and reactivity, are described in
"Organic Chemistry", Thomas Sorrell, University Science Books, Sausalito: 1999, and
"Organic Chemistry", Morrison & Boyd (3d Ed), the entire contents of both of which are

incorporated herein by reference.
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Scheme | is suitable for the preparation of compounds where Ring A and Ring B

are directly bonded together, (i.e. L2 in structural formula | above is a covalent bond). In

5 Scheme |, Y is either H or any alkoxy group, such as methoxy. R' and R'" are

independently selected from H, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,

cycloalkynyl, aryl, heteroaryl and heterocyclyl, or, R'® and R'" together with the nitrogen

atom to which they are attached, form a heterocyclic amine. Each of the foregoing alkyl,

alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl and heterocyclyl

10 moieties is optionally substituted.

Scheme | begins with coupling Reaction 1 between an aryl or heteroaryl bromide

X and an aryl or heteroaryl boronic acid Xl using palladium acetate, triphenylphosphine

and potassium carbonate in aqueous acetonitrile. Following a brief heating the reaction

mixture may be extracted with DCM and the reaction product XlI purified by thin layer
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chromatography (e.g. DCM/methanol solvent). Reaction 2 is a reductive amination
reaction of intermediate XII, when Y = H, with an amine HNR'®R"! sodium
triacetoxyborohydride and molecular sieves in DCM. The reaction mixture is diluted with
agueous sodium bicarbonate and extracted with DCM to give the crude product XIIl.

5 Amine XllI may be purified by thin layer chromatography. Reaction 3 is a direct
amidation reaction of the ester XlI, when Y = alkoxy such as OCHjs, with the amine
HNR™R™ in the presence of trimethylaluminum in 1,2-dichloroethane. The reaction
mixture is poured onto wet sodium bicarbonate and extracted with DCM. The amide
XIV may be purified by thin layer chromatography. In various embodiments, the use of

10 trimethylaluminum as the amidation catalyst in Reaction 3 may also result in various
methylation reactions.
The following exemplary compounds, provided in Examples 1-16, may be
synthesized by the coupling Reaction 1 followed by the reductive amination Reaction 2
in accordance with Scheme |, wherein Ring T is 4-methylhomopiperazine, Ring A and

15 Ring B are phenyl, Y = H, and L" is methylene:

NR'CR !
; (; d(CAC), CN H CN
PPh3, CH3CN NaBH( OAC);
H,0 A CH,Cl,, Mol.Sieves
N
/
N N
7 7

Example 1
4'-((3-hydroxypiperidin-1-yl)methyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-
biphenyl}-2-carbonitrile:

SR 0l
ch—NC)N Q

20 CN (1)

wherein the amine HNR'R'" used for Reaction 2 was 3-hydroxypiperidine.

OH
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4'-((3-hydroxypyrrolidin-1-yl)methyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-

biphenyl]-2-carbonitrile:

HaC—

Q

J O

CN

)

wherein the amine HNR'R™ used for Reaction 2 was 3-hydroxypyrrolidine.

Example 3

4'-((4-(2-methoxyethyl)piperazin-1-ylymethyl)-4-

yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:

Q

CN

N

L\V/N\V/A\OCHg

((4-methyl-1,4-diazepan-1-

(3)

wherein the amine HNR'R"" used for Reaction 2 was 1-(2-

methoxyethyl)piperazine.

Example 4

4'-((4-hydroxypiperidin-1-yl)methyl)

biphenyl]-2-carbonitrile:

HaC—

Q

.,

CN

4

-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-

wherein the amine HNR'R'" used for Reaction 2 was 4-hydroxypiperidine.

Example 5

4'-((3-(hydroxymethyl)pyrrolidin-1-yl)methyl)-4-((4-methyl-1,4-diazepan-1-

yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:

HsC—

Q

Sy

CN
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wherein the amine HNR'’R" used for Reaction 2 was 3-
(hydroxymethyl)pyrrolidine.
Example 6
4'-((4-(2-hydroxyethyl)piperazin-1-yl)methyl)-4-((4-methyl-1,4-diazepan-1-
5  ybhmethyl)-[1,1"-biphenyl]-2-carbonitrile:

0

N
HyC— //\ O oy

N

CN (6)
wherein the amine HNR'’R"" used for Reaction 2 was 1-(2-
hydroxyethyl)piperazine.

Example 7

10 4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-((3-oxopiperazin-1-ylymethyl)-[1,1'-

biphenyl]-2-carbonitrile:

ey
CN
wherein the amine HNR'R"" used for Reaction 2 was piperazin-2—one.
Example 8
15 4'-(((2-hydroxyethyl)(methyl)amino)methyl)-4-((4-methyl-1,4-diazepan-1-
ylymethyl)-[1,1'-biphenyl]-2-carbonitrile:

OH
V‘\/‘\ON/\/
O CN )

wherein the amine HNR'’R'" used for Reaction 2 was 2-(methylamino)ethanol.
Example 9
20 4-((4-methyl-1,4-diazepan-1-ylymethyl)-4'-(morpholinomethyl)-[1,1'-biphenyl]-2-
carbonitrile:

C)

H3C

Q
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wherein the amine HNR'R"" used for Reaction 2 was morpholine.

Example 10

tert-butyl (2-(((2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
5  yhmethyllamino)ethyl)carbamate:

wherein the amine HNR'™R™! used for Reaction 2 was tert-butyl (2-
aminoethyl)carbamate.

Example 11
10 4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-((4-methylpiperazin-1-yl)methyl)-[1,1'-
biphenyl]-2-carbonitrile:

HaC— Nﬂ Hs
K/N
CN (11)

wherein the amine HNR'R"" used for Reaction 2 was 1-methylpiperazine.

Example 12
15 4'-((dimethylamino)methyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-
biphenyl]-2-carbonitrile:

ch—-—N/ﬁ
N
CN (12)

wherein the amine HNR'™R™! used for Reaction 2 was dimethylamine.

H3C

Q

OIZ
Z
T

H3C

Q
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Example 13
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(piperidin-1-yimethyl)-[1, 1'-biphenyl]-2-

SA®
H3C"“Nf\
\/N
CN (13)

5 wherein the amine HNR'’R"" used for Reaction 2 was piperidine.

Example 14
4 4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:

()
- O A,
(14)

wherein the amine HNR“’R11 used for Reaction 2 was 1-methylhomopiperazine.

carbonitrile:

HaC—

O

10 This compound may also be prepared by reacting 1-methylhomopiperazine with 4-
(bromomethyl)phenylboronic acid pinacol ester at room temperature and coupling the
reaction product with 2-bromo-5-((4-methyl-1,4-diazepan-1-yl)methyl)benzonitrile.

Example 15
4'-((4-(diethylamino)piperidin-1-yl)methyl)-4-((4-methyl-1,4-diazepan-1-

15 yhmethyl)-[1,1"-biphenyl]-2-carbonitrile:

OWA

wherein the amine HNR'R'! used for Reaction 2 was 4-

H3C

Q

(15)

(diethylamino)piperidine.

Example 16
20 4'-(aminomethy!)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-

carbonitrile:
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H3C_N//\
2
CN (16)

wherein the amine HNR'R"! used for Reaction 2 was ammonia.
The following exemplary compounds, provided in Examples 17-36, may be
synthesized by the coupling Reaction 1 followed by the amidation Reaction 3 in
5 accordance with Scheme |, wherein Ring T is 4-methylhomopiperazine, Ring A and

Ring B are phenyl, Y = OCHj, and L" is methylene:

NR1OR!
CO,CH3
Br
CN CO,CH3
(; d(OAC), CN CN
+
N PPhg CHgCN ME3A|

H)z H,0 A CICH,CH,CI

Example 17
2'-cyano-N-(2-hydroxyethyl)-N-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-

10 [1,1-biphenyl]-4-carboxamide:

OH
N/\/
HaC— N//}
CN (17)

wherein the amine HNR'R"" used for Reaction 3 was 2-(methylamino)ethanol.

Example 18
4'-(4-(2-hydroxyethyl)piperazine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-

15 yl)methyl)-[1,1-biphenyl]-2-carbonitrile:

57



WO 2014/151761 PCT/US2014/026404

ORS¢

(18)
wherein the amine HNR'™R™! used for Reaction 3 was 1-(2-
hydroxyethyl)piperazine.
Example 19
5 4'-(4-hydroxypiperidine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-ylymethyl)-[1,1'-
biphenyl]-2-carbonitrile:
O
Q.
ch—Nﬁ\ O OH
N
CN (19)
wherein the amine HNR'R"" used for Reaction 3 was 4-hydroxypiperidine.
Example 20
10 2'-cyano-N,N-dimethyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
carboxamide:
O

N~
|
H3C_Nﬁ\
\/N
CN (20)

wherein the amine HNR'R'" used for Reaction 3 was dimethylamine.

Example 21
15 4'-(4-(2-methoxyethyl)piperazine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-
yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:
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0
N
O Q\/\
ch_Nm O OCHs
\/N CN 1)

wherein the amine HNR'’R'! used for Reaction 3 was 1-(2-
methoxyethyl)piperazine.
Example 22
4'-(3-(hydroxymethyl)pyrrolidine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-
yl)methyl)-[1,1'-biphenyl}-2-carbonitrile:
)

spea
H3C——NC>N O

CN (22)
wherein the amine HNR'R"" used for Reaction 3 was 3-
(hydroxymethyl)pyrrolidine.
Example 23
4'-(3-hydroxypiperidine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-

biphenyl]-2-carbonitrile:
O
OH
T
H3C—Nﬁ\
\/N
CN (23)

wherein the amine HNR'’R"" used for Reaction 3 was 3-hydroxypiperidine.

Example 24
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methylpiperazine-1-

carbonyl)-[1,1'-biphenyl]-2-carbonitrile:

59
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N
ﬁ\ O ‘ Q\
H,C—N
\/N CN (24)

wherein the amine HNR'’R"" used for Reaction 3 was 1-methylpiperazine.
Example 25
4'-(3-hydroxypyrrolidine-1-carbonyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-
biphenyl}-2-carbonitrile:
0]

N
OH
e

N
CN (25)

wherein the amine HNR'’R"" used for Reaction 3 was 3-hydroxypyrrolidine.
Example 26
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(pyrrolidine-1-carbonyl)-[1,1'-biphenyl]-

2-carbonitrile;

0O
VA
N
CN (26)
wherein the amine HNR'R'" used for Reaction 3 was pyrrolidine.
Example 27

2'-cyano-N,N-diethyl-4'-((4-methyl-1,4-diazepan-1-ylmethyl)-[1,1"-biphenyl]-4-

carboxamide:
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0]
988
H3C—-Nm
N
CN 27)
wherein the amine HNR'’R"" used for Reaction 3 was diethylamine.
Example 28

2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-carboxamide:

o’ )
\___N
5 CN (28)

wherein the amine HNR'’R'" used for Reaction 3 was ammonia.

Example 29

2'-cyano-N-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
carboxamide:

O
408
H
H3C—N//w
\\/N
10 CN

29)
wherein the amine HNR'®R"" used for Reaction 3 was methylamine.
Example 30
2'-cyano-N-(3-(dimethylamino)propyl)-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-
[1,1'-biphenyl}-4-carboxamide:
0

o
o’ ) O

\\/N

15

CN (30)
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wherein the amine HNR'R"" used for Reaction 3 was N' N'-dimethylpropane-
1,3-diamine.

Example 31

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-oxopiperidine-1-carbonyl)-[1,1'-
5  biphenyl]-2-carbonitrile:

H3C~*Nﬁ\ O 0

N
CN 31)

wherein the amine HNR'’R"" used for Reaction 3 was piperidin-4-one.
Example 32

2'-cyano-N-cyclopropyl-4'-((4-methyl-1,4-diazepan-1-ylymethyl)-[1,1"-biphenyl]-4-

10  carboxamide:
A
(T
H
H3C—Nm O

N
CN (32)

wherein the amine HNR'’R"" used for Reaction 3 was cyclopropylamine.
Example 33

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
15 [1,1-biphenyl]-2-carbonitrile:

O v CHj
HiC— N//w
\\/N
CN (33)

wherein the amine HNR'’R'" used for Reaction 3 was 1-methylhomopiperazine.
Example 34

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(piperidine-1-carbonyl)-[1,1'-biphenyl]-
20  2-carbonitrile:
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O
00
A C

N
CN (34)

wherein the amine HNR'’R"" used for Reaction 3 was piperidine.

Example 35
2'-cyano-N-methoxy-N-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-

biphenyl}-4-carboxamide:

N/OCH3
7
o )

\/N
CN (35)

wherein the amine HNR'’R'! used for Reaction 3 was N,O-

dimethylhydroxylamine.

Example 36
4-((4-methyl-1,4-diazepan-1-ylymethyl)-4'-(morpholine-4-carbonyl)-[1,1'-
biphenyl]-2-carbonitrile:
O

408
o
H3C—N
N
CN (36)
wherein the amine HNR'™R"" used for Reaction 3 was morpholine.
In various embodiments, compounds of the present invention may be prepared

as outlined in Scheme Il below, supplemented and/or modified with any necessary

methods known to those skilled in the art;
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Scheme |l
CO,CH3 CO,CH; cocl
NH : ; ;
XVII XVII|
/N /N
0
10 R10
A N~
HN |
\R11 R11
— HaC—N
4 \\/N
XIX

Scheme Il is suitable for the preparation of compounds wherein both Ring A and
Ring B are phenyl and directly bonded together, (L? in structural formula | above is a
covalent bond). Scheme Il may also be used to prepare compounds wherein Ring A is
devoid of substitution. For Scheme II, R and R"" are the same as defined for Scheme
| above.

Scheme Il begins with Reaction 1, a reductive amination reaction between 1-
methylhomopiperazine XV and 4'-formylbiphenyl-4-carboxylic acid methyl ester XVI
with sodium triethoxyborohydride and molecular sieves in DCM. After 5 hours at room
temperature, the mixture is diluted with agueous sodium bicarbonate and extracted with
DCM. After evaporation of volatiles, the ester XVII may be purified by column
chromatography. Reactions 2 and 3 of Scheme Il comprise alkaline hydrolysis of the
ester to the carboxylic acid and conversion of the carboxylic acid to the acyl chloride
using thionyl chloride. Reaction 4 comprises the reaction of the acyl chloride XVIII with
an amine HNR'™R"" in the presence of triethylamine at room temperature. After removal
of volatiles, the amide XIX may be purified by thin layer chromatography.

The following exemplary compounds, provided in Examples 37-39, may be
synthesized by reaction of acyl chloride XVIII with various amines in accordance with

Scheme I
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Example 37
(4-methyl-1,4-diazepan-1-yl)(4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-
biphenyl}-4-yl)methanone:

O kJN\CHe.
ol ) O
\\/N (37)

wherein the amine HNR'’R'" used for Reaction 4 in Scheme |l was 1-
methylhomopiperazine.

Example 38

1-(4-(4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
carbonyl)piperazin-1-yl)ethanone:

Q “wr

O (39
wherein the amine HNR'R"" used for Reaction 4 in Scheme Il was 1-
acetylpiperazine.
Example 39
(4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-yl)(4-

morpholinopiperidin-1-yl)methanone:

o ) OO @

N
(39)
wherein the amine HNR'’R"" used for Reaction 4 in Scheme Il was 4-(piperidin-

4-ylymorpholine.
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In various embodiments, compounds of the present invention may be prepared
as outlined in Scheme Il below, supplemented and/or modified with any necessary

methods known to those skilled in the art.

Scheme lli:
/
N
Br
¢Ho HN/\\
d(OAC), G (R%)14
+
N (R4 PPhs, CHaCN NaBH(OAC)3
;J BO)2 H,O0 A CH,Cl,, Mol.Sieves
N
/
/N
XX XX XXI| XXII1
N
/

Scheme 1l is suitable for the preparation of compounds wherein both Ring A and
Ring B are phenyl and directly bonded together, (L? in structural formula | above is a
covalent bond), and where Ring A is substituted with one or more halogens and Ring B
is devoid of substitution.

Scheme Il begins with a coupling reaction between 1-(4-bromobenzyl)-4-methyl-
1,4-diazepane XX and a 4-formylphenylboronic acid XXI that is substituted with 1-4 Re
groups using palladium acetate, triphenylphosphine and potassium carbonate in
agueous acetonitrile. Following a brief heating the reaction mixture may be extracted
with DCM and the reaction product XXI! purified by thin layer chromatography (e.g.
DCM/methanol solvent). The second reaction of Scheme Il is a reductive amination
reaction of intermediate XXII and 1-methylhomopiperiazine with sodium
triacetoxyborohydride and molecular sieves in DCM. The reaction mixture is diluted with
aqueous sodium bicarbonate and extracted with DCM to give the crude product XXII.
The amines XXl Xill may be purified by thin layer chromatography.

The following exemplary compounds, provided in Examples 40-44, may be
synthesized by using various substituted phenylboronic acids XXI in accordance with

Scheme Il
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Example 40
4,4'-((3,5-difluoro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-

diazepane):
N
\
N
(40)

5 wherein the phenylboronic acid XXI used in Scheme |l was (3,5-difluoro-4-

Z

formylphenyl)boronic acid.

Example 41

4.4'-((2,3-difluoro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-
diazepane):

a
\\/N\
HyC—N O M
N
10 41

wherein the phenylboronic acid XX| used in Scheme |l was (2,3-difluoro-4-
formylphenyl)boronic acid.
Example 42
4.4'-((3-fluoro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-
15 diazepane):

HaC— N/’/A\V Iillll Ni:::il\\ "3

N
(42)

wherein the phenylboronic acid XXI used in Scheme Il was (3-fluoro-4-
formylphenyl)boronic acid.
Example 43
20 4 4'-((3-chloro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-
diazepane):
67
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cl
S
M,

N
(43)

H3C—NQ O

wherein the phenylboronic acid XXI used in Scheme lil was (3-chloro-4-
formylphenyl)boronic acid.

Example 44
4 4'-((2-fluoro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-

a
e LT (o,

wherein the phenylboronic acid XXI used in Scheme |il was (2-fluoro-4-

diazepane):

(44)

formylphenyl}boronic acid.
In various embodiments, compounds of the present invention may be prepared

as indicated below:

Example 45
4 4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-1,1'-biphenyl:

N

H30—N® O

(45)
may be prepared by treating a mixture of 4,4'-biphenyldialdehyde and 1-

methylhomopiperazine with sodium triacetoxyborohydride in DCM. The mixture was
diluted with agqueous sodium bicarbonate and extracted with DCM. After removal of

volatiles the product may be purified by thin layer chromatography.

Example 46
N-((2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-yl)methyl)-

P,P-dimethylphosphinic amide:
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0
I

P.
O N |\
H
HaC— Nr\

CN (46)
may be prepared by reacting 4'-(aminomethyl)-4-((4-methyl-1,4-diazepan-1-
ylymethyl)-[1,1'-biphenyl]-2-carbonitrile, (Example 16), with dimethylphosphory! chloride,
(CH3),P(O)ClI.

5 Example 47
1-((2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl}-4-yl)methyl)-

3-methylurea:
O

I

PO

O “SNHCHs
HyC— N//\
\/N
CN 47)

may be prepared by reacting 4'-(aminomethyl)-4-((4-methyl-1,4-diazepan-1-
10 yhmethyl)-[1,1'-biphenyl]-2-carbonitrile, (Example 16), with N-methyl carbamoyl
chloride, CH3NHC(O)Cl.

Example 48
N-((2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-

yhmethyl)methanesulfonamide:

may be prepared by reacting 4'-(aminomethyl)-4-((4-methyl-1,4-diazepan-1-
ylmethyl)-[1,1"-biphenyl]-2-carbonitrile, (Example 16), with methanesulfonyl chloride,
CH3S0,ClI.
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In various embodiments, compounds of the present invention may be prepared
in accordance with Scheme IV below:
Scheme |V:

(Rb)cH

Br
g (R ‘
XXIV XXV @N\ XXVII XXVl
XXV i /\N i /\N

Scheme |V is suitable for the preparation of compounds where both Ring A and
Ring B form a biphenyl system and only one of the rings, Ring B, carries any
substitution. Scheme |V also finds use in preparing compounds of the present invention
where any R” is alkyl.

Scheme IV begins with Reaction 1, the acylation of a para-bromo acylchloride
XXIV with 1-methylhomopiperazine. The resulting amide XXV is then coupled in
Reaction 2 with 1-(4-bromobenzyl)-4-methylhomopiperazine XXVI using diboron
pinacol ester, Bypic,. Lastly in Reaction 3, the resulting biphenyl XXVII may be treated
with lithium aluminum hydride in dioxane to produce XXVIIL.

The following exemplary compounds, provided in Examples 49 and 50, may be
synthesized by using a substituted bromobenzoylchloride XXIV in accordance with
Scheme IV:

Example 49

4 4'-((2-methyl-[1,1"-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyi-1,4-

diazepane):

9
N
\/ \CH3
H;C—N

\\/N CHs (49)
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may be prepared in accordance with Scheme IV beginning with 4-bromo-3-
methylbenzoyl chloride as compound XXIV.

Example 50

(4-methyl-1,4-diazepan-1-yl)(2-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-
1,1 blphenyl ]-4-yl)methanone:

(\
M,
HaC— N//\ O
(50)

may be prepared in accordance with Scheme IV, beginning with 4-bromo-3-
methylbenzoyl chloride as compound XXIV but omitting the Reaction 3 (the LAH
reduction).

In another embodiment, an intermediate from Scheme IV may be converted to a

compound of the present invention.

Example 51
(2'-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1-biphenyl]-4-yl)methanol:
OH
H3C--N//\
k/N
CHs (51)

may be synthesized from (4-bromo-3-methylphenyl)(4-methyl-1,4-diazepan-1-
ymethanone (XXV) by first coupling XXV with 4-formylphenylboronic acid (XXI of
Scheme I, without R® substitution) using palladium acetate, triphenylphosphine and
potassium carbonate in aqueous acetonitrile. The resulting bipheny! aldehyde is then
reduced with lithium aluminum hydride in dioxane to produce Example 51.

In various embodiments, exemplary compounds discussed above, or derivatives
or precursors thereof, may be converted to other compounds in accordance with the
present invention. The following exemplary compounds, provided in Examples 52-57,
may be prepared by using the various synthetic methods indicated:

Example 52

(4,4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-yl)methanamine:
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N

O_C

(52)
may be prepared by treating 4,4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-

biphenyl]-2-carbonitrile, Example 14, with lithium aluminum hydride.

Example 53
N-((4,4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1"-biphenyl]}-2-

yl)methyl)formamide:
Nf\
\__N

\

O

HyC— N

(33)

may be prepared by reacting (4,4'-bis((4-methyl-1,4-diazepan-1-ylymethyl)-[1,1'-
biphenyl]-2-yl)methanamine (Example 52) with ethyl formate.

Example 54
4,4'-((3-methyl-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-

diazepane):

O \/N\CH
H3C—N//w °
g

CHj (54)
may be prepared by coupling 4-formyl-3-methylphenylboronic acid (XXI with R® =
CHs3) with intermediate XX to produce a biphenyl compound that is subsequently
converted to Example 54 through reductive amination using 1-methylhomopiperazine

and sodium triacetoxyborohydride.

Example 55
2'-fluoro-4,4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-

carbonitrile;



10

20

WO 2014/151761 PCT/US2014/026404

ah
O \/N\CH:i

(35)
may be prepared by coupling 2-fluoro-4-formylphenylboronic acid (XXI with R® =

)

N

F) with 2-bromo-5-((4-methyl-1,4-diazepan-1-yl)methyl)benzonitrile to form and
intermediate biphenyl that is subsequently treated with 1-methylhomopiperazine and

sodium triacetoxyborohydride in a reductive amination reaction.

Example 56
4 4'-bis((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2,2'-dicarbonitrile:

)
O A,
(56)

may be prepared by dimerization of 2-bromo-5-((4-methyl-1,4-diazepan-1-

N

HaC— NQ O

yl)methyl)benzonitrile in the presence of diboron pinacol ester, Bapin,.

Example 57
4 4'-((2-nitro-[1,1'-biphenyl]-4,4'-diyl)bis(methylene))bis(1-methyl-1,4-diazepane):

oo
(57)

may be prepared by first subjecting 4-bromo-3-nitrobenzaldehyde to reductive

H3C— NQ O

N

amination with 1-methylhomopiperazine in the presence of triacetoxyborohydride,
secondly coupling the reaction product with 4-formylphenylboronic acid, and lastly
subjecting the reaction product to reductive amination with 1-methylhomopiperazine in
the presence of triacetoxyborohydride.

In various embodiments, compounds of the present invention may be prepared

in accordance with Scheme V below.
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Scheme V:
N/ N\
(R®)1.4 Q N N
Pd(OAC); v G
o
(R%)1.q PPhs, CH3CN O NaBH(OAC);

H,0 A CH,Cly, Mol.Sieves

ps

XXIX XXI / XXX
/N
Scheme V is suitable for the preparation of compounds where both Ring A and
Ring B form a biphenyl system and only one of the rings, Ring A, carries any
5  substitution. Scheme V also finds use in preparing compounds XXXI of the present
invention where any R® is halogen.
Scheme V begins with the formation of amide XXIX by reaction of 4-
bromobenzoylchloride with 1-methylhomopiperazine. Amide XXIX is then coupled with
a 4-formylphenylboronic acid XXI in the presence of palladium acetate and
10 triphenylphosphine to form the biphenyl compound XXX. Lastly, intermediate XXX is
treated with 2-methylhomopiperazine and sodium triacetoxyborohydride to form
compound XXXI.
The following exemplary compound, Example 58, may be synthesized by using a
substituted 4-formylphenylboronic acid XXI in accordance with Scheme V:
15 Example 58
(2'-fluoro-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-yl)(4-methyl-

1,4-diazepan-1-yl)methanone:

H3C—Nﬁ\ O

N (58)

may be prepared using 2-fluoro-4-formylphenylboronic acid (XX! with R® = F) in

20  the coupling reaction.
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In various embodiments, compounds XXXI of the present invention may also be
prepared in accordance with Scheme VI below:
Scheme VI

Ha CH,Br

(R®)14
OAC)Q/PPha G
B(OH);
L (R%)14 Re)M (R®)14
Al(CHs)3

CO.CH; O

CO,CH
XXXII XXXIII XXXIV XXXV N

XXXI LN\

Scheme VI is suitable for the preparation of compounds where both Ring A and
Ring B form a biphenyl system and only one of the rings, Ring A, carries any
substitution. Scheme V also finds use in preparing compounds XXXI of the present
invention where any R® is a cyano group.

Scheme VI begins with the bromination Reaction 1 of a 4-bromotoluene XXXI|
with N-bromosuccinamide (NBS) and benzoyl peroxide in chloroform. The bromo
compound XXXIII is then reacted with 1-methylhomopiperazine in Reaction 2 in DCM to
give the bromobenzyldiazepan XXXIV. Intermediate XXXIV is then coupled with 4-
methoxycarbonylphenylboronic acid in the presense of palladium diacetate and
triphenylphosphine to give the biphenyl carboxylic acid ester XXXV, which is reacted
with 1-methylhomopiperazine and trimethylaluminum to give compound XXXI.

The following exemplary compound, Example 33 (also discussed above), may
be synthesized in accordance with Scheme VI beginning with 2-bromo-5-

methylbenzonitrile XXXII:

ch—-N//\
N
(33)
In various embodiments, compounds of the present invention may be prepared

in accordance with Scheme VII:
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Scheme VII:
\N/j \N \N
N
CHZBr
1 (OAc)glPPhg
B (R%)q.1 B (R%)q-1
O/ \O O/ O b b
__X/‘.[—— -—X——/L‘- (R?) R )q1
2 o CO,CHs CO,CH;
XXXVI XXXV XXXV XXXIX

Scheme VIl is suitable for the preparation of compounds where both Ring A and

Ring B form a bipheny! system and only one of the rings, Ring B, carries any
5  substitution. Scheme VIl also finds use in preparing compounds XL of the present
invention where any R? is halogen.

Scheme VIl begins with Reaction 1 between 4-bromomethylphenylboronic acid
pinacol ester XXXVI and 1-methylhomopiperazine in acetonitrile to give the
benzyldiazepan XXXVII. This intermediate is then coupled with a 4-iodobenzoic acid

10 methyl ester XXXVIII in the presence of palladium diacetate and triphenylphosphine to
give the biphenyl ester XXXIX. Intermediate XXXIX is then reacted with 1-
methylhomopiperazine in DCE | in the presence of trimethylaluminum, to give the
amide XL.

The following exemplary compound, provided in Example 59, may be prepared

15 in accordance with Scheme VII.

Example 59

(2-fluoro-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-yl)(4-methy!-

1,4-diazepan-1-yl)methanone:

oy )
N

(59)

20 may be synthesized in accordance with Scheme VIl by using methyl 3-fluoro-4-
iodobenzoate XXXVIII in the coupling Reaction 2.
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In various embodiments, compounds of the present invention may be prepared
in accordance with Scheme VIl below:
Scheme VIII:

B i e N/
| 29‘:2 (R®)4.4 (Rb)q_1 HN (Re)1_4
(RP)q-1 O
e Al(CHz)z R,
Re g, XXXV G (R
CO,CHs
CO,CHs 0 N/\
XXXIV XL XLI! < N~
5 Scheme VIl is suitable for the preparation of compounds where both Ring A and

Ring B form a biphenyl system and both Rings A and B are substituted. Scheme VIl
also finds use in preparing compounds XLII of the present invention where any R?is
halogen or alkyl, and any R® is a cyano group.
Scheme VIl begins with a substituted bromobenzyldiazepan XXXIV discussed
10 above in the context of Scheme VI. In Scheme VIII, the bromobenzyldiazepan XXXIV is
coupled with a substituted iodobenzoate ester XXXVIII (from Scheme VII) in the
presence of diboron pinacol ester (B,piny) to form the bipheny! ester XLI with
substitution in both phenyl rings. The ester XLI is then reacted with 1-
methylhomopiperazine in a direct amidation reaction to form the amide XLI!.
15 Trimethylaluminium may be used in the amidation reaction..
Depending on the particular substituents in the phenyl rings, Reaction 2 in
Scheme VIII may be modified to a two-step sequence comprising: 1) prior alkaline
hydrolysis of ester XLI to the biphenylcarboxylic acid; followed by, 2) reaction with 1-
methylhomopiperazine in the presence of a peptide-coupling reagent such as O-(7-
20 azabenzotriazole-1-yl)-N,N,N,N'-tetramethyluronium hexafluorophosphate (HATU) in
diisopropylethylamine and DMF.
The following exemplary compounds, provided in Examples 60-61, may be
synthesized by using a substituted benzyldiazepan XXXIV and a substituted 4-

jodobenzoate ester XXXVl in accordance with variations of Scheme VIII:
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Example 60
2'-methyl-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
carbony!)-[1,1'-biphenyl]-2-carbonitrile:

O Q
(60)

may be prepared from 2-bromo-5-((4-methyl-1,4-diazepan-1-

HaC— NQ O

N

yl)methylbenzonitrile and methyl 3-methyl-4-iodobenzoate in accordance with Scheme
VI

Example 61
2'-bromo-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
carbony!)-[1,1'-biphenyl]-2-carbonitrile:

N
N
HaC— Nﬁ
(61)

may be prepared from from 2-bromo-5-((4-methyl-1,4-diazepan-1-
ylymethylbenzonitrile and methy! 3-bromo-4-iodobenzoate in accordance with Scheme
VI, by using the two-step modification to Reaction 2 to preserve the aryl bromide
substituent.

In various embodiments, exemplary compounds discussed above, or derivatives
or precursors thereof, may be converted to other compounds in accordance with the
present invention. The following exemplary compounds, provided in Examples 62-63,
may be prepared by using the various synthetic methods indicated:

Example 62

2'-(dimethylamino)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-
diazepane-1-carbonyl)-[1,1'-biphenyl]-2-carbonitrile:
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0
(U
N
N(CHs), (62)
may be prepared by the palladium catalyzed amination of 2'-bromo-4-((4-methyl-
1,4-diazepan-1-yl)methy!)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-[1,1"-biphenyl]-2-
carbonitrile, Example 61, with dimethylamine.

5 Example 63
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
[1,1'-biphenyl]-2,2'-dicarbonitrile:

H3C—NQ O

N

Q

N

O -
HaC—N O

(63)
may be prepared by reacting 2'-bromo-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-
10 (4-methy!-1,4-diazepane-1-carbonyl)-[1,1-biphenyl]-2-carbonitrile, Example 61, with
CuCN in the presence of palladium diacetate, triphenylphosphine and potassium

carbonate in DMF.
In various embodiments, compounds of the present invention may be prepared

in accordance with Scheme IX below:
15 Scheme IX:
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Scheme IX begins with a palladium catalyzed coupling reaction between 2-
bromo—5-((4-methyl-1,4—diazepan-1-yl)methylbenzonitrile and an amino-4-
methoxycarbonylphenylboronic acid XLIIl to form the intermediate bipheny! ester XLIV.
The ester XLIV is then reacted with 1-methylhomopiperazine in a direct amidation

5  reaction catalyzed by trimethylaluminum to form compound XLV.

Example 64

2'-amino-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
carbonyl)-[1,1'-biphenyl]-2-carbonitrile:

Nﬁ\
\\/N\
HyC— Nﬁ\
(64)

10 may be prepared in accordance with Scheme IX by using 2-amino-4-
methoxycarbonylphenylboronic acid as the boronic acid XLIII.
In various embodiments, compounds of the present invention may be prepared
in accordance with Scheme X below:

Scheme X:

N— XLVIIN N—

o N/\\ 0 N/\\
(5 XLVI b
Scheme X comprises the coupling reaction between a compound of the present
invention XLVI, discussed in various embodiments above, and an aryl or heteroaryl
boronic acid XLVII to form an aryl substituted biphenyl compound XLVIII. The coupling
reaction may, for example, be conducted in aqueous DMF with palladium diacetate and
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triphenylphosphine as catalysts for the reaction. The reaction mixture may be filtered
and purified by HPLC.

Exemplary compounds, provided in Examples 65-81 may be prepared from the
same starting material, 2'-bromo-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-
1,4-diazepane-1-carbonyl)-[1,1'-biphenyl]-2-carbonitrile, Example 61, as compound
XLVI, using the ary! or heteroary! boronic acid XLVl as indicated for the coupling
reaction in accordance with Scheme X:

Example 65

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
[1,12',1"-terphenyl]-2-carbonitrile:

Nf\

\\/N\

HsC— Nﬁ\
\/N

wherein the aryl or heteroary! boronic acid XLVIl was phenylboronic acid.

Example 66
4"-methoxy-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-
1-carbonyl)-[1,1":2',1"-terphenyl]-2-carbonitrile:

N

CN O O\CH3
ch_NQ ® X

OCHj (66)
wherein the ary! or heteroary! boronic acid XLVII was 4-methoxyphenylboronic
acid.

Example 67
4"-(cyanomethyl)-4-((4-methyl-1,4-diazepan-1-ylmethyl)-4'-(4-methyl-1,4-

diazepane-1-carbonyl)-[1,12',1"-terphenyl]-2-carbonitrile:

81
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()

My

CN

H3C—NQ O

N

‘ 3
CH,CN (67)

wherein the aryl or heteroary! boronic acid XLVIl was 4-

(cyanomethyl)phenylboronic acid.

Example 68
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-

[1,1:2',1"-terphenyl]-2,4"-dicarbonitrile:
0

CN

H3C—N© O

—~

N,

pzd

l 3
N ®
CN (68)

wherein the aryl or heteroaryl boronic acid XLVIl was 4-cyanophenylboronic

acid.

Example 69
4"-hydroxy-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
carbonyl)-[1,1":2',1"-terphenyl}-2-carbonitrile:
0O

()
N,

CN

H3C—N® O

N ®

OH (69)
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wherein the ary! or heteroaryl boronic acid XLVIl was 4-hydroxyphenylboronic
acid.
Example 70
4"-methyl-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
5 carbonyl)-[1,12' 1"-terphenyl]-2-carbonitrile:
o

z

N

on ‘ Q\CH3
ch—NQ O O

wherein the aryl or heteroaryl boronic acid XLVIl was p-tolylboronic acid.

Example 71
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
10 -(1H-pyrazol-4-yl)-[1,1'-biphenyl]-2-carbonitrile:

(71)
wherein the aryl or heteroaryl boronic acid XLVII was (1H-pyrazol-4-yl)boronic

acid.

Example 72
15 4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
2'-(pyridin-4-y1)-[1,1'-biphenyl]-2-carbonitrile:
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~

M,

prd

_Q O

N

A=<
Z

(72)
wherein the aryl or heteroaryl boronic acid XLVIl was pyridine-4-ylboronic acid.

Example 73
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
5 4"-nitro-[1,1"2',1"-terphenyl]-2-carbonitrile:

0
N
k/ \CH
H3C_‘N
N C
NO, (73)

wherein the aryl or heteroaryl boronic acid XLVII was 4-nitrophenylboronic acid.
Example 74

3"-methoxy-4-((4-methyl-1,4-diazepan-1-ylymethyl)-4'-(4-methyl-1,4-diazepane-
10 1-carbonyl)-[1,1"2',1"-terphenyl]-2-carbonitrile:

Nf\
M,
HaC— Nm

wherein the aryl or heteroaryl boronic acid XLVII was 3-methoxyphenylboronic

OCH3 (74)

acid.
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Example 75
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
4"-(methylsulfonyl)-[1,1":2',1"-terphenyl]-2-carbonitrile:

N

@]
CN O N//w
N
\/ \CH3
HsC—N

SO,CH3 (75)
wherein the aryl or heteroaryl boronic acid XLVIl was 4-
(methylsulfonyl)phenylboronic acid.

Example 76
2"-cyano-N,N-dimethyl-4"-((4-methyl-1,4-diazepan-1-yl)methyl)-5'-(4-methyl-1,4-
diazepane-1-carbonyl)-[1,1"2',1"-terphenyl]-4-carboxamide:
0O

CN

H3C—NQ O

N

N

N
CON(CH3)» (76)

wherein the aryl or heteroaryl boronic acid XLVl was 4-
(dimethylcarbamoyl)phenylboronic acid.

Example 77

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-
3"-nitro-[1,1"2',1"-terphenyl]-2-carbonitrile:

85
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0]
)
NN

N

o’ ) O
(77

wherein the aryl or heteroaryl boronic acid XLVIl was 3-nitrophenylboronic acid.

Example 78

3" 5"-difluoro-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-
1-carbonyl)-[1,1:2',1"-terphenyl]-2-carbonitrile:

N

o ) O
= POV
(78)

wherein the aryl or heteroaryl boronic acid XLVII was 3,5-difluorophenylboronic
acid.
Example 79
4"-ethoxy-4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-
carbonyl)-[1,1":2',1"-terphenyl]-2-carbonitrile:
O

Z

N

CN O Q\CHB
H30—NQ O O

OCH,CHj4 (79)

wherein the aryl or heteroaryl boronic acid XLVIl was 4-ethoxyphenylboronic
acid.
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Example 80
4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(4-methyl-1,4-diazepane-1-carbonyl)-

4"-(morpholinomethyl)-[1,1"2',1"-terphenyl]-2-carbonitrile:

N

O
N
\/ \CH3
H3C_N

N/\j
0

; (80)

5 wherein the aryl or heteroaryl boronic acid XLVII was 4-
(morpholinomethyl)phenylboronic acid.

Example 81
3" 4"-dimethoxy-4-((4-methyl-1,4-diazepan-1-ylymethyl)-4'-(4-methyl-1,4-

diazepane-1-carbonyl)-[1,1"2',1"-terphenyl]-2-carbonitrile:

)
r
D

Ny

3

)~

\K\OCI-@
10 OCHs (81)
wherein the aryl or heteroaryl boronic acid XLVIl was 3,4-
dimethoxyphenylboronic acid.
Exemplary compounds, provided in Examples 82-127 may be prepared in
accordance to Scheme Xl below:
15
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Scheme XI:

Br R
NC NC

R'2-B(OH), or

N/\N R—B(pin); N/\N\

Example 82
N-(1-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
yl)cyclopropyl)methanesulfonamide:

\J

0
V 0
/S\
HaC— Nﬁ\
(82)
was prepared in using N-(1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)penyl)Cyclopropyl)methanesulfonamlde.

Example 83
N'-acetyl-3-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1"-biphenyl]-4-
yl)propanehydrazide:

HyC— Nf\ V(‘/\/k

was prepared using 4-[3-(2-acetylhydrazino)-3- oxopropyl]benzeneboromc acid.

Example 84
4-((4-methyl-1 4-diazepan-1-yl)methyl)-4'-((4-methylpiperazin-1-yl)sulfonyl)-[1,1'-
biphenyl]-2-carbonitrile:
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/CH3

e Nﬂ \/‘f‘/
CN (84)

was prepared using 4-(4-methylpiperazin-1-ylsulfonyl)phenylboronic acid
pinacol ester.

Example 85
5 2'-cyano-N-(2-hydroxyethyl)-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-
biphenyl]-4-sulfonamide:

\\//

/\/OH
H,C— N//\
cN (85)

was prepared using 4-[N-(2-hydroxyethyl)sulfamoyl)benzeneboronic acid.

Example 86
10 2'-cyano-N-methyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl]-4-
sulfonamide:

\\//

\ /
o Nﬁ\ \/(‘/
CN (86)

was prepared using (4-methylaminosulfonylphenyl)boronic acid.

Example 87
15 2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1"-biphenyl]-4-sulfonamide:

\\/

o Nﬁ\ \/(‘
CN (87)

was prepared using (4-aminosulfonylphenyl)boronic acid.
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Example 88

4-((4-methyl-1,4-diazepan-1-ylymethyl)-4'-(morpholinosulfonyl)-[1,1'-biphenyl]-2-
carbonitrile:

\\//

CN

(88)
5 was prepared using 4-(4-morpholynylsulfonyl)phenylboronic acid.
Examgle 89
-(1H-indazol-6-y1)-5-((4- methyl -1,4-diazepan-1-yl)methyl)benzonitrile:
H3C— Nﬁ\ H
CN (89)
was prepared using indazole-6-boronic acid.
10 Example 90

1-(2'-cyano-4'-((4-methyl-1, 4-diazepan-1—yl)methyl)-[‘l,1‘-biphenyl]-4—yl)urea: .

ol
(90)

was prepared using 4-(ureido)phenylboronic acid
Example 91

2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
carbohydrazide:

ﬂx‘i
1

was prepared using 3-fluoro-4-(hydrazinocarbonyl)benzeneboronic acid.
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Examgle 92
-(1H-indazol-5-y1)-5-((4-methyl-1,4-diazepan-1-yl)methyl)benzonitrile:
H
N
\
/
Hio— Nf\
CN (92)
was prepared using 1H-indazole-5-boronic acid.
5 Example 93
4'-(cyanomethyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-
carbonitrile:
(J ™
H;;C—N//\
\__N
CN (93)
was prepared using 4-(cyanomethyl)benzeneboronic acid.
10 Example 94

4-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-(methylsulfonyl)-[1,1'-biphenyl]-2-
carbonitrile:

O
0

/
\
HaC— N//\
(94)

was prepared using 4-(methanesulfonyl)benzeneboronic acid.
15 Example 95

N-(2-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
yl)ethyl)acetamide:

o r\ \/‘i‘/\/
(95)

was prepared | using 4-(2-acetomidoethyl)phenylboronic acid.
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Example 96
2'-cyano-2-fluoro-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-

carboxamide:

D

HaC—N O
N
5 was prepared using 4-carbamoyl-2-fluorobenzeneboronic acid.

Example 97

2'-cyano-N,2-dimethyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl}-4-
sulfonamide:

ol
\ 0
S

=
CN \N/CH3
H
l o7

10 was prepared using 2-methyl-4-(N-methylsulfamoyl)phenylboronic acid.
Example 98

HaC—

O

2'-cyano-N,N, 2-trimethyl-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-
4-sulfonamide:

T, ™
\\/N CH,

15 was prepared using 4-(N,N-dimethylsulfamoyl)-2-methylphenylboronic acid.
Example 99

(E)-2'-cyano-N'-hydroxy-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-
4-carboximidamide:
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. Nﬁﬁ \/")\
(99)

was prepared using 4-(N'-hydroxycarbamimidoyl)benzeneboronic acid.

Example 100

2-amino-3-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl}-4-
5  yl)propanoic acid:

on CO,H
HSC*N//\ ONHz
N (100)

was prepared using 4-borono-L-phenylalanine.

Example 101

4'-amino-4-((4-methyl-1,4-diazepan-1-yl)methyl)-3'-nitro-[1,1'-biphenyl]-2-
10 carbonitrile:

CN O NH;
H;;C—Nﬁw NOz
N
o (101)

was prepared using 4-amino-3-nitrophenylboronic acid.

Example 102

N-(5-(2-cyano-4-((4-methyl-1,4-diazepan-1-yl)methyl)phenyl)pyridin-2-
15 yl)acetamide:

H
N Ne N CHs
ﬁﬂ e
Z o)
H3C—f\
\\/N (102)

was prepared using 2-acetomidopyridine-5-bornic acid pinacol ester.
In various embodiments, compounds 103-107 were prepared in accordance with
Scheme Xl using the appropriate boronic acid:
20
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Example 103
2-(1-acetyl-1,2,3,6-tetrahydropyridin-4-yl)-5-((4-methyl-1,4-diazepan-1-
yl)methyl)benzonitrile:

5 Example 104
N-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1"-biphenyl]-4-
yl)methanesulfonamide:

// \\
- ﬂ)l
(104)

Example 105

(103)

10 -((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl]-2,4'-dicarbonitrile:

\ CN
o Nﬁ\ v‘/‘/
(105)

Example 106

-((4-methyl-1,4-diazepan-1-yl)methyl)-4'-nitro-[1,1'-biphenyl]-2-carbonitrile:

NO,
- ﬂj‘
(106)

15 Example 107
4'-hydroxy-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:

OH
- m*‘
(107)
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Example 108
4'-(hydroxymethyl)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl}-2-
carbonitrile:
o Nﬂv‘r
(108)
5 was prepared reduction of Example Xl (Y=H) with sodium borohydride.

In various embodiments, compounds 109-115 were prepared in accordance with

Scheme Xl using the appropriate boronic acid:

Example 109
N-((2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-

10 ybhsulfonyl)acetamide:

%O

3
O
AN ///
NNy
e N//\\/"/
(109)

Example 110
N-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-4-nitro-[1,1"-biphenyl]-3-
yl)acetamide:
O

NO,
HaC— Nﬁ\
15 (110)

Example 111
2-(6-aminopyridin-3-yl)-5-((4- methyl -1,4-diazepan-1-yl)methyl)benzonitrile:

fbéﬁ
(111)
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Examgle 112
-((4-methyl-1,4-diazepan-1-ylymethyl)-2-(1H-pyrazol-4-yl)benzonitrile:

OO

Example 113
5 4'-amino-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-carbonitrile:

CN NH,
e N//w\/‘/‘/
(113)

Example 114
1-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-ylymethyl)-[1,1"-biphenyl]-4-yl)-3-

methylurea:
\”/ ~c
HsC— N
10 (114)
Example 115

4'-(2-aminophenoxy)-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1"-biphenyl]-2-

carbonitrile:

o Nr\v‘/‘ | ]
(115)

15 Example 116
5-(4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl]-4-yl)-1,3,4-thiadiazol-2-

amine;

96



10

20

WO 2014/151761 PCT/US2014/026404

H3C—Nm O
N (116)

was prepared by a modification of Scheme XI beginning with 1-bromo-4-(4-
methyl-1,4-diazepan-1-yl)methylbenzene.
In various embodiments, compounds 117-119 were prepared in accordance with

Scheme XI using the appropriate boronic acid:

Example 117
5-((4-methyl-1, 4—diazepan-1-yl)methyl)—2-(1 H-pyrrol-3-yl)benzonitrile:

o Nﬁ}y@/‘i)
(117)

Example 118
2-(8-amino-5-methylpyridin-3-y1)-5-((4-methyl-1,4-diazepan-1-

yl)methyl)benzonitrile:

(118)

Example 119
-(2-aminopyrimidin-5-yl)-5-((4- methyl -1,4-diazepan-1-ylymethyl)benzonitrile :

N“J@L
(119)

In various embodiments, compounds 120-123 were prepared as indicated or by
variations of the above detailed reaction schemes in combination with standard

synthetic organic reactions known in the art:
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Example 120
1-(4-(5-(4-((4-methyl-1,4-diazepan-1-yl)methyl)phenyl)pyridin-2-yl)piperazin-1-

ylhethanone:

0O
|
/C\
HyC— N//\
(120)
5 was prepared by a modification of Scheme Xl beginning with 1-bromo-4-(4-

methyl-1,4-diazepan-1-yl)methylbenzene.

Example 121
2'-methyl-4-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2,4'-

dicarbonitrile:

CN
Sovend
10 CHs (121)

Example 122
N'-acetyl-3-(4'-((4-methyl-1,4-diazepan-1-ylymethyl)-[1,1"-biphenyl]-4-

yl)propanehydrazide:

HC— N//w\/./‘/vu\
(122)

15 was prepared by a modification of Scheme Xl beginning with 1-bromo-4-(4-
methyl-1,4-diazepan-1-ylymethylbenzene.

Example 123
4'-((4-methyl-1,4-diazepan-1-yl)methyl)-3-(trifluoromethyl)-[1,1'-biphenyl]-4-

carbaldehyde:
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CHO
HBC—Nﬁ\ O
\\/N CF, (123)

was prepared by a modification of Scheme XlI beginning with 1-bromo-4-(4-
methyl-1,4-diazepan-1-ylymethylbenzene.
In various embodiments, compounds 124-127 were prepared in accordance with
5 Scheme Xl using the appropriate boronic acid:

Example 124
2-(5-aminopyridin-3- yl -((4-methyl-1,4-diazepan-1-yl)methyl)benzonitrile:

|
HyC— Nﬁ}

(124)
Example 125
10 -((4-methyl-1,4-diazepan-1-yl)methyl)-2-(naphthalen-1-yl)benzonitrile:
S
(125)
Example 126

-((4-methyl-1,4-diazepan-1-yl)methyl)-2-(naphthalen-2-yl)benzonitrile:

o Nﬁ\\/‘/“
(126)

15 Example 127
2-(2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl]-4-yhacetic
acid:

CN O CO,H
H3C—Nﬁ\ O
N (127)
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In various embodiments, compounds 128-133 were prepared in accordance with

Scheme Xl using the appropriate boronic acid.

Examgle 128
-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl}-4-methyl-1,4-diazepane:

OCH;
HgC N \/‘/‘/
5 (128)

Example 129
1-((4'-(1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-ylymethyl)-4-methyl-1,4-diazepane:

HN,
o
e ) ®
N (129)
Example 130
10 ethyl 2-(4'-((4-methyl-1,4-diazepan-1-yl) methyl [1,1-biphenyl}-4-yl)acetate:
HyC— Nf\\/‘/‘/\(
(130)
Example 131
(4'-((4-methyl-1,4-diazepan-1-yl)methyl)-4-(trifluoromethyl)-[1,1'-biphenyl]-2-
yl)methanol:
CF,
o Nﬂ V‘,/
15 CHZ0H (131)
Example 132

-((4-methyl-1,4-diazepan-1-yl)methyl)-[1, 1'-biphenyl]-4-yl)propanoic acid:

CO,H
HyC— Nﬁ\ \/‘/‘/\/
(132)
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Example 133
4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-2-carboxamide:

HaC— Nq
AN
NHz (133)
Exemplary compounds, provided in Examples 134-137 and 139-145, prepared in
5 accordance to Scheme Xl below:

Scheme Xll:
R

N

HN NaBH(OAc); N

KJN-CH;; + R—CHO —> N-CHj

Examp_le 134
10 -((2-fluoro-[1,1'-biphenyl]-4-yl)methyl)-4-methyl-1,4-diazepane:

T Nﬁ\ \/‘/‘
(134)

Example 135
-((4'-fluoro-[1,1'-biphenyl]-4-yl)methyl)-4-methyl-1,4-diazepane:

e N//\\/‘/‘/
(135)

15 Example 136
1-methyl-4-(4-(naphthalen-1-yl)benzyl)-1,4-diazepane:

SeUoae
(136)

Example 137
1-methyl-4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)methyl)-1,4-diazepane:
101
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CF,
HaC— N//w ’/‘/
(137)

Example 138

PCT/US2014/026404

1-methyl-4-((4'-(4-methylpiperazin-1-yl)-[1,1'-biphenyl]-4-yl)methyl)-1,4-
diazepane:

Ho— Nﬁ\ \/‘/‘/
5 (138)

Compound 138 was prepared in accordance with Scheme Xl using the
appropriate boronic acid.

N/CHg

Example 139

10 1-(4-(1H-1,2 4-triazol-1-yl)benzyl)-4-methyl-1,4-diazepane:

N

0
(139)

Example 140

1-methyl-4-(4-(pyridin-4-ylY\benzyl)-1,4-diazepane:

B
/”\w A
HyC—N
\/N

Example 141

1-methyl-4-(

(140)
15

4-(pyridin-2-yl)benzyl)-1,4-diazepane:

SeSon
(141)
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Example 142
1-(2-fluoro-4-(1H-pyrazol-1-yl)benzyl)-4-methyl-1,4-diazepane:

~ 7
HsC—N\/N\/Q/

(142)
Example 143
5 1-(4-((1H-1,2,4-triazol-1-ylymethyl)benzyl)-4-methyl-1,4-diazepane:

r“\>

QL
(143)

Example 144
1-(4-((4-methyl-1,4-diazepan-1-yl)methyl)phenyl)pyrrolidin-2-one:
O
oo
(144)
10 Example 145
4-(4-((4-methyl-1 ,4—diazepan-1 -yl)methyl)phenyl)thiomorpholine 1,1-dioxide:

//

SoVon
(145)

Exemplary compounds, provided in Examples 146-153, may be prepared in

accordance with Scheme XllI below:

103



15

WO 2014/151761 PCT/US2014/026404

\

N\Rg
CHO

(/w NaBH(OAc)3 NaBH(OAc)3
__—...__—-.}
HNR'R? N

,N\\) /N\\)

Examgle 146
-((4-allylpiperazin-1-yl)methyl)benzyl)-4-methyl-1,4-diazepane:

seveaey

Examgle 147
-((4-methyl-1,4-diazepan-1-yl)methyl)benzyl)piperazin-1-yl)ethanol:

Seveas
N\/\OH (147)

Example 148
1-methyl-4-(4-((4-(pyrrolidin-1-yl)piperidin-1-yl)methyl)benzyl)-1,4-diazepane:

Seveash
‘:> (148)
Example 149

1-methyl-4-(4-((4-(1-methylpiperidin-4-yl)piperazin-1-yl)methyl)benzyl)-1,4-

diazepane:

Example 150
(R)-1-(4-((4-methyl-1,4-diazepan-1-yl)methyl)benzyl)pyrrolidin-3-ol:

T

CHs (149)
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OH (150)

Example 151
4-methoxy-N-(4-((4-methyl-1,4-diazepan-1-yl)methyl)benzyl)aniline:

OCH;
Sevoan:
(151)

Example 152
3-((4-((4-methyl-1,4-diazepan-1-yl)methyl)benzyl)amino)benzamide:

OOy

o] (152)
Example 153
N-(4-((4-methyl-1,4-diazepan-1-ylymethyl)benzyl)-4-(4-methylpiperazin-1-

yos
A AT
(153)

Example 154
1,4-bis(4-((4-methyl-1,4-diazepan-1-yl)methyl)phenyl)butane:

O
AR O N
N
(154) (154)

Example 154 may be prepared in accordance with the Scheme XIV below:

yhaniline:
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0 0
0
o . | 0 HO oH
WPy I NaOH
R i | . (CHa)s
(CHa)g '
(CH2)4

1. Oxalyl chioride
2. 1-methyl homopiperazine

K\ N N/\\ LiAIH,4 //\ N i i
/NL)/\©\(CH2)4/©/\ K—JN\ /NL))U\(j\(CHz)a’<j)L N/QN\

4 4'-Tetramethylenebis(acetophenone) was reacted with iodine to give 4,4'-
Tetramethylenebis(triiodo-acetophenone), which may be hydrolyzed in sodium
5 hydroxide to give 4,4'-(1,4-butanediyl)bisbenzoic acid. The di-acid was treated with
oxalyl chloride and 1-methyl homopiperazine in sequence to give 1,4-bis(4-((4-methyl-
1,4-diazepan-1-yl)carbonyl)phenyl)butane, which may be reduced with lithium
aluminum hydride to give 1,4-bis(4-((4-methyl-1,4-diazepan-1-yl)methyl)phenyl)butane.

Example 155
10 4,4'-bis((4-methyl-1,4- dlazepan 1-yl)methyl)-[1,1'-biphenyl]-3-carbonitrile:
N
uN CHs
O™
N (155)

Example 155 may be prepared in accordance with the Scheme XV below:

‘Nf\ O
o 5? 5? A A
RS

.B.
o 0

XXXVii
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Example 156
methyl 2-bromo-2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-
4-carboxylate:

CO,CH;3
3
H C——N/F/’\j
3 \\/N O Br
(156)

Example 156 may be synthesized by using 2-bromo-5-((4-methyl1,4-diazepan-1-
yl)methyl)benzonitrile as the substituted benzyldiazepan XXXIV and methyl 3-bromo-4-
iodobenzoate as the substituted 4-iodobenzoate ester XXXVIII, omitting any
subsequent amidation or reductive amination step in accordance with a shortened
variation of Scheme VIII.

Example 157

2-bromo-2'-cyano-4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-
carboxylic acid:

CO,H
N
(157)

Je
H3C—Nﬁ\
AT

Example 157 may be prepared by alkaline hydrolysis of Example 156 discussed
above.

Example 158
methyl 4'-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-carboxylate:

CO,CHs
N

Example 158 XVII, of Scheme I, may be prepared in accordance with Scheme Il
by reductive amination reaction between 1-methylhomopiperazine XV and 4-
formylbiphenyl-4-carboxylic acid methyl ester XVI with sodium triethoxyborohydride and

molecular sieves in DCM.
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Example 159
-((4-methyl-1,4-diazepan-1-yl)methyl)-[1,1'-biphenyl]-4-carboxylic acid:

COH
o Nf\ v‘/‘/
(159)

Example 159 may be prepared by alkaline hydrolysis of Example 159 above.

Examgle 160
-((4-methyl-1,4- dlazepan 1-yl)methyl)-[1,1'-biphenyl]-4-yl)acetic acid:

COH
oo (\
(160)

Example 160 may be prepared by alkaline hydrolysis of Example 130 above.
6. Biological Assays

This invention provides compounds having biological properties, which make
them of interest for treating or ameliorating diseases in which kinases may be involved,
symptoms of such disease, or the effect ofother physiological events mediated by
kinases. For instance, a number of compounds of this invention have been shown to
inhibit choline kinase believed to mediate the growth, development and/or metastasis of
cancer. A number of compounds of the invention have also been found to possess
potent in vitro activity against cancer cell lines, as exemplified below.

Compounds of this invention are evaluated in a variety of assays to determine
their biological activities. For example, the compounds of the invention can be tested for
their ability to inhibit various protein kinases of interest, e.g. choline kinase. Some of the
compounds tested displayed potent nanomolar activity against choline kinase.

The compounds can also be evaluated for their cytotoxic or growth inhibitory
effects on tumor cells of interest, e.g., as described in more detail below and as shown
above for some representative compounds. See e.g., WO 03/000188, pages 115-136,
the full contents of which are incorporated herein by reference.

Example 161: Protein expression

Human Choline kinase a1 (ChoKa1) that includes residues 75-457 (accession #
NM_001277.2) was cloned into the pET28a expression vector (Novagene). The
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recombinant protein was purified via affinity, ion-exchange and size-exclusion
chromatography with >95% purity.
Example 162: Kinase Assay

Enzyme inhibition measurements to obtain ICsy values were made using a
coupled a coupled (ATP regeneration) assay (Wittenberg, J. and Kornberg, A. JBC,
1953) with LDH/PK (5U/4U), choline chloride (200uM), PEP (500uM) and NADH
(250uM) in MOPS buffer (100 mM MOPS, pH =7, 150 mM NaCl, 10 mM MgCl,, 0.1%
Triton X-100). The reaction was initiated by adding 10nM (in version 3 of the assay) of a
truncated form of human Choline kinase a1 that includes residues 75-457 (accession #
NM_001277.2). Version 1 of the assay utilized 200 nM of the truncated form of human
Choline kinase a1 that includes residues 75-457 (accession # NM_001277.2). AN-
ChoKa1 was cloned into the pET28a expression vector (Novagene). The recombinant
protein was purified via affinity, ion-exchange and size-exclusion chromatography with
>95% purity. Absorbance of NADH (340nm) was measured over 30 min using a
SpectraMax M5 (Molecular Devices). Initial reaction velocity (AA340/At) was calculated
and plotted as a function of inhibitor concentration in a 2-fold dilution series. 1Csp values
were obtained by fitting the relative velocities to a dose-response model. The ICso
values are set out in TABLE 1, below.

Example 163: Cell Based Assays

Compounds of this invention have also been demonstrated cytotoxic or growth
inhibitory effects on tumor and other cancer cell lines and thus may be useful in the
treatment of cancer and other cell proliferative diseases. Compounds are assayed for
anti-tumor activity using in vivo and in vitro assays which are well known to those skilled
in the art. Generally, initial screens of compounds to identify candidate anti-cancer
drugs are performed in cellular assays. Compounds identified as having anti-
proliferative activity in such cell-based assays can then be subsequently assayed in
whole organisms for anti-tumor activity and toxicity. Generally speaking, cell-based
screens can be performed more rapidly and cost-effectively relative to assays that use
whole organisms. For purposes of this invention, the terms “anti-tumor” and “anti-
cancer” activity are used interchangeably.

Cell-based methods for measuring antiproliferative activity are well known and
can be used for comparative characterization of compounds of this invention. In
general, cell proliferation and cell viability assays are designed to provide a detectable

signal when cells are metabolically active. Compounds may be tested for anti-
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proliferative activity by measuring any observed decrease in metabolic activity of the
cells after exposure of the cells to compound. Commonly used methods include, for
example, measurement of membrane integrity (as a measure of cell viability) (e.g. using
trypan blue exclusion) or measurement of DNA synthesis (e.g. by measuring
incorporation of BrdU or 3H-thymidine).

Generally, preferred methods for assaying cell proliferation involve incubating
cells in a desired growth medium with and without the compounds to be tested. Growth
conditions for various prokaryotic and eukaryotic cells are well-known to those of
ordinary skill in the art (Ausubel et al. Current Protocols in Molecular Biology. Wiley and
Sons. 1999; Bonifacino et al. Current Protocols in Cell Biology. Wiley and Sons. 1999
both incorporated herein by reference). To detect cell proliferation, the tetrazolium salts
are added to the incubated cultured cells to allow enzymatic conversion to the
detectable product by active cells. Cells are processed, and the optical density of the
cells is determined to measure the amount of formazan derivatives. Furthermore,
commercially available kits, including reagents and protocols, are available for
examples, from Promega Corporation (Madison, Wis.), Sigma-Aldrich (St. Louis, Mo.),
and Trevigen (Gaithersburg, Md.).

Cellular Growth Inhibition AssayVehicle or compound treated cells were
assessed for cell growth after 72 hours of treatment using the CyQuant® Cell
Proliferation Assay Kit (Life Technologies, Grand Island, NY). To differentiate between
a cytostatic and cytotoxic drug effect, the concentration that causes 50% cell growth
inhibition (Glso) was determined by correcting for the cell count at time zero (time of
treatment), and plotting data as percent growth relative to vehicle-treated cells. Data
are shown as mean (+ SD) from = 2 separate experiments. The Glsp values are set out
in TABLE 1, below.

Example 164: Phosphocholine Assay

5 x 10° cells of each line were grown in the presence of increasing concentration
of the test compound or vehicle (DMSO) for 24 hours, then counted and viability
checked by Trypan Blue Exclusion protocol. 5 x 10° viable cells were washed twice in
ice cold D-PBS, then solubilized by vortexing for 30 seconds in 6 mL ice cold 100%
methanol. 6 mL of chloroform and 6 mL of water were added and the mixture vortexed
again. After centrifugation for 10 minutes @ 5,220 rpms, 10 mL of the aqueous phase
is removed and lyophilized. The samples were analyzed by 'H-NMR to determine

phosphocholine levels.
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Dose dependent inhibition of phosphocholine levels in MDA-MB-415 cells by the
compound provided in Example 55 was determined by 'H-NMR analysis after 24 hours
of treatment with increasing concentrations consisting of 0.25uM, 0.50uM, 1.0uM,
2.0uM, 4.0uM, 8.0uM and 16uM. By this method, the 1Csp of pCh was determined to be
0.75uM of the compound provided in Example 55.

Similarly, dose dependent inhibition of phosphocholine levels in MDA-MB-468
cells by the compound provided in Example 45 was determined by "H-NMR analysis
after 24 hours of treatment with increasing concentrations consisting of 0.1uM, 1.0uM,
10uM, 20uM, and 80uM. By this method, the ICs of pCh was determined to be 3uM of
the compound provided in Example 45.

Example 165: Binding Affinity

Kp may be measured using surface plasmon resonance (BlAcore®) technology,
see, e.g., Panayotou et al, Mol. Cell. Biol., 13: 3567-3576 (1993)), or allied technologies
(see, e.g., Malmavist, M., Current Opinions in Immunology 5, 282-286; (1993),
Malmaqvist, M., Nature 361:186-187 (1993); Jonsson, U. and Malmaqvist, M., Advances
in Biosensors, JAl Press Ltd., London, 1992, pp. 291-336; Jonsson, U. et al., Bio
Techniques 11(5):620-627 (1991)). ChoKa protein was immobilized by standard amine

coupling methods on a COOHS5 sensor chip installed in a SensiQ Pioneer system.
Sensograms were measured using the FastStep™ screen method with an upper
concentration of 500 nM. Kinetics and affinity were obtained from fits using a 1:1
binding model. As reference protein, carbonic anhydrase Il at similar density was used.
The binding affinity Kp values are set out in TABLE 1, below.

Example 166

Mass spectrometry (MS) data, ICsp, Kp and Glsg are listed for selected

compounds of the present invention in Table 1 below

TABLE 1:
Example
Compound MS IC50 (nM) Kd (nM) G150 (uM)
1 419.2 | A B
2 4052 | A
3 462.3 | C
4 419.2 | A A B
5 419.3 | B C
6 448.3 | B B
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7 4182 | B D

8 3932 | A

9 4052 | B B

10 4783 | C

11 4183 | B C

12 3632 | C

13 4032 | D

14 432.3 | A A A
15 488.3 | A A

16 3352 | B C

17 4073 | C

18 4623 | C

19 4332 | C

20 377.2 | E

21 476.3 | C

22 4332 | B C

23 4333 | C

24 4322 | C

25 4192 | C

26 4032 | D

27 4053 | B C

28 3492 | C

29 3632 | B C

30 4342 | A A

31 4312 | D

32 3802 | B D B
33 4463 | B C

34 4173 | C

35 3932 | C

36 419.2 | D

37 4213 | B C C
38 4352 | E

39 4773 | E

40 4433 | B D B
41 4432 | A B A
42 4253 | B C A
43 4412 | B C A
44 4253 | B C A
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45 407.3 | B D A
46 4112 | C

47 3922 | C

48 4132 | A A

49 4213 | C

50 4353 | B D A
51 32562 | B D

52 436.3 | C

53 4643 | C

54 4213 | C

55 4503 [ B

56 4573 | A B
57 452.3 | A

58 4393 | C

59 4393 | D

60 460.3 | D

61 5243 | C

62 4893 | C

63 4713 | B C

64 4613 | B D

65 5223 | C

66 5523 | A A B
67 561.3 | C

68 5473 | C

69 538.3 | A A

70 5364 | C

71 5123 | A B

72 5233 | B

73 5673 | C

74 5623 | C

75 6002 | C

76 5933 | D

77 5673 | A A

78 5683 | A A

79 566.3 | A A

80 6214 | A A

81 5823 | A A

82 439.2 | A A B
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83 4342 | A A
84 4682 | A B
85 4292 | A B
86 3991 | A A
87 5842 | A B
88 4552 | B C
89 3462 | A A
50 3642 | B C
91 3642 | B c
92 3462 | A A
93 3452 | B D
94 3841 | B c
95 3912 | C
96 3671 | C
97 4132 | B C
98 4272 | C
99 3642 | C
100 3932 | C
107 3661 | C
102 3642 | C
103 3532 | C
104 3992 | A A
105 3312 | C
106 3511 | C
107 3221 | C
108 3362 | C
109 4271 | C
110 4082 | C
111 3222 | C
112 2962 | C
113 3212 | D
114 3782 | A B
115 4132 | D
116 3801 | D
117 2952 | D
118 332 | D
119 3232 | D
120 4082 | D
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121 3452 | D
122 4092 | D
123 3771 | D
124 3225 |E
125 3562 |E
126 3562 |E
127 3642 | E
128 3172 | B )
129 3492 |E
130 3672 |E
131 3791 |E
132 3532 |E
133 3242 |E
155 4323 | C
156 4421 | D
157 4281 |E
158 3392 | B B
134 5992 | B
1367 5992 | E
136" 3312 |E
1377 3491 | B D
138" 3792 | B )
139° 5722 | C D
140° 5822 | B )
417 2822 |E
142" 5892 | B )
143" 2862 |E
144" 2882 | E
1457 3381 |E
T46* 3433 |E
147" 3472 |E
48" 3713 | B D
1497 4003 |E
150" 3042 |E
151 3402 |E
152" 3532 | B D
153" 4083 | B )
T54° 4637 |E
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1569* 325.1
160* 339.2

Grouping IC50: Grouping Kd | Grouping G150

Ais <100 nM Ais <50 Ais <5
Bis <200 nM Bis <100 Bis<20
Cis <500 nm Cis <200 Cis>20

Dis <2000 nM D is < 60000
E is <=50000 nM

* |C50 data shown is from version 1 of the Kinase Assay as described herein. 1C50
data for Examples not designated with an asterisk (*) is from version 1 of the Kinase
Assay.

References to other documents, such as patents, patent applications, journals,
books, etc., have been made throughout this disclosure. All such documents are hereby
incorporated herein by reference in their entirety for all purposes.

It is to be understood that the foregoing description is exemplary and explanatory
in nature, and is intended to illustrate the presently disclosed general inventive concept
and its preferred embodiments. Through routine experimentation, those of skill in the art
given the benefit of the present disclosure may recognize apparent modifications and
variations without departing from the spirit and scope of the present disclosure. Thus,
the present disclosure is not limited by the above description, but rather by the following

claims and their equivalents.
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CLAIMS
What is claimed is:

1. A compound of Formula (!):

()

or a tautomer or an individual isomer or a mixture of isomers thereof; or a

pharmaceutically acceptable salt or hydrate thereof, wherein:

Ring T is optionally substituted on a C or N ring atom with R’; (i) wherein R'is
substituted on any two adjacent ring atoms, and, taken together with said ring atoms
to which they are attached, form a 5-6 membered cycloalkyl, cycloalkenyl or
heterocyclyl fused ring, (ii) wherein R'is substituted on any two non-adjacent ring
atoms, and, taken together with the ring atoms to which they are attached, form a 1-
3 carbon bridge, or (iii) wherein R'is substituted on a common ring atom, and, taken
together with that ring atom to which it is attached, forms a 5-6 membered
cycloalkyl, cycloalkeny! or hetrocyclyl spirocyclic ring; and wherein said Ring T or
said ring formed by any adjacent or non-adjacent R! substituents is further optionally
substituted with 1-4 R? groups;

R'is alkylenyl, alkenylenyl, heteroalkylenyl, or heteroalkenylenyl;

RYis alkyl, alkenyl or cycloalkyl;

L' is (CHa)x, (CH2)xO(CHy), or (CHg)XNR1(CH2)X, wherein L'is present in either direction;

Ring A is a 5-6 membered ary! or heteroaryl ring containing 1-2 nitrogen ring atoms,
with the remaining ring atoms being carbon, optionally substituted on any ring atom
with R? wherein R?, when substituted on any two adjacent ring atoms, and, taken
together with said ring atoms to which they are attached, form a 5-6 membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl fused ring, wherein said heterocyclyl or
heteroary! fused ring contains 1-3 heteroatoms selected from O, N, and S and
wherein said Ring A or the ring formed by adjacent R* substituents is further
optionally substituted with 1-4 R® groups;

R?is alkyleny!, alkenylenyl, heteroalkylenyl, or heteroalkenylenyl;
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R® is independently alkyl, alkenyl, alkynyl, cycloalky!, heterocycly!, aryl, heteroaryl,
carbonyl, cyano, halo, nitro, oxo, -OR’, -alkyl-C(0)-R", -C(0)-R’, -
CO4R', -C(O)NR'R?, -NR'R? -SO;R’, -SO,NR'R?, -NHSOR";

L2 is (CHo)x, (CH2)xC(O)(CHa)y, or (CH;),NR'(CH,),, wherein L? is present in either
direction;

Ring B is aryl, heterocyclyl, or heteroaryl, optionally substituted on any ring atom with
R?;

R is independently selected from alkyl, cyano, halo, nitro, R", R?,

OR', -C(O)NR'R?, -C(R")=NR?, -alkyl-C(O)NR'R?, alkyl-R', R'-alkyl-R? -NR'R?, -
alkyl-NR'R?, -SO;R’, -SO,NR'R? -NHSO,R', -C(0)-R", or CO;R";

R' and R? are independently selected from H, alkyl, alkenyl, alkynyl, amino, amido,
acetamido, acetyl, alkylaminocarbonyl, alkoxy, formyl, hydroxyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphoryl, hydrazinyl, or acetyl hydrazinyl, or R' and R?, taken
together with the atom(s) to which they are attached, form a 5- or 6-membered
cycloalkyl, heterocycly!, aryl, or heteroaryl ring, wherein said heterocyclyl or
heteroaryl ring contains 1-3 heteroatoms selected from O, N, and S(O);, or R"and
R? when substituted on any two adjacent ring atoms of Ring B, and, taken together
with the atoms to which they are attached, form a 5- or 6- membered cycloalkyl,
heterocyclyl, aryl, or heteroaryl fused ring, wherein said heterocycly! or heteroaryl
fused ring contains at least one of (i) 1-3 O and S atoms; or (i) 2-3 N atoms;

each of the alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl moieties
is unsubstituted or substituted with one or more groups selected from amino,
alkylamino, dialkylamino, aminocarbonyl, halo, acetyl, alkyl, alkenyl, alkynyl,
cyanoalkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylsulfony!, alkylsulfonamido, nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, acyloxy, haloalkoxy, =O, =S, NH,
NNR'R2, NNHC(O)R', NNHCO,R', and NNHSOR’;

and each of the cycloalkyl, heterocyclyl, aryl, heteroaryl moieties is unsubstituted or
substituted with one or more groups selected from amino, alkylamino, dialkylamino,
aminocarbonyl, halo, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, heterocyclyl,

alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy,
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dialkylaminocarbonyloxy, nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, alkoxy, acyloxy, and haloalkoxy;
n is independently 0 to 2;
p is independently O to 2;
q is independently O to 5;
ris independently 0 to 2;
x is independently 0 to 5; and
z is independently 1 to 2;
with the proviso that where Ring B is substituted R®, and R”is selected from R and R?
which are substituted on any two adjacent ring atoms of Ring B, and, taken
together with the atoms to which they are attached, form a 5- or 6- membered
cycloalkyl, heterocyclyl, aryl, or heteroary! fused ring, said fused ring contains no
further R substituents;
with the proviso that where both z=1 and Ring B is pyrazole, g=0; and
with the proviso that where both L? = -(CH,),- and x=0, then either p or g is not equal to
0.

2. A compound of claim 1, wherein at least one of R is:

ﬁLa/@\(R%,

wherein:

Ring C represents a cyclopropyl ring, an aryl ring, or a 5, 6 or 7 membered heterocyclyl
or heteroaryl ring comprising carbon atoms and 1-4 heteroatoms independently
selected from N, O and S(O),

L3 is selected from -CHy-, -O-, -SO;-, -C(0)-, -C(0)-NH-, -HN-C(O)-, or a covalent bond;

R® at each occurrence, is selected from -R®, -OR®, =0, -CN, -C(0)-R?,
halo, -NR°R*, -NO,, -SO,R?, -C(O)NR®R* and -NR*SO,R*;

R*® and R* are independently selected from H, alky!, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, heteroaryl and heterocyclyl;

each of the foregoing alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
heteroaryl and heterocyclyl moieties is optionally substituted; and

mis0, 1,2 3or4
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3. A compound of claim 2, wherein:
(R%)o-4

is selected from:

N\

. O KJN\CHS o O KJN\CHG,
(J O

/OXNHSOZCHg
_ OCHa % ’
O\\ N/\\N\CHa
SORST TN GA SN

, , N—NH ,
0]
(0] /\\
N
( oo LT e
% KJ 3
e
vy
/O/ K/O
‘Z‘L. OCHg3 OCH,CH3
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0 0]
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4. A compound of claim 1, wherein Ring-B is selected from 2-furan, 3-furan, 1-
imidazole, 2-imidazole, 4-imidazole, 5-imidazole, 1-imidazolidine, 2-imidazolidine, 4-
imidazolidine, 3-isothiazole, 4-isothiazole, 5-isothiazole, 3-isoxazole, 4-isoxazole, 5-
isoxazole, 2-isoxazolidine, 3-isoxazolidine, 4-isoxazolidine, 5-isoxazolidine, 2-
morpholinyl, 3-morpholinyl, 4-morpholinyl, 2- oxazole, 4-oxazole, 5-oxazole, phenyl, 1-
piperadinyl, 2-piperadinyl, 3-piperadinyl, 4-piperadinyl, 1-piperazinyl, 2-piperazinyl, 1-
pyrazolidine, 3-pyrazolidine, 4-pyrazolidine, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-
pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 1-
pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-(2-pyrrolidonyl), 3-(2-pyrrolidonyl), 4-(2-
pyrrolidonyl), 5-(2-pyrrolidonyl), 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-(2,3,4,5-
tetrahydropyridinyl), 3-(2,3,4,5-tetrahydropyridinyl), 4-(2,3,4,5-tetrahydropyridinyl), 5-
(2,3,4,5-tetrahydropyridinyl), 6-(2,3,4,5-tetrahydropyridinyl), 1-(1,2,3,4-
tetrahydropyridinyl), 2-(1,2,3,4-tetrahydropyridinyl), 3-(1,2,3,4-tetrahydropyridinyl), 4-
(1,2,3,4-tetrahydropyridinyl), 5-(1,2,3,4-tetrahydropyridinyl), 6-(1,2,3,4-
tetrahydropyridinyl), 1-(1,2,3,6-tetrahydropyridinyl), 2-(1,2,3,6-tetrahydropyridinyl), 3-
(1,2,3,6-tetrahydropyridinyl), 4-(1,2,3,6-tetrahydropyridinyl), 5-(1,2,3,6-
tetrahydropyridinyl), 6-(1,2,3,6-tetrahydropyridinyl), 2-thiazole, 4-thiazole, 5-thiazole, 2-
thiazolidine, 3-thiazolidine, 4-thiazolidine, 5-thiazolidine, 2-thiomorpholinyl, 3-
thiomorpholinyl, 4-thiomorpholinyl, 2-(thiomorpholinyl-1,1-dione), 3-(thiomorpholinyl-1,1
dione), 4-(thiomorpholinyl-1,1-dione), 1-(1,2,4-triazolyl), 3-(1,2,4-triazolyl), 4-(1,2,4-
triazolyl), 1-(1,2,3-triazolyl), 2-(1,2,3-triazolyl) and 4-(1,2,3-triazolyl).

1

5. A compound of claim 1, wherein Ring A is selected from:
2,
N Z J°N N
SN YRS NP
Y AN Y
N\

ARENENNS
SURL SV SR 523
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6. A compound of claim 1, wherein Ring A is substituted with R® on two adjacent ring
atoms, and, taken together with said ring atoms to which they are attached, form a 5-6

membered ary! or heteroaryl fused ring, selected from:

t
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7. The compound of claim 1 having the Formula (ll1):

(R%)p
N /®\ /.\
K L2 @ (Rb)q

(I

d
RG

)
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8. The compound of claim 1 having the Formula (IV):

N o
w7 )

b
N\L1 (R%)q
(R®)o-4
(

z

V)

9. A compound of Formula (V):

N/_ﬁ (R%)p
R | /Qg\ /®\
N (R

V)

or a tautomer or an individual isomer or a mixture of isomers thereof, or a
pharmaceutically acceptable salt or hydrate thereof,

wherein Ring E is selected from:

(i) phenyl, or a 5-6 membered heterocyclyl or heteroaryl ring containing 1-3 nitrogen
atoms and 0-2 sulfur atoms with the remaining ring atoms being carbon; wherein
sis from 1 to 5;

(i) naphthalenyl; wherein s is 0; or

(ili) a 9-10 membered bicyclic hetero-aromatic ring containing 1-4 nitrogen ring atoms
with the remaining ring atoms being carbon; wherein s is 0; and

R'is selected from alkyl, cyano, halo,
nitro, -R®. -R®, -OR®, -C(O)NR°R®, -C(R%)=NR®, -CH,-C(O)NR°R®, -CH,CHo-
C(O)NR®R®, -CH-R5, -CH,CH»-R®, -CgHa-

CH2-R®, -NR®R®, -CH-NR°R®, -CH,CH2-NR®R®, -CH,NHCHzCHo-NR°R®, -SO,R®
-SO,NRSR®, -NHSO,R?, -C(0)-R5, and -CO,R?;

R’ and R® are independently selected from H, alkyl, alkenyl, alkynyl, amino, amido,
acetamido, acetyl, alkylaminocarbonyl, alkoxy, formyl, hydroxyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphoryl, hydrazinyl, and acetyl hydrazinyl; andeach of
the alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl moieties is unsubstituted or

substituted with one or more groups selected from alkyl, alkylsulfonamido,
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alkylsulfonyl, amino, n-butoxycarbonyl, {-butoxycarbonyl, carboxy, cyano, 1-
cyanoethyl, 2-cyanoethyl, cyanomethyl, dialkylamino, dialkylaminocarbonyl,
ethoxycarbonyl, 1-ethoxyethyl, 2-ethoxyethyl, ethoxymethyl, halo, 1-
hydroxyethyl, 2-hydroxyethyl, hydroxyl, hydroxymethyl, methanesulfonyl,
methoxycarbonyl, 1-methoxyethyl, 2-methoxyethyl, methoxymethyl, 4-
morpholinyl, NH, nitro, i~propoxycarbonyl, and n-propoxycarbonyl;

wherein substituents and variables are as defined for claim 1,

with the proviso that if z is 1 and Ring C is pyrazole, then s is 0.
10. A compound of Formula (VI):

(R®)o4

(Vi)

or a tautomer or an individual isomer or a mixture of isomers thereof, or a
pharmaceutically acceptable salt or hydrate thereof, wherein:

R’ is alkyl or alkenyl:

L' is -(CHa),-:

R is selected from alkyl, cyano, halo, hydroxyl and nitro;

L? is selected from -(CH2)x-, <(CH2)x-NH-, or -NH-(CH2),-;

Ring F is selected from 2-furan, 3-furan, 1-imidazole, 2-imidazole, 4-imidazole, 5-
imidazole, 1-imidazolidine, 2-imidazolidine, 4-imidazolidine, 3-isothiazole, 4-
isothiazole, 5-isothiazole, 3-isoxazole, 4-isoxazole, 5-isoxazole, 2-isoxazolidine,
3-isoxazolidine, 4-isoxazolidine, 5-isoxazolidine, 2-morpholinyl, 3-morpholinyl, 4-
morpholinyl, 2- oxazole, 4-oxazole, 5-oxazole, phenyl, 1-piperadinyl, 2-
piperadinyl, 3-piperadinyl, 4-piperadinyl, 1-piperazinyl, 2-piperazinyl, 1-
pyrazolidine, 3-pyrazolidine, 4-pyrazolidine, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl,
2-pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 1-
pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-(2-pyrrolidonyl), 3-(2-pyrrolidonyl), 4-
(2-pyrrolidonyl), 5-(2-pyrrolidonyl), 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-(2,3,4,5-
tetrahydropyridinyl), 3-(2,3,4,5-tetrahydropyridinyl), 4-(2,3,4,5-
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2,3,4,5-
1,2,3,4-tetrahydropyridinyl), 2-(1,2,3,4-

tetrahydropyridinyl), 5-( 6-(
-( 2-(
(1,2,3,4-tetrahydropyridinyl), 4-(1,2,3,4-
- 6-(
~( 2-(
-( -

2,3,4, 5-tetrahydropyridinyl),
tetrahydropyridinyl),
tetrahydropyridinyl),
1,2,3,4-tetrahydropyridinyl), 6-(1,2,3,4-
1,2,3,6-tetrahydropyridinyl), 2-(1,2,3,6-
1,2,3,6-tetrahydropyridinyl), 4-(1,2,3,6-
(1,2,3,6-tetrahydropyridinyl), 6-(1,2,3,6-
tetrahydropyridinyl), 2-thiazole, 4-thiazole, 5-thiazole, 2-thiazolidine, 3-

), 5-
) 1
), 3-
tetrahydropyridinyl), 5-
tetrahydropyridinyl), 1-
tetrahydropyridinyl), 3-

), 5-

tetrahydropyridinyl),

thiazolidine, 4-thiazolidine, 5-thiazolidine, 2-thiomorpholinyl, 3-thiomorpholinyl, 4-
thiomorpholinyl, 2-(thiomorpholinyl-1,1-dione), 3-(thiomorpholinyl-1,1-dione), 4-
(thiomorpholinyl-1,1-dione), 1-(1,2,4-triazolyl), 3-(1,2,4-triazolyl), 4-(1,2,4-
triazolyl), 1-(1,2,3-triazolyl), 2-(1,2,3-triazolyl), or 4-(1,2,3-triazolyl);

RY is selected from alkyl, cyano, halo, “
nitro, -R8, -R?, -OR?, -C(O)NR®R?®, -C(R®=NR?®, -CH,-C(O)NR®R?®, -CH,CH,-
C(O)NRPR®, -CH,-R®, -CH,CH-R®, -CsHa-

CH,-R8, -NR®R?, -CH2-NR®R?, -CH,CH,-NR®R®, -CH,NHCH,CH-NR®R?, -SO,R°
, -SO;NRPR®, -NHSO,R?, -C(0)-R?, and CO2R"

R® and R? are independently selected from H, alkyl, alkenyl, alkynyl, amino, amido,
acetamido, acetyl, alkylaminocarbonyl, alkoxy, formyl, hydroxyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, cyano, monoalkylamino, monocyclopropylamino,
dialkylamino, dialkylphosphoryl, hydrazinyl, or acetyl hydrazinyl; each of the
alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl moieties is unsubstituted or
substituted with one or more groups selected from alkyl, alkylsulfonamido,
alkylsulfonyl, amino, n-butoxycarbonyl, t-butoxycarbonyl, carboxy, cyano, 1-
cyanoethyl, 2-cyanoethyl, cyanomethyl, dialkylamino, dialkylaminocarbonyl,
ethoxycarbonyl, 1-ethoxyethyl, 2-ethoxyethyl, ethoxymethyl, halo, 1-
hydroxyethyl, 2-hydroxyethyl, hydroxyl, hydroxymethyl, methanesulfonyl,
methoxycarbonyl, 1-methoxyethyl, 2-methoxyethyl, methoxymethyl, 4-
morpholinyl, NH, nitro, i-propoxycarbonyl, and n-propoxycarbonyl; and

wis from O to 5,

wherein all other substituents and variables are as defined in claim 1,

with the proviso that if z is 1 and Ring B is pyrazole, then w=0; and

with the proviso that if L2 is -(CHz)x- and x is 0, then at least one R® or RY is present.
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11. A compound of claim 10, wherein: each of said heterocyclyl moieties is selected
from 1-(4-methylhomopiperazinyl), 1-(4-methylpiperazinyl), 1-(4-acetylpiperazinyl), 1-[4-
(2-methoxyethyl)piperazinyl], 4-morpholinyl, 1-piperidinyl, 1-(piperidin-4-onyl), 4-
(piperazin-2-onyl), or 1-pyrrolidinyl; each of said aryl moieties is phenyl; and each of
said heteroaryl moieties is selected from 4-(1H-pyrazolyl), 2-(1,3,4-thiadiazolyl), 5-(1H-
tetrazolyl), 2-pyridinyl, 3-pyridinyl, or 4-pyridinyl.

12. A compound of Formula (VII):

" (R®)0-4
R
\\N/\ :
LW L2

(VII)

3

or a tautomer or an individual isomer or a mixture of isomers thereof, or a
pharmaceutically acceptable salt or hydrate thereof, wherein:

R' is alkyl or alkenyl;

R® is selected from -CHs, cyano, halo, hydroxyl and nitro;

L? is selected from -(CH3)-, a covalent bond, -O-, -CH,-NH-, and —~NH-CH,-; and

Ring G is selected from unsubstituted indenyl, 2,3-dihydro-1H-indenyl, 1-indolinyl, 2-
indolinyl, 3-indolinyl, 1-indolyl, 2-indolyl, 3-indolyl, 1-isoindolinyl, 2-isoindolinyl, 3-
isoindolinyl, 1-isoindolyl, 2-isoindolyl, 3-isoindolyl, benzpyrazolyl, benzimidazolyl,
1H-pyrrolo[2,3b]pyridinyl, 1H-pyrrolo[2,3c]pyridinyl, 1H-pyrrolo[3,2c]pyridinyl, 1H-
pyrrolo[3,2b]pyridinyl, naphthalenyl, quinolinyl, isoquinolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 2,6-naphthyridinyl, 2,7-naphthyridinyl, 1,5-
naphthyridiny!, 1,6-nabhthyridinyl, 1,7-naphthyridinyl, and 1,8-naphthyridinyl;

wherein substituents and variables are as defined in claim 1

13. A compound of claim 1 having Formula (VIll):
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wherein:

R? is alkyl or alkenyl;

R® is selected from -CH,R"!, -OR', -NHSO,CHj3, -COzH, -CO,CHs, -CF3, -CN, halo
and -NOg;

R" is selected from -NHy, -OH and -N(CHs)z;

R'? is selected from -CHs, -CH,CHa, -CH2CH,0H, -CH,CN, -CH,OCH;
and -CH,CONH;; and

R? is selected from:

o ‘ J\
%Jkpo\ : N/\' >, N/ﬁ % N/ﬁ
0, K/N\Cl—la , K/N\COCH3 , K/N\CHZCHZOCHg ,

N by i éJLQ EJLQ O
o @; D oM OH,’EJ\ﬁA,

“CH,CH,0OH

H

N\ ,:"J S HN’N\\ A §/ }Vé F@OCHS QCN
%L/N, \EN%NHZ,%kN/N,@ | \O OCH, %, ,
IOWR T oo OUSHO!

CHs OH, \©io>, O\/@ OCHj
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¥ OCHs ?@\ ﬂf\@ /©/\CN P NO,
\O/ , OCHCH;. CON(CH3), “%. , \O/ ,
NI F NH;
T 0L e
NO; SOCHs  F f-cocH, --cHo —$COH

;,ss NHSO,CHz
—%~COZCH3 —%-NHC(O)NHCH:a ~§—NHCOCH3 %——NHCONHZ K

& (CH,),CONHNHCOCH, -—CHNH(CH)NHCO,C(CHy)s  -5-CH2CHaNHCOCH;  §~CHoNHCONHCH,

.é—CHgN(CHa)(CHg)ZOH —%~CH2NHCHO -E—CHzNHSOZCHg ~§—CH2NHPO(CH3)2 -E—CHzNHz

£-CHN(CHy), §CHON §-CH.OH  4-CH;CH;OH -§-CH2002H, $-(CHa),COH.

NOH

-%—CHZCOZCHZCHg -§-CN %-CHa' ;\f\/\ ~§—CF3, X NH; §-SOZ—N\_—/N-CH3
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14. A compound of claim 1 selected from:
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