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ENHANCER OF ZESTE HOMOLOG 2
INHIBITORS

FIELD OF THE INVENTION

This 1nvention relates to substituted benzamide com-
pounds which 1nhibit Enhancer of Zeste Homolog 2 (EZH?2)
and thus are useful for inhibiting the proliferation of and/or
inducing apoptosis in cancer cells.

BACKGROUND OF THE INVENTION

Epigenetic modifications play an important role in the
regulation of many cellular processes including cell prolit-
eration, differentiation, and cell survival. Global epigenetic
modifications are common 1n cancer, and include global
changes 1n DNA and/or histone methylation, dysregulation
of non-coding RNAs and nucleosome remodeling leading to
aberrant activation or 1inactivation of oncogenes, tumor
suppressors and signaling pathways. However, unlike
genetic mutations which arise 1n cancer, these epigenetic
changes can be reversed through selective inhibition of the
enzymes involved. Several methylases involved in histone
or DNA methylation are known to be dysregulated in cancer.
Thus, selective inhibitors of particular methylases will be
useful 1 the treatment of proliferative diseases such as

cancer.
EZH2 (human EZH?2 gene: Cardoso, C, et al; Furopean J

of Human Genetics, Vol. 8, No. 3 Pages 174-180, 2000) 1s
the catalytic subunit of the Polycomb Repressor Complex 2
(PRC2) which functions to silence target genes by ftri-
methylating lysine 27 of histone H3 (H3K27me3). Histone
H3 1s one of the five main histone proteins involved 1n the
structure of chromatin in eukaryotic cells. Featuring a main
globular domain and a long N-terminal tail, Histones are
involved with the structure of the nucleosomes, a ‘beads on
a string’ structure. Histone proteins are highly post-transla-
tionally modified however Histone H3 1s the most exten-
sively modified of the five histones. The term “Histone H3”
alone 1s purposely ambiguous 1n that 1t does not distinguish
between sequence variants or modification state. Histone H3
1s an 1mportant protein in the emerging field of epigenetics,
where 1ts sequence variants and variable modification states
are thought to play a role 1n the dynamic and long term
regulation of genes.

Increased EZH2 expression has been observed in numer-
ous solid tumors 1ncluding those of the prostate, breast, skin,
bladder, liver, pancreas, head and neck and correlates with
cancer aggressiveness, metastasis and poor outcome

(Varambally et al., 2002; Kleer et al., 2003; Breuer et al.,
2004; Bachmann et al., 2005; Weikert et al., 2005; Sudo et
al., 20035; Bachmann et al., 2006). For instance, there 1s a
greater risk of recurrence after prostatectomy in tumors
expressing high levels of EZH2, increased metastasis,
shorter disease-ifree survival and increased death in breast
cancer patients with high EZH2 levels (Varambally et al.,
2002; Kleer et al., 2003). More recently, inactivating muta-
tions 1 UTX (ubiquitously transcribed tetratricopeptixe
repeats X), a H3K27 demethylase which functions in oppo-
sition to EZH2, have been 1dentified in multiple solid and
hematological tumor types (including renal, glioblastoma,
esophageal, breast, colon, non-small cell lung, small cell
lung, bladder, multiple myeloma, and chronic myeloid leu-
kemia tumors), and low UTX levels correlate with poor
survival 1n breast cancer suggesting that loss of UTX
function leads to increased H3K27me3 and repression of
target genes (Wang et al., 2010). Together, these data suggest
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2

that increased H3K27me3 levels contribute to cancer
aggressiveness in many tumor types and that inhibition of
EZH?2 activity may provide therapeutic benefit.

Numerous studies have reported that direct knockdown of
EZH2 via siRNA or shRNA or indirect loss of EZH2 via
treatment with the SAH hydrolase inhibitor 3-deazaneplano-
cin A (DZNep) decreases cancer cell line proliferation and
invasion in vitro and tumor growth in vivo (Gonzalez et al.,
2008, GBM 2009). While the precise mechanism by which
aberrant EZH?2 activity leads to cancer progression 1s not
known, many EZH2 target genes are tumor suppressors
suggesting that loss of tumor suppressor function 1s a key
mechanism. In addition, EZH2 overexpression in immortal-
1zed or primary epithelial cells promotes anchorage inde-
pendent growth and i1nvasion and requires EZH2 catalytic
activity. (Kleer et al., 2003; Cao et al., 2008).

Thus, there 1s strong evidence to suggest that inhibition of
EZH?2 activity decreases cellular proliferation and invasion.
Accordingly, compounds that inhibit EZH2 activity would
be useful for the treatment of cancer.

SUMMARY OF THE INVENTION

The present invention relates to compounds according to
Formula (I), and pharmaceutically acceptable salts thereof.

Wherein

R' and R* are selected independently from the group
consisting of hydrogen, (C,-Cglalkyl, (C,-Cy)alkenyl, (C,-
Cgylalkynyl, (C,-Cg)eycloalkyl, (C,-Cg)eycloalkyl-(C,-Cy)
alkyl, (C;-Cy)cycloalkyl-(C,-Cyalkenyl, (Cs-Cy)cycloalk-
enyl, (Cs-Cy)eycloalkenyl-(C,-Cy)alkyl, (C5-Cy)
cycloalkenyl-(C,-Cg)alkenyl, (Cx-C, o)bicycloalkyl,
heterocycloalkyl, heterocycloalkyl-(C,-Cg)alkyl, heterocy-
cloalkyl-(C,-Cy)alkenyl, aryl, aryl-(C,-Cy)alkyl, aryl-(C,-
Cy)alkenyl, heteroaryl, heteroaryl-(C,-Cg)alkyl, heteroaryl-
(C,-Cy)alkenyl, halo, cyano, —C(O)R“, —CO,R“, —C(O)
NR“R”, —C(O)NR“NR“R”, —SR%, —S(O)R? —SO,R",
—SO,NR“R?, nitro, —NR“R?, —NR*C(O)R?, —NR“C(O)
NR“R”?, —NR“C(O)OR? —NR“SO,R”, —NR“SO,NR“R?,
—NR“NR“R”, —NR“NR“C(O)R”, —NR“NR*C(O)NR“R?,
—NR*NR“C(O)0OR%, —OR?, —OC(O)R?, and —OC(O)
NR“R”, wherein any (C,-Cy)alkyl, (C,-Cg)alkenyl, (C,-Cy)
alkynyl, (C;-Cy)cycloalkyl, (Cs-Cg)eycloalkenyl, (Ci-C, )
bicycloalkyl, heterocycloalkyl, aryl, or heteroaryl 1s
optionally substituted 1, 2 or 3 times by groups indepen-
dently selected from the group consisting of hydroxyl, halo,
amino, nitro, (C,-C,)alkyl, (C;-Cg)cycloalkyl, cyano, (C,-
C.)alkoxy, —NR“R” and —CO,R%;

R is H or halo:
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R* is selected from the group consisting of (C,-C,)alkoxy,
(C,-Cyalkyl, hydroxyl, halo, cyano, (C,-Cj)cycloalkyl,
(C,-Coheterocycloalkyl, NR“R”, (C,-C,)haloalkyl, and
(C,-C;) hydroxylalkyl;

R> is selected from the group consisting of (C,-C,)alkyl,
(C5-Cylalkoxy, (C;-Cy)eycloalkyoxy-, (C5-Cg)heterocy-
cloalkyloxy-, (C,-Cy)cycloalkyl, aryl, heteroaryl and
NR“R”, wherein said (C,-Cy)alkyl, (C,-Cg)alkoxy, (C,-Cy)
cycloalkyoxy-, (C,-Cy)heterocycloalkyloxy-, (C,-Cg)cy-
cloalkyl, aryl or heteroaryl 1s optionally substituted by 1, 2
or 3 groups independently selected from the group consist-
ing of hydroxyl, halo, amino, nitro, (C,-C;)alkyl, (C5-Cy)
cycloalkyl, cyano, (C,-C,)alkoxy and —CO,R*;

R® is selected from the group consisting of hydrogen,
halo, (C,-Cylalkyl, (C,-Cglalkenyl, —B(OH),, (C,-Cg)
alkynyl, (C;-Cy)cycloalkyl, (C,-Cy)cycloalkyl-(C,-Cy)
alkyl, (Cs-Cg)cycloalkenyl, (C.-Cg)cycloalkenyl-(C,-Cy)
alkyl, (Cg-C, o )bicycloalkyl, heterocycloalkyl,
heterocycloalkyl-(C,-Cy)alkyl, aryl, aryl-(C,-Cy)alkyl, het-
eroaryl, heteroaryl-(C,-Cylalkyl, cyano, —C(O)R",
—CO,R% —C(O)NR“R?, —C(O)NR“NR“R”, —SR<,
—S(O)R% —SO,R*, —SO,NR“R”, nitro, —NR“R”,
—NR“C(O)R®?, —NR“C(O)NR“R?, —NR“C(O)OR?,
—NR“SO,R”, —NR“SO,NR“R”?, —NR“NR“R”, —NR“N-
RYC(O)R?, —NR*NR*C(O)NR“R”, —NR*NR“C(O)OR?,
—QOR?, —OC(O)R% and —OC(O)NR“R”, wherein any
(C,-Cylalkyl, (C,-Cylalkenyl, (C,-Cglalkynyl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocycloalkyl, aryl, or het-
eroaryl group 1s optionally substituted by 1, 2 or 3 groups
independently selected from the group consisting of
—O(C,-Cy)alkyl(R),_,, —S(C,-Cg)alkyl(R%), 5, —(C,-Co)
alkyl(R%),_,, (C,-Cylalkyl-heterocycloalkyl-, (C;-Cg)cy-
cloalkyl-heterocycloalkyl-, halo, (C,-Cy)alkyl, (C;-Cg)cy-
cloalkyl, (C;-Cy)cycloalkenyl, (C,-Cyhaloalkyl, cyano,
—C(O)R?, —CO,R? —C(O)NR“R”, —SR? —S(O)R",
—SO,R?% —SO,NR“R?, nitro, —NR“R”, —NR“C(O)R”,
—NR“C(O)NR“R?, —NR“C(O)OR?  —NR“SO,R”,
—NR“SO,NR“R”, —OR? —OC(O)R?, —OC(O)NRR”,
heterocycloalkyl, aryl, heteroaryl, aryl(C,-C,)alkyl-, and
heteroaryl(C, -C,)alkyl-, wherein any aryl or heteroaryl moi-
ety of said aryl, heteroaryl, aryl(C,-C,)alkyl, or heteroaryl
(C,-C)alkyl 1s optionally substituted by 1, 2 or 3 groups
independently selected from the group consisting of halo,
(C,-Cylalkyl, (C;5-Cy)eycloalkyl, (Cs-Cg)cycloalkenyl,
hydroxyl, (C,-Cy)haloalkyl, cyano, —C(O)R“, —CO,R",
—C(O)NR“R”, —SR“, —S(O)R*, —SO,R* —SO,NR“R?,
nitro, —NR?R?, —NR*C(O)R?, —NR*C(O)NRR?,
—NR“C(O)OR% —NR“SO,R”?, —NR“SO,NR“R”, —OR?,
—QC(O)R?, and —OC(O)NRR?;

ecach R° 1s 1independently
—NR“SO,R”, —S(O)R% —SO,R%,
—NR“R”?, or —CO,R%;

R and R” are each independently hydrogen, (C,-Cy)alkyl,
(C,-Cylalkenyl, (C,-Cyalkynyl, (C;-C,,)cycloalkyl, (Cs-
Cy)cycloalkenyl, heterocycloalkyl, aryl, heteroaryl, wherein
said  (C,-Cylalkyl, (C,-Cylalkenyl, (C,-Cyalkynyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl or het-
eroaryl group 1s optionally substituted by 1, 2 or 3 groups
independently selected from halo, hydroxyl, (C,-C,)alkoxy,
amino, (C,-Cyalkylamino, —N((C,-C,)alkyl),, —CO,H,
—CO,(C,-Cypalkyl, —CONH,, —CONH(C,-C,)alkyl,
—CON({(C,-Calkyl),, —SO,(C,-Cpalkyl, —SO,NH,,
—SO,NH(C, -C)alkyl, or —SO,N((C, -C,)alkyl),;

or R* and R” taken together with the nitrogen to which
they are attached represent a 5-8 membered saturated or
unsaturated ring, optionally containing an additional het-
eroatom selected from oxygen, nitrogen, and sulfur, wherein

(C,-C,)alkylamino,
—NR“C(O)OR",
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said ring 1s optionally substituted by 1, 2 or 3 groups
independently selected from (C,-C,)alkyl, (C,-C,)ha-
loalkyl, amino, (C,-C,)alkylamino, ((C,-C )alky])((C,-C,)
alkyl)amino, hydroxyl, oxo, (C,-C,)alkoxy, and (C,-C,)
alkoxy(C,-C,)alkyl, wherein said ring 1s optionally fused to
a (C,5-Cy)eycloalkyl, heterocycloalkyl, aryl, or heteroaryl
rng,

or R* and R” taken together with the nitrogen to which
they are attached represent a 6- to 10-membered bridged
bicyclic ring system optionally fused to a (C5-Cg)cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl ring.

Second aspect of this invention relates to a method of
inducing apoptosis in cancer cells of solid tumors; treating
solid tumor cancers.

Third aspect of the invention relates to pharmaceutical
preparations comprising compounds of formula (I) and
pharmaceutically acceptable excipients.

In a fourth aspect, there 1s provided the use of a compound
of formula (I) and/or a pharmaceutically acceptable salt or
solvate thereof, 1n the preparation of a medicament for use
in the treatment of a disorder mediated by inhibiting EZH2,
such as inducing apoptosis 1n cancer cells.

In a fifth aspect there 1s provided methods of co-admin-
istering the presently mvented compounds of formula (I)
with other active ingredients.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to compounds of Formula

(D,

O N O
4
Ré/\/\ RS

Wherein

R' and R* are selected independently from the group
consisting of hydrogen, (C,-Cglalkyl, (C,-Cglalkenyl, (C,-
Cglalkynyl, (C;-Cg)cycloalkyl, (C,5-Cg)ecycloalkyl-(C,-Cy)
alkyl, (C;-Cy)cycloalkyl-(C,-Cyalkenyl, (Cs-Cy)cycloalk-
enyl, (C5-Cy)eycloalkenyl-(C,-Cy)alkyl, (C5-Cy)
cycloalkenyl-(C,-Cy)alkenyl, (Cx-C, o)bicycloalkyl,
heterocycloalkyl, heterocycloalkyl-(C,-Cg)alkyl, heterocy-
cloalkyl-(C,-Cg)alkenyl, aryl, aryl-(C,-Cglalkyl, aryl-(C,-
Cy)alkenyl, heteroaryl, heteroaryl-(C,-Cy)alkyl, heteroaryl-
(C,-Cy)alkenyl, halo, cyano, —C(O)R“, —CO,R*, —C(O)
NR“R”?, —C(O)NR“NR“R”, —SR% —S(O)R? —SO,R?,
—SO,NR“R?, nitro, —NR“R?, —NR*C(O)R”?, —NR*C(O)
NR“R”?, —NR*C(O)OR? —NR“SO,R”, —NR*SO,NR“R”,
—NR*NR“R”?, —NR*NR*C(O)R”?, —NR*NR*C(O)NR“R?,
—NR*NR*“C(O)OR*, —OR*%, —OC(O)R”, and —OC(O)
NR“R?, wherein any (C,-Cy)alkyl, (C,-Cy)alkenyl, (C,-C,)
alkynyl, (C;-Cg)cycloalkyl, (C.-Cg)cycloalkenyl, (Ci-C, )
bicycloalkyl, heterocycloalkyl, aryl, or heteroaryl 1s
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optionally substituted 1, 2 or 3 times by groups indepen-
dently selected from the group consisting of hydroxyl, halo,
amino, nitro, (C,-C,)alkyl, (C5-Cg)cycloalkyl, cyano, (C, -
C,)alkoxy, —NR“R” and —CO,R%;

R? is H or halo;

R* is selected from the group consisting of (C, -C,)alkoxy,
(C,-Cylalkyl, hydroxyl, halo, cyano, (C;-Cg)cycloalkyl,
(C,-Coheterocycloalkyl, NR“R”, (C,-C,)haloalkyl, and
(C,-C;) hydroxylalkyl;

R is selected from the group consisting of (C,-Cy)alkyl,
(C5-Cylalkoxy, (C;-Cy)eycloalkyoxy-, (C,4-Cy)heterocy-
cloalkyloxy-, (C,-Cg)cycloalkyl, aryl, heteroaryl and
NR“R”, wherein said (C,-Cy)alkyl, (C,-Cg)alkoxy, (C,-Cy)
cycloalkyoxy-, (C,-Cy)heterocycloalkyloxy-, (C,-Cg)cy-
cloalkyl, aryl or heteroaryl 1s optionally substituted by 1, 2
or 3 groups 1independently selected from the group consist-
ing of hydroxyl, halo, amino, nitro, (C,-C,)alkyl, (C,-C,)
cycloalkyl, cyano, (C,-C,)alkoxy and —CO,R“;

R® is selected from the group consisting of hydrogen,
halo, (C,-Cylalkyl, (C,-Cglalkenyl, —B(OH),, (C,-Cy)
alkynyl, (C;-Cy)cycloalkyl, (C;-Cg)cycloalkyl-(C,-Cy)
alkyl, (Cs-Cy)cycloalkenyl, (C.-Cg)cycloalkenyl-(C,-Cy)
alkyl, (C-C,)bicycloalkyl, heterocycloalkyl,
heterocycloalkyl-(C,-Cy)alkyl, aryl, aryl-(C,-Cy)alkyl, het-
eroaryl, heteroaryl-(C,-Cylalkyl, cyano, —C(O)R?,
—CO,R% —C(O)NR“R”, —C(O)NR“NR“R”, —SR?,
—S(O)R?, —SO,R% —SO,NR“R”, nitro, —NR“R?,
—NR*C(O)R”, —NR“C(O)NR“R®?, —NR“C(O)OR?,
—NR“SO,R?, —NR“SO,NR“R?, —NR*NR“R”?, —NR“N-
RYC(O)R”?, —NR*NR“C(O)NR“R”, —NR*“NR“C(O)OR?,
—OR?, —OC(O)R? and —OC(O)NR“R”, wherein any
(C,-Cylalkyl, (C,-Cylalkenyl, (C,-Cglalkynyl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocycloalkyl, aryl, or het-
eroaryl group 1s optionally substituted by 1, 2 or 3 groups
independently selected from the group consisting of
—O(C,-Cgalkyl(R"),_, —S(C,-Cg)alkyl(R"), _,, —(C,-Cq)
alkyl(R),_,, (C,-Cy)alkyl-heterocycloalkyl-, (C;-Cg)cy-
cloalkyl-heterocycloalkyl-, halo, (C,-Cy)alkyl, (C5-Cg)cy-
cloalkyl, (Cs-Cy)cycloalkenyl, (C,-Cj)haloalkyl, cyano,
—C(O)R?, —CO,R% —C(O)NR“R”, —SR?, —S(O)R",
—SO,R?% —SO,NR“R”, nitro, —NR“R?, —NR“C(O)R?,
—NR“C(O)NR“R”, —NR“C(O)OR?  —NR“SO,R?,
—NR“SO,NR“R”, —OR? —OC(O)R?, —OC(O)NR“R?,
heterocycloalkyl, aryl, heteroaryl, aryl(C,-C,)alkyl-, and
heteroaryl(C,-C,)alkyl-, wherein any aryl or heteroaryl moi-
ety of said aryl, heteroaryl, aryl(C,-C,)alkyl, or heteroaryl
(C,-C,alkyl 1s optionally substituted by 1, 2 or 3 groups
independently selected from the group consisting of halo,
(C,-Cylalkyl, (C;-Cy)cycloalkyl, (Cs-Cy)eycloalkenyl,
hydroxyl, (C,-C,)haloalkyl, cyano, —C(O)R*, —CO,R",
—C(O)NR“R?, —SR%, —S(O)R?, —SO,R%, —SO,NR“R?,
nitro, —NR“R?, —NR“C(O)R?, —NR“C(O)NRR”,
—NR“C(0O)OR?, —NR“SO,R”?, —NR“SO,NR“R”, —OR?,
—OC(O)R?, and —OC(O)NRR”;

ecach R 1s 1independently
—NR“SO,R”, —S(O)R% —SO,R?,
—NR“R”?, or —CO,R%;

R% and R? are each independently hydrogen, (C,-Cy)alkyl,
(C,-Cylalkenyl, (C,-Cglalkynyl, (C;-C,,)cycloalkyl, (Cs-
C,)cycloalkenyl, heterocycloalkyl, aryl, heteroaryl, wherein
said  (C,-Cglalkyl, (C,-Cylalkenyl, (C,-Cg)alkynyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl or het-
eroaryl group 1s optionally substituted by 1, 2 or 3 groups
independently selected from halo, hydroxyl, (C,-C,)alkoxy,
amino, (C,-C,)alkylamino, —N((C,-C,)alkyl),, —CO,H,
—CO,(C,-Cpalkyl, —CONH,, —CONH(C,-C,alkyl,

(C,-C,)alkylamino,
—NR“C(O)OR",
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6
—CON({(C,-Calkyl),, —SO,(C,-C)alkyl, —SO,NH,,
—SO,NH(C, -C,)alkyl, or —SO,N((C,-C,)alkyl),;

or R and R” taken together with the nitrogen to which
they are attached represent a 5-8 membered saturated or
unsaturated ring, optionally containing an additional het-
eroatom selected from oxygen, nitrogen, and sulfur, wherein
said ring 1s optionally substituted by 1, 2 or 3 groups
independently selected from (C,-C,alkyl, (C,-C,)ha-
loalkyl, amino, (C,-C,)alkylamino, ((C,-C,)alkyl)((C,-C,)
alkyl)amino, hydroxyl, oxo, (C,-C,)alkoxy, and (C,-C,)
alkoxy(C,-C,)alkyl, wherein said ring 1s optionally fused to
a (C5-Cy)cycloalkyl, heterocycloalkyl, aryl, or heteroaryl
ring,

or R* and R” taken together with the nitrogen to which
they are attached represent a 6- to 10-membered bridged
bicyclic ring system optionally fused to a (C;-Cy)cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl ring;

or a pharmaceutically acceptable salt thereof.

In one embodiment, this invention relates to compounds
of Formula (1), wherein R' is (C,-C,)alkyl, or a pharmaceu-
tically acceptable salts thereof.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R* is (C,-C,)alkyl or benzyl,
or a pharmaceutically acceptable salts thereof.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R' and R* are methyl, R” is
hydrogen, or a pharmaceutically acceptable salts thereof.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R" is methyl, R* is methy],
R® is hydrogen and R* is chloro, or a pharmaceutically
acceptable salts thereof.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R' is methyl, R* is methyl,
R® is hydrogen and R* is methyl, or a pharmaceutically
acceptable salts thereof.

In another embodiment, this invention relates to com-
pounds of Formula (1), wherein R" is methyl, R* is methy],
R is hydrogen, R* is methyl and R> is selected from the
group consisting of (C;-Cglalkoxy, (C;-Cy)cycloalkyoxy-,
(C,-Coheterocycloalkyloxy-, heteroaryl and NR“R?,
wherein said (C5-Cy)alkoxy, (C,5-Cy)cycloalkyoxy-, (C5-Cy)
heterocycloalkyloxy-, or heteroaryl i1s optionally substituted
by 1, 2 or 3 groups independently selected from the group
consisting of hydroxyl, halo, amino, nitro, (C,-C;)alkyl,
(C5-Cy)eycloalkyl, cyano, (C,-Cy)alkoxy and —CO,R%; or
a pharmaceutically acceptable salt thereof.

In another embodiment, this invention relates to com-
pounds of Formula (1), wherein R' is methyl, R* is methy],
R? is hydrogen, R* is methyl and R° is selected from the
group consisting of hydrogen, cyano, halo, —SO,(C,-C;)
alkyl; pyrnidinyl, thiazolyl, and phenyl, wherein said pyridi-
nyl, thiazolyl or phenyl 1s optionally substituted by 1, 2 or
3 groups 1ndependently selected from the group consisting
of —O(C,-Cy)alkyl(R?), ,, —S(C,-Cglalkyl(R), ,, —(C;-
Cyalkyl(R%),_,, (C,-Cy)alkyl-heterocycloalkyl-, (C5-Cg)cy-
cloalkyl-heterocycloalkyl-, halo, (C,-C,)alkyl, (C;-Cy)cy-
cloalkyl, (C;-Cq)cycloalkenyl, (C,-Cg)haloalkyl, cyano,
—C(O)R?%, —CO,R* —C(O)NR“R”, —SR% —S(O)R?,
—SO,R?% —SO,NR“R?, nitro, —NR“R?, —NR“C(O)R?,
—NR“C(O)NR“R”, —NR“C(O)OR? ~ —NR“SO,R?,
—NR“SO,NR“R?, —OR?, —OC(O)R?, —OC(O)NR“R?,
heterocycloalkyl, aryl, heteroaryl, aryl(C,-C,)alkyl-, and
heteroaryl(C,-C,)alkyl-; or a pharmaceutically acceptable
salt thereof.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R' is methyl, R* is methyl,
R” is hydrogen, R* is methyl and R” is the group consisting
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of (C5-Cylalkoxy, (C5-Cq)cycloalkyloxy-, (C5-Cg)heterocy-
cloalkyloxy-, and NR°R’; wherein R® and R’ are indepen-
dently selected from groups consisting of hydrogen, (C,-
Cyalkyl, hydroxyl(C,-C;)alkyl, (C,-C;)alkoxy(C,-C;)
alkyl- and —C(=0)(C,-C,)alkyl; or R® and R’, taken
together with the N to which they are attached, form a three
to seven membered ring, wherein said ring 1s optionally
substituted one to three times by R®; wherein said R® is
selected from groups consisting of (C,-C;)alkyl, halo and
hydroxyl.

In another embodiment, this invention relates to com-
pounds of Formula (I), wherein R" is methyl, R* is methy],
R is hydrogen, R* is methyl and R® is selected from the
group consisting of hydrogen, cyano, halo, —SO,(C,-C;)
alkyl, pyridinyl, thiazolyl, and phenyl; wherein said pyridi-
nyl, thiazolyl and phenyl may be optionally substituted by 1,
2 or 3 groups independently selected from the group con-
sisting of (C,-C;)alkyl, (C,-C;)alkoxy, optionally substi-
tuted heterocycloalkyl and —CH,N(R”),, wherein each R’

1s independently selected from the group consisting of

hydrogen and (C,-C;)alkyl.
Specific compounds of this invention include:
S-Bromo-2-methyl-3-[(1-methylethyl)amino]-N-[(6-
methyl-2-oxo0-4-propyl-1,2-dihydro-3-pyridinyl)methyl]
benzamide;
2-Methyl-3-[(1-methylethyl)Jamino|-N-[ (6-methyl-2-0x0-4-
propyl-1,2-dihydro-3-pyridinyl)methyl]-5-[6-(4-methyl-
1-piperazinyl)-3-pyridinyl]benzamide;
5-Bromo-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridinyl)
methyl]-2-methyl-3-[(1-methylethyl)amino]benzamide;
5-Bromo-2-methyl-3-[(1-methylethyl)amino]-N-{[6-
methyl-2-oxo0-4-(phenylmethyl)-1,2-dihydro-3-pyridinyl]
methyl}benzamide;
2-Methyl-3-[(1-methylethyl )Jamino|-N-[ (6-methyl-2-0x0-4-
propyl-1,2-dihydro-3-pyridinyl)methyl]-5-[6-(methyl-
oxy)-3-pyridinyl|benzamide;
N-[(4,6-Dimethyl-2-ox0-1,2-dihydro-3-pyridinyl )methyl]-
2-methyl-3-[(1-methylethyl)amino]-5-] 6-(methyloxy)-3-
pyridinyl |benzamide;
4'-[(Dimethylamino))methyl]-N-[(4,6-dimethyl-2-0x0-1,2-
dihydro-3-pyridinyl )methyl]-4-methyl-5-[(1-methyl-
ethyl)amino]-3-biphenylcarboxamide;
5-(6-Amino-3-pyridinyl)-N-[(4,6-dimethyl-2-ox0-1,2-di-
hydro-3-pyridinyl )methyl]-2-methyl-3-[(1-methylethyl)
amino |benzamide;
N-[(4,6-Dimethyl-2-0x0-1,2-dihydro-3-pyridinyl )methyl]-
2-methyl-3-[(1-methylethyl)amino]-5-[ 6-(1-piperazinyl)-
3-pyridinyl |benzamide;
N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl)-3-
(1sopropylamino)-5-(2-methoxythiazol-5-yl)-2-methyl-
benzamide;
S-Bromo-3-(sec-butylamino)-N-((4,6-dimethyl-2-0x0-1,2-
dihydropyridin-3-yl)methyl)-2-methylbenzamide;
3-(sec-Butylamino)-N-((4,6-dimethyl-2-ox0-1,2-dihydro-
pyridin-3-yl)methyl)-5-(2-methoxythiazol-5-yl)-2-meth-
ylbenzamide;
S-Bromo-2-methyl-3-[methyl(1-methylethyl)amino]-N-[(6-
methyl-2-0xo0-4-propyl-1,2-dihydro-3-pyridinyl)methyl]
benzamide;
5-Bromo-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)
methyl)-3-(1sopropyl(methyl)amino)-2-methylbenz-
amide;
N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl)-3-
(1sopropyl(methyl)amino)-5-(2-methoxythiazol-5-y1)-2-
methylbenzamide;
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S-Bromo-3-(sec-butyl(methyl))amino)-N-((4,6-dimethyl-2-
0x0-1,2-dihydropyridin-3-yl)methyl)-2-methylbenz-
amide;
3-(sec-Butyl(methyl)amino)-N-((4,6-dimethyl-2-0xo0-1,2-
dihydropyridin-3-yl)methyl)-5-(2-methoxythiazol-5-yl)-
2-methylbenzamide;
S-Bromo-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)
methyl)-2-methyl-3-(2-methylpyrrolidin-1-yl)benz-
amide;
S-Bromo-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)
methyl)-2-methyl-3-(2-methylpiperidin-1-yl)benzamide;
S-Bromo-3-(sec-butoxy)-N-((4,6-dimethyl-2-0x0-1,2-dihy-
dropyridin-3-yl)methyl)-2-methylbenzamide;
S-Bromo-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)
methyl)-3-1sopropoxy-2-methylbenzamide;
3-[acetyl(1-methylpropyl)amino]-5-bromo-N-[(4,6-dim-
ethyl-2-o0x0-1,2-dihydro-3-pyridinyl )methyl]-2-methyl-
benzamide;
2,5-dichloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridi-
nyl)methyl]-3-[(1-methylpropyl)amino]benzamide;
2,5-dichloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridi-
nyl)methyl]-3-[(1-methylethyl)oxy]|benzamide;
S-chloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridinyl)
methyl]-2-methyl-3-{[1-methyl-2-(methyloxy)ethyl]
amino }benzamide:;
S-chloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridinyl)
methyl]-3-[(2-hydroxy-1-methylethyl)amino]-2-methyl-
benzamide;
S-chloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridinyl)
methyl]-2-methyl-3-[(1-methylethyl)oxy]benzamide;
S-chloro-3-(cyclopentyloxy)-N-[(4,6-dimethyl-2-0x0-1,2-
dihydro-3-pyridinyl)methyl]-2-methylbenzamide;
2,5-dichloro-N-[(4,6-dimethyl-2-0x0-1,2-dihydro-3-pyridi-
nyl)methyl]-3-(1-methyl-1H-pyrazol-5-yl)benzamide;
3-(sec-butoxy)-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yl)methyl)-2-methyl-35-(6-(4-methylpiperazin-1-yl)
pyridin-3-yl)benzamide;
S-(sec-butoxy)-N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-
3-yDmethyl)-3'-((dimethylamino)methyl)-4-methyl-[1,1'-
biphenyl]-3-carboxamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-
1sopropoxy-2-methyl-5-(6-(piperazin-1-yl)pyridin-3-yl)
benzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-
1sopropoxy-2-methyl-5-(6-(4-methylpiperazin-1-yl)pyri-
din-3-yl)benzamide;
N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl )-
3'-((dimethylamino )methyl)-3-1sopropoxy-4-methyl-[ 1,
1'-biphenyl]-3-carboxamide;
3-(sec-butoxy)-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yl)methyl)-2-methyl-3-(6-(piperazin-1-yl)pyridin-3-yl)
benzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-
methoxy-2-methylbenzamide;
3-(sec-butoxy)-N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-
3-yl)methyl)-2-methylbenzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-
1sopropoxy-2-methylbenzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-2-
methyl-3-((tetrahydrofuran-3-yl)oxy)benzamide;
N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl )-2-
methyl-3-((1-methylpyrrolidin-3-yl)oxy)benzamide;
N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl )-2-
methyl-3-((tetrahydro-2H-pyran-4-yl)oxy)benzamide;
3-(sec-butoxy)-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yl)methyl)-2-methyl-5-(methylsulionyl)benzamide;
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N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-

(1sopropylamino)-2-methyl-5-(methylsulfonyl)benz-

amide;
3-(sec-butoxy)-5-cyano-N-((4,6-dimethyl-2-0x0-1,2-dihy-

dropyridin-3-yl)methyl)-2-methylbenzamide;
S-cyano-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)
methyl)-3-1sopropoxy-2-methylbenzamide;
3-(sec-butoxy)-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yDmethyl)-5-methoxy-2-methylbenzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-
1sopropoxy-5S-methoxy-2-methylbenzamide;
N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-

(1sopropylamino)-2-methylbenzamide.

Typically, but not absolutely, the salts of the present
invention are pharmaceutically acceptable salts. Salts
encompassed within the term “pharmaceutically acceptable
salts” refer to non-toxic salts of the compounds of this
invention. Salts of the disclosed compounds containing a
basic amine or other basic functional group may be prepared
by any suitable method known 1n the art, including treatment
of the free base with an 1norganic acid, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, and the like, or with an organic acid, such as acetic
acid, trifluoroacetic acid, maleic acid, succinic acid, man-
delic acid, fumaric acid, malonic acid, pyruvic acid, oxalic
acid, glycolic acid, salicylic acid, pyranosidyl acid, such as
glucuronic acid or galacturonic acid, alpha-hydroxy acid,
such as citric acid or tartaric acid, amino acid, such as
aspartic acid or glutamic acid, aromatic acid, such as ben-
zoic acid or cinnamic acid, sulfonic acid, such as p-toluene-
sulfonic acid, methanesulfonic acid, ethanesulfonic acid or
the like. Examples of pharmaceutically acceptable salts
include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, chlorides, bromides, 1odides, acetates, propi-

onates, decanoates, caprylates, acrylates, formates, 1sobu-
tyrates, caproates, heptanoates, propiolates, oxalates,
malonates succinates, suberates, sebacates, fumarates,

maleates, butyne-1,4-dioates, hexyne-1,6-dioates, benzo-
ates, chlorobenzoates, methylbenzoates, dimitrobenzoates,
hydroxybenzoates, methoxybenzoates, phthalates, pheny-
lacetates, phenylpropionates, phenylbutrates, citrates, lac-
tates, v-hydroxybutyrates, glycolates, tartrates mandelates,
and sulfonates, such as xylenesulfonates, methanesul-
fonates, propanesulfonates, naphthalene-1-sulfonates and
naphthalene-2-sulifonates.

Salts of the disclosed compounds containing a carboxylic
acid or other acidic functional group can be prepared by
reacting with a suitable base. Such a pharmaceutically
acceptable salt may be made with a base which affords a
pharmaceutically acceptable cation, which includes alkali
metal salts (especially sodium and potassium), alkaline earth
metal salts (especially calcium and magnesium), aluminum
salts and ammonium salts, as well as salts made from
physiologically acceptable organic bases such as trimethyl-
amine, triethylamine, morpholine, pyridine, piperidine,
picoline, dicyclohexylamine, N,N'-dibenzylethylenedi-
amine, 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine,
tri-(2-hydroxyethyl)amine, procaine, dibenzylpiperidine,
dehydroabietylamine, N,N'-bisdehydroabietylamine, glu-
camine, N-methylglucamine, collidine, quinine, quinoline,
and basic amino acid such as lysine and arginine.

Other salts, which are not pharmaceutically acceptable,
may be useful in the preparation of compounds of this
invention and these should be considered to form a further
aspect of the invention. These salts, such as oxalic or
trifluoroacetate, while not 1n themselves pharmaceutically
acceptable, may be useful in the preparation of salts useful
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as intermediates 1n obtaining the compounds of the inven-
tion and their pharmaceutically acceptable salts.

The compound of Formula (I) or a salt thereof may exist
in stereoisomeric forms (e.g., it contains one or more asym-
metric carbon atoms). The individual stereoisomers
(enantiomers and diastereomers) and mixtures of these are
included within the scope of the present invention. Likewise,
it 1s understood that a compound or salt of Formula (I) may
exist 1 tautomeric forms other than that shown in the
formula and these are also included within the scope of the
present invention. It 1s to be understood that the present
invention includes all combinations and subsets of the
particular groups defined hereinabove. The scope of the
present imnvention includes mixtures of stereoisomers as well
as purified enantiomers or enantiomerically/diastereomeri-
cally enriched mixtures. It 1s to be understood that the
present 1invention includes all combinations and subsets of
the particular groups defined hereinabove.

The subject invention also includes 1sotopically-labelled
compounds, which are identical to those recited in formula
(I) and following, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number
different from the atomic mass or mass number usually
found in nature. Examples of 1sotopes that can be incorpo-
rated 1nto compounds of the invention and pharmaceutically
acceptable salts thereof include 1sotopes of hydrogen, car-

bon, nitrogen, oxygen, phosphorous, sulphur, fluorine,
10dine, and chlorine, such as 2H, 3H, 11C, 13C, 14C, 15N,

170, 180, 31P, 32P, 35S, 18F, 36Cl1, 1231 and 125I.

Compounds of the present invention and pharmaceuti-
cally acceptable salts of said compounds that contain the
aforementioned 1sotopes and/or other i1sotopes of other
atoms are within the scope of the present invention. Isoto-
pically-labelled compounds of the present invention, for
example those 1nto which radioactive 1sotopes such as 3H,
14C are incorporated, are useful 1n drug and/or substrate
tissue distribution assays. Tritiated, 1.e., 3H, and carbon-14,
1.e., 14C, 1sotopes are particularly preferred for their ease of
preparation and detectability. 11C and 18F 1isotopes are
particularly usetul in PET (positron emission tomography),
and 1251 1sotopes are particularly useful in SPECT (single
photon emission computerized tomography), all usetul in
brain imaging. Further, substitution with heavier 1sotopes
such as deuterum, 1.e., 2H, can afford certain therapeutic
advantages resulting from greater metabolic stability, for
example 1increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some circum-
stances. Isotopically labelled compounds of formula I and
following of this invention can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or
in the Examples below, by substituting a readily available
1sotopically labelled reagent for a non-1sotopically labelled
reagent.

The invention further provides a pharmaceutical compo-
sition (also referred to as pharmaceutical formulation) com-
prising a compound of Formula (I) or pharmaceutically
acceptable salt thereof and one or more excipients (also
referred to as carriers and/or diluents 1n the pharmaceutical
arts). The excipients are acceptable in the sense of being
compatible with the other ingredients of the formulation and
not deleterious to the recipient thereof (i.e., the patient).

Pharmaceutical compositions may be in unit dose form
containing a predetermined amount of active ingredient per
unit dose. Such a unit may contain a therapeutically effective
dose of the compound of Formula (I) or salt thereof or a
fraction of a therapeutically eflective dose such that multiple
unmit dosage forms might be administered at a given time to
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achieve the desired therapeutically effective dose. Preferred
unit dosage formulations are those containing a daily dose or
sub-dose, as herein above recited, or an appropriate fraction
thereof, of an active ingredient. Furthermore, such pharma-
ceutical compositions may be prepared by any of the meth-
ods well-known 1n the pharmacy art.

Pharmaceutical compositions may be adapted for admin-
istration by any appropriate route, for example, by oral
(including buccal or sublingual), rectal, nasal, topical (in-
cluding buccal, sublingual, or transdermal), vaginal, or
parenteral (including subcutaneous, intramuscular, intrave-
nous, or intradermal) routes. Such compositions may be
prepared by any method known 1n the art of pharmacy, for
example, by bringing into association the active ingredient
with the excipient(s).

When adapted for oral administration, pharmaceutical
compositions may be in discrete units such as tablets or
capsules; powders or granules; solutions or suspensions 1n
aqueous or non-aqueous liquids; edible foams or whips;
oil-in-water liquid emulsions or water-in-o1l liquid emul-
sions. The compound or salt thereof of the invention or the
pharmaceutical composition of the invention may also be
incorporated into a candy, a waler, and/or tongue tape
formulation for administration as a “quick-dissolve” medi-
cine.

For instance, for oral administration in the form of a tablet
or capsule, the active drug component can be combined with
an oral, non-toxic pharmaceutically acceptable inert carrier
such as ethanol, glycerol, water, and the like. Powders or
granules are prepared by comminuting the compound to a
suitable fine size and mixing with a similarly comminuted
pharmaceutical carrier such as an edible carbohydrate, as,
for example, starch or mannitol. Flavoring, preservative,
dispersing, and coloring agents can also be present.

Capsules are made by preparing a powder mixture, as
described above, and filling formed gelatin or non-gelati-
nous sheaths. Glidants and lubricants such as colloidal silica,
talc, magnesium stearate, calcium stearate, solid polyethyl-
ene glycol can be added to the powder mixture before the
filling operation. A disintegrating or solubilizing agent such
as agar-agar, calcium carbonate, or sodium carbonate can
also be added to improve the availability of the medicine
when the capsule 1s ingested.

Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents, and coloring agents can
also be incorporated into the mixture. Suitable binders
include starch, gelatin, natural sugars, such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums
such as acacia, tragacanth, sodium alginate, carboxymeth-
ylcellulose, polyethylene glycol, waxes, and the like. Lubri-
cants used in these dosage forms include sodium oleate,
sodium stearate, magnesium stearate, sodium benzoate,
sodium acetate, sodium chloride, and the like. Disintegrators
include, without limitation, starch, methylcellulose, agar,
bentonite, xanthan gum, and the like.

Tablets are formulated, for example, by preparing a pow-
der mixture, granulating or slugging, adding a lubricant and
disintegrant, and pressing into tablets. A powder mixture 1s
prepared by mixing the compound, suitably comminuted,
with a diluent or base as described above, and optionally,
with a binder such as carboxymethylcellulose, and aliginate,
gelatin, or polyvinyl pyrrolidone, a solution retardant such
as parailin, a resorption accelerator such as a quaternary sallt,
and/or an absorption agent such as bentonite, kaolin, or
dicalcium phosphate. The powder mixture can be granulated
by wetting a binder such as syrup, starch paste, acadia
mucilage, or solutions of cellulosic or polymeric materials
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and forcing through a screen. As an alternative to granulat-
ing, the powder mixture can be run through the tablet
machine and the result 1s imperfectly formed slugs broken
into granules. The granules can be lubricated to prevent
sticking to the tablet forming dies by means of the addition
of stearic acid, a stearate salt, talc, or mineral oil. The
lubricated mixture 1s then compressed into tablets. The
compound or salt of the present invention can also be
combined with a free-flowing inert carrier and compressed
into tablets directly without going through the granulating or
slugging steps. A clear opaque protective coating consisting,
ol a sealing coat of shellac, a coating of sugar, or polymeric
material, and a polish coating of wax can be provided.
Dyestufls can be added to these coatings to distinguish
different dosages.

Oral flmids such as solutions, syrups, and elixirs can be
prepared 1n dosage unit form so that a given quantity
contains a predetermined amount of active igredient. Syr-
ups can be prepared by dissolving the compound or salt
thereol of the invention 1n a suitably flavoured aqueous
solution, while elixirs are prepared through the use of a
non-toxic alcoholic vehicle. Suspensions can be formulated
by dispersing the compound or salt of the invention 1n a
non-toxic vehicle. Solubilizers and emulsifiers, such as
ethoxylated 1sostearyl alcohols and polyoxyethylene sorbitol
ethers, preservatives, flavor additives such as peppermint
o1l, natural sweeteners, saccharin, or other artificial sweet-
eners, and the like, can also be added.

Where appropriate, dosage unit formulations for oral
administration can be microencapsulated. The formulation
can also be prepared to prolong or sustain the release as, for
example, by coating or embedding particulate material 1n
polymers, wax, or the like.

In the present invention, tablets and capsules are preferred
for delivery of the pharmaceutical composition.

In accordance with another aspect of the invention there
1s provided a process for the preparation of a pharmaceutical
composition comprising mixing (or admixing) a compound
of Formula (I) or salt thereof with at least one excipient.

The present invention also provides a method of treatment
in a mammal, especially a human. The compounds and
compositions of the mvention are used to treat cellular
proliferation diseases. Disease states which can be treated by
the methods and compositions provided herein include, but
are not limited to, cancer (further discussed below), auto-
immune disease, fungal disorders, arthritis, graft rejection,
inflammatory bowel disease, proliferation induced after
medical procedures, including, but not limited to, surgery,
angioplasty, and the like. It 1s appreciated that in some cases
the cells may not be 1n a hyper or hypo proliferation state
(abnormal state) and still requires treatment. For example,
during wound healing, the cells may be proliferating “nor-
mally”, but proliferation enhancement may be desired. Thus,
in one embodiment, the invention herein includes applica-
tion to cells or individuals afllicted or impending affliction
with any one of these disorders or states.

The compositions and methods provided herein are par-
ticularly deemed usetul for the treatment of cancer including
tumors such as prostate, breast, brain, skin, cervical carci-
nomas, testicular carcinomas, etc. They are particularly
useful 1n treating metastatic or malignant tumors. More
particularly, cancers that may be treated by the compositions
and methods of the invention include, but are not limited to
tumor types such as astrocytic, breast, cervical, colorectal,
endometrial, esophageal, gastric, head and neck, hepatocel-
lular, laryngeal, lung, oral, ovarian, prostate and thyroid
carcinomas and sarcomas. More specifically, these com-
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pounds can be used to treat: Cardiac: sarcoma (angiosar-
coma, fibrosarcoma, rhabdomyosarcoma, liposarcoma),
myxoma, rhabdomyoma, fibroma, lipoma and teratoma;
Lung: bronchogenic carcinoma (squamous cell, undifferen-
tiated small cell, undifferentiated large cell, adenocarci-
noma), alveolar (bronchiolar) carcinoma, bronchial
adenoma, sarcoma, lymphoma, chondromatous hamartoma,
mesothelioma; Gastrointestinal: esophagus (squamous cell
carcinoma, adenocarcinoma, leitomyosarcoma, lymphoma),
stomach (carcinoma, lymphoma, leilomyosarcoma), pan-
creas (ductal adenocarcinoma, insulinoma, glucagonoma,
gastrinoma, carcinoid tumors, vipoma), small bowel (adeno-
carcinoma, lymphoma, carcinoid tumors, Karposi’s sar-
coma, lelomyoma, hemangioma, lipoma, neurofibroma,
fibroma), large bowel (adenocarcinoma, tubular adenoma,
villous adenoma, hamartoma, leiomyoma); Genitourinary
tract: kidney (adenocarcinoma, Wilm’s tumor (nephroblas-
toma), lymphoma, leukemia), bladder and urethra
(squamous cell carcinoma, transitional cell carcinoma,
adenocarcinoma), prostate (adenocarcinoma, sarcoma), tes-
t1s (seminoma, teratoma, embryonal carcinoma, teratocarci-
noma, choriocarcinoma, sarcoma, interstitial cell carcinoma,
fibroma, fibroadenoma, adenomatoid tumors, lipoma);
Liver: hepatoma (hepatocellular carcinoma), cholangiocar-
cinoma, hepatoblastoma, angiosarcoma, hepatocellular
adenoma, hemangioma; Biliary tract: gall bladder carci-
noma, ampullary carcinoma, cholangiocarcinoma; Bone:
osteogenic sarcoma (osteosarcoma), fibrosarcoma, malig-
nant fibrous histiocytoma, chondrosarcoma, Ewing’s sar-
coma, malignant lymphoma (reticulum cell sarcoma), mul-
tiple myeloma, malignant giant cell tumor chordoma,
osteochronfroma (osteocartilaginous exostoses), benign
chondroma, chondroblastoma, chondromyxofibroma,
osteoid osteoma and giant cell tumors; Nervous system:
skull (osteoma, hemangioma, granuloma, xanthoma, osteitis
deformans), meninges (meningioma, meningiosarcoma,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma,
ependymoma, germinoma (pinealoma), glioblastoma multi-
form, oligodendroglioma, schwannoma, retinoblastoma,
congenital tumors), spinal cord neurofibroma, meningioma,
glioma, sarcoma); Gynecological: uterus (endometrial car-
cinoma), cervix (cervical carcinoma, pre-tumor cervical
dysplasia), ovaries (ovarian carcinoma (serous cystadeno-
carcinoma, mucinous cystadenocarcinoma, unclassified car-
cinoma), granulosa-thecal cell tumors, Sertoli-Leydig cell
tumors, dysgerminoma, malignant teratoma), vulva
(squamous cell carcinoma, intraepithelial carcinoma, adeno-
carcinoma, fibrosarcoma, melanoma), vagina (clear cell
carcinoma, squamous cell carcinoma, botryoid sarcoma
(embryonal rhabdomyosarcoma), fallopian tubes (carci-
noma); Hematologic: blood (myeloid leukemia (acute and
chronic), acute lymphoblastic leukemia, chronic lympho-
cytic leukemia, myeloproliferative diseases, multiple
myeloma, myelodysplastic syndrome), Hodgkin’s disease,
non-Hodgkin’s lymphoma (malignant lymphoma); Skin:
malignant melanoma, basal cell carcinoma, squamous cell
carcinoma, Karposi’s sarcoma, moles dysplastic nevi,
lipoma, angioma, dermatofibroma, keloids, psoriasis; and
Adrenal glands: neuroblastoma. Thus, the term “cancerous
cell” as provided herein, includes a cell atllicted by any one
or related of the above i1dentified conditions.

The instant compounds can be combined with or co-
administered with other therapeutic agents, particularly
agents that may enhance the activity or time of disposition
of the compounds. Combination therapies according to the
invention comprise the administration of at least one com-
pound of the invention and the use of at least one other
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treatment method. In one embodiment, combination thera-
pies according to the mnvention comprise the administration
of at least one compound of the invention and surgical
therapy. In one embodiment, combination therapies accord-
ing to the imvention comprise the administration of at least
one compound of the invention and radiotherapy. In one
embodiment, combination therapies according to the inven-
tion comprise the administration of at least one compound of
the imnvention and at least one supportive care agent (e.g., at
least one anti-emetic agent). In one embodiment, combina-
tion therapies according to the present mvention comprise
the administration of at least one compound of the invention
and at least one other chemotherapeutic agent. In one
particular embodiment, the invention comprises the admin-
istration of at least one compound of the invention and at
least one anti-neoplastic agent. In yet another embodiment,
the 1nvention comprises a therapeutic regimen where the
EZH?2 inhibitors of this disclosure are not in and of them-
selves active or significantly active, but when combined
with another therapy, which may or may not be active as a
standalone therapy, the combination provides a useful thera-
peutic outcome.

By the term “co-administering” and derivatives thereof as
used herein 1s meant either simultaneous administration or
any manner ol separate sequential administration of an
EZH2 inhibiting compound, as described herein, and a
further active ingredient or ingredients, known to be useful
in the treatment of cancer, including chemotherapy and
radiation treatment. The term further active ingredient or
ingredients, as used herein, includes any compound or
therapeutic agent known to or that demonstrates advanta-
geous properties when administered to a patient in need of
treatment for cancer. Preferably, if the administration 1s not
simultaneous, the compounds are administered 1n a close
time proximity to each other. Furthermore, it does not matter
if the compounds are administered in the same dosage form,
e.g. one compound may be admimstered topically and
another compound may be administered orally.

Typically, any anti-neoplastic agent that has activity ver-
sus a susceptible tumor being treated may be co-adminis-
tered 1in the treatment of specified cancers in the present
invention. Examples of such agents can be found in Cancer
Principles and Practice of Oncology by V. T. Devita and S.
Hellman (editors), 67 edition (Feb. 15, 2001), Lippincott
Williams & Wilkins Publishers. A person of ordinary skill in
the art would be able to discern which combinations of
agents would be useful based on the particular characteris-
tics of the drugs and the cancer mnvolved. Typical anti-
neoplastic agents usetul 1n the present invention include, but
are not limited to, anti-microtubule agents such as diterpe-
noids and vinca alkaloids; platinum coordination com-
plexes; alkylating agents such as nitrogen mustards, oxaza-
phosphorines, alkylsulfonates, nitrosoureas, and triazenes;
antibiotic agents such as anthracyclins, actinomycins and
bleomycins; topoisomerase II inhibitors such as epipodo-
phyllotoxins; antimetabolites such as purine and pyrimidine
analogues and anti-folate compounds; topoisomerase I
inhibitors such as camptothecins; hormones and hormonal
analogues; DNA methyltransferase inhibitors such as
azacitidine and decitabine; signal transduction pathway
inhibitors; non-receptor tyrosine kinase angiogenesis inhibi-
tors; immunotherapeutic agents; proapoptotic agents; and
cell cycle signaling inhibitors.

Typically, any chemotherapeutic agent that has activity
against a susceptible neoplasm being treated may be utilized
in combination with the compounds the invention, provided
that the particular agent 1s clinically compatible with therapy
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employing a compound of the invention. Typical anti-
neoplastic agents useful 1n the present invention include, but
are not limited to: alkylating agents, anti-metabolites, anti-
tumor antibiotics, antimitotic agents, nucleoside analogues,
topoisomerase 1 and II inhibitors, hormones and hormonal
analogues; retinoids, histone deacetylase inhibitors; signal
transduction pathway inhibitors including inhibitors of cell
growth or growth factor function, angiogenesis inhibitors,
and serine/threonine or other kinase inhibitors; cyclin depen-
dent kinase inhibitors; antisense therapies and immunothera-
peutic agents, including monoclonals, vaccines or other
biological agents.

Nucleoside analogues are those compounds which are
converted to deoxynucleotide triphosphates and incorpo-
rated into replicating DNA 1n place of cytosine. DNA
methyltransferases become covalently bound to the modi-
fied bases resulting in an 1nactive enzyme and reduced DNA
methylation. Examples of nucleoside analogues include
azacitidine and decitabine which are used for the treatment
of myelodysplastic disorder. Histone deacetylase (HDAC)
inhibitors include vorinostat, for the treatment of cutaneous
T-cell lymphoma. HDACs modily chromatin through the
deactylation of histones. In addition, they have a variety of
substrates including numerous transcription factors and sig-
naling molecules. Other HDAC 1nhibitors are in develop-
ment.

Signal transduction pathway inhibitors are those inhibi-
tors which block or 1inhibit a chemical process which evokes
an intracellular change. As used herein this change 1s cell
proliferation or differentiation or survival. Signal transduc-
tion pathway inhibitors useful in the present invention
include, but are not limited to, inhibitors of receptor tyrosine
kinases, non-receptor tyrosine kinases, SH2/SH3 domain
blockers, serine/threonine kinases, phosphatidyl 1nositol-3-
OH kinases, myoinositol signaling, and Ras oncogenes.
Signal transduction pathway inhibitors may be employed 1n
combination with the compounds of the invention in the
compositions and methods described above.

Receptor kinase angiogenesis inhibitors may also find use
in the present invention. Inhibitors of angiogenesis related to
VEGFR and TIE-2 are discussed above in regard to signal
transduction inhibitors (both are receptor tyrosine kinases).
Other inhibitors may be used in combination with the
compounds of the invention. For example, anti-VEGF anti-
bodies, which do not recognize VEGFR (the receptor tyro-
sine kinase), but bind to the ligand; small molecule inhibi-
tors of integrin (alpha, beta,) that inhibit angiogenesis;
endostatin and angiostatin (non-RTK) may also prove usetul
in combination with the compounds of the invention. One
example of a VEGFR antibody 1s bevacizumab (AVAS-
TIN®).

Several inhibitors of growth factor receptors are under
development and include ligand antagonists, antibodies,
tyrosine kinase inhibitors, anti-sense oligonucleotides and
aptamers. Any of these growth factor receptor inhibitors
may be employed 1in combination with the compounds of the
invention 1 any of the compositions and methods/uses
described herein. Trastuzumab (Herceptin®) 1s an example
of an anti-erbB2 antibody inhibitor of growth factor func-
tion. One example of an anti-erbB1 antibody inhibitor of
growth factor function 1s cetuximab (Erbitux™, (C225).
Bevacizumab (Avastin®) 1s an example of a monoclonal
antibody directed against VEGFR. Examples of small mol-
ecule mhibitors of epidermal growth factor receptors include
but are not limited to lapatinib (ITykerb™) and erlotinib
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example of a PDGFR 1nhibitor. Examples of VEGFR 1nhibi-
tors include pazopamb, ZD6474, AZD21°71, PTK787, suni-
tinib and sorafenib.

Anti-microtubule or anti-mitotic agents are phase specific
agents active against the microtubules of tumor cells during
M or the mitosis phase of the cell cycle. Examples of
anti-microtubule agents include, but are not limited to,
diterpenoids and vinca alkaloids.

Diterpenoids, which are derived from natural sources, are
phase specific anti-cancer agents that operate at the G,/M
phases of the cell cycle. It 1s believed that the diterpenoids
stabilize the P-tubulin subunit of the microtubules, by bind-
ing with this protein. Disassembly of the protein appears
then to be inhibited with mitosis being arrested and cell
death following. Examples of diterpenoids include, but are
not limited to, paclitaxel and 1ts analog docetaxel.

Paclitaxel, 5B,20-epoxy-1,2a,4,73,100,13c-hexa-hy-
droxytax-11-en-9-one 4,10-diacetate 2-benzoate [-ester
with (2R,3S)—N-benzoyl-3-phenylisoserine; 1s a natural
diterpene product 1solated from the Pacific yew tree Taxus
brevifolia and 1s commercially available as an injectable
solution TAXOL®. It 1s a member of the taxane family of
terpenes. It was first 1solated 1n 1971 by Wani1 et al. J. Am.
Chem, Soc., 93:2325. 1971), who characterized 1ts structure
by chemical and X-ray crystallographic methods. One
mechanism for 1ts activity relates to paclitaxel’s capacity to
bind tubulin, thereby inhibiting cancer cell growth. Schifl et
al., Proc. Natl, Acad, Sci. USA, 77:1561-1565 (1980); Schiit
et al., Nature, 277:665-667 (1979); Kumar, J. Biol, Chem,
256: 10435-10441 (1981). For a review of synthesis and
anticancer activity of some paclitaxel derivatives see: D. G.
I. Kingston et al., Studies 1n Organic Chemistry vol. 26,
entitled “New trends in Natural Products Chemistry 19867,
Attaur-Rahman, P. W. Le Quesne, Eds. (Elsevier, Amster-
dam, 1986) pp 219-235.

Paclitaxel has been approved for clinical use 1n the
treatment of refractory ovarian cancer in the United States
(Markman et al., Yale Journal of Biology and Medicine,
64:583, 1991; McGuire et al., Ann. Intern, Med., 111:273,
1989) and for the treatment of breast cancer (Holmes et al.,
J. Nat. Cancer Inst., 83:1797, 1991.) It 1s a potential candi-
date for treatment of neoplasms in the skin (Einzig et. al.,
Proc. Am. Soc. Clin. Oncol., 20:46) and head and neck
carcinomas (Forastire et. al., Sem. Oncol., 20:56, 1990). The
compound also shows potential for the treatment of poly-
cystic kidney disease (Woo et. al., Nature, 368:750. 1994),
lung cancer and malaria. Treatment of patients with pacli-
taxel results 1n bone marrow suppression (multiple cell
lineages, Ignoil, R. I. et. al, Cancer Chemotherapy Pocket
Guide, 1998) related to the duration of dosing above a
threshold concentration (50 nM) (Kearns, C. M. et. al.,
Seminars 1n Oncology, 3(6) p. 16-23, 1995).

Docetaxel, (2R,3S)—N-carboxy-3-phenylisoserine,N-
tert-butyl ester, 13-ester with 5p-20-epoxy-1,2a.,4,73,100,
13a-hexahydroxytax-11-en-9-one 4-acetate 2-benzoate, tri-
hydrate; 1s commercially available as an injectable solution
as TAXOTERE®. Docetaxel 1s indicated for the treatment of
breast cancer. Docetaxel 1s a semisynthetic dernivative of
paclitaxel q.v., prepared using a natural precursor,
10-deacetyl-baccatin III, extracted from the needle of the
European Yew tree. The dose limiting toxicity of docetaxel
1S neutropenia.

Vinca alkaloids are phase specific anti-neoplastic agents
derived from the periwinkle plant. Vinca alkaloids act at the
M phase (mitosis) of the cell cycle by binding specifically to
tubulin. Consequently, the bound tubulin molecule 1s unable
to polymerize into microtubules. Mitosis 1s believed to be




