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57 ABSTRACT

Polyamine, polyamine/guanidino, and polyamine/biguanide
compounds are disclosed. The compounds are useful as
anti-cancer and anti-parasitic treatments. The compounds
are also useful as inhibitors of the enzyme lysine-specific
demethylase-1.
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 15
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Figure 16
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Figure 17
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Figure 18
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Figure 19
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Figure 22
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Figure 23

Time Course of 39-TDW-47¢ in MCF7 Cells
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Figure 26
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Figure 31
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POLYAMINES USEFUL AS ANTI-PARASITIC AND
ANTI-CANCER THERAPEUTICS AND AS
LYSINE-SPECIFIC DEMETHYLASE INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority benefit of U.S.
Provisional Patent Application No. 60/707,420, filed Aug.
10, 2005. The entire contents of that application are hereby
incorporated by reference herein.

TECHNICAL FIELD

[0002] This invention pertains to polyamine compounds,
including polyamine/guanidine and polyamine/biguanide
compounds, useful for treatment of cancer and/or parasitic
infections, and for inhibition of lysine-specific demethylase.

BACKGROUND

[0003] Polyamines are found in both eukaryotic and
prokaryotic cells and figure prominently in regulation of the
cell cycle and cell division. Agents specifically targeting
polyamine biosynthesis, such as polyamine analogs, have
been shown to have therapeutic effect in treatment of cancer,
parasitic diseases, and other indications. These antiprolif-
erative effects have been demonstrated to be, in part, a result
of agent-induced decreases in the natural intracellular
polyamines resulting from inhibition, down-regulation of
polyamine biosynthesis and/or up regulation of polyamine
catabolism. See, e.g., Wang and Casero, J, Biochem. 139:17
(2006); Casero et al., Proc. West. Pharmacol. Soc. 48:24
(2005); Casero et al., J. Med. Chem. 44:1 (2001); U.S. Pat.
Nos. 5,889,061, 6,392,098, and 6,794,545; U.S. Patent
Application Publication Nos. 2003/0072715, 2003/0195377,
and International Patent Applications WO 98/17624, WO
00/66587, WO 02/10142, and WO 03/050072. Bi et al.,
Bioorgan. Med. Chem. Letters 16:3229 (2006) discuss novel
alkylpolyaminoguanidines and alkylpolyaminobiguanides
with potent antitrypanosomal activity.

[0004] The enzyme lysine-specific demethylase-1 (LSD1)
has been shown to play an important role in regulation of
gene expression; see Shi et al., Cell 119:941 (2004). WO
2006/071608 discusses certain methods involving lysine-
specific demethylase-1. In view of the importance of gene
regulation in areas such as cancer therapy and cancer pro-
phylaxis, inhibitors of L.SD1 are of great interest in the
treatment and prevention of cancer and uncontrolled cell
growth.

DISCLOSURE OF THE INVENTION

[0005] The invention embraces polyamine, polyamine/
guanidine, and polyamine/biguanide compounds, and uses
of those compounds for treatment and prevention of cancer.
The invention also embraces uses of those compounds for
inhibition of lysine-specific demethylase-1, and treatment of
diseases involving lysine-specific demethylase-1.

[0006] In one embodiment, the invention embraces com-
pounds of the formula (M):
E-X-A-NH—B—NH-A-X-E (M)

where each E is independently selected from hydrogen,
C -C; substituted or unsubstituted alkyl, C,-C, 5 substituted
or unsubstituted cycloalkyl, C;-C, 5 substituted or unsubsti-
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tuted branched alkyl, C-C,, substituted or unsubstituted
aryl or heteroaryl, C,-C,, substituted or unsubstituted
aralkyl or heteroalkyl or heteroaralkyl, C;-C,, substituted or
unsubstituted heteroaryl; each A is independently a C,-C,
n-alkyl; B is independently selected from C,-C,, n-alkyl or
C,-C, cycloalkyl; and each X is independently selected from
—NH—, —NH—C(=NH)-NH—, and —NH—
C(=NH)—NH—C(=NH)—NH—; and all salts, solvates,
hydrates, and stereoisomers thereof.

[0007] In another embodiment,
selected from C,-Cg n-alkyl.

[0008] In another embodiment, at least one X is selected
from —NH—C(=NH)NH— and —NH—C(=NH)—
NH—C(=NH)—NH—. In another embodiment, at least
one X is —NH—C(=NH)—NH—. In another embodi-
ment, at least one X is —NH—C(=NH)—NH—
C(=NH)—NH—. In another embodiment, each X is inde-
pendently selected from —NH—C(=NH)—NH— and
—NH—C(=NH)NH—C(=NH)—NH— In another
embodiment, both X groups are —NH—C(=NH)—NH—.
In another embodiment, both X groups are —NH—C(—
NH)—NH—C(=NH)—NH—. In another embodiment,
one X is —NH—C(=NH)—NH— and another X is
—NH—C(=NH)—NH—C(=NH)—NH—.

[0009] In one embodiment, the invention embraces
polyamine/guanidine or N-alkylated polyamine/guanidine
compounds, such as a polyaminobisguanidine or polyami-
nobiguanide or N-alkylated variation thereof. An N-alky-
lated polyaminoguanidine intends a polyaminoguanidine
wherein the imine nitrogen of the guanidine is alkylated,
such as in a 2-methylguanadine derivative. In one embodi-
ment, each A is —(CH,),— and B is —(CH,),—. In another
embodiment, each A is —(CH,);— and B is —(CH,),—.

[0010] In one embodiment, the compound is a polyami-
noguanidine of the formula (I):

R
RZ\N Sy
J§ PN
B e A A T Sy
H H H q

or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 12, m and p are independently an integer from 1
to 5,qis 0 or 1, each R, is independently selected from the
group consisting of C,-Cg substituted or unsubstituted alkyl,
C,-C,5 substituted or unsubstituted cycloalkyl, C;-C, 5 sub-
stituted or unsubstituted branched alkyl, C4-C,, substituted
or unsubstituted aryl, C,-C,, substituted or unsubstituted
heteroaryl, C,-C,, substituted or unsubstituted aralkyl, and
C,-C,, substituted or unsubstituted heteroaralkyl, and each
R, is independently selected from hydrogen or a C,-Cq
substituted or unsubstituted alkyl.

[0011] In one embodiment, the compound is of the for-
mula (I) wherein at least one or both R, is a C4-C,
substituted or unsubstituted aryl, such as a single ring
substituted or unsubstituted aryl, including without limita-
tion, substituted or unsubstituted phenyl. In one embodi-
ment, the compound is of the formula (I) and each R, is

B is independently
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phenyl. In one embodiment, q is 1, m and p are 3, and n is
4. In another embodiment, q is 1, m and p are 3, and n is 7.

[0012] In one embodiment, the compound is of the for-
mula (I) wherein at least one or both R, is a C4-C,, or a
C,-C; substituted or unsubstituted alkyl, such as a linear
alkyl. One or both R, may be a C,-C, substituted or
unsubstituted linear alkyl, such as methyl or ethyl. In one
embodiment, each R; is methyl. Each or both R, may
comprise or be a C,-C,s cycloalkyl group, such as a
cycloalkyl group containing a linear alkyl group, where the
cycloalkyl group is connected to the molecule either via its
alkyl or cycloalkyl moiety. For instance, each or both R,
may be cyclopropylmethyl or cyclohexylmethyl. In one
embodiment, one R, is cyclopropylmethyl or cyclohexylm-
ethyl and the other R, is a linear alkyl group, such as a linear
C,-C, unsubstituted alkyl group, including without limita-
tion an ethyl group. In one embodiment, R, is a C;-C,5
branched alkyl group such as isopropyl. When R, is a C;-Cq
substituted alkyl, the substituted alkyl may be substituted
with any substituent, including a primary, secondary, tertiary
or quaternary amine. Accordingly, in one embodiment, R, is
a C,-C, alkyl group substituted with an amine such that R,
may be e.g., alkyl-NH, or an alkyl-amine-alkyl moiety such
as —(CH,),NH(CH,)zCH; where y and z are independently
an integer from 1 to 8. In one embodiment, R, is
—(CH,);NH,.

[0013] In one embodiment, the compound is of the for-
mula (I) where at least one R, is a C,-C,, substituted or
unsubstituted aralkyl, which in one embodiment is an
aralkyl connected to the molecule via its alkyl moiety (e.g.,
benzyl). In one embodiment, each R, is an aralkyl moiety
wherein the alkyl portion of the moiety is substituted with
two aryl groups and the moiety is connected to the molecule
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via its alkyl group. For instance, in one embodiment at least
one or both R, is a C,-C,, aralkyl wherein the alkyl portion
is substituted with two phenyl groups, such as when R, is
2,2-diphenylethyl or 2,2-dibenzylethyl. In one embodiment,
each R, of formula (I) is 2,2-diphenylethyl and n is 1, 2 or
5. In one embodiment, each R, of formula (I) is 2,2-
diphenylethyl, nis 1, 2 or 5 and m and p are each 1.

[0014] In one embodiment, at least one R, is hydrogen.
When at least one R, is hydrogen, the other R, may be any
moiety listed above for R, including an aryl group such as
benzyl.

[0015] Any of the compounds of formula (I) listed above
include compounds where at least one or both of R, is
hydrogen or a C,-C, substituted or unsubstituted alkyl. In
one embodiment, each R, is an unsubstituted alkyl such as
methyl. In another embodiment, each R, is hydrogen.

[0016] Any of the compounds of formula (I) listed above
may be compounds where q is 1 and m and p are the same.
Accordingly, the polyaminoguanidines of formula (I) may
be symmetric with reference to the polyaminoguanidine core
(e.g., excluding R,). Alternatively, the compounds of for-
mula (I) may be asymmetric, e.g., when q is 0. In one
embodiment, m and p are 1. In one embodiment, q is 0. In
one embodiment, n is an integer from 1 to 5.

[0017] 1t is understood and clearly conveyed by this
disclosure that each R;, R,, m, n, p and q disclosed in
reference to formula (I) intends and includes all combina-
tions thereof the same as if each and every combination of
R,, R,, m, n, p and q were specifically and individually
listed.

[0018] Representative compounds of the formula (I)
include, e.g.:

NH NH

B188-2

NH
H;C )]\ NN
~ N HN N
H H
H,C

B182

NH
[>/\g)I\HN/\/\NH

\lN I\i
HC )\ /\/\ /\/\ /\/\ )\ CH,,
N HN N N NH N
H H H H

NH
)]\ CHs,
N/\/\NH N
H H

B181

_CHy

and

NH
N/\/\NH)]\N/\ ,
H H

B291
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)I\ﬁ
N HN/\/\N/\/\/\N/\/\NHZ
H H H

B283-2

[0019] In one embodiment, the compound is a polyami-
nobiguanide or N-alkylated polyaminobiguanide. An
N-alkylated polyaminobiguanide intends a polyaminobigu-
anide wherein at least one imine nitrogen of at least one
biguanide is alkylated. In one embodiment, the compound is
a polyaminobiguanide of the formula (II):

an

R, R,
R, R, 2N AN
\N \lN N

N
oI PP gAY
R
SN HN'H}N’H"\N SR S
AR AR a

or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 12, m and p are independently an integer from 1
to 5, qis 0 or 1, each R, is independently selected from the
group consisting of C,-Cg substituted or unsubstituted alkyl,
C¢-C,, substituted or unsubstituted aryl, C4-C,,, substituted
or unsubstituted heteroaryl, C,-C,, substituted or unsubsti-
tuted aralkyl, and C,-C,, substituted or unsubstituted het-
eroaralkyl and each R, is independently hydrogen or a C,-Cq
substituted or unsubstituted alkyl.

[0020] In one embodiment, at least one or each R, is a
C -C; substituted or unsubstituted alkyl, such as those listed
above in reference to formula (I). For instance, when R is
a C,-Cg substituted alkyl, the substituted alkyl may be
substituted with any substituent, including a primary, sec-
ondary, tertiary or quaternary amine. Accordingly, in one
embodiment, R, is a C,-C; alkyl group substituted with an
amine such that R, may be e.g., alkyl-NH, or an alkyl-
amine-alkyl moiety such as —(CH,),NH(CH,)zCH; where
y and z are independently an integer from 1 to 8 In one
embodiment, R, is —(CH,);NH,. R, may also be a C,-C,
substituted or unsubstituted cycloalkyl or a C5-C,5 substi-
tuted or unsubstituted branched alkyl, such as described for
formula (I) above. In one embodiment, at least one or each
R, is a C4-C, substituted or unsubstituted aryl, such as those

‘ NH NH
N)I\N)I\N/\/\N

listed above in reference to formula (I). In one embodiment,
qis I, m and p are 3, and n is 4. In another embodiment, q
is I, m and p are 3, and n is 7.

[0021] In one embodiment, the compound is of the for-
mula (II) where at least one or both R, is a C,-C,, substi-
tuted or unsubstituted aralkyl, which in one embodiment is
an aralkyl connected to the molecule via its alkyl moiety. In
one embodiment, each R, is an aralkyl moiety wherein the
alkyl portion of the moiety is substituted with one or two
aryl groups and the moiety is connected to the molecule via
its alkyl moiety. For instance, in one embodiment at least
one or both R, is an aralkyl wherein the alkyl portion is
substituted with two phenyl or benzyl groups, such as when
R, is 2,2-diphenylethyl or 2,2-dibenzylethyl. In one embodi-
ment, each R, of formula (II) is 2,2-diphenylethyl and n is
1, 2 or 5. In one embodiment, each R, of formula (I) is
2,2-diphenylethyl and n is 1, 2 or 5 and m and p are each 1.

[0022] Any of the compounds of formula (IT) listed above
include compounds where at least one or both of R, is
hydrogen or a C,-C, substituted or unsubstituted alkyl. In
one embodiment, each R, is an unsubstituted alkyl, such as
methyl. In another embodiment, each R, is a hydrogen.

[0023] Any of the compounds of formula (IT) listed above
include compounds where q is 1 and m and p are the same.
Accordingly, the polyaminobiguanides of formula (IT) may
be symmetric with reference to the polyaminobiguanide core
(e.g., excluding R,). Alternatively, the compounds of for-
mula (II) may be asymmetric, e.g., when q is 0. In one
embodiment, m and p are 1. In one embodiment, q is 0. In
one embodiment, n is an integer from 1 to 5. In one
embodiment, g, m and pare each 1 and nis 1, 2 or 5.

[0024] 1t is understood and clearly conveyed by this
disclosure that each R;, R,, m, n, p and q disclosed in
reference to formula (II) intends and includes all combina-
tions thereof the same as if each and every combination of
R,, R,, m, n, p and q were specifically and individually
listed.

[0025] Representative compounds of the formula (II)
include, e.g.:

XBL54-11C
NH NH
)I\ JI\ »and
NN T e
H H
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-continued

[0026] In one embodiment, the compound is a polyamine.
In one embodiment, the polyamine is of the formula (III):

a
Rg Ry
Ry N 7w SNV B Sy,
| H
Rs Ry R

or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 12; m and p are independently an integer from 1
to 5; R; and R, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubstituted
alkyl, C4-C,,, substituted or unsubstituted aryl and C,-C,,
substituted or unsubstituted aralkyl; Rs, Ry, Rg, R, and Ry
are independently selected from the group consisting of
hydrogen and C,-Cg substituted or unsubstituted alkyl; and
wherein either m and p are not the same integer or at least
one of R, Ry, R, R, and Ry is a C,;-C, substituted or
unsubstituted alkyl.

[0027] In one embodiment, R, is a C,-C, substituted or
unsubstituted alkyl. When R, is a C;-Cy substituted alkyl,
the substituted alkyl may be substituted with any substituent,
including a primary, secondary, tertiary or quaternary amine.
Accordingly, in one embodiment, R, is a C,-Cy alkyl group
substituted with an amine such that R, may be e.g., alkyl-
NH, or an alkyl-amine-alkyl moiety such as
—(CH,),NH(CH,)zCH, where y and z are independently an
integer from 1 to 8 In one embodiment, R, is
—(CH,);NHCH,CHj;.

[0028] In one embodiment, one or both of R, and R, is
hydrogen. If only one of R; and R, is hydrogen, the R; or R,
that is not hydrogen may be any moiety described herein,
such as a C,-Cg substituted or unsubstituted alkyl group,
including a cyclic alkyl group such as cyclopropylmethyl or
cycloheptylmethyl.

[0029] In one embodiment, one or both of R; and R, is a
C,-C, substituted or unsubstituted alkyl, including without
limitation a substituted or unsubstituted n-alkyl (such as
n-pentyl), substituted or unsubstituted branched (C;-Cy)
alkyl (such as 2-methylbutyl) or substituted or unsubstituted
(C5-Cg) cycloalkyl (such as cyclohexylmethyl). Larger
chain alkyl (linear, branched and cyclic) are also considered,
such as a C,-C, 5 substituted or unsubstituted alkyl. Where
one or both of R; and R, is a C,-C; substituted or unsub-
stituted n-alkyl, the moiety may be any n-alkyl, such as

XBI-54-12D

NH NH

N/\/\N/\/\N/\/\N)I\NHJI\NH

methyl or ethyl. In one embodiment, both R; and R, are a
C -C; substituted or unsubstituted alkyl, wherein one of R,
and R, is an n-alkyl moiety and the other is a cyclic moiety,
which is understood to contain at least three carbon atoms.
Alternatively, both R, and R, may be a C,-C; substituted or
unsubstituted n-alkyl. When one or both of R; and R, is a
substituted alkyl, whether linear, branched or cyclic, the
alkyl may be substituted with one or more substituents such
as those listed under “Substituted alkyl” and includes alkyl
substituted with any halogen, such as a monohaloalkyl,
dihaloalkyl, trihaloalkyl or multihaloalkyl, including a per-
halooalkyl, for example, perfluoroalkyl and percholoralkyl,
such as trifluoromethyl or pentachloroethyl.

[0030] In one embodiment, one or both of Ry and R, is a
Cy-C,, substituted or unsubstituted aryl. In one embodi-
ment, one or both of R; and R, is a C4-C,, substituted aryl,
which aryl groups may be substituted with one or more
substituents such as those listed under “Substituted aryl.” In
one embodiment, one or both of R; and R, is a C4-C,
substituted aryl, which aryl groups may be substituted with
one or more alkyoxy (such as —OCH,), alkyl (including a
branched alkyl such as tert-butyl), or halo groups (such as
fluoro). In one embodiment, one or both of R; and R, is a
halo-substituted aryl or a halo-substituted aralkyl, such as
2,4,5-trifluorophenyl or 2,4,5-trifluorobenzyl. In one
embodiment, one or both of R; and R, is a di-alkyl-
monoalkoxy-substituted aryl or aralkyl, such as 4,5-di-tert-
butyl-2-methoxybenzyl or 4,5-di-tert-butyl-2-methoxyphe-
nyl.

[0031] In one embodiment, one or both of Ry and R, is a
C,-C,, substituted or unsubstituted aralkyl or heteroaralkyl
such as an aralkyl or heteroaralkyl connected to the mol-
ecule via its alkyl moiety. In one embodiment, one or both
of R; and R, is a substituted aralkyl or heteroaralkyl con-
nected to the molecule via its alkyl moiety. A substituted
aralkyl may be substituted with one or more substituents
such as those listed under “Substituted aralkyl” and a
substituted heteroaralkyl may be substituted with one or
more substituents such as those listed under “Substituted
heteroaralkyl.” In one embodiment, one or both of R; and R,
is a substituted heteroaralkyl having at least one nitrogen
atom. In one embodiment, one or both of R; and R, is a
single ring heteroaralkyl having at least one nitrogen atom.
In one embodiment, one or both of R; and R, is 1-(2-N-
methylpyrrolyl)-methyl.

[0032] Inoneembodiment, at least 1 or at least 2 or at least
3 of Rs, Ry, Rg, R, and Ry is a C,-Cg substituted or
unsubstituted alkyl. Rs, Ry, R4, R, and Ry may be a C,-Cyq
substituted or unsubstituted alkyl. In one embodiment at
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least 1 or at least 2 or at least 3 of Ry, Ry, R, R, is a C,-Cyg
unsubstituted n-alkyl, such as methyl or ethyl. In one
embodiment, both Ry and Ry are methyl or ethyl. In one
embodiment, at least one R, and R, is methyl or ethyl. In one
embodiment, R, is methyl.

[0033] 1t is understood and clearly conveyed by this
disclosure that each R;, R, R, Rg, R, R,, Rg, m, n, y, zand
p disclosed in reference to formula (III) intends and includes
all combinations thereof the same as if each and every
combination of R;, R,, Rs, Ry, Rg, R, Ry, m, 1, y, z and p
were specifically and individually listed.

[0034] Representative compounds of the formula (III)
include, e.g.:

/\N/\/\N/\/\N/\)\N
H H H H

GEXH-32-50A
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or a salt, solvate, or hydrate thereof, wherein A, R, and R,
are independently (CH,), or ethene-1,1-diyl; n is an integer
from 1to 5; R, and R, ; are independently selected from the
group consisting of hydrogen, C,-C; substituted or unsub-
stituted alkenyl and C,-Cg substituted or unsubstituted alkyl;
and at least one of A, R,,, R;;, R,, and R,; comprises an
alkenyl moiety. In another embodiment, when any one or
more of A, R,,, and R,, is alkenyl, the alkene portion
branches off the direct chain connecting the nitrogen atoms;
that is, no more than one sp>-hybridized carbon occurs in the
carbon nodes along the shortest path from one nitrogen
flanking A, R,,, and/or R,, to the other flanking nitrogen.
For example, when A is ethene, the segment containing A is
of the form —CH,C(=CH,)—CH,— and the three nodes

/W/\NJ\/\N/\/\N/\)\N/\ ,
H H H H

44-DHEJ-4C

F J\/\ AN /\)\ F,
N N N N
H H H H

F F
44-DHEJ-5C

/\N/\/\N)\/\/\N/\/\N/\ ,
H H H H

55-DHEJ-24C

P N N N P2 N G N NH;, and
N N N
H H H

YZ33046

H
/\g/\/\g/\/\g/\/\/N\/Q.

YZ33049

[0035] In one embodiment, the polyamine is of the for-
mula (IV):

av

LN 0 NI N N e N e NP2

in the shortest carbon path between the nitrogens containing
the A moiety has only one sp>-hybridized carbon. When A is
propene, the segment containing A can be of the form
—CH,C(=CHCH,)—CH,— or —CH,C(—CH=CH,)—
CH,—.

[0036] In one embodiment, A is (CH,), and n is 1. In one
embodiment, A is ethene-1,1-diyl. In one embodiment, A is
(CH,), and one or both of R, , and R, ; comprises an alkenyl
moiety, such as propen-2-yl.
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[0037] In one embodiment at least one or both of R, and
R,, is ethene-1,1-diyl. In one embodiment, both R, and R,
are (CH,), such as CH, (where n=1).

[0038] In one embodiment, at least one or both of R, and
R,; is hydrogen. In one embodiment, at least one or both of
R,, and R, ; is a C,-C, substituted or unsubstituted alkenyl,
such as propen-2-yl. In one embodiment, at least one or both
of R, and R, ; is a C,-C, substituted or unsubstituted alky]l,
such as methyl or ethyl or any C,-C, substituted or unsub-
stituted alkyl mentioned above in reference to any one of
formulae (1), (II) or (III).

[0039] 1t is understood and clearly conveyed by this
disclosure that each A, n, R4, R;;, R, and R, ; disclosed in
reference to formula (IV) intends and includes all combi-
nations thereof the same as if each and every combination of
A, n, Ry, R, R;; and R, 5 were specifically and individu-
ally listed.

[0040] Representative compounds of the formula (IV)
include, e.g.:
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tuted alkyl and wherein the compound is free from a
methylphosphonate or hydroxy moiety.

[0042] In one embodiment, at least one or both of R, 5 and
R, is hydrogen. When only one of R, 5 and R, is hydrogen,
the R, 5 or R, that is not hydrogen may be any other moiety
listed above, such as a C4-C,,, substituted or unsubstituted
aryl or heteroaryl (e.g., 4-isopropylbenzyl, 2-phenylbenzyl,
3,3,-diphenylpropyl and the like or any C-C,,, substituted or
any unsubstituted aryl or heteroaryl listed above in reference
to any one of formulae (I)-(IV)).

[0043] In one embodiment, at least one or both of R, 5 and
R,,isa C,-Cg substituted or unsubstituted n-alkyl or (C5-Cy)
branched alkyl, such as methyl, ethyl, 3-methyl-butyl,
2-ethyl-butyl, 5-NH,-pent-1-yl, prop-1-yl-methyl(phe-
nyl)phosphinate and the like or any C,-Cg substituted or
unsubstituted n-alkyl or (C5-Cy) branched alkyl listed above
in reference to formulae (I)-(IV). In one embodiment, at
least one or both of R,5 and R, is a C,-C; substituted or
unsubstituted n-alkyl, such as an n-alkyl substituted with a
methyl(phenyl)phosphinate moiety or a NH,-substituted

ZQW-35-7C

ZQW-35-8

)\/\N/\/\N/\/\N/\/\N/\)\,md
H H H H

/\N/\/\N/\/\N/W(\N/\_
H H H H

[0041] In one embodiment, the polyamine is of the for-
mula (V):
W
Ryg
RIS\ /\(\/)/\ /\/)/k /R14
g m N n g

or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 8; m is an integer from 1 to 8; R;5 and R, are
independently selected from the group consisting of hydro-
gen, C,-C, substituted or unsubstituted n-alkyl or (C5-Cy)
branched alkyl, C,-C,, substituted or unsubstituted aryl or
heteroaryl and C,-C,, substituted or unsubstituted aralkyl or
heteroaralkyl; R, ¢ and R, are independently hydrogen or a
C,-Cq substituted or unsubstituted alkyl; and wherein the
compound contains no more than three secondary amino
groups except when R, is a C,-Cy substituted or unsubsti-

SV-53-18C2

ZQW-46

n-alkyl. In one embodiment, both R, and R,, are C,-Cq
substituted or unsubstituted n-alkyl or (C;-Cg) branched
alkyl moieties, such as when R 5 and R, , are both 3-methyl-
butyl or when R,5 and R, , are both 2-ethyl-butyl. R, and
R, may be different C,-C; substituted or unsubstituted
n-alkyl moieties, such as when one of R, s and R, is propyl
and the other is ethyl.

[0044] In one embodiment, at least one or both of R, 5 and
R,, is a C,-C,, substituted or unsubstituted aralkyl or
heteroaralkyl. In one embodiment, at least one or both of R 5
and R,, is a C,-C,, substituted or unsubstituted aralkyl or
heteroaralkyl having two rings, such as 2-phenylbenzyl,
4-phenylbenzyl, 2-benzylbenzyl, 3-benzylbenzyl, 3,3,-
diphenylpropyl, 3-(benzoimidazolyl)-propyl and the like. In
one embodiment, at least one or both of R;5 and R, is a
C-C,, substituted or unsubstituted aralkyl or heteroaralkyl
having one ring, such as 4-isopropylbenzyl, 4-fluorobenzyl,
4-tert-butylbenzyl, 3-imidazolyl-propyl, 2-phenylethyl and
the like. In one embodiment, one of R, s and R, is a C,-C,,
substituted or unsubstituted aralkyl or heteroaralkyl, such as
any of the specific substituted or unsubstituted aralkyl or
heteroaralkyl moieties listed for any other formula, and the
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other R,5 and R,, is hydrogen or a C,-Cg substituted or
unsubstituted n-alkyl or (C;-Cg) branched alkyl, such as
ethyl, methyl, 3-methylbutyl and the like.

[0045] For any compound of formula (V), m and n may be
the same or different. In one embodiment, m does not equal
n, such as when m is 1 and n is 2. For instance, in one
embodiment, m is 1, n is 2 and both R;5 and R,, are
2-benzylbenzyl. However, it is understood that all possible
combinations of m, n, R,5 and R, , are intended.

[0046] Inone embodiment, at least one or both of R, and
R, is hydrogen. In one embodiment, at least one or both of
R,s and R, is a C,-C, substituted or unsubstituted alkyl,
such as a methyl, ethyl and a C,-C; alkyl substituted with
e.g., an —NH—C,-C; alkyl such as when at least one or
both of R, and R, is —(CH,),NHCH,CH,.

[0047] 1t is understood and clearly conveyed by this
disclosure that each R, Ri5, R4, Ry, m, and n disclosed
in reference to formula (V) intends and includes all combi-
nations thereof the same as if each and every combination of
R4 Riss R, Ry 7, m, and n were specifically and individu-
ally listed.

[0048] Representative compounds of the formula (V)
include, e.g.:
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or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 12; m and p are independently an integer from 1
to 5; R, 5 and R, are independently selected from the group
consisting of hydrogen, C,-C; unsubstituted alkyl (e.g.,
methyl, ethyl, tert-butyl, isopropyl, pentyl, cyclobutyl),
C,-C; n-alkyl substituted with a cycloalkyl group compris-
ing at least two rings, C,-C,, substituted or unsubstituted
aralkyl or heteroaralkyl comprising at least two rings; and
wherein: nis 1 when R, g and R, are identical C,-Cg n-alkyl
moieties substituted with a cycloalkyl group comprising at
least two rings, or are identical aryl groups comprising at
least two rings; and, at least one of R, and R, is either a
C,-C, n-alkyl substituted with a cycloalkyl group compris-
ing at least two rings or a C,-C,, substituted or unsubstituted
aralkyl comprising at least two rings.

[0050] In one embodiment, at least one or both of R, and
R, is a C,-C, n-alkyl substituted with a cycloalkyl group
comprising at least two rings. The cycloalkyl group com-
prising at least two rings may be a spiro, fused or bridged
cycloalkyl group. Representative examples of a C,-Cq
n-alkyl substituted with a cycloalkyl group comprising two
rings include moieties such as 2-(6,6-dimethylbicyclo[3.1.1]
heptyl)ethyl and 2-(decahydronaphthyl)ethyl. In one
embodiment, both R, and R, are 2-(6,6-dimethylbicyclo

YZ33035

H H H
/\/\/N\/\/ N\/\/ N\/\/\/NHZ’
HN

42-TDW-35C

[0049] In one embodiment, the polyamine is of the for-
mula (VI):

VD

Ris Rio
Rt S i SN VY
H H H H

42-TDW-40C

O

46-TDW-17C

/\/\/NH s
g/\/\g 2, and

50-DHEJ-3C

[3.1.1]heptyl)ethyl. In one embodiment, both R, and R,
are 2-(decahydronaphthyl)ethyl. In one embodiment, one of
R,s and R, is 2-(6,6-dimethylbicyclo[3.1.1 Theptyl)ethyl or
2-(decahydronaphthyl)ethyl and the other R,y and R, is
hydrogen or a C,-Cy unsubstituted alkyl such as ethyl.

[0051] In one embodiment, at least one or both of R, and
R,y is a C,-C,, substituted or unsubstituted aralkyl or
heteroaralkyl comprising at least two rings, which rings may
be but are not required to be fused. A substituted aralkyl or
heteroaralkyl with reference to formula (VI) intends and
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includes alkanoyl moieties substituted with an aryl or het-
eroaryl group, ie., —C(=0)-aryl, —C(=O0)-aralkyl,
—C(=0)-heteroaryl, and —C(=0)-heteroaralkyl. In one
embodiment, the alkyl portion of the aralkyl or heteroaralkyl
moiety is connected to the molecule via its alkyl moiety. For
instance at least one or both of R, 3 and R, may be an aralkyl
moiety such as 2-phenylbenzyl, 4-phenylbenzyl, 3,3,-diphe-
nylpropyl, 2-(2-phenylethyl)benzyl, 2-methyl-3-phenylben-
zyl, 2-napthylethyl, 4-(pyrenyl)butyl, 2-(3-methylnapthyl-
Jethyl, 2-(1,2-dihydroacenaphth-4-yl)ethyl and the like. In
another embodiment, at least one or both of R, and R, ; may
be a heteroaralkyl moiety such as 3-(benzoimidazolyl)pro-
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panoyl, 1-(benzoimidazolyl)methanoyl, 2-(benzoimida-
zolyl)ethanoyl, 2-(benzoimidazolyl)ethyl and the like.

[0052] Inoneembodiment, each of m, n and p is the same,
such as when m, n and p are each 1.

[0053] 1t is understood and clearly conveyed by this
disclosure that each R,z R;5, m, n and p disclosed in
reference to formula (VI) intends and includes all combi-
nations thereof the same as if each and every combination of
Ris, Rjo, m, n and p were specifically and individually
listed.

[0054] Representative compounds of the formula (VI)
include, e.g.:

ZQW-35

P T N N " NS\
H H H H

39-TDW-3

>

40-TDW-23

O L Y O
N/\/\N/\/\N/\/\N ,
H H H H

40-TDW-48

Oij/\g/\/\g/\/\g/\/\g/\og and

YZ-3312C

o] o]
NNE/\/\Q/\/\Q/\/\Q)WN: : _
NH HN

44-DHEJ-38
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[0055] 1In one embodiment, the polyamine is of the for-
mula (VII):

(VID)

Rao Ry
SN Ny 7N 7 N7
H H H q H

or a salt, solvate, or hydrate thereof, wherein n is an integer
from 1 to 12; m and p are independently an integer from 1
to 5;qis O or 1; R,, and R, are independently selected from
the group consisting of hydrogen, C,-Cg; substituted or
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as any of the C,-C,, substituted or unsubstituted aralkyl
mentioned above for formulas (I)-(VI).

[0058]
disclosure that each R,,, R,;, m, n, q and p disclosed in
reference to formula (VII) intends and includes all combi-
nations thereof the same as if each and every combination of

It is understood and clearly conveyed by this

R,o, R,;, m, n, q and p were specifically and individually
listed.

[0059] Representative compounds of the formula (VII)
include, e.g.:

40-TDW-19

F3C/\§/\/\§/\/\§/\/\§/\><’

AN P W P e P e e\
H H H H

0 0
:Jkﬁ/\/\ﬁ/\/\ﬁ/\/\ﬁ)lé and

F\S S/F.
/\ /\
F F F F

unsubstituted alkyl, —C(=0)—C, -C; substituted or unsub-
stituted alkyl, —C(=0)—C,-C, substituted or unsubsti-
tuted alkenyl, —C(=0)—C,-Cy substituted or unsubsti-
tuted alkynyl, and C,-C,, substituted or unsubstituted
aralkyl; and wherein the compound comprises at least one
moiety selected from the group consisting of t-butyl, iso-
propyl, 2-ethylbutyl, 1-methylpropyl, 1-methylbutyl,
3-butenyl, isopent-2-enyl, 2-methylpropan-3-olyl, ethylth-
iyl, phenylthiyl, propynoyl, 1-methyl-1H-pyrrole-2-yl, trif-
luoromethyl, cyclopropanecarbaldehyde, halo-substituted
phenyl, nitro-substituted phenyl, alkyl-substituted phenyl,
2,4,6-trimethylbenzyl, halo-S-substituted phenyl (such as
para-(F;S)-phenyl, azido and 2-methylbutyl.

[0056] In one embodiment, q is 1. In one embodiment, q
is 1 and nis 1.

[0057] In one embodiment at least one of R,, and R, is
hydrogen. In one embodiment at least one of R,, and R, is
C,-C, substituted or unsubstituted alkyl, such as any of the
substituted or unsubstituted alkyl moieties mentioned above
for formulas (I)-(VI). In one embodiment at least one of R,
and R,, is a C,-C,, substituted or unsubstituted aralkyl, such

40-TDW-28

49-TDW-15

44-DHEJ-41

51-DHEJ-45

[0060] In one embodiment, the polyamine is of the for-
mula (VIII):

(VIID)

H H
N N
Rzz/ \/HT}N/\X/\N/HIV \st
H H

or a salt, solvate, or hydrate thereof, wherein m and p are
independently an integer from 1 to 5; X is —(CH,)n- or
cyclohex-1,3-diyl; n is an integer from 1 to 5; R,, and R,;
are independently selected from the group consisting of
hydrogen, n-butyl, ethyl, cyclohexylmethyl, cyclopentylm-
ethyl, cyclopropylmethyl, cycloheptylmethyl, cyclohexy-
leth-2-yl, and benzyl; and when n is 5, at least one of R, and
R,; is hydrogen; when R, is ethyl, R, is hydrogen, n-butyl,
cyclopentylmethyl, cyclohexyleth-2-yl or benzyl; and when
R,; is ethyl, R,, is hydrogen, n-butyl, cyclopentylmethyl,
cyclohexyleth-2-yl or benzyl; when X is cyclohex-1,3-diyl,
R,, and R, are not both benzyl or cyclopropylmethyl.
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[0061] In one embodiment, X is —(CH,)n (e.g., CH,
where nis 1). In one embodiment, X is CH, and m and p are
both 1. In one embodiment, X is cyclohex-1,3-diyl. In one
embodiment, X is cyclohex-1,3-diyl and m and p are both 1.
In other embodiments, m and p are not the same, e.g., when
m is 3 and p is 4.

[0062] 1t is understood and clearly conveyed by this
disclosure that each R,,, R,;, m, n and p disclosed in
reference to formula (VIII) intends and includes all combi-
nations thereof the same as if each and every combination of
R,5, R,s, m, n and p were specifically and individually
listed.

[0063] Representative compounds of the formula (VIII)
include, e.g.:
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[0065] In one embodiment, R,, is an amino-substituted
C,-C,, cycloalkyl, such as 5-NH,-cycloheptyl, 3-NH,-cy-
clopentyl and the like. In one embodiment, R, is a C,-Cq
substituted or unsubstituted alkyl, which includes an n-alkyl
group substituted with a cycloalkyl, such as in cyclopropy-
Imethyl. In one embodiment, R, is cyclopropylmethyl or
ethyl and R,, is 5-NH,-cycloheptyl or 3-NH,-cyclopentyl.
In one embodiment, R,, is a C,-Cy substituted or unsubsti-
tuted alkanoyl and R,, is a C,-C,, substituted or unsubsti-
tuted aralkyl, such as 4-phenylbenzyl.

[0066] 1t is understood and clearly conveyed by this
disclosure that each R,,, R,5 and p disclosed in reference to
formula (IX) intends and includes all combinations thereof

O/\N/\/\N/\O/\N/\/\N/\O ,
H H H H

UNS-31-7A

e e e e N e e N e T e e
H H H H

ZQW-14c

/\/\g/\/\g/\/\g/\/\mb

ZQW-160

P T N N I NS\
H H H H

a-methyl CHENspm

CPCHENSspm

[0064] In one embodiment, the polyamine is of the for-
mula (IX):

X

)i
R24 N
\g/HN \st

or a salt, solvate, or hydrate thereof, wherein p is an integer
from 1 to 5; R,, is an amino-substituted cycloalkyl (e.g., a
cycloalkyl group substituted with a primary, secondary,
tertiary or quaternary amine) or a C,-Cy substituted or
unsubstituted alkanoyl (which substituted alkanoyl may be
substituted with one or more substituents such as those listed
for “Substituted alkyl” including without limitation an
alkanoyl substituted with a methyl and an alkylazide group);
and R, is a C,-C, substituted or unsubstituted alkyl or a
C-C,, substituted or unsubstituted aralkyl, such as those
listed above for any of formulae (I)-(VIII).

the same as if each and every combination of R,,, R,5 and
p were specifically and individually listed.

[0067] Representative compounds of the formula (IX)
include, e.g.:

HzN/O\g/\/\ﬁ/\’

UNS-31-18
UNS-31-19¢

NN
~ W
a1

UNS-31-21¢
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-continued
/IO‘\)\
N/\/\ N Ns.
H H
55-DHEJ-15C

[0068] For all formulae listed herein, such as formulae
(D-(IX), even if not explicitly stated, any substituent men-
tioned in one formula is intended to describe the same
substituent in any other formula to the extent that the
description conforms to the structural characterization of the
formula described. For example, R, in formula I is intended
to describe any other R, found in any other formula to the
extent that the description conforms to the structural char-
acterization of the formula described. Similarly, any descrip-
tion of, e.g., C,-Cy substituted or unsubstituted alkyl is
intended to describe any other C,-C, substituted or unsub-
stituted alkyl found in any other formula to the extent that
the description conforms to the structural characterization of
the formula described.

[0069] Tt is also recognized that any compounds listed as
aparticular salt thereof is not intended to limit the compound
to such salt or form thereof. Similarly, where compounds are
listed as a salt, the structure may or may not explicitly
indicate positive or negative charges or the location thereof,
and all possibilities thereof are intended. For instance, a
compound listed as a 4HBr salt does not limit the compound
to only the HBr salt and the compound may or may not show
the + or — charges of the HBr salt, but rather all possibilities
are intended.

[0070] Any of the polyamine compounds, such as com-
pounds of the formula (I)-(IX) may be in a protected form,
such as when any one or more amine (e.g., —NH—) is
protected by a protecting group (Pg), such as in (—NPg-).
Pg may be any protecting group, such as mesityl (e.g.,
NMes), Boc (e.g., —NBoc) or any other protecting group
such as those described in, e.g. T. W. Green, P. G. M. Wuts,
Protective Groups in Organic Synthesis, Wiley-Interscience,
New York, 1999, which is incorporated herein by reference
in its entirety.

[0071] Compounds within the scope of this invention
and/or as described by any one or more of formulae (I)-(IX)
include (but are not limited to) the compounds listed in Table
A below.

[0072] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (M).

[0073] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (I).

[0074] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (II).
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[0075] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (I1I).

[0076] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (IV).

[0077] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (V).

[0078] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (VI).

[0079] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (VII).

[0080] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (VIII).

[0081] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds of
formula (IX).

[0082] In another embodiment, the invention embraces a
method of treating cancer, by administering a therapeutically
effective amount of one or more of the compounds listed in
Table A or Table B.

[0083] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more compounds, where the compound has at least one
guanidine moiety or at least one biguanide moiety, in an
amount sufficient to inhibit the enzyme. The enzyme can be
inhibited by at least about 25%, at least about 50%, at least
about 75%, at least about 90%, at least about 95%, or at least
about 99%.

[0084] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (M) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0085] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (I) in an amount suffi-
cient to inhibit the enzyme. The enzyme can be inhibited by
at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0086] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (II) in an amount
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sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0087] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (III) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0088] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (IV) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0089] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (V) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0090] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (VI) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0091] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (VII) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0092] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (VIII) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0093] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds of formula (IX) in an amount
sufficient to inhibit the enzyme. The enzyme can be inhibited
by at least about 25%, at least about 50%, at least about 75%,
at least about 90%, at least about 95%, or at least about 99%.

[0094] In another embodiment, the invention embraces a
method of inhibiting a histone demethylase enzyme, such as
LSD1, by contacting the enzyme with an amount of one or
more of the compounds listed in Table A or Table B in an
amount sufficient to inhibit the enzyme. The enzyme can be
inhibited by at least about 25%, at least about 50%, at least
about 75%, at least about 90%, at least about 95%, or at least
about 99%.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0095] FIG. 1 depicts a 96 hr MTS dose response experi-
ments for compound 46-TDW-23c¢ in H157, A549, H82 and
Beas2B cells.

[0096] FIG. 2 depicts a 96 hr MTS dose response experi-
ments for compound 49-TDW-9 in H157, A549, H82 and
Beas2B cells.

[0097] FIG. 3 depicts a 96 hr MTS dose response experi-
ments for compound 42-TDW-21c in H157, A549, H82 and
Beas2B cells.

[0098] FIG. 4 depicts a 96 hr MTS dose response experi-
ments for compound 46-TDW-19c¢ in H157, A549, H82 and
Beas2B cells.

[0099] FIG. 5 depicts a 96 hr MTS dose response experi-
ments for compound 49-TDW-17¢ in H157, A549, H82 and
Beas2B cells.

[0100] FIG. 6 depicts a 96 hr MTS dose response experi-
ments for compound 40-TDW-37 in H157, A549, H82 and
Beas2B cells.

[0101] FIG. 7 depicts a 96 hr MTS dose response experi-
ments for compound 42-TDW-4 in H157, A549, H82 and
Beas2B cells.

[0102] FIG. 8 depicts a 96 hr MTS dose response experi-
ments for compound 49-TDW-29c¢ in H157, A549, H82 and
Beas2B cells.

[0103] FIG. 9 depicts a 96 hr MTS dose response experi-
ments for compound 49-TDW-32¢ in H157, A549, H82 and
Beas2B cells.

[0104] FIG. 10 depicts a 96 hr MTS dose response experi-
ments for compound 46-TDW-35¢ in H157, A549, H82 and
Beas2B cells.

[0105] FIG. 11 depicts a 96 hr MTS dose response experi-
ments for compound 39-TDW-3 in H157, A549, and H82
cells.

[0106] FIG. 12 depicts a 96 hr MTS dose response experi-
ments for compound 39-TDW-12c¢ in H157, and A549 cells.

[0107] FIG. 13 depicts a 96 hr MTS dose response experi-
ments for compound 39-TDW-20c in H157, and HS82 cells.

[0108] FIG. 14 depicts a 96 hr MTS dose response experi-
ments for compounds 39-TDw-47¢ and 39-TDW-43 in
H157 cells.

[0109] FIG. 15 depicts a 96 hr MTS dose response experi-
ments for compounds 42-TDW-9, 42-TDW-4c¢/6, 40-TDW-
35, 42-TDW-38 and BENSpm in H157 cells.

[0110] FIG. 16 depicts a 96 hr MTS dose response experi-
ments for compounds 46-TDW-34c, 42-TDW-12, 40-TDW-
48, 46-TDW-44c and BENSpm in H157 cells.

[0111] FIG. 17 depicts a 96 hr MTS dose response experi-
ments for compounds 42-TDW-20c, 46-TDW-22, 46-TDW-
39, 49-TDW-29¢ and BENSpm in H157 cells.

[0112] FIG. 18 depicts a 96 hr MTS dose response experi-
ments for compounds 39-TDW-43, 42-TDW-48c¢, 46-TDW-
9, 46-TDW-23c and BENSpm in H157 cells.
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[0113] FIG. 19 depicts a 96 hr MTS dose response experi-
ments for compounds 42-TDW-35c, 46-TDW-44 and
BENSpm in H157 cells.

[0114] FIG. 20 depicts MTT assays after 96 hrs of treat-
ment with compound 9-TDW-47c.

[0115] FIG. 21 depicts the time course for compound
39-TDW-47c¢ in 231 cells.

[0116] FIG. 22 depicts the time course for compound
39-TDW-47c¢ in 435 cells.

[0117] FIG. 23 depicts the time course for compound
39-TDW-47¢ in MCF7 cells.

[0118] FIG. 24 depicts inhibition of LSD1 activities by
certain polyaminoguanidines and polyaminobiguanides.

[0119] FIG. 25 depicts the effects of XB1-54-13B on
tumor cell growth.

[0120] FIG. 26 depicts the effects of B182 on tumor cell
growth.

[0121] FIG. 27 depicts a kinetic assay of dose dependent
inhibition of L.SD1 activity by XBI-54-13B.

[0122] FIG. 28 depicts a kinetic assay of dose dependent
inhibition of L.SD1 activity by B182.

[0123] FIG. 29 depicts a Lineweaver-Burk plot for inhi-
bition of LSD1 activity by XBI-54-13B and a table with V__
(umol/mg protein/min) and K,, (uM) values.

[0124] FIG. 30 depicts gels demonstrating the effect of
XBI-54-13B on levels of dimethyl H3K4, dimethyl H3K9,
and proliferating cell nuclear antigen.

[0125] FIG. 31 depicts the quantitative effect of XBI-54-
13B on levels of methylated histone H3K4.

[0126] FIG. 32 depicts the quantitative effect of XBI-54-
13B on levels of methylated histone H3K9.

[0127] FIG. 33 depicts the effects of XBI-54-13B and
B182 on secreted frizzled-related proteins 1, 2, 4, and 5, and
on GAPDH.

DETAILED DESCRIPTION OF THE
INVENTION

[0128] The disclosure includes all salts of the compounds
described herein. The invention also includes all non-salt
compounds of any salt of a compound named herein, as well
as other salts of any salt of a compound named herein. In one
embodiment, the salts of the compounds comprise pharma-
ceutically acceptable salts. Pharmaceutically acceptable
salts are those salts which retain the biological activity of the
free compounds and which can be administered as drugs or
pharmaceuticals to humans and/or animals. The desired salt
of'a basic compound may be prepared by methods known to
those of skill in the art by treating the compound with an
acid. Examples of inorganic acids include, but are not
limited to, hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, and phosphoric acid. Examples of organic
acids include, but are not limited to, formic acid, acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid,
maleic acid, malonic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, cinnamic acid, man-
delic acid, sulfonic acids, and salicylic acid. Salts of basic
compounds with amino acids, such as aspartate salts and
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glutamate salts, can also be prepared. The desired salt of an
acidic compound can be prepared by methods known to
those of skill in the art by treating the compound with a base.
Examples of inorganic salts of acid compounds include, but
are not limited to, alkali metal and alkaline earth salts, such
as sodium salts, potassium salts, magnesium salts, and
calcium salts; ammonium salts; and aluminum salts.
Examples of organic salts of acid compounds include, but
are not limited to, procaine, dibenzylamine, N-ethylpiperi-
dine, N,N'-dibenzylethylenediamine, and triethylamine
salts. Salts of acidic compounds with amino acids, such as
lysine salts, can also be prepared.

[0129] The disclosure includes all solvates of the com-
pounds described herein, such as hydrates (in any ratios, e.g.
monohydrates, dihydrates, hemihydrates, sesquihydrates),
methanolates, ethanolates, etc.

[0130] Any compound described herein may occur in a
combined salt and solvate form, for example the hyclate
(monohydrochloride hemiethanolate hemihydrate) form.

[0131] The disclosure includes all stereoisomers of the
compounds described herein, including diastereomers and
enantiomers in optically pure or substantially optically pure
form, as well as mixtures of stereoisomers in any ratio,
including, but not limited to, racemic mixtures. Unless
stereochemistry is explicitly indicated in a chemical struc-
ture or chemical name, the chemical structure or chemical
name is intended to embrace all possible stereoisomers of
the compound depicted.

[0132] The disclosure includes all crystal and non-crys-
talline forms of the compounds described herein, including
all polymorphs, polycrystalline, and amorphous forms and
any mixtures thereof.

[0133] The term “alkyl” refers to saturated aliphatic
groups including straight-chain, branched-chain, cyclic
groups, and combinations thereof, having the number of
carbon atoms specified, or if no number is specified, having
up to 12 carbon atoms. “Straight-chain alkyl” or “linear
alkyl” groups refers to alkyl groups that are neither cyclic
nor branched, commonly designated as “n-alkyl” groups.
C,-C; n-alkyl consists of the following groups: —CH,—,
—CH,CH,—, —CH,CH,CH,—, —CH,CH,CH,CH,—,
—CH,CH,CH,CH,CH,—,
—CH,CH,CH,CH,CH,CH,—,
—CH,CH,CH,CH,CH,CH,CH,—, and
—CH,CH,CH,CH,CH,CH,CH,CH,—. Other examples of
alkyl groups include, but are not limited to, groups such as
methyl, ethyl, n-propyl, isopropyl, butyl, n-butyl, isobutyl,
sec-butyl, t-butyl, pentyl, n-pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, neopentyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl.
Cycloalkyl groups can consist of one ring, including, but not
limited to, groups such as cycloheptyl, or multiple bridged
or fused rings, including, but not limited to, groups such as
adamantyl or norbornyl groups. Cycloalkyl groups can also
contain alkyl groups in addition to the cyclic portion, e.g.,
2,6,6-trimethylbicyclo[3.1.1 heptane, 2-methyldecalin
(2-methyldecahydronaphthalene), cyclopropylmethyl,
cyclohexylmethyl, cycloheptylmethyl, and the like.

[0134] <“Substituted alkyl” refers to alkyl groups substi-
tuted with one or more substituents including, but not
limited to, groups such as halogen (including fluoro, chloro,
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bromo, and/or iodo-substituted alkyl such as a monoha-
loalkyl, dihaloalkyl, trihaloalkyl or multihaloalkyl, includ-
ing a perhalooalkyl, for example, perfluoroalkyl, per-
choloralkyl, trifluoromethyl or pentachloroethyl), alkoxy,
acyloxy, amino (including NH,, NHalkyl and N(alkyl),),
hydroxyl, mercapto, carboxy, benzyloxy, phenyl, benzyl,
cyano, nitro, acyl, acylamino, amidino, alkyl amidino, thioa-
midino, aminoacyl, aryl, substituted aryl, aryloxy, azido,
thioalkyl, —OS(0),-alkyl, thioalkoxy, carboxaldehyde, car-
boalkoxy and carboxamide, or a functionality that can be
suitably blocked, if necessary for purposes of the invention,
with a protecting group. Examples of substituted alkyl
groups include, but are not limited to, CF,, CF,CF;, and
other perfluoro and perhalo groups; —CH,—OH;
—CH,CH,CH(NH,)CHj;, etc. Alkyl groups can be substi-
tuted with other alkyl groups, e.g., C,;-C,, cycloalkyl
groups.

[0135] The term “alkenyl” refers to unsaturated aliphatic
groups including straight-chain (linear), branched-chain,
cyclic groups, and combinations thereof, having the number
of carbon atoms specified, or if no number is specified,
having up to 12 carbon atoms, which contain at least one
double bond (—C=C—). Examples of alkenyl groups
include, but are not limited to, —CH,—CH=CH—CHj;;
and —CH,—CH,-cyclohexenyl, where the ethyl group can
be attached to the cyclohexenyl moiety at any available
carbon valence. The term “alkynyl” refers to unsaturated
aliphatic groups including straight-chain (linear), branched-
chain, cyclic groups, and combinations thereof, having the
number of carbon atoms specified, or if no number is
specified, having up to 12 carbon atoms, which contain at
least one triple bond (—C=C—). “Hydrocarbon chain” or
“hydrocarbyl” refers to any combination of straight-chain,
branched-chain, or cyclic alkyl, alkenyl, or alkynyl groups,
and any combination thereof. “Substituted alkenyl,”*substi-
tuted alkynyl,” and “substituted hydrocarbon chain” or
“substituted hydrocarbyl” refer to the respective group sub-
stituted with one or more substituents, including, but not
limited to, groups such as halogen, alkoxy, acyloxy, amino,
hydroxyl, mercapto, carboxy, benzyloxy, phenyl, benzyl,
cyano, nitro, thioalkoxy, carboxaldehyde, carboalkoxy and
carboxamide, or any group listed above for “Substituted
alkyl,” or a functionality that can be suitably blocked, if
necessary for purposes of the invention, with a protecting
group.

[0136] “Aryl” or “Ar” refers to an aromatic carbocyclic
group having a single ring (including, but not limited to,
groups such as phenyl), two or more rings connected to each
other (including, but not limited to, groups such as biphenyl
and p-diphenylbenzene) or two or more condensed rings
(including, but not limited to, groups such as naphthyl,
anthryl, or pyrenyl), and includes both unsubstituted and
substituted aryl groups. Aryls, unless otherwise specified,
contain from 6 to 20 carbon atoms in the ring portion. A
preferred range for aryls contains 6 to 12 carbon atoms in the
ring portion. “Substituted aryls” refers to aryls substituted
with one or more substituents, including, but not limited to,
groups such as substituted or unsubstituted alkyl, substituted
or unsubstituted alkenyl, substituted or unsubstituted alky-
nyl, substituted or unsubstituted hydrocarbon chains, halo-
gen, alkoxy, acyloxy, amino, hydroxyl, mercapto, carboxy,
benzyloxy, phenyl, benzyl, cyano, nitro, thioalkoxy, carbox-
aldehyde, carboalkoxy and carboxamide, or any group listed
above for “Substituted alkyl,” or a functionality that can be
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suitably blocked, if necessary for purposes of the invention,
with a protecting group. “Aralkyl” designates an alkyl-
substituted aryl group, where any aryl can be attached to the
alkyl; the alkyl portion can comprise one, two, or three
straight chains of 1 to 6 carbon atoms each or one, two, or
three branched chains of 3 to 6 carbon atoms each or any
combination thereof. Aralkyl groups can consist of two aryl
groups connected by an alkyl group, such as diphenyl-
methane or 2-methyl-1-(phenethyl)benzene. When an
aralkyl group is indicated as a substituent, the aralkyl group
can be connected to the remainder of the molecule at any
available valence on either its alkyl moiety or aryl moiety;
e.g., the tolyl aralkyl group can be connected to the remain-
der of the molecule by replacing any of the five hydrogens
on the aromatic ring moiety with the remainder of the
molecule, or by replacing one of the alpha-hydrogens on the
methyl moiety with the remainder of the molecule. Prefer-
ably, the aralkyl group is connected to the remainder of the
molecule via the alkyl moiety.

[0137] A preferred aryl group is phenyl, which can be
substituted or unsubstituted. Substituents for substituted
phenyl groups include lower alkyl (—C,-C, alkyl), or a
halogen (chlorine (Cl), bromine (Br), iodine (I), or fluorine
(F); hydroxy (—OH), or lower alkoxy (—C,-C, alkoxy),
such as methoxy, ethoxy, propyloxy (propoxy) (either n-pro-
poxy or i-propoxy), and butoxy (either n-butoxy, i-butoxy,
sec-butoxy, or tert-butoxy); a preferred alkoxy substituent is
methoxy. Substituted phenyl groups preferably have one or
two substituents; more preferably, one substituent.

[0138] “Heteroalkyl,”heteroalkenyl,” and ‘heteroalky-
nyl” refer to alkyl, alkenyl, and alkynyl groups, respectively,
that contain the number of carbon atoms specified (or if no
number is specified, having up to 12 carbon atoms) which
contain one or more heteroatoms as part of the main,
branched, or cyclic chains in the group. Heteroatoms
include, but are not limited to, N, S, O, and P; N and O are
preferred. Heteroalkyl, heteroalkenyl, and heteroalkynyl
groups may be attached to the remainder of the molecule at
any valence where a hydrogen can be removed, for example,
at a heteroatom or at a carbon atom (if a valence is available
at such an atom by removing a hydrogen). Examples of
heteroalkyl groups include, but are not limited to, groups
suich as —O—CH,;, —CH,—0—CH;, —CH,—CH,—
O—CH,;, —S—CH,—CH,—CH,;, —CH,—CH(CH,)—
S—CH,;, —CH,—CH,—NH—CH,—CH,—, 1-ethyl-6-
propylpiperidino, and morpholino. Examples of
heteroalkenyl groups include, but are not limited to, groups
suich as —CH=CH—NH—CH(CH;)—CH,—. “Het-
eroaryl” or “HetAr” refers to an aromatic carbocyclic group
having a single ring (including, but not limited to, examples
such as pyridyl, imidazolyl, thiophene, or furyl) or two or
more condensed rings (including, but not limited to,
examples such as indolizinyl, indole, benzimidazole, ben-
zotriazole, or benzothienyl) and having at least one hetero
atom, including, but not limited to, heteroatoms such as N,
O, P, or S, within the ring. Unless otherwise specified,
heteroalkyl, heteroalkenyl, heteroalkynyl, and heteroaryl
groups have between one and five heteroatoms and between
one and twelve carbon atoms. “Substituted heteroalkyl,
““substituted heteroalkenyl,” substituted heteroalkynyl,”
and “substituted heteroaryl” groups refer to heteroalkyl,
heteroalkenyl, heteroalkynyl, and heteroaryl groups substi-
tuted with one or more substituents, including, but not
limited to, groups such as substituted or unsubstituted alkyl,
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substituted or unsubstituted alkenyl, substituted or unsub-
stituted alkynyl, substituted or unsubstituted benzyl, substi-
tuted or unsubstituted hydrocarbon chains, halogen, alkoxy,
acyloxy, amino, hydroxyl, mercapto, carboxy, benzyloxy,
phenyl, benzyl, cyano, nitro, thioalkoxy, carboxaldehyde,
carboalkoxy and carboxamide, or any group listed above for
“Substituted alkyl,” or a functionality that can be suitably
blocked, if necessary for purposes of the invention, with a
protecting group. Examples of such substituted heteroalkyl
groups include, but are not limited to, piperazine, substituted
at a nitrogen or carbon by a phenyl or benzyl group, and
attached to the remainder of the molecule by any available
valence on a carbon or nitrogen, —NH-—SO,-phenyl,
—NH-—(C=0)0-alkyl, —NH—(C=0)0O-alkyl-aryl, and
—NH-—(C=0)-alkyl. If chemically possible, the heteroat-
om(s) and/or the carbon atoms of the group can be substi-
tuted. A “heteroaralkyl” group is a heteroaryl group substi-
tuted with at least one alkyl group. The heteroatom(s) can
also be in oxidized form, if chemically possible.

[0139] The term “alkoxy” as used herein refers to an alkyl,
alkenyl, alkynyl, or hydrocarbon chain linked to an oxygen
atom and having the number of carbon atoms specified, or
if no number is specified, having up to 12 carbon atoms.
Examples of alkoxy groups include, but are not limited to,
groups such as methoxy, ethoxy, propyloxy (propoxy)
(either n-propoxy or i-propoxy), and butoxy (either n-bu-
toxy, i-butoxy, sec-butoxy, or tert-butoxy).

[0140] The terms “halo” and “halogen” as used herein
refer to the Group VlIla elements (Group 17 elements in the
2005 TUPAC Periodic Table, IUPAC Nomenclature of Inor-
ganic Chemistry) and include Cl, Br, F and I substituents.

[0141] “Protecting group” refers to a chemical group that
exhibits the following characteristics: 1) reacts selectively
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with the desired functionality in good yield to give a
protected substrate that is stable to the projected reactions
for which protection is desired; 2) is selectively removable
from the protected substrate to yield the desired function-
ality; and 3) is removable in good yield by reagents com-
patible with the other functional group(s) present or gener-
ated in such projected reactions. Examples of suitable
protecting groups can be found in Greene et al. (1999)
Protective Groups in Organic Synthesis, (Wiley-Inter-
science, New York). Amino protecting groups include, but
are not limited to, mesitylenesulfonyl (Mts), benzyloxycar-
bonyl (CBz or Z), t-butyloxycarbonyl (Boc), t-butyldimeth-
ylsilyl (TBS or TBDMS), 9-fluorenylmethyloxycarbonyl
(Fmoc), tosyl, benzenesulfonyl, 2-pyridyl sulfonyl, or suit-
able photolabile protecting groups such as 6-nitroveratry-
loxy carbonyl (Nvoc), nitropiperonyl, pyrenylmethoxycar-
bonyl, nitrobenzyl, dimethyl dimethoxybenzil, 5 bromo
7-nitroindolinyl, and the like. Hydroxyl protecting groups
include, but are not limited to, Fmoc, TBS, photolabile
protecting groups (such as nitroveratryl oxymethyl ether
(Nvom)), Mom (methoxy methyl ether), and Mem (methoxy
ethoxy methyl ether), NPEOC (4-nitrophenethyloxycarbo-
nyl) and NPEOM (4 nitrophenethyloxymethyloxycarbonyl).

Specific Compounds

[0142] Examples of compounds useful in the invention are
depicted in Table A. While the compounds are depicted as
salts, such as the hydrobromide or trifluoroacetate salt, it is
to be understood that the disclosure in the table embraces all
salts, hydrates, and solvates of the compounds depicted
therein, as well as the non-salt, non-hydrate/non-solvate
form of the compound, as is well understood by the skilled
artisan.

TABLE A

Compound

HZN/\/\N/\/\/\/\ﬁ/\/\ﬁ/\O

NH

*5 HBr

ZQW-27-11c

HZN/\/\N/\/\/\/\N/\/\NH2

NH

H

*5 HBr

ZQW-27-9

e e e N e N\ W e P e N
H H H H

ZQW-14c

*4 HBr
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TABLE A-continued
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Compound

/\/\N/\/\N/\/\N/\/\NHZ
H H H
ZQW-16¢c *4 HBr

e e W e e \Fa e \Fa N N
H H H H

ZQW-19 4 HBr
N/\/\N N/\/\N
H H H H
UNS-31-7A +4 HBr
HZN/O\N/\/\N/\
H H
UNS-31-18 +3 HBr (18) or +3 CF;:COOH (19C)
UNS-31-19¢
[>/\N/\/\N/\/\N/\/\N
H H H H
CPCHENspm 4 HBr
N N/\/\NM
\ H
H
UNS-31-21¢ *3 CF;COOH

)
Hsc—g—O/\/\N/\/\N/\/\N/\
H H H

BEPPSpd *3 HBr

a-methyl CHENspm +4 HBr

e e N\ e N e \ra N
H H H H

ZQW-36 *4 HBr

H H H H
ZQW-35 -4 HBr
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TABLE A-continued

Compound

HZN/\/\N/\/\N/\/\N
H H H

ZQW-35C *4 HBr
/\N/\/\N/\[(\N/\/\N/\
H H H H

ZQW-19 *4 HBr

/\N/\/\N/\/\N/\[(\N/\
H H H H

ZQW-46 4 HBr
HZN/\/\N/\/\N/\/\N
H H H
YZ-3312 *4 HBr
/\N/\/\N/\/\N/\/\N
H H H H
YZ-3311C 4 HBr
N/\/\N/\/\N/\/\N
@AH H H B
YZ-3312C 4 HBr

HzN/\/\g/\/\g/\/\gJ\

ZQW-35-7C *4 HBr

ZQW-35-8 *4 HBr

/\N/\/\N/\/\N/\/\NJI\
H H H H
ZQW-35-8C 4 HBr
/\N/\/\N/\/\N/\)\N
H H H H
GEXH-32-50A 4 HBr
H
N N N
H H H

YZ33049¢ *4 HBr
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TABLE A-continued
Compound
N N N NH
T e S N YV Ve Ve V
YZ33035 5 HBr
N
VI N N P N N P g
H H H
YZ33050¢ 4 HBr
§\/<
P N N N P W N e
H H H
YZ33049 4 HBr
HZN/\/\/\N/\/\N/\/\N/\/\/\NH2
H H H
YZ33041 5 HBr
/\N/\/\N/\/\N/\/\/NH2
H H H
YZ33046 4 HBr
/\N/\/\N/\/\N/\/\N/\O
H H H H
CHEXSpm 4 HBr
/\N/\/\N/\/\N/\/\N/\Q
H H H H
CPENTSpm 4 HBr
/\N/\/\N/\/\/\/\N/\/\N/\X
H H H H
39-TDW-11 4 HBr
O 39-TDW-3 O
H H H H
4 HBr

></\§/\/\§/\/\g/\/\g/\><

39-TDW-10 *4 HBr
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TABLE A-continued

Compound

/\N/\/\N/\/\N/\/\N/\><
H H H H

39-TDW-12C *4 HBr
></\N/\/\N/\/\/\/\N/\/\N/\><
H H H H
39-TDW-12 *4 HBr

l 39-TDW-20c

O N0 e e e W N\ e
H H H H

*4 HBr
/\N/\/\N/\/\N/\/\N
H H H H
40-TDW-1 *4 HBr
N/\/\N/\/\N/\/\N
H H H H
39-TDW-47C 4 TBr
N/\/\N/\/\N/\/\N
H H H H
39-TDW-43 *4 HBr

F3C/\§/\/\§/\/\§/\/\§/\><

40-TDW-19 «4 HBr

O‘O‘ 40-TDW-26¢ O’O’
N/\/\N/\/\N/\/\N
H H H H

*4 HBr
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TABLE A-continued

Compound

40-TDW-23 O’O’
/\N/\/\N/\/\N/\/\N
H H H H

*4 HBr

/\N/\/\N/\/\N/\/\N/\)\
H H H H

40-TDW-31C -4 HBr

40-TDW-29C -4 HBr

/\N/\/\N/\/\N/\/\N/\i\
0 0 0 0

40-TDW-30 «4 HBr

40-TDW-28 «4 HBr

40-TDW-35 4 HBr

40-TDW-37

I I *4 HBr

O L I O
N/\/\N/\/\N/\/\N
H H H H

40-TDW-48 *4 HBr
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TABLE A-continued

Compound
HZN/\/\N/\/\N/\/\N/ N “ “
H H H
42-TDW-4 4 HBr

P N N I
H H H H

42-TDW-4C *4 HBr
N/\/\N/\/\ N/\/\N
\/\/O/\H ' ' '
42-TDW-9 *4 HBr
><)\/\N/\/\ N/\/\N/\/\N/\)\><
H H H H
42-TDW-12 *4 HBr
><)\/\N/\/\ N/\/\N/\/\N/\
H H H H
42-TDW-14 +4 HBr

N/\/\N/\/\N/\/\N
H H H H
42-TDW-20¢ +4 HBr
N/\/\N/\/\N/\/\N/\
H H H H

42-TDW-21c¢ 4 HBr
NJ\/\ N/\/\ N/\)\ N/\
H H H H

44-DHEJ-4C «4 HBr

H;C
o

O/CH3

44-DHEJ-8C 4 HF
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TABLE A-continued
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Compound

/\NJ\/\N/\/\N/\)\N/\
H H H H

44-DHEJ-7C *4 HBr

\/\NJ\AN/\/\N/\)\N/\/
H H H H

44-DHEJ-9 *4 HBr

\/\NJ\/\N/\/\N/\)\N/\
H H H H

44-DHEJ-12C *4 HBr

: N /\/\ /\/\/ \/=
42-TDW-35C

></\N/\/\N/\/\N/\/\N/\
H H H H

42-TDW-43 *4 HBr

42-TDW-40C

42-TDW-40
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TABLE A-continued

Compound

O N/\/\N/\/\/N\/\/N
H

42-TDW-38 *4 HBr

41-SV-17C 4 HBr
H H
)\/\ NN TN N\/\/N
N N
N N \/W/

42-TDW-45 *4 HBr

)it )it
PN /\/\/N\/\/N
N N
it it
46-TDW-1C «4 HBr

H
N
)\/\N/\/\N/\/\/ ~
H H
42-TDW-50 *3 HBr
H H
NN /\/\/N\/\/N
N N
N N \/W/
42-TDW-45C 4 HBr

H
)\/\N/\/\N/\/\/N\/Y
H H

42-TDW-49 *3 HBr
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TABLE A-continued

Compound

H

/\/\ /\/\/ N
N N
H H

46-TDW-2 3 HBr
)\/\ N/\/\ N/\/\/\/\ N/\/\ N/\)\
H H H H
46-TDW-9C 4 HBr

H H
N/\/\N/\/\/ R e O
H H

46-TDW-9 l *4 HBr

46-TDW-10 +4 HBr
H
/\N/\/\N/\/\/N\/E/
H H

46-TDW-12C *3 HBr

H
N/\/\N/\/\/N\/E/
H H

46-TDW-12 *3 HBr
NN NN NH
N N
H H

46-TDW-17C *3 HBr



US 2007/0208082 Al Sep. 6, 2007
25

TABLE A-continued

Compound

H H
N/\/\ N/\/\/ N\/\/ N\/Q)\
H H

46-TDW-19C *4 HBr

H
N/\/\N/\/\/N O
H H
O *3 HBr

46-TDW-23C

H

/\/\/\/\/N
N N
H H

46-TDW-22 *3 HBr

H
/\N/\/\N/\/\/N
H H

46-TDW-24 *3 HBr

H
N
N/\/\N/\/\/ ~
H H
46-TDW-29 *3 HBr
N N
N/\/\N/\/\/ NN N
H H
46-TDW-35 4 HBr
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TABLE A-continued

Sep. 6, 2007

Compound
{
N/\/\N/\/\/ ~
H H
46-TDW-25C *3 HBr
H H
AN /\/\/N\/\/N\)i/
N N
46-TDW-31C *4 HBr

46-TDW-34C *4 HBr

HO\/k/§\/\/§\/\/§\/\/§\/§\/OH

46-TDW-30 *4 HBr

H H
/j/\g/\/\g/\/\/N\/\/N\/

46-TDW-35C 4 HBr
H
PN /\/\/N ‘
N N
H
46-TDW-39 l *3HBr

H
/\/\N/\/\/N\/
H H

46-TDW-42 *3 HBr
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TABLE A-continued

Compound

N/\/\N/\/\N/\/\NHZ
H H H

46-TDW-44 *4 HBr

F
H
/©/\N/\/\N/\/\/N\/©/
H H
F

46-TDW-44C *3 HBr

F F

46-TDW-45 *4 HBr

3 3
‘\‘/\N/\/\N/\/\/N\/\/N
H H

49-TDW-1C *4 HBr

‘ N ‘ NN SN
H H

46-TDW-47 *3 HBr

46-TDW-49C

44-DHEJI-37 *4 HBr

*4 HBr

44-DHEJ-37C *4 HF
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TABLE A-continued

Compound

o] o]
NH HN

44-DHEJ-38 *4 HF

O O
NH HN

44-DHEJ-40C 4 HF

O N VI NN N NN
H H H H

49-TDW-3C *4 HBr

N/\/\N/\/\/\/\N/\/\N
H H H H
49-TDW-5C *4 HBr
\/\/\NJ\/\N/\/\N/\)\N/\/\/
H H H H
44-DHEJ-36 *4 HBr
/\NJ\/\N/\/\N/\)\N/\/\/
H H H H
44-DHEI-36C 4 HBr

/\N/\/\N/\/\/\N/\/\N/\(\
H H H H
51-DHEJ-A 4 HBr
e W NG e N W e N e N\
H H H H

51-DHEJ-B *4 HBr
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TABLE A-continued

Compound

/\g/\/\g/\/\g/\/\/\NH2

51-DHEJ-C 4 HBr
Fsc/\NJ\/\N/\/\N/\)\N/\CF3
H H H H
44-DHEJ-35C 4 HBr

N N/\/\N/\/\/\N/\/\N/\
H H H H
44-DHEJ-48C «4 HBr

/\g/\/\g/\/\/\g/\/\NHz

44-DHEJ-49 4 HBr
F J\/\ P N /\/L F
N N N N
H H H H
F F F F
44-DHEI-5C *4 HF
F NN NN TN F
N N N N
H H H H
F F F F
44-DHEJ-10C 4 HF

NH NH
N)I\HN/\/\N/\/\N/\/\NHJI\N
H H H H

B188-2 «4 HBr
NH NH
B205-1 *4 HBr
NH NH

H;C e W W \GFa e N \GFa N CH;
~ N HN N N NH N/
H H H H

B181 *4 HBr
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TABLE A-continued

Compound

NH NH
HsC P PN NG NV NN CH;
~ N HN N N NH N -
H H H H

B179-1 *4 HBr

H;C CH;

H;C )\ /\/\ /\/\ /\/\ /I\ CH;3
\N HN N N NH N/
H H H H
B182 4 HBr
S S
~_ \/\N/\/\N/\/\N/\/\N/\/ ~—
H H H H
49-TDW-15 *4 HBr
S
2 P T g N g NN
H H H H
49-TDW-17C +4 HBr
S
\/\N/\/\N/\/\N/\/\N/\
H H H H

49-TDW-29C *4 HBr

0 0

44-DHEJ-41 <2 HF
= N/\/\N/\/\N/\/\N i
S H H H H /
N N
\ /
44-DHEJ-41C 4 HF
O O
N P N NG P 2 N PN N
A N N N N 7
H H H H
NH HN
51-DHEIJ-15C 4 HF

0 0

51-DHEJ-16 *2 HF

/\NJ\AN/\/\N/\/\N/\
H H H H

51-DHEJ-2 *4 HBr



US 2007/0208082 Al
31

TABLE A-continued
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Compound

/\NJ\/\N/\/\/\N/\)\N PN
H H H H

51-DHEJ-2C *4 HBr

H
/\/\/\/ N\/\/\/\ /N
HN N

50-DHEJ-3C *4 HF

H H
/\/\N/\/\N/\/\/N\/\/N
H H

49-TDW-31 *4 HBr
F3C/\N/\/\N/\/\/\N/\/\N/\CF3
H H H H

51-DHEJ-19 *4 HBr

Fsc/\NJ\/\N/\/\/\/\N/\)\N/\CF3
i1 i1 i1 i1

51-DHEJ-18 *4 HBr

(€] (€]

51-DHEJ-20 *2 CF;COOH
/\N/\/\N/\/\N/\/\ N
H H H H

53-8V-3C «4 HBr
R-IPENSpm

YZ3604C «4 HBr
S-IPENSpm

e e \Wre e e e W e NN
H H H H H

53-8v-2C *4 HBr
s R R
©/ \/\N/\/\N/\/\/ oINS
H H

49-TDW-34 *4 HBr
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TABLE A-continued

Compound
NH NH
N)J\HN/\/\N N/\/\NH)J\N
H H H H
B275 4 HBr
NH NH
D/\NJI\HN/\/\NH N/\/\NH)J\N/\
H H H
B291 *4 HBr
NH NH
N)J\HN/\/\N/\/\/\N/\/\NHJJ\N
H H H H
B283-1 4 HBr
)I]i
N HN/\/\N/\/\/\N/\/\NHZ
H H H
B283-2 4 HBr
O NH NH O
N)I\N/\/\N/\/\/\/\N/\/\NHJI\N
H H H H H
B300 *4 HBr
O NH Q

O N)]\N/\/\N

B301 *4 HBr

B298 *4 HBr
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TABLE A-continued

Compound

NH NH
N)I\N/\/\N/\/\N/\/\NHJI\N
H H H H H

B299 4 HBr
F F
N/\/\N/\/\N/\/\N
H H H H
ClL ClL
F F
51-DHEJ-38C *4 CF;COOH
N/\/\N/\/\N/\/\N
H H H H
N ot
e
F7| /\
E F ¥
51-DHEJ-45 4 HBr
/\/\NJ\/\N/\/\/\/\N/\/LN/\
H H H H
51-DHEJ-49C 4 HBr

NH
H
)]\ /\/\ /\/\/ N\/\/ NH NH
N N N
H H H

NH

XBI-54-9B *4 HBr

NH
H
)]\ /\/\ /\/\/ N\/\/ NH NH
N N N
H H H

NH

XBI-54-8B *4 HBr



US 2007/0208082 Al Sep. 6, 2007

TABLE A-continued

Compound
N N N/\/\N/\/\/\/\N/\/\N NI NI
H H H H H H
XBI-54-11C *6 HBr
NH NH NH NH
N7 ONT Oy NN S e
H H H H H H
XBI-54-13B *6 HBr

e
I
s
s
s

XBI-54-12C 6 HBr
l NH NH NH NH l
N)J\NJJ\N/\/\N/\/\N/\/\N)J\NH)]\NH
O H H H H H H
XBI-54-12D 6 HBr

=z

NH NH
H H
)]\ )]\ P N /\/\/N\/\/N NH NH
N N N
e Y
NH NH
O XBI-54-14B «6 HBr
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TABLE A-continued

Compound

’ NH NH

NH NH

Tz

XBI-54-13D *6 HBr

/\E/\/\ﬁ/\/\ﬁ/\)\mz

55-DHEI-7C *4 CF;COOH
O/ J\/\ /\)\ \O
N N/\/\ N N
H H H H
51-DHEJ-8 *4 CF;COOH

DG-52-27C *4 HBr

/\N/\/\N/\/\N/\/\N/k
H H H H

DG-52-28 «4 HBr
N/\/\N/\/\N/\/\N
H H H H

DG-52-29C 4 HBr

/\g/\/\g/\/\g/\/\g/\/\

SV-53-17C2 *4 HBr

/ ; >

SV-53-22C1 *4 HBr
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TABLE A-continued
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Compound

)\/\N/\/\N/\/\N/\/\N/\)\
H H H H

SV-53-18C2 4 HBr
/\N/\/\ N/\/\ N/\/\N
H H H H

DG-52-30C *4 HBr

DG-52-31 *4 HBr

DG-52-31C *4 HBr

DG-52-33 *4 HBr

HZN/\/\N/\/[N/\/\NH2
H H

55-DHEJ-17C *4 CF;COOH

HZN/\/\N/\)\N/\/\NHZ
H H

55-DHEJ-18 *4 CF;COOH

HZN)\/\N/\/\N/\/\NH2
H H

55-DHEJ-4C *4 HCIL
)U\
N NN N X,
H H

55-DHEJ-15C « HCI
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TABLE A-continued

Compound
N/\/\N/\)\NHZ
H H
55-DHEI-26 *3 CF;COOH
H H H H
55-DHEJ-35C *4 HBr
H H H H
55-DHEJ-24C 4 HBr
= NJ\/\N/\/\/\N/\)\N Va
S i i i i /
N N
~ /
CH.
} H;C
55-DHEI-34C *4 HBr
/\N/\/\N/\/\N/\
H H
I\E
55-DHEJ-31C *4 HBr

55-DHEI-37C «4 HBr
N/\/\N/\/\N/\/\N
it it it it
O,N NO,
55-DHEJ-40 «4 CF;COOH

J "

55-DHEJ-40C *4 CF;COOH
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Synthetic Methods—Synthesis of Alkylpolyamines

[0143] Several synthetic methods are available for synthe-
sis of polyamine analog compounds, including both sym-
metrically-substituted and  asymmetrically-substituted
polyamine analogs. Some of these methods are described in
the following publications: Saab et al., J. Med. Chem.
36:2998 (1993); Bellevue et al., Bioorg. Med. Chem. Lett.
6:2765 (1996); Sirisoma et al., Tetrahedron Lett. 39:1489
(1998); Zou et al., Bioorg. Med. Chem. Lett. 11:1613
(2001), and Casero et al., J. Med. Chem. 44:1 (2001).

Sep. 6, 2007

Ipolyamine. Treatment of 8 with 2.2 equivalents of alkyl
halide in the presence of NaH and DMF affords the bis-
substituted intermediate 10, which upon deprotection yields
the corresponding symmetrically substituted alky-
Ipolyamine. Thus three distinct alkylpolyamines can be
readily synthesized from a single intermediate, and the
central carbon chain can be made in any desired length
(n=0-8). Synthesis of the intermediate 8 is readily accom-
plished in large quantities using previously reported syn-
thetic strategies (Bellevue et al., Bioorg. Med. Chem. Lett.

N NN Ny N7

NaH, DMF
—_—
| | | R—X | | |
Mest Mest Mest Mest . Mest Mest Mest Mest
(1.4 equiv.)
8 9
NaH, DMF NaH, DMF
R—X R,—X
(2.2 equiv.) (2.2 equiv.)

R R

Mest Mest Mest Mest

[0144] Scheme 1 illustrates a useful pathway to various
polyamine analogs. The tetramesitylated intermediate 8 can
be readily alkylated at both terminal nitrogens, since the
hydrogens on these nitrogens are rendered acidic by the
adjacent mesityl protecting group. Alkylation in the pres-
ence of 1.2 to 1.4 equivalents of alkyl halide or tosylate
affords primarily the monosubstituted product 9, and disub-
stituted materials and unreacted starting material can then be
separated and recycled (Bellevue et al., Bioorg. Med. Chem.
Lett. 6:2765 (1996); Zou et al., Bioorg. Med. Chem. Lett.
11:1613 (2001)). The resulting monoalkylated derivative 9
can then be deprotected (30% HBr in AcOH), or realkylated
with a different alkyl halide to provide the asymmetrically
substituted intermediate 11. Deprotection of 11 then pro-
vides the desired asymmetrically substituted alky-

Method A

R R
Z\TMTMTN\T/ 1

Mest Mest Mest Mest

6:2765 (1996); Zou et al., Bioorg. Med. Chem. Lett. 11:1613
(2001)). A similar strategy can be used to access spermidine-
like analogs of the form:

[0145] Other methods can be used for synthesis of the
requisite polyamine backbone structures, which involve
carbon nitrogen bond formation and selective nitrogen pro-
tection; some of these procedures are shown in Scheme 2.

Scheme 2
e}
DCC, HoB, Z\N/\)kN/\/\N/R
—_—
N-methylmorpholine H H H
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0
R Z /\)k NaCNBH Z R
N TN N H — N N N
2 H H H H H

Method B
12 15
Method C
HN/\/\N/R ) Rz\_/—OAC Pd;(dba);
2 H — dppb, THF
R—OAc

12

Ry =allylic alkyl group

R = protected alkylamino chain
Z = nitrogen protecting group

[0146] Aminopropyl (or other aminoalkyl) moieties can
be added to selectively protected primary amines such as 12
by standard peptide coupling techniques (Method A, Woster
etal., J. Med. Chem. 32:1300 (1989)). Thus treatment of 12
with the protected beta-aminopropionate 13 (DCC, HoBt,
N-methylmorpholine) affords the corresponding amide 14,
which is then reduced in the presence of diborane (Woster et
al., 1989) to afford the desired secondary amine 16. Com-
pound 16 may be synthesized directly by reductive amina-
tion (Method B), in which the appropriate aldehyde 15 is
added to 12 in the presence of sodium cyanoborohydride.
Alkyl substituents that contain an allylic acetate function-
ality can also be appended to 12 using a palladium catalyzed
coupling reaction that proceeds with retention of configu-
ration (Method C, Sirisoma et al., Tetrahedron Lett. 39:1489
(1998)). This method can also be used to introduce phthal-
imide or benzylamine to an allylic acetate site as a synthetic
equivalent for nitrogen. These nitrogens can then be depro-
tected and functionalized.

Synthetic Methods—Synthesis of Polyaminoguanidines

Scheme 3
Raney Ni, H, BiCN
— [ . — Bdhuieh IV
R—CN ethanol R—NH, ether
18 19

R—NH—CN +
20

16

R, /\/\ R
— N
H H

17
-continued
HZN/\/\Il\I ¢ Il\I/\/\yH
Mest Mest
21
chlorobenzene
reflux
NH NH

R_g)I\HN/\/\g/\MH/\g/\/\NHkg_R

General structure 3

[0147] Synthesis of polyaminoguanidines can be carried
out as outlined in Scheme 3. The requisite amine 19 (pro-
duced when necessary from the corresponding alkyl or
aralkylcyanide) is reacted with cyanogen bromide (Goldin et
al., U.S. Pat. No. 6,288,123 (2001)) to afford the correspond-
ing aminocyanogen 20. When the desired amine is not
commercially available, it can be prepared from the appro-
priate cyano compound by catalytic reduction (Bellevue et
al., 1996, Zou et al., 2001). Intermediate 21 (Bellevue et al.,
1996; Zou et al., 2001) is then coupled to 20 (chlorobenzene,
reflux), followed by deprotection (30% Hbr in AcOH) to
produce alkylpolyaminoguanidines of general structure 3.
Using these methods, substituted polyaminoguanidine ana-
logs (e.g., R=H, methyl, ethyl, cyclopropylmethylene,
cycloheptylmethylene, phenyl, benzyl) can be synthesized.
An analogous route (not shown) utilizing the N-Boc pro-
tection group was also employed.

Synthetic Methods—Synthesis of Polyaminobiguanides

[0148] The synthesis of polyaminobiguanides is described
in Bi et al., Bioorg. Med. Chem. Lett. 16:3229 (2006), and
is also outlined in Scheme 4.



US 2007/0208082 Al Sep. 6, 2007
40
Scheme 4
NH
Raney Ni, Hy NaN(CN), )]\
R—CN ————— R—NL,
ethanol BuOH/H,0 ~ /\/\ /\/\ /\/\
EtOH, reflux g NHCN -+ HN T t Il\I NH,
Mest Mest
22 23 24 21
1. chlorobenzene reflux
2.30% HBr IN AcOH
NH NH NH NH

R\NJ\NJJ\g/\/\g/\MH/\g/\/\gJ\gJ\ ~R

jas}
jas}

Tz

General structure 4

[0149] A similar strategy is employed for the synthesis of
alkylpolyaminobiguanides of general structure 4, as outlined
in Scheme 4. Amines 23 (produced when necessary from the
corresponding alkyl or aralkylcyanide) are converted to the
corresponding cyanoguanidines 24 (NaN(CN),, BuOH/H,0)
(Gerhard, R.; Heinz, B.; Herbert, F. J. Praktische Chem.
(Leipzig), 1964, 26, 414-418), which were combined with 21

as previously described to afford the mesityl protected target
molecules. Deprotection as described above then provided
the substituted biguanides 4. An analogous route (not
shown) utilizing the N-Boc protection group was also
employed, as above.

Synthetic Methods—Solid Phase Synthesis

Scheme 4
(@)
Ry Ry
X _ . )\/ NH, AN
IiI)\/ N X N
R
(@)
22 23
28
1. O
1 I )J\/\
)J\ HO X
HO H
24 2
2. B,Hg
2. NaCNBH

R,
)\/§ R
Il\I ~
R

25 27

29
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-continued

R =Horalkyl
Ry=Hor CHy

[0150] Solid phase synthetic techniques can be used for
the rapid and efficient synthesis of both alkylpolyamines and
their alpha-methyl homologs, as shown in Scheme 4. Com-
pound 22 can be produced using a commercially available
trityl chloride resin, as described in Wang et al., J. Am.
Chem. Soc., 95(4):1328 (1973), where the attached amine is
primary or secondary prior to attachment, an alpha-methyl is
present or absent, and the X group is either a protected amine
or a synthetic equivalent such as an azide or a phthalamide.
This intermediate is then deprotected or converted to the
corresponding primary amine 23. Three strategies can be
used for chain elongation: 1. reductive amination with
aldehydes 24 in the presence of sodium cyanoborohydride to
produce 25; 2. addition of an appropriate carboxylate 26
under peptide coupling conditions (Woster et al., J. Med.
Chem. 32:1300 (1989)), followed by diborane reduction of
the resulting amide, yielding 27; 3. direct alkylation with a
protected halide (Woster et al., J. Med. Chem. 32:1300
(1989)) such as 28, to afford intermediates 29. Repetition of
these steps then allows the synthesis of a variety of alky-
Ipolyamines and alpha-methyl-alkylpolyamines with sub-
stituents as desired.

Biological Applications—ILysine-Specific Demethylase-1
(LSD1) Inhibitors

[0151] Histones are proteins found in eukaryotic cells
which act as support scaffolds for DNA (sometimes com-
pared to a protein spool supporting the DNA thread). His-
tones, together with other proteins and DNA, form the
chromatin of the cell nucleus. Because of their close asso-
ciation with DNA, histones play a role in gene regulation.
The tails of histone proteins are a frequent site for covalent
modifications which affect gene expression.

[0152] The enzyme lysine-specific demethylase-1 (LSD1;
also known as BHC110 and KIAA0601) is an enzyme that
affects the covalent modification of histone tails, by dem-
ethylating lysine 4 of the histone H3. Shi et al. (Cell,
119:941 (2004)) showed that RNAi inhibition of LSD1 led
to an increase in H3 lysine 4 methylation, followed by
de-repression of the target genes. Thus LSD1 apparently
represses transcription by demethylating histone H3. Con-
versely, inhibition of LSD1 allows transcription by prevent-
ing demethylation.

[0153] Because of the observed homology between the
active site of LSD1 and monoamine oxidase (MAO), Lee et
al. (Chemistry & Biology 13:563 (2006)) tested various
MAQO inhibitors for their ability to inhibit LSD1. They
identified tranylcypromine ((1R,2S)-2-phenylcyclopropan-
1-amine) as an inhibitor with an IC,, less than 2 micromolar.

X — CH, — NH-protecting group or synthetic equivalent

Treating P19 embryonal carcinoma cells with tranylcyprom-
ine led to transcriptional de-repression of the Egrl and Oct4
genes.

[0154] International Patent Application WO 2006/071608
is directed to a method for monitoring eukaryotic histone
demethylase activity, methods for up-regulating and down-
regulating methylated histone-activated genes, and a method
for treating or preventing a disease (e.g., a hyperproliferative
disease such as cancer) by modulating the level of protein or
the activity of a histone demethylase.

[0155] In view of the importance of gene regulation, and
the ability to affect gene regulation by inhibiting or modu-
lating L.SD1, inhibitors of the enzyme may have significant
therapeutic potential. Table B shows compounds tested for
LSD1 inhibitory activity While the compounds are depicted
as free bases, it is to be understood that the disclosure in the
table embraces all salts, hydrates, and solvates of the com-
pounds depicted therein, as well as the non-salt, non-
hydrate/non-solvate form of the compound, as is well under-
stood by the skilled artisan. Several of the polyamine,
polyamine/guanidine, and polyamine/biguanide compounds
disclosed herein have activity as LSD1 inhibitors. FIG. 24,
FIG. 25, FIG. 26, F1G. 27, FIG. 28, FIG. 29, FIG. 30, FIG.
31, FIG. 32, and FIG. 33 show the effects of some of the
compounds disclosed herein on LSD1 activity. The com-
pounds disclosed herein, including the compounds of for-
mulas (I) through (IX), the compounds of Table A, and the
compounds of Table B, are useful as inhibitors of LSDI1.
More specifically, polyamine/guanidine and polyamine/
biguanide compounds are useful as inhibitors of LSD1, such
as the compounds of formulas (I) and (II). The enzyme can
be inhibited by at least about 25%, at a concentration of the
compound of about 10 micromolar or less, about 1 micro-
molar or less, about 100 nanomolar or less, about 10
nanomolar or less, or about 1 nanomolar or less; by at least
about 50%, at a concentration of the compound of about 10
micromolar or less, about 1 micromolar or less, about 100
nanomolar or less, about 10 nanomolar or less, or about 1
nanomolar or less; at least about 75%, at a concentration of
the compound of about 10 micromolar or less, about 1
micromolar or less, about 100 nanomolar or less, about 10
nanomolar or less, or about 1 nanomolar or less; at least
about 90%, at a concentration of the compound of about 10
micromolar or less, about 1 micromolar or less, about 100
nanomolar or less, about 10 nanomolar or less, or about 1
nanomolar or less; at least about 95%, at a concentration of
the compound of about 10 micromolar or less, about 1
micromolar or less, about 100 nanomolar or less, about 10
nanomolar or less, or about 1 nanomolar or less; or at least
about 99% at a concentration of the compound of about 10
micromolar or less, about 1 micromolar or less, about 100
nanomolar or less, about 10 nanomolar or less, or about 1
nanomolar or less.
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TABLE B

Compounds tested for LSD1 inhibitory activity
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TABLE B-continued

Compounds tested for LSD1 inhibitory activity
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TABLE B-continued

Compounds tested for LSD1 inhibitory activity

NH NH

B18g-2

NH

B205-1

NH

Biological Applications—Treatment of Cancer

[0156] Several polyamine compounds and polyamine ana-
logs have displayed potent anticancer activity. It is believed
that polyamines and polyamine analogs enter cells via the
polyamine transport system and down-regulate the
polyamine biosynthetic enzymes ornithine decarboxylase
(ODC) and S-adenosylmethionine decarboxylase (AdoMet-
DC). The antitumor activity of the bis(ethyl) polyamine
analogs is thought to be due to their ability to superinduce
spermidine/spermine-N*-acetyltransferase (SSAT), the rate-
limiting step in the polyamine back-conversion pathway.
Subsequent polyamine oxidase (PAO)-mediated oxidation
of the resulting acetylated polyamines then produces hydro-
gen peroxide which ultimately initiates the cell death pro-
gram. Studies have revealed analogs that inhibit tumor cell
growth through induction of SSAT, by initiating apoptosis in
the presence and absence of SSAT induction, and by inter-
ference with tubulin depolymerization. Recent data suggests
that human polyamine oxidase exists in two distinct forms,
and that oxidation of polyamine analogues by mammalian
spermidine oxidase (SMO(PAOh1) may play a role in the
antitumor effects of some analogs. This hypothesis is sup-
ported by the facts that the alkylpolyamine analogues
N1-ethyl-N11- (cycloheptyl)methy]-4,8-diazaundecane
(CHENSpm) is detoxified by polyamine oxidase, and that
the antimicrosporidial analogue BW-1 (N,N'-bis[3-[([1,1'-
biphenyl]-2-ylmethyl)amino Jpropyl]-1,7-heptanediamine)

is a substrate for the polyamine oxidase of Encephalitoozoon
cuniculi. It is now evident that alkylpolyamines can effect
tumor cell growth by a variety of known and unknown
pathways.

[0157] “Treating” or “to treat” a disease using the methods
of the invention is defined as administering one or more
polyamines or polyamine analogs, with or without addi-
tional therapeutic agents, in order to palliate, ameliorate,
stabilize, reverse, slow, delay, prevent, reduce, or eliminate
either the disease or the symptoms of the disease, or to retard
or stop the progression of the disease or of symptoms of the
disease. “Therapeutic use” of the polyamines and polyamine
analogs is defined as using one or more polyamines or
polyamine analogs to treat a disease (including to prevent a
disease), as defined above. A “therapeutically effective

amount” is an amount sufficient to treat (including to pre-
vent) a disease, as defined above. Prevention or suppression
can be partial or total.

[0158] The compounds disclosed herein have anticancer
activity, which has been demonstrated in a variety of human
tumor cell types representing the major forms of lung,
breast, prostate, and colon cancers. Thus the compounds
disclosed herein can be used to treat cancer, including lung
cancer, breast cancer, prostate cancer, and colon cancer, or to
prevent cancer, including prevention of lung cancer, breast
cancer, prostate cancer, and colon cancer.

Experimental Results and Protocols

[0159] MTS dose response experiments in H157, H82, and
AS549 cells following a 96 hr exposure with select com-
pounds were performed. MTS is a standard calorimetric
assay used for measuring metabolic activity in cells. MTS
experiments were performed by CellTiter 96® AQ,,.s One
Solution Cell Proliferation Assay from Promega Corpora-
tion. Briefly, the cells were seeded at 3000 cells/well on a 96
well tissue culture plate containing 100 ul of medium/well
and allowed to attach overnight. The medium was then
aspirated and replaced with 100 ul of fresh medium con-
taining the appropriate concentration of the compound being
tested and incubated for 96 hrs at 37° C. and 5% CO,.
Compounds are routinely tested at concentrations ranging
from 0.1 micromolar to 50 micromolar. Wells not containing
the test compound were present and used as a control.
Following treatment, 20 ul of MTS reagent was added to
each well and incubated at 37° C. for 1.5 hrs. The absor-
bance of each well was then measured at 490 nm and used
to determine the metabolic activity of the cells in the
presence of the test compound, relative to the control. ICs,
values for the test compounds were extracted based on the
results.

[0160] The results for H157, H82, and A549 cells are
shown in Tables 2, 3 and 4 respectively. Note that the results
for a 72 hr exposure in addition to the 96 hr exposure are
shown for compound 49-TDW-29C in the H157 cells. The
first column contains the compound identifier and the second
column contains the ICs, values (when a range is shown,
e.g., 1-10 uM, this indicates that the IC,, lies somewhere
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between the two endpoints of the range; the endpoints are
the concentrations actually tested, one of which is lower than
the IC, and one of which is higher). FIG. 1 depicts the
results of a 96 hr MTS dose response experiments for
compound 46-TDW-23¢ in H157, A549, H82 and Beas2B
cells. FIG. 2 depicts the results of a 96 hr MTS dose response
experiments for compound 49-TDW-9 in H157, A549, H82
and Beas2B cells. FIG. 3 depicts the results of a 96 hr MTS
dose response experiments for compound 42-TDW-21c¢ in
H1157, A549, H82 and Beas2B cells. FIG. 4 depicts the
results of a 96 hr MTS dose response experiments for
compound 46-TDW-19¢ in H157, A549, H82 and Beas2B
cells. FIG. 5 depicts the results of a 96 hr MTS dose response
experiments for compound 49-TDW-17¢ in H157, A549,
H82 and Beas2B cells. FIG. 6 depicts the results of a 96 hr
MTS dose response experiments for compound 40-TDW-37
in H157, A549, H82 and Beas2B cells. FIG. 7 depicts the
results of a 96 hr MTS dose response experiments for
compound 42-TDW-4 in H157, A549, H82 and Beas2B
cells. FIG. 8 depicts the results of a 96 hr MTS dose response
experiments for compound 49-TDW-29¢ in H157, A549,
H82 and Beas2B cells. FIG. 9 depicts the results of a 96 hr
MTS dose response experiments for compound 49-TDW-
32¢ in H157, A549, H82 and Beas2B cells. FIG. 10 depicts
the results of a 96 hr MTS dose response experiments for
compound 46-TDW-35¢ in H157, A549, H82 and Beas2B
cells. FIG. 11 depicts the results of a 96 hr MTS dose
response experiments for compound 39-TDW-3 in H157,
A549, and H82 cells. FIG. 12 depicts the results of a 96 hr
MTS dose response experiments for compound 39-TDW-
12¢ in H157, and A549 cells. FIG. 13 depicts the results of
a 96 hr MTS dose response experiments for compound
39-TDW-20c in H157, and H82 cells. FIG. 14 depicts the
results of a 96 hr MTS dose response experiments for
compounds 39-TDw-47¢ and 39-TDW-43 in H157 cells.
FIG. 15 depicts the results of a 96 hr MTS dose response
experiments for compounds 42-TDW-9,42-TDW-4c¢/6,
40-TDW-35, 42-TDW-38 and BENSpm in H157 cells. FIG.
16 depicts the results of a 96 hr MTS dose response
experiments for compounds 46-TDW-34c, 42-TDW-12,
40-TDW-48, 46-TDW-44¢ and BENSpm in H157 cells.
FIG. 17 depicts the results of a 96 hr MTS dose response
experiments for compounds 42-TDW-20c, 46-TDW-22,
46-TDW-39, 49-TDW-29¢ and BENSpm in H1157 cells.
FIG. 18 depicts the results of a 96 hr MTS dose response
experiments for compounds 39-TDW-43, 42-TDW-48c,
46-TDW-9, 46-TDW-23¢ and BENSpm in H157 cells. FIG.
19 depicts the results of a 96 hr MTS dose response
experiments for compounds 42-TDW-35c, 46-TDW-44 and
BENSpm in H157 cells.

[0161] MTT dose response experiments in 235, MCF7,
435, and 10A cells were performed. MTT is a standard
colorimetric assay used for measuring metabolic activity in
cells. Briefly, about 200 ul of media not containing cells was
added to column A of a 96 well plate and used as a blank.
Next, 200 ul of media containing cells was added to the
remaining wells and incubated overnight. The remaining
wells contain about 4000-5000 MCF7 cells/well, 3000 231
cells/wells, 12,000 468 cells/well, or 9000 MCF 10A cells/
well. Following incubation, the media in the wells was
aspirated and replaced with 200 ul of fresh media in columns
A and B of the 96 well plate. Column B was used as a
control. Next 200 ul of fresh media containing the com-
pound being tested was added to the remaining wells and
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incubated for 96 hrs. Compounds are routinely tested at
concentrations ranging from 0.1 micromolar to 50 micro-
molar. Following incubation for 96 hrs, the media in each
well was aspirated and replaced with 100 ul of 5 mg/ml MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) solution in Serum-Free media and incubated for 4
hours. Following incubation with MTT solution, the MTT
solution was removed from the wells and replaced with 200
ul of a 1:1 Etoh+DMSO solution and incubated for 20
minutes. Following incubation with the Etoh+DMSO solu-
tion the plates were read at 540 nm and used to determine the
metabolic activity of the cells in the presence of the test
compound, relative to the control. IC,, values for the test
compounds were extracted based on the results.

[0162] The results of an MTT assay after 96 hrs of
treatment with compound 39-TDW-47¢ at different concen-
trations in 231, MCF7, 435, and 10A cells is shown in FIG.
20. A time course experiment in 231 cells following 8, 12,
and 24 hr exposure of compound 39-TDW-47¢ at differing
concentrations in shown in FIG. 21. A time course experi-
ment in 435 cells following 4, 8, 12, and 24 hr exposure of
compound 39-TDW-47c at different concentrations in
shown in FIG. 22. A time course experiment in MCF7 cells
following 4, 8, 12, and 24 hr exposure of compound
39-TDW-47c¢ at different concentrations in shown in FIG.
23.

[0163] SSAT (spermidine/spermine-N'-acetyltransferase)
activity experiments in H157, H82, and A549 cells follow-
ing exposure to select compounds were performed. A
detailed protocol for determining SSAT activity is described
in Casero et al., Cancer Research, 49:3829 (1989). Briefly,
the SSAT activity was measured by harvesting the treated
cells at the exposure time. The cells were then lysed and
treated with spermidine, and 1{'*CJacetyl coenzyme A for
5 minutes. Enzyme activity was measured in term of pico-
moles of ['*Clacetylspermidine formed per mg of cell
protein per min (pmol/mgP/min).

[0164] The results are show in tables 5 (H157), 9 (H82),
and 12 (A549) respectively. In Tables 5 and 12, the com-
pound identifier, treatment concentration, control activity,
SSAT activity following exposure and exposure time are
listed in columns 1, 2, 3, 4, and 5 respectively. The activity
in Tables 5 and 12 is reported as picomoles of SSAT per mg
of protein per min. Table 9 lists the compound identifier, the
exposure concentration, the activity, and exposure time in
columns 1, 2, 3 and 4 respectively. No SSAT induction was
observed for H82 cells and thus the values of the control and
activity following exposure are not listed.

[0165] Putrescine, spermidine, and spermine polyamine
levels in H157 and H82 cells following exposure to select
compounds were performed. Polyamine levels were deter-
mined using the precolumn dansylation labeling, reverse-
phase high-pressure liquid chromatography method as
described by Kabra et al., J. Chromotography, 380:19
(1986). The results are show in Tables 6 and 11 for H157 and
H82 cells respectively. The compound identifier, treatment
concentration, observed polyamine level, and exposure time
are listed in columns 1, 2, 3, and 4 respectively. Polyamine
levels are reported as increased (inc), decrease (dec), or no
change (N/C). In some case the specific levels of putrescine,
spermidine, and/or spermine are listed.

[0166] SMO (Spermine Oxidase) activity in H157 cells
following treatment with compound 46-TDW-34C is shown
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in Table 7. A detailed protocol for measuring SMO activity

is described in Wang et al., Cancer Research, 61:5370 TABLE 2-continued
(2001). The compound identifier, the treatment concentra-
tion, the control activity, the activity following treatment and 96 Hr. MTS dose response experiment in H157
. . . (non-small cell lung carcinoma) cells
the exposure time are listed in columns 1, 2, 3, 4, and 5
respectively. The activity results are reported in picomoles Compound ICsp
of spermine converted per mg of cell protein per min
(pmol/mgP/min) 42-TDW-14 10-50 uM
: 42-TDW-20¢ 1-5 uM
[0167] ODC (Ornithine decarboxylase) activity experi- iigﬁg’ﬁ: i;i Eﬁ
ments in H157 were performed. A detailed protocol for 44-DHEJ-8¢ 5.95-5.80 uM
measuring ODC activity is described in Pegg et al., Methods 44-DHEJ-7c >22 uM
Enzymology, 94:158 (1983). The results are show in Table 44-DHEJ-9 >24 uM
10. The compound identifier, treatment concentration, con- ii?g\?vj- '315200 Tzz Eﬁ
trol activity, activity following treatment, and exposure time 42-TDW-43 1-5 uM
are listed in columns 1, 2, 3, 4 and 5 respectively. The 42-TDW-40c 5-10 uM
activity results are reported in picomoles of CO, released per 42-TDW-40 10-50 uM
mg of cell protein per hour (pmol/mgP/hr) 42-TDW-38 15w
: 42-TDW-45 >50 uM
[0168] Treatment induced cell cycle measurements in i;ﬁggﬁgc 10?? Eﬁ
H157 cells were performed. Following exposure of the cells 42-TDW-49 250 uM
to a compound of interest, at a concentration of 10 uM, for 46-TDW-9C >50 uM
24 hrs, the cells were harvested, prepared and transferred to 46-TDW-9 1-5 uM
a FACS for cell cycle analysis. (See Carlisle et al., Clinical ig:?gg:gc :28 Eﬁ
Cancer Research 8:2684 (2002) and references therein.) The 46-TDW-19C 1-5 uM
results are shown in Table 8. The results depict the percent- 46-TDW-23C 1-5 uM
age of cells which are in the G1 phase, S phase, and G2/M 46-TDW-22 1-5 uM
phases 46-TDW-24 10-50 uM
: 46-TDW-29 50-100 uM
46-TDW-35 10-50 uM
TABLE 2 46-TDW-25C 10-50 uM
46-TDW-31C 10-50 uM
96 Hr. MTS dose response experiment in H157 46-TDW-34C 1-5 uM
(non-small cell lung carcinoma) cells 46-TDW-30 10-50 uM
46-TDW-35C 1-5 uM
Compound ICso 46-TDW-39 1-5 uM
46-TDW-42 10-50 uM
ZQW-36 1-10 uM 46-TDW-44 1-5 uM
ZQW-35 1-10 uM 46-TDW-44C 10-50 uM
ZQW-35¢ 1-10 uM 46-TDW-45 10-50 uM
ZQW-44 >13 uM 49-TDW-1C 1-5 uM
ZQW-46 13 uM 46-TDW-47 10-50 uM
ZQW-35-T¢ >10 uM 44-DHEJ-37 2.49-4.98 uM
ZQW-35-8 >10 uM 44-DHEJ-37C 5.21-26.1 uM
ZQW-35-8¢ 1-10 uM 44-DHEJ-38 21.9 uM
YZ33049¢ 1-10 uM 44-DHEJ-40C >26.1 uM
YZ33035 >10 uM 49-TDW-3C 10-50 uM
YZ33050¢ ~1 uM 49-TDW-5C 5-10 uM
YZ33049 ~1 uM 44-DHEJ-36 >50 uM
YZ33041 >10 uM 44-DHEJ-36C >50 uM
YZ33046 >10 uM 51-DHEJ-A 10-50 uM
39-TDW-11 1-5 uM 51-DHEJ-B >50 uM
39-TDW-3 53-2.7 uM 51-DHEJ-C >50 uM
39-TDW-10 >50 uM 44-DHEJ-35C 10-50 uM
39-TDW-12¢ 25-5 uM 44-DHEJ-48C >50 uM
39-TDW-12 >50 uM 44-DHEJ-49 1-5 uM
39-TDW-20¢ 2.76-5.52 uM 44-DHEJ-5C >31 uM
40-TDW-1 2.69-5.38 uM 44-DHEJ-10C >29 uM
39-TDW-47¢ 65-3.2 uM B188-2 5-10 uM
39-TDW-43 59-2.96 uM B205-1 50 uM
40-TDW-19 53-26.5 uM B181 5-10 uM
40-TDW-26¢ 10-50 uM B179-1 10-50 uM
40-TDW-23 10-50 uM B182 5-10 uM
40-TDW-31¢ 0-.1 uM 49-TDW-15 5-1 uM
40-TDW-29¢ 10-50 uM 49-TDW-17C 1-5 uM
40-TDW-30 1-5 uM 49-TDW-29C 1-5 uM, .5-1 uM (72 hr MTS)
40-TDW-28 10-50 uM 44-DHEJ-41 7.16-35.8 uM
40-TDW-35 1-5 uM 44-DHEJ-41C 5 uM
40-TDW-37 1-5 uM 51-DHEJ-15C >29 uM
40-TDW-48 1-5 uM 51-DHEJ-16 >36 uM
42-TDW-4 1-5 uM 51-DHEJ-2 5-1 uM
42-TDW-4c 1-5 uM 51-DHEJ-2C >50 uM
42-TDW-9 1-5 uM 50-DHEJ-3C >50 uM
42-TDW-12 1-5 uM 49-TDW-31 10-50 uM
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TABLE 2-continued TABLE 3-continued
96 Hr. MTS dose response experiment in H157 96 Hr MTS dose response experiments in H82
(non-small cell lung carcinoma) cells (small lung cell carcinoma) cells
Compound ICsq Compound ICso
51-DHEJ-19 10-50 uM 49-TDW-15 10-50 uM
51-DHEJ-18 10-50 uM 49-TDW-17C 10-50 uM
51-DHEJ-20 >50 uM
53-SV-3C 1-5 uM
YZ3604C S5-1 uM
53-8V-2C >50 uM [0170]
B275 10 uM
B291 10-50 uM TABLE 4
B283-1 >50 uM
B283-2 >50 uM 96 Hr MTS dose response experiments in A549 cells.
B300 10-50 uM
B301 10-50 uM Compound 1C5o
B298 10-50 uM
B299 10-50 uM 39-TDW-11 >10 uM
51-DHEJ-38C 10-50 uM 39-TDW-3 1-10 uM
51-DHEJ-45 1-5 uM 39-TDW-10 >10 uM
51-DHET-49C >50 uM 39-TDW-12¢ >10 uM
39-TDW-12 >10 uM
XBL-54-98 >30 uM 39-TDW-20c >10 uM
XBI-34-8B >30 uM 46-TDW-34C 15 uM
XBI-54-11C 10-50 uM
XBI-54-13B 10-50 uM
XBI-54-12C 10-50 uM
XBI-54-12D 10-50 uM [0171]
XBI-54-14B 10-50 uM
XBI-54-13D 10-50 uM
55-DHEI-7C >50 uM IABLE 5
51-DHEI-8 >30 uM SSAT (spermidine/spermine-N'-acetyltransferase)
DG-52-27C S5-1 uM A .
DG-52-28 1 uM activity in H157 (non-small cell lung carcinoma) cells.
DG-52-29C >50 uM Exposure
SV-53-17C2 10-50 uM Compound Conc. Fold induction Time
SV-53-22C1 5-10 uM
SV-53-18C2 10-50 uM UNS-31-11C, 10 uM 333 12 hr
55-DHEJ-17C >50 uM MLB-19-21
55-DHEJ-18 >50 uM MLB-19-30 10 uM slight induction 12 hr
55-DHEJ-26 =50 uM FHB-24-14 10 uM 75 12 hr
55-DHEJ-35C 10-50 uM BENSpm 10 uM 1300 24 hr
55-DHEJ-24C 550 uM FHB-26-26 10 uM 22.5 24 hr
44-DHEJ-34C 550 uM azaCHENSpd 1 uM 250 24 hr
55-DHEI-31C 550 uM égggélc }8 “ﬁ 1o }nguc ii ﬂr
-27- u no induc r
>3-DHEF37C >30 uM MLB-19-30 10 uM 1406 24 hr
ZQW-14c¢ 10 uM no indue 24 hr
ZQW-16¢ 10 uM no indue 24 hr
[0169] ZQW-19 10 uM 30 24 hr
UNS-30-42B 10 uM no indue 24 hr
UNS-31-1¢ 10 uM no indue 24 hr
TABLE 3 UNS-31-7A 10 uM 10 indue 24 hr
UNS-31-10¢ 10 uM no indue 24 hr
96 Hr MTS dose response experiments in H82 UNS-31-18 10 uM 15 24 hr
(small lung cell carcinoma) cells UNS-31-19¢ 10 uM no induc 24 hr
CPCHENSpm 10 uM no indue 24 hr
Compound ICs0 UNS-31-21¢ 10 uM 5.7 24 hr
BEPPSpd 10 uM 929 24 hr
ZQW-36 1-10 uM alpha-methyl 10 uM no indue 24 hr
ZQW-35 <1 uM CHENspm
ZQW-35¢ 1-10 uM ZQW-36 10 uM no indue 24 hr
39-TDW-11 >26 uM ZQW-35 4 uM no indue 24 hr
39-TDW-3 53-2.7 uM ZQW-35¢ 10 uM no indue 24 hr
39-TDW-10 5-10 uM ZQW-44 10 uM 45 24 hr
39-TDW-12¢ 10-50 uM ZQW-46 10 uM 21,500 24 hr
39-TDW-12 >50 uM ZQW-35-T¢ 10 uM 105 24 hr
39-TDW-20c¢ 2.76-5.52 uM ZQW-35-8 10 uM no indue 24 hr
39-TDW-47¢ 1-5 uM ZQW-35-8¢ 10 uM 217 24 hr
40-TDW-19 5-10 uM 39-TDW-11 10 uM no indue 24 hr
40-TDW-23 10-50 uM 39-TDW-10 10 uM no indue 24 hr
40-TDW-31c 1-5 uM 39-TDW-12¢ 10 uM 189 24 hr
40-TDW-29¢ 10-50 uM 39-TDW-12 10 uM no indue 24 hr

40-TDW-30 1-5 uM 39-TDW-20c 10 uM no indue 24 hr
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TABLE 6-continued

SSAT (spermidine/spermine-N'-acetyltransferase)
activity in H157 (non-small cell lung carcinoma) cells.

Polyamine levels in H157 (non-small cell lung carcinoma)

cells following treatment.

Exposure Exposure
Compound Conc. Fold induction Time Compound Treatment Conc. Level time
40-TDW-1 10 uM no indue 24 hr ZQW-46 10 uM N/C 24 hr
39-TDW-47¢ 10 uM no indue 24 hr ZQW-35-T¢ 5 uM slight dec 24 hr
39-TDW-43 10 uM no indue 24 hr 10 uM dec
40-TDW-19 10 uM no indue 24 hr ZQW-35-8 10 uM N/C 24 hr
40-TDW-26¢ 10 uM no indue 24 hr ZQW-35-8¢ 10 uM dec 24 hr
40-TDW-23 10 uM no indue 24 hr spd, spm 1 g dec
40-TDW-31¢ 10 uM 966 24 hr 46-TDW-34C 10 uM dec ~6-10 fold 24 hr
40-TDW-29¢ 10 uM no indue 24 hr
40-TDW-30 10 uM 136 24 hr
40-TDW-28 10 uM no indue 24 hr
42-TDW-4c 10 uM 36 24 hr [0173]
42-TDW-12 10 uM no indue 24 hr
42-TDW-14 10 uM no indue 24 hr
42-TDW-20¢ 10 uM no indue 24 hr TABLE 7
i;:%ggﬁéz }8 Eﬁ Eg iigﬁz ;i ﬁ SMO (Spermine Oxidase) a.ctivity in H157
42 TDW-43 10 uM 15 24 hr (non-small cell lung carcinoma) cells
42-TDW-40¢ 10 uM no indue 24 hr Cntrl
42-TDW-40 10 uM no indue 24 hr .
. Treatment (pmol/mgP/ Activity Exposure
42-TDW-38 10 uM no indue 24 hr C d C . . -
ompoun onc. min) (pmol/mgP/min) Time
46-TDW-34C 10 uM 671 24 hr
53-8Vv-3C 5uM 327 24 hr 46-TDW-34C 10 uM 22.77 68.24 24 hr
10 uM
YZ3604C 5 uM 454 24 hr
10 uM
53-8V-2C 10 uM 3 24 hr [0174]
TABLE 8
[0172] Drug induced cell cycle measurements in H157
(non-small cell lung carcinoma) cells.
TABLE 6 53-8V-3C FACS 24 hr 10 uM:
. . . Ctrl: G1 = 30.50%, S = 16.55%, G2 = 27.06%
Polyamine levels 1111l Hf15117 (nlon—small cell lung carcinoma) 10 uM: G1 = 14.92%, S = 17.39%, G2 = 40.87%
cells following treatment. YZ3604C  FACS 24 r 10 uM:
E Ctrl: G1 = 30.50%, S = 16.55%, G2 = 27.06%
Compound reatment Conc Level thi’flfe“re 10 uM: G1 = 14.70%, S = 14.55%, G2 = 33.70%
. 53-8V-2C FACS 24 hr 10 uM:
FHB-24-11 10 uM slight inc 24 hr Ctrl: G1 = 30.50%,08 = 16.55%,0G2 = 27.06% \
Et-3-3-3-OH 10 uM slight dec 24 hr 10 uM: G1 = 32.25%, S = 10.72%, G2 = 25.05%
RHW-50-53 10 uM N/C 24 hr
RHW-69-68C 10 uM slight dec 24 hr
BENSpm 10 uM N/C 24 hr [0175]
FHB-26-26 10 uM very slight dec 24 hr
azaCHENSpd 1 uM very slight inc. 24 hr
ZQW-27-11C 10 uM N/C 96 hr TABLE 9
ZQW-27-9 10 uM N/C 24 hr
ZQW-14c 10 uM slowly dec 24 hr SSAT activity in H82 (Small Cell Lung Carcinoma) cells
ZQW-16¢ 10 uM slowly inc 24 hr
ZQW-19 1 uM N/C 24 hr Exposure
10 uM dec ~50% Compound Treatment Cone. Activity Time
UNS-30-42B 10 uM slightly dec 24 hr
UNS-31-1¢ 10 uM N/C 24 hr BENSpm 10 uM no indue 72 hr
UNS-31-7A 10 uM slight dec 24 hr FHB-26-26 10 uM no indue 24 hr
UNS-31-10¢ 10 uM slight inc 24 hr azaCHENSpd 10 uM no indue 24 hr
TUNS-31-18 10 uM N/C 24 hr ZQW-27-11C 10 uM no indue 24 hr
UNS-31-19¢ 10 uM N/C 24 hr ZQW-27-9 10 uM no indue 24 hr
10 uM inc ~50% MLB-19-30 10 uM slight dec 24 hr
CPCHENSpm 10 uM slight dec 24 hr ZQW-14c¢ 10 uM no indue 24 hr
Spm inc ZQW-16¢ 10 uM no indue 24 hr
UNS-31-21¢ 10 uM dec 24 hr ZQW-19 10 uM no indue 24 hr
Spm same UNS-30-42B 10 uM no indue 24 hr
alpha-methyl CHENspm 5uM N/C 24 hr UNS-31-1¢ 10 uM no indue 24 hr
10 uM N/C UNS-31-7A 10 uM no indue 24 hr
ZQW-36 10 uM slight dec 24 hr UNS-31-10¢ 10 uM no indue 24 hr
spm inc UNS-31-18 10 uM no indue 24 hr
ZQW-35 4 uM N/C 24 hr UNS-31-19¢ 10 uM no indue 24 hr
ZQW-44 10 uM N/C 24 hr CPCHENSpm 10 uM no indue 24 hr
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TABLE 11-continued

SSAT activity in H82 (Small Cell Lung Carcinoma) cells

Polyamine levels in H82 cells following treatment.

Exposure Exposure
Compound Treatment Conc. Activity Time Compound Treatment Conc. Level Time
UNS-31-21¢ 10 uM no induc 24 hr CPCHENSpm 10 uM slight inc, 24 hr
alpha-methyl 10 uM no induc 24 hr N/C
CHENspm UNS-31-21¢ 10 uM slight inc 24 hr
ZQW-44 10 uM no induc 24 hr alpha-methyl CHENspm 10 uM slight inc 24 hr
ZQW-46 10 uM no induc 24 hr ZQW-44 50 uM inc 24 hr
ZQW-35-T¢ 10 uM no induc 24 hr ZQW-46 5- uM dec 24 hr
ZQW-35-8 10 uM no induc 24 hr ZQW-35-T¢ 10 uM N/C 24 hr
ZQW-35-8¢ 10 uM no induc 24 hr ZQW-35-8 10 uM N/C, slight 24 hr
inc
ZQW-35-8¢ 10 uM N/C, slight 24 hr
inc
[0176]
TABLE 10 [0178]
ODC (Ornithine decarboxylase) activity in H82
(Small Cell Lung Carcinoma) cells. TABLE 12
Treatment Ctrl Activity Exposure SSAT activity in AS49 cells.
C d Cone. l/mgP/hr /mgP/h Ti
ompown one (pmolimgP/hr)  (pmol/mgP/hr) e Treatment Ctrl (pmol/ Activity Exposure
39-TDW-11 10 uM 667 520 24 hr Compound Cone. mgP/min) (pmol/mgP/min) Time
39-TDW-3 10 uM 667 3720 24 hr
39-TDW-10 10 uM 869 541 24 hr 46-TDW-34C 10 uM 3.73 10435.87 24 hr
39-TDW-12¢ 10 uM 831 584 24 hr
39-TDW-12 10 uM 831 755 24 hr
39-TDW-20c 10 uM 869 393 24ﬁ [0179] The disclosures of all publications, patents, patent
ggﬁggjwc }8 Eﬁ }ig; ggg ;i b applications and published patent applications referred to
40-TDW-19 10 uM 667 528 24 hr herein by an identifying citation are hereby incorporated
40-TDW-23 10 uM 869 707 24 hr herein by reference in their entirety.
40-TDW-29¢ 10 uM 831 903 24 hr ) ) )
42-TDW-4 10 uM 667 44 24 hr [0180] Although the foregoing invention has been
42-TDW-4c 10 uM 1462 1671 24 hr described in some detail by way of illustration and example
42-TDW-12 10-uM 667 630 24 hr for purposes of clarity of understanding, it is apparent to
42-TDW-14 10 uM 869 530 24 hr h Killed i h h . . h d
44-DHEJ-4c 10 uM 1462 1426 24 hr 1] ose.: S 1. e 1n. the art tl .at certaln minor ¢ ange; 2.111
44-DHEJ-8¢ 10 uM 1462 949 24 hr modifications will be practiced. Therefore, the description
44-DHEI-7c 10 uM 1462 348 24 hr and examples should not be construed as limiting the scope
44-DHEJ-9 10 uM 1462 1353 24 hr of the invention
44-DHEIJ-12¢ 10 uM 1462 1784 24 hr ’
42-TDW-40c 10 uM 869 426 24 hr What is claimed is:
42-TDW-38 10 uM 864 576 24 hr .
1. A compound having a formula selected from the group
consisting of:
[0177]
@
TABLE 11
R
R 2
Polyamine levels in H82 cells following treatment. Z\N \N
Exposure R J\ H\ /H\ J\ Ry,
Compound Treatment Conc. Level Time I\N HN N SN PN N
H H H H Hi,
FHB-26-26 10 uM slight dec 24 hr an
azaCHENSpd 10 uM N/C 24 hr
ZQW-27-11C 10 uM dec ~50% 24 hr R R
ZQW-27-9 10 uM dec 24 hr R R NNy
ZQW-14c 10 uM slowly dec 24 hr F F | | N
ZQW-16¢ 0-10 uM slight inc 24 hr R )\ )\ /I\ )\ 1>
10 uM dec ~30% N N HN’H}N/HD\N "N N N
ZQW-19 0-10 uM slow dec 24 hr H H H H q
10 uM dec ~50% 11T
UNS-30-42B 10 uM slight inc 24 hr Rg R;
UNS-31-1¢ 10 uM N/C 24 hr H H
UNS-31-7A 10 uM slight dec 24 hr AN NG
UNS-31-10¢ 10 uM slight dec 24 hr Ry N n g P Rs,
TUNS-31-18 10 uM N/C 24 hr |
UNS-31-19¢ 10 uM slight dec 24 hr Rs Ro Re



US 2007/0208082 Al
50

-continued
aw

Rz Rz
\g/\R(\ﬁ/\A/\g/\Rf\g/ ,
V)
Rys

Rys /\(\4* Ry,
ST Ny T nT
H | H
R

17
(VD

Ris Ryo,
SN ST N T Y

i1 i1 i1 i1
(VID)

Rao Ryp,
\N/\Mm/\N’r\(v{\N‘]/\Mp/\N/
H H H q H

(VIII)

H H
N N
Rzz/ \/(’\)K}N/\X/\N/k\)P\/ \R23 and
H H
Ix)

H
R24 N
SN

wherein:
n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;
qisOor 1;

each R, is independently selected from the group consist-
ing of C,-Cg substituted or unsubstituted alkyl, C4-C,,
substituted or unsubstituted aryl or heteroaryl and
C-C,, substituted or unsubstituted aralkyl or het-
eroaralkyl;

each R, is independently selected from hydrogen or a
C,-C; substituted or unsubstituted alkyl;

R; and R, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-
tuted alkyl, C,-C,, substituted or unsubstituted aryl and
C,-C,, substituted or unsubstituted aralkyl;

Rs, Ry, R, R, and Ry are independently selected from the
group consisting of hydrogen and C,-C substituted or
unsubstituted alkyl;

A, R, and R,; are independently (CH,), s or ethene-1,
1-diyl;

R,, and R,; are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-
tuted alkenyl and C,-Cg substituted or unsubstituted
alkyl;

R,s and R,, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-
tuted n-alkyl or (C;-C,) branched alkyl, C,-C,, substi-
tuted or unsubstituted aryl or heteroaryl and C,-C,,
substituted or unsubstituted aralkyl or heteroaralkyl;

R, and R, are independently hydrogen or a C,-Cq
substituted or unsubstituted alkyl;
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R,s and R, are independently selected from the group
consisting of: hydrogen, C,-C,; unsubstituted alkyl,
C,-Cg n-alkyl substituted with a cycloalkyl group com-
prising at least two rings, C,-C,, substituted or unsub-
stituted aralky] or heteroaralkyl comprising at least two
rings;

R,y and R,, are independently selected from the group
consisting of hydrogen, C,-C, substituted or unsubsti-
tuted alkyl, and C,-C,, substituted or unsubstituted
aralkyl;

X of formula (VIII) is —(CH,),_s— or cyclohex-1,3-diyl;

R,, and R,; are independently selected from the group
consisting of hydrogen, n-butyl, ethyl, cyclohexylm-
ethyl, cyclopentylmethyl, cyclopropylmethyl, cyclo-
heptylmethyl, cyclohexyleth-2-yl and benzyl;

R,, is an amino-substituted cycloalkyl or a C,-Cg substi-
tuted or unsubstituted alkanoyl; R,

is a C,-Cy substituted or unsubstituted alkyl or a C,-C,,
substituted or unsubstituted aralkyl.
2. The compound of claim 1, wherein the compound is of

the formula (I):

@D
Ry
AN SN
N
J\ J\ o

R
S e A A YT Ty

H H H q

or a salt, solvate, or hydrate thereof, wherein:

n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;
qisOor1;

each R, is independently selected from the group consist-
ing of;

C,-Cy substituted or unsubstituted alkyl, C,-C,5 substi-
tuted or unsubstituted cycloalkyl, C,-C, 5 substituted or
unsubstituted branched alkyl, C,-C,, substituted or
unsubstituted aryl, C,-C,, substituted or unsubstituted
heteroaryl, C,-C,, substituted or unsubstituted aralkyl,
and C,-C,, substituted or unsubstituted heteroaralkyl
and,

each R, is independently selected from hydrogen or a
C -Cy substituted or unsubstituted alkyl.
3. The compound of claim 1, wherein the compound is of

the formula (I):

an

R R
Rz\N Rz\N NN Ny
v S PN
~ N o e NN R
H H H H "
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or a salt, solvate, or hydrate thereof, wherein:
n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;
qisOor 1;

each R, is independently selected from the group consist-
ing of C,-C, substituted or unsubstituted alkyl, C4-C,,
substituted or unsubstituted aryl and C,-C,, substituted
or unsubstituted aralkyl; and

each R, is independently hydrogen or a C,-Cy substituted
or unsubstituted alkyl.

4. The compound of claim 1, wherein the compound is of
the formula (II1):

(1)

Rg Ry
! )\4)\ !
R N n N7V SR
| H
Rs Ry R¢

or a salt, solvate, or hydrate thereof, wherein:
n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;

R; and R, are independently selected from the group
consisting of hydrogen, C,-C, substituted or unsubsti-
tuted alkyl, C4-C,, substituted or unsubstituted aryl and
C,-C,, substituted or unsubstituted aralkyl;

Rs, Ry, R4, R, and Ry are independently selected from the
group consisting of hydrogen and C,-C, substituted or
unsubstituted alkyl; and wherein

either:
m and p are not the same integer, or

at least one of R, Ry, R, R, and Ry is a C, -Cy substituted
or unsubstituted alkyl.

5. The compound of claim 1, wherein the compound is of
the formula (IV):

av
Rl N P N N ARz
N Rll N A N RIO N
H H H H
or a salt, solvate, or hydrate thereof, wherein:

A, R,, and R,, are independently (CH,), or ethene-1,1-
diyl;

n is an integer from 1 to 5;

R,, and R, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-

tuted alkenyl and C,-Cg substituted or unsubstituted
alkyl; and

at least one of A, R,,, R;;, R;, and R,; comprises an
alkenyl moiety.
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6. The compound of claim 1, wherein the compound is of
the formula (V):

V)

or a salt, solvate, or hydrate thereof, wherein:
n is an integer from 1 to 8§;
m is an integer from 1 to 8§;

R,s and R, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-
tuted n-alkyl, C;-C; substituted or unsubstituted
branched alkyl, C,-C,, substituted or unsubstituted aryl
or heteroaryl and C,-C,, substituted or unsubstituted
aralkyl or heteroaralkyl;

R,s and R, are independently hydrogen or a C,-C,
substituted or unsubstituted alkyl; and

wherein:

the compound contains no more than three secondary
amino groups except when R , is a C, -Cg substituted or
unsubstituted alkyl; and

the compound is free from a methylphosphonate or
hydroxy moiety.
7. The compound of claim 1, wherein the compound is of
the formula (VI):

VD

Rig Ryg
Rt Vi N g g N
i i i i

or a salt, solvate, or hydrate thereof, wherein:
n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;

R,y and R, are independently selected from the group
consisting of:

hydrogen,
C,-Cg unsubstituted alkyl,

C,-Cq n-alkyl substituted with a cycloalkyl group com-
prising at least two rings,

C,-C,, substituted or unsubstituted aralkyl or het-
eroaralkyl comprising at least two rings; and

wherein:

n is 1 when R ¢ and R,y are identical C,-Cg n-alkyl
moities substituted with a cycloalkyl group comprising
at least two rings, or are identical aryl moieties com-
prising at least two rings; and

at least one of R, and R, is either a C,-C; n-alkyl
substituted with a cycloalkyl group comprising at least
two rings or a C,-C,, substituted or unsubstituted
aralkyl comprising at least two rings.
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8. The compound of claim 1, wherein the compound is of
the formula (VII):

Rao Ry
SN Ny 7N it
H H H q H

or a salt, solvate, or hydrate thereof, wherein:
n is an integer from 1 to 12;
m and p are independently an integer from 1 to 5;
qisOor 1;

R,, and R,, are independently selected from the group
consisting of hydrogen, C,-Cy substituted or unsubsti-
tuted alkyl, —C(=0)—C,-Cy substituted or unsubsti-
tuted alkyl, —C(=0)—C,-C, substituted or unsubsti-
tuted alkenyl, —C(=0)—C,-C,; substituted or
unsubstituted alkynyl, and C.-C,, substituted or unsub-
stituted aralkyl; and

wherein the compound comprises at least one moiety
selected from the group consisting of t-butyl, isopropyl,
2-ethylbutyl, 1-methylpropyl, 1-methylbutyl, 3-bute-
nyl, isopent-2-enyl, 2-methylpropan-3-olyl, ethylthiyl,
phenylthiyl, propynoyl, 1-methyl-1H-pyrrole-2-yl, tri-
fluoromethyl, cyclopropanecarbaldehyde (cyclopropy-
Icarbonyl), halo-substituted phenyl, nitro-substituted
phenyl, alkyl-substituted phenyl, 2.4,6-trimethylben-
zyl, halo-S-substituted phenyl, para-(F;S)-phenyl,
azido and 2-methylbutyl.

9. The compound of claim 1, wherein the compound is of

the formula (VIII):

(VIII)

H H
N N
R 7 \AN/\X/\NXK/ \R
22 H H 23

or a salt, solvate, or hydrate thereof, wherein:
m and p are independently an integer from 1 to 5;
X is —(CH,)n- or cyclohex-1,3-diyl;
n is an integer from 1 to 5;

R,, and R,; are independently selected from the group
consisting of hydrogen, n-butyl, ethyl, cyclohexylm-
ethyl, cyclopentylmethyl, cyclopropylmethyl, cyclo-
heptylmethyl, cyclohexyleth-2-yl, benzyl; and

wherein:
when n is 5, at least one of R,, and R,; is hydrogen;

when R,, is ethyl, R,; is selected from the group consist-
ing of hydrogen, n-butyl, ethyl, cyclopentylmethyl,
cyclohexyleth-2-yl and benzyl;
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when R,; is ethyl, R,, is selected from the group consist-
ing of hydrogen, n-butyl, ethyl, cyclopentylmethyl,
cyclohexyleth-2-yl and benzyl; and

when X is cyclohex-1,3-diyl, R,, and R, are not identical
benzyl or cyclopropylmethyl moieties.
10. The compound of claim 1, wherein the compound is
of the formula (IX):

X

H
R _Ap A
g P Ras

or a salt, solvate, or hydrate thereof, wherein:
p is an integer from 1 to 5;

R,, is an amino-substituted C;-C, 5 cycloalkyl or a C,-Cq
substituted or unsubstituted alkanoyl; and

R,s is a C,-C, substituted or unsubstituted alkyl or a
C-C,, substituted or unsubstituted aralkyl.

11. The compound of claim 1, wherein the compound is
a compound listed in Table A.

12. A pharmaceutical composition comprising the com-
pound of claim 1 and a pharmaceutically acceptable carrier.

13. A kit comprising the compound and instructions for
use as an anticancer or antiparasitic agent.

14. A method of inhibiting a histone demethylase, com-
prising administering an amount of a polyamine, polyami-
noguanidine, or polyaminobiguanide compound sufficient to
inhibit the histone demethylase by at least about 50%.

15. The method of claim 14, comprising administering an
amount of a polyaminoguanidine or polyaminobiguanide
compound sufficient to inhibit the histone demethylase by at
least about 50%.

16. A method of treating cancer, comprising administering
a compound of claim 1 in a therapeutically effective amount.

17. A method of treating unregulated cell growth, com-
prising administering a compound of claim 1 in a therapeu-
tically effective amount.

18. A method of treating a parasitic infection, comprising
administering a compound of claim 1 in a therapeutically
effective amount.

19. A method of inhibiting a histone demethylase enzyme,
by contacting the enzyme with one or more of the com-
pounds of claim 1 in an amount sufficient to inhibit the
enzyme.

20. The method of claim 19, wherein the compound
contains at least one guanidine moiety or at least one
biguanide moiety.

21. The method of claim 19, wherein the enzyme is
lysine-specific demethylase-1.



